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Research on Control Strategy of a Permanent Magnet Assisted Synchronous Reluctance
Motor for Urban Rail Transit
CHAI Lujun, ZHANG Ruifeng, ZHAN Zhejun, KOU Jinhua, YANG Gaoxing
(CRRC Yongji Electric Co.,Ltd.,Xi'an 710016, Shaanxi, China )

Abstract: Permanent magnet assisted synchronous reluctance motor(PMaSynRM) is the research direction of
the world's top new energy enterprises in recent years. It has a broad application prospect in the field of rail transit.
The mathematical model and working point of the PMaSynRM were analyzed.Based on the characteristics of urban
rail electric drive system, a control strategy and implementation method of PMaSynRM for urban rail field were
proposed, including maximum torque per ampere (MTPA) control strategy and multi-mode modulation strategy.
Finally, the feasibility of the control strategy was verified on the 180 kW urban rail permanent magnet assisted
synchronous reluctance drive experimental platform.
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Fig.2  Control block diagram

2.1 FkHEEE B[R 5 #4 PR BB AL MTPA 2 i SR B§

MTPA #5550 PMaSynRM %y tH AH 7] 7 45
JIT FH H, G R Re /N, MTPA il 28 S 3 2R i — 32
F 5| TOLH LT AL T55 4R, il s ik kb T4
SR g0 R TR

. v, )
[i, +2(T—Lq)] i
v, v, o (6
Sa-nt e

120 (6) AT J1, MTPA 2 o B0 h e LS4
Ly, L, W€ T E L i e {5 AR A2 A 23 5
B E T RO REAR AN, B, L WE & AR
1k, PMaSynRM H¢5% B9 5 1 25 M -l 45 L, Lq}jf
FIC R A ., AR SCRTIR Y 180 kW Ikl PMaSynRM
ML, LAEKE i, B feih Zen & 3 K 4 7R, HIAl
3K 4vT LIE L, LKA, F G, 0978 A0 A B K AR



BF AR AR B ) AL ) S AR S

Usg

4

WA 20215 HS51E FH22M

b AEE SRR B HN L, L, ST L, LY

KT 0,0, W 2R A RPN 10 A, FE

ST R HLIZ AT I BB AR A R T =

YL VAR B 5, SR L, L W SERHE S 58 5L
P MTPA 5K

5500

E 5000

34500

0

. 100 50
Qg 200150 N

B3 L0 e FRILE

Fig.3  Relation curve of L, and i,~i,

100
i/A

K4 L5600 R
Fig4 Relation curve of L, and i~i,

e 4 2 5 LS B 15 MTPA 454
NG, i, A E AR AT AR R A R AL M
K2Rk, 858 T

bew = 1 (1 = 14,) (7)
e, AR LA 5,0, 50500 R iy 0, B AR £
{8 b5 L (HY S5 LS HOTC G
REF RN A AH i, T iy, 0, R R ATF

700
200200 1>

o =i + i (8)
SR AT (A 5 o T

ty = 1.5n, Wi, (9)

. 14

L, = I —L (10)

B T ACA () 3K Al 7 T 15 F /) L AR
{Hor it gy, 0, KA

Loy =/ L (G = 1)3 (11)
B TS T
L = (L) (12)

M Q2)RAFR A A —D KT, 5

b, I — AR A SR E R T PR DA o, 15 8 25 X T

B—A o, I — 4RI ET A S — A, R 3
PRI

=ty

m "
1 -1,

(13)

MTPA #& LB EAE R NE S s . pikit &
TN i, i, T LA i A3 BB TRAR 0, 1003 1000 0o
i A B A RAEYRAS L, L5 W L, LA
FI| MTPA £ RAE S, #iE4T Ik MTPA & Rz 5.
E i AEN d, g IR B, W AL 5
MTPA £ RE R T — IR &R e S HnEhy
HER , AT HE T RS B

El5  MTPAFEHiIHER
Fig.5 MTPA control block diagram

SR 38 N IR AA A Bl RS G H R
A5, 75 32 T PMaSynRM 4% f 425 1 v 5l 25 0 13 fig
77, MTPA 1l ™ H 3 20 2R FH i 5% ff R 4 ) 3R
W, 7E HL I I R RN g R A T
138wy, u,, G0 5B A d, ¢ RS
TR W BR o, ¢ SRR G, 0 4, , i, 207 421
J52 it FL T PR AR B 4 LU, R G PR S AR
il
2.2 kg% BN ) 45k BE ER AL o 3R B

Z IR AL BN R G R AGE W, IGBT
B 1o P SR AR AL K 900 Hz, & 1 F i HUR Al 1k
400 Hz, R 4t = i B 25 0% LU AIG, A i PMaSynRM
T B R FH 2o A R ) SR e, A 4 S 2D TR AR
() 25 8 1, e ik ) 25 98 1 5 05 0, B 6 BT OR .
[v) 25 R A 5 15 40415 12 43 AR il L Rk TR 25
R R FH ) 60° 8 1 S W, AL 3E 7 4 BRI 3 Ay
AR ] o 4 R Y PR P R S R AR A 45
il 55 v 5 A A R T ST R, o 5k 5T
6 4 LR w AR B, R B0 0 DA w, DK P I

iEZY |
0 155355

) 100 200 300

SE T/ Hz

400

Ko AR
Fig.6  Multimode modulation strategy

31



wAEF 2021F £51% H224

S E S — PR R KB B ) A L v AL )

L

Hh 1] 60° 18 1 5 W, ] A3 AE =K i e 98 7]
P IE | SRF SR A% AR A A 600 AT IR R,
T AR AL X ) B A TF G, nisl 7 prs 19 7
Oy 3 43 WA i O 2, AT AE A B T IGBT JF ¢
PR AT B2 T, 0 R = A i R BT B BRI

ully ‘ h
11 il
Ly, LI |_| i L”_I wt
2 ﬂ| ﬁl ﬂf‘
(a) 7434t
u - — -
ol—_ N
ot
ull B N
2
_u_d(j J w1t
’ (b)3534fi

7 T 60° R il
Fig.7  Middle 60 degree modulation

TBLRE BAE IE B~ Ji PR 56 T 1 /2 118 £ 5l o
PR, 7 o B e s ik SR S A 3 AR A E B,

Boo B AR o 3 I3 WK e~ SRS ) 08 L 23 )
EEE%?);"Z'FE{ELL Zl[ﬂ*“ﬁﬁﬁx?

fz 2flsm(a)t d(w,t)-

3 \

ul Eu (14)
J;é?sm(w Hd(w.0)]
IEARRB S u, WOCR T s
u, =£ud(,[1—25in(é)] (15)
m 2
i C15) Bt B, 4n R R -
1 Tl
B= Zarcsm(z - tu, ) (16)

u PE VR i Bk T 3 20 (16) 1155 B 1K, T 7%
e 4y IGBT JI 38 56 W7 sf ], AH X 4% G2 1 T BR 15
TE UBRE I ) 9 ) B k SHEPW M, Ff 7] 60°1 i
VR RS BT, SORT A PR L I e PRV, R
5y TREACSEEL, H 50 3% 40 3 0 i A\ 07 e s o, 5
PUREZe L S R AT [R5 5 1%, 7 43 M
il F iy Bt R

U,

- 2u,
B= Zarcsin[7—dc] (17)
4sin(ﬁﬂ) +2
g Ao 8] ) 7 X RT3 AT A e A0 A2 B e O
SRAFASFN A ) BE 29 5, S 20 Yl o >R AR
Sy SPWM B, AL HLE T4 E T2 40 Hy
32

iF, A ) e F [ A 15 0 45 9 ), e e R R A
MLk, DL L by AS TR R O U e 7 A —
AR 45 R 2 AT, FLY 4 o5 A A 75 A 4
TS 2 6 R ) A A E, anle] 2P 15 4y i 12
O35 RTAE — A FE T 00, 1200, 240° 3 /N1 %
I

3 RIS RE S

it A ST 3R Y 4 ) SR W R 0 D) % 180
kW 3 %L PMaSynRM HL 1% 3l &R 42 2 46 °F- &5 1 5%
E 390 A8 25 oy S b 2k ) 4 FH AR S L IO L R
4 DC 1500 V, X505 A F5 AL A2 45 R 40
BRI | AL | LR TR0 45

HL UL %008 Y) 2% 180 kW, 4 HiL R
1022V, BUEHI 116.4 A, %€ 554 859.4 Nom,
HIUE B 95% , FE 5 34 2 000 r/min, H BN 8,
Jo B EE A 1 235 Neom, 18 D I R 246 kW, fig KHL
165 A,
3.1 EBHLEzh AR RN

200 r/min N ZGFEHUKIINZEL 200 Nom,400 N - m,
600 N-m, 800 N-m, 1 000 N-m, 1 235 N-m, %k J5
WU, AR I i 8 s K’ 8 h & B
R LR R w,,, UV R R w,,, UAHEL YL 0, , AT

F B R 2 A AR S FL T R S s i N TG
Hibis, RG st
> 25— : :
L T i
S 04— : i : :
0 0.45 0.9 1.8 2.7 3.2
o 25— : .
2
S 95 : i o ! i :
0 0.45 0.9 1.8 2.7 3.2
500———
] 0’——*—]
-5007 045 0.9 18 27 3.2

tls

B8 AR
Fig.8 Load test waveforms

3.2 EBHAMmIKE

7 0~2 000 r/min FE 171 5% H A0 5 | 56
U Sl SN B K 3 L N 2 B VR L L S
T Ao A v R ] SR [ 2D 15 43U R] 2 12 43
W12 43980 7 A3 AT A3 AR 3 430 3 43 AT Oy
W IR A 1] 9a ~ [ 9d U7, & VT =
RN 1,5 w,, AR T SRR 58 D)4, D
VA8, To LU il s BUE B s A TR DT T,
SRR L R SR ORI, FLAE AT AR 0E , MTPA 555
f s i SE B AR D)



R T

WA 20215 HS51E FH22M

e B A — R IR R EE SR B ) Y R T BLEE )
2.5¢
o IBLL, e (AR UM
§_2°JN%J, L L
0.1 0.01 0.02 0.03 0.04 0.05
408 P R S i«. TN
-~ L ‘WM/‘ S e \A,wwf,/”
—005 0.01 0.02 ) 0.03 0.04 0.05
t/s
(a) 1553 Bt b 1 243 45
2.5 — —
> |T Wﬂ Tl I -‘.
< _22 YOI WM_% i H IJMU’,,I - JJL.,L .UUMJHM
4(;8.1 0.01 0.02 0.03 0.04 0.05
S I S sl
0 0.01 0.02 ) 0.03 0.04 0.05
t/'s
(b)lzé:}"fﬁﬁlﬁv\’fﬁ
2.5 —
2 T2 TR mm_ o
3 B 2_(5) L] LY M 1] [W]i]
40(()).1 0.01 0.02 0.03 0.04 0.05
g 0 \\\.ﬂu = j\ t / A\N ' /»m\\v\ﬂ/ﬁ/\?\\/\/v
~4095 0.01 0.02 ) 0.03 0.04 0.05
t/s
()74 I3 534t
25 =
% ol MM el T 1 L]
S 55k 1] L ] 1 L
ol 0.01 0.02 0.03 0.04 0.05
0 001 0.02 / 0.05 004 005
t/s
()35 0] 7 ik

PO T SR

Fig.9 Modulation strategy switching
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Fig.10  Accuracy curves of characteristic test
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