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Abstract

In response to fossil fuel price hikes and global warming effects,
governments of all nations are imposing increasingly harsh regulations on
carbon dioxide (CO2) emissions. In the future, development of the railway
vehicle industry will certainly be geared towards sophistication of
technology products of energy saving vehicles and components. Vehicles
with low energy use and low pollution emissions will also be an important
direction of development for vehicle manufacturers.

On July 23 thru 27, 2012, Taiwan Railway Administration (TRA) was
invited by the Japanese Foundation of Development of Overseas
Industrial Talents Association to attend trainings on energy-saving
technologies on railway vehicles in Japan. During this time, participants
were able to fully comprehend the power and applications of
energy-saving technologies for railway vehicles after visiting
railway-operating units that apply the energy-saving technologies. Since
Japanese locomotive manufacturing has been actively developing new
green, energy-saving technologies, this trip allowed participants to learn
of success stories of energy-saving transportation system and apply what
they’ve learned as reference in drafting relevant specifications and
energy-saving lighting in vehicle maintenance bases and operating
stations.

Japan, like Taiwan, is an island nation and faces limitations in
geographical environment and natural resources. Thus, development of
environmental resources has become her one major motive for economic
development. In addition to products in the category of railway vehicles,
application of energy-saving technologies in other daily life commodities
is also rather advanced. Japan has advanced energy-saving technologies
and leads internationally in efficiency on energy use. Therefore,
energy-saving technologies and experiences have become a unique capital
for Japanese companies. The objectives of this visit were to understand



and learn of the direction of energy-saving development, goals and
methods that the Japanese railway vehicle manufacturers have regarding
locomotives, and discuss the benefits of energy-saving improvements on
old vehicles and stations.

Keywords:global warming,energy-saving vehicles,benefits.

— - BirE

o BRI SRR an DR AR B AR - SRR TR %
SrBE (greenhouse gases, GHGs ) JRIERIEFER > DABCRIRZH SRR - 4T
FAREERREIRERES - BRI ARG T - ARG n = e - §ikE
MRS ERKERRNENTIF o Nt EREREAIR - R HE
A | H R e S A W A SRR B o A BTRE TR 1l e
Z Ean EIARARHS - DUR AR ARSI M RE (] B AR ORUE Bl 2 B - 11
FEILEIR A Z TR R TR L T

=~ RiRE R RB E SR EUiT

WRHTBIR- EI A » BHNATE 2 MBS » o5y MRS R - Tt
S ik L AR A Z FT R TR 4 - IR B bl » RN
AR —UIAE AR RACITER - AR - e R S AU B
HREHERRERRE 2 - TSRS 2 (5 o REP
IR A L 7715 - T A B S A R > (TR S - B8
AT -

2.1. KIGREHE

il (photovoltaic, i PV)EFI - SHBHARHHE: - D A&
E B R AL » S F WP APV RIS RS » BRIt
AR (PRI o150 1 Tty RO LA it
% - RMEK RS R SR » DI IR S RSO £ T
SCRUSRRE S > S LD T AT A By H A PR R 20 A0 8
e BT -

O BEABEL

PSRRI SR A AT oy Ry BE Y BA 2 S0 A - EIeR(ESY
FE12 %~17 %7e ks > J& HATKIGRE A ATSAY LT -



(2) JESY R

JEdi AT (@amorphous  silicon) KR5 B ZFREE Sty KiG BRI - &
FERR S B 2RV BRI - B H ATERVSEREYE - €510 %~11 %754 0 H
EAENDCTEIRME - NELE PR ARG A E8 % -

(3) Cu(InGa)Se EACdTesHfH AL5 M

Cu(InGa)Sex KP5 8 A 19704 A H H B B B == 2 f2 » CIGS;Hif
R SRR - W B AVE AR RS EM - HAE%
BUMRR SR b AR S - B NERE TR RERE T E#L9
% » KEREHYRELHRCAS AT E13 %

HIESh AR ZRA G LR AT TR SR HEEIN6ZR K
Pohe S RS 2 rE a1 T E B - MR RS RERT A Z I JHEIE R
AT TE R BB EN B R R A > DU EAREE & - Y
HUERHERIE RIS - H AR RE RS % T ] LLES & 2 i 55
ARV RACE R RE LIRS RE B U BRETR R EHEAETRIEA -
A T EEAE R LI HY FTRE - B ] LUR DR & ~ e 2 R0 54
LUK B FTig iV BE R ~ S ERBR(LEIREE EAVRUR -

2.2. k=[5 EBE%(PMSM, Permanent Magnet Synchronous Motor)

KA EREE(PMSM) - [EE3R (CERIEET ~ BT T-HiMT ~ i
BRI ~ ABERRHEIT ~ ST AT S S i R Rl S PRER S e - 3T
(ESEZIR T A M e TE SRR = =R 2

2.2.1. k=[R2 BB (PMSM) 2 BB BTE Fr s 3 e

kb ERD B Eh R H AR IR [ED EUE B Eh % IM(Insynchronous Motor)
EAERE » (A R EIR 2 FE = KRS (B A S (AR A e LA
B (el 5 - THBALEAEE ~ S MREZORAV (Al IRBEEh S - Al Rl
B AR SEE) 28t 2 — B B o HBRLRTAU T -

(1) e  AHERELE I Z IRED e E BN - B4y 20 % > Z=
[E1R D4 20 % - SRS E R DA H A SRR BB - FRPETT 2010
T 7 (8 A &aTS - BESE R E R 125 % > {4
BTN 12.5 % - A EE AHET AT IR E2 R g & m]
K111 20 % -

(2) {4t © B - Als » ATRHEAE SR - REIT Rk
S S AGTE R AR > e ET
BT 52 2 BN R PANGAR » 2 T SBIR AR S200 54



(MiZEk 200 C) @ HUE T KT W ESKR AR » HF
Wl RN TR PR EI E BN o PR L E R R E
4T 5.5 /NIF(2 AT > i 12 FFEFR R - K
PREYEISIER -

(3) (Emg « NEEREIRET - sl —E e ##E 5,000 (rpm) B >
I {E LY By 90 dB(A) - {#H4IE RIS EUE B 24y 102 dB(A) »
4JT][EK 12 dB(A) -

K ERE EEE (PMSM) # HA B EA & = 2 i HRCR =
BEE) ~ ERIS R DI Bk E S B A R
FEFISE, - 41 1 Frow - EEMEIRE 19 758 - 18 20 e wIHIE
KE ML BRI RS - 008 2 ok -

=
E3 P
Ehn T | K
MAES
—
g CD s
s | DVD EREss O
= L
X [ R =Rk
ITRHE — e (1
. B
- B et T E
i TREBE ~
i T WEETHE
( EmEH®
iy | KR
BRI
N—

B 1 A 1 B i



DCM |—> BB % —S [ EHPAREER
- i A E=2lEE
e 1 o iU AR R

| ——
| sadAA T E2lEE
=0 i $EE 54 Al R E B i
4 R TE B EA ETEE
sl I

B PAFURE 2 Al PMSM

ESe— .
e RS 4] PMSM
s
alal \ [ Zmme rvsm

Bl 2 BRI 2 R
2.2.2. kB F EEE(PMSM) S AR

RN FESROR B RE I3 - H ANHT AR A Ml 3% et 7 W = [F] 0 B Bl A
(PMSM) - MRS - AfE 3 Fror - HATE AR PSRRI Z LR
TR ~ SRESR R ORPEAR TS 4R b o INERFEID EEhi - HEm s E %
GrE Ry 13 1 et SR B E A 20 % - AVIRIZEE

[FLEEE (PMSM) A7 ¢

(1) EEMEEER IR - TIFAI5E - EENIfREfE

(2) 7ETRRAHHEE

Q) BEE/ > BiEtE ARG RENE

(4) HWERERSEAITFETAEIREE

(5) MFEZRT - BefafE SRy NEEES - e 7 HB)F  SFmFRK -



e
A
1992 4
HHE ERE, PMSM (80kw) i 7 B I8 22 I,
A
1997 4£
B EPEEEEN R PMSM(125kw) i1 Tl 5
A
1998 EE

iE_E 3% PMSM(95kw) 1 T HMIEL

2003 4¢ 2008
k
B %{?\f%ﬂ/(ﬂif; W) D)t |72 PMSM(355kw)

2001 &£ 2002 &£ 2004 £ 2006 4
155kw 3 Tl 2d i} 200kw PN M By N
EHUE ) EESEREEN ) BETRE T e )
SR, PMSM(200kw) ) 5K
. 2008 4
AN R PMSM(ZOOKW)i;§>
- 2007 &£ 2009 &£ 2010 &£ =
— A HERERER S E AR\ 2 E R SR N
3 PMSM(120kw) PMSM(120kw) // PMSM(205kw) \ka.w’j
: INE St g g
2010 4
FE S S e et ) S B P
PMSM(80kw) & /&
gt
2010 &£
ER LS

PMSM (480kw) 1% e

B 3 H Ak [ EEhi (PMSM) ¢ 2 e



2.2.3. 7K hiE =\ [F 25 B EN I (PM S M) 2 [ 2

[F)2 BB AT AL ARSI 5 [T WG B A XET-FTe
RIS R DS TR e (NG i & 0 TS E s 2R > LA
[EIH 2 e - WlE 4 - [ 5 B o

1) TS E A T H

ET T
VRS x kR —  ppiedE
Id~1qg  x ﬁéﬁsﬁﬁz — R
S v
P/2x{¢o, < 1g+(Ld —Lg)x Id < Iq}=| s

—— — —~ _/
LI hAE AR — AP

— _J
~—

EAUELESE

4 SR F] 5 B B g 3 )

EF

K5

TR — K T AT

HAEEE. I ZAEL = SIER I

5 TR AEHE A T80 [ S S R A R Rl P




BferiZERES.

TE A 6«
BFIAEERES

A)BE T 7k B BB B B 5 ] TEAT -
B)#E -1 &k h EE M B B AR S A
& 6 BiE AT E M E e

2000

1500

1000

500

s LA
o

—500

-1000
-1500 :
-2000 i
Gisiira==] 8
[—Tora PMRILY — USHERRILY |

7 AAfrfy o e

2000
1900

[ |
-

—1000

-2000

HEG

FiBHL 5 = 0.
A =0,

@ 8 AEfirfE & =0 k]



I —
e ' °
TEfLE 6 -
REZPHER = .
B —= .
@9 AEfrfy & =45/
- R -
EHE%E= 0.
R = 4.
E10 fHfrfE & =90

HHhzE -

-

HEHE = +.
B —

TS SRR TR
RIS HHRLE 6 =127
TER/ B PR

LA & =1277R )

10



1
8888

1BArEG -

RERIIE = +
ST~ o

12 #ffirfg 6 =135

AR

REMHESE= 0.
= 0.

@13 MM 6 =180
2.2.4. 5k FiE=[EI S5 BB (PMSM) R 3 AT 5]
IS E LN B B (IPM)4ER > AEI14FTT -

ETRE

Y

.

14 RG5!

11



2.2.5. —f%[FIP S B K b U R EE i LR
(1) EE -
T [E] 2 B R S AR SRR FE RO BERE S %6 » WE1SFR -

21

20

19 RER SRR

13 PR SRR LR SRR

16 IR HOIERE —

15 1 ]
[F]25 BB AT Ly

& 15 #EEsR A 5 9%
(2) e

A) REEIREE KR A > @G RFEFENLED - (EHF&
HE gtk - AiE16Fr -

a. EN T KA FES REMRIERRE T EOE T - EE
dEEEtE > WRIATR

b. BALE - ﬂdﬂﬁﬂ* ERENPRIER J%TET!@EE%( EFTHRE] ©

1163 FI3 4 (4 NBL R Py 05

12



RIFF LTS OBl

s R 4 F 8 12 & 16 & 20 4 24 i
QERXAEE | A | A é Al oA x
EPA - y
SRS A

A EREIRNESE [ ERE#R x  FES[FEKE R
HERER T EHURATBEARAIRN ~ $EE TIFIE T - L JEESHRA
EHERIRH A R R A EIR T -
B) MEERHFEIE TR R CHASEE2EHPAXER) > WE
17T

] C>$
N

:

/

\
HEFTHEERT
T A EAEE T L o :
A AR E R e
l Pr TAMETE :

8

IR el T r
RIVE] B8 AR R R A | g

E R
s

| P
L7 H 5 T Bt S R

e R

13



C) HEHESIEMA4EE

—MREES [BEEMRFE R T E R - F-EEREE
IRFfEII5.5/Nkf /& > AIE 18R/

e [T BRI A E
AR [ Jia N
e A) AR TR EIN A AR
il B) SR TR RS
| C) BT MBAPOTRN | | s
I
SR e ] BRR
s -ﬁ?;
BB - HH A
s A) e (BEE - 2458 © JREE
e %) M ¥
s T G
I
e R
- =917 5
e B P
L S Pl
WS iy AR
B ) 7\EE72J7§ - ﬁmﬁvaﬁ@i
T ¥
| E ) 1S |
C) A CamEs
- BRI E =
pr—

18— (BB TR E

14




D) kMAEPYZS [FEEA4EE

AR ESERII L EREEETF  F— HEF
PRAEEIRF IR L5/ NERF > A0 19FTS

IIZE5 [ EERE
2R T
RPN

y

PrEldEE T H 1

- e el

A e EEREIEima LS

- EA i

LLp s
i

-0
-Gl RS

TR R4 iR

U

o l
. R

R friditha

PR -5 IR

B A BB
—‘. [ )w ’.- ' _ 'b‘%é\iij‘%}t%ﬁ

Vi R |

0

&
\J\'
-

{1 E&R 2 PANE
5 [ERAYIE A

}

RS | EE A
% R

C)EE
B HZGE glies
i

B9 R 2 255 | Bt e s )

15



E) 4E5E€ THFAYLLEL - AIE20F7R -

45 8 & 12 % 16 & 20 ¢ Et
A ) ) At SSNEE| .
=2 | E A\ P55/ | A f 5.5 /NEE O : 1SS A 5.5NEE|A 1 5.5/ | 29,0/
AR _
Bhi%(PMSM) 01+ 1.5/NEf - - 1.5/NB%

AT | LSA/ SR {E
5[ BRI 46 IRE > 168 B
[ 1

THFEEER : PMSM =36 TH /i > FARZES [E % =696 THf /HFX
ZHEEPMSMFTFREY LR /MRS 5 1 [E20 B AR E -

[ 20 EE Btk 4ERE TERYELER
F) LCCHt — £ 1T1F
THFEEER - PMSM=36THF X > AL B =696 THF HX
4 |
{5 FH 7 b =) D B i v 22 s THF660 TR B pR (&
SonfEMH) MEEATIEA > A -
A) YEFI4ERES [FERYIS ERFE - fEmfe s vl HE - BHEEANE
D -
B) W : 2EEAEE S AIPMSM A i & K4y
12dB(A) » H1E21F7 7 -

fm
Hm 120 |
2 10
g& % o ———% | — — 200kWa =K
4 % “ A[ECEE %
¥ = 40 —— 200kwHE EE R EE
= i
i 20
% 0
= 2000 3000 4000 5000
I (rpm)

212 A LR

16



2.3. A EAHRA (Life Cycle Cost)HY R AFE(E

Azap#EHARCA (Life Cycle Cost,fEf# LCC) ¥ » &EH # 2 1E B
FRAEHS R 253 A b AR o] DLAS R A SR SR 3 i
e - FE (s fpg Y A= oI T P RR A C B RV 25 WA B R B
acERTE TR EARAVEEAMLL - KeHERE A e S ESRE -

FERERAY(E AN SR EUK G R 2 H A ERHIB 25 - (B1E
KOBHIAREARE - B H AT A RE R A B R ER BN » (N HAH R R
(RS RS T A TRAERE - &CH DNt 58 R SSCR A (LI (R ok
A MR Ve £ R - AanBIIRA(LCC) FFl% » FEEEE
SRBGIRIE T sHEEREUR + HEHEE R FE LB RN T
IS ()SHRTAE I R HIRER T - (B ETH A A e TR
BIHHBAECR - Q)RAKFEIRER kR - HhgeRESEA oS
B - HARZRAEIR A6 FT RE S A TR (B AR BRI B - SRR
FETTIT A% AT b 2 RO S R BHR S Bo R AR TRTAS I 0 B T
HILTERNTHRASRET © R A IR AR AREA R AR E
(Present-Value) - {E (Annual-Value)#y 7 A B b > INIEEL B RS
Hi ~ R~ BB  JTIRER - FrSRRRE - AERHEIRE PRI [E Y

% -

BB HEIE A ER e & S VB IR E S B - (HARE WTO 75
BN B AIEREAE - BHERORA T BRIMEREK ) o BIBSRER (R e i 4
1 ER EER R - BRERHVERCR =15 O RUEFREE 253 T2 mn[H U (101
F 8 HARD REZEIEATEYE (A8 - BkoR) B (10247 H4
) Z A > FEREIR(E I Tt K AR 5 F A an F i e A£G T (EUP)
AYEDK - SRR R LTI DARRPR » FRENEUE AAE 1997 4 12 H 11
HRUERE F U > /£ 87 £ 5 H Y A " 2EREREH ) WEE%
TEHALER o FrpElss MY E

(1) % 2020 £ CO BERFLIRIE 1 2821554 (Business as usual) i &
24 97 48 % ;

(2) % 2020 Ffy ERETRRCR (BREIRAEET) EREFEm 12 % -

{EF1] 2003 £ Fy 1 > Fe CO, HIBFFELE A 1996 F-HY 1.896 (RN
ANE] 2.679 (RN - FRGRATy 4.94 96 7 FRJGIEIEE 41.3 % -

AT AR AR N $1 $R = RAG B BUR S & IEMEE V4 F [ R JP it
a  RETRIBUR A B S A - AERIYRSIR e 5% e P AR RE TR T T BN Y
A AR R T HRVA S AR EEIR NS HE R TR ER

17



2.4.

fRA > B {HENRE M@ CAE R Bt = B R - SR EEEIRERECR
ST B A s e R SR T R B = RS HE S B R 2 - s 2t
IFHEEEA YEEFS RS ARSI E L E R Hm I E
it
LR S BUE) S B B (HD 300 #Y)
LSRRG TIE) M - WE 22 FR 0 B RS FEE B8
TEAH ~ B EEIBAH K T SERISAH = K AEBEREEK -
TR & > WY E = B -
(1) S Eierr& EPA Tier3 22248 » HEERD 30 %~40 %7 k& L&
VIR ;
(2) =RCREERISEHEEH > FIAEUCEARENR > BIERIEERKEE
S
(3) FIR/INRULE HEsEhIA N PR B 45 - AR 10 db(A)E = BN
GEEENE
MEER SRR 51 b KRS -
(1) EEHAH - PR #EEE S (LIM30H) A 28 7))R - o] fhiEfkes
FITeE 2 i Rl o8 > BV B F F (Bl U 7S A= A R L 28
BB EMEITEE - WA E - (55 20 7
BIET e EE /T » AR X A BRI Th &+ -
(2) @M - S ENE - BHE TR 185 Kw(i K 242 Kw) » ##7f 1,600
rpm(gz K 1,800 rpm) -
(3) #FEM = nEE S EM (R EBIEEEE) - T 170 Kw -
(4) FEH - R EHiRE - (R4 MRS 2 ok i =[5 2D E ik
(PMSM) » #rHIfEER - (RES S H RS RIZEE I 2
FAE% » SERNE A REE -
(5) T &EMALE  WIREM RS - PRI T - EEEIRE S K
VVVF 85588 » F—S2BATFERELH & » o RiEdl &
FEI;E KBS TGS FEELE - 48
He_ 2L TEME « PMSM EBEE S F1 1T -

18



Excellent ECPs of 2011 Diesel Hybrid Shunting Locomotive

Factor 2.62 (i 1.96 xEUTES™ 134 )] COsemissionreduction 15 fiyear

Major features Environmental performances*

Equipped a Series Hybrid system, *Reduced 22dB of noise

PMSM and modularized small engine -Attained high efficiency (89 to 97%)

with clean exhaustgas *Reduced 36% of fuel consumpticn
*Reduced 62% of NOx emission

. } ] X *Improve maintenance performance

Series Hybrid System “Acceleration Mode™ * Compared to conventional locomotives(DE-10)
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Risk Management of Passenger Assaults for TRA
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Abstract

After the event of passenger assaults happened in the Taipei Rapid
Transit, the risk awareness of taking rapid transit and railway systems
were increasing. This study attempts to evaluate the risk level of TRA
passenger assaults via the techniques of statistical analysis and risk
management. The results show that passenger assaults are more likely to
happen between 16:00~24:00. Most of the victims are 16~25-year-old
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females, suffering from sexual harassment in the Eastern Line and at
staffless stations. The risk level of TRA passenger assaults falls in the
intolerable region. Although enforcing strict security checking at railway
stations like airports could effectively reduce the risk of passenger
assaults, the impact to commuters are too high. On the other hand,
installing CCTV equipments, though not cost-effective, may defer
perpetrators from taking actions. According to the experiences of United
Kingdom, CCTV together with the patrols of conductors and polices could
effectively enhance passengers’ senses of safety and security.

Keywords: Passenger Assaults » Risk Management - Risk Evaluation
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Abstract

The Rolling Stock reducing in weight seems to be more importance
since the train speed increase to reduce the weight of rolling stock that
can use from the wooden, steel, stainless steel and aluminum etc. Because
stainless steel it seals disadvantage only suitable for the pre-high speed
train of the speed160~200 km/h, and the aluminum train make the
high-speed train more than 200 km/h of advantage. In order to respond
the development of high-speed train, the international is making great
effort to develop, make aluminum vehicle, as the advanced countries, such
as, Germany, and Italy, Canada and Japan etc. put into the aluminum of
carrying the camp bodywork already more than more than 30,000 cars,
some developing countries also concentrated strength, actively introduce

S AR TR ETREERRRHR
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a technique, the development aluminum, and with realization mass
production and export. Research and application of the rapid transit
system rolling stock aluminum in Taiwan high speed railway Taipei,
Kaohsiung and Tao-Yuan, airport metro.

Keyword: Rolling Stock - aluminum
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Abstract

In recent years, the western main lines of Taiwan Railway
Administration (TRA) in the metropolitan areas have been rapid transit
systematized. At the same time, the capacities of the lines are near
saturation. Therefore, the impact from equipment failures on the operation
is becoming more significant. The overhead catenary system affects the
operational safety and reliability of service quality directly, so the
improvement of the overhead catenary system reliability is definitely an

L BsiE felie

68



important and urgent issue.

In accordance with the principles of the European standard EN50126,
both qualitative and quantitative analyses of reliability on the overhead
catenary system of the TRA western main lines, including the mountain
lines and the coast lines, were conducted with the Fault Tree Analysis. The
results show that the main hanging cables are the weakest link in the
overhead catenary system, and therefore the improvement work is needed.
The mean time between failures (MTBF) of the overhead catenary system
per hundred kilometers is about 198 days, which provides an important
reference for setting up the system maintenance cycle. In the study, it also
explored the overhead catenary system maintainability and availability,
and explained the inherent correlation of the RAMS. Meanwhile, it also
proposed solutions to improve the reliability of the operational phase as
the follows: adopting high reliability components, adopting
easier-to-replace and modulated components, and fostering trained and
experienced service personnel.

Keywords: Overhead Catenary System, Fault Tree Analysis, Reliability,
Availability, Maintainability.
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