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Carbody strength evaluation for a light rail vehicle
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ABSTRACT

LRV(Light Rail Vehicle) is one of the most useful way for urban transit. HDPIC has designed and
manufactured the LRV train set for Manila Line 1 expansion. The LRV is composed of two carbody
sections which are coupled by a articulated bogie. The articulated bogie and two motorized bogies have
slewing rings in order to improve the curving performance and ride quality. Carbody structures are
mainly made of low-carbon stainless steel (STS301L), and the carbody bolsters and draft sills are made
of rolled steel for welded structures. The authority's specifications specified the design load conditions
and weight limits. Design load conditions are vertical load, compressive load and diagonal jacking, and
the maximum axle load is 10.7 ton. In order to meet those requirements, the stiffness and strength of
carbody structure were predicted using finite element analysis during design stage. The half or full
structure is modeled and analyzed with design load conditions, and critical areas are analysed in detail
using sub-modeling method. The strength and stiffness of carbody structure was also verified by the
load test. The analysis and test results show a good agreement.
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B A 2Aste 99 2 28 HuHE A dFso, 3Hol BE& e F¥HIa, Y
o] ¥& X& BA3le ol BFHolth vidy AAE e J1R4A SAFH F¥LLHY
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2. 8% =2

Ao g atel FANE AA ) 727} A genz, A 2% ¥ +4 3452 v 8§35
240 © HEH FERA da) T2 A4 L /3 A8 AHAG SR A BA
AL AP ABRE AN 727 FYADE, £3 }F AEF 45 #F N¥e BAAE
ez SNsged, BAEsY At A, BAA L A THE A% AAE Y
stee.

21 AQ € A 5%
TZ34 2 FAPY dEY FHAMY AL A3 FFE E 14 FYI}A

E 1 ovpdzt BAE FHAY AL R AR TH

T A 2 L2 I

A 4o 26,000 mm
A X 2,590 mm
Wzt 247 A 10,000 mm
e ¥ 3,300 mm | HY AW 7E

[ 937 ¥ 600 mm | Yo JH 7)FE
23 = 38,949 kg | A4 A =¥
27 &F (65 kg/®) 22,685 kg | #4:67, Y4257

22 slEFEHA

A% FAMNE 71E22 A FRANF dFAEA HEHAe HFRIL FA}F, FFF,
HZE 7](diagonal jacking)olth. 2 3tF 4H3tFL T ZAIEART EEAYY R UdEF
ARG LAY, hAE7le 33 A AG-point suppor)st HESH AR, 2 FEL A7t AHF R
2= sle AAE A#Y 594 Folg Hol At

(1) FA33(23.78) : Adl sAo] ged@ FedA F35 AF025F 2 ZHHY, F
o) 200 kgold He 7I7le HFAFoz Mg

(2) FFAF(S0E) : A Al FA3he 5oz A7) FEHFL AFPA @F R F&3-

() dZAE7) : diZEyl A8 AEde 29 19 dEY o TR FEelA AR E 4 Rl
A AAF I, B-ARAE A DR 2 FAML AAHY, & i} £e 24 FEEe FHF] U
A 44y gdch B-aA ) AANXNF & g, ©Yo] V) w9 10%7} @ W7 233
T7b thAl 271 wkgol @ wizkx] gdn.
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Cylinder : 2 End Jacking Positions Bogie ; 4 Jacking Positions

I EETEETE Original

Configuration
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3. #Y7NE

3. A2 ¢ 3839
vldel AR e @R Ao =3 U(SMA490BS} SS400)8 A28 R o] 1EJ} STS301L
AFAZE Hel ot 2 Aol U Fx BAHVIELE FAHRTY FS FEFEY 0% FFI}FTS
FEAE, RAE7E BEFEY 0%tk AHEE Z AAY JIAFH 44 ¢ HEEEHE ¥ 29
vehg At
2 A4S A4y 714 42 2 5889

(&9 : kg/mm’)
Z o1z 7} 3R 7 %‘% %a
A A 1 B | ¥R Be ZH3% | a8s | aass]
$S400 41 2 11 22 19.8
SMA490B - 50 33 16.5 33 29.7
STS304L 49 18 9 18 16.2
*STS301L-LT 75 35 17.5 35 315
STS301L-DLT 70 35 17.5 35 31.5
STS301L-ST 77 42 21 42 37.8
STS301L-HT 95 70 35 70 63.0

* STS30IL-LTS) U= R }¥ZA=e ARANEEH T H2AE H89

32 AAF A =4

28 F (49 HFAE AN MM e A TRV Hd £33 F SelA % AHE
frAls ol gt) o] A T Zo] Fose A wAdiGside sil)e] Hd) o) Qo] A
A AR A AgHde PuFE FHojol gob. A Ful AIFY A AEE 29 24 YEH
A

= ¢ - le 6\articulah'onend + LZX 6bolster
() relative max, absolute max, L I + L 2

Z 7129 fule o Zo

& retative max. D HD g MY O absolvie manx. Y FHd HAF
& articulation end : @’ﬂtﬂi} Cﬂ%“‘?‘ i‘]’\g% 3 bolyrer : %—’351 i’]%]%
Li D B2 FANA Ad AP AAAA A
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4.1 84

34 RAA $E&e] B-AAE A 4 do) U F ¥R iHoin, £HaFHA ¢F}
2% o] W) tis) Ao, B-aiAe Ave f¥as Edsld FEHHE AU
3. w8 29 oF 41,000 JHe) 229 29000 4} AP oA Ut ANZHYA &
W FRE, A3 FEE EF (thin shel) 822 o}Fo3A Jon, 3P d¥e H(beam) &
AE, QM 4BRY YR E YAGold) 8AF AHESAT. HiEe] & T(comgated plate)d-
2 5 o] WA (orthotropic)e] ¥ 242 RWYsch WZEYY AS dF2Ho] dHo] ofUEz,
oY 39 AgtRd g IR A 2dg o) HNHAG.

29 39 Awtrdsl olF AP AA Y FH, AA WA AFE Yok FHEX
& FIede R 8 4 e, 5 9o Ase 24e IRAHA AFH £98
golfede 2ot A 2do] ¥adth adA, £AsFe] AEe¥ o g JYE FHY
24T AR 248, FE Ato)q) FRE(window comer frame), FEF EYTF Atole F3E(door
frame at waist rail level)o] mi3}HE A BR A=) (Submodeling) 71H-E ol 48l A A& HAF}
Yt o}F AP YT AR 2AMEY A4 2L 19 49) Y glow, qErdEy 7EY
Ade 19 99 2. 2 @9 2L 2YZ 348 it R4 9 RN FHHA
T By BIodde FHYE ¢S A8 8 840 2o AU WEe ¥HE}A B
a8Eg, 28 58t @o] B FHS AMs 2dge 44 FFad 2dg WER 3 BA
gE 2P 5@)9] AA ZEE oj&F A4 Ay F2F UHE FAZHeT RARA FY
) olo} 2L HAHoZ g 49 L A Hdd, 29 39 He Rdo) g Y AR
B %% FA F3E FL3a NS P30

29 3. F¥A B-AANY =g Y 4 F 2AEY gMRd
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coastraint

(&) coarse model {b) submodel
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2% 39 Ay 5d 2 AA 2dg o) L3y &
e 2 dF2309 LEYREE E 39 HEsge
o, NERIYPE o] &3 nEHRY $35Fq o
g A MY A3E E 49 FYsPY &, ZE
A4 A= F71¢2(von Mises stress) 02 EHE
o}
MERdPd o3 AA Y o) ddg, &
A+ 45 =X E(door upper comer frame)o] ot
SHEZE I8 69 YeElUTh. 2YF 4 2A
YEL ZH: Yoz AFHs R T4 7}
T80l $& STS3ML(AEZAE 18 kgm® ) AF2
AR AL, vhde} ZAYY B $3329 3
£&8o] BP9 50%2 B4} 3L¢H &
EZEo 100%e)] vis] W) o) o] Hge B
=7t A7F HAck 2A Y A o] H99 ¢
g& 168 kg/mm? 2.2, 3]8-&¥< 9 kg/mm? M}
A & RALZ J&Ho], STSI0IL-ST Ajdz 4
A FREAG. AR AR F QNG 3FE AY
Adte 72 84 2RE 953 Ik

¥ 6. 3A s A
(FYT A% 2A9)

29 78 GAEslel BE A4 AR, A4 483 98 RTE gen dod, HA9
R AR A2, BE 29, A1 U3 AFE, AWF GF YT To) $Po] AEPE wo] F
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(29 : kg/mm’)
3E 4 ILHE 9% A 3E 89 | M d
2T € RE IE mAg STS301L-DLT 17.5 15.0
4T AR 2AF STS301L-ST 21.0 13.6
77 35 | QAR LE Y nA STS301L-DLT 17.5 9.2
Al STS301L-LT 17.5 13.6
AN & SMA490B 16.5 10.5
gz a= QZE7 FE 9A SMA490B 33.0 292
MIEEERER STS301L-LT 35.0 15.7
@i X = 94X STS301L-ST 63.0 19.2
AE 2 STS301L-DLT 31.5 24.0
gz £7] [ -4z dd% SMA490B 30.0 19.9
AHE &g STS301L-DLT 31.5 20.4
SHE GF 2UF AR 247 | STS304L 162 14.4
B 4. FA3F Uid AA #H4 29
(&9 : kg/mm?)
A A e 2 A A A 4 d3 | 4 &9
. A% Ba#l | STS301L-ST 18.0 21
}Ea B z
BES F Aol 728 2y STS301L-DLT 15.6 17.5
| 2T AR FH 2MEE STS301L-ST 16.8 21
j A% vl | STS301L-ST 113 21
(= =B
BE Aol 728 29y STS301L-DLT 12.7 17.5

5. 3tFA ¥

5.1 8% Ay Wy

shdel ZAd A9 FAYe &
BAZCEE) FEIT R R AN
1998 d 1€ 13YEE 20471 AAH
Aok AP FEYAY B-AAE A
g Aol A FFL FAdn, gL
s¥ol e FA HYE Ao)A
AP W9 neist 244
2 Fqe) AFHOZ AANE
oH, dF Fode A
o128 #HRad 3Fo 0y
dstArk 85 X2 FHYAE
2234 ARE EUE APy
» 27T & FRAAM ZFFAAUTG. H
gold AelAg o83ty ¥F
PRl 4 TALGAM APFE
) TH8F(23.78) :

o

M g
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¥ 8 A F AY AE (FF §dF)
383
E£2IFQLTIE)S 20 kg 2¢ B2
%1°t=l 200 kgold9] 7171<1 MCM, ACM, oojAd] 2% 3}"6‘(2%)% Zzre) AR AKX A
8502 shstxn
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(@) ¥FAFGOE) : FHAFAEE THTFE AN Ug, 9F7) AR AXAM {4l E
ol &8 AFHHFE Jtte FAY 2=dg ol83d RId HF & 2FINAG

() dAZE7) : A7 33 8F et HES duizdd FEe) 2E EBEE o83y X
3EE 7H3t e, date S 4ddte 2d 85 dA @R g FhdA, o]F4
YZEE o83t 1HiT L e E AP AAdAT

52 8% AW 2%

O KL .
C FARFAER FEARFAY AAF FF 2HE 29 97 29 109) 2 JehiAch 53
3o daAME 4 s &PA4E SBLUN Y FANIFe 2 vmgen, ¢33
At $329 g 59 AU AU NIFeE2 veidT

FAsFo N U LPAS Hd A AFFL dY FH 54 mmE AYHAeH, FHE
# 5.12 mmet 5.62 mms} WA FH{A 4FAASE ¢ F U vhd BFFY AAe
105 mme) ANE REE AAHAH, $£78F SN 29 U Hol Ao HPF 562
mm7} e A 7 mmiY ez, AFF AF 20E VEPY. YT ELE Al
o NAFL F gout, B2Eg EEYdi(end sil) Alolel AIFL di Fol7} bt

- &

- o =
~

[

Relative deflection (mm)
PO d

Absolute deflection (mm

A b N S e -~

-5.62

2000 4000 6000 3000 1000 12000
T 0.87
~1.2
- 7
| sage 1~7
O-gage$~14

-3ps

L& b

Distance from articulsion center (mm) Distance from articulation center (mm)

a9 9 3UBAY AUAIIA (GAHF) 3 10 IWLIY FAAIIY (@FF34D)

@ &4

Zztel 33z YR dY F2HY A HFAY FAE R 59 PR,
A3EH dZE71 LEYR) Ay AF-FYHEE 28 1154 29 129 ZF4 Y.
H3F MNPl 2L7ERAE FREHF2Z 7MY ¥, 28E FFAFTLE VAT TEE S
F¢ Jhste BUddde d¥Ael fAHU, AFHF L 2& 279 TER IFEY & ¥ F
T gtk dAE7Y Y &3 Ade 3-89 A d¥4E 7 Ho F2 9iq.

-

Vertical load (tons) Twisting moment (168°m)
ad 1. #33F - 39 d=x a9 12. ¥ §H 3}F - §9 A=
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2X, 24 ¥¥, v (buckling) T vt AR ¥e& FxAY HHAYHA AF
o, stEAE Z3 vide FAY FAe ol ol YAHIHA AUSE ¢
F8 RYol U s AP FdE viad Zd, $Y¥o] ¥ YA}L UL
$EsE A8 A Sl AFHE DUZELGnt sil) FHe dA HAE HY &Y
kg/mm? ©2 #8&8Q 33 kg/mm? Hohe FHAG, o] R FHEHFO AF HEF
st} B3e @ A, ALEHA 2 Y BF 20 kg/mm? o] E AR Th

hnt

E 5. AT} APdAFY vm
(&9 : kg/mm?)

dE=d gy ANz | NEA | 3§39
FE 2A23) 15.6 13.67 17.5
A3z | 29F ZHEI5) 16.8 12.98 21
FEED) 13.8 -12.64 17.5
EEREESERD 18.9 -19.89 33
G=3E | A7) ARG | 189 -16.25 33
FEEREN 15.7 -14.70 35
FE 2A2(34) 24.0 -25.03 31.5
Hzgr) | AFF YT
42 926 144 14.62 16.2

*(£=Ahe W¥E AlolA] WEolw, d4 AIE von Mises 32
2 Yehiid

6 A3

2 Ad7dME SHA Axz At 1Y FRE IFAY AL AHAMY T2 & §
FAEA s 71EstRS
AAE AAC s A 24, A 2d, 2§ 44 2dE e, #A%E, ¢4SdE, g
71 5 AAEF daf g HHS FPsdon, HA AadE ARG wgE F3E
F a2 R HFEAY BAe] el AAA AF F, £ A SN AAE vlwsto,
Z A At AlY A Z dARE $lstga, BE Ax dAzAE UEEE AT

£ 4 oy ap

Az AF AL R AR 713 A ForA doH, o HAAA XN F2 HA F A
B 717 g 2% 27E U AAD Aok T2 s A A HF £ AHL oHE
7o WEdte KT Wgelw, © volrt AA vl g A, A% AFS AT gu A
T S ARE B 4 A% g, B Hx 37 23 dAd oM FEIHHY 982 ¢
S 713 A2 AAHY, o)y AT7E TF JpEHe AFd daMe o FH EL&HY 9
Fo] 75 ¥ Aoz JdEc
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