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How can the method be simplified?

e By using standard (well-known) tools
— Usually already qualified!

By reducing the need for safety functions
By the automatization of processes

— Repeating the same test for several times
— Changing only some inputs into tested HW/SW

e By performing tests on ground
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How can the cost of testing be reduced?

e By reusing existing HW/SW
— Tools need to be qualified!

* By replacing full devices with active loads
— Using Hil systems
— Applying emulation approaches

— Separating unit from the vehicle and testing is
possible, all other systems are emulated

* By performing tests on ground
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HiL (Hardware-in-the-Loop) system
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Emulation of loads

 Types of loads (also sources):
— Mechanical loads

— Electrical loads
— Mixed loads

 Approaches:
— Static emulation
— Dynamic emulation

e Requirements-based testing
— Black box!
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Setup — drivetrain (drive & generator

& batteries,

no ICE)
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Microcontroller card
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Use of states, |I/O
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Static emulation of mechanical loads

e Classical approach for the measurement of
electric motors characteristics

e Control systems can be tested

e Testing is possible with constant or stationary
loads

e “Open-loop” emulation
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Static emulation — some loads

e Basic principle:
T, ¥ = +Bma)

e Various load types:
— Linear friction: T, =Bw

— Static friction: T, =B, sign(w)

— Air resistance: T, =B, o




Static emulation - disadvantage

e The method is only practical for the testing of
stationary operation.

[t fails in cases of:
— Nonlinear systems
— Systems with changing inertia

dw

TL :(Jem _‘Jm)_

- +(Bem — B ) @

Numerical derivation would be required!
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Dynamic emulation of mechanical loads

e Same hardware as for static emulation can be
used.

 Only software needs to be upgraded.

e Control systems can be tested under dynamic
conditions

e “Closed-loop” emulation
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Dynamic emulation ... - basic principle
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Dynamic emulation ... — applied principle
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Dynamic emulation ... — some |loads

e Linear load emulation
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Aircraft altitude:

%:Vsin(y)

Airspeed:
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clutch

Not always practical for high powers (and in planes — propeller!)
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Producing load torque with propeller

Propeller torque:

Torop = (CL cos(f—-a)-Cp Sin(ﬂ_a))_paApropr

Can be rewritten as:

Torop = ((ﬂ—a),a))
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Conclusion

e Cost of testing can be significantly reduced

e HiL systems are a good solution
— High cost, but can be reused
— Low cost solutions are possible
— Multiple events can be generated
— Data can be logged
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Discussion




