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Structural Analysis of the Dual Thickness
Laser Welded Frame
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Abstract

In this paper, the stress, buckling and vibration analyses have been performed for several case
with the spot weld stiffened rear side frame, the unstiffened rear side frame and the dual thickness
laser weld rear side frame. For stress and vibration analyses, the clamped boundary condition with
spring supports are used. But for the buckling analyses, the both ends simply supported boundary
conditions are used. For the nummerical analyses, ANSYS 5.0 code is adopted. Maximum stress of
the spot weld stiffened rear side frame occurs in the main frame and is 80.9 MPa. Maximum strain
is 501 . The maximum stress of the dual thickness laser weld rear side frame of 1.8mm thickness
structure is equal with the stress of spot weld stiffened frame. The weight of dual thickness laser
weld frame can be reduced about 17.2%. For the stiffened spot weld rear side frame with both ends
simply supported boundary conditon, the bucking load is 52.54 kN. When the thickness of the dual
thickness laser weld rear side frame become 1.9mm thickness structure, the buckling load of the sti-
ffenerd rear side frame is equal to that of dual thickness laser weld frame. The reduction of the
structure weight is about 5%. The fundamental natural frequency of the stiffened spot weld rear
side frame for bending mode is 163.6 Hz and that of the dual thickness laser weld rear side frame
is 179.8 Hz.

Keywords | dual thickness, laser weld rear side frame, spot weld, stiffened, buckling load, fundamental
natural frequency
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(a) unstiffened plate

main plate

stiffener plate
spot weld

(b) spot welded stiffened plate

main plate dual thickness plate

laser weld

main plate

(c) dual thickness laser welded plate

The concept of the unstiffened, spot
welded stiffened and dual thickness(t,
=main plate thickness, t,=stiffener

plate thickness, t;=

=dual thickness)
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Fig. 3 Geometry and dimensions of dual thick-
ness rear side frame
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Fig. 4 FEM model configuration of the stiff-
ened rear side frame
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Table 1 The welded position of the main
frame in the bottom plate (Unit : mm)

item node X position | y position | z position
numbe number (mm) (mm) (mm)

1 402 0 0.518 0

2 546 0 0.728 -0.030
3 549 0 0.788 -0.030
4 552 0 0.848 -0.030
5 1515 -0.010 0.922 -0.043
6 1504 -0.070 1.109 -0.111
7 967 -0.120 1.256 -(0.130
8 1060 -0.040 1.276 -0.130
9 969 -0.120 1,295 -0.130
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(c) upper frame

(d) spring—damper element

Fig. 5 FEM model configuration of the main frame, stiffener frame, upper frame and spring-

damper element
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Table 2 The welded position of the main
frame in the left and right plate

(Unit & mm)
item [ pode x position (mn) |y position | z position
numbein | humber | fefg right (1) (mm)
1 426 | 0.032 | -0.032 | 0.035 0.499
2 427 | 0.032 | -0.032 | 0.035 | 0.518
3 1324 | 0.032 | -0.032 | 0.033 | 0.575
4 1328 | 0.032 | -0.032 | 0.036 | 0.595
5 649 | 0.033 | -0.033 | 0.036 | 0.688
6 638 | 0.032 | -0.032 | 0.020 | 0.688
7 662 | 0.033 | -0.033 | 0.036 | 0.748
8 641 0.032 | -0.032 | 0.020 | 0.748
9 613 | 0.033 | -0.033 | 0.036 | 0.888
10 612 0.032 | -0.032 | 0.020 | 0.888
11 611 0.032 | -0.031 | 0.003 | 0.888
12 1173 0.002 | -0.163 | -0.080 | 1.198
13 1152 0.001 | -0.162 | -0.096 | 1.198
14 1175 0.002 | -0.163 | -0.080 | 1.237
15 11564 | 0.001 | -0.162 | -0.096 | 1.237
16 1177 | 0.002 | -0.163 | -0.080 | 1.275
17 1156 0.001 | -0.162 | -0.096 | 1.275
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(a) Load condition

Struoture Mieiveis of the Rear Bioe Fra

(b) Boundary conditions

Fig. 6 Load and boundary conditions of the
rear side frame

Table 3 Material properties for the rear side
frame in the analysis

Material . welded

Property Unit steel position

Young’s modulus GPa 205 410

Density kg/m? 7800 7800

Poisson’s ratio - 0.3 0.3

Yield strength MPa 300 300
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(b) Strain contour

Fig. 7 Stress and strain contour
ffened rear side frame

of the unsti-

SERE

r§o
ml
ro
py
=
Sin

=
K-

Zol Z7}slHA z7} 888mmollAl 2Bl H
438 4b5MPa ol | HMEES 2824
o). B glo] Alelz ZHdw S &¥
& J|Fo 2 do] o|FFA (t3) 7} 1.8mmel o] FF
| 2ol Alolzm myde] $EHI HEE HEE
A Alsteich. Fig. 9v ol FFA7t 18mm‘?a‘ 9 &
i} WEgE dzolth Hg#HL 27} 888mm?l
el Z oA Tt B R 2o Alol=
= D}ZW}XIE Hof €7 Hd HIES

1

O

27} 888mmel Wlel el el q BastAT 1e)
B ANAANE e SUE Heluz ve ¥
2ol MslA B F7pAI Ak B,

Table 4= H|EZ, B, o]FFH gl Alo]

H]

N
LW
L

1
LT

s

i

i
§ol
!.

%5!!!
)
il

ELLLL
'’
tittitids ot °

af the Bem Side Trmse.

(a) Stress contour

"!!;EI
icil ;

IOT000E 338
ssesssnceadil
ahiEE

tibdaanatasss

St Pao Sl ¥y

(b} Strain contour

Fig. 8 Stress and strain contour of the stiff-
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(a) stress contour
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{b} Strain contour

Fig. 9 Stress and strain contour of the dual
thickness rear side frame

Table 4 Stress, strain and weight variation of
the unstiffened, stiffened and dual
thickness rear side frame by varying
dual thickness
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Table 5 Buckiing load of the unstiffened,
stiffened and dual thickness rear
side frame with both ends simply
supported boundary condition

Item weight |maximum stress |maximum strain
Frame {kg) (MPa) (u)
nstiffened rear side framel 8.74 92.0 570
stiffened rear side frame | 11.11 80.9 501
dual thickness -
3=1Tmn 8.97 86.0 532
dual | dual thickness
thickness 3= 1.8m 9.20 80.4 498
rear side| dual thickness
frame | w=lom | 0¥ | ™4 o7
dual thickness
3=2.0mn 9.66 70.9 439

Item weight buckling load

Frame (kg) (kN)

unstiffened rear side frame 8.74 4877

stiffened rear side frame 1111 52.54
dual thickness

8=1Tm 8.94 51.09
dual dual thickness

thickness t3=1.8mm 9.20 SLYT
rear side dual thickness

frame t3=1.9mm 943 52.68
dual thickness

3=2.0mn 9.66 53.28
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(a) unstiffened rear side frame

{b) stiffened rear side frame
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(c) dual thickness rear side frame

Fig. 10 Buckling load of the unstiffened, stiff-
ened and dual thickness rear side
frame with both ends simply support
ed boundary condition
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Table 6 Natural frequency of the unstiffened,
and dual thickness rear side frame

P frequency of frequency of |frequency of dual

rane unstiffened rear | stiffened rear thickmess rear
Modes side frame (Hz) | side frame(Hz) | side frame(Hz)

i 16.0 14.1 154

2 22.0 21.1 21.5

3 30.1 35.0 31.8

4 109.0 116.0 112.9

5 176.0 163.6 179.8
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{a) unstiffened rear side frame
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(b) stiffened rear side frame
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(c) dual thickness rear side frame

Fig. 11 5th natural frequency of the unsti-
ffened, stiffened and dual thickness
rear side frame
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