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Fig.2 Temperature rise calculation of permanent magnet motor
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Fig. 4 Back electromotive force waveform and harmonic
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Fig. 6 Back electromotive force waveform and harmonic
condition of optimized permanent magnet motor at maximum

speed under load conditions

IR, F 5w AL bR s E L
fhiita, CREFIELEITHE. I EE AWO ~
AW3 &R T T Ritiz17ik 1 000 km, Johlc R,
PR B KRG R HLAL TR NS4, /R IR B (ELE 1 Y
2, K H AL R R ) RS DU

2.2 NERFEEITR RN
221 HpEHRS

T 5 MR LR e 42 s i ZE A A =B o B
WL T AR A & 8h 1 &R (AMREEh 1 T iR 2R
BF), S04 R k2SR Be iy (— % 3 ki/h 42
), BIERRRFE AN MR PR R . i n]
FEAFAE SR R S RIS ol FH A 1) XU
222 HEFEEH

SRR E] SRR, AR G TE B A7 R F W s
WAL WS as SR AT G IR R, A 45 R
NECKAEAE 93 dB A4 o /W 42 5 |53 AR 24 H 30%
RAES, HALELSH I Z R 303 Nom; 20% Ze i B
HHLE 1290 200 N-m. KRG FRAILA RS ShALAEAE 40~
50 N'mo % 400 5 sh B ) Flak wg LR, 914
EA G Iashet, A5 10LE Tk mALE T
e FoL 1 ) — UL o BT > IR R A R X,
AL Sl ) D R R T O R A, DR S i AN B g
I EAE AR S s B0 Bt sl A2 5] a Ly ik

X IR B U T RPLE T R
T, By ey BIES 2 MATI, AR RE A
M, SRR, el RS BN,
FEFHE W, i RS P s LR P s T
PUBEEH . e 2 HA A e . L, 31 A
ARSI OL T WeHESh iy, VFeH SR

TKC TG LU R DAl e R e 7 K i AR TR
FESEAE Z B AR EARE ARG A, R AR A
S|

ow
Tcog__a (1)

s T, FKBEAR ML REEE R w ol LI 3 1
R85 aJErE FANEL T2 R AR O B A

T L MR i R AL VA A P R T 6.25 Nom,
FEHO TR FEREAEIEA T T 52 bRil &, 25540 . A bLeE
50 /min T, W AEFSER K2 5 N'om ;10 r/min
T, WA RKA 17T Nm; 5So/minfE#E T,
WAl R K2 30 N-ome &0, 1T 1EC 60349-4
FRRLSE R A RS MER S ,  HL PR AER A v
AHEFAILTE R, A2 PR ARG R ) 8 R B
Wik 55, R T AL R AL AR

LR BhT, SRR RE I H 5 AR AR S [ DR Sk
WG ML R SR BT ARG B, B R, R
THEREET, v R R 5 F ol R R 2Z R )
bk, dEm eh o i AL AL E AR AR T e
I TR AR S
223 FRUR R

FHCHFFE R, R 20 22 5 | LAY B 1T R0/
VO R R NG AR ™, H RGP A R L vk
LAY PN B — PR T VVVE X AL 4 ol 5
KA 5 R G JE Rl sl B B R AU AE
T EL, TG A SRt B s 55 R sh il
T, TEGSHIT R BN IR E, WHHLE 18
B IR SSRGS/ 18, TR AL E
1 AR LA R S R ) 55 F ML A A

Har, hFHSgamip e #tad g r=, &im
B TOA RO, AR R R il e
BL. BN . SRR AL TR EE MG AC, H W IREE SR
FE(H; st 60 3 km Ja X225 [ HabL . BeGhY . %ide
VATV, . BRUL, KRG MLTE BT N 7043 2% S8
TIAFETAR | 557 op B AR B T A g ki A ff i 4
P, i TR/, FRAER R =k
BT LABRHIE

2.3 THRAEE
23.1 JkiAES| KRG

F5| RG e L IHE R R CkE, HaE
FEZ4 5 I A2 3 AEAE Y 30% ~ 50% ', f#[E Sl EO4P



552 1

BB, LKk, BRBIAT, SRELVL: GREERLEES AL B ki NS L e st 125

A G & T A IR ARG R A L, 2 A
SRR, SRR SR, HBFERIKT
50%, JRERIE/NT 30%, ML T 15dB Y, it
SO T A S BRER B B R B, kg IR A 5 R4
LEATTRERT 1K 30% ), SR KR R A A 5 | H LR RRAR
25 | REAESL BT REDCHE MG B it . IR T & Ak
AR A2 5 ML REFEREE . R TT R 1 BEFE I IG
YRR

W MR AR 5 | AR A . B AR L sl e LY
HUFE . HORAE, TSI 56RE . Hl BhREFRE A 3 s BHL
REFE

ZEHR ] ATO WA B A2 7[R A T REFEIN,
2R 25.56 km, ARG FEBL AR5 A S AR IEON L HL AR
3 7E AWO, AW2 ., AW3 T F#HTREREIR S . 7k

HEHALA BEAEA IR B I 7 B
KGR A HHIL S 2 R LA BERERS LI 1

—#G|RERE THERERE HIShARRE HBIEERE
e e 80
2y R R O S R R T S .

B SEEE T T e
3007 || A AT 160 ~
= asol [T EHHHELEHT {s0 =
o LR RO AN N P
<2000 | |{/|]] ] S Jao &

l\\‘ ‘ ] ‘ \ ‘ _30§’

432%150‘ ETE | ﬁ/“‘ [ [ 132(
‘ il
100 |/ HI | 20 ¥
sof (| ATl L BIREE {10
A e AT e (| 0
0 5 10 15 20 25 30 35 40 45

5t 1] /min
K7 KEEEHLAWO T REFER R

Fig. 7 Energy consumption data of permanent magnet motor
under AWO conditions
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Application and optimization research of permanent magnet
synchronous traction motors in Qingdao metro

LI Dayong, YI Yongqiang, CHEN Mingke, ZHANG Hongjiang
( Rolling Stock Department, Qingdao Metro Operation Co., Ltd., Qingdao, Shandong 266031, China )

Abstract: Permanent magnet synchronous traction motors have experienced rapid development in urban rail transit due to their
characteristics, such as energy saving, high efficiency, and lightweight design. However, some deficiencies have emerged in practical ap-
plications. Based on the permanent magnet traction system of Qingdao metro, this study analyzed issues encountered during actual opera-
tion, including abnormal demagnetization of permanent magnet motors, abnormal noise from gearboxes, and limited energy-saving ef-
fects, through investigating relevant standards, the theoretical analysis of problems, and on-board experimental demonstrations. Solutions
and optimization suggestions were then proposed. Based on these results, a subsequent study focused on the design of permanent magnet
motors in urban rail transit, emphasizing control strategies and failure mode analysis, with particular attention to key aspects such as de-
magnetization faults and short-circuit faults. Improvement suggestions were formulated for the design, manufacturing, and testing stan-
dards of permanent magnet motors, taking into account practical applications. The study outcomes offer references and insights for future
upgrades in the application of permanent magnet traction technology in metro vehicles.

Keywords: permanent magnet synchronous motor; metro train; type test; demagnetization fault; cogging torque; active short-

circuit protection
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