388 The Transactions of the Korean Institute of Power Electronics, Vol. 21,

5, October 2016

http://dx.doi.org/10.6113/TKPE.2016.21.5.383

AZ1As2 758& EHE A% AF Ao 7<=

An Overview: Current Control Technique for Propulsion Motor for EV

Hee-Kwang Lee' and Kwang-Hee Nam?

Abstract

Electric vehicles (EV) and hybrid EVs (HEV) are designed and manufactured by GM, Toyota, Honda, and
Hyundai motors. The propulsion system design process for EV requires integrating subsystem designs into an
overall system model to maximize the performance of a given propulsion architecture. Therefore, high—-power
density and high-torque density are important attributes required for EV applications. To improve torque and
power density, propulsion motors are designed for saturation during high—torque operation. The nonlinearity
associated with core saturation is modeled by incorporating the cross—coupling inductances, which also behave
nonlinearly. Furthermore, in EV environments, the battery is directly connected to the DC link, and the battery
changes depending on the state of charge. It will be onerous if as many optimal current commands as different
V4e were made. This paper presents the optimal current commands in the various operating condition and the

current control technique in EV environments.
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TABLE 1
PARAMETER OF 100KW IPMSM FOR EV
Pole No. 8 Slot No. 48
DC-link 360 V Max. Current | 320 Arms
Max. Power | 100 kW || Max. Speed | 12000 rpm
Max. Torque | 320 Nm | Conti. Speed | 2750 rpm
Conti. Power | 60 kW Back EMF [0.1084 V/rad

EV& RH AojoA E & Fa3 o5 & 3}
A de-link A el A H g
3 Az 71 2 six-step &
oAl HHZE six-step FHOZE
o9} FHZE six-step A A e
stsb= W Sol AFHEH, V&

ol 2o 713}03 = J}Bﬂz 2 six step 4

NL
p‘L
NH-_-]

T3k dubdgo g EV ?‘%-& UE{‘* {\_I—O]j]% TE R
o g2 29 2eE asy] W, FA 2 Ry 3
2E fste] aAA 2 A o)) A FS HAS
e B dAgEo] s 9l sAu o 2
UEE JHE BH Al AE AEY &d 995
Aelg - &+ Gl o] A& WEE X
3t GdoA7HA A7) witell 3o} o] njAEA o
A vepdth oled MR REH QIHH A
Lag Loa® #-2 cross coupling 19© A= veRr] of
Woll Ly, Ly gh9t agjsh 239 A WA Ao 237t
YR A Qﬂ_[lOHlZ].

 =wdlMe EV a8 ZHAAM HAH die] A
A WA Jook-up table (LUT) 24 7193 B A3 A
o2 Yy B3 EAd dis] 2ska # 19 EV
& 100kW IPMSME Abgste] 24 2¢ AnE 1ol
‘F/\/\q

2. MY A& mES ZEEH IPMSM 2
21 |;||A-|04 x[.* 5|_|:-|I

IPMSMol| A 2] u]3] =}
Fol 7t}

mAe g 43 ol

)‘d(i(ﬁ Zq) = 17Dm+Ld(id)id+qu(id7 iq)iq (1)

)\q(id# iq) = Lq(iq)iq + qu(id, iq)z’q 2)

HAg AE Etﬂoﬂfﬂh d-% AR} - A% 77}
o wgelut o= Ly, Logk o199 d-F AF< -
= A w2l 94‘—‘3]"4 Lag, Laa gkol EfupAl FT

£ 9% A Ao 7= 389
22 H|ME X% 2@ Z e IPMSM 22
IPMSMe] Hsh A2l A ndg 24 wdS vk

S AW g 549 2,

diy di,
Vg = Rde+Ld dt +qu dt (quq+quZd)7 (3)
) di, diy
vy = Ryt Lyt Ly Lt w0, (W + Ljig+ Lyi,). (@)
A F4 @), @

Zom, 71F Laot Ly 17 HAA Ak A
IR G Ly, Ly I W AR S
gite] E3huo] Rdy HA =W, RE Ao Ayl
Ao gelt 9 74 9y

T, = 2P(xig). = > P(Ai,— A 5

e 4 dq qu z 4 qu qu

3 . .
= ZP(¢77LZ(1+(L{J L{) {]Z{]+qu q qulg)'

B3 944 £ e v Bae deus
B3 AEol9o cross coupling S1HE 2 AR ofst
A5 AFel wase Ea 4Rl Z7bsA Hrk

o] wj&o] cross coupling QIHE~ S 1A En
wee] Eag FAs =W oAt sl ElU#,
MTPA (maximum torque per ampere) Ao %
3 o] 2E seviEoel o8 AW w5
g ek

cross coupling Q198 9] &k A
of At AR MMWE AFS FA Aot e F2

E 3

[eXre] =
< cross coupling QIEEIAZE ukd3k At AgE WA A
o},
2
w; = (quq +qu d) (wm+Ldld+qu q) (6)

3. olHEA

- —_ 1 =

of ALt

278X v RSl 23t Yq7HA] AHEshs EV

54 IPVSMolA 9€s ghe A B3 Aojs)
DRSS A% A AF AUS AN 29§ 2y
Aol AR 08 Fa% 982 vk AYULE A

Ak WHo s IMAG AlEEClA e ki
(FEM)o.z 773t 38 A2 o83k el sirh. L
d 12 ¥ 19 249 EV 758 IPMSM9]  dg-F A
7t Wt wE dg-F AgE Hol Frk

1
[Ad(e)]zz[ cos(@) sin(9) 2
2 0] 3 [=sin(8) cos(6) 0 V3

2

I
w‘%wh—t



390 The Transactions of the Korean Institute of Power Electronics, Vol. 21, No. 5, October 2016

d-axis flux linkage [Wb]
g-axis flux linkage [Wh]

(a) (b)

Fig. 1. Flux linkage of the d- and q-axis for 100kW
IPMSM : (a) d-axis flux linkage and (b) g-axis flux
linkage.
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Fig. 2. Inductance computed from flux linkage by using a
FEM tool: (a) Ly, (b) L, (¢) Ly, and (d) Lea.
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Fig. 4. Torque and power specification of IPMSM: (a)
Torque, voltage, and current versus speed and (b) the
corresponding voltage and current contours.
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