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| Market volume 2011

| After-sales EUR 38 500 million

| Light maintenance EUR 25 400 million

Heawy maintanance EUR 10 000 million

| Refurbishment EUR 3 000 million

Information:

EUR 47 500 million
new vehicles

| Market development 2011-2016

| After-sales +3.4%

| MNew vehicles +3.1%

[ 2—1] The World Market for Vehicles Maintenance (2011%)

O HA=a o] FEA 8]~ (After—Sales Services) Al&S 7|#F3E2 Ayyd 4
LERG7IHo] AfAEY] A Badhs AR 60%C) ol AN, A AR A
AR FEAE Fel A Besks AlgHEo] fAa Sobeke FAIY.

- TEFEERE VRN SErEAR FARSTE 4% ANBTETE 7P =AW
ERAIRE, 145 H8 2 (HSR), METRO, Z3d3d & oAF5E A= fFARFT A%
vl o] AA F7teks FAY
(4 : Rail Vehicle Maintenance—Global Market Trends in After Sales

Service, 2012, SCI Verkehr Gmbh)

Private fg‘;‘anNES Urban rail transport
A

16%

Freight transport
44%
Manufacturers [

25%
Operators
63%
Rail passenger

transport
40%

[(1¥] 2—2] Shares of transport markets in the total after—sales market
(20114)

O A=zt oA 8] A (After—Sales Services) A& =7PEE AHwd 3l&Z4
T vlFo] =2 vFAIEEI b A YERa glon, S AAFE HF
o] & EAAHLE Fo FARST RV} IA YEhve S-S Bola i, HY
SCI Market Reportell =W, 5§ ofajofo| A= Fro], flME 5U #4

WA PRI SE Rew oeta g
(£*] : Rail Vehicle Maintenance—Global Market Trends in After Sales
Service, 2012, SCI Verkehr Gmbh)
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[13] 2—3] Market volume of after—sales services Top—10 Countries (20114d)
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ol 298] A~ (After—Sales Services) A1 &S AEAH FIHZ A9 HE

5 EApERe /‘é%}%"] A 74%%2 7V =A dEbdal low, o= m=, AL

ofgfrlol, Heja FolA AEL DHHLE HAAZY o 7k HoxE %

T3 AAH SR Metroab®e] gazlo]l=e 7Ilstd A 4.7%°] w2 A4

YE I S+

(%ﬂ  Rail Vehicle Maintenance—Global Market Trends in After Sales
Service, 2012, SCI Verkehr Gmbh)
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World: After-sales services
Vehicle segment Current market volume Average market Volatility of market
service p.a. (in EUR development development
millions) 2011-2016 2011-2016
(in 2% p.a.) (in 25 total)
E locos 2 450 +2.7 0.2
D locos ¥ 000 +2.3 0.0
HSR 3 000 +7.4 1.4
EMU 5 800 +3.8 0.2
DL 1 400 +3.4 0
PG 3 650 +1:9 0.2
FwW 8 850 +2.8 1.0
LRW 2 650 +3.8 0.2
Metro 3 700 +4.7 0.2
Total 38 500 +3.4 0.2

[719 2—4] Market volume of after—sales services Vehicle Segment (2011d)

=xte A3 A8 A (After—Sales Services) Al&olA, ARG G3dHE 2y
B 2 9% (running) ¢ 79 4] (light maintenance) AlFE7F 2509 72
(66%) %A 7F B& HlFS AAstL 9low, F7gH] (Heavy maintenance) %
A 7NA (Refurbishment) AR+ 7242 1009752 (26%) 9 309112 (8%) =
YERFIL Sl



- EEEs G970l ARTR(329%)7F 74 2 Yt 98
(*] : Rail Vehicle Maintenance—Global Market Trends in After Sales
Service, 2012, SCI Verkehr Gmbh)

Refurbishment Rest of the world
10%

8%

Western- and
Eastern Europe

Asia 32%

18%
Heavy
maintenance |
26%

Running
maintenance
66%

North- and
Southamerica
22%

[213] 2—-5] Shares of Maintenance )
[77¥] 2—6] Number of sites by

Stages in the total after—sales )
region (2011%)
market (20114)

=

O Axa $ARF 5 FufFAH| A (After—Sales Services) A &S AfFdt= F
Q8 7Y AMlA FEEE Urol AuRe Zlo] drbAolm, MAA SR 71
& R gAl dxxs A#Zs|Al GE Technology”Zt ©] &opo|qxE 71 &
A AFES st 9o, Alstom, Simens, Bombardier’} 71 & w231 Qo

!

H, ofAlob AlFell M= Ferel HRARE AlFFSARRL CNR, CSRel 7H8 & A+

shal glom, o] oo A m=A et a

(4 : Rail Vehicle Maintenance—Global Market Trends in After Sales
Service, 2012, SCI Verkehr Gmbh)

[im EUR million2 — partly estimated by SCI Verkehr]
GE Transportation [ ) ) ) )
Alstom
Siemeans
Bombardier
OMNR
SR
EnCy
uGL Rail
CAF

Eurcomaint

o 200 400 s00 800 1000 1200 1400 1800
[2¥ 2—7] Top—10 Manufacturers and service providers by turnover in the

after—sales (20114)



=y = _ . - . .
U =9 AFES -EHEAE Ay Abss AV AdS
O vlI7] AJ@An]e] oist AAAGS w5 dsEo] 9lor, 2011d 7|+o® 149
geje) sole WANIT e 2016W7A A BE 7.8%H A 20022
o & =T AR oitE.
— %23 (Ultrasonic) & A (Radiography) A1 & &8 7} vl g Fuj A &) k&S
olF glow, 20119d 71¥o® Z+7} 31.1%%F 30.3%9 AES ARt A
(&4 Analysis of the Global Nondestructive Test Equipment Market,
2012, Frost & Sullivan)
CAGR =7.8%
2,500.0 - 12.0
4 10.0
. 5 P e 1 80 =
8 20000 B = - 1 80 =
= V -
3 1,500.0 | 1 40 ﬁ
e 4 2.0 ‘§
2 4 oo &
3 1,000.0 | eo 3
1 (4.0) L
500.0 |- -
1 (8.0
0.0 2008 2009 2010 2011 2012 2013 | 2014 2015 2016 (10.0)
|ERevenue 1,418.5| 1,306.0 | 1,324.9 | 1,397.4 | 1,489.9|1,596.8 |1,717.7 | 1,858.3 | 2,031.3
|' w=Revenue Growth Rate (7.9) 1.4 55 6.6 7.2 7.6 8.2 9.3
Year

[1% 2—-8] Total Nondestructive Te

st Equipment Market : Revenue Forcast,

Global, 2008~2016

O wvlIty] Alggnle] oist AAA S
Ao 7 FHREHI o, I Ft
=51 S
(ZA Analysis of the Global

2012, Frost & Sullivan)

AepER AvE, o), 3, obAotUHY

v_o [¢]
I QIR A PRI A A Ao

Nondestructive Test Equipment Market,



100.0%

80.0%
S 60.0%
c
L]
>
r 40.0%
20.0%
0.0%
2008 2009 2010 2011 2012 2013 2014 2015 2016
# Rest of World 10.7 10.9 10.9 10.9 10.9 11.0 11.0 1.0 111
ul Asia-Pacific 278 28.1 28.3 28.6 28.7 28.9 29.1 29.2 29.5
# Europe 304 30.2 30.1 29.9 29.8 29.7 29.6 295 29.3
u North America| 31.0 30.8 307 30.6 30.6 304 303 30.3 301
Year

O

[727¥ 2—9] Total Nondestructive Test Equipment Market : Percent Revenue

Forcast by Region, Global, 2008~2016

H k] Aldgno] gk AAAGS TRt 7S A9 E™, GE Measurement
and Control Solutions”} 26%, Olympus NDT7} 20.5%9 %2 AF5 JeEy
Nom, o] F VY v IAAI ofyitofolA EAow TS YEI Q5.
o] 9]¢ YXLON International Gmbh, Sonatest PLC, Zetecinc, Magnaflux &9
714l BlatA Al 1~2F0kel A 53t= o] &Fstal =

(%* : Analysis of the Global Nondestructive Test Equipment Market,
2012, Frost & Sullivan)

GE Measurement and
Control Solutions
26.6%

Others”
47.2%

YXLON International
GmbH
5.7%

[Z21¥ 2—10] Percent of Sales, Total Nondestructive Test Equipment Market :

Global, 2011



Company Strengths Weaknesses Oppeortunities

Threats

Presence across all Asia-Pacific market
NDT techniques,

Common software
platform across all

NDT equipment

GE Measurement
and Control

Marginally higher
prices limit
penetration in price
sensitive markets

Solutions

Competitors
specializing in one or
two NDT techniques
may overtake GE
technologically

Ultrasonic test
equipment, visual
inspection equipment

Lack of presence in
radiography
segment; one of the
fastest growing
market segments

Radiography
product segment

Olympus NDT

Loss of customer
confidence in brand
Olympus due to recent
scandal

YXLON Presence in the Presence only in Diversification into

International fastest growing one market other NDT

GmbH market segment, segment, techniques and
Innovative and concentrated end-user segments

technologically customer mix

advanced solutions

Downturn in automotive
industry which forms a
large concentration of
customer base

[78] 2—11] Nondestructive Test Equipment Market Top
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o Transverse crack : Y10 mm A&

¢ Shell defect : Y10 mm Z&
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o Subsurface crack : Y10 mm
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Abstract

This paper describes an analytical process that computes the optimal operating successions of a rail vehicle
to minimize energy consumption. Rising energy prices and environmental concerns have made energy
eonsarvation a high priority for transportation operations. The cost of energy consumption makes up a large
portion of the Operation and Maintenance (O&M) costs of transit especially rail transit systems. Energy
conservation or reduction in energy cost may be one of the effective ways to reduce transit operating cost,
therefore improve the efficiency oftransit operations.

From atheoratical point of view, the prablem of enargy efficient train control can be formulated as one of the
functions of Optimal Control Theory. However, the classic numerical optimization methods such as discrete
method of optimum programming are too slow to be used in an on-board computer even with the much
improved computation power, today. The contribution of this particular research is the analytical solution that
gives the sequence of optimal controls and equations to find the control change points. As a result, a
calculation algonthm and a computer program for enargy efficient train control has been developed. This
program is also capable of developing ensrgy efficient operating schedules by optimizing distributions of
running time for an entire route or any part of rall systems.

We see the major application of the propased algorithms in fully or partially automated Train Control Systems.
The modern train control systems, often referred as “pasifive” train control (PTC), have collected a large

(A)

Fig. 1. Opt
optimal control when restriction () is canstant, arsph (£) i when
FPis il power, PP isparial power, Gis coasting, PBis partil braking and FB is full braking, BC siandsfor beginning of o sieep cimb
‘and EDendof steep dessent

ineido (4}

Graph (£ shows

and graph (218

Figure options w

Using the similar logic, we can obtain conditions of existence for full braking and coasting (Golovitcher,
1986b). In particular, we found that full braking may exist only at the end of the route or to the left of a location
where phase boundary W{x) drops down. Hence, the phase trajectory for full braking can be determined
either by the boundary conditions or by 1

Based on analysis above, one can conclude that phase trajectory for partial power, partial braking and full

braking is determined by value v, railroad profile g(x), speed limit (%) and boundary conditions. These four|

sources may also determine prefiminary location of intervals with full power and coasting. For final

determination of the optimal phase trajectory on these intervals we apply necessary optimality conditions as
below.
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