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Technical Manual IMPORTANT INFORMATION

1. IMPORTANT INFORMATION

The CNC machine described in this manual has been significantly modified from its original
manufactured state. The modifications include changes to the machine’s circuit, motherboard,
drivers, and firmware. These alterations were performed by students and are not endorsed, or
certified, by the original manufacturer.

1.1. Disclaimer, Safety Notice and Acknowledgment

Because of the variety of uses for the described machine in this manual, those responsible for
the application, and use, of this control equipment must satisfy themselves that all necessary
steps have been taken to ensure that each application, and use, meets all performance and safety
requirements, including any applicable laws, regulations, codes and standards.

The purpose of this manual is to provide a technical description of the equipment and its func-
tions. It is intended to be used by responsible and qualified personnel capable of programming,
and operating the equipment.

Throughout this manual we make notes to alert you to possible injury to people or damage
to equipment under specific circumstances. However, the manual cannot cover all possible
situations that can occur, and therefore cannot be considered as a complete safety guide.

1.1.a) Hazards and Risks

The machine described in this manual is a powerful tool that can cause serious injury. The use
and operation of this modified CNC machine involves inherent risks. It is imperative that all
operators and individuals in proximity to the machine strictly adhere to the safety guidelines
described throughout this manual.

Regularly inspect the machine for any signs of wear, damage, or malfunction. Perform routine
maintenance as outlined in this manual to ensure the machine remains in safe working condition.

Any further modifications or repairs must only be carried out by qualified personnel. Unautho-
rized changes can compromise the safety and functionality of the machine.

1.1.b) Limitation of Liability

The authors of this manual - who modified the CNC machine - are not liable for any damages,
injuries, or losses resulting from the use or operation of the machine. The user assumes all risks
associated with the operation of the machine.

By using this CNC machine, you agree to indemnify and hold harmless The authors of this
manual from any claims, liabilities, damages, and expenses (including legal fees) arising from
the use or misuse of the machine.

1.1.c) Acknowledgment

By operating this CNC machine, you acknowledge that you have read and understood this
notice, and you agree to abide by all safety protocols and assume full responsibility for any risks
involved.

Operator’s signature: Date: / /
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2. Electrical and Electronics Documentation

2.1. Machine components

2.1.a) CNC Machine

The CNC machine is composed of 3 axes (X, Y, Z) and a spindle. Each axis is controlled by a
NEMA 23 1.8◦ stepper motor powered with 24VDC/2A. These stepper motors are connected to
separate DRV8825 stepper drivers which have been prone to overheating during machine testing1

.

The spindle is a separate and removable component of the machine which is not directly con-
trolled by the CNC motherboard. It is powered by 230VAC and controlled through a control
box which only provides on/off functionality. The control box will only supply power to the
spindle when the machine is powered on and the protective cover is closed.

On each of the 3 axes, there are NC limit switches which are all identical and used to set
the machine’s home position as well as prevent the machine from moving beyond its physical
limits. The X-Axis limit switch is located on the left side of the machine under the X-Axis rail.
The Y-Axis limit switch is located inside the Y-Axis motor case and is triggered by a metal
rod attached to the moving machine base. The Z-Axis limit switch is located inside the metal
support slab behind the spindle.

WARNING: The limit switches are connected to the motherboard via a custom 3
pin connector. This connector is a replacement of the previous one and has been loosely
soldered to the motherboard. The connections for the X-Axis and Z-AXis are not
completely reliable and are sensitive to pressure on the pins. These connections
should be checked and tested after any handling of the motherboard or the
external module.

A Z-Axis touch probe is provided to set the Z-Axis limit of the working area. The touch probe
is located on the top left corner of the support plate and involves a cylindrical metal button
that is pressed down to trigger a NC switch. The wires of this switch run down beneath the
support plate.

On the front panel of the machine is a capped trigger switch which is used to power on/off the
machine. The switch is connected in series with the emergency stop button located on the left.
Both of these components are connected to the 230VAC plug and should be handled while the
machine is unplugged. The OFF button below the power switch is a remnant of the original
machine and is not connected to anything, thereby non-functional.

Inside the machine is a 230VAC power relay (Finder 55.32.8.230.0040) which is used to
control the AC Live wire connectivity to the power supply. The relay is triggered by the front
panel components. If the circuit is opened by these components, power is then cut to the power
supply.

The power supply is also inside the machine and converts the 230VAC on the 2 separate 24VDC
outputs. One of these is used to power the motherboard and the other is used to power the
control box for the spindle.

1This will later be adressed in the external module subsection
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2.1.b) External module

The external module is a 3D printed casing which will contain the CNC motherboard and assure
that wires are correctly connected. The shield is placed on the right side near the cooling fans
for the stepper drivers. The overheating is mitigated by the addition of a 12VDC/0.17A cooling
fan (B01138812M-3M) inside the external command module and is powered by 24VDC from one
of the 24VDC/12VDC motherboard outputs. However long machine operations have not been
tested and may lead to overheating of the stepper drivers. Additionally the fan was not designed
to be powered by 24VDC and must frequently be checked for any malfunction, in which case a
suitable 24VDC fan replacement should be found.

To power the spindle lights, and status LED, the 3.3V output of the I2C connector is used and
connects back to the I2C GND pin. This is not a long term solution and should be reviewed for
a more suitable connection.

To avoid any connectivity problems the limit switches are connected to a domino connector from
which the cabling to the machine is made.

The external module also comes equipped with a TS35 touch screen that can control the machine
and display the current machine status. This is connected to the shield through the EXP1 and
EXP2 cable connectors. Sometimes during homing operations a false positive error: homing

fail can be displayed, this is to be ignored if the machine is within expected behavior.

The CNC motherboard used in this machine is a Makerbase DLC32 V2.0 which comes with an
SD-Card slot (which is not used) and a wifi antenna (also not used).

2.2. Electrical Circuit and Wiring

The electrical circuitry of this machine can be separated into 2 sections: the power circuit and
the control circuit. The power circuit is responsible for converting the 230VAC to 24VDC and
controlling the spindle whereas the control circuit will control the stepper motors and other
components based on different machine states.

2.2.a) Power circuit

In the circuit above, the 230VAC is connected to connected to a a 230VAC relay which is
controlled by the emergency stop button and the front panel switch. If the latter are closed the
relay will be triggered and power will be supplied to the power supply which in turn powers the
motherboard.

The cable going from the power supply to the motherboard is custom-made and has been
extended in order to reach the external module. The red wire is the 24VDC output and the
yellow wire is the GND.

The cover switch is a magnetic contact sensor attached to the left side of the machine case and
connected at the back of the machine on the Capot port. The switch is normally open and will
close when the cover is lowered.

Internally the connector has been soldered in series with the 10A relay port which powers the
spindle control box. This way the spindle will only be powered when the cover is closed. The
cable going to the spindle control box is a custom RCA to stereo jack adaptor which has been
extended to reach the control box.

Inside the spindle control box is a 24VDC relay which when triggered will close the circuit of
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Figure 2.1. Power circuit inside the machine

the live wire to the spindle power socket.

2.2.b) Control circuit

Figure 2.2. control circuit inside the external module

The 3 axes are controlled by stepper motors inside the machine that are connected to the CNC
motherboard via custom-made cables these connect to the X, Y1, Z outputs of the shield. For
each axis a DRV8825 stepper driver is used to control the stepper motors, the Z-Axis drive being
the only one missing a heat-sync.

The axis cables contain 6 inner wires: 4 for the stepper motor (2 for each coil) and 2 for the
limit switch. These limit switches are connected through a domino connector to the motherboard
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since the connectors themselves have unreliable connectivity issues. The Z-Axis cable contains
an additional 2 wires for the spindle LEDs.

The wires of the spindle LED are interconnected with the status LED wires coming from the RJ45
cable in order to be in a parallel circuit. These cables are then connected to the motherboard
on the 3.3V output and the GND pin of the I2C connector.

Note: Because the wires of the status LED and spindle LED are interconnected and
soldered, the Z-Axis cable and RJ45 cable are bound to each other.

The Z touch probe is connected to the motherboard through the RJ45 cable on the Z-Probe

pins of the shield. The connectors are not custom-made, the connectivity is made with single
strand female connectors.

Caution: Since this connection is made with single strand connectors, the connection
is not reliable and can be easily disconnected. This connection should be checked after
any handling of the shield.

To cool the stepper drivers a 12VDC/0.17A fan is placed inside the external module and is
powered by the 24VDC output of the motherboard.

The external module also contains a TS35 touch screen which is connected to the CNC mother-
board through the EXP1 and EXP2 connectors. The touch screen is powered by the motherboard
and displays the current machine status.

2.2.c) Complete Circuit

The complete circuit of the machine is shown below.
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Figure 2.3. Complete circuit of the machine
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3. Basic Control Operation

3.1. Startup Procedure

Before starting, check that the front panel switch is in the OFF position and with its cap closed.
To avoid powering the spindle, make sure the protective cover is open.

Plug the 230VAC power cable into the wall socket. Check that the emergency stop button is
disengaged by twisting the button clockwise to release it. The machine in now ready to be
powered on.

WARNING: After prolonged use of the machine or after reconfiguration of any ma-
chine component, including the external module, these guidelines must be followed.
Any deviation from the expected behavior must require a full review of the
machine and its components.

IF ANY OF THE AXIS START MOVING DURING THIS PROCEDURE
IMMEDIATELY HIT THE EMERGENCY STOP BUTTON.

To power on the machine flick the front panel switch cap to an open position. Then set the
switch to the ON position.

A single clicking sound should be heard from the relays inside the machine. The machine should
power on with a slight whizzing sound from the axis motors for a few seconds, but no movement
should occur. The status LED should light up along with the spindle LEDs. The external
module cooling fan should also start spinning and the TS35 touchscreen should start up.

Before using the machine, the user must ensure that the machine is in a safe state. Connect to
the machine using the USB cable and open the CNCjs software. In the console the user must
type ’$> ?’. This will display information about the machine’s status, what should always be
checked is if the any of the axis pins other than the Z-probe are triggered.

<I d l e |MPos:3 .000 , −3 .000 , −3 .000 |FS : 0 , 0 |Pn :P |WCO:97.000 ,−153.000 ,−30.966>

The pin field should be Pn:P. If this is not found or not the case, the machine is not in
a safe state and should not be used.

3.2. Manual Controls

When using manual controls the machine can be entirely controlled in an unrestricted manner.
This means that the machine will ignore any physical limits and will move in the direction
specified by the user.

Caution: While in manual controls, the axis hard limits will only stop a single
instruction from moving past physical limits. However if the user insists on moving
the machine past these limits, the machine will do so ignoring the hard limits. The
user is responsible for the machine’s movement and must be aware of the
machine’s position at all times.

3.2.a) Touch screen

The touch screen is an interface that allows the user to control the machine. The screen contains
3 main pages: Control, Sculpture and Tool.

On the home page, the user can see the current machine working coordinates and mechanical
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coordinates. Since working coordinates are set only upon homing and Z-probing the machine,
these values should not be considered accurate unless already done so.

The Control page allows the user to manually control the machine. The user can move the
machine in the X, Y, and Z directions by pressing the corresponding arrows. Pressing the home
button for each axis moves the machine to the working coordinates home position.

WARNING: Do not press the home position button without having previ-
souly homed and Z-probed the machine.

On the right side of the Control page are different movement parameters that can be changed
to control movement speed and distance increments(Speed control is not functionnal). The
Spindle button is not functional since the spindle is not controlled by the motherboard.

On the top part of the Control page the working coordinates are displayed together with a
menu bar. The menu contains different functions some of which non-functional (Knife and
Cooling). XY Clear will clear the XY working coordinates and set them to 0. Z Clear will
clear the Z working coordinates and set them to 0. HHome will home the machine and recalibrate
the mechanical coordinates.

The Sculpture page is not functional and should not be used.

The Tool page is used to access machine information, change the language of the machine or
connect to an existing wifi.

3.2.b) USB Connection

Numerical control by a computer is done through a USB cable connected to the motherboard.
The CNC is recognized as a serial port and can be controlled by CNC milling software, such as
CNCjs.

Once connected to the machine using CNCjs, the machine does not yet know its current
position. Any values displayed on the software interface or TS35 touch screen should not be
considered accurate.

If the machine can not yet be controlled by the software. This means it is in a lock state. To
remove this state, $X must be typed in the machine console. This will unlock the machine and
allow it to be manually controlled. Alternatively, the machine can be unlocked by pressing the
Reset button on the software interface.

3.3. Automatic controls

To start an automatic control operation or a job the machine must first know its current position.
This is done by homing the machine. Homing the machine can be done through the software
interface (or in the console using $H), or through the TS35 touch screen in the Control page.

The machine should first rise on the Z-Axis and trigger the Z-Axis limit switch. Then move to
the back left corner and trigger the X and Y-Axis limit switches independently.

WARNING: BEFORE ANY OPERATION IS MADE THE MACHINE
MUST BE HOMED.

Due to the machine not knowing where it is, any movement can lead the
machine to pushing past physical limits and may cause severe damage to its
components.

Once the machine is homed the machine coordinates should update to (3,−3,−3), both on the
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software interface and the TS35 touch screen. This however is insufficient since no information
about the length of the spindle is known.

In order to calibrate the machine to the spindle height, a custom macro must be run by the
software. The macro will use machine coordinates to place itself on top of the Z touch probe then
lower itself slowly until the probe is triggered. The machine will then update its Z coordinate
to the height of the spindle with a 1.5mm offset since the probe is triggered 1.5mm below the
support plate. Soft limits in Z-Axis are also set to prevent the machine from moving past the
support plate.

Once this is done the machine will automatically go back to its mechanical home position and
set the working coordinates of the machine to the center of the support plate. The machine is
now ready to be used to start a job.

WARNING: NEVER RUN THE Z PROBE MACRO WITHOUT HOM-
ING THE MACHINE.

The macro relies on machine coordinated to function correctly. If the ma-
chine coordinates have not been correctly updated, the machine will not be
aligned with the touch probe and may cause damage to the machine.

The macro code is given below:

; Remove s o f t l im i t s
$20=0

; Place sp i nd l e above z−probe
G21
G53 G0 Z−3
G53 G0 X21 . 5 Y−16

; Z−Probe t r i g g e r search
G91
G38 . 4 Z−35 F200
G90

; O f f s e t sp i nd l e he ight to p l a t e he ight
G10L20 Z−1.3
; Set working coo rd ina t e s
G10L20 X−75.5 Y137

; Retract from the touch p l a t e and go to mechanical home po s i t i o n
G53 G0 Z−3
G53 G0 X3 Y−3
G4 P1
; So f t l im i t
$20=1
%Z0=posz+3
$132=[Z0 ]

Figure 3.1. Z-Probe Macro
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4. Circuit printing

Before any, and every, job is given through the software interface, the machine must be homed
and Z-probed. This is to ensure that the machine knows its current position and can prevent
any damage to its components.

Note: It is advised to move the machine to the woking home position before starting
a job.

The job must be a G-Code file that is compatible with the machine. The maximum working
area of the machine is 188x300mm, and the center of the support plate is the working origin of
the machine. Soft limits are set to prevent the machine from moving past the support plate.

When printing the design of a circuit, it should be noted that the Z = 0 working coordinate
is offset by 0.2mm above the support plate. Hence, with a 1.5mm thick copperboard, a 0.3mm
deep cut is equivalent to a cut height of 1.4mm(Zboard + Zoffset − Zcut). Through testing we
found the optimal cut depth to be no more than 0.2mm, any deeper can damage the drill piece.

4.1. G-Code files and GERBER conversion

To print a circuit we recommend using Fusion 360 which can directly export a project to a
G-Code file. GERBER files can also be used but must first be converted to a G-Code file.

Since most electronic circuit design software can export to a GERBER file, we will details the
steps to convert a GERBER to G-Code using FlatCAM (version 8.41).

Figure 4.1. Project tree after importing the GERBER file

On figure 4.1 in the expected project tree after importing the GERBER file to FlatCam. The
file should open with the expected cut shape and the toolpath should be visible.

Double clicking on the GERBER file will open the geometry editor. This is how the cutout of
the circuit is defined. Here the tool diameter should be specified depending on the dimension of
the drill piece used. The Width parameter is used to extended the cutout to a bigger width, to

1Version 8.4 allows for adjustable cut height above 0, others do not
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do so the drilling piece make a second path over the entire geometry with a certain percentage
of overlap. This can be usefull if the specified cutout is not wide enough for reliable soldering.

Figure 4.2. Geometry parametrisation of the cut

At the bottom of the geometry editor you can find an offset parameter which can help you center
the cut of the circuit on the support plate. We recommend the preoject alway be at the center
since the working coordinates are set to the center of the support plate.

After clicking Generate Geometry under the plot options scetion, the desired cutout should be
seen in red and a new geometry file is created in the project tree. Double clicking on this file
will open the cutting parameters.

Figure 4.3. Cutting parameters

This tab allows the user to select the cutting parameters that will be passed to the machine,
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and is thereby the most dangerous part of this process. A wrong parameter can lead to a
broken drill piece or a damaged machine.

Cut Z defines the Z-height at which the cut will be made. Zheight = Zboard−Zcut where the Zcut

is the value of the cut depth which we recommend should not exceed 0.2mm. Zheight should be
around 1.4mm.

Travel Z defines the Z-height at which the machine will move between cuts. This should be
set to a value higher than the board height to avoid damaging the drill piece. We recommend
a height of 2mm.

Feedrate defines the speed at which the machine will move during cutouts. This should be set
to a value that is not too high to avoid damaging the drill piece. We recommend not exceeding
a value of 7mm/min, but this can be adjusted based on the sturdiness of the drill piece used.

Figure 4.4. CNC job file, and toolpath

Once this has been set and the plot options have been set and generated, A CNC job file will
be generated. You can check here if the toolpath is correct and if the cutout is as expected,
especially near small cutting gaps where the tool diameter set may not be able to fit.

The generated job can then be exported when double clicking on the job file. The resulting
G-Code file can then be sent to the machine through the CNCjs software interface.

Caution: At the start of any job please keep a hand ready on the emergency stop
button in case the print parameters have been set incorrectly.

5. Maintenance and Troubleshooting

5.1. Maintenance checks

The machine should be regularly inspected for any signs of wear, damage, or malfunction. The
following maintenance checks should be performed on a regular basis:

• Check the limit switches for proper operation. The switches should trigger when the
machine reaches its physical limits.
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• Check the spindle control box for any signs of damage or malfunction. The spindle should
only be powered when the protective cover is closed.

• Check the external module cooling fan for proper operation. The fan should be spinning
when the machine is powered on and with sufficient airflow to cool the drivers.

• Check the Z touch probe for proper operation. The probe should trigger when the machine
reaches the top of the support plate.

• Check the front panel power switch and emergency stop button for proper operation. The
machine should only be powered on when the front panel switch is in the ON position and
the emergency stop button is disengaged.

If any signs of wear, damage, or malfunction are found during the inspection, the machine should
be powered off and a qualified technician should be contacted for further assistance.

Regularly grease the axis rails. The grease should be applied to the rails and the moving parts
of the machine. The machine should be powered off before applying the grease.

5.2. Maintenance disasembly

The machine can be disassembled for maintenance purposes. The following steps should be
taken to disassemble the external module or the machine.

5.2.a) External module

Unslide the screen font panel, and detach the EXP1 and EXP2 connectors.

The inside should be a rat’s nest of cables. First remove the Z-probe, LED and fan cables from
the motherboard.

Then remove the axis cables from the motherboard. Do not pull on them forcefully since the
RJ45 cable is linked to the Z-Axis cable, and each cable contains the limit switch wires.

Remove the limit switch cables from the domino connector. Avoid moving the board connectors
as they are not reliable.

Disconnect the power supply cable from the motherboard.

The external module can now be removed from the machine.

Note: To reassemble the external module, follow these steps in reverse order. Make
sure that all cables are properly connected and secure before powering on the machine.
Then perform maintenance checks and startup procedures as outlined in this manual.

5.2.b) Machine

The front panel of the machine can be disassembled by removing the screws on the front panel.
Inside is the circuitry of the front panel switch and emergency stop button as well as the status
LED and Z-Probe switch which are contained in the RJ45 cable.

The spindle control box can be disassembled by removing the screws on the control box. Inside
is the relay that controls the spindle power. The relay should be checked for proper operation
and any signs of damage.

On the back panel of the machine is the contact sensor’s cable which can be simply unplugged.

To acces to the insides of the machine the right side panel should be unscrewed and carefull
removed together with the top panel.
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5.3. Troubleshooting

Review the machine’s status in the software interface using $> ? to check if the machine is in
a safe state. And if the machine is properly configured using $> $$.

If the machine is not operating as expected during maintenance checks, we provide the following
troubleshooting assistance based on our experience with the machine:

5.3.a) Machine not powering on

If the PSU doesn’t power on when the front panel switch is set to ON, check the relay and
circuitry inside the machine against the provided electrical documentation. The relay should
trigger when the front panel switch is set to ON and the emergency stop button is disengaged.
In the case where the relay is not triggered, the front panel switch or emergency stop button
may be faulty.

If the PSU powers on but the external module does not, first check that the power cable is
properly connected to the motherboard. If the external module still does not power on, open
the machine and check the connections and soldering of the 24V output cable to the back panels
ports.

5.3.b) Axis not moving when commanded

If the axis does not move when commanded through the software interface or the touch screen,
check the connections between the motherboard and the stepper drivers.

Additionally check the status of the limit switches, if any of the switches seem faulty, this could
be due to the unreliable connection to the moetherboard. We recommend applying a small
amount of pressure on the pins to ensure a proper connection (and slightly wiggle if this does
not work).

If the problems lies with the Z-Axis, the 3 pin connector of the Z-Probe should be replaced
properly to ensure that the connection is reliable.

5.3.c) Touch Z-probe not triggering

If the Z touch probe does not trigger when the button is pressed down, check the cable connection
to the motherboard, and inside the front panel on the domino.

If the probe is stuck, then the support plate should be carefully removed. Underneath it the
switch must be removed and the button should be pushed back up.

5.3.d) The spindle powers on when the cover is open

If the spindle powers on when the cover is open this can be due to the ferromagnetic property
of the cage which is strong enough to trigger the contact sensor, however the precise reason is
unknown.

To fix this we recommend removing the contact sensor from the cage and placing it outside of a
few minutes to reset the sensor. Additionally the protective cover should not be toyed around
with since this problem has been noticed to happen when the contact sensor commutates too
fast.

The sensor should close when the cover is lowered (the relay inside the spindle control box should
be heard triggering).
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If the machine is still not operating as expected after performing these troubleshooting steps,
the machine should be powered off and a qualified technician should be contacted for further
assistance.

5.4. Configuration parameters

The machine configuration can be accessed through the software interface using $> $$. Do not
modify these values as they can compromise safety of the equipment. The following parameters
are used to configure the machine:

$0=10 ( Step pu l s e time , microseconds )
$1=25 ( Step i d l e delay , m i l l i s e c ond s )
$2=0 ( Step pu l s e inver t , mask )
$3=6 ( Step d i r e c t i o n inver t , mask )
$4=0 ( Inve r t s tep enable pin , boolean )
$5=0 ( Inve r t l im i t pins , boolean )
$6=1 ( Inve r t probe pin , boolean )
$46=10.000
$10=1 ( Status r epor t opt ions , mask )
$11=0.010 ( Junct ion dev iat ion , m i l l ime t e r s )
$12=0.002 (Arc to l e rance , m i l l ime t e r s )
$13=0 ( Report in inches , boolean )
$20=1 ( So f t l im i t s enable , boolean )
$21=1 (Hard l im i t s enable , boolean )
$22=1 (Homing cy c l e enable , boolean )
$23=1 (Homing d i r e c t i o n inver t , mask )
$24=300.000 (Homing l o c a t e f e ed rate , mm/min )
$25=1000.000 (Homing search seek rate , mm/min )
$26=250.000 (Homing switch debounce delay , m i l l i s e c ond s )
$27=3.000 (Homing switch pul l−o f f d i s tance , m i l l ime t e r s )
$28=1920.000
$30=10000.000 (Maximum sp ind l e speed , RPM)
$31=0.000 (Minimum sp ind l e speed , RPM)
$32=0 ( Laser−mode enable , boolean )
$38=1
$40=1
$100=800.000 (X−ax i s t r a v e l r e s o l u t i on , s tep /mm)
$101=800.000 (Y−ax i s t r a v e l r e s o l u t i on , s tep /mm)
$102=800.000 (Z−ax i s t r a v e l r e s o l u t i on , s tep /mm)
$103=100.000
$104=100.000
$105=100.000
$110=1000.000 (X−ax i s maximum rate , mm/min )
$111=1000.000 (Y−ax i s maximum rate , mm/min )
$112=1000.000 (Z−ax i s maximum rate , mm/min )
$113=1000.000
$114=1000.000
$115=1000.000
$120=500.000 (X−ax i s a c c e l e r a t i on , mm/ sec ˆ2)
$121=500.000 (Y−ax i s a c c e l e r a t i on , mm/ sec ˆ2)
$122=500.000 (Z−ax i s a c c e l e r a t i on , mm/ sec ˆ2)
$123=200.000
$124=200.000
$125=200.000
$130=188.000 (X−ax i s maximum trave l , m i l l ime t e r s )
$131=300.000 (Y−ax i s maximum trave l , m i l l ime t e r s )
$132=30.966 (Z−ax i s maximum trave l , m i l l ime t e r s )
$133=300.000
$134=300.000
$135=300.000
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