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Evaluation Test on PMSM Traction System for Railway Vehicle using 4.5kV Hybrid SiC Modules
Masayuki NOGI, Hiromichi TAL, Atsuhiko KUZUMAKI, Yosuke NAKAZAWA, and Hiroshi MOCHIKAWA
Toshiba co. 1, Toshiba-Cho, Fuchu-Shi, Tokyo

This paper examines evaluation test results on PMSM traction system for railway vehicle useing 4.5kV 150A class hybrid
SiC modeules. In the operation bench tests, the PMSM with the inertia load is accelerated to the maximum speed of 300km/h
and stopped by a regenerating brake. The developed inverter is operating properly under high-voltage tests. To evaluate a loss
reduction by SiC modules, temperatures at several points of cooling fin surface are measured under heat run tests with a power
running. The temperatures at the surface of the cooling fin are decreased by 24K by using developed hybrid SiC modules.
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Fig.1 4.5kV 150A Hybrid-SiC Prototype Modeule
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Fig.2 Diode characteristics

Bl 44— FIZ@HY 5 SiC 44 4— KX, SBD #
A 7PH PIN # 4 7ORIRBEZ LN D, 4.5kV O 5
T84 A~O %% 2 -84, SBD & @iitlET 5
EIREFMEERETARE R, BEPRE{ D EE
Zbhad, —F T, PINTIISBD I Y, IEFmEERT
EREL 26T, EmtER L T LB IH R 2T
Hhad (K2). #27, AROEEET S a—1TiE PN
SATRERYSH L L LE.

3. A4 v FUIVRBICLAERBNLEE

HAE L7z 4.5kV 150A O ~A T U v F SIC € P a—b,
[ Si F¥a—mioxt L TH@o s — bEH it (on/off:18
O TAA v F VR BEEIL, TOREEREICE—F
(PMSM) HEENFOEMBRAREL T o7, I
PMSM BRENFH o > /38— # TR b ORE <R HTESR
HFeFER UL, RELLERSBEAER 3 ITRT. A

[No. 12-79] BAMMY % £ 19 EHERNES L R

) LEERRHE [2012-12.6~T7. ®=]

— 343 —



Yy FSICEYa—EERTHETY A0 K 4.2 E—FS BB

1 99%EH, & — A AAHKIT 62%IEI L, KT 40% ik L BRESRAOH I £MCh 2 Bk
DI JAL D RAAH 3 S iz, 2800V, A 28— B 112Hz (2 CThHiFe— b5 w3k
Bra kM Lis. BURHBEERHIC L BE T 4 o ORERNE
FERAE 6 CRT. £, BHE O ABUEE R OWHMH 7

400

% S - ‘ ; * Diode Reverse Recovery e 0)%% iﬁjﬁ % ﬁ 1 i:ﬁ:{'ﬂ'.

§3w = Sl WH7 4 COREL Si O/ —a=y ) B0CICiE
5 250 | BIEGT Tuth Off LTWDHOIEXL, »A7 Yy FSICEYa—/%iEH
g — Lz 7—z=y MESSCThHo7-. HiHl7 ¢ RER
E B IEGT-Conductive JE A 6 NJRRLEE % 72 Lglb‘f:fﬁﬁkﬁﬁ&_(l%EF%""é & Si
§1m- DAT ==y FBR6SK THHDIZH L, NA 7Y o F
100 i SICE Y a—oAT—a2=y FL398K Th -1, SiC
s0 |- O SiiRE LRSI 38.8%TH Y, BE L%k R

§ e . BECHEEMDRENELND Z &PV MR T /-,
Si module Hybrid-SiC module IOEBBHIEESRIC LY, EREFES a—
SHE G ¢ B 2800V, A o$— ¥ A 112Hz 0 23 BEOHAER THATHRE 2 Rl LG L b

¥ U 7 E ik 1.5kHz, & — % # i 43 4Arms ZibhA.

AL 916Vrms, 1) 3 65%
Fig.3 Power device losses

4. PMSMERREIC X 5HE
MIELEETT Y a— & 0T PMSM BB EGE
RO 2 Lol A i ([M4) 28ELE, EMDH
S Si T 234 ADA o o3i— 5 G, AT MDA R L7
NATY y FSICEYVa— AR ERLEZA =4 Th

5. E¥HBOFEF L 4.5kV 150A O T ERK T, BREEo R SLAD-1Zu
H— BT 18Q THLE L U7 AEEsREIR 4 ok X Fig.6 Mcasurements of power unit cooling fin
BT, Wi E RET S0 nEnE -0
Higsm e L. Table 1 Temperature of cooling fin and cooling air
B AT BBRE | ABBE | BELRAT| BEERR
!?y i °c °C K “(Sikk)
ks si 800 150 650
3 ; NATYESIC 550 15.2 398 388
s P
;lf(v—,u.:al- SICJ"?—:I.:::JI'- 5. kb
DC3000V o> 7k ARl AR FE Bl (PMSM) o> B
Fig.4 Test inverter for comparing SiC device to Si device A = ERONYEEFRE L TV A AT —2= y
4.1 FEmBEEERILN ‘ M OEBBIRKIZOVT, SIC-PIN # 4 4 — F &8
B 4 oA 23— & & T DC2800V T Tk 8L i LEnAT ) w KSICE S a—Ae@A+T20 T, &
PMSM 0> TR SR B R & S L 7. 65 i o AR OEM A R BT, 4.5kVISOA O SIC T ¥ a— L%
BE L, S00kuhsreill, WTnE 250ks I ok BEL, DC2800V - f £ 7L ) PMSM 0Bt
ECHETOII - I—TERELL. RS5OFv—bic it 5% . A LI
T Lasy, —wORBIRER DD LRI L PR, SRR A
= CE
ABFE O — R IRSLAT B A BT = L X — BE R TR
e A B RIBHNEDO)OBIR % 51 THE L1 R TH .
TRES2ABMER 1 ZOWFREED HIZHT Y, THAVT T M ST B
NSy RN 0 L — PE TR G BH FE e 0 B R B (i1
toawie B OBEERLET.

B30

N NG, FEM, BT AR 2 ER LR A b
o HONEFHO PMSM ERIFE AT A, HELE
20—, Vol.64, No.9, P.6-9, 2009

2) FH, iEkfh, SiC ¥4 A4 — F&2EMALE-SER
PMSM K3 o 7 A »oi—& o, Rk 24 455
SR RIS MR AT SCE (81 4, P.69-72,
2012

FEREPMFCP mawvae .|
FORENDIFON imovee

e-3qR B/ div

0~ 5B%K FR DHAdiv

o E EE™ i R e T Y

Fig.5 Operation charts of the bench test
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