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Agenda

RLDA: road load data acquisition

1.  The challenge: how is the vehicle used?

2. The solution: an integrated sensor — DAQ — analysis workflow
3. The benefit: why does RLDA matter?

4. Summary

/\/ \ I\,\/\/\/UN/\'V\/W\_, ~ /\—\ TN N e

WATTMA VAR A A VL @AW

\/\/\/\f/\fvv\"\/*-”"\/\

~A B » N !
| ‘,.v \\J' -_/‘\’; \/\\J "\/I\"I A U T N A e A,
N
i /\ \/\J/\/\/\ /\//\//‘\_r\J\/\—'VV\/"\r\j\/\pw\ A

DY

© 2026 Hottinger Briel & Kjzer H BK amh HOTTINGER
° : UNRESTRICTED ¥ BRUEL & KIZER



Why is RLDA important?

We need to meet these requirements

© 2026 Hottinger Bruel & Kjaer

[ = ENGINEERING STANDARDS -

3.4 Test Plan Development. The test-flow shown in
this document represents the cumulative global expe-
rience and knowledge gained from many products
over many years. The strategy underlying this series-
parallel test-flow is based on the concepts of “physics
of failure” with correlation to field usage. The correla-
tion to field usaae is established from manv vears of
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wear out failure mechanisms as well as the elec-
trical input-output usage cycles. For an electronic
module, wear out will be due to thermal- and vibra-
tion-induced fatigue. The DUT typically is exercised
for the required number of 1-life electrical operational
cycles during the Power—Temperature-Cycling (PTC)
test. When there is inadeauate time durina PTC to
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Why RLDA?

Understand and validate product performance

Verify and update designh assumptions

Feed CAE simulation of motion, strength, durability, vibration, etc.
Define lab tests — real time, block cycle, and vibration tests

IR

Correlate physical and virtual testing

D3
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Virtual and physical testing in product development

Physical testing and RLDA remains an
Important validation step
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The RLDA workflow
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Physical
Phenomenon

Real-world loads
and conditions

HBK has integrated tools for this entire workflow |

Sensor

Capture the
physical response
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Measured Data
Data Validation

High-fidelity time Ensure data

histories quality and
trustworthiness
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Analysis

Extract insights
and understand
behaviour

Actionable
Answers

Turn insights into
engineering
decisions
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The RLDA workflow

The test procedure
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The RLDA workflow

Sensors to measured data
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Augmenting the traditional RLDA data set
Beyond strain, forces, and displacement
« GPSand CAN
« Association of events
« Video
« Data validation tool — incidents
* |nertial Measurement Units (IMU)

e Precise frame orientation at time of event

* The MicroStrain IS a rugged, CAN
based IMU

.
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https://www.hbkworld.com/en/products/transducers/inertial-sensors/vertical-reference/mv7-ar
https://www.hbkworld.com/en/products/transducers/inertial-sensors/vertical-reference/mv7-ar
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Analysis project
( MG

’Apply to: Channel name ‘

Tracea bility and metadata 122 & Time from sample rate

E]’i [01] Job1_2026_06_22_14_47_15.TST [D:\HBM\catmanEasy\DAT
Documenting your setup =@ E{;itgarameterf o

-} Job name = Jo

----- [} Data file with path = D:\HBM\catmanEasy\DATA\Job1_2026
----- [} Data file = Job1_2026_06_22_14_47_15.bin

Catman data acquisition | ¢ 10 DAQ prjeck = Specdiumpe 2 M

: [ Time zone = Pacific Daylight Time (UTC-7:00)
software - HBK's computer | 0 0 e — el
----- [ Job Site = Pelican Jaw
T | [{} Test Type = Lateral
alded test manager. o i
----- [} Project Code = 23456
----- [} Default sample rate = 500 Hz
..... [ Slow sample rate = 5 Hz
-[{f}] Fast sample rate = 5000 Hz
----- [ Number of samples default sample rate = 12950
----- [ Number of samples slow sample rate = 129

M u Iti p | e Test pa ra m ete rS Ca n ----- [} Number of samples fast sample rate =0

[ Saving mode = AUTO

: f' | ----- [} Leader/Follower mode = Yes
be embedded into data files | i Ser o = Tigoer
. e I [} Start time = 2026/06/22 14:46:19
at time of testing -0 stop moce - Tigger

~~~~~ [} Stop time = 2026/06/22 14:47:15

----- [ Trigger mode (START) = Script/event monitoring
----- [ Trigger channel (START) =
[l Trigger level (START) = 12
AAAAA [ Trigger time abs. (START) = 2026/06/22 14:46:50
AAAAA [ Trigger time rel. (START) =30.240 s
----- [ Pre trigger (START) =0 s
[ Trigger mode (STOP) = Script/event monitoring
AAAAA [} Trigger channel (STOP) =
»»»»» [} Trigger level (STOP) = 50
AAAAA [} Trigger time (STOP) = 2026/06/22 14:47:15
[} Trigger time rel. (STOP) = 55.145 s
AAAAA [} Post trigger (STOP) =0 s
----- [} catmanEasy/AP version = 5.6.1.12

. . S | {il Numerical precision = 8 Byte Float H BK ABA HOTTINGER
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https://www.hbkworld.com/en/products/software/daq/catman-data-acquisition-software
https://www.hbkworld.com/en/products/software/daq/catman-data-acquisition-software
https://www.hbkworld.com/en/products/software/daq/catman-data-acquisition-software

Traceabillity table

Assign channels from Test Data

! catmanAP V6.0.1 Analysis project: <C:\Users\Lovdahl\Docur&ents\HBM ..... atmanEasy\RLDA_PostProcess.OFP>
Test Explorer Visualization Dataviewer Computations Export
om:m j*g,(c:py @ Lock Zoom out fix) L'?E
e ol wr : -
@Paste Full screen mode g Zoom in
New ¥ New Create

X Delete 14 Update

Panel/page

Stats  Simple Min/Max ERIET=CELTI TS

Yisualization objeds

Caomputations Report
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| AngularRate_PitchRate AngularRate_RollRate AngularRate_YawRate | AccelerationSensor_Vertical Bend Beam | Air Temp -~
2 Channel comment MV7-AR - s/n 214731 T-rosette on beam
wol Samples 11825 11825 11825 11825 11825 11825
@ Sample rate 500 Hz 500 Hz 500 Hz 500 Hz 500 Hz 500 Hz

TO 6/17/2026 4:36:19 PM 6/17/2026 4:36:19 PM 6/17/2026 4:36:19 PM 6/17/2026 4:36:19 PM 6/17/2026 4:36:19 PM 6/17/2026 4:36:19 PM
£ Unit dea/s deag/s dea/s m/s"2 pm/m e
€% sensor AngularRate_PitchRate AngularRate_RollRate AngularRate_YawRate AccelerationSensor_Vertical 5G half bridge 350 Ohm Thermocouple Type ]
23] Sensor-1D 217066210_7_2531 217066210_6_5818 217066210_5_1893 149958114_4_6581 DMS_2_350 Thermo_J

Calibration date Not defined Not defined Not defined Not defined Not defined Not defined

Expiration of Mot defined Not defined Not defined Not defined Mot defined Not defined
B amplifier MX840B-R MX840B-R MX840B-R MX840B-R MX840B-R MX840B-
1% Serial no. amplifier 9ES007BD6 9ES007BD6 9ES007BD6 9ES007BD6 9ES007BD6 955007503
B Connector plate NA NA NA NA NA N
1% Serial no. connector  NA NA NA NA NA NA
{} Transducer type Unknown Unknown Unknown Unknown 5G half bridge Thermocouple Type J

Excitation voltage NA NA NA NA 2.5 V excitation N

Carrier frequency NA NA NA NA 4800 Hz N,
~4: Filter MNA NA NA NA Bessel lowpass 50 Hz Bessel lowpass S0 H
@ zero balance NA NA NA NA 390.7709 pm/m 0°

Scaling Strain gage]

Electr. measuring 5.000 mv/v

Phys. measuring 7616 pm/m

Gage factor = 2.02
Bridge factor = 1.3
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Introducing...

Centralized, expandable, vehicle DAQ
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Fusion RX

New-generation Fusion RX DAQ system is the perfect solution for
rugged mobile testing in commercial, industrial, and military vehicles
- when you need reliable road load and durability data.

Fusion RX
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https://www.hbkworld.com/en/products/instruments/mechanical-structural-daq/fusion-rx

Fusion RX

Centralize, Rugged, mobile DAQ

-
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*Processor layer with CAN FD, GPS, Ethernet & EtherCAT interfaces
*10 to 80 channels per stack with Universal layer — now!

«2x Cartridge Slots — SSD, WiFi, 5G, CAN, Analog Out, Counter, video
*Saves data locally in .SIE file format

A,
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Topology

One data set — regardless of channel count!

Mobile Testing

in harsh environments

EEEE Ty

N

Fusion RX

© 2026 Hottinger Bruel & Kjaer 14
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SomatXR*

Satellites

Test bench
inthe lab

Fusion RX
QuantumxXx*

Satellites
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Test setup In catman

Technical Empathy

*Sensor Database entries
Transducer setup — Accelerometer & Strain Gage
*CAN database imported as .dbc

*Test parameters in unattended mode

N
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Data validation

Is this data correct and useful?
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Data validation

Are the sensors working?

Does the measurement make physical sense?
Was the test procedure followed correctly?
Can we trust this data to be representative?

Are we done measuring?
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nCodey
| N . HBK
Test data proceSSIr]g and durablllty analySIS HOTTINGER BRUEL & KIER

* Intuitive, graphical interface for standardized analysis
of measured data

* Pre-defined processes for performing time, frequency,
durability, and statistical analysis

* Read 40+ time series file formats from many sources
« Accelerate durability and vibration tests

* Analyze gigabytes of multi-channel data and
streamline reporting

* Single environment for correlating test and CAE data
* Extend capabilities with Python scripting and MATLAB
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Data validation demo using nCode GlyphWorks

TSInputl =

© 2026 Hottinger Brlel & Kjaer

19

j.| Clear " Export. || Copy | Display Once

Test Name | Chan | Chan Tide ¥ Units | hax | Win | Mean | RMS |
1 | T1_durability 1 LF LNG WHEEL FORCE N +Aft 7182 -3373 263.8 715.2
2_ T1_durability 2 LF LAT WHEEL FORCE N +Right 2694 -2171 -132.2 608.6
3_ T1_durability 3 LF VRT WHEEL FORCE N +Up 1.087E04 -226.8 5777 5860
4_ T1_durability 4 LF WHEEL TORQUE Nmm +About_right 2.024E05 -7.742E05| -4.246E04 1.111E05
5_ T1_durability 5 LEFT TIE ROD LOAD N +Tension 6747 -7785 -808.1 1478
6_ T1_durability 6 LF STRUT ROD LOAD N +Tension 4203 -2541 366.3 670.7
7_ T1_durability 7 LF WHEEL VRT DISP mm +WhI_Up 86.75 -87.16 5.047 15.54
S_ T1_durability 8 STEERING WHEEL ANGLE ~ DEGREES +Left_Turn 668.0 -656.3 17.04 123.4
9_ T1_durability 9 LF SPINDLE VRT ACCEL G +Up 12.93 -14.13| 6.946E-04 1.706
? T1_durability 10 FUEL TANK STRAP STRAIN UE +Tension 1784 -170.9| -0.05206 28.26
7T1_durabi|ity 11 REAR DRIVESHAFT TORQUE Nmm +Drv_Trg 3.563E05 -5.732E04| 5.827E04 8.086E04
? T1_durability 12 REAR DRIVESHAFT SPEED  RPM =+Increasing 1257 1.250 695.5 7694
1_ T1_durability 13 LF XMEMBER STRAIN UE +TENSION 841.1 -176.1 95.79 158.4
?TLdurability 14 REAR XMEMBER STRAIN UE +TENSION 479.7 -111.8 1111 1374
? T1_durability 15 AXLE CARRIER STRAIN UE +Tension 302.2 -257.5 0.2232 4255
? T1_durability 16 VEHICLE SPEED MPH +Increasing 31.25 0 17.23 19.10
? T1_hill_climb 1 LF LNG WHEEL FORCE N +Aft 3468 -1647 441.2 677.3
18 | T1_hill_climb 2 LF LAT WHEEL FORCE N +Right 4657 -2157 1006 1501
19 | T1_hill_climb 3 LF VRT WHEEL FORCE N +Up 1.111E04 816.0 6665 6763
20 | T1_hill_climb 4 LF WHEEL TORQUE Nmm +About_right  1412E05 -6.129E05| -6.218E04 1.588E05
21 | T1_hill_climb 5 LEFT TIE ROD LOAD N +Tension 5091 -5330 -208.3 894.5
22 |T1_hill_climb 6 LF STRUT ROD LOAD N +Tension 7208 -3882 4938 981.8
23 |T1_hill_climb 7 LF WHEEL VRT DISP mm +Whl_Up 81.65 -50.92 7436 17.67
24 | T1_hill_climb 8 STEERING WHEEL ANGLE ~ DEGREES +Left_Turn 30.03 -578.7 -51.58 114.9
25 | T1_hill_climb 9 LF SPINDLE VRT ACCEL G +Up 24.41 -19.17)  -0.01021 3.284
26 | T1_hill_climb 10 FUEL TANK STRAP STRAIN  UE +Tension 505.5 -318.5 -0.1636 5235
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Data analysis

Do we meet engineering specs?
How do we ensure durability and reliability?
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Data analysis

Convert time series data into actionable insights

How does it perform? Wixhed giodasmt T L Seix

P=bx+ X T+ 2 -ant) P g+lh
@=2- D) = 1\,_(x D) =1), yJext AR Shof&

z _‘.’fs.__

=6 x= xal)
Vxa

Op = G- -Qp* "y Sl

Y ‘ : : in
i l ’rx' ”llﬁl([t i \

. . ' (an x-1))a1)= {4, =2tta xtr)--— 5 =‘
How long will it last? e ».'3".\( winh) OO o,

X Lapace(+ ) 1o xc)»/Cf:“

r(x-]-{‘_‘-a (€ ().la,c O.) . 1+l a+ N : i
’ K7 'j-f:\/ =2)-

% e @ i

How does it vibrate? ‘ f“““f T —:'1},:‘@:;;& " 47x=be1] =

)RR e Yl )0

X () +’luml Xxtoms *

wro5e

Why does it perform the way it does?

N
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Data analysis demo with nCode GlyphWorks

VideoPlayer3

. caro ina_motorsport

torque output
N.m

530.2

T2

241

371.1

318.1

65.1

2121

_()-’ s XY Dispisy
= carolina_motorsport_in1_Ch 1 : speed mph
= 100F

90 F
i 80F
d 70F

60 F

50F

40 + 4 . . . + . . ‘ L + 4 4 . . 4 . o . L

0 20 40 60 time (s) 80 100 120
|
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nCodey,

Agira: test data management HBK

L1
‘lh'

m Increase the value of historical RLDA data MOTTINGER BRUEL & K2/2R

Jo

Save time through improved searching

Run server-side analyses - either interactively or using apps

Better, faster insights from huge amounts of data

'ﬁ'ﬂ‘ﬂ‘ Avoid losing corporate IP, free up experts to add more value

Agira
DriveSim Data Search | Select Search Parameters Search for Channels (2

Choose Data Parameters to Search for Data

For Session Searches: Select one or more of Platform, Scenario

Select Platform Select Scenario Select Tire Model
and Tire Model.
Data will be found where all parameters are true DiM40o v vi_provingground v Select v
. Select
For Channel Searches: Select one or more of Platform, select Channel _
Scenario, Tire Model and Channel. cti
Data will be found where all parameters are true Select e pac2002 X,
pac2003
ridesuite
not defined

© 2026 Hottinger Bruel & Kjeer 23
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Product validation

Does this product meet the specification?

P

Physical
Phenomenon

Real-world loads
and conditions

O

Sensor

Capture the
physical response

© 2026 Hottinger Bruel & Kjeer 24

DAQ

Condition and
digitize the signals

iy Mtﬂ

23990 a9an:
Yoy “i"ﬂ'u,j
Y Y Y

298 Dova;
5y o AN

)

Measured Data
Data Validation

Ensure data
quality and
trustworthiness

High-fidelity time
histories

UNRESTRICTED

Analysis

Extract insights
and understand
behaviour

Actionable
Answers

Turn insights into
engineering
decisions

| &»°

\_

Al

O

Product
Improvement

Improve design,
reduce risk,
increase reliability

/

HBK

A%% HOTTINGER
";l BRUEL & KJAER



RLDA's business value

Understand and validate product performance

Verify and update designh assumptions

Feed CAE simulation of motion, strength, durability, vibration, etc.
Define lab tests — real time, block cycle, vibration tests

IR

Correlate physical and virtual testing

© 2026 Hottinger Bruel & Kjeer 25
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The RLDA workflow
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