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Abstract: Under the welding process specifications that meet the structural strength requirements, welding
energy input and welding sequence result in different welding residual stress and deformation, which signifi-
cantly impact the typical bidirectional stiffened plate structure’s vibration and acoustic radiation. In order to
explore the influence of welding process parameters on the vibro—acoustic characteristics of typical bidirec-
tional stiffened plate structures, the accuracy of the welded structure test method was verified by combining
numerical simulation and experiment, several tests of stiffened plate structures were carried out regarding the

modal, underwater vibration, and acoustic radiation under different welding energy inputs. The results show
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that under the same welding sequence, different welding energy inputs have a large effect on the natural fre-
quency of thin plates and a relatively small effect on the natural frequency of thick plates. For stiffened thick
plate structures, under the same welding sequence, with the increase in welding energy input, the impact on
the natural frequency shows a trend of first decreasing and then increasing, and the overall vibration accelera-
tion level and radiated sound pressure level in the same frequency band decrease first and then increase. Un-
der the symmetrical welding sequence, the optimal welding parameters cover a welding current of 200 A, a
welding voltage of 25 V, a welding speed of 3.02-3.06 mm/s, and a welding energy input of 167 J/cm. This
study can provide guidance for the design of low—noise processes for acoustic stealth of ships and marine
structures.

Key words: welding energy input; welding sequence; stiffened plate; experimental study; vibro—acoustic

characteristics
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Fig.3 Comparison of residual stress between numerical simulation and experimental measurement
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Tab.1 Modal test results of welding plate
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Tab.2 Comparison of natural frequencies between non—welded plate and welded plate

BRI B 25 5 [ 41 2% E=
Tl AR S8 (1 RY) 232.58 Hz 12.08%
SR Hr S5 (LB ) 204.48 Hz
TR AR FL (LB 237.89 Hz L6345
SR BB T B (LB 199.03 Hz
ToIH AR S8 (2 BY) 507.45 Hz .
SRR S 5 (2 B ) 471.13 Hz
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Tab.3 Chemical composition of L907A

TLR C Mn Si P S
BB (wit%) 0.07 0.9 0.54 0.01 0.003
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Tab.4 Mechanical properties parameters of L907A
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Fig.4 Geometric model of stiffened plate
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Tab.5 Welding energy inputs of stiffened plate

LI 2 SRR RE R /(J-em™) LI /A HLE /V JERFEH L /(mme-s™)
M1 115 160 23.5 3.26
M2 167 200 25.5 3.06
M3 186 220 28 331
M4 137 170 25 3.1
M5 167 200 25.5 3.02
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Fig.5 Welding—sequence diagrams of stiffened plate
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Fig.7 Underwater vibration test diagram Fig.8 Measuring points of underwater vibration
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Tab.6 Comparison of natural frequencies of stiffened plate specimens

K &4 Ji % /Hz

1By 2B 3B 4B
A RR IR 74.07 144.66 173.46 284.84
IR M1 75.14 143.69 173.65 284.56
I A M2 74.38 144.43 174.41 285.25
UG A M3 75.09 144.73 174.84 284.86
I M4 74.77 145.18 173.76 284.80
RIS M5 74.61 144.30 173.86 285.26
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Fig.11 Influence of welding energy inputs and welding sequences on natural frequency
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Fig.13 Influence of welding energy input on vibration
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Fig.14 Sound pressure level at different measuring points
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