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< SUMMARY )

The purpose of this study is to develop and verify a practical technology that
can fully substitute existing products by localizing the auxiliary power supply
technology of an electric locomotive (8200 unit) which is dependent on
foreign countries and enhancing the compatibility with the vehicle and
maintainability .

Purpose &

Contents In this study, we developed 90KVA * 2nd class auxiliary power supply and
communication controller (SIBCOS) compatible with the existing auxiliary power
supply system, verified the interface performance, verified the practical
application technology through the four seasons and the current test over
60,000km.

m Commercialization technology development of dual system auxiliary Inverter

(1) Commercialization technology development of compatible installed auxiliary
Inverter(80KVA*2 — 90KVA=*2)

(2) Performance Improvement of Devise Component & Maintainability technology

(3) Supplementation of converter/inverter

(4) Reliability verification of GDU

m Development of SIBCOS for auxiliary Inverter

(1) Securing of communication control technology

(2) Development of communication control technology mutual CCU/SIBCOS

Results (3) Variable capability verification of sequence, voltage and frequency

m Interface verification mutual auxiliary Inverter/SIBCOS
(1) Test of in factory, combination, and load by prototype
(2) Verification of interface linked the main inverter
(3) Driving test(4 season, more than 60,000km)
m |ife cycle cost analysis and reliability estimation of hardware
(1) hardware reliability estimation of prototype auxiliary Inverter
(2) Suggest reduction measures about LCC
Expected Substitution of imported auxiliary Inverter devices, Reducing maintanance costs,

Contribution

Enhancing vehicle operation efficiency

Keywords

Electric Auxiliary Power Transfer SIBOOS Multifunction Vehicle
Locomotive inverter Device Bus(MVB)
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2. o] A BEZAYAFAX AA
7, BEALAR PWM A Y 3244
(1) A=A

F 14 AMEHI R Y dAx

g = W a] |
H/W &4 4Q PWM IGBT Z1H1H sg
SHFL= 8 60Hz (47 ~ 65Hz)
daYsaHY 334Vac / 270A 90kwW
LANEY 230Vac 90kW
LAWY 400Vac 90kW
=EHY 620vVdc / 145A CIHE 258 Y

(2) PWM 78 7] E A A
(7h) IGBT A4
O AT 21S 1 Al dHAFE At
90kW * 1.3 / 230V = 509A
@ YHAY A= 400Vac, =HALE 620Vdeo] B2 1200VH IGBTE AM&atw dehd
Slell v
@ @A7H10%) F-3E £este] IGBTE 1200V/450AF H-E AFE 7Fs 8k v ¢bd & ¢
3l 1200V/600A5 ooz Ads S
@ NEFA ] AH4E 62mm 22 2 o2 P9 IGBTE HES ] Ad3d v
o] IGBT A A4S

et

o
vy
)

(b)) IGBT &4 A =4
O H 2ANE AEA/1EE 449 IGBTE oz &4 AL 3

@ £24AE IGBT A ZAHInfineon)e] A E# ol E(IPOSIM) ©] &

@ AAAH e OKW=E 7HY, AAXAG T Adgz=a(F a7z 0)4 53
@ 600AF 2 900AF IGBTel thsle]l &4 Ak

® 971 eEE= 50T, Alo)~ L5 0TE 71358 2doz A

=

P

A} _)llzs

N

o

(th IGBT +=47A14HA
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3 15, AW 3 2 IGBT &4 AMEA

Qe B600AS IGBT B2 2/F A3l [600AS IGBT MA L2 /2 15 (900AZ IGBT KA eIt/ )25
- (=2 1) (=2 2) (=2 3)
1.8kHz Has | V. = | 4 s |
3.0kHz fas | Vi N | Vi P /
5.0kHz Hes | s | A 2zm | :
FAs 1.8kHz | 3.0kHz | 5.0kHz | 1.8kHz | B8.0kHz | 5.0kHz | 1.8kHz | 3.0kHz | 5.0kHz
IGBTZ&(W) | 202 233 285 421 475 564 351 400 481
Diodez=al(W) | 44 61 90 67 89 124 73 98 142
DESHW) | 246 294 375 488 564 688 424 498 623
SUEdPU)| 1.0 1.20 1.52 1.0 1.16 1.41 1.0 1.17 1.47
(2 EAAL 23
800
700
600
500
ad
300
300 i % 1. 3
100 ——Case-2
—s— Case-3
0
1.8kH2 3kHz SkHz

R 5EA(IGBT + DIODE) 23| 1=
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AWME -0 IGBT =474 AakE Aesha ofefeh 2.

@ IGBT €344 : &4 Algdold Axfel] = 440 600AF = IGBTE A& o
SkHzel =913 Fubell e A gs 8250 of 20T vhlE Bged o 9+,

@ sAFv AR AvlE aeste] 18kHz A9 TR AA

@ HEA 1 564W/module @509Ain (A kol™ 130% HF-8kx71, 600AF AF8)

(3) A¥3]= A& olA
(7h AlgeolAl A7 4

60Hz Iin

! :

Vi
Vin ——————————— 1 - —— PWM.Va
Virtual vd Current

+ PLL o control

0 - —— PWM.Vb
- A

+ Iref

Vref PID
) Converter control
Vdc

O 18 AWEH Aol FAE

(h) A gl =3

O @ g8l tg PFC Aol & F33t7] 9ste] 71 PLL Alol71& A&

@ dYd7F x93 AS 98 AWy AvH Batel tiske] Uni-polar PWMS 3
@ =9 Fug= 71242 (18kHz)E 2338t 1.5kHz ~ 5kHz oo F=345 AH
@ PAAH FAA R} vlaLste] fFAME 2 A dE 53 g9l

® +48 g9 = 1.5mHE 7R (71 3.9mH)

® DC Link €8 A E = 71EH FAFE 18mFo = A4 (7]F 18.8mF)

(th A& 33
O FHA-Y 260V, =249 620Vdce, fs=1.8kHz, Li=1.5mH, Fc=18mF, 50% %3}

a9 19, Al EH ol A3 ()
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@ YHEAAL 260V, =AY 620Vde, fs=1.8kHz, Li=1.5mH, Fc=18mF, 100%%-3}

2% 20, AlEH IR (2)

Q YHEAAAYL 334V, =8 A Y 620Vdc, fs=1.8kHz, Li=1.5mH, Fc=18mF, 50%%-3}

19 21, Al Ed el A9 (3)

@ PHAHAASY 334V, =H 9 620Vde, fs=1.8kHz, Li=1.5mH, Fc=18mF, 100%%-3}

i
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© dHardst 380V, =4

A9t 620Vde, fs=1.8kHz, Li=1.5mH, Fc=18mF, 50% %3}

w H

1% 23 AlEH AT (5)

® PHaxdY 380V, &4 620Vdce, fs=1.8kHz, Li=1.5mH, Fc=18mF, 100%%-3}

(2 AlEdold Az

% 24 Aol A9 E(6)

= AlojstHAME St gHE Y AV]= 71E7A 9 50%H

U B2Ad43A ANE J=24A

(1) A=A

# 16 I HI R Ay dA=

AW E ] PWMF 35 1.8kHz=2 AdAstd 476 v =72 THDE 5% °|W

Aol s

g 3 W & bl 2
H/W &4 SVPWM IGBT I H 34 nEMY
1 ~ 60Hz JtHEA L, Dt =0k

3 phase, 440vVac / 118A / 60Hz

90kVA at PF=0.85(lag)

EHMY E 0 ~ 440Vac V/IF HE
g MY 620Vdc / 145A 2B E58Y
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(2) Q1wEl 7127
(7}) IGBT 4%
D AAYSH 242 welP A FHAFE AN,
90KV A=1.3/440V/+/3=153.5Arms

@ YFEAY A= 750Vde, =2 A4S 440Vacol 22 1200VH IGBTE AF&ahd Ay
9ol wh=H

@ TAIZH10%) HF-8FE F3tste] IGBTE 1200V/150AFF8 AFE 7H5 A vk ¢bA S ¢
3l 1200V/400A+ AF-&3+99 2

@ 71E4A ] AHEE 62mm 2P 9 thE ] IGBTE dESIY] do3 vl & A4

o] IGBT AA A=

(W) IGBT &4 A =4

O HZ EAE AL/ E5E 44D IGBTE o= &AL 3

@ E=4AAS IGBT ﬂ]éAHInfmeonM AlEEold E(IPOSIM) ©]-&

@ AAAHL 9OkVAZ 7HH(PF=1.0), FA AP HAFZ=)A 53

@ 400AF IGBTO] thste] &4 Ak

® &7]2%E 50T, Aol 22E= 80TE 7133 oA At 3

® QIHE =9 7EFXd] s3do] HQdEE PWM FIre 7|EY 5dS
1.8kHz= 117A

(th IGBT +=47A4EA

¥ 17. 98 EH3I 2 IGBT &2 A4HA

g 400A2 IGBT HZH¢2t / Fs=1.8kHz
50%S 5t = ~ &
- == i e
100%S 6 S ! _
i =
130% = 5} S i &
_.'.___.__:'_...'. — {i_] . i =
HAE4 50% 5 6t 100% <61 130% S ot
IGBTZ=AH(W) 34 76 106
DiodezZ=2! (W) 21 29 35
DEEA(W) 55 105 141
A AH(P.U) 0.52 1.0 1.34
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(Zh) EAAL 23

i —— GB T (W =il

isd —m— DIODEW)

06
Total(W) 3

AWEF-9] IGBT LA 235 Aefstd v 2.

@ IGBT %44 : &4 AEgold Zzte] m=d 44t 400AF IGBTE AL-&3 o
1.8kHze =914 FopFa e A s &= of 70%= o] s nygd
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9] Binary Input¥ 871¢] Output, Analog In/Output, Temperature =4S $13t XEE A ¥ 3}
= Aol 5A< AAo|t}, & FAlo A= SIBCOS-M13009] if-7]ed A48 ZREZS &
Aste] JEE REAYEA e 534 gr ¥ SIBCOS-M1300S 7IEstal o5 ASstes A

o] A&sle] HFHirolt)
* Control PCB SIBCOS-M1300 Technical Description, SIEMENS, 2006, pp. 6
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2) EXUE 2 A3
&A1 773 241, 3D Modeling A7, LES sy V) A BF VEEA HE
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71EE BAS 53 SIBCOS-M13009] W-9F Qg o~ T/ 2 AHAeS gdd 4 AN
EZS BN F Qe 7]

o EH{E MVB, 95 415 MMI 2 g3= Fo& gojsle] T2 EF
TAS AT 2o e V28 A= ofefeb o] 7]&dth

(7h A& &4 MEA(TCN)

Z1ate] AAELS AF MAE S A2 dd¥o] vk 19999 H=ak Qe o] 29
dd3E Tl M= ve AzAbe] A F A Fo] ThsstEs s, w1 A=l
Ab F# 2 & TEC 61375(TCN: Train Communication Netwrok, ©]st TCN)E #HZx A4 53
o, Jhtef o]l A& u = A 771 HAHE82005 )&= 2003 F-E 20061 7HA] F 557,
2008 el F=7F 28%F0] =f wlew, A Al R Alol= AWl gl

AW2ARE TCN 14 Aol deldd 71doir, tdatbgel e TCN 7]uke] A ofA]| 8 o]
AgHofdea FAsATh

() 2= W FAMVB) 7H&

A= W) %}t].(MVB Multifunction Vehicle Bus, ©]3F MVB)& X% on 1t 2 2} o
AGE 1] TS 98 Qe so] 22 TCN 391772 9l IEC 61375-2-30l <l 143} 5 o]
ATk A A" MVBY AE wfAlo] wE AP ofd Eeol #ow, s

EMD(Electrical mediun for middle distance)Z A}-&3tar ¢

AA

3 41. MVB A

7E ihcx
Network Topology Bus(Twisted wire pair) Active star(Fiber)
IranMs;11251on Copper(Twisted wire pair) Optical(Fiber and active star coupler)
Transmission EMD(200m), ESD (20m) OGF(2,000m)
Interface(Distance)
Number of . 4,096 physical devices, 4,096 logical ports per bus
Connectable Media
Code Manchester Code
Transmission Rate 1.5Mbps (Data Polling)
Response time 10 Us, 43 Os OJL}
Frame Size 16, 32, 64, 128, 256 bit
Error Detection CRC 8 per 64 bits, HD = 8, protected against sync slip

MVB &21¢] IH#Ho]~E fate] FAF7], Alzed, dolee] A% & 4, Data
Frame Format, &% "4}, Error Detection %2} < .7]5/‘}3}92331 AAA RS F&l A

datA FAsE e d=Aol dste] AU o= MVB Z2EZS 93 7B 7128 A 9
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vgolm, 19bA A& Al st d Agtolnt. ohnk o] % VA E = W49 oldlE F7] 9
3 fokste] W&S VIASIES gl

MVB #+Z4IEC 61375-3-1, MVB)°lA A 2st= MVB E#Hol~E 93 OSI Layer
Model 31719} 2o ol g dAg Hg& ARl Fo AA| 2o 48 Z2EF 4
S TP - glom Jo= folHE F-5AlT 4 k. v APlshd, A A B
EE FR2oA dlolE F4l, ¥ 2 AHYgE AAH AFEAA AT ANA AEeEd 7HA
ot &-FalakE dolgo] et A (ZREF )= A&7 A AeE oz o g
2} Y4 A o1& (CCU: Central Control Unit), Slave’d =] (IBP, SIBAS KLIP, SIBCOS %),
A, AEFA soz &85 5

S

Mr & e min

Station

Real-Time
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Clause

‘A link layer interface T wpid L L |~.~E
link layer adapter K:> i
— i management

©

[ maslevshxp transfer |<::> i
rnednum ailucatlon ST
(£ dic, svent, SUpervisory scan ey

link ccnlrol sEEniad

frame formats and contant i333iaL
frames and !elegrams Ei
oding, tin synchronisation e
redundancy handling k::> Ei

line unit interface e / TSI .
T FHFTEIEERE |

signalling
frame encoder decoder

@
@
©

““medium attachment unit interfacée

““transceiver m:sn’ace [ redundant line
{optional)

|Electr|cai Short ||Efe|:tm:al Mtddlell Optical_ Glass | Physical Layer

19 62. MVB OSI Layer (IEC 61375-3-1)

MVB Data $-52< €38 7], Frame Format, H©] €9 A|zta} & L& 9l &5
Al 287 dgE 2] 98t zy wAlS golslg )

it 42. MVB Data Format
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Mastor Start Dalimitor

EEDELIE '
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| undered
' e anl catucio

MVB Frame Format
Master Frames issed by Be Master
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La Encoding
S e e
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\‘ 2 ﬁ seguence d:llmirer
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,]_:.

[e) il
Z7ste] Algdolde Esto] HadAslen, #d AS I8t

¥ 43. MVB Data Format Al &d# o)A A=

Z73% Data Frame Data Frame AlEd# oA AZ(S) / T3 (el=)

& TL [off-tine] - [Waveform
System Jools Window Help
BE H[ 2] A B Bl 2w
@iien womaai T Aty 0F vaue || <L T

|II\IIIlI|ﬂII\IIHII\III\III|II\III\II[III\IIH|IHII\IIHII[III\IIIIIIHII\IIIIII II\|I|III\lIIIIIlIII\IIIIII|IIIﬂlIIIIIIIIIIIIIIIHIIIIIIIIIHIIIIIIIIII]IIIII\III]IIIIII\IIIJIIIIII\IIIIII\I
LIl L A AR

[/
g g e

Decoding Data ZZEZ ©lo]E A= Master Data F714 HAS-7FZ($) / S3 gk (o)
= hasic pedad iy trasic pf =
BT eT - Ppediodic spnran.c 4
ILEIEELS. ERAENEE HEEDIAIT phase phass
HIERAREE: - OF IEEEEE °“i 7 '||° Bl ?I:_"&l_.. "
evens ;Hc evants vt u“!'_ fime

tme da18 img
@ ECEY

GICEREIE
SIBCOS MIS00| 91 S st e, AGHS Fish Al 4gei el
qe sterstan Aelsg

¥ 44, 15 A9E 2] Plug Type Al (o)

Connector Name Description Plug type

- pinl Battery voltage negative

- pins2 Battery voltage negative
P - On PCB : Wago plug

UBAUBATT - pins3 Battery voltage positive . . .
. . . connector, 4-pin, 721 series
X040 (A9 994 _8Hdlg] | - pins4d Battery voltage positive
ol - On cable : Wago socket,
H

4-pin, 721 series
- G5X040/3 0301. 01

G5X040/1 0302. 01

Signal Connector | IN/OUT Signal PIN o A H] 3L AL &35 =
100Vdc_GND 1,2 0 DISC CAP, -Ue(bottom)
UBATT G5 - X040 IN MAX 65W
100Vdc 3,4 0 DISC CAP, +Ue(bottom)

A& FND Typesl MM} 9lom], mgsis 0 445 of 28 Aol g
371 1% SR BAE g AR ohes Lol Ase
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3E 45 MMI 2357 =(d 5 24)

* MAS = Fault monitoring by master controller
x* ESPI = Intelligent IGBT Module
* MMI = Man Machine Interface

Code Description H] a1

xx01 MAS:ESPi  Fault
xx02 MAS:ESPi defective
xx05 MAS:ExtInt-fault
xx06 MAS:Contactor fault

(4) SIBCOS®9] #Fdl 753 MVB #4%x] 7| (SIBCOS Signal Analyzer)
(7} 7R A

U BAol @ HE AT W ZREZ(MVB ZR2EZ, 95435 MMI 2g355)0] st
o] ‘64%}@ 2 eHF e e Aol Bastglom 71E] A8 A

D &40] O:ILQE e D ZREFO TRV B AYFFol AAHo|A] & Ao
HE AZGURE AFEo] ogy] W o]E NEE Bastel BHF & qlo]ord
@ A s=gofol Zj;%”?} S/W i Z4
@ N A% BN JFE VA BEF 20 EE BE} I
¥ 46. SIBCOS Signal Analyzer & 7AM, A2 2 &8
Packet Analyzer 7|5 A& Packet Analyzer S/W 2433 7199 7124

SIBCOS Signal Analyzer7f &
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(th 74 2 ALY

A #F-2 Main, TOP, MVB Board= T4 =™, Alo] 2 A2]& 9} PC & (Conga MA3)
= AH&eksith PC 252 Main Boardell §Al= o] A5 2 ZREZ #4]o #dE AH
o2 Aol 9 FAZ RTINS FEst=t ARSI X IF H o2& 95 F JHe] BoardE
Ab-g3ted o Digital Input®} ADCE $3F TOP BoardQ‘r MVB Data®] dAHzg& <93k
MVB Board’} 9t} A|F<] A5 PC 89 A5S /iy, VOE #4o 875 AY
oo we &8 5 e delA A ‘E&Oé—‘o‘}ait‘r.

A7 AE 74 2 A

SIBCOS Signal Analyzer 74
Cnny MA3 H/W s/W [ gt | s
— = i I i e
e T S et 1 16 Snuim ata Swragh)
im i quch
— [== R i
Ty B ]
= I = =
| = i | Mie
MalfiBoard Lo ol sy
| (Processor) W ... -
_MVB Module

() A L A=
O PCB

& 48. PCB ®&= A%

Main Board TOP Board MVB Board

@ < 3H(Case)

£ 49. €13t 3D Modeling, 74 % 7|%

3D Modeling T4 2 7%

@ Assmmv BRACKET ® near cover

No =4 A=

@ coNN:cmn srAcker ) "‘W‘ i
1 | ASSEMELY BRACKET 28 W oE £
2 JONNECTOR BRACKET ol ARG MY 2 25
3 | LCD BRACKET ASSY : YA G
5 | REAL COVER Bl 4% Ay
D BARCKET S —_—
o S50 COVER =l J
{7} ssD ﬁum!:s«kl

8 HEAT SINK
@ wo nncxn ASSY

@ssncwen
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() Ag ZEaY A D BHEE
xa%ziz%lg PC =] OS(Windows)ol H|s]v], <pal 43 s 284 22 13ie]e,

7hekE SIBCOS Signal Analyzer+ Sniffing 7| o2 A& 3o Fa&FS T2 A A<t
F IJE= 33l o, Digital Input¥} Analog DataZS 413817 Y& #4] E<lE9l SIBCOS

Signal Analyzer AFe]ol Connector A|1& Al-&38te] dAAIE Al &85

F50. A8 Z=a Ul 3L A 4

SIBCOS-M1300 Sniffing @2tA18 T4 | SIBCOS Signal Analyzer @A E FA

vk

2. RZAAZA BAA7 A% L B
7F AL
(1) 7|4

of Aoy7)ell deeta FeAloj Al } O?L }” THE “0‘} 5 UﬂOJ%T(MISOO)% A=A

H
DA ANE=E EA o] e

(2) &7AH

) TFAAGH Y} REALAAH] 7He] FA QEHFH o] A(MVB) 32 A&
() MEE REAAGx] Aoj7]eke] T4l Qe o] ~(RS-485) 3= A&

(th) 414

(ZH) PN (REzHLEA oF) A S 7S Xﬂw«] ﬂﬁ]ﬂ s34 SR

Y. 748 L A%

(1) 715, A2, A=
29 2xes 1
2o Al RS-485 W S
s HAAFS A& u—o—i’ﬁ ﬂ?ﬂi‘: 29 9o Aol dAukAo=m JfAEAS
MMI Display ®21S 7]£9] 4 bit LED|A 20%#4 Character LCD® H}ito] &2 Ae) 7

HAGS g840=2 & 4 dArh

182 /5 HE 748 FUdH, 27158 A 24

¥ 51. SIBCOS-M!300 4 2] H]
NEE FA=E AZE FAE AAE FAE

TITLE © SISCOS A1300_ Mo Soard

TITLE  SUBNCOS AT 300 Ak AT
ooun oono oono Co06 CO0O DO00 GO00 COO0 - " 5
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3 52. SIBCOS-M1300 AFeFH] nL

. p A F
B = 7NEFE ARE A AE
MVB 445 Mbps 15 ERS 5
MVB Alz1d g 2 Manchester Coding H= =
MVB =Zd¢] bit 16, 32, 64, 128 or 256 RS B
MVB 1 &F7] ms 1, 1024 RS B
MVB ) 2 - Shied Twisted Pair ERS B
MCU - SAF-C167/20MHz/16bit STM32F417/25MHz/32bit | STM32F417/25MHz/32bit
2MB Flash-EPROM
Memory MB

/IMB SRAM
LED Display 20x4 Character LCD 20x4 Character LCD

MMI Display

(Four-digit alphanumeric)

Display

Display

Interface

RS232, CAN, MVB

RS232, 485, CAN, MVB

RS232, 485, CAN, MVB

o AA R A
(1) A7 3wt

AP A7 B A

Z)

&

gt om, ¥ Ao

(7}) Input & Output 3] &
=
[e)

71EE9 =gzt

o7 W7

S A AE Vs R ASAE A
ek AN S obei & el Al
LR
o)

2] 3l == Input & Output &

¥ 53. Input & Output 3| =7

ol @ Aol wE w g

=
=

wad

LR

WL LWL [
 ali= wils Siiz iz SiE]

IR IR NI,

(1}) MVB Control Unit(FPGA) 3= WA}

5}

FPGA A2 719 Cyclone 49141 H<olo] 73k MAX 1002 WH

¥ 54. MVB Control Unit ¥ 7

MAA LR R
;;g i B » :
(t}) Analog Input & Connector 3] 2 7 A}s}
Analog Input 3] 2% Op-ampE E3A +/- Level 5 91 & A=S AA5H oM,

9 32 SIBCOS-M1300%} £ a7 87
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¥ 55. Analog Input 3|2 W7
=

il )

Analog Input 3]

(2) PCB

3% 57. PCB R Azt

Main Board Power Board MVB Board

(3) ¢1%&(Case)

3£ 58 93F AA B oAlF AR

UAMALAARRN Y RAMRLYAAN
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ol

g Z2EE B4 4 A
h ZREZ 34 32 45 s
717132182005 ) 2] SIBCOS-M13009] A&¥ FANZZEZS At /fdE B2

ALFA7F 71 A 2~E(SIBAS32)# %8t 7% s

o

L

BEAAS MVB 541 ZR2EFo] 714 =& S0 2 sojostm, -9 5 A
oo B4 9 AEegt MVB 24 TR EZS (W7 24 & Bxdddx A
AN 2E T FAAHA W AojAdAE L85t A s B0 F1E 27 H
=3

£ 59 24U e
i e 3 E4 & ENEF TE Hx
NEAR AE o
MVB e 197714
BEALDANRA | oy oo e "
(SIBCOS-M1300) | ' ZEEZ 2 i
_ BEREEE
L Al
s CAN Z2EZ At

- Yol oo HoE HEAYAAE 7oz g
- W& SIBCOS M1300 to M2000(CAN), Temp Sensor(ADC), MMI
- 9]%: MVB, Digital & Analog 10

@ B 8%

BAUNEE 2 MVBE X368 91945 243 Qs $Hor TRun, 2 5
B 3 ARE olstth mebd oW shibe] FAsh shte] BAMOR RNERE 4
571 olel St FEHE BES Felvo] oldsh o] Aesialr

SHASRARANY] HF

gebdl VeE AAAFE F&l dBvlwel I Salvlely | Al@risk VERS At B4E ZREZS AFee]
o] gk g A5kl dolHt st TRES Y A B REAZI(CCU MMD 9] stiwists Sa 45

AFAEY A E As

A@71E F38 SIBCOS-MI130001 &%l EEe] & FAs | 44 paRA A HFo] HA G AE(WHAE)
&l ] <

2
oo
ot
_(‘>L
e
N
tlo
L
A
=
o
n
2
=
_?L
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(th) &A £4E5
@ MVB Port #4

MVB E4li4 Al Az o] F7], o4, jJrsﬂ Data Frames #4]3led MVB HlolH &A1&
e 7IERE Y AAlE A7) 71 8Ak 4 MVB 4l HlelHE A5 5 e
i A= e R B o A B e s %_‘—44% < MVB Port £4}°|t}. Porti= MVB &41&
s AYAAE T F e T AEIEE 24 g % FGAI717] 918t AAFA
g A AATES A7 FElolA MVB 54 Port(MVB AYE)E st &Aske] o]
& $-FAlsHA] g XEE o} 9% AKX XTEYS ABRH SR AT F Y F o}
ATt ofe= A Fobd MVB F4l A" Port Xqﬂ ot} A3 LE F AUXI 29

¥ 61. MVB Port 74 A<

MVB Port 74 X437

Port 30 W 16 6 a a k=] a4

Master Tl TCN Response Response Response Response Response Response Response Response
o Folling List Gateway
@ MVB Z2EZ &4
AAg MVB Portell @@ st= Datas 7| Fstal 3tH S = A5+ Portable MVB
Analyzer® AR 3l A5, A5 tolHE Z2EZ &S 2483t Data
Format®] @ej= ofefe} o] Aejsto] vt 718k tt
¥ 62. MVB Z2EZ ¥4 A1)
Data Format
Device : AUX11 (Class 1 Device)
F_Code : F
Address : HEX = 700 DEC = 1792
Slave Frame
Byte Default Bit7 [ Bit6 | Bit5 | Bit4 | Bit3 [ Bit2 |  Bitl Bit 0
1 00 Class 1 Device
. A . . - A
0 00 Line A o] & Line A A A= Aol Reply %ol A A=A =054 au] A2~ El
S g N e "1 "1 "1 - , "1
el "1 o "1
MVB Z2EZ #4 Z4 4§ F§ AUX Power On
ZTZEFE
F-Code Address Default Byte R mhs
4 029 4500 29-28 AUX1, PWR1 ON g}E —
4 02A 4500 29-28 AUX2, PWR2 ON m

¥ 63. MVB T2 = 24 A (2)

MVB Z2EZ 4] 243 y& 5 %‘31 Fo A7 g, 98 Set
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@ ¢ ATEA
MEE B2AAdGR ] Ao]75S st SIBCOS-M2000S A= 7fdkslH Al M1300 to
M2000 E21¢1 CANel| 3t 22 EZ S B4 o7t glojx o, RS-485 T2l o2 thA
Z

= Digital /O¢F A% =4S 913 TEMP Sensor

e
W BEAdddA Wiel 7les "gAstEA Aol 2 Hols

SIBCOS-M1300°] e ® &5 Character LCDE dAA| 8t 7|55 3tH, 443+ of g

o 2

MMI A z= EXA37 =

* MAS = Fault monitoring by master controller
* ESP| = Intelligent IGBT Module
* MMl = Man Machine Interface

Code Description Code Description

xx01 | MASTESPi Fault xx25 | MAS:Operation without MVB

xx02 | MAS'ESPL defective xx27 | MAS:Service-Operation

xx05 | MAS:ExtInt—fault -
xx06 MAS:Contactor fault Xx33 ESPI:Program _fault

xx09 | MAS:Precharging fault xx34 | ESPInew SW

xx11 MAS:Plug-coding xx35 ESPILController Area Network-fault
xx15 MAS:Temp.of controller xx39 MMI:delete

xx16 MAS:Temperature detection xx40 ESPLfaulty

xx17 MAS:Overload short x4l ESPLlocked

xx18 MAS:Overload long

51 | MASP Fault xx42 | ESPLPWM Faulty
XX ‘Program fau .
22 | MAS:SW-Reset xx43 | ESPI:PWM locked

<x723 MASnew SW xx51 MAS:Fault main contactor

xx24 | MAS:Controller Area Network—fault xx52 | MASFault prechanrging contactor

u, 2ZE Y o] Q& FA(SOFTWARE REQUIREMENT) ¥ TRACKING ] ¥

Identifier main
Function Aol WH AEZF9 %735 F335}al, RS485, Digital_Input, LCD Display, MVBEAI & 53k},
Identifier RS485
P . dxpo] FdAAFA(CCU)ZFE =218 MVBEA HolHE HXAYFAZE A3
anetion HERALYAZYY 4 ¥ REA9gAe) JUE MVB $4¢ 9% w2 Agud.
Identifier Digital_Input
Function OgAg 18 2E9 g ¢olA REHAYUFA 9 IDE A Agt
Identifier US2066
Function Character LCD Display°ll 3t FAE 3t}
Identifier TimerInterrupt
Function Elolw QIEHE oWlEZ} #AHH MVB id Check, E 92, LCD Display ZZHAE &A1t}
Identifier PushButton
Function HE 989 #&E oA ggdd et 715S Sy
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Identifier Pcl104

T Gape] FYAAGA(CCU)EFE 418 MVBEA HolHE REHAGAR F487] 98] HAZ A7ggr)
HHCHon BEAYGARRY 54 9 nzA9dAe] Jus MVB 102 $iat

Identifier RS232

Function Helo] Z2 WS Jdo]Egit)

AXE o MATRIX

Firmware Rk Remark
s IR RE R RE RO 9980 v
0180119

Hlo] Read Protect = F7}

SIBCOSMIS0-al2 | | ) 5w w4 gz 14 471474 A Qo=
0180208 L
MVB Watchdog 715 F7}
1B 1 1.2 -
slg(fz?;’—M S0-AL2 1 B Watchdog 7% 244 14 A7 = 19 wastel 4 Adols

v}, MVB Conformance Testing Report
MVB Conformance Testing Reportt= X ZHAQAA=2] Falx|ol &= (0]3}, SIBCOS
M-1300)¢l #-8-¥1 MVB EMD Typeoll tiate] #-&stH, #1242 IEC 613759 Al 7714
¢l IEC 61375-3-1(Multifunction Vehicle Bus: MVB)| ™3 ConformanceE E|~E3H7] ¢
sk 421 IEC 61375-3-2(MVB conformance testing)oll &l Aste] Algdstdtl. A 7] 7] &=k
82005 o] d8¥H MVB UEY Ze Uste] % -5418= HlolH Format, =24 Z % uj |
(Electrical Middle Distance) 2 2S5t Aol tisto] 14 (IEC 61375-3-1)& ®F<5stal o=
ghelal gl on, SIBCOS-M13002] MVB UIE = H&ES 9938te] MVB to PC/104 R3]
E skl AFol A& ST AlE dld> MVB to PC/104 WX 71 £ 4 & ol A
o] 714 & wEsl=A 9 3] BOMBARDIER Alell Conformance testing< 9] & 3le] A&
= APsideh #HEAAE A= et 2
= [EC 61375-3-2(MVB conformance testing), IEC, 2012
= 3EGM007200D3780, BOMBARDIER(Test Specification), 2014
= 3EGM007200D1408, BOMBARDIER(Specification), 2016
TCMS Level 1 MVB conformance Test Report:= o}z 2t}

Test Rasult t'
Mechanical construction / electrical design passed

DSW response passed

EMD signal amplitude passed B
EMD signal pulse width distortion passed

EMD signal slew rate passed

EMD signal end delimiter passed

MVBGS1 — MVBCO2C interoperability test communication possible
Powerup / Powerdown behaviour passed T

| Line redundancy passed with comments

Long term test with Bombardier test system | passed
_MVB interface isolation test | passed

A}b. Software FMEA
REZES 0] o7 HA A gt A %@uj”]' FMEAS] 8 dx2 #d 74(IS05)el
weh 7lE A sk Al wEgske] b el dad AoR HY.

ﬂl\i



24847 FaA0l719 AY 2 97}

(1) A5 A5 E
b AARAD kA

AP e Fuo] wep Bt WAANE EMC AFor TRIFOM, AR7IHe
217 88 el £, A 219 D097 KOLASAA AR J13ho1] 8
st o KOLASSIFS Wkt SIBCOS-M1300 7fukszol st Axlat A Al e & 2
Aztel] thalo] 7]& ).

O{

%65 AW AA E e

3= FASG HAAE a9 A H] 31
7171 SIBCOS-M1300 SR
Al g
- =ddg SIBCOS E S
5
ANzAT N/A N/A
Al 717k 2017.08.31 ~ 2017.08.31 2017.08.28. ~ 2017.08.29
Alg 7 e T2 3 AL HE]
AN KOLAS KOLAS

[e] =

NS A 457
Aok A G4 G
1 whder WA IEC60571:2012
2. A=A W) AY CISPRI11:2015
3 A sl A" CISPR11:2015
4. A7) A WA E IEC 61000-4-2:2008
5. WA RF 274714 WA A9 IEC 61000-4-3:2006 +A2:2010
6. 4714 e FEAY / MAE YA IEC61000-4-4:2012
7. AA WA E IEC61000-4-5:2014
8. A=A RF 24713 W9 IEC61000-4-6:2013
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b )&% uhe} o] FAANEE 98] T304 7] F(KOLAS)| A Feld A% 7| gkl A
; 94?46}04 {182&6}912“%, AR G FANTYAAE B 25 A G

32
_ﬁ
2 =
k)
> ©
2
Lt
o,
r_>4_
N
U
J|m
oX,
2,
=
o
oX,
olr
o,
> T

67. AR A Y T4 WA A A

FHE HAANEZAHA EMC Ad43A

e ws SHEY BY EENAT RS

WEESE T St

o : v
B SRR "\"'- In--\— PET

kv
f
N
o
o_>|4_‘
A
of
S
2
~
o
~
{
>
"

=
6}04 ZREZ @1 7]%% sa)ala SThe &

i

oo
BN orfo

2 FAE duh ANEE REALFNE AT CCUL ANz E walsta
ALEA ] 7S FAste] ZATSATE AT F A AEHHWRADE /NEst
ZRAPE T MNEFE RERAAGA 75E AE B AT

(1) SIBCOS-M1300 A& 7] 7
7hH MEAL
HEALAA ExA0]dxd W Z=(F-Code)E £218t1 SH(ACK)E oS 4 9=

e A=A 7

=
T
=

5)
(b T4 2 AR

DO AFEFAL AojFylel MCUSH MVB <l #H o]~ Digital 10, ADC, DAC 3] &,
LED&LCD, A9z FA 5o glon olzfel 7},
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¥ 68. SIBCOS-M1300 Al&7] AA = A2 A1

SIBCOS-M1300% Al@7] AA () SIBCOS-M1300 A& 7] AlA#

/\E] =
NEES 7 sAAE Fadsted FE7t gl s 2 IHHe]2E BHirsta dow, A4
AadddA N SdEAES FHst=d ZAfle] JAAsilon, MEE HEddgdA ek
T R 2gAE oM E 2 olpflel st AP A 2FAIEE v
e g4A B e d Y 2AANRAE AAH e Sl vk 7iEE SIBCOS-M1300 Al
7= +F &3 AFe 21 A AEEER 28T At A4 R FHAHA W
AR HES A R 2FNEE T ATl HFEE
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A5d dAAAE
1. dxAE 7l=HE 2 49
=7} R&D A&7l d A T 7] 71 32H82005 ) REd 9] 483 7
A HE AE] ATH dAAYE HE 2SS AT NEE A Ve A4 2 dE3
e dAE ARSI, Ao 8 A FRE e #A-d AEES wpstaAl 89l
7t BRANE VR E

(1) #&27

- AR REaAse] T AAA ALRZE@AA D) (A EFA- AT Ul Al225)
- AEIlEAdTAY el AFER)(FFHEFAL 71EHATH-594%, 2016.03.)

- @AY VIEHE AR AE(e]F4H EK-17MC-09-P54-005, 2017.10.19.)
(2) F2A+3

- AEAF AAAY 2A wE VEHE A5 444 3 B

- HE s A i AN IEHE AR 2 2 HE

- AA A A Y e AR, A @8 ki gR g AR R s e A
- A4 2 FH AE Ve 444

- A Fed R AR 9% S8 e A 3 3 e A9

% 63 @AY VeHE AW
£ 69 AEAF A VEHE

8 MESE e EEE e
1 SAAIE A EHAM M | 12 2E S LA H &
2 HAA Y HEAM ” 13 FEE List ¥ Datasheet ”

3 AAL 2 Al A v 14 Aol x| &AM ,

4 SEAE HAN , 15 s2d =9 ,

5 HHAE HAM v 16 7| A =9 ,

6 HHAEH HM (2A) Zololg AENEA ’

7 EMAIE BRI X & 17-1 5 & 24 AEgHNM 4

8 SMAIE 21M () | 17 [ 17-2 DpE et AlE A A y

9 HI14A 4 IISAIE H g A 17-3 FA7| 8 AEHEA ,

10 A = H & 17-4 3% 23l AlgAHAN ,

i1 HE 7S AN , 18 SAAE SHZED !
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3. AR Y Ao

d

(1) A=A Ao A7}
~ ARE ZIIR&D T B REALAR] L8 A A A E
- A A7k FEZFQTECH, AEA G EUAA)
- taAbEE 82005 ] A7) B, X5 8280%)
- AN xs FHEE AHAFEA A
- AN @A AR FAG (A A/ THALH), SHAZ(BAANSH, d9LH)
- Al AAAY ) A (FHA S, 2AAEH), 934
a9 64 AXAIE A 7] 7] #AF 8280%)
F70. NAE AAE 7 7@ ETAF T A22F)
nr zoy V AdA gk ? H2pAE 7| 7 Y
2 = &t A2 | 242 | 344 | 444 ng)
O O O O O -
M FEAM
1) HZ ZQ5 : A - ARSI} obMof XAl st n|x|le ERE
B - oMo 7™ Hste o|xe 519 = 2=
C - oMol ¥&e o|xx| L= 2ot FHE
2) AR Azt Chst ERME of Al
of) 2-012 : 2HH  0{E-7/2-HS : A , IE-HS : 3AH
3) HAAE 7|2t2 =oo wal SUAHE 23] oMoz MAE £ Uch

— T

® 71 AR TR
ojol e
%-IIAI'/Jc(;I&lIAl?z'.I FUAI2H BEMA2A HA2H
= (4A=, 60,000Km)
18 14 18 14 1714 2b2 A| 7} x|
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<
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47152 E9 Fesac

(A4 FFE) 2018-04-11 10:34:20%7 H
-(RTD) 2018-04-11 10:34:22%710:36:477

FIEot FA B %

Z= .
RZEHAEY] 1.2 7504 7 F 43714 1

@5 K3 2= e W 3
2018.04.11. 10:34:20711:11:17 20 Communication Fault AUX12:STS(Port 420)
2018.04.11. 20:47:31721:26:09 20 Communication Fault AUX12:STS(Port 420)
2018.04.20. 15:10:05716:18:42 19 Communication Fault AUX11:STS(Port 410)
2018.04.20. 16:18:44717:20:47 19 Communication Fault AUX11:STS(Port 410)
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STS(FFE 19/20) 43] EA F 2AHGon T2 3] AUX11/12: no availability after
switch-on(ZLFF = 234/264) =3F A & AAEHS &2184

R SR EEHEEE LD G @ BE Ergeh -] 2
RecNo | CarNo | CodelD CodelD | DateTimeOccUTC | DateTimeGonelUTC

1199137  [a2080 |20 Commurication fzult AUX12: STS (Port £20) [ 1170472018 10:34:20 11/04/2018 111117

1199143 [e2080 |20 Communication fault AUX12 STS {Port 420) [T1/0a72018 204731 [ 11/04/2018 212609

(1199148 [g20e0 |13 Communication fault AUX11: STS (Port 410) [20/04/2018 15.10.05 | 20/04/2018 16:18:42
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[01] 2018-04-11 11: ZIEI SYS_oO0l SEQ_75v0 FLI_O000 Dlo_1504 PTH=0194 _
[02] 2015-03-31 14:-40:51 S¥5_8021 SEQ_7700 FL1_0000 D1 o_1504 PTR=0054 ACY_LO
[D3] 2018-03-23 05:10:00 S¥5_8021 SEQ_75Y0 FL1_0000 DI0_1404 PTR=0393 ACY_LO
[D4] 2018-03-13 15:24:33 S¥5_8021 SEQ_7500 FL1_0000 _ DID_1504 PTR=0425 ACY_LO
[DE] 2018-03-08 11:12:01 S¥5_8021 SELQ_7770 FL1_0000 FLZ_0004 DIo_1504 PTR=0294 ACY_LOD

99 79 nEALFA QY 137)%
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el FFNA BY F4e A $71%< selstgch AR

ol
o
Rl
W
1o
i}
=
oo
5
k]
Y

O )

[} gl
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@ 247 FE 1744715 (CCU DATA) Bl &4

Rz AUX1/2 $4a% #+d A335FHCCU) 137 5S ok 2" 2o,
2018. 4. 11 ~ 2018. 4. 2074 Rz AUX11/12 Communication Fault AUX11/12: STS
(F3E 19/20)0¢F sLatA 7155 Ao

Bl D G| 1= e

CodellD DataeTimeOcclJTC Date TimeGonaelJTC

Commurication faul ALIXTT. STS (Fort 4100
Commurication fask AUX1Z 5TS {Pm A20)

1200310

9/2018 172857
- 1200371 L;

TA/05/2018 17 55 a4

e availabdty afer swich on 14053078 17 85 44

a9 81, A STE 17 =5(8280%, 2018.9.14.)

(th BxAY AUX11/12 A1 ZAF A3

HEHd AUX1/12 32142 4119 2 4209 Hx S, g4 18-S 9
el Ao dAtde) e 83 W Ad7A Aststo] A (9.149) sk ApFe] vbS-}
A FH 1AV EE Hx gy vl

WAA A, 2pe] Ao ddmidg])e] 53VE st Al BEHAEX 7 A E AL, 37V
o A SIBCOS ¢ o]/fo] &tAstl o, Hxxdd AUXL/2 AL (g 19, 20)°] 2
FAFFHA ZIS5H AT ook A HE 1 FAIY ARFAR VHS BHAAE TAIS

AA
FH 27 ES gl A9 Rxdd AUX11/12 & 21l
9 T 63 HA o7 Ao AV S I Hx 1%

qhebdl, nE A AUXILIZ 5434 HAAe A Ao ae(sale)) derel w84
Zatel wpE Aoz moln, o= ALEY ool o3 o] opd Ao Bty

FoTo-0014

FONROE 14 77 S AT T
FOIE-05 14 = Foaon 1a

Foia0s
201805 14 7
FOVE-04-70 7
S01B-04T0 77 4 TEAZ
SOTE-0S-11 #7 3 26:05

1200310 | s2060
V100140 | Bsoun
1198148 | 52080
Ti9e143 | Eroeo = I AL ST S (o 481

= RO T STS (Pom 450

D7 H(REHAY SAa%, 2018.4.11.72018.12.01.)
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o] BAL L7 Bk ofe}t AxGANA BE Axwle] A FHFET
Fotoll S FETuge Oﬂ%o} %?@2& &7 gk ol E 8l 4% 4 (Reliability), 7H&43
v) 2 b (Safety) S 7]HPOE & AT Aol H A
s} 9o 7] gt OME} #E A2GA M2 FHstolopat o] & & glr}
o2 98l 4ol A= IEC 60300-3-3 FAS AR o, %%’é% 2+9] A F(UNIFE) &

AEAde] g8s e wHo A= #d7|d # 7]de 422 UNIFE-LCC 97 1%
S A4t LCC #d A7 258 S5t vk vsolA = SAE ARP 4293, 4294 714 3%
NASA 17 55 AAste] AF /A 2715 H LCC #4415 a8kl vk
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Ry
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2. 7f&E LCC &4
7b. RE2A YA PBS 4
BEALAA ] 13 T ol A7 S w Ao 2L dujFoz wA 7} 7}

T FAFOR NEE PBSE U 2ol BReA

‘ 820060y X7|7| 2}

EEI;_@:“-;‘ .-,t.:_n:m;lma_-u l j'gii.;t: ” i‘.l)'c'vlllli\!§;).i ‘ 115-3-;,'15 H -’-‘-%!if;xl ‘ i-’::fjiﬁ;xl [ *?I'IT'-IL".—.“--'I ] Level 1
| siecos |
-—-| PWM B8 I——-—{ 1013 } I IGBT HZ EAUEY u}—f""l';ij;_"_ "'“T
—H  eaus }—*{ ruse | | 724 }—-{ 2zua7 || a7leung | lawms s
_<| s3s2 i—dﬂ{ PO ]I I &3 FayAlE }—{ sux3y ‘
_...{ el g I_...._‘ = ¥l |
Level 2 Level 3 Level 4

4. A4 BEE 3 ngFERHe BE 1FEG FEFY

PWM HH2ES AGWAFA L Aoj42, 48 £AIGBT), FLAFAA, 2L AFAA,
s ASAE, DC LINK AN HE o] Foj4 gom, 2} T4F 5 st o4 mido] ua
a7 Aok 4ber 299 Beow qld AwE B2 AA T B AU Zeste] A4
A" FS FUE 5 o97] Wi A9 Fxo RBDS FTE T4 s

3 Input Qutput , .
Catml-af ; IoEF t—  Current —» Current —9 'S”b?" — B L{n :
Unit fimelude GDU) Capaciror Capacitor
Sensor Sencor

18 87. PWM moduled] ©3 RBD

PWM module malfunction
Due to high temperature

/)

[ | I |

Fails to control Failure due to Current Sensor Current Sensor Failure due to Failure due to
The processor overcurrent error error Abnormal voltage Abnormal voliage

Output
Current
Sensor

Control Snubber

Unit

Capacitor

FR = 201455607 FR = Q04366507 FR = SO743E-07 FR = 16237707

1% 88 PWM d# s gk FT

FR = 5.25569€-07
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X 7 TZF I1ZE a5 H
Item Description Q'ty (Failure/hour) | MTBF (hours)
B2 QA=A
SIBCOS (FAlA| o] %A]) 2 1.08573E-05 92,104
PWM HHEE
A o] 7 =] 2 5.25569E-07 1,902,698
g 42 (IGBT) 10 2.01204E-07 4,970,090
A= A FAA 2 2.01455E-07 4,963,881
=5 A FAA 6 6.04366E-07 1,654,627
U AAYH 10 5.0743E-07 1,970,717
DC LINK # 3 A H 32 1.62377E-07 6,158,489
3=
FUSE 2 6.34515E-07 1,576,009
FHZ7] 2 5.41758E-07 1,845,843
BzZHZ7] 2 5.41758E-07 1,845,843
Z71 5 A g 2 2.00952E-08 49,763,066
A2y 2 HE 2 3.81237E-08 26,230,402
=932
== 2g g dH 2 3.81237E-08 26,230,402
=HIEH AT 6 6.02857E-08 16,587,688
=HZE A A E 6 3.04458E-08 32,845,276
=571 1 1.50626E-06 663,894
o dE LCC 4 23
SRR 1SS 98 A os fFART) $Pol A0S wro) BASdon, BA
RS AR H S A -GSkt o] W HE7F ¥ A EA4S 7H- O whek AFS A el ES
Ao, 7| A Foll A AT AFE A &2 45%E Wbk 1A Ht U
Aee neste] 0oz AT Y AAFFES L FARS AL FEeo] B
q3kgct,
(chel: H 2l
o T FEHIE e O 5} B ] L
29 89, dxo] wWE LCC ¥ oAun] F2-u &
9l 29E dxd wWE LCC ¥ dAnH] 74485 YebdTE 15dAHH 18 Aol A

Aol whE WA Z dgAn] Hgoll 71Q1% . o] o]



3. 17 BA 9 LCC Azvet
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