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1. Simcenter Amesim
* Mechatronic systems - examples
 Electric vehicle models

2. Functional vs Structural representation
« Simcenter Amesim — Signal&Control - Functional library
« Matlab-Simulink vs. Simcenter Amesim equivalence
« Simcenter Amesim — Structural libraries
e Spring - Mass - Damper system
« Simple hydraulic line and orifice

3. EV simulation under Simcenter Amesim
 EV under study
« EMR vs. structural representation
« Simulation results
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« Simcenter Amesim »
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Simcenter Amesim

Model-based
system testing

Industry
specific

Vehicle integration
Vehicle electrification

ADAS and
autonomous vehicle

Powerirain controls
Engine design
Aftertreatment

Transmission
HVAC

Engine thermal
management

Vehicle dynamics

Powertrain
subsystems
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Controls
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“controls”
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>48 libraries
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Control
Electric
Hydraulic / Pneumatic
Mechanic
' Thermal

| Control
M Electric
I Hydraulic / Pneumatic | |

c: Washing machine d: IC Engine
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Simcenter Amesim - Electric vehicle models %
Qnda)
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«Functional vs Structural representation »
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Simcenter Amesim - Signal&Control - Functional library %r%a
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Matlab-Simulink vs. Simcenter Amesim equivalence -
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Simcenter Amesim - Structural libraries
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Spring - Mass - Damper system

External Variables

10 rranslation mass

MECMAS21

For varfaines witc fiave o direciion asseciated wih them,
& pasitive sign is in the direchon of the aron,

D= dE

force at port 2

sign reversed duplicate of velocty at port 1
sign reversed duplicate of displacement at port 1+=m
sign reversed duplicabe of acceleration stport1 +—m/s/s

e

—m/s

&—dTh

velocity at port 1 =+mfs
dicplacement at port § —+m
acceterstion ot port 1 =+

@r%a

SDO000A

mechanical spring znd damper (no states)

For vanables which have 2 direciion asspoiated with them,
3 PaSTVE SN IS 0 the direction of ifie amow.

force at

Be =

|| Display variable titles

B

Input: Force Qutput: welocity

B A

Parameters of mass_friction_endstops [MECMAS21-1]
B

Title

iVatue iUnit iTags |Name

velocty at part 1

|| Display varisble tities

[ Help

m duplicate of force at port L=+H
—msf— —ilvetocity at part 2
disp tatportz  +m

displacement at port L=—+m

—mys

[ close |

Mass = L kg ® veloctty 3t port 1 1S i Parameters of springdamper01_1 [SDOD00A-1] 8 x
(®) displacement at port 1 0 m xd — #v Dy @
Spring atiffneas = 100 000 N/m use friction no useFriction E - -
endstop type none stoptype Title !Value !Un:t !Tags !Name
mass 100 kg mass spring stiffness made numerical value stiffmode
SANGAY ERGIW & 0TN. RIS inclination (+80 port 1 lowest, -80 por... 0 degree theta spring force with both displacements... 0N forced
o spring rate 100000 N/m srate
Structural representation o e g
Functional representation Spring jﬂff“ess = 100000 N/m
Damping coeff = 1000 N/(m/s) !
" dviat | L
K k i
A\ ?%?P-
F t v | . .
) ; . Equivalent model build based on
gain = 1/Mass e the mathematical equations
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Simple hydraulic line and orifice %'%a

® Structural representation

1P1 2 1Pl
@9 P2 8 @ 8 P2 Q2
b a IL
pressure at port 2 —* bar
pressure at port 1 i—bar_ 7 . I:zﬂglw' rate gt port 24— L/min

flows rate at port 1—L/min Line
Model Line: C,I,C (Volume, Inertia, Volume) Restriction Circuit
R el BV
/ %E”‘i{ F2{kal O—m—Pt /‘ ----- . T3/sl/min »&»E}H«i P2 [Pa]
| / k=1/1=A/(Rho*)  barPa - . .
L/minm**3/s % . _____ = 2 T ! @ée _____ .
P2  Q=Cq*A*sqrt(2*abs(P1- P2)/Rho) [t Q2[m**3/s]
E ____________ %/ P1 [Pa) 31 i N(Rho L) 1 bar][Pa]
Q1 i -
k = B/(WZ) — L/mmm**3/s k B/(V/2) * P1[Pa]
Functional representation Q=Cq*A*sqrt(2*abs(P1-P2)/Rho)
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EV under study

Global Parameter Setup - EV_IQ.anEJ

el

=
] | | I Right dick to set global parameters; b o @ e
r (( - Name Tite valoe it ol
1 4@ -IF ''''' }_,__ BATpV_batt battery tension 400 v
-1 ] =tT= EMpU_arm_nom DC nominal tensi... 400 v
I L] EMpI_arm_nom DC nominal curr ... B2 A
( ( ( m EMpM_nom nominal speed 2840 rpm
< EMpMN_max max speed 8000 rpm
EMpWV_nom nominal angular .. 3.14/30%EMpM_... rad/sec
- Battery - modelled by a simple source of D.C. voltage; e R
. EMpDiamp viscous friction 0.1 Nm™secfra
- PMSM - repIaCEd by a DC maCh|ne; EMp] equivalent inerti... 4.3 kg*m~2
- The Chopper - considered with a constant efficiency; Sfias Doeen S
. . . EMpL_arm DC inductance 0.0065 H
- Mechanical transmission - composed of a gearbox, a EMpk.em  emfeonstant  (EMpllam_no.. V=secjrad
. . . . . EMpk_tq torque constant EMpK_em MNmjA
mechanical differential and one equivalent wheel; 70 s PR s 21
- The chassis - represented with an equivalent mass. EMpT arm  Time constantof . EMpl_arm/EMpR . nul
CHp_eff Chopper efficency 0.95 null
MTpGear_eff Gearbox effidency 0.8 null
0 waihise differential wheels MTpK_gear Gearbox ratio 5 null
----------- W v Al MTpD_wheel wheel diameter 0.52 m
e f‘”‘”" T3 Fus _ _chassis MTpR_wheel  wheel radius MTpD_wheelf2 m
i MTpl_wheel wheel inertia 4.3 kg.m®2
@: CHApM_eq Equivalent mass 1600 kg
T A : CHApE_eq Velocity gain 1/CHApM_eq  null
: : RDpwheelbase  wheelbase 24 m
Msi RDpw_ev EV width 16 m
RDpa gravity 9.81 mfs™2
RDpA frontal area 2 m~2
§ RDpCx Drag coefficient 0.35 nul
_) A‘ RDpro Density of the air 1.223 ka/m~3 =
Uekrg  Tdomre ‘ - o - i >l
Strategy |7Hdp o Xpe | heply
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EMR vs. structural representation %
P Qnda)

Ehopper i o Gearbox Differential Env
g C nvironnment
EMR representatlon
u_bat u_bat u_cha E’ Tiu;n =
—»
J oamn | | s | P N s 3
e T TH T T@T e
et mme— i | —__.ﬁ.. ) i
{ ! i_dem i_a : 'em W_dm o
mTE Energy Battery [\l'\.l‘l_ 5 :
s _,?P_,’__} ..... - power [W]L‘ i v_veh meas
____________ & power Battry || i
u Emeés f STy - F e m% _Chass_'s Wf v_veh_ref
i - Bt conmps inversion inversion L W | Forwh re couulmg W ¥
““i """ 'ch L p LTS i »eh_rfg ___________
opper bF W == ' i T p=
iy g g e | T

tom ' i_a_ra i
ta— i ik ) i - .
‘ 1& ature i diff_ ,___ & iy "T"'*L%—} ....... 5
inversion =) [ isd) / = )
— F_lwh_ref 7 i Mechanical

k weight k_dis & energy [Wh
EE—kh— > GE] C
Left -
ﬁ M wheel (=)
B onversion ) ¥
; Battery Cliopper Gearbox Di’fe“’"t'?‘_ _________ c._alg_ _—— Mass Environment
Eo—{ik— <] s %3 B ; g $
______ » i Road I =
O ol f | O] e S EBE0 O
1 = ; b £y !
i Ao D | ‘. 5%
e | Tk | V*O ..
I_#&E — r_. : g ..... F_res mess i ; static friction force
* = - 5 i !
sl |
S5 2 0 nPimOR = | e
2 Right i
wheel i
— inversion
U_bat meas elem_meas F_res_measl g l
i - . Gearbox Differential Road inversion i
i ) EM conversion inversion inversion F_rwh_ref coupling :
i |_a_|T|EESl B T_rdff ref :"__ s ! inversion . : . :
i msw; u d'1-a _ref “Q RS [_em ref g [ocx_ref !,I_ b IS — i Lot i) r 4_:_.65)‘_._,__‘ : :F___I_<F‘
i e — . == o o - - i daii b B
L | S % i 4 *~ i ————— | inversion i._._._._._._....._l Hv_vé_ref
- _’@ Armature L T_IdifF_reFi D : /H
inversion i — itk
) F_lwh,_ref S

Structural representation
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Simulation results

14 —

— Functional - V Veh [m/s]
— Structural - V Veh [m/s]

il

T T T T
100 200 300 400 500 600 700
X: Time [s]

Vehicle profile velocity

SRa

CPU time (5)

|| === Structural - print interval 0.001 s

== Functional - print interval 0.001 s
~== Structural - print interval 0.01 5
=== Functicnal - print interval 0.01 s
=== Structural - print interval 0.1 5

Functional - print interval 0.1 5

A e—

¥ =800 =

w1 =11.358¢ =
]

v 2= 0,60526 ] —

Wl A i e 1 —

y_4="5.11682

y_5=4.63322

T T T
600 700 800

Simulated time (800 s) vs computation CPU time

Electrical vs mechanical performance
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End of presentation
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