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Skid Prevention for EVs based on the Emulation of Torque Characteristics of
Separately-wound DC Motor

Shinya Kodama, Lianbing Li and Yoichi Hori (University of Tokyo)

Abstract

It is well-known that the separately-wound DC motor has effective torque (current) reduction characteristics in response
to rapid increase of the rotational speed of the motor. This characteristics has been utilized in adhesion control of electric
locomotives with DC motor. In this paper, how to realize a new skid prevention method for EVs utilizing this characteristics
is mentioned. In order to compensate for Back-EMF, disturbance observer is introduced. By selecting the time constant or
observer gain properly, the torque (current) reduction characteristics can be adjusted freely in some range. The experimental
results of the hardware skid simulator utilizing Motor-Generator setup verified the effectiveness of our proposed method.
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Fig.1. The motion of vehicle.
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Fig.2. The block diagram of the one-wheel vehicle model.

k = 1 (00DOoO0OoDoO0)
kL = 02 (O00)

00000 A0 p—A000000000O0O0DOO O
0O @®Uoooouooooo FgO00000

poooNDOOOOOO0OOOOO0OOO0bOOO0bOOO0Ob00
oooooooo 20000

02120 0000000000000 0000

0000000000000 0000000000000
3) 0000000 G~ 000000 »* 00000000
00 i0000D00000000000000000000
0000D000000000000000000000000
20000000000

000000000000000000000000000
0000000000000 000D0D0000000000
0000000D0-0000000000000000000
0000D000000000000000000000000
0000000000000000

000000000000000000000000000
0000D000000000000000000000000
0000D000000000000000000000000
0000000000000 00000000000000
0000D000000000000000000000000
0000D000000000000000000000000
000000000000000

000000000000000000000000000
000000000000000000000

02003(k)00000000000000000000
0000D000000000000000000000000
00 ¢t=0f000¢t=1[s)0000000000000000
t=6[s) 000000000000000000000000
0000000000000000000000000000
0000000000000

ooooO 3000000000000 000b0000000
gbooooooooooooobooooooooobOoooon
0000 3(b) 00with FF current control0 00000000
gbooooooooooooobooooooooobOoooon
000 3(c)-3(e) 0 000D00NDNDONNDNOONDNODOO
oooooooooooo

0230 0000000000 ooo
O-4ooo@ooooo ™o

1
T = {J+T2M(]_—)\)}s ..................... (9)

| €

0((9oo0ob0 JsOOOOOOoUoooooooooo
gbooooooooooooobooooooooobOoooon
000000000000 0ooooo0ooUoooO0 A00
ooooooooooooOb JoooobOooooooooo
goboooogod

0000000000000 1/300000000000
oooooO0ooooooOo0o0O0b0O0ooboO000b0 4000
gboooooooooooooboooooooooboOoooon
01/30000000000000000000000O0O0O0

3 bDobooooboooooooboboooooooon

gooooooooooboooooooooooobooon
gboooooooOooooooboooooooooboOoooon
goboooooooooooboboOoooooon

goboooooooOooooooboooooooobooboog
gboooooooOooooooboooooooooboOoooon
gboooooooOooooooboooooooooboOoooon
o0o0ooooooooO00ooooob0 LOoOooooOoobooooo
goooOoooboooobocoooooOoobooooononog
gboooooooOoooooobooooooooboboOoooon
gbooooooooooooobood

00o0o0o0ooo0ooooooooooMGUOOOOD 4
goboooooomoOoooooooboOogd

03]10 000 - 00000000 0OOOO00OOCOO

0311010 000 0000000

goboooooooOooooooboooooooobooboog
0000000000 0o00oUoOUo 4(p)00oooon
0000o0O0o0o0oO0ObO0o0Ob0bOOoOoOOoOooD 1/Js000
ooo

000 r000000C0CO000O0O0OC0OO0C0O0O0O0O0O0O0
gooooooooooooooooooooo 0000
gbooooooooooobooooooooooooboboooo
gooooooboooboooo0o rO0C0CO0OOO0O0OO0OOOO
gbooooooooooooocboooooooobobooooon
gooooogod

2/6



1500

with FB
Back EMF I VW current control
¢| "='1000
Z
Q .
= with FF current control
Z
2 500
% * .
7 a1l v 1 1 Torque .
G ! l} | Vehicle
+ LstR Model |—— 0
0 2 46 8 10
\% time [s]
) ) (b) Torque.
(a) The block diagram of the EV system installed separately wound DC motor
with FF current control.
30 30 1
25 : with FB current control 2 0.8
ith FF t control
’;‘ 20 i FE _ 20 Wil current control 0 6
é current control Em o ER 8
WI
N 15 — 15 current control ~< with FB current control
S > 04
10 10
5 5 02 with FF
current control
0 0 0
0 2 i 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
time [s] time [s] time [s]
(c) Wheel speed. (d) Vehicle speed. (e) Slip ratio.

03
Fig. 3.
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The block diagram of the EV system and the simulation results of the skid phenomenon with utilizing

parameters of EV (UOT March I). (The vehicle skids at ¢ = 6[s] in the simulation.)
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(a) The block diagram of the disturbance observer and the EV system in-

stalled separately wound DC motor with FF current control.

' Disturbance 0.5
1 Observer

J 25
Vehicle

Model —

=10

2 2.5 3 35 4
time [s]

(b) The current of the motor. (The

time constant 7 is turned.)

800 2.5

w [rpm]

800

600

w [rpm]

400

3
time [s]

(c) The rotational speed of the mo-

tor. (The time constant 7 is turned.)

(d) The current of the motor. (The
gain K is turned.)

200
2 2.5 3 3.5

time [s] time [s]

(e) The rotational speed of the mo-
tor. (The gain K is turned.)

04 00000D00O00O0O000O0 MGOOOOOOOOOOOOOOOOOOOOOOO

Fig.4. The block diagram of the disturbance observer and the simulation results of the skid phenomenon with

utilizing parameters of MG setup. (The current command ¢* = 2[A], the motor skids at ¢ = 3[s] in the simulation.)
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Fig. 5. Motor-Generator setup.
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Fig.6. The block diagram of the control system of MG
setup. (The PI controller is not utilized when the FF cur-

rent controller is utilized.)
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gain K is turned.
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The experimental results of the skid phenomenon with utilizing MG setup. (The torque (current) reduction

characteristics can be confirmed. The current command ¢* = 2[A], the motor skids at about ¢t = 3[s].)
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