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Why Co-simulation? — Applications Perspective

Increasing Complexity

— Interacting heterogeneous components

Competitive Market

Concurrent Development
—  Late Integration Problems
— Contracts
Independently Developed Sub-systems

— Specialized Teams

— External Suppliers
“Holy Grail™:

— Integration at every stage of development

SIL HIL

._,V.'aiiaation

ﬁ m .“1::\_:\.* u‘“ Com 0 !'— l,
"3

from http://doi.org/10.1007/s00366-012-0286-6

Universiteit Antwerpen



MSDL

Modelling, Simulation and Design Lab

Modelling and Simulation

el

Speed ABS

sensor

Electric
line

Wheel |-~ A >D
Brak . b
raxe Control Unit Warning Hydraulic Control Warning
Hydraulic 1 Light Modulator Unit Light

Modulator Model Model Model

_ Brake .. |Hydraulic f f

.~ pedal : i
Master ] fine
Oinder) | B bB””;e En Master Brake Brake
ﬁ T ooster * Cylinder  («—9» Booster Pedal
Model Model Model
— Modelling and Simulation techniques help m; o [

gm— ‘am'

. . £ 100 £

— Models of environment capture the assumptions g i»

© %0 10-

ol ,

— Data sheets and Contracts provide parameters and o] %

-0.05 1 < 600

. -0.075 - g
operating ranges. 2 orm] '940-
N 2o
=0.2]
-0.225 6. 0 6
Time () Time (s)

Universiteit Antwerpen

-




MSDL

Modelling, Simulation and Design Lab

IP Protection

— Design Space Exploration

— with supplied components and their parameters

— More information about components means

more optimization

—  Suppliers want to protect IP

— No detailed models provided

— Catalogs may lack necessary information
— Applicability range or Validity Frame. Ex:
— Temperature
— Response tables from lab experiments

— Wear &Tear dynamics
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COMPARISON LIST |E"|_|
Product ] Brake Pad Set, disc brake ll] Brake Pad Set, disc brak: ] Brake Pad Set, disc brake ] Brake Pad Set, disc brake
Article number T30 2 T0205
Image I |
—
o,
&
) !
!
Brake System Akebono Lockheed Citroen Lucas
Axle Fron Fron Frof F
Width [mm] 126. 90 2
Height [mm] 44-54.3 712 38 2
usage number . 21391 + 20804 20207 « 20296
. 21392 + 796D61 = 7000D71
= 7107D180 = 7022088
Thickness [mm]  13.5 128 13 16.2
Wear Warning excl. wear warning contact excl. wear warning contact excl. wear warning contact excl. wear warning contact
Contact
replacemen tpart No No No No
Country Version  « Great Britain « Great Britain s Great Britain s Great Britain
* ltaly * ltaly « laly * laly
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Co-simulation
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Co-simulation
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2-DOF Oscillator Results
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Co-simulation : Summary of Benefits

— Improve relationships between OEM and Suppliers

— IP Protection

— Tool interoperability

— Most current success of co-simulation lies on coupling two different simulation tools.

— Functional Mockup Interface Standard

—  Multi-rate
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Example: 2-DOF Oscillator z;g: jﬂg

:L_{ri-.-l—l} :r(:u} k-1 n) S ® 0
1 _ Akt ‘1 Z m L)
"UE”+ L) —Al 'b'{”'] + Al By Uy @ ul= MO )@ vlo=h(6®)
1 1 rr=() \
. S, O O
y = " -, © .
I 1:;"':' ¢ PNTEE
Se
] ka—1
][], (2 s < L
1) | T2 G | T 2 | v
V2 Uz J m=I0 ‘
(n) _ 33[”} (n)
v = di ]| TRy [+ e —di | ug _
Uy X,
Co-simulator:
B I(:r.l 1) 7 B I(ﬂ}l T
! L 0 0 0 0
U;:.?l{lj 'UIEH} A = ‘4? 0 Z: nlflm 0 —hyey, —hid hyer hady
(n+1) = Aeuler (n) euler = | ke 0 Zk 2~ g 0 0 0 0
2 m
I:__} I}_} hg—(}‘ }?Q—d;, 0 0
] ﬂ;ﬂ.—F]:l | ] "L-";”'} | me 2

Stability: p(Aeyler) < 1
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— Co-simulator (Scenario + Orch. Alg.) as a difference equation, function of

— Coupling approach (we used Jacobi iteration for state and Gauss-Seidel for output propagation)

®

— Communication step size H (which influences ki) T S— > 0

—  Simulator’s specification: @ wl0= MO )@ uley=hGal)

A
S, O O
— Input extrapolation (we used constant extrapolation) g . ® g ‘
¢ trv
— Numerical method (we assumed Forward Euler)
— Micro-step size hi (which influences ki)
— Model (level of abstraction, degrees-of-freedom)
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+ Performance
- Accuracy

- Performance
+ Accuracy

Co-simulation as a Switched System
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General Idea

— Take multiple simulators for the same subsystem

— At different levels of abstraction
— Model Order Reduction

— Phase space quantization (conversion of equations to state automata)

—  With different specifications (solver, micro-step sizes, extrapolations, etc...)

— and find a constrained switching system such that:

— Co-simulator is always stable for valid switch signals, and

— Optimality criteria (e.g., meet real time deadlines) is met
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Roadmap on Optimization of Co-simulation

— Real-time co-simulation case study

— Fixed step size, performance/accuracy tradeoff

— Address black box linear components

— Linear system identification

— Non-linear simulators

— Scalability

— Co-simulation scenarios with 700 simulators

— 10-100 DOF

—  Yourideas ©
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