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O EAFT 9 52 FHAEY, g8, 284S, a7tFEE, A 5)= 15
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=24 (2007 - ) Mg E8 31 % X
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APS(Alimentation Par Sol, Surface current collection)2}al E&™ © =
S P~ HEE G2, S8 Y2, UAE FHlo|, T Wo]A, F3lo] 5 10
AN w=ddA &9 Foll A3, 3 =4 A8 Fo Ak sHARE Eol

Wels Adelds &, &5 50l HA= I #d&f A7 283 Ao=

dHA Atk
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Rl scion 0V fl sehn 750V
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<I¥ 31> ¢2=F APS(HZFAW2) F/Hd EF

(A= : Light Rail Technology Analysis, Rapid Transit, 2009. 4)
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O @A 1078 =AM &FFol™ 370 Aol At FAFeIH. &2FAM
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F : State of the Art in Light Rail Alternative Power Supplies, John
Technology Inc., 2015, At&

Swanson and Jhon Smatlak, Interfleet

SEAH/ =57} NEsA= | GLPS 73t 9% HL e SaA
HEg sgx 2003 13.6km 4km APS UrE
BAL, TP 2011 1,5km 12km APS UrE
Gl TPs 2011 2km 12km APS UrE
£ T 2012 2.1km 12km APS UrE

EZ mga 2013 2km 15km APS UrE

Tlo), olom]dE 2014 10.6km 10.6km APS 1T ArE

QT H
Hold, = 2015 4km 94km Tramwave & NREHB}/ S
HIEH

F3lo|, T 2015 8.7km 8.7km Tramwave W NRF/HE]—/ C

A7}, dFH =g 2016 1.2km 10.5km APS UXE
APS+ OESS
QA E, Bk 2016 28km 28km o UrE

PR, 2o GSAAE)

ZAY, 7lEE 2018 22.7km 33.1km APS UrE

NEY, 3F 2019 1.5km 12km APS UArE
@A), ojgkg]o} 2019 470m 7.5km Tramwave otz BT}

O (FAZF2) #1290t Primovers FEFZWU2A0E HYES A% ALA
HHZFo 2 F£ASY. o] AxHLE AR IZLE HAAst AFE FEAIA
ARAAZE AEE FHAES Hol ot AHFFAI2HY Bty bd-E& st
of ztEFo] dEFFHEY ol e Wiy dYo] FFAG

<21¥ 33> #FH2Y o} Primove(F3

(A& : Light Rail Technology Analysis, Rapid Transit, 2009. 4)
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O (E2d]) =52 Y2oAE Ni-MH wiE gl7F 428 Citadis x}#Fo] &
=3 Fo oy, FrHd dFEe tiEAQd #FA YR Massena
-Garibaldi Z7lA4 500m # 277toz A E Ut} olHT FIIAER

T3PS T3t Uaes AR #AFEA Y FFES BESA HUoH, A

TFH AW FAES ddste A 2AE AE Fol Aok AA &FHL A
© 2 A S 75 EACA dste =R Folls =AY
#HE fste B4 4EF19 05~15km AEE dlHE APz 233ty
T QFollM e The AR Ao m REtal A= shol BE = (Hybrid)W2] o]
FEolth viHE 42 7] UA JtEwS AHEstR oy, dAle g Eol
234, dEol2EgH Y & AHEsta lom, viE el = wiE g de
Al 2~El(Battery Management System)= Ab&3te] #AFHd, HAAF{, FHg, 7
25 T BEske] WY AT FARSAE S FEAITIL AT

O Zg2 dxFARS] CITADIS, 23 Ql CAFAFS] URBOS, =4 StadlerAhe]
Variobahn, AWl 2~AFe] AVENIO o] At} 3 aFAEFS At A
= HUEld e A&t wiElE]l xS LohrAbe] TranslohrZb oW, ©]
gEjol Bent, T A Fsto] FolA AP sta Utk

O Hig A T Y, T dA, vg DEt, TEROE, A E,
7] Zu, Bepd 4tEx 2 5 gl 87 M F2 gl Fol2HlE
g5 Bol A83te &9 FolAY MEdA ol

O 3 stEgE FA o= wig g FHMNHPANEHE EX|5t] HEOE A}
gt =S 299 Ag A, b, JhEr 2 Eof, xes
AR 23 57 AN &9 FolAY MEdA ol

Hexi line

Tram “rams based on FLEXITY 2 tram platform
+325 metre long and 2,65 m wide

5 vodles per trem A\
M <1\
Charging Yiapantograph S
system 90 %of the lnes are withaut catncries ‘
Baltery PRIMOVE battery 50 S T
system 7 \#Gilin
+ Cagacity: 49 kiWh: 2 systems per tram /" line
« Voltage: 553 v \__Heid S
Tnef ~ (/]
T A

Prepusion system MITRAC 500 system
+ v 120 1

I:a0: 380 V AC

W/ Nanjing

Hexi line. Gilin line Hexi line. Qilin line

Tram line 8km 9km O Endstops 2 2
Journey time 26 min 2imin Charging time 2pprox.10min  approx. 10 min
Haadway approx. 7 min approx. 7 min
Depot 1
) Tram stations 3 B Charging tie wodss ptod5s
Charging time approc4Ss  approx.4ss
= Numbers of vehicles § 7

<Id¥ 34> T3 ¢ T 48 EF
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w7 29 5714 E9

Battery box

Switchgear bay

Charger box

~ Battery box

<79 39> gt~ Y2 Alstomiil EFE wjE g (FZAXA)
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TA AE5A= | OESS 7 | 9% 7\& FuAk
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ARz, 29l 2011 0.6km 22km TN ATE CAF
g &= 2013 2.5km 69.9km T A E CNR 3
Apparay, 2~#H|%1 2013 2km 12.8km HlE] 2] /5709 A E] CAF
BAT, T 2014 7.7km 7.7km 7)) A€ CSR ZELC
WA, T 2014 7.2km 8km 50| wlEl CSR Pushen
7t vt 2015 8.2km 8.2km THNHAEH CAF
gk, v 2015 1.6km 2.6km 2l Fol& HiElE Brookville
2, B 2015 1.8km 21km ehrelE ek e Skoda
AE2 BEd 2016 0.4km 11.4km 2l FElEHE HiElE Vossloh
AoNE, W= 2016 4km 4km 2l Fol e 2] Inekon
UERO|E, W= 2016 3km 5.1km 2ol e ] Brookville
T3}, 7l 2016 11.5km 11.5km el 2]/ 37 o) ATEf Al
Ttk 23Rl 2017 495km 15.9km e 2]/ 7)) AT E CAF
BESEn PN 2018 11.3km 11.3km HlEl] /7 ATE drE
79, =% 201? Tkm 8km 2l Fol- e Stadler
EARE7 2020 3.6km 16km el 2]/ 37 o) AT Ef CAF
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(@)

(SWIMO System) SWIMO Al2=®le] 7, ztgFe] 24 wo| A
Gigacell (Ni-MH) UZAF4 AA o AE& AAste] HApAd glo] &3] 7}
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SWIMO HAFEA 8L Gigacell (Ni-MH)S BAl5te Axpde S 2
HS ARt Fashe AAEA 1EE YA A @ 18 HY
Aol =3, S0 Ao A2Ee o83t F

Charagina/Dischargina Braking System
Control System \

s
Bogies af both ends

<71¥ 42> Kawasaki jit¢] SWIMO System
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<219 43> Siemens jit 2] Offboard High Power Charger

O Charging Shoe type
- Aol FAAAR olsdol wel AF R JAFIH FH2EHlAA
SAFMA S 4 0] o] A, Top-Down Pantograph Typed} €& &
Eogxe e 757 B edtth AF-FAAA 3 FAFAE oE
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O APS System
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Hot.
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2o s ARk AE A5 (Catenary)oll HIE| AR &o] Fou 7hgo =
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* Electnfied section
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AL BAAE OFHAZC 97 EFR AEZHAA, BIVAN2" AeAF SIL 9%
g A3} Jle g FF (FH)

O “F71d ASER A83H13.9~17.1)" ArFelA F7HA AgA g 7139

ed2A(TY WY L 9, 3 TP AA, 3] SRR, 371

71 73hol A EFA S v Aled 9 A37# AS7A dmsd oy

t BAAE g5AAed 93 dzuazE S5, 12FFA

Aerde SgAUE o td Y &9

5 (o) (Cop) (5o (o)
|
|

R\

Ethernet(Dual Ring)

rCat

= @
PMC1
WRSE
HES Y Ax3  PS3 s (“‘F‘
H 3 3 o) (¢
i_renm e (o) ()
P1 |
2 axz
2 cader]
PS2
El: Electronic Interlocking System PMC: Point Machine Controller TSC: Tram Signal Controller TWE: Tram Wireless Equipment
ATS: Automatic Train Supervision P: Point Machine RTSC: Road Traffic Signal Controller DATP: Driver Assistant Tram Protection
0SS: Operation Support System PS: Point Signal TDC: Tram Dedicated Signal DMI: Driver Machine Interface

AXC: Axle Counter WRSE: Wayside Radio Station Equipment

AX: Axle counter sensor

<™ 47> 7 EFAEA EFAS AH] A A =



forr = & Ao
1o
o
o
2
0
¥
<2)
F‘
olN
o
fo
—Ll
_‘>;
HU
fo
éﬂ
E

L FARF] E71A )25 tiEl SIL3o]d <= 8733+

ol e HT e EA [SAZF S F 83l o, AZozE <k
of tigh B2 QoA E 8+t ot wEtA e B2 ER A
A ISAES WE AR A S ARst o E=ZE HZ FAFHORE <
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9ol 9 ZH2 (Clemont-Ferrand), CegelecAt (RHFHA| 2 A5AA F
i SIL 4 7WE), AlF, ElecktronlineAl (A%3]25-& SIL2, 2913 F& SIL 3
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19683 H-E Efe] the HFrirl Az o=m AlFbo] FHlow, SILe| AA 2
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ISAZES 83t Jon A=A AZA(HELT)= SIL3E #HH L

No. Country | Manufacturer %\%MCFC Inerocing, Pint Nechine, Sgaling Related SIL

1 Czech Elektroline RESONANT TRACK CIRCUITS SIL2

2 Czech | Elektroline TSC(Automatic  Switch Control System) %C%?%S)ccordmgtothe
3 Czech Elektroline Automatic TRAM Signaling System SIL3

. TSH106LC, TSH109LC(Electro-Hydraulic

4 Czech Elekiroline andMechanicalPointmachines) SIL3

5 France | FERSIL KFS  SIL2(Automatic Train Stop) SIL2(ECL_1462_0005)

6 Spain EIA%%T&NS Electro systemas ENCETRANS  interlocking %Eg) (Equivalent  to

. Sengnai FITSCOFwxn — Intelligent
7 China Trasprtzion Soltion Co) ATP controller SIL4
: . ProcesingcontrolLogic/SIL3, Signalingsystem/SIL4(EN50129)
) 1
8 | Algeria | R2ERE VA TRAM | g iepol/SILENGO128), Utlsersoftware/SIL3(ENS0128)
. TGt 15 ProcesingcontrolLogic/SIL3, Mainlinesignaling/SIL3,
9 Algeria | AE|=(Setif) 7+ 4% TRAM SignelngfordepotSIL2
] D
10 | Algeria | A3 SMIASA Ba-AbS T | oo otware / SILEN 50128
EZ] TRAM
= 35
11 Algeria %&ﬁ 2eHOuargla) 74 A Whole Railway signaling System / SIL3(EN 50129)
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SAFETRAM E1Alo] AAE TAIE E#Y ZEATAUE L= T3 zt)

il Total
City Tram Scenario Speed g:rsghy Remarks
[km/h] ]
C1: No collision — emergency 70 Mean braking deceleration: 2.73 m/s’
braking
C2: Frontal collision with an 20 270 Each city tram absorbs 50 % of the collision energy
identical city tram
C3: Right corner collision witha 3 t 25 66 The light truck of 3 tons is defined as a rigid wall that
- light truck covers the whole corner area surface of the city tram. An
angle of 45% is defined as seen in the figure 3. For the
simulation a rigid sliding wall has been used (a more
precise rigid light truck resulting from the Renault Master
Characteristics has been supplied in the project, to verify
the influence of the orientation and the impact location).
45°
P
S o R
C4: Frontal collision with a periurban 10 83 Periurban tram defined as a rigid wall of 55 t covering the
tram (55 t) whole frontal surface of the city tram. The energy is totally
absorbed by the city tram and the coupler is in folling
position
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e e —— 7.2 “Collision Protect with Radar and Video Cal
VDV Die Verkehrs-
unternehmen

VDV Report 1520
03/2015

State of the Art of

Driver Assistance Systems for
Collision Avoidance for
Tramcars and Light Rail Vehicles

Overall revision
Committee on Urban Rail Rolling Stock

The English translation of VDV Report 1520 was supported by VDV Industrieforum e.V. and the
following companies:

BOMBARDIER ) BOSCH

VDV Industrieforum
Invented for life
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It’s All About the Batteries

Batteries make up a third of the cost of an electric vehicle.
As battery costs continue to fall, demand for EVs will rise.

Cost for lithium-ion battery packs Yearly demand for EV battery power
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Livermore Software Technology Corporation &P LSTC
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PRODUCTS SUPPORT APPLICATIONS SALES TRAINING CORPORATE
LS-DYNA
for Automotive Crash
LS-DYNA provides highly scalable solutions to
transient problems.
Multiphysics FEA Information LS-OPT LSTC FE Models
FEA Information produces a LS-OPT is a graphical optimization  LSTC offers a full suite of vabdated
magaz. I that tightly interfaces with LS- dummy and bamer models
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Solver

The MADYMO Solver is a flexible multi-physics
simulation engine that uniguely combines the
capabilities of multivody (MB), finite element (FE)
and computational fluid dynamics (CFD) in a
single CAE solver. This makes the MADYMO
Salver a highly efficlent tool for design and
analysis of complex dynamic systems

Workspace

MADYMO Workspace is a suite of pre- and post-
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Products & Services

Dummy Models

Years of research and development has led to
the creation of the most extensive database of
crash test dummy models available. MADYMO
Dummy Models are famously accurate and also
renowned for their computational speed,
robustness and user-friendiiness

Education & Science

MADYMO is used in the scientific community to
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Support

Human Models

MADYMO human models are CPU efficient,
biofidelic and well validated. They provide a tool
set capable of human response prediction for a
broad range of loading conditions no physical
crash test dummy exists for. Recently the
MADYMO human model portfolio 15 extended
with so-called active human models, in which
spine joint restraints and muscles combine
passive stifiness characteristics and active
control to realistically represent responses of
living human beings.

New in MADYMO

Here you can find information what is new in the
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O Hypermesh
Hypermesh+
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HyperMesh®

T2 AAE F 3
A 2y AA 34
2o A =80
T3] fgsa FE

"\ Altair | HyperWorks

Left-hand Drive

Fixed Roof

Panoramic Roof

Right-hand Drive

Altair HyperMesh is a high-performance finite-element pre-processor that provides a highly interactive and visual
environment to analyze product design performance. With the broadest set of direct interfaces to commercial CAD
and CAE systems and a rich suite of easy-to-use tools to build and edit CAE models, HyperMesh provides a proven,

consistent analysis platform for the entire enterprise.

Product Highlights

= Strong shell and solid meshing
algorithms, either fully automatic
or with detailed manual control

* Excellent CAD interoperability

* Comprehensive composites
modeling support

= Complete interfaces t0 the industry’s
most popular solvers

= Management of complex assemblies
promoting common model build

Learn more:

altairhyperworks.com/hypermesh

Benefits

Open-Architecture Design

Combining the broadest set of direct

CAD and CAE interfaces with user-defined
integrations, HyperMesh fits seamlessly
within any simulation environment.

High-Speed, High-Quality Meshing
Streamlines the modeling process and
provides a suite of tools to model even
the most complex geometries.

Model Build and Assembly

HyperMesh provides a part based

workflow enabling modular model build.
Representation management of different
topological variations for the same part
speeds up the process to assemble models
for different disciplines. Work package
distribution for concurrent model generation
is available. HyperiMesh provides bidirectional
communication to PDM for data exchange.

End-User ing Effick
Using sophisticated batch meshing
technology, HyperMesh eliminates the
need to perform manual geometry clean-up
and meshing, thus accelerating the model
deveiopment process.

124

A 3D Model

3D visualization of all element types
(1D, 2D and 3D elements) within an
FEA model eases model checking and
visual verification.

Model Setup

A variety of sophisticated toals help with
efficient model setup. The ID Manager
ensures that all entities of a model

even across or per inClude files adhere

to a specified numbering scheme of

a workgroup or a company to ensure
modularity. HyperMesh provides connector
technology, a highly automated way for
assembly of hundreds of parts with spot-
and seam welds, adhesives or bolts.
Automated contact management tools are
a huge time saver when defining contacts
between individual parts.

Composites Modeling

Ply and laminate entities facilitate
composites modeling in terms of individual
layer shapés and their stacking sequence.
CATIA CPD and Fibersim readers extract
composite data and map it onto FE meshes
automatically. Plies and ply angles ¢an be
visualized in 3D for easier model verification.
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2017 13.1 0.0 13.1 0.0
2018\ 82.1 0.0 77.8 0.0
2019 85.1 0.0 76.5 0.0
202013 31.6 29.8 26.9 25.3
20213 30.0 82.5 24.2 66.6
20224 101.2 0.0 77.4
2023 87.3 0.0 63.3
20243 139.0 0.0 95.5
2025\ 1331 0.0 86.7
20263 141.2 0.0 87.2
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20293 118.9 0.0 62.5
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2031 23.2 0.0 11.0
2032'd 23.2 0.0 10.4
A 241.9 1,242.4 218.5 785.8
B/IC = 3.6
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IRR= 32.34%
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2017 13.1 0.0 13.1 0.0
2018 82.1 0.0 77.8 0.0
2019\ 85.1 0.0 76.5 0.0
202013 31.6 14.9 26.9 12.7
2021 30.0 41.2 24.2 33.3
20223 50.6 0.0 38.7
2023 43.6 0.0 31.6
20243 69.5 0.0 47.8
202513 66.6 0.0 43.4
20263 70.6 0.0 43.6
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22 A = 2 12 35%
211 AB=AE wjEA e AL AR A= 6 12 35%
A2PA = 5 12 35%




3. 3A| F3A] JAFEAAH

O 341 3hA FHF

.. A3 71 7H4.53
8 Activity 194712H4.59)
1 3
31 8 W3 sl 9 7 A
32 Eaﬂ /\]M ol }\]/\Eﬂ }H;q];(];‘(:]' 7H}il__'_L
33 E3 Al 9 £ e Heol
EY
HARE] | 34 EFREA L
A
EY AT At
6 A=obdTEAA SAAARA
37 A4 9 5y}, sz
38 FAAist vd 2 Agad
7lol=glel At
39 B 74v] a1 o v e
310 FARER]) 99 9 71 A
EY
EA7E | 311ERG a0 & s}
AA
312 el 7 B Alvfe) A
313 pEAIE 9 B Al A
314 7WAQ A8 A mlew
315 A e 2 WS Zed
£2) 7t
+AHE | 316 SN HE RIS A
AA
317 2% 9 NS B 23, 71 A
318 =% Ex eond g &%
319 Sk B3l 29 A 2 s
F2349
pd g | 320 E &Y B fRE v e
AEES (321 8 9 8 FARS ARAE
UES
322 e
— 245




O 3AREZA F2 Activityoll e QJFFAAF
ZQ Activity A% A | FAMY | A&

31 20 W 319A 2 7% A 1Hd= 6 6 30%
32 B A 9 A2 AR 22 = 4 12 30%
224 = 2 12 30%
33 E3 Al <ssiuibd T el A= 2 12 30%
4APA % 1 24 30%
34 ER A =t A= 2 12 30%
35 EY ZIA S A 4RI 5 2 24 30%
36 ASRRTAA SAFAEA A 4AA = 2 24 30%
37 Ag 9 %7} o 42PA = 2 24 30%
38 A& 2d 9 Alg4 Tlo|zel A i = 6 6 30%
39 EF 744n] o7 9 i e 22 = 2 12 30%
310 FAFE]) dgg) 2 7lE A 22 = 2 12 30%
311 EdSQdE15s) AT 2 12 30%
312 Ak A F Al A= 2 12 30%
313 AR 9 B A= 7 3AA T 2 12 30%
314 7Wgk A4 4 mj=w 7P = 2 24 30%
315 A wSIg 9w 209 g 22 = 2 12 30%
Z1q4 © 0,
316 S5 N2 kG A 2{3; 2 2
317 w5 9 AF T AR, 7)1 e 47 A= 2 24 30%
318 3= Edl L9rd A &2 IAd = 4 6 30%
319 9= EY o4 A 2d 22 d & 2 12 30%
22d = 3 12 30%
320 EF 29 9 AR o A AT 2 12 30%
4APA = 2 24 30%
22 A & 3 12 30%
321 EF 29 9 fAR AUA2E A A= 3 12 30%
4APA % 2 24 30%
IHa= 3 6 30%
2APA S 3 12 30%

322 NHED N
3T 3 12 30%
42 = 7 24 30%
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A2d L8464 44

1. AAAYE L2494

[kl A1)
i T3 H]
A 23} IHEE | 223dE | 33dE | 4xpd= 3 A @
Z9 399,991 | 5,640,493 | 6,334,906 | 3,774,610 | 16,150,000 | 66.6%
1A 5
A5 399,991 | 5,640,493 | 6,334,906 | 3,774,610 | 16,150,000 | 71.0%
9 662,684 | 1,804,814 | 1,712,872 | 1,019,630 5,200,000 | 21.4%
24| -
45 632,009 | 1,500,507 | 1,253,094 | 814,390 | 4,200,000 | 18.5%
=9 304,282 684,227 555,767 | 1,355,724 2,900,000 | 12.0%
3A| 5
A5 228,000 609,000 412,000 | 1,151,000 2,400,000 | 10.0%
Z9 1,366,957 | 8,129,534 | 8,603,545 | 6,149,964 | 24,250,000 | 100%
A
A5 1,260,000 | 7,750,000 | 8,000,000 | 5,740,000 | 22,750,000 | 100%
- 247



2. A F-IAE &8 o4t

2.1 1A F3A

O 1A 5734 A4 S&EE

Hl= s | 2dE | AR | 4R A | TR
pZikl W/ Q173H] 20,776 204,336 222,912 520,128 | 1198152 7.4%
AT AR - | 4000000 | 4,600,000 | 2900,000 | 11,500,000 71.2%
o‘iﬂ%g]]ﬂ AZRRE AR - | L200000 | 1,250,000 - | 2450000 15.2%
A 5H] 8133 9713 7,864 5,926 3L635 0.2%
23] ofH| 2,078 18,390 20,062 46,812 110,341 0.7%
ijﬂgﬂ] TEHETTR 22,570 12,260 13375 3L208 79412 0.5%
7|ER BEEH| 32,601 26,564 28979 97,214 145,357 0.9%
AT 50,155 40,867 4582 104,026 239,630 15%
3] 10,678 128,363 147,133 109,297 395472 2.4%
A 399991 | 5640493 | 6334906 | 3774610 | 16,150,000 100.0%
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O 1MFZA Activity™d A4

FQ Adtivity I | 2dE | 3R | 4E Bzl

11 #AFE 9 AeA 75 6B 22807 | 337619 38505 | 525988 | 1425009
12 AR A% ARFAeE vl 167,184 33437 - - 200,621
1.3 A2 AeA 417 - 33437 - - 33437
14 SELAZA, A7 PoA &9 - - 33437 66,874 100,311
15 ARisA 718AE 9 7)) - - 233437 - 233437
16 Al A - - | 43343 166874 | 600311
17 AueA 32 22 2 23 - | 4000000 | 4000000 | 2866874 | 10,866,874
18 AFElR] Ak 9 |z A 10,000 10,000
19 A 1z 2 wERSEAY 1218000 | 1,268,000 37000 | 2,523,000
110 7iz AFF AgeA e 37,000 37,000
L11 A3ele] ARk A 9 k) 10,000 18,000 37,000 65,000
112 342 A% A% 2 Ag A 18,000 37,000 55,000

A (3REag 399991 | 5640493 | 6334906 | 3774610 | 16,150,000
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O 1A REFA 48] HA %

[kl 29
T8 Activity 1Apds 22PAE e | A= & A

L1 A2 5 AR 75 6E 139,320 130,032 130,032 260,064 659,443
12 A7 A5 AAFEeE vk 92,830 18,576 0 0 111,456
13 AR A A2 0 18,576 0 0 18,576
14 FEFAA,ATH A 29 0 0 18,576 37152 55,728
L5 ARl 718A1E g 71EAA 0 0 18,576 0 18,576
16 Al AAPEA 0 0 18,576 37152 95,728
L7 AP SAF 28 2 &5 0 0 0 37,152 37152
18 Aeiele] Ak g 7l AA 9,288 0 0 0 9,283
19 2 7iz 8 el s 0 18,576 18,576 31,152 74,304
110 7jz AFg AFeA e 0 0 0 37152 37152
L11 2eEle] Al A 5] 9,288 18,576 0 37,152 65,016
112 g4 A A9 AR Al 0 0 18,576 37152 55,728

A 250,776 204,336 222912 520,128 | 1,198,152
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o

O 1AF3A Fo AFAE 2 Au8]

i 28 o)
_ (15) APl 712748 5 1) 100000
Sh R P yee— 4000000
(1Lh) A 712AE 2 712A4A2) 100,000
S| 19 A AAEAD 100000
A7) A 34 23 5 220 4000000
(16) AlixAl AAAA(D 100,000

APA=
(UD) A=A B 2 2 250 280000

O TARSA F8 AZE Az

o3} ) 29
PAE | (L9 AR el S 9 A A 1200000
S | (L9 ARHAY el A 91T A A0 1250000




2.2 2A| F-3}A

0 2A% 7 A7H F2E

[e9]: A4]
Hl & bk 2T A= AP A TH1%)
Qln] /e Q1H] 417,960 526,320 520,128 405,576 | 1,869,984 36%
A7 1A G EE] | 45,000,000 341,092 85,000 89,092 560,184 11%
o‘i“:gc{z?] AR A 0 112,500 318,000 156,000 586,500 11%
A gH| 0 490,500 490,570 116,000 | 1,097,070 21%
Z174H] o] 33,436 42,105 41,610 32,446 149,598 3%
3—;‘;1 TEHYers 25,077 31,579 31,207 24,34 112,199 2%
714 RS 45975 57,8% 57,214 44,613 205,69 4%
AT 62,694 78,948 78,019 60,836 280,497 5%
2P 32,540 123874 91,122 90,731 338,268 %
A 062,084 | 1804814 | 1,712872 | 1019630 | 5200000 | 100%




O 2MF-ZA] Activity™d A4

[Tl Ag
FQ  Activity s | 2R | SR | s &

21 AHIF 9 A A8 SE 109,598 109,598 109,598 109,598 438,39
2.2 EZ) AmjshAzkEs 13t A A, AL 154,598 120,759 100,759 110,759 486,875
2.3 Ef AsfeiAz A37]<7|% vk 0 49,319 49,319 0 98,638
24 ES Aajel AR Agn) A7) 82,199 138,639 40,000 0 260,838
25 Ef Ak AdEA- A A1 AE 0 0 215,759 99,4% 315,255
26 ICT71E -l )& A 151,518 159,598 0 0 311,116
27 ICT7Hk Bolepiln)y )& A% A= 0 100,000 206,518 182,365 488,883
2.8 th&F e 253 AAA A 134,0% 172,15 0 0 306,252
29 ThEF b FAAA A, A A 0 200,000 298,516 195,233 693,749
210 A BEE HjE A28 A7) 0 215,016 0 0 215,016
211 AEEAE wEEA 28 Az AxA 0 235,422 232,625 116,939 584,986
A (A== 632009 | 1500507 | 1,253,0% 814,390 | 4,200,000
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O 241 7-3A 1748 HA X

8 Activity P | 2de | RpE | 4pdE & 7

21 AFHIF 9 AAA8 SE 61,920 61,920 61,920 61,920 247,680
2.2 ER NameiAzks g 4R A, AR, A% 61,920 37,152 37,152 37,152 173,376
23 EY AusfaiA 7 A3r)47)% vl - 27,864 27,864 - 55,728
24 EY A A4ET A A7) 46,440 55,728 - - 102,168
25 E Ak AR Au) A%, A% - - 37,152 27,364 65,016
26 ICT7]k Fleapikx)7)& A7) 74,304 61,920 - - 136,224
27 ICT719 757l AR, A% - - 74,304 61,920 136,224
28 &% S AsFRAA| AA 173,376 173,376 - - 346,752
29 U obA FHARA| AF, AA A4 - - 151,704 108,360 260,064
210 AEHAY viElA 2 A - 65,016 - - 65,016
211 AREAE vjEEA 28 Az AxpE e - 43,344 130,032 108,360 281,736

& A 417960 | 526320 | 520128 | 405576 | 1,869,984
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U Zkﬂ‘T“"]'Xﬂ ‘Zl"ug_ Oq—?L/\]}\ \;L< ;Q'H]H]

Azt Faud 24
2 FE3|HE2TES ] Y} 45,000
=
8 M A 2L A 5 20,000
22 FEAELZE ] YAt 45,000
(2.8) CCTVS) 7]e} A 30,000
2= (212) <3¢ 7z} 3500
(212 A9 2,000
(212 BMS 7% 7Ekg toal 2,000
22 FEWNFEAZES S YAt 45,000
A= (212) A2t A4 2] 570 6,000
(213 &= Wl =4 g3 A 4,000
2 FENHELZES ] Y3t 45,000
AT
213 A5 =4 9 271 A 25,000
O 2MFHA T8 AZEF A 2]
(&9 B
Azt Faud =4
(2.4) rerailing ] AA(D) 30,000
2P
210 N8 29 AL A2 30,000
(2.4) rerailing A=) AA|(2) 50,000
(2.5) rerailing =] A2 2 A1 150,000
N 75,000
Q7 "2 F27t 75,000
21D ANZzH" & AZ A1 30,000
s (2.5) reralling =] A2 2 HFHQ) 50,000
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O 24| #3428 A= T

olp

H

]

[T 4
Az Ty =9

(211) Lower Frame 30,000

(2.11) Chiller Frame 30,000

2 s (211) Chiller 27,000
21D wige =& 120,000

(2.1D) Upper Cover 30,000

(2.11) Lower Frame 29170

(211) Chiller Frame 30,000

= (2.11) Chiller 20,000
Q1D =Ee 28 110,000

(2.1) Upper Cover 10,000
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2.3 3A| F3}A

O 3ARTA A7H F2E

(9l 2]

& e | 2ds | s | s | 3 A | A9

Q] SRR 6472 | 464400 | IS0 | 8I3M | 187 | 63%
AT AN | 280 | 30| 3B0| 1370|410 1%

e | A A - - | 150000 | 130000 | 5%

Az 400 | 24000 | 24000 | 2400 | %00 |

2] o A1 | ;2| ™72| 68| 18438 | 5%
gty | AR | am| oz 2| | am |

71 u e A71|  5L0BL| 08T | 898 | B3| T

A7 U6 | 460 | W1 | SLTM | 189 | 6%

2] 14480 | 2057 | %465 | 64560 | 1060 | 5%

Wl 428 | 684227 | SEBT6T | L3724 | 2900000 | 100%




O 3MFZA Activity™d A4

[ehg): 2
T8 Activity = 2P = = A

3178 HE AR g 7E A 55,728 0 0 0 55,728
32 EF A 9 A2E AARA D 0 74,304 0 0 74,304
33 EF A g Eajuid A HEet 0 37,152 34,152 31,152 102,456
34 EREFA L 0 0 37,152 0 37,152
35 E S A= A 0 0 0 69,304 69,304
36 AEQRHRAA SAUAAAA 0 0 0 64,304 64,304
37 A8 9 9l vz 0 0 0 46,752 46,752
38 4318 29 9 A4 TlolseRI AN | 57 0 0 L
39 Ef 24dn] 4Hg71E 9wy 0 37,152 0 0 37,152
310 AT des] 9 7)E A 0 37,152 0 0 37152
31 EfFrQdSas 0 0 37,152 0 37,152
312 AP A B Al A 0 0 37,152 0 37,152
3B YAARTIE S B Als A 0 0 37,152 0 37,152
314 JjAeE A4 B mjsl 0 0 0 58,512 58,512
315 XA w9 w2 0 37,152 0 0 37,152
316 SHH71eAIE AEE H7RE A 0 37,152 37,152 0 74,304
37w E AR #E AR, 71 0 0 0 38,544 38,544
318 F=8 EX YR Nd == 55,728 0 0 0 55,728
319 I8 BN &4 A 2E g 0 95,728 0 0 95,728
320 Ef &9 2 AR v A 0 83,092 55,728 111,456 250,776
321 Ef 24 9 RS A 2E A 0 83,592 83,592 261,456 428640
322 NH2% 41,7% 83,592 83,592 500,148 709,128

A (BREAE 228,000 609,000 412,000 1,151,000 2,400,000
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O 3AIFEIA A48 HA X

L
e
e
o

Z9 Activity e | 2pdE | R | s A

3178 WY s 2 71 AL 55,728 - - - 55,728
32 EF A 9 A28 AR - 74,304 - - 74,304
33 B Al g & e Heel - 37,152 37,152 37,152 111,4%
SAEAR A o - - 37,152 - 37,152
35 Edl AR A - - - 74,304 74,304
36 A=RHHRAA SUAAA - - - 74,304 74,304
37 A4 2 97}, mjcH - - - 74,304 4304
38 HAAst 5 2 Agay slolzeRl A 55,728 - - - 55,728
39 Eg) 7Am] A7|E 9 g - 37,152 - - 37,152
310 fAE A9 9 7)E D - 37,152 - - 37,152
SIE#F)Z1 53} - - 37,152 - 37,152
312 e AR oL Alfe] A - - 37,152 - 37,152
313 pEAIE E B A= A - - 37,152 - 37,152
314 W A4 g BT - - - 74,304 74,304
315 A4 WA 9w Zea9 D - 37,152 - - 37,152
316 15N E  TEE FIhgE A - 37,152 37,152 - 74,304
307 w& Y AR A AR, 7)E - - - 74,304 74304
3B ey EY +YRd M == 37,152 - - - 37,152
319 9=y B o4 A 29 A - 37,152 - - 37,152
320 EF 29 2 AR vind - 55,728 37,152 74304 | 167184
321 ER &9 9 fAES A2 AT - 55,728 55,728 4304 | 185,760
322 AWy 27,364 55,728 5728 | 260064 | 399,384

& A 176472 | 464400 | 371520 | 81734 | 1829736

- 259




O 3R Fa ATAH D gy
- AP 9l

O 3AI A F8 A2HE A2

(9] A
Az} Fauyy =9
AP (32D B &9 2 AR AN 2H 150,000




A3E AAA B W) HE

@47 54) 219294 doz F449. 43Ade 9l ﬂlﬂa%
AA AN 47% FF(104%D)S EHoF o wEbs] B
3k A2A EHo g2 7183
FEE AFALY A AAA BFEQA 0% TFFRT 2 FF
1-?_

QAT AAA Fe o)Al 28R FFge] gt 40% FEOE

Of

ok
a:)

2 Mo



A5E FEZZ

o 71&7h

3t7] o &

AA =2

s

il
@
np

&

X

o
0
i
.

ND

)
R

of
Gl

29 7ol
O 27k Bl AZA

=

1,2, 3457 §71"o= gAHe] o] HAAY

S
T

~

}71o EEla=

J|

ANAFE P9, AELe] AAHOE EgH oo}
Auoks A&AY P oF A7 P4l ul

15}
.

%7

297
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(E 55> 714 ERAF AFAZ} vs. NZE vl
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(29 2] AF AFAL 24 A=

<LRT Rolling Stock, SYSTRA, 2014.>

APRIL Zo1a

HIGH-CLASS TRANSIT

IN AALBORG

LRT ROLLING STOCK

SYWYSTIr~Q

COWIL

HYUNDAL, EEHE%-T—JLW‘IAI’
Rotem Heges HEAlaaey

16082 Z7|= oA Heutgna 37

TEL'(031)8090-8341 / FAX:(031)596-9752

,

e e ol LEE DN Y ol
P 90 e #a xazn
Q13 T AIKIOf KK APHHOHQI K
GEEREN)
ER o7t s e gl 29
Mo A|BHLM E2 DA o #
ME O A 22 2HA 4,387,000,000/ 2 b @ 8,774,000,000
(52.5) = DY
0| 5t )
g7l el 8,774,000,000

6.3 Purchase costs

SVYSTra
AALBORG HIGH-CLASS TRANSIT SYSTEM 29/29
TRAMWAY ROLLING STOCK BENCHMARK

An analysis of the tramway contracts around the world enables to estimate the costs
of a 32m tramway from 2.2mf€ to 2.7m€ as an average.

Special requirements, the catenary free solution and of course the volume ordered

could influence the above mentioned price.

In the particular case of a tramway fitted with on-board energy storage allowing
running on catenary-free systems, the purchase cost is lightly more expensive than
an ordinary one, but the difference is not very important: an extra-cost about 200 k€
per tramway can be expected for one on-board energy storage module.
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1. 2IL7HKM =3
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S A AR (A 9S4 Al
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I ELESNE
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