"\
SVEVS32 |INTERNATIONAL

Lﬁﬂ;,j ELECTRIC VEHICLE SYMPOSIUM & EXHIBITION

Scalable and Accurate Modelling of
a WBG-based Bidirectional DC/DC
Converter for Electric Drivetrains

Sajib Chakraborty’?, Yuanfeng Lan'~, losu Aizpuru?, Mikel Mazuela’, Argine Alacano® and Omar Hegazy!?

"Vrije Universiteit Brussel (VUB), ETEC Department & MOBI Research Group, Pleinlaan 2,1050 Brussels, Belgium,
’Flanders Make, 3001 Heverlee, Belgium

SMondragon Unibertsitatea, Electronics and computing Department

_771 MOBILITY, LOGISTICS &
m C(Oh | AUTOMOTIVE TECHNOLOGY
Nl (% RESEARCH CENTRE

This project (HiFi-Elements) has received funding from the European Union’s Horizon 2020 research and innovation program under Grant Agreement no. 769935.



i

——— 'EVS32  INTERNATIONAL
L zmay ELECTRIC VEHICLE SYMPOSIUM & EXHIBITION

o)
Power Electronics Drive;)}we_mand
£

Cost
reduction

Efficiency
improvement

P

Weight

I Reliability

[ 71 moBiLT, [
m @’Oh | AUTOMOTVESIS—-.
J (L RESEARCH CENJ[[S

1 -



i

——— 'EVS32  INTERNATIONAL

-L_ﬁf‘?_"g{j ELECTRIC VEHICLE SYMPOSIUM & EXHIBITION "lf!ig&_:-

Power Electronics Drive%:,th_allenges
Vo e

=

High-Fidelity
modelling

P

\ m @h I 'AUTOMOTiV 7‘, = e e : J \ ..E‘ B
S REEARCH CEN Bl o ¥ 3



'-_!r --\

SVEVS32  |NTERNATIONAL

P WA sy ELECTRIC VEHICLE SYMPOSIUM & EXHIBITION %
Contents

ADC/DC Topology Selection for EVs
JHigh Fidelity (HiFi) Modelling Approach
v'Device Modelling
v'Passive Components Modelling
Scalability & Accuracy

UImpact of WBGs on Converter Performance

JConclusion

71 MOBILITY, LOGISTICS &
m @h | AUTOMOTIVE TECHNOLOGY
2/ B 1 RESEARCH CENTRE



; EV532] INTERNATIONAL

, #%%. ELECTRIC VEHICLE SYMPOSIUM & EXHIBITION R

L) MOBILITY, LOGISTICS &
m @’Oh | AUTOMOTIVE TECHNOLOGY
ot £ RESEARCH CENTRE 5



i

v 'EVS32  INTERNATIONAL

L_Efwjg_{:j- ELECTRIC VEHICLE SYMPOSIUM & EXHIBITION :"'l"-’-!s.-_'.;-.g:!":'

Device Modelling

il ™
Semiconductor
models
L. A
v o 7 o v \
Physical models Electrical models Universal losses model
s [ Drain S0
i p—1 Q et DT Switching
o) e T 1 e o] CodL i and
eyl I y|E & H - w Ew* crvdiciion
Wy ;I L,1‘. GateO—Wv T Cds Jores e
| Jr 1\ " Cgs— mvtﬂllgn Wb
: o X
I V1
. A L% A L9 A

L) MOBILITY, LOGISTICS &
m @’Oh | AUTOMOTIVE TECHNOLOGY
ot £ RESEARCH CENTRE 6



)

P 'EVS32  |INTERNATIONAL )
ELECTRIC VEHICLE SYMPOSIUM & EXHIBITION  %&¥

HiFi Switch Modelling

Electrical and thermal variables integration
O Multiphysical Nodes ,/"—\\1

U Control: Gate (G) S/E et s D/C
L Electric: Drain/Collector (D/C) — Source/Emitter (S/E) |J:o = | G
O Thermal Node: Junction (j)

(] Main Internal Variables

O Electric: {v, i} (V1 iSwiteh_A) . Bjc
i rl': 'y
D Thermal: {TJ" ClEPLoss % [ESw,On' ESw,Off' PSW,On' PSw,Off' Pcond]} * —_ Electric= F - :'I'I'I-tl'l'l'li!l
- ¥ i o TN
L Main Parameters y A 1 . Visien - Pw':\,;;,-;" F‘E A |
| ¢ (V_V_VSwitch_v] I i (S 'LIE'T_ 1t
Q  Electric: {Rps on (T)), Vin(T)), Roged I_]_Fn! R w; | I
U Adaptable to any switch technology (Si, SiC, GaN) JE L *m
O  Thermal: {Esw,on (Lum) (Tj, i, V), Esw,o0ff (LuT) (Tj, i, V)} - By means of LookUp Tables (LUT)
U Output

a p=p
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HiFi Dlode Modelling

Electrical and thermal variables integration

U Multiphysical Nodes

O Electric: Anode (a) — Cathode (k).

U Thermal: Junction (j).
LJ Main Internal Variables

O Electric: {v, i} . A

'* (IV_V_Dioded_V)
O Thermal: {Tj' QEPLoss - [ESW,On' ESw,Off' PSW,On' PSw,Off' Pcond]} |' = 1 i
. c
U Main Parameters Vi | | b {IV_T_DiodeCase_T)
: 1 | enl
Q  Electric: {Roy (T;), Vin(T,), Rore(T))} * -
O Adaptable to any switch technology (Si, SiC) i K
{IV_V_Diodek V)

O Thermal: {Es, o, ) (Ty 1) V), Esy o5 uum (Tj 1, V)} - By means of LookUp Tables (LUT)
O Output
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HiFi Passive Component Modelling
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Fig: Selection of high-performance material Fig: Geometry parameters of selected core Fig: FEM Analysis of selected Inductor
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Fig: ESR model of capacitors

Fig: Polypropylene, DC Link Capacitors

_ 7 MOBILTY, LOGISTICS &
m @’0 |] | AUTOMOTIVE TECHNOLOGY
L RESEARCH CENTRE 10

| — — 1



-
YEVS32 |NTERNATIONAL

Lﬁﬂ;,j ELECTRIC VEHICLE SYMPOSIUM & EXHIBITION

I LPF
5 =0 5 2 %
g"" ¥ M | m I E E C f
ﬁ L3 J/\,’ ) B | '?
LR = S
e Y Tim(Sco)
MOSFET Module Loss
. = b Y
Prore1 = Wi(6.5£17B174) f s g :
_ 04N AL 107 ; F g A &
A B e N —
\ e I = ]2
lis 17212 l / 5 Ilvjl ‘% g
Poap . = ko™ fo" B3, | T g- S
i =
—_— 4
Core & Airgap Loss Time(Sec) Time(Sec)

Time(Sec)

_ 7 MOBILTY, LOGISTICS & Conduction Loss
m @0 |] | AUTOMOTIVE TECHNOLOGY
L RESEARCH CENTRE 11

=




b Ty ;_r..::: 5

EVS32

& gl of E MOTRM

= MAY
|

Scalability

Description
Model Type
Step size
Variants type
Sensor Type
Loss model
Thermal model
Safety functionalities

xMOD compatibility No
HiL capacity No

Characteristics

AN N NN N Y NN

Limitations
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Special HiFi

Simscape + Simulink
1e-6

15%3 (45)

HiFi

Instantaeous

HiFi

Accurate physics
Dual-loop lead-lag control
Discrete control
Short-circuit simulation
dv/dt analysis

Detail parameterization
Complex final integration
High simulation time

HiFi
Simulink
1e-6 or 1e-7
3x6x5%5 (450)
Ideal
Instantaeous
HiFi
Yes
Yes
Yes
Accurate physics
Dual-loop lead-lag control
Discrete control
dv/dt analysis
Less simulation time that
Special HiFi
Detail parameterization
No Short-circuit simulation

AN NN

AN

LoFi
Simulink
1e-2
15%3x3 (135)
Ideal
Average
Map based
Yes
Yes
Yes
v" Map based
v"  Fater than RT
v" Device selection

v No semiconductor
physics
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Accuracy

Error between different model
Average Power Average Junction Average DC Link
Losses Temperature Current
Special HiFi 0% 0% 0%

FEM and Experimental result

Experimental
AR FEVR) | ) Prototype “
Number_ of turns=19; 155.49 164.8 5.65%
Airgap=0.8mm
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Impact of WBGs on Converter Performance
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Conclusion

JHigh Fidelity simulations use for system characterizations & validation
JdIimprove scalability, modularity and real-time use of simulations
JAchieve time reduction in model to model calibration

JTargeting reduction in co-simulation toolchain

JHigh potential using WBGs

Future work

JValidate regarding experimental result
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LET'S TALK
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