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ABSTRACT

This report investigates the stress distribution according to the location and shape change of the circular hole
for the lightweight design of the cross beam of a railway passenger car and studies the lightweight design. To
design a lightweight cross beam with a circular hole, we selected the non-circular crossbeam as a basic model,
examined the stress distribution and displacement by position and determined the location, shape, size and
quantity of the hole for light weight. We analyzed the effects of the position and shape of the hole on the
maximum equivalent stress and displacement. The influencing factors were set as the design parameters, and the
stress value was examined according to the variation of each variable. By considering the stress value according
to the change of each variable and selecting the design parameter with the narrowest scattering value of the
stress at each position of the hollow cross beam with various hole positions and shapes, we studied a cross
beam with a circle hole under identical load condition to have an equal stress distribution to that of a
non-circular cross beam.

Key Words : Cross Beam(Z 22 &), Non-Circular Cross Beam(F¥3& IZ2A Hl) Location and Shape of
Circular Hole(¥&2| ?|XI2t &l4h), Design Parameters(A M| 2K}, Light Weight Design(Zd &=}
A7), Change of Each Variable(1==2| 13}
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Table 1 Load condition by JIS code

Load condition Thickness of part

- Loaded weight :1,042.2 kg - Sidesill : 4.5 mm
- Materials : SM 490A - Cross beam :4 mm

Fig. 3 Figure of Element of cross beam

Table 2 Chemical composition and mechanical
property of SM 490A steel substrate(wt%o)

. hemical
Mechanical property ¢ er-n-wa
composition
- Yield strength : 33 kg/mm’ -C:0.20 under
- Tensile strength : 50~62 kg/mm” - Si: 0.55 under Fig. 4ell:§1l:31:1ctlarmyo§:lmzl|ilt1ia(il;fsiosf cross beam for finite
- Elastic modulus : 2.1x10* kg/mrnz - Mn : 1.50 under
- Elongation ratio : 17% over - S:0.040 under o] o] FSHA WA= T5F(0.20)2
- Poissons ratio : 0.3 -P:0.040 under ogsle] Baksiacnt o224 sl Z=z A W 17}
BEete 3k 1042.2kgelH, ol& AR W A
_ Bol Risigltt AAEAL AR Ho] All=
22 A B AOH sttt A S n_l } l;
Aol 3= Jeormz ohd uAgH TS K3}
> Ol IO Z = =] ol =]

AR ylo HAHYIZAAE A7) Ao T Aol Aw AEAES SHA Aw AF
“‘:[L‘?":]_;g_ q=2 tg% 7]%‘ E@E —6—]':]_’— %;](_)L 17H§E_‘ 11'—51_2[8]_% Z]Egé]'“f H]'q %_{‘_E‘-7]— -ﬂzélX]ﬁ] (j_j'-:‘_:‘]__%
24 57, A 5HE FHeE dAFAAA 5 3L ¥ okths pAEkA| @w I2 2 Hlo] AAY Abo)
Ao > ] Is ] _

e A =8 T, A CIEAY BR O c 4 4% coomm Mol SIAoIA dangeE A
S, 9F B e A 2R S RALE oo =g oo 9 BE AdS 9d 74
of F 237 Fol st = sttt 31413 ©]= Fig. 49} o] UEhiTh

4 mde] #uAL A= Wel do] P

B! I B2 Fig 3% 2o Abe]

c A3 g2z 9o FAE 47 45mm, 4mm

olmg AEE 94t BE A QaGhel cementy 3.1 EZ 1IHE JHE 22 Y e Z

2 297 Ak olgA st WA} Y £ E ZHE

8.0377N, £4 & 757672 2APY skt Azo] oo wMste] tE LMt Yo
S0 WX dFE @S] AT HH 5

23 553 FA=A AAE M) stel 718 mE FUF AR

under frame?] FTYHol U= oY 7o =2~ 2 W3 AF INE €8S HH R e HFS

B ol @gE s A2 winto] Ao)7)7]7} 2 o]TAZl 'l 57)el tiste] 222 ¥ Fdol

F2Eo] 9omz olEnt STEX FFdes A BEA A3 E 5 dE HAJ 0~1300

A w1 YHRE $45E0 SEEE e mmoll A 325mm Ao Z AT 149 FAL A

ot wEkA ShEE7-2 under frameol 283t 3 3F3, $90mme YFL Ao Z HIxEd E 6

Fo] SE¥E gy Fsta o] TEIsEF Mo = diste] A& 9 7F EdEshe &t



59, ¥ 8

7| A7FE eS| A, Al6dA, ASE

T 10422kgE TY3HAl RHAstA S AT
Fig. 5& 74719 6714 =del thste] Hoj g
g3 $EEEE JeEhd Aot FUF E
CNo 82 FIH FAs RN HgH
10.72kg/mm’0] A3 2994 10.02 kg/mm’, 3
HAolA 856 kg/mm’, 4994 479 kg/mm’, 50l
A 451 kgmm'’, TR T F Qe Aol=
A3 72~ do] A" R /\]-II]O]]/\'] 8.56
kg/mm’o] AFEE 0] 5904 HAgHo] EH
1300mm 91X A F 48P e] %*ﬂ&h o] &
TAoR AR gYo| FUtEe Aol ey
Al ATk
AFol e A9ole Fig 594 Uyl Y=
Hhol o] AFe] XA HugHE YEh
l?_
]

O
[e)
U

m&o

UAT AFo] 4~5900l AEe Ade T
SErRY e g¥e Y Ao %io A
v Rdo] AFAANAY &E& A7 Cl-l
13.51kg/mm’, C1-2 : 12.99kg/mm’, c1-3 1102
kg/mm’, Cl-4 : 9.09kg/mm’ C1-5 : 9.79 kg/ mm’,
< YR 9l

o714 vehd BRe} o] Cl-1 ~ Cl3EEL

AF mdol Hu8H 10.72kg/mm’ BT} EA Ve
UARE Cl4 ~ Cl5REe dFe] AsdsE =7
il 93y W $¥HS YEI Ja olE9
SEe] AxEr} M AHHoR REE dF
& 4~59] SIAol wiAst= Zlo] Mg mHH ol

CEaRzl=3

Fig. 62 ©|E5 =do| tigh ¥9lE vehd Zlojth
7 mdo] g HuwAe FdHM A7

b |
CN : 7.83mm, Cl-1 : 7.88mm, C1-2 : 7.924mm,
C1-3 : 7.89mm, C1-4 : 7.87mm, C1-5 : 7.876mm®]

g0l RE BHoA Ao nlsg W] &
Aol BT A2 WHT B3 0.094mm O

gol WAL itk o]t 7 mdlo] g Wl
e Ao EA ool BAYL AT 47}
AAFYPHED) 2A FFE AAA @
= A ona

Aol AU A9, AFe] A9 H Mol T3t
e vz

$YuE S} AFEol S WA &
Bef U3 AAKIAAE WA A3ied )

A
o FIHEH HAEH %*Hxl 0~1300mm A}
5 43S R dF s/ FAE B3,
e90mme| YF& Ao Z wjXsle Y WH
o AFE WAtk F 8/ ol tiste] A=
2 | 177 BEstE 59 1042.2kgE FL3H
st A4S skt

Fig. 7-& Table 3914 e E%IOH st Hol
43¢y SHEEE U Aotk FUF B
9 CN2 & HolA Yepd nhe} o] FYH ol A
A3 10.72kg/mm’0] AEE T 2592 LFE

oo_l>’1

—4—CN

i =@=C1-1
—r—C1-2

STRESS (kg/mm?)

———C13
—t=C14

= C1-5

T T T ! !
1] 325 650 975 1300 1445
LOCATION (mm)

Fig. 5 Equivalent stress calculated in the model
having 1 circular hole
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Table 3 Location of circular holes in each model

(Unit : mm)
Ist | 2nd | 3rd | 4th | Sth | end

CN 0 | 325 | 650 | 975 [1300 [1445 no hole

regular interval of
L1 0 | 195 | 390 | 585 | 780 |1445 center zone
L2 0 | 290 | 602 | 938 (1300 [1445 0.8 times interval
L3 0 | 308 | 627 | 958 |1300 [1445 0.9 times interval
L4 0 | 325 | 650 | 975 (1300 |1445 1.0 times interval
L5 0 | 341 | 671 | 990 (1300 |1445 1.1 times interval
L6 0 | 355 | 689 |1004 (1300 |1445 1.2 times interval

regular interval of
L7 | 520 | 715 | 910 |1105 |1300 |1445 Supporting zone
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z Y P =3

; \\ w // —=t4

5 \/ —8—L5

I N\ g i
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Fig. 7 Equivalent stress calculated in the model
having S circular holes
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Table 4 Location of circular holes in each model

(Unit : mm)

center Ist 2nd 3rd 4th Sth end

CN 0 0 325 650 975 | 1300 | 1445
LVo0o 0 0 325 650 975 | 1300 | 1445
LVi6 0 160 445 730 | 1015 | 1300 | 1445
Lv34 0 340 580 820 | 1060 | 1300 | 1445
LVS52 0 520 715 820 | 1105 | 1300 | 1445
LV70 0 700 850 | 1000 | 1150 | 1300 | 1445

—+—CN
=il=| V00

=—g=LV16

i 34

STRESS (kg/mm?)

i V52

—8—=LVv70

CENTER 1st 2nd 3rd 4th 5th end

location

Fig. 8 Equivalent stress calculated in the model
having 5 circular holes of regular section
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Fig. 10 Equivalent stress calculated in rib & lower
plate before & after reinforcement of lower
plate
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Fig. 12 Equivalent stress calculated in rib & lower
plate before & after reinforcement of lower
plate
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