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A Study on the Change of Natural Frequency of Rectangular
Plate according to the Position of TIG Welding Part
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Abstract : Among the negative effects of vibration on machinery and ship structures, the most important
factor to pay attention to is the fatigue failure phenomenon caused by resonance. In order to avoid this
phenomenon, factors that change the natural frequency must also be considered in designing the structure.
Welding is an assembly and joining method used throughout the industry, but the transformation of natural
frequency caused by welding also should be considered due to the changes in the intrinsic properties of
plate due to welding. However, it is difficult to find the related study. Therefore, in this study, various
specimens were used to investigate the qualitative tendency of the natural frequency of the welded plate.
This study was conducted to find out how the natural frequency of the welded plate was transformed by
varying the thickness of the plate, the direction of welding and the support condition. In the design of
structures, this study was conducted to identify the tendency of the natural frequency of vibration caused

by welding and avoid fatigue failure caused by resonance as well.
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Table 1 Specification of Rectangular Plate

Y s| M
Length[BreathThickness oung's as.s Poisson’s
(mm] |[mm]| [mm] Modulus| Density Rati
mm] |[mm]| [mm atio
[GPa] | [kg/m’]
Platey 300 | 200 | 3, 4 210 [7.86%107 0.26
Table 2 Welding Condition
Process Electrode Cugent Shield Gas
Intensity [A]
AWS A5.18
TIG(GTAW) ER70S-6 100 ~ 120 Ar
7y B PRI 4 AXAA Dol 10%

oF 20%5 27 olEste &t e FA
1 300 mm®] FA¢ 150 mmol
A S, 10%e SAAA 7PdAeE Pgoz
15 mm °]&3te &3F Zlolal, 20%E 30 mm
olF3ste &HE AL ov|gity. ¥ o] 200 mm
o FAL 100 mmel AAE A5, 10%e 9
FAolA AgAkE] WS E 10 mm o] 53t &
A3k, 20%= 20 mm °] 53t §33HATE A A
Z719 wE Ar otstuzt ALY o
g HET p2Ed 1AH FHA & o 1F
(Single-end-fixed), ¥Zo] PhEc] 1AH FHE U
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Fig. 1 Welding Point of Experiment Specimen 243 3T 2AANDY Ho] 1ERAESF9 mE §
(Fixed: 200 mm, Vertical Welding) g2 Table 304 YERA AT

None weldinge &7
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Middle(VER)Z #9] F4lFol| A= WgFo=E &
=2
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e PR s dwt
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Fig. 2 Welding Point of Experiment Specimen
(Fixed: 200 mm, Horizontal Welding) Table 3 Natural frequencies of rectangular plate
(3T, fixed: 200 mm, SM, Vertical)

2.2 &¥ (Unit: Hz)
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Fig. 3 Impact spot of Welded Plate
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3.1.2 ¢t 11N Table 5 Natural frequencies of rectangular plate
Table 4= 200 mm 2 ot 1AY of, A= (3T, fixed: 200 mm, SM, Horizontal-U)
wgko g7 243 37 AA2E B ngAZ29) (Unit: Hz)
=E FAolth 12 LHAEFE 9% A & wﬁﬁ?ﬁg 1(\14{%% Ul0% | U20%
i, 23 AFRETE %J& 20%, A, 10%2] <=
A= = 109 A7 20%2] A= . :
] _#E} 33 10%, 20%9] =4 | = | =" @ @
sl
20 21 28 22
Table 4 Natural frequencies of rectangular plate (3T, /@ % _ ;@
fixed: 200 mm, DM, Vertical) 2 T
(Unit: Hz) 148 168 - 102
None Middle o o . _ : :
welding | (VER) 10% 20% 5 (% @ - @
, B 308 271 - 240
121 _ 71 87 Table 6 Natural frequencies of rectangular plate
(3T, fixed: 200 mm, SM, Horizontal-D)
@ ¢@ @ @ (Unit: Hz)
2| s = : ' -
g None Middle
welding | (HOR) | D10% | D20%
230 220 196 227
| | ||| | |2
T o s T 20 21 20 26
535 545 558 529
HE Txol HISE 25 _ :
3.2.1 8 £ 1™
7hR ST 3T ANAE B nRAEFYG B
B4E Table 504 BRI 13 LALFS 423 428 Hl 427
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Table 7 Natural frequencies of rectangular plate (3T,
fixed: 200 mm, DM, Horizontal)

(Unit: Hz)
None Middle
welding | (HOR) 10% 20%
121 - 50 49
230 - 207 215
535 - 586 598

3.3 300 mm & ¥ mf Mz W SH
3.3.1 & & 1d

Table 82 300 mm F& S o ALY u, M=
g

Table 8 Natural frequencies of rectangular plate (3T,
fixed: 300 mm, SM, Vertical)

(Unit: Hz)
None Middle
welding | (VER) 10% 20%
| == | ZZ
22 24

4

7

208 304 232 223
413 427 444 428
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o 00
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Table 9 Natural frequencies of rectangular plate (3T,
fixed: 300 mm, DM, Vertical)

(Unit: Hz)
None Middle
welding (VER) 10% 20%
86 - 109

2| @

- 396 465 476
548 616 603 600

3.4 300 mm £& &L M 7z Wk EEH
3.4.1 & & 1d
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& A o, vE 3
S-S 3T ALY #e IF

F& Table 1194 YePATH 12 ZRHIASTE
10%7} 7V =31, 20%, 54, 429 A2 2
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Table 10 Natural frequencies of rectangular plate
(3T, fixed: 300 mm, SM, Horizontal-U)

Table 12 Natural frequencies of rectangular plate
(3T, fixed: 300 mm, DM, Horizontal)

(Unit: Hz) (Unit: Hz)
None Middle None Middle

welding (HOR) U10% U20% welding (HOR) 10% 20%
22 30 30 40 86 - 103 111

3 <é§§§?7§l - Eﬁ%%%%%? Ekéi%%%?i> D) - B Ekﬁ§§§§§§7 :L£§§§§§§7
208 - 346 340 - - 427 474

|| - || | - |y
113 - 167 617 543 . 993 812

Table 11 Natural frequencies of rectangular plate
(3T, fixed: 300 mm, SM, Horizontal-D)

(Unit: Hz)
None Middle

welding (HOR) D10% D20%

| | = @ @
22 30 44 12

3 5%?; h \% < > \@ 7
208 - 356 291
413 - 477 469

3.4.2 ZE ¥
Table 12+ 300 mm H& ¥ 1Y o, 7=
For &H3T 3T AAAY Ao 1/FAFTF
gaolth. 1, 22 AFAFTFE 20%7F 10%
=231, 33 20%7F 10%E0 Sk 200 mm
23 Hﬁﬂh E}Eﬂl %JJ& = %d g

_l

oz

oﬁl‘-lfﬂ—.ﬂlﬂ0
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o = A A

4. 4T FARIE mo| A

Z2n o oa

4.1 200 mm £&2 1EY 0f M= e 23

Fig. 4% 200 mm F-& 3 © 114, Fig. 55 &
@ 1A o, A= ST 4T HAAEY B 1
FAEFE Aol e dEdH 12 1H
TrE 48] 7P E BEFS Bt EE A

2

5k
|4 10%2] A/FFF7F A Sobxith
I 14w, 1A Ao THAFSI}
7 Aom, BE A5olA 10%2] %
20%1.T} T},

251
204

Matural frequency [Hz]

NONE VER 10% 20%

4 Natural
(4T, fixed: 200 mm, SM, Vertical)

Fig. frequencies of rectangular plate
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Fig. 5 Natural frequencies of rectangular plate (4T,

fixed: 200 mm, DM, Vertical)
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Fig. 79 2o] &
go g 7t2 4T T 15 /AT
3 10%, 3=t A= 20%7F 71+ =0

Fig. 87 Zo] &dt v ul, 13 o] 7}

% =3, BRE oA 10%ET 20%7F 2 A
o] Yehdth 200 mm F& 1A 4T AAAE &

o 72 &4 E A5, BE AA =AM 12}

S
AFREsTFe o] 7 o
—p ] ] 3 ]

381
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230 214

MNatural frequency [Hz]

3.3\5 27 33

—

NONE U10% u20%

Fig. 6 Natural frequencies of rectangular plate (4T,
fixed: 200 mm, SM, Horizontal-U)
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Fig. 7 Natural frequencies of rectangular plate
(4T, fixed: 200 mm, SM, Horizontal-D)
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Fig. 8 Natural frequencies of rectangular plate (4T,
fixed: 200 mm, DM, Horizontal)
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Fig. 9 Natural frequencies of rectangular plate (4T,

fixed: 300 mm, SM, Vertical)
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Fig. 10 Natural frequencies of rectangular plate (4T,

fixed: 300 mm, DM, Vertical)
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Fig. 11 Natural frequencies of rectangular plate (4T,
fixed: 300 mm, SM, Horizontal-U)
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