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A Study on the Vibration Characteristics of Welded Plates
with Horizontal Ratio

Seung-Hyun BACK - Young-Rok HA" - Sung-Yong BAEY
Pukyong National University(student) + “Geoje University(professor) * TPukyong National University(professor)

Abstract

Welding is the main method for manufacturing and repair in various industries. Welding a structure can
change the mechanical properties of an object. Among them, since vibration affects the life of an object,
the study considering the effect of welding on the structure design is being conducted. Only small-sized
samples were tested in the study so far, but the size of the samples had to be increased to confirm the
shape of the mode more clearly. We will also study the characteristics of welding vibration according to
aspect ratio among the various factors to be considered in the specimen.
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<Table 1> Welding conditions
Process Electrode . Cul.“rent Shield gas
intensity [A]
TIG AWS A5.18 ~
100 ™ 120 Ar
(GTAW) ER70S-6
<Table 2> Specification of rectangular plate
Aspect ratio 1:15 1:3
Length(Fixed) [mm] 200 400
Width [mm] 300 1,200
Thickness [mm] 3, 4 3,4,5 6
Young's Modulus [GPa] 210 210
Mass Density [kg/m®]  7.86x10°  7.86x10°
Poisson's Ratio 0.26 0.26

Center 10% 20%

A. Vertical Welding

Center 10% 20%

B. Horizontal Welding

C. Cross Welding

[Fig. 1] Welding direction.
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<Table 3> Experimental mode shapes and natural
frequencies of the rectangular plate
(mode 1st, Aspect ratio 1:1.5)

ECER

1st 3mm 4mm

None

A2
I. o9 &4t
1. 33| 1: 1521 o cist &5
FH7E 1 1590 7 3 mm, 4 mm HARZ}

.
g polqo RS EH G mUo wg AE

welding TE 1A BEoA 3x} RE7bA] YERA QLT
(Hz) V', V10, V20, H, HI0, H20' & 14
- i AEFE V1F 7 SHT Be) nh 155 W
121 142
= YERSIH
) <Table 3>, <Table 4>, [Fig. 2]9} o] 12} &
Vertical
welding - o A% 3 mm oA VI10y v200] HI0Y
(Hz) 7 H20 Bt 3 g WekEe] Fo] 2l 4 mm
- 146" oA V', V10, V20'°] H, HI0, H20'X T} 215
F5 wWahee] Zo| Ao AL walth
<Table 5>, <Table 6>, [Fig. 3] o] 22 &
0,
\2{0)/ Eo] A 3 mm ¥ 4 mm oA VIoe] Va0
z
Bt} HI0©] H20KH 16 g Hshae] &
o] & A¥FS Belth
T3 4 mm ¥ EE Vertical §80] BE
V20% Horizontal €74KXt} 1H XEF H3FE9 Fo)
0 -
(Hz) 2k e Bl
<Table 7>, <Table 8>, [Fig. 418} %ol 32 1
T A 3 mm ¥ 4 mm oA VIoe] Va0
B 3§ FS AIEe Fo] A, HI09]
Horizontal H0'RT 2§ Q55 Wekgd] Fo) 2e g
e g na,
o T3 4 mm S EE Vertical $H0] BE
s 122 Horizontal 74Xt} 16/ XF4 H3FE9 Zo]
& ATS Btk
H10%
(H2) <Table 4> The rate of change in the natural frequency
(mode 1st, Aspect ratio 1:1.5) (unit : %)
50 66 Ist 3mm 4mm
V' - 98.5
V10 58.6 50.7
H20% V20' 71.9 47.1
(Hz) H' - 85.9
H10' 41.3 46.4
H20' 40.4 49.2
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[Fig. 2] The rate of change in the natural
frequency (mode Ist, Aspect ratio 1:1.5).
<Table 5> Experimental mode shapes and natural
frequencies of the rectangular plate
(mode 2nd, Aspect ratio 1:1.5) H20%
(Hz)
2nd 3mm 4mm
None .
weldin <Table 6> The rate of change in the natural
(Hz)g frequency (mode 2nd, Aspect ratio
il 1:1.5) (unit : %)
230 308 2nd 3mm 4mm
\% 95.6 99
Vertical V10 85.2 96.4
welding V20' 98.6 97.7
(Hz) H' - 87.6
s e H10' 90 87.9
220 305 H20' 93.4 90.2
2nd Mode, Based on Original Plate
V10%
(Hz) 120 —-3mm-=4mm
A tT i’ 100 4—
196 301 s ‘\/ ,
V20% 60
(Hz) vV'VIOT V20 H* H10" H20’
[Fig. 3] The rate of change in the natural

270

227

frequency(mode 2nd, Aspect ratio 1:1.5).
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<Table 7> Experimental mode shapes and natural
frequencies of the rectangular plate
(mode 3rd, Aspect ratio 1:1.5)

H10%
3rd 3mm 4mm (Hz)
586 742
None
welding
(Hz)
H20%
535 702 (Hz)
598 751
Vertical
welding <Table 8> The rate of change in the natural
(Hz) frequency (mode 3rd, Aspect ratio
1:1.5) (unit : %)
545 L 3rd 3mm 4mm
\4 101.8 110.9
V10’ 104.2 121.6
V10% V20 98.8 109.5
(Hz)
H' - 106.9
558 854 H10 109.5 105.6
H20' 111.7 106.9
3rd Mode, Based on Original Plate
V20%
(Hz) 130 - —-3mm-=-4mm
g 120
529 769 :
H %on /\\
Horizontal - 90
welding V' V10T V20° H° H10" H20'
(Hz)

[Fig. 4] The rate of change in the natural
- 751 frequency (mode 3rd, Aspect ratio 1:1.5).
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<Table 9> Experimental mode shapes and natural
frequencies of the rectangular plate
(mode 1st, Aspect ratio 1:3)

Ist 3mm 4mm Smm 6mm

N
None QO
o NN
welding Y D | AT
7 PP
9 67 101 115
i
I N o
VeE.C al X égz\QM\\ $’~\\‘\\\\\‘\§\\\\
weldin; K iR '
[HZ] g " ..: .\\?\\\\\\\\\\\\ \ I ~\\\\\\

65 83 106 118

Vertical -

welding t: A
[Hz] ¥
65 83 106 118
b‘\ \
; | D\
Horizontal /“ \\\\ / N
i © AL i\ \
welding “[“\s\\\\@\\ \ _»:“ “\‘.. )
[Hz W Q) \‘,J |
56 87 102 114
)
Cross ‘ \\\\
welding 2N
[Hz] |
71 83 103 120

<Table 10> The rate of change in the natural frequency

(mode 1st, Aspect ratio 1:3) (unit : %)

Ist 3mm 4mm Smm 6mm
4 744 123 104 102.6
H' 622 129 100.9 99.7
C 788 123 101.9 104.3

1st Mode, Based on Original Plate
- 3T-8 4T -4 5T« 6T

\/

900

o
o
o

Change Rate of Natural

Frequency (%)
w
(=)
o

V' H c'

[Fig. 5] The rate of change in the natural

frequency (mode 1st, Aspect ratio 1:3).
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<Table 11> Experimental mode shapes and natural
frequencies of the rectangular plate
(mode 2nd, Aspect ratio 1:3)

2nd 3mm 4mm Smm 6mm
A\
W
|
None 'i:‘&st\
N
welding + \ggy ¥
[ NNC N
47 151 181 201
R Q
7a\ )
Vertical AR Juilipaly
welding ) ‘\‘:\’,N\\ \\\eﬂ \‘y :l!;"'
[Hz] 5% 2\ s 5 ¥
160 191 213 231
: &N N
Horizontal , ; m N 5\.\.
welding : \\‘i\\;‘l' i, \ l.n
] N W ORY KR
116 138 166 192
8
Cross 4/" \
welding 1
W
[Hz] W ’
166 200 218 249

<Table 12> The rate of change in the natural
frequency (mode 2nd, Aspect ratio
1:3) (unit : %)

2nd 3mm 4mm Smm 6mm
A\ 340.4 126.4 117.6 114.9
H’ 246.8 91.3 91.7 95.5
C 353.1 132.4 120.4 123.8

2nd Mode, Based on Original Plate
= 3T 4T+ 5T-=6T
400
‘Z% " \\//
B
%E 200
Py
€2 100 - =
s
0
V' H' c
[Fig. 6] The rate of change in the natural

frequency (mode 2nd, Aspect ratio 1:3).

<Table 13> Experimental mode shapes and natural

frequencies of the rectangular plate
(mode 3rd, Aspect ratio 1:3)

3rd 3mm 4mm Smm

None
welding *
[Hz]

Dy,
Vertical | "h'“ i

welding .
[Hz] .
253 316 368 410
Horizontal | y S ‘
welding "\\\\\!!!5'9 A - ¢
[Hz] .
27
4
Cross M \
\ <
welding \ ’ \M N
[HZ] “" !
265 322 368 397
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<Table 14> The rate of change in the natural
frequency (mode 3rd, Aspect ratio
1:3) (unit : %)

3rd 3mm 4mm Smm 6mm
\% 161.1 125.8 119 114.2
H 144.5 1143 1122 113
c 168.7 128.2 119 110.5

3rd Mode, Based on Original Plate
- 3T-®- 4T+ 5T« 6T

\/

180

o~
o

N
o

N
o

Change Rate of Natural

Frequency (%)

100
V' H' c

RS SMofl mEt AT

[Fig. 7] The rate of change in the natural
frequency(mode 3rd, Aspect ratio 1:3)

<Table 15> Experimental mode shapes and natural
frequencies of the rectangular plate
(mode 4th, Aspect ratio 1:3).

4th 3mm

7
—

i ol
None . \"',".,‘;\ N
welding ¥ \\l‘\'l"‘"‘(
[Hz] ‘

AT, \
Vertical
. , "\“!“ 2
welding

[Hz]

371 489 575 632

Horizontal
welding -
[Hz]

489 562

Cross ,
welding W ,‘ I
[Hz]

387 498 577 647

<Table 16> The rate of change in the natural
frequency (mode 4th, Aspect ratio
1:3) (unit : %)

4th 3mm 4mm Smm 6mm
\4 134.4 1184 111.2 106.3
H 118.1 96.1 94.5 94.6
c 140.2 120.5 111.6 108.9

4th Mode, Based on Original Plate
3T 4T-+5T-<6T

160

T
5 10 2
B v
28 120 - :
&3 ~
[}
g% 100
Sit

80

V' e C

[Fig. 8] The rate of change in the natural

frequency (mode 4th, Aspect ratio 1:3).
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[Fig. 9] The rate of change in the natural

frequency (Thickness : 4T).
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