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Fig. 1.2.6 Market volume and market growth by product segment
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September 2014)

Eastern Europe: Cis:
-MV: EUR 10.9 bn -MV: EUR 22.2 bn

Western Europe:
-MV: EUR 41.6 bn

-CAGR: 3.2% -CAGR: 2.2% I -CAGR: 1.6%
North America: y Asia:
-MV:EUR 25.0 bn L0 0 -MV: EUR 46.0 bn
- CAGR: 3.3% e —CA-GH 4.0%.
[ | [ |
|
South/Central America: Africa/Middle East: Australia/Pacific:
-MV: EUR 5.6 bn -MV: EUR 6.9 bn -MV: EUR 4.1 bn
-CAGR: 1.0% -CAGR: 10.3% -CAGR: 0.6%
Fig. 1.2.7 2013-2018 =24 HAZAA 53
(2) Few7te AwAE @
To=7Fe] s AT R, T HEAG R AA 19 E AEAEHE )
% (After—sales) Aol 4552 st 9gon HToe uHHATAIFA &
Al Zr(intercity) (HAEHE, EAEE W st2d R Agtsto] JFHa A= A0
th. TOP3R! T =, ul=, gAjo} Aol 7Hd o3 HEAolw, 3 HEAES
A% 344 A% A% sel TP FAE 9FE FA8T glovw Ady
FdeA FAA AF AgE e vk (4 ¢ THE WORLDWIDE MARKET
FOR RAILWAY INDUSTRIES 2014, SCI Verkehr GmbH, September 2014)
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Fig. 1.2.8 Top 10 countries by market volume in EUR billion(2012~2014)
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Fig. 1.2.9 Top 10 countries by market volume in EUR billion(2012~2014)
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30 45.84 4.87 5.97 20.23 101.66 178.6
90 49.86 4.38 7.26 20.77 94.19 176.48
100 53.76 5.34 3.64 22.06 87.61 177.41
110 58.16 6.81 10.51 24.46 80.14 180.08
120 65.21 10.21 12.48 26.67 70.87 185.43
10 102.89 3.9 0.47 10.16 614.51 736.92
20 67.94 8.05 0.86 11.47 507.65 595.97
30 53.03 7.21 1.39 12.64 416.81 491.06
40 51.45 6.35 1.93 13.03 347.34 420.1
) 50 43.2 6.35 2.49 14.33 299.24 365.59
B 60 46.96 5.93 3.09 14.98 264.51 335.49
B 70 49.64 551 3.86 15.64 237.79 312.44
30 51.45 5.1 4.72 16.94 213.76 291.95
90 56.42 4.67 5.71 18.64 196.12 281.56
100 60.34 4.67 6.8 20.06 181.69 273.54
110 67.94 5.1 3.26 21.76 165.66 268.71
120 76.06 5.93 10.05 23.44 152.3 267.78
10 249.88 17.41 1.23 15.77 381.53 665.83
20 174.91 14.86 1.98 18.1 332.3 542.16
30 114.7 12.71 291 20.19 270.76 421.25
40 33.3 11.61 4.05 20.88 221.53 341.38
] 3 50 78.62 10.53 543 23.89 188.3 306.76
] N 60 31.36 9.8 7.04 26.67 166.15 291.02
- 70 92.06 9.06 3.89 217.84 151.38 289.21
30 102.87 8.34 11.33 32.48 135.37 290.4
90 114.7 9.43 14.16 35.5 119.38 293.15
100 132.02 11.25 17.52 37.8 107.07 305.68
110 155.47 13.78 21.28 40.13 97.23 327.88
10 101.41 9.42 0.7 14.31 275.84 401.68
20 67.92 852 1.28 16.13 221.87 321.74
30 52.61 7.62 2.09 17.78 187.1 267.23
) 40 49.97 6.73 291 18.35 155.92 233.86
Bl 50 56.41 6.73 3.73 20.18 134.31 221.37
EY 60 64.78 6.28 4.68 21.09 118.73 215.56
70 78.62 5.84 5.84 22 106.74 219.02
30 107.65 5.39 7.12 23.85 95.95 239.94
90 112.84 4.94 3.63 26.23 88.04 240.66
100 134.56 4.94 10.27 28.25 31.54 2959.55
10 101.41 12.93 2.65 30.96 391.23 539.17
20 67.92 11.68 4.19 32.99 331.04 447.8
30 52.61 10.42 5.95 35.02 290.91 394.91
40 49.97 9.17 8.15 37.22 245.77 350.28
=3 50 56.41 8.34 10.79 41.1 215.67 332.33
EY 60 64.78 751 13.42 43.98 193.09 322.79
70 78.62 7.09 16.28 494 175.55 326.93
30 107.65 6.25 20.24 54.14 160.5 348.77
90 112.84 7.09 24.21 60.05 146.97 351.15
100 134.56 7.94 29.04 64.29 136.93 372.74
10 318.01 15.77 3.12 36.93 399.71 733.95
20 249.88 14.1 543 46.65 295.47 611.53
30 179.39 12.08 3.21 554 244.08 499.16
. 40 132.02 10.75 11.66 58.32 205.55 418.29
o & 50 127.22 9.9 15.29 61.23 170.86 384.5
EY 60 142.79 39 20.22 68.04 147.74 387.67
70 162.7 7.88 25.3 68.04 132.32 396.26
30 189.09 6.55 32.22 77.75 115.62 421.21
90 225.7 7.05 4 49406 90.4 113.06 476.79
100 269.09 7.88 49.8 100.11 101.49 528.37
Atm 0 W A BAFE VAR (AlAH), SRR, 2011
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Table 1.5.15 =54 .

b

b
1%
K}
N
o

2
=

o

(Sl : R/km)

= b CO NOXx HC PM CO, A

10 37.85 11.84 7.26 0.00 17.87 74.82

20 16.70 6.79 2.49 0.00 12.08 38.07

30 10.35 491 1.35 0.00 9.61 26.22

40 7.36 3.89 0.85 0.00 8.18 20.29

o0 0.66 3.26 0.62 0.00 7.21 16.74

60 4.57 2.80 0.45 0.00 6.50 14.34

70 3.81 2.48 0.35 0.00 5.97 12.6

30 3.26 2.22 0.3 0.00 0.54 11.31

90 2.84 2.03 0.25 0.00 5.19 10.29

100 2.49 1.87 0.22 0.00 4.89 9.46

10 9.69 18.78 2.26 6.79 18.63 96.16

20 6.72 12.57 1.33 4.86 12.78 38.24

30 0.42 9.93 0.97 3.99 10.32 30.64

40 4.66 9.09 0.76 3.48 9.04 27.04

50 4.14 3.40 0.65 3.31 8.21 24.7

60 3.77 8.31 0.55 3.94 7.86 24.03

i 70 3.48 8.82 0.49 3.8 7.98 24.58
! 30 3.24 9.94 0.44 4.04 8.56 26.22
H 2 90 3.05 11.69 0.41 4.29 9.6 29.05
100 2.88 14.03 0.37 4.57 11.16 32.99
10 35.41 75.49 13.11 20.65 23.7 168.36
20 23.03 49.61 8.37 11.97 18.24 111.22

30 1791 38.81 6.43 8.71 13.96 85.81

40 14.99 32.60 9.33 6.94 10.85 70.71

50 13.05 28.48 4.61 6.37 8.90 61.41

60 11.65 25.92 4.11 0.96 8.14 00.37

70 10.59 23.25 3.73 5.96 8.5 52.06

30 9.76 21.44 3.41 6.37 10.14 51.10

)3 90 9.06 22.97 3.16 7.19 129 00.28
] ) 100 8.49 29.68 2.95 8.42 16.84 66.38
- 10 64.14 264.64 18.00 45.65 49.68 442.11
20 45.06 199.99 11.27 33.11 38.7 328.12
30 36.65 169.78 8.58 27.44 33.45 275.88
40 31.65 151.14 7.07 24.01 30.15 244.01

50 28.25 138.12 6.08 21.64 27.82 221.9

10 11.95 25.74 2.34 7.12 20.3 67.44

20 9.14 15.78 1.63 6.00 13.75 46.31

30 7.82 11.85 1.33 5.43 10.95 37.38

. 40 7.00 9.16 1.15 5.06 9.42 31.79
B 50 6.41 7.81 1.02 4.81 8.72 28.75
EH 60 5.98 6.86 0.93 4.59 8.45 26.82
70 5.64 6.33 0.85 4.43 8.61 25.86

30 5.35 6.19 0.80 4.27 9.22 25.85

90 5.12 6.47 0.75 4.17 10.25 26.76

100 491 7.15 0.72 4.05 11.72 28.99
10 57.41 125.91 23.94 26.48 30.97 264.72
20 36.11 85.92 15.26 17.67 25.42 180.37
30 27.53 69.63 11.73 13.95 20.82 143.66
i 40 22.71 60.49 9.73 11.8 17.17 121.93
Ok o0 19.56 03.16 8.42 10.35 14.51 106.01
EY 60 17.33 47.65 7.49 8.78 12.82 94.07
70 15.62 45.97 6.78 7.86 12.10 86.34

30 14.28 42.11 6.2 7.34 12.34 82.28

90 13.21 42.09 0.75 7.23 13.53 81.83

100 12.32 43.89 9.37 7.95 15.69 84.82

10 70.00 349.49 24.15 77.73 147.54 6638.91
20 41.88 268.83 16.31 538.12 112.6 497.79
30 31.01 230.65 12.97 49.00 96.16 419.78

40 25.05 206.87 10.62 43.43 85.95 371.91
50 21.23 190.11 9.71 39.54 78.8 339.38
60 18.55 177.45 8.76 36.63 73.38 314.77
70 16.56 167.4 8.03 34.34 69.11 295.43
80 14.99 159.15 7.44 32.46 65.60 279.63
90 13.74 152.22 6.95 30.90 62.66 266.46

100 12.70 146.26 _ |, 6.57 29.54 60.13 255.21
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Table 2.1.3 ITX-HF 2% dx19 dATH &%

A% 53 : ke :

X& Y& 7=
TC1 43,873.3kg -246.7mm 12.4mm 1332.1mm
M1 46,437.9kg -104.1mm 1.6mm 1256.8mm
M2 46,550.9kg 74.4mm 5mm 1401.3mm
M1 48,245 .9kg 145.2mm 0.2mm 1278.8mm
M2 48,245 .9kg 237.3mm -7.1lmm 1278.8mm
T 42,978.8kg -2.2mm 14.4mm 1593.9mm
TC2 43,873.3kg -248.3mm -2.5mm 1332.1mm
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24 M-car, T-car & 253} Wt A A
1. 25 429 4% ZAo dist JHEA2A

2 A3 Aol B Aol g

2% A9 AAAYLE T—car®} M—car, 718]3l Mc—car® M'—car’} 449 =}
Aot kel F3p yH|, dolg 7|EAleE Table 2.2.13% #va & & 3l

thoo7]el yEbd E= AA AldS A= Bd e dEHeIAE nHste] 1745

A 7150 AR ool 2=9 2% Ak AbRe wWlAwhste] = A gt

Al AR sttt weba, A Aol W FL- o AES aEste] VELAEY vY

3t 19,500 mm, 3,120 mo2 ARt AFEols cAECl 44 Al olE

°f

=80l QEF 8] Slske] VI Asake] Aol ¥x2EA EolE Aehete]
4,190 m(ANLFA7I2) 7M. S7HAR . 125 Al Eole A= 25 A A

d= ZuE o] 1920 mm, 1974.5 m= A7 3o}

T3k 259 Agole HEWe e Ho|Aet A1 A YA S FA
sAlell 3Este] 1,300 m 71 o] FEFE FHORE A oldx &
o Alol=E 159 25 AL A8 S fek JlEgART o] Y
2,000 mm, *o°] 1,880 mo.2 AAATE AT E8e A= VE AL
FolE ek, FRAZAATR A G vkgl Zo] #HUdYH VlFe® 1,150

m sgolell S-S AT B S Rd =R A0 Ay 2ol 5,200 mn(H

10 flo o o

35,4007 FHA 5,000 mm) 2} AdE AFYA A Eo] 5500 me FFA7]7]
$1ste] 2% Ex19 GHEEGS 15 TRE AAGIY] 1 AEo| BEIHE}
FAE AT 25 42k 4 Ao AAGA T = Fig. 2.2.1 ~ 2.2.49 2t

3 of ] T—car®} M—cart 125 EF AA=2AM A=
EalE= AAsE o, Mc—car®t M'—car:s 155 7|44
A<

2 AAst Ade olgste 450l 25N BHed ¢ xS JiE A
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Fig. 2.2.1 T—car Schematics
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Fig 2.2.4 M’ —car Schematics
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Asds 95 5 U=

5

Fig. 2.2.7 H=2

Fig. 2.2.9 &7 H2=a4s

@A+ e
= ‘Brake By Wire’ 7/Ide] F¥F35gho] 7h5d WEF AlTAaE 74
AS A (ATP, ATO &), AE2-&73A (BOU: Brake Operating Unit), &%
ZA o) # 2] (EOD:  Electric Operating Device) % ZFHFx] Ao 4x] (ASCU:
Anti—Skid Control Unit) 8] H7|=9HS AF/Fd WHE Fx glo] &vl=E AlF
A2 (A H, dFrololy, = F)E A
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3y Ball screw and nut

23y Reducton gear
%) Stator carbon disc

1} Electric motor
4% Rotor carbon disc

Fig. 2.2.10 X.9J787 Electric Brake System
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Table 2.3.2 A& FZx7|+

3 =2 A =] T
AFRFREA (Fx ) 3,200%4,750mm
AZ3A (Ex1) 3,600%5,150(5,500)mm A 8},(A] /)
T & 134 254 1254 9
HAa (BARS B4 [160(135) 180(140) 250(180) ()F5eld 4+
=4 |[BAAZN B4 400 400 400
Loz B | 120( - ) 120( - ) 120(90) ()F5eld A+
717 145 145 150
AAZE B | 35/1000 FAAA S FARA7] &7
BEP E— 3/1000 =g, A2 FA|sk= B9 _
. 8/1000 (10/1000)°]%] ] 73-%- ()F=old A+
s 3/1000
T 45/1000 A F& FA38HA ke S
Z34 7€ 719 385/1000% 3 73-%- R3000mo] ¢
datetE Aol &% 16E0]3)

(2) AZrrE - Gauge)

@ Az A9
e 2

Aol Hok= o L?Jr el = %Hi Zdaistal Sl &bl Al AIEe] Filel et FHES
71871 (FIArIED 7F 214 Qlct.

o]} e A2 Aol Tk Akt el U] A olle el npao] wgste] MEE L
F3 kel FAHAE) P QoA HF A= Al Wsksith Jev xgo) Qbdetar JM
s FAES 3P| flalxleE o] A ARE o= W U= sHAIAck st} o] 5 $1A9]
S5 Uz HdAYE ARtela sk

TAEE A8 M E o o] aAskar ek

“Arolet gk glae] Wi 9% RE-o 2 RE] 14Un|E] olgix o] XI5 o] ekETle] A

HAEE Delar, AR Ag=
T2 (flow) &} =

g
A A A

= 1-4358=vHE g

=g 2 2ol
e A AESE Wk B

gkl gejsitt o714 HebAg e gk
P o] 14m Y TR AEE A
JA O R 10~ 11mn HYUe) ¢

A3 50kg

N3} 60kg #lde] 5 wEgo] 13mQl BAR of7]e] et off-= 7ol 14m=z gk Zloft.
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@ AR TR 54

AZEe] FHol= B Broad gage), ¥AIH(Standard gage), @#ZF(Narrow gage) ©|
Ao, FFEATRE Joellx] 18251 7HEH Hrt 1,435m(4' 8%"E A4t 18451
TrolglelA Awel ARE 1,435m(4' 814" 2 sk, o] Azke] 1 F ] ZrellA] Al
HEEa 18861 A9 HIE HEs]0olA] 1,435mE EF AECE APt

i AL 1,435mE A 2 S8 71E Sdneke] A Ak 7igk JlolA, o]
FFARE Bt A FAllol nlste] g 7 Aol wa a&EEtaL she oA Al
A9} 349 A Bska o go) fsta A=) Frvely tiF s E 955
7] whizelch AR 7ol wEhA HEE, FEE, T8 kA, 7985l J3e Frk

Fa=rdells W= (Simple  curve), #4124 (Compound curve), RFF=4d(Reverse
curve), ¢34 (Transition curve) 50| 1om o= W43t ehsl=ido] o] o]
1 o] Wsklells Ferds kgt
m 4 2] 3 A| (indication of curve)
A AR 7hsefrbd Adoleteol et AP 725 ToE W Askshs Afledls =
e Adetolof gtk 2 AS BE =S AREel dnbAor NS RE FAIST
n H 4 FA97 (minimum radius of curve)

=
Ae 94 W AZ A 7Fse o 2 Zlo] Fout Boblshl we] 4L Fae
=

ofof g w7} Wt} FHA4 NS AR, AR, el 1842 (Rigid Wheel Base) 5
of e} A%
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Table 2.3.3 A=A 13 7| [He] A7 @3 174 A6x]
grkEx Vg AF 5 H501d At
HAAZLAEEA A8
757:“»)3,\—}_ "’]J—"l AL (m) @7:“41\—}}_ - @7] O}\X};ﬁ_ o
Tty Azreay 277 el A2:3 97 (m) il
9 = A
350 6,100 5,000 200<V < 350 TREEIY 24
200 1,900 1,700 150<V<200  |600
150 1,100 1,000 120<V<150  |400 250
120 700 600 70<V <120 300
V<70 400 400 V<70 250
A, SA Y Z77e d5E s A 200m7HA] F2 Ths
Table 2.3.4 &5 FAEE 72 (CAEEIEE] 715
2w 134 234 1,239 M=
A A A9 0] anke] 3¢ 160 180 250
< A BEo|g A4 135 140 180
AAZN e BA 400 400 400
dntke] A9 120 120 120
s A
F5ol& A5 - - 90
<= 71 % d 145 145 150
» ¢+3}21 A (transition curve)

Aap7b Aol dador bt Ay Ao vtz Ao w 9] &
Aol dake] 73 Weko] gRigto g2 Al st Akl dEd S &
T PorR AM dFH Atole| €3l (transition curve) & A st
—¢kst=A o T

Oh AZA0]=(clothoid) @ =& WOl /dole| vk WX (spiral) &) shtE A}
A dEe TASERE =S W AbeAke] Aol dAlehs SR mRe) At
Aol AR

h 32EEA (cubic Parabola) @ =& HH30]
~H2o] Zhcksh

SB) A elrle] 9ol wla k. A
FARAL APTE Aus AAAN A



— 3= Aol o ALY

Jgko] glom g AMES] A7 s
i st &9 $go] e st
L FAx}FFo] = w9 A7) MES] M3t} NE H=ake] Mal= Sajr|io] Lt
052 HE Ul A3t gk o)ido]ofof i)

HlElstol dolg A =k

Eoﬂ ZJJ ]_oq

A%Ee TR AR ol 55 ol Falxjel
Fath bebd dAs paze) Ha FAS(REA) 3 Ak Ao 23
AR & AbE gashae] ArjHel 270l
DAEA Gl
A AR & v DY 7] el ARES FH B0, AFA wr} F 5
of Akl A AR A5 UHsh Holtk
@A (LR

goll s dAst ¥ ks Wit} 2rAd
YO QI Ao thet &5 X422} JHE || oJst x}&Fe] 7187 2 A
S 7Rekslo] 27 AFSHA Bt S g slojof stk
Table 2.3.5 7535HA|2} A&
= R =7} =
_;L E % ir'fol )o::czg‘ “n: 57078 ,;-‘\j:l‘:‘
BL F=FAIE 4 il
AZ=3HA 3,600 5,150 1,100 1,650 0 94,000
2} 2k 31 A| 3,200 4,750 - 1,600 R
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SNEHAN FoI2F ARG} FURE AN A% 35 BSA Ao AFL B

3 A TFsel FAE 5 ek
- ol2F ARG BYE 9

28k N7t MR AFold B ST A Alofel =
2 @ofo] AE ] Wl k] AFRAE FYEX 9 PSDHAI 7 wolok &

otk 29899 PSDYA 2 AE FYET PSD Aol S dAEAor) MR
=

PSD A (RF) ZX= dExtel 2 PSD 4 (RF) A& F2stal 747l
A% PSD FA (RF) A& AAste] dsx7F JAbe] Adsto] GAed 3¢, 4

ol dA® PSD AlAgl dsste] dEak U N/ F&el mep AR o
&

7} 7H/Jﬂ 5 QRS st FAERA ez dad 23 9 PAAE AR
(e}

F HA(ATS) o= 2As] a5 dAlolt.

@ =3

» PSD A RF) A= deake] Ak dAA]1 gs’ FFelARt dea &
AT A2zdx /¥ F2E A% (nter Lock)dte] Fakat 5242 <hzld
S 719

s PSD ¥ RFEF) A= Aexe] &34 ~adEolE A% (Inter Lock) 3o

Aeak A4 2123 A4 2ad5o7 @8e €8 stojoptt deart 22
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A PSD £ H(RF) &R

C]ooooooo:l ] ) O v

b ENR e
=4 o =4
(RF) g i (RF)
 ®oEm
L ] =§ 9
| RS-485 1
AAHPSD & ﬂ(RF)”II XA PSD 2 ﬂ(RF)”XI
S O ]
S RS-485 RS-485 L il
1 4 —— A —"
RS-485
ZaHAI0N
Fig. 2.3.2 PSD 4 Al~dl AA 4%
Table 2.3.6 PSD 7 Qg #Ho]l A T/
e ] g = QITE HIO] A u| Y]
1 e o XY RF
2 J|ZHAtS RFCU < PSL RS-485
3 HE= RFCU < PSL RS-485
4 PSL « & HOofgt RS-485
5 PSL < DCU RS-485
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Table 2.3.7 PSD #4 AlA~®] QIF#F|o] A Fi7F (PSD 4 (RF) &A Al~® 5-33%)

? = z Zl LH =
XFARDE X A2 RFEAIS 26t
RFU
RF Modem
HESX0 EX% = PSD
XHa PSD 24 (RF) & X
(RF) LA (RF)ZE X
PSD Xi&b T &EH PSD Xt&ab T &EH
A& RFURE E4I6HH
X4 PSD 2K (RF) Xl |HSX &2 X2 HOIEHE
=I5t
C MRiEREE Y| zam mopw psL RFCUOI KIS REX
®.ewsassE. .9 | B
. = (Platform Screen Door =22 X& HOIeH= PSLEZ
P |7 Ee Controller) & =3 =0,
ls . . B
@ = PSD A4 (RF) &
Aazbe] 28 24 PSD A REP) A= dszke] & 439/9% AR E s4%
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o] A7 PSD FA(RF)&A ol FAlste]l PSD7F dejAY &8 &+ AEF o= &

AWGIEx® 4
AWGZ20 % 4

%H4¢ PSD FHRDEA XH4 PSD ZA

AWGIEx 4
AWGZ0 % B

AWGIEx® 2

Fig. 2.3.3 22 &= A4

Table 2.3.8 2} A=) &4

=H =3 3 Hl
1 HEH PLUG MS3116E12-3P Pin Type
2 HEH PLUG MS3116E14-12P Pin Type
3 HEH PLUG MS3116E14-12P Pin Type

75 &5

Fig. 2.3.4 %% PSD RF #4#=x] 9|3
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« 4 PSD FARF) 43 240 (5798 24 ~9)4)
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n A4 (RF) A|2® 52 A%

SRR Eat
AR A E=TE

&P RFU
HE ON

RFU M2 OFF
PSD Al 2
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where @ @ Domain
I, @ Traction boundary
r, : Displacement boundary
7 . Boundary tractions
d : Boundary displacement

b . Body forces per unit volume
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i 9 e 24
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BRAKE CALIPER
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low forces_wheel mounted(max. 50kN) high forces_wheel
mounted (max. 90kN)
Fig. 3.2.50 32 =2 COMPACT CALIPER UNITS

Fig. 3.2.51 =4 *%¢ COMPACT CALIPER UNITS

- 225 -



o

70
&

_
O

XN

7H 8

29 ITX HF

®

LHX

H

W)
o

s},

A A E sfofof

=
=

o) A7 A=

~
file)

_ZMO
[a\}

Ao

716l B3F4 o7} ghe.

Ho

_ZMO

T itk

B

o
ol

A=

93

sz

Az e

A ARk Bl

it

ol

AA7 =

i

H-oll Wlas o

0

sto] e AA/x7 o] 8ol

el

s

tol 2337 s

S

- 226 -



A A A7

=N
o

€l
=

bl 717 T2, Al

015

FHoR

)

Fol 3= A7),

S

st} ool o

o

=0l 71® 77], T

fie)

a

A7)0l

]
)
o
A
ol

0

o

N
Ho

ol

X

)
M
il

bl 2% A=t 1)

S

Al

Ho

o]
Hlo

L2 A} tC
=76 -

ban Apol 27k 74

J=
2o

7171 1ol &

1
.

171l

A7

s

A8k

= M

~N

oy

)

oo

o
B
~N

2kl 2 g-3}7)

o
=

o

=

2] Atol=7F AA 2

] AFx

oy

vEE Y7 A" AA7I

Fed L jF-ell A

15

7

717144 &

o

AL
0

3
pus

b},

ol Abd HEH ook

=

o

o7
ol

e

X
J)

ofo
"
K
-
o
ﬁo

4

ol

oo

&
el

JJo

- 227 -



nvpol AR FH Ao A&

A Aol 2 A Al T AT T& ol st FRe =YE T
el W2 71717F 29 B2 AA TV HREh] el A ol
2 Sy webe 25 datel M= dak ®et gl gk A4
NEA SR7F Aol FA/MAE - 25 AL HulAs A
= stedlo] sl= diale] mpola=FFH Ao I2E FAst F3/F
# 23laf A A gsfolof gt

w FE Alol/mdE 2xdA 48
A B YR FE AREEE UA-JIES SAAY ES5AA = &Y
THG o|A o] sob ¥3hs Wol AX . HT VARG 22F A o] A
kAo stEo] &9 TFE oAU A §%ol w2 23 AAE A Este] A%/A
4 o Frhd o gEAd 22d# 2 45 BMS (Battery
Management System)ZE £3lo] vlgg] S AAztoz 7AE = Qloja] wj
Hel F9 3 kA e Hdist & 5 la mrola =2 AHIFE A7) 7F AAME
Fal %A AA EE grzrEel Yoy Aldor uy
]

A7 QQorma AEx}goF Tolstd §X/Hy WHoAE ZHo

O

ko
)
30

2 A7 J&E

e A2 A7} 7bsstE R s FHE 7)7) e Hlste] T2
& 2 uA 9ys AEgs & 4 vk vkl A, A
d wE HE SAd MXED [P BiaMe 7alstejol &,
st & d AA TlEo]l HE FHoof sit

- 228 -



OA 2= AA7=

_ZMO
N

on

«

Hlo

—

il
A
o

FAqk 7] 7]

S

=
o

Feto] 7}

)

H)
H)

T

Al A=

3}, Bgst AAll weh AFEY Fasel =24
|y, SR AR Be AHAAF IAY7E o

il

o 2%

=

gl

A= 9

o
=

el

il

B

Uy
%o
X

ph
B

o

1o
ol
0

o
E
70

B

0
X

of
a

Tk

o)
o

il

ol
B
X

o}
X

o
o
il
ol
ze]
ol
X

il
XM
v

™
ofpy

7O
-
r
;_ﬂo
oy
"

Nd

o

—

0

o7
Gl

ol

X
ol

i

2A 7% AA

al
=

ZF
Al

HSF

vl 717178 AZ 5o

Mo

A

il

o) St Asivt AL 5

al

No

g vlolazPRER P

1=}
=

18] Ao} Al

e

2

H} o3
= =2

1= Ak, A%, IGBT &4

sl 73

°o]&

=
=

il

- 229 -



PN
=

1

=1

Ea

SER

]
=

78

A=y |
=

(1)

o

pig
ol
00

J@.O

)

Aake] 39

Ho

K
_io

(2) 2

= 120km/h & AEYE 1 Qlt}.

By
=

E

)
RN

™
y

(3) AE W&

TEAE X2 80km/holl A
HA w7 ofof

9]

Aol

s

2 9

120 km/h =

o

—
file)

NJo

TH

o

Az AlEHoldE F

[e)

Jf

il

A

R A=

=
a

W

]

[e)

PN
T

g

&9l 3704 el

wHow o

Hl-o

= o 71HA

o] %3}

744

= =)
T4

ol 4]

nlold
= 1

CEEIRY

o
.

Fig. 3.4.1

4r

(Casel). 1814 Eza+= 57}

- 230 -



A=

(2) 2} o] 1.5v7F #}. Fig. 3.4.2004

L
L

Al
al

2=
55+

k)

o

(13} o] 6tv7}t ¥aL

Al
al

Fig.

At Aotk (Case 2).

oM FHe] Abolo] Fredo] 274

o] Case—1°A 8} o]
]7¥o] Fig. 3.4.201418} 2

21(3) 3} 3ol 6tv7t ¥o] Case 1 ¢

S W 2ol L0v7k 5ol F1 At 7 B

o Fol

5|

6tv7} E ook
o] 4t A 6t=

L —
R

oAUA Fo FIAY

s} obdth. wepA

A=
Riny

3L
o

N

el

ﬁo

(1)

6tv

(4t +2t) x 20

A2

=
T

(2)

(3)

) = 6tv

5 :3(2t>2<2v

4 A 22

=
T

(4)

=1.0v

6t
6t

(©)

(B)

A2t

T 2V -
\'

eV ES

=/t2 4R

AR

Fig. 3.4.1 Case 19] £=-A|7t

- 231 -



A
=0
(B) ) )
FHEE BN i i e i i o 5 et 5 e i S el
Vo
LN AN {(G)
(A) ! | ? ! ! DAz
0 t 2t 3t 4t 5t 6t

Fig. 3.4.2 Case 29] &% -A|7t EA], case-1 74 Q0 &7t
AP 2707 F7tHE

5
= 2 U Al BH
stt}. Fig. 3.4.3%
(Case—3) 8 £E-AIF 54t =3 A= 21 (5) 9 6tv7t ¥o] Case—1
9} FAdst FEEEE 4 (6) % o] 1.71v7t Hol Case—12 1500l Zf
= At

. 3.5¢+0.5t) X 3
T@Bﬂwﬂs:( 5 )33 _ g, ()
_ 6tv
‘jﬁ—i\—_‘;—_ = :]_. 1
3 3 357 Tlv (6)

HE

FHSE 3V o) L
2V o
S Ol=6tv
V ,,,,,,,,,,,,
@ L \® -
0 ¢ 2¢ 3t 35t 4 Al 2t

Fig. 3.4.3 Case 39 &£%-A]7F £, case-1 704
A&7t 2004 3vE S7Hd

- 232 -



Al Ee Apsre Zrle A Bele =712 ojua )
o] gen s AEsolol Stk Fig, 3.4.4% Aee] PLwe 27“ 14 %z

2] S7HA -8 SE-AIRE 54 YERdth Figo 344004 F37EEe 4
(7) T} 7o) 6tvR case 13 TAsH FaA|7ko] 4to)A 35t 2 ©EE o] HFFFd
E5= 2®)el 93] 1.71v7F =9 case 19 1.5vHth Foj¥ T

(3.5t +2.5t) X 2v

T4 = 5 = 6tv (7)
_ 6tv
‘:];&—é'\—— fd = 1.
3 1 3.5 1.71v (8)
=0 A
B
= 2V _L_) ___________________
Vo e
(A) L (D) | R
i ! ! ' Al 2t
0 t 2t 3t 4t

Fig. 3.4.4 Case 49] &% -A|7F £, case-1 Z20fA]
WS ETT 20/to|A v/t S7THE

Table 3.4.1 2=F H-&qE5E Sof Wt vlw (3 FFo] A H-9)

sl A5
Case e gl o
E A 2E E3HA | 1
pal pal pal AN AR Al sHA AAE
2 Qﬂ‘ﬂ_ﬂ_a%tﬁ E UE l:IE —1'3—1_. r'o ]EI]ﬂEO\:I
=39 =28 =2 7V BabAQl Hor
L | F0 e AE | A= AE AE
27t e =8 0Q
4 =3 A4 AE AE AE
Wise 57t | e | e gkl

- 233 -



3. A T Tk A AE7I

(1) 54 4 (Powering Curve)

BHO FHAEAD F4E dRbF o 379 SEge® i dET 3 WA

o7 o} Fig. 3.4.594 = £%7F 04 40km/h -7

TN FREAE A8t 2 A7 dAEA AdEClA

3 A AAE SRR 208 5 Qe FHEIRY Aokditt. dAl 654
= 22 2 (99} o] Ak "Bk A (9) A

TEE 71gE oujstty. webr] Fdst 2stelA 2= FA7F Srrstoid A

]

. =
Q1% /motor & Z7}Elolol a4n, AHTHF 71719 &% wak FhEoof s},

2
4
o~
flo
s
T od
o [
Hu
-
L

1
TE=[28.35 % (4324156 < 0.14 4 116 < 0.06) X 3+ 4 x 432] x o= 2558 [kgf/motor] 9

Fig. 3.4.5°1= 2448 F3 A sl #97F 0% 452 THi7F 1.166% <!
A9 27kA Aol st FaAA gl 2w A k. 654 Ao AAHIGE
+ 100km/h 2 A=) vk, T2delA Kol viel o] 0% FujelA] T3 A3
(@ 100km/h)& dzF FAHE Zovg Azk= FE3 100 km/h o) &
5 9 F A (EAEE 100km/hE W53, 1.166% THlelAe FAA T (@
100km/h)o] €xte] A3 Aty = FH7E 1.166% B & 45+ AASE
(100km/h) 7H4 525 S7HA4 + flas Wehdfa itk

webd 654 At Ax LYLEE FrkskaA dod BEY AUY FHL 9
2 F%ow 58 9 WFOR AT ol BA|olol M ol B FY| FE I

Hel™ [kgf/motor] Powering Curve

3000

2500
N

2000 AN

1500 N

N

1000 T

|ttt

500

et
| =T

0

0 20 40 680 80 100 120
= [km/h]

|—E‘CL\E—1/Motor [kgfl — EAK E/Motor @ 0% grade — DAFA T/Motor @ 1.166% grade |

L

Fig. 3.4.5 634 AIg AARE FAUS4, ¥4 %

LS

0,

- 234 -



Table 3.4.2 634 dxto] A

9= B R
1. Train Formation 4M AT (Te-M1-M2-T1-T2-M1-M2-Tc)
) Tc; 30ton/car, T1,T2; 28ton/car
2. Tare Weight
M1,M2; 39ton/car
3. Load Condition Max. Passenger Weight(20ton/car)
4. Total Weight 432 ton/8car train
80 km/h for operation
5. Max. Speed .
100 km/h for design
6. Acceleration Rate 3.0km/h/s
7. Deceleration Rate 3.5km/h/s
] ] R=1.867+0.0359v+0.000745v+*v [kgf/ton]
8. Train Resistance )
v ; train speed [km/h]
9. Inertia 14% for M car, 6% for T car
10. Starting Resistance | 4kgf/ton

(2)

FRE5A = (Powering Curve) 8 ®WA, TF 120% 7 AASE

100—> 150km/h
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power rating,,,, = 791 % X &= = 2558 X 9.8 X 40 + 3.6 = 278.5 [kw] (10)

POWeT Tating ., wn s = 7 H X &I =3070 < 9.8 X 65 + 3.6 = 543 [kw] (11)

4. AlE#e]A

A EYol oM 72 21 ¥R HuedEE 120km/he] WS ofF-9 oo u}

e ouA g BA AT

(1) Algdeold =4

O =42 Ak 6354 gRls didem stE A A S SHiA717] QA=
27 O F 1) AR AdeE Ao 34 A4 F 24 A
o] Aa g,

@ == &3 F o=  ‘All Out Mode’ = F3stt}. &5 A& 7HA 1 Q= &
e &8st 1 9 I ok I8 PR AR Yos HAE5EE T|HA}
b AA 28 e oflvh AA 237bs HdESE= CAll Out Mode” A
el 75%% 283t

@ Hi 3 £5 = 80->120km/h = 57}

@ =Fe) THS dAA 634 A FTHY 120% A&

® AFel A BH FASHE @4 Ang 1% 45 49 Fig3.4.59 W
¥ F31 54 Fig.3.4.6 A&t A2 yro] 13ysirt.

® 1 9 ARE @A 634 £4 ARE 1% g

Table 3.4.3 63419 +% do]H

= A& tf|o]H il 1
1894 Ao &2F 518.4 ton 4M AT, 278 24ton/car
A o8 & 120 km/h
HEE 3.0 km/h/s
7ra o 3.5 km/h/s
A Al ek 14% for M car, 6% for T car |7|& Atg5et =<
o JRFAIZE 30=
ZAAAE 2 88%
SRl SAI AR 55 | 88%

- 236 -



(2) AaEeeld 3%

@ A EHIAE Table 3.4.42 67F4 790l thsto] S Qit}.

Table 3.4.4 A Ed#HolAd ¥ %4

Case S & | =8 x4 E4 | 9 g 8 @
1 40 1E B4 945m 7IE 9AF Ogi=
2 20 71E EA 1876m 270 AE & VR A9
3 14 NE EX 2834m I AAF & 1K A2l
4 40 HEH 54 945m 7IE 9AF Ogi=
5 20 HAEH £ 1876m 20 FAE & 171 A9
6 14 HAE &4 2834m 371 A & 171 A<
@ Bl At aot
n A EP o)A 3 Ayl oty Table 3.4.5°] Lok o] glom A4 Ai= #6
o W e P
Table 3.4.5 Z} AlEHolA E Ay QoF
] 1 L X
W e | R0 A | sy gy | o8 | 7T A
Case (km/h] (kwh] (kwh] FR-3A | B 4 ¥ 1
m
v v [kwh] [km/h]
1 33.68 3976 1846 2130 25.26
2 48.28 3257 1281 1976 36.21
3 | 56.68 3121 1076 2045 42,51
4 | 3566 5265 3096 2169 26.75 | 5.9% &% =}
5 | 52.70 4471 2313 2158 3953 | 9.0% &5 =
6 | 62.60 4156 1914 2242 46.95 | 11.0% &5 =7}
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CTB=(((Double adj deck*) or double*deck* or
double*story or doubledeck* or (two adj level*)) AND
((railway or railroad or locomotive or train*1l or (rail
near?2 (car or vehicle)) or transit or tram or (rolling adj
stock) or (rail* adj wagon*) or coach* or railwagon) or
metro)) AND CTB=((Operat* or manage* or fee or
economic*) near4d (strategx or SWOT or analy* or
system));

104

B7|&

CTB=(((Double adj deck*) or double*deck* or
double*story or doubledeck* or (two adj level*)) AND
((railway or railroad or locomotive or train*1l or ((rail
or motor or trailer) near2 (car or vehicle)) or transit or
tram or (rolling adj stock) or (rail* adj wagon*) or
coach* or railwagon))) AND CTB=(plan or radius or
platform or practi*);

241

48

CTB=(((Double adj deck*) or doublex*deck* or double*story
or doubledeck* or (two adj level*)) AND ((railway or
railroad or locomotive or train*l or (rail near2 (car or
vehicle)) or transit or tram or (rolling adj stock) or (railx
adj wagon*) or coach* or railwagon) or metro)) AND
CTB=((reduct* or optimizat* or light* or miniaturiz+ or
(weight near3 reduct*)));

154

23

CTB=(((Double adj deck*) or doublexdeck* or
double*story or doubledeck* or (two adj level*)) AND
((railway or railroad or locomotive or train*l or (rail
near2 (car or vehicle)) or transit or tram or (rolling adj
stock) or (rail* adj wagon*) or coach* or railwagon) or
metro)) AND CTB=(Design or manufactur* or
product*));

160

26

CTB=(((Double adj deck*) or double*deck* or
double*story or doubledeck* or (two adj levelx*)) AND
((railway or railroad or locomotive or train*l or (rail
near?2 (car or vehicle)) or transit or tram or (rolling adj
stock) or (rail* adj wagon*) or coach* or railwagon) or
metro)) AND CTB=(Performance or test* or assessk
or verifi* or interface));
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Engine braking apparatus with two—level pressure control valves
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1. Apparatus for converting an internal combustion engine from a normal
engine operation to an engine braking operation, the engine having an
exhaust valve train comprising two valves, a valve bridge and a cam for
cyclically opening and closing the two valves, said apparatus comprising:
(a) an actuator comprising two braking pistons slidably disposed in said
valve bridge between an inoperative position and an operative position; in
sald inoperative position, a gap being formed between said valve bridge
and each of the two valves for skipping the motion from the lower
portion of the cam, and in said operative position, a linkage being formed
between said valve bridge and each of the two valves so that the motion
from the whole cam can be transmitted to the two valves;

(b) a flow control valve for supplying control fluid with two levels of
pressure to said actuator, said two levels of pressure comprising a first
level pressure and a second level pressure, and said first level pressure
being lower than said second level pressure;
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Method and apparatus for testing a micro electromechanical device
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1. A system for testing performance characteristics of a micro

electromechanical device, the micro electromechanical device having

movable mechanical members, wherein the system comprises: an

activation driver configured to receive and drive a waveform to an
said activation

activation side of the micro electromechanical device,

driver configured to provide readback of an activation voltage and
activation current drawn by activation of the micro electromechanical
device; a switch driver configured to provide a load to a switch side of
the micro electromechanical device, said switch driver configured to
provide readback of a load voltage and a load current drawn by the micro
electromechanical device; a master control card (MCC) configured to
control said activation and switch drivers; a digital volt meter (DVM) in

operable communication with the micro electromechanical device
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ALL=(((Double adj deck*) or doublexdeck* or
double*story or doubledeck* or (two adj level*)) AND
((railway or railroad or locomotive or train*l or (rail
near2 (car or vehicle)) or transit or tram or (rolling adj
stock) or (rail* adj wagon*) or coach* or railwagon) or
metro)) AND TI=((Operat* or manage* or fee or
economic*) near4 (strategx or SWOT or analy* or
system));

B7|&

TI=(((Double adj decks*) or double*decks* or
double*story or doubledeck* or (two adj level*)) AND
((railway or railroad or locomotive or train*1l or ((rail
or motor or trailer) near2 (car or vehicle)) or transit or
tram or (rolling adj stock) or (rail* adj wagon#*) or
coach* or railwagon))) AND ALL=(plan or radius or
platform or practi*);

TI=(((Double adj deck*) or double*deck* or double*story or
doubledeck* or (two adj level*)) AND ((railway or railroad
or locomotive or train*1 or (rail near2 (car or vehicle)) or
transit or tram or (rolling adj stock) or (rail* adj wagon*)
or coach* or railwagon) or metro)) AND ALL=((reduct* or
optimizat* or light* or miniaturiz# or (weight near3
reduct*)));

TI=(((Double adj deckx) or  doublex*deck*  or
double*story or doubledeck* or (two adj levelx)) AND
((railway or railroad or locomotive or train*1l or (rail
near2 (car or vehicle)) or transit or tram or (rolling adj
stock) or (rail* adj wagon*) or coach* or railwagon) or
metro)) AND ALL=(Design or manufactur* or product*);

TI=(((Double adj decks*) or double*decksx or
double*story or doubledeck* or (two adj level*)) AND
((railway or railroad or locomotive or train*l or (rail
near?2 (car or vehicle)) or transit or tram or (rolling adj
stock) or (rail* adj wagon*) or coach* or railwagon) or

12
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metro)) AND ALL=(Performance or test* or assess* or
verifi* or interface);
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@ 71€} &3 3}(Optimization) &3 3
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CAR FLEET COMPOSITION UNIV
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5 tunnel to shield driving of twin VIER SCIENCE 2012 4
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Productivity analysis in TRANSPORTATIO
heterogeneous operating conditions N RESEARCH
6 — Data envelopment analysis BOARD NATL 2004 4
method applied to the US heavy rail RESEARCH
industry COUNCIL
Two—level numerical optimization of PROFESSTONAL
! ride comfort in railway vehicles ENGINEERING 2006 3
PUBLISHING LTD
Influence of laser bandwidth and
g transit time on the excitation AMER INST 9003 3
probability of a rovibrational PHYSICS
two—level system
IEEE—INST
9 Optimization of Multitrain Operations ELECTRICAL 9014 9
in a Subway System ELECTRONICS
ENGINEERS INC
Simulation for influence of train
10 failure on railway traffic flow and ELSEVIER 9011 1
research on train operation adjusting SCIENCE BV
strategies using cellular automata
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HE =TAE AdH dpdE | ol
A Subway Train Timetable IEEE—INST
C ELECTRICAL
1 Optimization Approach Based on 2013 14
B _Ffficient O tion Strat ELECTRONICS
nergy icient Operation Strategy ENCINEERS INC
Response of a double—decked metro | PERGAMON—-ELSE
2 tunnel to shield driving of twin VIER SCIENCE 2012 4
closely under—crossing tunnels LTD
IEEE—INST
3 Optimization of Multitrain Operations ELECTRICAL 9014 9
In a Subway System ELECTRONICS
ENGINEERS INC
(3—2) FL& AN=T AFEA (A1)

@D SCI =+ : A Subway Train Timetable Optimization Approach Based on

Energy—Efficient Operation Strategy
A4dw : IJEEE TRANSACTIONS ON INTELLIGENT TRANSPORTATION
SYSTEMS
Z Z} : Su, Shuai; Li, Xiang; Tang, Tao; Gao, Ziyou
7] ¥ : Beijing Jiaotong Univ, State Key Lab Rail Traff Control & Safety,
Beijing 100044, Peoples R China
T8 g 2 AT 7ﬂJJrL TAAE oA AulE A7str] $
T StUEA HAHY &£FAE FU] 9
%H AAZE AAE g s A
v At B =i

LN

fitlo

=
A

g

]

Mo b o
e

X

%% : Given rising energy prices and environmental concerns, train

energy —efficient operation techniques are paid more attention as one of
the effective methods to reduce operation costs and energy
consumption. Generally speaking, the energy—efficient operation
technique includes two levels, which optimize the timetable and the
speed profiles among successive stations, respectively. To achieve
better performance, this paper proposes to optimize the integrated
timetable, which includes both the timetable and the speed profiles.
First, we provide an analytical formulation to calculate the optimal
speed profile with fixed trip time for each section. Second, we design a
numerical algorithm to distribute the total trip time among different
sections and prove the optimality of the distribution algorithm.

Furthermore, we extend the algorithm to generate the integrated
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timetable. Finally, we present some numerical examples based on the
operation data from the Beijing Yizhuang subway line. The simulation
results show that energy reduction for the entire route is 14.5%. The
computation time for finding the optimal solution i1s 0.15 s, which
implies that the algorithm i1s fast enough to be used in the automatic

train operation (ATO) system for real—time control.

@ SCI =% : Response of a double—decked metro tunnel to shield driving of
twin closely under—crossing tunnels
— Ad¥™ : TUNNELLING AND UNDERGROUND SPACE TECHNOLOGY
— A A : Li, X. G. ; Yuan, D. J.
— 7] ¥ : Beijing Jiaotong Univ, Sch Civil Engn, Beijing 100044, Peoples R
China
— T8 W& AT A= 7)EY EdollA €=(EPB shields) E|E€9
BHRE Hrleta FARRE 23 34 A= HERS ddse T
AR e AT =5
%% : Twin tunnels on Shenzhen metro Shekou Line were driven by EPB
shields through weathered granite gneiss closely under—crossing a
double—decked tunnel embedded in strongly weathered granite gneiss on
Luobao Line. The performance of the existing tunnel as affected by
under—crossing tunnels was continuously monitored by means of an
automatic high—performance total station measuring system.
Displacements of the existing tunnel caused by under—crossing tunnels
in different under—crossing stages were measured. The measured data
were timely processed and fed—back to related operators to realize an
information—oriented project. Based on the measured data discussions
and analyses were carried out in terms of the impact of the
under—crossing shield tunnelling on the existing tunnel, effect of rainfall
infiltration on the performance of the existing tunnel, allowable
deformations of the existing tunnel, possibility of reducing the number
of measuring points in a monitoring cross section and the influence on
the existing tunnel caused by twin tunnels. Thanks to the staggered
single tunnel under—crossing and other favorable factors, the measured
deformations of the existing tunnel were well below the predefined
allowable values. Under the guidance of monitoring, the under—crossing
project was smoothly completed without interruption of metro traffic.
This 1s a valuable example for evaluating the shield tunnelling induced
effects on adjacent existing tunnels and establishing criteria to guide
shield tunnelling under similar conditions.

tlo i

_28_



total station

(a) acrack in sidewall (b) a crack in track bed.

Fig. 4. Automatic monitoring system on tunnel
sidewall.

[F18-17] = F8ulE

(3-3) 78 = I8 ¥4

Fig. 3. Cracks in existing tunnel structure.

2. h—index*
% 3}l 9lo] h—index7} 200]%H Q18] 2l
o] AXE QL 347} o}F B =FHo lUr 01%% Aol gle =9 E43 HFTS
o]7] witell &= ol&= AFEA A
% h—index+ J.E. Hirsch7} 75} 2005Lﬂ 11%_ 15
Academy of Sciences of the United States of America 102 (46): 16569—165729] 3%

2 2} Proceedings of the National

O F8 HA=<2 ‘A Subway Train Timetable Optimization Approach Based
on Energy—Efficient Operation Strategy = 2§¢1 SCI-EXPANDEDE 3 3&slo] Q1
$39 14702 20149 A7 Q&3S A 14710 % A 5kt AT UE
T 4.6770) Getar, Eg 2|18 AYe Qe J 14310 e Ha <
€< 14, h—index+= 19 &g+

«P =™ oS «2E IR 4

1
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3
3
s
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® F WA F2 A=F<2] Response of a double—decked metro tunnel to
shield driving of twin closely under—crossing tunnels’= 2}¢1 SCI-EXPANDED
£ X3ete] 18T 6o E A 59zt A A8 1.500) Eekar, HEgk A}
71185 ARl Q18 ¥ 67110 FEY Wt -8 6.00, h—indexE 1 &3t

u oG 4

i
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A% B

4-1 A% A%

= Au=AY 43

o 229 ATAAGEES ARy, ofrolx|do] 2010 FE 2014974 HFA
A EMVY) 4609 Z(F 637D A GTFEIF 7 An 201393E 20187}
A ABFBFAGECAGR) 4% AFI o7 o AE (24 : THE WORLDWIDE
MARKET FOR RAILWAY INDUSTRIES 2014, SCI Verkehr GmbH, September 2014)

Eastern Europe: cis:
-MV: EUR 10.9 bn -MV: EUR 22.2 bn

-CAGR: 2.2% I -CAGR: 1.6%

Western Europe:
-MV: EUR 41.6 bn

-CAG
L =

North America:

i . Asia:
- MV: EUR 25.0 bn - -MV: EUR 46.0 bn
- CAGR: 3.3% S -CAGR: 4.0%

South/Central America: Africa/Middle East: Australia/Pacific:
-MV: EUR 5.6 bn -MV: EUR 6.9 bn -MV: EUR 4.1 bn

-CAGR: 1.0% -CAGR: 10.3% -CAGR: 0.6%

© SCI Verkehr GmiH
* MV = Average market volume 2010-2014 p.a.; CAGR = compound annual growth rate

[7191-20] 2013-2018 &Y HLA|Y =3F

of

o =298 HAEAF FERE AA 1,6209 72k 2212 DR AA AFHFE
Aol 60%E i}xlﬁ‘. 2018 7kA] 370 71mwrell A wid 3.4% A¥ SIS
Aow dgid. FF =3k 7S 2 843 B, Ade Ao S soE A
71How HAud Awe F4HAY (x4 . THE WORLDWIDE MARKET FOR
RAILWAY INDUSTRIES 2014, SCI Verkehr GmbH, September 2014)

120 5%
=
K= —
= 22
o— 90 —+ + 4% oo
= —
m, = b
o - o«
S 60 - + 3% &
@ feb)
= =
= P —
o
% 30 4 + 2=¢ g
-_ L&)
(o]
=
o] + } 126
Infrastructure Systems technology Rolling stock

O Market volume [EUR billion]* m Market growth [2e]**
= SC Varkehr GmibH

Source: SCI Verkehr GmbH, *Arithmetic mean 2012-2014, **CAGR 2013-2018

[2¥-21] Market volume and market growth by product
segment [2013, EUR billion/2013-2018, %]
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o AEAE RV AA 1912 AR vl S(After-sales) Aol =<
ER A, Htells ASHARAN A A AR, EAERE B S
A2 dtsto] JsEa e A8l TOP3Sl T=, "=, grjol Alxe] 744
2% Ao, F3 HEARS 45 SA4A A dAdstel vEiE 7
AH TR FAEL o AHQIRt FdsHAl FAA A AEES WEL
o] o

= (&4 . THE WORLDWIDE MARKET FOR RAILWAY INDUSTRIES 2014, SCI Verkehr GmbH,
September 2014)

China ] (1)

usA | (2)

Russia

Germany
France
Japan
India

United Kingdom

Italy
Spain
o 10 20 30
mOEM O After-Sales (2012 ranking)

[2™-22] Top 10 countries by market volume in EUR billion [average 2012-2014]

2 AZA AL F3o] B2HCNR)Z $AHCSR)7F AN ] 1,29

S Holal S+ T2 HAHCNR)e ExHCSR)+=
Folg FESa o, fye
31 Transmashholding % Stadler=
T WA 235 ti|star e Alat
Awr)% AFANF Fool ueh 52 FAle] AgAAor Adksta = A4
] (% : THE WORLDWIDE MARKET FOR RAILWAY INDUSTRIES 2014, SCI Verkehr
GmbH, September 2014)

China CNR Corporation [ |

f

-

CSR Corporation [ ]

Bombardier Transportation
Transmashholding
Alstom Transport
Stadler
Siemens T&LS= I ]

Trinity Industries
GE Transportation=
CAF=

(o] 4.000 8.000 12.000
m MNew vehicle revnue = Other rail revenue O Other evenue

[Z2¥-23] Top 10 countries by market volume in EUR billion [average 2012-2014]
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=2 1SHEAT d%
ae2d 1HE-AE A A, A AAEe Bl A AANGS A=
st glo, FF TR QB AZwdste] Fo] s&ad oz s,
e @A A% CRHZR A=z 7ojE g gov, ¥ Hitachis 3
o FAZ|AR Agility trainsE A #ote], A ATl ti SHAS ¥
Ae Ao R Ho]F (&4 . Executive Analysis of the Global Rail Industry 2014, Frost &
Sullivan, 2014. 7)
350
P e — e, +« 300 train sets ordered by DB
_ H ' H ] « Siemens has subcontracted
300 i E H h aerodynamics, unpoweraed bogies,
£ I GEHIEDALCREISE0EE, § body shells to Bombardier
.g « All current orders in China are P
B 200 indigenous CRH380 variants Agi-..mtrm_\\
=2 +» Hitachi to have near monopoly
S 1850 in iﬂ'\ited Kingdom through
k=] agility trains
2 | == —
= Eurlcstaﬁzn > FSE& oao = <
so | PR I-g‘ e e Ham‘;'nam . Shinkansen £7
S X585 Talgo 350 FKP Fendolino Morcceco TGYW duplex
G 1 1 1 1 1 1 1 ]
2012 2013 2014 2015 2016 2017 2018 2019 2020
Expected Year of Commencement of Delivery
[7%-24] Rail Market : Market Positioning Of HSR Rolling Stock by Orders and Delivery Date, Global,
2012~2020
o0 F7 NHAT Aol 2011~20120] FEaon, ~ul
= A fgAad Aom yetd. §HY 4A191717F SNCF, RenfedllA o7
TE HERE YT ASE Holn, T 7|FAQ AAGFE St w1
£HE Qhdof st & EAAZ AS=E H < (&4 : Executive Analysis of the
Global Rail Industry 2014, Frost & Sullivan, 2014. 7)
160.0 - 212.3%
140.0 + Restrained growth in Europe has caused ridership declines
for SNCF and Renfe.
g 120.0 = China overcame concerns about high-speed rail safety with
= record-breaking ridership growth. 270,
= 1008 + Taiwan HSR has a monopoly; domestic airline and bus
@ s L ridership volumes have fallen by as much as 30.0%.
% - (1.8%)
% 600
& 400 g
s | - 0,
= 4 . 4 I 0 B o
= - (64.6%) 12.9% 0.0% 15.4% v )
’ i v — A —
. R N L‘
54 Other HSR Ewrostar  Taiwan Renfe FSltaly KORAIL DB China SMNCF Japan
Sweden HSR Spain Korea  Germany HSR France HSR
Operator
w2011 m2012

(29

—25] Rail Market :

Top High—Speed Rail Operators, Global, 2011~2012
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o =22 1HEHAE F29 81.6%7F otXok-FHAFA HFH e, 20134
2,2789 E#folA 2020 2,466% EE7tA] Fx7F Foid oz dF5H.
2013d &= A% 51,376kmoll A F Hit 7.3% A5, 20201d 83,960km=
st Ao R o =% (24 : Executive Analysis of the Global Rail Industry 2014, Frost &
Sullivan, 2014. 7)

Global HSR Network Length
CAGR 7.3% Total 83,260 km

Total 51,376 km + Projects in Turkey, Japan
and China are underway
and ARE expectied to be
complete by 2020.

« Several projects in Europe,
such as the Polish HSR, are
stuck in the planning phase
due to funding shortages.

TI7
L . ey 3623 =1 T
2013 Africa Asia-Pacific Europe*  North America Latin America 2020

200

wOperational Length & Under Construction  w Planned

[723—26] Rail Market : Length of High—Speed Rail Infrastructure by Region, 2013 and 2020

0 ZF2x 59, dio] uHHLE AFy QlEetoA 1AUE FAdgkoH,
20204744 ‘{]131]0157} o]Fold ALRE 7|HM, F=& 2020 ©
LAHE AAEES A Aoz 7|gqE. 9, 81, gy, ofx g}
250~300km/h Fro] nHA=7E ZdHM, # 1HdE FU0ES I
Alstom AGV, Bombardier Zefiro 380, Siemens Velaro [H 7AAo] oA+s
=S AL ofAlolxGo A= 160~200km/h £x2o HE7F Zdidy, A
1T ZIPE S JA YW Alstom Pendollino, Bombardier Zefiro 250 Fi

73 7o) of) 2 (24 : Executive Analysis of the Global Rail Industry 2014, Frost & Sullivan, 2014. 7)

>

1

P‘L‘
ofN rlr rr K

Africa is expected to be 250-300 kmvhr. Competition is expected
between current-generation HSR platforms such as Alstom AGW,
Bombardier Zefiro 380, and Siemens Velaro.

450
': Expected speed range in Europe, North America, Latin America, and
400

T - First-generation trains lines in France, Germany, and
T 5 ' o Japan are expected to be upgraded by 2020
\ 4nn =

Speed range in Asian markets other than China is expected to be 160-200 km/hr. Competition is

expected between previous-generation HSR platforms, such as Alstom Pendollino and Bombardier
Zefiro 250.

Maximum Operating Speed in kmihr.

L i L} 1 i 1 Il i 1 i
(20) (10) 0 10 20 30 40 50 60
Age of Line

@ Europe* - Asia-Pacific < Africa eLatin America -« Morth America

[Z133—27] Rail Market : Length vs. Speed vs. Age of High—Speed Rail Infrastructure by Region, Global, 2013
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[3£-10] Bombardier EMU 2% @x} vl

Swiss Federal Railways

Operator NS Reizigers BV OMNEO (SBB)
Length %g?c’ggouﬁ?; 80 to 135 m 200.6m (8-cars)
2,990 mm
Width 3.020 mm (%O(‘)l%er‘ndrffk cars) 2.800 mm

(single-deck cars)

140 km/h

Max. Speed 160 km/h - 200 km/h 200 km/h
?60 to 780
Seated depending of length
Passenger 407 and seating 625
arrangement)
680 to 1380

(depending of length ~
and seating
arrangement)

Standees 186 (4 pass/m2)

y M@= AE$YAF NS Reizigers®] VIRM EMUE 4% ﬁ%*ﬂﬂ NE-
160km/hth ] 2% FAatRA A F&7Fo] 40746 &3t 53] VIRME H&
18 JJrF4 JJr Tt

]

=
A A, due gRAAY, A % g 24w,
8 OARA AA FRE AN Be AAS AFF (¢ A

Double—deck Electric Multiple Units, http://www. bombardier.com, bombaridier)

[ e Mmmm

[7181—-28] Double—Deck EMU VIRM - Netherlands
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o X2 OMNEO EMUE A4 160km/h ~ 200Km/hZ ¥ & 25 A=
A Fgo] 3604~780410] &3 53] OMNEO EMUE AlA 2 %<
B4 (articulated) 2% GEA 159Ex19) 25 I35 7|58 Egdte] &9
I QS (Ex  : Double—deck Electric Multiple Units, http:/www.

o rL_>L e

bombardier.com, bombaridier)

4e mu l ey l iu hild ..;;\
uL& fy (I R RTREA TUMEY KU

‘ L LR | ] | ] IR LS R
(T T I:.-.,_I.II.I.I.I.I.I-I.I! lI.I I.L_III.IIIIJII

[718]—29] OMNEO Platform - France

o 292 W HIE(SBB)S| TWINDEXX ojxzdlis 25 47]ExHEMU;
Electric Mutiple Unit)® 4~8%0 2 FAT o] ¢lom Hu 16%7x 43
./_'t 0101 g,q,/\-] }\_Q_F‘J:O] 625/\4011 1:1-8]- TI'('S]— J,]];H 230Km/h/] "‘J—'iT j}-iﬂ:
2 ZAIZF 160Km/h ~ 189Km/h= 3= 3l 5. TWINDEXX o~
MITRAC <9 7A#41 RE, ThermoEfficient 2 W& 7] %4 (Climatisation) A2~
g, oA #e] TA A28 T ECO4 AUA A% 7ssa A8ste] A8[A
d 10%E5 #7stal, FLEXX Tronic bogie platform® €% 7]%<2l FLEXX
TronicWAKO system BY 7|&S& AE3te] ABGANA 15% S5 T4
Al713L QS (&3] : Double—deck Electric Multiple Units)

O

praduct . ;
decign award i d P Y 2 3
e .-f % 0w il | Gl
1’;:.""“1._. f‘.’ i E u"n ;J'u ul-n u\u 2 D,...
pe——r— nnnn BRI oo
i i = d -h.HManﬁﬁ# e e R A
e .

rlr lo

E=-Fna REE | NEE s
i T D o D 1
e Nl T TR i el on e P

Sx'e AR - SR i o RS

[7199-30] TWINDEXX Express Double—deck Trains, Switzerland
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el 25 usdAt dst

[3E-11] 3j9] 25 &HEAt
Operator SNCF TGV Duplex
Length 200m
Height 4,320mm
Max. Speed 320km/h (test: 350km/h)
Passenger 1,268 passengers
@ 2Z#2 SNCF TGV Duplex 7]&<]l Euroduplex 2% @xh= Al4 320km/h=

Al 7HE w25 % dxEA A el 1,268We A4S FF
2 # e AL 21 Y. Buroduplext 15 A4e] 20~40% o] ge] +
S Zva glom, 19961 o] % 160t]o]/de] Duplex A=Fo] 571 e}, 5
A=A G A
high—speed train, http://www. Alstom.com, Alstom)

Aul2 S . QS (% =3 Euroduplex very

e

F
el BE ad 25 daE Sk S 98 : d
MAX2Z} &3+ E4Al8]Z7} Tohoku ShinkansenolA ¥ stal, E1A8Z+=
A A3 SHEPS. B4 H=E 2016974 943 & o o
A FHAL L glow 15 nEHIAS) EsAlg =2 dAE A9dd G &4 -
In need for speed, JR East retiring all double—decker Shinkansen, The Asahi
Shinbun, June 06, 2014)

%ﬁ
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B4 series (240km/h_23) E5 series (320km/h_1)

[Z1#1-32] double—decker Shinkansen - Japan

o 223 ONCF(Moroccan National Railways)© 20103 AlstomA}=5-H

TGV—Duplext}%] 14ti(10% 1HA)E 49F=(eF 4,956 9) A kst
AA 20e] Aol T roA AP fEsh ¢4 2015 290 REH
2 £449 oA, ONCF= Tangiers—Kenitra 7-%Foll 2 200km/ht] 115
AL Q=g FALE F5F Ao, 7]EHQ Casablanca =& g1 o]
=3}o] Tangiers - Casablanca73roll Al 320m/h= $335te] 7] 4A|7F 455
ol A 22417 102 UH=Z2 &Y oA"Y (x A : French and Moroccans sign

TGV maintenance deal, International Railway Jounal, 2015. 1. 9)

[721381-33] ONCF TGV Duplex — Moroco

) BOAES 23 A3t Hobo] B3] FYWIAN Fol ¥ EE BEFE ) AP
PAWA NS A0 ww, Ausont /1% mqol¥ Es/& wAdA
NF 7|2 AYS sl AW 7R JHAT Yo PZ B

=2
- YAAEG 25 A%} Fobo] B BYIN FolB muW 90 W 5
H O

sS4 oo} 20073 olF F4o] 71
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Arg 25 GAF wofe] 535S AT, 1990958 dA7ZIK F 127
Nom, FFo| 54%(687HE HurjolH, #H, A
AL HuERE 2012 o]F &9 ES)7) AA
E35]9] gIFES AHshs T o we Fof Ido] Frkeka vkal BeH

AR 7e=E B, F9EER 25 A 483 2E(B7]e)o] 38%(487)E 7}t
Z wol SHH glon, 2005 o]F FIHEL 25 dx AA 2 AFI|=(D
Zle)9 B37F A&EH o= F7F FA e E3E Bol &9 49 5 29
(Top 5 Assignee)S 4w 2w, BOMBARDIER TRANSP GMBH, ALSTOM,
TOSHIBA, INVENTIO, SIEMENS &°] B2 S9& st 35 o] ¢ o =4
9155 BOMBARDIER, ALSTOM, TOSHIBA, SIEMENSE A|9|alar o8 A=
58] wety]o] E43 S S, IA e AAol TIEEeAE &S o=
HoA

=957PE AlFVs SSREE AVEY, §4, T30 F9HES 25 A 4
€3 Zd(B7le) woF 5371 ®ol Yehtal 9% B7lE 2oks frdel 78 '
< 53 98l e Zos vehd At 957K S99 BeE F9Es
€ 2% 4 483 RdB7]e) 58E 7H o] &9 sl 3+

A4 B Tl TP AAYES vasRd, 9] 53 AFERES on|s:
ANE FRASF(PFDE &9 &9 Family Patent’} B2 3ol A ygvx
Jow, AX/AAN 53 Hfiet #HHo] 2 JAEEASF(CPP) 2 JIFHAF
(PID) ¥ 44 FF(E3A5)S 183 71EHAF(TS) AL v=o] 7P 2
AAFE S YR s olE Sl B ouw, & AFE a3l Qo] HEoe=E
7P 9% v ESE FAOE AR Agr)es BAsIE Blo] 2as Aow
sk

o] A9 S, AERY, 8% T 7EddeEy e gEEe] A4
ANA AFF FF& Hola glo] TF A& Eof Ve Fust AF3] 87HE A
=)

FaS53 127710 WiE Text minings 3 A A7FgE Ay,
Shaft/Wheel/Speed, Monitoring/Traffic/Sensor, Floor/Compartment /Level &
9] Text7} 53 A7 ol wol Yelhar glof, s okl gt 7l& JAF
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Automatic

Row &

2~ olo.
T AT

transmission loading
used for indoor bench test,
architecture suitable for railway

71€3 g olx & (E71e)

53] 20140 =9 HA 535S HWH
spectrum collecting and compiling method

Train broadband communication network

vehicle 5 9354 2% dx19 A% AZ
B Vg AT FALE % 5 U8

@

YAAEG 25 G Wof =¥
A EFo] HEHiL glo

AR =

Zol2 AuHW, 199033 IA7HA] & 1454 el
lom, QAo Z mu|gl ] =Fo| TxHal

IEEE-INST ELECTRICAL ELECTRONICS ENGINEERS INC,

ELSEVIER SCIENCE BV, TRANSPORTATION RESEARCH BOARD NATL

RESEARCH COUNCIL% €9, nl=¢] #dol|A

T o

e o] ML 9%

AT 39 A EE =7 T VAL & =E(Hot Paper)& 2W Q189
FS EES BEAARY dUA £HE 8] A 284 &8 F U
T STUEA HAHY £FAS 7] fsiA AT daEFe] AAZE A
g A% A A A FA(ATO) A&7 #AF AFlgo] T2 TRy
i glo} #hE o Ayl T FEEA Sle FokdE & 5

@

229 ARAYEFS Avuy,
AP EMV) 4609 - =(SF 63%
2] A FEEHA

gEd ATAY FRE

= AA 1,6209]
waleke] 60%E A 2018974A 37 ol wd 34% AE Z7he A

ofAle}x o] 201058 2014 A7kA] A

DE APAFEZF 7 2 2013958 2018 7F
&E(CAGR) 4% 374

Aow o+

N

FrE(eF 2212)= AA ANFEFE 5

4

3

o o4y FF wAg 71 2 344 B, AdeTY U TR A4
Aow AE/Nddds A4

22 AHHE AN, FHdA AFEE Bdlo] A MAANGSE A=
kil lov, e T 7 AREEIe] AFAo] 71EEE Aow V.
T A4 A CRHEE Alg|=2r7F & ohar glow, A Hitachiv= 9
o] AF3|AL Agility trainsES A Hote], dFHEAF e =HAS

Ao Aog woly
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39 IHAE JZAFSHo] 2011~2012d0 FH5atPon, AHela Zaha
= UA A Aow vuhd. fH9 AA9717F SNCF, Renfeol A o7
TE FAE 2T Aow HolW, I V|FAQ AAEE Fkel vt 1
SHE ohdel tig g8 E EAA FoR 1Y

ds, 5, d¥o]l nHHEE AFI lxdddA 1AHE FAIEeH,
20207k faglel=7F o] Fold Ao VgHH, T2 20209 ol F 1
£H4E AATES AT Ao TdE. §4, 50, |@vl, otxegtedA =
250~300km/h ko] nHHE7E ZjdiEY, Bl aHdE S9ES G

Alstom AGV, Bombardier Zefiro 380, Siemens Velaro [ A Ao] oA=E. =

=S AQF ofAlolA P 160~200km/h £%¢ HE7F ZHE W, A
A1EAE YRS JA Y Alstom Pendollino, Bombardier Zefiro 250 [H]
A o] o

292 A% AX(SBB)9] TWINDEXX oAy 25 7% 2HEMU;
Electric Mutiple Unit)® 4~8%0 2 FAT o] glom Hu 16%7tx 43
T ol FA &) 62540l 2 g Ho 230Km/he] Fald A

2 EAIZF 160Km/h ~ 189Km/hE =1L 9l TWINDEXX ‘lliziﬂﬂr_*
MITRAC 7-#4 =¥, ThermoEfficient A& 7] %4 (Climatisation) A2
gy x] &g A4 Al2=E 5 ECO4 olyA AY 7ees A3t &njA
& 10%S A 7+slar, FLEXX Tronic bogie platform® dY 7]<<l FLEXX
TronicWAKO system BH® 7]&& A8t ABIFHAAM 159 £25 Y
A7

223 ONCF(Moroccan National Railways)+= 2010% AlstomAt=5-H
TGV—DuplexE}Y 14t(10% 18A)E 49F=(SF 4,956 ) AlFste] &
A 2t Aol ZF oA AES AESNI H 2015d 2¢¥€d] EEIRE
+%59 oA, ONCF= Tangiers—Kenitra 73+l 23 200km/ht] &A%
Ax g FAE FEFT o, 7]¥£42 Casablanca =4S P 1d o] =35}
Tangiers — Casablanca T3t A 320m/h= 33Fe] 7]& 4A13F 458 oA 2
AZF 102t E =Y 93849
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