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1. Introduction

VNM Simulation., JSC is a sim racing manufacturer based in Vietnam. We
strive to design and produce high quality sim racing equipment. Our
firmware/software is available to DI'Y community and unlocks the possibility to make
hardware for equipment like ffb wheelbase, pedal set, shifter, steering wheel rim and a
motion rig at the cheapest price. We can also supply a complete solution for a car
simulator.

VNM Motion Controller firmware is an STM32F401RCT-based firmware
package with an accompanying Windows configurator app. The configurator app is
used to make setup changes to motion controller (i.e actuator specs, pulse frequency
and so on). Almost any servo motor can be used with our firmware.

Connect to the Discord channel
Connect to the Facebook group

2. Firmware specs

- STMB32F401RCT microcontroller with 25 MHz crystal

- Supports up to 9 actuators.

- Supports up to 500 kHz pulse frequency.

- Generates exactly the number of pulses that a servo driver needs to rotate one
round.

- Filtering for smooth movement.

- Support belt tensioners without feature on motion software.

- Loop time is Ims

- Can be used with some motion software like SRS, FlyPt Mover, Simtools, Sim-
motion software or similar which support configurable string output.

3. Configuration App

VNM CONFIG Ul is a central configuration software for all VNM products
like VNM Wheelbase, Direct Drive, Shifter, Handbrake, Steering wheel rim, Pedal
set, Motion controller...


https://discord.gg/zGqzkQQWNg
https://www.facebook.com/groups/2303223886447618/

0000/0000

Select Motion Device: displays the connected VNM Motion Controller.
Number of actuators: configure the number of actuators of your motion system.
PWM (Pulse) frequency: this is the output pulse frequency of the controller that
can be used as input to the Servo driver. higher pulse frequency, the higher
speed of your actuator.

Step stroke (mm/rev): this is the linear motion of the actuator in mm per
revolution of the motor shaft (can be measured with a ruler).

Stroke length (mm): The distance between the min position and the max
position of an actuator (configure for each actuator)

Park at Pos: choose a position that actuator will park. It is LOW or MID of
stroke (configure for each actuator).

Pulse Per Revolution: it's your encoder's PPR. Normally, one cylce needs
Count per spin (CPR = 4*PPR). This value is important because the firmware
will use it to generate the correct number of pulses to drive the actuators.
Max pulse per loop: How many pulses that the controller will generate each
time.

Deadzone (percentage): It is the actuator offset (default 3%). An actuator will
move from offset % to (100-offset) % of your stroke length. It is a spare
distance for an error deviation.

Smothing: Higher value, higher smooth.

Status: it will show the real-time status of your motion controller:

+ ldling: Motion is working but all actuators are not moving.

+ Running: Motion controller is working, and some actuators are moving.

+ Parking: All actuators are moving to 0 position.

+ Running to Min Position: All actuators are moving to its min position until
its torque reach is triggered.



+ Calibrating: Motion Controller is in Calibration mode to detect min/max
position.

- Status Button: requests configuration of the motion controller.

- Run (Stop): soft emergency button.

- Actuator status:
+ Unused: This actuator isn’t used.
+ Not ready: This actuator is used but not yet ready to run.
+ Ready: This actuator is used and ready to run.

- The numbers at each actuator status correspond to actuator stroke ste, actuator
stroke length, max pulse (number of pulses required by a servo drive for
moving an actuator from offset % to (100-offset) % stroke length).

4. Master List
4.1. Servo set

Any of servo set that supports pulse/dir can use with VNM Motion Controller
firmware. It is better if it has torque reach, servo ready output from its driver. If it
doesn’t have torque reach output, you must add end stop limit switches at both sides
of your actuator. \If it doesn’t have servo ready, you must connect fake servo ready to
servo ready pin.

4.2. Motion controller
It is stm32f401RxT (RCT, RDT, RET) kit with 25mhz crystal.

Example :
- STM32F401RET Nucleo with 25mHz crystal

https://www.digikey.ca/en/products/detail/stmicroelectronics/nucleo-
f401re/4695525

https://www.digikey.com/en/products/detail/ecs-inc/ECS-250-18-4X-F/827533

4.3. Other electronic materials
- Optocoupler HCPL2631 or 6N137 for pulse/dir connections.

https://www.digikey.com/en/products/detail/rochester-electronics-
llc/HCPL2631/11558973

https://www.digikey.com/en/products/detail/liteon/6N137/1969175

- Optocoupler PC817 for digital input/output (DI1/DO) of servo driver

https://www.digikey.com/en/products/detail/american-bright-optoelectronics-
corporation/BPC-817-B-BIN/9678142

Resistor 1.5kohm->2.2kohm, 2000hm->330 ohm, capacitor 100nF.

- Isolated power supply 5V for pulse/dir


https://www.digikey.ca/en/products/detail/stmicroelectronics/nucleo-f401re/4695525
https://www.digikey.ca/en/products/detail/stmicroelectronics/nucleo-f401re/4695525
https://www.digikey.com/en/products/detail/ecs-inc/ECS-250-18-4X-F/827533
https://www.digikey.com/en/products/detail/rochester-electronics-llc/HCPL2631/11558973
https://www.digikey.com/en/products/detail/rochester-electronics-llc/HCPL2631/11558973
https://www.digikey.com/en/products/detail/american-bright-optoelectronics-corporation/BPC-817-B-BIN/9678142
https://www.digikey.com/en/products/detail/american-bright-optoelectronics-corporation/BPC-817-B-BIN/9678142

- Isolated power supply 12-24V for DI/DO.

To be continued...

4.4. VNM Motion controller

If you don’t have time for DIY controller or just want to support VNM

Simulation, you can buy VNM Motion Controller that is high quality and includes the
following features:

The anodized Aluminum box reduces noise from other devices.

Isolates the micro controller from all servo drivers to reduce EMI with very
high speed optocoupler and digital isolator.

Supports up to 9 servos with pulse frequency up to 500khz (configurable).
The accuracy of pulse generation is almost absolute (see the picture with 100
millions pulse, no pulse is lost).

Generates exactly the number of pulses that the driver needs so the pulse
resolution is very high and smooth movement.

Automatically correct the position of the actuator in case the servo driver loses
pulse causing the actuator reaches the limit.

Supports up to 2 belt tensioners without belt tensioner feature on a motion
software.

Configure parameters/Monitoring system via VNM Config Ul.

The control loop is 1 ms that is real time with a motion application.

Signal filtering make the actuator run smoothly in VNM Config UI.
Unlimited baud rate that mean can run at any speed that a motion software

supports.
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5. Connection
5.1. Connection Pin of stm32F401R(C/D/E)T

Pulse: PWM Pin



- Dir: Direction Pin

- TReach: Torque Reach Pin

- SReady: Servo Ready Pin

- Index: corresponding to servo 1,2...8,9

- Calibrate: Button to trigger Calibration Process
- USARTG: Future use

STM32 Pin Description Note
PB6 Pulse 1

PB5 Torque reach 1

PB4 Dir 1

PB3 Servo ready 1 Servo 1
PB7 Pulse 2

PD2 Torque reach 2

PC12 Dir 2

PC11 Servo ready 2 Servo 2
PB8 Pulse 3

PC13 Torque reach 3

PCO Dir 3

PC15 Servo ready 3 Servo 3
PB9 Pulse 4

PC3 Torque reach 4

PC1 Dir 4

PC2 Servo ready 4 Servo 4
PAOQ Pulse 5

PA7 Torgue reach 5

PC4 Dir 5

PC5 Servo ready 5 Servo 5
PAl Pulse 6

PB10 Torgue reach 6

PBO Dir 6

PB1 Servo ready 6 Servo 6
PA3 Pulse 7

PA4 Torque reach 7

PA5 Dir 7

PAG Servo ready 7 Servo 7
PAS8 Pulse 8

PC8 Torque reach 8

PC9 Dir 8

PB15 Servo ready 8 Servo 8
PA9 Pulse 9 Servo 9




PB14 Torque reach 9

PA10 Dir 9

PB15 Servo ready 9

PB12 Calibrate Button

PA2 Must connect
PA15 Internal use together

PC6 UART TX

PC7 UART RX Future use

5.2. STM32-Servo Driver Connection
Example of AASD Driver




5.3. Button Connection

STM3233V 22K R STM32 Tnput

STM32 GND

5.4. VNM Motion Controller

Item Description
CN1->CN7 Use for actuator only
CN8, CN9 Can be used for actuator or belt tensioner (if

active belt tensioner, CN8/CN9 are used for
tensioner only.

CN10 Future use

DFU button Click to reset controller, hold few second to
change DFU mode. Disconnect USB and
reconnect to change Run mode




Calibrate Calibrate motion system
Button
EMC-Stop For emergency and servo enable button
GX12-4
24VDC For 24v DC input.
USB type C Connect to PC
port
Pin Description Note
14 Pulse - Available for CN1->CN9
3 Pulse + Available for CN1->CN9
4 Dir + Available for CN1->CN9
5 Dir - Available for CN1->CN9
6 Servo on Available for CN1->CN9
7 Emergency stop Available for CN1->CN9
9 24V output Available for CN1->CN9
13 Torque GND Only available for CN8/CN9
21 Torque Dir Only available for CN8/CN9
25 Torque VREF Only available for CN8/CN9
5.5. Mapping Axes to actuators of each model.
AXI | AXI | AXI | AXI | AXI | AXI | AXI | AXI | AXI
Model S1 |S2 |S3 |S4 |S5 |S6 |S7 |S8 |S9
3 actuators (2 Fronts + 1 Rear) FL FR | R
4 actuators (1 Fronts + 2 Rear) F RR | RL
4 actuators (2 Fronts + 2 Rear) FL FR_ |RR |RL
5 actuators (2 Fronts + 2 Rear +
TL) FL |FR |RR |RL |TL
5 actuators (2 Fronts + 2 Rear +
Surge) FL FR_ |RR |RL |SG
6 actuators (2 Fronts + 2 Rear +
TL + Surge) FL |FR |RR |RL |TL |[SG
6 actuators (2 Fronts + 2 Rear +
2TL) FL |FR |RR |RL |TLF |TLR
7 actuators (2 Fronts + 2 Rear +
TL+ Surge + Belt) FL |FR |RR |RL |TL |SG |Belt
7 actuators (2 Fronts + 2 Rear +
2TL + Surge) FL |FR |RR |RL |TLF | TLR |SG
8 actuators (2 Fronts + 2 Rear +
2TL + Surge + Belt) FL |FR |RR |RL |TLF |TLR |SG | Belt
6. Servo Driver Parameter setup
6.1. AASD servo driver
What this
Parameter | Description from User | Initial | VNM parameter/function
/ Function | Manual Value | Actuator | does and when to
change it




Pn001

Motor code

This is the specific
code for the motor
that came paired with
your driver. If you
need to set this value
(you should not have
to), refer to page 46
of the user manual
linked above to find
the motor code of
your motor.

Pn002

Control mode

“2” is position mode
(see page 47 of the
user manual linked
above).

Pn003

Servo enable mode

This setting means
that the servo motor
requires external
input to be operated
(input from the
controller). If you
don’t have servo on
button, set it to 1. If
you have servo on
button setitto 0

Pn008

Internal around are
torque limit (CCW)

300

300

Use as default. Don’t
need to change

Pn009

Around inside the torque
limit (the CW)

-300

-300

Use as default. Don’t
need to change

Pn024

Reach the predetermined
torque

100

100

Torque reach is
triggered when the
value of torque is
greater than or equal
to Pn024 set

Pn051

The motor running top
speed limit

3000

3000

This is the rated top
speed of the motor
based on the motor
specs (see page 46 of
the user manual
linked above).
Depends on your
preference how to
adjust this value :D.

Pn052

SigInl port functional
allocation

Servo on input. Sigln
port function
explanation 4.4.1




SigIn2 port functional

Emergency stop

Pn053 . 2 7.
allocation input.
PnO54 Slgln3_port functional 19 18 Change direction with
allocation speed/torgue control.
Pn060 S'gOUt. 1 port functional 2 2 | Servo ready output
allocation
PRO61 SlgOut_ 2 port functional 1 6 Torque reach value at
allocation pn024
Emergency stop reset
Pn076 (EMG) 0 1| Enable EMC
Command pulse input Set1to
Pn096 0 0 | Forward/reverse
mode
pulse
Pn097 Input command direction 0 o | Setpn024 =-150 if
you set this param
Pn098 Electronic gear ratio 1 1 M_ultlple Input pulse
with gear ratio
Position command
Pn109 Acceleration/deceleration 1 1 | smoothing filter
mode
Pn110 Filter constant time 50 30 | inms
position feedforward
The position loop directly on the speed
Pn113 feedforward gain 0 20 instruction, can
reduce the position
tracking error,
improve the response.
Position loop If the feedforward
Pn114 feedforward filter time 5 10 | gain is too big, can
constant lead to speed
overshoot
In mechanical
systems do not
produce under the
The position controller premise of vibration
Pn115 ainpl 100 100 | or noise, increase the
g position loop gain
value, to speed up the
reaction rate, shorten
the positioning time
Pn083 Low voltage detection 200 100 working voltage from

>=100V-240V

6.2. Other driver sets

Update later




7. Flash firmware
Download VNM Flash and its manual from https://vnmsimulation.com/download

DOWNLOAD

1. User interface: (press F1 when open to see manual)
Download here

note: with shifter, if your shifter in version <= 1.2 use Ul version 1.x

2. Update tools
Download tool here
Download manual here
This tools are used to update firmware for all VNM products.
3. Wheelbase firmware
Wheelbase V1: STM32F407
Wheelbase V2: VNM FFB controller

Download firmware here

Choose lastest version of motion controller and download then click select.

[¥] Firmware downloads

ippDati

File vnm_m n_controlle ned.dfu

Flashing the firmware follows the VNM Flash manual. Get the controller out of the
bootloader mode and reconnect the ush cable after flashing.


https://vnmsimulation.com/download

8. Motion Software and configuration for VNM Motion Controller firmware

Currently we just tested with FIlyPT Mover/Simtool/Sim motion but it should
work with other software that support binary and configurable string output like
simtools,...

The data output string is 22 bytes.
OxFF OxFF b1 b2 b3 b4 b5 b6 b7 b8 b9 b10 b11 b12 b13 b14 b15 b16 b17 b18 LF
CR

OXFF OXFF - start of data identifier for the receiving micro controller
<bytel>< byte2> - 16 bit binary number giving actuator 1
<byte3>< byte4> - 16 bit binary number giving actuator 2
<byte5>< byte6> - 16 bit binary number giving actuator 3
<byte7>< byte8> - 16 bit binary number giving actuator 4
<byte9>< byte10> - 16 bit binary number giving actuator 5
<bytel1l>< bytel2> - 16 bit binary number giving actuator 6
<byte13>< bytel4> - 16 bit binary number giving actuator 7
<bytel5>< byte16> - 16 bit binary number giving actuator 8
<bytel7>< bytel8> - 16 bit binary number giving actuator 9
LF - Line Feed character — 0X0A

CR - Carriage Return character — 0x0D

Here are example of configuration:



et s e e
Daates pay
Start string | | | 0 Eﬂ ms
Quiput string | <255><255></uis 1a><Auis2a><Anis Ja><Auisda><AuisSa> <Anisba><D><0><0><0><105<13> |
Stop string | | | 0 E" ms
Input string | |

|

[ 255 255 127 255 127 255 127 255 127 255 127 255 127 255 000 000 000 000 010 013 |
|

|

Powﬁs im Eil‘ 9999 Eii 9999 liﬂli 180.0 &ﬂli 180.0 Eii180.0 |§ﬂl
Divepose | 0 5| 0 5[ 0 K[ 00 & 00 || 00 5]

Pose fitering | VALUE v| | VALUE v
Centerofrotation | 0 [&[ 0 [5][ 0 [ mm Gan [1.000 2] OJ Ao gain

VALUE v|

(Postion b output | 16121 (0}o 655351 2byes) Scale 1000 2] aroend 0 [

Calculate speed [] Stay onlast possible pose [] PID | 1000 3| 0000 3|| 0000 %]

Speed bit output (-127t0 127in 1byte) Maximum speed
Siguarty ange | 150 [2] ¢
wide [$00 [lom 11 [1B00 Efom 13 591 [
Aarge [ 500 (S]nm  12[ 1750 [Slom L4 12500 3] mm

Nafai b bhainkd fQR N -




1 2 3 4
Home
Interface Type
-
Axis E
Assignments Plugin By - yobuddy
Col f S 2 its - Stop Bits
Interface
Settings

Qutput - Bit Range Qutput - Type Q Binary @ Decimal @ Hex

<2555<255<Axis 1a><AxisZa><Axisda><Axi | 10~ PNSTCPEES

9. How to Testing
9.1. Testing with hercules:
- Connect cable USB to PC.
- Open Hercules/ Serial/ Name (Choose port) and Open

£3 Hercules SETUP utility by HW-group.com - O X

UDP Setup Serisl | TCP Client | TCP Server | UDP | Test Mode | About |

teceived/Sent data Serial
Narme
COM11 hd
Baud
ET I
Data size
|
Parity
none =
Handshake
for ]
Mode
Free hd

R Open
@ @R @DSR @cCTs = Hutg P/ update
Send

|FFFFEIEIEIEIUUUUUUUUUUEIEIUUUUUUUUUUUUUUUUUUUUUAUD ¥ HEX ngrnu

[FFFF7F007F 007F 00 7F 0000000000 000000000000 0K 0D I HEX e HU)-group com
Hercules SETUP wility

[ L HEXJ Version 3.2.8
- Send data string like what you set.

2. Testing with flyPT & Sim Tools
- Connect cable USB to PC.
- Open flyPT, Sim Tools and open or create new file.
- Connect port.

Modem lines




& OUTPUT : SERIAL

Connect
Type of output | Binary ~ | Interval loops 1 = (2ms) Open devices
Serial speed | 250000 ~ Stop bits | 1 ~ Update ports
Data bits | 8 ~ Parity | None w Port ~

Start sting

| 0 3 ms

Qutput string |<255><255><A:i51a><A:i52.a><A:i53a><A:isda><ﬂxis5a><Msﬁa><ﬂ><ﬂ><ﬂ><ﬂ><1D><13> ‘

Stop string

| 0 3 ms

Input string | ‘

|25525512?25512?25512?25512?2551272&512?255[!]][!]][!]][!]]010013

Test poses, rigs (or connect with game and play).
You can set up In gain/Out gain, Range and Filter accordingly as your liking.

@ FOSE:: FROM MOTION

Sway Surge Heave
? [ use SmTools order ‘Yaw COR displacement L 0B mm
Rol CORdsplacement| 0 (2] 0 || 0 [mm

PichCORdsplacemert [ 0 || 0 (3| 0 [fmm

Value in I gain/flp In/Out value: Manual Reset Range Fiter Out gain fip
Sway | Lateral acceleration fn/s3 - 0200 |3 [ | Olo][ 99 ¢ [LOGISTCEMALPEMALPE. || 0500 [+
Surge |Longtudinal acc. with grav v 0500 [ [ ] Olo 50 [#] | LOGISTICEMALPEMAHP(.. || 0500 &
Heave | Verical acceleration (/9 050 5 [ | O o] [ 100 5] [LOGISTCEMALPEMALPE.. ~| [ 0500 [5
Yaw | Yaw speed {/s) v LAl [ | Ofof| 100 |4 [ emaPEmAPEMARPVA.. || 0100 [
Rl | Roll speed (%s) v 1000 |5 [ | Ol 50  |5] | EMALPEMALPEMAHP(VA.. ~| 0500 |5
Mix sway inroll 7] | EMALPEMALPEMALPUVAL.. v | [ 0.100 |2

Pch  Pitch speed (¥s) v T [ | Olo 50 |5] | EMALPEMALPEMAHPVA.. ~| 0300 5
Mix surge inpich (7] | EMALPEMALPEMALPUVAL.. v | [ 0500 |2

Sway(nm)  Surge (m)  Heave(um)  Yan @) Fol ) Pich &)
00 |[ o0 [ oo [ oo ][ o0 ][ oo




Virtual Axis
Home

Output Type

ot ] e

Axis
Assignments

Amount of Axis to Use

Interface
Settings




