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O 2% HdEZ20 o B &2 U NUSKECH OtLiet EE20H0AE S8 &
THIRX2ARXS (European Rail Research Advisory Council, ERRAC) =& 2
T20

FOIAISIEE A HHE 258 &3
1 2030E 7 199049 OHHl =& -kmY CO2 Hi=Z 50% I‘l?:f
@ 20308 Xl & CO2 HiE&S 19908 =22 KA S
@ 2050 MKl EtA-Z2|(Carbon-free) 2 2% XI& Elc' DI§%@
(Climate neutral) & AlAE 23

P
F

O Sgo 32 22 &2 sF3A QI0| 26t fldl HIIFel =X Mk 8
o X BHS KA Bl 2y &3
O X Ae =2 : 2102 (high priority = ¢ ¥¢ %)
@ 20159 MKl A& Sl =g
@ 20209 MtXl R&D ZEY &=

Research Advisor
Council

mefwunm@;\ 4.4. EE Rolling Stock Roadmap - from vision to action

Type of Time
Horizon™

Vision & Need activity

Lighter Trains

Rolling Assessment of the
Stock technology transfer S — * * *

potentials from the

aeronautic and automotive
sector to the railway sector
Lighter Trains

Weight reduction for the
suburban and urban
passenger services
Rolling In due consideration of
Stock standardisation and
regulation issues (e.g.
crashworthiness)

Design methodologies to
be re-evaluated

R&D 2020 i e d

" CSA = Coordination Support Activity / R = Research / D = Development

' Technical Maturity
21 % = Low Priority / 2 ¥ = Medium Priority / 3 ¢ = High Priority
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O =S8z A AIESE

NAH SEMsE AIE2 R2= 201149 $19.6 billiontl SEH2M, HE 8.2%
of HEEZ 20/ UCH F 20174HS =8 MEs MH2 $29.9 billion 7
22 &g Aoz S0 L£8 2011E S A4S AMEAHR2=E $55.6
billion0I X, 201730l $85 biliong &g Hez W=ECh

NS &g SEE AIES B 1.2100 O 1.2.30 2= 0t 20 A&
A0 MdUHECz &2 A8 MY L S MIUHAN SEME MEBERS
2 3dH Mz Aol H2) 2=R0ls MPU HIHM 68%, 38%Z =2 &
SES 20/ JUs BHH, AIE R72IF 2 85 &g L HE MHUAe =
SHEC MY BRE2 3.6%2 R ¥ Az B0g 10 UCH

Market Segment

Transportation
Marine
Aerospace
Pipe & tank
Construction
Wind Energy

Consumer Goods

Consumer Goods
Wind Energy
Construction

Pipe & tank

Aerospace

Composite
Materials
Market

$2.8B
$0.5B
$2.3B
$26B
$3.4B
$24B
$1.3B

=

Marine

Transportation

Structural
Materials Market Composites
(Steel, Al & Penetration
Composites)

$77.8B 3.6%
$0.8B 68%
$23.2B 10%
$37.8B 7%
$851B 4%
$6.4 B 38%
$9.4B 14%

Performance
Gap

clCcliccloie

Price Gap

CIC = ICIC IO~

_0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00
Us$ Billion
B Total Market Potentia (S B) B Composite Materials Market Size (S B)
2 1.2.3 20118 At 282 AR 288 88 (Lucintel).
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Shipment ($ mil)

30,000 -

25,000 -

20,000 -

15,000 -

10,000 -

5,000 -

8

Marine
E&E
Wind energy
Construction
Aerospace
Pipe & tank
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w \
f Market Stage Market Revenue i A xri:irt';?;olume
| 4,735.2
Growth $23.7M ‘] ]‘
MT
(2011) (2011)
) Base Year ; gy Compound Degree of
Market Growth /el Annual Growth Technical
Rate Rate Change
73.4% ', 6.0% 6 3
(CAGR, 2011-2018) (scale:1 [Low] to 10 [High])

Average Price
Per Kilogram

$5.0 U

‘ Market
Concentration

396% I

(% of market share held by top

5 companies)

Market Size for
Last Year of
Study Period

$35.7 M U

(2018)

Number of
Competitors

s
o

25-30 ===

(active market competitors in
base year)

Decreasing l, Stable | fncreasingU
08 1,29 DHEECE D24 SEME A Y 9 (Frost & Sullivan,
2011).

8 1.2.102 201092l 2018ENtN2 UEEE =RE S8 ZUE
=10 AL = AHCII OtAIOS =2 2= A&8H= L A3
HA JtE S Zst S3ANE BE ez oD, g2, ZaA, =52, O
2 0|20t D=5E2| StOIZA0I2UHMN &M U= & =0(C0

70,000.0 - Japan, France, Germany, Taiwan and

e o e italy are ahead in the lifecycle curve
Spain in Western Europe and China.in for the HSR market

60,0000 | Asia are experiencing dynamic growth due B

: | to the planning and implementation of rail .
x _ entities. within the region’ : |
o =
= 50,000.0 | ll
2 |
@ HHEELY . Asia-Pacific
E EEurope
'§ 40,0000 #North America
&
-g_, 20,000.0
Z

10,000.0

0.0 T T T T T
2010 2011 2012 2013 2014 2015 2016 2017 2018
Year

O 1.2.10 2HEEE D2k S8MHE AIES =2 W= (NMMA

and Frost & Sullivan analysis).
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Ct22 a8 1.2.11130F 8 21.2.120M= 20082 A 2018E DXl 0=
TCE 2N E SEME AIES =0 MAasES Aot UCH =82
2 sglel =2 FEMae HSFA =X, HEE o3 =X &
ANKRO AIEE SO J|elst Hdoz EHOUEICH D2l SEMEIF 25
U A XXt HISO0l SEHIZ2 20119 3.1%0H A 201889 4.3%=2 St
AE 018t HEANS =2 |00z B2 £ UL
45.0 4 v - 100.0
400 -
E- - 800
1 =
= 350 b Leon =
= 300 g
& - 400
o 250 - - £
2 - 200 2
o 200 - )
> =
é 150 1 F 0.0 U]
: 7
10.0 - - (20.0)
50 j - (40.0)
0.0 - . (60.0)
2008 | 2000 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
== Revenue 77 7.0 13.9 237 314 303 383 429 264 262 357
w=Growth Rate (9.1) 98.6 705 325 252 (2.5) 120 | (385 | (0.8) 363
8 1.2.11 2008~2018E8 NHEEEE DA SEME AIE2 o4 I=.
8,000.0 - _ - 100.0
v
7,0000 - - 80.0
g £,000.0 - - - 60.0
8 <
o 5,000.0 - - 400 P
£ @
Q40000 - - 200
s £
E 3,000.0 - - 00 E
=
o 20000 - v - (20.0) <
-4
1,000.0 - . - (40.0)
00 12008 | 2000 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 00
= VVolume 1,663.0 | 14655 | 2,822.7 | 47352 | 59290 | 7,193.1 | 6,779.2 | 74155 | 44292 | 4,192.9 | 54534
<~ Growth Rate (119) | 926 67.8 252 213 (5.8) 94 (403) | (53 30.1
8 1.2.12 2008~2018E =2 & Ui SME AIES Ol4h MARSE
Ol BISEZ2UUAM S0l B2 DHEEE2 24 & =8 as A& 72
HES 2015EKE XNSXQ SFAE 2L A2 KA TS
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@ 6.0 -
§
& 50 -
o2
X
s 40 -
i
@ 30-
g
E 2.0 -
<
1.0 -
08 1 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
|IAverage Price per kg 4.6 448 49 5.0 5.3 54 BT, 58 6.0 6.2 65
g 1.2.14 2008~2018¢ WUHEFEQ UEA S ME E4HE 0=
22Y DHHFCE NEN L =EHE AR XY HES AH 29 1
1.2.150lA LIEILHE Bt 2011ERH 20188l S&#S HEGHD U= A
£ 2 & ULL 20118 0= =2 AT WE JdE0 et OtAIOH-EHE 2 X
Aol =2 =25 IJHANLD UKL, 2018ENKA OLAIOH-EHEZ XHe| DN£E
T =20t X Zacte EEs 20/ UssE € = UL
Regional Split by Volume Regional Split by Volume
Global, 2011 Global, 2018
0.0% 34%
_\ 20.6%
®North America #Europe W Asia-Pacific | Morth America i Europe ul Asia-Pacific
8 1.2.15 201180 20189 =5 252 D2 SEME A2 XEE 0S.
=22 AMEBUA XNFE AHEESEEES & O KMol 21 21 f6t0 S I
SHT MHO St g = YeE RE2 =2 HEXE 8 1.2.160
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HSR Rolling
Stock Demand

MAIGHD RUCH MIA 3 =2 WDHE T OEM A |REUH fIXlot] /A2
H OIS0l REE2 OotLlet MA AEN2 s== ggotd UACEH 2004E 0
= M2, HAELIOH &Eotel, SE, =2d210F & ==2ILI0F, 2007E 0
= F0tLIOZE =Jtelotot Al HHE FOtE0 et 82 AAH =109
Ch2atE Al UIERIAE =0t AL SEUAM DS S0 OtE it
SASHE 20l Licte AHRSZAM 2 3,256 kmel D=EEE

S0l AL =8= SS0AHM=s = 18,501 km2l c2telol H&EE1) UL
2020EIHX12l =8 &AM LOSEFE 2tel2 < 20,054 kmoOl 018 AL

Olatsl D QUACH

35,000.0 - : :
30,0000 -
25 000.0 -

20,000.0 - |
15,0000 {
10,000.0 -
5,000.0 -
oo H EH B S S S S S 8 =

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

18 1.2.16 2008~2018¢ =82 UHEEXE =2 UH=.

A70AM 2= dtet &0 &BHHQI

OFAIOI-EH & X2 E=R0= &8 1.2

F=2 ds =42 12 JAe A= & = UACH 2011383 20202 A0l Ol A

=0 0 XS E=Xg =28 deg A2z MatE 9,700 km2l &l

ctol0l S&E WEQO O0l= MAH AIEUA JHE 2 720t 2 A0IH 2014
O

EDLX 13,000 kmJIt
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M Ot SE8Xel DEEFE UHERKIAE F=ot JCH Al2HHDE ‘Bullet
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016 2

2008 2[}09 ZDID 2011 20"]2 ZDIS 2GI4 201 ?20’18

HSR Rolling
Stock Demand

52
8 1.2.17 2008~2018E OtAIOH-EHE & XH2 NSRS =2 =,

gx|atoz '=’D| II—.— 3%, 18 1.2.180lH 2= bBtet 20 2015‘5|01|/\-|
20184t Eotote Z2UE UEIW D UCH $620 millione =J| X220 &

2 & o HI’—‘.‘E' Southeast Corridor?l 32 =0| XY X2 NHEE HE
3AJ}b HA2M O0IHA $2.25 billion0l £ & Californian CorridorJt Ml &
SIULCE 201589 NHA DI=22 % 2 MZE ofetel EXIt DBFEXUNHLZ
A JIsE Aoz HEDOW JUCH el 20158 FH 2020ENHX &
300~400 km<2l &l ctelo] S4E A2z OaECH 201280 518 km<
NEET 2ol EdE 28 13002 EE&XE0l MEE 22z oazn
201592 2020E DMKl 400C0Hel EE X0l H=SHMAM = 3,890012 B
=0 2 No=Z HAECH Ol &l == =22 OEM gx=2 0l

| T'__SOHE
et 222 =€ Jl=g € 2 0|0
25000 -
- 2,000.0
o C
]
= E 1,500.0 -
o o
xao
x = 10000 -
0 (8]
"
¥ 500.0 1 I
D.'D T T -I_-T T G IS T I N =

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
8 1.2.18 2008~2018E OFAIOt-EH&H 2 XHC| DHIFXNE =2 W=
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(Source: US Geology)
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E
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o 0

2003 2004 2005 2006 2007 2008 2009 2010 2011
Year

= Brazil mCanada = China misrael = Kzakhstan = Russia = Ukraine = Serbia

2 1.2.19 AIAH DtOUls a2k =0] (primary ingot).

2008 — 2009 Nodular Iron
Anodes Nﬂdu;l;imn 5 ", Desulfurization 01
7.8 / _-Reduction Agent
! Reduction Agent /7 Others 2.2

~ 2.0
——_Others

1.7
2010 2011
Anodes
Anodes MNodular Iran Nedular Iren s
13 07 _ Reduction Agent 35 (—0-8 - "mm:; .
A 16 )

(Source: US Geology)
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3. Industry Value Chain &4

== =R
gHE AMNEERES &4 2 g 1.2.222 22 Z2UE =0, &% 5
Hel MO DEXEBEE S ME 88X AIES 39.6%E ERotl U= 2at
OICt. Huntsman It AIES 22t = = U=l =2 Z2RdE 20t
HA SME 20l2 UL AOC Resin it= 2Est ZCl0AH, BIEWHAH
2 0=Al =X 202 =&ot JUS & OtLIet, E2 SMC/BMC & Z2|X
dd dMsS0 HSsotH Oef JHXl &HI%% QAo @10 QAUCH 39 LA
Y St= Momentive iteE DEE S W/AEMOU A E &= A Il =XIE
MAGED U 49121 Owens Coorning iteE Z3E REl8RE == M40
J UCH ol2o CHE EME2 10% 0182 AlE EREs JHKLD Y= &
Z0ICH =& 2% OeM %ﬂI%OI A2 HHOILL ME 258 =2 2M=2
A= = 222 UMME AMEotdes &0 WMt s=29 124 2 8%
MZEAMSOl &8s A2 &=
- Fibre Prepregs/SMC
Resin (CarieGi) and BMC HSR OEMs
Huntsman Toray Toray Bombardier
. Hexcel Bulk Molding
AOC Resins Compounds Siemens
Cytec Inc.
Ashland
Mitsubishi Menzolit Alstom
Rayon
Scott Bader Scott Bader
Toho Tenax Kawasaki
UMECO
DSM y
3B fibreglass Guit Amtrak
Gurit PPG
Owens
Momentive AGY Holdings Corning
Reichhold Owens Quantum
Corning Composites
*Others mainly include Gunt, DSM, AGY, PPG fibreglass, Bayer, Cray Valley, Scott Bader, SABIC, Umeco Composites, Jushi Group, Binani Group, CPIC Fiberglass.
Toray, Toho Tenax, Cytec, Hexcel
O 1221 DHEEE 2N SEME A& =R Value chain 82 (Frost

& Sullivan analysis).
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L. OFdUls &0+
O HE 1.2.32 0IAUIE AMAE Q| value chaing XS =2 LIEFY 24 0| CY.

2 1.2.3 0tUls A2 value chain map.

O | | ZZ2HA | | 2= | | M E

eMg E Mg 2al e XAtsXH B F PNE=PN;

-&=, 0|3, FiLict =70t &=, 2{Alof, -0, =4, A2, -¢ & o=, 5=,
ojlazid Heldl & UE B S =, St S ot =Y, =Z@A S
-10d 750HE A A -7t 1TEE M AHworld) -1049 XS AF 1o & =104 77302 1cH A bworld)
(world, primary ingot) -Timminco, MEL, Tkg ME= Aoy =10 4272HCH A AH
-104 1582t ¢! VILS, Sumitomo = ‘204 170kg2 2 =i 2828t =& (=)
-Taiyuan Tongxiang -J2I7f oie etz 0| A -Toyota, GM, Ford,

Magnesium Co. Lid., ZUN = ZIt oA -Meridian, Gibbs, GM, VW, Hyundai &
Dead Sea Magnesium ol ¥ BMW, Ford, Lunt & - SR A 2
Co. Ltd, Solikamsk S ki ] ) ] AEEFE i
-2 POSCO A=

=& E3(12kE/d)

cAER ADE «Mg ZE A

~07d olF M2 0|2, 32, UE S

ANE AR BZ 104 3HE T=E(world)

0l ME2 JIE -104 0= F2(2UH)

9600 MAL ~MENA(MEL),

“HVIK, KM, Al3} = | POSCO, Gonda S

CMT, 3= MTech S e I TS

. e ZdiX £ Z7} oflab « AOIEE
= 52, 0|2, 52,

= ot o= S
- ~ 12 622{cH, 28xiofE
B (world

* Mg &EX

-l g ol S
-0 85%1E = (word)
—Timminco, MEL,
Alubin =

-J2I7F Jiet M5tz

s +2 7} of4t

124 I WAl E
16.7x= &

-AM ML Apple,
Nokia, ZTE, LG,
Sony &

AR MA AIE

H7E 14

\Life companion.
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Tl |AM, 2= 9N 2 THHE MZXGH| st S2HM, |4 & Z2HHE
0|25t Ctdset 46882 Eoll HXtesE 235 & 0|2 252 8o 243
O & 4Y4HZ value chain0l A&},

(1) 0FIQUlE AT

O Pure Mg @D E= S8ty = MI|IS2olHS Sol HMXEH =201 & AIHAH
DIOUIE 24T AIZ] 85% OlatS HR5 UCL Pure Mg E= JIE2 AR 0OUIS
820 F2 U2 S20IM M0l Het 30% It S200M AF2EH Aare
Ol 70% ATIL MAH 2=z =510 UL WEESY &0 €2 NEY 4
Mol d=20U= JIEt XNSUHMN MAZH ==t =510 ACH 20008 0lA
MIAH AIEZ2 XIiolE 28 2 =201 212 AI3E8 S =0l 280l 24010 HES
O AXM=0l ZES SHe HE0IMH, S= Jlg0] =2 MMIMZ FAGHA
Ct. OlA 2t Ol Dead Sea Magnesiume 0|Act& =20 50:502 X222 EAt
ol Aglst JIgoZ MAC= DIOUlIE A2 UEEs S2JI1€(Volkswagen) Ol
A AFESID QUCH E 1.2.4= MIAH =2 primary ingot a0 1H=2 LIEHH 23 0ICF.
H 1.2.4 NAH =K 0t1Ul= primary ingot A&,
piRes R MAMAD (tons/year) =27}

Taiyuan Tongxiang Magnesium Co. Ltd. 100,000 China

Ningxia Huiyo Magnesium Co. Ltd 66,000 China

Huaying Mining Group Co. 50,000 China

Qinghai Salt Lake Industry Group Co. Ltd 50,000 China

Fugu Coal & Chemical Group Co. Ltd 45,000 China

Dead Sea Magnesium Co. Ltd 35,000 Israel

CVM Minerals Ltd 30,000 Malaysia

Solikamsk 30,000 Russia

* &X: US Geology Survey, Minerals Year Book (2009)

(2) OIAUIE =2t

O 2= &M & Tl M0 AI2Ee 01 Adisg =2 geo A2 O 1.2.230

LIEHH HEQF 201 200230 MAS0| SHGHAH Z2A0HQUCHE 0|17 BRHoZ
A0l BIot 20108 0l= 20018 &2 2 =sEUCH OtOuls AN
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H 1.27 AA =2 AU sEsH =283 da01g.
NEE HME=

Lunt Manufacturing Co. Inc.

Door, Valve cover, Transmission housing, Transfer case, Tilt
head, Support beams, Steering wheel cores, Steering column
brackets, Seat supports, Lock housing, IP cross—car beams,
Intake manifolds, Cylinder head cover, Console brackets,
Clutch pedal brackets, Sunroof

General Motors

column
support

Transmission housings, Support beams, Steering
brackets, IP cross—car beams, Instrument panel
beams, Housings, Clutch pedal brackets, engine cradle

Instrument panels, Steering wheel armatures, Seat supports,

Ford Lock housings, IP cross—car beams, Console brackets, Clutch
pedal brackets, Cam covers,
Instrument panels, Transmission housings, Steering column
Daimler brackets, Air bag housings, Lock housings, I[P cross—car
beams, Gearboxes, Engine accessory brackets, Cylinder head
cover, Wheels
Valve covers, Steering column brackets, Intake manifolds,
BMW Instrument panel support beams, Composite crankcase,
Engine, Sunroof
Instrument panels, Steering column brackets, Console

Zitzmann Druckguss

brackets, Gearshift

Instrument panels, 4WD Transfer case, Front end carriers, Seat

Meridian frames, Steering column brackets, engine cradle,
(4) 288 - UHS*t
O 18 1.2.2600 LtELH it 20| MA XsX AIEZ2 200138 0lF XSHLZ
SAEOICHIE 20088 =22 ZIERIIIZ QIotHH MAE0| =Zo|l ZA0HA2LE
2010401 CHAl 0= HE0I = XSHCZ MAS0| SIHE H2Z AT
=2 s AIE2 MAH XS AIED sALe 2ol 4% IHE S LIEHHUS
M, £ol 228 38 ?J| 0| Nk AIE HE LHEUAM BISHECZ AE HERE
Ol 3ot =0 AMEERE0 &UHE A2 Hlat=t
O A2t 2008HHH Ol& = Matote FI0t2= Ol=, =€, Z2&A ARQ, JHULCH
A2, Betd, 8=, 2k, €=, &3 S0 ULH =301 =l HMu=2=2 24
oLt =LHel B 2003¢ Ol=2 =2 H|S0| SJtotd U220 2001E 0l
S22 AUSX 0l AECZ SItotd UCH 200090 =BHol= =01 Xt=sXt
SEEMI =2 AIE 78S AHAlotl JA/USLE 2000490 SEHRE €= AsXt

_35_



[]OHIEHO
>

Q

_I

dgHel AlYE B=s0l X SJtotJl AI&AGHA 2
Ol=0l= Toyotadt &SH 191E XHAIGHA 2
el AlE 87201 =206t &Y

M, 20084 =222 F X7
dH?J] 0= OtAIOFH Xt

Ct.
8720 =40 Jtoty) UM, Sol 1091 Wol T
O

Gt SEH-JI0LAFS RO MIAH 5912 OILHE &S Bt MIAH 5HSE S XIot
& Daimler—ChryslerAbJt 2AF 0| 1091& ez L=

NIAH XS AIZOI

MEBEACEH H 1.2.82 HH =2 Asi 2dS8He &= LiEtd A0ICH

80,000,000 -

70,000,000
60,000,000
50,000,000
40,000,000
30,000,000
20,000,000

.

10,000,000 -~
0 £ -
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Year

Car Production

® Europe ®America = Asia-Oceania ™ Africa

8 1.2.26 MA XSt Matek FO0I(EX: OICA SHKXR).

H 128 M =2 USA 28H S&(=H: OICA SHXE)

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

GM 752561 | 83585 | 8186997 | 806656 | 900785 | 8IBAB | 94088 | 82EB | 64V | 8412
Ford 6676491 | 672040 | 6566080 | 66/M04 | 6497746 | 656847 | 6247506 | 547,00 | 4635634 | 498081
Toyota | 60BASE | 666357 | 624056 | 681454 | 7,38B314 | 803010 | 85460 | 9237780 | 7.23%44%0 | 857,31
Volkwagen | 510892 | 5017438 | 5402 | 5085480 | 521,413 | 563468 | 6267891 | 6437414 | 6067208 | 7,341,065
?f;y”;z ABAAD | 44585 | 4231608 | 46278 | 481558 | 25450 | 206977 | 217420 | 147,983 | 1940466
Peugeot | 3102449 | 3262146 | 3310363 | 3406245 | 3375366 | 3FB8H | 345735 | 335407 | 302311 | 360654
Honda | 2673671 | 2988427 | 2922506 | 3237434 | 34%,164 | 3660514 | 391,814 | 3912700 | 3012637 | 3643057
Nissan | 2558979 | 271888 | 2902306 | 3190219 | 3494274 | 323372 | 3431,38 | 336,065 | 274562 | 392162
Hyundai-Kia | 2518443 | 2641825 | 269743 | 2766321 | 3091060 | 2506027 | 2617725 | 2777137 | 4645776 | 5764918
Renault | 2375084 | 238508 | 2386008 | 2471654 | 2616818 | 250649 | 2609040 | 2417361 | 2296000 | 2716286
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23St =2 ST 38 QolE|I 2320t SSRGS ADIZ
322,000 90,000 40,000 40,000
H 129 Sz 24 =24 =2 J& 8=
&y Mz AR ()03 (Z=)8t=3t0l bt (=)Aol
2 AL g g D!
= S8 820
1418 (M) 1000 Ol & 1259 (HHLES)
o 178 (37%)
o=
;lj - 2802 (20124) 180012 (20124) 183 & (20124)
RIME =Xl 28I
20L/min) 24!,
QEZ0lE ( /.)
Glue dispenser
(200°C, 10atm) )
~ (20L/min) 14!,
14!, Dry HeEESH0IE(4
3 Vacuum
oven(300°C) 24!, 000L) 14,
Co QEZYoIE pump(30HP) 14!,
55tong MEHED| | DLLEZLH0IE( .
) (®=2.2~5m, Auto—cutting
| 14! 000psi) 14, )
_ L=6~30m), Impact | machine(6m*3m)1
SR> 10ton= ZtHEeolY, .
e _ - _ tester, UTM, Al SEE
& WSS AIEINUT | ZalA (150/700 - -
I Vacuum press, dr=s SEE
M) 14 25tona ton), H&/=UE
_ _ o Furnace 22 (1200°C) 14
OISMESAIED 14, | EHEZ (2400°C), _
_ _ =gtllg X2
10tonZ LIZAIEJ| | TG/CVI furnace _ ]
oy = . A9 E heating
(14]), St H (1250°C)
system
(=70°C~280°C) 24
(900,000Kcal/h)
14
RTM, Vacuum ) ) Autoclave, Resin
. . Autoclave, Filament | Autoclave molding | . ] S
infusion, HP-RTM, o R infusion molding=
winding, Press | 82 M Jl=ut _ _
Autoclave,  Press , _ O e olsst =glig &
, _ molding got, 24 82 = _ N
molding & =& o ) _ = M=) ¢ &
2% | Graphitization | M 22 &= Il -
N MZE &H & Jl= N _ HE 2%, §dl 70
= _ furnace, TG/CVI | 2 E®dtl U0 o
o 2L A, Eot L m = ZUE =S8
N . o, |funace, RTM & = | U2 ZEEZXEE o
Jleol ol =& - _ _ g 28 Zdols
S M 4 ¥ | =S SFFEEZS
M &EF=II™ Jls _ MZE Jl=2 BRot
g BR 2R
SR 1 UAS
o —EAARIIEE N4 | -21HAI01 EZ2EIH | -EEXE AMYE0 | -=SEME 22 H
E;;_T!E S BN Y =g | o ISO 9001:2000 ©! | 8l Z¥0/S W
o1 At M XXHES O -XAIOH/ A1 0| & - KM24, KM43,
ST | -x3y 2xE u|g —QICHER, ZEH | KMA4S JHet
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T 1.2.25 2 22013 8 #2 & AIE 20+
I 2y S S&2d0lEs MASE2 MAE2E325
= 1Y pIf= | e pif=
DIES
ol = 340 655% 280 140
-5 3,500 & 3,000 & 1,600 8002 &
<E)| BRsEh
“ . 1650 Ton 24!(6%)
ZH| | 1800 Ton 2447%) | 1800 Ton 241(7%) .
. ) 1800 Ton 241(7%) | 2200 Ton 244(8%)
8BS | 2700 Ton 141(9%) | 2200 Ton 241(8%)
o ) ) 4000 Ton 141(12) | 3300 Ton 141(11%)
S& | 3650 Ton 14I(11%) | 2750 Ton 14l(9%)
. 9000 Ton 14{(16%)
8000 Ton 141(15%)
I 2y ASHAS A2EH(F) | el off A YA
= piEs pIfe plL! pIfe
DI
o 170 120 1709 270Y
- 1,500 260212 5002 1,000 &
ZHH| 1800 Ton 144(7") 1000 Ton 12&!(5%)
- 2750 Ton 244(9") | 2200 Ton 14!(8") o
29 14000 Ton 14l(12%) 1800 Ton 141(7%)
~ ] 4000 Ton 14l(12%) 2800 Ton 141(9") X
&5 3600 Ton 14111%)
5500 Ton 141(14%)
o2y | St AHIA ot 0220t AMAIDIZHA Hd2d3%
= piEs pIf piL! pif
DI
. 2259 1409 60 130
-5 500212 650212 280212 580212
. 1250 Ton 141(5%)
1350 Ton 141(6%) ) . )
Xt H| . 1650 Ton 141(6*) | 1650 Ton 144(6°) | 1000 Ton 14!(5)
1800 Ton 14l(7%)
29 2500 Ton 144(8% 1800 Ton 1A1(7) | 2200 Ton 144(8%) | 1800 Ton 14!(7*)
on 19
&3 3000 Ton 1A1(10°) 2200 Ton 141(8%) | 3000 Ton 1A1(10%) | 3300 Ton 24!(11%)
on 13
5000 Ton 14&1(14%)
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Roof canal

el

=2

Exterior laminate sheet
> Exterior foam core

Ring frame

Intermediate laminate sheel

Interior foam core

Interior laminate sheet

st XA HIE.

0
00
on
i

O SCRIMP(Seeman Composite Reinforcement Impregnation Moulding Process) JI8 S
ME=st S8AM XAl (2005, Adtranz)

 ABYS 0180 SRS FAGHH AR T2B0 £NE SBAANIE 3
SCRIMPII#E EREZS JMEOR NI % U= JIHO=R =2 U

Hetsol jixo 2Es

. 872 =XHlE&2 60-63% : 40-37%

Vacuum Bag
\
Reaun Flow Medium\ :

—t Typical SCRIMP Schematic
Catalyzed Resin Vacuum Pump

18 2.1.3 SCRIMP JI§.
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I_

—TQEE} *Eﬂolaﬂ* A2t
(bonding) 2t 2l S AlOH E%é
. XHAel MES(X] ?2ELHF.’-01|E NESs
X(inner frame)Jt &I =&t

stolee|E= E%FXH HEX }

_T'_

229 &

18 2.1.4 SCRIMP JIE8 <2

O
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Inner frame of roof structure

Aluminum honeycombh
sandwich with carbon/epoxy

face

CF1263
carbon/epoxy

,_.___.___.._;_qﬁ’l-_

i e

=1 I

ln1|er frame of sidewalls
T ) E) [
T
Stainless steel underframe

j—
Skifl Frame(STS304)

E.

Window Area

carbon/epoxy

e

Aluminum
honeycomb

Joining area between
composite bodyshell and

underframe

)

ol

0

o)

M0

9%l PEZ MAE

B0

Ell

KIr

=2 M

PN
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220 AHQ!I Zaragozall CAF (Construcciones y Auxiliar de Ferrocarril SA)OIA =
]

& =021 AVI-2015 Z2XEjM= 2=XES] HUHXIE 10% EZols A= |SHZ of

D UACH == e Bgst € BIIMY Z4 LIRS =2 HIOIZ otl) /USs. JIE

o €=0Isd 22 0108 2= XE XMl S0A €0l Roof FE5 SEME=Z
|

= -/
UiMlote 2HE EtgolRE [ Roof F2| 2HEH oF 35% Z4otl) &Ml SE2
n

IS LIEHS (O 2.1.9).

Composile  ————0

T mieel

bl
>
o
>
2‘4_|
10
2
(@]
=4
>
0
ol
&
b
o

8 2.1.9 AHe AVI-2015 =22 A

E
(220l —> SEME)

Roof2l &%, 100kgll Z32IE AEIt 3m =0I0M EHE e sH3=2 AL = U
= A& E KO ot A0l UAS (Rail Safety and Standards Board GMRT 2100).
012 QHEAIPID| f8 SEME Roof? JI2 ?xs 18 2.1.92 201 MELX
Foam coreE RcldR SNt M0 A= SEIL. JIAHE ds=0 OtLletr A

M JIFES DIEGHE W2 L PEIF HST|0f0F &,
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} Composite (~3 mm)

Foam core (~30 mm)

} composite (~3 mm)

g 2110 S8 MEE 0188 EE XSS Roof?l JlE 22X
O ALIA9 Airex Composite Structures (ACS) TtOIAE SEME MEQX THES 0|2
ol EEXEE Rooft B3 JIEH0| E2& Front cabing JNEoHH LASHE RIS
ot AS. JI2Hez UM, LdE S JIHE 4= 240tH EE3E 0IFUH 2

gs Tote M £ ZXIJt E0[ohH oA S.

MEQX IHEE 0|2
cabin (ACS iit)

O Roof2t 22 e =eiliis X8 2HE 4822 MIotHU 2=3t J1-0| HE=
5= MEIZ HEHGH| fIoiME M SEO| 155 2 e MatstE S8 M3t
2 E=H0IH O0IE <IGtH RTM, Infusion & S0l HERHCZ HELL) JULH,
A Bombardierit S0lA= Infusion S&EE 0l&0otH E2E=XEHE Roof #EE X
ASIAS (O™ 2.1.12).
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& 2.1.12 Vacuum infusion 282

olst EEZ X2 Roof MZE (Bombardier

Transportation fit)

F0ls XXM st 28 M
MleE A FEEIYY, SEHIYH Y, AHZ Y, dcogeeczs 24
Li-/ &t HZAGt= AM(ib)2 0l & 01& & ii(double skin) ? =
Il JhetsEl EE= X (HEMU-430X, K-EMU)2l XAl Hd&Fsh = A
XM ZEE Dedst 22 HES B A SH Sa

. carrying ring, fixed ring, bay frame & 2& Eci3ls 2 M2st
=Z0F Dot HE

. K-EMUS Z2, & D=9 oz =2 Jddsles B¢

<$#7| : 8,2204 kg>

8 2.1.13 HEMU-430X XXl B3t H3&
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2%} : 55384 kg>

<4

<#A| : 64496 kg>
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g 2.1.18 24 olLiE |20 2

ZE 2 'Next Generation Train' (NGT) Z2RE =
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O
pal

c=
(==
==

& DUBWAG

Strargp vt e in
Aenagguet
LT
T begania |

H
Ede warazesies na gol svetew Blech
u.-g durch i rucPmdbre / -
F RS e i
Sufung: dusch:
4 s .
Tompoen
:

uuuuuu

Ei’

8 2.1.24 sS4 H
M 2S5 A7 TZHME - ¢SIE.CAR(2001H,5¢)
HOAHE =N MZBIIES Tet AIE EEXE 23 Jl=
D E3tE SI0IECIE XM =€
g &X Jl=
Sidewall-NF
Roof section ESIECAR / End wall
Sidewall-HF /
Head modules wf :
F 1 < ‘8)—
stem en em end
\/ HF ssction Phase NF section K=
18 2.1.25 eSIE.CAR Z2HE JHE L.
O DI XAl 23 e (S, DLR)
FRP 2~ TH |25t JIE 10 |4HsE 2X°0 IHNE 2=t &
HED EH, HIEY2 FRP &AM E &EZ06H ME
2AEI 22 250/L of0lE2lE X E 0l&Z06t ME
XA HHZ2 A2 FRP MERIX X HE
CFRP(EtA AR U3t ZCtAE)S 0I26t0 LT 1550kg/m® &
' g il €F 80% Z 3t Jts
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Insert T :
Sandwich structure

Gland

o\
0

v

=

o

U
@
=
=t~

-4

Framework

SRS

'(ID‘-I

& c

2.1.28

il

w:

Ml D

i
[a—

. XA LHEAH

IS8t M22 WaHz X

sAs HAd AMO0IH X

ol 1

}

H

8 2.1.29 B0l 1

8 2.1.30 JIsE
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XS X 3 Ji=
ot SEAM HE UXt s Ji=s
O NHEEE SN X (5L MBB, 19904)
Felds S2AME HE8 I ZaY e

. JIEUEl & 25% ZESE FEOIU2M, HXZHY0l 1x SIIMEX Jls
+MHol= PEEIUX &

CUHEYYsE SEAMZ NS 3 SgAMe 8 2S00 2o &
SHLEN SHBoIH, ST ZH Yo =8t EtH(elastic properties)d]
o|st HIEY wH&(torsional compliance)0l 2lai SIIAQ SAETY
(hydraulic damper) 8101& 330km/h2l D=EFHUAME EHLRNSH LS
CHXIAI A2 MAN GHH Schienenverkehrtechnik GmbHOIA MZSIF SO,
SEAMEZH LS Eurocopter Germany GmbHMIAl K &

S WYEII=8 (Germany's Ministry of Science and Technology)2t OIS
KHASIRA D, SLHLHEEC(German federal railway)0l 2ol ICE(Intercity
express)tl 250 600,000km & XIAIE S $=&8i5t0f ot& A EoOl
8 2.1.31 SL0AM JHEE Setall XEd
O A-TER EX& S&4AM X (ZEA Alstom, 2002E-20104)

I A AlstomMOH/H': A-TER projectOl 2/5t0, Re2l8&R SEATHE &
St IRt =Y JHeotod JI=0Hl 2F 30%(500kg/UIRHY) H&Fst 76

. IXS AIOIEZ S HATDSSEMNOZ HESH 1X SIHEX JIs =
ol P8 IIUX 28

X AIKMIZ 0] 20028 HIE 22 & ALD, 2003E0 A Virtydl e SNCF
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ANEA0HAM bench testE £85I
16x1063] LIZAIEdES Solf =4 &0l

compezite Moz

8 2.1.32 A-TERE XS SEAM XS AlstomAtel =gra i
HXZeES HE A

O & SEAM UIXt (¥= Sciotech, 19994 - 20114)
A= 0 M= EUREKA projectel 2&toz XEE ) U= Eurobogie projectd|
M SIXE UXZYg s =st4aMzE HMAS=E 27 =3
CJIEUHl 2 50%2 HdEss 22 ot Y20, UHAZHY0l KIIZED|

8 2.1.33 E SN A

O =AM I ZdIY Jl= (8=, 2008E - 20124)
& X Rel/U=A SEAME HE0t0 2ESdI0IE 48 JId™
2 Uixt EEII PN Sy

ZCH 30% Olat d&stel S A e
m]
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- ofi47 T2 (20%/u)™
SM490A £ B REHR/CIEN 692kg/% BHY s A5 SHOET WA
Euxep 294 4B

E g* EUAX] A} EUAA RS P
%Y

WAL 2AFHPEA R BN CATEH YR

. g3 33
Pes amEe R CREET) Ry

*RNESY Y

* 920 uymy

RAEOY 98 - @45y 0m)
.ﬁ';’:' Ma Jxrnlﬁ'?; %’ﬂ '9'#?.’ Eﬂqg "lﬁ'.’:' q“r?ﬂ I:I[RI;QI'&I :a'ﬂqo' L |
ogm o4

Jug 0g wy

M2 AB | 'y zoggnmg) | FRUANZAY | Iuzzyyy | NSAEUSAR

*AFOY) AL MY

18 2.1.34 S22 UXEZHE HSAl JIE X tiEl 28,

O =g4M U Zag Jls (22 It S8, 201349)
OiXt Zeee J12 220 e$#Ads SEAM(CFRP)S S & XA 2%
Xk THXE "efWING" JHE
X Z &0l IHEXl Jlss +dot== 2ot e & 71X =g
T &
CHXE T2l 2HE JIE HHl &F 40 % E&stot 18 & < 900kg <
ezt
N _

23510 2N 0= EHE g3 WE Jlz= Hg (TTCI : Transportation
Technology Center , Inc. ) 0f 4,500
.S SAN SAH A=22E0 2st &5

2 U= ot €H0l CHe ot A SHal 20l
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SES SF7000 CHXF (KIBIA)

A= B2 Thameslink =&0 2=l 19879 UM 19908 Kl HI &=
_.I

1
| MZ&E Desiro City multiple unit =

— L —

Class 319€ X2 WAt Ao ol
ol HeF M2 (2013 6€27Y)
2015 EH 2018E¥ AlOI0 g =2 <ZxHhigh—-capacity commuter

EMU) 1300 &3 OI&

. Desiro City €Xt= J|IZ& Class 350/450(2003E 1t 2009 3) XH2FCHH| <

25%°| d&st

. inboard axle bearings : outboard axle bearings CHXICHH] &2 1/3 33t

. BEUX HEA HUHXHBIEE2ZE, AZEHolsE 24, E HolA Za0 T

1l

2-dg 0t22A

=
=]

.2 SANE4H M2 2 Y AI22 MZ(track charge)
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Key < o=
@ 60,000 to 100,000 | i
[] 40.000 to 60,000 |~ il 5
[ ] 20,000 to 40,000
[ ] 10,000 to 20,000 9
] Less than 10,000 e

Sourcs: Termpro data 5.2
T

e Por - ——

&0l Thameslink =&

|
ov
M
w
\l
O
()
@,
S
®
<
%
>
H0
02
2
0
H

- e FETE = =4 —

g 2.1.38 SF7000tH Xt HE Desiro City multiple unit.
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I

1 Maice Bogie frama

2 Malor e

3. Whesidhacs

4 \Whesl sat beanng

& Al bearing housing

& Ae #0d baseng covers

7 Treadbrake

& GaarBos

5 Moter

10 5o gear i arc shisid

11 Axles guidance tushes

12 Ampring sysiena

13 Primary sprngs

14 HaTg Baaning for primary
wrng

15 Lateral bumger

16 Busper for Tractien ink
17 Primacy damper

18 Vaw camper

18 Secondary wrical damper
10 Ewtting costact

18 2.1.40 SF7000 £ = CHAL.

O Global A-train® Lightweight Inner Frame Bogie (olEIXl £&)
R @22 AYOIH Global A-train JHEH &E
. 240kW ACIM S|, X D2HXS 160km/h, E &HF 830mm
=Ux g8HNs+ElA3a M=
I8SI| M2l Xt S 5.28)

0

10
o
|
i
o
2-{'_|
o
==
N
(@)}
il
0
o
ol
A

QR - ———— \
AT100 commuter AT200 regional AT300 high speed

8 2.1.41 olEtXl RE2 A-train Al2lX.
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O FLEXX Eco Bogie(2HI2LCI01)
. 200290l SLUIA 392km/hIDtKl A& T8 Al A
. 9= MeridianZ Xt (diesel-electric high—speed multiple—-unit, 20043 234
A%, Midland Main Line % Oakham to Kettering Line 23, X 1=
200km/h) & voyager%‘if (diesel—-electric high—speed multiple-unit, 2000
H-2001" & AIE, Cross Country Route 28, = 1D%% 200km/h) 0O &

. B2tA2 2250mm = 2500mm, XIE&&E 780mme=Z J|E UXIOH Z2T™HE
ot 2 AAHSHH JIE= X0 HIoH 30% SH 24

COIXF ZY Y2 HEEHN |0 WX AH L A3 LDME 248 A

0|0 d2Foz AZ235 T UD 29 0] EE2 Bombardier Turbostar0il
NzE oS
20138 Y SLUEHTCHUM S2H0HC 250km/ha  ICx regional Z XHO
FLEXXEco CHXIDF #2E2E 0AEOI(H, HAIOF & AIIEZE MsXHE 28
O;HX-IOI

D AANAIECSCZ 1,000 KX 2250 =2 A9 2 SZ2EXN DS5EXUE
N =
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8 2.1.44 FLEXX eco UXHIF HE&E I =2 Meridian ¥ Voyager & Xt.

| FLEXXEco I Corwentional
& 2.1.45 FLEXX eco CHXtSl D1 CHXE CHHl A2 &L HAL
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Conventional

Category Space
required on
Life cycle
costs o5
Weight: 6.8 t Weight: 4.6 t
Unsprung Track access
mass charges -17%

Unspring mass: 3.6t  Unsprung mass: 2.7 t

8 2.1.46 FLEXX eco UIXtel JIE Xt CHEl &&E.

200 kmv/h, 16 t axe load class

O Syntegra Bogie (gearless drive bogie, XlZIA)
. 2006Y innotransOIM 201 EAULD Al HEIRS2ES S22 110kW, &
96% = Wegberg—Wildenrath test circuitil 4 AlE &l Al
. 20088 =2 25 metrolll 20HE EE0HH Al 2
. 20094 innotranOllA MHZJHAl R ER=S2EHQ =2
HNZ2 UXt S22 5.68, S2tHel 1
AERERHE BYAICE DHOOA LAME 22 X=E

CHXtet gcel otel 32A ol & e S0 =¢

tixtel Rxe JIE
OIHl AZELO US

8 & AHE0IZ0 2ol =IIEH= ots =2H0tLich Aol 2 otLtel 3
SAE0l 2Yotd XA 2H=E F e S=ES Sofl 11X SIEX =2
Lo= *X

DU X dleE AEFPS2HARH X oIRAS Sl HZ2H0 UX =y
A2 AHolHAZ g 28

CAEAS2HN 24D =E HEEQ ofS0l 2o 2EH =52 = 0s &0t
sot EHMENAMS =50l (axle load shift)0l e &2

. AHIB2 32 S2EH(traction power) & XIXIGt=(payload)8 Ze JIE
HMSIE X Uil 15% B3 dHGI-ALLE 248 DEO] AL 30% NHAl
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Fsh, SIMHM 2 24, D8 ZBHO OE HUX Hd2HIE 20%

Stator winding Body-ta-bogie link

Permanent magnets Combined rotor and axle Primary suspension
mount

O 2.1.47 KIHA9l Syntegra X0 HE2= A¥IAS ZH

QU DEO THH PE,

g 2.1.48 XIHAQl Syntegra CHXF.
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Longitudinal beam Frame articulation | Cross beam

Connections for
wheelset guidance

g 2.1.50 Syntegra HXIQF JI=0HXESl AD| Hl 1.
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8 2.1.51 2008

Syntegra Xt &&st NI SIS

im
Q0
0
2
o
2
2

n
=

AlS R BA
(MEO|SE A)  (SNEAH HW) 4R 2E

B2 34T Y

W A T 1l

FRLE
MET AE Qa3

Ce RHETIES HEE2 AHdA AN 2R0Is22 A
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g S22 2 3.9 kg
62 1HAES DeodotH, 83X S0It= sHEDEE & 180M
HSX0 S0HOte HEJE2 2 0.7 tonne
SASt HIZ2D 852 UEGIHA JEs 280 Jtsst Mg 45
28 2 U JlE o 2R
EtAdRO LUUE oY JIHES HE0tH AHCAA OHHl <& 57% 2
3t

_ Va

— @0.032

Applied
Force

1,982

18 2.1.583 dsX0ll A= =8

— — =.

= = - The diagonal ‘performance
«c||Grab Rail - Stiffness Constraintl | jndex’ line is positioned to pass
though the current grab rail
: ok material, stainless steel
Whereas materials that .3 RS .
lie above the diagonal line 0 s e >
have a better e 2
_ | performance than fanna] We Ere |p£t)erest(_ec;lc in thc;a
£ || Al stainless steel as a light, carl of 1 lre retmdor.:ce
% 1 on stiff beam polymers located here
é T I‘Nraugh( austentic .sr}a'mess steel, AISI 316L ‘
g pen‘ormajnce as a light, ] ‘
e stff beam — | Therefore, materials that
5_ “ || lie below the diagonal line
pleel | have a worse
10 — performance than |-
. Each q stainless steel as a light,
bubbles stiff beam
differs
_ T
160 I ﬁﬂiﬂ‘DD o 1DG‘DO
Density (kg/m"3)
18 2.1.54 HETJE AEst £HE ?lst AMAE WE
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u

a8 2.1.55 8SXE Ht&

‘,Insnlatim Layer

O HSXt Bt ZH2(Floor Panel) Zd&sh A X
HEX2 HiYy e 2 od IUSS Yst s L86lse 2202 U=
AxXE 021D US
JlE 22tz F4EeE HiY HE S ZEciAtd 2O A7 S§4
M, Fel8k =S40, 22SF 2 2H Mo Xegs ol ZEstE A
o &=
ZECRCe EBHAMS SEANW U HEA =W 53% 3 & X2 OtA 2
b &S
Selds SsANet 2T HNWE HsAl 20 37% JHS 0 A L&t
40% &4

Plywood
Intermediate Dry Floar Panel with
Floor Cover

Low mass design Low cost design Intermediate design
Upper facing material Carbon fibre-reinforced phenolic Steel Steel
Upper facing lay-up |0%f90°); - -
Upper facing fibre volume fraction 0.5 - -
Upper facing thickness, ty 1 mm 0.5 mm 0.5 mm
Core material Extruded polystyrene Extruded polystyrene Extruded polystyrene
Core density 40 kg/m? 40 kgfm* 45 kg/m?
Lower facing material Plywood Glass fibre-reinforced phenolic Carbon fibre-reinforced phenolic
Lower facing lay-up = [90°/90°] |90 j90°)
Lower facing fibre volume fraction - 0.35 03
Lower facing thickness, I 3 mm 0.5mm 0.5 mm
Longitudinal span 240m 240m 2.40m
Transverse span 042 m 0,40 m 0.50 m
M (kg/m?) 6.0 (53% reduction) 8.0(37% reduction) 7.6 (40% reduction)
C(e/m*) 29 (93% increase) 9(40% reduction) 17 (13% increase)
8 2.1.56 HteEd B AN Sol &= 3JHK 20
O XAl 2= Z(Roof Panel)2l Z&a!
SEAN I YO Y L AlE
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Foam Core
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Aluminium Extrusions
Shell/Solid Elements Bulkhead

Sofid Efements

8 2158 22 mdlo] 5= AE2 Mo st RSA2d
A =0 2Hd(Side Panel) Z&st
SEAM XMe Reldk 23 EctAEo2 M
HNZ2esr= 24l 2EZ 24
SN HES SCRIMPEYE S 0/256t0 MI&
. BEXH(fully laden mass) ZH0A = =ZHR HA - ZHER < 7 mm
. 24 (Dynamic stiffness) H&t: 1st vertical frequency > 7.5 Hz
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. Deformation tube : S=SAl W2 2= == el WR
LMolE =5 ’é'élE-I_O_I 28 HEO IHXIE &=3te *&
. Gas—Hydraulic buffer : R0ILt =& A0l 28 MUK &= 2XZ2A
Z50 Metd OE 2582 JtleE WX &= 2=
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ZJ| deformation tubel}t hydraulic
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buffertifd S0 &2 &F WUHXE honeycomb0l £AHZE [ 228 o

UHXIZ S=ol= X8
=2 UK &&= e 2X0IXE e ZX2 0IF0HM U A
SAHIE BHE ©E0l US
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(1) DA =E3H 228 28 8%
o EEXES UHEE 2L AMZ HEIHJALH x20=s ZHIFE <ol
=z 220Ise=2 MMt HESHD UL DU EEXE2 D552 WX
ol & 0IE0 et -1 SItetol Met ForEel FEsol 240l WS
CIA2H Ol 28 =540 S JHE JIH2 OHAUlse 30 e 2401 1
2&ED JACH S HHE Sofl =eltsgt 2=x2 OIAUIsE=s B8 Atdle 18
2.1.4401 LIEFH HIQF 20l TGV Duplex High Speed TrainQ seat 2822

lateral panel, arm rest, foot rest, back tray table S0l AZ91 OIOUIE&E =01 &
L0 J|IE LR0IsE2 -l 16.7%2 JHIIE ZAHGIUCHAI 36kg — Mg

30kg, double seat). JdefLt & 2.1.450 LIEHH BEQF 20| oil burner testS
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MZ2 0tdulsgse 8801 2822 eI
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IE g4 6%04004(A| 5.583kg — Mg 3.56kg), KTX-Il Etal 2 S4l
2t Okg, 11kgll ZHE3E ZHGIULCEH. dellt 2AM AHAZ8 TGV Duplex

High—-Speed Train2| seatOfi M2t &0 HHAHO| et AZ AHE ASZotH gt

M 2MAl OFM AN I 226tH =F M8 ME-=sE E%
F O =

X
HAY OHdUsgEs2 2800 2822 T

~ BACKREST ARM-LH/RH

“TRAY TABLE (Ell0/ )

LATERAL ARMREST — LH/RH (&210]) PEDAL SUPPORT (& 2'&)
+ PEDAL (&2tal)

KTX Zgra oI Xt KTX-IIl S& 2%

a8 2.1.74 O dUsEsH 230 28 =W 2 sHE AR

H 21.2 KTX & KTX-Il s#E X0l 8= OtdUSsEsH 23

NE 2EE 2= =

KTX Slobal of T Back Rest Arm(LH), Back Rest Arm(RH), Tray Table, Lateral 7=
Arm Rest(LH), Lateral Arm Rest(RH), Pedal, Pedal Support

KTX-Il =41 oI Rear Frame, Arm Rest(LH), Arm Rest(RH), Swivel Assembly, o=

o= Pedestal Frame, Foot Rest, Table =
Rear Frame, Arm Rest(LH), Arm Rest(RH), CTR Arm Rest,

KTX=II BtAL O X} Swivel Assembly, Pedestal Frame, Foot Rest, Table, RS

Side Frame(LH), Side Frame(RH), CTR Frame
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Development of lightweight technologies for railway vehicles and components
using advanced materials

(BHATHE &8st 2EXE & 22 2Es I o3)
(advanced materials : composite materials, magnesium, high strength steel, high
strength aluminium, bio—composite, nano-composite)

(HBEAT - SEAM, 0t OUs, D&Y, D2EL20ls, U0l S84, U =

2 TH)

!

Ol
ML
Jn

. Development of lightweight body structures of railway vehicles using advanced
materials
(BHATHE Olsst E2EXEs 8 A e
Development of lightweight components of railway vehicles using advanced
materials

(BEHATHE 0188 2EEXNEE 2 23 M)

b
HI
1

1- Development of application and new manufacturing method of composite
materials for lightweight railway vehicles and components

(filament winding, infusion, resin transfer moulding)

(B H2EXg 2 252 A6 S840 28 L A3E Iz HY)

2— Development of application and new manufacturing method of magnesium and
high strength steel for lightweight railway vehicles and components

(B FEXY & 2F2 Q& 0t OUds £ 0¥ 88 L ASH Jlz= i)

3- Development of application and new manufacturing method of high strength
aluminium for lightweight railway vehicles and components

(g 2oz 2 222 s 02dx 2R0s Hg € AMBF Il Hy)

4- Development of joining methods of multi-materials

(=AM MZo1Y i)

5- Development of modular design methods for railway vehicles

(B EEXNHS 918 283 €A== HE)

e

lightweight (Z&3l), railway vehicles (EZXt&), components (£&), body
structures(XtAl), application(8 &), new manufacturing method (&&%A), advanced
materials (& AXH), composite materials (28 AM), magnesium(0tUIS), high
strength steel (L&), high strength aluminium (R22& Z=20l5), bio-composite
(10l =& 4M), nano-composite (Lt =& -4M), modular design (23t &),
lightweight bogie (ZZfCHX}), lightweight electric components (B2 & &E), filament
winding (Z2tHE 2told), infusion (2/F &), resin transfer moulding (RTM, #=XI0|&
&), extrusion(Z&), hybrid (ol0IE2IE), lightweight axle(dg& XI=), lightweight
pantograph (Z& TEetI), lightweight wheel(ZB& &), joining method (MZJIE),

multi-material (CH=ATH)
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- M g4
pIESE A XaHAl AS5HS
Generic
CTB=(
(RAILWAY OR RAILROAD OR TRAIN OR LOCOMOTIVE OR
(ROLLING ADJ STOCK) OR TRANSIT OR TRAM )
AND
(
(slim OR light*weight OR ((light OR low OR less)
NEAR2 weight)
Adl= )
et ) and
AM(SEATH ( 13064
FDP]HIE, ( composite adj material) or (advanced adj materials) or
ot= = =
d=lis 3) ( magnesium) or ( high adj strength adj steel) or (high adj
= strength adj aluminium) or (
(bio or nano or multi) near3
(composite or material)
)
) )
CTB=(
(RAILWAY OR RAILROAD OR TRAIN OR LOCOMOTIVE OR
(ROLLING ADJ STOCK) OR TRANSIT OR TRAM or vehicle
or automobile or car )
R AND
Bll= (
HEE AT
) mﬂm DH| (slim OR light*weight OR ((light OR low OR less) 124
HMzIe NEAR2 weight)
2sd £ )
Il= ) and

(
(modular near3 design ) or (joining near3 method )

)
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Interlocking, aluminum-—alloy =0k CH
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The Boeing Company
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Composite material, Reinforced resin St
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2CI s UEILID /[2H, 0 S0)|=29 220 222 st JI=<
2 A3 2HeE
SHHS Sty o| HA =30l Iols
) . Sigma
US5912069A Metal nanolaminate composite ) 55
Laboratories
Method for fabricating an advanced
composite aerostructure article having Rohr
US6458309B1 ) 51
an integral co—cured fly away hollow | Inc.,Chula
mandrel
US20030230443| Advanced composite hybrid—electric
) COOPER D 51
Al vehicle
Light weight instrument panel Aluminum
US5931520A ) 50
reinforcement structure Company
Noise attenuating sandwich composite | Eurocopter
US61790868B1 40
panel Deutschland
Method and system for fabricating
US5954898A ) ) Lockheed 39
parts from composite materials
) COHEN
US6575075B2 Composite armor panel 37
MICHAEL
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=22H S 24201 I, MR

HECHAHE &2ct 2B 3 Jls2dd =22 20 M=
OtL|OF Andrei ==, 2% Balasubramanian wW%=&!

L —

HA =22 R0l ZHGtLD US

=
-

JIEF @1& 2] Annamalai Univ, =2 Shanghai Jiao Tong Univ 2 J|&

5
4
3 1l i i i i
|
! pl i | - =
1 !
0 , , , , , ,
Annamalai Shanghai Mississippi TechUniv  Univ  Unividaho AUDIAG BAMFed Chosun Univ Dalian Univ
Univ  JiaoTong StateUniv  Berlin  Alabama Inst Mat Res Technol
Univ & Testing
8 3.1.13 =2 & &5 24,
O DOBE £2 FR #y=e
- AsXH g¢301 52 20U A fiber, aluminium,magnesium & A 2t
=0 TeEEI =H LIEtUD UAS
- MY S0MH= A4 ELSEVIER SCI SA MEW A, OIE0 =2 =20
Lo HHDD US
W Al A EEAREA RS
Recent development in aluminium alloys for
1 o ELSEVIER SCI SA| 2000 265
the automotive industry
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Development of fibre metal laminates for

ELSEVIER SCI SA| 2000 103
advanced aerospace structures
Light-weight structures produced by laser
beam joining for future applications in ELSEVIER SCI SA 2001 98
automobile and aerospace industry
Study on bulk aluminum matrix
nano-composite fabricated by ultrasonic
) ) ) ) ) ) ELSEVIER SCI SA| 2004 96
dispersion of nano-sized SiC particles in
molten aluminum alloy
) ) ) ) TRANS TECH
Anisotropic properties of magnesium sheet
PUBLICATIONS 2003 58
AZ31
LTD
Fiber metal laminates: An advanced material
] ELSEVIER SCI SA 1997 52
for future aircraft
) ) ) PERGAMON-ELSE
Life cycle inventory study on magnesiurn
T ] ) VIER SCIENCE 2007 51
alloy substitution in vehicles
LTD
TRANS TECH
Automotive applications of magnesium alloys | PUBLICATIONS 2003 47
LTD

ANER2

=Y

*=X] . Lightweight Materials in Transportation, 2011, BCC Research
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19.4%
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BAHSS MAuminium EMagnesium PP WPA BPU NABS "Thermosets MHPP
8 3.1.15 AlA st AT A BR2(H2), 2010.
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4.3%
RAHSS WAluminum ¥ Magnesum PP EPA WPU WABS * Thermosets WHPP
g 3.1.16 AMIAHl XMHSX A AlE 82 (0H=), 2010.

¥ =X : Prevalent Substitution Trends within Materials and Chemicals
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HEK(ES) F2F(E2) L2E2R(ER) IAE(H2)
g=0ls XAl Aluminium
(Aluminium body double skin
structure) profile
ol0lEdlE XA )
. hybrid
(Hybrid Body t
A segmen
AJlE. Structure) .
A AT D=
Body Structure SstATH XA CFRP
. _ composite
material (composite body _
Sandwich
structure)
Honeycomb
OF2UlE XHAI )
] Magnesium
(Magnesium body .
extrusion
structure)
HEEXE XHA Modular
(Body Structure Flexibility
) 2E3 Jl=
For Rolling oduar Consiruct Subdivision
odular Construction
Stock) Function
BII=. integration
XA AH D=
skeleton
Body Structure _
) ESRSES| topology
design _ . .
optimum design load adjusted
diagonal beam
s= & crush
crush design zone
&= rusi
~ extrusion
Cll=. extrusion
XA HE D= '
body structure Vg ppS pultrusion
manufacturing curing RTM
infusion
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winding

welding

g8 FSW (friction stir

welding)

- Jlzsg

|
[=]

1z
A
o
iDa
He
a
0
Jm
9!
e
1>

Jl=7&

L
0r
Jm
Qﬂ
Y
i

Generic

Adl=

CTB=(((RAILWAY OR RAILROAD OR TRAIN OR
LOCOMOTIVE OR (ROLLING ADJ STOCK) OR
TRANSIT OR TRAM or (railway adj vehicle) or railcar
or railxcar or automobile or car or vehicle or aircraft
or airplane) AND (body near2 (structure or frame))))
and CTB=((aluminium or (double adj skin) or CFRP
or (carbon adj fiber adj reinforced adj plastic) or
Honeycomb) or (composite adj material) or
(advanced adj materials) or (magnesium) or ((multi
or hybrid or mixed) near3 (composite or material)));

1,750 &

BIl=

CTB=(((RAILWAY OR RAILROAD OR TRAIN OR
LOCOMOTIVE OR (ROLLING ADJ STOCK) OR
TRANSIT OR TRAM or (railway adj vehicle) or railcar
or railxcar or automobile or car or vehicle or aircraft
or airplane) AND (body near?2 (structure or frame))))
and TAB=((Modular or Flexibility or Subdivis* or
(Function adj integrat*) or skeleton or topology or
(load adj adjusted) or (diagonal adj beam) or crush
or zone));

599 A

Cll=

CTB=(((RAILWAY OR RAILROAD OR TRAIN OR
LOCOMOTIVE OR (ROLLING ADJ STOCK) OR
TRANSIT OR TRAM or (railway adj vehicle) or railcar
or railxcar or automobile or car or vehicle or aircraft
or airplane) AND (body near2 (structure or frame))))

1,671 A
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and TAB=((resin adj transfer adj molding) or rtm ADJ
pultrusion or extrusion or extruded or winding or
infusion or (friction ADJ stir ADJ welding) or fsw);

|
S

>

Bl

=+

g
oY
Iz
N
]
1z

o
0z
I3
D
¥
i

1

oY
=
i

>

Generic

Adl=

All=(((RAILWAY OR RAILROAD OR TRAIN OR
LOCOMOTIVE OR (ROLLING ADJ STOCK) OR TRANSIT
OR TRAM or (railway adj vehicle) or railcar or rail*car or
automobile or car or vehicle or aircraft or airplane) AND
(body and (structure or frame)))) and All=((aluminium or
(double adj skin) or CFRP or (carbon adj fiber adj
reinforced adj plastic) or Honeycomb) or (composite adj
material) or (advanced adj materials) or (magnesium) or
((multi hybrid or mixed) (composite or
material)));

or near3

2

87

BJl=

All=(((RAILWAY  OR  RAILROAD OR TRAIN OR
LOCOMOTIVE OR (ROLLING ADJ STOCK) OR TRANSIT
OR TRAM or (railway adj vehicle) or railcar or railxcar or
automobile or car or vehicle or aircraft or airplane) AND
(body and (structure or frame)))) and all=((Modular or
Flexibility or Subdivisx or (Function adj integratx)
skeleton or topology or (load adj adjusted) or (diagonal
adj beam) or crush or zone));

or

2

96

Cll=

All=(((RAILWAY ~ OR  RAILROAD OR TRAIN  OR
LOCOMOTIVE OR (ROLLING ADJ STOCK) OR TRANSIT
OR TRAM or (railway adj vehicle) or railcar or railxcar or
automobile or car or vehicle or aircraft or airplane) AND
(body and (structure or frame)))) and All=((resin adj
transfer adj molding) or rtm ADJ pultrusion or extrusion
or extruded or winding or infusion or (friction ADJ stir
ADJ welding) or fsw);
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. H E ﬂ B 8 = B u B
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FIAT FERROVIARIA SPA

SIEMENS AG
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O Text Mining= S8t €5 %

- XY IMD|l=2d 24 A1 3,389 S JI=EF &d =S 315249
FSE06JI=0 21

- s1& BX&E0l =2 Rib/ Longitudinal Cross/ Friction Stir Welding,
Rotary  tool/Moved, Insulation  Performing  Subassemblies/Hybrid
Structure/ Panel Windows Figure 34 JI=0l £6{Jt 20| 2&£ot2 U
H Il 8850 =2 =S golg = US

- £3| 22 S5l 2421, Rivet/Edge/Molded S0I LIEILID US

@& 2010w O]j= -« 2000-Z2009 1990-1999
g 3.2.7 Text Mining=2 =8 Eol&X
O MEBEJI=(E2s JI=E) Sol2x

- J=2R(E28) & 14 ZXAE0 =2 220 XM HMZE JI=(Clls)
O 20l UHEILID U2, €2 HITACHIIt S0] S3E %0| =&6t &
d IS A%6t] /US

- Clls1t &8s x2 Jls=Z= Vehicle body structure, Friction stir
weldings0| X5t U3
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HCXEn A PR, AN 2 MY 2HE 3249 E5E ERotl
AS (KR766361, KR766362, KR2011006142A)
® AZ|=. AHHl =71 1= @® BrY|=. AHH 24 Cl=
® C7|=. #tHl HI= 7|l=

8 3.2.8 MEJI= E02E.
O Al &2X=

- EX Z2IM0IA AZXl 0|2 L= J=3™ 2H0 AUS M HAW SIS
=202 2, Family Patent =JF =2 Il S3E S AIE&H0 ACtD T
SCl, OIE AIA B9 XEZ2 AI=2E

- ZIIE A& EEX%=(PFS) = (> HE=2DF S&l5H mMLel ) / =Dt
EolHe

— 2=20| AlZ EHEXL(PFS)JF 12.182 JI& = LIEtY. E5] /A
OF OtLlet, CIXet 2012 HACZ E5IE E2o6ts AIESEHNWAE =
2 AHHAZ ) Y= Aoz moE

- K89 AI’é*i*.‘?‘.II—’.*—E(PFS)E 7.6022 =H UEH. 01=29 A& 21
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10 600
9 8.70 mmPll =TS
509.71 500
7 400
6
5 ~ 300
4
3 - 200
2 100
1
0 )
IZ/IOEE =2 =2 HAEF
- 0oEsEl =2 FRE4
TIRR= e
SIS g§HOo| HA =20 Hel
(Forward)
Railway cars and methods
EP579500A1 HITACHI LTD 49
of manufacture thereof
Method of manufacturing
US5362345A integral railway coach INVENTIO AG 48
bodies
Railway car body
US5685229A | structures and method of HITACHI LTD 47
making them
Cabin interior panel system
) ) SIKORSKY
US6158690A for reducing noise 46
o ) . AIRCRAFT CORP
transmission in an aircraft
METHOD OF
US5098007A HITACHI LTD 41
MANUFACTURING A
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VEHICLE BODY
MANUFACTURE OF
VEHICLE BODY
JP7033016A HITACHI LTD 33
STRUCTURE AND ITS
DEVICE
Body structure for railway | FIAT FERROVIARIA
US5383406A ] 30
vehicles SPA
Railway car body
US5433151A |structures and methods of HITACHI LTD 28
making them
- 08T} =28 FTREJ
O|§2_J'\_
=y =] 2o o & Z20l -
(Backward)
US6454345B1 Rail vehicle body ALSTOM 34
Honeycomb panel having
) o SUMITOMO
inserts for fixing a
US5480729A ] , | LIGHT METAL 33
member in an opening in
IND
the panel
Friction stir welding
US7562802B2 method and structure HITACHI LTD 24
body formed
JP04912614B2 Rail vehicle HITACHI LTD 22
HONDA
US7900995B2 Vehicle body structure MOTOR CO 22
LTOD
Composite body for a
US7862101B2 FAROEX LTD 17

vehicle
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The body-structure
, KINKI SHARYO
JP03597447B2 | formation structure of a KK 16
rail vehicle
Railway car body
USh685229A  |[structures and method of| HITACHI LTD 15
making them
O 3&)ls 839 &=
NI = d=0l =
High [US6454345B1] [US5685229A]
Rail vehicle body : Railway car body
. structures and method 2z %
| : \
% of making them [ =)
Count N LA X /
Of Citied
(back-
ward?1 £ T2 = HdJ =
[EP379310B1] [EP579500A1]
Vehicle body structures and Railway cars and methods of -
their manufacture ",“
Low " - em| |Man ufacture thereof 2
A —~ ' :‘;ly

o

Count of Citing (forward ¥ ¢12)

High

a8 3.2.12 E&dl=s 4.
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O z2 =2 HYEG Jl= 585
H b P I-lik Tubular holl .
1993 T T 1998 | _ ane e 2006 | 2" OTOWS 15012 | Aoor structure
(structure) sidewall section
[EP579500A1] [EP881135A1] [EP60225981] [WO2012041940A2]
Railway cars and Method and system Vehicle body and FLOOR FOR A
methods of for producing assembling method RAILWAY VEHICLE
manufacture vehicle bodies, for the same
thereof especially bodies of
railway vehicles )
SILZE IE2 e | | ZHYaciMTE e | |Eestkie 7|2 Wit ' EE XSS XX
s2o|gusoi ey | |woisHesszss | [spigsicusizoe [ [EI7FHoE ez
ZHE Qo= B = AHE ikt FECIEE2E =85t LTt =5 XXIS0| A=
C] =X x2wy He AR 5201 s
8 3.2.13 22 =R #HHEG Jl= 88
O megsit s28 =2 #HASTH(0AI)
1993.07.17
= 3 2 HITACHI LTD S 1994.01.19 =74 % | EP579500A1
wol oy Railway cars and methods of manufacture thereof

,.- e <FQ H3E >
../‘,-
ﬂ — . 20| 2202 0|20(7 AWIEME TH/E Bkt
ill""' -n@?-* off YLO\A, 47| 2t B2l Ztzto| eh¥ol Bma} 47|
) S g0 BT ALO|0] DEE D0\ LT E 2|
" Baol g2 g gdso] A
47| T 272 A7) BEe| FELoly 123 A7)
eI 57| MO B HerE(of
47) g2 a5k 47) #20| € 30| 47|
ALTENE G A8 SYOR o WER.
< o/ m M3 >
< d2Yg Ey >
-E9 oHy =Y/EEE ESlE ATL|0 CHE XY
|2 2o 2o Soxy FxMo 1 Hawee M3 of ASse 0o 01&13% gig
bl 2oz OE Aol BHE A ot A0 - BE A A HA0 B SN, SE2 we A
KMo P 3 HUSE K30l T2 oF | 0|2Z, 0|F ML TE T HEL P2k 7
218 TS5 Bt 0] O3t 53| 250| 7h5T HOE AlRE
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2001.08.09
= Al A = o] 01 =0
= &# a ALSTOM o7 2002.09.24 =7/lH= | US6454345
ol HH Rail vehicle body
<z HTH >
1 EF0FEs ER0Egacz iz 5"
Zae Te A" U9 F0E E= B20/s
sigo=z & " E2x ZEA" Qe 1 20|
T2 g ZEMQLL F2T ZEA((2) 250 1

<A H 2N >

Increases robustness and reliability of the vehicle and

reduces manufacturing time. Simplifies assembly and reduces
assembly time and tooling cost. Allows to integrates cabling
and insulation while performing subassemblies. Improves

- 307420 W2 SHE =gdn Yooz
TE Al 2o

2 g0 2ag

! 5 : | SE R A ATHO| DY SHEM, S22 we 7
aerodynamic characteristics, has pleasing appearance and = ! e S
reduced weight. Enables to modify appearance by changing %EE, PI%E ;Aﬂ—,f—i'&“":?_l :FL—JE E‘EE MEEZ Selst= 7]
the number of glazing panels and windows. =0 izt S5 =S0| 7hs= A2E A=dE

e e e 2011.08.09 —
= &d ¢ DEUT ZENT LUFT&RAUMFAHRT EV | S22 2012.02.22 S = [EP2420425A1
giyol m Body of a vehicle for rail vehicles
<F8 942 >
1. The car body (10) has a main segment (12)
and end segment (16) narrowing towards an
end (22) and cropping out from main segment
The end segment comprises a flow hindering
element (30), which is brought into active
position form an inactive position. The inactive
position allows the external flow of the end
2 segment trouble free and the active position
hinders the external flow of the end segment
for braking effect.
< 3mAg >
< Hld 24 >
The car body has a main segment and end segment B 5{:;%—3 of %%O%O_'OET[D%Q{E’ A2

narrowing towards an end and cropping out from main fEste O o2a2 L o o

segment, where the end segment comprises a flow hindering| - 2= A& XA A0 &t S5|2M, SSE @2 A

element, which is brought into active position form an O|2E, 0|F MEHQ & E= ME = E2/5t= 7|

[nactive position, and thus ensures an improved car body. =0 Ozt Eo] =@ 50| 7= A2 2 AIRE
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O =2 S3d Bt Z2I0I=5d Atdl)
2001.08.09
= 3@ ALSTOM =7 2002.09.24 27l = |US6454345B1
wrEol mHA Rail Vehicle Body
meTpx| 5 e =z CHE 217D ?E%(’I*ﬂ) LA EaES)
HHEIQ(%e) TF BEEWALUWBQ( TR HEWX WEBeN(%) THF BETEWE
HalEd (40H=) 25.2 EBB 39.5 24.7 2.7 39.0 24.7 2.6 36.8 24.7 2.5
= (20H) 15.6 BBB 35.2 15.3 0.9 325.1 15.3 0.9 33.4 15.3 0.9
a4 (407E) 20.3 BBB 25.5 29.8 1.4 25.0 29.8 1.4 23.3 290.8 1.3
|-;g=a (100%) 71.1 BBB 33.2 69.8 4.0 32.5 69.7 3.8 30.0 69.5 3.6
FSILH F
[ WAl L 3 h__\ BB AN
5 p- 1
ST \‘ ;‘ S EEE Dy — CHat S
] / — I ®OIEE
I@ \\
B i, s
JlmEm ey ‘7‘!.(5 Sa= s

I =g

= MR R(FE) 1 R FIemoRyoiA] R W I CEE MR Are)

O F2 So 8t ZH(ZUSSI Atell)
[T [oiees A A 27 712 B0 | wisie aociazzadny B0 2%

= 2 9 SIRAHTIEAULY (AUHAM) Zpe 2007.10.05 Z7jH 3 | KR766361B1

BODY OF RAILROAD VEHICLE HAVING STIFFENER FOR INTERIOR MATERIALS AND THE

gao v MANUFACTURING METHOD
- cHE&1AD SERCEIAD ZEF(ES)
BIRE BF ST poicn mME mEmA UENGE WE  DSRA WESN% BWE  BEBA
F2|Ed (a0F) 24.7 A 14.2 21.7 2.9 15.7 21.8 2.9 i10.0 21.4 2.5
Zl& 4 (20%F) 15.9 cCCC 83.0 16.1 0.3 83.3 16.1 0.3 84.0 16.1 0.3
mE4d (40F) 28.2 BBB 37.1 27.7 1.2 4s.1 27.9 1.1 46.0 28.0 1.0
== @ooxn) ess A 16.4 65.5 3.4 18.7 65.9 3.4 12.2 65.5 29 |

oW e

222 Talg e H““‘-—\_\_ ’?'}Blﬁ-’\*:'lbﬂ

—\" A REE Dt isa — == s

NEmBEoESE
2o S e e W‘Eﬂ/( @ =3

Jiad=a

R ok a—

W oul (s - BT e ortiofla WML EHaE STl o ey o] w1

5l S BOLAIAE(SMARTR)0 2J8 2DEA, = S=S5
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Schudz, P
Baykasoglu, C
Michaeli, W
Bartus, 5D
Wallentowitz, K
Baek, SW
Saito, H

Shin, KC
Lilley, K
Friedrich, H

=
=
[

Sk == M= MEd

e
sl
in
H

o
0o
1>

=

Research for a "new age of
ELSEVIER

1 magnesium" in the automotive 2001
, SCIENCE SA
industry

Current and future use of TRANS TECH
2 magnesium in the automobile |PUBLICATIONS 2003

industry LTD
) ) ) SAGE
Progressive failure analysis of
3 ] PUBLICATIONS 2008
composites
LTD
4 ADVANCES IN EDITIONS 1993
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ALUMINUM-ALLOY PRODUCTS
FOR STRUCTURAL
PHYSIQUE
APPLICATIONS IN
TRANSPORTATION
PRISMATIC GRID GENERATION| AMER INST
5 |FOR 3-DIMENSIONAL COMPLEX AERONAUT 1993 25
GEOMETRIES ASTRONAUT
Thermoplastic sandwich
structure design and ELSEVIER SCI
6 ] 2007 19
manufacturing for the body LTD
panel of mass transit vehicle
ASME-AMER
Decomposition—based assembly SOC
7 . . 2003 14
synthesis for structural stiffness| MECHANICAL
ENG
- X2 3¢ LW Hot Paper
HS =M= NEY gHEE el
Greenhouse Gas Emissions
1 Payback for Lightweighted |[WILEY-BLAC 5010 i3
Vehicles Using Aluminum KWELL
and High—Strength Steel
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Type of Time

> , Priority™
activity™ Horizon" by

Sector Vision & Need

Lighter Trains
Rolling Assessment of the

Stock technology transfer L — * {( Y‘Q(
potentials from the

aeronautic and automotive
sector to the railway sector
Lighter Trains

Weight reduction for the
suburban and urban
passenger services

Rolling In due consideration of
Stock standardisation and &b 2020 * vﬁ( ‘;3(
regulation issues (e.g.
crashworthiness)

Design methodologies to
be re-evaluated

'" CSA = Coordination Support Activity / R = Research / D = Development
' Technical Maturity
24 % = Low Priority / 2 -+ = Medium Priority / 3 v = High Priority
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Decreasing ‘ Stable

. Market Size for
3 )
Market Stage Market Revenue | ﬂ:irt':;\tiolume ;:(:rli(lislls Fr.:;e m Last Year of
‘_ 9 Study Period
L [ 4,735.2 o
Growth $23.7M 1 T $5.0 ] ﬂ $35.7M '| ]’
MT
(2011) (2011) (2018)
Base Year mems Compound Degree of =
Market Growth /@l Annual Growth Technical ‘m hcnz::ll:::tntration ggmb::i::rs
Rate Rate Change p
0 e Al -
73.4% l 6.0% 6 || 39.6% [ 25-30 [
(% of market share held by top (active market competitors in
(CAGR, 2011-2018) (scale:1 [Low] to 10 [High]) 5 companies) base year)

| Increasing U

DEX S22 AR dY
(Frost & Sullivan, 2011)
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301,700 | 115,112 | 125,770 | 127,194 | 97,627 276,625

Eo)|l=0 A

(100%) | (100%) = (100%) = (100%) @ (100%) (100%)
(SMART Railroad) 195,192 | 93,863 | 99,979 | 101,487 | 51,332 113,225
=l XNsHe Bk (64.7%) | (81.5%) (79.5%)  (79.8%) | (52.6%) (40.9%)
(SAFE Railroad) 82,880 | 10,421 5,197 4,650 | 19,898 60,300

et #Helgt Ex (27.5%) | (9.1%) | (4.1%) | (3.7%) @ (20.4%) (21.8%)
(ECONOMIC Railroad) 22,358 9,861 | 17,728 | 12,382 | 26,397 103,100
&85t FMAE B | (7.4%) | (8.6%) (14.1%) | (9.7%) | (27.0%) (37.3%)
1,270 967 2,866 8,675

=N 2 AHrs2 - -
<

(0.4%)  (0.8%) (2.3%)  (6.8%)
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A AHIE 31%E 24 AZ
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o4 X2 2/km (KWh/km) 15.4 14.2 15.2 12.4

Ol LA Xl 2 2 /54 /100km
(kWh/s/100km) 3 28 50 29
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5]
(@)}
w
~
N
fol
x
g
K%
N
o
Ju
o

ESEEONG _
Qe opxo 4‘——_’5—9‘% 2 He A A=
(=) (8g) (km) (OHA)
15 11,5633 144,809 4,222,270 34
S ALK 6L 25 H 10,013 87,137 5,424,452 43
Ki=fal 2,338 24,886 2,059,997 17 34,581
CH=XlotE 154 67,86.4 61,488 2,918,412 30 36,002
2 =Kot 154 2,718 15,790 1,775,013 20 15,520
CH& Xl otE 154 2,635 29,314 1,761,301 22 18,661
ANE2HE=Z 1-45& | 70,949 | 1,431,757 | 218,259,000 117 841,108
MNEEZAE T 55H 19,972 213,121 7,058,876 51 183,798
- OOIM, JMESEH S22 0Xle tHSE2 2 SHEZ S2oHH 3
otz AN2=Z JIEGIACH, H2t M2 AAMNEE HLsh IHHARM
S0 A
- O=gA=4Z 0 A2tH & BeAHes= G330t 20| HetE

H 6.3.5 UsaH=4Z0

a2 A = 0.97 0.95 0.85 0.69
Hal A A= 7.37 0.12 0.0006 356.86 —-6883.8

2SS HEAl 2288 Ha

X
Y=7.37*X1+0.12*X2+0.0006*X3+356.86*X4-6883.8

X1 BN
X2 @ &0l

X3 2dHe

X4 @ A=
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H 6.36 MSUIEZ (1-454)1 RA4XctES & g & &
A

FRES 20% 2 30% BN S NTE

e

20% B E3HAl 104,579 7,320 41,831

30% ZE3tAl 156,869 10,980 62,747

20% BE3tAl 35,205 2,464 14,082

30% ZE3HAl 52,808 3,696 21,123
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2 6.3.11 &M dguMblE WA
(LE3E st HE2PFS HAI|I=HE 210K, 2013)
I ALDHEIE ()
U= 20043 20109 20144 20179 ]
I R I I R T N R A
2013 | 41.14 21.96 63.1
2014 | 42.16 22.51 64.67
2015 | 43.22 23.07 51.12 117.41
2016 | 44.30 23.64 52.40 120.34
2017 | 45.41 24.24 53.71 123.36
2018 | 46.54 24.84 55.06 9.48 135.92
2019 | 47.71 25.46 56.43 9.72 139.32
2020 | 48.90 26.10 57.84 9.96 142.8
2021 | 50.12 26.75 59.29 10.21 146.37
2022 | 51.37 27.42 60.77 10.47 150.03
1042t AYDHHE () 1,203.32

H 6.3.12 DHEEXNE =2 2 20% Z3tAl d2dlE
HYEY FRVPE 20% IS ALDAUHIS (AB) | 4.,
g E E E E =
2013 35.55 18.97 54.52 8.57
2014 36.43 19.45 55.88 8.79
2015 37.35 19.93 4418 101.46 15.96
2016 38.28 20.43 45.28 103.99 16.36
2017 39.24 20.94 46.41 106.59 16.76
2018 40.22 21.47 47.57 8.19 117.45 18.47
2019 41.22 22.00 48.76 8.40 120.39 18.93
2020 42.25 22.55 49.98 8.61 123.40 19.41
2021 43.31 23.12 51.23 8.82 126.48 19.89
2022 44.39 23.69 52.51 9.04 129.64 20.39

1042t HLwHLE (A

1082 dldwib & 22N

2)

[Lin)

(A

)
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o

Chel o wipt
TEHA 2EHA|
T= 2l
IREE | 2RHEE | 3XEE | 1REE | 2XEE
ye 3,520 5,560 7,200 4,260 2,720 | 23,260
DI 2t 1,180 1,860 2,400 1,420 910 7,770
& | 3,521 5,562 7,203 4,261 2,722 | 23,260
Wl o9l
= 2t
B
ae IREE | 2REE | 3UEE | 1XHEE | 2XEE
e | 0| me | o2 | Z2 | R | ZR | w | Z |0 | ®2 | o
=3
I 8.0 2.7 | 15.0 5.0 | 26.0 8.7 | 24.0 8.0 7.2 2.4 | 80.2 | 26.8
=2 2.5 4.8 8.3 7.6 2.3 25.5
55 5.0 2.7 9.3 50| 16.0 8.7 | 14.8 8.0 4.4 2.4 | 49.6 | 26.8
P E 0.5 0.9 1.7 1.6 0.5 5.1
2N 16.0 5.3 27.0 9.0 31.0 | 10.3 | 11.0 3.7 15.0 5.0 100 | 33.3
=z 9.3 15.6 17.5 5.9 8.8 57.1
2= 5.3 5.3 9.0 9.0 10.3 | 10.3 3.7 3.7 5.0 5.0 33.3 | 33.3
P E 1.4 2.4 3.2 1.4 1.2 9.6
M 1.2 3.8 135 | 4.5 15.0 5.0 7.5 2.5 5.2 1.8 | 52.4 | 17.6
=2 3.0 3.7 4.2 2.2 1.5 14.6
=5 7.2 3.8 8.8 4.5 9.8 5.0 5.3 2.5 3.7 1.8 34.8 | 17.6
PIE 1.0 1.0 1.0 0.0 0.0 3.0
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(2) THIRH A&

@ 54
(9] - o9
ol Ofl dret =
¢ mae | BOF | omz b
o | M=ES _ | 1REE | 2MEE | 3XEE | 4XEE | 5RIES o
& (2 | olg/a A (%)
= 5 (2015) | (2016) | (2017) | (2018) | (2019)
= o) (3=
9]
oims 0.9 | 1.1/100 1.0 1.9 3.9 3.7 1.2 11.6 | 10.8
o1 0.7 | 1.6/100 1.1 2.0 3.3 3.2 0.7 10.1 | 9.5
S IEEEES
24 0.4 | 1.3/100 0.5 1.0 1.3 1.1 0.6 4.4 | 42
i (SEAFDHE)
Rl BN
0.3 | 1.3/100 0.4 0.7 1.0 1.0 0.3 33| 3.1
(HAIDHE) /
A 2.9 5.5 9.4 8.9 2.7 295 | 27.5
N SIREH| M2 45 8.3 15.0 14.1 4.1 46.1 | 43.1
; APE =Y 0.6 1.2 2.1 1.6 0.5 6.0| 5.6
; olqpact 0.5 1.0 1.4 1.0 0.4 43| 4.0
A 5.7 10.5 18.5 16.7 5.0 56.3 | 52.7
9| 1 I ety 0.5 0.9 1.7 1.6 0.5 51| 4.8
2+l 1.6 3.0 5.2 4.8 1.4 16.1 | 15.0
= 10.7 19.9 34.8 32.0 9.6 | 107.0 | 100.0
@ 3d + 29
(&9 - 99D
ol Ofl Arat =
& e | B | @EE =y 2CHH bl
&t HFes (oz | /& | 1xec | exee | sxteE | 1xEs | oxtds | A (%)
= 01) o (2015) | (2016) | (2017) | (2018) | (2019)
XH Ol
oims 0.9 | 1.1/100 1.0 1.9 3.9 3.7 1.2 11.6 | 10.8
o o1l 0.7 | 1.8/100 1.1 2.0 3.3 3.2 0.7 10.1| 9.5
I EEETES
2 0.4 | 1.3/100 0.5 1.0 1.3 1.1 0.6 44| 42
(BEAFDHE)
N ETEES
0.3 | 1.3/100 0.4 0.7 1.0 1.0 0.3 33| 3.1
(S AIDHE)
A 2.9 5.5 9.4 8.9 2.7 295 | 27.5
N IR EH| 2 45 8.3 15.0 14.1 4.1 46.1 | 43.1
; ApE =y 0.6 1.2 2.1 1.6 0.5 6.0| 5.6
;’l ol 0.5 1.0 1.4 1.0 0.4 43| 4.0
A 5.7 10.5 18.5 16.7 5.0 56.3 | 52.7
9|1 ) ety 0.5 0.9 1.7 1.6 0.5 51| 4.8
2+ 1.6 3.0 5.2 4.8 1.4 16.1 | 15.0
=2 10.7 19.9 34.8 32.0 9.6 | 107.0 | 100.0
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(3) 2HIR A AROI&

@ 54
(&9 - 9D
ol olAter =
6{3} o /| (ga O|_|—°LJ/§F I\__I_ sl el I\__I_ x__g X\__l_ _th:“ (%)
o o) oS (2015) (2016) (2017) (2018) (2019)
= =
20l
oimel 0.9 | 2/100 1.8 2.7 3.6 1.8 1.8 11.7
el 0.7 | 3/100 2.1 2.8 2.8 2.1 2.8 12.6
S ICEEES
L I 2/100 0.8 1.2 1.6 0.4 1.2 5.2
= L2rs
. EETES
0.3 | 3/100 0.9 1.2 1.2 0.6 0.9 4.8
(S AFDHE)
| 5.6 7.9 9.2 4.9 6.7 343 | 257
HAREY| W2 7.4 15.0 16.2 4.2 5.5 48.3
j AP 25 3.6 4.6 1.1 2.2 14.0
; S 1.1 15 1.8 0.9 13 6.6
A 11.0 20.1 22.6 6.2 9.0 68.9 | 51.7
SlEtet o y] 1.4 2.4 3.2 1.4 1.2 9.6 7.2
2HE | 3.3 5.6 6.3 0.2 3.1 205 | 15.4
& 21.3 36.0 41.3 14.7 20.0 | 133.3 | 100.0
@ 399 + 24
(9] - o9
ol [Pt
S eme | 2H| 2B 1EH 2871 Hi&
g| T (@2 | ar/a | inuc | onac | sxas | ixee | omas | AU | (%)
= o) oa (2015) (2016) (2017) (2018) (2019)
20l
o 0.9 | 2/100 1.8 2.7 3.6 1.8 1.8 11.7
o L g7 0.7 | 3/100 2.1 2.8 2.8 2.1 2.8 12.6
S| eimg=x
A | 04| 2100 0.8 1.2 1.6 0.4 1.2 5.2
= Urs
. SETES
cinmmy | 03 3/100 0.9 1.2 1.2 0.6 0.9 4.8
= LIS
PP 5.6 7.9 9.2 4.9 6.7 343 | 257
N HAREY| 2] 7.4 15.0 16.2 4.2 5.5 48.3
- e 25 3.6 4.6 1.1 2.2 14.0
; olpact 1.1 15 1.8 0.9 1.3 6.6
A 7 11.0 20.1 22.6 6.2 9.0 68.9 | 51.7
SlEtet PofEty] 1.4 2.4 3.2 1.4 1.2 9.6 7.2
2HE | 3.3 5.6 6.3 0.0 3.1 205 | 15.4
& 21.3 36.0 41.3 14.7 20.0 | 133.3 | 100.0
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(4) SHIR A AR0I&

@ 54
(&9 - 99D
ol e
s _ ct oA HlE
g | AwEs | ST oa | 1xEs | enes | anes | anes | snas | | gy
= o) | oz | (2018) | (2016) | (2017) | (2018) | (2019) | ™
ol
oimey 0.8 | 2/100 1.6 1.6 1.6 0.8 0.8 6.4
ol 0.7 | 3/100 1.4 2.1 2.8 0.7 0.7 7.7
S ICEEES
2 G | 04 | 8/100 1.2 1.2 1.2 0.8 0.8 5.2
tl =/ (=)
| e
() | 03 | 4/100 1.2 1.2 1.5 0.9 0.6 5.4
A A 5.4 6.1 7.1 3.2 09| ©247]| 353
IR TH2HI 4.6 6.0 6.6 3.5 20| 227
= EEEET 1.2 15 15 1.1 0.5 5.8
Hi o pagy 1.0 1.2 1.4 0.6 0.5 4.7
A 6.8 8.7 9.5 5.2 30| 332 474
Q| EtoI I ety 1.0 1.0 1.0 0.0 0.0 3.0 4.3
2vE Y 1.8 0.2 2.4 1.6 1.1 91| 13.0
& | 15.0 18.0 20.0 10.0 70| 700/ 1000
@ 3d + 24
(9 - 9D
et
o ol
& gess | @0 | oamz =] 2EH] Hig
g (@12 | a/E — _ _ _ _ A | R
=2 of) e e | 2XHEE | 3AEE | 1XEE | 2RE
= 2015) | (2016) | (2017) | (2018) | (2019)
XH Ol
oimel 0.8 | 2/100 1.6 1.6 1.6 0.8 0.8 6.4
ol 0.7 | 3/100 1.4 2.1 2.8 0.7 0.7 7.7
[¢]]
G pp———
;dl (‘;frfvg) 0.4 | 3/100 1.2 1.2 1.2 0.8 0.8 5.2
SEIES
(anarm) | 08 | 4100 1.2 1.2 15 0.9 0.6 5.4
A A 5.4 6.1 7.1 3.2 29| ©247| 353
HIARH| TH2HI 4.6 6.0 6.6 3.5 20| 227
i‘ oI RE = 1.2 1.5 1.5 1.1 0.5 5.8
B ol act 1.0 1.2 1.4 0.6 0.5 4.7
A A 6.8 8.7 9.5 5.2 3.0| 332 474
Sl PIH | 1.0 1.0 1.0 0.0 0.0 3.0 4.3
2vE Y 1.8 0.2 2.4 1.6 1.1 91| 13.0
| 15.0 18.0 20.0 10.0 7.0| 70.0]| 100.0
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S5RE T Lot OdlE IHEE XAl A 25t 15,000,000
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NEEPIIED SN
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5XEE NEEEL A5 ot 100,000,000
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2REE 485,527,613 0 485,527,613
3rEE 815,747,083 0 815,747,083
axEe 244,644,765 0 244,644,765
I E 242,482,809 0 242,482,809
& 2,088,294,402 z 2,088,294,402
o M7l A4EUHSE (B) — 1@2t2 ol4 M2
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T EII=E
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olZ2IS e XAl & 3xEE stol=cl= xtA R S/ 200,000,000
Loy AR
ATEE e e R TR 44,644,765
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_ oI UBRS -
el hoa eas  |wenaustHNe 42,482,809
PEr BETE HEES CEEES 50,000,000 | 715,747,083
Sy el NEE H2H] SHAT HEAE 150,000,000
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| = - - - - - T4l
= 1XE & 2XE & 3XEE AXE S XA tely (%) i
1) el 2H| LH/2l 5 o1A4d| 288,175,680 561,614,400 934,992,000 896,601,600 269,352,000 | 2,950,735,680 27.6%
API|XHTHL Al & HI 241,000,000 186,000,000 85,000,000 63,000,000 43,000,000 618,000,000 5.8%
&I =
NET AZZ HZI 33,000,000 385,000,000 | 1,010,000,000 | 1,400,000,000 215,000,000 | 3,043,000,000 28.4%
HZ 8l 299,892,132 485,527,613 815,747,083 244,644,765 242,482,809 | 2,088,294,402 19.5%
2) A &4l (6:1s]] 28,817,568 33,696,864 56,099,520 53,796,096 26,935,200 199,345,248 1.9%
o
s=y =Z2H L2 17,290,541 28,080,720 46,749,600 44,830,080 16,161,120 153,112,061 1.4%
I=dBESH| 29,393,919 44,929,152 74,799,360 71,728,128 26,935,200 247,785,759 2.3%
= 35,157,433 84,242,160 140,248,800 134,490,240 32,860,944 426,999,577 4.0%
3) 2+& I 97,272,727 180,909,091 316,363,636 290,909,091 87,272,727 972,727,273 9.1%
4) = Al 1,070,000,000 | 1,990,000,000 | 3,479,999,999 | 3,200,000,000 960,000,000 | 10,700,000,000 100.0% 1)+2)+3)
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HIH SE9o xD|& AR 130%
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28037 100% ~
el 120%




[M&l 4] =2 Activity QIAH| &S

Frl

o
Y

P
U]

H

XA EES

- A0 oY A0 BAHA NS E LS ol2dd]

PRESENETIES,

- OXE AQQR4L HHIHE S, EHE2 man-month &E S <HAIS>HA =&8 1HH| JIE=S Sot0 XY Q2 &2

- XY 2l = activityE=Z &S

N - ) @ M/M &= =1) CER
= Ac ol 4= @ ZHOoHE = ® &S = N u] D)
Activity @ ) 20N ® &#os (Dx@XB) (@xB) (]
® A}

1XEE 9 12 66% 71.3 5,160,000 367,804,800
2XE & 10 12 80% 96.0 5,160,000 495,360,000

2.1, OIXF Z&-A 83 & - o

U HE IS JHe 3XEE 9 12 91% 98.3 5,160,000 507,124,800
4XHE & 4 12 35% 16.8 5,160,000 86,688,000
5XtE & 2 12 70% 16.8 5,160,000 86,688,000
1XE S 6 12 52% 37.4 5,160,000 193,190,400
2XE & 7 12 68% 571 5,160,000 294,739,200

2.2. ML AT HE UK & - o

= s 012 e 3XEE 7 12 95% 79.8 5,160,000 411,768,000
4XtE & 2 12 56% 13.4 5,160,000 69,350,400
SXtAE & 2 12 71% 17.0 5,160,000 87,926,400
1IXXEE 0.0 5,160,000 0
2XE & 0.0 5,160,000 0

2.3. AXtANEE Sst HHA

MEEZEANMA XN TR ESE 3XNEE 0.0 5,160,000 0

ds 8t
4XtE & 6 12 90% 64.8 5,160,000 334,368,000
5XtE & 8 12 100% 96.0 5,160,000 495,360,000




(M4 5] £2 ActivityZ Q1218 A&
lAdl & A E
=2 Activity (BJEL= 2R E X E AR & 5XHE & 8l
iﬂjéi;égiz’ﬂ SALR 1 367,804,800 495,360,000 | 507,124,800 86,688,000 | 86,688,000 | 1,543,665,600
23;% "fl; ?HEL S8 UXEE S | 193190400 294,739,200 | 411,768,000| 69,350,400 | 87,926,400 | 1,056,974,400
giﬁfgfiﬁgg ggf_gf 0 0 0| 334,368,000 | 495,360,000 | 829,728,000
=] 560,995,200| 790,099,200 918,892,800 490,406,400| 669,974,400| 3,430,368,000
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=2 Activity ot 7} I =1 HIZ(R) &
] SSAT U TES | SSAW UK 24
1R e A T phrel 90,000,000 90,000,000
2XHE &
2.1, LRt BE-Ags &7
N S IEET 3XE &
4xPE ©
5 &
1R z
2XHE &
22 BT AT HE R -
:'
=2 225 Jl2 Ny e
4xPE ©
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AC = 1T
g?‘“l‘ ol- &E.u.

t2E2%

S WA SO 2HAE APBAR L FOHARRAL BAZ/HH2 N22 2Is =&

C9g o12d|2 15% OlotE &d
C9g oI2HIS 15%E = UotH H4e == S

Activity &t QIAHI B & =[§= HIE(&) i
1 E 560,995,200 15% 84,149,280
2xE & 790,099,200 15% 118,514,880
3xE = 918,892,800 15% 137,833,920
AXE & 490,406,400 15% 73,560,960
5xE = 669,974,400 15% 100,496,160
Rl 3,430,368,000 514,555,200




AU EAHHR
CHS D) MPUARY : SAH B8 TAZCXE WA L 23 s I g &l ]
A= 1XAHEE 2XE = 3XEE 4T & S5XE & Bl HE (%)
HAFAIE
o x| 90,000,000 - 40,000,000 50,000,000 50,000,000 230,000,000 3%
AR Y|
T2 bl A S HIA I 100,000,000 950,000,000 1,500,000,000 450,000,000 - 3,000,000,000 35%
HZHl 977,800,212 1,343,004,265 1,010,795,887 154,698,740 863,716,378 4,350,015,482 50%
(Gha] 44,879,616 47,405,952 45,944,640 39,232,512 46,898,208 224,360,928 3%
AFESH | +2Hd+2E 33,659,712 47,405,952 55,133,568 29,424,384 40,198,464 205,822,080 2%
JlsdEgst| 44,879,616 47,405,952 45,944,640 49,040,640 46,898,208 234,169,056 3%
ARG 84,149,280 47,405,952 137,833,920 73,560,960 100,496,160 443,446,272 5%
Bl 1,375,368,436 | 2,482,628,073 | 2,835,652,655 845,957,236 1,148,207,418 8,687.813,818 100%
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[MAl 15] ARHl S22 E
= > k11
2HNIS10H 91H| S22 EH
(CHISEA) NEUHY : AT H2 CAECSXE WAL 22 A2 Il N [ - &
= - - - - - 24l
]l = IP=E= 2XHE & 3XEE AXME & SXtE & g Al (%) Hl 1
1) 212 HI LH/2l 5 el2dd] 560,995,200 | 790,099,200 | 918,892,800 | 490,406,400 669,974,400 | 3,430,368,000 26%
AR KFH L Al & HI 90,000,000 0 40,000,000 50,000,000 50,000,000 230,000,000 2%
&I -
Hal ANEZE HZEUI 100,000,000 [ 950,000,000 |1,500,000,000 | 450,000,000 0| 3,000,000,000 23%
M=l 977,800,212 |1,343,004,265 |1,010,795,887 154,698,740 863,716,378 | 4,350,015,482 33%
2) A EHI (0:1s] 44 879,616 47,405,952 45,944,640 39,232,512 46,898,208 224,360,928 2%
b
s=y =EZH e 33,659,712 47,405,952 55,133,568 29,424,384 40,198,464 205,822,080 2%
I=d8EBE S| 44 879,616 47,405,952 45,944,640 49,040,640 46,898,208 234,169,056 2%
AR 84,149,280 47,405,952 137,833,920 73,560,960 100,496,160 443,446,272 3%
3) 2t&EH| 193,636,364 327,272,727 375,454,546 133,636,364 181,818,182 1,211,818,182 9%
4) g Al 2,130,000,000 |3,600,000,000 (4,130,000,001 |1,470,000,000 2,000,000,000 | 13,330,000,000 100%| 1)+2)+3)







[Mal 3] QIAH| JIZ=E
711
OlAHH| J=E&
% XA IR
- GHE DIN HOIG PR QA J|ECHH AIRS 2HOR MAG= A2 HIFE SIt= s X043
JIZ=E 4,300,000 202 =4
QDIESHI= 2011EHE SIHU T "HIZIIHRAI|F" St PR OIHH|I|ZCIIO [HE W4 £F &)
- DHHOIE, JISZFHI SO [2t SUE, SREE ZEGHH WA 20| V2 DI
- 2J|= S} 4,300,000 o2 HiE4 9=
ool : 2
OE=PIER=YL @z Hs @FE |@I 23 (Oxx®) bl nj
4,300,000 120% 100% 5,160,000
DA ol OI1AH| ZUE(%) ZOHE AR ZDH(%)
HIH SE9o xD|& AR 130%
MNIH =Dt S5 £F0 ™o 120% ~
2 2 DLFO I 110%
2 G Ils 100%
Ie&:HIE =& OIAH| AE H2|(%) @) & 0124 H|(%)
pIESu e 110%
28037 100% ~
el 120%




[MAl 4] =R ActivityZ ClIAHIAMESE

re
ry
£

T
H

4 =
AFA0 HEY DA HHAI NSEE LHAR

- AR AQ0Is OIS, HHEE man-month AE 5 <HAIZSHIM 58 Q1AH| J|Z2 360! X QAH €&
- HXE olHH|l= activityE 2
= af - N @ M/M &= F1) ®=2
ZQ Activity ® ol OF-=1¢] (Dx@x®) |[® A== (@x®)
1 4 12 80% 38.4 5,160,000 198,144,000
31 AF/HE HEgS A [ 2 5 12 84% 50.4 5,160,000 260,064,000
o DIQUIsE3 MEJE M [ 3 5 12 88% 52.8 5,160,000 272,448,000
o 4 1 12 70% 8.4 5,160,000 43,344,000
5 1 12 55% 6.6 5,160,000 34,056,000
1 7 12 79% 66.4 5,160,000 342,417,600
2 7 12 81% 68.0 5,160,000 351,086,400
O| X} B X2 2= s s ’ ’
:;H%HC’/LHC’ T8 RIS [ 8 12 88% 84.5 5,160,000 435,916,800
= 4 3 12 70% 25.2 5,160,000 130,032,000
5 2 12 80% 19.2 5,160,000 99,072,000
1 25% 0.0 5,160,000 0
I _ 2 25% 0.0 5,160,000 0
S st T : :
ggl%xglﬂfe s=<°=<=1 3 25% 0.0 5,160,000 0
= 4 2 80% 28.8 5,160,000 148,608,000
5 85% 30.6 5,160,000 157,896,000




[AMA] 5] =2 Activitye Q1| AHE

]

Ol 2 Hl & A H
2 Activity 1XE s 2xAE 3XE = AXHE & 5XE = gl
8.123/UHE HBS FAY Lia 198,144,000 260,064,000 272,448,000 43,344,000 34,056,000 808,056,000
DFIUSES MEIIS He A oot e oA ooe o8
3.2 A F/UE 23 N8II& M| 342,417,600 351,086,400 | 435,916,800 130,032,000 | 99,072,000 | 1,358,524,800
ITANEE S8 45 B

;SJH%Uf}Alg ol 0 0 0] 148,608,000 157,896,000 306,504,000

& Ji 540,561,600| 611,150400] 708,364,800 321,984,000] 291,024,000| 2,473,084,800
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[MA 7] =2 Activity2 AIZXERZH &4EH

HABET
- ANRIZ/AIZS/AE & MAZ|

- HE 1O Ol A0 M= MM E &L
- Y 1M 012te THEF U= AMUY Metotd o Ligez &4
- BI2t0| gig &=, 2t2 =I5t &4
o AIZE HIZHl AHEE (A)
- & 1& 02 O] & 1&0HA 0] 8t SAHI(H) a] I
19 & - -
2xE & - -
3XE & 55,000,000 55,000,000 1HOKR 014 © (B) &t A
_ 1Mo OJek: (C) &Y
4XE & 95,000,000 95,000,000
5XE & - -
SH 150,000,000 = 150,000,000
o AIEE MEH| ASUHSE (B) — 1802 o1& AIFE M
Z=Q2 Activity A Xt AEEH FRIls H&(&) A
1IXHEE 55,000,000
2XEE
2JHE O = 2JHE O
3.0 O\ R/LNE 2 A SMHZ O Xt AIMS SHE Ok 25,000,000
— e s = x| X x=2 /(g = . . ]
Z2ME)s o 83 7 EE__T[ = Air conditioning 30,000,000
AH S
4AXE &
5xtE &
1XEE 95,000,000
PN
33 AXANEE S 3xE T
st &8s Bopl=
b= SUHE oL 2= 40,000,000
4XA &
SN RXELE 55,000,000
S5XE &




[MA 8] M2

>= 11
MEF2H| A= H
X AIEES
- AN/THE U L AIE@2A 2, MoK 2l/2eld]
A el
- A 1R Ol&0 oM = AMUWES &4
- A 1R 0|20 MEFPeHl= AMUWS Metstn (el Liges &4
- 81210 S22 &2, 2t2 FItol &4
o MEFRAUH| &= E (A)
e RS 1X 0kl 0o B () ]~}
1Xas 210,000,000 288,066,972 498,066,972
e 235,000,000 200,199,092 435,199,092
3XEHE 180,000,000 612,514,810 792,514,810
AZtA© 330,000,000 36,533,149 366,533,149
5XE & 200,000,000 28,930,036 228,930,036
8| 1,155,000,000 1,166,244,059 2,321,244,059
o MEFLH| AFSWHE (B) — 1202 014 T2
=2 Activity o4 Xt == 2C HI () 8
R Pure Mg Ingot EEEENES 50,000,000 320,000,000
= a2 2L EEIEENES 25,000,000
Ul B2 E4 m Ul B2 EA Tt 30,000,000
31 oR/E HE oxEE Pure Mg Ingot A f.;é.‘ M= 50.000.000
= o1& Lol 0Pyl 52 24 EEEENES 25,000,000
f;;mle ” Ul B2 E4 T Ul B2 EA T 30,000,000
oe=e = e EEERN e 25,000,000
= = Lol B2 E4 3Ot U B2 E4 O} 30,000,000
P 52 2L Ll 512 HIE 25,000,000
= Ul B2 E4 T Ul g2 EA T 30,000,000
5XE &
NEEEEE] SETH HIE 50,000,000 560,000,000
e SNEM EAH T SET EA T} 25,000,000
Hee EA oo a2 EA oo 30,000,000
EEIEEEE! SFET ME 75,000,000
PYVIEL= SET EA B} =T EM Bt 25,000,000
32 T/UHE 22 = n - - =
NEJ|= Hete 4 It e 4 Tt 30,000,000
3rEC H%‘ @ﬁ e %J;%XHJHI_ x 75,000,000
2= 85 8t 2= s Hot 50,000,000
AREE ol @% EET %;%JKH_HL x 75,000,000
22 8= g} 22 HAs ®ot 50,000,000
5XE & EEIEEEE] TN ES 75,000,000
[BEES 275,000,000
- leie == NEES
33 AXAEE S8t e
A5 mols W - — == == oo
AZtE S OS 2 A5 ©)} OS 22 4= @)} 150,000,000
S5XE & A =HAS B At =HAS B 125,000,000




[AA 9] OHILHSE M= E
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- Oble AEE2 0SS JIES UEoIHA SH0| 5Lt 0I5t H =5 &y
- QIAHI 1942 0I8F: IAHIS] 12% 0I5, 1 AHl 1292~32 © 2121H[2] 10%0I5t, 12AHl 3@ 014 : 2l24H| 2| 8%015t
- =g OHIDF =S 2tEGH) 5HeHR 0loH'2 =HE 32 (A) MAlet &Y
- ACE OHIJH JIES ZUGHLE OHl S 5 S TW'ohe A2 FHE I (B)0 AU 2

TE el il QIE3% O':IHEP%E HE4%) g I
1P 540,561,600 8.0% 43,244,928
NS 611,150,400 8.0% 48,892,032
3xtE & 708,364,800 6.5% 46,043,712
AXE & 321,984,000 8.0% 25,758,720
5XE & 291,024,000 8.0% 23,281,920
A 187,221,312
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2] 15% OlotE &d

2] 16%E =UotH Hd& == 8lsS

e
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e
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Activity &t QIAHI B & =[§= HIE(&) i
1XEE 540,561,600 15% 81,084,240
2xE & 611,150,400 15% 91,672,560
3xtE = 708,364,800 15% 106,254,720
AxtE = 321,984,000 15% 48,297,600
5XE = 291,024,000 15% 43,653,600
Rl 2,473,084,800 15% 370,962,720




XNEHEHE
(BHI2A) MEMHY : AT 22 TAEEX OIE/UWE 83 HEs I ctel A
Ml = 1XE & 2xE & 3XE & 4XE = SXE = =] HIE (%)
ARAE
o x| 125,000,000 370,000,000 25,000,000 - - 520,000,000 13.4%
o A& _
e Al EHE HI 2| - - 55,000,000 95,000,000 - 150,000,000 3.9%
M=t 498,066,972 435,199,092 792,514,810 366,533,149 228,930,036 2,321,244,059 59.7%
(0:1:]] 43,244,928 48,892,032 46,043,712 25,758,720 23,281,920 187,221,312 4.8%
HAASEH | =2HLEE2 27,028,080 30,557,520 35,418,240 16,099,200 14,551,200 123,654,240 3.2%
I8 &8s 48,650,544 48,892,032 49,585,536 35,418,240 34,922,880 217,469,232 5.6%
AP 81,084,240 91,672,560 106,254,720 48,297,600 43,653,600 370,962,720 9.5%
Al 823,074,764 1,025,213,236 1,109,817,018 587,106,909 345,339,636 3,890,551,563 100.0%
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[KAl15] Y E2E
- = D} 1T
(BHI2A) NISDHHY - ECA B2 TAESXE 9 2 EE HES ISy
o = - - - — el
= PEl 2REE 3R T AREE 5XHEE Bt ol T
1) eI L/ oI5 o121t 540,561,600 | 611,150,400 | 708,364,800 | 321,984,000 [291,024,000 | 2,473,084,.800 | 35.3%
HAPIRTHL ALY | 125,000,000 | 370,000,000 25,000,000 o| 520,000,000 7.4%
oI
Houl | AEE mE 0 0 55,000,000 | 95,000,000 o| 150,000,000 21%
WEDT 498,066,972 | 435,199,092 | 792,514,810 | 366,533,149 [228,930,036 |2,321,244,059 | 33.2%
2) =AH otHl 43,244,928 | 48,892,032 46,043,712 | 25,758,720 | 23,281,920 | 187,221,312 2.7%
E;;I agyULL2 27,028,080 | 30,557,520 35.418,240 | 16,099,200 | 14,551,200 | 123,654,240 1.8%
JeEYEEY| 48,650,544 | 48,892,032 49,585,536 | 35,418,240 | 34,922,880 | 217,469,232 3.1%
SN 81,084,240 | 91,672,560 | 106,254,720 | 48,297,600 | 43,653,600 | 370,962,720 5.3%
3) 2+ &bl 136,363,636 | 163,636,364 | 181,818,182 | 90,909,001 | 63,636,364 | 636,363,637 9.1%
4) = Y 1,500,000,000 |1,800,000,000 | 2,000,000,000 |1,000,000,000 |700,000,000 |7,000,000,000 | 100.0%|1)+2)+3)






