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SUMMARY

Title : A study on the development planning of rail vehicle and ecofrien-
dly infrastructure technologies for the efficient rail-traffic operation

o With economic growth, automobiles have become an essential instrument in
our lives, resulting in continuously increasing impacts on environmental
pollution. Continuous economic development normally leads to the increase
in traffic volume and energy consumption, but the problem of this country is
that the people heavily rely on imported energies and the bigger problem is
that the industrial and consumption structures utilize much energy.

o Around the world, the role of railways as an implementation means of the
Kyoto Agreement and a sustainable development is on the increase, and
attempts have been made to change the fundamental transport element from
highways to railways by "revitalizing railways." Therefore, there is a need to
establish the strategy for future technological development with the time and
price competitiveness of railways as well as to define the principles of railway
technology development in order to establish a sustainable, ecofriendly
transport system compatible with the "low-carbon green-growth era."

o Against this backdrop, in research phase 1 involving the establishment of
technological development strategy, the trends and surroundings of home
and abroad political, economic and technological developments in the railway
sector were analyzed with surveys conducted for technological demand and
literature searches for technological demand forecasting. Based on the
keywords induced from the STEEP analysis and SWOT analysis, an issue tree
was developed. By mapping the R&D needs, three targets, four fields and
sixteen candidate tasks (major technologies) were drawn.

o In phase 2 involving the prioritization of candidate tasks, R&D objectives for
each candidate task, ways to utilize existing technologies, the need for
technology development, major research contents, magnitude of tasks, etc.
were reviewed with task cards developed. For the prioritization purposes,
evaluation indices were developed which consist of four major items and
eight sub items. Through a survey over experts utilizing an analytic
hierarchy process (AHP), sixteen candidate tasks were assessed with their
priority orders suggested.

- vil -



o Following the second evaluation by the Planning Feasibility Review Committee,
nine out of the sixteen candidate tasks were selected as detailed tasks
subject to planning. As the evaluation indicated that three of them should be
united into one, two out of seven tasks subject to planning were grouped, so
that a total of six tasks were selected as those subject to final R&D. They
consist of five tasks to be performed by the research group and one
ordinary task.

o In phase 3 involving the detailed planning of R&D tasks, the objectives and
scope of each R&D task were defined with detailed tasks and research
contents drawn, and the implementation scheme of research tasks, staff
mobilization, required budgets, etc. were proposed. In addition, a feasibility
review is provided in political, technological and economic aspects, RFPs
(Request for Proposals) were developed for each R&D task, and evaluation
criteria were defined for a yearly evaluation.

o Through this process, the followings are proposed regarding the research
periods of five tasks to be performed by the research group and one
ordinary task and required budgets.

No Task To be Research Total Funds
’ performed by Period (mil. KRW)
High-speed general inspection
1 Vehlcle technology development for Research 4 years 18.200
maintenance of high-speed Group
infrastructure
Technology development for peak
9 power dlstr}butlon control of metro Research 3 years 10.450
system vehicles based on Group
smart-metering
Smart maintenance technology Research
3 development for rolling stock Group 4 years 17,370
Technology development for. energy Research
4 | control and carbon integration 3 years 12,550
. Group
evaluation
Technology development for useful
. Research
5 | resources collection system from Crou 3 years 13,900
end-of-life rolling stock p
Technology development for
6 | high-efficiency auxiliary power Ordinary task 3 years 5,750
supply of rolling stock

% Private funds are included in the total funds.
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9 B E AAsa o5 v aFFEE Ul MY FHFHAE) EEE
== | ssnzsz | | sazzgo |
2% 557182 8y
S+ Ho|4 A2
HE RX|24/23 R s ASTY asNTE
Hxsi o ugHE | | SR 2HuA
AAzt BLH 7|2 BYs Azt
e HERE SRIBE AL
HE 152 HEANLE BES amgoUx B D

e ojyx =
D 2 eEANs

HASO AR @A 23 H27IE

23 HFs 7|=

HE 230X 1=20|H A S zA|

HER B0 X ZH s}

HEMIE BHY
SAH?| L HENE S
EHy

2

IHE j'Ht:H—

A S /AHH

CAEEAE RS
3l FEts HEAl

=53t

22 HET e

J_J_J_J_J_J_J_J_JL_L_L_L_L

2ATHA ST ZE
[1¥ 2-8] THFZERY &

- 82 -



aE FIASFAE 200km/he] e n&ow FHEUA Ax, A7), AT 5 TEE
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g ANAES 98k 6% o4& AR a9 dFAAY ug FFASA
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=7} o] gtg]o} SIS T
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7Hat e 2z F2y =4
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By Haygod =4 glold AdAdS
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e i 23 o5 AW AT
=] o Pt A o] EA wHkA X A =H
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AAHA 71 A AAAA dzgel 942 Imelie] Jaxe
A5l 99
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7} =9 (triangulation), WFAFE 9] =R AZRS 543 Time-of-Flight(TOF)7} F+=
AL

- dabERl Al A AR FxE HH S 5% (contactless measurement) S 915l F
A3, A, deolA 5)yS 53 el ZAeta A i ZHelA wkAbE o
Eole = dolAFS FAA(light-detecting sensor)E ©]-&35Fo] X, BEASHA H. 1
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measurement output

Electronic Processor

Transmitter (Laser)

Receiver (Detector)

Transmitter (Laser)

HEAL FH P RSB
= 29 YElAE
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a ' p vesm
ERLENS - — /j i dsesEr
T &1 il
AR
(a) AZ= (b) ZHA
Transmitter Lens Systern Target
oot B e ool
Dispiay . ¥ | s
2 Misra- |, Time | L
.| Computer | EMMSG';?I'“E"‘ i
Data | s
Commurication T | Photadiode- 1
) — | Receiver
Receiver Lens
(c) Time-of-Flight
[29 2-14] tHEA L HolA A S A=
CREEY
AGZAY e 24 el whAbEe] Falvlel mudhs
array= TAlSHIL #o]A7F =41E CCD array cell® €1A&
A8 A E ALE F2 278, A S A3
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, A& 3.0 msec/25cm ~ 3333
frame/sec A& %7 7-FH. 29 500 frame ©| 9 =2 F5F #d ZH g
=

7tA el AEESE FEE - ook F ex) (SKx5K pixels 97 x
frame/sec®] 7%, =3 25.0 GB pixelse] JAdolHd s HEH A

of 3. @Al 1,800 GFLops A4t Adee @dAe dibdn s 48 A5, 24 9
Aol H 23k process T WEAR Z7dstel Al 72 Flops/pixel ©lst=E FH A shx| o of

g £0t FERD YE ARGY 5o 27 HoplA trrw A%
I
RUS

%l<. Nvidia GeForce 8800 GTX2952]

Agu9dde 44, GPUS F&stel =08 3D A4 s &= JHA, (>301)
GPU ¥H o719 & Agste] FDK 7H&: halels @5+ GPUT FPGAR )
O #E3 flexibledto] S X WHoz Hee Mz kg GadAe A4S, F
=49 A ) A Tt HA sk oloF

L

Z
haud o -
T8 2P A dagEs HEd

- (a1}
5 e .., =]
- ENEEEEEED [ Fa
K
- 4
i GPU 4
GP‘.U ............ |--.' : _:I-:
E| S| wesesmEsw BB
cPu GPU mmEE g "

[2% 2-17] GPU HE o}7] 8]

2 9§ 3D AT ¢agl5S GPU HEAY Ajgetes HAste Ay, A
& dauglE A5, Graphics API: DirectX 10 on Windows 7 Z7o|A ZHE
s CPU o] oF 130 3, A4 4ds: CPU tiu] oF 3501 4, HA|AS: CPU

T GPU CPU 57
e Azt 3% 40 134l
ATd AR 9% 320% 354)
A AIZE 2% 360% 301

-Image: 10002x400 — 5122x512
-CPU: Intel Core2Quad Q6600
-Ram: DDR2 PC6400 8GB

-GPU: NVidia GTX 8800 (768MB)
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o]&-g]o} MerMec, TecnoGamma, Z=9]2~9] LeicaollA] #@ o)A E o] &3 #HAdH=F #
H S |, F93+2 A, TecnoGammail Al2=¥l A5& 200km/holA F& s
0.lmm, £0.2mm¢% A== 7}X 1L S

H GPUE o] &3t &G AA e ik A+7ide] @Wol X3
UBM, %= Imperial College London, Z=9]2~ ETH Zurich, 2 2=
GPUE o] &3 et 44 2 Agrles dtsta 5.

- W=
ool MerMec A= Rl ¥ ImageMapAtoll A= ai&7pvel, Zlo| A& o] &3t
AdA5, dd 2HEA, ddd15 d8A2AS /i, FF38kal 3. ImageMapAl
o] o] A/7}u ete} IMU(Inertia Measurement Unit)S ©] 83k #Ad2 ALEH HSFA

282 5-360km/he] ASFEEoA A £1.0mm, T3 £2.5mm, &9EGBm<A<25m)

£1.1mme} WEEF FUEFGm<A<25m) +0.8mm FF== 7HH 1 QS

X2

[Z2¥ 2-19] ImageMapAF2] Laserail

o

- L

o

A F 740 Ishikawa Komuro -2 (http://www.k2.t.u-tokyo.ac.jp/)oll 41 = 200fps ©]7
&7 EE o] & Algo] ©X FE& ZAY Adle 59 ke B dS&o &
ATE FHea glon, 1% G AYE 918 GPUH HIH A (FPGA)S AHE.

A JR East, Dr. Yellow, East i (A &2 ) MAAY FE7d=Q dE
19821378 Doctor Yelloweh= HASateFs 7fdete] st ghom dAAl= oA
S8 A AAH 59 FU% 210Kkmhe] 52 A% 2 Az ggk 7
o] 7beatth o= olE Y& iRt a&dAd g4 9 270Kmh 5o

]
3 "East i"E 2001d5FE 2932 YL Fast i= 10¥ 7HFoz 351 9L,

o

rol

A X Tokimec Rail Techno Inc. ol A +=
& Awsta, olg gAR 43 #

EX R ETIEE
1<)
40kmm7HA] ol e A 71Eo] 7bs g,

URIC 5% 73}

- F. A. Systems Corp. (http://www.jfas.co.jp/e html/product/index mv.htm) A= ASIC¥}
FPGA S o]ﬁ.zﬂ. 1;}01:5—], Z:J—ﬁ: H] A /\])\Eﬂg 7Htﬂ— JlruH o} ) ou:] l_ETg] _f_
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@ HAE ZH=E A
Az A5 2L BEAY
PET R Roger MERMEC Korail G7 =3} =g Apo}
=1 o -10001( /‘\ji;‘(j@i}_ =] — AL [e}
AEEH
SASE 160km/h | 0~320km/h | 5~360km/h 320km/h 200~300km/h
SAAA s A et b A g2 A4
=477 25cm 25cm 25cm
AZH +1.0mm +0.7mm +1.0mm +1.0mm +1.0mm
T3 £1.0mm £2.5mm +2.5mm +3.0mm £2.5mm
Accur| H&EH £1.0mm +0.8mm +1.0mm +3.0mm £1.0mm
acy | = | DI +1.0mm +1.0mm +1.lmm +1.5mm +1.lmm
== m £3.0mm £3.0mm £3.0mm +4.0mm £3.0mm
v D3 +5.0mm +7.0mm +7.0mm +10.0mm +7.0mm
me | DI +1.0mm 40.8mm +0.8mm +1.0mm +0.8mm
o D2 £3.0mm £2.0mm +2.0mm +3.0mm £2.0mm
- D3 +5.0mm 45.0mm 15.0mm +5.0mm 45.0mm
HIEH v
SAHEL 160km/h [ 0~350 km/h 200~300km/h
Sampling Rate 25cm 25cm
Accuracy +0.2 mm +0.2 mm +0.2 mm
DR
SAEL ~ 200 km/h [~ 320 km/h 200~300km/h
Sampling Rate 5t0 10 mm|5 to 10 mm 5 to 10 mm
ks L1 +10pm +20um +20um
x L2 +30pm +50pm +50pm
° L3 +100pm +200pm +200pm
dd ¥HAsH
SAELE 200kqm/h 1]20k13/h 200~300km/h
_ 2 E ol A7
zqyy | TS ) o187 e el
Sampling Rate 65,0(3)2(]2/3_ S0,0(Q/Z 80,000/%
. 512344 5123k o
SIAr T A
S R (<0.5mm) (0.4mm) 51238}4 (0.4mm)
AAT/AE At
SAESE 1]201(]‘]?/}1 200~300km/h
_ o] X~ 7
é.xé HO]-/_\JI ‘j/]‘ La}—_/—é_EH 7}‘Uﬂ E] X] EE_] ?]—Uﬂ ﬂ'
Sampling Rate 80,000/% 80,000/%
5L~
B~ 5125};5(0-% 512842 (0.4mm)
=23 d7
= LT 120km/h 200~300km/h
ERERI=EX
- Z}gl/ 5 ul
=4 e CEER K
scan
AT 1024*1024 1024*1024
Sampling Rate 1%%/2.2m 1%/2.2m
AL Fo] =4
AL 120km/h 200~300km/h
EX NS CMOS/Frame
=784 scan 7|22l CMOS
T 512%512 512*512
Sampling Rate 2,000H/% 2,000 /%
ERERE
SASE 200~300km/h
=740k X
Hd yrdd A
e 200~300km/h
=4 ukA gol A 27l
AAHA
=4 %E 160km/h 320km/h 360km/h 120km/h 320km/h 200~300km/h
JAASE +5.0m - - - - +0.3m
EN-13848-1 =) DI : 3-25m, D2 : 25-70m, D3 : 70-250m
EN-13231-3 %) L1 : Low Speed(fﬁ‘%} 21) 10-100mm, High Speed(%*é/i]) 30-100mm, L2 : 100-300mm,
L3 : 300-1,000mm
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| i T SEEV AV S ‘l“wﬁ e

B e ey [

- Y8 F(Rail corrugation) =74
LR
o A HeolA g FhvetE =
o 1m oJjol] 47h¢] SAH S At 3709 g e =H
o 37 <
*L1 : Low Speed(&d*2]) 10-100mm, High Speed(¥/d2)) 30-100mm
*L2 : 100-300mm

*L3 : 300-1,000mm
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PR

o 114:8 Al 2~®ElL2 [voire II(Inspection de la Voie par Imagerie Rapide Embarquee, 3
B 3

yolw &Al A& 300km/he] WF3 A& apioll AAE gpelekel Ak S
B HFHA s ALz A3 74 (detection), 2] #|S7d (localization), 2 3t

o] %(quantification) X Z 37 & (recognition)E 4]

m&Ae AARY AFS ) kmrbth AR E Hn AFAHe] arlz

e
e

X
=)
>
2
rlo
[

e SNCE7} AlZHake] vhgo] Apolu|e Akl el

o FE7E s 20 FhvlEh, SE 3 FEel whE ofn A A e

(29 2-24] WY HHZAS =4 JE=

o IVOIRE I A (1995-1998) : SNCF2] A/7]<F-o Al 300km/hol A 2] o]n]x] ¥

T

S 2 dolg Agd thd &arg]F(algorithms)Z/H &t Ht] e EHlolZ HaygE
o] &3 TEE E}S] AH

o IVOIRE II WA (1999-2001) : SNCF9} AlolulEl~ &, tAd vt e #H Y
&8, 20009 = M & P tjxaZHo] Ayt A

*AlE 300km/h ol A Abs A AR FAWAANY AR 54 A g5
(acquisition) : 100 000 2}<1/%=

* A (sing )2 ©XE gl 27 Fheek: 20 WZFE A /x) H Y GG AEEA
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[3 2-90] A=FEd
2% AL
A=Ed
Z2ALE 200~300kmv/h
3% 44
=H7A 25cm
A7t £1.0mm
T +2.5mm
=
Accuracy ke =1.0mm
Dl +1.1mm
59 D2 +3.0mm
D3 +7.0mm
Dl +0.8mm
HEH D2 +2.0mm
D3 +5.0mm
HYEH npR
ZHET 200~300kmvh
Sampling Rate 25cm
Accuracy +0.2 mm
Jded
e 200~300km/h
Sampling Rate 5 to 10 mm
Ll +20um
A4 L2 £50pm
L3 +200pm
g gudst
SAHAEE 200~300km/h
S BREE
Sampling Rate 80,000/%
Rl 5128}4 (0.4mm)
ANATRE A
SAEE 200~300km/h
=444 EREREE
Sampling Rate 80,000/
e 5123} (0.4mm)
A28 A7
SAEE 200~300km/h
=32 At e
L= 1024*1024
Sampling Rate 174/2.2m
A Eo] 4
Z=HET 200~300kmv/h
=744 CMOS
Y= 512%512
Sampling Rate 2,000%/%
B
SAHAEE 200~300km/h
S22 e
Hy Jgdd 24
SAEE 200~300km/h
444 glo]# 27l
AAAA
ZHET 200~300knvh
PR +0.3m
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Q® A=AF RYEH 9 e

O RailBAM EUE Y A|2~H=

- 379 H% Ax AA=ES #E sk ARTC (Australian Rail Track Corporation)= *}=
wojg o] AA Ele] FAAE H gUERFE Fi 2 dojy 2y 2 uFS wy
B asl7] 93] HBDY:= thaA F8 = Awxtek xpE:wolgoA] wAsts S0 1
oIS FAS/EA s A%y o] ddEE A& ew 4 D T RailBAM

=] e Q_

EUEE Al2"S 25 9] e A eR &8 T 2
VI

- ARTCAA =% 3% VIPACAFS] RailBAM< 30~130km/h7h# o] HEztaf 8 599
olA Ax7t F sk =3t wWojHoluy AFe] oo m WA= F3 §AE AE
sto] dapAgdol Sste A zbEFe] dia] ASFHold o) # A AEHlE AA S
i}a‘mﬂ AX e 2= AW Tags o] &3ate] ald A=F 2H7he] a5 wolg o] AFejol e

< DBE F53ta ALEAHoR F4 #Agshe wolw AJH EUHE Al ="9.

[Z2¥ 2-51] ARTCS] RailBAM A=l

O Axle Mover U E & A|x~€l

- BANNER WorldwideA}l2] Axle Mover =Y E & Al2~¥l2 337 4l A (Photoelectric sensor)
E o8& A2 1A HHSWASE AF AH 2 dAo] WE Axle pushing arm A
= RYHE gk

CFA delE A g wEed o TEHM, LUHYe a5k Peld 4

- ghue] AlolEdol & AbEste] g s Ee e sd A FE5 =tE ALE
g Aol BUHP MEYAE 8T + Us

- 7171 Asol A5 wEE B, gD olyA B, 223 DCHY 'Y 5 EE9&
3} 9] (FlexPower) 3412 7};<1u1 900MHz®} 2.4GHz te] Tl Fy, vz AS

Het zREES IAY F A
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[ 2-52] Axle Mover U E & A|~¥] &

£

T/BOGI ®YE# A]2H

WIDA}<] T/BOGI/\]iEéL‘Z HBD, RailBAM¥}:&= & HE52
MR 14 EUEY Al="lo 2 A HolH F4lS o]§3tH {49 ¥x 5 WIS
dgw 3 o] A~ z i

o, o] FH A Fe] HA

Lo EYE o] sk, 1E Y, RFID

HAAAE 752 F A

2000~2009%d A]~El M x| &80 ZFryieta glon, ¥ Ao R ulFe] BNSF, Norfolk
Southern, AMTRAK, 7§44t} Canadian Pacific, 222 VALE, ¢l% MOR, <
RailCrop, ARTC 5ol Al A&

[(1% 2-53] T/BOGI ZUYE & A]2=H]

Cotcha =Y E & A|X~H

Lloyd's ResisterAloll A &= 334 =
Wate] G, T, UDHE S AAEE

Jo
@
>

tgd mEe] /b AA s Y F e A
Edolst 2o EeAY ¥ ARFAE, FEAY, AP e B 24T 5
31 &

Nedoz F4 A4L g3 FTA dolg FA Yoz ANROT F HF
I, 83, ARYE, £, AR WY 5o JUE mUEY
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[Z1¥ 2-54] Cotcha XU E & A]2~®l(track-based/train-based)

9 A4 mUHY A7

AE B3F AFALe 49 7]E AAF AlEe] AA0 RUHY 715S g8 A Wi
A" A5 T8 S

NTN SNRAMS] -9, HAEabsF tixpe] 7]ojuts) wlo]g]ol] =AM, HAFAA, 7+
EAAM & WAEste] RYUE Y Al2"S NEe s

Asiold RUEE Al2® AL a9 & AlA e 2719 2% AAE fFAoR
AAdste] 2714 FHo] RES AT F Jdow, 4749 AMAES 25 AA B
50 ~ 150 C7HA S787bsst, &% AlA 9] 749 2500rpm, X5 A4 9] 79 PZTEMY
o7 £500g7t4 54 7Hsd WelE VM

ole1gt REIE T AFuHolFe] HHE dAo FFol HAORE RUEHY
B = o]o

= T Xu.

[Z2% 2-55] NTN_SNR Railway2] Wlol&], AW 5o A g A

FHEZ7|# UICY ASde dxe % 7k mE A 9 b &4 2
FARF &35 Yol FE2AYg Ad775S A83+9] On board train control and
information system 7%zl ¢lom o] A9 MA e AAtoA HEAH o F

Eu oo g AA7 mUEY AT
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Hy A2"S 5317 98] SNRAFSE f-AFshe] wo] )
skl wolyg ie &k, 7SR 55 EUHY @
R

o] A& Hlolyg AW Tl 430 742 AME

S PE3le] WSP HlZ 1 RFHRHEES T E

71E o] fFYle AXAE A7) fElA =

22 3 Alole] Wk FIHE whydele] AIME

AMZE AN E e F7149 TS ¢l
FTstR o wojy AR AEE Ev
AAgto g Hojgo Felrl A= Fitd

=3 SKFe 7

.?4
Level 2 0 &3k A4

SKF9] IMx-R System-> U]x}
5, X, 59 3714 B4

HE ZYHHS 5, TCP/IP

9/]

kY

o §4
A

o] AEsts Alxdoz Asd

=] o
A4S

I]d
fl
ol
r>~ i
)
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TSI bogie hunting detection Traction motor

condition

GSM (GSM-R, Global System for Mobile Communications - Railway)

Cardan shaft
condition

24-120V DC

condition Communication interface (GSM, etc.)

Axlebox bearing
condition

Gearbox condition TSI Hotbox axlebox detection
Gearbox oil level

and oil condition

Driven wheelset Non-driven wheelset

Wheel condition

[29 2-57] ti=F A El BYUE 3 IMx-R system(SKF jil:)

2 AR 2971 H]l SNCFAM = ApeFiFAbel FAFSEHAl A=A ol %Eﬂ g

A AAste] AAZF BUHYS AFFolw, A% 300km/ho] 3 =

Aap shaf FollA Fd AA HEAE ol &% HUEHY EE
= O

A=
KeN
=

xwaoq 4

E< o] 83l%] SNR, SKF9| #4 Alz=glz 385,
ol =9 tixe Aes BUHY dtax

ofN e

Zighee coordinator

ZigBee module

[12 2-58] Axle box ®UE]E] A]~El(SNCF jit)

O "=+ FRA RUEH A

- "= Mide Technology Corportaion®] 74-¢-, W dWd =% H
4 T ndolz g BUHY AS9E A7F gen, A 29 F A5
YUAE o] &3 PZT EFSI oA 3sfuj =k

[oi3
.
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O

7 B3 2 38 43 5 7% 498
&3t ZFsin] A=Beelay oy
CDMA 1l 7hsd FAE 74 f3tk]

TT ©

=5 TEE.

Hatch open/close ~
7 & related sensors .
Hand brake / / Tracker Unit

¥

sensor Wireless Manager

Lading
temperature &
pressure

Bearing
temperature
Sensor

' Smart Pad sensors

[Z1¥ 2-60] INOX Product Placment(Amsted jil)

wUEY Axge] A4 AAAt TAE T

g 84 wuHY 2 AgHn gew
Qe o8 T ATE AEEA BUBYS AT

InteGRail T2 A E

FHATFS FE=A2E Intelligent EUEH/FARF/2ddy o tigh A<
InteGRail ProjectS 397] 7]3o] Zrofadte] 20007 FZ(F 30021 9)2] ditoz 4=3
ol A5 o] ZEAEE 2000 7w thH] RO A 50%3F, ARIH-E 10%
w5, AAAE 5% sl 55 Hx=E 3

=
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InteGRail

SP2 - Systemrequirements
architectureand
continuous assessment

SP3A
Intelligent i
Intelligent
System System
Menitoring and M
Maintenance
Conirol
SP3C SP3iD
Intelligent Advanced
System System
M ent C ation

SP4- System Integration and
Validation

[Z1¥ 2-61] InteGRail Project®] -4 &

@ A=AF Aed ZUEHP Y 28l

AEA 2ol o] Alsgle] RS SA% Aol AP Al tid Arya
QG4 aFH; gom, ol ME sy FARF NE Fhe E GE BA
Moz R Qg mebd Azw n&sel e AHg @ ay B4 44
B g Aol ¥ b4 e BE =

= MEEA AAE G0 T 2UHE ALZAl QHE0 XIS X AIAH>)
s JES AR R HISO SHS STHEY (B2 AIS HAE AAH; BHA HE, S0C)

L Usd =Ec FuUEE

A

fll

 KELA =M S AHOZ HT A AR St 02t BEASE 2LEY
EQY P mz=wimneuszasesusn vy \VI/
'[H%'¢%§ ‘?"ﬂ QEI}%‘ &9 e AIA|ZH I E|EEE SX|ES
KTX 300km/h, KTX [1 400km/h, TGV 574.8km/h - ==
« HEAAHO| TABHS ST HEXIZO e ;/:M“ -
2N SEA0I D N FAS 27 Bl U
P HERE QXIES 99 2 HISY 270 S0 ~——
2 (304 014 AL2) and 24 2 A
RMICH a7l
\. J

[1% 2-62] A=A A 5d EUHY S 284
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- 1= E](Physics-of-failure)ﬂ‘?} AP AT - A BRI g REe] zalRE 2AES
3 ng=E B g S 2Ah, dd 2w 2l dEd 24 2 e
dole #4s 3 ngEe 2dg ), A6 A ZdA FE(AE &
Mg Fe Bl AdA IR %)

N
N
-

A4 w4 %] A (background health knowledge) 7% : Run-to-failure A]E4~3Y(F-F
Failure7}2]¢] JH 2 Failure 27S A7) 918 Ald F3)), 7qxq/q 1AFd o1 H ﬂﬂ
(FH g H]O]Eiil‘%a 5 gy dde] e AAA JX} %), 45 A9
SAA 3] (regression) XA (GH A H 7 A5 AT 74]%4 37 == Af
= R R I B P R |

A 71ee AEAZH AL du B dolEE Aestn EAstel, 29
W RAR] Bad del 8 JRE AT oF Fatel BEAMZ AHAS
BASANE, ARG FA% 1ge] Age] Fsd Ao Buy

yul

FALFA AAE Y EUEE Ve
Aol AEHE AN EUERSH] feiM s AEE o] 7] AlA7E A E ook
3}
Ao R AT A9 A FrFo] WolA|aL Hlojyg T8 357 witel wiad A
wAste] A Al 2 UE A tigk 7w 8ol Fuishal &
Tk FAANE 83 49 o5 A F58le] Energy Harvesting 55 ©]83ko]
s 5T F IA = 7lEsde] dast
A% 2pF APl ke 74 AAT7E AREE A, B R BolA A HER
AAE AR W3 T T HUER0] 8408 o]Fox7] Y= 1A
AA FUMEYA 7ol Badt
agla A 7719 el wmEl B 2 olF 7|71el 9 A 7Hdell o sk Al
A5 FAZE o Hr 2] AAIRE RUHES i e FakE ] Al dig
N A7 28
T3 S ApEke] AH HeRS Aglshe Wt A7 ast
Zlgbee

24, LG, ETRIZ} Zigbee Alliance®| Participant® Hojsle] X373} 3lo] 24 5l &
= Z}E i Fed F Ade A dS
AARE A2 2005 AlAIOlA S HAlE RFIC Chipe 7HEsto] 2Hd 7 2ol
AH 7= oA

- Radio Pulse™= A7 %2 7= gd3S 4

- g, TSC, LA 245 SKT, KTs# FEste] & 2EWoAS 918 o}
Fe EFAE N
gt LAY EYAE Zigbee Fi
4, Radio Pulse, SEM, 2=
Radio Pulsex= Zigbee 3 71 JAZ ] Zigbee 3 Al7golA <A< Ember
Jennic, TI, Freescales = A|A1L 7MY & A& a4 258 €6 9 3, &2
&, SPE tig 7N AH ARE ol

- 6LoWPAN

- ETRI7} 5 Ao Fofsta =

H]"77<4 /\]xg 712 gE 280 Hjsgte] Aoz we - v|@So] Fosta
g 7183 289 JxE FE W 71 FAIstel AvA E3E FES

= wguow Ha Wg

- ULP(Ultra Low Power) AAVEY A

- Batteryless Zigbee TG®} Bluetooth SIGS] i Fslol] A= 3o

2utE 8=, uCityo} 22 A —Zr‘:—4 ARt Bale] SoiE L v g R
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R A3} A A (as-frequent-as possible maintenance
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a7ke] Mg gA 2 53t
Fasletal AR =49
gk ALs] A Q57 Belglel

AR 7)EL] A7) HASg s

ZF HUAE 100% B 4 §l7] dEol M2
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O AUA AFe BARow 1FA} A%

AA A d =2k 3141 Bombardier Ab= 8% oUW A Aol 7hedk AN e A

[¢]
F8 Ztold duA AR LS v AlEAdClA 2011 10858 A AT

Zol & o uA AR = HE 2Fe] AlsA HAsSE A7 H dUAE 1HoR
3| dste Eefoldd 7IAA dUA R AFstE 7lEEA HHEFA Hods A &et
= WA A BE AstE MAT F Jdow, JFFWAA vtEA] 9w St &
FAE o2 A Y Aol WASHA 7] wE] FHeYd TAZHEEH AFE
AR 2 S wEbd Fghold oy A AFEA= B U A A A 2~ I
Hagdls wf @9 FAY olyx A dxrt 953 HoAun = EEERE ¢
3.

o2 TRl A RE =AY a7k theFst Eofo] &83 4 9l EEhold
HE A4E JPstar o, ANLAAE A% Holgyg AW A4S F2 F38n

[3E 2 - 104] 3ll¢] Eeteld F8 JAdS

HAH(=4) ARAEEH FREA H] L

Int1 Computer Products("]) | UPS, 5kW ~ 1,000kW, 15sec W7l 2% &% 7] A2

Plywheel Encrey B 2, ZEA], 7o} AR

Systems, Inc(7}) ’ ’
US Flywheel Systems(™]) NASA®} F&A+ A4
Trinity Flywheel Power 100kW(5sec)-750kW(3sec), Power conditioner, A
UPS

Active Power(™]) Power conditioner®} UPS 65-1200kVA A
Boeing(™]) S5kWh 7l ZH o] g

MGE UPS Systems(™]) UPS 80-800kVA A AA

A A A AE2011), 201083 Al A Aol 1] 2] 1l A
@ AAANIA AA A= AFY 73 3% B

i glon, stAdse] A9 [EA HIlA
2 2020037, 7] AU AF] A9 20300 AF= AA LA A Peak $HA7F
St Aolet & wEbA] B, vbe T3 22 AAddu e AEe A v AR
7k71 Sla Harolar, Ejvelt dAe] EAjske Aoy T e 717] - A
28 88 5 dA9 Ve FEos FH Jhed AAAAUA FAFS A F 17
°] 59k TOE(AFr3HtE)o] o2 Aowg EAHW, ol Mf - Ae. Ad7rs 5
U 13 ol YA A7 FF H2J4075TTOER008 715)e] 77 HiE FRY.

[t
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A Abdele] FaAa B AN IA] o] &35 5o FASL o, =7

R AGAAGA S gkl TV H AN dedBor Ases g o)de =
A

=
A% FREA/N T Sl AAPAIAE o $HES AAYIUA 2 E o

g8t Ao a &
AT 57 =4 & 6570

12 oo

7bA 3 glom, 2012 F-H

PSS
A RAR AGAAEA AL A S

ot e

D
=, AR, FHAME BFPRA 5 AU nFEAS BHowA, B
= A =

=
= S BAA A Augk gdE] ATAAVIEE S 7led SHol

812 BC(AI A Aol A]) WA Take off ZH#|Q1e] A3to =2 EUY Roof Top E Y3
ANzg g T2 AES AAGEg o, dELS 1992 e FF A A S Field test A
o2 F 8671 4900kWo] Bl AA~ES HXsta Zolx Al OIAY E A
5o Febitel ASA Vless Al AA dAY HSFd B BEC og sk
1A wds AAeh

shAIRE A Fofol o] Ao A el it A= AHFE @ HISA|A2FH o
gt FAE AT 5 o] AT AAldd wmE Ve HEZE A Hojof shw,
AUA HA &8 FHAA tifR AR S 235 A7 AE #e 37
et MELA 753 T3 oA #dA 2wl gigk A5-7F nn gk

WA E3t Hof AT+ E27242 [EC 618507F 2003 A AP oW, Fyore
20053 F-E] [EC 61850 7]4le] ® g T2 EERS s on, 2011d71A
IntelliStation T%-§& XAt WHAA 2" T2 EEFQ] A A7 APsa lom,

AE 5MAaE FUsts 5 TS8R e WA

fo
£ 2
1
X

i T -
e Azt AEHY ohdEa Axglel A

Electronic Device)7]HFe] tAd WA A~ql 02 A ¥ Q5.
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"= Bradley W Ao A= Al £ 9a "Hed s ok IEC61850 114 =
2 WA AEst Al2"E A Estal dA - Folw, =Y RWE Net AG, 74
Ut} hydro One, ©|El2] Terna, V= GPU | Tenaga, AUz, wuvFA},
o, 9wk Eriylol 5 AAIF SR [EC61850S o] &3 WAL AE3 Aol F4
L8 giHes FAY

O
iz}
A2
°
>

o

SAT T ABWALE] FSolE obHA 71E] WAL BE - Ao}A Y
Aol thapel Ao AolE 24F nEPA, AAHE/] Foz FHE oo
Al o S

AAps st Al2dle 71 A" Ao)7l7ss AAs
7] flete] 2edd FEE Aol AoEEs UHEHAE Asd Ao
IED(Intelligent Electronic Devices)¢} &4l UIESIZ 2 49 HMI Al =®lo 8 thA]|3ho
24 AojA ol &I HEAAT e ARgol FAGA HastA ¥, wekA E Aol
g Abol] ok g adle]l dASA Fo]Ea A& AL A, diA|o], HAA o,
Atarabre] SA43tE AdE F e VIvte] o2 FHAIE R FEH, oo u
& duA 9 54 e @ AAA HE A3 o] oddd

VEAE FAAEE FHAGFARTE 154kV AHE FAste] AW AL X
¥ 2FERSH 9 ATHSHIE B3l 2ol A a7ats 9 25kv 8-S M, T%
oR MEsty MRS Fa AEATed dEe vEshs WA A EER
ofell o] A7leuA] AREE AHAHAESF dwbdHARE o] v 3.6% Y =R

& o

(9] : FkWh, gH4])

- FA FEd %A TTeRA A =
A8 | aw | A8F | ew | Aew | aw | A8F | &z | Ae® | 8@ | &%)

Hr

2007 | 194,302 16,569 | 895,644 | 61,285 | 390,974 | 30,669 | 286,664 | 23,566 | 1,767,584 | 132,088 3.9

2008 | 209,585 18,047 | 902,477 | 62,251 | 417,015 | 32,894 | 306,937 | 25,029 | 1,836,014 | 138,221 3.9

2009 | 185,189 16,948 | 884,261 | 61,466 | 481,029 | 35687 | 306,044 | 25361 1,856,523 | 139,462 1.1

2010 | 177,411 16982 | 921,782 | 68,344 | 558,808 | 46,308 | 307,210 | 26,567 | 1,965,212 | 158201 5.8

¥ T7ME AR TUMAHEE 719), x AAMARe] S A3 A 1E
28) 2011 A 719 FAFE(2011)
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[ 2-106] A7]olUA AHEAE - AvrdedaLg
(H9] : ZkWh)
AR YgA ST
TENAE | B Ly x| an | B e | BA | BF O | 20 eg e A s7HE
FEA| AR | T | 70| T I gea| CF |3y |ads| A2 | A9 | AF Aswa| T

2007 | 92,312 | 6,037 | 6,062 | 42,893 |147,304|120,835| 5,839 | 35,331 | 23,359 | 31,458 | 21,544 | 14,281 | 10,954 |263,601|410,905| 3.8
2008 | 96,546 | 5,859 | 5,774 | 42,770 | 150,949 |118,755| 5,845 | 38,310 | 23,225 | 30,976 | 20,694 | 12,662 | 11,048 |261,515|412,646| 0.4
2009 | 88,803 | 6,066 | 5486 | 42,232 |142,587|137,623| 5,924 | 41,562 | 23,325 | 29,564 | 19,389 | 12,082 | 11,134 |280,603|423,190| 2.6

2010 | 94,901 | 3,167 | 5380 | 38,807 |142,255[150,055| 5,722 | 53,859 | 25,407 | 29,340 | 22,770 | 12,613 | 12,249 [312,015|454270| 7.3
# 7ML AR FTHAREE 719, x AAUAL] dAE A AR 71E
28) 2011 A 719 FAFE(2011)

Trans-

mission

Supply to
the train

T
Ngmr *?‘ 1 e I )
e sy, [ T ———
i AC.

il
Power |:
Station |: |
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- UIC RAVEL project

UIC =82 2001 d7b4] =ad A rhrinte] dexaf 5 deardke] 184
A% A 7Al(Design for Environment ; DfE)9} A E] & &4 (Eco-efficiency) S 93t
¢ 7149 software(RAVEL DfE Workbench) 7] &7#S H4 o2 S84,
O Ay, SES5das adste] AEAES AAE W #BF A AR ¢ s 84
) 3} 2] 3% (Environmental Performance Indicator; ©]3} EP)E U3 o] =E3h
[3E 2-121] E=2=F 74402k
A =3 # 7]
(A=) QISR A= 2 A28
. . . . Exist f di li
Degree of inventoried material Total energy consumption istence of disposalrecycling
manuals
System mass Secondary energy use 3l 2|
Amount of restricted material o) 7] 2. Component complexity
Amount of prohibited material Combustion emission Disassembly time
Cradle-to-gate material Index A RS Recycling
Fraction of renewable material Spare parts of consumable Possible material recycling rate
Fraction of recycled material Tuning of wheels Marking of selected material and
component group
Fraction of reused components By
Az Possible hazardous waste rate
Supplied with EMS Possible landfill rate
- UIC REPID project
RAVEL Z2AHES $£H02 2004d7b4] HXk 2bq] S At S35 742
s ZTseh7] S MEA] ZddHaE A, FAAHIIARE T 28
e FEETE NEste], RAVEL Z2AHE Fdo Ags Aledt o] d=3At
g0l o] 8% F U=F U=

- UIC PROSPER II project

PROSPER ZZHAEES Fslo] Alqf AZA= o] Ao 374 A 5 (Environmental
Specification for New Rolling Stocks)= A|A|3}=5 sl A %E 43 UIC leaflet
S skt oleldk UIC leaflets E3te] =9 HEATF 5 A A4S 11

tol @2 WA 5+ A=F a9
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- UIC leaflet 345 & 330

UIC(International Union of Railway) 345+ Frula}d u] 344 o485 $F3 B
e Ageta 9. 9% A AEawe] BPYFL wedd Pael AssE
[oi3
.
Appendices L W
UIC CODE 348 | s
mm e R . munm{vmgaum:a;mm Mjfli?::amm( neammaségmm
SR
M5 R TS v
Fig. | lsiraes lhe resuling quartication process,
Envirenmental spec'rrcaﬂons for new rolling stock
e
v, S
o Ty g
R A T T
Compiianca sps:ification {C)
i o 3 A
;:3: mu cerialn oo-rpcmm:mmn i r!mm eglwmrmm (ampE
[C2¥ 2-81] UIC code 345
Diesel Exhaust
Emissions
[C1¥ 2-82] UIC 3459 H=aak 444 %
UIC(International Union of Railway) 330> H%x<} E} weoae 344 vludg
GRS BPASARE Aot 4B N)Ean Ue
| ZH0|LXI$R (53 oI =2tE ) | wa=w

| gl ~8ig |
s e ssuzel| Azl
| oixeiag seoixseg |fana || EY | £X
pd al gl
0f L & i
[ ol LR 440 IPET &y = || W

L RS L] YR B

&1 : Eco-invent (www.ecoinvent.org)
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TE3 ¥dEELS LCT(Life Cycle Thinking; A 37 A}al) Matrix
Fol RAA o FAGY ook WER ol @A 2FAES

s BAH AYek el
*AAAE ARAT AA A nesord ANBFLLE APstel MA L )
SAG A RE wesor @) obdlel: Mol S7el WA & Qe 9
SAES AASAY AARE Be 84 F9 R wE AAE B
TAG mE A RRAY wel ARG WA RFFoE 1B F
Age AAT & At

A2 B oaAE L A
> RIS Adlshe W Aoy B X9 HiA
> 3% ] (marking)

> AHEAE A% HAT BA AN

- UIC & 2472477 e =

uic/
2.1 Energy consuniption measurenents pre-condition
2.2 Energy efficient driving CO; reduction jtlr,vren'n'r.'l'T —p 3-10%:
2.6 Regenerative braking CO: reduction Potential —» 10-20%:

g EMISSIONS REDUCTION GUIDELINES

[C1¥ 2-84] UIC CO2 WiEA|ZH7tol= B ouf#] mE

A RS EAs g g E
gl

=
NEA BB} AgAe] ANEARE B3t ol AN
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[3E 2-123] A= HEA=F &9 2 AV
(91 = 2011 A A)S
T e = MNEEAEEFA Y
A EYF [ | wad | =99 (A4 weg | =9d | Ad | waw
1984 84 84 54 2 19565
1985 214 298 334 365 19545
1986 146 367 19123
1987 201 417 18911
1988 169 464 18626
1989 142 440 342 362 18645
1990 138 578 557 273 18944
1991 208 786 589 385 19148
1992 144 930 870 410 19609
1993 202 1,132 974 725 19858
1994 310 1,442 16 16 671 1619 18907
1995 72 1,514 366 382 621 1310 18218
1996 452 834 1202 1312 18115
1997 834 1622 1510 18238
1998 20 1,534 834 877 1212 17914
1999 40 1,574 418 1252 1135 1577 17469
2000 312 1564 918 837 17530
2001 740 591 17694
2002 36 1,610 1320 597 18417
2003 1703 811 19323
2004 1145 954 19512
2005 54 1,664 309 764 19037
2006 502 939 18600
2007 70 1,734 255 291 18554
2008 210 1,944 129 288 18419
2009 20 1,964 271 530 18160
2010 10 1,954 321 190 18280
2011 3
=7 1,964 10 1,954 1,564 1,561 17.977 19,102 18,280
o HA H HEAHFS FJGAE WHEAHEE=AZH Hxfo| ek X Rl o] AF
Algdstar o s HAAA F Aol 2 F0E AXH dF Aol BEI S
So nEGrtE APujzS star ok wEkbA, d3y AN HEAFERe
ANLE&E& A D AAZE E7FsE AHEolth UFA R =3 A A3 S heErsA
AAIEFIL Qlo] FA|Fola FrE|H ol Kk Fio] A4 whAslal glo] Hr)
ME-Aola AFAAAR HAAAE 7= FHol a8
o ¥ AZAl P ujztel 2 TAH
g 1EWE AYuS FdozA AAIHR] FYASHHT 10 W o A
kol A oF 50 Wukdo] wjzZbstal 9l
[3 2-124] ¥ A=A vjzbesd 2 e dd
(Sl AL/
T uj 2} of T oG ufjZ-d
Aute s 100,010 3 33,337 2011 6¢¥
A7)} 406,900 29 14,031 2011 6¢¥
PMCY A 5=} 872,000 17 45,895 2010 10¢
R ead. P 20,000 2 10,000 2008 1¢¥
Az 3} ) 174,000 29.000 20099 6¢¥
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o B2 AzE 5
* AR Ao Mo ARwMS wel FAALe] Hdadg. o A9, o 54l
AlaEe] AS A AFS EFefof o
o A} A
cabgl RAE 9F RE AED A% TAL TG ABY ¥ o =
g, 5%, dgEAE, 2k 2 V1R o dAdn =
o 78} Au] A%
2dEe) bl ¢ol Wed nE AF Y AF3AL TH U, WA /16
A Azl 2FdEA = B AlE R T4 o fARTE B2, JAF A=,
Foha), oW, BB 29 WA 5
o &G} FARS
FAEANE 993 FARS B RE /%5 £ FA o: A2 /Y
A, A% AH, AL Avt 5
o FARS
*HE AAEe] 4 BEe AAS 2AY g JeR wAsh: A #dd
RE &5s 23 oo dd == A5 uA
- UIC A4 38304870l =
UICol M= A=A Eo didh 247 A digdgrt 235 &8st B
AEAAQ AeAds AAetS ta3t 2ol dAERE Atst
o How to design a Sustainable Project
*Design tender stage Initiatives, change in perception, design to deconstruct,

consider life expectancy and maintenance durability issues
*Optioneering Stage : Opportunity to influence option, design life
*Design Stages : Through material choice, LCA

*Construction Issues : Transportation, construction method
*Operational Issues : Drainage, durability, maintenance
*Demolition : Salvaging of materials, reuse, recycle

o Design for Deconstruction

(material) management
*Consider ease of deconstruction, *Reclamation of materials
*Re-use of materials, *Refurbishment of components

*Cost benefits, *Community benefits

- 183 -

Pre-determine ‘end of pipe’ scenario through resource



A

A% s AEALE A

ro

MRS Ao thevt ol AN,

o

9]
° Top 6 sustainability gains through material choice

*Specify cement replacement materials (such as GGBS and PFA:--.cement production
accounts for 7% of global CO2)

*Performance specification of alternative aggregates (eg Slag, ash, recycled concrete,

glass and brick)

> Implement a local sourcing strategy (transporting 100t of material over lkm
produces around 5kg of CO2 by road and 3kg of CO2 by rail)

> Reduce waste on site (Construction and demolition waste accounted for 89.6

million tonnes, or 32% of total waste produced in the UK in 2004).

> Use reclaimed, recycled and site-won materials(For every tonne of virgin aggreg-

ate used, the equivalent of 10kg of CO2 is produced through quarrying activities)

> Increase durability of through better detailing Repairs and maintenance projects

account for half of the construction industry budget
S UIC AEAA SRR A3 4R

- UICoI M = vt Zo] drAldeol thet 24725 dAaAdgris 3

w4 = A

.........

TI=HY NTHH LEEL A=4ul kg FHIAIA HHW
[Z2¥ 2-90] UICS] FEAEE Fd Axpy 2247k~ A= J7 23

(A& : Carbon footprint of high speed railway infrastructure, 2009)
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3 TANZEAS 9% T8 Ve B4

O AEA2HH A7 2RYEA

UIC 59 A7 ASE Fastel AEA2Y Angol e At YEYS 24
@ A% AEAFe SPUANA PR NUAE 2ushe AF) AFHN A
= ARYEY AFT

A EL AAGA A AL 70% o] Fe] 2A72TE wiEH
5} ]

ST HoJ=

[co2 mEny] & REEL
=X} X
BENY Mzl BEAT
p sgy=a
oo s CTAIETAY LB UF X4 §
AR T B M Zag
[m71] $ X1 XX Jl&
o el ITARY AHTHE =
-:LJIE e W7l ROUHI=
BT AlM
[xi=]
A SN X E
HEAHENE AEA BT AIE HEO|E
- ATH Y HPFYBIAIAY
‘ [m71]
avat, WISHE
M2 /X W WLc=PMc+Ec+Cc+Rc+Dc
Wic: E=AIE FHaFE S8
= CO2PICIT(%), UIC BE ~PMc © Project management carbon
- Ec: Embodied carbon
- Cc - Construction carbon
- Re: Running carbon
- Dc : Deconstruction Carbon

[2% 291] AEAl2d" dapyg 22470~ dAEA D 7)xnte

h = pid

A=A}
A7~ HAEAL BAAT M} o] AT Heoe SdGA AT~ A
ZF71%0] Aot} UICoA Ak dreatgel 3vA stFAAMAS Y3t 7+
SHES ol ol Attt o]k A, UICAA A3 A=zt stEA Hr7A %
of A&E&S IHIJEE Ho| 7] W AME ALES aEs FAHQd 24T~
AHE Aol agslo]of stk
o ¥+ UICAA AAstaL A= 2ol AU A] MA7iE FEoy 7j&d
MAaaE WAt Aok 40U A 7emE5S d8ete] & VAT 5T
Zles e 2ol VlehE5d dsdad B 7|ERAde FEAHAHEE T35
=
[ 2-125] ABAZ3} 7%
I 71&E 8 N & (71 H))
o . dFulE AA 2 A7)
T AHA 7 & Za7 . 2oz} 5%
M= A AR % Honeycomb EFS)] AA 71&= XA 74 #3} 5%
E3haA) BaaA gar)e 5%
WA 7 28} s 94 WA s 43 5%
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- FE ARAY 794
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AgA 2R S AR AUA Az AN HAR DR SARRE AT T
of A SANS AP & F UEF AFv, A Y AnEE A4 U
o AHEF B4 L /g U BEE AsUES FFHOD AqT F U A
=

(1) EAIFERIE L0 OE-7|He] Z3MH0] 7|=

14243 = IUXI0EHE

84545 = B4 2 HOIEHHA

(2)
Energy Interfacing 7+8+0 = oI R SLAAH
Measurement TCMS
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Huge potential to save traction energy!

Traction unit 73-04 Oslo to Halden, May 2006
Running time 1h 45min (43- 49), Distance 136,6 km Tog nr
1200 — 139

— 107
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only an energy meter can : P — 127
- measure these differences _ — — w7

115
- 127

— 138
— 107

Energy consumption accumulated (kWh)

400 Highest: 1109 kWh — s
Lowest: 743 kWh — 17
Difference: 366 kWh — 07
200 49% =
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Top 6 sustainability gains through
material choice

Specify cement replacement materials (such as GGBS and
PFA....cement production accounts for 7% of global C02)
Performance specification of altemative aggregates
(eq Slag, ash, recycled concrete, glass and brick)

Implement a local sourcing strategy (transporting 100t of
material over Tkm preduces around 5kg of CO, by read and 3kg of
€@, by rail)

Reduce waste on site (Construction and demalition waste
accounted for 89.6 million tonnes, or 32% of total waste produced in
the UK in 2004).

Use reclaimed, recycled and site-won materials (For
every tonne of virgin aggregate used, the equivalent of 10kg of CO2
is produced through quarrying activities)

Increase durability of through better detailing Repairs
and maintenance projects account for half of the construction
industry budget
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22, AjAepel A A8 A S 300000 | 150000 | 500000 | 250000 | 300000 | 150000 | 1100000 | 550,000
3‘””“5}33%@ _?f ;‘iﬂ;{f}]g XE% 150000 | 75000 | 150000 | 75000 | 150000 | 75000 500000 | 300000
3-1. 924 Y 4ol @348 9 dEvlE | 150,000 75000 | 150,000 75000 | 150,000 75,000 500,000 300,000
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34 (A7) =AY 2=

FABS 7% BH 2808

(¢ Z19)
1xhd 22l 3xhd 4zhd A
A g
45 =104 4R =104 A5 7k 4R E1P4s 45 E1P4s
A4 =& 2771000 | 924000 | 2948000 | 983.000 | 4625000 | 1,542.000 | 2,683.000 | 894.000 | 13027.000 | 4,343.000
1A -2 A)
AR 26l E §1BICBM) 7]% A 1,508.000 | 503.000 | 1264000 | 422000 | 2,100000 | 700000 | 1,000.000 | 333.000 | 5872000 | 1958000
1-1(3%F)
%]Xl E}?ﬁ Asts Qs ox A A7t 829000 | 277000 | 695000 | 232000 | 1,155.000 | 385000 | 550000 | 183.000 | 3229000 | 1,077.000
A28l 7))l
1-2_(53—%)
F%HL e 7| HE AP E §-A HS(CBM) 3714 | 528000 | 176000 | 443000 | 148000 [ 735000 | 245000 | 350000 | 117000 | 2,056.000 686,000
7Yk
13(2:5) y
%5}110 L%Xli#%% A4 2 2w oz 151.000 50000 | 126.000 2000 | 210000 70.000 | 100.000 33.000 587.000 195.000
71
2473 A] _
%E?}?ﬁﬁ%‘] A A A 2 g = 1263.000 | 421.000 | 1,684.000 | 561.000 | 2,525.000 | 842.000 | 1,683.000 | 561.000 | 7155000 | 2385.000
7= 7Hdk
2-1(F%) i
ﬂf_’ﬁ Hojg 2 AE A 2 o= 7)E 581.000 | 194000 | 775000 | 258000 | 1,162000 | 387.000 | 774000 | 258000 | 3292000 | 1,097.000
7H
2-2(F%)
e 540 o A7 e g 2 3 480000 | 160000 | 640000 | 213000 | 950.000 | 320000 | 640000 | 213000 | 2719000 |  906.000
A dE 7= s
2-3(3%)
2} TS D 2eF )] GHE A 202000 | 67000 | 269000 | 90000 | 404000 | 135000 | 269.000 |  90.000 | 1,144.000 382,000
e 2 o= 7]s
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438 (97 ZEAA 225337 2 VA B JE A Lsedit

124 270 33 47hd 53 (max) A

A

ox
o

A | AR | kb AR | "d | AR | Rkt

o
-z
r d
Bl
o
o
r o
S

AT T2 3,140,000 | 740,000 | 3,800,000 | 860,000 | 3,172,000 | 838,000 10,112,000 | 2438000

1A
iE—]L:—}\]}g %ﬁ%ﬁy ]— 1;% Oﬂ 7ma(m - l,l(X),(IX) - 1’(11)3M) = Z&X)S(XI) -
SV 7R

1-1(3%)
LAV 2 55 Rowl A | 40000 | - | 600000 | - | 5000 | - L0000 | -
= 7

1-25%)
AP Aeks 7ARE 2 E | 300,000 - 500,000 - 500,000 - 1,300,000 -
W =

A

A Ro RV 7 7t 2,440,000 | 740,000 | 2,700,000 860 | 2,172,000 | 838,000 7312000 | 2438000

2125
HEAPIE ouR|ag /W7 | 1,600,000 | 430,000 | 2,000,000 550 | 1,441,000 | 475,000 5041000 | 1,455,000
it

2238
NI ES 25 9037 K 7 840,000 | 310,000 | 700,000 310 | 731,000 | 363,000 2271000 83,000
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52 (7D ¥ =AY #F3A AFA LR 7l FA| 2844

13hd 221d 3xhd 4713 52 (max) A
A

35 b4y 8+ by

o2
-z
rg
N
N,
oxl
-z
d
N
N,
2
-
l-‘El
N
N,
o2l
-z
l-‘lj
N
N

s 3400000 | 460000 | 4725000 | 0000 | 3900000 | 625000 12,025,000 | 1,875,000

m.l

1AIFA
HEARE 8K | 1900000 | - | 250000 | - | 2000000 | - S

= Tl 3 ZE
R A

-I(E5)
TEAIST ] YR REAZE | 400,000 - 500,000 - 500,000 - 1,400,000 -

al 3EE
R AL

1-AEE)

Sl L0 |- 200 - L300 - S0000 | -

2
A S 75 W A | LS00 | 460000 | 225000 | 0000 | 1900000 | @500 U | LS
_9_7}%7111:11-
[€) =

21(&%)

o alelEp TR W T 1,000,000 | 310000 | 1,25000 | 470,000 | 1400000 | 470,000 3,625000 | 1,250,000

223
3 Ak 2 Aelg- 7 | 500000 | 150000 | 1,000,000 | 320000 | 500000 | 155000 2000000 | 625000
it
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678 (LsHA) W=}

off
]
poin
o
[»
2
[t
f
P
r‘N
o,

A 71s A a4

13hd 22hd 32 (max) A
A g
5 QI A5 7t 5 5% 5 1%

AutA F& 1,000,000 350,000 1,800,000 600,000 1,500,000 500,000 4,300,000 1,450,000
TE 1
LEEAE R 2 Y9%H] 300,000 0 500,000 0 400,000 0 1,200,000 0
Al =5l 7]z 7l
T 2
2PLE B 2 A 974 100,000 40,000 200,000 80,000 200,000 80,000 500,000 200,000
SRR A 2] 7] =
TE 3
2HE R 24 QA
AT ] o] 300,000 160,000 600,000 280,000 400,000 210,000 1,300,000 650,000
Al 2= ]7) = 70
TE 4
AnLE R 2 A 9% 300,000 150,000 500,000 240,000 500,000 210,000 1,300,000 600,000
A &-8-7] =7
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1. FHMN M=% =525

7v. 3718

O dg A&5+= H7PHeol = AHP(Analytic Hierarchy Process), DEA(Data Envelopment

Analysis), System Dynamics, BSC(Balanced Scorecard), Risk management & simulation,
F A, 6A]71v}, SPC(Statistical Process Control), PAT(Process Analytical Technology) & ©]

AHP= A5 5= 59 7] (Criteria)& 7FAaL glo] oAb A o] I= Aol A st
AANA BH oHA oA A A A (multi-attribute  decision

+ X ¥ (Compensatory model)oll &3t E=A]-3H74-14-737FH-
Fol o] &H i Sl (Z=ZH <], 2003)D

w3 AHP= AA AR, vARAE 1, gl 3rh HA Y i Ttk &

ofoll A SJALAA S fldte] &&E I glon FE HUE Y, oSS 93 gAEAY

b e 2 BEE ZAl Bol o8 I F848% AL U= W

A (HEgAL 1998)2)

AHPE AR 91w A%d Q5 GAM AL Ba F3H dolHz 4% @
F om S Arggatel A4, 49, 249 T B A%E v E F F 9

U, A8 7 oJAZA AW (Analytic Hierarchy Process: AHP)

O 1970 =Wk T. Saatyol <Jste] /s AFEAA
Process: AHP)> JALAA S AlTTF2E FAS Y e 247Fe] AoH] 1l (pairwise

comparison)oll ©]3 TS Edte] Hriate] A, AW 2 AR TasuA =

shite] A= ojabdd B EYY

AHP= o] 29 ©A B e, Ad 9

el atAA Rkl de S&Eo] gon] OB x A HBIHHE I o

T7F Ay 5

489 Ay L WEAolehs 5o wrghe}

) 2T 9], AS AR QAHEA, FHETHAL 2003
) A% BAA ASUYAHP)) o B 9MRY MRl B AP, BATAT 22(2), 1998
e Analytic Hierarchy Process, McGraw-Hill, 1980
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of AAFE Amax”7} noll
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nmth =7 2] o

GIDAY
A A9 A Eo]

o] 7] A, Amax+<

ojn
°

A

=

7A
)

1ol A4 9

.

R

5hH, ]

°

o

=

A A 4*(Consistency Index: CI)2} & A H]

(CR) = (CI/RD*100%

bl 7
A% (CD = (A e — 1)/ (a—1)

°©

RIE= d#]9*(Random Index)

5
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g
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A& vlE
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A

TI=((rail* or railroad* or train or trains or "rolling stock" or LRT or metro or
BRT or underground or subway or AGT or APM or monorail or streetcar or
PRT or Maglev or Shinkansen) and (finite-element or assessment® or test or
measure or measurement or evaluation or verification or diagnosis or
diagnose))

Mo
o2

TI=((rail* or railroad* or train or trains or "rolling stock" or LRT or metro or
BRT or underground or subway or AGT or APM or monorail or streetcar or
PRT or Maglev or Shinkansen) and (network* or schedul* or traffic or
management or timeable* or policy or service* or passenger* or algorithm* or
strategy or station or diagram* or network* or (operat* same (process* or
device*)) or (information same system*) or (real* same monitor* same
system) or (wireless same bridge) or lan or wan or telemetering® or ((manag*
or operat*) same system*) or (communication same device) or (informat*
same system*)))

TI=((rail* or railroad* or train or trains or "rolling stock" or LRT or metro or
BRT or underground or subway or AGT or APM or monorail or streetcar or
PRT or Maglev or Shinkansen) and (wheel* or railhead* or material or steel
or crack or fatigue or "residual stress*"or crashworth* or (finite same element)
or body or truck* or curve* or collision* or traction or "air condition*" or
rolling-sliding or door or ventilat* or seat* or coupling® or coupler or drawbar
or draught or frame or articulat® or collector® or pantograph* or control* or
"natural frequency" or brak* or bogie* or interior or sleeping or suspension*®
or generator* or convertor or inverter or propulsion or propeller or power or
motor))

TI=((rail* or railroad* or train or trains or "rolling stock" or LRT or metro or
BRT or underground or subway or AGT or APM or monorail or streetcar or
PRT or Maglev or Shinkansen) and (ballast or tie or sleeper* or track or
operation* or railpad* or brige* or tunnel or corrugation or fastening or
stiffness or roadbed* or trackbed* or (road same bed) or (track near bed) or
ground* or (land same subsidence) or (reinforce® same soil) or cantenary or
"third rail" or trolley)

TI=((rail* or railroad* or train or trains or "rolling stock" or LRT or metro or
BRT or underground or subway or AGT or APM or monorail or streetcar or
PRT or Maglev or Shinkansen) and ("overhead line" or "contact wire" or
"contact line" or ATC or CTC or ABS or ATS or ATPS or ATP or ERTMS
or ETCS or GSM-R or ATO or CBTC or relay* or interlock* or (overhead
same conductor) or (conductor same equipment) or ((rail* or level) same
crossing) or (protect* same (device* or system* or machine*)) or (safe* same
(equipment* or device* or machine*®)) or (signal* same (safety or system*)) or
(train same radio) or ((radio or rail*) same communication))

ox

rou

n

or LRT or metro or
BRT or underground or subway or AGT or APM or monorail or streetcar or
PRT or Maglev or Shinkansen) and (vibration or noise or environment® or
contamination®* or pollution® or sound*))

TI=((rail* or railroad* or train or trains or "rolling stoc

o2

TI=((rail* or railroad* or train or trains or "rolling stock" or LRT or metro or
BRT or underground or subway or AGT or APM or monorail or streetcar or
PRT or Maglev or Shinkansen) and (earthquake or fire or disaster or hazard*
or safe* or guardrail* or "check rail*" or derailment or protection* or

platform* or terminal or depot))
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((rail* or (rolling adj stock) or train) and system and (test or
measure or measurement or evaluation or verification or diagnosis
or diagnose)).KEY. AND (GO6F-015/00 or B61K-013/00 or
GOIM* or B61L-025/00 or GOIN-003/60).IPC.

Ho
of

Mo

J 583}
7&

(((rail* or (rolling adj stock) or train or trains) and (diagram* or
traffic* or rail-traffic or network* or (operat* near (process* or
device*)) or (information near system®) or (real* near monitor*
near system) or (wireless near2 bridge) or lan or wan or
telemetering® or ((manag* or opera*) near2 system*) or
(communication near device) or (informat* near3 system*))) not
(((portable or pay) near telephone*) or cellular* or health or trained
or training or cross-rail)).KEY. AND (H04* or GO6F* or B61L* or
B60L-015/40).IPC.

((((rail* or (rolling adj stock) or train*) and ((internal adj
(accommodation® or fitting*)) or (interior adj fitting*) or door or
(sliding adj door) or window or heating or cooling or (air adj
conditio*) or ventilat* or (ari adj condil*) or lighting or (sleeping
adj car) or sleeper or seat* or Sanitation or couplings or coupler or
drawbar or draught or ((buffingor draft*) adj gear) or buffer or
((resilient or buffer) adj rubber) or (vehicle adj bod*) or bod* or
(car adj body) or carbody or frame or underframe*)) not
articulate*)).KEY. AND (B61D* or B61G* or B21D-053/00 or
B61F-001/03).IPC.

A5 A o]

7)&

((rail* or (rolling adj stock) or train*) and (braking or brake)
).KEY. AND (B61H*).IPC.

2k 9
A7HA
7%

((((rail* or (rolling adj stock) or train*) and (suspension* or
(articulated adj (truck™ or bogie*)) or truck* or bogie*)) not
(conveyor or cleaning or printer))).KEY. AND (B61F*).IPC.

(((rail* or (rolling adj stock) or train*) and ((((current or power adj
collector®) or collect®) or *pantograph™ or ((concentrat® near linear)
near generator) or ((distribut* near linear) near generator) or
converter or inverter or propulsion or traction or propeller or power
or motor or (auxiliary near2 power))))).KEY. AND (B60L* or
HO2K* or HO2M*).IPC.

2R o) 7] =

(((rail* or (rolling adj stock) or train*) and ((power or propulsion
or traction or motor) near3 (control or controller or
control*)))).KEY. AND (HO2K* or HO2P*).IPC.

(((rail* or (rolling adj stock) or train*) and (repair® or
maintenance*))).KEY. AND (B61* or HOIK* or HO2K* or
B60L*).IPC.
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((rail or (rolling adj stock) or train) and (guardrail* or (check adj
rail*) or rail or sleeper® or (resilient adj tie*) or (resilient adj
sleepers) or stringer* or (impregnated adj tie*) or (steel adj tie*) or
(reinforced near concrete near tie*) or (reinforced near concrete near
sleeper™) or (bridge adj tie*) or (bridge adj sleeper*) or ((track or
regular) adj tie*) or (prestress* near concrete near (tie* or
sleeper*)) or (switch near (sleeper® or tie*)) or (cross adj sleeper)
or tie bar or tie* or (concrete adj bed) or *ballast* or (ballast* adj
track))).KEY. AND (E01B*).IPC.

((rail* and bridge* and (connection or girder or fixing or structure
or bolt or joint or analysis or connectoer or (crossway near power)
or earthquake or (expansion and contraction) or wind or vibration
or elementso or composition or construction or performance or
improve* or connecting))).KEY. AND (EOID* or EO1B* or
F16B-035/00 or F16B-035/04 or B61*).IPC.

(railway or railroad or train) and tunnel and (hood or (draft near
hole) or (vertical and air and hole) or (microatmospheric and
pressure) or (water and proof) or falling or (smoke near2 control)
or ventilat* or paching or (section and profile) or analysis or
evaluation or aerodynamic or design or submarine or (ground and
stabilization) or grouting or stability or (shield and tunneling) or
(method and (measurement or construction or special or
reinforcement)) or (contiguity and construction) or lining or (soft
near ground) or (under and pinning) or vibration or blasting or
(evaluation and stability) or measurement or (ground and settlement)
or movement or air or (wind and load)).KEY.

(((rail* or (rolling adj stock) or train*) and ((roadbed* or trackbed*
or (road near bed) or (track near bed)) or *ground* or (land adj
subsidence) or (reinforced near soil)))).KEY.

(((track or rail or ballast or tie or sleeper) with (maintenance® or
repair* or management*))).KEY. AND (E01B*).IPC.

A7)

>
fol

((rail* or (rolling adj stock) or train*) and ((contact near (line or
wire)) or (overhead near rigid near conductor) or (rigid near
conductor near equipment) or (third near rail) or (polygonal near
equipment) or (trolley near voltage near detector) or (contact near
wire) or (trolley near wire) or (catenary near equipment®) or
catenary or (overhead near2 line))).KEY.

((rail* or (rolling adj stock) or train*) and (ATC or CTC or ABS
or ATS or ATPS or ATP or ERTMS or ETCS or GSM-R or ATO
or CBTC or relay* or interlock™ or ((rail* or level) adj crossing) or
(protect* adj (device* or system* or machine*)) or (safe* adj
(equipment* or device* or machine*)) or (signal* adj (safety or
system*)) or (train near radio) or ((radio or rail*) adj
communication*))).KEY. AND (B60L-011/00 or B60L-015/00 or
B61L* or B61G-003/00 or HOIH* or HO2H*).IPC.

(rail* or (rolling adj stock) or train*) and (repair* or maintenance*
or reinforcement).KEY. AND (B60M* or B60L-011/00 or
B60L-015/00 or B61* or HOIH* or HO2H*).IPC.

ol

ot

(((track or wheel or train or rail* or collector or pantograph* or
catenary or trolley or acrodynamic or ground or roadbed or
((micro-pressure or micropressure) and (tunnel or wave))) and
(noise* or vibration*))).KEY. AND (B61%*).IPC.

(((rail* or (rolling adj stock) or train or trains) and (safe* or
guardrail* or (check near rail*)or protection® or crashworthiness
crushworthiness or derailment or ((guard or check) near angle) or
(fire near (prevention* or containment®)) or ((alarm* or warning*)
near (light or device or system*)) or (disaster® near5 prevent®) or
(disaster nearl0 prevent* nearl0 natural nearl0 hazard*) or
(control* near5 hazard*)))).KEY. AND (B61D* or B61H* or EO1B*
E02D* or B61L* or B61K* or B61F* or EO1F*).IPC.

i
S
a3

(rail* or (rolling adj stock) or train or trains) and (platform*).KEY.
AND (E01F-001/00 or B61B-001/00 or B61B-001/02, EOSF-015/14
or E04F-001/15).IPC.
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[ D-39] 4t &of B4 = 5 S84

T8 24
(rail track or railroad or railway) and ((non-contact and (monitoring or recording or
inspection)) or ((running near stability) and ((ride near comfort) or acceleration or
measurement)) or ((bridge or tunnel or track bed or sub-layer, fastener, sleeper,
= ballast) and (inspection or monitoring)) or ( (((high near speed) and camera) or
i;k image or surface or fault) and (measurement or processing)) or (((high near speed)
° or data) and (collection or signal process or diagnosis or evaluation)) or
((optimization and (analysis or maintenance or planning))) or ((high near speed) or
((low near vibration) or vibration or (vibration near isolation)) and (control or
remodeling))
((real time near monitoring) and (sensor or sensor node) and (((rolling near stock)
- or (railroad near vehicle) or train or bogie or onboard or axle box or hot box
Ny ; detector) or energy harvesting or powerless) and (safety or reliability or diagnosis or
; 2 prognosis)) or ((rail track or railroad or railway or rolling stock or railroad vehicle)
/\]L P and ((wireless and (sensor adj network)) or (((maintenance and (condition near
based) or (reliability near centered)) or safety or reliability) and (axle box or hot
box detector or bogie hunting or axle bearing))
(((recycle near energy) or storage) and ((capacitor or super capacitor) and recycle))
or (((solar or photovoltaic or fuelcell or SOFC or MCFC or PEMFC or wind
E turbine) or renewable near energy) and (DG or blade or inverter or PCS or battery
o 42| | or (distributed adj generator))) or ((piezoelectric or scavenging or (harvesting and
Epdy (energy or power))) or ((flywheel and (rotational energy or dynamics or generator
2! or (electrical adj power conversion))) or (((supercondoctor or cooling system) or
##3} | efficiency or improvement) and (motor or generator)) or ((smart near grid) and (DG
or DC or building or EMS or PCS or PMS or AMI or smart meter or distributed
or conditioning))
(rail or railway or railroad or train) and (((assessment or measurement) and
(greenhouse gas or CO2 or inventory))) or ( (reduction and (greenhouse gas or CO2
or emission source)) or ((assessment and (environment near impact) or (greenhouse
X387 | adj gas emission)) or ((energy and (improvement or efficiency)) or (emission near
=) reduction)) or ((railway or system) and (maintenance or operation) and (eco- or
Al2=€l | enviornmental or friendly)) or ((eco-design and (railway or system)) or ((minimizing

near pollution) or (pollution near prevention) and design) or (recycling near
material)) or ((eco or eco-) and (city or transportation or railway)) or ((deterioration
adj prevention) and (concrete or life extension))
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994 209.09.00 | AR ] 2011.03.17

=99 Hitachi, Central Japan Railway

A& Vehicle Inspection Apparatus
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A| £ Detection of track maintenance facility data and inspection device
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