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«1. STUDIED EV »
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- e-Commander at University of Sherbrooke -

4

EMR’23, Lille, June 2023

e-TESCLab -

) 1;!_:" 1 UNIVERSITE DE » : :.— I ——= ——
*‘W& Bl SHERBROOKE | Voir au futu Siedtic Trsapot SO

I
* Ene TEY Stor. age and Conversion

e-Commander specifications

(off-road vehicle)

8,5 kW induction motor

* 48V 110Ah Lead-acid battery
« 871 kg (curb weight)
 Maximum speed: 45 km/h
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- From real systems to simulation -
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- Simplified EV- .
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Objective:
control of the traction system 1n straight road

Simplifications:
 a permanent magnet DC machine 1s considered in the first step
« the PE converter is a H-bridge (chopper)

* an equivalent wheel 1s considered
>
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- EMR of the EV -
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- EMR of the EV -

9

EMR’23, Lille, June 2023

Lot

! dem T em

Upar

—— |
Q
FH

ubat Chop ldcm Tdcm Qgear

Battery

chop arm edcm shaft gear
Chop / \ \

Tdcm - kdcm lacm
Larm ldcm =Uchop —€dem — armldcm e = k
dt P dem = Kacm{2shaft

gear =Tyem =T gear — Q2 gear



EMR and Inversion-based Control of an Electric vehicle

- EMR of the EV -
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- EMR of the EV -
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- EMR of the EV - 12
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Conflict of association:
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- EMR of the EV -
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a unique state variable 1s required!
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- EMR of the EV - 14
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- EMR of the EV -
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«3. INVERSION-BASED CONTROL OF
THE
STUDIED ELECTRIC VEHICLE »
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- Tuning path - 17
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chopper  DC machine gearboxes wheel chassis
€------- > €-----meoee-- X REEEEEEETEEETEEE > €------- > €------- >
Upat z’tchop idcm T, dcm T gear T diff F wh Vo
O i el @ e e B e e T
ichop 1\ iarm €dem Q2 shaft ‘Qgear leﬁ Vey F res

Objective: control the EV velocity

Tuning variable: modulation ratio of the DC-DC converter
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- Maximum Control Structure -

18
EMR’23, Lille, June 2023
chopper  DC machine gearboxes wheel chassis
€--mm-- » € R > €------- > €------- >
Upar z’tchop ! dcm I dem T gear T, diff F wh Vo
A
— > A
] O =
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Larm €dcm Q shaft ‘Qgear Qdiﬁp Vev

prd
L/ ~ ~

Z”lchop-ref ! dcm-ref T, dcm-ref T gear-ref T, diff-ref wh-ref Vev-ref

Maximum Control Structure:
* inversion of each element step-by-step
e all variables are assumed measurable
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- Inversion of chassis -
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F tran  + 1 Vey
| NB ¥ Meg. s ;,
Vo, - res
<
E res_mea Vev mea

F wh_ref vev_’” ef

chassis

Maximum Control Structure:
* inversion of each element step-by-step
e all variables are assumed measurable
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- Inversion of wheel - 20
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Loy 1 oy wheel
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Maximum Control Structure:
* inversion of each element step-by-step
e all variables are assumed measurable
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- Practical Control Structure -
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chopper = DC machine gearboxes wheel  chassis
€--mm-- » € R e > €------- > €------- >
Upar uchop ! dem I dcem T gear T, diff F wh Vo

puna ] v @ ena ) v i v I v« G

Cdem Q2 shaft gear leﬂ Vey
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merging

Example of simplification:

e merging of gains keor = Rwn.1/ Raiff i

1
gear' /kdcm
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- Practical Control Structure -
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chopper  DC machine gearboxes wheel chassis
€--mm-- » € R > €------- > €------- >
Upar uchop Ldem I dem T gear T, diff F wh Vo,
A
T @ e e e e
lcihop N iarm E edcm Q0 haft ‘Qgear Qdiﬁp ve" F res
| mchop E

Z”lchop-ref ! dem-ref

Example of estimation:
e estimation of velocity
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- Simulation - 23
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- Implementation on the real vehicle - 24
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R. Gonzalez-Rubio, A. Khoumsi and J. P. Trovao, “Project-Based Learning in Engineering: lllustration by a Capstone Project of an Electric Vehicle,” 2079
IEEE Vehicle Power and Propulsion Conference (VPPC), Hanoi, Vietnam, 2019, pp. 1-7. doi:



-

ille (France

« Summary »



EMR and Inversion-based Control of an Electric vehicle

- Summary- 26
EMR’23, Lille, June 2023

s EMR: powerful approach for modeling and control of different systems

¢ Electric Vehicles (EVs), driven by:
« DC motor(s)
* |nduction motor(s)
« PM sychronous motor(s)
* etc.

s EMR for EVs:
* In the 1st step: Simplified model using DC motor with chopper
(for IM, PMSM: the same principles are applied)
 EMR: construction of elements step-by-step ...
* Inversion-based control
« Simulation: in Matlab/Simulink using EMR library
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Power Power System System Control
source system model control strategy
pale sky
green gold violet blue
» orange background * light blue background
RGB =(255,215,0) RGB = (135,206,235)
« gold » « sky blue »
* red border » dark blue border
RGB =(255,0,0) RGB =(0,0,255)
«red » « blue »
* light green background * purple background « dark blue background
RGB =(152,251,152) RGB =(238,130,238) RGB =(0,0,255)
« pale green » « violet » « blue »
» dark green border * dark blue border e dark blue border
RGB = (0,128,0) RGB =(0,0,255) RGB = (0,0,255)
« greeen » « blue » « blue »

Web X11 colour, standard colours on web pages
http://en.wikipedia.org/wiki/Web colors
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- EMR pictograms -

No equation number in slides

2a element name element name

borders of power
elements = b pt

—> power vectors
+— (size b, full arrows)

signal vectors
(size b/2, empty arrows)

(a x a)

element name

e >
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element name

*----—-- - >

(radius= a)

element name

*----—-— - >
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- Control pictograms -
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n

(support square

(same pictograms — same size - axa)
with or without oblique bar)

borders of control
elements = b/2 pt .
strategie
T signal vectors
(size b/2, empty arrows)
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- estimation pictograms -
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borders of estimation
elements = b/2 pt ‘[ l

signal vectors
(size b/2, empty arrows)
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parallc_el_ connex10n DC machine wheel env1ronment
battery choppers R gearbox chasms*
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