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BDhe 4/8 two-car electric rack
DESCRIPTION ( EMUs)
TRAINSET 2z H M
TRAINSET LENGTH 31,000mm
PASSENGER CAPACITY ZH18+¢!82
TRACK GAUGE 1,000mm
CAR WIDTH 2,633mm
CAR HEIGHT 3,350mm
MINIMUM RADIUS 30m
STAIRWAYS O
FLOOR HEIGHT High 950mm
TARE WEIGHT 45 ton
GRADIENT 180 %o
PINION TYPE Strub
ELECTRIC POWER 1,125V/50Hz
TRACTION POWER 804 kW
POWER SUPPLY PN
SPEED 27km/h(180%o)/14km/h(180%o)
TRACK At

o 200% o])q-
o Ziago]o 9|3t
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MTBSF / (MTBSF + MTTR)
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Ab2] ol whe} 500 hr(a2 & 2.00E-02 3|/hr)o 2 A4
7y Alm®l WO FQ EAAEY] MEE HRE V|E AR VteAE st AT
=3 A5 "ol
A28 2R
HMEE SHA 27
12| & =t w7 —{ e =g
| —
SE=UE ’
No
@ 279
Yes
A A HE
<SFEXA|AH MM SEX H4Y 11y
ol FRAAE A 1A
<THFERAAH MZ|M ZFEX[>
Al AE 7+ER| Mu|A DEE =¥ MTBSF (hr)
CH X =gy &l 0.01 2.000E-06 500,000
1X}E 7 EEX] 0.10 2.000E-05 50,000
2R AR 0.15 3.000E-05 33,333
H & o d S22 0.10 2.000E-05 50,000
=5 0.03 6.000E-06 166,667
&7 8tA 0.04 8.000E-06 125,000
=S AR 0.20 4.000E-05 25,000
IS[RESFS S| 0.30 6.000E-05 16,667
| L o ZHR| 0.07 1.400E-05 71,429
CH Xt 1.00 2.000E-05 5,000
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<HI7|FREA] A2d 23>
Al2H 7HE%| M| DFE EE MTBSF (hr)
AC/DC Zit{g] 0.14 5.600E-05 17,857
b E{ 2] 0.08 3.200E-05 31,250
QI B 0.15 6.000E-05 16,667
calsls 0.15 6.000E-05 16,667
HAJA™ S| 0.10 4.000E-05 25,000
Auxiliary Power Unit 0.15 6.000E-05 16,667
HHASSEA 0.15 6.000E-05 16,667
HEEHIEZ] 0.08 3.200E-05 31,250
7| FEEHA] 1.00 4.000E-04 2,500
() 7l QA28 A AL
o TR 27 AFY
<g Tt FT CHRIAIAR Afk>
Contents Spec.
Bogie Design Weight about 4,850 kg/set (driving bogie)
Maximum Shaft Load 9 ton
Traction Motor 85 kW x 4
Wheel 610 — 580 mm
Wheel Base 1,650 mm

Distance of Bogie

MC1-M-MC2 : 6,640 mm

Primary Spring

Conical rubber spring

Lateral Distance of Primary Spring 1,550 mm

Secondary Spring Coil spring

Lateral Distance of Secondary Spring 1,775 mm

Minimum Curve Radius 10 m

Max. Gradient 180 %o

Pinion P.C.D 477 mm

V.. Rack Uphill 15 km/h (120 %)
Downhill 15 km/h

o AOTE A2¥ Fo Abe
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<AOLEY AJAE FRAleh>
e AL &
Vehicle Type LRT (F7+d MAEH)
3module 3 driving bogie, (Mc1-M-Mc2)
Arrgﬁglecrlneent
(@TES)
Operation Type Manual operation by 1person
Supply Voltage 750 V, DC
Gauge 1,000 mm
_ Tare 46,000
Wf&%']t Load | 8,000
Full 54,000
Capacity 82 (Seats 34, Standing 48, 3person/m?)
L 19,300 mm
Dimension W 2,300 mm
H 3,400 mm
Floor Height MC1, MC2, M Car 790 mm (Entrance 350 mm)
Adhesion 50 km/h
Max. Speed

Uphill (120 %) 15 km/h, (180 %) 5 km/h

Max. Acceleration

Adhesion 3.5 km/h/s

Uphill (120 %) 1.0 km/h/s, (180 %) 0.5 km/h/s

Deceleration

Service 3.5 km/h/s (Adhesion)

Emergency 4.5 km/h/s (Adhesion)

o Ful FAA s Fa717] WA
Filter Reactor
s
\
l fie=="""] \ /i
T | = ]
I S — T Lo ] e Lo |
iSmlic | !
7— Control Box
Mc1 Battery Box Mc2
/‘\\ | T 11 | | \\
| {
il Al
¥ | | ‘\( |
/ | | \
/Hd Il e \
L S— W
000 L_m%_j ) ° 6640 6640 3000
<AFLE 7| 7|l X E>
() Ful FAA 2" A He AE
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o F8 &4
- Hx 4 %‘HH(18OAO)OM Fo) Ags AEr)e A<l He 54
- A 2E3 2&08 B A5 Y AP
- 34 PWM(Z~Z W%) Ao Slip/Slide o], WE Ao 2]
- g g A T
o F9 AHF
- 8BkWH ZAldE57]e HA L Fuj(180%) oA e =4
TE_at7H4; (30%) m/
&R > \ \ T/W VOCTAGE c§ R 120% !
g5 w0 30 béz gz oo o éx:
§§ ik // \ ] E5E | /M CURRENT i =
RUNNING RESISTANCE[LEVEL]
SPEED (km/h) SPEED (km/h)
<®x| =g ol Hs> <7Hl =g el Ms>
- F8 &% Hx 50km/h, 7u] 120%+] 15 km/h, v 180%A] 5km/h
- JtEE L s ) 120% 4] 1.0 km/h/s, A el 180 %Al 0.5 km/h/s
o wEY ¥ FALA T4 L A
<HfE{Z| & ZFXT| AF>
= at
55 Y=A| 23 AH| M 1.94kWh
ENCIRSES H48 (70%) 2.76kWh
27H% (60%, -107C) 4.61kWh
A= 65A
SRS M 22t 2C, 20Ah
ZCf HMHF 20A
e 40Ah, 28.8kWh
Zof 2™ F 80A
S| A At et 668.16 ~ 787.2 V
27 ok 350kg
AFSAIZE 2| 6AlZE, 763 =8 Jts
(2) F7v FA da=zdgd #A= &4 2 H7}
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OhH dAzyg Y ndey 2 Je
o LA/ %7 E(FESR 1A KRTS-VE-Partdl-2014) 4-&

Maximum displacement : 0.28 mm Von-Mises Stress : 144 MPa

stE=H =t S8 (MPa) 7|&(MPa)
ESPN| 144
= 42.7
Mz 107.5 520
H| S & 100.3
) w70 &3 AFFx2A AA 2 A= H7
b zZA AE DA
o AtEWE w7 Ao FIPEE AFaete] FE iy T8
o WA FaAE mEste]l A AA T Hojok sty AkFo] EAlSt] Avized g
HeS 5 Emol2 FA5H77F 2eEtH, vige] gl Bty e A EA)
o T¥ EFvHH AEAC AT, BW EA FARSVE 2REka, g Qe Ay 2y
Ao A JAFF A= A7 =

o AFA FE ol A FARFIE Golstu, AYLAdY WAL FAFUN FES
2847 918 ~=(SMAIB)S 24# AQ= AA

190 4B A (16), AFol =41(t45), A=A (45) 47
o F4zxE 2¥(t1.6) SS400 A&

<Xt Zol B7F Al xf

A

() 24 2ol AA



FHARIOMANA A Zol7k Frhetd w47z Frkel weh Fao] HrlslmE AA
Aol %2 B8

F3d FAS gla THA-13HA) 2 AAGH 2ol 6.4m)

g Al wheh E9E xR A A

S XHA>

AR & AN
HEA 77| E(FES 1A KRTS-VE-Part41-2014))0] w}& slszd 9@ &3 HUt

& A8
Feaid| S/WE o] &3 L34 3
gE&2 7]+ 2 Goodmantho] 131 o] &3t I 2 E VES A& A kA FQ
<AYTZH FxshA Zap>
. Result of FE Analysis Limits
=l E _ ] ,
st& =4 2| x| Von N[Iﬁ%sa]Stress Yield Stress
AKX =l M CAR Under Frame
_I_Z! °|'25 al__l?l_ I:Hil__irl_l?_ 52.930
= =|= MC CAR Under
(|)=|F='T °|'3 Frame 3}—'?— ﬂE—‘l/él 262.537
oIzt 515 G AL U 235.882
slot= =|= MC CAR Under
E%LOI:IF; °|'3 Frame 3|__|?_ +i|E‘|jél 265.315 265
= . MC CAR Under
SEUAS 5E | Frame sty MEla 234.159 (SMA4908)
smix|x| | MC-CAR | Under frame 101.943
% | w-cam | Under Frame 109.880
smxx | MC-CAR | Under Frame 238.841
% | m-car | Under Frame 170.101
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53400 47491 Goodman dlagram

240

Base Material
Weldment

= Vertical

+ Longitudinal
e Lateral

V

tress ampHtude [MPa]

E 9 k‘ =
s ¢ Qt’\

Stress = 265.315 MPa

-300 -250 -200 -150 -100 -50 o 50 100 150 200 250 300
Mean (MPa)

<L 2ZE HE5S #st Goodman ME>

(4) F7u FAA 2 E54 a4 B A FF o3 A=

54 4 9 37
54

1A Ay} 180% oA bkm/h F38 Al @A AS 0.701(7]

Derailment

i

I

I

1

I

o4 !
|

1. 00 500.0 1000.0 1500.0
Time (sec)

<g 7l FZ ozt 54 FAHsHAM> <EMMA S s M AT

(b F FAN 2 A RE SR UE
o Ful R10, FAGNZE 1L,000mm)el A F) thate] F4 2 A5 Fq A vl
- Y= 2 F 298m, 9= A& 33m=E J &3 F
o F¥4 R-10 m& 983l FYskr] 98 F0Ae 1,650 mm, 87 610 mmz 273
- 3% 194 10R A% o] wpe 72 A%

o 34 Rl0mst 76l 180% A% EeA thate] 4E7k ol Zo] 28mm 24

R

ntact point
jth left wheel

Level of int with right wheel
<tfe|= xt2 FsiHz| xto|> <XtE&Z+ =0| xto[>

o FIHANA AEH AL 44 UE

Lo
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- 329l CAD CATIAZ olg3tel FHolA WYy Awe] 2aee fdst 379 144
HE
g kg o)

rl

AP E

i

SAoAM gt dde] §47 Skl wE AEE WA
o2 A B

<ZMollA XHE BRI} HT 7HY LA> <ZHI% ti>

(th) ZadAgAzes] T4 @ 72y A=
o FZHME 93 ZEHAYAZE (propeller shaft) Xdle 2 A
o Al EL.A oA w8 ALS flet AT E] PR HA
- J/BRG ASS'Y®] SPIDER & R¥o|A &3 3z 2
- #) g 950MPa < 3852 1047MPa
- Az ZEE 154° 74A] o] obAA A

TORQUE - 1,B95N.m, DEGREE 15.4°

| Max, stress | Yield stress | Safety
No.| Patrame I iweal | WPal | tactor izt
1 | FLANGE YOKE 1 100 512 5.12 $45C(Q.T)
2 | wBRG ass'y 1 753 1047 1.39 SCM420(Q.T/& &)
3 TUBE YOKE 95 512 5.33 $45C(Q.T)
4 PIFE 121 440 3.64 STKM13B
5 SLEEVE 83 512 6.17 S45C(Q.T)
6 YOKE SHAFT 164 1155 7.04 SCM440(Q. T/ F1)
7 | J/BRG' ASS'Y 2 950 1047 1,10 SCM420(Q.T/E &)
8 | FLANGE YOKE 2 99 512 5.17 §45C(Q.T)
\ ol 4
. A
o>
a2 = 5 S| ]
L P = R i B P P e
(D) ) F=2 Ak A7
7h dizkz <l 2
° AT AR 14 223 AR AR 22 2xYAA WA k%, e TR AF
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e A SMANAZA Fo HAe] FA= 12t5 7j|2oz AA

o ARe 1%
£ gx8t7] S8 B F71

o A&7

BRACKET :
for BRAKE TRANSOM

END FRAME
SIDE FRAME

<CHAP=2| Q) 3At & A
(Wh) e A 2 X A

o FTU FQ AR Fo RE E2YE

- 1/22 @7}4A], Center Pivot, Yaw Damper, &3, &, itz A= vj =] A A
o kY I &8-S 98 AJHEVE AA A F-F
- A7 g pE A A8

[} o 1 -1 O

- AAAEY] FHE TRAAZES o] §ite] AHTEFNE A

VERTICAL DAMPER

CONICAL SPRING

TH) fAA|~Ele] o 53

& % 3th(MCL 1), M 1t, MC2 1th)¢] T5 =
Ao el S 9% Rack & Pinion 4 &
97 10 m #3293 610 mm A& A&

W AlES A% Iy = WEAlEd) 48

|

17 (R T oA A
X
oo

4 2 oo

(e ) GapAlsg 2
o WAZAY Fe welste] ABFA, FYA 214
h A
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o BYTE A%
- oA AaddAels BN FRA AmA A8 dde] Ao~ A A,
Wel Awel FaAAY Aot A& wHel A By

i
[
<
Y
o
ftl
-
o
i
>
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T = 1Xf DRAZTY EM
=0 237£2 mm
A ™ (Z-7 4hEh) 8(19.6 kN)-8(0.49 kN) = 26.4%+ 2.6 mm
2 M= A (09)
dEAH JIS A 60
o 2z @rtiA AA
- A Y ZE sEy At Alol= Z ] AW Apolo] mAAZE X
- 29 23 sdel HAREE Axste] A% Hast
- B AES Aoles] sl A3t A =AY Apolel 3 ) A
- e $49S SEkE] A% 99 ZRE dEE 4 Uy 44
- 23 =Y Az A ALY
<2x} HIIEA EMH>
T =2 2XF IYATZH EN H 1
AT M (Z-7 ¢4E) 66.58 kg/mm £5%
=Xt 42.3 mmz=2 2,818.5 kgf
B 2| EIPN 51.6 mm 3,438.5 kgf
EES 71.0 mm 4,727.0 kgf
VRS SUP 9 A0+l
o wWu A}eko] AA
<HIeol ZFE At
T = 2t A ZH "
=3 23 kg/cm/s 30 60
ZZ+ mm 15 15
Lmax 401x£2 417+2
Lmin 3112 337+2
Zol mm
4ol 356 377
Stroke 90 80
Zf £% m/s 0.2 0.2

(th mzAeze A4
o A AR AANE ] FHE
- A8E3 1231 N
o A A A ﬁﬂﬁ, AN, NHE

of A& A A

=ehol) s)ofo] A
1,895 N-m d&
A F 5D 3 AR WEE AEe
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PROPELLAR SHAFT ASS'Y

BG3N-0552

<0
160

b

<3
=

E 3%}

= PN

=24

<X

W7o = AE A3} Service Factor 1.319]

=il
=

- 9u
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BENDING STRENGTH AND PITTING RESISTANCE
OF BEVEL GEAR BASED ON AGMA 2003, 2005

Crder No, 1504-150 Customer E Ak
Maghine Mams DRIVING UNIT Life time of Gears 50,000
Gear Type Gleason Spiral Bevel Gear
2 STAGE
No DESCRIPTIONS SYMBOL UNIT RINION | GEAR
1 |Transmitted Power [ ke 21.00
2 [Speed s Mg rpm 221000 37886
3 [Tramsverse Module m mm 5.500
4 |Gear Ratio Mg 5833
5 [Number of Testh N 12 | 70
B [Mzan Spirai Angle v degree 3500
7 |Face Width F mim 55
& [Tooth Teper Type Standard
9 jGear Quality [ JIS / AGMA ) Q, 3
10 |Pitchline Valacity i) mfs D76
11 [Transverse Contact Ratio my 163
12 |Tangential Load Wy ke 280469
13 [Unit Load kg/mm 5095
14 [Externat Dynamic Factor 1.5000
15 |Reliability Fartar for Bending 10 10
16 |Rediability Factor for Fitting in Lo
17 |Temperature Factor 10 10
18 |Lead Distribution Factor KnCin 155006
19 |Dynamic Factor Ky 29311
20 |Curvature Factor Ke 10000
21 |Life Factor for Bending K, 0a733 0.9245
22 (Life Factor for Pitting G 07820 0A736
23 (Size Factor Ky 09848 09848
24 |Geometry Factor for Bending Stress J 03558 03458
25 |Geometry Factor for Pitting Resistance I 01898 01898
26 |Material SCM4ZD SCMAZ0
27 |Heat Treatment CARBURIZING CARBURIZING
28 |Surface Hardness TE-85 TA-85
29 |Total Case Depth mm 200
30 |Tooth Cutting Methad General Tool
31 [Akiowable Bending Stress of Material 5w kgimm? Aa00 4800
32 |Aliowable Pitting Resistance of Material S kgrmm? 15800 15800
33 |Caleulated Bending Stress 5t kgrmm? 3551 3654
34 |Calculated Pitting Resistance S¢ kgimm® 1302
35 |Calculated Service Factor for Bending 135 131
36 |Calculated Service Factor for Pitting 140 140
37 |Allawsble Max Transmitted Power(bendingy Pat oW 28.95 ]
38 [Allowsble Max. Transmitted Torque T kg-m 744,24
39 [Required Toral Gil Quantity fiter a7l
A [Miscosity of Oil 22000

<70 Bk HE Z1b>

(vh) Fx1732 27
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<FHH O EXl MAAFE>
3 =2 A&
2 Level 34+ MMets PWM(BEAZ H=z) MO
K| O] 24 =2M&3 Hof, Slip/Slide Mo, Vector M
PWM Bizx=dtAl - H|Z7| PWM & IfH=Z=<s 1P MODE

DC 750V (500V ~ 900V)

Mt 34k 0 ~ 550V (RMS)
z|th &2 130 kVA OlAF (110kWZ TM)
F52 &Ab | IGBT : 1,700V — 800A
' Ztuka ZH Wz ghal
b HEE Zb5E: 1 km/h/s (120%), Z&<: 3.5 km/h/s
7]0fH| 7|l0{d|: 5.82, ITL{A(DP): 0.477m, &=H(DA): 0.6m
=T &2 50km/h/s, 274 15 km/h/s

CONTROL

<FTHOAEX 4>

(3) ¥4 F2 Rack&Pinion 7]

(7h) Rack Type XA

<tfela] 7A

o Von Roll, Strub, Abt 37}# Type< HAE3 & Von Roll Types AH4

o Von Roll Type £

- A1RAd AP Strubsh fAFELE AT Ao
- A el Mg weeER ug HA

(\}) Rack&Pinion A4 7]

o Fa A

=
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<Pinion A}2F>

g = Al 2
Type Von Roll
Module 31.8
Pressure Angle 14°
Rack Pitch 100 mm
Rack Tooth Width 80 mm
Pinion Tooth 15 ea
Pinion PCD 477 mm
Pinion Tooth Width 114 mm

o Rack &9 A7

~ 7)o} A ALS/Wel ‘KISSOFT'Z &83lo] F3u] =3 Q@ FAo Fsl= 28 A
A
o2 ol syt oleg 2o
ME H2| 475mm | yee BEHE Tsmm L yes—» YRR L | g 27 75~e75mm
N 2 2700 25 W BRES ) = S
ﬂm-{ftﬁgaﬁgﬁ?ii ﬁﬁquﬂ >8P 10MOIA 713 2ieTt
4 NO NO NO
L
L
A
e
)
B t!
{_ P
3 - ~ i s
_.:zll._._%,l.__I,Lal_'.ran,__:;ll-ﬁ_- b Tiﬁ_H L #ﬁ.ﬁﬁ._:i;r _rJ:_. _pLJ __gq___llg_q,__nj
ai!l"aﬁ};@}"*i!‘ ’lihd*!._-la R T H:;“l'i:_:.ﬁll-:j‘ ol | gl | ladd | &
g = D . R * ——————————— ——-—4,-— ------------- ; -j
0 - - B §
<Rack EtHE>
o Rack&Pinion 24 A
<g7Hl F& Rack &% SAM>
Yie_Id Tarale EIongtanon Analysis
e Point strength el c Sj Mn p S
N/mm? | N/mm? % % % % % %
S45C | >500 >700 >17 05425 | 0.15~0.35 | 0.60~0.90 | <0.030 <0.035
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<78} =Z Pinion &X EM>
Tensile Analysis
Hardness
7 2§ | Strength © Si Mn P S Cr Mo
N/mm2 | HRC % % % % % % %
SCM440 | <1,000 | 50-57 00355 0013?5 006g5~ <0.030 | <0.030 01-9205 061300~
(t}) Rack&Pinion A A A=
o A% 24
- AA 7)o] PlateE Aztete] F 3709 AE FoA AA EHE, WA 5& a#ste] 3
oloz AA

280 93t Rack&pinion A A %
- Meter Gauge TAA] F7H4 Aok 5 AbA dpof 2 v

A shep 2 n gk

AE

o

<Rack&pinion AA &4
A

1 , ! © Track Gauge : 1,000mm
| \ kel ine © Wheel Diameter : 250mm

© Wheel Base : 700mm

© Drive Motor : 0.4kW x 1/90
\0 Drive Velocity : 100mm/sec (0.36km/hr)

Rack&pinion CHXI2b #H =>
| = g3} QA o]~ AA
o Ax #dol Rack AZ2L 98] BYzE o] &3 FHHF A

<7 234 2

(s}
S

(&) My

)
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[ e Joo o o
<H = m{<Zol Rack MX|> <HEME Rackll A MA>
o % Racky} #Alx=9l Qe ol A

- Rackg FEo| 2Fo] 3% F Awe] A

" ‘EHE %‘ “

<Rack A Z&Z&tx
(v}) €4 Pinion A7
o EFA Pinione Z oA
- Rack&Pinion 2] 7]017} e g WA dAstE 2z o) £ Sk Al

- =33ty A 4§ 3% Rack&Pinion vt ZF- 4202 Rack&Pinion F7 #x] 7}
gl Ao vl 10dB oo =L Ag FES HY
71E Abetd Aot AEStE fE A HAAALES FUHoR FAANE ¢ deE 84

Piniong 7f@tsta o1 g5 HA5F
o EFA Piniond +%
- Efojog} K A(boss)E HElH olF TF9 Tkl ©dA A
- ‘:"“(bushing) E}O‘Q] §7+ 7% dAAE A&k, gAdA|
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<EtM Pinion MAE>

<EH B8R =

m
H1
\

<Bhd mUA 7|2 Atk

3= H[EFA Pinion EFM Pinion
Axle QOutside Diameter 2180
7101 2 E 31.8
Tooth 15
PCD 477
242t 14°
EHel(xlH) NFo dxel
Gear SCM440 SCM440
Boss & Cover S45C S45C
EFA A - Rubber
EFMAH 4 - @7 X 94L X 12ea

<EHdH =M AlE Zzp>

Nmae A% (NR55) BE (NR65) C& (NR8O)
72 2% 72 2% 72 2%
Ts2 D3| 3:13 205 2:49 205 1:01
R-2000| Tc90 &0 9:04 2D 8:24 205 6:25
Te10 D% 3:03 Py 2:42 &0 1:01
Hs(IS-A)| 55 + 5 52 65 + 5 62 80 £ 5 77
=4 | Q=TT | 21.56MPa0I&t | 22.64MPa | 17.64MPa0I&t | 24.2MPa | 17.64MPa0I2&t | 20.05MPa
NEE | 500% Olat 710% 300% Ol 4t 634% 300% 04t 358%
BIET 199C X 50% olal ~45.3% 50% Ol 5t ~47.9% 60% Ol 5t ~50.3%
o mE WA W Y
- MeHIE faAA B9 BAA 2(L)E mAT A UF AW
- BAA AJAL 80T A T0A7 =5 5 EA WHE & =Asto] yd =3 A8 21
- BAA 3% A%, AFAE, AlFE W3} Data 5 du FAH] 4353 A4S B
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<ERMEX i AlE Z1b>

adE Hg +12% Ol ot +5% +6% +6%

AT H5t —-30%0l ot +27.1% +8.8% +11.3%

MEE B} -50%0I &t -14.5% -23.6% -31.3%

400 ‘ ‘ - ; 4004
|
| | | ‘
= | | 480 S N I A
| 1 1 | \
|
S — I = I | 0.
~ L, o L
¥ 0 | //// ‘ = 25 | P
5] 7 | 2 S |
z Lz B ‘ pd |
< 200 - . + = 200 7
= \ F .
» Z - . L
& &
- L i
1 e
& LA [ | | 50 T
| " | | // I |
d=tT1 | | | M s | |
- + T T T T T
50 100 150 200 250 300 350 400 450 500 650 600 650 <700 750 800 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 80O
Strain(%) Strain(%)
Test Data Tesi Dala
NO | Sample N [ Width | Thick |PkForce | Strength Remark NO | SampleName | lengih | Width | Thick |PkForce| Stre EB Remark
ample Name | length i orce att EB o L T [ ‘ Pl J ngtl PkForce| ngth % TR R i

ssbi80 | 20 | 050 | 0200 | 2974 | 29740 | 81021 | 2084 | 4035 | sast |20 | nessow | 20 | 080 |o217 2831 | 20094 | 47054 | 328 | 8509 | 1520 |

‘ 21 ‘ nese | 20 | 050 ‘o‘zzz | 2874 ‘ %793 | 47254 | T2 1 8855 ‘ 159.12 ‘

55880 | 20 | 050 | 0203 | 2844 | 28021 | 61220 ‘ 2047 ‘ 48.99 ‘ @219 | ‘u | meseo= | 20 | 0s0 ‘o.zau | aua‘ 20 | soaz | we2 | a2 | s |

ENEED 20 | 050 | 0202|3104 | 30732 61752 | 2180 | 4349 | 048 | |18 | mwsso | 20 | 0s0 |07 | 2087 | 27530 | 4983 | 391 | o940 | f5a4 |
‘ 1 | ‘
| 14| ss=ne0 | 20 ‘ 050 | 0210 | 3081 ‘ 20437 | se0se | 2168 | sus) | 10265 | |
‘ 15 L ‘
= |

J
J
AVR | 20 | oS0 |naue 3003 | 29483 | 60743 | 22 | 5036 | w08 | [o | AR [ 20 |os0 |02 | | 2837 |2 | ma | 29 | 1470 |

400
]| A O
i |
) |
T 250 = |
S I
- |
Sand— /
H ‘ /
n | ‘
150 = =
@ | / |
100- It — -
50 \/ ‘
7 | ‘
0. I‘ i 1 L
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800

Strain(%)

Test Data
i 7 B Remark
‘NO ‘samphuam length | Width ‘ ick | PkForoe | Strength { 0% 200 300

‘z: | g0 g0 20 | 050 | 02% | 2779 | 2559 |25u07\ 9492 | 19195 ‘ 0.00 ‘
|
|
|
|

|24 | neoso= | 20 | 050 | 0240 ‘ 258 | 21320 |mu ‘ o117 | 1ea78 | 000

| 2 | 80 80k ‘ 20 ‘ 050 | 0246 ‘ zv.as| 22490 |24o.ns ‘ 9216 | 18845 ‘ 0.00

| 7 | meogox | 20 ‘ 050 | 0247 | 2961 | 20976 | 26937 | 9074 | 18608 | 0.00
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their dynamic behavior - Safety — Track fatigue — Ride quality
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Certificate of Test

Certificate Number: TIC 250 160101 11
International Railway Standards
Test Certification Body

Owner of Certificate

Type designation/ Product tested

Identification of Product

Manufacturer

Test procedure
Test Report [ Date '
Test Result =

Test witness

Expert in review for test
10 T st ol B &) viegral st of s ot

TUY Rheinland (Konea) Co. Lid,

ECOMAISTER Co., Ltd,
117, Jeongseojin-ro, Seo-gu, Incheon, Rep. of
Korea

Elastic Pimion of Mountain Rafiway

Proto Type:

ECOMAISTER Cao., Lid.

117, Jeongsecin-ro, Seo-gu, Incheon, Rep. of
Horea

ECO-151201 (ECOMAISTER Co.)
TIC 250 160101, 2016-1.5

The fest was undertaken in fing with the test
procedure as proved throdgh the tes! report.

The tas! results are in compliance with the test
criteria in the lest procedure,

The observalions and lesi resulls referenced
by this certficate are relevart only fo the
product under test.

Sang-Goo Park
Young-Sang Kim

 The best resulst are jusified 0 detss in b st repod and sachsively saied ot product srder Bl

Seoul, 2016-01-11

TUV Rheinland (Korea) Co. Ltd.

Wt v.com

Dr. Young-Sang Kim
Technical Directar
Railway Systems

TUVRheinland®

Pracizaly Right.

<TUV Rheinland ZICHSHEAIE QA S A >
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Certificate of Test

Certificate Number: TIC 250 160102 12
International Railway Standards

Test Certification Body
Owner of Certificate

Type designation/ Produck tested

Identification of Product

Manufacturar

Test procedure
Test Report / Date 1
Test Result 2

& CEng.

g g
§ A
= 2\
@

-
T firaardard }I

o

Daees Fomng

'&-
L

Test witness
Expert in review for test

T This teest report s an imegral par of the cortficnia

TUVY Rheinland (Korea) Co. Lid,

ECOMAISTER Co., Lid.
117, Jecngseaijin-ro, Sec-gu, Incheon, Rep. of
Horea

Band Brake of Mountain Railway

Proto Type

ECOMAISTER Co., Lid.
117, Jeongseosn-fo, Seo-gu, Incheon, Rep. of
Kaorea

ECO-151001 (ECOMAISTER Ca )

TIC 250 160102, 2016-1-5
The test was underiaken in fine with the fest
procedure as proved through the test report.

Tha test results are in compliance with the test
criteria In the test procedure.

The observations and test results referenced
by this certificate are relevant only to the
product under tast.

Sang-Goo Park
Young-Sang Kim

T e resisied ave jusiad in deiad o e deesl report and eeciusheely it 10 the priducd under el

Seoul, 2016-01-11

TUV Rheinland {Korea) Co. Ltd.

www fuv.com

or
>
oot

Cr. Young-Sang Kim
Technical Director
Raitway Systems

A TUVRheinland”

Precisaly Right.

eASA>
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<HAIS 4 FHAIE AlE A Zap>
zzsg= HE7|= Z=#l 24 Y8
L= A A~ 2 1) 2 7|%_:_ OILH
A FEIIEE 1.5m/s® ofuf 0.068 m/s _
iy
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SN AB TMEZLe| 70| glg %H? gl= %S
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|' IO |O-|, T = E—H-_l <, T T %%l'il' &F% I =
75 oryy olat 2350l gs #? %S
e TEAE|T} elget A 7|E atE
=1 - ol | 66.9 dB(A) o
220| 100dB(A) oI5t Z U
=
o =& st
Edsl? 2 AE 2753 18, " 7|E Bt
A Ze| Msstol | DT w47} oS A < o5
2|55 =EXF
= = — [>T |
1) UIC 518 OR Safety =7 (3m/s*o]])
2) KS R 9239 Hwx1epg =73
3) A=A E7]E, FAAAZXNAIG] AQAEFY] 2S34Y
- g7 FHAEE 54 As AlE TUV =4 A5 ASA U5
Test Report No. : TIC 250 151201 Page 3 of 15

1. Generals
The tests for propuision and dynamic performance of the prototype bogie are carried out and evaluated
according to the test procedure.

i

Test procedure
Bogie Propulsion and Dynamic Performance of High Steep Propulsion system
GIYEONZ-453-15044 (Rev.0, Woojin 15)

Referrad technical specifications in the test procedure
- KRTS-VE-PARTS1 - 2014 (R1)
Technical Specifications for Urban Railway Vehicles
- UIC 518 OR Testing and approval of railway vehicles frem the peint of view of their dynamic behavior —
safety-Track fatigue-ride quality

[

. Test Objectives
Traction motor drive fest driven by the traction contral unit for the pro type high st=ep propulsion system is
performad to analyse the followings
- Carbody acceleration around traction motor
- Interchangeability of bogie propulsion system
- Dynamic stabifity of driving gear
- Operation of propulsion control unit and fraction motor
- Driving stability of pinion system
- Performance of prote tyoe pinion and rack system

4. Testing date and location
1. Date : Preliminary test 12.15.2015
Main fest 12,22.2015
2. Location - Gchang factory. Woajin iS5

5. Technical Specification of the Bogie

[he liem Ref
1 Mazirnum spesd 120 %a slope
2 Bogie weight Approx. 4 850 kg
3 Maximum axle load 8 ton
4 Wheel dia. 210 mim
g Wheel base 1,850 mm
B Pinion P.CD 477

6. Summary of the Test procedures
6.1 Test bogie condition
- The test bogie is the motor bogie for actual service, and must be maintained properly for nominal
operation.
- Some pars, such as braking pad, causing interfarence during the test can be remaovad whan
necessary.

Daega Dffice

Changwon Office
7FL, KTMF S

TUV Rheinland Korea Ltd.
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Certificate of Test

Certificate Number: TIC 250 151201 10
International Railway Standards

Test Certification Body
Owner of Certificate

Type designation/ Product tested

Identification of Product

Manufacturer

Test procedure
Test Report | Date 1
Test Result #

Test witness

Expert in review for test
1) This biest neport 1 an inlegeal part of e cerfficale.

TUV Rheinland (Korea) Co. Ltd.

Woojin Industrial Systems, Lid.

167, Gwahaksaneop 4-ro, Oksan-myeon,
Cheongwan-gun, ChungCheongbuk-do,
Republic of Korea

Bogie of Steep Gradient Propulsion System for
Rolling Stock

Prote Type

Woojin Industrial Systems, Ltd.
167, Gwahaksaneop 4-ro, Oksan-myeon,
Cheongwon-gun, ChungCheongbuk-do,
Republic of Korea

GIYEONZ2-483-15044 (Woaijin Industrial Syslems)
TIC 250 151201, 2015-12-30
The tast was undertaken in line with the test

procedure as proved through the test raport.

The test results are in compliance with the
test criteria in the test procedure.

The observations and test results referenced
by this cerlificate are relevant only fo the
product under test.

Sang-Goo Park
Young-3ang Kim

 The test msalst ane justied in detail in the test rport and exches valy reiated 1o fhe product undar st

Seoul, 2016-01-07

TUV Rheinland (Korea) Co. Ltd.

www tuv.com

BT FRAIAY HF SSN4 Al 3¢
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Dr. Young-Sang Kim
Technical Director
Raitway Systems

A TUVRheinland”
Precisely Right.
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Certificate of Test

Certificate Numbser: TIC 250 170101 19
International Railway Standards

Test Certification Body
Dwiner of Certificate

Type designation/ Product tasted
Identification of Product

Mznufacturer

Test procedurs

Test Raport | Dale
Test Result %

e

11.|'\.'|n-m-'-'l

_._:_@g

&
Tansqn 4%

Tast witness

Expert in review for test
% T sl repOet ks A gl e oF Tl CRTROR iR

TUV Rheinland (Korea) Co. Lid,

Korea Ralroad Resaarch Instilute
178, Chealdo bangrilgwan-ro, Ussang, Gyeongg-
do, 437-T57, Korea

Bogee of Steep Gradient Propulsion System for
Ralling Stoek

Prafotvpa

Wi [ndusins Syatenms, Lid.

B13-8 Bangehub-rl, Sark-myeon, Goasan-gun,
ChungChecngbuk-do, Rep, of Konea
GINECNZ-483-16157 . Propulsion and Dynamis
Performance of Steap Propulsinn Bogie system on
sl stale 1esl ling

TiC: 380 170101, 2018-10-05

The test was undertakan in fine with the
teg! procedura as proved through the lest
report.

The test resulis are in compliance with tha
test criteria in the test procedure,

The observations and fest resulls
referenced by this ceriificate are relevant
oy to the product under lest,

Ryoung-Hyu Lim
Yaung-Sang Kim

BT b Tesitd o jusiied W ot 1 Pel: W Ao g kgl mbited (o e o] srgeriesl.

Seoul, 2017-01-13

TUV Rhelntand (Korea) Co. Ltd.
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Bmodule 3 driving bogie,
(Mc1-M-Mc2)
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