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A Study on the Prediction and Control of Angular Distortion in Thick Weldments
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Abstract

The block assembly of ship consists of a series of heat processes such as cutting, bending, welding, residual stress
relaxation and fairing. With the fast development of computers, the thermal elasto-plastic analysis method has become
a versatile tool for practical applications in the ship production. If numerical analysis is proved to be an advantageous
tool to predict the residual deformation due to various heat processes, the optimum methods which can remove the
welding distortion can be presented at each assembly stage, which will result in great progress in improving the

accuracy of block assembly.

In order to minimize the weld-induced angular distortion in thick weldments, this paper proposes the optimum
groove design for various plate thickness as the distortion control method. The validity of this method has been
substantiated by a number of numerical simulations and experiments.
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Fig. 1 Dimension of experimental model
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Table 1 Groove conditions : no gouging
Plate Root, Groove
thickness| face t1 to design
Model t ts | (mm] | (mm] | parameter
(mm) | (mm) p =t/ (t-ts)
X1 31.0 | 31.0 | 1/2(0.50)
X2 66 4 24.8 | 37.2 | 2/5(0.40)
X3 20.7 | 41.3 | 1/3(0.33)
X4 23.0 | 23.0 | 1/2(0.50)
X5 50 4 18.4 | 27.6 | 2/5(0.40)
X6 15.3 | 30.7 | 1/3(0.33)
X7 13.0 | 13.0 | 1/2(0.50)
X8 30 4 104 | 15.6 | 2/5(0.40)
X9 87 | 17.3]1/3(0.33)
Table 2 Welding conditions : t = 66mm
Model Working Pass | I(A) |VIV]| v{em/min]
stage
1 650 | 30 45
2 |750] 32 40
Front 3 750 30 40
side 4 18007 32 35
<1 welding | 5 |800| 82 38
6 |800| 32 35
7~8 {7501 30 35
Back 9 850 | 30 35
side
welding 10-19| 750 | 30 35
1 650 | 30 45
Front 2 1750} 30 40
side 34 |750] 30 35
X2 welding | 5 1600 30 40
6 |700! 30 40
Back 7 850 | 30 35 |
side
1 650 30 45
Front. 2 | 750 30 40
side 3 |750] 30 35
X3 welding | 4 |600| 30 35
5 1600 30 40
Back 6 |[850| 30 35
side
welding 7~231750| 30 35
(1) Measured span @ 950mm
(2) Weld metal : S7T17ULTXH14(4.8 ¢)
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Table 3 Welding conditions : t = 50mm G FJFH o2 ZARIaAL Fo 1 BHo[r}
Working . v " Fig. 2& 4% A#25E Q& 70 g4 8 24dHd
Model | "oy e | P25 | Ay | (V) | Cem/min) 7} 4 (number of pass) Ate’ o] BAE _?lr !
Front 1 | 650 | 30 45 2 Ha Fa gled, 4 488 A 504w
T -
Side |2 1750 [ 30 [ 40 7] 66mm ZAME 1/3 Aol 7V feletm,
Welding |20 o % F7 50mm ZAIME 2/5 AMel 7bg felsh
X4 7 850 30 35 o, & F4 30mm &% ‘101]}‘1“: A9l 1/2 MAle] 7}
Back 8 | 750 | 30 40 3 fEsithe AMdE 2 5 o Fig. 2904 0 olsf
Side 9-10 | 750 30 35
Welding 11 750 30 40 ST
12-13| 750 | 30 35 ST I :
1 | 650 | 30 45 [ A oo = 13 ]
Front | 2 | 750 | 30 | 40 = +
Side 3 | 750 | 30 35 Eoap .
x5 | Welding [ 4 [ 700 | 30 40 L oL i .
5 | 650 | 30 40 b ]
Back 6 | 850 | 30 35 s [ oK a T
Side o A.“‘"‘“AAAA-AAAA-A‘
\R’elding 7_14 750 30 35 ., }‘_ _‘
Front 1 650 30 45 -
3 2_3 750 30 40 ~2O 2 4 ;} 8 10 12 1‘4 16 18 20A22 24
Side 6
6 Welding Z5l 628 28 2(5) Number of pass
Back 6 850 30 35 ‘(a) t = 66mm
Side § T
{1) Measured Span : 950mm F N 173 ]
(2) Weld Metal : ST1TULTXH14(4.8 ¢) H 4
ok

Table 4 Welding conditions : t = 30mm

2,(x10 % rad)
[\

Working 1 \Y 'y~ % T
Model Stage Pass (Al | V) | (em/min] ok Ahnadanns ]
Front 1 [650] 30 45 L 1
Sice 2 |700] 30 | 30 '
X7 Welding B T T P PR
Back 3 | 850 | 30 35
Side Number of pass
Welding 4 | 750 32 35 ) t = 50mm
Front 1 650 30 40 6 . . T . ; r
Side [ —mp =) = 12 ]
Welding 2 | 700 32 35 T . E = ti/(t—ti ) = 2/5 ]
X8 3 18501 30 35 4t “opEn/my) =1 -
Back s 1
Side 4 | 700 30 35 83k 4
Welding |21 7001 32 | 40 Lo ]
6 | 650 32 40 Z [
Front s [ T N~ ]
Side 1 | 650 30 40 o -
Welding I hma ]
X9 Back 2 | 850 30 35 S ]
Side 3 | 750 | 30 35 0 1 2 3 4 5 6 7
Welding 4-5 1 650 | 30 35 Number of pass
(1) Measured Span : 950mm (¢) t = 30mm
(2) Weld Metal : S7T17ULT*1114(4.8 4) Fig. 2 Influence of pass number on the angular
distortion
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Fig. 3 Most suitable groove shape to minimize
the angular distortion
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Fig. 4 Temperature-dependent physical properties
of AH32 high tensile steel
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Fig. 5 Temperature-dependent mechanical properties
of AH32 high tensile steel
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Fig. 6 Strain hardening model for AH32 high
tensile steel
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Fig. 7 Temperature history for Model-X1 varing
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Fig. 10 Computed angular distortion for Model-X1
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Fig. 11 Comparison of numerical results with
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