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Abstract

Several methodologies analyzing welding distortions of large shell structures like ship blocks have been
developed and utilized in shipyards for a long times ago. In general, one of objects of thermal distortion
analysis is to find welding sequence making least-deformation without any suppliance, and it can be solved
easily and rapidly by EP strain-boundary method. But after assembly construction, there are usually more
than 10 weldments in each process, and the number of sequence will follow the Factorial calculation. In
this research, a method has been suggested to decide the best welding sequence by minimum analysis.
Using this method, welding deformation could be reduced just analyzing some cases as many as the
number of weldments. Experiments and Analysis of all cases were also done, and their best results are
good agreements with predictation by suggested methodology.

Key Words :
1. A =

Aure] Az HEEe WWls T AAdde
3 or APLd B Fop} AAe AT HE T
2 AlEgoldel W el Tdwo] gelst 2 A3
o B AXx Yok, gEAoR &7 9Ny Y,
B2 R ©f Az MY, B2 A 99 A
714 AP, A8 A S YT 28 AP AAE
29| A o) F FHE A= 5 Y, A= 7
oS glek A Y AZg WES e Ha} 3
A7 g =ZRA] stolo] FHTretS @ B4 Y 5
A vz e AR, fARE, AA], A
A AAE 713, S5, dAE 55 e
o glal, =7Fel WHEcRE YRR FEM(R3
sad4)oly CEFD(HAHAIEE) 2 MBD(THEA
FA8) 7} ARt o] oA AMuloly} g gzEe]

Journal of KWJS Vol.31 No.3(2013) pph4-59
http://dx.doi.org/10.5781/KWJS.2013.31.3.54

Ak A
A Fol= 34
7hl #AE T

A @70 Folzl AAE AR chele] BAo|
12]7] wEo]

7301 2e]7] o

A (coupled analysis)<!

Ship block, Wedling distortion, Shell element, FEM, Sequence

b Bololl i At 7 71 Aege e &
A WY a4 Foks A 5 9o

x T SR 719 &5
o

pdslo] giok ol @
A=,
AHed gy YR A

o any

el e s Ao Swe 2
HE_‘ ﬁoﬂ o]
A

CdAe] AATE GEE e

Z3te] e §3A A4S a7t Wy Folo
Y o] nEEE Zo] Ao vz 3]
A e vlEske 838 4 £ luvl did A8



55

14 g

S
~

23 §4%49 8

1

I
yal

4

=

=2

B

223

7 FE A or THAIFFRT TIERX BT Pk HTRFEIT < T HDT
LG _qlm%lwmaﬁ% Rk W E T, W OW R R o S+
™oy 5 S Mo M demdom SwmT owA . mond T
X <y e —
oga X __o_”_ o) ™H )AL fird ~ U,* Ly 10 n oSl T Er = O_E
T — [ H%‘,|1 &owr_sa s e o) KT X 0 ool
te] 1_ — X
aHUaE‘m A_._._ ,\Alliﬂﬂ»loo X ;oLH_T Qu‘_‘m_ﬂ.muﬂﬂ @Eﬂﬁdﬂﬁo&MQ. =)
TR s e NP TAE_NBEE oy A .
N o 2 K|0 maoEq,\o% %o qqzﬁﬁa]wmﬂ N 121M£ B
Of = - — ._OJ|O EW ﬂ‘lr,l.AVI 07]_I:.L\I‘|1__/|L,m4%01nwme -
R W RERHT o ﬂaaowaaiﬂﬁ%wmxM&ﬂﬂ@u%ﬂw
~ A oR _ﬁ o Bl 8o = IE‘mW_ R | N R (il ©
7 T N o] X How XNk Ny o =
) T Pedhlal Bhodmgm® %m1%6%ﬁo_a@% ot
T w B N BTt RRR g oo gy 8 P P e KO £3
do BN U N v MU AR I SR R e o TRON 32
o Ty [l Mgﬂi?_o%_o,o%frﬂ%owgnﬂ}MMWBMERHﬂ =k
oo ge 2 5 MmN MEXER o ATLE TS 0o KB G
T %2 ) oV 100 SwuwokomMEnWa_‘HozTAE]ma@ N ﬂHOtZ_,TFﬂotXﬁHM
= 3 o pis [ _wwruo < oo =2 Mo J ul Erw s NI L=< 2n " oo O
) i = .7u1ﬂ_é.,_t oy o = wﬂtlﬂﬂwxaulﬂ].ﬁmidro»A%ol =
= & g o 0 x AT LHZTW%_&OEE@%zM%AT_,MOM ol BB P T
¢ BT < ]Fmo%ﬂowﬂuqadoﬂ% ﬁmﬂﬂﬁmﬂﬂmﬂ71_@1&@&;,1232%%
BN Y TR A i S SR i e A . Sl N %
o W _ 1 g lorsa R IIgns i _T5< XN~ Y h
o a0 £ Ao P Bem i ieer I® g TR W TN ;
S m o mn N BT s UNG T R T e BT e D W g s o
Y o 3o O e Y o BT oA BB o TR B B
o A o o Hopm oy MAETH wahrmp s KPR T T
WHTEEREPRHTWTTTDIA EEPTPRFIAFATIEINTT2 XT = S B
Frp T P PR EERITTN B s w s BE R e BTy P ER T Ty
~ ~ — o ; — = i —_— _
&omﬂwﬂﬂa%zowu@mxﬂWotoH,_MmoT ETﬂMﬂJmﬂmoﬁmMm.umﬁ,anOtﬂAﬂWm_sa _@mmiﬂh@(i%
P NE _muBTH T o g Eapge B gE T e oM xS
o J-H,er»AJ:H.*JI OJ'7.L|H;O1_O,LI i I~ l N
mﬂdl uu,aldﬁMoﬂLt H%;oftﬂw %ﬂZL o mﬂuﬁ_ﬂoﬂLdlz?a/fﬂ%AEagﬂuE Jﬂmﬂ@ﬂliliﬁdﬂ
HﬁﬂLwcﬂc;o‘_tﬂZﬂm#iWoﬂ tlo T 1__/I1&|w;lw_iAoﬁ]iﬂ.@lE#E#eHﬁ‘mmﬂEMw_waLaE .NAT_@H/QENH#E,W&
T o P L EWw _wmEes AT ST TN W il e T A R
N TR ﬂﬂ@ﬂw%%wa%@%WW%@4@%ﬂ3H$%M%m
FomgWepXdnl oo™ F5% oo UHET ey x W YFBERE ST Y
T o S = & Y
W R T e L e R SRR S Rk m Tdom = 0% o <
hw.wﬂﬁlATu@Aﬁ. 'ﬂ.ﬂaq_ﬁ_ﬁﬂuuﬁmvw EdﬁTx,#ﬂﬁLtNL%aﬂtor]__/lﬂo,_zT7J&..r._‘DI.JﬂDTﬂﬂWEﬂoALAL_L
N R I N SR = o o S S NI R o ROl R
—~ _— = — X —~ K X Ay — — O o o o T ~
T R R R S T S R R L A T S E L
: E s s o+ O = Pl ™ A WN,H% ‘.Wo _ZTEAT Y -3 Eﬁ e ) jnd] W H ‘NDMQMO ) B K ‘Wo_e ~ = x ﬁ,olﬂu.‘_ ,‘mol_x - iy
N PR e P AN AR I T SR S T I
MERS NS 43 F IS PSRN L R G A
m:_;uﬂﬂ%mrmﬂ%ﬁH%%gmwmh%?ML%W%WLWWW%?@ﬂiMﬂ%%zﬁwm%mﬂ%mﬁﬁ
R I L S N I TR [ el S SR SR TR I Tl o o T I I i
N - S N I R, Sl A . = S I A
TR e F et e PNy g R Py RV E Ry SRS
TH AT B AETTITE MET MR o XMI-T HIENNT o T o e m N BTN T

Fig. 1 EP analysis based on thermal strain versus
elastic analysis (Ha, 2011)

5 SB39%, 20134F 6H

R #5314

T E

Kl - Bes



56 3 & A
700
I - P ]
_ 500 _ ¥
[l
280 | ET
=)
s 8 250
=~ 10 10
500 |
500
300
280
/ Fig. 4 Deformation index for comparison (Ha, 2011)
g
) Table 1 Recommended welding sequence according

Fig. 2 Specimen design for verification of developed
EP analysis (Ha, 2011)

ABC
ACB
BAC
BCA
CAB
CBA
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Fig. 3 Workable welding sequence diagram (Ha,
2011)
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Experiment Analysis

1(best) BAC 4.61 BAC 7.15
2 ABC 6.81 ABC 7.44
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6(Worst) ACB 9.98 ACB 8.00

e —’PAM A9l dAgT} Table 1914 S99
BCA-73%5 A3 yrx] 5707ke] &4 AW &4
oH“@JM APAAe] A7 FLsith. 53] 7t
P22 Avkel Y Aale] diaixe FEs] oS3t
712 AFolA] o]Fojzl AF-afAzte] Bl
7R onE Fojatd, SATA B <3t v
o Hae} JMH Aol e‘éﬂcﬁw 28 o)A A

o ] st 7@&7@0] d

o>4 F\

-N

AN A 2oE A7) 9l 3259 &4
ol thsted & 6We siMo] lla, 7+ A (&4
Bl 33%o|mg) 3uAlel A o]Fojxt} A¥E 1
et Aot P 2 AeE B & A7 FY
Wi Fes Bl £A9 AuHE opd As gl

T . 5, oW @ WHoRE Y S EoiM
= 1 AeE Hole &HeME Fode AL 44

oo} Helt}
olo B A= dAPGore] e AAFE 3 A E
Agato] ¥ dats oAl 12 Jlojth. Az E

Journal of KWJS, Vol. 31, No. 3, June, 2013



oo
Y
-4
BN
i
1o
e
ot
v
br
ot
i
o
o
B
)
o
Y
gy
1o
%
1
Y
o
i

57

olF =& Hrg FHo] HAT oo} = F-Ed 3|
Ae, o8 2] &35 diste WEs 7P AsH
doz 7 2L e W mpAutel] & HEE 3§
2 ETFEEEC] ASACE HEE of=oA
719} & A BT A dthe AL ol Yo
o} ot oA AYgste AL thad 2ol i ¥
gHog did = AUtk

£ BE A= 7 (tack)©] o] Folzl el A
TR TP T &4o] $hsE o] Mol 4
A Zetr] wjiel, W Mg gifo] F &xo] M
HH, @2 AAolA FRES A HEYA & Aol
oh webA, B ATl s mEAR @A) 850l M
Fosithe A4 O}EH Table 19| Analysis® Z23&
oAl mEeleh. o9, 7P £ oAE B 9
T ASE CY %é ] W mpR e Y, ThE-
o 7 A%s A 850 AT FPEHAeH, A
9T A%E B 830 v FPEHAT. S

& SHEAT AGe wAY &
AE7E FAA7t thste] A= 4
7Fsstet.

olA] o] A= vhy o] ZFe| Helx 3l
‘C7F v el o= Aol /MY FRoBE CE nHA
ol wjx|ela, 1 TheeRE Agonz 1 o A

lol ek a§E

= /*z‘sg-a}o:] u}x]r:ﬂ-og‘.:_ ‘B’oﬂoui BE 1 %M
wX3l 1 A E BW BACE Udo] €t o] ¥4
75_7/].}‘:_ 3] HOH"—/] xl-o‘l—oﬂ}\-] 7].}} =0 73_,/]_,_ 3&-‘1}
FUsi}. o] BN Aee AT T Mz A2
ok, v gHe R 1 A} Aolx gonw
A kg SAsha Bo A4 +8 39 2
= A%, 3 ARE P F2 oAE s 5

= Aot}

O

4719 AR A%E A B, C 7 £HRE w
of Seke Al Mol oz AsE A b ok

ANe FEdE §4%Y £ANRY stepe] DL
o), o 4% A WA stepdldE wpTow
SEIENE E)

7% $4S ALe A agla T
HA stepollAe v 84S X3t slMoz g
g 4 qomzg &R E %Om 2ol & 2709

W o3 &
= Q“Zq‘j«] —r9Jr 5—?—7&0] 7kstH, & sfiAo] Zagt
g8 Table 29 23, £ AFolM= o]F F&4
(Post Sequence Method)olgh= ©]&2
= 718 Aotk

REEH: - A5t 3146 3%, 20134F 61

Table 2 Needed analysis number by post sequence
method

#. of weldline 3 5 8 10

#. of Sequence
(Conventional
analysis)

6 120 40,320
(3D (51 (81

3,628,800
(10D

#. of step at each
analysis
(Conventional
analysis)

3 5 8 10

#. of needed
analysis
(Suggested
methodology)

#. of step at each
analysis
(Suggested
methodology)
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Recomanded sequence for flatness
*eB->H—->F->C—-E—->G—-D—A

Cf) Recomanded sequence for roundness deviation
*A->-G—>H—->D—-E—->F—->C—B

Fig. 5 Optimal welding sequence for flatness of
welded structure
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Table 3 Needed 8 analyses for azimuth example
by post sequence method

Flat Roundness
Analysis 1 step 2 step (a ness deviation
mm)
(mm)
1 BCDEFGH 0.362 0.622
2 ACDEFGH 0.453 0.518
3 ABDEFGH 0.417 0.551
4 ABCEFGH | ABCD [ ¢ 407 0.590
EFGH
5 ABCDFGH 0.410 0.567
6 ABCDEGH 0.420 0.560
7 ABCDEFH 0.409 0.610
8 ABCDEFG 0.427 0.591
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Pre-processing system of post sequence
method for finding low weld-distortion
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