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Vehicle plant model



Vehicle model «
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Hydraulic Unit tests and validation

Adjustment of solenoid characteristics

Primary cylinder pressure
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Variator belt model concept E’—' ¥

Variator ratio change by controlling
primary/secondary pressure

ar
_t l prl( pori ,orl)

Actual force [
steady-state force required

T . COS

- pri
secmx
2 sec Rpri A.sec

Max torque limit depends on pressure !




Real-time simulation f'p

Adjustment of hydraulic volumes and mechanical stiffness
Fixed-step solver — 0.5 ms

~80 ODE state variables

~200 inputs/outputs variables (CAN, sensors, actuators)
Code generation from SimulationX to FMU cosimulation

Execution in QTronic Silver

simlafad ime 98 382 Artnaltime soent comnpting LR A8 Sneadunfactae SO0
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TCU embedded software



TCU softwa generation process




Virtual TCU with Silver | £ =g

Functional requirements

ETAS ASCET model

ETAS INCA

A2Land

Embedded c-code calibration data

Silver virtual ECU <




Virtual TCU platform
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Example of test drive validation
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TCU embedded software testing
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Test requirements

Usual test drive cases
NEDC, 100km/h acceleration...

Calibration parameters
Software functions activation/deactivation

Various environment conditions :
- slope, snow/water...

Fault monitoring and reaction



Fault insertion

Wheel sensor faults

Solenoid and hyd faults

bus faults

Temperature sensors faults
Speed sensors faults



Fault insertion — how it works | &,‘

Example on solenoid valve fault

TCU application Target current Vehicle model
software

v

Feedback current

A

Fault flag

TCU Basic software




Fault insertion — how It works

Example on solenoid valve fault

Current
TCU target
application software — ’
e
L
Current *;
feedback al

Fault flag from BS

TCU BS emulation

python

Fault mode selection
Short to GND
Short to UBat

Open line

Vehicle model
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Use of QTronic TestWeaver

Formal requirements monitoring

Hand written test scripts

Automatic test cases generation

Automatic test report generation



ABS simulation example

Clutch locked + Strong braking — Wheel block - strong engine deceleration
— Transmission torque exceeded - belt Slip !

- Belt slips are reported automatically in TestWeaver reports




Test case generation

QTronic TestWeaver automatically generates drive sequences
Example of Belt Slip found by TestWeaver




Code coverage with CTC++ A

MC/DC coverage
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Conclusion




Realistic simulation — complex scenarios 7~

Vehicle model + TCU + calibration :

validated simulation , reproduce very well the actual
execution of TCU in the real vehicle

Fault insertion and validation of TCU fault management

Automatic generation and evaluation of test cases
TestWeaver + requirements modeling

Very efficient support for TCU development and testing !
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