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Auxiliary power unit of series E956 high-speed experimental shinkansen train
for East Japan Railway Company

This paper describes the Auxiliary power unit (APU) of series E956 high-speed experimental shinkansen train (ALFA-X) for
East Japan Railway Company (JR-East). This APU inputs a single-phase AC 400 V from the tertiary winding of the main
transformer, and outputs regulated DC 100 V for control power supply and battery, AC 100 V (constant voltage) for power outlet
and AC 100 V (auxiliary transformer output) for heater.

In this APU, the following points have been improved over the series ES APU (SC215). First, the switching frequency has been
tripled due to low switching loss characteristics of full SiC power device. Second, PWM converter is applied to input rectifier
circuit. Third, AC 100 V output circuit are smaller and lighter by applying leakage transformer and dry-type film capacitor. Finally,
parallel synchronous operation of AC 100 V (constant voltage) output and condition monitoring by train information system
(S-INTEROS) are realized.

As a result, total efficiency of APU is improved 3.4 % from conventional APU. Power factor of APU input is improved 19.4 %.
The volume and weight of APU decreased 2.4 % and 2.5 %, respectively. Power density of APU is increased by 10.6 %.
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Table1 List of APU for JR-East shinkansen train
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Fig.3 APU connection block diagram for each type shinkansen
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Table3 Comparison of configuration and characteristics of SiC power devices

B DZTH IGBT N1 7Yy KRSiC

7 JUSIiC (#—JLSiC)

HEEES ~{

2Ly FLITRF

£} | & | &

(sw) Si-IGBT Si-IGBT SiC-MOSFET SiC-MOSFET
BRIAF—F " " " SiC-PND
(FWD) Si-PND SiC-SBD SiC-SBD (Body diode)
a—F L EK X A o)
a—FTiE% X X (@)

UN TAUE-ES X (@) (@)

@D RAFETHRIR 51438 20215F 13



BTER

3.3 HFHEYVIERRELKICIZIERTRBOREL
PERAPUD & A o — R TIE, GU00 T2 B) 2 WX
TETHIY v 7 BIEVLHT 5, H—AREROLE, A
HEIENHCHEIEERISNS 2505 FHY ¥ 7 EBIE
DELRDI NS, BEBEERS (REHMEA Y =5 LIEE
WA v N—= ) CEMERETEZHHLZTEE S Hv, —
Ji, ANBEMEOEAIE, WEY v 7 BEMNMEL 2D,
RIFER T2 ETTE 505, ZO5EBEPKEL 7 B720,
BBRARSR I KERBEROR TPV EE LD, LoT, &
HOOEMICHIIET 2I2IE, HE D KB (1700 V
600 A) HE T DMMALIE 2o TWwize KERHKE 1T M
WAL v F v ZRENEWD, BRI 2L v F v
THEPBERL, D - B LICRA DR D o7 22T, A
APUTIZ AN EEICPWMa > 8 =7 2@ L, ANE
ExRETAZELTHBY Y Z7EEZ —EIR2EHITL
72o RERISHIET Z2LHEHE L L2 & T, MNERERD
F (1700 V 300 A) DA RE L 72 5 720

B S IZHERAPUTHN L TW7zSi-IGBT &, AAPUTHI
L 7zSiC-MOSFETIZBJ 5, SMELE AL v F ¥ FiH%k
OHEZRT, ZORIZBWT, HEMIISIIGBT D EHER
TOfZIE LTEBELRL TS, C05 B, #HT-EH
EBERAPUTHE N % $813400 ARLE Z TTH 5 DIH

B R4 ANEROEEDOLEE

Table4 Comparison of input rectifier circuit

RAFREHERISHE EOS6 FLIHEHREEMREE (MHRERAE) AmbERRE

L, KRAPUTHIHT 5 D13200 ARE T TOHEBE K 5,
HBHAORRNE 22 FTFRMEBELICHHT 5L, FET
WIREN M YEER WD, 100 A% BIZ/NERERT
IZSiC-MOSFET® 1= B T A%/ & <, K8 3 3 TI13Si-
IGBTOEIFETA/NS VI E o Twd, FFIZ, Hi)E
TREE T, ERAMN CHFHEIRT 5 2 L 3d e, BALN
TOED L W70, NEREB ORI ARTH 5
I Z, BT 2T RTOBERIB W CEBERROGLE W
T&2%, ¥/, A4 v F Uy 7HEICOVTIE, ZTEED
100 AOKTL/12, 2 55 L, TRTOHFEBTRIFIAK T
&%,

5T, HEHEERESICHSI7T 7 AN Y ANY T4 F—F
(Si-FRD) ®%b Y IZSiC-SBDE T 52 &2k, U
N HEORIG AR E B> T b,

3.4 V== R&X714 LT HOER
ICL B/ - BE(L

BB IZHERAPU & RAPUIZ BT 245100 VI o nl ek
WZRT o BERAPUTIE, IEBEIEA ¥ —F K100 VO
FEEE LT, K74 V07727 FPV(ACL) &R 7 4
NEaryFUH(ACO) o hb7 4 VRS, AR
DEXAMMAFEZR S M b T ¥ 2 (T2) THK L Tz,

B D& AP EL ik 44 F— NEFRaR PWMI > /N—%
-
x X YDA «{E% «{ﬁ}
P _N\N\_‘
_ MM
EIRAHEE — 1 L L
- =
x X Lo ﬁt} ﬁt}
ADEFHER //\\\\~///,N\\\~//
o 5 10 15 Tm:b[“] 25 30 35 40 0 10 15 Tin:"[ms] 25 30 35 40 o 5 10 15 T“:O[m] 25 30 35 40
ALy FT
B 50Hz = #kHz
H1EE 0.67 0.77 1
EREE 40% 52% 4%
rROY— REER - RER
ENEE —% (RREEORERE) TH —% (RREEOREE)

@b HLBIHE 1438 20214



HTERS

CVC-INV
AC100V
Output

] ACC

(Oil-filled type)

(a) HiERAPU
T2 (Leakage
CVC-INV  transformer)
L AcC100V
Output
ACC
(Dry type)

(b) &APU

B X6 3557100V AEERDIERL
Fig.6 Circuit configuration of AC100V output
(constant voltage)

—J5, RAPUTI, MO LSV RICY ==Y b5V X
ML, ACLORREZIMN NI Y A0, v 57 &~

(ZHF7zE 5 T E TACLEAM L7z, 72, ACCITIZ/MAL
BRAEB X OREMEANEETE S, X714 V2V 7Y
FE L7z,

PERAPUTIZACCE b T v A —RANCHEE LTz
59, AVFUHICHBESHMENG2D, A4 VvarF
VY OBERMSLIHE oo TWize A4 VT 57 V3 iz
T L28mr —22aryF Uy 2 v 2o
THY, Hik - BZHEDIOMULDo AR v 7 &5 5135, Wik
N EOMEDH 5,

ZIT, BMRE—NVFICKZ2EX 74 VATV TFUIER
BERPKICEA T A2MRKE LT, aryFrHcmmnshs
BEMERTEL L), VIV RAE) ==Y bS5V REL,
ACC% b5 ¥ 2D RMNIERIE L7z,

EBIT, EREALA =5 DAL v F v TR R

RAFREHERI 1L EOS6 LIRS EARER (MR ERAE) AMERRE

APUDKIBME L § 52 LT, 74 V7 HEEERO/NY - e
b & BEETOEIRD M > T2,

F 72, PERAPUTIE, TRV Y7 a3y FrHicdt L
AT EFEHL TV, gidodBY), B - L
BITKEWV) 2, REFHNIHK DD o F27z, X7 —2 =
b OHERIZ RIS E D F b o 7,

—7Ji, ARAPUIZBIT BSIC/8T —F 34 ZD#MIZ & 5 A
4 v Fr FHEEOEHELIE, AL vF YY) - VEBIE
DR TH Y, M) V7 a v Fodhrbg T —%F
VA=A V¥ 7 5 v A mIINS L LT R
bR,

COMEIIHL, Y v rarF Uy ovaa
VEVHEMHT A LT, MY BRSNS E L B
REFMOAMREIETR, NT—2=y FNICHETS S
EWREL ot i, PV Y a v TR E5EL,

AP UIN—% - BREWEA vN—F - FBEWREA v N—F FR
EFNONT—EV 2= VORGEIZEL 2 LT, B#f 57
y v ADRPE - 72,

F 72, K100 VIR WTIE, 7$v %75 7 Ok

WCED ATy A= ERL, BHEREMHZ TH I
T % ke L7z ud e & o I (BERURAW R) 2s e B & 72
%o ZOMMIZHENT, IEEEA Y —=F 3y v 7 ar
FUFREZOLNTVAIANVF—IZL Y I 2RSS %,

Fl—DTANF—%EMTLYE, 37Ty HCRETS
BEAF T L, DELBEFEINSSHED, RAPUT
BIEREERFICBWT, Ay =22k iy v 2%
JEZ —ZIRoTWwB I Enn, JERAPUIZHARFRY ¥
ZBIENE W2, LELFHERRIIHERAPUDI/ATHA,
Ihd Iy F o/l - BRILICERL TV,

4. RAPUTORER (Bl Y X7 LEMF)

4.1 BHERZRI00VH 51 0Xi5|E A :EER

E9567% Cld, #ripfiE i TI1dw & % % WAL H100 V(%
EM))) ONEF R E 2 LB L 7z, MBI 5 APUDOR
RO &, ZH100 V(e ) s 2B 7 1R §

ACBKIF : #ﬁ%ﬁﬁﬂ?ﬁk%ﬁ
('“Eﬂﬁ Z §"“§E m )

/ 1SE | 22E | 3SE | 428 | 52H | 6% | 7S | s2E | o=E 10%5\
ACIBIKK ACIBIKK ACIBIKK
6a @&  [5]
APU APU APU APU

W X7 BE183575 1 00VERIERR

Fig.7 Connection diagram of AC100V (constant voltage) main line in E956 shinkansen train
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Fig.8 Comparison power loss in semiconductor power device
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INVZZ v b 76.1 61.4
RF21=v b 100.0 80.6
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