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AbCIGBT & AW E 28 Alg7] A2}
(D AFeF

5= A 2
Current Supply Voltage Range 10 ~ 1,800 V
Col lector Current Supply 0 ~ 6A
Mozl ol +£45V, 20kHz(5%)

Freq : 500Hz ~ 3kHz

Hol x| o4y ¢tz
duty @ 5% ~ 95%

st= M A
Test Duration Range Up to 9,999 Hours
ool =& ag M
22 Mot THab 220V / 20A
250 x st 1KW (R-L) LOAD
=25 He -20C ~ 65T
S #He 30 ~ 80 %
AROI=(W X D X H) 600 X 1050 X 1700mm
Sl < 60 kg

® 2 N7 ALY
(2) AAF771%5
- Collector Current, Voltage 3 AlA
- dole A% 75 ( % dHolH 4 A5 A)
- Az A 7P &5 AlEEHOIH 7E
- &% M 7S A 345, A5 5
- EX2 ZEUH=E Ao
-z " 4% AR | AL A A8 3

=

Q) TEEFE
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A1 E73 ==90% 1 2] 4 =£80% A1 E) 4 9==60%
B10 1.488 1.385 1.237
B20 1.280 1.192 1.065
B40 1.085 1.010 0.902
A FE 0%l A9 FHvl=s 53 2
E 2. FFRgd wE AHFE 0% ] FE8H
AHFE0% | RS B =3 B=5 £ =10
B10 g H] 1.939 1.488 1.220
B20 T H] 1.510 1.280 1.131
B40 T H] 1.145 1.085 1.042
=, e} AAFLR BEstuA st B wHe] 1488W) A& stef 3ol § i

FHE 90% AHFELZ ST & Stk

- 10d 71 =9 SFAIZE ALE 2 45484121 d 02 A skal AL

- 104 BEe 9% B, +9

4,548417F x 104 x 1,488 = 67,6544 110

S 5AY B

T AEF A 20 BE oldH Y $~(Arrhenius) &8 E A+

AF=1L,/L, = exp[(E/k)1/T,—1/T,)]
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A71A, L, = AA AHE BH 2= A9 £H
L, = 7t £EoAe] F
E = 243} ARG eV), HFZ43}t A 0.94 eV 119
k= 7147458.6173 X 10° eV/K)

L= e
L= M e

3. 7HEA el WE A AP AT

2w | ABEE [ EeE [ REAE [ AR [ ARk

- () () (AF) () ()
1 40 40 1 67,654 2,819
2 40 65 13.2 5,138 214
3 40 70 211 3,210 134
4 40 75 33.3 2,033 85
5 40 80 51.9 1,304 54
6 40 90 121.6 557 23

9l F F 80T AFA 7FEA TS 4L 2 A4 5 At 7MEFHAE A F 549(1,304417h)

9 A 1245 A9 /1EAS (AP,
TFEABAZHTa)e] #AAL the 2ok A = X-c@r+2)/2x(1/(n x AF x Ta)eli H#%H MTTF
1/ =2 xn x AF x Ta /X%q-c@r+2)7} @},

} SEA R JAWHE BE £ 289 Fo A¥E Az21¢ GTOE IGBTE A &35to] /) &3k
IGBT "o th3t 7145w Al EdolElolth IGBT 29< 323457 Anjo Y To 1A A
2k & HJHOZ Ao E st FHE Flst= Zlolth

ote] 2 Zol, k&4 AFrnol mE 1&g FASES st AWM} IGBT 28-S AF &
g o= Aoet=E st AEHCIHE !
Fof AlojFo] Ade FFste AAdF, A E TN = FFEY R, AlEH oA F HolEE A%

St AFE 2 2zEsoz FAWL.
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3
80T : 7z A&rlth 5443 A1E

delay Al ZF(h)
1 3} time(us) e
o T 0, 500,

e Rl - on 7% \

500Hz(30 |~ 5us+10%us 1,304 1000, 1304
300Hz(40-7-iig;\)_)500Hz . off 7%
T0%RH | 2)—1kHz( (42) - 41.5ps£10%ps
80°C ° (5%)—300Hz(4%




0T oA FuAolojAx 255 AsAA A, 0C : 4 A5t 2347 A1E
_ delay A& :
= T Ty W . =4 A7t
e g A ime(ps) A1 2H(h) g ARh)
) - on 7|&
300Hz(40%)—>500Hz(30 | = .
90°C | 70%RH | %)—>1kHz(10%)—>500Hz | ;'5“330/0“3 57 | 13%02%%7300’
(52)—300Hz(4%) off 71 ’
- 41.5ps+10%us

FgE7o 1] 28Rt BS Futol gle A3olA 3719 IGBT 28-S A8 o2 Algste W

ko 2 3}l 20201d 2€ 5YFHE AZSEAT. AlF B A] On, Off Delay AlZH71=L2 on 7|+ 7.5us=*1

0% s, off 715 41.5 us+10% uso.2 R WA 3 BF Y =002 Al gsloof slEE A

dol By &<k On, Off Delay AZt71ES SL38H ato] AdS T3kt 80C ol A 170l o] A

o sl A= 5L On, Off Delay AlZH7=o.2 Al g-& 33}

Aot A3 a8z Wy g =2 Yt 2, IkHzE 153719 Imsol 22 HE37] 0.5ms

L Do A ae =7 g 500Hz8) wr] s 1ms($><%), 300Hz] ®FE7]= 1.67ms

ih)
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O Algdelg 3 FJEB0C A3

A AF #1
Measuring time : Oh(2€ 5¥)
AlEHT Temperature Frequency
on 7|+ off 715
7.51s+10%ps 41.5ps+10%ps
80T 1kHz 7.501 41.56
1 80T 500Hz 7527 41.52
80T 300Hz 7.484 41.34
Measuring time : 500h(2€ 25%)
AlaHs Temperature Frequency
on 7= off 71&
7.51s+x10%us 41.5ps+10%us
80T 1kHz 7.449 41.37
1 80T 500Hz 7.475 41.47
0T 300Hz 7.492 41.21
Measuring time : 1000h(3¥ 16Y)
AlEH T Temperature Frequency
on 7| off 7|=
7.51s+x10%us 41.5ps+10%us
30T 1kHz 7.415 41.48
1 80T 500Hz 7.432 41.56
80T 300Hz 7.475 41.45
Measuring time : 1304h(3€¥€ 309¥)
AlEHE Temperature Frequency
on 7]+ off 7]&
7.51s+10%us 41.5ps+10%us
80T 1kHz 7.381 41.53
1 80T 500Hz 7.467 41.25
80C 300Hz 7.432 41.15
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1kHz
Measuring time : Oh

500Hz
Measuring time : Oh

300Hz
Measuring time : Oh

on Off



2 = Lmnassals

pico

S Lmnassos pico
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1kHz
Measuring time : 500h

500Hz
Measuring time : 500h

300Hz
Measuring time : 500h



1kHz
Measuring time : 1000h

500Hz
Measuring time : 1000h

300Hz
Measuring time : 1000h
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1kHz
Measuring time : 1304h

500Hz
Measuring time : 1304h

300Hz
Measuring time : 1304h
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ANAF #2

Measuring time : Oh(4¥ 3¥)
AlEHT Temperature Frequency
on 7|+ off 715
7.51s+10%ps 41.5ps+10%ps
30T 1kHz 7.587 41.24
1 80T 500Hz 7.449 41.17
80T 300Hz 7.505 41.43
Measuring time : 500h(4€ 23%)
AlaHs Temperature Frequency
on 7= off 71&
7.51s+x10%us 41.5ps+10%us
80T 1kHz 7.217 41.25
1 80T 500Hz 7.553 41.27
0T 300Hz 7.467 41.19
Measuring time : 1000h(5¥ 14Y)
AlZEHS Temperature Frequency
on 7| off 7|=
7.51s+x10%us 41.5ps+10%us
80T 1kHz 7.484 41.07
1 80T 500Hz 7.587 41.58
80T 300Hz 7518 41.24
Measuring time : 1304h(5¢¥ 279)
AlEH T Temperature | FrequenclO0y
on 7]+ off 7]&
7.51s+10%us 41.5ps+10%us
80T 1kHz 7.586 41.13
1 80T 500Hz 7.449 41.03
80C 300Hz 7.381 41.51
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AAF #3

Measuring time : 0h(59 29¢)
AsHs Temperature Frequency
on 7|& off 71
7.51s+x10%us 41.5ps+10%us
30T 1kHz 7.381 41.51
1 30T 500Hz 7.497 41.22
80T 300Hz 7518 41.65
Measuring time : 500h(6€¥ 18Y)
AlEHT Temperature Frequency
on 7]<= off 71
7.51s+10%us 41.5ps+10%us
80T 1kHz 7.484 41.34
1 80T 500Hz 7.415 41.41
80T 300Hz 7.441 41.09
Measuring time : 1000h(7¥€ 9Y)
AleWH s Temperature Frequency
on 7] off 71&
7.5ns£10%us 41.51s+£10%us
30T 1kHz 7.432 41.15
1 30T 500Hz 7.398 41.25
30T 300Hz 7.536 41.19
Measuring time : 1304h(7€ 22%)
AlEHT Temperature Frequency
on 7= off 71&
7.51s+x10%us 41.5ps+10%us
80T 1kHz 7.398 41.46
1 80T 500Hz 7.458 41.42
30T 300Hz 7.454 41.29
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O Alddelg 3 I3JFO0C A3

A A F #1
Measuring time : Oh(7€ 30¥)
A2 s Temperature Frequency
on 7| off 71&
7.5ns+10%us 41.51s+£10%us
90T 1kHz 7.441 41.23
1 90T 500Hz 7.398 41.43
90T 300Hz 7.465 41.34
27 7h(7€ 304)
AlEHE Temperature Frequency on 7]% off 7] %
75ust10%us 41.5ps+10%us
90T 1kHz - -
1 90T 500Hz - -
90T 300Hz - -
Measuring time : 133(8€¥ 4%)
AlEHT Temperature Frequency on 7]& off 7%
7.5ust10%us 41.5ps+10%us
90T 1kHz - -
1 90T 500Hz - -
90T 300Hz - -
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1kHz
Measuring time : Oh

500Hz
Measuring time : Oh

300Hz
Measuring time : Oh

_68_



ANAF #2

Measuring time : 0(8€ 10¥)
AlEHT Temperature Frequency |on 7] off 715
7.5ust10%us 41.5ps+10%us
90T 1kHz 7.467 10.91
1 90T 500Hz 7.486 41.38
90T 300Hz 7.473 41.16
a4 0 27h(8€ 11¢)
AlEHT Temperature Frequency | on 7] off 71%&
7.5us£10%us 41.5ps+10%us
90T 1kHz - -
1 90T 500Hz - -
90T 300Hz - -
Measuring time : 122(8¥ 15¥)
A5 E Temperature Frequency |on 7] off 715
7.51s+10% s 41.5ns+10% s
90°C 1KHz - -
1 90T 500Hz - -
90T 300Hz - -
AAF #3
Measuring time : 0(8€¥ 204¥)
AlEHS Temperature Frequency | on 7] off 71&
7.5us£10%us 41.5ps+10%us
90T 1kHz 7412 41.12
1 90T 500Hz 7.459 41.40
90T 300Hz 7.437 41.22
314 @ 5h(8¥Y 21¢)
A5 E Temperature Frequency |on 7] off 715
7.5us£10%us 41.5ps+10%us
90T 1kHz - -
1 90T 500Hz - -
90T 300Hz - -
Measuring time : 147(8¥ 26%)
AlEHT Temperature Frequency |on 7] off 715
7.5ust10%us 41.5ps+10%us
90T 1kHz - -
1 90T 500Hz - -
90T 300Hz - -
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7FErBEAE A3 80C AlFA T 5491304413 FF o] fldTh AEFE 0% A5 1GE
A 9F A FECL), 250, 7HEA S (AF), 7S A AIZHTa), AlEFme] #A2 A = X(1-CL)@r+2)/
2x(1/(n x AF x Ta)el o3 H#™ MTTF = 1/4 = 2 x n x AF x Ta xX1-CL)@r+2)o] o =g},

80T oA AlAF 3UIZ 7F&A1 S o] flo] 1,304A13F B2t F3d Ao Z 7&A 4= 51901,
oy A2 40T o A MTTFZ A4FsHd MTTF = 2x3x51.9x1,304/x2(0.1)(2) = 2x202,962/4.61 = 88,145
AZHEF 10.06 D)2 dZHAT 0T E 255 FoA AP A AAF 3U) F 5AZA A8}
Ao 2 aigo] HAgste] FHAFE AFAEY IHZANES FESIA A SF3H. A7) MTTF Ao 1
A7 FS o skel MTTF=2x{ 2 (n-1)*AF*Ta/x*(1-CL)2r+2)} 2} ©. & Alxkatd, MTTF=2x{3x51.9x1,
304/x%(0.1D(2) + 2x121.6x5/x%(0.1)(4)} = 2x{202,962/4.61 + 1,216/7.78} = 88,3654 7H(2F 10.090) 0.8 o =5

At
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O ™Y 13ZE4

201595 F3

5
30
n
m | |

EE

YA W il &X_nF =

slab
+

20169 E FO|2 FTFA| LY ofg| TA| 1% 34

i - -
AGATE _41 E11 LK EJ—\ (_\1‘ GPU LR AGATE 7|Ep OHEZE HsCB LIK CCK ZTHO7| R GPU
a2 57. 20154 EAIEE DA H|E 2l 58, 20164 ZEFAx| DA H|E
201795 _FIH ETA| LY 5] TA|_D0ZE =l
c i i HEE - _
\6\0\ j@. . & % ;hc\ 4 1\.{\ A ™
& & & F & #

a2l 59, 20174 F=XFx| DE H|E

(] RAMS & FAs} A9
O 2384 A
RTAR A 0 &
REQIGBT-RO01 | o] ISt w sl tfd us 7ol slojof @l
REQ-IGBT-R002 | 57 % 1150 A4 + =% uvpy 2 §940] loloF Bk,
REQ-IGBT-Ro03 | - 2HE WAHE /e dlotel & & i PES FW/AA £E HE
gojof h.
~ ~ TSl AFEEOR A Fo QY AR E oWt A e eSS 7 A A

REQ-IGBT-RO4 | o, 5 0% 2B B
REQ-IGBT-R005 | 114 % IGBT ~¥ #ekst GTO ~¥ bge] &£8ake] AL 7bssof shoh
REQ-IGBT-R006 | x2e] FF (LA}, Sba% wmnlAl S)o] guglo] 44 7bssiol stk
REQ-IGBT-R007 | @3t A< 3497 AAske] 23 galo] o o] glojof ahe}




STFAG A8

W &

REQ-IGBT-R008

A 28 A &% W (Jerk)o] 0.8m/s’o)slo]o} att}.

REQ-IGBT-R009

VVVF w2l o2 # o5 ojof gt}

REQ-IGBT-R010

REQ-IGBT-R011

&
A% 34 AC, 1,100V, 508A 7]& o]ie]l S Faxojof i
FutE= 0 7 200Hz S fA 8o ot

O FARGH 2TAY

ST 48

W &

REQ-IGBT-M001

ST & Y= FWE AT + olof B,

REQ-IGBT-M002

REQ-IGBT-MO003

el ek A ARG &S] A A Eojok gt
1GR3 Al ARGEE AR 77 AolHojof . (o =olH, B
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Technakagy field: Optinisston of Waction lechnokoges

1 General information
Bl | Desciption
Frince
Insulated Giae Bipotar Transstors (GETS) 3 today's staie-otihs- Faction diaza Thay Fapiacs e peavious invartar ganenston sspresentad by GO igate tum-off tyrsars)
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‘amalies and bhter urds. The high switching requencies sie smotihen the uccelerabon process and reduce Ihe iscion noise.
Fieiha of appicanan
Parwar giecirunics hased on IG8Ts @ wsed m & mimbsr of fiakds i ndusiry and iansportaton

= Goneral critaria
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in tha course ot B ast years, all major raiway frachan have complatety merated 1o 1GET fechciogy Thes migration has aleady fken place some yuars ago m e ML segment and & presensy taang place im the bcomesye
‘sogmant of arcund 7 MW

Time Borizon for broad applicator; now
ina detais available)

Expasted techprlogicel development Bighty trnams:
mmsnnnuwm maturty, RAD dynamics is Sl Figh in s fiald, Major Sms ars:

. mmmmn
* redice losses
* reauca waight
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Enorgy eMcmncy
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* Less caoling rGUTRY (NG AIOANIC CODIANGS 1emarei]

Barniens: low
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Rettting oid vahicles with 53875 i usually not proftabie (for presant anengy prices) Diffusian m thessfors essaniialy imiad a sock renawal
Succars fctor;
(na getais avaliabie)
Tar Fuitway aegmunts; hign
Type of fractian: slechnc - OC sleciic - AC, desal
Tyl of iranaporiation: passengel - Mk es, passenger - high spaed. passengsl - fegionsl ines, passnger - suburben ines, Irsghl i
1GETs e ganerlly appicabie 1o sockic frackon melors. This INcdes eimcine and Sesel-siacins irackon. Refiting oid wehicles wih IGETS &5 wxpanshve bt has been rsalssd n A0 NS Relrgan e their Sipremtar =i sats win.
BET choppers ot

Girade of @hIs0n nto ey markets:
Diffusion mio relevant ssgment of eck: 5 - 2%
Share of nwly porchassd stock: » 50%

DWusian o relvant segmen of fest
Mhost fieats have aitsdy 3 consideratis chare of vahices wilh JGETs, aihers Ik he SBE Best doat ave any IOAT siodk et
Sihare of ety puhased stock
Slemens clnime st viualy 38 ol Siemans 1GAT yaetion systams
Warkat patential (rhwaysl: Righ
00 details availabie)
Exomple.
(m0 cletaits avaiiatie)
2 Envirotumstal criteris
12| imgacts on enengy eficieecy:
Energy efliciency pulentinl for single vehiche: 5 - 10%
ENErfy eMciency potentisl INOUghous Hest: > 5%

WWM

of w iGET 3 payload is about S - 6% bather tha GTO [05% va. 0 Tha afini anagy efficency m real operation maybe sven biggar due in the fa that the miative
mulﬁtakmmmkmw—-mwwm “This may push fhe stficency gam evan bayond 10% lu-n:num—nmﬂeﬂ:nnmnuwammm:nmmmﬁ!wmmumwmonmm
Maz3 reducion
IGET madules are generaly lightsr than GT0 modiles {soms 30%] ¥ o bt ‘aneryy eficency
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OIS TBITCNEN
Japanese R Hokkaido claims that IGET confrabed 3-phase AT motors reduce nois iy 10% compared 1o Sheir 570 counerpant

-] Emﬂcmm

Vehicle - flx costs: bow
IGBY drive fechralogy is @ maters fechnology in rall vehides 1 dows nof substantialy incroase Sha vehicle pce compiared 10 o other technology

Vehlcie - running costs: significant reduction
1m0 details avarable)

Mibiastiuciue - fix costs: oone
(im0 cetait: avaratie)

Midrastructure - rumming costs, unchanged
N0 CEtalk: avarabie)

Scatke offects; Inu
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