TECH NOTE — QuantumX in RLDA HBM

TECH NOTE :: QuantumX in RLDA together with Kistler RoaDyn® Wheel
Force Transducers

Version: 2014-12-09

Author: Christof Salcher, Product Manager Test & Measurement, HBM Germany
Thomas Markwitz, Product Manager Test & Measurement, HBM Germany

Status: Public

Abstract

This TECH NOTE gives you an overview of typical vehicle chassis and steering testing approaches and methods. It
focusses on integrating Kistler IGeL wheel force transducers (WFT) named RoaDyn® into QuantumX Data Recorder
CX22-W from HBM for mainly Road Load Data Acquisition (RLDA).

General

Several engineering methods have been established in optimizing dynamics and durability of vehicle chassis and its
components.

1. Multi Body Simulation (MBS), which deals with computer, based numerical simulation in which several systems
are composed of various rigid or elastic bodies. Connections between the bodies can be modelled with
kinematic constraints such as joints or force elements such as spring dampers analysing its overall motion. It is
used to evaluate characteristics of comfort, safety, and performance, for example in automotive suspension
design.

2. Life cycle simulation, which deals with Finite Element Method (FEM) simulating mechanical system parts under
stress in a short period of time discovering weak points of mechanical constructions, predicting the life cycle of
vehicle components.

3. Road Load Data Acquisition (RLDA), which deals with generating a condensed mechanical load data file of the
vehicle under development. For this purpose mainly wheel force transducers, strain gages, displacement and
acceleration sensors are used in chassis, axles, suspension and other components. Data is acquired on test
tracks and proving grounds with typical road and ground conditions of the vehicle under investigation and
processed afterwards to a so called “golden file”.

4. Durability Lab Testing, which deals with replayed mechanical road load data over hydraulic or electrical
actuators stressing components, system parts or overall vehicles in labs or test stands predicting life cycle.

5. Ride & Handling, which deals with mobile vehicle testing in general on proving grounds in a variety of different
pre-defined and standardized manoeuvres or on regular roads optimizing vehicles overall driving behaviour,
noise and vibration and performance.

QuantumX is a freely scalable and synchronized data acquisition system for in vehicle mobile data acquisition AND lab
based testing. The modules are distributable, easy to install and can be powered by battery. catmanEasy can acquire,
analyse and process data which can be stored in many different file formats such as RPC I, to be replayed by MTS
shaker and durability test systems. For lab based testing all sensor inputs can be viewed and analysed as well but also
directed to outputs like analog voltage, CAN bus or EtherCAT real-time bus to be integrated into durability test stations.

QuantumX / catmanEasy can acquire data from:

analog inputs and digital counters: sensors or transducers acquiring mechanical, electrical or thermal inputs
vehicle busses: CAN, CCP, xCP-on-CAN

position or 6 DOF sensors based on GPS or Inertial Measurement Units (IMU): NMEA over RS232 or CAN
digital video: USB or Ethernet based

wheel forces: proprietary Ethernet protocol (System 2000 from Kistler RoaDyn®)

o O O O
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All QuantumX analog inputs offer 24 Bit aliasing free sampling with configurable filters. Universal sensor support
including voltage, acceleration, strain, temperature, pressure, displacement and wheel forces and time synchronized
CAN bus input. Analysis can be done with the powerful software GlyphWorks for durability, noise, vibration,
performance and handling.

Wheel force transducers are mounted on any kind of test vehicles from F1 race cars over cars to trucks and the vehicle
is driven along a predetermined course for force and torque analysis on two or four wheels of the vehicle together with
other physical quantities acquired in parallel. In this special field HBM and Kistler are partners to promote a common
solution.

RoaDyn® WFT is an established product from Kistler measuring wheel forces (Fx, Fy and Fz) as well as moments /
torques (Mx, My, Mz). System 2000 is the central electronic system and interface transferring telemetric data from all
corners to a proprietary Ethernet based protocol.

This Tech Note describes how to connect and acquire data from RoaDyn® / System 2000 synchronous do other physical
quantities with the central Data Recorder CX22-W from HBMs QuantumX series or directly to a Notebook running
minimum catmanEASY with plug-in “EASYRoadload”.

Other Tech Notes

o QuantumX and GPS
o QuantumX and CCP or XCP-on-CAN
o QuantumX Data Recorder

System Overview

QuantumX modules can be connected over FireWire to the Data Recorder CX22-W and are sync’d in this way.
The Kistler WFT is connected over System 2000 in two ways:

- direct clock line to one QuantumX MX840A or any other voltage input

- Ethernet UDP/IP protocol to CX22-W directly or over Ethernet switch

All incoming data from System 2000 is time stamped directly with the catman kernel task. Run-time variances on
package based Ethernet protocol lead to a small time jitter but time synchronization channel to channel is <= 1ms.

RoaDyn® wheel force transducer and telemetry

RoaDyn® wheel force transducers are available for a number of different vehicles like passenger cars, SUVs, trucks,
agricultural and off-highway vehicles and race cars. The acquired wheel forces are transferred wireless from the turning
wheel to the vehicle (telemetry) and are then transferred to a central gateway.

System 2000

The System 2000 is a central gateway. To parameterize this gateway and for data acquisition, Ethernet offers the best
performance and can be connected directly to QuantumX Data Recorder CX22-W.

If only CAN bus is available it can also be integrated to QuantumX module MX840A or MX471 CAN ports.
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The System 2000 gateway consists of voltage supply unit, network connection for communication and signal
conditioning to convert the force and torque signals from the wheel force transducer into data signals referenced to its
origin.

The firmware of the System 2000 should have the following firmware version:
o Board electronic: 4.01
o Ethernet card version: 1.19

The Ethernet interface supports

Net datarate around 4,7 Mbit/s

Pre-configured to class C networks: 192.xxX.XXX.XXX t0 223.XXX.XXX.XXX
Pre-configured net mask: 255.255.255.0

Pre configurable IP address: 192.168.160.70 (default)

Integrated web server for functional check

Proprietary UDP communication for fast data streaming and for communication
Used Ethernet ports: 8888 and 8889 for communication over UDP

Data format of measurement quantities: FLOAT with 3 Byte

O 0O 0O 0 0O O O O

Synchronisation with QuantumX: direct trigger line (start)

Only the Ethernet connection enables transferring 160 signals from RoaDyn® in an economically way with data rates up
to 1250 Hz each signal.

Maximum sum datarate of QuantumX Data Recorder

QuantumX Data Recorder CX22/W can acquire data with a maximum sum datarate of 400 kS/sec. The sum data rate
can be lower depending on the number of signals. QuantumX DAQ modules deliver 4 Byte per sample. System 2000
delivers 3 Byte per sample.
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Step by Step integration of Ethernet based RoaDyn® / System 2000

1. Cabling

Connect all QuantumX measurement modules over firewire to the CX22 data recorder.

The CX22 data recorder and the Kistler System 2000 are connected to the same Ethernet switch

A PC or Notebook is also connected to the Ethernet network. You can use the same switch or WiFi. The
Notebook is used to connect to the CX22 for configuration. Alternatively you can directly connect display,
keyboard and mouse to the CX22.

Connect the Trigger output of the System 2000 to a QuantumX measurement input. In this example we
use connector 7 of a MX840A.

Connect the Clock output of the System 2000 to another QuantumX measurement input
(MX840A/MX440A/MX460). In this example we use connector 8 of a MX840A.

QuantumX

System 2000

Trigger and Clock line

s TS

ETHERNET oes>

Pining Trigger Signal
MX1615B MX1601/B
DC Voltage Input available on
MX840/A, MX440A, MX410/B,
MX1615/8, MX1601/B
(+) 14 H 6 1
4+ > 4 - 5
System 2000 J IR
Trigger Output
) 93 75 25t
Cable shield e Hagr 8> 8 -
6> — —
11
131 > L
2 Data ¢ =i
3Nofuncion (59

1-wire EEPROM (optional)

view from below Hsg. = Housing
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Pining Clock Signal

Pulse counter Input available
on MX840/A, MX440A, MX460

i
- fy (+) 10+
System 2000 Clock Output Cable shield o) Heg -
= Ground 6
924
43
53
63
3 [ — 1+
2 Data
. Q
3 Mo function |7 2
1-wire EEPROM {optional)

view from below
Hsg. = Housing

2. Configure the RoaDyn® system (number of channels or signals, etc.) using the associated configuration
software.

3. catman / CX22 Software Requirements
Ensure that you have installed minimum catman Version 4.0 (CX22 image Version 4.0).

4. IP address configuration
System 2000 is configured with a static IP address; all other participants have to be parameterized accordingly
so that communication in the private network is possible. In case the PC is connected wirelessly to the Data
Recorder this can be done individually.
e  System 2000: 192.168.160.70 fix (subnet mask: 255.255.255.0)
e PC/ Notebook: 192.168.160.10 alternative (subnet mask: 255.255.255.0)

5. Start the software “Data Recorder Assistant” on your PC or Notebook, search for CWX22-W and configure its IP
address
e Data Recorder CX22-W: 192.168.160.20 (subnet mask: 255.255.255.0)

6. Start catman on the Data Recorder and open the dialogue “Additional Options”.

Options

ﬂ vou need the scan options for a new measurement project and the download managers, With additional
options you get full access to catmanAP program settings.

Configure device scan... L"?)What far? Additional options. ..

@ oK |
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HBM

7.

8.

9.

Switch to “Program Functions” and activate “EasyRoadLoad” module. You need a license key activating
additional feature.

H

BM

Release Notes @ Help @ About catmanEasy.... 0 Terminate

- Measurement mode

Options: System->Program functions

System
Using these options you may enable or disable advanced functions.

[ Program functions

- Base modules (always available) -

£ Safety -
@ Data storage [v| Online computations || Channel check
=7 Folders | Limit value/event maonitoring || Data overview (DataView) in DAQ mode as well

ic functions (c d terminal, ication logging)

Program start
5l shorteuts

|| Edit sensor database

|| allow editing of saved data in DataViewer,

Channels and sensors - Additional modules (part of catmanAP or additional license required) -

| |EasyMath (mathematical analysis of test data)

B DAQ channels
=] Channel list
&3 sensors

@ Zzero balance

| Aut {auts icr ition of DAQ or analysis steps)

| |EasySeript (programming of functions with VBA Script)

|_|EasyPlan (preparation of measurements without hardware connected)

| |EasyVideocam (video recording during measurement)

Yisualization

_Additional modules {additional license required)

Panels =
G v|EasyRoadload (autonomous data recording with MGCplus, support for Kistler RoaDyn wheel force transducers) I

|_|EasyOptics (measurements with optical strain gages)

User interface

F style

S Adant

Open “Configure device scan” dialogue

Options

:ﬂ You need the scan aptions for a new measurement project and the download managers, With additional
M| options yvou get full access to catrmanAP program settings,

@What far? Additionsl options. ..

@ oK |I

this

In the scan dialogue highlight “QuantumX” and “Kistler RoaDyn” and enter IP address of the System 2000

accordingly (in this example 192.168.160.70).

Configure device scan | 2 |
. - -
__Search device types____ [ Search ports
[l Spiders Use QuantumX Device Manager ~Scan range for TCP/IP device scan
(e.0.192.163.160 10-15.192 183 240 3.4 )
[[IMGCplus (@ what is that?
] I 192.168.160.70 ~ I
R Ethernet (TCF/IP, UDF)
[ optical interrogators Alternatively you may choose subnets of your computer or
[] cANHEADdirect use the most recently used addresses from the list.
[ espressoDAQ Serial (COM1, COM2) Clear history
[T pmx Printer port (LPT1)
[[/ompas FireWire
v
[E=bar it CANHEADdirect USB Dongle
[l soMat eDAGQ @ More information on TCP/IP scan range
TCE preview only
(2 what is TCE preview?
[ only use QuantumX modules with firmware older than 4.0

General scan options " CANBus options “ Hardware time channels * Advanced options * Additional devices

Checks for connected TEDS sensors after scan and applies the settings. This prolongs the start time.
|| sensor-scan

@ Additional information about sensor scan

Resets your devices into a defined default state after scan (MGCplus and QuantumX only).

|:| Device reset after scan

@ Additional information about device reset

o OK K cancel
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10. Start “New DAQ project”
B8 catmaniP Version 3.5

connected and will be initialized.
New DAQ project

Open DAQ project -

Connect to devices last in use

Prepare measurements without Simulate and visualize data without having
devices connected devices connected using the demo mode.

Prepare DAQ project Demo-Praoject

11. Connect to all modules connected over FireWire:

[ Quantumy Device manager

The device manager lists all modules found by your PC in the network or which are connected locally via Firewire,
@ Additional information about device manager

Connection over Ethernet [TCP/IFP)

HEM
Eas‘f Release Notes 2 Help ¥ About catmanAP.... €3 Terminate
Measurement mode
In this working mode all connected devices E Load a DAQ project. The devices must be
are recognized automatically.

Select the modules with which you want to wark in catmanEasy AP in column "Connect”,
Addresses of modules to be used in catmanEasy/AP may not be different from the cormputer address in places of the subnetrnask having 255, Additionally you can
change the name and flash the LED only on these modules.

For using modules with different addresses {Symbol ""Connection not possible"") select the module and change the 1P address.

C. ion over FireWire
’V all FireWire rmodules found are automatically included in the DAQ project. Selection of singular modules is not possible,
—Modules Found =
rount Network * Device info
@ connection possible ) connection not possible ez oll ~Available network adapters of your computer,
Y 24.0.0.1 (Subnet: 255.0.0.0)
Address/UUID | Connect | Type Name uuID | 172.21.108.52 (Subnet: 255.255.248.0)
ot ) 24.0.28.64 I MK4408 Mxa404 QES001C40 0.0.0.0 {Subnet: 0.0.0.03
;@'@ 139.6.152.206 [ M08 MiHd408 SESO01C40
s
g @ 24.0.22.253 r Mx1609 MX1609 SESO016FD ~Change address of moduls
Narne: MxX4408
192.166.160.30 IP address
255.258.255.0 Subnet mask
For safety reasons write down the new address,
With option DHCP the module gets automatically an address
from your computer or a DHCP server at the next restart,
Autornatical address assignment (DHCP)
= | Apply settings
| 4@ Renarme H ‘@ Flash LED || E_J Mew module scan with CX27 scan
| @Hep |

| @Connec’c H XCanceI |

I

12. After device scan you see the DAQ channels. We recommend renaming Trigger channel to “Trigger” and Clock

channel to “Clock” for a better traceability.
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13. Configure external time synchronization
Open synchronization dialog

Lad catmanEasy V:

ﬂ B DAQchannels | @DAQjobs (£ visualization ZH Dataviewer Sensor database
@ liRename ",0 || » Default 1:"2 @ %} {4 Adaptation @ foo) A Edit
<7 Signal reading ~ Q » Slow —} [ZEdit XDeiete
Start B e vt Acfve [é:sp‘ay Bt Configure TEPS Serlsor mV/V Execute Create _s oy chorel
| =R iter o ¥
Configure DAQ channels
- | Channel name Status Reading l Signal Slot Sensor/Fun¢™|
A BB TGV_Test1_MX840 [ MX840] [UUID=9E50007F8] [Sync-Slave] [24.0.7.248]
0 Time 1 - default sample rate @ @ Time from sample rat
A @ venicleSpeed ) -1000000 bar (OVFL) » 50 Hz /Fiter: Auto 141 [ No CAN sensor assi
@ SteeringAngle ) 1000000 (OVFL) M 50 Hz /Fiter: Auto 1-2 [ Mo CAN sensor assi
w EngineSpeed @ -1000000 (OVFL) » 50 Hz fFiter: Auto 1-3 ﬂ No CAN sensor assi
& EngineTorque @) 1000000 (OVFL) M 50Hz iFiter: Auto 1-4 [ No CAN sensor assi
W EngineQilTemp @ -1000000 (OVFL) » 50 Hz /Fitter: Auto 1-5 m No CAN sensor assi
8 EngineCiPressure @) 1000000 (OVFL) M 50Hz /Fiter: Auto 1-6 [ No CAN sensor assi
w EnginelntAirTemp @ -1000000 (OVFL) P 50Hz /Fiter: Auto 1-7 m No CAN sensor assi
&% EngineCoolatTemp ) 1000000 (OVFL) M 50 Hz /Fiter: Auto 1-8 [ Mo CAN sensor assi
A & F StabBar Radial Stres @ -1000000 ¥ (OVFL) » 50 Hz /Fiter: Auto 2 B DC Voltage
B LF StabLink Axial Force @) -1000000 v (OVFL) M 50Hz /Fiter: Auto 3 &F DC Vottage
B DC vottage 10V 6% 0.00099 v ¥ 50 Hz /Fiter: Auto 4 &F DC Vottage
B LF Spring Ver_Loc Displ @ -1000000 ¥ (OVFL) P> 50 Hz /Fitter: Auto 5 B DC Voltage
B RF Spring Ver_Loc Displ ) 1000000 v (OVFL) » 50 Hz /Fiter: Auto 6 &F DC Vottage
B LF BallJoint Fi4_Loc Force @ -1000000 ¥ (OVFL) » 50 Hz /Fitter: Auto 7 B DC Voltage
& LF BallJoint Lat_Loc Force ) -1000000 v (OVFL) M 50 Hz /Fiter: Auto 8 &F DC Vottage
/1l 3 MX840_RR [ MX340] [UUID=9E5000AF3] [Sync-Slave] [24.0.10.243]
@ Time 2 - default sample rate o @ ® Time from sample rat

Enable “synchronization via trigger and clock line”.

Choose Trigger input as Trigger Signal and Clock Input as Clock Signal.

@ Configure time synchronization services

Settings and statusl' Synchronization of hybrid systems kheck NTP quality
|

mliiwn AL

=181

& |27 Analyze measurement data [ Window ~ (@) Help ~

2
7

.. Add module/device
B9 adds a new QuantumX module, PMX or MGCplus to your current project.

Remove module/device
Removes the selected module or device from the current project.

X

Test signal

Switches the channel to an internal test signal instead of the real
measurement signal.

Excel import

Imports channel names and sensor types from an Excel document into
the channel list.

Device reset...
W Reset connected devices to factory settings

CAN configuration...
Specify baud rate, send CAN message, load Vecor database into

amplifier

Configure external time synchronization
8 Synchronize devices by external time sources (NTP, PTP, IRIG). You can
~ configure the time services of the devices in this dialog.

Communication log

¢
K

Show communication loa...

Time synchronization between different device types via NTP

| |Use MTP time channels to synchronize devices

NTP Master Channel default rate NTP Master Channel slow rate

Time synchronization via trigger and clock line -

inta a Quantumn® module,

‘| Synchronize devices via trigger and clock line

Triggsr - Trigger signal

Clock = Clock signal

NTP Master Channel fast rate

» 2 > = 24

[ |always check NTP sync quality before DAGQ start

50 Max. time deviation of device clocks allowed {ms)

0 Qutput delay of master device in ms {increase this value if you commonly notice plateaus in the DAQ values)
0 Manual synchronization correction in ms

In projects with MGCplus+opt. Interrogator, MGCplus+Quantum or QuantumX+opt.Interrogator the different devices may be synchronized via
| MTP. Far this each devices must run a NTP service and the scan option NTP HARDWARE TIME CHAMMELS rmust be activated for your project..

In projects with device combination Quanturn and Kistler IgEL RoadDyn the synchronization is realized with trigger and clack signals which are fed

(B Help about time synchronization (B additional info about time synchronization

Close

14. Configure Trigger channel as a 10V DC Voltage Input and Clock Input as a counter
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15. Disable Filter for Trigger and Clock channel.

Channel tools

B DAQchannels | §3DaQjobs (5] visualization 24 DataViewer Sensor database

|| irename P » Default G 3 V Adaptation : 1 ] Edit
g G|y s 2
-7 Signal reading ~ (%) b Slow S @Edit XDelehe
e Active Display Configure || TEDS Sensor Execute Create

g Live update ~ ~  fiter~

M Fast

_s Auxiliary channel

Configure DAQ channels [Display filter active]

Channel name Status/Reading Signal Slot Sensor/Functio

TGV_Test1_MX840 [ MX840] [UUID=9E50007F8] [Sync-Slave] [24.0.7.248]

B Trigger @ -0.00228 v » 1200 Hz  Fitter: Off 7 B DC Voltage
B Clock 372.0imp P> 1200 Hz / Fitter: Off § B Counter
B3 MX840_T-GV-Equipment! [ MX840] [UUID=9E5000B3A] [Sync-Master] [24.0.11.58] —
4 B3 KistleriGel_4
B Measuring wheel FxFL 8 0.00000 N P 1200 Hz iFiter: Auto  1-25 & OFF
B Measuring wheel FyFL @ 0.00000 N P 1200 Hz /Fiter: Auto  1-26 EF OFF
B Measuring wheel FzFL 8 0.00000 N M 1200 Hz /Fiter: Auto  1-27 B OFF
B Measuring wheel MxFL e 0.00000 Nm P> 1200 Hz /Fiter: Auto  1-28 & OFF
B Measuring wheel MyFL 8 0.00000 Nm P 1200 Hz iFiter: Auto  1-29 B3 OFF
B Measuring wheel MzFL e 0.00000 Nm P 1200 Hz /Fiter: Auto  1-30 & OFF

4 ﬁ Computation channels

16. Start measurement.
With every measurement the Clock counter will be reset to zero automatically.

Proof of Time Synchronization
Synchronization between analog QuantumX inputs and digital Ethernet based RoaDyn® wheel force transducer has
been tested in the following way:

e  Force z-direction front left tire analog output from Kistler to analog input of QuantumX module MX840A

e  Force z-direction front left tire digital Ethernet UDP/IP protocol to CX22-W Data Recorder

e Both inputs compared to each other with different signal load to the Recorder
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( Analysis tools Developer tools
[ Test Explorer | (%] visualizati H DataViewer ] Computations [ Export | Easyscript editor [ Cockpit B & Design mode 7y Window - @ Help -
S3Copy (3 Lock S Zoomout Sl o |
| (% Paste (] Full screen mode @), Zoom reset - .
NS o€ betete 2 Upate Scroll Cursor Annotations
Panelpag
Panel 1
Analysis project fed
Kistler IGeL reference plot _“1 A " L
< 22d Zeit 1 - Standardmessra
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: n Al A A VA A e S
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-220F 4
o E lv ] Panel 1
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Picture: Kistler wheel, remote control and screenshot showing live data acquired over Ethernet

Troubleshooting

If connection to RoaDyn® electronics is missing please check the IP address and parameterize accordingly with software
or handheld device.

Legal Disclaimer: TECH NOTEs are designed to provide a quick overview. TECH NOTEs are continuously improved and so change frequently. HBM
assumes no liability for the correctness and/or completeness of the descriptions. We reserve the right to make changes to the features and/or the
descriptions at any time without prior notice.
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