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Study of the performance improvement solution and bogie structure of center

guided type monorail
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Jae-Min Kim Myung-Su kim Hak-Soo Kim Hyung-Keun Ko Kyung-Han Kim
ABSTRACT

The bogie structure of center guided type monorail has been applied to Incheon Wolmi Eunha monorail at first
in the world, and aluminum alloy material bogie is first ever introduced in Korea. Since bogie transfers vertical
and horizontal loads to the track and guide rail as an essential system, its structure should have enough durability
and secure excellent operation performance and ride quality.

This study presents a suitable structure for center guided type monorail, a system combination method for bogie

operation performance and riding quality, and a solution for better bogie frame durability.
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» Model Summary

Element Size 25 mm (Arm : 7 mm)
Grid Point Node 208,034 EA
CTRIAZ 52,126 EA
Shell Element |- oo S5 126k
CQUAD3 19,8940 EA
Solid Element CTETRA 108,276 EA
RBE2 147 EA
1D Element [ : : F
REBEZ 1EA
Mass Element CONM2 1EA
Total 180,291 EA
i 7431 Ton
» Material Property Unit : Kgf/mm~2
s 3=
= o= 2
s e
SM4a5C 62.5 532.0 -
Al 6061-T6 21.0 27.6 9.65

P Stress results / Vertical 1.0g

P Stress results / Vertical 1.5g

P Stress results / Lateral LH
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L1 T2l 8,100
L2 A= 2,990
L3 Bl 1,570
1.4 21 A A slE 4,760 (L1+L2-L3) / 2
* 2. A =Zdd Asex2
No. stz S e SE 7= Elaat=M| st H| 3L
N FV_1.0 A 70.02 kN shak
1 T2 3% B
FV_13 B 91.0 kKN sk
o FL_al El ~14.02 kN HE03
3 = R Ay ; S =urs
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3 e e FL_O1 D1 18.63 kN 4% ]
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nnel
kgf/m | kgf/m
No.| A B El E2 | D1 D2 - | - . o
m"2 m"2 10:00 -
| [ 080 [ 029 [ 025 | 02T 042 | -029 | 007 | 042 | &A[ o BBF
=005 | 007 | 002 | 001 | 014 | 007 | 003 | o1r |&& | A ] - e
2 | 029 | 033] 011 | 006 | 003 012 | 0.04 | 014 |&A][ Al "
3 | 024 | 027 ] 012 | 007 | 0.13 | 008 | 0.05 | 015 |&A]| Al Y,
4 | 022|017 [029 | -021 | 035 | 038 | 005 | 045 |84 | |
013 | 0.09 | 0.0I | 003 | 010 ] 011 | 002 | 0.1 [&4 & / )
5 | 001 | 0.00 | 009 | 031 | 002 | 006 | 010 | 0.5 |=AI| Al | £ bt
6 [ 000 | 001 [ 0.10 | 038 [ 007 | -0.04 | 019 | 024 [=AI[ AL| & /
- | 039 | 045 [-074| 062 | 076 | 075 | 007 | 102 I /
021 | 025 | 0.09 | -001 | -0.04 [ 012 | 0.00 | 0.09 |&H W 408
g | 037 | 041 [ 056 | 076 | -0.70 | 0.74 | -0.08 | 098 LI /
007 | 0.11 | 0.03 | -0.06 | -0.0L | 0.06 | 001 | 0.07 |&4 /
o | 046 [ 019 [-270 | 261 [ 150 | 168 | 0.00 | 313 i 7:08
0.10 | 0.00 | 054 | 062 | -0.35 | 043 | 0.08 | 0.70 [ &4 /
10 |29 | 023 [ 200 [ 296 | T47 | 129 | 004 | 251 [&A] Y,
004 | 0.02 | 023 | 042 | 024 | 024 009 04l |24 46
11 ] -0721-087 [ -0.09 | -0.09 | 026 | -0.35 | -0.13 | 0.34 [&H][ Al -10.00 -6.00 -2.00 2,00 5.00 10.00
12 [ -049 | -0.66 | 0.0 | -0.02 | -0.37 | 0.24 | -007 | 0.35 | &= Al R
T3] 028 | 036 | 0.0L | 004 ] 002 | 003 | 003 | 009 |&A][ Al
T4 019 | 0.25 | 001 | —0.03 ] -0.03 | 003 | 001 | 0.07 | &4 Al
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Allowable stress The allowable stress shall be within the limit of the stress

limit diagram

—

Varing stress

-

Mean stress
o, * Tensile strength of material (MPa)
o, + Allowable stress to yield of material (MPa)
o to o, * Tensile strength of material(MPa)
The tensile erenth(gU), vield point(s), and fatigue allowable stress(q,, to Um)
of the main materials shall be given in table

Tensile strength, yield point, and fatigue allowable stress of typical materials

Unit:MPa
Kind of materials
Item SM400 SM490
SMA400 SAM490
Tensile strength of material (,) 400 490
yield point of material (4,) 235 355
Allowable stress to yield of material(s,) 205 305
fatigue Material(q,, ) 135 155
allowable | Toe part of when not finshing(s,,) 70
stress weld when finshing (s,,) 110

95, A diake] HolH A2

¥ For Aluminum and capper alloys
-No endurance limit
-Equivalent Endurance Limit

The value of the fatigue strength (,S' f )at5egcycles

¥ Aluminum alloys

S; <Sf at5escycles)10.45 forS <48ksi(330 MPa)
=19ksi(130MPa)for all other values of S ,

S, (Sjat5e®eycles) 048, forS,,, <40ksi(280 MPa)
=14ksi(100MPa)for all other values of Su ‘

= 80
E .
= 500 1045 Steel b
""_ 400 Endurance L =
o - Himit 1 =
£ 300 - ~440 *
= 200 |- 7 -
E - 20
p= 100 - 2014-T6  Aluminum  alloy

0 1 1 1 1 1 1 0

100 10° 10" 10 1 10 10"

Number of cycles, N

Typical &N curves for two metals. Note that, unlike steel, aluminum does not have an
endurance Lt
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v 2atF A e w3 A3 E e A 7] uwio] y]E A iAo A el UIC 615-4014 F A3 E
ZF 1,0009+3] o] wrEale 3GAR FREE AFEZRAS ugste], 49 7 9AE ¥ 25 240
sle] 2737 o]l A st 1 A3 BE A4 tsle] @A AluminumoZ JferE Fof
oA Az A AlPTFAS WHFHdE A o2 YEY
¥ 4. 92 ssAd =7
G [at= Ng | TF R == FoF Y 59 2
~F/3k 0 kN T 70.02 kN _
0,
1 100% 2/5- -14.02 kKN ~ 14.02 kN 6,000,000 #
o 3/3F 0 kKN T 84.02 kN _ apelo
2 120% /< 1633 kKN = 1683 1N 3 Hz 2,000,000 3] o] 4§l
o }/3k 0 kKN T 98.03 kN _
3 140% 21/ -19.63 kKN T~ 19.63 kN 2,000,000 #

_|

a7 I 2AY

1253



ZoF ot Al 9] Aluminum WxFY] S-S FAA717] Yste] 48 A A Air Spring ¥ Y Beam®
-4l & ?_‘41 ‘?_Xé%, 9, 537}”"] 5ol AA Ao Ao oW s v X=x 1 "8 KS

T A7 F Tk A E v
xp95, Ayp9s, Azpds & T3}¢]

(@]
B
=y
:L
Z
ol
LR
%
=<
@
o
4 -
)
R
ki
Hm
é
2
O
a1
X
=2
::‘
oL
rr
N
N
lo,
o

3) sz A5 N=6v(A2t95)> + (Ayt95)? + (42195 )
% 5. Ak A E A
FALANE B3 H] 3L
A=A Car 17823 | Car 1 A& | Car 2 T2 | Car 2 AlFAF
N 1.76 2.06 195 1.89 712 1 2.59]38)
a7 Ex Iz Exa £
e v ~
— : — = —=
a8 AEhEE Al A
5. 48
oln] A27% Hle} o] Y Beamd Zlol=dde] AL = 9= Aluminum e S1H dnrn-g)
As Fote] AA Hx=E A3t HAAh A7 Basior & FaA Ae, SA 2 WS v A
Ae B2 A3 A7t dojy o ZA Aluminum that 714 <] "Hi"r AGE AT s Hdo] of
gt AMS o] T/ aiAd A 235 8 dSsAHT doR oixe] dee O A
W&s Yol FPFo] atsS dEste WY QUAAHES] st5S dEste= Y Beam® 7% % 3
o] wabx AA Zol7t F F dthe HE Fas] nEEte] TFAJ] ATl WAE e AolH,
Raedd tixtrlse] @A) vrtop & WES AAlskE o A Aot
FanEd
1. A, 7438 ols g Fdd, “Rxddd AAA AF 254 AF0OIE 74 2 Ae)
H =53] —irﬁ]fi}% 3] =11, pp.436-440, 2008.
2. ¢FE8 R, MG Radd Alad AER] e Al A A = A =eE FAe 3
=54, pp.199-205, 2008.
3. 295, AAs «AFAE SA NS A A7EEA e Holokx HAS SdwAsaEsrs] F
=3 =3, pp.1685-1690, 2009.
4, A, FHA, A|FEEAY T4 Ass nEd dTsid 7IHE S EEEs] = F

pp.1-8, 2010.
5. 5183, «¥ 2 A ¥ (Fatigue Testing)” &= EwoHetd ¢ Az AW,

1254





