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ZEEKR

Testing and Verification
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Chassis rig test

* Derived from full vehicle verification test

* More than 30 events

Transientroad obstacles

Random rough road vibrations

Sinus-sweep obstacles

Curve driving

Static steering

Extreme ABS-braking

Low-intensity acceleration and regen braking

* Drive signals

Past: Full vehicle Measurement signals
Present: Full vehicle Simulation signals
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MBD Model

Complete vehicle model

MBD

Vehicle Dynamics
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MBD Model

* Modelled based on design specification
or measured data

* Suspension and car body as FlexBody

* More than 10 subsystems
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MBD Model
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Shock absorber characteristics
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Belgian Pavée
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Chassis Rig

* 5 Chassisrig tests during 2022 to 2024
* Servo hydraulic test rig with 12 actuators
* PT-Mount load actuators

* Response signals

* Magna in-house analysis tools
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Instrumented parts
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Digital Twin Model

Digital Twin model matches with hardware in the rig

Digital twin is a suspension model derived from full vehicle assembly
Actuators are modelled to apply chassis rig loads

- 6load actuators at WLC on each side

- PT mount load actuators

Fixtures to mimic body stiffness

Create requests to match with instrumentation orientation

Usage of Digital Twin:

1. Investigate failuresin chassis rig test
2. Generate Synthentic regen event

09/05/2025

Full Vehicle Rear Suspension System
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Flowchart: Chassis rig Process
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Synthetic Regen

* Long run time without compression 08
* Multi-axial compression oal
* Digital Twin Sim: (:é =l
Compress Loading = Original Loading ¢
Damage Damage & 02

* Practical experience from Magnaabout |

bushing heating issues

0.8r
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System Correlation events

* QstatX = | g
] y, - SE
* QstatY
- QstatZ -——_— == -
Qstat X
 VertDyn
Qstat Y

09/05/2025



Digital Twin s

Test Rig

FLCA

System Correlation events

 Good correlation between Digital Twin LY VA Y A ¥ B AV A VAR VARY,

simulation results and Test rig measurements T L

* Simulation modelis investigated further if

correlationis not good.

RLICA
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Animation Results: Chassis Rig

Synthetic Regen
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Belgian Pave

Pothole
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Correlation

* Measured loads on
instrumented components.

* Good correlation between
chassis rig measurement and
Digital Twin simulations.
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Increasing damage contribution

Correlation
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Testvs Sim

Belgian Pave

Country road ABS Braking

Synthetic Regen
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Hydro Bushing Failure
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Hydro Bushing Failure
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The highest contribution comes from pave and cobblestone.
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Hydro Bushing Failure

ZEEKR
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Subframe mini-module test

* Test run with 6 actuators
-- 4 actuators on WLC on one side
-- 2 actuators for powertrain mounts

* 6 Loads at WLC converted into 4 force actuators at
WLC and contact patch by supplier

* Goalis to achieve same damage as FV RLD

* |ssue: Too many unexpected failures

09/05/2025
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Subframe mini-module test

Digital Twin Simulation with supplier Rig Response Signals

D1_d0_Teope_rrstcmie_esusp_x5000_20T_act Equilibrium Frame=00001

Forces and moments can be seen in wrong directions.

09/05/2025

Digital Twin Simulation with Full Vehicle RLD Signals

DT_dO_CEVTMN2TuopuFormula_24w07_rsfcmie_esusp_15000_20T_act Equilibrium Frame=00001

Forces and moments can be seenin correct directions.

25
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DT Sim

Su bfra me IVI IVI TeSt ‘ Driv es_h aft Torqug Supplier Response Signals

» Driveshaft torque applied is significantly lower
in regen events of supplier Response Signal
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Subframe mini-module test

» Significant difference in damage between supplier rig test and full
vehicle RLD. This explains failures in link-arms.

Channel
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Subframe Mount Loadcaell

Input Channel
Output Channel
° Dlgltal TW|n reSUItS ShOW force equilibrium Quasistatic Analysis — Digital Twin Quasistatic Analysis — RigMeas
T DT-Resctiontand ’.._Téi‘ézéé’é’l}ﬁﬂhﬁiﬁd
* Rig measurement do not show force equilibrium. :
Reaction loads are higher than applied loads at :
wheel center (f9x < f30x + f32x ). ]
« Further investigation carried out. v A :
0.0 10‘.0 2(;,0 30'.0 46;.0 50.0 0.0 10I.0 2[;.0 3(3".0 4(;,0 50.0
Time (sec) Time (sec)
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Subframe Mount Loadcaell

* Test was carried out by changing applying loads at
different offset.

* Offset has significance influence on measured load.

Distance [mm] | factor fx-3d/Fref
35 1,08
70 1,14
105 1,19
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Summary

* Historical need to get deeperinsight in chassisrig test failures

* Digital Twin helps us:
to improve various test set up
to understand iteration drive signals and its correlation to dimensioning RLD

* Accesstoloads at all locations which can not be measured in the rig

* Continuous model improvements are required and are ongoing

09/05/2025
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Thank you.
Questions?
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