LinuxCNC(1)

NAME

TheEnhanced Machine Controller LinuxCNC(1)

linuxcnc — LinuxCNC (The Enhanced Machine Controller)

SYNOPSIS

linuxcnc [-v] [-d] [INIFILE]

DESCRIPTION
linuxcnc is used to start LinuxCNC (The Enhanced Machine Controller). It starts the realtime system and
then initializes a number of LinuxCNC components (10, Motion, GUI, HAL, etc). The most important
parameter idNIFILE, which specifies the configuration name you woulé fi un. If INIFILE is not
specified, thdinuxcnc script presents a graphical wizard to let you choose one.

OPTIONS
-V

-d

INIFILE

EXAMPLES

Be a little bit verbose. This causes the script to print information as it works.

Print lots of debug information. Allxecuted commands are echoed to the screen. This mode is
useful when something is not working as it should.

The ini file is the main piece of an LinuxCNC configuration. It is not the entire configuration;
there are arious other files that go with it (NML files, HAL files, TBL files, VAR files). It ispho
eve, the most important one, because it is the file that holds the configuration togetaer
adjust a lot of parameters itself, but it also titiexcnc which other files to load and use.

There are s@ral ways to specify which config to use:

Specify the absolute path to an ini, e.qg.
linuxcnc /usr/local/linuxcnc/configs/sim/sim.ini

Specify a relatie path from the current directgrg.g.
linuxcnc configs/sim/sim.ini

Otherwise, in the case where tiFILE is not specified, the behar will depend on whether
you configured linuxcnc with-enable-run-in-place If so, the linuxcnc config chooser will
search only the configs directory in your source ti€aot (or if you are using a packageersion

of linuxcnc), it may search geral directories. The config chooser is currently set to search the
path:

“llinuxcnc/configs:/usr/local/etc/linuxcnc/configs:/usr/share/doc/linuxcnc/examples/sample-configs

linuxcnc

linuxcnc configs/sim/sim.ini

linuxcnc /etc/linuxcnc/sample-configs/stepper/stepper_mm.ini

SEE ALSO

halcmd(1)

Much more information about LinuxCNC and HAL igadable in the LinuxCNC and HAL User Manuals,
found at /usr/share/doc/linuxcnc/.

HISTORY
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BUGS
None known at this time.

AUTHOR
This man page written by AteJoni, as part of the LinuxCNC Enhanced Machine Controller project.

REPORTING BUGS
Report bugs to alex_joniTAusers DA sourceforge D@ net

COPYRIGHT
Copyright © 2006 Alg Joni.
This is free software; see the source for copying conditidiere is NO warranty; notven for MER-
CHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
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NAME
axis-remote — AXIS Remote Interface

SYNOPSIS
axis-remoteOPTION$-ILENAME

DESCRIPTION
axis-remoteis a small script that triggers commands in a running AXIS GliHeaxis-remote --helpfor
further information.
OPTIONS
--ping, -p
Check whether AXIS is running.

--reload, -r
Make AXIS reload the currently loaded file.

--clear, -c
Make AXIS clear the backplot.

--quit, -q
Make AXIS quit.
--help, -h, -?
Display a list of valid parameters fakis-remote

--mdi COMMAND , -m COMMAND
Run the MDI comman@OMMAND .

FILENAME
Load the G-code filEILENAME .

SEE ALSO
axis(1)

Much more information about LinuxCNC and HAL igadable in the LinuxCNC and HAL User Manuals,
found at /usr/share/doc/linuxcnc/.

HISTORY
BUGS
None known at this time.

AUTHOR
This man page written by AteJoni, as part of the LinuxCNC project.

REPORTING BUGS
Report bugs to alex_joniTAusers DO sourceforge D@ net

COPYRIGHT
Copyright © 2007 Alg Joni.
This is free software; see the source foryoog conditions. There is NO warranty; notee for MER-
CHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
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NAME
axis — AXIS LinuxCNC Graphical User Interface
SYNOPSIS
axis-ini INIFILE
DESCRIPTION
axisis one of the Graphical User Interfaces (GUI) for LinuxCNC It gets run by the runscript usually.
OPTIONS
INIFILE
The ini file is the main piece of an LinuxCNC configuration. It is not the entire configuration;
there are arious other files that go with it (NML files, HAL files, TBL files, VAR files). It ispho
eve, the most important one, because it is the file that holds the configuration togetaer
adjust a lot of parameters itself, but it also teiluxCNC which other files to load and use.
SEE ALSO
LinuxCNC(1)

Much more information about LinuxCNC and HAL igadable in the LinuxCNC and HAL User Manuals,
found at /usr/share/doc/LinuxCNC/.

HISTORY
BUGS
None known at this time.

AUTHOR
This man page written by AteJoni, as part of the LinuxCNC project.

REPORTING BUGS
Report bugs to alex_joniTAusers DO sourceforge D@ net

COPYRIGHT
Copyright © 2007 Alg Joni.
This is free software; see the source for copying conditidiere is NO warranty; notven for MER-
CHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
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NAME
elbpcom — Communicate with Mesa ethernet cards

SYNOPSIS
Common options:

elbpcom [--ip=IP] [--port=PORT] [--timeout=TIMEOUT)]

Reading data:
elbpcom [common optiorls-space=SFACE [--info] --address=ADDRESS-read=LENGTH

Writing data:
elbpcom [common optiorls-space=SFACE --address=ADDRESS-write= HEXDATA

Sending arbitrary packets:
elbpcom [common optiorjsHEXDATA

DESCRIPTION
Read or write data from a Mesa ethernet card that uses the LBP16 protocol, such as the 7i80. This can be
useful for performing certain low-el tasks.

For more information about the meaning of each address space, see the card documentation. Incorrect use
of this utility can hae regdive dfects such as changing the boalf® aldress oreen corrupting the

FPGA bitfile in the eepromFor some tasks, such as updating FPGA bitfiles and setting IP addresses,
mesaflaslfl) is a more appropriate tool.

If not specified, the default values are
--ip=192.168.1.121-port=27181--timeout=.2

This example demonstrates reading the HOSTMOT2 identifying string from the IDROM in space 0:

$ dbpcom --space 0 --address 0x104 --read 8

> 82420401

< 484f53544d4f5432

HOSTMOT?2

First the request is shown inxheThenthe response (if any) is shown inkhe~inally, the response is
shown in ASCII, with "." replacing amon-ASCII characters. This is similar to the followingadoations
of mesaflash:

$ /mesaflash --dece 7i80 --rpo 0x104

54534F48

$ /mesaflash --dece 7i80 --rpo 0x108

32544F4D
but notice its different treatment of byte order.

SEE ALSO
mesaflaslil), hostmot29), hm2_eth(9), Mesa$ documentation for the Anything I/O boards
(http://www.mesanet.co
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NAME

gladevcp - Virtual Control Panel for LinuxCNC based on Glade, Gtk and HAL widgets
SYNOPSIS

gladevcp[-g WxH+X+Y] [-c component-nanj¢-u handlef [-U useroptiof [-H halfile] [-d] myfile.ui
OPTIONS

-g WxH+X+Y

This sets the initial geometry of the root wimdoUse 'WxH' for just size, '+X+Y’ for just posi-
tion, or 'WxH+X+Y’ for both. Size / position use pixel units. Position is referenced from top left.

-C component-name
Usecomponent-namas the HAL component name. If the component name is not specified, the
basename of the ui file is used.

-u handler
Instructs gladevcp to inspect the Python sdrgtdlerfor event handlers, and connect them to sig-
nals in the ui file.

-U useroption
gladevcp collects allseroptionstrings and passes them to the handler init() method as a list of
strings without further inspection.

-x XID Reparent gladevcp into an existing wind&¥D instead of creating a wetop level window.

-H halfile
gladevcp rundalfile - a list of HAL commands - byxecutinghalcmd -c halfileafter the HAL
component is finalized.

-d enable debug output.

-R gtkrcfile
explicitly load a gtkrc file.

-t THEME
set gtk theme. Default &/stentheme. Different panels canveadfferent themes.

-m MAXIMUM
force panel windwe to maxumize. ©Bgether with theg geometnoption one can me the panel
to a second monitor and force it to use all of the screen

-R explicitly deactvate workaround for a gtk bug which makes matches of widget and widget_class
matches in gtk theme and gtkrc files fail. Normally not needed.

SEE ALSO
GladeVCPin the LinuxCNC documentation for a description of gladevcapabilities and the associated
HAL widget set, along with examples
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NAME
gs2_vfd- HAL userspace component for Automation Direct GS2 VFD's

SYNOPSIS
gs2_vfid[OPTIONS]

DESCRIPTION

This manual page explains ths2_vfdcomponent. This component reads and writes to the GS2 via a mod-
bus connection.

gs2_vfdis for use with LinuxCNC

OPTIONS
-b, --bits <n>
(default 8) Set number of data bits to <n>, where n must be from 5 to 8veclusi

-d, --device <path>
(default /dev/ttyS0) Set the name of the serial device node to use.

-v, --verbose
Turn on verbose mode.

-g, --debug
Turn on debug messages. Note that if there are serial errors, this may becoyiegaribelug
mode will cause all modbus messages to be printedkinrtne terminal.

-n, --name <string>

(default gs2_vfd) Set the name of the HAL module. The HAL comp name will be set to <string>,
and all pin and parameter names will begin with <string>.

-p, --parity [even,odd,none]
(default odd) Set serial parity toem, odd, or none.
-r, --rate <n>

(default 38400) Set baud rate to <n>. It is an error if the rate is not one of the following: 110, 300,
600, 1200, 2400, 4800, 9600, 19200, 38400, 57600, 115200

-s, --stopbits [1,2]
(default 1) Set serial stop bits to 1 or 2
-t, --target <n>

(default 1) Set MODBUS target (s number This must match the device number you set on the
GS2.

-A, --accel-seconds <n>
(default 10.0) Seconds to accelerate the spindle from 0 to Max RPM.

-D, --decel-seconds <n>
(default 0.0) Seconds to decelerate the spindle from Max RPM to 0. If set to 0.0 the spindle will
be allowed to coast to a stop without controlled deceleration.

-R, --braking-resistor
This argument should be used when a braking resistor is installed on the GS2 VFD (see Appendix
A of the GS2 manual). It disables decelerativarwoltage stall preention (see GS2 modbus
Paameter 6.05), allowing the VFD to keep brakingrein stuations where the motor is regener-
ating high wltage. Theegenerated voltage gets safely dumped into the braking resistor.

PINS
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<name>.DC-bus-volts (float, out)
from the VFD

<name>.at-speed (bit, out)
when drve is at @mmanded speed

<name>.err-reset (bit, in)
reset errors sent to VFD

<name>.firmware-revision (s32, out)
from the VFD

<name>.frequency-command (float, out)
from the VFD

<name>.frequency-out (float, out)
from the VFD

<name>.is-stopped (bit, out)
when the VFD reports 0 Hz output

<name>.load-percentage (float, out)
from the VFD

<name>.motor-RPM (float, out)
from the VFD

<name>.output-current (float, out)
from the VFD

<name>.output-voltage (float, out)
from the VFD

<name>.power-factor (float, out)
from the VFD

<name>.scale-frequency (float, out)
from the VFD

<name>.speed-command (float, in)
speed sent to VFD in RPM It is an error to send a speed faster than the Motor Max RPM as set in
the VFD

<name>.spindle-fwd (bit, in)

1 for FWD and 0 for REV sent to VFD
<name>.spindle-on (bit, in)

1 for ON and 0 for OFF sent to VFD, only on when running
<name>.spindle-ev (it, in)

1 for ON and 0 for OFFonly on when running

<name>.status-1 (s32, out)
Drive Satus of the VFD (see the GS2 manual)

<name>.status-2 (s32, out)
Drive Satus of the VFD (see the GS2 manual) Note that the value is a sum of all the bits that are
on. So a 163 which means theveéris in the run mode is the sum of 3 (run) + 32 (freq set by
serial) + 128 (operation set by serial).

PARAMETERS
<name>.error-count (s32, RW)
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<name>.loop-time (float, RW)
how often the modbus is polled (default 0.1)

<name>.nameplate-HZ (float, RW)
Nameplate Hz of motor (default 60)

<name>.nameplate-RPM (float, RW)
Nameplate RPM of motor (default 1730)

<name>.retval (s32, RW)
the return value of an error in HAL

<name>.tolerance (float, RW)
speed tolerance (default 0.01)

<name>.ack-delay (s32, RW)
number of read/write cycles before checking at-speed (default 2)

SEE ALSO
GS2 Driverin the LinuxCNC documentation for a full description of 82 syntax

GS2 Examplem the LinuxCNC documentation for examples using@82 component

BUGS
AUTHOR
John Thornton

LICENSE
GPL
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NAME

hal_input — control HAL pins with anLinux input device, including USB HID devices

SYNOPSIS

loadusrhal_input [-KRAL] inputspec ...

DESCRIPTION

hal_input is an interface between HAL ang &mux input device, including USB HID giees. or each
device namedhal_input creates pins corresponding to it absolute axes, and LEDs. At a fixed rate of
approximately 10ms, it synchronizes the device and the HAL pins.

INPUT SPECIFICATION

Theinputspeanay be in one of seral forms:

Astring S
A substring or shell-style pattern match will be tested against the "name" of the device, the "phys"
(which gives information about ha it is connected), and the "id", which is a string of the form

"Bus=... Vendor=... Product=.Version=...". You can vigv the name, phys, and id of attached
devices by recutingless /proc/bus/input/devices Examples:
SpaceBall

"Vendor=001f Product=0001"
serio*/input0

A numberN
This openddev/input/eventN. Except for devices that arenadys attached to the system, this
number may changever reboots or when the device is rered. For this reason, using an integer
is not recommended.

When seeral devices are identified by the same string, abldWhereN is the inde of the desired device.
For example, ifMouse matchesnput3 andinput10, thenMouseandMouse:0selectinput3. Specifying
mouse:1lselects inputlO.

For devices that appear as multiple entries in /dev/input, these indices are likely to stay theearime.
For multiple identical devices, these indices are likely to depend on the insertionbotdstay the same
across reboots as long as the devices are ngagchto dfferent ports or unplugged while the machine is
booted.

If the first character of theputspeds a "+", therhal_input requests excluggé acess to the déce. The
first device matching aimputspeds used. Ay number ofinputspes may be used.

A subset option may preceed kagputspec The subset option begins with a dash. Each letter in the sub-
set option specifies a device featuréntwude. Features that are not specified axeleded. r instance,
to export leyboard LEDs to HAL without exportingels, use

hal_input -Lkeyboard...

DEVICE FEATURES SUPPORTED

e EV_KEY (buttons and é&ys). SubsetK

« EV_ABS (absolute analog inputs). Subset -A
« EV_REL (relatve analog inputs). Subset -R

e EV_LED (LED outputs). Subset -L

HAL PINS AND PARAMETERS
For buttons

10

input. N.btn-namebit out
input.N.btn-namenot bit out
Created for each button on the device.

2007-02-25 LinuxCNC Documentation
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For keys
input.N.key-name
input.N.key-namenot
Created for eachdy m the device.

For absolute axes

input.N.abshamecountss32 out

input. N.absnhameposition float out

input.N.absnhamescaleparameter float rw

input. N.absnhameoffset parameter float rw

input.N.absnamefuzz parameter s32 rw

input.N.absnameflat parameter s32 rw

input.N.abshamemin parameter s32 r

input.N.abshamemax parameter s32 r
Created for each absolute axis on théae Device positions closer thdtat to offsetare
reported a®ffsetin counts and countsdoes not change until the device position changes by at
leastfuzz. The position is computed assition = (counts- offset) / scale The default value of
scaleandoffsetmap the range of the axis reported by the operating system to [-1,1]. The default
values offuzz andflat are those reported by the operating system. The valuemandmax are
those reported by the operating system.

For r elative axes

input.N.rel-namecountss32 out

input. N.rel-nameposition float out

input.N.rel-nameresetbit in

input. N.rel-namescaleparameter float rw

input. N.rel-nameabsoluteparameter s32 rw

input. N.rel-nameprecision parameter s32 rw

input.N.rel-namelast parameter s32 rw
Created for each relaé ais on the deice. Aslong asresetis true,countsis reset to zero
regardless of ay past or current axis mvement. Otherwise;ountsincreases or decreases accord-
ing to the motion of the axiountsis divided by position-scale tov@ position. The default
value ofpositionis 1. There are some devices, notably scroll wheels, which return signed values
with less resolution than 32 bits. The default valupretisionis 32. precisioncan be set to 8
for a device that returns signed 8 bit values, grather value from 1 to 32absolute when set
true, ignores duplicatevents with the samealue. Thisallows for devices that repeateats with-
out ary user action to work correctijast shows the most recent count value returned by the
device, and is used in the implementatiomlogolute

For L EDs
input. N.led-namebit out
input.N.led-nameinvert parameter bit rw
Created for each LED on the device.

PERMISSIONS AND UDEV
By default, the input devices may not be accessible to regular hs¢rgiput requires read-write access,
evan if the device has no outputs.

Different versions of udehaveslightly different, incompatible syntas. For this reason, it is not possible
for this manual page tovg an accurate gample. Theudev(7)manual page documents the syntax used on
your Linux distritution. To view it in a terminal, the command man 7 udev

BUGS
The initial state of &ys, buttons, and absolute axes are erroneously reported as FALSE or 0 wiltas e
receved for that ley, button, or axis.
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SEE ALSO
udev(8), udev(7)
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NAME

hal_manualtoolchange — HAL userspace component to enable manual tool changes.

SYNOPSIS

loadusr hal_manualtoolchange

DESCRIPTION

PINS

hal_manualtoolchange is a LinuxCNC userspace component that allows users with machines lacking auto-
matic tool changers to makranual tool changes. In use when a M6 tool change is encountered, the

motion component will stop the spindle and pause the program. The hal_manualtoolchange component
will then receve a ggnal from the motion component causing it to display a tool change wipiaianpting

the user which tool number to load based on the lasifber programmed. The dialog will stay =eti

until the "continue" button is pressed. When the "continue" button is pressed, hal_manualtoolchange will
then signal the motion component that the tool change is complete thus allowing motion to turn the spindle
back on and resume programeeution.

Additionally, The hal_manualtoolchange component includes a hal pin for a button that can be connected to
a physical button to complete the tool change and rentwe windav prompt (hal_manual-
toolchange.change_button).

hal_manualtoolchange can be useehevhen AXIS is not used as the GUI. This component is most useful
if you have presettable tools and you use the tool table.

hal_manualtoolchange.numbers32 in
Receves last programmed-Tumber.

hal_manualtoolchange.changéit in
Receves dgnal to do tool change.

hal_manualtoolchange.changedit out
Signifies that the tool change is complete.

hal_manualtoolchange.change_buttobit in
Pin to allav an eternal switch to signify that the tool change is complete.

USAGE

Normal usage is to load the component in your HAL file and net the appropriate pins frootitreand
io components. Thiollowing lines are typical in a HAL file when using the hal_manualtoolchange
userspace component.

loadusr -W hal_manualtoolchange
This will load the hal_manualtoolchange userspace component waiting for the component to be
ready before continuing.

net tool-change iocontrol.0.tool-change => hal_manualtoolchange.change
When an M6 code is run, motion seéteontrol.0.tool-changeto high indicating a tool change.
This pin should be netted tal _manualtoolchangctange This causes the Tool change dialog
to be displayed on screen and wait for the user to either click the continue button on the dialog or
press an externally connected button.

net tool-changed iocontrol.0.tool-changed <= hal_manualtoolchange.changed
When the Tool change dial@yontinue button is pressed, it will set thal _manual-
toolchang.clangedpin to high, this should be netted to theontrol.0.tool-changegbin, indicat-
ing to the motion controller that the tool change has been completed and can continue with the
execution of the G-code program.

net tool-number iocontrol.0.tool-prep-number => hal_manualtoolchange.number
When a Tcommand is eecuted in a G-code program, the tool number will held iridhen-
trol.0.tool-prep-number This pin should be netted lal_manualtoolchargnumber The value
of this pin, the tool number is displayed in the Tool change dialog to let the usewkich tool
should be loaded.
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net tool-prepare-loopback iocontrol.0.tool-prepae => iocontrol.0.tool-prepared
The iocontrol.0.tool-preparepin will go true when a Tn tool prepare is requested. Since there is
not automated tool changer this pin should be nettéddontrol.0.tool-preparedto indocate that

the tool has been prepared.

If you wish to use an external button to signal the hal_manualtoolchange component that the tool change is
complete simply bring the button into HAL (via a parport input pin or a hostmot2 gpio input or similar),
and wire it directly to thehal_manualtoolchangchange_buttonpin. For Example:

net tool-changed-btn hal_manualtoolchange.change_button <= parport.0.pin-15-in

SEE ALSO
motion(1) iocontrol(1) halcmd(1)
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NAME

hal_parport — Realtime HAL component to communicate with one or more pc parallel ports.
SYNOPSIS

loadrt hal_parport cfg=" port_addr[typd [[port_addr[typq ...]"
DESCRIPTION

The hal_parport component is a realtime component that provides connections from HAL via halpins to the
physical pins of one or more parallel ports. It provides a read and write function to send amddetado
the attached parallel port(s).

The hal_parport component supports ug fiysical parallel ports.
OPTIONS
cfg="port_addr [type] [[port_addr [type] ...]"

The cfg string tells hal_parport the address(es) of the parallel port(s) and whether the port(s) is/are
used as an input or output port(s). Up to eight parallel ports are supported by the component.

Theport_addr parameter of the configuration string may be either the physical base address of a
parallel port or specified as the detected parallel port via Linux parportvec dn which case, a
port_addr of O is the first parallel port detected on the systeim,the next, and so on.

Thetype parameter of the configuration string determines tine 1/O bits of the port are used.
There are four possible options and if none is specified will default to out.

in — Sets the 8 bits of the data port to input. In this mode the parallel port has a total of 13 input
pins and 4 output pins.

out— Sets the 8 bits of the data port to output. In this mode the parallel port has a total of 5 input
pins and 12 output pins.

epp— This option is the same as setting to out, but can cause the computer to change the electrical
characteristics of the porSée USAGE belayv

X — The option allows ports with open collectorts on the control group pins to be configured as
inputs resulting in 8 output pins and 9 input pilBed USAGE belayv

PINS
The pins created by the hal_parport component dependsnoibiba@onfigured in thesfg="" string passed
toit. (See OPTIONS
parport.<p>.pin-<n>-out (bit) Drives a physical output pin.
parport.<p>.pin-<n>-in (bit) Tracks a physical input pin.

parport.<p>.pin-<n>-in-not (bit) Tracks a physical input pin, butverted.

For each pin createdsp> is the port numbelnd <n> is the physical pin number in the 25 pin D-
shell connector.

For each physical output pin, the der creates a single HAL pin, for exampfear-
port.0.pin-14-out.

For each physical input pin, the der creates tw HAL pins, for exampleparport.0.pin-12-in
andparport.0.pin-12-in-not.
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The-in HAL pin is TRUE if the physical pin is high, and FALSE if the physical pinvs [the
-in-not HAL pin is inverted and is FALSE if the physical pin is high.

The following lists the input and output pins by the type setting used in the cfg="" string.
in: Pins 2,3,4,5,6,7,8,9,10,11,12,13,15 are input pins and pins 1,14,16 and 17 are output pins.

out/epp: Pins 10,11,12,13 and 15 are input pins and pins 1,2,3,4,5,6,7,8,9,14,16 and 17 are output
pins.

x: Pins 1,10,11,12,13,14,15,16 and 17 are input pins and pins 2,3,4,5,6,7,8,9 are outpbé@ins. (
USAGE section

PARAMETERS

parport.<p>.pin-<n>-out-invert (bit)

Inverts an output pin.
parport.<p>.pin-<n>-out-reset (bit)

(only for out pins) TRUE if this pin should be reset when the -reset functicledsted.
parport.<p>.reset-time’ (U32)

The time (in nanoseconds) between a pin is set by write and reset by the reset function if it is
enabled.

FUNCTIONS

parport.<p>.read(funct)
Reads physical input pins of port <portnum> and updates HAL -in and -in-not pins.

parport.read-all (funct)
Reads physical input pins of all ports and updates HAL -in and -in-not pins.

parport.<p>.write (funct)
Reads HAL -out pins of port <p> and updates that portas physical output pins.

parport.write-all (funct)
Reads HAL -out pins of all ports and updates all physical output pins.

parport.<p>.reset (funct)
Waits until reset-timehas elapsed since the associated write, then resets pins to values indicated by
-out-resetand-out-invertsettings. reset must be later in the same thread as writautfresets
TRUE, then the reset function will set the pin to the valu@watinvert This can be used in con-
junction with stepgenas doublefreq to produce one step per period. The stepgen stepspace for that
pin must be set to 0 to enable doublefreq.

USAGE

16

The hal_parport component is awdrifor the traditional PC parallel port. The port has a total of 25 physi-
cal pins of which 17 are used for signals. The original parallel port divided those pins into three groups:
data, control, and status. The data group consists of 8 output pins, the control group consists of 4 output
pins, and the status group consists of 5 input pins.

In the early 19904s, the bidirectional parallel port was introduced, which allows the data group to be used
for output or input. The HAL dvier supports the bidirectional port, and allows the user to set the data group
as either input or output. If configuredas, a port provides a total of 12 outputs and 5 inputs. If config-

ured asn, it provides 4 outputs and 13 inputs.

In some parallel ports, the control group pins are open collectors, which may alseebéoslriby an
external gate. On a board with open collector control pins, if configuredtgsovides 8 outputs, and 9
inputs.

In some parallel ports, the control group has push-pwédrand cannot be used as an input.
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Note: HAL and Open Collectors
HAL cannot automatically determine if the x mode bidirectional pins are actually open collectors
(OC). If they are not, thg cannot be used as inputs, and attempting i@dnem LON from an
external source can damage the hardware.

To determine whether your port has open collector pins, load hal_parport in x mode. With no
device attached, HAL should read the pin as TRUE. Next, insert a 470 ohm resistor from one of
the control pins to GND. If the resulting voltage on the control pin is close, @@WHAL now

reads the pin as FALSE, then yowéan OC port. If the resulting voltage is far from Qo HAL

does not read the pin as FALSE, then your port cannot be used in x mode.

The external hardware thatd#s the control pins should also use open collector gates (e.g.,
74LS05).

On some computers, BIOS settings may affect whether x mode can be used. SPP mode is most
likely to work.

No other combinations are supported, and a port cannot be changed from input to output one ithe dri
installed.

The parport drier can control up to 8 ports (defined by MAX_PORTS in hal_parport.c). The ports are
numbered starting at zero.

Loading the hal_parport component
The hal_parport dver is a real time component so it must be loaded into the real time thread with
loadrt. The configuration string describes the parallel ports to be used, and (optionally) their types.
If the configuration string does not describe at least one port, it is an error.

loadrt hal_parport cfg="port [type] [port [type] ...]"
Specifying the Port
Numbers belar 16 refer to parallel ports detected by the system. This is the simplest way to con-

figure the hal_parport dtgr, and cooperates with the Linux parport_povdriif it is | oaded. A port
of 0 is the first parallel port detected on the system, 1 is the next, and so on.

Basic configuration
This will use the first parallel port Linux detects:

loadrt hal_parport cfg="0"
Using the Port Address

Instead, the port address may be specified using theoketion 0x then the address.

loadrt hal_parport cfg="0x378"
Specifying a port Type

For each parallel port handled by the hal_parponraria t/pe can optionally be specified. The
type is one of in, out, epp, or x.

If the type is not specified, the default is out.

A type of epp is the same as out, but the hal_parpedrdaquests that the port switch into EPP
mode. The hal_parport &@dr does not use the EPP bus protocol, but on some systems EPP mode
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changes the electrical characteristics of the port in a way that maysma& marginal hardware
work better The Geck G5404as charge pump is known to require this on some parallel ports.

See the Note abe éout mode x.
Example with two parallel ports

This will enable tw system-detected parallel ports, the first in output mode and the second in
input mode:

loadrt hal_parport cfg="0 out 1 in"
Functions single port

You must also direct LinuxCNC to run the read and write functions.

addf parport.read-all base-thread
addf parport.write-all base-thread

Functions multiple ports
You can direct LinuxCNC to ruin the read and write functions for all the attached ports.

addf parport.0.read base-thread
addf parport.0.write base-thread

The individual functions are provided for situations where one port needs to be updated in a very
fast thread, but other ports can be updated in a slower threacetGRid time. It is probably not a
good idea to use both an -all function and an individual function at the same time.

SEE ALSO
Paallel Port Driver (Hardware Diwers Section of LinuxCNC Docs) PCI Parallel Port Example (Hardware
Examples Section of LinuxCNC Docs)

AUTHOR
This man page written by Joe Hildreth as part of the LinuxCNC project. Most of this information was taken
from the parallel-port docs located in the Hardware@si section of the documentatiofo the best of
my knowledge that documentation was written by Sebastian KuzyrénskChris Radek.
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NAME
halcmd - manipulate the LinuxCNC HAL from the command line

SYNOPSIS
halcmd [OPTIONS[COMMANDI[ARG]

DESCRIPTION
halcmd is used to manipulate the HAL (Hardware Abstraction Layer) from the commandhéfend can
optionally read commands from a file, allowing comtAL configurations to be set up with a single
command.

If the readline library is available when LinuxCNC is compiled, théralcmd offers commandline editing
and completion when running interagty. Use the up arre to recall previous commands, and press tab to
complete the names of items such as pins and signals.

OPTIONS
-l Before tearing down the realtime environment, run an intgeabgiicmd. halrun only. If -l is
used, it must precede all other commandline arguments.

—f [file] Ignore commands on command line,gadput fromfile instead. Iffile is not specified, takinput

from stdin

-i inifile
Use variables fronnifile for substitutions. SeBUBSTITUTION below.

-k Keep going after failed command(s). The default is to stop and return failugedbammand
fails.

-q display errors only (default)

-Q display nothing, xecute commands silently

-s Script-friendly mode. In this modshowwill not output titles for the items stim. Also,module

names will be printed instead of ID codes in pin, param, and funct listings. Threads are printed on
a sngle line, with the thread period, FP usage and name first, followed by all of the functions in
the thread, inxecution order Signals are printed on a single line, with the type, value, and signal
name first, followed by a list of pins connected to the signal, showing both the direction and the

pin name.

-R Release the HAL mute Thisis useful for receering when a HAL component has crashed while
holding the HAL mutex.

-V display results of each command

-V display lots of debugging junk

—h [commanil
display a help screen and exit, displays extended hetpramandf specified

COMMANDS
Commands telhalcmd what to do. Normalhjhalcmd reads a single command from the command line and
executes it. If the *f’ option is used to read commands from a fillcmd reads each line of the file as a
new command. Agthing following '# on a line is a comment.

loadrt modname
(load reatime module) Loads a realtime HAL module calladdname halcmd looks for the
module in a directory specified at compile time.

In systems with realtimdaalcmd calls thelinuxcnc_module_helperto load realtime modules.
linuxcnc_module_helperis a setuid program and is compiled with a whitelist of modules it is
allowed to load. This is currently just a listlahuxCNC -related modules. Th@uxcnc_mod-
ule_helperexecs insmod, so return codes and error messages are those from insmod. Administra-
tors who wish to restrict which users can load thésexCNC -related kernel modules can do this
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by setting the permissions and groupianxcnc_module_helperappropriately.

In systems without realtimgalcmd calls thertapi_app which creates the simulated realtime
environment if it did not yet exist, and then loads the requested component with a call to
dlopen(3)

unloadrt modname
(unload eatime module) Unloads a realtime HAL module calteddname If modnamas "all",
it will unload all currently loaded realtime HAL modulesnloadrt also works by xecing linux-
cnc_module_helperor rtapi_app, just likeloadrt.

loadusr [flags] unix-command
(load Usrspace component) Executes theegiunix-commangdusually to load a userspace com-
ponent. [flags] may be one or more of:

» -W to wait for the component to become reaidifle component is assumed tovdde same
name as the first argument of the command.

* -Wn nameto wait for the component, which will ha the gven name.
e -wto wait for the program to exit
e -itoignore the program return value (with -w)

waitusr name
(wait for Userspace component) Waits for user space comparaneto disconnect from HAL
(usually on git). Thecomponent must already be loaded. Usefull near the end of a HAL file to
wait until the user closes some user interface component before cleaning up and exiting.

unloadusr compname
(unload Ugrspace component) Unloads a userspace component cafigthame If compname
is "all", it will unload all userspace componentsloadusr works by sending SIGTERM to all
userspace components.

unload compname
Unloads a userspace component or realtime modutmnipnamés "all", it will unload all
userspace components and realtime modules.

newsigsigname type
(OBSOLETE - usaet instead) few sgnal) Creates a meHAL signal calledsignamehat may
later be used to connectdawr more HAL component pinstypeis the data type of the wesignal,
and must be one oblt", "s32', "u32', or "float". Fails if a signal of the same name already
exists.

delsigsigname
(deletesignal) DeletedHAL signalsigname Any pins currently linked to the signal will be
unlinked. Rils if signamedoes not exist.

setssigname value
(set ggnal) Setghe value of signadignameo value Fails if signamedoes not exist, if it already
has a writeror if valueis not a Igd value. L@d values depend on the signaltype.

stypename
(signal type) Gets the type of sign@me Fails if namedoes not exist as a signal.

getssigname
(get signal) Getghe value of signaigname Fails if signamedoes not exist.

linkps pinname arrow] signame
(OBSOLETE - usanet instead) kink pin to signal) Establishs a link between a HAL component
pin pinnameand a HAL signasigname Any previous link topinnamewill be broken. arrow can
be "=>", "<=", "<=>", or omitted. halcmd ignores arrows, but tigecan be useful in command
files to document the direction of dataifloArrows should not be used on the command line since
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the shell might try to interpret thenkails if eitherpinnameor signamedoes not exist, or if they
are not the same type type.

linksp signamdarrow] pinname
(OBSOLETE - usanet instead) kink signal topin) Works likelinkps but reveses the order of the
arguments.halcmd treats both link commands exactly the same. Use wiéclyeu prefer.

linkpp pinnamel{arrow] pinname2
(OBSOLETE - usaetinstead) knk pin to pin) Shortcut fodinkps that creates the signal (named
like the first pin), then links them both to that signadlcmd treats this just as if it were:
halcmd newsigpinnamel
halcmd linksp pinnamel pinnamel
halcmd linksp pinnamel pinname2

net signame pinname ...
Createsignnameo match the type gfinnameif it does not yet @ist. Then/ink signameo each
pinnamein turn. Arrows may be used aslinkps. When linking a pin to a signal for the first
time, the signal value will inherit the psmdefault value.

unlinkp pinname
(unlink gn) Breaksary previous link topinname Fails if pinnamedoes not exist. An unlinked
pin will retain the last value of the signal it was linked to.

setpname value
(set mrameter opin) Setsthe value of parameter or piameto value Fails if namedoes not
exist as a pin or parametdfit is a parameter that is not writable, if it is a pin that is an output, if
it is a pin that is already attached to a signal, valifieis not a Igd value. L@d values depend
on the type of the pin or parametéfa pin and a parameter both exist with theeginame, the
parameter is acted on.

paramname= value

pinname= value
Identical tosetp. This alternate form of the command may be morer@uent and readable when
used in a file.

ptype name
(parameter opin type Gets the type of parameter or piame Fails if namedoes not exist as a
pin or parameterlf a pin and a parameter both exist with theeginame, the parameter is acted
on.

getpname
(get parameter opin) Getsthe value of parameter or piiame Fails if namedoes not exist as a
pin or parameterlf a pin and a parameter both exist with theeginame, the parameter is acted
on.

addf functname threadname
(add fnction) Addgunctionfunctnameo realtime threathreadname functnamewill run after
ary functions that were previously added to the thrdls if eitherfunctnameor threadname
does not exist, or if tlyeare incompatible.

delf functname threadname
(deletefunction) Remues functionfunctnamerom realtime threathreadname Fails if either
functnameor threadnamealoes not exist, or flunctnames not currently part athreadname

start  Starts &ecution of realtime threads. Each thread periodically calls all of the functions that were
added to it with theddf command, in the order in which thevere added.

stop  Stops &ecution of realtime threads. The threads will no longer call their functions.
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show[item]
Prints HAL items tostdoutin human readable formattemcan be one ofcomp" (components),
"pin", "sig" (signals), param" (parameters),flinct" (functions), thread", or "alias’". Thetype
"all" can be used to stiomatching items of all the preceeding typesitdmis omitted,showwill

print everything.
item  This is equiaent toshow all [item].

save [item]
Prints HAL items tostdoutin the form of HAL commands. These commands can be redirected to
a file and later xecuted usindghalcmd -f to restore the sad configuration. itemcan be one of the
following:

"comp' generates adrt command for realtime component.
"alias' generates aalias command for each pin or parameter alias pairing

"sig" (or "signal') generates aewsigcommand for each signal, anslgu’ generates aewsig
command for each unlinked signal (for use wigtl andnetla).

"link" and "linka" both generatéinkps commands for each linkirfka includes arrows, while
link does not.)

"net" and "neta" both generate oneewsigcommand for each signal, followed liygksp com-
mands for each pin linked to that signatefaincludes arrows.)

"netl" generates oneet command for each linked signal, anktla" (or "netal") generates a sim-
ilar command using arrows.

"param" (or "parameter) "generates ongetpcommand for each parameter.
"thread" generates onaddf command for each function in each realtime thread.

If itemis omitted (orall), save does the equalent ofcomp, alias, sigu, netla, param, and
thread.

source filename.hal
Execute the commands frditename.hal

aliastype name alias
Assigns alias' as a #cond name for the pin or parameter "nant&d. most operations, an alias
provides a second name that can be used to refer to a pin or parbatlktire original name and
the alias will work.
"type" must bepin or param.
"name" must be an existing nameatias of the specified type.

unaliastype alias
Remauwes any dias from the pin or parameter alias.
"type" must bepin or param
"alias" must be an existing nameatdias of the specified type.

list type[patterd
Prints the names of HAL items of the specified type.
‘type’ is ‘comp’, 'pin’, 'sig, 'param’, ' funct’, or
'thread’. If 'pattern’ is specified it prints only
those names that match the pattern, which may be a
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'shell glob'.

For 'sig, 'pin’ and 'param’, the first pattern may be
-tdatatype where datatype is the data type (e.g., 'float’)
in this case, the listed pins, signals, or parameters

are restricted to thegin data type

Names are printed on a single line, space separated.

lock [allltungnong
Locks HAL to some degree.
none - no locking done.
tune - some tuning is possibkef{p & such).
all - HAL completely locked.

unlock [allJtung
Unlocks HAL to some degree.
tune - some tuning is possibkef{p & such).
all - HAL completely unlocked.

status[typd
Prints status info about HAL.
‘type’ is 'lock’, 'mem’, or "all’.
If 'type’ is omitted, it assumesll’.
help [commanil
Give help information for command.
If 'command’ is omitted, list command and brief description

SUBSTITUTION
After a command is read but before it xe®uted, seeral types of variable substitution &klace.

Environment Variables
Environment variables ke the following formats:

$ENVVAR followed by end-of-line or whitespace
$(ENVVAR)

Inifile Variables
Inifile variables areailable only when an inifile was specified with the halcinitag. They havethe fol-
lowing formats:

[SECTION]VAR followed by end-of-line or whitespace

[SECTION](VAR)
EXAMPLES
HISTORY
BUGS
None known at this time.
AUTHOR

Original version by John Kasunich, as part of the LinuxCNC projectv iNoludes major contributions by
several members of the project.

REPORTING BUGS
Report bugs to theinuxCNC bug tracketht t p: / / sf . net/ p/ ent/ bugs/ [

COPYRIGHT
Copyright © 2003 John Kasunich.
This is free software; see the source for copying conditidiere is NO warranty; notven for MER-
CHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
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SEE ALSO
halrun(1) -- a cowvenience script to start a realtimevennment, process a .hal or a .tcl file, and optionally
start an interacte mmmand session usiflcmd (described here) draltcl(1).
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NAME
halcompile — Build, compile and install LinuxCNC HAL components

SYNOPSIS
halcompile [--compile]--preproces¢--document--view-dod compfile...
sudohalcompile [--install]--install-doc] compfile...
halcompile --compile --userspacefile...
sudohalcompile --install --userspacefile...
sudohalcompile --install --userspaceyfile...

DESCRIPTION
halcompile performs man different functions:

»  Compile.compand.cfiles into.soor .ko HAL realtime components (thecompile flag)

e Compile.compand.cfiles into HAL userspace components (tfeompile --userspacdlag)
»  Preprocessompfiles into.cfiles (the--preprocessflag)

»  Extract documentation froncompfiles into.9 manpage files (thedocumentflag)

» Display documentation fromcompfiles onscreen (theview-docflag)

» Compile and installcomp and.c files into the proper directory for HAL realtime components (the
--install flag), which may requirsudoto write to system directories.

 Install .c and .py files into the proper directory for HAL userspace components -{nstall
--userspacedflag), which may requirsudoto write to system directories.

» Extract documentation frontomp files into .9 manpage files in the proper system directory (the
--install flag), which may requirsudoto write to system directories.

»  Preprocessompfiles into.cfiles (the--preprocessflag)

SEE ALSO
Halcompile HAL Component Germor in the LinuxCNC documentation for a full description of the
.compsyntax, along with examples

pydoc hal and Creating Userspace Python Componeintshe LinuxCNC documentation for documenta-
tion on the Python interface to HAL components
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NAME

halmeter — obsee/HAL pins, signals, and parameters
SYNOPSIS

halmeter [-5] [ pin|siglparam nam4 [-g X-positon Y-position [Width]
DESCRIPTION

halmeter is used to obseevHAL (Hardware Abstraction Layer) pins, signals, or parameters. It serves the
same purpose as a multimeter does when working on physical systems.

OPTIONS
pin name
display the HAL pimame

sighame
display the HAL signahame

param name
display the HAL parameterame

If neitherpin, sig, or param are specified, the
window starts out blank and the user must select an item to observe.

-s small windav. Non-interactve, must be used witpin, sig, or param to select the item to display
The item name is displayed in the title bar instead of the winelad there are no "Select" or
"Exit" buttons. Handyvhen you want a lot of meters in a small space.

-g geometry positionallows one to specify the intial starting position and optionally the width of the
meter Referenced from top left of screen in pixel unitdandy when you want to load a lot of
meters in a script with out them displaying on top of each other.

USAGE
Unless-sis specified, there are tnwbuttons, "Select" and "Exit". "Select" opens a dialog box to select the
item (pin, signal, or parameter) to be obselv"EXxit" does what you expect.

The selection dialog has "OK" "Apply", and "Cancelittons. OKdisplays the selected item and closes
the dialog. "Apply" displays the selected itemot keeps the selection dialog open. "Cancel” closes the dia-
log without changing the displayed item.

EXAMPLES
halmeter
Opens a meter wineg with nothing initially displayed. Use the "Select" button to choose an item
to obsere. Doesot return until the windw is dosed.

halmeter &
Open a meter windg with nothing initially displayed. Use the "Selectitton to choose an item.
Runs in the background leaving the shell free for other commands.

halmeter pin parport.0.pin-03-out
Open a meter windyg initially displaying HAL pinparport.0.pin-03-out The "Select" button can
be used to display other items. Runs in background.

halmeter -s pinparport.0.pin-03-ou&
Open a small meter windo displaying HAL pinparport.0.pin-03-out The displayed item cannot
be changed. Runs in background.

halmeter -s pinparport.0.pin-03-outg 100 500&
Open a small meter windg displaying HAL pinparport.0.pin-03-out places it 100 pixels to the
left and 500 pixels down from top of screefhe displayed item cannot be changed. Runs in
background.
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halmeter -s pinparport.0.pin-03-outg 100 500 40@&
Open a small meter windg displaying HAL pinparport.0.pin-03-out places it 100 pixels to the
left and 500 pixels down from top of screerhe width will be 400 pixels (270 is default) The dis-
played item cannot be changed. Runs in background.

SEE ALSO

HISTORY

BUGS

AUTHOR
Original version by John Kasunich, as part of the LinuxCNC projegprovements by seeral other mem-
bers of the LinuxCNC delopment team.

REPORTING BUGS
Report bugs to jmkasunichrAisers DA sourceforge DO net

COPYRIGHT
Copyright © 2003 John Kasunich.
This is free software; see the source for copying conditidiere is NO warranty; notven for MER-
CHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
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NAME
halrun — manipulate the LinuxCNC HAL from the command line

SYNOPSIS
halrun -h

halrun [-1] [halcmd_optk[ filename[.hal].tcl]
halrun -T [halcmd_optg[filename][.hal|.tcl]
halrun -U

DESCRIPTION
halrun is a conenience script used to manipulate the HAL (Hardware Abstraction Layer) from the com-
mand line. When woked, halrun:

Sets up the realtime environment.

Executes a command interpretealcmd or haltcl).
(Optionally) runs an interae# sssion.

Tears down the realtime environment.

If no filename is specified, an interaetiession is started.
The session will uskalcmd(1) unless -T is specified in
which casénaltcl(1) will be used.

If a filename is specifed and neither the -l nor the -T option
is included, the filename will be processed by the command
interpreter corresponding to the filename extendiafc(nd

or haltcl). After processing, the realtime environment

will be torn down.

If a filename is specifed and the -1 or -T option is included,

the file is processed by the appropriate command interpreter and
then an interacte ®ssion is started fdralcmd or

haltcl according to the -1 or -T option.

OPTIONS
halcmd_opts
When a .hal file is specifed, timalcmd_optsare passed thalcmd. See the man page foral-
cmd(1). Whena tcl file is specified, the only valid options are:
-i inifile
-f filename[.tcl|.hal] (alternate means of specifying a file)
-l Run an interactie halcmd session
-T Run an interactie haltcl session.
-U Forcibly cause the realtime environment tdte It releases the HAL mutex, requests that all HAL
components unload, and stops the realtime systehmust be the only commandline argument.
-h display a brief help screen and exit
EXAMPLES
HISTORY
BUGS
None known at this time.
AUTHOR

Original ersion by John Kasunich, as part of the LinuxCNC Enhanced Machine Controller pihgect.
includes major contributions bywsal members of the project.
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REPORTING BUGS
Report bugs to the LinuxCNC bug track®IRL: http://sf.net/p/emc/bugsl

COPYRIGHT
Copyright © 2003 John Kasunich.
This is free software; see the source foryoog conditions. There is NO warranty; notee for MER-
CHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.

SEE ALSO
halcmd(1), haltcl(1)
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NAME
halsampler — sample data from HAL in realtime

SYNOPSIS
halsampler[optiong

DESCRIPTION
sampler(9) andhalsampler are used together to sample HAL data in real time and store it in adite-
pler is a realtime HAL component that exports HAL pins and creates a FIFO in shared méntloen
begins sampling data from the HAL and storing it to the FIF@lsampleris a user space program that
copies data from the FIFO to stdout, where it can be redirected to a file or piped to some other program.

OPTIONS
-c CHAN
instructshalsampler to read from FIFQCHAN. FIFOs are numbered from zero, and thead#f
value is zero, so this option is not needed unless multiple FIFgsthan created.

-n COUNT

instructshalsamplerto readCOUNT samples from the FIFO, therie If -n is not specifiedhal-
samplerwill read continuously until it is killed.

-t instructshalsamplerto tag each line by printing the sample number in the first column.

FILENAME
instructshalsamplerto write toFILENAME instead of to stdout.

USAGE
A FIFO must first be created by loadisgmpler(9) with halcmd loadrt or aloadrt command in a .hal file.
Thenhalsampler can be imoked to begn printing data from the FIFO to stdout.

Data is printed one line per samplé.-t was gecified, the sample number is printed firfhe data fol-
lows, in the order that the pins were defined in the config stkogexample, if thesampler config string
was "ffbs" then a typical line of output (withott) would look like:

123.5533.40-12

halsampler prints data as fast as possible until the FIFO is entpiw it retries at regular intervals, until it
is either killed or has printedOUNT samples as requested iy Usually, but not alvays, data printed by
halsamplerwill be redirected to a file or piped to some other program.

The FIFO size should be chosen to absorb samples captured dyrimgraentary disruptions in the flo

of data, such as disk seeks, terminal scrolling, or the processing limitations of subsequent program in a
pipeline. Ifthe FIFO gets full andampleris forced to serwrite old datahalsampler will print 'overrun’

on a line by itself to mark eactajg in the sampled datdf -t was gecified, gaps in the sequential sample
numbers in the first column can be used to determine exaetlynaoy samples were lost.

The data format fohalsampler output is the same as fhalstreamen(1) input, so 'vavdorms’ captured
with halsampler can be replayed usirdwlstreamer. The-t option should not be used in this case.

EXIT STATUS
If a problem is encountered during initializatidwasampler prints a message to stderr and returns failure.

Upon printingCOUNT samples (if-n was gecified) it will shut down and return success. If it is termi-
nated before printing the specified number of samples, it retailosef Thismeans that whem is not
specified, it will alvays return failure when terminated.

SEE ALSO
samplen(9) streamer(9) halstreamen(1)
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HISTORY

BUGS

AUTHOR
Original version by John Kasunich, as part of the LinuxCNC projegprovements by seeral other mem-
bers of the LinuxCNC delopment team.

REPORTING BUGS
Report bugs to jmkasunichrAisers DA sourceforge DO net

COPYRIGHT
Copyright © 2006 John Kasunich.
This is free software; see the source for copying conditidiere is NO warranty; notven for MER-
CHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
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NAME
halstreamer — stream file data into HAL in real time

SYNOPSIS
halstreamer[optiong

DESCRIPTION
streamer(9) andhalstreamer are used together to stream data from a file into the HAL in real time.
streamer is a realtime HAL component thakports HAL pins and creates a FIFO in shared memory
hal_streameris a user space program that copies data from stdin into the FIFO, stehater can write
it to the HAL pins.

OPTIONS
-cCHAN
instructshalstreamer to write to FIFOCHAN. FIFOs are numbered from zero, and thead#f
value is zero, so this option is not needed unless multiple FIFgsthan created.

FILENAME
instructshalsamplerto read fromFILENAME instead of from stdin.

USAGE
A FIFO must first be created by loadistteamen(9) with halcmd loadrt or aloadrt command in a .hal
file. Thenhalstreamercan be imoked to begn writing data into the FIFO.

Data is read from stdin, and is almoswais either redirected from a file or piped from some other pro-
gram, since &yboard input would be unable to keep up witkredow streaming rates.

Each line of input must match the pins that are attached to the FIFO, for examplestiéameer config
string was "ffbs" then each line of input must consist af fiwats, a bit, and a signed igés in that order
and separated by whitespaddoats must be formatted as requiredsbyod(3), signed and unsigned inte-
gers must be formated as requiredsbyol (3) andstrtoul (3), and bits must be either '0’ or "1’

halstreamer transfers data to the FIFO assf as possible until the FIFO is full, then it retries gtiles
intervals, until it is either killed or readSOF from stdin. Data can be redirected from a file or piped from
some other program.

The FIFO size should be chosen to ride throughnaamentary disruptions in the floof data, such as disk
seeks. Ithe FIFO is big enouglmnalstreamer can be restarted with the same or w fiee before the FIFO
empties, resulting in a continuous stream of data.

The data format fohalstreamer input is the same as ftialsampler(1) output, so avedorms’ captured
with halsampler can be replayed usirwlstreamer.

EXIT STATUS
If a problem is encountered during initializatidwastreamer prints a message to stderr and returns failure.

If a badly formatted line is encountered while writing to the FIFO, it prints a message tokigerthe
line, and continues (this behavior may be revised in the future).

Upon readingeOF from the input, it returns success. If it is terminated before the input ends, it returns
failure.

SEE ALSO
streamer(9) sampler(9) halsampler(1)

HISTORY
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BUGS

AUTHOR
Original version by John Kasunich, as part of the LinuxCNC projegprovements by seeral other mem-
bers of the LinuxCNC delopment team.

REPORTING BUGS
Report bugs to jmkasunichrAisers DA sourceforge DO net

COPYRIGHT
Copyright © 2006 John Kasunich.
This is free software; see the source for copying conditidiere is NO warranty; notven for MER-
CHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
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NAME
haltcl — manipulate the LinuxCNC HAL from the command line using a tcl interpeter.

SYNOPSIS
haltcl [-i inifile] [filenamé

DESCRIPTION
haltcl is used to manipulate the HAL (Hardware Abstraction Layer) from the command line using a tcl
interpreter. haltcl can optionally read commands from a file (filename), allowing coaibed. configura-
tions to be set up with a single command.

OPTIONS
-i inifile
If specified, the inifile is read and used to create tcl global variable arrays. An array is created for
each SECTION of the inifile with elements for each ITEM in the section.

For example, if the inifile contains:
[SECTION_AJITEM_1=1
[SECTION_A]JITEM_2 = 2
[SECTION_B]JITEM_1 =10

The corresponding tcl variables are:
SECTION_A(TEM_1) = 1
SECTION_A(ITEM_2) = 2
SECTION_B(ITEM_1) = 10
-ini inifile -- declining usage, useinifile
filename

If specified, the tcl commands filename are executed. Ifno filename is specified, haltcl opens
an interactie sssion.

COMMANDS
haltcl includes the commands of a tcl interpreter augmented with commands for the hal language as
described fohalcmd(1). Theaugmented commands can be listed with the command:

haltcl: hal --commands

addf alias delf delsig getp gets ptype stype help linkpp linkps linksp list loadrt loadusr lockvsgs ne
save etexact for test suite_only setp setswhamurce start status stop unalias unlinkp unload unloadrt
unloadusr unlock waitusr

Two of the augmented commands, 'list’ and 'gets’, require special treatmerdidocanflict with tcl huilt-
in commands having the same namés.use these commands, precede them with éyevérd 'hal’:

hal list
hal gets

REPORTING BUGS
Report bugs to the LinuxCNC bug track®IRL: http://sf.net/p/emc/bugsl

COPYRIGHT
This is free software; see the source foryoog conditions. There is NO warranty; notee for MER-
CHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
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NAME
halui — obserg HAL pins and command LinuxCNC through NML

SYNOPSIS
halui [-ini <path-to-ini>]

DESCRIPTION
halui is used to build a User Intade using hardware knobs and switches. It exports a big number of pins,
and acts accordingly when these change.

OPTIONS
-ini name
use thenameas the configuration file. Note: halui must find the nml file specified in the ini, usu-
ally that file is in the same folder as the ini, so it makes sense to run halui from that folder.
USAGE

When run,halui will export a large number of pins. A user can connect those to his physical knobs &
switches & leds, and when a change is noticed halui triggers an appropsidte e

halui expects the signals to be debounced, so if needed (bad knob contact) connegsitat plitton to a
HAL debounce filter first.

PINS
abort
halui.abort bit in
pin for clearing most errors

tool
halui.tool.length-offset.afloat out
current applied tool length offset for the A axis

halui.tool.length-offset.bfloat out
current applied tool length offset for the B axis

halui.tool.length-offset.cfloat out
current applied tool length offset for the C axis

halui.tool.length-offset.ufloat out
current applied tool length offset for the U axis

halui.tool.length-offset.vfloat out
current applied tool length offset for the V axis

halui.tool.length-offset.wfloat out
current applied tool length offset for the W axis

halui.tool.length-offset.xfloat out
current applied tool length offset for the X axis

halui.tool.length-offset.yfloat out
current applied tool length offset for the Y axis

halui.tool.length-offset.zfloat out
current applied tool length offset for the Z axis

halui.tool.number u32 out
current selected tool

spindle
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halui.spindle.brake-is-onbit out
status pin that tells us if braks m

halui.spindle.brake-off bit in
pin for deactrating the spindle brake

halui.spindle.brake-onbit in
pin for actvating the spindle brake

halui.spindle.decreasdit in
a rising edge on this pin decreases the current spindle speed by 100

halui.spindle.forward bit in
a rising edge on this pin makes the spindle go forward

halui.spindle.increasebit in
a rising edge on this pin increases the current spindle speed by 100

halui.spindle.is-onbit out
status pin telling if the spindle is on

halui.spindle.revese bit in
a rising edge on this pin makes the spindle gemse

halui.spindle.runs-backward bit out
status pin telling if the spindle is running backward

halui.spindle.runs-forward bit out
status pin telling if the spindle is running forward

halui.spindle.start bit in
a rising edge on this pin starts the spindle

halui.spindle.stopbit in
a rising edge on this pin stops the spindle

spindle override
halui.spindle-override.count-enablebit in (default: TRUE)
When TRUE, modify spindleverride when counts changes.

halui.spindle-override.counts s32 in
counts X scale = spindleverride percentage

halui.spindle-override.decreasebit in
pin for decreasing the SO (-=scale)

halui.spindle-override.direct-value bit in
pin to enable direct spindlev@ride value input

halui.spindle-override.increasebit in
pin for increasing the SO (+=scale)

halui.spindle-override.scalefloat in
pin for setting the scale of counts for SO

halui.spindle-override.value float out
current FO value

program
halui.program.block-delete.is-onbit out
status pin telling that block delete is on
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halui.program.block-delete.offbit in
pin for requesting that block delete is off

halui.program.block-delete.onbit in
pin for requesting that block delete is on

halui.program.is-idle bit out
status pin telling that no program is running

halui.program.is-pausedbit out
status pin telling that a program is paused

halui.program.is-running bit out
status pin telling that a program is running

halui.program.optional-stop.is-onbit out
status pin telling that the optional stop is on

halui.program.optional-stop.off bit in
pin requesting that the optional stop is off

halui.program.optional-stop.onbit in
pin requesting that the optional stop is on

halui.program.pausebit in
pin for pausing a program

halui.program.resumebit in
pin for resuming a program

halui.program.run bit in
pin for running a program

halui.program.step bit in
pin for stepping in a program

halui.program.stop bit in

HALUI(1)

pin for stopping a program (note: this pin does the same thing as halui.abort)

mode

halui.mode.autobit in
pin for requesting auto mode

halui.mode.is-autobit out
pin for auto mode is on

halui.mode.is-joint bit out
pin showing joint by joint jog mode is on

halui.mode.is-manualbit out
pin for manual mode is on

halui.mode.is-mdibit out
pin for mdi mode is on

halui.mode.is-teleopbit out
pin showing coordinated jog mode is on

halui.mode.joint bit in
pin for requesting joint by joint jog mode

halui.mode.manualbit in
pin for requesting manual mode
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halui.mode.mdibit in
pin for requesting mdi mode

halui.mode.teleopbit in
pin for requesting coordinated jog mode

mdi (optional)
halui.mdi-command-XX bit in
halui looks for ini variables named [HALUIIMDI_COMMAND, andxports a pin for each com-
mand it finds. When the pin is den TRUE, halui runs the specified MDI command. XX is a
two digit number starting at 00. If no [HALUIIMDI_COMMAND ariables are set in the ini file,
no halui.mdi-command-XX pins will be exported by halui.

mist
halui.mist.is-on bit out
pin for mist is on

halui.mist.off bit in
pin for stopping mist

halui.mist.on bit in
pin for starting mist

max-velocity
halui.max-velocity.count-enablebit in (default: TRUE)
When True, modify max velocity when halui.max-velocity.counts changes.

halui.max-velocity.countss32 in
When .count-enable is True, halui changes the rabocity in response to changes to this girs
usually connected to an MPG encoder on an opesgtanel or jog pendant. When .count-enable
is False, halui ignores this pin.

halui.max-velocity.direct-valuebit in
When this pin is flue, halui commands the max velocity directly to (.counts * .scale). When this
pin is False, halui commands the max velocity in a reéathay: change max velocity by an
amount equal to (change in .counts * .scale).

halui.max-velocity.increasebit in
A positive alge (a Rlse to True transition) on this pin increases the max velocity by the value of
the .scale pin. (Note that haluinglys responds to this pin, independent of the .count-enable pin.)

halui.max-velocity.decreaséit in
A positive edge (a False to True transition) on this pin decreases the efwoity by the value of
the .scale pin. (Note that haluinglys responds to this pin, independent of the .count-enable pin.)

halui.max-velocity.scalefloat in
This pin controls the scale of changes to the n&acity. Each unit change in .counts, and each
positve alge on .increase and .decrease, changes the max velocity by .scale. The units of the
.scale pin are machine-units per second.

halui.max-velocity.valuefloat out
Current value for maximum velocjtyn machine-units per second.

machine
halui.machine.is-onbit out
pin for machine is On/Off

LinuxCNC Documentation 2006-07-22 39



HALUI(1) HAL User Interfce HALUI(1)

40

halui.machine.off bit in
pin for setting machine Off

halui.machine.onbit in
pin for setting machine On

halui.lube.is-onbit out
pin for lube is on

halui.lube.off bit in
pin for stopping lube

halui.lube.onbit in
pin for starting lube

halui.joint.N.has-fault bit out
status pin telling that joint N has a fault

halui.joint.N.home bit in
pin for homing joint N

halui.joint.N.is-homed bit out
status pin telling that joint N is homed

halui.joint.N.is-selectedbit out
status pin that joint N is selected

halui.joint.N.on-hard-max-limit bit out
status pin telling that joint N is on the pogitirardware limit

halui.joint.N.on-hard-min-limit bit out
status pin telling that joint N is on thegaive hardware limit

halui.joint.N.on-soft-max-limit bit out
status pin telling that joint N is on the pogitioftware limit

halui.joint.N.on-soft-min-limit bit out
status pin telling that joint N is on thegaive ftware limit

halui.joint.N.selectbit in
A rising edge on this pin selects joint N. The joint remains selected until a rising edge fen-a dif
ent halui.joint.N.select pin selects a different joint. Byagéf joint O is the initially selected joint
at startup.

halui.joint.N.unhome bit in
pin for unhoming joint N

halui.joint.selectedu32 out
The number of the currently selected joint (default: joint 0).

halui.joint.selected.has-faultbit out
status pin selected joint is faulted

halui.joint.selected.homebit in
pin for homing the selected joint

halui.joint.selected.is-homedit out
status pin telling that the selected joint is homed

halui.joint.selected.on-hard-max-limit bit out
status pin telling that the selected joint is on the paskardware limit
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halui.joint.selected.on-hard-min-limit bit out
status pin telling that the selected joint is on thgatiee hardware limit

halui.joint.selected.on-soft-max-limitbit out
status pin telling that the selected joint is on the pasiftware limit

halui.joint.selected.on-soft-min-limit bit out
status pin telling that the selected joint is on thgetiee ftware limit

halui.joint.selected.unhomebit in
pin for unhoming the selected joint

jog
halui.jog.deadbandfloat in
pin for setting jog analog deadband (jog analog inputs smaller/slower than this are ignored)

halui.jog-speedfloat in

pin for setting jog speed for plus/minus jogging.
halui.jog.N.analogfloat in

pin for jogging the axis N using an float value (e.g. joystick)
halui.jog.N.incrementfloat in

pin for setting the jog increment for axis N when using increment-plus/minus

halui.jog.N.increment-minusbit in
a rising edge will will male axis N jog in the ngative drection by the increment amount

halui.jog.N.increment-plushbit in
a rising edge will will male axis N jog in the positie drection by the increment amount

halui.jog.N.minus bit in

pin for jogging axis N in ngative drection at the halui.jog-speed velocity
halui.jog.N.plus bit in

pin for jogging axis N in posite drection at the halui.jog-speed velocity

halui.jog.selected.incremenfloat in
pin for setting the jog increment for the selected axis when using increment-plus/minus

halui.jog.selected.increment-minusit in
a rising edge will will male the selected axis jog in thegaive drection by the increment amount

halui.jog.selected.increment-plusit in
a rising edge will will male the selected axis jog in the pogitidrection by the increment amount

halui.jog.selected.minugit in
pin for jogging the selected axis ingative drection at the halui.jog-speed velocity

halui.jog.selected.plus
pin for jogging the selected axis bit in in pogitidrection at the halui.jog-speed velocity

flood
halui.flood.is-onbit out
pin for flood is on

halui.flood.off bit in
pin for stopping flood

halui.flood.on bit in
pin for starting flood
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feed override
halui.feed-override.count-enablebit in (default: TRUE)
When TRUE, modify feedwerride when counts changes.

halui.feed-override.counts s32 in
counts X scale = feedverride percentage

halui.feed-override.decreasebit in
pin for decreasing the FO (-=scale)

halui.feed-override.direct-value bit in
pin to enable direct value feedenride input

halui.feed-override.increasebit in
pin for increasing the FO (+=scale)

halui.feed-override.scalefloat in
pin for setting the scale on changing the FO

halui.feed-override.value float out
current Feed Override value

rapid override
halui.rapid-override.count-enablebit in (default: TRUE)
When TRUE, modify Rapid Override when counts changes.

halui.rapid-override.counts s32 in
counts X scale = Rapid Override percentage

halui.rapid-override.decreasebit in
pin for decreasing the Rapid Override (-=scale)

halui.rapid-override.direct-value bit in
pin to enable direct value Rapid Override input

halui.rapid-override.increasebit in
pin for increasing the Rapid Override (+=scale)

halui.rapid-override.scalefloat in
pin for setting the scale on changing the Rapid Override

halui.rapid-override.value float out
current Rapid Override value

estop
halui.estop.activate bit in
pin for setting Estop (LinuxCNC internal) On

halui.estop.is-actvated bit out
pin for displaying Estop state (LinuxCNC internal) On/Off

halui.estop.resetit in
pin for resetting Estop (LinuxCNC internal) Off

axis
halui.axis.N.pos-commandedloat out float out
Commanded axis position in machine coordinates

halui.axis.N.pos-feedbacKloat out float out
Feedback axis position in machine coordinates
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halui.axis.N.pos-relative float out float out
Commanded axis position in relaicordinates

home
halui.home-all bit in
pin for requesting home-all (onlyailable when a valid homing sequence is specified)

SEE ALSO
HISTORY
BUGS
none known at this time.

AUTHOR
Written by Alex Joni, as part of the LinuxCNC project. Updated by John Thornton

REPORTING BUGS
Report bugs to alex_joniTAusers DO sourceforge D@ net

COPYRIGHT
Copyright © 2006 Alg Joni.
This is free software; see the source foryoog conditions. There is NO warranty; notee for MER-
CHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
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NAME

hy gt vfd — HAL userspace component for Huanyang GT-series VFDs
SYNOPSIS

hy gt vfd[OPTIONS
DESCRIPTION

The hy_gt_vfd component interfaces a Huanyang GT-series VFD to the LinuxCNC HAL. The VFD is
connected via RS-485 serial to the LinuxCNC computer.

HARDWARE SETUP
At least some Huanyang GT VFDs must be physically modified to enable Modbus communication.

The circuit board location marked "SW1" is identified in the manual as "Switch of terminal resistor for
RS485 communication”. On the only VFD Meaexperience with, the circuit board contained no switch at
that location, instead holding a pair of crossed jumper wires (top-left pad connected to bottom-right pad,
top—right to bottom-left). In this configuration, no Modbus communication is possibleath\to desolder

the two crossed jumper wires and re—solder them parallel to each other (top-left to bottom-left, top—right
to bottom-right).

FIRMWARE SETUP
The Huanyang GT VFD must be configure via the faceplate to talk Modbus with LinuxCNC. Consult the
Operation section of the Huanyang GT-seriegrber Manual for details. Set the following parameters:
P0.01=2
Set Run Command Source to Modbus serial port.

P0.03
Set Maximum Frequegdo the maximum frequerycyou want the VFD to output, in Hz.

P0.04
Set Upper Frequence Limit to the maximum freqyegrau want the VFD to output, in Hz. This
should be the same as the value in P0.03.

P0.05
Set Lower Frequend.imit to the minimum frequernycyou want the VFD to output, in Hz.

P0.07 =7

Set FrequencA Command Source to Modbus serial port.
P2.01=7???

Set Motor Rated Power to the motopbwer rating in kW.
P2.02 = ?7??

Set Motor Rated Frequento the motors max frequeng in Hz.
P2.03 =?7??

Set Motor Rated Speed to the madapeed in RPM at its rated maximum frequence.
P2.04 = ?7??

Set Motor Rated Voltage to the mosnmaximum voltage, in \Volts.
P2.05 = ?7??

Set Motor Rated Current to the mosonaximum current, in Amps.
PC.00=1

Set Local Address to 1. This matches the default in the hy gt v, diange this if your setup has
special needs.

PC.01=5
Set Baud Rate Selection to 5 (38400 bps). This matches the default in the hy gtevfdtdmge
this if your setup has special needs.

0= 1200
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1=2400
2=4800
3 =900
4 =19200
5=238400
PC.02=0

Set Data Format (8n1 RTU). This matches the default in the hy gt _véi, dhiange this if your setup
has special needs.

PC.03=1
Set Communication Delay Time to 1 ms. This is expected by the hy gt wéd dri

OPTIONS
-b, ——bits N
(default 8) For Modbus communication. Set number of data biNs té must be between 5 and 8
inclusive.

-p, ——parity [Even,Odd,None]

(default None) For Modbus communication. Set serial parity to Even,
Odd, or None.

-r,——rate N
(default 38400) For Modbus communication. Set baud rdtk ltas an eror if the rate is not one of
the following: 1200, 2400, 4800, 9600, 19200, 38400

—s, ——stopbits[1,2]
(default 1) For Modbus communication. Set serial stop bits to 1 or 2.

—-t, ——target N
(default 1) For Modbus communication. Set Modbus targetdjstaumber. This must match the
device number you set on the Huanyang GT VFD.

-d, -—devicePATH
(default /dev/ttyS0) For Modbus communication. Set the name of the serial device node to use.

-v, ——verbose
Turn on verbose mode.

—S, ——motor-max-speedRPM
The motors max speed in RPM. This must match the motor speed value configured in VFD register
P2.03.

—-F, ——max-frequencyHZ
This is the maximum output frequenaf the VFD in Hz. It should correspond to the mataated
max frequeng, and to the maximum and upper limit output frequecanfigured in VFD register
P0.03 and P0.04.

—f, ——min—-frequency HZ
This is the minimum output frequenof the VFD in Hz. It should correspond to the minimum output
frequeng configured in VFD register P0.05.

PINS
hy gt _vfd.period (float, in)
The period for the dver's ypdate cycle, in seconds. This isahfrequently the dvier will wake up,
check its HAL pins, and communicate with the VFD. Must be between 0.001 and 2.000 seconds.
Default: 0.1 seconds.
hy gt vfd.speed-cmdfloat, in)
The requested motor speed, in RPM.

hy gt vfd.speed-fi(float, out)
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The motors aurrent speed, in RPM, reported by the VFD.

hy gt vfd.at—speedbit, out)
True when the dve is on and at the commanded speed (within 2%), False otherwise.

hy gt vfd.freq—cmd (float, out)
The requested output frequenm Hz. This is set from the .speed-cmd value, and is just shown for
debugging purposes.

hy gt _vfd.freq—fb (float, out)
The current output frequeypof the VFD, in Hz. This is reported from the VFD to thevelri

hy gt vfd.spindle-on(bit, in)
Set this pin True to command the spindle on, at the speed requested on the .speed-cmd pin. Set this
pin False to command the spindle off.

hy gt _vfd.output-voltage(float, out)
The voltage that the VFD is current providing to the matoYolts.

hy gt _vfd.output—current (float, out)
The current that the motor is currently drawing from the VFD, in Amperes.

hy gt vfd.output—power (float, out)
The power that the motor is currently drawing from the VFD, in Watts.

hy gt vfd.dc-bus-volts(float, out)
The current voltage of the VF®internal DC power supplyn Volts.

hy gt vfd.modbus-errors(u32, out)
A count of the number of modbus communication errors between tree ahvd the VFD. The dvier
is resilient against communication errors, but a large or growing number here indicates a problem that
should be inestigated.

hy gt vfd.input-terminal (float, out)
The VFD's input terminal register.

hy gt _vfd.output—terminal (float, out)
The VFD's autput terminal register.

hy gt vfd.All (float, out)
The VFD's All register.

hy gt vfd.Al2 (float, out)
The VFD's Al2 register.

hy gt vfd.HDI-frequency (float, out)
The VFD’s HDI-frequeng regster.

hy gt _vfd.external-counter(float, out)
The VFD’s external counter register.

hy gt _vfd.fault-info (float, out)
The VFD’s fault info register.

ISSUES

46

The VFD produces the output frequertlat it sends to the motor by adding a manually specified offset to
the frequeng command it gets\er modbus.

The manual offset is controlled by pressing the Up/Down arrows on the faceplate while the VFD is turning
the motor.

If you command a speed on the .speed-cmd pin and get a different speed reported on the .speed-fb pin,
first verify that the VFD registers listed in the FIRMWARE SETUP sectioneabud the dver's

command-line arguments all agree with the info on the nsatarhe plate. If you still arehgetting the

speed you expect, zero the VBOrequenyg off set by starting the motor running, then pressing the
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Up/Down buttons to zero the offset.
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NAME

hy vfd -

SYNOPSIS
hy vfd [OPTIONS]

LinuxCNC Documentation yhvfd(1)

HAL userspace component for Huanyang VFDs

DESCRIPTION
This component connects the Huanyang VFD to the LinuxCNC HAL via a serial (RS-485) connection.

48

The Huanyang VFD must be configured via the face plate user interface to accept serial communications:

PD001

PDO002

PD004

PDO005

PDO011

PD141

PD142

PD143

PD144

PD163

PD164

PD165

=2

Set register PD001 (source of run commands) to 2 (communication port).

=2

Set register PD002 (source of operating frequency) to 2 (communication port).

Set register PD004 (Base Frequency) according to motor specs. This is the ratedyrefjirenc
motor from the motos name plate, in Hz.

Set register PD005 (max frequency) according to motor specs. This is the maximum frefjluenc
the motors power supplyin Hz.

Set register PD011 (min frequency) according to motor specs. This is the minimum fyegfuenc
the motors power supplyin Hz.

Set register PD141 (rated motor voltage) according to motor name plate. This is the motor's
maximum voltage, in Volts.

Set register PD142 (rated motor current) according to motor name plate. This is the motor's
maximum current, in Amps.

Set register PD143 (Number of Motor Poles) according to motor name plate.

Set register PD144 (rated motovakitions) according to motor name plate. This is the motor's
speed in RPM at 50 Hz. Note: This is not the metoBx speed (unless the max motor frequency
happens to be 50 Hz)!

=1

Set register PD163 (communication address) to 1. This matches the default in the hyexfd dri
change this if your setup has special needs.

=2

Set register PD164 (baud rate) to 2 (19200 bps). This matches the default in the hyexfd dri
change this if your setup has special needs.

=3

Set register PD165 (communication data method) to 3 (8itl).RThismatches the default in the
hy vfd driver, change this if your setup has special needs. Note that the hy wédahiy
supports RTU communication, not ASCII.

Consult the Huanyang instruction manual for details on using the face plate to program the VFDs registers,
and alternatie values for the aba@ regsters.
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OPTIONS
-d, --device <path>
(default /dev/ttyS0) Set the name of the serial device node to use.

-g, --debug
Turn on debug messages. Note that if there are serial errors, this may becoyiggaribDelug
mode will cause all serial communication messages to be printer anliee terminal.

-n, --name <string>
(default hy_vfd) Set the name of the HAL module. The HAL comp name will be set to <string>,
and all pin and parameter names will begin with <string>.

-b, --bits <n>
(default 8) Set number of data bits to <n>, where n must be from 5 to 8wecliibis must
match the setting in register PD165 of the Huanyang VFD.

-p, --parity [even,odd,none]
(default odd) Set serial parity toem, odd, or none. This must match the setting in register PD165
of the Huanyang VFD.

-r, --rate <n>
(default 38400) Set baud rate to <n>. It is an error if the rate is not one of the following: 110, 300,
600, 1200, 2400, 4800, 9600, 19200, 38400, 57600, 115200. This must match the setting in
register PD164 of the Huanyang VFD.

-s, --stopbits [1,2]
(default 1) Set serial stop bits to 1 or 2. This must match the setting in register PD165 of the
HuanyangVFD.

-t, --target <n>
(default 1) Set HYCOMM target (sle) number This must match the device number you set on
the Hyanyang VFD in register PD163.

-F, --max-frequency <n>
(default: read from VFD) If specified, program register PD005 of the VFD with the specified max
frequeng of <n> Hz (and use the same max freqyenahe hy_vfd dwer). If not specified, read
the max frequencto use from register PD0O05 of the VFD.

-f, --min-frequency <n>
(default: read from VFD) If specified, program register PD011 of the VFD with the specified
minimum frequeng of <n> Hz (and use the same minimum freqyeinghe hy vfd dwer). If
not specified, read the minimum frequgmhe use from register PD011 of the VFD.

-V, --motor-voltage <n>
(default: read from VFD) If specified, program register PD141 of the VFD with the specified max
motor voltage of <n> Mts. If not specified, read the max motor voltage from register PD141 of
the VFD.

-1, --motor-current <n>
(default: read from VFD) If specified, program register PD142 of the VFD with the specified max
motor current of <n> Amps. If not specified, read the max motor current from register PD142 of
the VFD.

-S, --motor-speed <n>
(default: compute from value read from VFD P144) This command-line argument is the motor’s
max speed. If specified, compute the matgoeed at 50 Hz from this argument and from the
motor’s max frequeng (from the --max-frequenycargument or from P011 if --max-frequenis
not specified) and program register PD144 of the VFD. If not specified, read thesrqmted at
50 Hz from register P144 of the VFD, and use that and the max frggermnpute the motor’s
max speed.
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PINS
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-P, --motor-poles <n>
(default: read value from VFD P143) This command-line argument is the number of poles in the
motor. If specified, this value is sent to the VEDegster PD143. If not specified, the value is
read from PD143 and reported on the corresponding HAL pin.

<name>.enable
(bit, in) Enable communication from the hy_vfdwdrito the VFD.

<name>.SetF
(float, out)

<name>.OutF
(float, out)

<name>.0OutA
(float, out)

<name>.Rott
(float, out)

<name>.DCV
(float, out)

<name>.ACV
(float, out)

<name>.Cont
(float, out)

<name>.Tmp
(float, out)

<name>.spindle-forward
(bit, in)

<name>.spindle-evease
(bin, in)

<name>.spindle-on
(bin, in)

<name>.CNTR
(float, out)

<name>.CNST
(float, out)

<name>.CNST-run
(bit, out)

<name>.CNST-jog
(bit, out)

<name>.CNST-command-rf
(bit, out)

<name>.CNST-running
(bit, out)

<name>.CNST-jogging
(bit, out)

<name>.CNST-running-rf
(bit, out)
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<name>.CNST-bracking
(bit, out)

<name>.CNST-track-start
(bit, out)

<name>.speed-command
(float, in)

<name>.spindle-speed-fb
(float, out) Current spindle speed as reported by Huanyang VFD.

<name>.spindle-at-speed-tolerance
(float, in) Spindle speed error tolerance. If the actual spindle speed is within .spindle-at-speed-
tolerance of the commanded speed, then the .spindle-at-speed pin willkegoThedefault
.spindle-at-speed-tolerance is 0.02, which means the actual speed must be within 2% of the
commanded spindle speed.

<name>.spindle-at-speed
(bit, out) True when the current spindle speed is within .spindle-at-speed-tolerance of the
commanded speed.

<name>.frequency-command
(float, out)

<name>.max-freq
(float, out)

<name>.base-freq
(float, out)

<name>.freg-lower-limit
(float, out)

<name>.rated-motor-voltage
(float, out)

<name>.rated-motor-current
(float, out)

<name>.rated-motor-rev
(float, out)

<name>.motor-poles
(u32, out)

<name>.hycomm-ok
(bit, out)

PARAMETERS
<name>.error-count
(s32, RW)

<name>.retval
(float, RW)

AUTHOR
Sebastian Kuzminsky

LICENSE
GPL
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NAME

iocontrol — accepts NML 1/O commands, interacts with HAL in userspace

SYNOPSIS

loadusr io [-ini inifile]

DESCRIPTION

PINS

52

These pins are created by the userspace 10 contrglezlly found in SLINUXCNC_HOME/bin/io

The signals are turned on andiofuserspace - if you lva grict timing requirements or simply need more
i/0, consider using the realtime synchronized i/o providechbon(9) instead.

The inifile is searched for in the directory from which halcmd was run, unless an absolute path is specified.

iocontrol.0.coolant-flood
(Bit, Out) TRUE when flood coolant is requested

iocontrol.0.coolant-mist
(Bit, Out) TRUE when mist coolant is requested

iocontrol.0.emc-enable-in
(Bit, In) Should be drien FALSE when an external estop condition exists.

iocontrol.0.lube
(Bit, Out) TRUE when lube is requested. This pin getgedriirue when the controller comes out
of E-stop, and when the "Lube On" command gets sent to the contiotiets drven False when
the controller goes into E-stop, and when the "Lube Off* command gets sent to the controller.

iocontrol.0.lube_level
(Bit, In) Should be dxien FALSE when lubrication tank is empty.

iocontrol.0.tool-change
(Bit, Out) TRUE when a tool change is requested

iocontrol.0.tool-changed
(Bit, In) Should be drien TRUE when a tool change is completed.

iocontrol.0.tool-number
(s32, Out) Current tool number

iocontrol.0.tool-prep-number
(s32, Out) The number of the next tool, from the RS274NGC T-word

iocontrol.0.tool-prep-pocket
(s32, Out) The pocket number (location in tool storage mechanism) of the next tool, as described
in the tool table
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iocontrol.0.tool-prepare
(Bit, Out) TRUE when a iitool prepare is requested

iocontrol.0.tool-prepared
(Bit, In) Should be drien TRUE when a tool prepare is completed.

iocontrol.0.user-enable-out
(Bit, Out) FALSE when an internal estop condition exists

iocontrol.0.user-request-enable
(Bit, Out) TRUE when the user has requested that estop be cleared

SEE ALSO
motion(9)

LinuxCNC Documentation 2007-08-25
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NAME

linuxcncrsh - text-mode interface for commanding LinuxCN€& ¢the network
SYNOPSIS

linuxcncrsh [OPTIONS] [-- LINUXCNC_OPTIONS]
DESCRIPTION

linuxcncrsh is a user interface for LinuxCNC. Instead of popping up a GUI wirldee axis(1) and
touchy(1) do, it processes text-mode commands that itvesoga the netwrk. A human (or a program)
can interface withinuxcncrsh using telnet(1) or nc(1) or similar programs.

All features of LinuxCNC arevailable via thdinuxcncrsh interface.

OPTIONS
-p,--port PORT_NUMBER
Specify the port for linuxcncrsh to listen on. Defaults to 5007 if omitted.

-n,--name SERVER_NAME
Sets the server name that linuxcncrsh will use to identify itself during handshaking with a new
client. Defults to EMCNETSVR if omitted.

-w,--connectpw PASSWORD
Specify the connection password to use during handshaking with eieet. Notethat the
password is sent in the cleao it an be read by anyone who can read packets on the network
between the server and the client. Defaults to EMC if omitted.

-e,--enablepw PASSWORD
Specify the password required to enable LinuxCNC via linuxcncrsh. Note that the password is
sent in the cleaso it an be read by anyone who can read packets on the network between the
server and the client. Defaults to EMCTOO if omitted.

-s,--sessions MAX_SESSIONS
Specify the maximum number of simultaneous connections. Defaults to -1 (no limit) if not

specified.
In addition to the options listed al® linuxcncrsh accepts an optional special LINUXCNC_OPTION at
the end:
-ini LINUXCNC_INI_FILE

LinuxCNC .ini file to use. The -ini optiomust be preceeded by twdashes: "--". Defaults to

emc.ini if omitted.

Starting linuxcncrsh
To wse linuxcnersh instead of a normal LinuxCNC GUEel#kis or touch, specify it in your .ini file like
this:

[DISPLAY]
DISPLAY=linuxcncrsh

To wse linuxcnersh in addition to a normal GUI, you can either start it at the end of your .hal file, or run it
by hand in a terminal windeo

To dart it from hal, add a line likthis to the end of your .hal file:
loadusr linuxcncrsh [OPTIONS] [-- LINUXCNC_OPTIONS]

To dart it from the terminal, run linuxcncrsh manuallyelikis:
linuxcncrsh [OPTIONS] [-- LINUXCNC_OPTIONS]

Connecting
Once LinuxCNC is up and linuxcncrsh is running, you can connect to it tediveg or nc or similar:

telnet HOST PORT
HOST is the hostname or IP address of the computer running linuxcncrsh, amdsPOR
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the port it listening on (5007 if you did not\g linuxcncrsh the --port option).

Network protocol
linuxcncrsh accepts TCP connections on the port specified by the --port option, or 5007 if not specified.

The client sends requests, and the linuxcncrsh server returns replies. Requests consist of a command word
followed by optional command-specific parameters. Requests and most request parameters are case
insensitve. The exceptions are passwords, file paths and text strings.

Requests to linuxcncrsh are terminated with line endingsc@mbination of one or more '\r' and '\n’
characters. Replidsom linuxcncrsh are terminated with the sequence "\r\n”.

The supported commands are as follows:

hello <password> <client> <version>
<password> must match linuxcncrslgnnect password, or "EMC" if no --connectpw was
supplied. Thehree arguments may not contain whitespace. If a valid password was entered the
server will respond with:
HELLO ACK <ServerName> <ServerVersion>

If an invalid password or another syntax error occurs then the server responds with:
HELLO NAK

get <subcommand> [<parameters>]
The get command takes one of the LinuxCNC sub-commands (described in the section
LinuxCNC Subcommands below) and zero or more additional subcommand-specific
parameters.

set <subcommand> <parameters>
The set command takes one of the LinuxCNC sub-commands (described in the section
LinuxCNC Subcommands below) and one or more additional parameters.

quit
The quit command disconnects the associated socket connection.

shutdown
The shutdown command tells LinuxCNC to shutdown and disconnect the session. This command
may only be issued if the Hello has been successfully negotiated and the connection has control of
the CNC (seenablesubcommand in theinuxCNC Subcommandssection, below).

help

The help command will return help information in text formadrahe connection. If no
parameters are specified, it will itemize thailable commands. If a command is specified, it will
provide usage information for the specified command. Help will respgaditess of whether a
"Hello" has been successsfully negotiated.

LinuxCNC Subcommands
Subcommands fggetandsetare:

echo {on|off}
With get, ag on/off parameter is ignored and the current echo state is retuvdigd.set, sets the
echo state as specified. Echo defaults to on when the connection is first established. When echo is
on, all commands will be echoed upon receipt. This state is local to each connection.

verbose {on|off}
With get, ag on/off parameter is ignored and the current verbose state is retuVithiset, sets
the verbose state as specified. When verbose mode is on, all set commands retgn positi
acknowledgement in the form SET <COMMAND> ACK, and text error messages will be issued
(FIXME: | don't know what this means). The verbose state is local to each connection, and starts
out OFF on n& connections.

enable {<passwd>|off}
The sessiols’ enable state indicates whether the current connection is enabled to perform control
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functions. Wth get, ay parameter is ignored, and the current enable state is retUWiduset

and a valid password matching linuxcncsskénablepw (EMCTOO if not specified), the current
connection is enabled for control functions. "OFF" may not be used as a password and disables
control functions for this connection.

config [TBD]
Unused, ignore for ma

comm_mode {ascii|binary}
With get, ag parameter is ignored and the current communications mode is retifitddset,
will set the communications mode to the specified mode. The ascii mode is the text request/reply
mode, the binary protocol is not currently designed or implemented.

comm_prot <version>
With get, ag parameter is ignored and the current protocol version used by the server is returned.
With set, sets the server to use the specified protocol version, provided it is lower than or equal to
the highest version number supported by the server implementation.

inifile
Not currently implementedWith get, returns the string "emc.ini". Should return the full path and
file name of the current configuration inifile. Setting this does nothing.

plat
With get, returns the string "Linux".

ini <var> <section>
Not currently implemented, do not use! Should return the string value of <var> in section
<section> of the ini file.

debug <value>
With get, ag parameter is ignored and the current integer value of EMC_DEBUG is returned.
Note that the value of EMC_DEBUG returned is the from the ldi'file, which may be different
than emcs ini file. With set, sends a command to the EMC to set thedebug leel, and sets the
EMC_DEBUG global here to the same value. This will enthle two values the same, since they
really ought to be the same.

set_wait {receved|done}
The set_wait setting controls the wait after receiving a command. It can beédédcaiter the
command was sent and rea&i) or "done" (after the command was don@jith get, any
parameter is ignored and the current set_wait setting is retuwli¢ld set, set the set_wait setting
to the specified value.

wait {received|done}
With set, force a wait for the previous command to be vededr done.

set_timeout <timeout>
With set, set the timeout for commands to return to <timeout> seconds. Timeout is a real number.
If it's <= QO, it means wait forer. Default is 0.0, wait foneer.

update {none|auto}
The update mode controls whether to return fresh or stale values for "get" requests. When the
update mode is "none" it returns stale values, whetfitito" it returns freshalues. Dediults to
"auto" for nev connections. Sehis to "none" if you lile to be onfused.

error
With get, returns the current error string, or "ok" if no error.

operator_display
With get, returns the current operator display string, or "ok" if none.

operator_text
With get, returns the current operator text string, or "ok" if none.
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time
With get, returns the time, in seconds, from the start of the epoch. This starting time depends on
the platform.

estop {on|off}
With get, ignores gnparameters and returns the current estop setting as "on'forWith set,
sets the estop as specified. Estop "on" means the machine is in the estop statetand.won’

machine {on|off}
With get, ignores gnparameters and returns the current machine power setting as "on" or "off".
With set, sets the machine on orad pecified.

mode {manual|auto|mdi}
With get, ignores gnparameters and returns the current machine médeh set, sets the
machine mode as specified.

mist {on|off}
With get, ignores gnparameters and returns the current mist coolant setiifith set, sets the
mist setting as specified.

flood {on|off}
With get, ignores gnparameters and returns the current flood coolant sefiMith set, sets the
flood setting as specified.

lube {on|off}
With get, ignores gnparameters and returns the current lube pump setifith set, sets the lube
pump setting as specified.

lube_level
With get, returns the lubricaniig sensor reading as "ok" or Wod. With set, mocks you for
wishful thinking.

spindle {forward|r evase|increase|decrease|constant|off}
With get, ag parameter is ignored and the current spindle state is returned as "forwarel'sete
“increase", "decrease", or "off". With set, sets the spindle as specified. Note that "increase" and
"decrease" will cause a speed change in the corresponding direction until a "constant" command is
sent.

brak e {on|off}
With get, ag parameter is ignored and the current eradtting is returnedWith set, the brakis
set as specified.

tool
With get, returns the id of the currently loaded tool.

tool_offset
With get, returns the currently applied tool length offset.

load_tool_table <file>
With set, loads the tool table specified by <file>.

home {0]1/2]...}
With set, homes the indicated axis.

jog_stop {0[1]2]...}
With set, stop anin-progress jog on the specified axis.

jog {0|1]2]...} <speed>
With set, jog the specified axis at <speed>; sign of speed is direction.

jog_incr {0[1]2]...} <speed> <incr>
With set, jog the indicated axis by increment <incr> at the <speed>; sign of speed is direction.

feed_override <percent>
With get, ag parameter is ignored and the current feegtride is returns (as a percentage of
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commanded feed)With set, sets the feeda@ride as specified.

spindle_override <percent>
With get, ag parameter is ignored and the current spindkrade is returnd (as a percentage of
commanded speed)Vith set, sets the spindlearide as specified.

abs_cmd_pos [{0]1]...}]
With get, returns the specified axis’ commanded position in absolute coordinates. If no axis is
specified, returns all axes’ commanded absolute position.

abs_act_pos [{0]1]...}]
With get, returns the specified axis’ actual position in absolute coordinates. If no axis is specified,
returns all axes’ actual absolute position.

rel_cmd_pos [{0]1]...}]
With get, returns the specified axis’ commanded position invelaiordinates, including tool
length ofset. Ifno axis is specified, returns all axes’ commanded velatisition.

rel_act_pos [{0]|1]...}]
With get, returns the specified axis’ actual position in redatordinates, including tool length
offset. Ifno axis is specified, returns all axes’ actual redggosition.

joint_pos [{0]1]...}]
With get, returns the specified jomtctual position in absolute coordinates, excluding tool length
offset. Ifno joint is specified, returns all joints’ actual absolute position.

pos_offset [{X|Y|Z|R|P|W}]
With get, returns the position offset associated with the world coordinate provided.

joint_limit [{0]1]...}]
With get, returns limit status of the specified joint as "ok", "minsoft", "minhard", "maxsoft", or
"maxhard". Ifno joint number is specified, returns the limit status of all joints.

joint_fault [{0]1]...}]
With get, returns the fault status of the specified joint as "ok'aoit"f If no joint number is
specified, returns the fault status of all joints.

joint_homed [{O|1]...}]
With get, returns the homed status of the specified joint as "homed" or "not". If no joint number is
specified, returns the homed status of all joints.

mdi <string>
With set, sends <string> as an MDI command.

task_plan_init
With set, initializes the program interpreter.

open <filename>
With set, opens the named file. The <filename> is opened by linuxcnc, so it should either be an
absolute path or a reledi path starting in the linuxcnc working directory (the directory of the
active ini file).

run [<StartLine>]
With set, runs the opened program. If no StartLine is specified, runs frongihaibg. Ifa
StartLine is specified, start line, runs from that line. A start line of -1 runs in verify mode.

pause
With set, pause programeeution.

resume
With set, resume programmegution.

abort
With set, abort program or MDkecution.
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step
With set, step the program one line.

program
With get, returns the name of the currently opened program, or "none".

program_line
With get, returns the currentlxexuting line of the program.

program_status
With get, returns "idle", "running", or "paused".

program_codes
With get, returns the string for the currently aetrogram codes.

joint_type [<joint>]
With get, returns "linear", "angular”, or "custom" for the type of the specified joint (or for all joints
if none is specified).

joint_units [<joint>]
With get, returns "inch", "mm", "cm", or "deg", "rad", "grad", or "custom", for the corresponding
native wnits of the specified joint (or for all joints if none is specified). The type of the axis (linear
or angular) is used to reselwhich type of units are returned. The units are obtained heuristically,
based on the EMC_AXIS_@&T::units numerical value of user units per mm ay.dEor linear
joints, something close to 0.03937 is deemed "inch", 1.000 is "mm", 0.1 is "cm", otherwise it's
"custom". for angular joints, something close to 1.000 is deemed "deg", P1/180 is "rad", 100/90 is
"grad", otherwise i "custom".

program_units
Synonym for program_linear_units.
program_linear_units

With get, returns "inch", "mm",
in the program interpreter.

cm", or "none", for the corresponding linear units that are acti

program_angular_units
With get, returns "deg", "rad", "grad", or "none" for the corresponding angular units that\ae acti
in the program interpreter.

user_linear_units
With get, returns "inch", "mm", "cm", or "custom", for the correspondiny@aker linear units
of the LinuxCNC trajectory esl. This is obtained heuristicallipased on the
EMC_TRAJ_SAT::linearUnits numerical value of user units per mm. Something close to
0.03937 is deemed "inch", 1.000 is "mm", 0.1 is "cm", otherwisédtistom".

user_angular_units
Returns "deg", "rad", "grad", or "custom" for the corresponding@akier angular units of the
LinuxCNC trajectory leel. Like with linear units, this is obtained heuristically.

display_linear_units
With get, returns "inch", "mm", "cm", or "custom", for the linear units that areesictthe
display This is effectvely the value of linearUnitCormrsion.

display_angular_units
With get, returns "deg", "rad", "grad", or "custom"”, for the angular units that ave &cthe
display This is effectvely the value of angularUnitCesrsion.

linear_unit_conversion {inchjmm|cm|auto}
With get, ag parameter is ignored and the &etinit conversion is returnedWith set, sets the
unit to be displayed. If i§ "auto”, the units to be displayed match the program units.

angular_unit_corversion {deg|rad|grad|auto}
With get, ag parameter is ignored and the &etinit conversion is returnedWith set, sets the
units to be displayed. If 8"auto”, the units to be displayed match the program units.
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probe_clear
With set, clear the probe tripped flag.

probe_tripped
With get, return the probe state - has the probe tripped since the last clear?

probe value
With get, return the current value of the probe signal.

probe
With set, mge towad a certain location. If the probe is tripped on the way stop motion, record the
position and raise the probe tripped flag.

teleop_enable [on|off]
With get, ag parameter is ignored and the current teleop mode is retuvligt.set, sets the
teleop mode as specified.

kinematics_type
With get, returns the type of kinematics functions used (identity=1, serial=2, parallel=3,
custom=4).

override_limits {on]off}
With get, ag parameter is ignored and theemride_limits setting is returneddith set, the
override_limits parameter is set as specified. vidrade_limits is on, disables end of g
hardware limits to all jogging of of a limit. If parameters is off, then hardware limits are
enabled.

optional_stop {0|1}
With get, ag parameter is ignored and the current "optional stop on M1" setting is retuidd.
set, the setting is set as specified.

Example Session
This section shows an example session. Bold items are typed by you, non-bold is machine output.

The user connects to linuxcncrsh, handshakes with the server (hello), enables machine commanding from
this session (set enable), brings the machine out of estop (set estop off) and turns it on (set machine on),
homes all the axes, switches the machine to mdi mode, sends an MDI g-code command, then disconnects
and shuts down LinuxCNC.

> telnet localhost 5007
Trying 127.0.0.1...
Connected to 127.0.0.1
Escape character is "'
hello EMC user-typing-at-telnet 1.0
HELLO ACK EMCNETSVR 1.1
set enable EMCTOO
set enable EMCTOO
set mode manual

set mode manual

set estop off

set estop off

set machine on

set machine on

set home 0

set home 0

set home 1

set home 1

set home 2

set home 2

set mode mdi
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set mode mdi

set mdi gOx1

set mdi gOx1

shutdown

shutdown

Connection closed by foreign host.
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NAME
mb2hal - HAL userspace component for Modbus

SYNOPSIS
mb2hal [OPTIONS]

DESCRIPTION
MB2HAL is a generic userspace HAL component to communicate with one or more Modbus devices.

See the Documents for more infomation on mb2hal

AUTHOR
John Thornton

LICENSE
GPL
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NAME
milltask — Userspace task controller for LinuxCNC

DESCRIPTION
milltask is an internal process of LinuxCNC. It is generally nebked directly. It creates the pins shown
as owned by the "inihal" component, which alluntime modification of certain values from the inifile.

PINS
Per-axis pins
ini.#.backlash
Allows adjustment ofAXIS_#BACKLASH

ini.#.max_acceleration
Allows adjustment ofAXIS_#]MAX_ ACCELERATION

ini.#.max_velocity
Allows adjustment ofAXIS_#MAX_VELOCITY

ini.#.max_limit

Allows adjustment ofAXIS _#MAX_LIMIT
ini.#£.min_limit

Allows adjustment ofAXIS_#MIN_LIMIT

ini.#.ferror
Allows adjustment ofAXIS _#]FERROR

ini.#.min_ferror
Allows adjustment ofAXIS_#MIN_FERROR

Global pins
ini.traj_default_acceleration
Allows adjustment of TRAJIDEFAULT ACCELERATION

ini.traj_default_velocity
Allows adjustment of TRAJIDEFAULT VELOCITY

ini.traj_max_acceleration
Allows adjustment of TRAJJIMAX_ACCELERATION

ini.traj_max_velocity
Allows adjustment of TRAJJIMAX_VELOCITY

Global pins (arc_blend trajectory planner)
ini.traj_arc_blend_enable
Allows adjustment ofTRAJJARC_BLEND_ ENABLE

ini.traj_arc_blend_fallback_enable
Allows adjustment ofTRAJJARC_BLEND_ FALLB ACK_ENABLE

ini.traj_arc_blend_gap_cycles

Allows adjustment ofTRAJJARC_OPTIMIZATION_DEPTH
ini.traj_arc_blend_optimization_depth

Allows adjustment ofTRAJJARC_BLEND_GAP_CYCLES

ini.traj_arc_blend_ramp_freq
Allows adjustment ofTRAJJARC_BLEND RAMP_FREQ

NOTES
These pins cannot be linked or set in a halfile specifigdllA]HALFILE . They can be altered by
independent halcmd programs or by GUIs that sugp@t]POSTGUI_HALFILE . The inifile is not
automatically updated with these values but can be updated using the calibration program (emccalib.tcl)
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when using §HAL]JPOSTGUI_HALFILE .
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NAME
moveoff_gui — a gui for the meeoff component

SYNOPSIS
moveoff _gui [--help | -- -h | -?]

moveoff _gui [options]

DESCRIPTION
Moveoff_gui is a sample graphical user interface (GUI) for controlling a Hakafbcomponent to
implement Hal-only déets. Se¢he manpage (man meoff) for IMPOR TANT limitations and

warnings.
OPTIONS
--help|-?|---h

Shaw options and exit

-mode onpausg dways
onpause: popup gui to control offsets when program paused
always: shaev gui to control offsets alays
Default: onpause

-axesaxisnames
Letters from setof {xyzab cuv w}
Examples: -axes X, -axes xyz, -axes Xz (no spaces)
Default:xyz

-inc incrementvalue
Specify one increment value per -inc (up to 4)
Defaults: 0.001 0.01 0.10 1.0

-Sizeinteger
Overall gui size is based on font size, typically 8 - 20
Default: 14

-loc center | +x+y
Initial location on screen
Examples: -loc centedoc +20+100
Default:center

-autoresume
Resume program when nmwenable deasserted
Default: notused

-delay delay secs
Delay for autoresume (allotime to restore spindle speed etc) Defdilt:

OTHER OPTIONS
These options arevalable for special cases:
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-noentry
Disables creation of entry widgets
Default: notused

-no_resume_inhibit
Disable use of resume-inhibit to controlling gui
Default: notused

-no_pause_requirement
Disable check for halui.program.is-paused
Default: notused

-no_cancel_autoresume
Useful for retracting offsets with simple external controls
Default: notused

-no_display
Use when both external controls and and external displays are in use
Default: notused

NOTES

LinuxCNC must be running.

Halui must be loaded, typical ini file setting:
[HALJHALUI = halui .

The mwaeoff component must be loaded with the name 'mv’ as:
loadrt moveoff names=mv personality=number_of axes

If the pin mv.motion-enable isot connected when mveoff _gui is startedgontrols will be provided to
enable offsets and set offsetlves. Ifthe pinis connectedpnly a display of offsets is shown and control
must be made bgxternal Hal connections.

If a pin named *.resume-inhibit exists and is not connected, it will be set while offsets are applied. This pin
may be provided by the controlling linuxcnc gui in use. Use of the pin may be disabled with the option
-no_resume_inhibit.

The -autoresume option uses halui.program.resume to automatically resume prs@graiorewhen the
move-enable pin is deastited and all offsets are rewenl. Theresume pin is not agtited until an

additional interval (-delay delay_secs) elapses. This delay interval may be useful for restarting related
equipment (a spindle motor foxample) Whiletiming the delaya ppup is offered to cancel the

automatic program resumption.

USAGE

66

The ini file in the configuration directory must provide HALFILESs to loadrt theesfdcomponent,
connect its pins, and addf its read and write functions in the proper ditege steps can be done at
runtime using an existing configuration ini file and specifying a system library HALFILE
hookup_moveoff.tcl as illustrated below:

[HAL]

HALUI = halui

HALFILE = user_halfile_1
etc ...

HALFILE = user_halfile_n
HALFILE = LIB:hookup_mo veoff.tcl
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Thehookup_moveoff.tcl halfile will use ini file settings for the meoff component control pins:

[OFFSET]

EPSILON =

WAY POINT_SAMPLE_SECS =
WAY POINT_THRESHOLD =
BACKTRACK_ENABLE =

Thehookup_moveoff.tcl will use ini file settings for the nveoff per-axis limits:

[AXIS_m]
OFFSET_MAX_VELOCITY =
OFFSET_MAX_ACCELERATION =
OFFSET_MAX_LIMIT =
OFFSET_MIN_LIMIT =

The maeoff_gui program should be specified in the APPLICATIONS stanza of the ini file, for example:

[APPLICATIONS]
DELAY =delay_in_secs_to_allow_hal_connections
APP = moveoff_gui -optionl -option2 ...

SEE ALSO
Simulation configurations that demonstrate theenfi_gui and the meeoff component are located in:

configs/sim/axis/meeoff  (axis-ui)
configs/sim/toucngcgui  (touck-ui)

man page for the nveoff componenimoveoff(9)
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NAME

pyvcp — Virtual Control Panel for LinuxCNC
SYNOPSIS

pyvep [-g WxH+X+Y] [-c component-namanyfile.xml
OPTIONS

-g WxH+X+Y

This sets the initial geometry of the root wimdoUse "WxH'’ for just size, '+X+Y’ for just
position, or 'WxH+X+Y’ for both. Size / position use pixel units. Position is referenced from top
left.

-C component-name
Usecomponent-namas the HAL component name. If the component name is not specified, the
basename of the xml file is used.

SEE ALSO
Python Virtual Control Paneh the LinuxCNC documentation for a description of the xml syntax, along
with examples
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NAME

shuttlexpress — control HAL pins with the ShuttleXpress device made by Contour Design
SYNOPSIS

loadusrshuttlexpress[DEVICE ...]
DESCRIPTION

shuttlexpress is a non-realtime HAL component that interfaces Contour BeSigttleXpress device with
LinuxCNC'’s HAL.

If the driver is garted without command-line arguments, it will probe all /dev/hidraw* device files for
ShuttleXpress devices, and use all devices found. If it is started with command-line arguments, it will only
probe the devices specified.

The ShuttleXpress has éivmomentary buttons, a 10 countsiition jog wheel with detents, and a
15-position spring-loaded outer wheel that returns to center when released.

UDEV
The shuttlexpress module needs read permission to the ShuttleXpress /dev/hidraw* device files. This can
be accomplished by adding a fietc/udev/rules.d/99-shuttlexpress.ruleswith the following contents:

SUBSYSTEM=="hidraw", ATTRS{idVendor}=="0b33", ATTRS{idProduct}=="0020", MODE="0444"

The LinuxCNC Debian package installs an appropriat® fileautomaticallybut if you are building
LinuxCNC from source and are not using the Debian packaging you'll need to install this file by hand.

A warning about the Jog Wheel
The ShuttleXpress device has an internal 8-bit counter for the current jog-wheel position. The shuttlexpress
driver can not knav this value until the ShuttleXpress device sends its fistte Whenthe first @ent
comes into the drer, the driver uses the device'reported jog-wheel position to initialize counts to 0.

This means that if the firsvent is generated by a jog-wheel wepthat first m@e will be lost.

Any user interaction with the ShuttleXpress device will generateent,énforming the drier of the jog-
wheel position. So if you (for example) push one of the buttons at startup, the jog-wheel will work fine and
notice the first click.

Pins
(bit out) shuttlexpress.0.button-0
(bit out) shuttlexpress.0.button-0-not
(bit out) shuttlexpress.0.button-1
(bit out) shuttlexpress.0.button-1-not
(bit out) shuttlexpress.0.button-2
(bit out) shuttlexpress.0.button-2-not
(bit out) shuttlexpress.0.button-3
(bit out) shuttlexpress.0.button-3-not
(bit out) shuttlexpress.0.button-4
(bit out) shuttlexpress.0.button-4-not

The five uttons around the outside, starting with the
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counter-clockwise-most one.

(s32 out)shuttlexpress.0.counts

Accumulated counts from the jog wheel (the inner wheel).

(s32 out)shuttlexpress.0.spring-wheel-s32

The current deflection of the spring-wheel (the outer wheel).
It's 0 at est, and ranges from -7 at the counter-clockwise
extreme to +7 at the clockwise extreme.

(float out)shuttlexpress.0.spring-wheel-f

The current deflection of the spring-wheel (the outer wheel).
I's 0.0 at rest, -1.0 at the counter-clockwise extreme, and +1.0
at the clockwisexdreme. (TheShuttleXpress device reports the
spring-wheel position as an integer from -7 to +7, so this pin
reports only 15 discrete values in its range.)
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NAME
sim_pin — gui for displaying and setting multiple Hal inputs

SYNOPSIS
sim_pin namel[name2 [name3 ...]]
DESCRIPTION
If the named input is aumerical type, the gui displays:
Entry Entry widget for nev value

Set Button to set n@ value from Entry (or use <RETURN>)
Reset Button to reset to the value present on initiation

If the input is abit type, the gui shows a single pushbutton that is controlled by the radio—button selectors:

OnePulse  Pulse input to 1 for each pushbutton press
ToggleValue Toggle input for each pushbutton press
1 WhilePressedSet input to 1 while pushbutton pressed

NOTE
LinuxCNC must be running

A named item can specifygn, param, or signal. The named item must be writable:

pin IN or I/O (and not connected to a signal)
param RW
signal connected to a writable pin

USAGE

sim_pin can be used interaedy from a shell command line or started automatically from a configuration
ini file.

EXAMPLE
Example for ini file usage:

[APPLICATIONS]

DELAY =5

APP =sim_pin\
halui.machine.df\
ini.traj_arc_blend_enable \
motion-command-handler-tmax
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NAME
vfdb_vfd - HAL userspace component for Delta VFD-B Variable Frequ@&roves

SYNOPSIS
vfdb_vfd [OPTIONS]

DESCRIPTION

This manual page explains thielb_vfd component. This component reads and writes to the VFD-B
device via a Modbus connection.

vfdb_vfd is for use with LinuxCNC.

QUICK START
The VFD-B ships in a configuration that can not talk to thigedriThe VFD-B must be reconfigured via
the face plate by the integrator before it wibnk. Thissection gies a brief description of what changes
need to be made, consult your Delta VFD-B manual for more details.

Switch the VFD-B to Modbus RTU frame format:
Switch parameter 09-04 from the factory default of 0 (Ascii framing) to 3, 4, or 5 (RTU
framing). Thesetting you choose will determineveral serial parameters in addition to
the Modbus framing protocol.

Set the frequeryccontrol source to be Modbus, not theygad:
Switch parameter 02-00 from factory default of 08yflad control) to 5 (control from
RS-485).

Set the run/stop control source to be Modbus, notekesk:

Switch parameter 02-01 from the factory default of 0 (control freypd) to 3 (control
from Modbus, with Stop enabled on theykad).

OPTIONS
-n --name <halname>
set the HAL component nhame
-d --debug
Turn on debugging messages. Also toggled by sending a USR1 signal to the vfdb_vfd process.
-m --modbus-debug
Turn on Modbus debugging messages. This will cause all Modbus messages to be printed in hex
on the terminal. Also toggled by sending a USR2 signal to the vfdb_vfd process.
-| --ini <inifilename>
take configuration from this ini file. Defaults to environment variable INI_FILEBMNE. Most
vfdb_vfd configuration comes from the ini file, not from command-line arguments.
-S --section <section name>
take configuration from this section in the ini file. Defaults to 'VFD-B’.
-r --report-device
report device propertiers on console at startup

INI CONFIG VARIABLES
DEBUG

Set to a non-zero value to enable general debug output from the VFReB @ptional.

MODBUS_DEBUG
Set to a non-zero value to enable modbus debug output from the VFReB @ptional.
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DEVICE
Serial port device file to use for Modbus communication with the VFD-B. Defaults to
'Idev/ttySO'.

BAUD Modbus baud rate. Defaults to 19200.
BITS Modbus data bits. Defaults to 8.

PARITY
Modbus parity Defaults to Een. AcceptsEven’, 'Odd’, or 'None'.
STOPBITS
Modbus stop bits. Defaults to 1.
TARGET
Modbus target number of the VFD-B to speak to. Defaults to 1.
POLLCYCLES
Only read the less important variables from the VFD-B once in thig pahcycles. Deéults to
10.

RECONNECT_DELAY
If the connection to the VFD-B is broken, wait this maaconds before reconnecting. Defaults
to 1.

MOTOR_HZ, MOTOR_RPM
The frequeng of the motor (in Hz) and the corresponding speed of the motor (in RPM). This
information is provided by the motor manufactyeed is generally printed on the mowrame
plate.

PINS
<name>.at-speed (bit, out)
True when drie is at @mmanded speed (sspeed-tolerancbelow)

<name>.enable (bit, in)
Enable the VFD. If False, all operating parameters are still read but control is released and panel
control is enabled (subject to VFD setup).

<name>.frequency-command (float, out)
Current target frequegidén HZ as ®t through speed-command (which is in RPM), from the VFD.

<name>.frequency-out (float, out)
Current output frequenof the VFD.

<name>.inverter-load-percentage (float, out)
Current load report from VFD.

<name>.is-e-stopped (bit, out)
The VFD is in emergencstop status (blinking "E" on panel).

<name>.is-stopped (bit, out)
True when the VFD reports 0 Hz output.

<name>.jog-mode (bit, in)
1 for ON and 0 for OFFenables the VFD-B 'jog mode’. Speed control is disabled. This might be
useful for spindle orientation.

<name>.max-rpm (float, out)
Actual RPM limit based on maximum frequgrtbe VFD may generate, and the motors
nameplate values. For instancendfmeplate-H4s 50, anchameplate-RPMs 1410, but the VFD
may generate up to 80Hz, therax-rpmwould read as 2256 (80*1410/50). The frequelmit is
read from the VFD at startudo increase the upper frequgriomit, the UL and FH parameters
must be changed on the panel. See the VFD-B manual for instructiorie ket the maximum
frequeng.
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<name>.modbus-ok (bit, out)
True when the Modbus session is successfully established and the last 10 transactions returned
without error.

<name>.motor-RPM (float, out)
Estimated current RPM value, from the VFD.

<name>.motor-RPS (float, out)
Estimated current RPS value, from the VFD.

<name>.output-voltage (float, out)
From the VFD.

<name>.output-current (float, out)
From the VFD.

<name>.speed-command (float, in)
Speed sent to VFD in RPM. Itis an error to send a speed faster than the Motor Max RPM as set in
the VFD.

<name>.spindle-on (bit, in)
1 for ON and 0 for OFF sent to VFD, only on when running.

<name>.max-speed (bit, in)
Ignore the loop-time paramater and run Modbus at maximum speed, at the expense of higher CPU
usage. Suggested use during spindle positioning.

<name>.status (s32, out)
Drive Satus of the VFD (see the VFD manual). A bitmap.

<name>.error-count (s32, out)
Total number of transactions returning a Modbus error.

<name>.error-code (s32, out)
Most recent Error Code from VFD.

<name>.frequency-limit (float, out)
Upper limit read from VFD setup.

PARAMETERS
<name>.loop-time (float, RW)
How often the Modbus is polled (default interval 0.1 seconds).

<name>.nameplate-HZ (float, RW)
Nameplate Hz of motor (default 50). Used to calculate target fregemgether withnameplate-
RPM) for a target RPM value asvgn by peed-command.

<name>.nameplate-RPM (float, RW)
Nameplate RPM of motor (default 1410)

<name>.rpm-limit (float, RW)
Do-not-exceed soft limit for motor RPM (defaultsrtameplate-RPN).

<name>.tolerance (float, RW)
Speed tolerance (default 0.01) for determining wether spindle is at speed (0.01 meaning: output
frequeng is within 1% of target frequency).

USAGE
The vfdb_vfd dnver takes precedencer@ panel control while it is enabled (semablepin), effectvely
disabling the panel. Clearing ttenablepin re-enables the panel. Pins and parameters can still be set, but
will not be written to the VFD untile the .enable pin is set. Operating parameters are still read while bus
control is disabled.
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Exiting the vfdb_vfd drier in a controlled way will release the VFD from the bus and restore panel control.

See the LinuxCNC Integrators Manual for more information. For a detailed register description of the Delta
VFD-B, see the VFD manual.

AUTHOR
Yishin Li; based on vfd11_vfd by Michael Haberler.

LICENSE
GPL
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NAME
vfsll vfd- HAL userspace component for Toshiba-Schneider VF-S11 Variable FrgoDewes

SYNOPSIS
vfsll vfd[OPTIONS]

DESCRIPTION
This manual page explains this11 vfdcomponent. This component reads and writes to the vfsll via a
Modbus connection.

vfs1l vfdis for use with LinuxCNC.

OPTIONS
-n --name <halname>
set the HAL component hame

-d --debug
Turn on debugging messages. Also toggled by sending a USR1 signal to the vfs11l vfd process.

-m --modbus-debug
Turn on Modbus debugging messages. This will cause all Modbus messages to be printed in hex
on the terminal. Also toggled by sending a USR2 signal to the vfs11l vfd process.

- --ini <inifilename>
take configuration from this ini file. Defaults to environment variable INI_FILE_NAME.

-S --section <section name>
take configuration from this section in the ini file. Defaults to 'VFS11'.

-r --report-device
report device propertiers on console at startup

PINS
<name>.acceleration-patten (bit, in)
when true, set acceleration and deceleration times as defined in registers F500 and F501
respecitvelyUsed in PID loops to choose shorter ramp timesaoaaoscillation.

<name>.alarm-code (s32, out)
non-zero if dwe is in darmed state. Bitmap describing alarm information (see register FC91
description). Userr-reset(see below) to clear the alarm.

<name>.at-speed (bit, out)
when drive is at @mmanded speed (sspeed-tolerancbelow)

<name>.current-load-percentage (float, out)
reported from the VFD

<name>.dc-brale (bit, in)
engage the DC brake. Also turn$ ggindle-on.

<name>.enable (bit, in)
enable the VFD. If false, all operating parameters are still read but control is released and panel
control is enabled (subject to VFD setup).

<name>.err-reset (bit, in)
reset errors (alarms a.k.a Trip and e-stop status). Resetting the VFD may cause a 2-second delay
until it's rebooted and Modbus is up again.

<name>.estop (bit, in)
put the VFD into emergency-stopped status. No operation possible until clearedrwétbetor
powercycling.

76 Septembet9, 2009 vfsll VFD



vfsll vfd(1) LinuxCNC Documentation vfs1ll vfd(1)

<name>.frequency-command (float, out)
current target frequegén HZ as £t through speed-command (which is in RPM), from the VFD

<name>.frequency-out (float, out)
current output frequegmf the VFD

<name>.inverter-load-percentage (float, out)
current load report from VFD

<name>.is-e-stopped (bit, out)
the VFD is in emergencstop status (blinking "E" on panel). Use-resetto reboot the VFD and
clear the e-stop status.

<name>.is-stopped (bit, out)
true when the VFD reports 0 Hz output

<name>.jog-mode (bit, in)
1 for ON and 0 for OFFenables the VF-S11 ’jog mode’. Speed control is disabled, and the output
frequeng is determined by register F262 (preset to 5Hz). This might be useful for spindle
orientation.

<name>.max-rpm (float, R)
actual RPM limit based on maximum frequgtitze VFD may generate, and the motors nameplate
values. For instance, ifameplate-H4s 50, anchameplate-RPMis 1410, but the VFD may
generate up to 80Hz, themax-rpmwould read as 2256 (80*1410/50). The frequelmiit is read
from the VFD at startupTo increase the upper frequgrenit, the UL and FH parameters must
be changed on the panel. See the VF-S11 manual for instructians ket the maximum
frequeng.

<name>.modbus-ok (bit, out)
true when the Modbus session is successfully established and the last 10 transactions returned
without error.

<name>.motor-RPM (float, out)
estimated current RPM value, from the VFD

<name>.output-current-percentage (float, out)
from the VFD

<name>.output-voltage-percentage (float, out)
from the VFD

<name>.output-voltage (float, out)
from the VFD

<name>.speed-command (float, in)
speed sent to VFD in RPM. It is an error to send a speed faster than the Motor Max RPM as set in
the VFD

<name>.spindle-fwd (bit, in)

1 for FWD and 0 for REVsent to VFD
<name>.spindle-on (bit, in)

1 for ON and 0 for OFF sent to VFD, only on when running
<name>.spindle-ev (it, in)

1 for ON and 0 for OFFonly on when running

<name>.max-speed (bit, in)
ignore the loop-time paramater and run Modbus at maximum speed, at the expense of higher CPU
usage. Suggested use during spindle positioning.
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<name>.status (s32, out)
Drive Satus of the VFD (see the TOSVER'F-S11 Communications Function Instruction
Manual, register FD01). A bitmap.

<name>.trip-code (s32, out)
trip code if VF-S11 is in tripped state.

<name>.error-count (s32, RW)
total number of transactions returning a Modbus error

PARAMETERS
<name>.frequency-limit (float, RO)
upper limit read from VFD setup.

<name>.loop-time (float, RW)
how often the Modbus is polled (default interval 0.1 seconds)

<name>.nameplate-HZ (float, RW)
Nameplate Hz of motor (default 50). Used to calculate target fregemgether withnameplate-
RPM) for a target RPM value asvgn by gpeed-command.

<name>.nameplate-RPM (float, RW)
Nameplate RPM of motor (default 1410)

<name>.rpm-limit (float, RW)
do-not-exceed soft limit for motor RPM (defaultstameplate-RPN).

<name>.tolerance (float, RW)
speed tolerance (default 0.01) for determining wether spindle is at speed (0.01 meaning: output
frequeng is within 1% of target frequency)

USAGE
The vfs11 vfd drier takes precedencere panel control while it is enabled (semnablepin), effectvely
disabling the panel. Clearing ttenablepin re-enableds the panel. Pins and parameters can still be set, but
will not be written to the VFD untile the .enable pin is set. Operating parameters are still read while bus
control is disabled.

Exiting the vfs11_vfd dxier in a controlled will release the VFD from the bus and restore panel control.

See the LinuxCNC Integrators Manual for more information. For a detailed register description of the
Toshiba VFD's, see the "TOSVHR/F-S11 Communications Function Instruction Manual" (Toshiba
document number E6581222) and the "TOSVBH-S11 Instruction manual” (Toshiba document number
E6581158).

AUTHOR
Michael Haberler; based on gs2_vfd byvet@alnos and John Thornton.

LICENSE
GPL
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NAME

xhc-hb04 - User-space HAL component for the xhc-hb04 pendant.

DESCRIPTION

UDEV

The xhc-hb04 component supports a common USB pendant that provides a number of pushbuttons, a
manual pulse generator (mpg or jog wheel), and a selector switch for the wheel.

There are at least tnhardware versions -- one with 16 buttons and a more common one with 18 buttons.
The information herein is based on the 18 button device with a USB Vendor:Product code of 10CE:EB70.

In addition to buttons, the pendant provides an LCD display for the current stepsize multiplier (from a set
of available integer values), position (absolute and retatabeled MC and WC respegdy), feedrate

(override percent and value in units per minute), and spindle speetide percent and value in

revolutions per minute (RPM)). The display is managed by a rotary switch that selects one of four axes for
wheel positioning, feedverride, spindle werride, or OFF.

The pendant displaits rotary selector switch, and the component pin names use designamas Xhile
this arrangement presumes a machine configured as XYZA, the pins can be assigned independently as
required in a HAL configuration.

The xhc-hb04 xexcutable needs permission for reading the pensl&l$B device. Debiarpackage installs
(debs) handle this automatically but Run-In-Place (RIP) builds may need euletefile. This file should
be created (using sudo and a text editor) as:

/etc/udev/rules.d/99-xhc-hb04.rulesvith the single line:

ATTR{idProduct}=="eb70", ATTR{idVendor}=="10ce", MODE="0666", OWNER="root", GROUP="plugdev"

Standalone Usage

The xhc-hb04 program can be run from the command line without LinuxCNC to test a pendant in a
simulation mode. This standalone mode is used to identify the button codes produced for each button press
and to verify proper counting of the jog wheel. The identified button codes can be used tolméate a

cfg-file. When abutton-cfg-file exists, pendant operation can be verified using the -l option to specify the

file.

Usage:

$ xhc-hb04 [options]

Options

-h list command line options and exit

-I button-cfg-file (see belw for file format)

-H runin real-time HAL mode (simulation mode is default)
-x wait for pendant detection before creating HAL pins.

-s n nis ane of the following stepsize sequences

1: 1,10,100,1000 (default)

2:1,5,10,20

3:1,10,100

4:1,5,10,20,50,100

5:1,10,50,100,1000

The stepsize selected isvalys multiplied by 0.001
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button-cfg-file format
Standard configuration files are provided in the distribution for known button configurations:
/usr/share/linuxcnc/hallib/xhc-hb04-layoutl.cfg
/usr/share/linuxcnc/hallib/xhc-hb04-layout2.cfg
or for a RIP build:
rip_base_dir/lib/hallib/xhc-hb04-layoutl.cfg
rip_base_dir/lib/hallib/xhc-hb04-layout2.cfg

layoutl describes the 16 button pendant, layout2 describes the more common 18 button pendant.
The button configuration file follows the same format as ini files but should use a file suffix of .cfg.

File format:
[XHC-HBO04]
BUTTON=X1:button-thenamel
BUTTON=X2:button-thename2
BUTTON=X3:button-thename3
etc.

XN is the code reported for a button press and button-thenameN is the name to be assigned to the pin
created for the button.

Hal Usage
Use the -H option to specify HAL mode and other options as required:

loadusr -W xhc-hb04-H [Options]

Example:loadusr -W xhc-hb04-H -I path_to_cfg_file -s 2

Input Pins (Control)
(bit in) xhc-hb04.stepsize-up 1 pulse on this pin changes the
stepsize to the next higher stepsize in the stepsize sequence specified in the xhc-hb04 (loadusr)
command.

(bit in) xhc-hb04.stepsize-dowil pulse on this pin changes the
stepsize to the next lower stepsize in the stepsize sequence specified in the xhc-hb04 (loadusr)
command.

Input Pins (to the pendant LCD display)
(float in) xhc-hb04.[xyza].pos-absolufgbsolule position display.
(typically connect to: halui.axis.N.pos-feedback). The LCD display for pos-absolute is fixed
format with a sign, 4 number digits and 3 fraction digits (+XXXX.XXX), require; -9999.999 <=
value <= 9999.999.

(float in) xhc-hb04.[xyza].pos-relativRelative position display.
(typically connect to: halui.axis.N.pos-relad). The LCD display for pos-relat is fixed format
with a sign, 4 number digits and 3 fraction digits (+XXXX.XXX), require: -9999.999 <= value <=
9999.999.

(float in) xhc-hb04.feed-overrideeed-werride value.
The float value is carerted to a 16 bit integer and multiplied by 100 in order to display as percent,
require: 0 <= pimalue <= 655 (typically connect to: halui.feederride.value)
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(float in) xhc-hb04.feed-valu€urrent Feed-value (units/sec).
The float value is carerted to a 16 bit integer and multiplied by 60 in order to display as units-
per-minute, require: 0 <= pralue <= 1092 (65520 units-per-minute) (typically connect to:
motion.current-vel)

(float in) xhc-hb04.spindle-overrid8pindle-werride value.
The float value is carerted to a 16 bit integer and multiplied by 100 in order to display as percent,
require: 0 <= pimalue <= 655) (typically connect to: halui.spindieeride.value)

(float in) xhc-hb04.spindle-rpSpindle speed in rps.
(revolutions per second). The float value iswated to a 16 bit integer and multiplied by 60 in
order to display as RPMs, require: 0 <=yalne <= 1092 (65520 RPM) (typically connect to:
motion.spindle-speed-out-rps-abs)

(bit in) xhc-hb04.inch-icotJse inch icon (default is mm)

Output Pins (Status)
(bit out)xhc-hb04.sleepingrue when the dvier receives a endant
inactive (sleeping) message.

(bit out) xhc-hb04.jg.enable-offTrue when the pendant rotary
selector switch is in the OFF position or when the pendant is sleeping.

(bit out) xhc-hb04.enable-[xyzalrue when the pendant rotary
selector switch is in the [xyza] position and not sleeping.

(bit out) xhc-hb04.enable-spindle-overrideue when the pendant
rotary selector switch is in the Spindle position and not sleeping. (typically connect to:
halui.spindle-werride-count-enable)

(bit out) xhc-hb04.enable-feed-overrideue when the pendant rotary
selector switch is in the Feed position and not sleeping. (typically connect to: haluuéeedes
count-enable)

(bit out) xhc-hb04.connectetrue when connection to the pendant
is establishedwer the USB interface.

(bit out)xhc-hb04.require_pendaitue if driver started with
the -x option.

(s32 out)xhc-hb04.stepsiz8urrent stepsize in the stepsize sequence
as controlled by the stepsize-up and/or stepsize-down pins.

Output Pins (for jogging using axis.N.jog-counts)
(s32 out)xhc-hb04.jg.countsNumber of counts of the wheel since
start-up (50 counts per wheeVvotution). (typicallyconnect to axis.N.jog-counts (lowpass
filtering may be helpful))

(s32 out)xhc-hb04.jg.counts-neghe value of the
xhc-hb04.jog.counts multipled by -1.

(float out)xhc-hb04.jg.scale Value is the current stepsize
multipled by 0.001. (typically connect to axis.N.jog-scale)

Experimental: Pins for halui plus/minus jogging

These pins provide some support for non-trivkins, world mode jogging.
(float in) xhc-hb04.jg.max-velocityConnect to halui.max-velocity.value
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(float out)xhc-hb04.jg.velocityConnect to halui.jog-speed

(bit out) xhc-hb04.jg.plus-[xyza]Connect to halui.jog.N.plus
(bit out) xhc-hb04.jg.minus-[xyza]Connect to halui.jog.N.minus
(float out)xhc-hb04.jg.incrementDebug pin -- abs(delta_pos)

Button output pins (for the 18 button, layout2 pendant)
The output bit type pins are TRUE when the button is pressed.

ROW1
(bit out) xhc-hb04.button-reset
(bit out) xhc-hb04.button-stop

ROW?2
(bit out) xhc-hb04.button-goto-zero
(bit out) xhc-hb04.button-rewind
(bit out) xhc-hb04.button-start-pause
(bit out) xhc-hb04.button-probe-z

ROW 3
(bit out) xhc-hb04.button-spindle
(bit out) xhc-hb04.button-half
(bit out) xhc-hb04.button-zero
(bit out) xhc-hb04.button-safe-z

ROW4
(bit out) xhc-hb04.button-home
(bit out) xhc-hb04.button-macro-1
(bit out) xhc-hb04.button-macro-2
(bit out) xhc-hb04.button-macro-3

ROWS5
(bit out) xhc-hb04.button-step
(bit out) xhc-hb04.button-mode
(bit out) xhc-hb04.button-macro-6
(bit out) xhc-hb04.button-macro-7

Synthesized button pins
Additional buttons are synthesized for buttons namezd, goto-zerg and half. These synthesized buttons
are actve when the button is pressed AND the selector-switch is set to the corresponding axis [xyza].

(bit out) xhc-hb04.button-zero-[xyza]
(bit out) xhc-hb04.button-goto-zero-[xyza]
(bit out) xhc-hb04.button-half-[xyza]

DEBUGGING
For debugging USB activityuse environmental variable LIBUSB_DEBUG:

export LIBUSB_DEBUG=[2 | 3 | 4]; xhc-hb04 [options]
2:warning, 3:info, 4:debug
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Sim Configs

Author

The distribution includes geral simulation configurations in the directory:
/usr/share/doc/linuxcnc/examples/sample-configs/sim/axis/xhc-hb04/
or for a RIP build:
rip_base_dir/configs/sim/axis/xhc-hb04/

These configurations use a distribution-provided script (xhc-hb04.tcl) to configure the pendant and make
necessary HAL connections according to a number of ini file settings. The script uses an additional HAL
component (xhc_hb04 _util) to provide common functionality and includes support for a standard method
for the start-pause button.

The settings\ailable include:
1) specify button-cfg-file for standard layoutl or layout2
2) select axes (up to 4 axes from setof xyzabcuvw)
3) implement per-axis filtering coeficients
4) implement per-axis acceleration for mpg jogging
5) implement per-axis scale settings
6) select normal or velocity based jog modes
7) select stepsize sequence
8) option to initialize pin for inch or mm display icon
9) option to require pendant on startup

The sim configs illustrate button connections that:
1) connect pendant stepsize-up button to the step input pin.
2) connect buttons to halui.* pins
3) connect buttons to motion.* pins

Another script is included to monitor the pendant and report loss of USB conne@adtyhe README
and .txt files in the ab® drectory for usage.

Note: The sim configs use the axis gui but the scripts\aitable with ary HAL configuration or gui. The
same scripts can be used to adapt the xhc-hb04 to existing configurations provided that the halui, motion,
and axis.N pins needed are not otherwise claimed. Instructions are included in README file in the
directory named abe.

Use halcmd to display the pins and signals used by the xhc-hb04.tcl script:
halcmd shw pin xhc-hb04  (sha all xhc-hb04 pins)
halcmd shw pin pendant_util (shw al pendant_util pins)
halcmd shw sig pendant: (she dl pendant signals)

Frederick Rible (frible @teaser.fr)

LinuxCNC Documentation 2015-03-06 83



intro(3hal) HAL intro(3hal)

NAME

hal — Introduction to the HAL API

DESCRIPTION

HAL stands for Hardware Abstraction Layand is used by LinuxCNC to transfer realtime data to and
from 1/O devices and other lowMe modules.

hal.h defines the API and data structures used by the HAL. This file is included in both realtime and non-
realtime HAL components. HAL uses the RTPAI real time interface, and the #define symh®lsaRd

ULAPI are used to distinguish between realtime and non-realtime code. The API defined in this file is
implemented in hal_lib.c and can be compiled for linking to either realtime or user space HAL components.

The HAL is a very modular approach to the leve parts of a motion control system. The goal of the

HAL is to allov a /stems integrator to connect a group of software components together to meegwhate
I/0O requirements he (or she) needs. This includes realtime and non-realtime 1/O, as well as basic motor
control up to and including a PID position loop. What these functiovesihaommon is that theall

process signals. In general, a signal is a data item that is updated at reguklsintenexample, a PID

loop gets position command and feedback signals, and produces a velocity command signal.

HAL is based on the approach used to design electronic circuits. In electronics, off-the-shelf components
like integrated circuits are placed on a circuit board and their pins are interconnected to builerwhate
overall function is needed. The individual components may be as simple as an op-amp, or asa@daple
digital signal processoiEach component can be individually tested, to ensike it works as designed.

After the components are placed in a larger circuit, the signals connecting them can still be monitored for
testing and troubleshooting.

Like dectronic components, HAL components/@gins, and the pins can be interconnected by signals.

In the HAL, asignalcontains the actual data value that passes from one pin to arihen a signal is
created, space is allocated for the dafae. Apinon the other hand, is a pointeot a data &lue. When
a pin is connected to a signal, the gipbinter is set to point at the sigreaathta \alue. Thisallows the
component to access the signal with very little run-tiveghead. (Ifa pn is not linked to apsignal, the
pointer points to a dummy location, so the realtime code ddesréto deal with null pointers or treat
unlinked variables as a special case y\&ay.)

There are three approaches to writing a HAL component. Those that do not require hard realtime
performance can be written as a single user mode process. Components that need hard realtime
performance but v smple configuration and init requirements can be done as a single kernel module,
using either pre-defined init info, or insmod-time parameters. Fjmalilyplex components may use both a
kernel module for the realtime part, and a user space process to handle ini file access, user interface
(possibly including GUI features), and other details.

HAL uses the RAPI/ULAPI interface. IfRTAPI is #defined hal_lib.c would generate a kernel module
hal_lib.o that is insmoded and provides the functions for all kernel module based components. The same
source file compiled with the ULAPI #define would raakiser space hal_lib.o that is staticlly linked to

user space code to neiser spacexecutables. Theariable lists and link information are stored in a

block of shared memory and protected with megeso that kernel modules and/anf several user mode
programs can access the data.

REALTIME CONSIDERATIONS

84
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HAL STATUS CODES
Except as noted in specific manual pages, HAL returgdime erno values for errors, and nomyatve
values for success.

SEE ALSO
intro(3rtapi)
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NAME
hal_add_funct_to_thread — cause a function toxkeuted at regular intervals

SYNTAX
int hal_add_funct_to_thread(const chaurict_ nameconst char thread_namg
int position)

int hal_del_funct_from_thread(const chéwrict nameconst char thread_namg

ARGUMENTS
funct_name
The name of the function

thread_name
The name of the thread

position
The desired location within the thread. This determines when the function will run, in relation to
other functions in the thread\ positive rumber indicates the desired location as measured from
the beginning of the thread, and @aeve is measured from the end. So +1 means this function
will become the first one to run, +5 means it will be the fifth one to run, -2 means it will be next to
last, and -1 means it will be last. Zero isghe

DESCRIPTION
hal_add_funct_to_threadadds a function exported by a realtime HAL component to a realtime thread.
This determines o often and in what order functions areseuted.

hal_del_funct_from_thread removes a function from a thread.

RETURN VALUE
Returns a HAL status code.

REALTIME CONSIDERATIONS
Call only from realtime init code, not from user space or realtime code.

SEE ALSO
hal_thread_new(3hal) hal_export_funct(3hal)
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NAME
hal_create_thread — Create a HAL thread

SYNTAX
int hal_create_thread(const chaaime unsigned longeriod, intuses_fp

int hal_thread_delete(const charamg

ARGUMENTS
name The name of the thread

period The interval, in nanoseconds, between iterations of the thread
uses_fpMust be nonzero if a function which uses floating-point will be attached to this thread.

DESCRIPTION
hal_create_threadestablishes a realtime thread that wikeute one or more HAL functions periodically.

All thread periods are rounded to integer multiples of the hardware timer period, and the timer period is
based on the first thread created. Threads must be created jrfrordehe fastest to the slest. HAL
assigns decreasing priorities to threads that are createdtataating them from fastest to slowest results
in rate monotonic priority scheduling.

hal_delete threaddeletes a previously created thread.

REALTIME CONSIDERATIONS
Call only from realtime init code, not from user space or realtime code.

RETURN VALUE
Returns a HAL status code.

SEE ALSO
hal_export_funct(3hal)

LinuxCNC Documentation 2006-10-12 87



hal_«it(3hal) HAL hal_eit(3hal)

NAME
hal_exit — Shut down HAL

SYNTAX
int hal_exit(intcomp_id

ARGUMENTS
comp_id
A HAL component identifier returned by an earlier calh&b init.

DESCRIPTION
hal_exit shuts down and cleans up HAL an@®®I. It must be called prior to exit by wmodule that
calledhal_init.

REALTIME CONSIDERATIONS
Call only from within user or init/cleanup code, not from realtime tasks.

RETURN VALUE
Returns a HAL status code.
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NAME
hal_export_funct — create a realtime function callable from a thread

SYNTAX
typedef void(*hal_funct_t)(void ‘arg, longperiod)

int hal_export_funct(const chaname hal_funct_tfunct void *arg, int uses_fpint reentrant int comp_id

ARGUMENTS
name The name of the function.

funct  The pointer to the function
arg The argument to be passed as the first paramefignaif

uses_fpNonzero if the function uses floating-point operations, including assignment of floating point
values with "=".

reentrant
If reentrant is non-zero, the function may be preempted and called again before the first call
completes. Otherwis@ may only be added to one thread.

comp_id
A HAL component identifier returned by an earlier calh&b init.

DESCRIPTION
hal_export_funct makes a realtime function provided by a componesitadble to the system. A
subsequent call toal_add_funct_to_threadcan be used to schedule txeaution of the function as
needed by the system.

When this function is placed on a HAL thread, and HAL threads are stantetis called repeatedly with
two argumentsyvoid *arg is the same value that was@i to hal_export_funct, andlong periodis the
interval between calls in nanoseconds.

Each call to the function should do a small amount of work and return.

RETURN VALUE
Returns a HAL status code.

SEE ALSO
hal_create_thread(3hal) hal_add_funct_to_thread(3hal)
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NAME
hal_init — Sets up HAL andAPI

SYNTAX

int hal_init(const charrhodnamg

ARGUMENTS
modname
The name of this hal module

DESCRIPTION
hal_init sets up HAL and RAPI. It must be called by gmodule that intends to use the API, before any
other RTAPI calls.

modnamamust point to a string that identifies the module. The string may be no longer than
HAL_NAME_LEN characters.

REALTIME CONSIDERATIONS
Call only from within user or init/cleanup code, not from relatime tasks.

RETURN VALUE
On success, returns a positinteger module ID, which is used for subsequent calls to hal and rtapi APIs.
On failure, returns a HAL error code.
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NAME
hal_malloc — Allocate space in the HAL shared memory area

SYNTAX

void *hal_malloc(long intsizg

ARGUMENTS
size Gives the size, in bytes, of the block

DESCRIPTION
hal_mallocallocates a block of memory from the main HAL shared memory area. It should be used by all
components to allocate memory for HAL pins and parameters. It allocates ‘size’ bytes, and returns a
pointer to the allocated space, or NULL (0) on erie returned pointer will be properly aligned for any
type HAL supports.A component should allocate during initialization all the memory it needs.

The allocator is very simple, and there is no ‘free’. The entire HAL shared memory area is freed when the
last component callsal_exit. This means that if you continuously install and reenane component

while other components are present, yeentually will fill up the shared memory and an install will fail.
Removing all components completely clears memory and you start fresh.

RETURN VALUE
A pointer to the allocated space, which is properly aligned fpranable HAL supports. Returns NULL
on error.
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NAME
hal_param_alias — create an alternate name for a param

SYNTAX
int hal_param_aliagconst char triginal_name, const char &lias);

ARGUMENTS
original_name
The original name of the param

alias  The alternate name that may be used to refer to the param, or NULL teerampo#ternate
name.

DESCRIPTION
A param may hee two names: the original name (the one that was passelab param_newfunction)
and an alias.

Usually, diases are for the ceanience of users and should be created and destroyed via halcmdvetiowe

in some cases it is sensible to create aliases directly in a component. These cases include the case where a
param is renamed, to preseimmpatibility with old versions.

RETURN VALUE
Returns a HAL status code.

SEE ALSO
hal_pin_aliaq3)
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NAME
hal_param_n& — Create a HAL parameter

SYNTAX
int hal_param_bit_new(const charame hal_param_dir_tlir, hal_bit_t *data_addr int
comp_id
int hal_param_float_new(const charame hal_param_dir_dir, hal_float_t *data_addr int
comp_id
int hal_param_u32_new(const chaiatme hal_param_dir_tlir, hal_u32_t *data_addrint
comp_id
int hal_param_s32_new(const chaaine hal_param_dir_tir, hal_s32_t *data_addr int
comp_id
int hal_param_bit_newf(hal_param_didit, hal_bit_t *data_addrintcomp_id const char fmt,
)
int hal_param_float_newf(hal_param_didit, hal_float t *data_addr int comp_id const char
*fmt, ...
int hal_param_u32_newf(hal_param_didirt, hal_u32_t *data_addr int comp_id const char
*fmt, ...
int hal_param_s32_newf(hal_param_dulirt hal_s32_t *data_addrint comp_id const char
*fmt, ...
int hal_param_new(const chamame hal_type_ttype hal_param_dir_tir, void *data_addr int
comp_id

ARGUMENTS

name The name to gk i the created parameter

dir The direction of the parametérom the viewpoint of the component. It may be onelAf._RO,
or HAL_RW A component may assign a value ty parameterbut other programs (such as
halcmd) may only assign a value to a parameter th#Ais RW .

data_addr
The address of the data, which must lie within memory allocatédlbynalloc.
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comp_id
A HAL component identifier returned by an earlier calh&b init.

fmt, ... A printf-style format string and arguments
type  The type of the parameters pecified inhal_type_t(3hal).

DESCRIPTION
Thehal_param_newfamily of functions create a neparamobject.

There are functions for each of the data types that the HAL supports. Pins may only be linked to signals of
the same type.

RETURN VALUE
Returns a HAL status code.

SEE ALSO
hal_type_t(3hal)
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NAME
hal_parport — portable access to PC-style parallel ports

SYNTAX
#include "hal_parport.h"

int hal_parport_get(int comp_id hal_parport_t port, unsigned shorbase unsigned shorbase_hi
unsigned inmode}

void hal_parport_releasdghal_parport_t port)

ARGUMENTS
comp_id
A HAL component identifier returned by an earlier calh&b init.

port A pointer to a hal_parport_t structure
base The base address of the port (if port >= 16) or the linux port number of the port (if port < 16)

base_hi
The "high" address of the port (location of the ECP registers), 0 to use a probed high address, or -1
to disable the high address

modes Advise the dnier of the desired port modes, from <linux/parport.h>. If a linux-detected port does
not provide the requested modes, a warning is printed with rtapi_print_msg. This does not make
the port request fail, because unfortunatelgry systems that hae working EPP parports are not
detected as such by Linux.

DESCRIPTION
hal_parport_getallocates a parallel port for exclusiuse of the named hal component. The port must be
released witthal_parport_releasebefore the component exits witlal_exit.

HIGH ADDRESS PROBING
If the port is a parallel port known to Linux, and Linux detected a high 1/0 address, this value is used.
Otherwise, if base+0x400 is not registered tp davice, it is used. Otherwise, no address is used. If no
high address is detected, port->base_hi is 0.

PARPORT STRUCTURE
typedef struct

{

unsigned short base;

unsigned short base_hi;

.... Il and further unspecified fields

} hal_parport_t;
RETURN VALUE

hal_parport_getreturns a HAL status code. On successt is filled out with information about the
allocated port. On failure, the contentgoft are undefined except that it is safe (but not required) to pass
this port tohal_parport_release

hal_parport_releasedoes not return aalue. Italways succeeds.

NOTES
In new code, prefer use of rtapi_parport to hal_parport.
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NAME
hal_pin_alias - create an alternate name for a pin

SYNTAX
int hal_pin_aliag/const char ¢riginal_name, const char #lias);

ARGUMENTS
original_name
The original name of the pin

alias  The alternate name that may be used to refer to the pin, or NULL toeeany #ernate name.

DESCRIPTION

A pin may hae two names: the original name (the one that was passelab pin_newfunction) and an
alias.

Usually, diases are for the ceenience of users and should be created and destroyed via halcmdvetiowe

in some cases it is sensible to create aliases directly in a component. These cases include the case where a
pin is renamed, to prese&reompatibility with old versions.

RETURN VALUE
Returns a HAL status code.

SEE ALSO
hal_param_aliag3)
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NAME
hal_pin_n&v — Create a HAL pin

SYNTAX
int hal_pin_bit_new(const chaname hal_pin_dir_tdir, hal_bit_t ** data_ptr_addyint
comp_id
int hal_pin_float_new(const chaname hal_pin_dir_tdir, hal_float_t **data_ptr_addrint
comp_id
int hal_pin_u32_new(const chandme hal_pin_dir_tdir, hal_u32_t **data_ptr_addrint
comp_id
int hal_pin_s32_new(const chandme hal_pin_dir_tdir, hal_s32_t **data_ptr_addrint
comp_id
int hal_pin_bit_newf(hal_pin_dir dir, hal_bit_t ** data_ptr_addyint comp_id const char fmt,
)
int hal_pin_float_newf(hal_pin_dir dir, hal_float t **data_ptr_addrint comp_id const char
*fmt, ...
int hal_pin_u32_newf(hal_pin_dirdir, hal_u32_t **data_ptr_addrint comp_id const char
*fmt, ...
int hal_pin_s32_newf(hal_pin_dirdtr, hal_s32_t **data_ptr_addyintcomp_id const char
*fmt, ...
int hal_pin_new(const chaname hal_type_ttypg hal_pin_dir_tdir, void **data_ptr_addyint
comp_id

ARGUMENTS

name The name of the pin
dir

The direction of the pin, from the viewpoint of the component. It may be adAalofIN ,
HAL_OUT, or HAL_IO . Any number ofHAL IN orHAL IO pins may be connected to the
same signal, but at most oHAL_OUT pin is permitted.A component may assign a value to a
pin that isHAL_OUT or HAL_IO , but may not assign a value to a pin thatiAL._IN .
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data_ptr_addr
The address of the pointer-to-data, which must lie within memory allocateal byalloc.

comp_id
A HAL component identifier returned by an earlier calh&b init.

fmt,
A printf-style format string and arguments

type
The type of the param, as specifiedhat_type_t(3hal)

DESCRIPTION

Thehal_pin_newfamily of functions create a nepin object. Once pin has been created, it can be linked
to a signal object usingal_link. A pin contains a pointeand the component that owns the pin can
dereference the pointer to access wiatsignal is linked to the pin. (If no signal is linked, it points to a
dummy signal.)

There are functions for each of the data types that the HAL supports. Pins may only be linked to signals of
the same type.

RETURN VALUE

Returns 0 on success, or @aés/e erno value on failure.

SEE ALSO
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NAME
hal_ready - indicates that this component is ready

SYNTAX

hal_ready(intomp_id

ARGUMENTS
comp_id
A HAL component identifier returned by an earlier calh&b init.

DESCRIPTION
hal_ready indicates that this component is ready (has created all its pins, parameters, and functions). This
must be called in atrrealtime HAL component before it&pi_app_init exts, and in ap userspace
component before it enters its main loop.

RETURN VALUE
Returns a HAL status code.
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NAME
hal_set_constructor — Set the constructor function for this component

SYNTAX
typedef int (*hal_constructor_t)(const char *prefix, const char *arg); int hal_set_construaton(ipt id
hal_constructor_tonstructoy

ARGUMENTS
comp_idA HAL component identifier returned by an earlier cath&b init.

prefix The prefix to be gien to the pins, parameters, and functions in the imestance
arg An agument that may be used by the component to customize this istance.

DESCRIPTION
As an experimental feature in HAL 2.1, components magobstructable Such a component may create
pins and parameters not only at the time the module is loaded, but it may create additional pins and
parameters, and functions on demand.

RETURN VALUE
Returns a HAL status code.

SEE ALSO
halcmd(1)
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NAME
hal_set lock, hal_get_lock — Set or get the HAL loclelle

SYNTAX
int hal_set_lock(unsigned chiaick_typé

int hal_get_lock()

ARGUMENTS
lock_type
The desired lock type, which may be a bitwise combinatiorlaf: LOCK _LOAD |,
HAL_LOCK_CONFIG , HAL_LOCK_PARAMS , or HAL_LOCK_PARAMS .
HAL_LOCK_NONE or 0 locks nothing, andAL_LOCK_ALL locks e verything.

DESCRIPTION

RETURN VALUE
hal_set lockReturns a HAL status codéal_get lockreturns the current HAL lock Vel or a HAL status
code.
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NAME
hal_signal_ne, hal_signal_delete, hal_link, hal_unlink — Manipulate HAL signals

SYNTAX
int hal_signal_new(const chasigjnal_namehal_type_ttype

int hal_signal_delete(const chaignal _namg

int hal_link(const charpin_nameconst char signal_namg

int hal_unlink(const charpin_namég

ARGUMENTS
signal_name
The name of the signal

pin_name
The name of the pin

type  The type of the signal, as specifiechal_type_t(3hal)

DESCRIPTION
hal_signal_newcreates a e signal object. Once a signal has been created, pins can be linked to it with
hal_link. The signal object contains the actual storage for the signal data. Pin objects linked to the signal
have pointers that point to the data. 'name’ is the name of thesgnal. Itmay be no longer than
HAL_NAME_LEN characters. If there is already a signal with the same name the call will fail.

hal_link links a pin to a signal. If the pin is already linked to the desired signal, the command succeeds. If
the pin is already linked to some other signal, it is an.etrogither case, the existing connection is not
modified. (Usehal_unlink’ to break an existing connection.) If the signal already has other pins linked to
it, they are unaffected - one signal can be linked to yrains, but a pin can be linked to only one signal.
hal_unlink unlinks ary signal from the specified pin.

hal_signal_deletedeletes a signal object. Aupins linked to the object are unlinked.

RETURN VALUE
Returns a HAL status code.

SEE ALSO
hal_type_t(3hal)
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NAME
hal_start_threads — AlHAL threads to beginxecuting

SYNTAX
int hal_start_threads()

int hal_stop_threads()

ARGUMENTS

DESCRIPTION
hal_start_threadsstarts all threads thatVebleen created. This is the point at which realtime functions
start being called.

hal_stop_threadsstops all threads that were previously startetdlystart_threads It should be called
before ag component that is part of a system exits.

RETURN VALUE
Returns a HAL status code.

SEE ALSO
hal_export_funct(3hal), hal_create_thread(3hal) hal_add_funct_to_thread(3hal)
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NAME
hal_type t - typedefs for HAL datatypes

DESRCIPTION
typedef ..hal_bool;
A type which may hae a \alue of 0 or nonzero.

typedef ..hal_bit_t;
A volatile type which may he a \alue of O or nonzero.

typedef ..hal_s32_t
A volatile type which may he a \alue from -2147483648 to 2147483647.

typedef ..hal_u32_t
A volatile type which may he a \alue from 0 to 4294967295.

typedef ..hal_float _t;
A volatile floating-point type, which typically has the same precision and range as the C type
double.

typedef ..real_t;
A nonvolatile floating-point type with at least as much precisiohasfloat _t.

typedef ..ireal_t;
A nonvolatile unsigned integral type the same sizbalsfloat_t.

typedef enunhal_type_t

HAL_BIT
Corresponds to the typml_bit t.

HAL_FLO AT
Corresponds to the typml_float_t.

HAL_S32
Corresponds to the typml_s32_t

HAL_U32
Corresponds to the typml_u32_t

NOTES
hal_bit_t is typically a typedef to an integer type whose range is larger than just 0 and 1. When testing the
value of ahal_bit_t, neve compare itto 1. Prefer one of the following:

. if(b)
. if(b'=0)

It is often useful to refer to a type that can represent all the values as a hal type, but without the volatile
qualifier The following types correspond with the hal types:

hal_bit_t int
hal_s32 t 832

hal u32_t . u32
hal_float t hal_real t

Take are not to use the type82andu32. These will compile in kernel modules but not in userspace, and
not for "realtime components" when using simulated (userspace) realtime.
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SEE ALSO
hal_pin_new(3hal) hal_param_new(3hal)
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NAME
undocumented — undocumented functions in HAL

SEE ALSO
The header filbal.h. Most hal functions ha&e documentation in that file.
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NAME
rtapi — Introduction to the FAPI API

DESCRIPTION
RTAPI is a library providing a uniform API for geral real time operating systems. As of LinuxCNC 2.7,
POSIX threads andTRl are supported.

HEADER FILES
rtapi.h
The filertapi.h defines the RAPI for both realtime and non-realtime code. This is a change fram2,Re
where the non-realtime (user space) API was defined in ulapi.h and used different function names. The
symbols RAPI and ULAPI are used to determine which mode is being compiled? Ror realtime and
ULAPI for non-realtime.

rtapi_math.h
The file rtapi_math.h defines floating-point functions and constants. It should be used instead of <math.h>
in rtapi real-time components.

rtapi_string.h
The file rtapi_string.h defines string-related functions. It should be used instead of <string.h> in rtapi real-
time components.

rtapi_byteorder.h
This file defines the preprocessor macrd8R_BIG_ENDIAN, RTAPI_LITTLE_ENDIAN, and
RTAPI_FLOAT_BIG_ENDIAN as true or false depending on the characteristics of the target system. It
should be used instead oéndian.h>(userspace) otlinux/byteorder.h> (kernel space).

rtapi_limits.h
This file defines the minimum and maximum value of some fundamental integral types, such as INT_MIN
and INT_MAX. This should be used insteadtifmits.h> because that header file is nasikable to
kernel modules.

REALTIME CONSIDERATIONS
Userspace code
Certain functions are novailable in userspace code. This includes functions that perform direct device
access such atapi_inb(3).

Init/cleanup code
Certain functions may only be called from realtime init/cleanup code. This includes functions that perform
memory allocation, such agpi_shmem_new(3)

Realtime code
Only a fav functions may be called from realtime code. This includes functions that perform direct device
access such atapi_inb(3). It excludes most Linux kernel APIs such as do_gettimeofday(3) and many
rtapi APIs such as rtapi_shmem_new(3).

Simulator
For an RTAPI module to be buildable in the "sim" environment éfadaltime system without special
privileges), it must not useny linux kernel APIs, and must not use theA®I| APIs for direct device
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access such aapi_inb(3). This automatically includes gsardware device drérs, and also devices
which use Linux kernel APIs to do thingsdikreate special devices or entries in Av@c filesystem.

RTAPI STATUS CODES
Except as noted in specific manual pagd#® MR returns ngative arno values for errors, and nomgagve

values for success.
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NAME
rtapi_app_exit — User-provided function to shut down a component

SYNTAX
#include <rtapi_app.h>

void rtapi_app_exit(void) {..}

ARGUMENTS
None

DESCRIPTION
The body ofrtapi_app_exit, which is provided by the component authgemerally consists of a call to
rtapi_exit or hal_exit, preceded by other component-specific shutdown code.

This code is called when unloading a component which successfully initialized (i.e., returned zero from its
rtapi_app_main). Itis not called when the component did not successfully initialize.

RETURN CODE
None.

REALTIME CONSIDERATIONS
Called automatically by the rtapi infrastructure in an initialization (not realtime) context.

SEE ALSO
rtapi_app_main(3rtapi), rtapi_exit(3rtapi) , hal_exit(3hal)
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NAME
rtapi_app_main — User-provided function to initialize a component

SYNTAX
#include <rtapi_app.h>
int rtapi_app_main(void) {..}

ARGUMENTS
None

DESCRIPTION
The body ofrtapi_app_main, which is provided by the component auttganerally consists of a call to
rtapi_init or hal_init, followed by other component-specific initialization code.

RETURN VALUE
Return O for success. Return gyaéve arno value (e.g., -EINVAL) on errorExisting code also returns
RTAPI or HAL error values, but using gaive arno values gies better diagnostics from insmod.

REALTIME CONSIDERATIONS
Called automatically by the rtapi infrastructure in an initialization (not realtime) context.

SEE ALSO
rtapi_app_exit(3rtapi), rtapi_init(3rtapi) , hal_init(3hal)
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NAME
rtapi_atomic — subset of C11 <stdatomic.h>

SYNTAX
#include <rtapi_atomic.h>

enum memory_order { ... };

#define atomic_store(obj, desired)...

#define atomic_store_explicit(obj, desired, order)...
#define atomic_load(obj)...

#define atomic_load_explicit(obj, order)...

ARGUMENTS
volatile A* obj
A pointer to a volatile object that is the destination of the store or the source of the load. The
pointer must hee an gopropriate type and alignment such that the underlying store or load
operation itself is atomic; at a minimum, a properly aligned "int" may be assumed to be such a
type. Impropesize or alignment are undiagnosed errors.

C desired
The value to be stored in the object. "*obj = desired" must be well-formed.

memory_order order
The required memory ordering semantic.

DESCRIPTION
This header provides at least the subset of Cdstatomic.h> gien above. When there is an ordering
requirement for multiple values read or written iPARI shared memory areas by other threads of
execution, including the values of HAL pins and parameters, these functions (or funcioratikos) are
the only way to ensure the ordering requirement ig@dbe Otherwiseaccording to architecture-specific
rules, loads and stores may be reordered from their normal source code order.

For example, to leee a nessage in a shared memory area from one thread andedtfiem anotherthe
writer must use an atomic store for the "message is complete" variable, and the reader must use an atomic
load when checking that variable:

/1 producer
*message = 42;
atom c_store_explicit(nessage_ready, 1, nenory_order _rel ease);

/'l consuner
whi | e(atom c_| oad_explicit(message_ready, nenory_order_acquire) == 0) sched
printf("message was %@\ n", *nessage); // nust print 42

REALTIME CONSIDERATIONS
May be called from ancode.

RETURN VALUE
atomic_loadandatomic_load_explicitreturn the value pointed to by tbkj argument.

atomic_storeandatomic_store_explicithave ro return value.
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SEE ALSO
<stdatomic.h>(C11),<rtapi_bitops.h> (for other atomic memory operations supported by rtapi)
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NAME
rtapi_bool.h — RAPI wrappers for linux kernel functionality

SYNTAX
#include <rtapi_bool.h>

DESCRIPTION

Includes either <stdbool.h> or <linux/types.h> as appropriate, to obtain suitable declarations of "bool",
"true" and "false".

REALTIME CONSIDERATIONS
None.

NOTES
Also permitted in C++ programs, where including it has no effect.
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NAME
rtapi_byteorder.h — RAPI wrappers for linux kernel functionality

SYNTAX
#include <rtapi_byteorder.h>

RTAPI_BIG_ENDIAN
Defined to 1 if the platform is big-endian, O otherwise

RTAPI_LITTLE_ENDIAN
Defined to 1 if the platform is little-endian, O otherwise

RTAPI_FLOAT_BIG_ENDIAN
Defined to 1 if the platform double-precision value is big-endian, 0 otherwise.

DESCRIPTION

In kernel space, each rtapi_xxx oFA&P|_XXX identifier is mapped to the underlying kernel functionality,
if available.

In userspace, or in kernels where the underlying functionality is not provided by a kernel, generally another
implementation--possibly with reduced functionality--isypded. (For example, the userspace implemen-
tation for rtapi_byteorder_registemalys succeeds)

REALTIME CONSIDERATIONS
May be used at grtime.

RETURN VALUE
As in Linux.

SEE ALSO
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NAME
rtapi_clock_set_period — set the basic time interval for realtime tasks

SYNTAX

rtapi_clock_set_period(long imse¢

ARGUMENTS
nsec The desired basic time interval for realtime tasks.

DESCRIPTION
rtapi_clock_set_periodsets the basic time interval for realtime tasks. All periodic tasks will run at an
integer multiple of this period. The first callt@api_clock set periodwith nsecgreater than zero will
start the clock, usingsecas the clock period in nano-seconds. Due to hardware B08 Rmitations, the
actual period may not be exactly what was requested. On success, the function will return the actual clock
period if it is available, otherwise it returns the requested period. If the requested period is outside the lim-
its imposed by the hardware of @S, it returnsEINVAL and does not start the clock. Once the clock is
started, subsequent calls with non-zesecreturn-EINVAL and hae ro dfect. Calling
rtapi_clock_set_periodwith nsecset to zero queries the clock, returning the current clock period, or zero
if the clock has not yet been started.

REALTIME CONSIDERATIONS
Call only from within init/cleanup code, not from realtime tasks. This function isvadéakle from user
(non-realtime) code.

RETURN VALUE
The actual period provided by th@ @S, which may be different than the requested period, dA®Rsta-
tus code.
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NAME
rtapi_delay — Busy-loop for short delays

SYNTAX
void rtapi_delay(long inhsed

void rtapi_delay _max()

ARGUMENTS
nsec The desired delay length in nanoseconds

DESCRIPTION
rtapi_delay is a simple delaylt is intended only for short delays, since it simply loops, wasting CPU
cycles.

rtapi_delay maxreturns the max delay permitted (usually approximately 1/4 of the clock period). Any
call tortapi_delay requesting a delay longer than the max will delay for the max time only.

rtapi_delay_maxshould be called before usingpi_delay to male aure the required delays can be

achieved. Theactual resolution of the delay may be as good as one nano-second, or as badrak a se
microseconds.

REALTIME CONSIDERATIONS
May be called from init/cleanup code, and from within realtime tasks.

RETURN VALUE
rtapi_delay max returns the maximum delay permitted.

SEE ALSO
rtapi_clock_set_period(3rtapi)
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NAME
rtapi_device.h — RAPI wrappers for linux kernel functionality

SYNTAX
#include <rtapi_device.h>

struct rtapi_device;

int rtapi_dev_set_name(struct rtapi_devicev‘denst char *name, ...);
int rtapi_device_register(struct rtapi_device *dev);

int rtapi_device_unregister(struct rtapi_device *dev);

DESCRIPTION

In kernel space, each rtapi_xxx oFAP|_XXX identifier is mapped to the underlying kernel functionality,
if available.

In userspace, or in kernels where the underlying functionality is not provided by a kernel, generally another
implementation--possibly with reduced functionality--isypded. (For example, the userspace implemen-
tation for rtapi_device_registenvedys succeeds)

REALTIME CONSIDERATIONS
Typically, these functions may be called from realtime init/cleanup code.

RETURN VALUE
As in Linux.

SEE ALSO
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NAME
rtapi_div_u64 — unsigned division of a 64-bit number by a 32-bit number

SYNTAX
___u64 rtapi_div_u64 rem(__u@Hvidend _ u32divisor, __ u32 *emainde)

___u64 rtapi_div_u64(__u6dividend __ u32divisor)
__s64 rtapi_div_s64(__s@Hvidend __ s32divisor)
__s64 rtapi_div_s64_rem(__s@#idend __ s32divisor, _ s32 *emainde)

ARGUMENTS
dividend
The value to be divided

divisor The value to divide by

remainder
Pointer to the location to store the remainderis may not be a NULL pointetf the remainder
is not desired, caltapi_div_u64 or rtapi_div_s64.

DESCRIPTION
Perform integer division (and optionally compute the remainder) with a 64-bit dividend and 32-bit divisor.

RETURN VALUE
The result of integer division afividend / divisor In versions with theemainderargument, the remainder
is stored in the pointed-to location.

NOTES
If the result of the division does not fit in the return type, the result is undefined.

This function exists because in kernel space the use of the division operator on a 64-bit type can lead to an
undefined symbol such as __umoddi3 when the module is loaded.

REALTIME CONSIDERATIONS
May be called from init/cleanup code and from within realtime tasksilable in userspace components.
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NAME
rtapi_exit — Shut down RAPI

SYNTAX
int rtapi_exit(intmodule_id

ARGUMENTS
module_id
An rtapi module identifier returned by an earlier calitapi_init .

DESCRIPTION
rtapi_exit shuts down and cleans up theA®l. It must be called prior to exit by wmodule that called
rtapi_init .

REALTIME CONSIDERATIONS
Call only from within user or init/cleanup code, not from relatime tasks.

RETURN VALUE
Returns a RAPI status code.
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NAME
rtapi_firmware.h — RAPI wrappers for linux kernel functionality

SYNTAX
#include <rtapi_firmware.h>

struct rtapi_firmware;

int rtapi_request_firmware(const struct rtapi_firmware **fw,
const char *name, struct rtapi_device *device);

void rtapi_release_firmware(const struct rtapi_firmware *fw);

DESCRIPTION

In kernel space, each rtapi_xxx oFAP|_XXX identifier is mapped to the underlying kernel functionality,
if available.

In userspace, or in kernels where the underlying functionality is not provided by a kernel, generally another

implementation--possibly with reduced functionality--isypded. (For example, the userspace implemen-
tation for rtapi_device_registenvedys succeeds)

REALTIME CONSIDERATIONS
Typically, these functions may be called from realtime init/cleanup code.

RETURN VALUE
As in Linux.

SEE ALSO
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NAME
rtapi_get time — get the current time

SYNTAX
long long rtapi_get_time()

long long rtapi_get_clocks()

DESCRIPTION
rtapi_get_time returns the current time in nanoseconds. Depending onit®& Rhis may be time since
boot, or time since the clock period was set, or some other time. Its absolute value means nothing, but it is
monotonically increasing and can be used to schedule futemesgeor to time the duration of some activ-
ity. Returns a 64 bitalue. Theresolution of the returned value may be as good as one nano-second, or as
poor as seral microseconds. May be called from init/cleanup code, and from within realtime tasks.

rtapi_get_clocksreturns the current time in CPU clocks. It is fast, since it just reads the TSC in the CPU
instead of calling a kernel ofT®S function. Ofcourse, times measured in CPU clocks are not agcon
nient, but for relatie measurements this works fine. Its absolute value means nothing, but it is monotoni-
cally increasing and can be used to schedule futrése or to time the duration of some activifpn

SMP machines, the sWwI'SC’s may get out of sync, so if a task reads the TSC, gets swapped to the other
CPU, and reads again, the value may decre@$aPI tries to force all R tasks to run on one CPU.)

Returns a 64 bitalue. Theesolution of the returned value is one CPU clock, which is usually a few
nanoseconds to a fraction of a nanosecond.

Note thatong longmath may be poorly supported on some platforms, especially in kernel space. Also note
that rtapi_print() will NO print long longs. Mosttime measurements are relatiand should be done like
this:

deltat = (long int)(end_time - start_time);
where end_time and start_time are longlong values returned from rtapi_get_time, and deltat is an ordinary
long int (32 bits). This will work for times up to a second or so, depending on the CPU clock fseqtienc
is best used for millisecond and microsecond scale measurements though.

RETURN VALUE
Returns the current time in nanoseconds or CPU clocks.

NOTES
Certain versions of the Linux kernel provide a global variaple khz. Computing
deltat = (end_clocks - start_clocks) / cpu_khz:
gives the duration measured in milliseconds. Computing
deltat = (end_clocks - start_clocks) * 1000000 / cpu_khz:
gives the duration measured in nanoseconds for deltas less than about 9 trillion clocks (e.g., 3000 seconds
at 3GHz).

REALTIME CONSIDERATIONS
May be called from init/cleanup code and from within realtime tasks. Wiahle in userspace compo-
nents.
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NAME
rtapi_gfp.h — RAPI wrappers for linux kernel functionality

SYNTAX
#include <rtapi_gfp.h>
enum rtapi_gfp_e;
RTAPI_GFP_xxx
typedef ... rtapi_gfp_t;

DESCRIPTION

In kernel space, each rtapi_xxx oFAP|_XXX identifier is mapped to the underlying kernel functionality,
if available.

In userspace, or in kernels where the underlying functionality is not provided by a kernel, generally another
implementation--possibly with reduced functionality--isypded. (For example, the userspace implemen-
tation for rtapi_device_registenvedys succeeds)

REALTIME CONSIDERATIONS
Typically, these functions may be called from realtime init/cleanup code.

RETURN VALUE
As in Linux.

SEE ALSO
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NAME
rtapi_init — Sets up RAPI

SYNTAX
int rtapi_init(const charrhodnamg
ARGUMENTS
modname
The name of this rtapi module
DESCRIPTION
rtapi_init sets up the RAPI. It must be called by grmodule that intends to use the API, beforg ather
RTAPI calls.

modnamean optionally point to a string that identifies the module. The string will be truncated at
RTAPI_NAME_LEN characters. Imodnamés NULL , the system will assign a name.

REALTIME CONSIDERATIONS
Call only from within user or init/cleanup code, not from relatime tasks.

RETURN VALUE
On success, returns a positinteger module ID, which is used for subsequent calls to rtapi_xwx_ne
rtapi_xxx_delete, and rtapixie Onfailure, returns an RAPI error code.
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NAME
rtapi_io.h — RAPI wrappers for linux kernel functionality

SYNTAX
#include <rtapi_io.h>

unsigned char rtapi_inb(unsigned short int port);

unsigned short rtapi_inw(unsigned short int port);

unsigned int rtapi_inl(unsigned short int port);

unsigned void rtapi_inb(unsigned char value, unsigned short int port);
unsigned void rtapi_inw(unsigned short value, unsigned short int port);
unsigned void rtapi_inl(unsigned int value, unsigned short int port);

DESCRIPTION

In kernel space, each rtapi_xxx oFAP|_XXX identifier is mapped to the underlying kernel functionality,
if available.

In userspace, or in kernels where the underlying functionality is not provided by a kernel, generally another
implementation--possibly with reduced functionality--isvpded. (For example, the userspace implemen-
tation for rtapi_device_registenvedys succeeds)

REALTIME CONSIDERATIONS
Call from init/cleanup code and from realtime tasks. These functions will caugkiiflstruction excep-
tions in userspace components, as well as in uspace rtapi_app when it is not setuid root.

RETURN VALUE
As in Linux.

SEE ALSO
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NAME
rtapi_is — details of rtapi configuration

SYNTAX
int rtapi_is_kernelspace()

int rtapi_is_realtime()

DESCRIPTION

rtapi_is_kernelspace()returns nonzero when rtapi modules run in kernel space (e.g., under rtai) and zero
when th run in userpace (e.g., under uspace).

rtapi_is_realtime() returns nonzero when capable of running with realtime guararfeegai, this

always returns nonzero (but actually loading realtime modules will fail if not running under the appropriate
kernel). For uspace, this returns nonzero when the running kernel indicates it is capable of realtime perfor-
mance. lfrtapi_app is not setuid root, this returns nonzeverethoughrtapi_app will not be able to

obtain realtime scheduling or hardware access, so e.g., attemptagtioa hardware drrer will fail.

REALTIME CONSIDERATIONS

May be called from userspace or from realtime setup cddpi_is_realtime() may perform filesystem
I/0.

RETURN VALUE
Zero for false, nonzero for true.
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NAME
rtapi_list.h — RAPI wrappers for linux kernel functionality

SYNTAX
#include <rtapi_list.h>

struct rtapi_list_head;

void rtapi_list_add(struct rtapi_list_head *new_, struct rtapi_list_head *head);
void rtapi_list_add_tail(struct rtapi_list_head *new _, struct rtapi_list_head *head);
void rtapi_list_del(struct rtapi_list_head *entry);

void RTAPI_INIT_LIST_HEAD(struct rtapi_list_head *entry);

rtapi_list for_each(pos, head){ ... }

rtapi_list_entry(ptrtype, member)

DESCRIPTION

In kernel space, each rtapi_xxx oFAP|_XXX identifier is mapped to the underlying kernel functionality,
if available.

In userspace, or in kernels where the underlying functionality is not provided by a kernel, generally another
implementation--possibly with reduced functionality--isypded. (For example, the userspace implemen-
tation for rtapi_device_registenvedys succeeds)

REALTIME CONSIDERATIONS
Call from init/cleanup code and from realtime tasks. These functions will caugkiifistruction excep-
tions in userspace components, as well as in uspace rtapi_app when it is not setuid root.

RETURN VALUE
As in Linux.

SEE ALSO
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NAME
rtapi_module_param — Specifying module parameters

SYNTAX
RTAPI_MP_INT (var, description

RTAPI_MP_LONG¢ar, descriptior)
RTAPI_MP_STRINGyar, descriptior)
RTAPI_MP_ARRAY _INT(var, num description
RTAPI_MP_ARRAY_LONG({ar, num description
RTAPI_MP_ARRAY_STRINGyar, num descriptior)
MODULE_LICENSE(icensg

MODULE_AUTHOR (author)
MODULE_DESCRIPTION@escriptior)
EXPORT_FUNCTIONf{unction

ARGUMENTS
var The variable where the parameter should be stored

description
A short description of the parameter or module

num  The maximum number of values for an array parameter
license The license of the module, for instance "GPL"
author The author of the module

function
The pointer to the function to be exported

DESCRIPTION
These macros are portable ways to declare kernel module parametsrsnushbe used in the global
scope, and are not followed by a terminating semicolony Thest be used after the associated variable or
function has been defined.

NOTES
EXPORT_FUNCTION makes a symbalalable for use by a subsequently loaded component. It is unre-
lated to hal functions, which are described in hal_export_funct(3hal)

Interpretation of license strings
MODULE_LICENSE follows the kerneb cefinition of license strings. NotablyGPL" indicates "GNU
Public License var later'. (emphasiours).
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"GPL"
GNU Public License v2 or later

"GPL v2"
GNU Public License v2

"GPL and additional rights"
GNU Public License v2 rights and more

"Dual BSD/GPL"
GNU Public License v2 or BSD license choice

"Dual MIT/GPL"
GNU Public License v2 or MIT license choice

"Dual MPL/GPL"
GNU Public License v2 or Mozilla license choice

"Proprietary"
Non-free products

rtapi_module_param(3rtapi)

It is still good practice to include a license block which indicates the awtpyright date, and disclaimer

of warranty as recommended by the GNU GPL.

REALTIME CONSIDERATIONS
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NAME
rtapi_mute — Mutex-related functions

SYNTAX
int rtapi_mutex_try(unsigned longnutey
void rtapi_mutex_get(unsigned longtitey
void rtapi_mutex_gie(unsigned long mutey
ARGUMENTS

mutex A pointer to the mutex.

DESCRIPTION
rtapi_mutex_try makes a non-blocking attempt to get the mutié the mute is available, it returns 0,
and the muteis no longer &ailable. Otherwiseit returns a nonzero value.
rtapi_mutex_getblocks until the muteis available.

rtapi_mutex_give releases a muwteacquired byrtapi_mutex_try or rtapi_mutex_get

REALTIME CONSIDERATIONS
rtapi_mutex_give andrtapi_mutex_try may be used from useénit/cleanup, and realtime code.

rtapi_mutex_getmay not be used from realtime code.

RETURN VALUE
rtapi_mutex_try returns O for if the mutewas claimed, and nonzero otherwise.

rtapi_mutex_getandrtapi_mutex_gif have ro return value.
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NAME
rtapi_outb, rtapi_inb — Perform hardware 1/0

SYNTAX
void rtapi_outb(unsigned chayte unsigned infport)

unsigned char rtapi_inb(unsigned prt)

ARGUMENTS
port The address of the 1/O port

byte  The byte to be written to the port

DESCRIPTION
rtapi_outb writes a byte to a hardware I/O portapi_inb reads a byte from a hardware I/O port.

REALTIME CONSIDERATIONS
May be called from init/cleanup code and from within realtime tasks. Wiahle in userspace compo-
nents.

RETURN VALUE
rtapi_inb returns the byte read from thevgn I/O port

NOTES
The I/O address should be within a region previously allocatethply request_region Otherwise,
another real-time module or the Linux kernel might attempt to access the I/O region at the same time.

SEE ALSO
rtapi_region(3rtapi)
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NAME
rtapi_parport — portable access to PC-style parallel ports

SYNTAX
#include "rtapi_parport.h"

int rtapi_parport_get(const char fodule_nametapi_parport_t port, unsigned shorbase unsigned
shortbase_hiunsigned initmode$

void rtapi_parport_release(rtapi_parport_t port)

ARGUMENTS
module_name
By convention, the name of theTR Pl module or HAL component using the parport.

port A pointer to a rtapi_parport_t structure
base The base address of the port (if port >= 16) or the linux port number of the port (if port < 16)

base_hi
The "high" address of the port (location of the ECP registers), 0 to use a probed high address, or -1
to disable the high address

modes Advise the drier of the desired port modes, from <linux/parport.h>. If a linux-detected port does
not provide the requested modes, a warning is printed with rtapi_print_msg. This does not make
the port request fail, because unfortunatelgry systems that hae working EPP parports are not
detected as such by Linux.

DESCRIPTION
rtapi_parport_get allocates a parallel port for exclusiuse of the named hal component. If successful,
access the port with 1/0 calls such as rtapi_inb at address baseth@tebebase hiaddresses. Theort
must be released witttapi_parport_release before the component exits wittapi_exit.

HIGH ADDRESS PROBING
If the port is a parallel port known to Linux, and Linux detected a high 1/0O address, this value is used. Oth-
erwise, if base+0x400 is not registered tg denvice, it is used. Otherwise, no address is used. If no high
address is detected, port->base_hiis 0.

PARPORT STRUCTURE
typedef struct

{

unsigned short base;

unsigned short base_hi;

.... Il and further unspecified fields

} rtapi_parport_t;
RETURN VALUE

rtapi_parport_get returns a HAL status code. On successt is filled out with information about the
allocated port. On failure, the contentgoft are undefined except that it is safe (but not required) to pass
this port tortapi_parport_release.

rtapi_parport_release does not return aalue. Italways succeeds.

NOTES
In new code, prefer use of rtapi_parport to rtapi_parport.
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NAME
rtapi_pci.h — RAPI wrappers for linux kernel functionality

SYNTAX
#include <rtapi_pci.h>

struct rtapi_pci_device id{ ... };

struct rtapi_pci_resource { ... };

struct rtapi_pci_de{ ... };

struct rtapi_pci_drvier {... };

const char *rtapi_pci_name(const struct rtapi_poi ‘gelev);

int rtapi_pci_enable_device(struct rtapi_pciv ddev);

void rtapi__iomem *rtapi_pci_ioremap_bar(struct rtapi_pcv tedev, int bar);
int rtapi_pci_register_dver(struct rtapi_pci_dwier *driver);

void rtapi_pci_unregister_drér(struct rtapi_pci_drvier *driver);
int rtapi_pci_enable_device(struct rtapi_pciv ddev);

int rtapi_pci_disable_device(struct rtapi_pcivdeev);

#define rtapi_pci_resource_start{dear) ...

#define rtapi_pci_resource_end{dear) ...

#define rtapi_pci_resource_flags{dear) ...

#define rtapi_pci_resource_lenytar) ....

void rtapi_pci_set_drvdata(struct rtapi_pcivd@dey, void *data)
void rtapi_pci_set_drvdata(struct rtapi_pcivd@dey, void *data)
void rtapi_iounmap(volatile void *addr);

struct rtapi_pci;

DESCRIPTION
In kernel space, each rtapi_xxx oFAP|_XXX identifier is mapped to the underlying kernel functionality,
if available.

In userspace, or in kernels where the underlying functionality is not provided by a kernel, generally another
implementation--possibly with reduced functionality--isypded. (For example, the userspace implemen-
tation for rtapi_pci_registerwhys succeeds)

REALTIME CONSIDERATIONS
Typically, these functions may be called from realtime init/cleanup code.

RETURN VALUE
As in Linux.

SEE ALSO
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NAME
rtapi_print, rtapi_print_msg — print diagnostic messages

SYNTAX

void rtapi_print(const charfint, ...)

void rtapi_print_msg(int leel, const char fmt, ...

typedef void(*tapi_msg_handler_t)(msg_level _t level const char insg);
void rtapi_set_msg_handlefrtapi_msg_handler handlep;

rtapi_msg_handler rtapi_set_msg_handlefvoid);

ARGUMENTS
level A message kel One ofRTAPI_MSG_ERR, RTAPI_MSG_WARN, RTAPI_MSG_INFO, or
RTAPI_MSG_DBG.

handler
A function to call fronrtapi_print or rtapi_print_msg to actually output the message.

fmt
Other arguments are as fmintf(3).

DESCRIPTION
rtapi_print andrtapi_print_msg work like the standard C printf functions, except that a reduced set of
formatting operations are supported.

Depending on the FOS, the default may be to print the message to stdout,,sidemnel log, etc. In
RTAPI code, the action may be changed by a caligjoi_set_msg_handler A NULL argument to
rtapi_set_msg_handlerestores the default handletapi_msg_get handlerreturns the current handler.
When the message came fraw@pi_print , levelis RTAPI_MSG_ALL.

rtapi_print_msg works like tapi_print but only prints ifevelis less than or equal to the current message
level.

REALTIME CONSIDERATIONS
rtapi_print andrtapi_print_msg May be called from usgmit/cleanup, and realtime code.
rtapi_get _msg_handlerandrtapi_set msg_handlermay be called from realtime init/cleanup code. A
message handler passedtapi_set msg_handlemrmay only call functions that can be called from real-
time code.

RETURN VALUE
None.
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SEE ALSO
rtapi_set_msg_leel(3rtapi), rtapi_get _msg_level(3rtapi) , printf(3)
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NAME
rtapi_prio — thread priority functions

SYNTAX
int rtapi_prio_highest()

int rtapi_prio_lowest()
int rtapi_prio_next_higher(intrio)
int rtapi_prio_next_lower(inprio)

ARGUMENTS
prio A value returned by a prigtapi_prio_xxx call

DESCRIPTION
Thertapi_prio_xxxx functions provide a portable way to set task priorifiite mapping of actual priority
to priority number depends on th&®S. Prioritiesrange fronrtapi_prio_lowest to rtapi_prio_highest,
inclusive. To use this API, use one of tamethods:

1) Set your lowest priority task ttapi_prio_lowest, and for each task of the next lowest priorigt
their priorities tortapi_prio_next_higher(previous).

2) Set your highest priority task ttapi_prio_highest, and for each task of the next highest priority,
set their priorities totapi_prio_next_lower(previous).

N.B. A high priority task will pre-empt or interrupt a lower priority task. Linux vgags the lowest prior-
ity!

REALTIME CONSIDERATIONS
Call these functions only from within init/cleanup code, not from realtime tasks.

RETURN VALUE
Returns an opaque real-time priority number.

SEE ALSO
rtapi_task new(3rtapi)

LinuxCNC Documentation 2006-10-12 135



rtapi_region(3rtapi) RAPI rtapi_rgion(3rtapi)

NAME
rtapi_region — functions to manage 1/0 memory regions

SYNTAX

void *rtapi_request_region(unsigned lohgse unsigned long insize const char hamg

void rtapi_release_region(unsigned |dvase unsigned long insize

ARGUMENTS
base The base address of the I/O region

size The size of the 1/O region
name The name to be shown in /proc/ioports

DESCRIPTION
rtapi_request_regionreserves I/O memory startingleseand going forsizebytes.

REALTIME CONSIDERATIONS
May be called from realtime init/cleanup code only.

BUGS
On kernels before 2.4.6tapi_request_regionalways suceeds.

RETURN VALUE
rtapi_request_regionreturns NULL if the allocation fails, and a non-NULL value otherwise.

rtapi_release_regionhas no return value.
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NAME
rtapi_get _msg_lel, rtapi_set msg_lel — Get or set the logging Vel

SYNTAX

int rtapi_set_msg_\lel(int leve)

int rtapi_get_msg_lel()

ARGUMENTS
level  The desired logging \el

DESCRIPTION
Get or set the FAPI message (&l used byrtapi_print_msg. Depending on the FOS, this leel may
apply to a single RAPI module, or it may apply to a group of modules.

REALTIME CONSIDERATIONS
May be called from usginit/cleanup, and realtime code.

RETURN VALUE
rtapi_set_msg_leel returns a status code, aridpi_get _msg_level returns the currentvel.

SEE ALSO
rtapi_print_msg(3rtapi)
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NAME
rtapi_shmem - Functions for managing shared memory blocks

SYNTAX
int rtapi_shmem_new(irkey, int module_id unsigned long inizg
int rtapi_shmem_delete(ishmem_idint module_id
int rtapi_shmem_getptr(irthmem_idvoid ** ptr)
ARGUMENTS
key Identifies the memory block<ey must be nonzero. All modules wishing to use the same memory
must use the samek
module_id

Module identifier returned by a prior calltiapi_init .

size The desired size of the shared memory block, in bytes

ptr The pointer to the shared memory block. Note that the block may be mapped at a different
address for different modules.

DESCRIPTION
rtapi_shmem_newallocates a block of shared memokgy identifies the memory block, and must be non-
zero. Allmodules wishing to access the same memory must use the eameokiule_ids the ID of the
module that is making the call (see rtapi_init). The block will be at #zalbytes, and may be rounded
up. Allocatingmary small blocks may be very asteful. Whera particular block is allocated for the first
time, the first 4 bytes are zeroed. Subsequent allocations of the same block by other modules or processes
will not touch the contents of the block. Applications can use those bytes to sgendeleto initialize
the block, or if another module already did so. On success, it returns sepiositjer ID, which is used
for all subsequent calls dealing with the block. On failure it returngaine eror code.

rtapi_shmem_deletefrees the shared memory block associated sfithem_id module_ids the ID of the
calling module. Returns a status code.

rtapi_shmem_getptr sets*ptr to point to shared memory block associated wfittnem_id

REALTIME CONSIDERATIONS
rtapi_shmem_getptr may be called from user code, init/cleanup code, or realtime tasks.

rtapi_shmem_newandrtapi_shmem_detemay not be called from realtime tasks.

RETURN VALUE
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NAME
rtapi_slab.h — RAPI wrappers for linux kernel functionality

SYNTAX
#include <rtapi_slab.h>
void *rtapi_kmalloc(size_t size, gfp_t g);
void *rtapi_kzalloc(size _t size, gfp_t g);
void *rtapi_krealloc(size_t size, gfp_t g);
void rtapi_kfree(void *);
DESCRIPTION

In kernel space, each rtapi_xxx oFAP|_XXX identifier is mapped to the underlying kernel functionality,
if available.

In userspace, or in kernels where the underlying functionality is not provided by a kernel, generally another
implementation--possibly with reduced functionality--isypded. (For example, the userspace implemen-
tation for rtapi_device_registenvedys succeeds)

REALTIME CONSIDERATIONS
Call only from within init/cleanup code, not from realtime tasks. This function isvadéakle from user
(non-realtime) code.

RETURN VALUE
As in Linux.

SEE ALSO
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NAME
rtapi_snprintf, rtapi_vsnprintf — Perform snprintfdiktring formatting

SYNTAX

int rtapi_snprintf(char Buf, unsigned long insize const char fmt, ...)

int rtapi_vsnprintf(char Buf, unsigned long insize const char fmt, va_listapfB)

ARGUMENTS
As for snprintf(3)or vsnprintf(3)

DESCRIPTION
These functions work l&kthe standard C printf functions, except that a reduced set of formatting operations
are supported.

In particular: formatting of long long values is not supportéamatting of floating-point values is done as
though with %A gen when other formats |l %f ae specified.

REALTIME CONSIDERATIONS
May be called from usginit/cleanup, and realtime code.

RETURN VALUE
The number of characters writtenkiaf.

SEE ALSO
printf(3)
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NAME
rtapi_stdint.h — RAPI wrappers for linux kernel functionality

SYNTAX
#include <rtapi_stdint.h>

typedef ... rtapi_s8;

typedef ... rtapi_s16;
typedef ... rtapi_s32;
typedef ... rtapi_s64;
typedef ... rtapi_u8;

typedef ... rtapi_ul6;
typedef ... rtapi_u32;
typedef ... rtapi_u64;

DESCRIPTION

In kernel space, each rtapi_xxx oFAP|_XXX identifier is mapped to the underlying kernel functionality,
if available.

In userspace, or in kernels where the underlying functionality is not provided by a kernel, generally another
implementation--possibly with reduced functionality--isvpded. (For example, the userspace implemen-
tation for rtapi_device_registenvadys succeeds)

REALTIME CONSIDERATIONS
None.

RETURN VALUE
As in Linux.

SEE ALSO
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NAME
rtapi_string.h — RAPI wrappers for linux kernel functionality

SYNTAX
#include <rtapi_string.h>
char **rtapi_argv_split(rtapi_gfp_t g, const char *argstt *argc);
void rtapi_argv_free(char **argv);
char *rtapi_kstrdup(const char *s, rtapi_gfp_tt);

DESCRIPTION

In kernel space, each rtapi_xxx oFAP|_XXX identifier is mapped to the underlying kernel functionality,
if available.

In userspace, or in kernels where the underlying functionality is not provided by a kernel, generally another
implementation--possibly with reduced functionality--isypded. (For example, the userspace implemen-
tation for rtapi_device_registenvedys succeeds)

REALTIME CONSIDERATIONS
Call only from within init/cleanup code, not from realtime tasks. This function isvadakle from user
(non-realtime) code.

RETURN VALUE
As in Linux.

SEE ALSO
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NAME
rtapi_task ne - create a realtime task

SYNTAX
int rtapi_task new(void ¢taskcodgvoid*), void *arg, int prio, unsigned longstacksizeint
uses_fp

int rtapi_task_delete(inisk_id

ARGUMENTS
taskcode
A pointer to the function to be called when the task is started

arg An argument to be passed to thekcoddunction when the task is started
prio A task priority value returned liyapi_prio_xxxx

uses_fpA flag that tells the OS whether the task uses floating point or not.
task_id Atask ID returned by a previous callrtapi_task _new

DESCRIPTION
rtapi_task newcreates but does not start a realtime task. The task is created in the "pauseiid state.
start it, call eithertapi_task_start for periodic tasks, ortapi_task resumefor free-running tasks.

REALTIME CONSIDERATIONS
Call only from within init/cleanup code, not from realtime tasks.

RETURN VALUE
On success, returns a positinteger task ID. This ID is used for all subsequent calls that need to act on
the task. On failure, returns affA&P| status code.

SEE ALSO
rtapi_prio(3rtapi) , rtapi_task_start(3rtapi), rtapi_task wait(3rtapi), rtapi_task resume(3rtapi)
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NAME
rtapi_task pause, rtapi_task_resume — pause and resume real-time tasks

SYNTAX
void rtapi_task pause(itask_id

void rtapi_task resume(imask_id

ARGUMENTS
task_id An RTAPI task identifier returned by an earlier calttipi_task _new.

DESCRIPTION
rtapi_task resumestarts a task in free-running mode. The task must be in the "paused" state.

A free running task runs continuously until either:

1) It is prempted by a higher priority task. It will resume as soon as the higher priority task releases
the CPU.

2) It calls a blocking function, likeapi_sem_take It will resume when the function unblocks.

3) Itis returned to the "paused" statertapi_task pause May be called from init/cleanup code,

and from within realtime tasks.

rtapi_task pausecauses a task to stopeeution and change to the "paused" state. The task can
be free-running or periodic. Note th&pi_task pausemay called from aptask, or from init or
cleanup code, not just from the task that is to be paused. The task will resagotéoa when
eitherrtapi_task resumeor rtapi_task_start (depending on whether this is a free-running or
periodic task) is called.

REALTIME CONSIDERATIONS
May be called from init/cleanup code, and from within realtime tasks.

RETURN VALUE
An RTAPI status code.

SEE ALSO
rtapi_task new(3rtapi), rtapi_task_start(3rtapi)
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NAME
rtapi_task_self — Retne ID of current task

SYNTAX
void rtapi_task_self()

DESCRIPTION
rtapi_task_selfretrieves the current task, or -EINVAL if not in a realtime task (e.qg., in startup or shutdown
code).

REALTIME CONSIDERATIONS
May be called from init/cleanup code, and from within realtime tasks.

RETURN VALUE
The task number previously returnedrtgpi_task _newor -EINVAL.

SEE ALSO
rtapi_task new(3rtapi)
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NAME
rtapi_task start — start a realtime task in periodic mode

SYNTAX
int rtapi_task_start(infask_id unsigned longperiod_nsegr
ARGUMENTS
task_id Atask ID returned by a previous callrtapi_task_new
period_nsec
The clock period in nanoseconds between iterations of a periodic task
DESCRIPTION

rtapi_task_start starts a task in periodic mode. The task must be ipdhsedstate.

REALTIME CONSIDERATIONS
Call only from within init/cleanup code, not from realtime tasks.

RETURN VALUE
Returns an RAPI status code.

SEE ALSO
rtapi_task new(3rtapi), rtapi_task pause(3rtapi), rtapi_task_resume(3rtapi)
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NAME
rtapi_task wait — suspendeeution of this periodic task

SYNTAX
void rtapi_task_wait()

DESCRIPTION
rtapi_task wait suspendsyacution of the current task until the next period. The task must be periodic. If
not, the result is undefined.

REALTIME CONSIDERATIONS
Call only from within a periodic realtime task

RETURN VALUE
None

SEE ALSO
rtapi_task_start(3rtapi), rtapi_task pause(3rtapi)
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NAME
undocumented — undocumented functionsTARI

SEE ALSO
The header filetapi.h. Most rtapi functions hae dcumentation in that file.
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NAME
abs — Compute the absolute value and sign of the input signal

SYNOPSIS
loadrt abs [count=N|names=name],name2.]]

FUNCTIONS
absN (requires a floating-point thread)

PINS
absN.in float in
Analog input value

absN.out float out
Analog output value, alays positve

absN.signbit out
Sign of input, false for positg, true for ngative

absN.is-positive bit out

TRUE if input is positie, FALSE if input is O or ngative
absN.is-negatie bit out

TRUE if input is ngdive, FALSE if input is O or positie

LICENSE
GPL
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NAME
abs_s32 - Compute the absolute value and sign of the input signal

SYNOPSIS
loadrt abs_s32 [count®|namessname],name2.]]

FUNCTIONS
abs-s32N

PINS
abs-s32N.in s32 in
input value

abs-s32N.out s32 out
output value, alays non-ngative

abs-s32N.sign bit out
Sign of input, false for positg, true for ngative

abs-s32N.is-positive bit out

TRUE if input is positie, FALSE if input is O or ngative
abs-s32N\.is-negatie bit out

TRUE if input is ngaive, FALSE if input is O or positie

LICENSE
GPL
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NAME
and2 — Wo-input AND gate
SYNOPSIS
loadrt and2 [count=N|names=name],name2.]]

FUNCTIONS
and2N

PINS
and2N.in0 bit in
and2N.inl bit in
and2N.out bit out
out is computed from the value of0 andinl according to the following rule:

in0O=TRUE in1=TRUE

out=TRUE
Otherwise,
out=FALSE
LICENSE
GPL
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NAME
at_pid - proportional/integral/degtive wntroller with auto tuning

SYNOPSIS
loadrt at_pid [num_chan=num| names=name],name2.]]

DESCRIPTION
at_pid is a classic Proportional/Integral/Dedtive controller, used to control position or speed feedback
loops for sere motors and other closed-loop applications.

at_pid supports a maximum of sixteen controllers. The number that are actually loaded is set by the
num_chanargument when the module is loaded. Altengyi specify names=and unique names sepa-
rated by commas.

Thenum_chan=andnames=specifiers are mutually exclusi If neithernum_chan=nornames=are
specified, the default value is three.

If debugis set to 1 (the default is 0), some additional HAL parameters will be exported, which might be
useful for tuning, but are otherwise unnecessary.

at_pid has a built in auto tune mode. It works by setting up a limit cycle to characterize the process. From
this, Pgain/lgain/Dgain or Pgain/lgain/FF1 can be determined using Ziegler-Nichols. When uBiRg,
scaling must be set so thattput is in user units per second.

During auto tuning, theommandinput should not change. The limit cycle is setup around the commanded
position. No initial tuning values are required to start auto tuning. fnkrcycles tune-effort andtune-
modeneed be set before starting auto tuning. When auto tuning completes, the tuning parameters will be
set. If running from LinuxCNC, the FERROR setting for the axis being tuned may need to be loosened up
as it must be larger than the limit cycle amplitude in ordevaoma following error.

To perform auto tuning, takthe following steps. Mee te axis to be tuned, to somewhere near the center
of it's travel. Settune-cycles(the default value should be fine in most casestamelmode Settune-

effort to a small value. Senableto true. Setune-modeto true. Setune-start to true. If no oscillation
occurs, or the oscillation is too small, slowly incremsee-effort. Auto tuning can be aborted atyaime

by settingenableor tune-modeto false.

NAMING
The names for pins, parameters, and functions are prefixed as:
pid.N. for N=0,1,...,num-1 when usingum_chan=num
nameN.for nameN=namel,name2,... when usiagnes=namel,name2,...

Thepid.N. format is shown in the following descriptions.

FUNCTIONS
pid.N.do-pid-calcs(uses floating-point)
Does the PID calculations for control loblp

PINS
pid.N.commandfloat in
The desired (commanded) value for the control loop.

pid.N.feedbackfloat in
The actual (feedback) value, from some sensor such as an encoder.
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pid.N.error float out
The difference between command and feedback.

pid.N.output float out
The output of the PID loop, which goes to some actuator such as a motor.

pid.N.enablebit in
When true, enables the PID calculations. When falgtut is zero, and all internal integrators,
etc, are reset.

pid.N.tune-modebit in
When true, enables auto tune mode. When false, normal PID calculations are performed.

pid.N.tune-start bit io
When set to true, starts auto tuning. Cleared when the auto tuning completes.

PARAMETERS
pid.N.Pgainfloat rw
Proportional gin. Resultsn a contribution to the output that is the error multipliedPiggin.

pid.N.lgain float rw
Integral gin. Resultsn a contribution to the output that is the integral of the error multiplied by
Igain. For example an error of 0.02 that lasted 10 seconds would result in an integrated error
(errorl ) of 0.2, and iflgain is 20, the integral term would add 4.0 to the output.

pid.N.Dgain float rw
Derivative cain. Result$n a contribution to the output that is the rate of changeviisg) of the
error multiplied byDgain. For example an error that changed from 0.02 to Ov@8®2 seconds
would result in an error desdtive (errorD ) of of 0.05, and ifDgain is 5, the dexiative term would
add 0.25 to the output.

pid.N.biasfloat rw
biasis a constant amount that is added to the output. In most cases it should be left at zero. How-
eva, it can sometimes be useful to compensate for offsets io selifiers, or to balance the
weight of an object that mves vertically. biasis turned ofwhen the PID loop is disabled, just like
all other components of the output. If a non-zero output is nesgadvaen the PID loop is dis-
abled, it should be added with an external HAL sum2 block.

pid.N.FFO float rw
Zero order feed-forward term. Produces a contribution to the output &0 isultiplied by the
commandedalue. For position loops, it should usually be left at zeFar velocity loopsFFO
can compensate for friction or motor counter-EMF and may permit better tuning if used properly.

pid.N.FF1 float rw
First order feed-forward term. Produces a contribution to the outputfdanultiplied by the
derivative o the commandedalue. For position loops, the contribution is proportional to speed,
and can be used to compensate for friction or motor CEMFvelocity loops, it is proportional
to acceleration and can compensate for inertia. In both cases, it can result in better tuning if used
properly.

pid.N.FF2 float rw
Second order feed-forward term. Produces a contribution to the outputFER&nsultiplied by
the second derétive o the commandedalue. For position loops, the contribution is proportional
to acceleration, and can be used to compensate for inéai@elocity loops, it should usually be
left at zero.

pid.N.deadbandfloat rw
Defines a range of "acceptable" errtirthe absolute value @fror is less thamleadband it will
be treated as if the error is zero. When using feedback devices such as encoders that are inherently
guantized, the deadband should be set slightly more than one-half countei ire control
loop from hunting back and forth if the command is betweenatijacent encoderalues. When
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the absolute value of the error is greater than the deadband, the deadband value is subtracted from
the error before performing the loop calculations, tegmrea step in the transfer function at the
edge of the deadband. (S86GS.)

pid.N.maxoutput float rw
Output limit. The absolute value of the output will not be permitted to exoegdutput, unless
maxoutput is zero. When the output is limited, the error integrator will hold instead of integrat-
ing, to preent windup and weershoot.

pid.N.maxerror float rw
Limit on the internal error variable used forRand D. Can be used to ment highPgainvalues
from generating large outputs under conditions when the error is large (for example, when the
command makes a step change). Not normally needed, but can be useful when tuning non-linear
systems.

pid.N.maxerrorD float rw
Limit on the error deviative. The rate of change of error used by Brgain term will be limited to
this value, unless the value is zero. Can be used to limit the effegaaf and preent large out-
put spikes due to steps on the command and/or feedback. Not normally needed.

pid.N.maxerrorl float rw
Limit on error integrator The error integrator used by thgain term will be limited to this value,
unless it is zero. Can be used toverg integrator windup and the resultingesshoot during/after
sustained errors. Not normally needed.

pid.N.maxcmdDfloat rw
Limit on command devetive. The command derétive uised byF1 will be limited to this value,
unless the value is zero. Can be used teeptd-F1 from producing large output spikes if there is
a gep change on the command. Not normally needed.

pid.N.maxcmdDD float rw
Limit on command second destive. The command second dedlive ised byFF2 will be lim-
ited to this value, unless the value is zero. Can be usedvnpFé-2 from producing large out-
put spikes if there is a step change on the command. Not normally needed.

pid.N.tune-type u32 rw
When set to OPgain/lgain/Dgainare caclulated. When set toPlgain/Igain/FF1 are calculated.

pid.N.tune-cyclesu32 rw
Determines the number of cycles to run to characterize the prdoesscyclesactually sets the
number of half cycles. More cycles results in a more accurate characterizationwasahe af all
cycles is used.

pid.N.tune-effort float rw
Determines the effor used in setting up the limit cycle in the protess-effort should be set to
a positive value less thamaxoutput. Start with something small and work up to a value that
results in a good portion of the maximum motor current being used. The smaller the value, the
smaller the amplitude of the limit cycle.

pid.N.errorl float ro (only if debug=1)
Integral of error This is the value that is multiplied hgain to produce the Integral term of the
output.

pid.N.errorD float ro (only if debug=1)
Derivative d error. This is the value that is multiplied B3gain to produce the Derétive term of
the output.

pid.N.commandDfloat ro (only if debug=1)
Derivative d command. Thisgs the value that is multiplied b1 to produce the first order feed-
forward term of the output.
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pid.N.commandDDfloat ro (only if debug=1)
Second deviative  command. Thiss the value that is multiplied 32 to produce the second
order feed-forward term of the output.

pid.N.ultimate-gain float ro (only if debug=1)
Determined from process characterizatigtimate-gain is the ratio otune-effort to the limit
cycle amplitude multipled by 4.0 divided by Riid.N.ultimate-period float ro (only if debug=1)
Determined from process characterizatigitimate-period is the period of the limit cycle.

BUGS
Some people would argue that deadband should be implemented such that error is treated as zero if it is
within the deadband, and be unmodified if it is outside the deadband. This was not done because it would
cause a step in the transfer function equal to the size of the deadband. People who prefer that behavior are
welcome to add a parameter that will change the behavity write their own version adit_pid. How-
eve, the default behavior should not be changed.
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NAME

axistest — Used to allotesting of an axis. Used IN PNCconf
SYNOPSIS

loadrt axistest [count=N|names=name],name2.]]
FUNCTIONS

axistestN.update (requires a floating-point thread)

PINS
axistestN.jog-minus bit in
Drive TRUE to jog the axis in its minus direction

axistestN.jog-plus bit in
Drive TRUE to jog the axis in its posite drection

axistestN.run bit in
Drive TRUE to run the axis near its current position_fb with a trapezoidal velocity profile

axistestN.maxvelfloat in
Maximum velocity

axistestN.amplitude float in
Approximate amplitude of positions to command during run’

axistestN.dir s32 in
Direction from central point to test: 0 = both, 1 = pesjtR = negdive

axistestN.position-cmdfloat out
axistestN.position-fb float in
axistestN.running bit out
axistestN.run-target float out
axistestN.run-start float out
axistestN.run-low float out
axistestN.run-high float out
axistestN.pauses32 in (default0)
pause time for each end of run in seconds

PARAMETERS
axistestN.epsilonfloat rw (default.001)
axistestN.elapsedfloat r
Current value of the internal timer

LICENSE
GPL
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BIN2GRAY(9) HAL Component

NAME
bin2gray — cowert a number to the gray-code representation

SYNOPSIS
loadrt bin2gray [count=N|names=name],name2.]]

DESCRIPTION
Corverts a number into gray-code

FUNCTIONS
bin2gray.N

PINS
bin2gray.N.in u32 in
binary code in

bin2gray.N.out u32 out
gray code out

AUTHOR
andy pugh

LICENSE
GPL
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NAME
biguad — Biquad IIR filter

SYNOPSIS
loadrt biquad [count=N|namessame],name2.]]

DESCRIPTION
Biquad IIR filter Implements the following transfer function: H(z) = (n0O + n1z-1 + n2z-2) / (1+ d1z-1 +
d2z-2)

FUNCTIONS
biguad.N (requires a floating-point thread)

PINS
biguad.N.in float in
Filter input.

biguad.N.out float out
Filter output.

biguad.N.enablebit in (default:0)
Filter enable. When false, the in is passed to out withgufilkering. A transition from false to
true causes filter coefficients to be calculated according to parameters

biguad.N.valid bit out (default0)
When false, indicates an error occured when caclulating filter coefficients.

PARAMETERS
biquad.N.type u32 rw (defaultQ)
Filter type determines the type of filter coefficients calculated. When 0, coefficients must be
loaded directlyWhen 1, a lav pass filter is created. When 2, a notch filter is created.

biquad.N.f0 float rw (default250.0
The corner frequenoof the filter.

biquad.N.Q float rw (default0.707)
The Q of the filter.

biquad.N.d1 float rw (default0.0)
1st-delayed denominator coef

biquad.N.d2 float rw (default0.0)
2nd-delayed denominator coef

biguad.N.nOfloat rw (default1.0)
non-delayed numerator coef

biguad.N.n1 float rw (default0.0)
1st-delayed numerator coef

biquad.N.n2 float rw (default0.0)
2nd-delayed numerator coef

biguad.N.s1float rw (default0.0)
biquad.N.s2float rw (default0.0)

LICENSE
GPL
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NAME
bitslice — Cowerts an unsigned-32 input into individual bits

SYNOPSIS
loadrt bitslice [count=N|namessname],name2.]] [personality=P,P,.]

DESCRIPTION
This component creates individual bit-outputs for each bit of an unsigned-32 input. The number of bits can
be limited by the "personality" modparam. Theense process can be perfomed by the weighted _sum
HAL component.

FUNCTIONS
bitslice.N

PINS
bitslice.N.in u32 in
The input value

bitslice.N.out-MM bit out (MM=00..personality)

AUTHOR
Andy Pugh

LICENSE
GPL2+
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NAME

bitwise — Computes various bitwise operations on theitywut values

SYNOPSIS

loadrt bitwise [count=N|namessame],name2.]]

FUNCTIONS

PINS

bitwise.N

bitwise.N.in0 u32 in
First input value

bitwise.N.in1 u32 in
Second input value

bitwise.N.out-and u32 out
The bitwise AND of the tw inputs

bitwise.N.out-or u32 out
The bitwise OR of the twinputs

bitwise.N.out-xor u32 out
The bitwise XOR of the tarinputs

bitwise.N.out-nand u32 out
The inverse of the bitwise AND

bitwise.N.out-nor u32 out
The inverse of the bitwise OR

bitwise.N.out-xnor u32 out
The inverse of the bitwise XOR

AUTHOR

Andy Pugh

LICENSE
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NAME
bldc - BLDC and AC-sew control component

SYNOPSIS
loadrt bldc personality=P

DESCRIPTION
This component is designed as an interface between the most common forms of three-phase motor feed-
back devices and the corresponding types eedHoweve there is no requirement that the motor and
drive $ould necessarily be of inherently compatible types.

SYNOPSIS
(ignore the auto-generated SYNOPSISwao

loadrt bldc cfg=qi6,aH
Each instance of the component is defined by a group of letters describing the input and output
types. A comma separates individual instances of the component.
Tags
Input type definitions are all lower-case.

n No motor feedback. This mode could be used tedfC induction motors, but is also potentially useful
for creating free-running motor simulators fonariesting.

h Hall sensor input. Brushless DC motors (electronically commutated permanent magnet 3-phase motors)
typically use a set of three Hall sensors to measure the angular position of the ot@r-caseh in the

cfg string indicates that these should be used.

a Absolute encoder input. (Also possibly used by some forms of Resolwargion hardware). The pres-

ence of this tagwer-rides all other inputs. Note that the component still requires to be be connected to the
rawcounts encoder pin to pkent loss of commutation on index-reset.

g Incremental (quadrature) encoder input. If this input is used then the rotor will need to be homed before
the motor can be run.

i Use the inde of an incremental encoder as a home reference.

f Use a 4-bit Gray-scale patttern to determine rotor alignment. This scheme is only used on the Fanuc "Red
Cap" motors. This mode could be used to control one of these motors using a non-kenuc dri

Output type descriptions are all upper-case.
Defaults The component will alays calculate rotor angle, phase angle and the absolute value of the input
value for interfacing with dnres such as the Mesa 8i20. It will also default to three individual, bipolar

phase output values if no other output type modifiers are used.

B Bit level outputs. Either 3 or 6 logicdel outputs indicating which high orwogate drivers on an exter-
nal drive should be used.

6 Create 6 rather than the default 3 outputs. In the case of numeric value outputs these are sepagate positi
and ngaive dive anplitudes. Both hee positive magnitude.

H Emulated Hall sensor output. This mode can be used to contrekanhich expects 3x Hall signals, or
to corvert between a motor with one hall pattern and eednhich expects a different one.

F Emulated Fanuc Red Cap Gray-code encoder output. This mode might be usesldomiriFanuc
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motor using a Fanuc &8 intended for the "Red-Cap" motors.

T Force Trapezoidal mode.

OPERATING MODES

The component can control awdiin either Trapezoidal or Sinusoidal mode, but wilvays default to
sinusoidal if the input and output modesalio. This can beaer-ridden by theTl tag. Sinusoidal commu-
tation is significantly smoother (trapezoidal commutation induces 13% torque ripple).

ROTOR HOMING.

To use an encoder for commutation a reference 0-degrees point must be found. The component uses the
convention that motor zero is the point that an unloaded motor aligns to with aspasitage on the A (or

U) terminal and the B & C (or V and W) terminals connected together and toltage. There will be two

such positions on a 4-pole maqt8ron a 6pole and so on. Tleare all functionally equialent as far as

driving the motor is concerned. If the motor has Hall sensors then the motor can be started in trapezoidal
commutation mode, and will switch to sinusoidal commutation when an alignment is found. If the mode is
gh then the first Hall state-transition will be used. If the modgighen the encoder ingevill be used.

This gives a nore accurate homing position if the distance in encoder counts between motor zero and
encoder indeis known. To force homing to the Hall edges instead simply omii the

Motors without Hall sensors may be homed in synchronous/direct mode. The better of these options is to
home to the encoder zero using itpeonfig parametelWhen thenit pin goes high the motor will rotate

(in a direction determined by tinev pin) until the encoder indicates an index-latch (thestmead runs

too slowly to rely on detecting an encoder ideectly). If there is no encoder inder its location rela-

tive 1o motor zero can not be found, then an alteueai to Llsemagnetichoming using the config. In this

mode the motor will go through an alignment sequence ending at motor zero when the init pin goes high It
will then set the final position as motor zero. Unfortunately the motor is igihiagyin this mode and so
alignment is likely to be fairly sensit o load.

FUNCTIONS

PINS

162

bldc.N (requires a floating-point thread)

bldc.N.halll bit in [if personality & 0x01]
Hall sensor signal 1

bldc.N.hall2 bit in [if personality & 0x01]
Hall sensor signal 2

bldc.N.hall3 bit in [if personality & 0x01]
Hall sensor signal 3

bldc.N.hall-error bit out [if personality & 0x01]
Indicates that the selected hall patteneginconsistent rotor position data. This can be due to the
pattern being wrong for the mofar one or more sensors being unconnected ordirold consis-
tent pattern is not neceesarily valid, but an inconsistent one eanbeeaalid.

bldc.N.C1bit in [if ( personality & 0x10 )]
Fanuc Gray-code bit 0 input

bldc.N.C2bit in [if ( personality & 0x10 )]
Fanuc Gray-code bit 1 input

bldc.N.C4 bit in [if ( personality & 0x10 )]
Fanuc Gray-code bit 2 input

2017-07-19 LinuxCNC Documentation



BLDC(9) HAL Component BLDC(9)

bldc.N.C8 bit in [if ( personality & 0x10 )]
Fanuc Gray-code bit 3 input

bldc.N.valuefloat in
PWM master amplitude input

bldc.N.lead-anglefloat in [if personality & 0x06] (defaul®0)
The phase lead between the electrical vector and the rotor position in degrees

bldc.N.revbit in
Set this pin true to werse the motomMegdive PVM amplitudes will also neerse the motor and
there will generally be a Hall pattern that runs the motor in each direction too.

bldc.N.frequencyfloat in [if ( personality & OxOF ) == 0]
Frequeng input for motors with no feedback at all, or those with only anxiaaich is ignored)

bldc.N.initvalue float in [if personality & 0x04] (defaul©.2)
The current to be used for the homing sequence in applications where an incremental encoder is
used with no hall-sensor feedback

bldc.N.rawcountss32 in [if personality & 0x06] (defaul@)
Encoder counts input. This must be linked to the encoder rawcounts pin or encoxeesetie
will cause the motor commutation to fail

bldc.N.index-enablebit io [if personality & 0x08]
This pin should be connected to the associated encoder index-enable pin to zero the encoder when
it passes indeThis is only used indicate to the bldc control component that ar hedebeen
seen

bldc.N.init bit in [if ( personality & 0x05 ) == 4]
A rising edge on this pin starts the motor alignment sequence. This pin should be connected in
such a way that the motors re-aligry ime that encoder monitoring has been interrupted. Typi-
cally this will only be at machine powerfofThealignment processwlves powering the motor
phases in such a way as to put the motor in a known position. The encoder counts are then stored
in the offset parameterThe alignement process will tend to cause a following error if it is trig-
gered while the axis is enabled, so should be set before the matching axis.N.enable pin. The com-
plementaryinit-done pin can be used to handle the required sequencing.

Both pins can be ignored if the encoder offset is known explisitbh as is the case with an abso-
lute encoderin that case theffset parameter can be set directly in the HAL file

bldc.N.init-done bit out [if ( personality & 0x05 ) == 4] (defauld)
Indicates homing sequence complete

bldc.N.A-value float out [if ( personality & OxF00 ) == Q]
Output amplitude for phase A

bldc.N.B-valuefloat out [if ( personality & 0xF00 ) == 0]
Output amplitude for phase B

bldc.N.C-value float out [if ( personality & OxF00 ) == Q]
Output amplitude for phase C

bldc.N.A-on bit out [if ( personality & 0xF00 ) == 0x100]
Output bit for phase A

bldc.N.B-on bit out [if ( personality & 0xF00 ) == 0x100]
Output bit for phase B

bldc.N.C-on bit out [if ( personality & 0xF00 ) == 0x100]
Output bit for phase C
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bldc.N.A-high float out [if ( personality & OxF00 ) == 0x200]
High-side drver for phase A

bldc.N.B-high float out [if ( personality & 0xF00 ) == 0x200]
High-side drver for phase B

bldc.N.C-high float out [if ( personality & OxFO0 ) == 0x200]
High-side drver for phase C

bldc.N.A-low float out [if ( personality & OxFO00 ) == 0x200]
Low-side drver for phase A

bldc.N.B-low float out [if ( personality & 0xF0OQ ) == 0x200]
Low-side drver for phase B

bldc.N.C-low float out [if ( personality & OxF00 ) == 0x200]
Low-side drver for phase C

bldc.N.A-high-on bit out [if ( personality & OxF00 ) == 0x300]
High-side drver for phase A

bldc.N.B-high-on bit out [if ( personality & 0xF00 ) == 0x300]
High-side drver for phase B

bldc.N.C-high-on bit out [if ( personality & OxFO0 ) == 0x300]
High-side drver for phase C

bldc.N.A-low-on bit out [if ( personality & OxF00 ) == 0x300]
Low-side drver for phase A

bldc.N.B-low-on bit out [if ( personality & OxF00 ) == 0x300]
Low-side drver for phase B

bldc.N.C-low-on bit out [if ( personality & OxF00 ) == 0x300]
Low-side drver for phase C

bldc.N.hall1l-out bit out [if ( personality & 0x400 )]
Hall 1 output

bldc.N.hall2-out bit out [if ( personality & 0x400 )]
Hall 2 output

bldc.N.hall3-out bit out [if ( personality & 0x400 )]
Hall 3 output

bldc.N.C1-out bit out [if ( personality & 0x800 )]
Fanuc Gray-code bit 0 output

bldc.N.C2-out bit out [if ( personality & 0x800 )]
Fanuc Gray-code bit 1 output

bldc.N.C4-out bit out [if ( personality & 0x800 )]
Fanuc Gray-code bit 2 output

bldc.N.C8-out bit out [if ( personality & 0x800 )]
Fanuc Gray-code bit 3 output

bldc.N.phase-angldloat out (default0)
Phase angle including lead/lag angle after encoder zeroing etc. Useful for angle/cweent dri
This value has a range of 0 to 1 and measures electroaltiens. It will have wo zeros for a 4
pole motoythree for a 6-pole etc

bldc.N.rotor-angle float out (default0)
Rotor angle after encoder zeroing etc. Useful for angle/curresgsdvhich add their own phase
offset such as the 8i20. This value has a range of 0 to 1 and measures eleahitains. It will
have wo zeros for a 4 pole motgthree for a 6-pole etc
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bldc.N.out float out
Current output, including the effect of the dir pin and the alignment sequence

bldc.N.out-dir bit out
Direction output, high if /fBvalue/fR is getive XOR /fBrev/fR is true.

bldc.N.out-absfloat out
Absolute value of the input value

PARAMETERS
bldc.N.in-type s32 r (default:1)
state machine output, will probably hide after debug

bldc.N.out-type s32 r (default:1)
state machine output, will probably hide after debug

bldc.N.scales32 rw [if personality & 0x06] (defaul12)
The number of encoder counts per rotaoheation.

bldc.N.poless32 rw [if personality & 0x06] (default)
The number of motor poles. The encoder scale will be divided by this value to determine the num-
ber of encoder counts per electricaldlation

bldc.N.encoder-offsets32 rw [if personality & 0x0A] (defaul)
The offset, in encoder counts, between the motor electrical zero and the encoder zero modulo the
number of counts per electrical/abution

bldc.N.offset-measureds32 r [if personality & 0x04] (defaul@)
The encoder offset measured by the homing sequence (in certain modes)

bldc.N.drive-offsetfloat rw (default0)
The angle, in degrees, applied to the commanded angle bywhdndiegees. This value is only
used during the homing sequence of@riwith incremental encoder feedback. It is used to back-
calculate from commanded angle to actual phase angle. It is onlgntetie drives which expect
rotor-angle input rather than phase-angle demand. Should be 0 for mest dri

bldc.N.output-pattern u32 rw [if personality & 0x400] (defaulR5)
Commutation pattern to be output in Hall Signal translation mode. See the description of /fBpat-
tern/fR for details

bldc.N.pattern u32 rw [if personality & 0x01] (defaulR5)
Commutation pattern to use, from 0 to 47. Default is type 25. Every plausible combination is
included. The table shows the excitation pattern along the top, and the pattern code on the left
hand side. The table entries are the hall patterns in H1, H2, H3 @aol®mon patterns are: 0 (30
degree commutation) and 26, itsaese. 17(120 dgyree). 18alternate 60 dgee). 21(300
degree, Bodine). 22 (240giee). 2560 degree commutation).

Note that a number of incorrect commutations willdheon-zero net torque which might look as
if they work, but dont really.

If your motor lacks documentation it might be worth tryingrg pattern.
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HAL Component

Phases, Source - Sink

pat | B-A C-A C-B AB AC B-C
0 000 001 011 111 110 100
1 001 000 010 110 111 101
2 000 010 011 111 101 100
3 001 011 010 110 100 101
4 010 011 001 101 100 110
5 011 010 000 100 101 111
6 010 000 001 101 111 110
7 011 001 000 100 110 111
8 000 001 101 111 110 010
9 001 000 100 110 111 011
10 | 000 010 110 111 101 o001
11 001 011 111 110 100 000
12 010 011 111 101 100 000
13 011 010 110 100 101 001
14 | 010 OO0 100 101 111 o011
15 | 011 001 101 100 110 010
16 000 100 101 1112 011 010
17 001 101 100 110 010 O11
18 | 000 100 110 111 011 o001
19 001 101 111 110 010 000
20 | 010 110 1112 101 001 000
21 011 111 110 100 000 001
22 010 110 100 101 001 O11
23 011 111 101 100 00O O10
24 100 101 111 011 010 000
25 101 100 110 010 011 o001
26 100 110 111 011 001 000
27 101 111 110 010 000 001
28 110 111 101 001 000 010
29 111 110 100 000 001 o011
30 110 100 101 001 011 o010
31 1117 101 100 000 010 011
32 100 101 001 011 010 110
33 101 100 00O 010 011 111
34 100 110 010 011 001 101
35 101 111 011 010 000 100
36 110 111 011 001 000 100
37 111 110 010 000 001 101
38 110 100 000 001 011 111
39 1112 101 001 000 010 110
40 100 000 001 011 111 110
41 101 001 00O 010 110 111
42 100 000 010 011 111 101
43 101 001 011 010 110 100
44 110 010 011 001 101 100
45 111 011 010 000 100 101
46 110 010 000 001 101 111
a7 111 011 001 000 100 110
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AUTHOR
Andy Pugh

LICENSE
GPL

LinuxCNC Documentation 2017-07-19 167



BLDC HALL3(9) HAL Component BLDC_HALL3(9)

NAME
bldc_hall3 — 3-wire BLDC motor dréer using Hall sensors and trapezoidal commutation.

SYNOPSIS
The functionality of this component iswadncluded in the generic "bldc" component. This component is
likely to be remwed in a future release

DESCRIPTION
This component produces a 3-wire bipolar output. This suits upstreaarsdhat interpret a getive input
as a low-side dvie and positie & a high-side drve. This includes the Hostmot2 3pwmgen function, which
is likely to be the most common application of this component.

FUNCTIONS
bldc-hall3.N (requires a floating-point thread)
Interpret Hall sensor patterns and set 3-phase amplitudes

PINS
bldc-hall3.N.halll bit in
Hall sensor signal 1

bldc-hall3.N.hall2 bit in
Hall sensor signal 2

bldc-hall3.N.hall3 bit in
Hall sensor signal 3

bldc-hall3.N.valuefloat in
PWM master amplitude input

bldc-hall3.N.dir bit in
Forwards / rgerse selection. Nggtive PVM amplitudes will also neerse the motor and there will
generally be a pattern that runs the motor in each direction too.

bldc-hall3.N.A-value float out
Output amplitude for phase A

bldc-hall3.N.B-valuefloat out
Output amplitude for phase B

bldc-hall3.N.C-value float out
Output amplitude for phase C

PARAMETERS
bldc-hall3.N.pattern u32 rw (default25)
Commutation pattern to use, from 0 to 47. Default is type 25. Every plausible combination is
included. The table shows the excitation pattern along the top, and the pattern code on the left
hand side. The table entries are the hall patterns in H1, H2, H3 @aol®mon patterns are: 0 (30
degree commutation) and 26, itseese. 17(120 dgyree). 18alternate 60 dgee). 21(300
degree, Bodine). 22 (240giee). 2560 degree commutation).

Note that a number of incorrect commutations willdheon-zero net torque which might look as
if they work, but dont really.

If your motor lacks documentation it might be worth tryingrg pattern.
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HAL Component

Phases, Source - Sink

pat | B-A C-A CB AB AC B-C
0 000 001 011 111 110 100
1 001 000 010 110 111 101
2 000 010 011 111 101 100
3 001 011 010 110 100 101
4 010 011 001 101 100 110
5 011 010 000 100 101 111
6 010 000 001 101 111 110
7 011 001 000 100 110 111
8 000 001 101 111 110 010
9 001 000 100 110 111 o011
10 000 010 110 111 101 001
11 001 011 111 110 100 000
12 010 011 111 101 100 000
13 011 010 110 100 101 001
14 010 000 100 101 111 011
15 011 001 101 100 110 010
16 000 100 101 111 011 010
17 001 101 100 110 010 011
18 000 100 110 111 011 o001
19 001 101 111 110 010 000
20 010 110 111 101 001 000
21 011 111 110 100 000 001
22 010 110 100 101 001 011
23 011 111 101 100 000 010
24 100 101 111 011 010 000
25 101 100 110 010 011 o001
26 100 110 111 011 001 000
27 101 111 110 010 000 001
28 110 111 101 001 000 010
29 111 110 100 000 001 011
30 110 100 101 001 011 010
31 111 101 100 000 010 011
32 100 101 001 011 010 110
33 101 100 000 010 011 111
34 100 110 010 011 001 101
35 101 111 011 010 000 100
36 110 111 011 001 000 100
37 111 110 010 000 001 101
38 110 100 000 001 011 111
39 111 101 001 000 010 110
40 100 000 001 011 111 110
41 101 001 000 010 110 111
42 100 000 010 011 111 101
43 101 001 011 010 110 100
44 110 010 011 001 101 100
45 111 011 010 000 100 101
46 110 010 000 001 101 111
47 111 011 001 000 100 110
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SEE ALSO
bldc_hall6 6-wire unipolar dver for BLDC motors.

AUTHOR
Andy Pugh

LICENSE
GPL

170 2017-07-19 LinuxCNC Documentation



BLEND(9) HAL Component BLEND(9)

NAME

blend — Perform linear interpolation betweerm wvalues
SYNOPSIS

loadrt blend [count=N|names=sname],name2.]]
FUNCTIONS

blend.N (requires a floating-point thread)

PINS
blend.N.in1 float in
First input. If select is equal to 1.0, the output is equal to inl1

blend.N.in2 float in
Second input. If select is equal to 0.0, the output is equal to in2

blend.N.selectfloat in
Select input.For values between 0.0 and 1.0, the output changes linearly from in2 to inl

blend.N.out float out
Output value.

PARAMETERS
blend.N.openbit rw
If true, select values outside the range 0.0 to @ @ilues outside the range in2 to inl. If false,
outputs are clamped to the the range in2 to inl

LICENSE
GPL
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NAME
carousel — Orient a toolchanger carousel using various encoding schemes

SYNOPSIS
loadrt toolchange pockets#[,N] encoding=sss§ ss$ num_sensei[,N] bidirectional=N[,N]

pocketsThe number of pockets in each toolchanger.
Use up to 8 numbers separated by commas to create multiple carousel components.

encodingThe position encoding.
gray, binary, index or angle. Default = 'gray’

num_senserhe number of position sense pins.
Default = 4.

dir Set to 1 for unidirectional o2 for bidirectional operation.
Default = bidirectional

DESCRIPTION

This component is intended to help operate various types of carousel-type toolchangers. The component
can be configured to operate with binary or gray-coded position feedback, with an individual sensor for

each tool position or with a sensor at each tool position and a separate index.

At the moment it is best-suited to Geagnechanism type systems where the motor is either on or off.
Both unidirectional and bidirectional systems are supported.

The number of carousel component instances created depends on the number of entries in the 'pockets’

modparam. For example

loadrt carousel pockets=10,10,8

Would create 3 carousel instances with 10, 10 and 8 pockets. The other parameters are optional. If absent

then defaults will be used. A&missing entry will assume the previous value.

When the enable pin is set to true the component will immediately set thee"aatito true and then (for
a hbidirectional instance) calculate the shortest path to the requested pocket.rihmatapropriate motor
direction output pin will then be set.

The component will monitor the carousel position and, when the correct position is reached, set the motor-

control pins to 0, set "agt" to 0 and set "ready" to 1.

In index mode the behaviour is slightly different the first time that the "enable" pin is set; the carousel will

rotate forwards when first enabled until both the xrated pulse inputs are true. If there is no pulse line at
the inde& position then a HAL "or2" function can be used towltbe inde sensor to toggle both inputs.
Setting "enable" vy does not halt the homing mg so if homing on first tool change is not needed then
the enable pin can be toggled by an axis homing pin or a script.

FUNCTIONS
carouselN

PINS
carouselN.pocket-numbers32 in
The pocket to mee to when the .enable pin goes high

carouselN.enablebit in
Set this pin high to start naement. Setting it lv will stop movement
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carouselN.active bit out
indicates that the component is aeti

carouselN.ready bit out
This pin goes high when the carousel is in-position

carouselN.senseM bit in (M=0..personality)
Carousel position feedback pins. In 'index’ mode there will be only 2 pins. sense-0 is the index
and sense-1 is the pocket sensor.

carouselN.motor-fwd bit out
Indicates the motor should run forwards (bigger numbers)

carouselN.motor-r ev bit out
Indicates the motor should rurveese.

carouselN.current-position s32 out
This pin indicates the current position feedback

PARAMETERS
carouselN.states32 r (default0)
Current component state

carouselN.homing bit r (default:0)
Shows that homing is in progress. Only used fonimdede

carouselN.homedbit r (default:0)
Shows that homing is complete. Only used in intede

AUTHOR
andy pugh

LICENSE
GPL
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NAME

charge_pump - Create a squaravefor the 'charge pump’ input of some controller boards
SYNOPSIS

loadrt charge_pump
DESCRIPTION

The 'Charge Pump’ should be added to the base thread function. When enabled the output is on for one
period and dffor one period. @ calculate the frequegmf the output 1/(period time in seconds x 2) = hz.

For example if you hege a lase period of 100,000ns that is 0.0001 seconds and the formula would be
1/(0.0001 x 2) = 5,000 hz or 5 Khawd additional outputs are provided that run a factor of 2 and 4 slower
for hardware that requires a lower frequenc

FUNCTIONS
charge-pump
Toggle the output bit (if enabled)

PINS
charge-pump.outbit out
Square wvaveif 'enable’ is TRUE or unconnectedwdf ' enable’ is FALSE
charge-pump.out-2bit out
Square aveat half the frequencof ' out’
charge-pump.out-4bit out
Square aveat a quarter of the frequgnof 'out’
charge-pump.enablebit in (default: TRUE)
If FALSE, forces all 'out’ pins to be low
LICENSE

GPL
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NAME
clarke2 — o input version of Clark transform

SYNOPSIS
loadrt clarke2 [count=N|namessame],name2.]]

DESCRIPTION
The Clarle ransform can be used to translate a vector quantity from a three phase system (three compo-
nents 120 degrees apart) to @ fphase Cartesian system.

clarke2 implements a special case of the Céarlansform, which only needs tvof the three input phases.
In a three wire three phase system, the sum of the three phase currents or voltagesysust akero. As
a result only tvo of the three are needed to completely define the current or voltigke2 assumes that
the sum is zero, so it only uses phases A and B of the input. Since the H (homopolar) outpuaysilbal
zero in this case, it is not generated.

FUNCTIONS
clarke2.N (requires a floating-point thread)

PINS
clarke2.N.afloat in
clarke2.N.b float in
first two phases of three phase input

clarke2.N.x float out
clarke2.N.y float out
cartesian components of output

SEE ALSO
clarke3 for the general caselarkeinv for the inverse transform.

LICENSE
GPL
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NAME
clarke3 - Clark (3 phase to cartesian) transform

SYNOPSIS
loadrt clarke3 [count=N|namessname],name2.]]

DESCRIPTION
The Clarle ransform can be used to translate a vector quantity from a three phase system (three compo-
nents 120 degrees apart) to @ fphase Cartesian system (plus a homopolar component if the three phases
don't sum to zero).

clarke3 implements the general case of the transform, using all three phases. If the three phases are known
to sum to zero, sedarke2 for a simpler version.

FUNCTIONS
clarke3.N (requires a floating-point thread)

PINS
clarke3.N.afloat in
clarke3.N.b float in
clarke3.N.cfloat in
three phase input vector

clarke3.N.x float out
clarke3.N.y float out
cartesian components of output

clarke3.N.h float out
homopolar component of output

SEE ALSO
clarke2 for the 'a+b+c=0’ caselarkeinv for the irverse transform.

LICENSE
GPL
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NAME

clarkeirv — Inverse Clarle transform
SYNOPSIS

loadrt clarkeinv [count=N|namessame],name2.]]
DESCRIPTION

The irverse Clarle transform can be used rotate a vector quantity and then translate it from Cartesian coor-
dinate system to a three phase system (three components 120 degrees apart).

FUNCTIONS
clarkeinv.N (requires a floating-point thread)

PINS
clarkeinv.N.x float in
clarkeinv.N.y float in
cartesian components of input

clarkeinv.N.h float in
homopolar component of input (usually zero)

clarkeinv.N.theta float in
rotation angle: 0.00 to 1.00 = 0 to 360 degrees

clarkeinv.N.afloat out
clarkeinv.N.b float out
clarkeinv.N.c float out

three phase output vector

SEE ALSO
clarke2 andclarke3 for the forward transform.

LICENSE
GPL
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NAME
classicladder - realtime software plc based on ladder logic

SYNOPSIS
loadrt classicladder_rt [numRungs=N] [numBits=N] [numWords=N] [numTimers=N] [numMonosta-
bles=N] [numCounters=N] [numPhysInputs=N] [numPhysOutputs=N] [numArithmExpr= N] [num-
Sections®] [numSymbols=N] [numS32in=N] [numS32out=N] [ numFloatin=N] [numFloatOut=N]

DESCRIPTION
These pins and parameters are created by the realissicladder_rtmodule. Each period (minimum
1000000 ns), classicladder reads the inpwtyates the ladder logic defined in the GUI, and then writes
the outputs.

PINS
classicladder.0.inNN IN bit
These bit signal pins map %I NN variables in classicladder

classicladder.0.outNN OUT bit
These bit signal pins map %Q NN variables in classicladder Output from classicladder

classicladder.0.s32irNN IN s32
Integer input from classicladder These s32 signal pins m#p\WONN variables in classicladder

classicladder.0.s320uNN OUT s32
Integer output from classicladder These s32 signal pins ntaQW NN variables in classiclad-
der

classicladder.0.floatinNN IN float
Integer input from classicladder These float signal pins mégREANN variables in classicladder
These are truncated to S32 values internadiy’.5 will be 7

classicladder.0.floatoutNN OUT float
Float output from classicladder These float signal pins mé& @b NN variables in classicladder

classicladder.0.hide_gui IN bit
This bit pin hides the classicladder wimgavhile still having the userspace code run. This is usu-
ally desirable when modbus is used, as modbus requires the userspace code to run.

PARAMETERS
classicladder.0.refresh.timeRO 32
Tells you hav long the last refresh took

classicladder.0.refresh.tmaxRW 32
Tells you hav long the longest refresh took

classicladder.0.ladder-statdRO 82

Tells you if the program is running or not
FUNCTIONS
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classicladder.0.refreshFP
The rung update rate. Add this to the sehwead. Yu can added it to a faster thread but it Will
update no faster than onoeey 1 millisecond (1000000 ns).

BUGS
See http://wiki.linuxcnc.org/cgi-bin/wiki.pl?ClassicLadder_Ver_7.124 for the latest.

SEE ALSO
Classicladderchapters in the LinuxCNC documentation for a full description o€fassicladdersyntax
and examples

http://wiki.linuxcnc.org/cgi-bin/wiki.pl?ClassicLadder_Ver _7.124
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NAME
comp — o input comparator with hysteresis

SYNOPSIS
loadrt comp [count=N|names=name],name2.]]

FUNCTIONS
compN (requires a floating-point thread)
Update the comparator

PINS
compN.inO float in
Inverting input to the comparator

compN.inl float in
Non-inverting input to the comparator

comp.N.out bit out
Normal output. True wheiml > in0 (see parametdryst for details)

comp.N.equal bit out
Match output. True when difference betweanl andinO is less tharyst/2

PARAMETERS
compN.hyst float rw (default0.0)
Hysteresis of the comparator (default 0.0)

With zero hysteresis, the output is true wheln> in0. With nonzero hysteresis, the output
switches on and b&t two dfferent values, separated by distahgst around the point wheiial
=in0. Keep in mind that floating point calculations argeen@bsolute and it is wise tovabys set
hyst if you intend to use equal

LICENSE
GPL
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NAME
constant — Use a parameter to set the value of a pin

SYNOPSIS
loadrt constant [count=N|names=:name],name2.]]

FUNCTIONS
constantN (requires a floating-point thread)

PINS
constantN.out float out

PARAMETERS
constantN.valuefloat rw

LICENSE
GPL
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NAME
conv_bit_s32 — Carert a value from bit to s32

SYNOPSIS
loadrt conv_bit_s32 [count=N|names=name],name2.]]

FUNCTIONS
conv-bit-s32N
Update 'out’ based on 'in’
PINS
conv-bit-s32N.in bit in
conv-bit-s32N.out s32 out

LICENSE
GPL
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NAME
conv_hit_u32 - Corert a value from bit to u32

SYNOPSIS
loadrt conv_bit_u32 [count=N|namessame],name2.]]

FUNCTIONS
conv-bit-u32N
Update 'out’ based on 'in’
PINS
conv-bit-u32N.in bit in
conv-bit-u32 N.out u32 out

LICENSE
GPL
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NAME
conv_float s32 — Caert a value from float to s32

SYNOPSIS
loadrt conv_float_s32 [count®|namessame],name2.]]

FUNCTIONS
conv-float-s32N (requires a floating-point thread)
Update 'out’ based on 'in’
PINS
conv-float-s32N.in float in
conv-float-s32N.out s32 out
conv-float-s32N.out-of-range bit out
TRUE when 'in’ is not in the range of s32

PARAMETERS
conv-float-s32N.clamp bit rw

CONV_FLAT_S32(9)

If TRUE, then clamp to the range of s32. If FALSE, thenvalioe value to "wrap around".

LICENSE
GPL
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NAME
conv_float u32 - Comrt a value from float to u32

SYNOPSIS
loadrt conv_float_u32 [countN|namessamel],name2.]]

FUNCTIONS
conv-float-u32N (requires a floating-point thread)
Update 'out’ based on 'in’
PINS
conv-float-u32N.in float in
conv-float-u32N.out u32 out
conv-float-u32N.out-of-range bit out
TRUE when 'in’ is not in the range of u32

PARAMETERS
conv-float-u32N.clamp bit rw

CONV_FLG&T_U32(9)

If TRUE, then clamp to the range of u32. If FALSE, thenvafibe value to "wrap around".

LICENSE
GPL
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NAME

conv_s32_hit — Carert a value from s32 to bit
SYNOPSIS

loadrt conv_s32_bit [count=N|names=name],name2.]]
FUNCTIONS

conv-s32-bitN
Update 'out’ based on 'in’
PINS
conv-s32-bitN.in s32 in
conv-s32-bitN.out bit out
conv-s32-bitN.out-of-range bit out
TRUE when 'in’ is not in the range of bit

PARAMETERS
conv-s32-bitN.clamp bit rw

CONV_S32_BIT(9)

If TRUE, then clamp to the range of bit. If FALSE, thenwllbe value to "wrap around".

LICENSE
GPL
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NAME
conv_s32 float — Coert a value from s32 to float

SYNOPSIS
loadrt conv_s32_float [count®|namessame],name2.]]

FUNCTIONS
conv-s32-floatN (requires a floating-point thread)
Update 'out’ based on 'in’

PINS
conv-s32-floatN.in s32 in
conv-s32-floatN.out float out

LICENSE
GPL
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NAME
conv_s32 u32 - Cemrt a value from s32 to u32

SYNOPSIS
loadrt conv_s32_u32 [countN|namesname],name2.]]

FUNCTIONS
conv-s32-u3N
Update 'out’ based on 'in’
PINS
conv-s32-u3N.in s32 in
conv-s32-u32N.out u32 out
conv-s32-u32\.out-of-range bit out
TRUE when 'in’ is not in the range of u32

PARAMETERS
conv-s32-u32\.clamp bit rw

CONV_S32_U32(9)

If TRUE, then clamp to the range of u32. If FALSE, thenvafibe value to "wrap around".

LICENSE
GPL
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CONV_U32 _BIT(9) HAL Component

NAME

conv_u32_bit — Corert a value from u32 to bit
SYNOPSIS

loadrt conv_u32_bit [count=N|namessame],name2.]]
FUNCTIONS

conv-u32-bitN
Update 'out’ based on 'in’
PINS
conv-u32-bitN.in u32 in
conv-u32-bitN.out bit out
conv-u32-bitN.out-of-range bit out
TRUE when 'in’ is not in the range of bit

PARAMETERS
conv-u32-bitN.clamp bit rw

CONV_U32_BIT(9)

If TRUE, then clamp to the range of bit. If FALSE, thenwallbe value to "wrap around".

LICENSE
GPL
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CONV_U32 FLQAT(9) HAL Component

NAME
conv_u32_float — Comert a value from u32 to float

SYNOPSIS
loadrt conv_u32_float [countN|namessame],name2.]]

FUNCTIONS
conv-u32-floatN (requires a floating-point thread)
Update 'out’ based on 'in’

PINS
conv-u32-floatN.in u32 in
conv-u32-floatN.out float out

LICENSE
GPL
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CONV_U32_S32(9) HAL Component

NAME
conv_u32_s32 — Cemrt a value from u32 to s32

SYNOPSIS
loadrt conv_u32_s32 [countN|names=name],name2.]]

FUNCTIONS
conv-u32-s3N
Update 'out’ based on 'in’
PINS
conv-u32-s32N\.in u32 in
conv-u32-s32\.out s32 out
conv-u32-s32\.out-of-range bit out
TRUE when 'in’ is not in the range of s32

PARAMETERS
conv-u32-s32\.clamp bit rw

CONV_U32_S32(9)

If TRUE, then clamp to the range of s32. If FALSE, thenvalioe value to "wrap around".

LICENSE
GPL
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COUNTER(9) HAL Component COUNTER(9)

NAME

counter — counts input puls63EPRECATED)

SYNOPSIS

loadrt counter [num_chan=\]

DESCRIPTION

counter is a deprecated HAL component and will be reedan a future release. Use tlemcodercompo-
nent with encoder.X.counter-mode set to TRUE.

counter is a HAL component that provides software- based counting that is useful for spindle position
sensing and maybe other things. Instead of using a real encoder that outputs quadrature, some lathes ha
sensor that generates a simple pulse stream as the spindle turns ang puisedmce per w@lution.

This component simply counts up when a "count" pulse (phase-A) isegcand if reset is enabled, resets
when the "index" (phase-Z) pulse is reedi

This is of course only useful for a unidirectional spindle, as it is not possible to sense the direction of rota-
tion.

counter conforms to the "canonical encoder" interface described in the HAL manual.

FUNCTIONS

PINS

counter.capture-position(uses floating-point)
Updates the counts, position and velocity outputs based on internal counters.

counter.update-counters
Samples the phase-A and phase-Z inputs and updates internal counters.

counter.N.phase-Abit in
The primary input signal. The internal counter is incremented on each rising edge.

counter.N.phase-Zbit in
The inde input signal. When thimdex-enablepin is TRUE and a rising edge phase-Zis
seenjndex-enableis set to FALSE and the internal counter is reset to zero.

counterN.index-enablebit io
counterN.resetbit io
counter.N.countssigned out
counter.N.position float out
counter.N.velocity float out
These pins function according to the canonical digital encoder interface.

counter.N.position-scalefloat rw
This parameter functions according to the canonical digital encoder interface.

counter.N.rawcounts signed ro
The internal counts value, updated frapdate-countersand reflected in the output pins at the
next call tocapture-position.

SEE ALSO
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2007-01-19 LinuxCNC Documentation



DDT(9) HAL Component

NAME
ddt - Compute the destive d the input function

SYNOPSIS
loadrt ddt [count=N|names=name],name2.]]

FUNCTIONS
ddt.N (requires a floating-point thread)

PINS
ddt.N.in float in
ddt.N.out float out

LICENSE
GPL
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DEADZONE(9) HAL Component

NAME
deadzone - Return the center if within the threshold

SYNOPSIS
loadrt deadzone [countN|namessame],name2.]]

FUNCTIONS
deadzoneN (requires a floating-point thread)
Updateout based orin and the parameters.

PINS
deadzoneN.in float in
deadzoneN.out float out

PARAMETERS
deadzonel.centerfloat rw (default0.0)
The center of the dead zone

deadzonel.threshhold float rw (default:1.0)
The dead zone inter + (threshhold/2)

LICENSE
GPL
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DEBOUNCE(9) HAL Component DEBOUNCE(9)

NAME
debounce - filter noisy digital inputs

SYNOPSIS
loadrt debounce cfg=size[,size,...]

Creates debounce groups with the number of filters specifiesizgy (Every filter in the same group has
the same sample rate and dekor example cfg=2,3 createsawilter groups with 2 filters in the first
group and 3 filters in the second group.

DESCRIPTION
The debounce filter works by incrementing a counter wieerlkee input is true, and decrementing the
counter when it isdise. Ifthe counter decrements to zero, the output is set false and the counter ignores
further decrements. If the counter increments up to a threshold, the output is set true and the counter
ignores further increments. If the counter is between zero and the threshold, the output retains its previous
state. Theahreshold determines the amount of filtering: a threshold of 1 does no filtering at all, and a
threshold of N requires a signal to be present for N samples before the output changes state.

FUNCTIONS
debounceG
Sample all the input pins in group G and update the output pins.

PINS
debounceG.F.in bit in
The F'th input pin in group G.

debounceG.F.out bit out
The F'th output pin in group G. Reflects the last "stable" input seen on the corresponding input
pin.

debounceG.delay signed rw
Sets the amount of filtering for all pins in group G.
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NAME
edge — Edge detector

SYNOPSIS
loadrt edge [count=N|names=name],name2.]]

FUNCTIONS
edgeN Produce output pulses from input edges
PINS
edgeN.in bit in
edgeN.out bit out
Goes high when the desired edge is seen on 'in’

edgeN.out-invert bit out
Goes lov when the desired edge is seen on 'in’

PARAMETERS
edgeN.both bit rw (default:FALSE)
If TRUE, selects both edges. Otherwise, selects one edge according to in-edge

edgeN.in-edgebit rw (default: TRUE)
If both is FALSE, selects the one desired edge: TRUE means falling, FALSE means rising

edgeN.out-width-ns s32 rw (default0)
Time in nanoseconds of the output pulse

edgeN.time-left-nss32 r
Time left in this output pulse

edgeN.last-in bit r
Previous input value

LICENSE
GPL
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NAME

encoder — software counting of quadrature encoder signals

SYNOPSIS

loadrt encoder [num_chan=num| names=namel],name2.]]

DESCRIPTION

encoderis used to measure position by counting the pulses generated by a quadrature éscadst-

ware-based implementation it is much less expentian hardware, but has a limited maximum count rate.

The limit is in the range of 10KHz to 50KHz, depending on the computer speed andaotbies. fIfbetter
performance is needed, a hardware encoder counter is a better choice. Some hardware-based systems can
count at MHz rates.

encodersupports a maximum of eight channels. The number of channels actually loaded is set by the
num_chanargument when the module is loaded. Alteneyi specify names= and unique names sepa-
rated by commas.

Thenum_chan=andnames=specifiers are mutually exclusi If neithernum_chan=nornames=are
specified, or ihum_chan=0is specified, the default value is three.

encoderhas a one-phase, unidirectional mode cattmshter In this mode, thgphase-Binput is ignored;
the counts increase on each rising edgehase-A This mode may be useful for counting a unidirectional
spindle with a single input line, though the noise-resistant characteristics of quadrature are lost.

FUNCTIONS

encoder.update-countergno floating-point)
Does the actual counting, by sampling the encoder signals and decoding the quadsegture w
forms. Mustbe called as frequently as possible, preferably twice as fast as the maximum desired
count rate. Operates on all channels at once.

encoder.capture-position(uses floating point)
Captures the macounts fromupdate-countersand performs scaling and other necessaryeaen
sion, handles counter roller, etic. Can(and should) be called less frequently thadate-coun-
ters. Operates on all channels at once.

NAMING

PINS

The names for pins and parameters are prefixed as:
encoder.N.for N=0,1,...,num-1 when usingum_chan=num
nameN.for nameN=namel,namez2,... when usiagnes=namel,name2,...

Theencoder.N.format is shown in the following descriptions.

encoderN.counter-modebit i/o
Enables counter mode. When true, the counter counts each rising edge of the phase-A input,
ignoring the value on phase-B. This is useful for counting the output of a single channel (non-
guadrature) sensokVhen false (the default), it counts in quadrature mode.

encoderN.countss32 out
Position in encoder counts.

encoderN.index-enablebit i/o
When truecountsandposition are reset to zero on the next rising edgBluse-Z At the same
time, index-enableis reset to zero to indicate that the rising edge has occurred.
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encoderN.min-speed-estimatdloat in (default: 1.0)
Determine the minimum speed at whidafocity will be estimated as nonzero apaistition-inter-
polated will be interpolated. The units ofiin-speed-estimatere the same as the unitsvefoc-
ity. Setting this parameter toovowill cause it to tak a bng time forvelocity to go to 0 after
encoder pulses lia gopped arriving.

encoderN.phase-Abit in
Quadrature input for encoder chaniel

encoderN.phase-Bbit in
Quadrature input.

encoderN.phase-Zbit in
Index pulse input.

encoderN.position float out
Position in scaled units (seesition-scalg

encoderN.position-interpolated float out
Position in scaled units, interpolated between encoder counts. Only valid when velocity is approx-
imately constant and abemin-speed-estimate Do not use for position control.

encoderN.position-scalefloat i/o
Scale factaqrin counts per length unitFor example, ifposition-scaleis 500, then 1000 counts of
the encoder will be reported as a position of 2.0 units.

encoderN.rawcountss32 out
The rav count, as determined hypdate-counters This value is updated more frequently than
countsandposition. Itis dso unaffected byesetor the ind& pulse.

encoderN.resetbit in
When truecountsandposition are reset to zero immediately.

encoderN.velocity float out
Velocity in scaled units per secondncoderuses an algorithm that greatly reduces quantization
noise as compared to simply differentiating plosition output. Wherthe magnitude of the true
velocity is belav min-speed-estimate, the velocity output is 0.

encoderN.x4-modebit i/o
Enables times-4 mode. When true (the default), the counter counts each edge of the quadrature
waveform (four counts per fullycle). Wherfalse, it only counts once per fufcle. Incounter-
mode, this parameter is ignored.

encoderN.latch-input bit in

encoderN.latch-falling bit in (default: TRUE)

encoderN.latch-rising bit in (default: TRUE)

encoderN.counts-latcheds32 out

encoderN.position-latchedfloat out
Updatecounts-latchedandposition-latched on the rising and/or falling edgeslafch-input as
indicated bylatch-rising andlatch-falling.

encoderN.counter-modebit rw
Enables counter mode. When true, the counter counts each rising edge of the phase-A input,
ignoring the value on phase-B. This is useful for counting the output of a single channel (non-
guadrature) sensokVhen false (the default), it counts in quadrature maaesoderN.capture-
position.tmax s32 rw Maximum number of CPU cycles it took keaute this function.

PARAMETERS
The encoder component has no HAL Parameters.
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ENCODER_RAIO(9) HAL Component ENCODER_RRARO(9)

NAME
encoder_ratio — an electronic gear to synchronizeaies

SYNOPSIS
loadrt encoder_ratio [num_chan=num| names=name],name2.]]

DESCRIPTION
encoder_ratiocan be used to synchronizeataes (like an ‘electronic gear"). It counts encoder pulses
from both axes in software, and produces an error value that can be used with a PID loapthe slake
encoder track the master encoder with a specific ratio.

This module supports up to eight axis pairs. The number of pairs is set by the module parameter
num_chan Alternatvely, specify names=and unique names separated by commas.

Thenum_chan=andnames=specifiers are mutually exclusi If neithernum_chan=nornames=are
specified, the default value is one.

FUNCTIONS
encoder-ratio.sample
Read all input pins. Must be called at twice the maximum desired count rate.

encoder-ratio.update (uses floating-point)
Updates all output pins. May be called from a slower thread.

NAMING
The names for pins and parameters are prefixed as:
encoder-ratio.N.for N=0,1,...,num-1 when usingum_chan=num
nameN.for nameN=namel,name2,... when usiagnes=namel,name2,...

Theencoder-ratio.N.format is shown in the following descriptions.

PINS
encoder-ratioN.master-A bit in
encoder-ratioN.master-B bit in
encoder-ratioN.slave-A bit in
encoder-ratioN.slave-B bit in
The encoder channels of the master angesiges

encoder-ratioN.enablebit in
When the enable pin is FALSE, the error pin simply reports thre sk position, in reolutions.
As such, it would normally be connected to the feedback pin of a PID block for closed loop con-
trol of the slae ais. Normallythe command input of the PID block is left unconnected (zero), so
the slae ais simply sits still. Howeer when the enable input goes TRUE, the error pin becomes
the slae position minus the scaled master position. The scale factor is the ratio of master teeth to
slave eeth. Asthe master meaes, error becomes non-zero, and the PID loop willedtie slae
axis to track the master.

encoder-ratioN.error float out
The error in the position of the st (n revolutions)

PARAMETERS
encoder-ratio.N.master-pprunsigned rw
encoder-ratio.N.slave-ppr unsigned rw
The number of pulses pewdiution of the master and sla aes
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encoder-ratio.N.master-teethunsigned rw
encoder-ratio.N.slave-teeth unsigned rw
The number of "teeth" on the master andesigears.

SEE ALSO
encoder(9)

LinuxCNC Documentation 2007-01-16 201



ESTOP_LACH(9) HAL Component ESOP_LATCH(9)

NAME

estop_latch — Software ESTOP latch
SYNOPSIS

loadrt estop_latch [count=N|namesname],name2.]]
DESCRIPTION

This component can be used as a part of a simple software ESTOP chain.
It has two dates: "OK" and "Faulted".

The initial state is "&ulted". Wherfaulted, theout-ok output is false, théault-out output is true, and the
watchdogoutput is unchanging.

The state changes from "Faulted" to "OK" wladinthese conditions are true:

. fault-in is false
. ok-in is true
. resetchanges from false to true

When "OK", theout-ok output is true, théault-out output is false, and theatchdogoutput is toggling.

The state changes from "OK" to "Faulted" wlaay of the following are true:
. fault-in is true
. ok-in is false

To facilitate using only a single fault sourcd-in andfault-en are both set to the non-fault-causing value
when no signal is connecte#tor estop-latch to eer be ale to signal a fault, at least one of these inputs
must be connected.

Typically, an external fault or estop input is connectedaualt-in , iocontrol.0.user-request-enablés con-
nected taeset and ok-out is connected tecontrol.0.emc-enable-in.

In more cwmplex systems, it may be mar gppropriate to use classicladder to manage the software
portion of the estop chain.

FUNCTIONS
estop-latchN

PINS
estop-latchN.ok-in bit in (default:true)
estop-latchN.fault-in bit in (default:falsg
estop-latchN.resetbit in
estop-latchN.ok-out bit out (defaultfalse
estop-latchN.fault-out bit out (defaulttrue)
estop-latchN.watchdogbit out

LICENSE
GPL
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FEEDCOMP(9) HAL Component FEEDCOMP(9)

NAME

feedcomp — Multiply the input by the ratio of current velocity to the feed rate
SYNOPSIS

loadrt feedcomp [count=N|names=name],name2.]]
FUNCTIONS

feedcompN (requires a floating-point thread)

PINS
feedcompN.out float out
Proportionate output value

feedcompN.in float in
Reference value

feedcompN.enablebit in
Turn compensation on or off

feedcompN.velfloat in
Current velocity

PARAMETERS
feedcompN.feedfloat rw
Feed rate reference value

NOTES
Note that if enable is false, out = in

LICENSE
GPL
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FLIPFLOP(9) HAL Component FLIPFLOP(9)

NAME
flipflop — D type flip-flop
SYNOPSIS
loadrt flipflop [count=N|namessame],name2.]]

FUNCTIONS
flipflop.N

PINS
flipflop.N.data bit in
data input

flipflop.N.clk bit in
clock, rising edge writes data to out

flipflop. N.setbit in
when true, force out true

flipflop. N.resetbit in
when true, force out falseyerides set

flipflop.N.out bit io
output

LICENSE
GPL
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GANTRY(9) HAL Component GANTR(9)

NAME
gantry — LinuxCNC HAL component for driving multiple joints from a single axis

SYNOPSIS
loadrt gantry [count=N|namessame],name2.]] [personality=P,P,.]

DESCRIPTION
Drives multiple physical motors (joints) from a single axis input

The ‘personality’ value is the number of joints to contrblvo is typical, but up to sen is supported (a
three joint setup has been tested with hardware).

All controlled joints track the commanded position (with a per-joint offset) unless in the process of homing.
Homing is when the commanded position is movinvgatds the homing switches (as determined by the

sign of search-vel) and the joint home switches are not all in the same state. When the system is homing
and a joint home switch aettes, the command value sent to that joint is "frozen" and the joint offset value
is updated instead. Once all home switches areeatitere are no more adjustments made to the offset
values and all joints run in lock-step once more.

For best results, set HOME_SEARCH_VEL and HOME_LATCH_VEL to the same direction and as slow
as practical. When a joint home switch trips, the commanded velocity will drop immediately from
HOME_SEARCH_VEL to zero, with no limit on acceleration.

FUNCTIONS
gantry.N.read (requires a floating-point thread)
Update position-fb and home/limit outputs based on joint values

gantry.N.write (requires a floating-point thread)
Update joint pos-cmd outputs based on position-cmd in

PINS
gantry.N.joint. MM.pos-cmdfloat out (MM=00..personality)
Per-joint commanded position

gantry.N.joint. MM.pos-fbfloat in (MM=00..personality)
Per-joint position feedback

gantry.N.joint. MM.homebit in (MM=00..personality)
Per-joint home switch

gantry.N.joint. MM.offsetfloat out (MM=00..personality)
(debugging) Per-joint offset value, updated when homing

gantry.N.position-cmdfloat in
Commanded position from motion

gantry.N.position-fb float out
Position feedback to motion

gantry.N.homebit out
Combined home signal, true if all joint home inputs are true

gantry.N.limit bit out
Combined limit signal, true if grjoint home input is true

gantry.N.search-velfloat in
HOME_SEARCH_VEL from ini file

LICENSE
GPL
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NAME
gantrykins — A kinematics module that maps one axis to multiple joints

SYNOPSIS
loadrt gantrykins coordinates=axisletters

Specifying gantry joint mapping via loadrt
The coordinates=parameter specifies the initial gantry joint mapping. Each axis letter is mapped to a
joint, starting from 0. Scoordinates=XYYZ maps the X axis to joint 0, the Y axis to joint 1 and 2, and
the Z axis to joint 3. If not specified, the default mappingpsrdinates=XYZABC. Coordinate letters
may be specified in uppercase or lowercase.

A note about joints and axes
LinuxCNC makes a distinction between joints and axes: a joint is something controlled by,aamaobor
axis is a coordinate you can wavia G-code. You can also jog joints or jog axes.

A gantry has tw joints controlling one axis, and this requires a bit of special care.

Homing alvays happens in joint mode (aka Free mode). Thoejoimts of a gantng ais must be homed
togetheyso hey must hae the same [AXIS_n][HOME_SEQUENCE in the .ini file.

Jogging of a gantry must happen in world mode (aka Teleop mode). If you jog a gantry in joint mode (Free
mode), you will mee just one of the joints, and the gantry will rack. In contrast, if you jog a gantry in

world mode (Teleop mode), #tthe axis that jogs: linuxcnc will coordinate the motion of the jwints that

malke up he axis, both joints will mee togetherand the gantry will stay square.

The Axis GUI has provisions for jogging in joint mode (Free) and in world maaledp). Usehe "$"
hotkey, or the Viev menu to switch between them.

Joint-mode (aka Free mode) supports continuous and incremental jog¢prig-mode (aka Teleop mode)
only supports continuous jogging.

KINEMATICS
In the irverse kinematics, each joint gets the value of its corresponding axis. In the forward kinematics,
each axis gets the value of the highest numbered correspondingHaiskample, withcoordi-
nates=XYYZ the Y axis position comes from joint 2, not joint 1.

FUNCTIONS
None.

PINS
None.

PARAMETERS
gantrykins.joint- N (s32)
Specifies the axis mapped to joit The values 0 through 8 correspond to the axes XYZ-
ABCUVW. ltis preferable to use the "coordinates=" parameter at loadrt-time rather than setting
the joint-N parameters latdsecause the gantrykins module prints the joint-to-axis mapping at
loadrt-time, and having that output correct is nice.
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NOTES
gantrykins must be loaded beforaotion.

SEE ALSO
Kinematicssection in the LinuxCNC documentation

LICENSE
GPL
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NAME
gearchange — Select from oneotgpeed ranges

SYNOPSIS
The output will be a value scaled for the selected, gadrclamped to the min/max values for that gear.
The scale of gear 1 is assumed to be 1, so the output device scale should be chosen actbedlsuglie
of gear 2 is relatie o gear 1, so if gear 2 runs the spindle 2.5 times as fast as gear 1, scale2 should be set to
2.5.

FUNCTIONS
gearchangeN (requires a floating-point thread)

PINS
gearchangeN.selbit in
Gear selection input

gearchangeN.speed-infloat in
Speed command input

gearchangeN.speed-outfloat out
Speed command toAT/PWM

gearchangeN.dir-in bit in
Direction command input

gearchangeN.dir-out bit out
Direction output - possibly irerted for second gear

PARAMETERS
gearchangeN.minl float rw (default0)
Minimum allowed speed in gear range 1

gearchangeN.max1 float rw (default:100000Q
Maximum allowed speed in gear range 1

gearchangeN.min2 float rw (default0)
Minimum allowed speed in gear range 2

gearchangeN.max2 float rw (default:100000Q
Maximum allowed speed in gear range 2

gearchangeN.scale2float rw (default:1.0)
Relative sale of gear 2 vs. gear 1 Since it is assumed that gear 2 is "highsgas2must be
greater than 1, and will be reset to 1 if set lower.

gearchangeN.revase bit rw (default:0)
Set to 1 to reerse the spindle in second gear

LICENSE
GPL
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gladescp(9) HAL Component gladep(9)

NAME
gladevcp - displays Virtual control Panels built with GTK / GLADE

SYNOPSIS
loadusr gladescp [-c componentnameOR] [-g WxH+Xoffset+YoffsetOXN] [-H halcmdfile] [-x win-
dowid] gladefile.glade

DESCRIPTION
gladevcp parses a glade file and displays the widgets in awvirniden calls gladevcp_makepins which
again parses the gladefile looking for specific HAL widgets then makes HAL pins and sets up updating for
them. TheHAL component name defaults to the basename of the glade file. The -x option directs glade-
vep to reparent itself under this X wingdad instead of creating its own topktwindow. The -H option
passes an input file for halcmd to be run after the gladevcp component is initialized. This is used in Axis
when running gladevcp under a tab with the EMBED_TAB_NAME/EMBED_TAB_COMMAND ini file
feature.

gladevcp supports gtkbuilder or libglade files though some widgets are not fully supported in gtkbuilder
yet.

ISSUES
For now system links need to be added in the glade library folders to point to wwidgets and catalog
files. look in lib/python/gladevcp/READ _ME for details
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NAME
gray2bin — cowert a gray-code input to binary

SYNOPSIS
loadrt gray2bin [count=N|names=name],name2.]]

DESCRIPTION
Corverts a gray-coded number into the corresponding binary value

FUNCTIONS
gray2bin.N

PINS
gray2bin.N.in u32 in
gray code in

gray2bin.N.out u32 out
binary code out
AUTHOR
andy pugh

LICENSE
GPL
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HISTOBINS(9) HAL Component
NAME

histobins — histogram bins utility for scripts/hal-histogram
SYNOPSIS

Usage:

Read &ailablebins pin for the number of bingaiable.
Set the mimalue, binsize, and nbins pins.
Ensure nbins <=vailablebins
For nbins = N, the bins are numbered: 0 ... N-1
Iterate:
Set inde pin to a bin number: 0 <= inde< nbins.
Read check pin and verify that check pin == ngi&.
Read outputs: bimlue, pextra, nextra pins.
(binvalue is count for the inded bin)
(pextra iscount for all inputs > maxvalue)
(nextra iscount for all bins < minvalue)

If index is out of range (inde< 0 or index > maxbinnumber)
then birvalue == -1.
The input-error pin is set when input rules are violated
and updates cease.
The reset pin may be used to restart.
The input used is selected based on pintype:
pintype inputpin
0 input
1 input-s32
2 input-u32
3 input-bit
Additional output statistics pins:
input-min
input-max
nsamples
variance
mean

The method input pin selects an alternate variance calculation.

Maintainers note: hardcoded for MAXBINNUMBER==200

FUNCTIONS

PINS

histobinsN (requires a floating-point thread)

histobins N.pintype u32 in

histobins N.input float in

histobins N.input-s32s32 in

histobins N.input-u32 u32 in

histobins N.input-bit bit in
histobinsN.nbins u32 in (default20)
histobinsN.binsizefloat in (default:l)
histobins N.minvalue float in (default0)
histobinsN.index s32 in
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histobinsN.checks32 out
histobins N.resetbit in
histobins N.method bit in
histobins N.input-error bit out
histobins N.binvalue float out
histobins N.pextra float out
histobins N.nextra float out
histobins N.input-min float out
histobins N.input-max float out
histobinsN.nsamplesu32 out
histobins N.variance float out
histobins N.meanfloat out
histobins N.availablebins s32 out (default200

LICENSE
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NAME
hm2_7i43 — LinuxCNC HAL dsier for the Mesa Electronics 7i43 EPP Anything IO board with HostMot2
firmware.

SYNOPSIS
loadrt hm2_7i43 [ioaddr=N[,N...]] [loaddr_hi=N[,N...]] [epp_wide=N[,N...]] [config="str[,str...]"]
[debug_eppN[,N...]]

ioaddr [default: 0x378]
The base address of the parallel port.

ioaddr_hi [default: 0]
The secondary address of the parallel port, used to set EPP thodeans to use ioaddr +
0x400.

epp_wide[default: 1]
Set to zero to disable the "wide EPP mode". "Wide" mode allows a 16- and 32-bit EPP trans-
fers, which can reduce the time spent in the read and write functions.vétotiies may not
work on all EPP parallel ports.

config [default: "]
HostMot2 config strings, described in the hostmot2(9) manpage.

debug_epp[default: 0]
Developer/debug use only! Enable debug logging of most EPP transfers.

DESCRIPTION
hm2_7i43 is a device dr that interfaces the Mesa 7i43 board with the HostMot2 firmware to the Linux-
CNC HAL. Both the 200K and the 400K FPGAs are supported.

The driver talks with the 7i43 wer the parallel port, notver USB. USBcan be used to power the 7i43, but
not to talk to it. USB communication with the 7i43 will not be supportgdiame soon, since USB has
poor real-time qualities.

The driver programs the boars’FPGA with firmware when it registers the board with the hostmot2rdri
The old bfload(1) firmware loading method is not usedremme. Insteadhe firmware to load is specified
in theconfig modparam, as described in the hostmot2(9) manpage, corifig modparansection.

Jumper settings
To nd the FPGA configuration from the PC, the board must be configured to get its firmware from the
EPP port.To do this, jumpers W4 and W5 must both be down, veatd the USB connector.

The board must be configured to power on whether or not the USB interfaceds ahis is done by set-
ting jumper W7 up, ieway from the edge of the board.

Communicating with the board
The 7i43 communicates with the LinuxCNC computear &PP the Enhanced Parallel Port. This provides
about 1 MBps of throughput, and the communication Igteneery predictable and reasonablwlo

The parallel port must support EPP 1.7 or EPP 1.9. EPP 1.9 is prefered, but EPP 1.7 will work too. The
EPP mode of the parallel port is sometimes a setting in the BIOS.

Note that the popular "NetMOS" aka "MosChip 9805" PCI parport cirdst work. They do ot meet
the EPP spec, and cannot be reliably used with the ¥d3 haveto find another card, sorry.

EPP is very reliable under normal circumstances, but bad cabling or eggdssig cabling runs may

cause communication timeouts. Thevdriexports a parameter named hm2_7i43.<BoardNum>.io_error to
inform HAL of this condition. When the dmér detects an EPP timeout, it sets io_error to True and stops
communicating with the 7i43 board. Setting io_error back to False makeswérestdit trying to
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communicate with the 7i43 again.

Access to the EPP bus is not threadsafe: only one realtime thread may access the EPP bus.

SEE ALSO
hostmot2(9)

LICENSE
GPL
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NAME
hm2_7i90 - LinuxCNC HAL dsier for the Mesa Electronics 7i90 EPP Anything IO board with HostMot2
firmware.

SYNOPSIS
loadrt hm2_7i90 [ioaddr=N[,N...]] [iloaddr_hi=N[,N...]] [epp_wide=N[,N...]] [debug_eppaN[,N...]]

ioaddr [default: 0x378]
The base address of the parallel port.

ioaddr_hi [default: 0]
The secondary address of the parallel port, used to set EPP thodeans to use ioaddr +
0x400.

epp_wide[default: 1]
Set to zero to disable the "wide EPP mode". "Wide" mode allows a 16- and 32-bit EPP trans-
fers, which can reduce the time spent in the read and write functions.vétotiies may not
work on all EPP parallel ports.

debug_epp[default: 0]
Developer/debug use only! Enable debug logging of most EPP transfers.

DESCRIPTION
hm2_7i90 is a device der that interfaces the Mesa 7i90 board with the HostMot2 firmware to the Linux-
CNC HAL.

The 7i90 firmware is stored on the 7i90 itself, it is not programmed by the afrioad time. The 7i90
firmware can be changed using the mesaflash program.

The driver talks with the 7i90 wer the parallel port, via EPP.

Communicating with the board
The 7i90 communicates with the LinuxCNC computear &PP the Enhanced Parallel Port. This provides
about 1 MBps of throughput, and the communication Igteneery predictable and reasonablwlo

The parallel port must support EPP 1.7 or EPP 1.9. EPP 1.9 is prefered, but EPP 1.7 will work too. The
EPP mode of the parallel port is sometimes a setting in the BIOS.

Note that the popular "NetMOS" aka "MosChip 9805" PCI parport cirdst work. They do ot meet
the EPP spec, and cannot be reliably used with the ¥@&0 haveto find another card, sorry.

EPP is very reliable under normal circumstances, but bad cabling or eggdssig cabling runs may

cause communication timeouts. Thevdriexports a parameter named hm2_7i90.<BoardNum>.io_error to
inform HAL of this condition. When the dwér detects an EPP timeout, it sets io_error to True and stops
communicating with the 7i90 board. Setting io_error back to False makeswéresgdit trying to commu-
nicate with the 7i90 again.

Access to the EPP bus is not threadsafe: only one realtime thread may access the EPP bus.

SEE ALSO
hostmot2(9)

LICENSE
GPL
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NAME
hm2_eth — LinuxCNC HAL drier for the Mesa Electronics Ethernet Anything IO boards, with HostMot2
firmware.

SYNOPSIS
loadrt hm2_eth [config="str[,str...]"] [board_ip=ip[,ip...]] [board_mac=mac[,mac...]|fB]

config [default: "]
HostMot2 config strings, described in the hostmot2(9) manpage.

board_ip [default: "]
The IP address of the board(s), separated by commas. As shipped, the board address is
192.168.1.121.

DESCRIPTION
hm2_eth is a device dgr that interfaces Mesa'ghernet based Anything 1/0 boards (with the HostMot2
firmware) to the LinuxCNC HAL.

The supported boards are: 7i76E, 7180DB, 7180HD, 7i92, 7i93.
The board must ka its hardware loaded on the board by the mesaflash(1) program.

hm2_eth is onlyilable when linuxcnc is configured with "uspace" realtime.

INTERFACE CONFIGURATION
hm2_eth should be used on a dedicated network interface, with only a cable between the PC and the board.
Wireless and USB network interfaces are not suitable.

These instructions assume your dedicated network interface is "ethl", 192.168.1/24 is an uwrased pri
network, that the hostmot2 board is using the default address of 192.168.1.121, that you are using Debian 7
or similar, and that you do not otherwise use iptables. if afithese are false, you will need to modify the
instructions accordinglyAfter following all the instructions, reboot so that the changesdédct.

It is particularly important to check that the network 192.168.1/24 is not alreadyvie petwork used

by your internet routebecause this is a commonly-usedue. Ifyou use another network, you will also

need to reconfigure the hostmot2 card to use an IP address on that network by using the mesaflash(1) utility
and change jumper setting§ypically, you will choose one of the networks in thevte IPv4 address
space.http://en.wikipedia.org/wiki/IPv4#Prate _network8One common alternat is PC adress

10.10.10.1, hostmot2 address 10.10.10.10.

Use of the dedicated ethernet interface while linuxcnc is running can cause violation of realtime guarantees.
hm2_eth will automatically mitigate most accidental causes of interference.

Configure network with static address
Add these lines to the file /etc/network/interfaces to configure ethl with a static address:

auto ethil
iface ethl inet static
address 192.168.1.1
har dwar e-irg-coal esce-rx-usecs 0

PACKET LOSS
While ethernet is fairly resistant to electrical noise, yreystems will not hee 100% perfect packet recep-
tion. Thehm2_eth drer has a limited ability to deal with lost pagts. Ricket loss is detected by transmit-
ting an expected read or write packet count with each request, and checking the value with each read
response. Whea lost packet is detected, thacket-error pin is asserted in that cycle, thacket-error-
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level pin is increased, and if it reaches a threshold then a permanenvébWwdeerror is signaled.

However, not all hm2 special functions knohow to properly receer from lost packts. Fr instance, the
encoder special function does not properly manage thg fedture when packets are lost. The author
believes that this can lead to rare failures in home-to-index, which ces ®#aeae consequences.

On the other hand, pid-stepper systems will run properly for extended periods of time with packet loss on
the order of .01%, as long as following error is increased enough that having stale position feedback does
not trigger a following errorAltering the HAL configuration so that during transient packet loss the pid

and motion feedback value is equal to the command value, instead of the stale feedback value, appears to
improve tuning. Thiscan be accomplished withnaux2(9) component for each feedback signal, using
packet-error as the muxaelinput.

PINS
In addition to the pins documentedhiastmot2(9) hm2_eth(9)creates additional pins:
(bit, out) hm2 <BoardType>=<BoardNum>packet-error
This pin is TRUE when the most recent cycle detected a read or writeeaedt ®ALSE at other
times.
(s32, out) hm2<BoardType=<BoardNum>packet-error-leel
This pin shows the current errowét with higher numbers indicating a greater number of recent
detected errors. The errorvébis always in the range from 0 to packet-error-limit, inclgsi
(bit, out) hm2 <BoardType=<BoardNum>packet-error-exceeded
This pin is TRUE when the current errovégis equal to the maximum, and FALSE at other
times.
PARAMETERS

In addition to the parameters documentetldstmot2(9) hm2_eth(9)creates additional parameters:

(s32, rw) hm2<BoardType=<BoardNum>packet-error-decrement
The amount deducted fropadet-error-levelin a cycle without detected read or write errors,
without going bela zero.

(s32, rw) hm2<BoardType=<BoardNum=>packet-error-increment
The amount added fmde-error-levelin a cycle without detected read or write errors, without
going ab@e packet-error-limit.

(s32, rw) hm2<BoardType=<BoardNum>packet-error-limit
The level at which a detected read or write error is treated as a permament\Wiren this error
level is reached, the boardis-error pin becomes TRUE and the condition must be manually reset.

(s32, rw) hm2<BoardType=<BoardNum>packet-read-timeout
The length of time that must pass before a read request times out. If the value is less than or equal
to 0, it is interpreted as 80% of the thread period. If the value is less than 100, it is interpreted as a
percentage of the thread period. Otherwise, it is interpreted as a time in nanosecongsade,an
the timeout is neer less than 100 microseconds.

Setting this value too W can cause spurious read errors. Setting it too high can cause realtime
delay errors.
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NOTES

BUGS

hm2_eth uses an iptables chain called "hm2-eth-rules-output" to control access to the network interface
while hal is running. The chain is created if it does not exist, and a jump to it is inserted at the beginning of
the OUTPUT chain if it is not there already you have a existing iptables setup, you can insert a direct

jump from OUTPUT to hm2-eth-rules-output in an order appropriate to your local network.

At (normal) exit, hm2_eth will reme the rules. After a crash, you can manually clear the rulesswitb
iptables -F hm2-eth-rules-output the rules are also remad by a eboot.

"hardware-irq-coalesce-rx-usecs" decreases time waiting toveegcgcket on most systems, but on at
least some Marvel-chipset NICs it is harmful. If the line does not mepgstem performance, then
remove it. A reboot is required for the value to be set back to its power-anltief hisrequires the eth-
tool package to be installed.

Some hostmot2 functions such uart are coded in a way that causes additionaltatmnased with
hm2_eth.

On the 7i92, the HAL pins for the LEDs are called CR01..CRO04, but the silkscreens are CR3..CR6.
Depending on the FPGA firmware, the LEDs may initially be under control of the ethernet engine. This
can be changed until power cycle with

el bpcom 010914000000
Depending on firmware version, this\dri may cause the hardware error LED to ligierethough the

driver and hardware are functioning normaliyhis will reportedly be fixed in future bitfile updates from
Mesa.

SEE ALSO

hostmot2(9), elbpcom(1)

LICENSE
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GPL
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NAME
hm2_pci — LinuxCNC HAL dwer for the Mesa Electronics PCl-based Anything IO boards, with HostMot2
firmware.

SYNOPSIS
loadrt hm2_pci [config="str[,str...]"]

config [default: "]
HostMot2 config strings, described in the hostmot2(9) manpage.

DESCRIPTION
hm2_pci is a device deér that interfaces MesaFCl and PC-104/Plus based Anything 1/0O boards (with the
HostMot2 firmware) to the LinuxCNC HAL.

The supported boards are: the 5i20, 5i21, 5i22, 5i23, 5i24, and 5i25 (all on PCI); the 4i65, 4i68, and 4i69
(on PC-104/Plus), and the 3x20 (using a 6i68 or 7i68 carrier card) and 6i25 (on PCI Express).

The driver optionally programs the boasdFPGA with firmware when it registers the board with the host-
mot2 driver. The firmware to load is specified in tbenfig modparam, as described in the hostmot2(9)
manpage, in theonfig modpararsection.

SEE ALSO
hostmot2(9)

LICENSE
GPL
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NAME
hm2_spi — LinuxCNC HAL drier for the Mesa Electronics SPI Anything 10 boards, with HostMot2
firmware.

SYNOPSIS
loadrt hm2_spi [config="str[,str...]"] [spidev_path=path[,path...]] [spidev_ratezate[,rate...]

config [default: "]
HostMot2 config strings, described in the hostmot2(9) manpage.

spidev_path[default: "/dev/spidev1.0"]
The path to the spi device node, a character special device in /dev

spidev_rate[default: 24000]
The desired rate of the SPI clock in kHz. If the exact specified clock isailattde, a lower
clock is used. Due to shortcomings in the spiéd@l, it is not possible for hal to report the
actual clock used.

DESCRIPTION
hm2_spi is a device dwr that interfaces Mess'SP| based Anything I/O boards (with the HostMot2
firmware) to the LinuxCNC HAL.

The supported boards are: 7190HD.
The board must va a @mpatible firmware loaded on the board by the mesaflash(1) program.

hm2_spi is only @ailable when linuxcnc is configured with "uspace" realtime.

INTERFACE CONFIGURATION
It is possible for one SPI bus to connectesal devices; in this configuration, a master device hasae
chip select lines. In order to meet realtime deadlines, hm2_spi should be used on a dedicated SPI interface
not shared with another slaes.

REALTIME PERFORMANCE OF LINUX SPIDEV DRIVERS
As of kernel 3.8, most or all kernel SPhdris do not achiee the high realtime response rate required for a
typical linuxcnc configuration. The ddr was tested with a modified version of the spi-s3c64xx Sidrdri
on the Odroid U3 platform. The patched kernel resides on gifittgs://github.com/jepler/odroid-
linux/tree/odroid-3.8.13-i

SPI CLOCK RATES
The maximum SPI clock of the 7i90 is documented as 50MHz. Other elements of the data path between
HAL and the 7i90 may impose other limitations.

SEE ALSO
hostmot2(9)

LICENSE
GPL
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NAME
hostmot2 — LinuxCNC HAL dvier for the Mesa Electronics HostMot2 firmware.

SYNOPSIS
See the config modparam section lefor Mesa card configuration. Typically hostmot2 is loaded with no
parameters unless debugging is required.

loadrt hostmot2 [debug_idrom=N] [debug_module_descriptorsi] [debug_pin_descriptorsa]
[debug_modules®]

debug_idrom [default: 0]
Developer/debug use only! Enable debug logging of the HostMot2 IDROM header.

debug_module_descriptorgdefault: 0]
Developer/debug use only! Enable debug logging of the HostMot2 Module Descriptors.

debug_pin_descriptorg[default: 0]
Developer/debug use only! Enable debug logging of the HostMot2 Pin Descriptors.

debug_moduleqdefault: 0]
Developer/debug use only! Enable debug logging of the HostMot2 Modules used.

use_serial_numbergdefault: 0]
When creating HAL pins for smart-serial devices name the pins by the board serial number rather
than which board and port thare connected toWith this option set to 1 pins will ke rames
like hm2_8i20.1234.currentrather tharhm?2_5i23.0.8i20.0.1.currentThe identifier consists of
the last 4 digits of the board serial numlwerich is normally on a sticker on the board. This will
malke wonfigs less portable, but does mean that boards can be re-connected less carefully.

DESCRIPTION
hostmot2 is a device der that interfaces the Mesa HostMot2 firmware to the LinuxCNC HAL. This
driver by itself does nothing, the boards that actually run the firmware require their eens thefore any-
thing can happen. Currently ders are sailable for the 5i20, 5i22, 5i23, 5i25, 3x20, 4i65, and 4i68 (all
using the hm2_pci module) and the 7i43 (using the hm2_7i43 module).

The HostMot2 firmware provides modules such as encoders, PWM generators, step/dir generators, and gen-
eral purpose I/O pins (GPIOs). These things are called "Modules". The firmware is configured, at
firmware compile time, to provide zero or more instances of each of these Modules.

Board I/O Pins
The HostMot2 firmware runs on an FPGA board. The board interfaces with the computer via PClI,
PC-104/Plus, or ERBENd interfaces with motion control hardware such as servos and stepper motors via
I/O pins on the board.

Each 1/O pin can be configured, at boardrgirioad time, to seevane of two purposes: either as a particu-
lar I/O pin of a particular Module instance (encogemgen, stepgen etc), or as a general purpose digital
I/O pin. By default all Module instances are enabled, and all the lsqamd’are used by the Module
instances.

The user can disable Module instances at boav@rddad time, by specifying a hostmot2 config string
modparam. Awn pins which belong to Module instances thatdnbeen disabled automatically become
GPIOs.

All IO pins hare me HAL presence, whether thieelong to an acte nodule instance or are full GPIOs.
GPIOs can be changed (at run-time) between inputs, normal outputs, and open draing aribide

HAL interface. 10pins that belong to ast Module instances are constrained by the requirements of the
owning Module, and hea a nore limited interface in HAL. This is described in the General Purpose 1/0
section bela.
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config modparam

222

All the board-dnver modules (hm2_pci and hm2_7i43) accept a load-time modparam of type string array,
named "config". This array has one config string for each board thee glould use. Each boagitonfig
string is passed to and parsed by the hostmotirdvhen the board-drer regsters the board.

The config string can contain spaces, so it is usually a good idea to wrap the whole thing in double-quotes
(the " character).

The comma character (,) separates members of the config array from each other.

For example, if your control computer has one 5i20 and one 5i23 you might load the hm2vesavidh a
HAL command (in halcmd) something dikhis:

loadrt hm2_pci config="firmware=hm2/5i20/SVST8_ 4.BIT num_encoders=3 num_pwmgens=3 num_stepgens-

Note: this assumes that the hm2_povardetects the 5i20 first and the 5i23 second. If the detection order
does not match the order of the config strings, the hostmet diill refuse to load the firmware and the
board-drver (hm2_pci or hm2_7i43) will fail to loadTo the best of my knowledge, there is no way to pre-
dict the order in which PCI boards will be detected by theediut the detection order will be consistent

as long as PCI boards are notwearound. Besto try loading it and see what the detection order is.

The valid entries in the format string are:

[firmware=F]
[num_encoders]
[ssi_chan N=abc%nq
[biss_chan N=abc%nd
[fanuc_chan_N=abc%ng
[num_resolvers=N]
[num_pwmgens=\]
[num_3pwmgens=N]
[num_stepgensH]
[stepgen_width=N]
[sserial_port_0=00000000
[num_leds=N\]
[enable_raw]

firmwar e [optional
Load the firmware specified by F into the FPGA on this board. IfimaWware=F" string is spec-
ified, the FPGA will not be re-programmed but may continue to run a previously downloaded
firmware.

The requested firmware F is fetched bywdades searches for the firmware in the system’s
firmware search path, usually /lib/firmave. Ftypically has the form "hm2/<BoardType>/ffile.bit";
a typical value for F might be "hm2/5i20/SVST8_4.BIT". The hostmot2 firmware files are sup-
plied by the hostmot2-firmware packagesilable from linuxcnc.ag and can normally be
installed by entering the command "sudo apt-get install hostmot2-firmware-5i23" to install the
support files for the 5i23 for example.

The 5i25 / 6i25 come pre-programmed with firmware and no "firmware=" string should be used
with these cards.dlchange the firmware on a 5i25 or 6i25 the "mesaflash" utility should be used
(available from Mesa). It is perfectly valid and reasonable to load these cards with no config string
at all.
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num_dplls [optional, default: -1]
The hm2dpll is a phase-locked loop timer module which may be used to trigger certain types of
encoderThis parameter can be used to disable the hm2dpll by setting the number to 0. There is
only ever one module of this type, with 4 timer channels, so the other valid numbers are -1 (enable
all) and 1, both of which end up meaning the same thing.

num_encodergoptional, default: -1]
Only enable the first N encoders. If N is -1, all encoders are enabled. If N is 0, no encoders are
enabled. IN is greater than the number of encoderailable in the firmware, the board will fail
to register.

ssi_chan_Noptional, default: "
Specifies hav the bit stream from a Synchronous Serial Interface device will be interpreted. There
should be an entry for each device connected. Only channels with a format specifier will be
enabled. (as the software can not guess data rates and bit lengths)

biss_chan_Noptional, default: "]
As for ssi_chan_N, but for BiSS devices

fanuc_chan_N[optional, default: "™
Specifies hav the bit stream from a Fanuc absolute encoder will be interpreted. There should be an
entry for each device connected. Only channels with a format specifier will be enabled. (as the
software can not guess data rates and bit lengths)

num_resolvers[optional, default: -1]
Only enable the first N resolvers. If N = -1 then all resolvers are enabled. This module does not
work with generic resolvers (unkkthe encoder module which works withyasmcoder). At the
time of writing the Hostmot2 Resolver function only works with the Mesa 7i49 card.

num_pwmgens[optional, default: -1]
Only enable the first N pwmgens. If N is -1, all pwmgens are enabled. If N is 0, no pwmgens are
enabled. IN is greater than the number of pwmgensilable in the firmware, the board will fail
to register.

num_3pwmgengoptional, default: -1]
Only enable the first N Three-phase pwmgens. If N is -1, all 3pwmgens are enabled. If N is 0, no
pwmgens are enabled. If N is greater than the number of pwmgglable in the firmware, the
board will fail to register.

num_stepgengoptional, default: -1]
Only enable the first N stepgens. If N is -1, all stepgens are enabled. If N is 0, no stepgens are
enabled. IN is greater than the number of stepgevalable in the firmware, the board will fail
to register.

stepgen_width[optional, default: 2]
Used to mask extra, unwanted, stepgen pins. Steppes tipically require only two
pins (step and dir) but the Hostmot2 stepgen ca dpi to 8 autput pins for specialised
applications (depending on firmware). This parameter applies to all stepgen instances.
Unused, masked pins will bgailable as GPIO.

sserial_port_ N (N =0 .. 3Joptional, default: 00000000 for all ports]
Up to 32 Smart Serial devices can be connected to a Mesa Anything 10 board depending
on the firmware used and the number of physical connections on the board. These are
arranged in 1-4 ports of 1 to 8 channels.
Some Smart Serial (SSLBP) cards offer more than one load-time configuration, for
example all inputs, or all outputs, or offering additional analogue input on some digital
pins.
To st the modes for port 0 use, for examgderial_port_0=0120xxxx
A’ 0'in the string sets the corresponding port to mode 0, 1 to mode 1, and so on up to
mode 9. An "X" in ap position disables that channel and makes the corresponding FPGA
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dpll

224

pins aailable as GPIO.

The string can be up to 8 characters long, and if it defines more modes than there are
channels on the port then the extras are ignored. Channel numbering is left to right so the
example abwge would set sserial device 0.0 to mode 0, 0.2 to mode2 and disable channels
0.4 onwards.

The sserial dvier will auto-detect connected devices, no further configuration should be
needed. Unconnected channels will default to GPIO, but the pin values will vary semi-
randomly during boot when card-detection runs, to it is best teelyctisable ag chan-

nel that is to be used for GPIO.

num_bspis[optional, default; -1]
Only enable the first N Buffered SPIis. If N is -1 then all the drérs are enabled.
Each BSPI dxier can address 16 devices.

num_leds[optional, default: -1]
Only enable the first N of the LEDs on the FPGA board. If N is -1, then HAL pins for all
the LEDs will be created. If N=0 then no pins will be added.

enable_raw[optional]
If specified, this turns on aweaccess mode, whereby a user can peek ane thek
firmware from HAL. See Ra Mode belav.

The hm2dpll module has pins ékhm2_<BoardType=<BoardNum=>dpll" It is likely that the

pin-count will decrease in the future and that some pins will become parameters. This module is a
phase-locked loop that will synchronise itself with the thread in which the hostmot2 "read" func-
tion is installed and will trigger other functions that are allocated to it at a specified time before or
after the "read" function runs. This can currently only be applied to the three absolute encoder
types and is intended to ensure that the data is ready when needed, and as fresh as possible.

Pins:

(float, in) hm2 <BoardType=<BoardNum=>dpll.NN.timer-us
This pin sets the triggering offset of the associated tireare are 4 timers numbered 01
to 04, represented by the NN digits in the pin name. The units are micro-seconds. Gen-
erally the value will be rggtive, so hat some action is undertaken by theafpgor to the
execution of the main hostmot2 read.

For stepgen and quadrature encoders, the value needs to be more than the maximum vari-
ation between read times. -100 will suffice for most systems, and -50 will work on sys-
tems with good performance and latgnc

For serial encoders, the value also needs to include the time it takes to transfer the abso-
lute encoder positionkor instance, if 50 bits must be read at 500kHz then subtract an
additional 50/500kHz = 100usS to get a starting value of -200.

(float, in) hm2 <BoardType=<BoardNum=>dpll.base-freq-khz
This pin sets the base frequgrmt the phase-locked loop. by default it will be set to the
nominal frequeng of the thread in which the PLL is running and wil not normally need
to be changed.

(float, out) hm2<BoardType=<BoardNum>dpll.phase-error-us
Indicates the phase eror of the DPLL. If the number cycles by a large amount it is likely
that the PLL has failed to achilock and adjustments will need to be made.
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(u32, in) hm2<BoardType=<BoardNum=>dpll.time-const
The filter time-constant for the PLL. The default value is a compromise between insensi-
tivity to single-cycle variations and being resilient to changes to the Linux
CLOCK_MONGTONIC timescale, which can instantly change by up to A+500ppm from
its nominal value, usually by timekeeping software likpd and ntpdate. Default 2000
(0x7d0)

(u32, in) hm2<BoardType=<BoardNum=>dpll.plimit
Sets the phase adjustment limit of the PLL. If the value is zero then the PLL will free-run
at the base frequepindependent of the serthread rate. This is probably not what you
want. Default 4194304 (0x400000) Units not known...

(u32, out) hm2<BoardType=<BoardNum>dpll.ddsize
Used internally by the drér, likely to disappear.

(u32, in) hm2<BoardType=<BoardNum=>dpll.prescale
Prescale factor for the rate generafafault 1.

encoder
Encoders hae rames lile "'hm2_<BoardType>=<BoardNum>encodeklnstance>'"".
"Instance" is a two-digit number that corresponds to the HostMot2 encoder instance number.
There are "num_encoders" instances, starting with 00.

So, for example, the HAL pin that has the current position of the second encoder of the first 5i20
board is: hm2_5i20.0.encoder.01.position (this assumes that the firmware in that board is config-
ured so that this HAL object ivalable)

Each encoder uses three or four input 10 pins, dependingwothkedirmware was compiled.
Three-pin encoders use A, B, and Indeometimes also known as Zyour-pin encoders use A,
B, Index, and Index-mask.

The hm2 encoder representation is similar to the one described by the Canonical Device Interface
(in the HAL General Reference document), and to the software encoder component. Each encoder
instance has the following pins and parameters:

Pins:

(s32 out) count
Number of encoder counts since the previous reset.

(float out) position
Encoder position in position units (count / scale).

(float out) velocity
Estimated encoder velocity in position units per second.

(bit in) reset
When this pin is TRUE, the count and position pins are set to 0. (The value of the veloc-
ity pin is not affected by this.) The der does not reset this pin to FALSE after resetting
the count to 0, that is the usejob.
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(bit in/out) index-enable
When this pin is set to True, the count (and therefore also position) are reset to zero on
the next Inde (Phase-Z) pulse. Atthe same time, index-enable is reset to zero to indicate
that the pulse has occurred.

(s32 out) rawcounts
Total number of encoder counts since the start, not adjusted fardndeset.

Paameters:

(float r/w) scale
Corverts from 'count’ units to 'position’ units.

(bit r/w) index-irvert
If set to True, the rising edge of the Imdaput pin triggers the Inaeavent (if index-
enable is Tue). Ifset to False, the falling edge triggers.

(bit r/w) index-mask
If set to True, the Indeinput pin only has an effect if the Index-Mask input pin is True
(or False, depending on the index-maskeihpin below).

(bit r/w) index-mask-ixert
If set to True, Index-Mask must be False for bnttehavean efect. If set to False, the
Index-Mask pin must be True.

(bit r/w) counter-mode
Set to False (the default) for Quadrature. Set to True for Step/Dir (in which case Step is
on the A pin and Dir is on the B pin).

(bit r/w) filter
If set to True (the default), the quadrature counter needs 15 clocks to register a change on
ary of the three input lines (grpulse shorter than this is rejected as noise). If set to
Fase, the quadrature counter needs only 3 clocks to register a change. The encoder sam-
ple clock runs at 33 MHz on the PCI AnylO cards and 50 MHz on the 7i43.

(float r/w) vel-timeout
When the encoder is moving slower than one pulse for each time thatvteehds the
count from the FPGA (in the hm2_read() function), the velocity is harder to estimate.
The driver can wait sgeral iterations for the next pulse to &g;idl the while reporting
the upper bound of the encoder velgaithiich can be accurately guessed. This parame-
ter specifies hw long to wait for the next pulse, before reporting the encoder stopped.
This parameter is in seconds.

(s32 riw) hm2_XiXX.N.encoder.MM.timer-num (default; -1)
Sets the hm2dpll timer instance to be used to latch encoder cdusasting of -1 does
not latch encoder count#\ setting of O latches at the same time as the main hostmot2
write. A setting of 1..4 uses a time offset from the main hostmot2 write according to the
dpll's imer-us setting.

Typically, timer-us should be a gdaive rumber with a magnitude larger than the largest
lateng (e.g., -100 for a system with mediocre latgrb0 for a system with good
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latency).

If no DPLL module is present in the FPGA firmware, or if the encoder module does not
support DPLL, then this pin is not created.

When aailable, this feature should typically be enabled. Doing so generally reduces fol-
lowing errors.

Synchronous Serial Interface (SSI)
(Not to be confused with the Smart Serial Interface)

One pin is created for each SSI instancerdiess of data format: (bit, in)
hm2_XiXX.NN.ssi.MM.data-incomplete This pin will be set "true" if the module was still trans-

ferring data when the value was read. When this problem exists there will also be a limited number
of error messages printed to the Ul. This pin should be used to monitor whether the problem has
been addressed by config changes. Solutions to the problem dpend on whether the encoder read is
being triggered by the hm2dpll phase-locked-loop timer (describea)adrdby the trigger-

encoders function (described below).

The names of the pins created by the SSI module will depend entirely on the format string for each
channel specified in the loadrt command lidetypical format string might be
ssi_chan_0O=error%1lbposition%24g

This would interpret the LSB of the bit-stream as a bit-type pin named "error" and the next 24 bits
as a Gray-coded encoder countére encoder-related HAL pins would all begin with "position”.

There should be no spaces in the format string, as this is used as a delimiter by the todde

The format consists of a string of alphanumeric characters that will form the HAL pin names, fol-
lowed by a % symbol, a bit-count and a data type. All bits in the packet must be de#néfl, e
they are not used. There is a limit of 64 bits in total.

The valid format characters and the pinyttreate are:
p: (Pad). Does not createyguins, used to ignore sections of the bit stream that are not required.

b: (Boolean).
(bit, out) hm2_XiXX.N.ssi.MM.<name>. If grbits in the designated field width are
non-zero then the HAL pin will be "true".
(bit, out) hm2_XiXX.N.ssi.MM.<name>-not. Anverted version of the alve, the HAL
pin will be "true" if all bits in the field are zero.

u: (Unsigned)

(float, out) hm2_XiXX.N.ssi.MM.<name>. The value of the bits interpeted as an
unsigned integer then scaled such that the pin value will equal the scalemax parameter
value when all bits are high. (for example if the field is 8 bits wide and the scalmax
parameter was 20 then a value of 255 would return 20, and 0 would return 0.

s: (Signed)
(float, out) hm2_XiXX.N.ssi.MM.<name>. The value of the bits interpreted as a 2s
complement signed number then scaled similarly to the unsigned variant, except symmet-
rical around zero.

f: (bitField)
(bit, out) hm2_XiXX.N.ssi.MM.<name>-NN. The value of each individual bit in the

data field. NN starts at 00 up to the number of bits in the field.
(bit, out) hm2_XiXX.N.ssi.MM.<name>-NN-not. Anverted version of the individual
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bit values.

e: (Encoder)
(s32, out) hm2_XiXX.N.ssi.MM.<name>.count. The lower 32 bits of the total encoder
counts. This value is reset both by the ...reset and the ...index- enable pins.
(s32, out) hm2_XiXX.N.ssi.MM.<name>.rawcounts. The lower 32 bits of the total
encoder counts. The pin is not affected by reset and index.
(float, out) hm2_XiXX.N.ssi.MM.<name>.position. The encoder position in machine
units. This is calculated from the full 64-bit buffers so will\stetrue value een dter
the counts pins va wrapped. It is zeroed by reset and xdeable.
(bit, I0) hm2_XiXX.N.ssi.MM.<name>.index-enable. When this pin is set "true" the
module will wait until the rev encoder counts next passes through an integer multiple of
the number of counts specified by counts-pemperameter and then it will zero the
counts and position pins, and set the index-enable pin back to "false" as a signal to the
system that "index" has been passed. this pin is used for spindle-synchronised motion
and index-homing.
(bit, in) (bit, out) hm2_XiXX.N.ssi.MM.<name>.reset. When this pin is set high the
counts and position pins are zeroed.

h: (Split encoderigh-order bits)
Some encoders (Including Fanuc) place the encoder part-turn counts and full-turn counts
in separate, non-contiguous fields. This tag defines the high-order bits of such an encoder
module. There can be only one h and one | tag per channel, the behaviour with multiple
such channels will be undefined.

I: (Split encoderlow-order bits)
Low order bits (see "h")

g: (Gray-code). This is a modifier that indicates that the following
format string is gray-code encoded. This is only valid for encoders (e, h 1) and unsigned
(u) data types.

Paameters:
Two parameters is unérsally created for all SSI instances

(float riw) hm2_XiXX.N.ssi.MM.frequency-khz
This parameter sets the SSI clock freqyeiibe units are kHz, so 500 willvg a ¢ock
frequeng of 500,000 Hz.

(s32 riw) hm2_XiXX.N.ssi.MM.timer-num
This parameter allocates the SSI module to a specific hm2dpll timer instance. This pin is
only of use in firmwares which contain a hm2dpll function and will default to 1 in cases
where there is such a function, and 0 if there is not. The pin can be used to disable reads
of the encodelby stting to a nonexistent timer numbper to Q

Other parameters depend on the data types specified in the config string.
p: (Pad) No Parameters.
b: (Boolean) No Parameters.

u: (Unsigned)
(float, riw) hm2_XiXX.N.ssi.MM.<name>.scalemax. The scaling factor for the
channel.

s: (Signed)
(float, rilw) hm2_XiXX.N.ssi.MM.<name>.scalemax. The scaling factor for the channel.
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f. (bitField): No parameters.

e: (Encoder):
(float, riw) hm2_XiXX.N.ssi.MM.<name>.scale: (float, r.w) The encoder scale in counts
per machine unit.
(u32, r/w) hm2_XiXX.N.ssi.MM.<name>.counts-per@32, r/w) Used to emulate the
index behaviour of an incemental+inkdlencoder This would normally be set to the
actual counts per veof the encoderbut can be anwhole number of revs. Integer divi-
sors or multimpilers of the true PPR might be useful for index-homing. Non-integer fac-
tors might be appropriate where there is a synchronous tio between the encoder
and the spindle or ballseve

BiSS is a bidirectional variant of SSI. Currently only a single direction is supported by LinuxCNC
(encoder to PC).

One pin is created for each BiSS instanggndiess of data format:

(bit, in) hm2_XiXX.NN.biss.MM.data-incomplete This pin will be set "true" if the module was

still transferring data when the value was read. When this problem exists there will also be a lim-

ited number of error messages printed to the Ul. This pin should be used to monitor whether the

problem has been addressed by config changes. Solutions to the problem dpend on whether the
encoder read is being triggered by the hm2dpll phase-locked-loop timer (describe)cbaby

the trigger-encoders function (described below)

The names of the pins created by the BiSS module will depend entirely on the format string for
each channel specified in the loadrt command line andvfallusely the format defined abe for

SSI. Currentlydata packets of up to 96 bits are supported by the LinuxCNé&,ddlthough the

Mesa Hostmot2 module can handle 512 bit packets. It should be possible to extend the number of
packets supported by the\di if there is a requirement to do so.

Fanuc encoder.

The pins and format specifier for this module are identical to the SSI module described abo
except that at least one pre-configured format isigeal. Amodparam of fanuc_chan_N=AA64
(case sensite) will configure the channel for a Fanuc Aa64 encotlee pins created are:

hm2_XiXX.N.fanuc.MM.batt indicatebattery state

hm2_XiXX.N.fanuc.MM.batt-not imerted version of abae
hm2_XiXX.N.fanuc.MM.comm Th®-1023 absolute output for motor commutation
hm2_XXiX.N.fanuc.MM.crc TheCRC checksum. Currently HAL has no way to use
this

hm2_XiXX.N.fanuc.MM.encodecount = Encodecounts
hm2_XiXX.N.fanuc.MM.encoder.index-enable Simulated index. Set by countsyppanamneter
hm2_XiXX.N.fanuc.MM.encodeposition Countscaled by the ...scale paramter
hm2_XiXX.N.fanuc.MM.encoder.r@counts Rw counts, unaffected by reset or index
hm2_XiXX.N.fanuc.MM.encodereset Ifhigh/true then counts and position =0
hm2_XiXX.N.fanuc.MM.\alid Indicateghat the absolute position is valid
hm2_XiXX.N.fanuc.MM.\alid-not Inverted version

resolver

Resolvers hae rames lile m2_<BoardType=<BoardNum=>resolvekinstance> <Instance is a
2-digit numberwhich for the 7i49 board will be between 00 and 05. This function only works
with the Mesa Resolver interface boards (of which the 7i49 is the only example at the time of writ-
ing). This board uses an SPI interface to the FPGA card, and will only work with the correct
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firmware. Thepins allocated will be listed in the dmesg output, but are unlikely to be usefully
probed with HAL tools.

Pins:

(float, out) angle
This pin indicates the angular position of the resolvés a rumber between 0 and 1 for
each electrical rotation.

(float, out) position
Calculated from the number of complete and partialntions since startup, reset, or
index-reset multiplied by the scale parameter.

(float, out) velocity
Calculated from the rotational velocity and the velocity-scale pararédefault scale
is electrical rotations per second.

(s32, out) count
This pins outputs a simulated encoder count at 2°24 countsvp@6i€/ 7216 counts).

(s32, out) rawcounts
This is identical to the counts pin, except it is not reset by the 'index’ or reset’ pins. This
is the pin which would be linked to the bldc HAL component if the resolver was being
used to commutate a motor.

(bit, in) reset
Resets the position and counts pins to zero immediately.

(bit, in/out) index-enable
When this pin is set high the position and counts pins will be reset the next time the
resolver passes through the zero position. At the same time the piversldw to indi-
cate to connected modules that the inloies been seen, and that the counteve baen
reset.

(bit, out) error
Indicates an error in the particular channel. If this value is "true" then the reported posi-
tion and velocity are walid.

Paameters:

(float, read/write) scale
The position scale, in machine units per resolver electrigalutéon.

(float, read/write) velocity-scale
The cowersion factor between resolver rotation speed and machine velveiyue of 1
will typically give notor speed in rps, a value of 0.01666667 wilkgapproximate)
RPM.

(u32, read/write) index-divisor (default 1)
The resolver component emulates an xnatea fiked point in the sin/cosycle. Some
resolvers hee nultiple cycles per ne(often related to the number of pole-pairs on the
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attached motor). LinuxCNC requires an iRaace per reolution for proper threading

etc. Thisparameter should be set to the number of cycles perf the resolver CAU-

TION: Which pseudo-indeis used will not necessarily be consistent between LinuxCNC
runs. Do not expect to re-start a thread after restarting LinuxCNC. It is not appropriate to
use this parameter for index-homing of axiveli

(float, read/write) excitation-khz
This pin sets the excitation frequerfor the resolverThis pin is module-kedl rather than
instance-lgel as dl resolvers share the same excitation frequenc
Valid values are 10 ("10kHz), 5 ("5kHz) and 2.5 ("2.5kHz). The actual frequency
depends on the FPGA frequgnend the correspond to CLOCK_LOW/5000,
CLOCK_LOW/10000 and CLOCK_LOW/20000 respeely. The parameter will be set
to the closestwailable of the three frequencies.
A value of -1 (the default) indicates that the current setting should be retained.

pwmgen
pwmgens hae rames lile "nm2_<BoardType=<BoardNum>pwmgen<Instance>'. "Instance"
is a two-digit number that corresponds to the HostMot2 pwmgen instance nurhbes are
'num_pwmgens’ instances, starting with 00.

So, for example, the HAL pin that enables output from the fourth pwmgen of the first 7i43 board
is: hm2_7i43.0.pwmgen.03.enable (this assumes that the firmware in that board is configured so
that this HAL object is\&ilable)

In HM2, each pwmgen uses three output 10 pins: Not-Enable, Out0, and Outl.
The function of the OutO and Outl 10 pins varies with output-type parameter (see below).

The hm2 pwmgen representation is similar to the software pwmgen component. Each pwmgen
instance has the following pins and parameters:

Pins:

(bit input) enable
If true, the pwmgen will set its Not-Enable pin false and output its pulses. If 'enable’ is
false, pwmgen will set its Not-Enable pin true and not outpysigmals.

(float input) value
The current pwmgen command value, in arbitrary units.

Paameters:

(float rw) scale
Scaling factor to corert 'value’ from arbitrary units to duty cycle: dc = value / scale.
Duty cycle has an effestt range of -1.0 to +1.0 inclus, anything outside that range
gets clipped. The default scale is 1.0.

(s32 rw) output-type
This emulates the output_type load-time argument to the software pwmgen component.
This parameter may be changed at runtime, but most of the time you probably want to set
it at startup and then lea it done. Acceptedaues are 1 (PWM on Out0 and Direction
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on Outl), 2 (Up on Out0 and Down on Outl), 3 (PDM mode, PDM on Out0 and Dir on
Outl), and 4 (Direction on Out0 and PWM on Outl, "for locked antiphase").

In addition to the per-instance HAL Parameters listedrglibere are a couple of HAL
Paameters that affect all the pwmgen instances:

(u32 rw) pwm_frequency
This specifies the PWM frequendn Hz, of all the pwmgen instances running in the
PWM modes (modes 1 and 2). This is the frequei¢he variable-duty-cycle ave Its
effective range is from 1 Hz up to 193 kHz. Note that the max frequismdetermined
by the ClockHigh frequerycof the Anything 10 board; the 5i20 and 7i43 botlvéna D0
MHz clock, resulting in a 193 kHz max PWM frequgn©ther boards may ka dffer-
ent clocks, resulting in different max PWM frequencies. If the user attempts to set the
frequeng too high, it will be clipped to the max supported freqyesfdhe board. Fre-
guencies belw about 5 Hz are not terribly accurate, butabdé Hz they’re pretty close.
The default pwm_frequegds 20,000 Hz (20 kHz).

(u32 rw) pdm_frequency
This specifies the PDM frequendn Hz, of all the pwmgen instances running in PDM
mode (mode 3). This is the "pulse slot frequency"; the frequatehich the pdm gen-
erator in the AnylO board chooses whether to emit a pulse or a space. Each pulse (and
space) in the PDM pulse train has a duration of 1/pdm_fregsenonds. Br example,
setting the pdm_frequepnto 2e6 (2 MHz) and the duty cycle to 50% results in a 1 MHz
square \ave identical to a 1 MHz PWM signal with 50% dutycte. Theeffective range
of this parameter is from about 1525 Hz up to just under 100 MHz. Note that the max
frequeng is determined by the ClockHigh frequgnef the Anything IO board; the 5i20
and 7i43 both hae a D0 MHz clock, resulting in a 100 Mhz max PDM frequen©ther
boards may hee dfferent clocks, resulting in different max PDM frequencies. If the user
attempts to set the frequgnwo high, it will be clipped to the max supported frequency
of the board. The default pdm_frequgrie 20,000 Hz (20 kHz).

3ppwmgen

232

Three-Phase PWM generators (3pwmgens) are intended for controlling the high-side and low-side
gaes in a 3-phase motor d@er. The function is included to support the Mesa motor controller
daughter-cards but can be used to control an IGBT or similar ditectly. 3pwmgens hee

names lile "hm2_<BoardType=<BoardNum>3pwmgens<instance>' where <Instance> is a

2-digit numberThere will be num_3pwmgens instances, starting at 00. Each instance allocates 7
output and one input pins on the Mesa card connectors. Outputs are: PWM A, PWM B, PWM C,
/PWM A, /[PWM B, /PWM C, Enable. The first three pins are the high sigerslrthe second

three are their complementary low-sidevers. The enable bit is intended to control the servo
amplifier The input bit is a fault bit, typically wired tover-current detection. When set the PWM
generator is disabled. The three phase duty-cycles are individually controllable from -Scale to
+Scale. Notghat 0 corresponds to a 50% duty cycle and this is the inialization value.

Pins:
(float input) A-value, B-value, C-value: The PWM command value for each phase, limited to +/-

"scale". Defaults to zero which is 50% duty cycle on high-side and low-sidepins (but see the
"deadtime" parameter)

(bit input) enable
When high the PWM is enabled as long as the fault bit is not set by the external fault
input pin. When lav the PWM is disabled, with both high- side and low-sideedsilow.

2008-05-13 LinuxCNC Documentation



HOSTMOT2(9) HAL Component HOSTMT2(9)

This is not the same as 0 output (50% duty cycle on both sets of pingjebvenéull
scale (where the Vo side drivers are "on" 100% of the time)

(bit output) fault
Indicates the status of the fault bit. This output latches high once set by the physical fault
pin until the "enable" pin is set to high.

Paameters:

(u32 rw) deadtime
Sets the dead-time between the high-sidesdturning of and the low-side dvier turn-
ing on and vice-versa. Deadtime is subtracted from on time and addétintecfym-
metrically For example with 20 kHz PWM (50 uSec period), 50% duty cycle and zero
dead time, the PWM and NPWM outputs would be squaresyNPWM being iverted
from PWM) with high times of 25 uS. With the same settings but 1 uS of deadtime, the
PWM and NPWM outputs would bothvehgh times of 23 uS (25 - (2X 1 uS), 1 uS per
edge). Thevalue is specified in nS and defaults to a rather conseeVaiD0NnS. Setting
this parameter to toowoa value could be both expersiand dangerous as if both gates
are open at the same time there is effelgtia short circuit accross the supply.

(float rw) scale
Sets the half-scale of the specified 3-phase PWM genefatdv values from -scale to
+scale are valid. Default is +/- 1.0

(bit rw) fault-invert
Sets the polarity of the fault input pin. A value of 1 means that a fault is triggered with
the pin high, and 0 means that a fault it triggered when the pin is pullebBéddault O,
fault = low so that the PWM works with the fault pin unconnected.

(u32 rw) sample-time
Sets the time during the cycle when an ADC pulse is generatedtart of PWM cycle
and 1 = end. Not currently useful to LinuxCNC. Default 0.5.

In addition the per-instance parametersvatibere is the following parameter that affects
all instances

(u32 rw) frequency
Sets the master PWM frequgn®aximum is approx 48kHz, minimum is 1kHz. Defaults
to 20kHz.

stepgen
stepgens hae rames lile "hm2_<BoardType=<BoardNum>stepgersinstance>'. "Instance'is
a two-digit number that corresponds to the HostMot2 stepgen instance nufhieee are
'num_stepgens’ instances, starting with 00.

So, for example, the HAL pin that has the current position feedback from the first stepgen of the
second 5i22 board is: hm2_5i22.1.stepgen.00.position-fb (this assumes that the firmware in that
board is configured so that this HAL objectisikble)

Each stepgen uses between 2 and 6 10 pins. The signals on these pins depends on the step_type
parameter (described below).
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The stepgen representation is modeled on the stepgen software component. Each stepgen instance
has the following pins and parameters:

Pins:

(float input) position-cmd
Target position of stepper motion, in arbitrary position units. This pin is only used when
the stepgen is in position control mode (control-type=0).

(float input) velocity-cmd
Target velocity of stepper motion, in arbitrary position units per second. This pin is only
used when the stepgen is in velocity control mode (control-type=1).

(s32 output) counts
Feedback position in counts (number of steps).

(float output) position-fb
Feedback position in arbitrary position units. This is similar to "counts/position_scale",
but has finer than step resolution.

(float output) velocity-fb
Feedback velocity in arbitrary position units per second.

(bit input) enable
This pin enables the step generator instance. When True, the stepgen instance works as
expected. Whelfrdse, no steps are generated and velocity-fb goes immediately to 0. If
the stepgen is moving when enable goes false it stops immegdidathtyut obeying the
maxaccel limit.

(bit input) control-type
Switches between position control mode (0) and velocity control mode (1). Defaults to
position control (0).

Paameters:

(float r/w) position-scale
Corverts from counts to position units. position = counts / position_scale

(float r/w) maxvel
Maximum speed, in position units per second. If set to 0, therdvill always use the
maximum possible velocity based on the current step timings and position-scale. The
max velocity will change if the step timings or position-scale changes. Defaults to 0.

(float r/w) maxaccel
Maximum acceleration, in position units per second per second. Defaults to 1.0. If set to
0, the drver will not limit its acceleration at all - this requires that the position-cmd or
velocity-cmd pin is diwen in a way that does not exceed the mactdrapabilities. This
is probably what you want if you're going to be using the LinuxCNC trajectory planner to
jog or run G-code.
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(u32 r/w) steplen
Duration of the step signal, in nanoseconds.

(u32 r/w) stepspace
Minimum interval between step signals, in nanoseconds.

(u32 r/w) dirsetup
Minimum duration of stable Direction signal before a step begins, in nanoseconds.

(u32 r/w) dirhold
Minimum duration of stable Direction signal after a step ends, in nanoseconds.

(u32 r/w) step_type
Output format, lile the step_type modparam to the software stegen(9) compdhent.
Step/Dir 1 = Up/Down, 2 = Quadrature, 3+ = table-lookup mode. In this mode the
step_type parameter determinesvhong the step sequence is. Additionally the step-
gen_width parameter in the loadrt config string must be set to suit the number of pins per
stepgen required. Arstepgen pins ah@ tis number will be ilable for GPIO. This
mask defaults to 2. The maximum length is 16. Note that Table mode is not enabled in
all firmwares but if you see GPIO pins between the stepgen instances in the dmesg/log
hardware pin list then the option may heikble.

In Quadrature mode (step_type=2), the stepgen outputs one complete Gray cycle (00 &4 01
411410 4a0) for each "step" it takes. In table mode up to 6 10 pins are individually con-
trolled in an arbitrary sequence up to 16 phases long.

(u32 r/w) table-data-N
There are 4 table-data-N parameters, table-data-0 to table-data-3. These each contain 4
bytes corresponding to 4 stages in the step sequence. For example table-data-0 =
0x00000001 would set stepgen pin v@ls called "Step"” in the dmesg output) on the
first phase of the step sequence, and table-data-4 = 0x20000000 would set stepgen pin 6
("Table5Pin" in the dmesg output) on the 16th stage of the step sequence.

(s32 riw) hm2_XiXX.N.stepgen.MM.timer-num (default; -1)
Sets the hm2dpll timer instance to be used to latch stepgen céuseting of -1 does
not latch encoder count#\ setting of O latches at the same time as the main hostmot2
write. A setting of 1..4 uses a time offset from the main hostmot2 write according to the
dpll's imer-us setting.

Typically, timer-us should be a gdaive rumber with a magnitude larger than the largest
lateng (e.g., -100 for a system with mediocre laterb0 for a system with good
latency).

If no DPLL module is present in the FPGA firmware, or if the stepgen module does not
support DPLL, then this pin is not created.

When aailable, this feature should typically be enabled. Doing so generally reduces fol-
lowing errors.

Smart Serial Interface
The Smart Serial Interface allows up to 32 different devices such as the Mesa 8i20 2.2kW 3-phase
drive a 7i64 48-way IO cards to be connected to a single FPGA card. TNwee alito-detects the
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BSPI

UART

connected hardware port, channel and device type. Devices can be connegemtderaio any
active channel of an acte port. (seehe config modparam definition afm).

For full details of the smart-serial devices se&n sserial

The BSPI (Buffered SPI) deér is unusual in that it does not createy&hAL pins. Instead the

driver exports a set of functions that can be used by a sulerdlor the attached hardware. Typi-

cally these would be written in the "comp" pre-processing language: see http://linux-
cnc.org/docs/htmli/hal_comp.html or man comp for further details. See man mesa_7i65 and the
source of mesa_7i65.comp for details of a typical suedriSee man hm2_bspi_setup_chan,

man hm2_bspi_write_chan, man hm2_tram_add_bspi_frame, man hm2_allocate_bspi_tram, man
hm2_bspi_set read_funtion and man hm2_bspi_set_write_function for the exported functions.

The names of thevailable channels are printed to standard output during thier doiading
process and takhe form hm2_<board name>.<board index>.bspi.<index> For example
hm2_5i23.0.bspi.0

The UART driver dlso does not create wRAL pins, instead it declares tnample read/write

functions and a setup function to be utilised by user-written coggcally this would be written

in the "comp" pre-processing language: see http://linuxcnc.org/docs/html/hal_comp.html or man
comp for further details. See man mesa_uart and the source of mesa_uart.comp for details of a
typical sub-dwer. See man hm2_uart_setup_chan, man hm2_uart_send, man hm2_uart_read and
man hm2_uart_setup.

The names of thevailable uart channels are printed to standard output during the drading
process and takthe form hm2_<board name>.<board index>uart.<index> For example
hm2_5i23.0.uart.0

General Purpose 1/0

236

I/O pins on the board which are not used by a module instance are exported to HAL as "full”
GPIO pins. Full GPIO pins can be configured at run-time to be inputs, outputs, or open drains,
and hae a HAL interface that exposes this flexibilityO pins that are owned by an a&inodule
instance are constrained by the requirements of the owning module varal stricted HAL
interface.

GPIOs hae rames lilke "hm2_<BoardType=<BoardNum=>gpio<IONum>". IONumis a three-
digit number The mapping from IONum to connector and pin-on-that-connector is written to the
syslog when the drér loads, and i§ documented in Mesa'manual for the Anything I/O boards.

So, for example, the HAL pin that has the curremgrited input value read from GPIO 012 of the
second 7i43 board is: hm2_7i43.1.gpio.012.in-not (this assumes that the firmware in that board is
configured so that this HAL object igailable)

The HAL parameter that controls whether the last GPIO of the first 5i22 is an input or an output is:
hm2_5i22.0.gpio.095.is_output (this assumes that the firmware in that board is configured so that
this HAL object is gailable)

The hm2 GPIO representation is modeled after the Digital Inputs and Digital Outputs described in

the Canonical Device Interface (part of the HAL General Reference document). Each GPIO can
have the following HAL Pins:
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(bit out) in & in_not
State (normal and werted) of the hardware input pin. Both full GPIO pins and IO pins
used as inputs by aeti nodule instances ka tese pins.

(bit in) out
Value to be written (possibly werted) to the hardware output pin. Only full GPIO pins
have this pin.

Each GPIO can a the following Parameters:

(bit r/w) is_output
If set to O, the GPIO is an input. The IO pin is put in a high-impedance state (weakly
pulled high), to be dvien by aher deices. Thdogic value on the 10 pin isvailable in
the "in" and "in_not" HAL pins. Writes to the "out" HAL pinvero efect. Ifthis
parameter is set to 1, the GPIO is an output; its behavior then depends on the

"is_opendrain" parameteOnly full GPIO pins hae this parameter.

(bit r/w) is_opendrain
This parameter only has an effect if the "is_output" parameter is true. If this parameter is
false, the GPIO belvas as a nrmal output pin: the IO pin on the connector is@rito
the value specified by the "out" HAL pin (possiblyerted), and the value of the "in" and
"in_not" HAL pins is undefined. If this parameter is true, the GPIO\mstes an pen-
drain pin. Writing 0 to the "out" HAL pin dres the 10 pin lav, writing 1 to the "out"
HAL pin puts the IO pin in a high-impedance state. In this high-impedance state the 10
pin floats (weakly pulled high), and other devices cavedhie value; the resulting value

used as outputs by aatinodule instances ka this parameter.

(bit r/w) invert_output
This parameter only has an effect if the "is_output" parameter is true. If this parameter is
true, the output value of the GPIO will be thearse of the value on the "out" HAL pin.
Only full GPIO pins and 10 pins used as outputs byactiodule instances ke tis

parameter.
led
Creates HAL pins for the LEDs on the FPGA board.
Pins:
(bit in) CR<NN>
The pins are numbered from CRO1 upwards with the name corresponding to the PCB
silkscreen. Setting the bit to "true" or 1 lights the led.
Watchdog

The HostMot2 firmware may include a watchdog Module; if it does, the hostmet® wiill use
it. TheHAL representation of the watchdog is named "hgBoardType>.<Board-
Num>.watchdog".

The watchdog starts out asleep and iractOnce you access the board the first time by running

the hm2 write() HAL function (see below), the watchdog wakes up. From them on it must be pet-
ted periodically or it will bite. Pet the watchdog by running the hm2 write() HAL function.

LinuxCNC Documentation 2008-05-13 237



HOSTMOT2(9) HAL Component HOSTMT2(9)

When the watchdog bites, all the boardO pins are disconnected from their Module instances

and become high-impedance inputs (pulled high), and all communication with the board stops.

The state of the HostMot2 firwmare modules is not disturbed (except for the configuration of the

IO Pins). Encoder instances keep counting quadrature pulses, and pwm- and step-generators keep
generating signals (which are *not* relayed to the motors, because the |0 Rirtet@me

inputs).

Resetting the watchdog (by clearing the has_bit pin, see below) resumes communication and resets
the 1/0 pins to the configuration chosen at load-time.

If the firmware includes a watchdog, the following HAL objects will be exported:

Pins:

(bit in/out) has_hit
True if the watchdog has bit, False if the watchdog has not bit. If the watchdog has bit
and the has_bit bit is True, the user can reset it to False to resume operation.

Paameters:

(u32 read/write) timeout_ns
Watchdog timeout, in nanoseconds. This is initialized to 5,000,000 (5 milliseconds) at
module load time. If more than this amount of time passes between calls to the hm2
write() function, the watchdog will bite.

Raw Mode

238

If the "enable_raw" configégword is specified, some extra debugging pins are medilalsle in
HAL. Theraw mode HAL pin names begin with "hm2BoardType=<BoardNum=>raw".

With Rav mode enabled, a user may peek andepbé firmware from HAL, and may dump the
internal state of the hostmot2 vhi to the syslog.

Pins:

(u32in) read_address
The bottom 16 bits of this is used as the address to read from.

(u32 out) read_data
Each time the hm2_read() function is called, this pin is updated with the value at
.read_address.

(u32 in) write_address
The bottom 16 bits of this is used as the address to write to.

(u32in) write_data
This is the value to write to .write_address.

(bit in) write_strobe
Each time the hm2_write() function is called, this pinkareined. Ifit is True, then
value in .write_data is written to the address in .write_address, and .write_strobe is set
back to False.
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(bit infout) dump_state
This pin is normally Blse. Ifit gets set to True the hostmot2wdriwill write its repre-
sentation of the boarglinternal state to the syslog, and set the pin back to False.

Setting up Smart Serial devices
See man setsserial for the current way to set smart-serial eeprom parameters.

FUNCTIONS

hm2_<BoardType=<BoardNum=>read-request
On boards with long turn around time for reads (at the time of writing, this applies only to
ethernet boards), this function sends a read request. When multiple boards are used, this
can reduce the senthread &ecution time. In this case, the appropriate thread order
would be
addf hnR_7i 80. 0. read- r equest
addf hnR_7i 80. 1. read- r equest
addf hnR_7i 80. 0. read
addf hnR_7i 80. 1. read
which causes the read request to be sent to board 1 before waiting for the response to the
read request to ame from board O.

hm2_<BoardType=<BoardNum=>read
This reads the encoder counters, stepgen feedbacks, and GPIO input pins from the FPGA.

hm2_<BoardType=<BoardNum=>write
This updates the PWM duty cycles, stepgen rates, and GPIO outputs on the FPGA. Any
changes to configuration pins such as stepgen timing, GR&3ions, etc, are also
effected by this function.

hm2_<BoardType=<BoardNum=>read_gpio
Read the GPIO input pins. Note that the effect of this function is a subset of the effect of
the .read() function described aleo Normally only .read() is used. The only reason to
call this function is if you want to do GPIO things in a faster-thanesbread. (This
function is not =ailable on the 7i43 due to limitations of the EPP bus.)

hm2_<BoardType=<BoardNum=>write_gpio
Write the GPIO control registers and output pins. Note that the effect of this function is a
subset of the effect of the .write() function describedrabblormally only .write() is
used. Thenly reason to call this function is if you want to do GPIO things in a faster-
than-sero thread. (Thidunction is not gailable on the 7i43 due to limitations of the
EPP bus.)

hm2_<BoardType><BoardNum=>trigger-encoders
This function will only appear if the firmware contains a BiSS, Fanuc or SSI encoder
module and if the firmare does not contain a hm2dpll module (qv) or if the modparam
contains num_dplls=0. This function should be inserted first in the thread so that the
encoder data is ready when the maim2_XiXX.NN.read function runs. An error mes-
sage will be printed if the encoder read is not finished in time. It may be possibbidto a
this by increasing the data rate. If the problem persists and if "stale" data is acceptable
then the function may be placed later in the thread, allowing a fubl sgele for the data
to be transferred from the devices.\hidable it is better to use the synchronous hm2dpll
triggering function.

SEE ALSO
hm2_7i43(9)
hm2_pci(9)
Mesas documentation for the Anything 1/0O boards, at <http://www.mesanet.com>
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LICENSE
GPL
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NAME
hypot — Three-input hypotenuse (Euclidean distance) calculator

SYNOPSIS
loadrt hypot [count=N|names=name],name2.]]

FUNCTIONS
hypot.N (requires a floating-point thread)

PINS
hypot.N.inO float in
hypot.N.in1 float in
hypot.N.in2 float in
hypot.N.out float out
out = sgrt(in0"2 +in1"2 + in2°2)

LICENSE
GPL
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NAME
ilowpass — Low-pass filter with integer inputs and outputs
SYNOPSIS
loadrt ilowpass [count=N|names=name],name2.]]
DESCRIPTION
While it may find other applications, this component was written to create smoother motion while jogging
with an MPG.

In a machine with high acceleration, a short jog can\meHmost like a $ep function. By putting the
ilowpasscomponent between the MPG encoceuntsoutput and the axis jog-counts input, this can be
smoothed.

Choosescaleconservatiely so that during a single session there willandoe nore than about 2e$tale

pulses seen on the MPG. Chogsén according to the smoothingvie desired. Dvide the axis\.jog-
scale values bgcale

FUNCTIONS
ilowpassN (requires a floating-point thread)
Update the output based on the input and parameters
PINS
ilowpassN.in s32 in
ilowpassN.out s32 out
out tracksin*scalethrough a low-pass filter @fain per period.

PARAMETERS
ilowpassN.scalefloat rw (default1024
A scale factor applied to the output value of the low-pass filter.
ilowpassN.gain float rw (default.5)
Together with the period, sets the rate at which the output changes. Useful range is between 0 and

1, with higher values causing the input value to be tracked more quigkiynstance, a setting of
0.9 causes the output value to go 90% of the wagrtts the input value in each period

AUTHOR
Jef Epler <jepler@unpythonic.net>

LICENSE
GPL
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NAME

integ — Integrator with gain pin and windup limits
SYNOPSIS

loadrt integ [count=N|names=name],name2.]]

FUNCTIONS
integ.N (requires a floating-point thread)

PINS
integ.N.in float in
integ.N.gain float in (default:1.0)
integ.N.out float out
The discrete integral of 'gain * in’ since reset’ was deasserted

integ.N.resetbit in
When asserted, set out to 0

integ.N.max float in (default:1e2Q
integ.N.min float in (default-1e2Q

LICENSE
GPL
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NAME
invert — Compute the werse of the input signal

SYNOPSIS
The output will be the mathematical/anse of the input, ieut = 1/in. The parameteleadbandcan be
used to control he close to 0 the denominator can be before the output is clampediemfbandmust
be at least 1e-8, and must be pusiti

FUNCTIONS
invert. N (requires a floating-point thread)

PINS
invert. N.in float in
Analog input value

invert. N.out float out
Analog output value

PARAMETERS
invert. N.deadbandfloat rw
Theout will be zero ifin is betweendeadbandand +eadband

LICENSE
GPL
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NAME

joyhandle - sets nonlinear joypad vements, deadbands and scales
SYNOPSIS

loadrt joyhandle [count=N|namessname],name2.]]
DESCRIPTION

The componenjpyhandle uses the following formula for a non linear joypadveroents:
y = (scale * (a*x"power + b*x)) + offset

The parameters a and b are adjusted in such ahedyhe function starts at (deadband,offset) and ends at
(1,scale+offset).

Negative values will be treated point symetrically to origin. Values -deadband < x < +deadband will be set
to zero.

Values x > 1 and x < -1 will be skippedt¢scale+offset). Ivert transforms the function to a progressi
maovement.

With power one can adjust the nonlinearity (default = 2). Default for deadband is 0.

Valid values are: power >= 1.0 (reasonable values are 1.x .. 4eTigdler power-values for higher dead-
bands (>0.5), if you want to start with a nearly horizontal slope), 0 <= deadband < 0.99 (reasonable 0.1).

An additional offset component can be set in special cases (default = 0).

All values can be adjusted for each instance separately.

FUNCTIONS
joyhandle.N (requires a floating-point thread)

PINS
joyhandle.N.in float in
joyhandle.N.out float out

PARAMETERS
joyhandle.N.power float rw (default2.0)
joyhandle.N.deadbandfloat rw (default0.)
joyhandle.N.scalefloat rw (default:1.)
joyhandle.N.offsetfloat rw (default0.)
joyhandle.N.inverse bit rw (default:0)

LICENSE
GPL
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NAME
kins — kinematics definitions for LinuxCNC

SYNOPSIS
loadrt trivkins

loadrt rotatekins
loadrt tripodkins
loadrt genhexkins
loadrt maxkins
loadrt genserkins
loadrt pumakins
loadrt scarakins

DESCRIPTION
Rather than exporting HAL pins and functions, these components provide the forwardeeselkmemat-
ics definitions for LinuxCNC.

trivkins — Trivial Kinematics
There is a 1:1 correspondence between joints agsl aMoststandard milling machines and lathes use the
trivial kinematics module.

rotatekins — Rotated Kinematics
The X and Y axes are rotated 45 degrees compared to the joints 0 and 1.

tripodkins — Tripod Kinematics
The joints represent the distance of the controlled point from three predefined locations (the motors), giving
three degrees of freedom in position (XYZ)

tripodkins.Bx
tripodkins.Cx
tripodkins.Cy
The location of the three motors is (0,0), (Bx,0), and (Cx,Cy)

genhexkins — Hexapod Kinematics
Gives x degrees of freedom in position and orientation (XYZABC). The location of base and platform
joints is defined by hal parameters. The forward kinematics iteration is controlled by hal pins.

genhexkins.baséN.x
genhexkins.basé\.y
genhexkins.baséN.z
genhexkins.platformN.x
genhexkins.platformN.y
genhexkins.platformN.z

Paameters describing théth joint's coordinates.
genhexkins.comergence-criterion

Minimum error value that ends iterations with eenged solution.
genhexkins.limit-iterations

Limit of iterations, if exceeded iterations stop with novangence.
genhexkins.max-error

Maximum error value, if exceeded iterations stop with novergence.
genhexkins.last-iterations

Number of iterations spent for the last forward kinematics solution.
genhexkins.max-iterations

Maximum number of iterations spent for a eenged solution during current session.
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maxkins — 5-axis kinematics example
Kinematics for Chris Radektabletop 5 axis mill named 'max’ with tilting head (B axis) and horizintal
rotary mounted to the table (C axis). Provides UVW motion in the rotated coordinate system. The source
file, maxkins.c, may be a useful starting point for other 5-axis systems.

genserkins — generalized serial kinematics
Kinematics that can model a general serial-link manipulator with up to 6 angular joints.

The kinematics use Denavit-Hartenipeefinition for the joint and links. The DH definitions are the ones
used by John J Craig in "Introduction to Robotics: Mechanics and Control" The parameters for the manipu-
lator are defined by hal pins.

genserkins.AN
genserkins.ALPHA-N
genserkins.DN
Paameters describing thith joint's geometry.

pumakins — kinematics for puma typed robots
Kinematics for a puma-style robot with 6 joints

pumakins.A2
pumakins.A3
pumakins.D3
pumakins.D4
Describe the geometry of the robot

scarakins — kinematics for SCARA-type robots
scarakins.D1
Vertical distance from the ground plane to the center of the inner arm.

scarakins.D2
Horizontal distance between joint[0] axis and joint[1] axis, ie. the length of the inner arm.

scarakins.D3
Vertical distance from the center of the inner arm to the center of the outer arm. May lve positi
or ngyaive cepending on the structure of the robot.

scarakins.D4
Horizontal distance between joint[1] axis and joint[2] axis, ie. the length of the outer arm.

scarakins.D5
Vertical distance from the end effector to the tooltip. Pesitreans the tooltip is lower than the
end effectarand is the normal case.

scarakins.D6
Horizontal distance from the centerline of the end effector (and the joints 2 and 3 axis) and the
tooltip. Zeromeans the tooltip is on the centerline. Non-zero values should bergadkitega
tive they introduce a 180 degree offset on the value of joint[3].

SEE ALSO
Kinematicssection in the LinuxCNC documentation
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NAME

knob2float — Cowert counts (probably from an encoder) to a float value
SYNOPSIS

loadrt knob2float [count=N|names=sname],name2.]]
FUNCTIONS

knob2float.N (requires a floating-point thread)

PINS
knob2float.N.countss32 in
Counts

knob2float.N.enablebit in
When TRUE, output is controlled by count, when FALSE, output is fixed

knob2float.N.scalefloat in
Amount of output change per count

knob2float.N.out float out
Output value

PARAMETERS
knob2float.N.max-out float rw (default:1.0)
Maximum output value, further increases in count will be ignored

knob2float.N.min-out float rw (default0.0)
Minimum output value, further decreases in count will be ignored

LICENSE
GPL
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NAME

latencybins — comp utility for scripts/latency-histogram
SYNOPSIS

Usage:

Read &ailablebins pin for the number of bingaiable.
Set the maxbinnumber pin for the number of +/- bins.
Ensure maxbinnumber <wvalablebins
For maxbinnumber = N, the bins are numbered:
-N ... 0... + N bins
(the -0 bin is not populated)
(total effectve bins = 2*maxbinnumber +1)
Set nshinsize pin for the binsize (ns)
Iterate:

Set inde pin to a bin number: 0 <= inde<= maxbinnumber.

Read check pin and verify that check pin == ingi&.
Read output pins:
pbinvalue is count for bin = +index
nbinvalue is count for bin = -index
pextra iscount for all bins > maxbinnumber
nextra iscount for all bins < maxbinnumber
latency-min is max rggtive latency
latency-max is max posit latency

If index is out of range ( inde< 0 or index > maxbinnumber)

then pbirvalue = nbivalue = -1.
The reset pin may be used to restart.
The lateng pin outputs the instantaneous latgnc

Maintainers note: hardcoded for MAXBINNUMBER==1000

FUNCTIONS

PINS

latencybinsN

latencybinsN.maxbinnumber s32 in (default1000
latencybinsN.index s32 in

latencybinsN.resetbit in
latencybinsN.nsbinsizes32 in
latencybinsN.checks32 out
latencybinsN.latency s32 out
latencybinsN.latency-maxs32 out
latencybinsN.latency-min s32 out
latencybinsN.pbinvalue s32 out
latencybinsN.nbinvalue s32 out
latencybinsN.pextra s32 out
latencybinsN.nextra s32 out
latencybinsN.variance s32 out
latencybinsN.availablebins s32 out (defaulti000

LICENSE

GPL
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NAME

HAL Component LCD(9)

lcd — Stream HAL data to an LCD screen

SYNOPSIS

loadrt Icd fmt_strings=""Plain Text %4.4f\nAnd So on|Second Page, Next Inst""

FUNCTIONS

Icd (requires a floating-point thread). All LCD instances are updated by the
same function.

PINS
Icd.NN.out (u32) out
The output byte stream is sent via this pin. One character isveentigead irocation. There in
no handshaking provided.
Icd.NN.pagePParg.NN (float/s32/u32/bit) in
The input pins heae types matched to the format string specifiers.
Icd.NN.page_num(u32) in
Selects the page numbbtultiple layouts may be defined, and this pin switches between them.
Icd.NN.contrast (float) in
Attempts to set the contrast of the LCD screen using the byte sequence ESC C and then a value
from 0x20 to OxBF(matching the Mesa 7i73). The value should be between 0 and 1.
PARAMETERS
Icd.NN.decimal-separator(u32) rw
Sets the decimal separator used for floating point numbers. The default value is 46 (Ox2E) which
corresponds to ".". If a comma is required then set this parameter to 44 (0x2C).
DESCRIPTION

250

Icd takes format strings much ékhose used in C and maather languages in the printf and scanf func-
tions and their variants.

The component was written specifically to support the Mesa 7i73 pendant caortosliere it may be of

use streaming data to other character devices and, as the output format mimics the ADM3 terminal format,
it could be used to stream data to a serial device. Perapa genuine ADM3. The strings contain a

mixture of text values which are displayed directhscaped" formatting codes and numerical format
descriptors. Br a detailed description of formatting codes see: http://en.wikipedia.org/wiki/Printf

The component can be configured to display an unlimited number of differently-formatted pages, which
may be selected with a HAL pin.

Escaped codes
\n Inserts a clear-to-end, carriage return and line feed charBtttewill still linefeed and clear
evan if an automatic wrap has occurred (Icd has no knowledge of the width of the Icd display.) To
print in the rightmost column it is necessary towltbe format to wrap and omit the \n code.
\t Inserts a tab (actually 4 spaces in the current version rather than a true tab.)
\NN inserts the character defined by the hexadecimal code NN.

\\ Inserts a literal \.

Numerical formats

Icd differs slightly from the standard printf caentions. One significant difference is that width
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limits are strictly enforced to prent the LCD display wrapping and spoiling the layout. The field
width includes the sign character so thajaige rumbers will often hee a snaller valid range
than positte. Numbers that do not fit in the specified width are displayed as a line of asterisks

(******** )

Each format begins with a "%" symbol. (For a literal % use "%%"). Immediately after the % the
following modifiers may be used:

"" (space) Pad the number to the specified width with spaces. This is the default and is not strictly
necessary.

"0" Pad the number to the specified width with the numeral 0.

"+" Force display of a + symbol before pogitiumbers. This (lik the - sign) will appear imme-
diately to the left of the digits for a space-padded number and in the extreme left position for a
0-padded number.

"1234567890" A numerical entry (other than the leading ®@gbdefines the total number of
characters to display including the decimal separator and the sign. Whilst this number can be as
mary digits as required the maximum field width is 20 characters. The inherent precison of the
"double" data type means that more than 14 digits will tend to efrors in the least significant
digits. The integer data types willvee fill more than 10 decimal digits.

Fadlowing the width specifier should be the decimal specifieis can only be a full-stop charac-
ter (.) as the comma (,) is used as the instance sepatatoently lcd does not access the locale
information to determine the correct separator andi¢icémal-separatorparameter should be
used.

Fadlowing the decimal separator should be a number that determinesidngy places of decimals
to display This entry is ignored in the case of integer formats.

All the abore nodifiers are optional, but to specify a decimal precision the decimal point must pre-
cede the precision. For example %.3f.
The default decimal precision is 4.

The numerical formats supported are:

%f %F (for example, %+09.3f) These create a floating-point type HAL pin. The example would
be displayed in a 9-character field, with 3 places of decimals, . as a decimal sgpaddaat to

the left with Os and with a sign displayed for both pesithd neyaive. Corversely a plain %f

would be 6 digits of decimal, variable format width, with a sign only shown fgative rumbers.
both %f and %F create exactly the same format.

%i %d (For example %+ 4d) Creates a signed (s32) HAL pin. The example would display the
value at a fixed 4 characters, space padded, width including the + giving a range of +999 to -999.
%i and %d create identical output.

%u (for example %08u) Creates an unsigned (u32) HAL pin. The example would be a fixed 8
characters wide, padded with zeros.

%X, %X Creates an unsigned (u32) HAL pin and displays the valuexadéeimal. Boti#ox

and %X display capital letters for digits ABCDExwidth may be specified, though the u32 HAL
type is only 8 he digits wide.

LinuxCNC Documentation 2012-09-17 251



LCD(9) HAL Component LCD(9)

%0 Creates an unsigned (u32) pin and displays the value in Octal.

%c Creates a u32 HAL pin and displays the character corresponding to the value of the pin. Val-
ues less than 32 (space) are suppressed. A width specifier may be used, for example %20c might
be used to create a complete line of one character.

%b This specifier has no egalent in printf. It creates a bit (boolean) type HAL pin. The b

should be followed by tavcharacters and the display will stadhe first of these when the pin is

true, and the second when false. Note that the charactexs, fiadiopreceed the "b", unlkthe

case with other formats. The characters may be "escapad/aliees. For example "%b\FF " will
display a solid black block if true, and a space if false and "%b\7F\7E" would display right-arrow
for false and left-arno for true. An unexpected value of 'E’ indicates a formatting error.

PagesThe page separator is the "|" (pipe) charafehe actual character is needed then \7C may
be used). A "Page" in this context refers to a separate format which may be displayed on the same
display.

InstancesThe instance separator is the comma. This creates a completely separate Icd instance,
for example to dvie a £cond Icd display on the second 7i73. The use of comma to separate
instances is built in to the modparam reading code soveotescaped commas "\," can be used. A
comma may be displayed by using the \2C sequence.

AUTHOR
Andy Pugh

LICENSE
GPL
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NAME
limitl — Limit the output signal to fall between min and max

SYNOPSIS
loadrt limitl [count= N|Jnames=name],name2.]]

FUNCTIONS
limitl. N (requires a floating-point thread)

PINS
limit1. N.in float in
limit1. N.out float out

PARAMETERS
limit1l. N.min float rw (default-1e2Q
limitl. N.max float rw (default1e2Q

LICENSE
GPL
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NAME

LIMIT2(9)

limit2 — Limit the output signal to fall between min and max and limit it& stte to less than maxv per
second. Whethe signal is a position, this means that position and velocity are limited.

SYNOPSIS
loadrt limit2 [count= N|Jnames=name],name2.]]

FUNCTIONS
limit2. N (requires a floating-point thread)

PINS
limit2. N.in float in
limit2. N.out float out
limit2. N.load bit in
When TRUE, immediately seut to in, ignoring maxv

PARAMETERS
limit2. N.min float rw (default-1e2Q
limit2. N.max float rw (default1e2Q
limit2. N.maxv float rw (default1e20

LICENSE
GPL
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NAME
limit3 — Limit the output signal to fall between min and max, limit itsvalate to less than maxv per sec-
ond, and limit its second deative o less than maxa per second squared. When the signal is a position,
this means that the position, velocitgd acceleration are limited.

SYNOPSIS
loadrt limit3 [count= N|Jnames=name],name2.]]

FUNCTIONS
limit3. N (requires a floating-point thread)

PINS
limit3. N.in float in
limit3. N.out float out
limit3. N.load bit in
When TRUE, immediately seut to in, ignoring maxv and maxa

limit3. N.min float in (default-1e2Q
limit3. N.max float in (default1e2Q

limit3. N.maxv float in (default:1e20
limit3. N.maxafloat in (default1e20

LICENSE
GPL
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NAME
lincurve — ane-dimensional lookup table

SYNOPSIS
loadrt lincur ve [count=N|namessname],name2.]] [personality=P,P,.]

DESCRIPTION
This component can be used to map fwating-point input to a floating-point output. Typical uses would
include linearisation of thermocouples, defining PID gains that vary with external factors or to substitute for
ary mathematical function where absolute accuiiaaot required.

The component can be thought of as a 2-dimensional graph of points in (X,y) space joined by straight lines.
The input value is located on the x axis, followed up until it touches the line, and the output of the compo-
nent is set to the corresponding y-value.

The (x,y) points are defined by the x-val-NN and y-val-NN parameters which need to be set in the HAL file
using "setp" commands.

The maximum number if (X,y) points supported is 16.

For input values less than the x-val-00 breakpoint the y-val-00 is retuRoed.greater than the largest x-
val-NN the yval corresponding to x-max is returned (ie, no extrapolation is performed.)

Sample usage: loadrt lincwneount=3 personality=4,4,4 for a set of three 4-element graphs.

FUNCTIONS
lincurve.N (requires a floating-point thread)

PINS
lincur ve.N.in float in
The input value

lincur ve.N.out float out
The output value

lincurve.N.out-io float io
The output value, compatible with PID gains

PARAMETERS
lincur ve.N.x-val-MM float rw (MM=00..personality)
axis breakpoints

lincur ve.N.y-val-MM float rw (MM=00..personality)
output values to be interpolated

AUTHOR
Andy Pugh

LICENSE
GPL
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NAME
logic — LinuxCNC HAL component providing configurable logic functions

SYNOPSIS
loadrt logic [count=N|namessame],name2.]] [personality=P,P,. ]

DESCRIPTION
General ‘logic function’ component. Can perform ‘and’, ‘or’ and ‘xor’ of up to 16 inputs.

Determine the proper value for ‘personality’ by adding the inputs and outputs thert torex:
e The number of input pins, usually from 2 to 16

e 256 (0x100) if the ‘and’ output is desired

e 512 (0x200) if the ‘or’ output is desired

1024 (0x400) if the ‘xor’ (excluse a) output is desired

Outputs can be combined, for example 2 + 256 + 1024 = 1282rtethto he would be 0x502 and would
have wo inputs and hae toth ‘xor’ and ‘and’ outputs.

FUNCTIONS
logic.N

PINS
logic.N.in-MM bit in (MM=00..personality & Oxff)
logic.N.and bit out [if personality & 0x100]
logic.N.or bit out [if personality & 0x200]
logic.N.xor bit out [if personality & 0x400]

LICENSE
GPL
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NAME
lowpass - Low-pass filter

SYNOPSIS
loadrt lowpass [count=N|namessname],name2.]]

FUNCTIONS
lowpassN (requires a floating-point thread)

PINS
lowpassN.in float in
lowpassN.out float out
out += (in - out) * gain

lowpassN.load bit in

When TRUE, copyn to out instead of applying the filter equation.

PARAMETERS
lowpassN.gain float rw

NOTES

L@/PASS(9)

The effect of a specifigain value is dependent on the period of the function lilnapassN is added to

LICENSE
GPL
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NAME
lut5 — Arbitrary 5-input logic function based on a look-up table

SYNOPSIS
loadrt lut5 [count=N|names=name],name2.]]

DESCRIPTION
lut5 constructs a logic function with up to 5 inputs usingak-up table. The value fdiunction can be
determined by writing the truth table, and computing the suatl tieweightsfor which the output value
would be TRJIE. Theweights are hexadecimal not decimal so hexadecimal math must be used to sum the
weights. A wiki page has a calculator to assist in computing the proper value for function.

http://wiki.linuxcnc.org/cgi-bin/wiki.pl?Lut5

Note that LUT5 will generate grof the 4,294,967,296 logical functions of 5 inputsA$tD, OR, NAND,
NOR, XOR and &ery other combinatorial function is possible.

Example Functions
A 5-inputandfunction is TRUE only when all the inputs are true, so the correct valfignfction is
0x80000000

A 2-inputor function would be the sum 6k2 + 0x4 + 0x8, so he correct value fdiunction is Oxe

A 5-inputor function is TRUE whenger any of the inputs are true, so the correct valuefdioction is
Oxfffffffe . Because wery weight excepOx1lis true the function is the sum ofeey line except the first one.

A 2-input xor function is TRUE whener exactly one of the inputs is true, so the correct valuéufaction
is 0x6. Only in-0 andin-1 should be connected to signals, becauseyittrer bit isTRUE then the output
will be FALSE.
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HAL Component

Weights for each line of truth table

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Weight

PRPRFRPFRPPPRPRPPPPPRPPPPPPOOOCOO0ODO0OO0OO0OO0OO0O0O0O0DO0O0OCOO

rRrRRPRFRPPRPPPPOOCOOCOCOOOREPEPPRPPRPPRPPOOOOOOOO

PRPRFRPPRPOOOORFRRFRPRFPFPFPOOOOFRFRPRPFPPFPOOOORFRRRFRPRERLRPFPROOOO

PRPOOFRPRPFRPFOOFRRFRPOORPFPOOFRRFRPOORPRPOORFRPRPFPOORLEFLOO

rOpPpOrROrOorOrLPOrOLrOPrPOrPOrORrPORLPORrLORLrLORrOo

&1

&2

&4

&8

&10

&20

&40

&80

%100
%200
%400
%800
&1000
&2000
&4000
&8000
&10000
&20000
&40000
&80000
&100000
&200000
&400000
&800000
0x1000000
0x2000000
0x4000000
0x8000000
0x10000000
0x20000000
0x40000000
0x80000000

FUNCTIONS
lut5.N

PINS

lut5.N.in-0 bit in
lut5.N.in-1 bit in
lut5.N.in-2 bit in
lut5.N.in-3 bit in
lut5.N.in-4 bit in
lut5.N.out bit out

PARAMETERS
lut5.N.function u32 rw

LICENSE
GPL
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NAME

maj3 — Compute the majority of 3 inputs
SYNOPSIS

loadrt maj3 [count=N|namessame],name2.]]

FUNCTIONS
ma;j3.N

PINS
ma;j3.N.inl bit in
ma;j3.N.in2 bit in
ma;j3.N.in3 bit in
ma;j3.N.out bit out

PARAMETERS
maj3.N.invert bit rw

LICENSE
GPL
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NAME

match8 — 8-bit binary match detector

SYNOPSIS
loadrt match8 [count=N|names=name],name2.]]

FUNCTIONS

PINS

match8N

match8N.in bit in (default: TRUE
cascade input - if false, output is falsgareless of other inputs

match8N.a0bit in
match8N.albit in
match8N.a2bit in
match8N.a3bit in
match8N.a4 bit in
match8N.a5bit in
match8N.a6 bit in
match8N.a7 bit in
match8N.b0 bit in
match8N.b1 bit in
match8N.b2 bit in
match8N.b3 bit in
match8N.b4 bit in
match8N.b5 bit in
match8N.b6 bit in
match8N.b7 bit in

match8N.out bit out
true only if in is true and a[m] matches b[m] for m = 0 thru 7

LICENSE
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NAME
matrix_kb — Comert integers to HAL pins. Optionally scan a matrix of IO ports to create those integers.

SYNOPSIS
loadrt matrix_kb config=RxCs,RxCs. namessamel,name2

Creates a component configured for R rows and N columns of megtindrd.

If the soption is specified then a set of output rows will be cyclically toggled, and a set of input columns
will be scanned.

Thenamesparameter is optional, but if used then the HAL pins and functions will use the specified names
rather than the default ones. This can be useful for readbility and 2-pass HAL parsing.

There must be no spaces in the parameter lists.

DESCRIPTION
This component was written to aant matrix keyboard scancodes into HAL pins. Howveg it might also
find uses in corerting integers from 0 to N into N HAL pins.

The component can work in dwvays, and the HAL pins created vary according to mode.

In the default mode the component expects to @ £an code from a separatewdribut could be any
integer from ap source. Most typically this will be theelgpad scancode from a Mesa 7i73. The default
codes for kyup and lkeydown are based on the Mesa 7i73 specification with 0x40 indicatiegdavn and
0x80 a leyup event.

If using the 7i73 it is important to match theykad size jumpers with the HAL component. Valid configs
for the 7i73 are 4x8 and 8x8. Note that the component will only work properly with the version 12 (0xC)
7i73 firmware. The firmware version is visible on the component parameters in HAL.

In the optional scan-generation mode ttiegtrix_kb. N.keycodepin changes to an output pin and a set of
output rav pins and input column pins are created. These need to be connected to physical inputs and out-
puts to scan the matrix and return values to HAL. Notexdgative-logic parameter described belothis

will need to be set on the most common forms of inputs which float high when unconnected.

In both modes a set of HAL output pins are created corresponding to each node of the matrix.

FUNCTIONS
matrix_kb. N
Perform all requested functions. Should be run inw #toead for effectie debouncing.

PINS
matrix_kb. N.col-CC-in bit in
The input pin corresponding to column C.

matrix_kb. N.key.rRcC bit out
The pin corresponding to theka row R @lumn C of the matrix.

matrix_kb. N.keycodeunsigned in or out depending on mode.
This pin should be connected to the scancode generator if hardware such as a 7i73 is being used.
In this mode it is an input pin. In the internally-generated scanning mode this pin is an output, but
will not normally be connectedmatrix_kb. N.row-RR-out bit out The rav scan drve
pins.Should be connected to external hardware pins connected ayhae k
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PARAMETERS
matrix_kb. N.key_rollover unsigned r/w (default 2)
With most matrix kyboards the scancodes are only unambiguous with 1 eysdessed. With
more leys pressed phantomekstrokes can appea&ome leyboards are optimised to reduce this
problem, and some ha internal diodes so thatyanumber of leys may be pressed simultane-
ously Increase the value of this parameter if suchyddard is connected, or if phantorayk
strokes are more acceptable than only keys keing actve & one time.

matrix_kb. N.negative-logic bit r/w (default 1) only in scan mode
When no kys ae pressed a typical digital input will float high. The input will then be pulled low
by the leypad when the corresponding poll line isloSet this parameter to O if the 10 in use
requires one m at a ime to be high, and a high input corresponds to a button press.
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HAL Component MESSBE(9)
NAME
message — Display a message
SYNOPSIS
loadrt message [countil|namessame],name2.]] [messagesi]
messages
The messages to displahese should be listed, comma-delimited, inside a single set of
quotes. See the "Description" section for sameple. Ifthere are more messages than
"count" or "names" then the excess will be ignored. If there are fewer messages than "count"
or "names" then an error will be raised and the component will not load.
DESCRIPTION

Allows HAL pins to trigger a message. Example hal commands:

loadrt message names=oill@ilpressure,inerterfail messages="Slidey oil low,No oil pressure,Spindle
inverter fault"

addf oillow servo-thread
addf oilpressure servo-thread
addf irverterfail servo-thread

setp oillav.edge 0 #this pin should be aetilow

net no-oil classicladder.0.out-21 oilldrigger

net no-pressure classicladder.0.out-22 oilpressure.trigger
net no-iverter classicladder.0.out-23vierterfail.trigger

When ay pin goes actie, the corresponding message will be displayed.
FUNCTIONS
messageN
Display a message
PINS
messageN.trigger bit in (default:FALSE)
signal that triggers the message
messageN.force bit in (default:FALSE
A FALSE->TRUE transition forces the message to be displayed again if the triggeves acti
PARAMETERS
messageN.edgebit rw (default: TRUE)
Selects the desired edge: TRUE means falling, FALSE means rising
LICENSE
GPL v2
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NAME

minmax — Track the minimum and maximum values of the input to the outputs
SYNOPSIS

loadrt minmax [count=N|namessame],name2.]]
FUNCTIONS

minmax.N (requires a floating-point thread)

PINS
minmax.N.in float in
minmax.N.resetbit in
When reset is asserted, 'in’ is copied to the outputs
minmax.N.max float out
minmax.N.min float out
LICENSE

GPL
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NAME

motion — accepts NML motion commands, interacts with HAL in realtime

SYNOPSIS

loadrt motmod [base_period_nsecperiod [base_thread fp® or 1] [sevo_period_nsecperiod
[traj_period_nsec=period [num_joints=[0-9]] ([num_dio=[1-64]] [num_aiog1-64]])

DESCRIPTION

PINS

By default, the base thread does not support floating point. Software stepping, software encoder counting,

and software pwm do not use floating poibase_thread fpcan be used to enable floating point in the
base thread (for example for brushless DC motor control).

These pins and parameters are created by the reafiitmeod module. This module provides a HAL inter-
face for LinuxCNC$ nmotion plannerBasicallymotmod takes in a list of waypoints and generates a nice
blended and constraint-limited stream of joint positions to be fed to the motes. dri

Optionally the number of Digital I/O is set with num_dio. The number of Analog I/O is set with num_aio.
The default is 4 each.

Pin names starting withakis' are actually joint values, but the pins and parameters are still cahtexN".
They are read and updated by the motion-controller function.

axisN.amp-enable-outOUT BIT
TRUE if the amplifier for this joint should be enabled

axisN.amp-fault-in IN BIT
Should be drien TRUE if an external fault is detected with the amplifier for this joint

axisN.home-sw-inIN BIT
Should be drien TRUE if the home switch for this joint is closed

axisN.homing OUT BIT
TRUE if the joint is currently homing

axisN.index-enablelO BIT
Should be attached to the index-enable pin of the gointoder to enable homing to indpulse

axisN.is-unlockedIN BIT
If the axis is a locked rotary the unlocked sensor should be connected to this pin

axisN.jog-countsIN S32
Connect to the "counts" pin of an external encoder to use a physical jog wheel.

axisN.jog-enablelN BIT
When TRUE (and in manual mode)yaithange to "jog-counts” will result in motion. When false,
"jog-counts" is ignored.

LinuxCNC Documentation 2007-08-25 267



MOTION(9) HAL Component MOION(9)
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axisN.jog-scalelN FLOAT
Sets the distance mad for each count on "jog-counts"”, in machine units.

axisN.jog-vel-modelN BIT
When FALSE (the default), the jogwheel operates in position mode. The axis wdlarxtly
jog-scale units for each countgeedless of har long that might take. When TRUE, the wheel
operates in velocity mode - motion stops when the wheel stagsif ¢hat means the commanded
motion is not completed.

axisN.joint-pos-cmd OUT FLOAT
The joint (as opposed to motor) commanded position. There maydval sfsets between the
joint and motor coordinates: backlash compensationwsarer compensation, and home offsets.

axisN.joint-pos-fb OUT FLOAT
The joint feedback position. This value is computed from the actual motor position minus joint
offsets. Useful for machine visualization.

axisN.motor-pos-cmdOUT FLOAT
The commanded position for this joint.

axisN.motor-pos-fb IN FLOAT
The actual position for this joint.

axisN.neg-lim-sw-inIN BIT
Should be drien TRUE if the ngdive limit switch for this joint is tripped.

axisN.pos-lim-sw-inIN BIT
Should be drien TRUE if the positve limit switch for this joint is tripped.

axisN.unlock OUT BIT
TRUE if the axis is a locked rotary and avads commanded.

motion.adaptive-feedIN FLOAT
When adaptie feed is enabled with M52 P1, the commanded velocity is multiplied by this value.
This effect is multiplicatie with the NML-level feed oerride value and motion.feed-hold.

motion.analog-inNN IN FLOAT
These pins are used by M66 Enn wait-for-input mode.

motion.analog-outNN OUT FLOAT
These pins are used by M67-68.

motion.coord-error OUT BIT
TRUE when motion has encountered an esurh as exceeding a soft limit

motion.coord-modeOUT BIT
TRUE when motion is in "coordinated mode", as opposed to "teleop mode"
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motion.current-vel OUT FLOAT
Current cartesian velocity

motion.digital-in-NNIN BIT
These pins are used by M66 Pnn wait-for-input mode.

motion.digital-out-NN OUT BIT
These pins are controlled by the M62 through M65 words.

motion.distance-to-goOUT FLOAT
Distance remaining in the current veo

motion.enableIN BIT
If this bit is driven FALSE, motion stops, the machine is placed in the "machine off" state, and a
message is displayed for the operafor normal motion, dvie this bit TRUE.

motion.feed-holdIN BIT
When Feed Stop Control is enabled with M53 P1, and this bit is TRUE, the feed rate is set to 0.

motion.feed-inhibit IN BIT
When this pin is TRUE, machine motion is inhibited (this includes jogs, programmed feeds, and
programmed rapids, aka ¥eise moes).

If the machine is performing a spindle synchronizedenshen this pin goes TRUE, the spindle
synchronized motion will finish, and yafollowing moves will be inhibited (this is to preent dam-
age to the machine, the tool, or the work piece).

If the machine is in the middle of a (non-spindle synchronizedemben this pin goes TRUE,
the machine will decelerate to a stop at the maximum allowed acceleration rate.

Motion resumes when this pin goes FALSE.

motion.in-position OUT BIT
TRUE if the machine is in position (ie, not currently movingaals the commanded position).

motion.probe-input IN BIT
G38.x uses the value on this pin to determine when the probe has made contact. TRUE for probe
contact closed (touching), FALSE for probe contact open.

motion.program-line OUT S32

motion.requested-velOUT FLOAT
The requested velocity with no adjustments for feeslrime

motion.spindle-at-speedN BIT
Motion will pause until this pin is TRUE, under the following conditions: before the first feed
move dter each spindle start or speed change; before the stasrgfobain of spindle-synchro-
nized maoes; and if in CSS mode, atery rapid->feed transition.
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motion.spindle-brake OUT BIT
TRUE when the spindle brakhould be applied

motion.spindle-forward OUT BIT
TRUE when the spindle should rotate forward

motion.spindle-index-enablel/O BIT
For correct operation of spindle synchronizedvem this signal must be hooked to the index-
enable pin of the spindle encoder.

motion.spindle-inhibit IN BIT
When TRUE, the spindle speed is set and held to 0.

motion.spindle-onOUT BIT
TRUE when spindle should rotate

motion.spindle-revese OUT BIT
TRUE when the spindle should rotate backward

motion.spindle-revs IN FLOAT
For correct operation of spindle synchronizedvem this signal must be hooked to the position
pin of the spindle encoder.

motion.spindle-speed-inN FLOAT
Actual spindle speed feedback inakitions per second; used for G96 (constant surface speed)
and G95 (feed pervelution) modes.

motion.spindle-speed-ouDUT FLOAT
Desired spindle speed in rotations per minute

motion.spindle-speed-out-abOUT FLOAT
Desired spindle speed in rotations per minuteagsd positve regadless of spindle direction.

motion.spindle-speed-out-rpsOUT float
Desired spindle speed in rotations per second

motion.spindle-speed-out-rps-abOUT float
Desired spindle speed in rotations per secomeiyal positve regadless of spindle direction.

motion.spindle-orient-angleOUT FLOAT
Desired spindle orientation for M19. Value of the M19 R word parameter plus the value of the
[RS274NGC]ORIENT_OFFSET ini parameter.

motion.spindle-orient-modeOUT BIT
Desired spindle rotation mode. Reflects M19 P parameter word.

motion.spindle-orient OUT BIT
Indicates start of spindle orient cycle. Set by M19. Cleared yppfad 3,M4,M5. If spindle-ori-
ent-fault is not zero during spindle-orient true, the M19 command fails with an error message.
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motion.spindle-is-orientedIN BIT
Acknowledge pin for spindle-orient. Completes orient cycle. If spindle-orient was true when spin-
dle-is-oriented was asserted, the spindle-orient pin is cleared and the spindle-locked pin is
asserted. Also, the spindle-begfin is asserted.

motion.spindle-orient-fault IN S32
Fault code input for orient cycle. Arvalue other than zero will cause the orient cycle to abort.

motion.spindle-lockedOUT BIT
Spindle orient complete pin. Cleared by af M3,M4,M5.

motion.teleop-modeOUT bit

motion.tooloffset.xOUT FLOAT
motion.tooloffset.yOUT FLOAT
motion.tooloffset.zOUT FLOAT
motion.tooloffset.aOUT FLOAT
motion.tooloffset. bOUT FLOAT
motion.tooloffset.cOUT FLOAT
motion.tooloffset.uOUT FLOAT
motion.tooloffset.vOUT FLOAT

motion.tooloffset.wOUT FLOAT
Current tool offset in all 9 axes.

DEBUGGING PINS
Many of the pins bela serve as @&bugging aids, and are subject to change orvambany time.

axisN.active OUT BIT
TRUE when this joint is aate

axisN.backlash-corr OUT FLOAT
Backlash or scke compensation r& value

axisN.backlash-filt OUT FLOAT
Backlash or scke compensation filtered value (respecting motion limits)

axisN.backlash-velOUT FLOAT
Backlash or scke compensation velocity
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axisN.coarse-pos-cmdUT FLOAT

axisN.error OUT BIT
TRUE when this joint has encountered an esuch as a limit switch closing

axisN.f-error OUT FLOAT
The actual following error

axisN.f-error-lim OUT FLOAT
The following error limit

axisN.f-errored OUT BIT
TRUE when this joint has exceeded the following error limit

axisN.faulted OUT BIT

axisN.free-pos-cmdOUT FLOAT
The "free planner" commanded position for this joint.

axisN.free-tp-enableOUT BIT
TRUE when the "free planner" is enabled for this joint

axisN.free-vel-lim OUT FLOAT
The velocity limit for the free planner

axisN.homedOUT BIT
TRUE if the joint has been homed

axisN.in-position OUT BIT
TRUE if the joint is using the "free planner" and has come to a stop

axisN.joint-vel-cmd OUT FLOAT
The joint's ommanded velocity

axisN.kb-jog-active OUT BIT

axisN.neg-hard-limit OUT BIT
The ngative hard limit for the joint

axisN.pos-hard-limit OUT BIT
The positve hard limit for the joint

axisN.wheel-jog-active OUT BIT

motion.motion-enabledOUT BIT
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motion.motion-type OUT S32
These values are from src/emc/nml_intf/motion_types.h

1: Traverse

2: Linear feed

3: Arc feed

4: Tool change

5: Probing

6: Rotary axis indexing

motion.on-soft-limit OUT BIT

motion.program-line OUT S32

motion.teleop-modeOUT BIT
TRUE when motion is in "teleop mode", as opposed to "coordinated mode"

PARAMETERS
Many of the parameters seras @&bugging aids, and are subject to change orvambany time.

motion-command-handler.time
motion-command-handler.tmax
motion-controller.time

motion-controller.tmax
Shaw information about thexecution time of these HAL functions in CPU cycles

motion.debug*
These values are used for debugging purposes.

motion.sevo.last-period
The number of CPU cycles betweerdoations of the seovthread. Typicallythis number
divided by the CPU speedvgs the time in seconds, and can be used to determine whether the
realtime maotion controller is meeting its timing constraints

FUNCTIONS
Generallythese functions are both added to the servo-thread in the order shown.

motion-command-handler
Processes motion commands coming from user space

motion-controller
Runs the LinuxCNC motion controller
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BUGS
This manual page is horribly incomplete.

SEE ALSO
iocontrol(1)
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NAME
moveoff — Component for Hal-only offsets

SYNOPSIS
loadrt moveoff [count=N|names=sname],name2.]] [personality=P,P,.]

DESCRIPTION
The maeoff component is used to offset joint positions using custom Hal connections. Implementing an
offset-while-program-is-paused functionality is supported with appropriate connections for the input pins.
Nine joints are supported.

The axis offset pin values (offset-in-M) are continuously applied (respecting limits on value, yetatity
acceleration) to the output pins (offset-current-M, pos-plusoffset-M, fb-minusoffset-M) when both enabling
input pins (apply-offsets and w@enable) are TRE. Thetwo enabling inputs are anded internallyA

warning pin is set and a message issued if the apply-offsets pin is deasserted while offsets are applied. The
warning pin remains TRUE until the offsets are remtbor the apply-offsets pin is set.

Typically, the mave-enable pin is connected to external controls and the apply-offsets pin is connected to
halui.program.is-paused (for offsets only while paused) or set to TRUE (for continuously applied offsets).

Applied offsets arautomatically returned to zero (respecting limits) when either of the enabling inputs is
deactvated. Thezero value tolerance is specified by the epsilon input pin value.

Waypoints are recorded when the veoff componenent is enabledVaypoints are managed with the way-
point-sample-secs and waypoint-threshold pins. When the backtrack-enable pin is TRUE, the auto-return
path follows the recordedaypoints. Wheithe memory @ailable for waypoints is exhausted, offsets are
frozen and the waypoint-limit pin is asserted. This restriction appligedtess of the state of the back-
track-enable pin. An enabling pin must be deasserted tw alteturn to the original (non-offset position).

Backtracking through waypoints resultssiower movement rates as the mes ae point-to-point respect-
ing velocity and acceleration settings. The velocity and acceleration limit pins can be managed dynami-
cally to control offsets at all times.

When backtrack-enable is FALSE, the auto-returneri®NOT coordinated, each axis returns to zero at its
own rate. Ifa controlled path is wanted in this condition, each axis should be manually returned to zero
before deasserting an enabling pin.

The waypoint-sample-secs, waypoint-threshold, and epsilon pingauwated only when the component is
idle.

The offsets-applied output pin is provided to indicate the current state to a GUI so that program resumption
can be managed. If the offset(s) are non-zero when the apply-offsets pin is deasserted (for example when
resuming a program when offsetting during a pause), offsets are returned to zero (respecting limits) and an
Error message is issued.

Caution: If offsets are enabled and applied and the machine is turhiar afy reason, angxternal Hal
logic that manages the enabling pins and the offset-in-M inputs is responsible for their state when the
machine is subsequently turned on again.

This Hal-only means of offsetting is typically not known to LinuxCNC neilable in GUI previev dis-
plays. No protection is provided for offset mwes that exceed soft limits managed by LinuxCNC. Since
soft limits are not honored, an offset wearay encounter hard limits (@RASH if there are no limit
switches). Usef the offset-min-M and offset-max-M inputs to limityehis recommended. riggering a
hard limit will turn of the machine -- se@aution above.

The offset-in-M values may be set with inifile settings, controlled by a GUI, or managed by other Hal
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components and connections. Fixed values may be appropriate in simple cases where the direction and
amount of offset is well-defined but a control method is required to d&eciin enabling pin in order to

return offsets to zero. GUIs may provide means for users to set, increment, decrement, and accumulate off-
set values for each axis and may set offset-in-M values to zero before deasserting an enabling pin.

The default values for accel, vel, min, max, epsilon, waypoint-sample-secs, and waypoint-threshold may
not be suitable for grparticular application. This Hal component is waee of limits enforced elsewhere

by LinuxCNC. Users should test usage in a simulator application and understand all befoaedsse on
hardware.

The module personality item sets the number of joints supported (default==3, maximum is 9).
Use of the names= option for namingesgjuired for compatibilty with the gui provided as scriptsimo
off_gui:

loadrt maeoff namesamv personality=number_of_joints

man moveoff _gui for more information

EXAMPLES

Example simulator configs that demonstrate theeofd component and a simple gui (scriptsireaff _gui)

are located in configs/sim/axis/menff. The axis gui is used for the demonstrations and the configs can be
adapted for other guis Ektoucty and gscreen. An example with the toyaui is provided in con-
figs/sim/touchy/ngcgui/.

FUNCTIONS

PINS

276

moveoff.N.read-inputs (requires a floating-point thread)
Read all inputs

moveoff.N.write-outputs (requires a floating-point thread)
Write computed offset outputs (offset-current-M, pos-plusoffset-M, fb-mifaetelf1). All other
outputs are updated by read-inputs()

moveoff.N.power-onbit in
Connect to motion.motion-enabled

moveoff.N.move-enablebit in
Enable offsets (Enabling requires apply-offset TRUE also)

moveoff.N.apply-offsetshit in
Enable offsets (Enabling requires veeenable TRUE also)

moveoff.N.backtrack-enablebit in (default:1)
Enable backtrack on auto-return

moveoff.N.epsilonfloat in (default0.0005
When enabling pins are deaetied, return to un-offsetted position within epsilon unitéarning:
values that are too small in value may causgrshoot, Aminimum value of 0.0001 isilently
enforced

moveoff.N.waypoint-threshold float in (default0.02
Minimum distance (in a single axis) for anwaypoint

moveoff.N.waypoint-sample-secéfloat in (default0.02
Minimum sample interval (in seconds) for asnwaypoint
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moveoff.N.warning bit out
Set TRUE if apply-offsets is deasserted while offset-applied is TRUE

moveoff.N.offset-appliedbit out
TRUE if one or more offsets are applied

moveoff.N.waypoint-limit bit out (default0)
Indicates waypoint limit reached (motion ceases), an enabling pin must be deasserted to initiate
return to original position

moveoff.N.waypoint-ct s32 out
Waypoint count (for debugging)

moveoff.N.waypoint-percent-useds32 out
Percent of @ailable waypoints used

moveoff.N.offset-in-M float in (M=0..personality)
Joint offset input value

moveoff.N.posM float in (M=0..personality)
Joint position (typ: axis.0.motor-pos-cmd)
moveoff.N.fb-M float in (M=0..personality)
Joint feedback (typ from encoder and input to pid controller (pid.feedback))

moveoff.N.offset-current-M float out (M=0..personality)
Joint offset current value

moveoff.N.pos-plusoffsetM float out (M=0..personality)
Computed joint position plus offset (typically connect to pid command input)

moveoff.N.fb-minusoffset-M float out (M=0..personality)
Computed Joint feedback minus offset (typically connected to axis.0.motor-pos-fb

moveoff.N.offset-velM float in (M=0..personality) (default:0)
Joint offset velocity limit

moveoff.N.offset-accelM float in (M=0..personality) (default:00
Joint offset acceleration limit

moveoff.N.offset-min-M float in (M=0..personality) (defaukle2Q
Minimum limit for applied joint offset (typ rogtive)

moveoff.N.offset-max-M float in (M=0..personality) (default.e2Q
Maximum limit for applied offset (typ posii)

moveoff.N.dbg-waypoint-limit-test bit in
Debug input to test with limited number of waypoints

moveoff.N.dbg-states32 out
Debug output for current state of state machine

LICENSE
GPL
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NAME
mult2 — Product of tw inputs

SYNOPSIS
loadrt mult2 [count=N|names=name],name2.]]

FUNCTIONS
mult2.N (requires a floating-point thread)

PINS
mult2.N.in0 float in
mult2.N.in1 float in
mult2.N.out float out
out =in0 *inl
LICENSE
GPL
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NAME

multiclick — Single-, double-, triple-, and quadruple-click detector
SYNOPSIS

loadrt multiclick [count= N|names=sname],name2.]]
DESCRIPTION

A click is defined as a rising edge on the 'in’ pin, followed by the 'in’ pin being True for at most 'max-
hold-ns’ nanoseconds, followed by a falling edge.

A double-click is defined as tndicks, separated by at most 'max-space-ns’ nanoseconds with the ’in’ pin
in the False state.

| bet you can guess the definition of triple- and quadruple-click.

You probably want to run the input signal through a debounce component before feeding it to the multiclick
detectorif the input is at all noisy.

The ™-click’ pins go high as soon as the input detects the correct number of clicks.

The ™-click-only’ pins go high a short while after the click, after the click separator space timeout has
expired to shav that no further click is coming. This is useful for triggering halui MDI commands.

FUNCTIONS
multiclick. N
Detect single-, double-, triple-, and quadruple-clicks

PINS
multiclick. N.in bit in
The input line, this is where we look for clicks.

multiclick. N.single-click bit out
Goes high briefly when a single-click is detected on the 'in’ pin.

multiclick. N.single-click-only bit out
Goes high briefly when a single-click is detected on the 'in’ pin and no second click followed it.

multiclick. N.double-click bit out
Goes high briefly when a double-click is detected on the 'in’ pin.

multiclick. N.double-click-only bit out
Goes high briefly when a double-click is detected on the 'in’ pin and no third click followed it.

multiclick. N.triple-click bit out
Goes high briefly when a triple-click is detected on the 'in’ pin.

multiclick. N.triple-click-only bit out
Goes high briefly when a triple-click is detected on the ’in’ pin and no fourth click followed it.

multiclick. N.quadruple-click bit out
Goes high briefly when a quadruple-click is detected on the 'in’ pin.

multiclick. N.quadruple-click-only bit out
Goes high briefly when a quadruple-click is detected on the 'in’ pin and no fifth click followed it.

multiclick. N.states32 out

PARAMETERS
multiclick. N.invert-input bit rw (default:FALSE)
If FALSE (the default), clicks start with rising edges. If TRUE, clicks start with falling edges.
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multiclick. N.max-hold-nsu32 rw (default25000000)
If the input is held down longer than thissitbt part of a multi-click. (Default 250,000,000 ns,
250 ms.)

multiclick. N.max-space-nsu32 rw (default25000000p
If the input is released longer than thiss it part of a multi-click. (Default 250,000,000 ns, 250
ms.)

multiclick. N.output-hold-ns u32 rw (default10000000)
Positive pulses on the output pins last this long. (Default 100,000,000 ns, 100 ms.)

LICENSE
GPL
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NAME
multiswitch — This component toggles between a specified number of output bits

SYNOPSIS
loadrt multiswitch personality=P [cfg=N]

cfg cfg should be a comma-separated list of sizes for example cfg=2,4,6 would create 3 instances
of 2, 4 and 6 bits respeedly.
Ignore the "personality” parametéirat is auto-generated

FUNCTIONS
multiswitch. N (requires a floating-point thread)

PINS
multiswitch. N.up bit in (default:false
Receves sgnal to toggle up

multiswitch. N.down bit in (default:false
Receves dgnal to toggle down

multiswitch. N.bit-MM bit out (MM=00..personality) (defaultalse
Output bits

PARAMETERS
multiswitch. N.top-position u32 rw
Number of positions

multiswitch. N.position s32 rw
Current state (may be set in the HAL)

AUTHOR
ArcEye schooner30@tiscali.co.uk / Andy Pugh andy@bodgesoc.org

LICENSE
GPL
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NAME

mux16 — Select from one of sixteen input values
SYNOPSIS

loadrt mux16 [count=N|names=name],name2.]]
FUNCTIONS

mux16N (requires a floating-point thread)

PINS
mux16 N.use-graycodebit in
This signifies the input will use Gray code instead of bin@nay code is a good choice when
using physical switches because for each increment only one select input changes at a time.

mux16 N.suppress-no-inputbit in
This suppresses changing the output if all select linesaks® fThisstops unwanted jumps in out-
put between transitions of inpubut make in00 unaaliable.

mux16.N.debounce-timefloat in
sets debouce time in secondsy .10 = a tenth of a second input must be stable this long before
outputs changes. This helps to ignore 'noisy’ switches.

mux16N.seM bit in (M=0..3)
Together these determine whidhN value is copied taut.

mux16.N.out-f float out

mux16 N.out-ss32 out
Fdlows the value of one of thaN values according to the fogelvalues and whether use-gray-
code is actie. The s32 value will be trunuated and limited to the max and min values of signed
values.

sel3=FALSE sel2=FALSE, sel1=FALSE, sel0O=FALSE
out follows in0

sel3=FALSE, sel2=FALSE, sel1=FALSE, sel0=TRUE
out follows in1

etc.

mux16 N.inMM float in (MM=00..15)
array of selectable outputs

PARAMETERS
mux16 N.elapsedfloat r
Current value of the internal debounce timer
for debugging.

mux16N.selecteds32 r
Current value of the internal selection variable aftevemion
for debugging

LICENSE
GPL
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NAME
mux2 — Select from one of winput values

SYNOPSIS
loadrt mux2 [count=N|names=-name],name2.]]

FUNCTIONS
mux2.N (requires a floating-point thread)

PINS
mux2.N.selbit in
mux2.N.out float out
Fdlows the value of in0 if sel is FALSE, or inl if sel is TRUE

mux2.N.in1 float in
mux2.N.in0 float in

LICENSE
GPL
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NAME

mux4 — Select from one of four input values
SYNOPSIS

loadrt mux4 [count=N|names=sname],name2.]]
FUNCTIONS

mux4.N (requires a floating-point thread)

PINS
mux4.N.selObit in
mux4.N.sellbit in
Together these determine whidhN value is copied taut.

mux4.N.out float out
Fdlows the value of one of thaN values according to the twaelvalues

sell=FALSE sel0O=FALSE
out follows in0

sell=FALSE, sel0=TRUE
out follows in1

sell=TRUE, sel0=FALSE
out follows in2

sell=TRUE, sel0=TRUE
out follows in3

mux4.N.in0 float in
mux4.N.inl float in
mux4.N.in2 float in
mux4.N.in3 float in

LICENSE
GPL
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NAME
mux8 — Select from one of eight input values

SYNOPSIS
loadrt mux8 [count=N|names=sname],name2.]]

FUNCTIONS
mux8.N (requires a floating-point thread)

PINS
mux8.N.selObit in
mux8.N.sellbit in
mux8.N.sel2bit in
Together these determine whidhN value is copied taut.
mux8.N.out float out
Fdlows the value of one of thaN values according to the threelvalues
sel2=FALSE, sel1=FALSE, sel0=FALSE
out follows in0
sel2=FALSE, sel1=FALSE, sel0=TRUE
out follows in1
sel2=FALSE, sel1=TRUE, sel0O=FALSE
out follows in2
sel2=FALSE, sel1=TRUE, sel0=TRUE
out follows in3
sel2=TRUE, sel1=FALSE, sel0O=FALSE
out follows in4
sel2=TRUE, sel1=FALSE, sel0=TRUE
out follows in5
sel2=TRUE, sel1=TRUE, sel0O=FALSE
out follows in6
sel2=TRUE, sel1=TRUE sel0=TRUE
out follows in7
mux8.N.in0 float in
mux8.N.in1 float in
mux8.N.in2 float in
mux8.N.in3 float in
mux8.N.in4 float in
mux8.N.in5 float in
mux8.N.in6 float in
mux8.N.in7 float in
LICENSE

GPL
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NAME

mux_generic — choose one fronvaal input values
SYNOPSIS

loadrt mux_generic config="bb8,ful2...."
FUNCTIONS

mux-genNN Depending on the data types can run in either a floating
point or non-floating point thread.

PINS
mux-genNN.suppress-no-inputhit in
This suppresses changing the output if all select linesaks® fThisstops unwanted jumps in out-
put between transitions of inpubut makes in00 unaliable.
mux-genNN.debounce-usunsigned in
sets debouce time in microsecondg. 100000 = a tenth of a second. The selection inputs must
be stable this long before the output changes. This helps to ignore 'noisy’ switches.
mux-genNN.sel-bitMM bit in (M=0..N)
mux-genNN.sel-int unsigned in
Together these determine whidhN value is copied t@utput. The bit pins are interpreted as
binary bits, and the result is simply added on to the integer pin input. It is expected that eoither one
or the other would normally be used. Hoytbe possibility exists to use a higher-order bit to
"shift" the values set by the integer pin. The sel-bit pins are only created when the size of the
mux_gen component is an integer power af.tWhiscomponent (unlik mux16) does not offer
the option of decoding gray-code, haweethe same effect can be achéé by aranging the order
of the input values to suit.
mux-genNN.out-[bit/float/s32/u32] variable-type out
Fdlows the value of one of thaN values according to the selection bits and/or the selection num-
ber Values will be coverted/truncated according to standard C rules. This means, for example
that a float input greater than 2147483647 wilegin S32 output of -2147483648.
mux-genNN.in-[bit/float/s32/u32]-MM variable-type in
The possible output values that are selected by the selection pins.
PARAMETERS
mux-genN.elapsedfloat r
Current value of the internal debounce timer for debugging.
mux-genN.selecteds32 r
Current value of the internal selection variable afteweion for debugging. Possibly useful for
setting up gray-code switches.
DESCRIPTION

This component is a more general version of the other multiplexing components. It allows the creation of
arbitrary-size multipheers (up to 1024 entries) and also supports differing data types on the input and out-
put pins. The configuration string is a comma-separated list of code-letters and numbers, such as
"bb4,ful2" This would create a 4-element bit-to-bit mux and a 12-element float-to-unsigned mux. The code
letters are b = bit, f = float, s = signed integer unsigned integeihe first letter code is the input type,

the second is the output type. The codes are not casexaeii$ig order of the letters is significant but the
position in the string is not. Do not inseryapaces in the config string. A&mon-zero float value will be
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converted to a "true" output in bit form. Be wary that float datatypes can bgvesyyclose to zero and not
actually be equal to zero.

Each mux has its own HAL function and must be added to a thread sepdfatelther input nor output is

of type float then the function is base-thread (non floating-point) sajemlx_generic with a floating
point input or output can only be added to a floating-point thread.

LICENSE
GPL

AUTHOR
Andy Pugh
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NAME
near — Determine whether dwalues are roughly equal.

SYNOPSIS
loadrt near [count=N|names=name],name2.]]

FUNCTIONS
near.N (requires a floating-point thread)

PINS
nearN.inl float in
nearN.in2 float in
near.N.out bit out

out is true ifinl andin2 are within a factor o$cale(i.e., for inl positie, inl/scale <= in2 <=
inl*scale), OR if their absolute difference is no greater thitierence (i.e., |in1-in2| <= differ-
ence).out is false otherwise.

PARAMETERS
near.N.scalefloat rw (default:1)
near.N.difference float rw (default0)

LICENSE
GPL
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NAME
not — Irverter

SYNOPSIS
loadrt not [count=N|names=name],name2.]]

FUNCTIONS
not.N

PINS
not.N.in bit in
not.N.out bit out

LICENSE
GPL
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NAME
offset — Adds an offset to an input, and subtracts it from the feedback value

SYNOPSIS
loadrt offset [count=N|names=name],name2.]]

FUNCTIONS
offsetN.update-output (requires a floating-point thread)
Updated the output value by adding the offset to the input

offsetN.update-feedback(requires a floating-point thread)
Update the feedback value by subtracting the offset from the feedback

PINS
offsetN.offsetfloat in
The offset value

offsetN.in float in
The input value

offsetN.out float out
The output value

offsetN.fb-in float in
The feedback input value

offsetN.fb-out float out
The feedback output value

LICENSE
GPL
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NAME
oneshot — one-shot pulse generator

SYNOPSIS
loadrt oneshot [count=N|names=name],name2.]]

DESCRIPTION
creates a variable-length output pulse when the input changes state. This function needs to run in a thread
which supports floating point (typically the settiread). This means that the pulse length has to be a mul-
tiple of that thread period, typically Im&or a dmilar function that can run in the base thread, and which
offers higher resolution, see "edge".

FUNCTIONS
oneshotN (requires a floating-point thread)
Produce output pulses from input edges

PINS
oneshotN.in bit in
Trigger input
oneshotN.out bit out
Active hgh pulse

oneshotN.out-not bit out
Active low pulse

oneshotN.width float in (default0)
Pulse width in seconds

oneshotN.time-left float out
Time left in current output pulse

PARAMETERS
oneshotN.retriggerable bit rw (default: TRUE
Allow additional edges to extend pulse

oneshotN.rising bit rw (default: TRUE)
Trigger on rising edge

oneshotN.falling bit rw (default:FALSE)
Trigger on falling edge

LICENSE
GPL
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NAME
opto_ac5 — Realtime dwr for opto22 PCI-AC5 cards

SYNOPSIS
loadrt opto_ac5 [portconfig0=0xN] [ portconfigl=0xN]

DESCRIPTION
These pins and parameters are created by the realptmeacSmodule. Theortconfig0 and portconfigl
variables are used to configure thetports of each card. The first 24 bits of a 32 bit number represent the
24 ilo points of each port. The lowest (rightmost) bit would be HAL pin O which is header connector pin
47. Then next bit to the left would be HAL pin 1, header connector pin 45 and so on, untill bit 24 would be
HAL pin 23, header connector pin 1. "1" bits represent output points. So channel 0..11 as inputs and
12..23 as outputs would be represented by (in binary) 111111111111000000000000 whftdoe Bxf
hexadecimal. Thais the number you would use Eg. loadrt opto_ac5 portconfigG-O0Kf

If no portconfig variable is specified the default configuration is 12 inputs then 12 outputs.
Up to 4 boards are supported. Boards are numbered starting at 0.

Portnumber can be 0 or 1. Port 0 is closes to the card bracket.

PINS
opto_ac5.BOARDNUMBERportf PORTNUMBERin-[ PINNUMBER OUT bit
opto_ac5.BOARDNUMBERportf PORTNUMBERin-[ PINNUMBER-not OUT bit
Connect a hal bit signal to this pin to read an i/o point from the card. The PINNUMBER repre-
sents the position in the relay rack. Eg. PINNUMBER 0 is position 0 in a opto22 relay rack and
would be pin 47 on the 50 pin header connedtbe-not pin is inverted so that L&/ gives TRUE
and HIGH gves FALSE.

opto_ac5.BOARDNUMBERportf PORTNUMBERout-[PINNUMBER IN bit
Connect a hal bit signal to this pin to write to an i/o point of the card. The PINNUMBER repre-
sents the position in the relay rack.Eg. PINNUMBER 23 is position 23 in a opto22 relay rack and
would be pin 1 on the 50 pin header connector.

opto_ac5.BOARDNUMBERIed[NUMBER OUT bit
Turns one of the on board LEDS on/off. LEDS are numbered 0 to 3.

PARAMETERS
opto_ac5.BOARDNUMBERportf PORTNUMBERout-[PINNUMBER-invert W bit
When TRUE, inert the meaning of the correspondimyt pin so that TRUE gies LOW and
FALSE gives HIGH.

FUNCTIONS
opto_ac5.0.digital-read
Add this to a thread to read all the input points.

opto_ac5.0.digital-write
Add this to a thread to write all the output points and LEDS.

BUGS
All boards are loaded with the same port configurations as the first board.
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SEE ALSO
http://wiki.linuxcnc.org/cgi-bin/wiki.pl?OptoPciAc5
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NAME
or2 — Two-input OR gate
SYNOPSIS
loadrt or2 [count=N|names=name],name2.]]

FUNCTIONS
or2.N

PINS
or2.N.in0 bit in
or2.N.inl bit in
or2.N.out bit out
out is computed from the value of0 andinl according to the following rule:

in0O=FALSE in1=FALSE

out=FALSE
Otherwise,
out=TRUE
LICENSE
GPL
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NAME
orient — Provide a PID command input for orientation mode based on current spindle position, target angle
and orient mode

SYNOPSIS
loadrt orient [count=N|namessame],name2.]]

DESCRIPTION
This component is designed to support a spindle orientation PID loop by providing a command value, and
fit with the motion spindle-orient support pins to support the M19 code.

The spindle is assumed tovieagopped in an arbitrary position. The spindle encoder position is linked to
the position pin. The currentaue of the position pin is sampled on a pesitiElge on theenablepin,
andcommandis computed and set as follows: floor(number of full spindlelugions in theposition sam-
pled on positie elge) plusangle/360 (the fractional rlution) +1/-1/0 depending omode.

Themodepin is interpreted as follows:
0: the spindle rotates in the direction with the lesser angle, which may be clockwise or counterclockwise.
1: the spindle rotatesvadys rotates clockwise to theweangle.

2: the spindle rotatesvadlys rotates counterclockwise to thevnangle.

HAL USAGE
On motion.spindle-orient disconnect the spindle control and connect to the orient-pid loop:

loadrt orient names=orient

loadrt pid names=orient-pid

net orient-angle motion.spindle-orient-angle orient.angle

net orient-mode motion.spindle-orient-mode orient.mode

net orient-enable motion.spindle-orient  orient.enable orient-pid.enable
net spindle-pos ...encoder..position orient.position orient-pid.feedback
net orient-command orient.command orient-pid.command

FUNCTIONS
orient.N (requires a floating-point thread)
Updatecommandbased orenable position, modeandangle

PINS
orient.N.enablebit in
enable angular output for orientation mode

orient.N.modes32 in
0: rotate - shortest me; 1: dways rotate clockwise; 2:abys rotate counterclockwise

orient.N.position float in
spindle position input, unit 1 rev

orient.N.anglefloat in
orient target position in degrees, 0 <= angle < 360

orient.N.commandfloat out
target spindle position, input to PID command
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orient.N.poserr float out
in degrees - aid for PID tuning

AUTHOR
Michael Haberler

LICENSE
GPL
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NAME

HAL Component PID(9)

pid — proportional/integral/derétive controller

SYNOPSIS

loadrt pid [num_chan=num| names=name],name2.]] [debug=dbg]

DESCRIPTION

pid is a classic Proportional/Integral/Deglive mntroller, used to control position or speed feedback loops
for sernwo motors and other closed-loop applications.

pid supports a maximum of sixteen controllers. The number that are actually loaded is set by the
num_chanargument when the module is loaded. Alteneyi specify names= and unique names sepa-
rated by commas.

Thenum_chan=andnames=specifiers are mutually exclusi If neithernum_chan=nornames=are
specified, the default value is three débugis set to 1 (the default is 0), some additional HAL parameters
will be exported, which might be useful for tuning, but are otherwise unnecessary.

NAMING

The names for pins, parameters, and functions are prefixed as:
pid.N. for N=0,1,...,num-1 when usingum_chan=num
nameN.for nameN=namel,name2,... when usiagnes=namel,name2,...

Thepid.N. format is shown in the following descriptions.

FUNCTIONS

PINS

pid.N.do-pid-calcs(uses floating-point) Does the PID calculations for control lop

pid.N.commandfloat in
The desired (commanded) value for the control loop.

pid.N.Pgainfloat in
Proportional gin. Resultsn a contribution to the output that is the error multipliedPiggin.

pid.N.Igain float in
Integral gin. Resultsn a contribution to the output that is the integral of the error multiplied by
Igain. For example an error of 0.02 that lasted 10 seconds would result in an integrated error
(errorl ) of 0.2, and iflgain is 20, the integral term would add 4.0 to the output.

pid.N.Dgain float in
Derivative cain. Result$n a contribution to the output that is the rate of changeviisg) of the
error multiplied byDgain. For example an error that changed from 0.02 to Ov@8®2 seconds
would result in an error desdtive (errorD ) of of 0.05, and ifDgain is 5, the dexiative term would
add 0.25 to the output.

pid.N.feedbackfloat in
The actual (feedback) value, from some sensor such as an encoder.

pid.N.output float out
The output of the PID loop, which goes to some actuator such as a motor.

pid.N.command-derivfloat in
The dervative d the desired (commanded) value for the control loop. If no signal is connected
then the deviative will be estimated numerically.

pid.N.feedback-derivfloat in
The dervative d the actual (feedback) value for the control loop. If no signal is connected then
the dewative will be estimated numericallyWhen the feedback is from a quantized position
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source (e.g., encoder feedback position), behavior of the D term can bedadipyasing a better
velocity estimate here, such as the velocity output of encoder(9) or hostmot2(9).

pid.N.error-pr evious-targetbit in
Use previous wocation’s target vs. current position for error calculationeltke motion con-
troller expects. Thisnay male torque-mode position loops and loops requiring a large | gain eas-
ier to tune, by eliminating velocity-dependent following error.

pid.N.error float out
The difference between command and feedback.

pid.N.enablebit in
When true, enables the PID calculations. When falgtut is zero, and all internal integrators,
etc, are reset.

pid.N.index-enablebit in
On the falling edge dhdex-enable pid does not update the internal commandvdivie esti-
mate. Orsystems which use the encoder igelse, this pin should be connected to the index-
enable signal. When this is not done, and FF1 is nonzero, a step change in the input command
causes a single-cycle spikn the PID output. On systems which use exactly one ofdibev
inputs, this affects the D term as well.

pid.N.biasfloat in
biasis a constant amount that is added to the output. In most cases it should be left at zero. How-
eve, it can sometimes be useful to compensate for offsets io seplifiers, or to balance the
weight of an object that mves vertically. biasis turned ofwhen the PID loop is disabled, just like
all other components of the output. If a non-zero output is neegadvaen the PID loop is dis-
abled, it should be added with an external HAL sum2 block.

pid.N.FFOfloat in
Zero order feed-forward term. Produces a contribution to the output #@0 isultiplied by the
commandedalue. or position loops, it should usually be left at zeFar velocity loopsFFO
can compensate for friction or motor counter-EMF and may permit better tuning if used properly.

pid.N.FF1float in
First order feed-forward term. Produces a contribution to the outputfdanultiplied by the
derivative o the commandedalue. For position loops, the contribution is proportional to speed,
and can be used to compensate for friction or motor CEMFvelocity loops, it is proportional
to acceleration and can compensate for inertia. In both cases, it can result in better tuning if used
properly.

pid.N.FF2 float in
Second order feed-forward term. Produces a contribution to the outputFER&nsultiplied by
the second der@tive o the commandedalue. For position loops, the contribution is proportional
to acceleration, and can be used to compensate for inéai@elocity loops, it should usually be
left at zero.

pid.N.deadbandfloat in
Defines a range of "acceptable" errtrthe absolute value @fror is less thamleadband it will
be treated as if the error is zero. When using feedback devices such as encoders that are inherently
guantized, the deadband should be set slightly more than one-half countei fire control
loop from hunting back and forth if the command is betweenatijacent encoderalues. When
the absolute value of the error is greater than the deadband, the deadband value is subtracted from
the error before performing the loop calculations, tegnrea step in the transfer function at the
edge of the deadband. (S86GS.)

pid.N.maxoutput float in
Output limit. The absolute value of the output will not be permitted to exoegdutput, unless
maxoutput is zero. When the output is limited, the error integrator will hold instead of integrat-
ing, to preent windup and weershoot.
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pid.N.maxerror float in
Limit on the internal error variable used forRand D. Can be used to ment highPgainvalues
from generating large outputs under conditions when the error is large (for example, when the
command makes a step change). Not normally needed, but can be useful when tuning non-linear
systems.

pid.N.maxerrorD float in
Limit on the error deviative. The rate of change of error used by Brgain term will be limited to
this value, unless the value is zero. Can be used to limit the effegaaf and preent large out-
put spikes due to steps on the command and/or feedback. Not normally needed.

pid.N.maxerrorl float in
Limit on error integrator The error integrator used by thgain term will be limited to this value,
unless it is zero. Can be used toverd integrator windup and the resultingesshoot during/after
sustained errors. Not normally needed.

pid.N.maxcmdDfloat in
Limit on command devitive. The command derétive uised byF1 will be limited to this value,
unless the value is zero. Can be used teeptd-F1 from producing large output spikes if there is
a gep change on the command. Not normally needed.

pid.N.maxcmdDDfloat in
Limit on command second destive. The command second dedlive ised byFF2 will be lim-
ited to this value, unless the value is zero. Can be usedvnpFé-2 from producing large out-
put spikes if there is a step change on the command. Not normally needed.

pid.N.saturated bit out
When true, the current PID output is saturated. That is,
output =+ maxoutput.

pid.N.saturated-sfloat out

pid.N.saturated-counts32 out
When true, the output of PID was continually saturated for thiy iseoonds gaturated-9 or
periods §aturated-couny.

PARAMETERS
pid.N.errorl float ro (only if debug=1)
Integral of error This is the value that is multiplied hgain to produce the Integral term of the
output.

pid.N.errorD float ro (only if debug=1)
Derivative d error. This is the value that is multiplied B3gain to produce the Derétive term of
the output.

pid.N.commandDfloat ro (only if debug=1)
Derivative d command. Thiss the value that is multiplied b1 to produce the first order feed-
forward term of the output.

pid.N.commandDDfloat ro (only if debug=1)
Second deviative  command. Thiss the value that is multiplied B2 to produce the second
order feed-forward term of the output.

BUGS
Some people would argue that deadband should be implemented such that error is treated as zero if it is
within the deadband, and be unmodified if it is outside the deadband. This was not done because it would
cause a step in the transfer function equal to the size of the deadband. People who prefer that behavior are
welcome to add a parameter that will change the behavity write their own version gbid. Howeve,
the default behavior should not be changed.

Negative gains may lead to unwanted behavitiris possible in some situations thaigatve H- gains

LinuxCNC Documentation 2007-01-16 299



PID(9) HAL Component PID(9)

malke €nse, but in general all gains should be pasitif some output is in the wrong direction,gagng
gans to fix it is a mistake; set the scaling correctly elsewhere instead.
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NAME

pwmgen - software PWM/PDM generation

SYNOPSIS

loadrt pwmgen output_type=type(,typel..]

DESCRIPTION

pwmgenis used to generate PWM (pulse width modulation) or PDM (pulse density modulation) signals.
The maximum PWM frequegand the resolution is quite limited compared to hardware-based approaches,
but in mary cases software PWM can be very useful. If better performance is needed, a hardware PWM
generator is a better choice.

pwmgensupports a maximum of eight channels. The number of channels actually loaded depends on the
number otypevalues gien. Thevalue of eachypedetermines the outputs for that channel.

type 0: single output
A single output pinpwm, whose duty cycle is determined by the input value for pesitiputs,
and which is df(or atmin-dc) for negaive inputs. Suitabléor single ended circuits.

type 1: pwm/direction
Two output pinspwm anddir. The duty cycle opwm varies as a function of the input value.
dir is low for positive inputs and high for mgtive inputs.

type 2: up/down
Two output pinsup anddown. For positve inputs, the PWM/PDM awvedorm appears oap,
while down is low. For negative inputs, the \wavdorm appears odown, while up is low. Suitable
for driving the tvwo sdes of an H-bridge to generate a bipolar output.

FUNCTIONS

PINS

pwmgen.make-pulsegno floating-point)
Generates the actual PWMawdorms, using information computed bhpdate. Must be called as
frequently as possible, to maximize the attainable PWM freguemttresolution, and minimize
jitter. Operates on all channels at once.

pwmgen.update(uses floating point)
Accepts an input value, performs scaling and limit checks, anatsiit into a form usable by
make-pulsesfor PWM/PDM generation. Can (and should) be called less frequentiyrthker
pulses Operates on all channels at once.

pwmgenN.enablebit in
Enables PWM generatdt - when false, alpwmgenN output pins are lo.

pwmgenN.valuefloat in
Commanded alue. Whervalue = 0.0, duty cycle is 0%, and whemalue = +/-scale duty cycle is
+/- 100%. (Subject tanin-dc andmax-dc limitations.)

pwmgenN.pwm bit out (output types 0 and 1 only)
PWM/PDM wavdorm.

pwmgenN.dir bit out (output type 1 only)
Direction output: lav for forward, high for reerse.

pwmgenN.up bit out (output type 2 only)
PWM/PDM wavdorm for positve input values, v for negative inputs.

pwmgenN.down bit out (output type 2 only)
PWM/PDM wavdorm for negative input values, o for positive inputs.
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PARAMETERS
pwmgenN.curr-dc float ro
The current duty cycle, after all scaling and limitsenhbeen applied. Range is from -1.0 to +1.0.

pwmgenN.max-dcfloat rw
The maximum dutyycle. Avalue of 1.0 corresponds to 100%. This can be useful when using
transistor dwers with bootstrapped power supplies, since the supply requires sertiméto
recharge.

pwmgenN.min-dc float rw
The minimum duty gcle. Avalue of 1.0 corresponds to 100%. Note that when the pwm genera-
tor is disabled, the outputs are constantly, legadless of the setting @hin-dc.

pwmgenN.scalefloat rw

pwmgenN.offsetfloat rw
These parameters provide a scale and offset froweathe pin to the actual dutyycle. Theduty
cycle is calculated according tlz = (value/scale) + offsewith 1.0 meaning 100%.

pwmgenN.pwm-freq float rw
PWM frequeng in Hz. Theupper limit is half of the frequegat which make-pulsess invoked,
and values ah@ tat limit will be changed to the limit. tither-pwm is false, the value will be
changed to the nearest integer submultiple ofithke-pulsesfrequeng. A value of zero pro-
duces Pulse Density Modulation instead of Pulse Width Modulation.

pwmgenN.dither-pwm bit rw
Because software-generated PWM uses a fairly Stoebase (seeral to maly microseconds), it
has limited resolutionFor example, ifmake-pulsess called at a 20KHz rate, apsvm-freq is
2KHz, there are only 10 possible dugckes. Ifdither-pwm is false, the commanded duty cycle
will be rounded to the nearest of thosdues. Assumingalue remains constant, the same output
will repeat @ery PWM ¢ycle. If dither-pwm is true, the output duty cycle will be dithered
between the tavdosest values, so that the long-ternarage is closer to the desiredde dither-
pwm has no effect ipbwm-freq is zero (PDM mode), since PDM is an inherently dithered
process.
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NAME
sample_hold — Sample and Hold

SYNOPSIS
loadrt sample_hold [count=N|namessame],name2.]]

FUNCTIONS
sample-holdN

PINS
sample-holdN.in s32 in
sample-holdN.hold bit in
sample-holdN.out s32 out

LICENSE
GPL
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NAME
sampler — sample data from HAL in real time

SYNOPSIS
loadrt sampler depth=depthl[,depth2...]cfg=stringl1[,string2...]

DESCRIPTION
samplerandhalsampler(1) are used together to sample HAL data in real time and store it in sdite.
pler is a realtime HAL component that exports HAL pins and creates a FIFO in shared mérniay
begins sampling data from the HAL and storing it to the FIR@sampleris a user space program that
copies data from the FIFO to stdout, where it can be redirected to a file or piped to some other program.

OPTIONS
depth=depthl[,depth2...]
sets the depth of the realtime->user FIFO saatpler creates to buffer the realtime data. Multi-
ple values oflepth(separated by commas) can be specified if you need more than one FIFO (for
example if you want to sample data fronotdifferent realtime threads).

cfg=string1[,string2...]
defines the set of HAL pins theampler exports and later samples data from. Gtring must be
supplied for each FIFO, separated by comnsasnpler exports one pin for each character in
string. Legd characters are:

F, f (float pin)
B, b (bit pin)

S, s(s32 pin)
U, u(u32 pin)

FUNCTIONS
samplerN
One function is created per FIFO, numbered from zero.

PINS
samplerN.pin.M input
Pin for the data that will wind up in colunm of FIFO N (and in columnM of the output file).
The pin type depends on the config string.
samplerN.curr-depth s32 output
Current number of samples in the FIFO. When this readbpthnen data will begin @erwriting
old data, and some samples will be lost.
samplerN.full bit output
TRUE when the FIFON is full, FALSE when there is room for another sample.
samplerN.enablebit input
When TRUE, samples are captured and placed in NR@hen FALSE, no samples are acquired.
Defaults to TRUE.
PARAMETERS

samplerN.overruns s32 read/write
The number of times thaampler has tried to write data to the HAL pins but found no room in
the FIFO. Itincrements whewe full is true, and can be reset by getpcommand.
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samplerN.sample-nums32 read/write
A number that identifies the sample. It is automatically incremented for each sample, and can be
reset using theetpcommand. Theample number can optionally be printed in the first column of
the output fromhalsampler, using the-t option. (seaman 1 halsample)

SEE ALSO
halsampler(1) streamen(9) halstreamer(1)

HISTORY

BUGS

AUTHOR
Original version by John Kasunich, as part of the LinuxCNC project. Weprents by seeral other mem-
bers of the LinuxCNC delopment team.

REPORTING BUGS
Report bugs to jmkasunichrAisers DA sourceforge DO net

COPYRIGHT
Copyright © 2006 John Kasunich.
This is free software; see the source for copying conditions. There is NO warrantyemfutreViER-
CHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
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NAME
scale — LinuxCNC HAL component that applies a scale and offset to its input

SYNOPSIS
loadrt scale [count=N|names=name],name2.]]

FUNCTIONS
scaleN (requires a floating-point thread)

PINS
scaleN.in float in
scaleN.gain float in
scaleN.offsetfloat in
scaleN.out float out
out = in * gain + offset

LICENSE
GPL
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NAME
select8 - 8-bit binary match detector

SYNOPSIS
loadrt select8 [countN|namessame],name2.]]

FUNCTIONS
select8N

PINS
select8N.sels32 in
The number of the output to set WR. All other outputs well be set FALSE

select8N.outM bit out (M=0..7)
Output bits. If enable is set and the sel input is between 0 and 7, then the corresponding output bit
will be set true
PARAMETERS
select8N.enablebit rw (default: TRUE
Set enable to FALSE to cause all outputs to be set FALSE

LICENSE
GPL
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NAME
serport — Hardware drér for the digital 1/0 bits of the 8250 and 16550 serial port.

SYNOPSIS
loadrt serport io=addr[,addr...]

The pin numbers refer to the 9-pin serial pind€éep in mind that these ports generally use rs232 volt-
ages, not 0/5V signals.

Specify the I/O address of the serial ports using the module parao¥etddr[,addr...] These ports must
not be in use by thesknel. D free up the 1/O ports after bootup, install setserial ardute a command
like:

sudo setserial /dev/ttyS0 uart none
but it is best to ensure that the serial port isanaised or configured by the Linux kernel by setting a kernel
commandline parameter or not loading the serial kernel module if it is a modularized dri

FUNCTIONS
serport.N.read

serport.N.write

PINS

serport.N.pin-1-in bit out

Also called DCD (data carrier detect); pin 8 on the 25-pin serial pinout
serport.N.pin-6-in bit out

Also called DSR (data set ready); pin 6 on the 25-pin serial pinout
serport.N.pin-8-in bit out

Also called CTS (clear to send); pin 5 on the 25-pin serial pinout
serport.N.pin-9-in bit out

Also called RI (ring indicator); pin 22 on the 25-pin serial pinout
serport.N.pin-1-in-not bit out

Inverted version of pin-1-in
serport.N.pin-6-in-not bit out

Inverted version of pin-6-in
serport.N.pin-8-in-not bit out

Inverted version of pin-8-in
serport.N.pin-9-in-not bit out

Inverted version of pin-9-in
serport.N.pin-3-out bit in

Also called TX (transmit data); pin 2 on the 25-pin serial pinout
serport.N.pin-4-out bit in

Also called DTR (data terminal ready); pin 20 on the 25-pin serial pinout
serport.N.pin-7-out bit in

Also called RTS (request to send); pin 4 on the 25-pin serial pinout

PARAMETERS

serport.N.pin-3-out-invert bit rw
serport.N.pin-4-out-invert bit rw
serport.N.pin-7-out-invert bit rw

308 2017-07-19 LinuxCNC Documentation



SERPOR(9) HAL Component SERPOR9)

serport.N.ioaddr u32 r

LICENSE
GPL
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NAME

setsserial - a utility for setting Smart Serial NVRAM parameters.

SYNOPSIS

loadrt setsserial cmd="set hm2_8i20.001f.nvmaxcurrent 750"

FUNCTIONS

PINS

None

None

USAGE

310

loadrt setsserial cmd="{command} {parameter/device} {value/filename}"

Commandsailable aresetandflash.

This utility should be used under halcmd, without LinuxCNC running preaitime threads running.
A typical command sequence would be:

halrun

loadrt hostmot2 use_serial_numbers=1

loadrt hm2_pci config="firmware=hm2/5i23/svss8_8.bit"
shav param

loadrt setsserial cmd="set hm2_8i20.001f.nvmaxcurrent 750"
exit

This example uses the option tosbahe hal pins and parameters labelled by the serial number of the
remote. This is not necessary but can reduce the scope for confusion. (The serial number is normally on a
sticker on the device.)

The next line loads the hm2_pcidi in the normal wayThe hm2_7i43 dvier should work equally well,
as should anfuture 7i80 dwer. If the card has already been strted up and a firmware has been loaded,
then the config string may be omitted.

"shawv param" is optional, but provides a handy list of all the devices and parameters. It also shows the cur-
rent values of the parameters which can be useful for determining scaling. u32 pin valueayarshelwn
in hex, but ne values can be entered in decimal or hex. Use the Ox123ABC format to enteradulee

The next line imokes setsserial. This is run in a slightly strange way in order @ harnel-lesel access to

a live Hostmot2 config. It is basically a HAL module thaways fails to load. This may lead to error mes-
sages being printed to the halcmd prompt. These can often be ignored. All the real feedback is via the
dmesg command. It is suggested techa gcond terminal winde open to run dmesg after each command.

On exiting there will typically be a further error message related to ther thiling to unload setsserial.
This can be ignored.

The parameter changes will not shop until the drivers are reloaded. //TODO// Add a "get" command to
avad this problem.

Flashing Firmware To flash ne firmware to an FPGA card such as the 5i25 or 5i20 the "mesaflash" util-

ity should be used. Setsserial is only useful for changing/updating the firmare on smart-serial remote such
as the 8i20. The firmware should be placed somewhere in the /lib/firmware/hm2 tree, where the Linux
firmware loading macros can find it.

The flashing routine operates in a realtime thread, and can only send prompts to the user through the kernel
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log (dmesg). It is most coanient to open tw terminal windows, one for command entry and one to moni-
tor progress.

In the first terminal enter
tail -f /var/log/kern.log
This terminal will nev display status information.

The second winde will be used to enter the commands. It is important that LinuxCNC and/or HAL are not
already loaded when the process is starfedflash nev firmware it is necessary to n@a pmper on the
smart-serial remote dre and to switch smart-serial communication to a slower baudrate.

A typical command sequence is then

halrun

loadrt hostmot2 sserial_baudrate=115200

loadrt hm2_pci config="firmware=hm2/5i23/svss8_8.bit"

loadrt setsserial cmd="flash hm2_5i23.0.8i20.0.1 hm2/8i20/8i20T.BIN"

ext
It is not necessary (or useful) to specify a config string in a system using the 5i25 or 6i25 cards.

Note that it is necessary to exit halrun and unload the realtime environment before flashing the next card
(exit)

The correct sserial channel name to use can be seen in the dmesg output in the feedback terminal after the
loadrt hm2_pci step of the sequence.

LICENSE
GPL
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NAME

siggen — signal generator

SYNOPSIS

loadrt siggen [num_chansxaum| names=name],name2.]]

DESCRIPTION

siggenis a signal generator that can be used for testing and other applications that need andquimsy
It produces sine, cosine, triangle, sawtooth, and squares\wf variable frequeng amplitude, and offset,
which can be used as inputs to other HAL components.

siggensupports a maximum of sixteen channels. The number of channels actually loaded is set by the
num_chanargument when the module is loaded. Altengyi specify names=and unique names sepa-
rated by commas.

Thenum_chan=andnames=specifiers are mutually exclusi If neithernum_chan=nornames=are
specified, the default value is one.

NAMING

The names for pins, parameters, and functions are prefixed as:
siggen.N.for N=0,1,...,num-1 when usingum_chan=num
nameN.for nameN=namel,name2,... when usiagnes=namel,name2,...

Thesiggen.N.format is shown in the following descriptions.

FUNCTIONS

PINS

312

siggenN.update (uses floating-point)
Updates output pins for signal generatiorEach time it is called it calculates amsample. It
should be called martimes faster than the desired signal freqyetocavoid distortion and alias-

ing.

siggenN.frequencyfloat in
The output frequencfor signal generatady, in Hertz. Thedefault value is 1.0 Hertz.

siggenN.amplitude float in
The output amplitude for signal generatorlf offsetis zero, the outputs will swing fronampli-
tude to +tamplitude. The default value is 1.00.

siggenN.offsetfloat in
The output offset for signal generatdr This value is added directly to the output signal. The
default value is zero.

siggenN.clock bit out
The clock output. Bit type clock signal output at the commanded freguenc

siggenN.squarefloat out
The square aveoutput. Positie while triangle andcosineare ramping upwards, and whiline
is neydive.

siggenN.sinefloat out
The sine output. Lagsosineby 90 degrees.
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siggenN.cosinefloat out
The cosine output. Lead@eby 90 degrees.

siggenN.triangle float out
The triangle vaveoutput. Rampsip whilesquareis positive, and down whilesquareis negaive.
Reaches its posite and neyative peaks at the same time @&ssine

siggenN.sawtoothfloat out
The sawtooth output. Ramps upwards to its pasjpeak, then instantly drops to itsgative peak
and starts ramping agn. Thedrop occurs whetriangle andcosineare at their posite peaks,
and coincides with the falling edge sifuare.

PARAMETERS
None
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NAME

sim_axis_hardware — A component to simulate home and limit switches
SYNOPSIS

loadrt sim_axis_hardware [count=N|names=same],name2.]]
DESCRIPTION

This component creates simulated home and limit switches based on the current position.
It currently can supply simulation for X,Y,Z and A axes.

FUNCTIONS
sim-axis-hardware N.update (requires a floating-point thread)

PINS
sim-axis-hardware N.Xcurrent-pos float in
The current position on the axisg eonnect to axis.0.joint-pos-fb

sim-axis-hardwareN.Ycurrent-pos float in

sim-axis-hardwareN.Zcurrent-pos float in

sim-axis-hardware N.Acurrent-pos float in

sim-axis-hardware N.Xhomesw-podfloat in (default:1)
The position of the home switch

sim-axis-hardware N.Yhomesw-podfloat in (default:1)
sim-axis-hardwareN.Zhomesw-podfloat in (default:l)
sim-axis-hardware N.Ahomesw-podfloat in (default:1)
sim-axis-hardware N.Xmaxsw-upperfloat in

The upper range of the maximum limit switch, ebdnis is false.

sim-axis-hardwareN.Ymaxsw-upperfloat in
sim-axis-hardware N.Zmaxsw-upperfloat in
sim-axis-hardware N.Amaxsw-upperfloat in
sim-axis-hardware N.Xmaxsw-lower float in
The lower range of the maximum limit switch, belthis is false.

sim-axis-hardware N.Ymaxsw-lower float in
sim-axis-hardware N.Zmaxsw-lowerfloat in
sim-axis-hardware N.Amaxsw-lower float in
sim-axis-hardware N.Xminsw-upper float in
The upper range of the minimum limit switch, sedhis is false.

sim-axis-hardwareN.Yminsw-upper float in
sim-axis-hardware N.Zminsw-upper float in
sim-axis-hardware N.Aminsw-upper float in
sim-axis-hardware N.Xminsw-lower float in
The lower range of the minimum limit switch, belthis is false.

sim-axis-hardware N.Yminsw-lower float in
sim-axis-hardware N.Zminsw-lower float in
sim-axis-hardware N.Aminsw-lower float in
sim-axis-hardware N.Xhomesw-hystfloat in (default.02)
range that home switch will be true +- half this to the home position

sim-axis-hardwareN.Yhomesw-hystfloat in (default.02)
sim-axis-hardware N.Zhomesw-hystfloat in (default.02)
sim-axis-hardware N.Ahomesw-hystfloat in (default.02)
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sim-axis-hardware N.Xhomesw-outbit out
Home switch for the X axis

sim-axis-hardware N.Yhomesw-outbit out

sim-axis-hardware N.Zhomesw-outbit out

sim-axis-hardware N.Ahomesw-outbit out

sim-axis-hardware N.homesw-allbit out

sim-axis-hardware N.Xmaxsw-outbit out
Max limit switch

sim-axis-hardware N.Xminsw-out bit out
min limit switch

sim-axis-hardware N.Xbothsw-out bit out
True for both max and min limit switch

sim-axis-hardware N.Y maxsw-outbit out
sim-axis-hardware N.Yminsw-out bit out
sim-axis-hardware N.Ybothsw-out bit out
sim-axis-hardware N.Zmaxsw-outbit out
sim-axis-hardware N.Zminsw-out bit out
sim-axis-hardware N.Zbothsw-out bit out
sim-axis-hardware N.Amaxsw-outbit out
sim-axis-hardware N.Aminsw-out bit out
sim-axis-hardware N.Abothsw-out bit out
sim-axis-hardware N.limitsw-all bit out
sim-axis-hardware N.limitsw-homesw-all bit out
True for all limits and all home.

sim-axis-hardware N.Xmaxsw-homesw-outit out
sim-axis-hardware N.Xminsw-homesw-outbit out
sim-axis-hardware N.Xbothsw-homesw-outbit out
sim-axis-hardware N.Y maxsw-homesw-outit out
sim-axis-hardware N.Y minsw-homesw-outbit out
sim-axis-hardware N.Ybothsw-homesw-outbit out
sim-axis-hardware N.Zmaxsw-homesw-oubit out
sim-axis-hardware N.Zminsw-homesw-outbit out
sim-axis-hardware N.Zbothsw-homesw-outbit out
sim-axis-hardware N.Amaxsw-homesw-oubit out
sim-axis-hardware N.Aminsw-homesw-outbit out
sim-axis-hardware N.Abothsw-homesw-outbit out
sim-axis-hardware N.limit-offset float in (default.01)
how much the limit switches are offset from inputed position. added to max, subracted from min

AUTHOR
Chris Morley

LICENSE
GPL
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NAME
sim_encoder - simulated quadrature encoder

SYNOPSIS
loadrt sim_encoder [num_chanaum| names=name],name2.]]

DESCRIPTION
sim_encodercan generate quadrature signals as if from an enctidiso generates an ind@ulse once
per revolution. Itis mostly used for testing and simulation, to replace hardware that may vatlalele.
It has a limited maximum frequey s do d software based pulse generators.

sim_encodersupports a maximum of eight channels. The number of channels actually loaded is set by the
num_chan=argument when the module is loaded. Alten&yi specify names=and unique names sepa-
rated by commas.

Thenum_chan=andnames=specifiers are mutually exclusi If neithernum_chan=nornames=are
specified, the default value is one.

FUNCTIONS
sim-encoder.make-pulsegno floating-point)
Generates the actual quadrature andxmiéses. Musbe called as frequently as possible, to
maximize the count rate and minimize jittéperates on all channels at once.

sim-encoder.update-speedlses floating-point)
Reads thepeedcommand and other parameters andrexis the data into a form that can be used
by make-pulses Changes tak ef ect only wherupdate-speeduns. Car(and should) be called
less frequently thamake-pulses Operates on all channels at once.

NAMING
The names for pins and parameters are prefixed as:
sim-encoder.N.for N=0,1,...,num-1 when usingtum_chan=num
nameN.for nameN=namel,name2,... when usiagnes=namel,name2,...

Thesim-encoder.N.format is shown in the following descriptions.

PINS
sim-encodeN.phase-Abit out
One of the quadrature outputs.

sim-encodeN.phase-Bbit out
The other quadrature output.

sim-encodeMN.phase-Zbit out
The inde pulse.

sim-encode.speedfloat in
The desired speed of the encqdeuser units per per second. This is dividedsbgle and the
result is used as the encoder speedvidludons per second.

PARAMETERS

316 2007-01-16 LinuxCNC Documentation



SIM_ENCODER(9) HAL Component SIM_ENCODER(9)

sim-encodem.ppr u32 rw
The pulses per velution of the simulated encodeNote that this is pulses, not counts, peohe-
tion. Eachpulse or cycle from the encoder results in four counts, becaegesglge is counted.
Default value is 100 ppor 400 counts per k®lution.

sim-encodenN.scalefloat rw
Scale factor for thepeedinput. Thespeedvalue is divided byscaleto get the actual encoder
speed in reolutions per secondkor example, ifscaleis set to 60, theapeedis in resolutions per
minute (RPM) instead of velutions per second. The default value is 1.00.
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NAME

sim_home_switch — Simple home switch simulator
SYNOPSIS

loadrt sim_home_switch [count®N|namessame],name2.]]
DESCRIPTION

After tripping home switch, tkeel in opposite direction is required (amount set by the hysteresis pin)

FUNCTIONS
sim-home-switchN (requires a floating-point thread)

PINS
sim-home-switchN.cur-posfloat in
Current position (typically: axis.n.motor-pos-fb)

sim-home-switchN.home-posfloat in (default:l)
Home switch position

sim-home-switchN.hysteresisfloat in (default0.1)
Travd required to backéf hysteresis)

sim-home-switchN.home-swbit out
Home switch actiated

LICENSE
GPL
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NAME

sim_parport — A component to simulate the pins of the hal_parport component

SYNOPSIS

loadrt sim_parport [count=N|names=name],name2.]]

DESCRIPTION

Sim_parport is used to replace the pins of a real parport without changin§tha pins names in the rest
of the config.
It has pass-through pins (ending in -fake) that allows connecting to other components.

eg pn-02-in  will follow  pin-02-in-fake 's logic.
pin_01 out-fak will follow pin_01_out (possibly modified by pin_01_outrt)

It creates all possible pins of both 'in’ and 'out’ options of the hal_parport component.

This allows using other hardware I/O in place of the parport (without having to change the rest of the con-
fig)

or simulating hardware such as limit switches.

it's primary use is in Stepconf for building simulated configs.

You must use the names= option tovldhe right pin names.

eg names=parport.0,parport.1

The read and write functions pass the logic from pins te fiads or vice vera

The reset function is a no operation.

FUNCTIONS

PINS

sim-parport.N.read

sim-parport. N.write

sim-parport.N.reset

sim-parport.N.pin-01-out bit in
sim-parport.N.pin-02-out bit in
sim-parport.N.pin-03-out bit in
sim-parport.N.pin-04-out bit in
sim-parport.N.pin-05-out bit in
sim-parport.N.pin-06-out bit in
sim-parport.N.pin-07-out bit in
sim-parport.N.pin-08-out bit in
sim-parport.N.pin-09-out bit in
sim-parport.N.pin-14-out bit in
sim-parport.N.pin-16-out bit in
sim-parport.N.pin-17-out bit in
sim-parport. N.pin-01-out-fake bit out
sim-parport. N.pin-02-out-fake bit out
sim-parport. N.pin-03-out-fake bit out
sim-parport. N.pin-04-out-fake bit out
sim-parport. N.pin-05-out-fake bit out
sim-parport. N.pin-06-out-fake bit out
sim-parport. N.pin-07-out-fake bit out
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sim-parport. N.pin-08-out-fake bit out
sim-parport. N.pin-09-out-fake bit out
sim-parport. N.pin-14-out-fake bit out
sim-parport. N.pin-16-out-fake bit out
sim-parport. N.pin-17-out-fake bit out
sim-parport.N.pin-02-in bit out
sim-parport.N.pin-03-in bit out
sim-parport.N.pin-04-in bit out
sim-parport.N.pin-05-in bit out
sim-parport.N.pin-06-in bit out
sim-parport.N.pin-07-in bit out
sim-parport.N.pin-08-in bit out
sim-parport.N.pin-09-in bit out
sim-parport.N.pin-10-in bit out
sim-parport.N.pin-11-in bit out
sim-parport.N.pin-12-in bit out
sim-parport.N.pin-13-in bit out
sim-parport.N.pin-15-in bit out
sim-parport.N.pin-02-in-fake bit in
sim-parport.N.pin-03-in-fake bit in
sim-parport. N.pin-04-in-fake bit in
sim-parport. N.pin-05-in-fake bit in
sim-parport. N.pin-06-in-fake bit in
sim-parport.N.pin-07-in-fake bit in
sim-parport. N.pin-08-in-fake bit in
sim-parport. N.pin-09-in-fake bit in
sim-parport.N.pin-10-in-fake bit in
sim-parport.N.pin-11-in-fake bit in
sim-parport.N.pin-12-in-fake bit in
sim-parport.N.pin-13-in-fake bit in
sim-parport.N.pin-15-in-fake bit in
sim-parport.N.pin-02-in-not bit out
sim-parport.N.pin-03-in-not bit out
sim-parport.N.pin-04-in-not bit out
sim-parport.N.pin-05-in-not bit out
sim-parport.N.pin-06-in-not bit out
sim-parport.N.pin-07-in-not bit out
sim-parport.N.pin-08-in-not bit out
sim-parport.N.pin-09-in-not bit out
sim-parport.N.pin-10-in-not bit out
sim-parport.N.pin-11-in-not bit out
sim-parport.N.pin-12-in-not bit out
sim-parport.N.pin-13-in-not bit out
sim-parport.N.pin-15-in-not bit out
sim-parport.N.reset-timefloat in

PARAMETERS
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sim-parport.N.pin-01-out-invert bit rw
sim-parport.N.pin-02-out-invert bit rw
sim-parport.N.pin-03-out-invert bit rw
sim-parport.N.pin-04-out-invert bit rw
sim-parport.N.pin-05-out-invert bit rw
sim-parport.N.pin-06-out-invert bit rw

HAL Component
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SIM_RRPORT(9)
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sim-parport.N.pin-07-out-invert bit rw
sim-parport.N.pin-08-out-invert bit rw
sim-parport.N.pin-09-out-invert bit rw
sim-parport.N.pin-14-out-invert bit rw
sim-parport.N.pin-16-out-invert bit rw
sim-parport.N.pin-17-out-invert bit rw
sim-parport.N.pin-01-out-resethit rw
sim-parport.N.pin-02-out-resethit rw
sim-parport.N.pin-03-out-resethit rw
sim-parport.N.pin-04-out-resethit rw
sim-parport.N.pin-05-out-resethit rw
sim-parport.N.pin-06-out-resethit rw
sim-parport.N.pin-07-out-resethit rw
sim-parport.N.pin-08-out-resethit rw
sim-parport.N.pin-09-out-resethit rw
sim-parport.N.pin-14-out-resetbit rw
sim-parport.N.pin-16-out-resetbit rw
sim-parport.N.pin-17-out-resethit rw
AUTHOR
Chris Morley

LICENSE
GPL
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NAME

sim_spindle — Simulated spindle with indaulse
SYNOPSIS

loadrt sim_spindle [count=N|names=name],name2.]]
FUNCTIONS

sim-spindleN (requires a floating-point thread)

PINS
sim-spindleN.velocity-cmdfloat in
Commanded speed

sim-spindleN.position-fb float out
Feedback position, invelutions

sim-spindleN.index-enablebit io
Resetposition-fb to 0 at the next full rotation

PARAMETERS
sim-spindleN.scalefloat rw (default:1.0)
factor applied torelocity-cmd.

The result of velocity-cmd * scalé be in revdutions per secondfor example, ifvelocity-cmd is
in revolutions/minute scaleshould be set to 1/60 or 0.016666667.

LICENSE
GPL
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NAME
simple_tp — This component is a single axis simple trajectory plasame as used for jogging in linux-
cnc.

SYNOPSIS
Used by PNCconf to aletesting of acceleration and velocity values for an axis.

FUNCTIONS

simple-tp.N.update (requires a floating-point thread)

PINS
simple-tp.N.target-posfloat in
target position to plan for.

simple-tp.N.maxvelfloat in
Maximum velocity

simple-tp.N.maxaccelfloat in
Acceleration rate

simple-tp.N.enablebit in
If disabled, planner sets velocity to zero immedately.

simple-tp.N.current-pos float out
position commanded at this point in time.

simple-tp.N.current-vel float out
velocity commanded at this moment in time.

simple-tp.N.active bit out
if active is true, the planner is requesting vement.

LICENSE
GPL
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NAME

sphereprobe — Probe a pretend hemisphere

SYNOPSIS

loadrt sphereprobe [count=N|namessame],name2.]]

FUNCTIONS

PINS

sphereprobeN
update probe-out based on inputs

sphereprobeN.px s32 in
sphereprobeN.py s32 in
sphereprobeN.pz s32 in
rawcounts position from software encoder

sphereprobeN.cx s32 in
sphereprobeN.cy s32 in
sphereprobeN.czs32 in

Center of sphere in counts

sphereprobeN.r s32 in
Radius of hemisphere in counts

sphereprobeN.probe-out bit out

AUTHOR

Jef Epler

LICENSE
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GPL
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NAME
hostmot2 - Smart Serial LinuxCNC HAL der for the Mesa Electronics HostMot2 Smart-Serial remote
cards

SYNOPSIS
The Mesa Smart-Serial interface is a 2.5Mbs proprietary interface between the Mesa Anything-10 cards
and a range of subsidiary devices termed "smart-serial remotes". The remote cards perform a variety of
functions, but typically thecombine various classes of 0. The remot cards are self-configuring, in that
they tell the main LinuxCNC Hostmot2 dr what their pin functions are and whatytsaould be named.

Many sserial remotes offer different pinouts depending on the mogeatbestarted up in. This is set using
the sserial_port_N= option in the hm2_pci modparam. See the hostmot2 manpage for further details.

It is likely that this documentation will be permanently out of date.

Each Anything-10 board can attach up to 8 sserial remotes to each header (either the 5-pin headers on the
5i20/5i22/5i23/7i43 or the 25-pin connectors on the 5i25, 6i25 and 7i80). The remotes are grouped into
"ports" of up to 8 "channels". Typically each header will be a single 8 channel port, but this is not necessar-
ily always the case.

PORTS
In addition to the per-channel/device pins detailedvo¢here are three per-port pins and three parameters.

Pins:

(bit, in) .sserial.port-N.run: Enables the specific Smart Serial module. Setting this/pisillldisable all

boards on the port and puts the port in a pass-through mode where device parameter setting is possible.
This pin defaults to TRUE and can be left unconnected. Haweggling the pin low-to-high will re-

enable a faulted dré 2 the pin could usefully be connected to the iocontrol.0.user-enable-out pin.

(u32, ro) .run_state: Shows the state of the sserial communications state-machine. This pin will generally
shav a value of 0x03 in normal operation, 0x07 in setup mode and 0x00 when the "run" pin is false.

(u32, ro) .error-count: Indicates the state of the Smart Serial error haadléne parameters sections for
more details.

Paameters:

(u32 r/w) .fault-inc: Ary over-run or handshaking error in the SmartSerial communications will increment
the .fault-count pin by the amount specified by this paraniaédault = 10.

(u32 r/w) .fault-dec: Every successful read/write cycle decrements the fault counter by this amount. Default
=1

(u32 r/w) .fault-lim: When the fault counter reaches this threshold the Smart Serial interface on the corre-
sponding port will be stopped and an error printed in dmesg. Together these threepiftr albmtrol

over the degree of fault- tolerance allowed in the interface. The default values mean that if more than one
transaction in ten fails, more than 20 times, then a hard error will be raised. If the increment were to be set
to zero then no error woulder be mised, and the system would carry ogerdless. Cowversely setting
decrement to zero, threshold to 1 and limit to 1 means that absolutely no errors will be tolerated. (This
structure is copied directly from vehicle ECU practice)
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DEVICES
The other pins and parameters created in HAL depend on the devices detected. The following list of Smart
Serial devices is by no means exhausti

8i20 The 8i20 is a 2.2kW three-phaseverior brushless DC motors and>/Aervo motors. 8i20pins
and parameters @ rames lilke "hm2_<BoardType=<BoardNum>8i20 <PortNum>.<Chan-
Num><Pin>", for example "hm2_5i23.0.8i20.1.3.current" would set the phase current for the
drive mnnected to the fourth channel of the second sserial port of the first 5i23 board. Note that
the sserial ports do not necessarily correlate in layout or number to the physical ports on the card.

Pins:

(float in) angle
The rotor angle of the motor in fractions of a fulllaserevolution. An angle of 0.5 indicates that
the motor is half a turn / 180 degreesradians from the zero position. The zero position is taken
to be the position that the motor adopts under no load with aguittage applied to the A (or
U) phase and both B and C (or V and W) connected to -V oA®fole motor will hae 3 zro
positions per physical rotation. Note that the 8i20elaitomatically adds the phase lead/lag
angle, and that this pin should see the mator angle. There is a HAL module (bldc) which han-
dles the complexity of differing motor and ekitypes.

(float, in) current
The phase current command to the@rhis is scaled from -1 to +1 for forwards andase
maximum currents. The absolute value of the current is set by the max_current parameter.

(float, ro) voltage
The drive tus voltage in VThis will tend to sher 25.6V when the dvie is unpowered and the
drive will not operate bel about 50V.

(float, ro) temp
The temperature of the der in degees C.

(u32, ro) comms
The communication status of thewdri See the manual for more details.

(bit, ro) status and fault.
The following fault/status bits are exported. For further details see the 8i20 miaulial-cur-
rent / fault.U-current-not fault.V-current / fault.V-current-not fault. W-current / fault. W-current-not
fault.bus-high /fault.bus-high-not fault.buswerv / fault.bus-eerv-not fault.bus-underv /
fault.bus-underv-not fault.framingr / fault.framingr-not fault.module / fault. module-not fault.no-
enable / fault.no-enable-not faultescurrent / fault.@ercurrent-not fault.eerrun / fault.werrun-
not fault.overtemp / fault.@ertemp-not fault.watchdog / fault.watchdog-not

status.brake-old / status.brake-old-not status.brake-on / status.brake-on-not status.bus-underv / sta-
tus.bus-underv-not status.current-lim / status.current-lim-no status.ext-reset / status.ext-reset-not
status.no-enable / status.no-enable-not status.pid-on / status.pid-on-not status.sw-reset / status.sw-
reset-not status.wd-reset / status.wd-reset-not

Paameters:
The following parameters are exported. See the pdf documentation downloadable from Mesa for
further details
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hm2_5i25.0.8i20.0.1.angle-maxlim
hm2_5i25.0.8i20.0.1.angle-minlim
hm2_5i25.0.8i20.0.1.angle-scalemax
hm2_5i25.0.8i20.0.1.current-maxlim
hm2_5i25.0.8i20.0.1.current-minlim
hm2_5i25.0.8i20.0.1.current-scalemax
hm2_5i25.0.8i20.0.1.nvbrakeoffv
hm2_5i25.0.8i20.0.1.nvbrakeonv
hm2_5i25.0.8i20.0.1.nvbuserv
hm2_5i25.0.8i20.0.1.nvbusundervmax
hm2_5i25.0.8i20.0.1.nvbusundervmin
hm2_5i25.0.8i20.0.1.nvkdihi
hm2_5i25.0.8i20.0.1.nvkdil
hm2_5i25.0.8i20.0.1.nvkdilo
hm2_5i25.0.8i20.0.1.nvkdp
hm2_5i25.0.8i20.0.1.nvkqihi
hm2_5i25.0.8i20.0.1.nvkqil
hm2_5i25.0.8i20.0.1.nvkgilo
hm2_5i25.0.8i20.0.1.nvkqp
hm2_5i25.0.8i20.0.1.nvmaxcurrent
hm2_5i25.0.8i20.0.1.nvrembaudrate
hm2_5i25.0.8i20.0.1.swrevision
hm2_5i25.0.8i20.0.1.unitnumber

(float, rw) max_current

Sets the maximum dieé arrent in Amps. The default value is the maximum current programmed

SSERIAL(9)

into the drve EEPROM. The value must be pogdj and an error will be raised if a current in

excess of the dvie maximum is requested.

(u32, ro) serial_number

7i64

The serial number of the connectedrdriThis is also shown on the label on thereri

The 7i64 is a 24-input 24-output IO card. 7i64 pins and parametegstiaes like

"hm2_<BoardType=<BoardNum>7i64. <PortNum>.<ChanNum>.<Pin>fgr example

hm2_5i23.0.7i64.1.3.output-01

Pins: (bit, in) 7i64.0.0.output-NN: Writing a 1 or TRUE to this pin will enable outpué&dxN.
Note that the outputs are s (switches) rather than voltage outputs. The LED adjacent to the
connector on the board shows the status. The output candedhby setting a parameter.

(bit, out) 7i64.0.0.input-NN: The value of input NN. Note that the inputs are isolated and both pins
of each input must be connected (typically to signal and the ground of the signal. This need not be

the ground of the board.)

(bit, out) 7i64.0.0.input-NN-not: An irerted coyy of the corresponding input.

(float, out) 7i64.0.0.analog0 & 7i64.0.0.analogl: The &malogue inputs (0 to 3.3V) on the

board.

Paameters: (bit, rw) 7i64.0.0.output-NNvigrt: Setting this parameter to 1 / TRUE willvent the
output value, such that writing 0 to .gpio.NN.out will enable the output and vice-versa.

LinuxCNC Documentation 2008-05-13

327



SSERIAL(9)

328

7i76

HAL Component SSERIAL(9)

The 7i76 is not only a smart-serial device. It also serves as a breakout for a number of other Host-
mot2 functions. There are connections for 5 step generators (for which see the main hostmot2
manpage). The stepgen pins are associated with the 5i25 (hm2_5i25.0.stepgen.00....) whereas the
smart-serial pins are associated with the 7i76 (hm2_5i25.0.7i76.0.0.output-00).

Pins:

(float out) .7i76.0.0.analogN (modes 1 and 2 only) Analogue input values.

(float out) .7i76.0.0.fieldvoltage (mode 2 only) Field voltage monitoring pin.

(bit in) .7i76.0.0.spindir: This pin provides a means toaltie spindle VFD direction terminals
on the 7i76 board.

(bitin) .7i76.0.0.spinena: This pin des the spindle-enable terminals on the 7i76 board.

(float in) .7i76.0.0.spinout: This controls the analogue output of the 7i76. This is intended as a
speed control signal for a VFD.

(bit out) .7i76.0.0.output-NN: (NN = 0 to 15). 16 digital outputs. The sense of the signal can be set
via a parameter

(bit out) .7i76.0.0.input-NN: (NN = 0 to 31) 32 digital inputs.

(bitin) .7i76.0.0.input-NN-not: (NN = 0 to 31) Anverted coyy of the inputs provided for coe-
nience. The tw complementary pins may be connected to different signal nets.

Paameters:

(u32 ro) .7i76.0.0.nvbaudrate: Indicates the vbaud rate. This probably should not be altered, and
special utils are needed to do so.

(u32 ro) .7i76.0.0.nvunitnumber: Indicates the serial number of the device and should match a
siticker on the card. This can be useful for wokring out which card is which.

(u32 ro) .7i76.0.0.nvwatchdogtimeout: The sserial remote watchdog timeout. This is separate from
the Anything-10 card timeout. This is unliki¢o need to be changed.

(bit rw) .7i76.0.0.output-NN-iwert: Invert the sense of the corresponding output pin.

(bit rw) .7i76.0.0.spindir-imert: Invert the senseof the spindle direction pin.

(bit rw) .7i76.0.0.spinena-uert: Invert the sense of the spindle-enable pin.

(float rw) .7i76.0.0.spinout-maxlim: The maximum speed requestalle

(float rw) .7i76.0.0.spinout-minlim: The minimum speed request.

(float rw) .7i76.0.0.spinout-scalemax: The spindle speed scaling. This is the speed request which
would correspond to full-scale output from the spindle control pin. For example with a 1@V dri
voltage and a 10000rpm scalemax a value of 10,000 rpm on the spinout pin would produce 10V

output. Howeer, if spinout-maxlim were set to 5,000 rpm then no voltagevat® would be out-
put.
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(u32 ro) .7i76.0.0.swrevision: The onboard firmware revision nunilidities exist to update and
change this firmware.

The 7i77 is an 6-axis sencontrol card. The analogue outputs are smart-serial devices but the
encoders are coantional hostmot2 encoders and further details of them may be found in the host-
mot2 manpage.

Pins: (bit out) .7i77.0.0.input-NN: (NN = 0 to 31) 32 digital inputs.

(bitin) .7i77.0.0.input-NN-not: (NN = 0 to 31) Anverted coyy of the inputs provided for coe-
nience. The tw complementary pins may be connected to different signal nets.

(bit out) .7i77.0.0.output-NN: (NN = 0 to 15). 16 digital outputs. The sense of the signal can be set
via a parameter

(bit in) .7i77.0.0.spindir: This pin provides a means toaltie spindle VFD direction terminals
on the 7i76 board.

(bitin) .7i77.0.0.spinena: This pin des the spindle-enable terminals on the 7i76 board.

(float in) .7i77.0.0.spinout: This controls the analog output of the 7i77. This is intended as a speed
control signal for a VFD.

(bitin) .7i77.0.1.analogena: This pinvi$ the analog enable terminals on the 7i77 board.

(float in) .7i77.0.1.analogoutN: (N = 0 to 5) This controls the analog output of the 7i77.
Paameters: (bit rw) .7i77.0.0.output-NNvirt: Invert the sense of the corresponding output pin.

(bit rw) .7i77.0.0.spindir-imert: Invert the senseof the spindle direction pin.

(bit rw) .7i77.0.0.spinena-uert: Invert the sense of the spindle-enable pin.

(float rw) .7i77.0.0.spinout-maxlim: The maximum speed requestalle

(float rw) .7i77.0.0.spinout-minlim: The minimum speed request.

(float rw) .7i77.0.0.spinout-scalemax: The spindle speed scaling. This is the speed request which
would correspond to full-scale output from the spindle control pin. For example with a 1@V dri
voltage and a 10000rpm scalemax a value of 10,000 rpm on the spinout pin would produce 10V
output. Howeer, if spinout-maxlim were set to 5,000 rpm then no voltagevalt® would be out-

put.

(float rw) .7i77.0.0.analogoutN-maxlim: (N = 0 to 5) The maximum speed requegdlato

(float rw) .7i77.0.0.analogoutN-minlim: (N = 0 to 5) The minimum speed request.

[ ***** CHECK ME ***** |'m not sure about the description on analogoutN-scalemax ////

(float rw) .7i77.0.0.analogoutN-scalemax: (N = 0 to 5) The analog speed scaling. This is the speed
request which would correspond to full-scale output from the spindle control pin. For example
with a 10V drve wltage and a 10000rpm scalemax a value of 10,000 rpm on the spinout pin

would produce 10V output. Hower, if spinout-maxlim were set to 5,000 rpm then no voltage
above 5/ would be output.
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The 7i69 is a 48 channel digital 10 card. It can be configured in four different modes: Mode 0 B
48 pins bidirectional (all outputs can be set high theredibw to work as inputs)

Mode 1 48 pins, input only

Mode 2 48 pins, all outputs

Mode 3 24 inputs and 24 outputs.

Pins: (bit in) .7i69.0.0.output-NN: Digital output. Sense can bertied with the corresponding
Paameter

(bit out) .7i69.0.0.input-NN: Digital input
(bit out) .7i69.0.0.input-NN-not: Digital input,\merted.
Paameters:

(u32 ro) .7i69.0.0.nvbaudrate: Indicates the vbaud rate. This probably should not be altered, and
special utils are needed to do so.

(u32 ro) .7i69.0.0.nvunitnumber: Indicates the serial number of the device and should match a
siticker on the card. This can be useful for wokring out which card is which.

(u32 ro) .7i69.0.0.nvwatchdogtimeout: The sserial remote watchdog timeout. This is separate from
the Anything-10 card timeout. This is unliki¢o need to be changed.

(bit rw) .7i69.0.0.output-NN-iwert: Invert the sense of the corresponding output pin.

(u32 ro) .7i69.0.0.swrevision: The onboard firmware revision nunilidlities exist to update and
change this firmware.

The 7170 is a remote isolated 48 input card. The 7170 inputs senseeingitits relatie  a

common field ground. Input impedance is 10K Ohms and input voltage can range from 5VDC to
32VDC. All inputs hae LED status indicators. The input common field ground is galvanically
isolated from the communications link.

The 7170 has three software selectable modes. These different modes select different sets of 7170
data to be transferred between the host and the 7170 during real time process data exchanges. For
high speed applications, choosing the correct mode can reduced the data transfer sizes, resulting in
higher maximum update rates.

MODE 0 Input mode (48 bits input data only

MODE 1 Input plus analog mode (48 bits input data plus 6 channels of analog data)

MODE 2 Input plus field voltage

Pins:

(float out) .7i70.0.0.analogN (modes 1 and 2 only) Analogue input values.

(float out) .7i70.0.0.fieldvoltage (mode 2 only) Field voltage monitoring pin.

(bit out) .7i70.0.0.input-NN: (NN = 0 to 47) 48 digital inputs.

(bitin) .7i70.0.0.input-NN-not: (NN = 0 to 47) Anverted coyy of the inputs provided for
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convenience. The tw complementary pins may be connected to different signal nets.
Paameters:

(u32 ro) .7i70.0.0.nvbaudrate: Indicates the vbaud rate. This probably should not be altered, and
special utils are needed to do so.

(u32 ro) .7i70.0.0.nvunitnumber: Indicates the serial number of the device and should match a
siticker on the card. This can be useful for wokring out which card is which.

(u32 ro) .7i70.0.0.nvwatchdogtimeout: The sserial remote watchdog timeout. This is separate from
the Anything-10 card timeout. This is unliki¢o need to be changed.

(u32 ro) .7i69.0.0.swrevision: The onboard firmware revision nunilidities exist to update and
change this firmware.

The 7171 is a remote isolated 48 output card. The 48 outputs are 8VDC to 28VDC souveinsg dri
(common + field power) with 300 mA maximum current capabilityl outputs hae LED status
indicators.

The 7171 has ter oftware selectable modes. For high speed applications, choosing the correct
mode can reduced the data transfer sizes, resulting in higher maximum update rates

MODE 0 Output only mode (48 bits output data only)

MODE 1 Outputs plus read back field voltage

Pins:

(float out) .7i71.0.0.fieldvoltage (mode 2 only) Field voltage monitoring pin.

(bit out) .7i71.0.0.output-NN: (NN = 0 to 47) 48 digital outputs. The sense maydstethby the
invert parameter.

Paameters:
(bit rw) .7i71.0.0.output-NN-iwert: Invert the sense of the corresponding output pin.

(u32 ro) .7i71.0.0.nvbaudrate: Indicates the vbaud rate. This probably should not be altered, and
special utils are needed to do so.

(u32 ro) .7i71.0.0.nvunitnumber: Indicates the serial number of the device and should match a
siticker on the card. This can be useful for wokring out which card is which.

(u32 ro) .7i71.0.0.nvwatchdogtimeout: The sserial remote watchdog timeout. This is separate from
the Anything-10 card timeout. This is unliki¢o need to be changed.

(u32 ro) .7i69.0.0.swrevision: The onboard firmware revision nunilidities exist to update and
change this firmware.
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7i73 The 7173 is a remote real time pendant or control panel interface.

The 7173 supports up to four 50KHz encoder inputs for MPGs, 8 digital inputs and 6 digital out-
puts and up to a 644y keypad. If a smallerd&ypad is used, more digital inputs and outputs
become wailable. Up to eight 0.0V to 3.3V analog inputs are alswipem. The7I73 can dre a

4 line 20 character LCD for local mRgpplications.

The 7173 has 3 software selectable process data modes. These different modes select different sets
of 7173 data to be transferred between the host and the 7 173 during real time process data
exchanges. For high speed applications, choosing the correct mode can reduced the data transfer
sizes, resulting in higher maximum update rates

MODE 0 I/O + ENCODER

MODE 1 I/O + ENCODER +ANALOG IN

MODE 2 I/O + ENCODER +ANALOG IN FAST DISPLAY

Pins:

(float out) .7i73.0.0.analoginN: Analogue inputs. Up to 8 channels mayaitabde dependant on
software and hardware configuration modes. (see the pdf manual downlaodable from
www.mesanet.com)

(u32in) .7i73.0.1.display (modes 1 and 2). Data for LCD displaig pin may be coreniently
driven by the HAL "lcd" component which allows the formatted display of the valugsamber
of HAL pins and textual content.

(u32in) .7i73.0.1.display32 (mode 2 only). 4 bytes of data for LCD disflais mode is not sup-
ported by the HAL "lcd" component.

(s32 out) .7i73.0.1.encN: The position of the MPG encoder counters.

(bit out) .7i73.0.1.input-NN: Up to 24 digital inputs (dependent on config)
(bit out) .7i73.0.1.input-NN-not: irerted copy of the digital inputs

(bitin) .7i73.0.1.output-NN: Up to 22 digital outputs (dependent on config)
Paameters:

(u32 ro) .7i73.0.1venalodfilter:
(u32 ro) .7i73.0.1.nvbaudrate
(u32 ro) .7i73.0.1.nvcontrast
(u32 ro) .7i73.0.1.nvdispmode
(u32 ro) .7i73.0.1vencmodeO
(u32 ro) .7i73.0.1vencmodel
(u32 ro) .7i73.0.1vencmode?2
(u32 ro) .7i73.0.1vencmode3
(u32 ro) .7i73.0.1.nwytimer
(u32 ro) .7i73.0.1.nvunitnumber
(u32 ro) .7i73.0.1.nvwatchdogtimeout
(u32 ro) .7i73.0.1.output-00:mart

The abeoe parameters are only settable with utility software, for further
details of their use see the Mesa manual.
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(bit rw) .7i73.0.1.output-01-irert: Invert the corresponding output bit.
(s32 ro) .7i73.0.1.swrevision: The version of firmware installed.

TODO: Add 7i77, 7i66, 7i72, 7i83, 7i84, 7i87.

LinuxCNC Documentation 2008-05-13 333



STEPGEN(9) HAL Component STEPGEN(9)

NAME
stepgen - software step pulse generation

SYNOPSIS
loadrt stepgen step_typetypeQ,typel..] [ctrl_type=typeQ,typel..]] [user_step_type=##.]

DESCRIPTION
stepgenis used to control stepper motors. The maximum step rate depends on the CPU and other factors,
and is usually in the range of 5KHz to 25KHz. If higher rates are needed, a hardware step generator is a
better choice.

stepgenhas two control modes, which can be selected on a channel by channel basistustgge. Pos-
sible values arep” for position control, andv™ for velocity control. The default is position control, which
drives the motor to a commanded position, subject to acceleration and velocity NMalitsity control

drives the motor at a commanded speed, again subject to accel and velocity limits. ,{ppesdiyn mode

is used for machine as. \élocity mode is reserved for unusual applications where continuotesrant

at some speed is desired, instead ofement to a specific position. (Note that velocity mode replaces the
former componerfreqgen.)

stepgencan control a maximum of 16 motors. The number of motors/channels actually loaded depends on
the number ofypevalues gven. Thevalue of eachtypedetermines the outputs for that channel. Position

or velocity mode can be individually selected for each channel. Both control modes support the same 16
possible step types.

By far the most common step type is '0’, standard step and direction. Others include up/down, quadrature,
and a wide variety of three, found five phase patterns that can be used to directly control some types of
motor windings. (When used with appropriate buffers of course.)

Some of the stepping types are describedwyddat for more details (including timing diagrams) see the
stepgensection of the HAL reference manual.

type 0: step/dir
Two pins, one for step and one for directionake-pulsesmust run at least twice for each step
(once to set the step pin true, once to clear it). This limits the maximum step rate to half (or less)
of the rate that can be reached by types 2-14. The pararsietglenandstepspacecan further
lower the maximum step rat®aametergirsetup anddirhold also apply to this step type.

type 1: up/down
Two pins, one for 'step up’ and one for 'stepado. Like type 0,make-pulsesmust run twice per
step, which limits the maximum speed.

type 2: quadrature
Two pins, phase-A and phase-Bor forward motion, A leads B. Can advance by one stefye
time make-pulsesruns.

type 3: three phase, full step
Three pins, phase-A, phase-B, and phase-C. Three steps per full cycle, then repeats. Only one
phase is high at a time - for forward motion the pattern is A, then B, then C, then A again.

type 4: three phase, half step
Three pins, phases A through C. Six steps per yglec FirstA is high alone, then A and B
togetherthen B alone, then B and C togethete.

types 5 through 8: four phase, full step
Four pins, phases A through B-our steps per fullycle. Types 5 and 6 are suitable for use with
unipolar steppers, where power is applied to the center tap of each winding, and four open-collec-
tor transistors dvie the ends.Types 7 and 8 are suitable for bipolar steppergenby two H-
bridges.
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types 9 and 10: four phase, half step
Four pins, phases A through D. Eight steps per fydlee. Type 9 is suitable for unipolar dg,
and type 10 for bipolar dré.

types 11 and 12: fevphase, full step
Five gns, phases A through E. Véi geps per full gcle. SeeHAL reference manual for the pat-
terns.

types 13 and 14: fevphase, half step
Five gns, phases A through Hen geps per full gcle. SeeHAL reference manual for the pat-
terns.

type 15: user-specified
This uses the avdorm specified by theser_step_typemodule parametewhich may hae p to
10 steps and 5 phases.

FUNCTIONS
stepgen.make-pulseéno floating-point)
Generates the step pulses, using information computaddate-freq. Must be called as fre-
guently as possible, to maximize the attainable step rate and minimizeQipeerates on all chan-
nels at once.

stepgen.capture-positior(uses floating point)
Captures position feedback value from the high speed code and maladabileon a pin for use
elsewhere in the system. Operates on all channels at once.

stepgen.update-frequses floating point)
Accepts a velocity or position command andweois it into a form usable byake-pulsesfor
step generation. Operates on all channels at once.

PINS
stepgenN.countss32 out
The current position, in counts, for chanNelUpdated bycapture-position.

stepgenN.position-fb float out
The current position, in length units (see paranpdsition-scal§. Updatecdby capture-posi-
tion. The resolution oposition-fb is much finer than a single step. If you need to see individual
steps, useounts

stepgenN.enablebit in
Enables output steps - when false, no steps are generated.

stepgenN.velocity-cmdfloat in (velocity mode only)
Commanded velocityn length units per second (see paramgtsition-scalg.

stepgenN.position-cmdfloat in (position mode only)
Commanded position, in length units (see paranpetsition-scale).

stepgenN.stepbhit out (step type 0 only)
Step pulse output.

stepgenN.dir bit out (step type 0 only)
Direction output: lav for forward, high for reerse.

stepgenN.up bit out (step type 1 only)
Count up output, pulses for forward steps.

stepgenN.down bit out (step type 1 only)
Count down output, pulses forveese steps.

stepgenN.phase-Athru phase-Ebit out (step types 2-14 only)
Output bits. phase-Aandphase-Bare present for step types 2-phase-Cfor types 3-14phase-
D for types 5-14, anghase-Efor types 11-14. Behavior depends on selected stepping type.
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PARAMETERS

stepgenN.frequencyfloat ro
The current step rate, in steps per second, for chahnel

stepgenN.maxaccelfloat rw
The acceleration/deceleration limit, in length units per second squared.

stepgenN.maxvelfloat rw
The maximum allwable velocity in length units per second. If the requested maximum velocity
cannot be reached with the current combination of scalingnake-pulseshread period, it will
be reset to the highest attainable value.

stepgenN.position-scalefloat rw

The scaling for position feedback, position command, and velocity command, in steps per length
unit.

stepgenN.rawcountss32 ro

The position in counts, as updatedrbgke-pulses (Note: this is updated more frequently than
thecountspin.)

stepgenN.steplenu32 rw
The length of the step pulses, in nanoseconds. Measured from rising edge to falling edge.

stepgenN.stepspacau32 rw (step types 0 and 1 only) The minimum
space between step pulses, in nanoseconds. Measured from falling edge to rising edge. The actual
time depends on the step rate and can be much loHggepspacas 0, thenstepcan be asserted
evay period. This can be used in conjunction Wil parport’s auto-resetting pins to output
one step pulse per period. In this mosteplenmust be set for one period or less.

stepgenN.dirsetup u32 rw (step type 0 only)
The minimum setup time from direction to step, in nanoseconds periods. Measured from change
of direction to rising edge of step.

stepgenN.dirhold u32 rw (step type 0 only)
The minimum hold time of direction after step, in nanoseconds. Measured from falling edge of
step to change of direction.

stepgenN.dirdelay u32 rw (step types 1 and higher only)
The minimum time between a forward step andvarse step, in nanoseconds.

TIMING

336

There are fige iming parameters which control the outputwsform. Nostep type uses all five, and only

those which will be used are exported to HAL. The values of these parameters are in nano-seconds, SO no
recalculation is needed when changing thread periods. In the timing diagrams thatfeji@re ident-

fied by the following numbers:

(1) stepgen.n.steplen
(2) stepgen.n.stepspace
(3) stepgen.n.dirhold

(4) stepgen.n.dirsetup
(5) stepgen.n.dirdelay

For step type 0, timing parameters 1 thru 4 are used. The following timing diagram shows the augput w
forms, and what each parameter adjusts.

STEP / \ / \ / \

Ti e |-(D-1--(2)--1-(D-1--(3)---(H-]-(1)-|

DR /
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For step type 1, timing parameters 1, 2, and 5 are used. The following timing diagram shows the output
waveforms, and what each parameter adjusts.

up / \ / \

|-(2)-1-(1)-|

| |l |

\ / \_

For step types 2 and highghe exact pattern of the outputs depends on the step type (see the HAL manual
for a full listing). The outputs change from one state to another at a minimum intesteplein When a
direction change occurs, the minimum time between the last step in one direction and the first in the other
direction is the sum dafteplenanddirdelay.

SEE ALSO
The HAL User Manual.
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NAME

steptest — Used by Stepconf to alltesting of acceleration and velocity values for an axis.

SYNOPSIS

loadrt steptest [count=N|names=name],name2.]]

FUNCTIONS

PINS

steptestN (requires a floating-point thread)

steptestN.jog-minus bit in
Drive TRUE to jog the axis in its minus direction

steptestN.jog-plus bit in
Drive TRUE to jog the axis in its posite drection

steptestN.run bit in
Drive TRUE to run the axis near its current position_fb with a trapezoidal velocity profile

steptestN.maxvelfloat in
Maximum velocity

steptestN.maxaccelfloat in
Permitted Acceleration

steptestN.amplitude float in
Approximate amplitude of positions to command during run’

steptestN.dir s32 in
Direction from central point to test: 0 = both, 1 = pesjtR = negdive

steptestN.position-cmdfloat out
steptestN.position-fb float in
steptestN.running bit out
steptestN.run-target float out
steptestN.run-start float out
steptestN.run-low float out
steptestN.run-high float out
steptestN.pauses32 in (default0)
pause time for each end of run in seconds

PARAMETERS

steptestN.epsilonfloat rw (default.001)
steptestN.elapsedfloat r
Current value of the internal timer

LICENSE

338

GPL
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NAME

streamer — stream file data into HAL in real time

SYNOPSIS

loadrt streamer depth=depthl[,depth2...]cfg=stringl1[,string2...]

DESCRIPTION

streamer andhalstreamer(1) are used together to stream data from a file into the HAL in real time.
streameris a realtime HAL component that exports HAL pins and creates a FIFO in shared memory.
hal_streameris a user space program that copies data from stdin into the FIFO, swehater can write
it to the HAL pins.

OPTIONS

depth=depthl[,depth2...]
sets the depth of the user->realtime FIFO #iiamer creates to receé data fromhalstreamer.
Multiple values ofdepth(separated by commas) can be specified if you need more than one FIFO
(for example if you want to stream data fronotgifferent realtime threads).
cfg=string1[,string2...]
defines the set of HAL pins thstreamer exports and later writes data to. Osteing must be
supplied for each FIFO, separated by comnsieamer exports one pin for each character in
string. Legd characters are:
F, f (float pin)
B, b (bit pin)
S, s(s32 pin)
U, u(u32 pin)

FUNCTIONS

PINS

streamer.N
One function is created per FIFO, numbered from zero.

streamerN.pin.M output
Data from columriM of the data in FIFON appears on this pin. The pin type depends on the con-
fig string.

streamerN.curr-depth s32 output
Current number of samples in the FIFO. When this reaches zardaite will no longer be writ-
ten to the pins.

streamerN.empty bit output
TRUE when the FIFON is empty FALSE when valid data isvailable.

streamerN.enablebit input
When TRUE, data from FIF® is written to the HAL pins. When false, no data is transferred.
Defaults to TRUE.

streamerN.underruns s32 read/write
The number of times thaampler has tried to write data to the HAL pins but found no fresh data
in the FIFO. It increments whever empty is true, and can be reset by #a&pcommand.

streamerN.clock bit input
Clock for data as specified by the clock-mode pin
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streamerN.clock-modes32 input
Defines behavior of clock pin:
0 (default) free run ateery iteration
1 dock on falling edge of clock pin
2 dock on rising edge of clock pin
3 dock on ay edge of clock pin

SEE ALSO
halstreamer(1) samplen(9) halsamplern(1)

HISTORY
BUGS
Should arenableHAL pin be added, to alle streaming to be turned on and off?

AUTHOR
Original version by John Kasunich, as part of the LinuxCNC project. Weprents by seeral other mem-
bers of the LinuxCNC delopment team.

REPORTING BUGS
Report bugs to jmkasunichrAisers DA sourceforge DO net

COPYRIGHT
Copyright © 2006 John Kasunich.
This is free software; see the source for copying conditions. There is NO warrantyemfutreViER-
CHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE.
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NAME
sum2 — Sum of tevinputs (each with a gain) and an offset

SYNOPSIS
loadrt sum2 [count=N|names=sname],name2.]]

FUNCTIONS
sum2N (requires a floating-point thread)

PINS
sum2N.in0 float in
sum2N.inl float in
sum2N.out float out
out =in0 * gain0 + inl * gainl + offset

PARAMETERS
sum2N.gainOfloat rw (default:1.0)
sum2N.gainlfloat rw (default:1.0)
sum2N.offsetfloat rw

LICENSE
GPL
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NAME
supply — set output pins with values from parameters (obsolete)

SYNOPSIS
loadrt supply num_chan=num

DESCRIPTION
supply was used to allav the inputs of other HAL components to be manipulated for testing purposes.
When it was written, the only way to set the value of an input pin was to connect it to a signal and connect
that signal to an output pin of some other component, and then let that component write the psupalue.
ply was written to be that "other component”. It reads values from parameters (set with the HAL command
setp) and writes them to output pins.

Sincesupply was written, thesetpcommand has been modified to allib to set unconnected pins as well
as parameters. In addition, teetscommand was added, which can directly set HAL signals, as long as
there are no output pins connected to them. Therefopply is obsolete.

supply supports a maximum of eight channels. The number of channels actually loaded is set by the
num_chanargument when the module is loadedndfnchanis not specified, the default value is one.

FUNCTIONS
supply.N.update (uses floating-point)
Updates output pins for chanril

PINS
supply.N.q bit out
Output bit, copied from parametsupply.N.d.

supply.N._q bit out
Output bit, iverted copy of parametesupply.N.d.

supply.N.variable float out
Analog output, copied from paramegaipply.N.value,

supply.N._variable float out
Analog output, equal to -1.0 times paramstguply.N.value.

supply.N.d bit rw
Data source fog and_q output pins.

supply.N.value bit rw
Data source fovariable and_variable output pins.
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NAME
thc — Torch Height Control

SYNOPSIS
loadrt thc

DESCRIPTION
Torch Height Control Mesa THC > Encoder > LinuxCNC THC component

The Mesa THC sends a frequgiiased on the voltage detected to the encotlee velocity from the
encoder is corerted to volts with the velocity scale parameter inside the THC component.

The THCAD card sends a frequgrat 0 wlts so the scale offset parameter is used to zero the calculated
voltage.

Component Functions If enabled and torch is on and X + Y velocity is within tolerance of set speed allow
the THC to offset the Z axis as needed to maintain voltage.

If enabled and torch is foéind the Z axis is moving up rew@any orrection at a rate not to exceed the rate
of movement of the Z axis.

If enabled and torch is foéind there is no correction pass the Z position and feed back untouched.
If not enabled pass the Z position and feed back untouched.

Physical Connections

Plasma Torch Arc Voltage Signal => 6 x 487k 1% resistors => THC Arc Voltage In
THC Frequeng Signal => Encoder #0, pin A (Input)

Plasma Torch Arc OK Signal => input pin

output pin => Plasma Torch Start Arc Contacts

HAL Plasma Connections

encoder.nn.velocity => thc.encoder-vel (tip voltage)
motion.spindle-on => output pin (start the arc)

thc.arc-ok <= motion.digital-in-00 <= input pin (arc ok signal)

HAL Motion Connections
thc.requested-vel <= motion.requested-vel
thc.current-vel <= motion.current-vel

FUNCTIONS
thc (requires a floating-point thread)

PINS
thc.encoder-velfloat in
Connect to hm2_5i20.0.encoder.00.velocity

thc.current-vel float in
Connect to motion.current-vel

thc.requested-velfloat in
Connect to motion.requested-vel

thc.volts-requestedfloat in
Tip Volts current_vel >= min_velocity requested
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thc.vel-tol float in
Velocity Tolerance (Corner Lock)

thc.torch-on bit in
Connect to motion.spindle-on

thc.arc-ok bit in
Arc OK from Plasma Torch

thc.enablebit in
Enable the THC, if not enabled Z position is passed through

thc.z-pos-infloat in
Z Motor Position Command in from axis.n.motor-pos-cmd

thc.z-pos-outfloat out
Z Motor Position Command Out

thc.z-fb-out float out
Z Position Feedback to Axis

thc.volts float out
The Calculated Volts

thc.vel-statusbit out
When the THC thinks we are at requested speed

thc.offset-valuefloat out
The Current Offset

PARAMETERS
thc.vel-scalefloat rw
The scale to comert the Velocity signal to Volts

thc.scale-offsefloat rw
The offset of the velocity input at 0 volts

thc.velocity-tol float rw
The deviation percent from planned velocity

thc.voltage-tol float rw
The deviation of Tip Voltage before correction takes place

thc.correction-vel float rw
The amount of change in user units per period teenzbio correct

AUTHOR
John Thornton

LICENSE
GPLv2 or greater
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NAME
thcud — Torch Height Control Up/Down Input

SYNOPSIS
loadrt thcud

DESCRIPTION
Torch Height Control This THC takes either an up or a down input from a THC

If enabled and torch is on and X + Y velocity is within tolerance of set speadth#oTHC to offset the Z
axis as needed to maintain voltage.

If enabled and torch is foéind the Z axis is moving up rew@any orrection at a rate not to exceed the rate
of movement of the Z axis.

If enabled and torch is foéind there is no correction pass the Z position and feed back untouched.
If not enabled pass the Z position and feed back untouched.

Typical Physical Connections using a Parallel Port
Paallel Pin 12 <= THC controller Plasma Up
Paallel Pin 13 <= THC controller Plasma Down
Paallel Pin 15 <= Plasma Torch Arc Ok Signal
Paallel Pin 16 => Plasma Torch Start Arc Contacts

HAL Plasma Connections

net torch-up thcud.torch-up <= parport.0.pin-12-in

net torch-down thcud.torch-down <= parport.0.pin-13-in

net torch-on maotion.spindle-on => parport.0.pin-16-out (start the arc)

net arc-ok thcud.arc-ok <= motion.digital-in-00 <= parport.0.pin-15-in (arc ok signal)

HAL Motion Connections
net requested-vel thcud.requested-vel <= motion.requested-vel
net current-vel thcud.current-vel <= motion.current-vel

Pyvcp Connections In the xml file you need something like:

<pyvcp>
<checkbutton>
<text>"THC Enable"</text>
<halpin>"thc-enable"</halpin>
</checkbutton>
</pyvcp>

Connect the Pyvcp pins in the postgui.hal file fikis:

net thc-enable thcud.enable <= pyvcp.thc-enable

FUNCTIONS
thcud (requires a floating-point thread)
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PINS

thcud.torch-up bit in
Connect to an input pin

thcud.torch-down bit in
Connect to input pin

thcud.current-vel float in
Connect to motion.current-vel

thcud.requested-vefloat in
Connect to motion.requested-vel

thcud.torch-on bit in
Connect to motion.spindle-on

thcud.arc-ok bit in
Arc Ok from Plasma Torch

thcud.enablebit in

Enable the THC, if not enabled Z position is passed through

thcud.z-pos-infloat in

Z Motor Position Command in from axis.n.motor-pos-cmd

thcud.z-pos-outfloat out
Z Motor Position Command Out

thcud.z-fb-out float out
Z Position Feedback to Axis

thcud.cur-offset float out
The Current Offset

thcud.vel-statusbit out
When the THC thinks we are at requested speed

thcud.removing-offsetbit out
Pin for testing

PARAMETERS

thcud.velocity-tol float rw
The deviation percent from planned velocity

thcud.correction-vel float rw
The Velocity to mee Z © correct

AUTHOR

John Thornton

LICENSE
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NAME
threads — creates hard realtime HAL threads

SYNOPSIS
loadrt threads namel=nameperiodl=period[fp1=<0|1>] [<thread-2-info>] [<thread-3-info>]

DESCRIPTION
threadsis used to create hard realtime threads which gkecuge HAL functions at specific inteals. Itis
not a true HAL component, in that it does not expoytfamctions, pins, or parameters of itsro Onceit
has created one or more threads, the threads stand alone, timdatiecomponent can be unloaded with-
out affecting them. In fact, it can be unloaded and then reloaded to create additional threadstiasesian
as needed.

threads can create up to three realtime threads. Threads must be created,iframdéastest to slowest.
Each thread is specified by three argumengnelis used to specify the name of the first thread (thread
1). periodl is used to specify the period of thread 1 in nanoseconds. naatbandperiodare required.
The third argumenfpl is optional, and is used to specify if thread 1 will be useddoute floating point
code. Ifnot specified, it defaults th which means that the thread will support floating point. Sp&dify
disable floating point support, whichvea a snall amount of gecution time by not saving the FPU con-
text. For additional threadsiame2 period2, fp2, name3 period3, and fp3 work exactly the same. If
more than three threads are needed, unload threads, then reload it to create more threads.

FUNCTIONS
None

PINS
None

PARAMETERS
None

BUGS
The existence ahreads might be considered aif. Ideally creation and deletion of threads would be
done directly witthalcmd commands, such aséwthread name periot, "delthread namé, or similar.
However, limitations in the current HAL implementation require thread creation todake in kernel
space, and loading a component is the most straightforward way to do that.
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NAME
threadtest — LinuxCNC HAL component for testing thread behavior

SYNOPSIS
loadrt threadtest [count=N|namessame],name2.]]

FUNCTIONS
threadtestN.increment

threadtestN.reset

PINS
threadtest.N.count u32 out

LICENSE
GPL
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NAME
time — Time on in Hours, Minutes, Seconds

SYNOPSIS
loadrt time [count=N|namessame],name2.]]

DESCRIPTION
Time

When the time.N.start bit goes true the cycle timer resets and starts to time until time.N.start goes false. If
you connect time.N.start to halui.is-running as a cycle timer it will reset during a pause. See the example
connections belw to keep the timer timing during a pause.

Time returns the hours, minutes, and seconds that time.N.start is true.
Sample pyVCP code to display the hours:minutes:seconds.

<pyvcp>
<hbox>
<label>
<text>"Cycle Time"</text>
<font>("Helvetica",14)</font>
</label>
<u32>
<halpin>"time-hours"</halpin>
<font>("Helvetica",14)</font>
<format>"2d"</format>
</u32>
<label>
<text>":"</text>
<font>("Helvetica",14)</font>
</label>
<u32>
<halpin>"time-minutes"</halpin>
<font>("Helvetica",14)</font>
<format>"2d"</format>
</u32>
<label>
<text>":"</text>
<font>("Helvetica",14)</font>
</label>
<u32>
<halpin>"time-seconds"</halpin>
<font>("Helvetica",14)</font>
<format>"2d"</format>
</u32>
</hbox> </pyvcp>

In your post-gui.hal file you might use the following to connect it up

loadrt time

loadrt not

addf time.0 servo-thread

addf not.0 servo-thread

net prog-running not.0.in <= halui.program.is-idle
net cycle-timer time.0.start <= not.0.out
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net cycle-seconds pyvcp.time-seconds <= time.0.seconds
net cycle-minutes pyvcp.time-minutes <= time.0.minutes
net cycle-hours pyvcp.time-hours <= time.0.hours

FUNCTIONS
time.N (requires a floating-point thread)

PINS
time.N.start bit in
Timer On

time.N.secondsu32 out
Seconds

time.N.minutesu32 out
Minutes

time.N.hours u32 out
Hours

AUTHOR
John Thornton

LICENSE
GPL
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NAME

timedelay — The equélent of a time-delay relay
SYNOPSIS

loadrt timedelay [count=N|namessame],name2.]]
FUNCTIONS

timedelayN (requires a floating-point thread)

PINS
timedelayN.in bit in
timedelayN.out bit out
Falows the value ofn after applying the delayan-delayandoff-delay.

timedelayN.on-delayfloat in (default0.5)
The time, in seconds, for whidh must betrue beforeout becomesrue

timedelayN.off-delay float in (default0.5)
The time, in seconds, for whiah must befalse beforeout becomedalse

timedelayN.elapsedfloat out
Current value of the internal timer

AUTHOR
Jef Epler, based on works by Stephen Wille Padnos and John Kasunich

LICENSE
GPL
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NAME
timedelta — LinuxCNC HAL component that measures thread scheduling timing behavior

SYNOPSIS
loadrt timedelta [count=N|namessame],name2.]]

FUNCTIONS
timedelta.N

PINS
timedelta.N.out s32 out
timedelta.N.err s32 out (defaultd)
timedelta.N.min s32 out (default))
timedelta.N.max s32 out (defaultd)
timedelta.N.jitter s32 out (defaultO)
timedelta.N.avg-err float out (default0)
timedelta.N.resetbit in

LICENSE
GPL
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NAME
toggle - 'push-on, push-Bff rom momentary pushbuttons

SYNOPSIS
loadrt toggle [count=N|namessame],name2.]]

FUNCTIONS
toggleN

PINS
toggleN.in bit in
button input

toggleN.out bit io
on/off output

PARAMETERS
toggleN.debounceu32 rw (default2)
debounce delay in periods

LICENSE
GPL
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NAME

toggle2nist — toggle button to nist logic
SYNOPSIS

loadrt toggle2nist [count=N|namessame],name2.]]
DESCRIPTION

toggle2nist can be used with a momentary push button connected to a toggle component to control a device
that has seperate on andliojputs and has an is-on output. If in changes states via the toggle output

If is-on is true then on is false and sftrue.

If is-on is false the on true andf &f false.

FUNCTIONS
toggle2nistN

PINS
toggle2nistN.in bit in
toggle2nistN.is-onbit in
toggle2nistN.on bit out
toggle2nistN.off bit out

LICENSE
GPL
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NAME
tristate_bit — Place a signal on an I/O pin only when enabled, similar to a tristate buffer in electronics
SYNOPSIS
loadrt tristate_bit [count=N|namessame],name2.]]
FUNCTIONS
tristate-bit. N
If enableis TRUE, copyin to out.

PINS
tristate-bit. N.in bit in
Input value

tristate-bit. N.out bit io
Output value

tristate-bit. N.enablebit in
When TRUE, copin to out

LICENSE
GPL
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NAME

tristate_float — Place a signal on an I/O pin only when enabled, similar to a tristate buffer in electronics
SYNOPSIS

loadrt tristate_float [count=N|namessame],name2.]]

FUNCTIONS
tristate-float.N (requires a floating-point thread)
If enableis TRUE, copyin to out.

PINS
tristate-float.N.in float in
Input value

tristate-float.N.out float io
Output value

tristate-float.N.enablebit in
When TRUE, copin to out

LICENSE
GPL
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NAME
updown — Counts up or down, with optional limits and wraparound behavior

SYNOPSIS
loadrt updown [count=N|names=name],name2.]]

FUNCTIONS
updown.N
Process inputs and update count if necessary

PINS
updown.N.countup bit in
Increment count when this pin goes from 0 to 1

updown.N.countdown bit in
Decrement count when this pin goes from 0 to 1

updown.N.resetbit in
Reset count when this pin goes from 0 to 1

updown.N.count s32 out
The current count

PARAMETERS
updown.N.clamp bit rw
If TRUE, then clamp the output to the min and max parameters.

updown.N.wrap bit rw
If TRUE, then wrap around when the count goevatmbelow the min and max parameters.
Note that wrap implies (andrerrides) clamp.

updown.N.max s32 rw (defaultOX7FFFFFFF)
If clamp or wrap is set, count will aer exceed this number

updown.N.min s32 rw
If clamp or wrap is set, count will wer be less than this number

LICENSE
GPL
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NAME
watchdog — monitor multiple inputs for a "heartbeat"

SYNOPSIS
loadrt watchdog num_inputs=N

You must specify the number of inputs, from 1 to 32. Each input has a separate timeout value.

FUNCTIONS
process
Check all input pins for transitions, clear thleout pin if any input has no transition within its
timeout period. This function does not use floating point, and should be added to a fast thread.

set-timeouts
Check for timeout changes, and een the float timeout inputs to int values that can be used in
process This function also monitorsnable-infor false to true transitions, and re-enables moni-
toring when such a transition is detected. This function does use floating point, and it is appropri-
ate to add it to the semthread.

PINS
watchdog.input-n bit in
Input number n. The inputs are numbered from Buim_inputs-1.

watchdog.enable-inbit in (default:FALSE)
If TRUE, forces out-ok to beafse. Additionallyif a timeout occurs on grinput, this pin must be
set FALSE and TRUE again to re-start the monitoring of input pins.

watchdog.ok-outbit out (defaultFALSE)
OK output. This pin is true only if enable-in is TRUE and no timeout has been detected. This out-
put can be connected to the enable inputafaage pumpor stepgen(in v mode), to provide a
heartbeat signal to external monitoring hardware.

PARAMETERS
watchdog.timeout-nfloat in
Timeout value for input number n. The inputs are numbered froom@nto inputs-1. Thetime-
out is in seconds, and may not be bekero. Notethat a timeout of 0.0 will likely preent ok-out
from ever becoming true. Also note that excesby long timeouts are relatly useless for moni-
toring purposes.

LICENSE
GPL
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NAME

wcomp — Windav comparator
SYNOPSIS

loadrt wcomp [count=N|namesname],name2.]]
FUNCTIONS

wcompN (requires a floating-point thread)

PINS
wcompN.in float in
Value being compared

wcomp.N.min float in
Low boundary for comparison

wcomp.N.max float in
High boundary for comparison

wcompN.out bit out
True ifin is strictly betweemin andmax

wcomp.N.under bit out
True ifin is less than or equal tin

wcomp.N.over bit out
True ifin is greater than or equal baax

NOTES

If max <= min then the behavior is undefined.
LICENSE

GPL
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NAME
weighted_sum - ca@rt a group of bits to an integer

SYNOPSIS
loadrt weighted_sum wsum_sizessize[,size,...]

Creates weighted sum groups each with tkenghumber of input bitsgizé.

DESCRIPTION

This component is a "weighted summer": Its output is the offset plus the sum of the weight of each TRUE
input bit. The default value for each weight is 2°n where n is the bit nurhéy results in a binary to
unsigned coversion.

There is a limit of 8 weighted summers and each mag bato 16 nput bits.

FUNCTIONS
process_wsums (requires a floating point thread)
Read all input values and update all output values.
PINS
wsumN.bit.M.in bit in
Them'th input of weighted summe.

wsumN.hold bit in

When TRUE, thesumoutput does not change. When FALSE, shenoutput tracks théit inputs
according to the weights and offset.

wsumN.sumsigned out
The output of the weighted summer

wsumN.bit. M.weight signed rw
The weight of then'th input of weighted summer. The default value is .

wsumN.offsetsigned rw
The offset is added to the weights corresponding to all TRUE inputgetdhgifinal sum.
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NAME
wj200_vfd — Hitachi wj200 modbus aher

SYNOPSIS
wj200_vfd

PINS
wj200-vfd.N.commanded-frequencyfloat in
Frequenyg of vfd

wj200-vfd.N.revese bit in
1 when reverse 0 when forward

wj200-vfd.N.run bit in
run the vfd

wj200-vfd.N.enablebit in
1 to enable the vfd. 0 will remote trip the vfd, thereby disabling it.

wj200-vfd.N.is-running bit out
1 when running

wj200-vfd.N.is-at-speedbit out
1 when running at assigned frequency

wj200-vfd.N.is-ready bit out
1 when vfd is ready to run

wj200-vfd.N.is-alarm bit out
1 when vfd alarm is set

wj200-vfd.N.watchdog-outbit out
Alternates between 1 and 0 aftgewy update cycle. Feed into a watchdog component to ensure
vfd driver is communicating with the vfd properly.

PARAMETERS
wj200-vfd.N.mbslaveaddr u32 rw
Modbus slae aldress

LICENSE
GPLv2 or greater
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NAME

xhc_hb04 _util - xhc-hb04 ceenience utility

SYNOPSIS

loadrt xhc_hb04 _util [count=N|names=-name],name2.]]

DESCRIPTION

Provides logic for a start/pause button and an interface to halui.program.is_paused, is_idle, is_running to
generate outputs for halui.program.pause, resume, run.

Includes 4 simple lowpass filters with coef and scale pins. The coef value should be 0 <= coef <=1, smaller

coef values sk response.

Includes 4 multipleers to manage ini hal pins ini.N.max_acceleration. The amux.N.in0 inputs are used by

HAL Component

XHC_HBO4_UTIL(9)

default, the amux.N.inl inputs are selected when the is-manual pin is True.

The pin named is-manual is typically connected to halui.mode.is-manual.

The pin named jogenablefdd not used.

FUNCTIONS

PINS

362

xhc-hb04-util.N (requires a floating-point thread)

xhc-hb04-util.N.start-or-pausebit in
xhc-hb04-util.N.is-pausedbit in
xhc-hb04-util.N.is-idle bit in
xhc-hb04-util.N.is-running bit in
xhc-hb04-util.N.pausebit out
xhc-hb04-util.N.resumebit out
xhc-hbO4-util.N.run bit out
xhc-hb04-util.N.in0 s32 in
xhc-hb04-util.N.in1 s32 in
xhc-hb04-util.N.in2 s32 in
xhc-hb04-util.N.in3 s32 in
xhc-hb04-util.N.out0 s32 out
xhc-hb04-util.N.outl s32 out
xhc-hb04-util.N.out2 s32 out
xhc-hb04-util.N.out3 s32 out
xhc-hb04-util.N.scaleOfloat in (default:1.0)
xhc-hb04-util.N.scaleIfloat in (default:1.0)
xhc-hb04-util.N.scale2float in (default:1.0)
xhc-hb04-util.N.scale3float in (default:1.0)
xhc-hb04-util.N.coefOfloat in (default:1.0)
xhc-hb04-util.N.coeflfloat in (default1.0)
xhc-hb04-util.N.coef2float in (default:1.0)
xhc-hb04-util.N.coef3float in (default:1.0)
xhc-hb04-util.N.divide-by-k-in float in
xhc-hb04-util.N.divide-by-k-out float out
xhc-hb04-util.N.k float in (default1.0)
xhc-hb04-util.N.is-manual bit in
xhc-hb04-util.N.jogenable-offbit in
xhc-hb04-util.N.amux0-inOfloat in
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xhc-hb04-util.N.amux1-inOfloat in
xhc-hb04-util.N.amux2-inOfloat in
xhc-hb04-util.N.amux3-inOfloat in
xhc-hb04-util.N.amux0-inlfloat in
xhc-hb04-util.N.amux1-inlfloat in
xhc-hb04-util.N.amux2-inlfloat in
xhc-hb04-util.N.amux3-inlfloat in
xhc-hb04-util.N.amux0-outfloat out
xhc-hb04-util.N.amux1-outfloat out
xhc-hb04-util.N.amux2-outfloat out
xhc-hb04-util.N.amux3-outfloat out

LICENSE
GPL
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NAME
xor2 — Two-input XOR (exclusie OR) gate

SYNOPSIS
loadrt xor2 [count=N|names=name],name2.]]

FUNCTIONS
xor2.N

PINS
xor2.N.in0 bit in
xor2.N.inl bit in
xor2.N.out bit out
out is computed from the value of0 andinl according to the following rule:

in0O=TRUE in1=FALSE
in0O=FALSE in1=TRUE

out=TRUE
Otherwise,
out=FALSE
LICENSE
GPL
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