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Voltage Angle Control of an IPMSM for Electric Vehicle Drives

Tae-Hoon Ko' and Sang-Hoon Kim™

Abstract

This paper studies the voltage angle control of interior permanent magnet synchronous motors (IPMSMs).

For voltage angle control, the optimum voltage angle trajectory according to the operating speed is researched

while the voltage and current limit conditions are considered. Through research, two different optimum voltage
angle trajectories that depend on the design of IPMSMs were found. The IPMSM drive based on a voltage
angle control that follows such trajectory is proposed. Unlike the conventional voltage angle control method,

which is applied only in the flux-weakening region, the proposed voltage angle control can be implemented in

all operation ranges from low to high speed. The proposed method is verified by experiments using a DSC

controller for 800 W IPMSM.

Key words: IPMSM(Interior Permanent Magnet Synchronous Motor), Optimal voltage angle, Six—step operation,

Voltage angle control
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Current limit

Fig. 1. Voltage and current limits of an IPMSM in voltage
plane.
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Fig. 2. Optimal voltage angle considering only the voltage
limit.
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Fig. 6. Optimal voltage angle trajectory in a voltage plane :
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Fig. 8. Proposed voltage angle control block diagram.

(2) ¢; < Luly, Y IPMSM

¢p < Lpoly® AFolle &% S7b weh a9 73
ol AF A epdo] AU AF A& EFeHA Hrk

kA A Alg zxAvke] Ao MepztE AAS
Al drh o] B¢ 9 B gHaAe] HA %
A a,2HE A GAdM e S St weh A
ot Al A& whet A Frksk HEFH R 7ol
Al Aok el SE7bA] A9 o2 FA

3. HMeokdE etz Mol I

IPMSMe] 5 A 4817 Alol7lge oai% Feol
Awk @gHon Agum, 94 Ea godAs B4
Aoz Wy Aol7t 48HTh X =Rt A7 A
ofdl ol RE £H HEGGeIN TEHE ES A
bt o] A A% AR kA% 9o 1% £A
AA7A Aoi7ge] Aggle] Azt Aotz el o
A A% 93, 74 Gl A £2 2ol
HFeEs dold T H4 AU AHS Ut A%

77 ERHES AGAS Aofskiry. &3 Ak 7
W2 QluE e AddAl
Ago] 7Fs sttt
a9 82 Ak HsH A7 UEd &
o d= AFeas S8 dgd Aols PP
dd B2 ggelM e A = A
B gtopyet nA2} dgre] A7) Aol Fasitt o
s At ARl AM =

Hrt
fu
EY
2
N
il
>
ob
o,
3

A% Wz AF(Modulation

2 o

s 5
a2 A AHE 2V, /a2 DA A
A

UHEZ FAHolMo Mzt Hof

2 A7 A HAAE 9A B2 ey
AE79 £xo wE uAz A AHEE A7) 9
ol =21 Alol7]7h ALRT, ol B2 Aol7)e] we



The Transactions of the Korean Institute of Power Electronics, Vol. 22, No. 5, October 2017 401

SHEAS g8 v A0 22 ugA A A TABLE 1
B AR V2 Aol7)e] 8 F7bakirh PARAMETERS OF AN IPMSM
Rated Power S00W
Ve = w/(Lyir)* + (Lol +0,)° (10) Rated Torque 2.7Nm
Number of Poles 8
1A As dF AgH F Agem EujaFr] Rated Current 4A
A Ag7te 99 23 el A4 A7 A0 Rated Voltage P
of Hgwh ey R ARG P Aol Stator Resitance 50
Mol mAA Agel olg 4P Sol o AH AW
. d-axis Inductance 7.8mH
Axe] FAgs] A 4 vk olol wat AkE Ak :
A7 el A A Agze] Mg w ¥ aaxis Inductance 12omi
0, O ALEH I, dF AFOA g Azt A Ao 013Wh
oN7)E BE £ a,zkel ARG AT w4 A
G el o3 Azl AP wAs) Foh uhehy
Agzt AGe 4% AR @ Aofy] 2} F
A Azt Ag wa 4Re) oz Agach oy d
= AR AR oF AF APe °9) AFY Al E
AMTPA)E BAANZ= AFE FoAA Hi, B4
AGe £xEA0)]Y FHS B FolAi @

TEI A Al JI7HE 18 G A" A
S

2 DAY V. G2V, /mE FoIAL, A A
d5 ASHH oF Astem FuisiFr] g At of DC Link
A% el Ae] A A%zt H©O7 4gEek o] AA |
rE 1
A7t A B9 Aol v e mebd )+ T, [Voltage | %, Sionat
94 B2 JelAst Lo] o] H& Y waroz _*-H Gote | Ve, | SVPWM —f—>{ Inverter
S % AFeA JF Ae|E Fal Az e P i 4 1 I
& pAsTel A ARE dA ol dF A = 7 PO N
T ARS oF AF ARG AR AF AR 08 g i s N I v
Ti
of Ao EAZ TAA7E AFE FoAA d} Estmation
PMSM
4.4 i
~ . Fig. 10. Block diagram of the proposed voltage angle control
Aekel Azt Ae/del FEAS BEH A gem
A9e FAFAT. Aol ¢, > 1,7, IPMSMo]
AREER o, S AR Lol e a2 118 23 128 140r/mine.2 44 E3 99
a7 9% 2 A9l o]&® IPMSM, HAE A7t o 2w Aele ~E|(Step) oz 917bE Ao EANS
IGBT <IHElE yepdlth Aloj <= Texas Instrument Ab w o)t}

9] 32hit DSC(Digital  Signal  Controller) <l 8 118 AZ7)e AA £x9 E3A(3A4F) 18

TMS320F283355 ©o]-&sto] tAd Alols F-dstdtth I AEES Holed, A BEA JHoA uAHA A
a9 102 AlbE At A7IHE AL JAA =) Aolet AT AojE Ed &

ol IPMSM T5A28le EE5S Yedt PWM 7] AEXE & FE3e A4S 2

WO EE= SVPWM 7[Hol AREE Q1o IME S 29 9 d9 g AF 9 A4S et

2 T3 SkHzolH, 100use] MEH F7ivith A7 ARAE & FFeha, AkAS 18 504 Hl ZA

Ao1s a3} AR 98 Age A AdS uy  H@ H=ol wEt 1 gho] FkekE AS #A0E  3
sto] 47 dgr) W& 168VE st a7 13004 19162 AE A AU s



402 ANAEA e

e
erm 1000 [rpm/div]
—%
"pm
0 *
TE

2 [Nm/div]

100 [msec/div]

Fig. 11. Speed, torque response in constant torque region.
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Fig. 12. Current and voltage angle in constant torque

region.
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