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Studies on Deformations and Cracking in One Sided Welding (2nd Report)
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Toshio Yada, Member Ryoichi Kamichika, Member
Shin Kikushima

‘ Summary

In the previous paper, the authors showed a m'éthod to calculate opening displacements of the
groove near the .end of plvatebs in one sided automatic welding. Then, they compared the
calculated results to the experimental ones. But there were some differences between the
calculated displacements and the experimeéntal ones.

In this report, the authors tried some improvements of calculating method aiming to get more,
- close agreement with experimental data. Based on temperature distributions, which they measured,
the opening displacements of the groove are calculated. In this process, the following imﬁrove—
ments to the previous method were made : '

(1) Yielding effect of sealing bead in front of welding arc was considered.

(2) Inherent shrinkage strains were distributed behind wélding arc. .

(3) Boundary temperature of elliptic hole representing molten i)ool and its vicinities was
changed to 700°C from 500°C. '

(4) Dispiacement's calculation _befére welding arc reached sealing bead was tried by arranging
a slit between arc and sealing Bead.

As a result of these analyses, simulations of deformation behavior of weld metal during solidi-
fication in one sided Wel_ding were made possible, if a proper distribution of inherent shrinkage

behind arc was assumed.
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Fig. 1 Moving line heat DOEDOEMOBE S 1=0. 094 (cal./cm-sec. °C), k=0. 065 (cm?/sec.) % i\
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2.1 % B
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<, zh# Tablel, 2 ©Fid. BREORER Fig 2 wWRTALECEN,»HER 4mm, %8 5mm DR

Table 1 Chemical compositions and mechanical properties

Chemical Compositions (%) Mechanical Properties
Steel
Y.P. T.S. EL.
C | S | M | P | S | (kgjmmd) | (kgjmm® | (%)
SM 41C| ¢t=12mm | 0.11 0.22 0.91 0.013 | 0.009 29 45 34
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Table 2 Standard welding conditions for experiments and calculation
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Fig. 2 Measuring points for temperature Fig. 3 Temperature measurement by thermo-couple
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Fig. 4 Temperature change at varioﬁs points F1g 5 Temperature dlstrlbutmn at various times
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HMOHERTRolco TORKR, —MOCS L BEME, 2 & E2/hX LCRBE I E0ANEET b
BRI MO Gk RRECALR L 5 LThE, REFEA~OEDEL VB LD, BHEENOER, 2O
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Fig. 7 Dimensions of elliptic hole
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Fig. 6 Temperature distribution calculated by gy L )
corrective method (30 sec. after .arc has v =valt(yfe)? LBFEI iﬁ-%%ﬂﬂjﬁ@‘z’*
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WL D PABICA > T Wt » TRREL D FHEEOH MBI OB YT - LR E I B AN D - 2o
THbLEALOREeNAETELLEL bR, LT TAR T, COREYEEREDC 2501 Lo
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SKwﬁTT?o&kﬁGk?émEmfﬁDFH%#%6%%%@E?6L&kEEE$E%mLT%EED
HEE o T FEEILOIM SRES ¥ TOERE v, RoBEOBAOWTORKEY Fig.8 fic —&
BTRTo KRL, TOFDOHEDENEERIBFERFOUNMEE L THREBND Sy OZXBELIBEDODL
DTH b EBCBT 554 & FREREY BWGHE L BEER X b R ARPCER T~

o
Table 3 Constants used in calculation of tear stress
7 I v @ E o b k v
(amp.) (volt) (1/°C) | (kg/mm?)| (cal./sec.-cm-°C) (mm) | (cm?%/sec.){(cm/min.)
0.7 850 34 0.11X1074 21000 - 0.072 12 0. 045 32
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------ tear stress in infinite plate

1, BINhfry—Y) vy — FOoEX 2, 230mm | . _ corrective stress calculated [)
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T
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EHEELSEATOENEHEL, OHPER
LB ETRY » FAVBOe L EX TAY » FOB
AR R8T, ORI Y » THEIHBEH LWE
HBEEY Y~ VI~ Fadhndigakl Ui
ShEEMBCMEAbRAZER L 5Ty~ V)
v FORRDOGHELY ZE X LEMEY KD i,
KEROFHX Fig.8 OTRIRT L5 © ARERE
FHECKCTROER SO fiA % B RfSE
BTL, TOHHHACHANE LTBENRAHLT
Filgotco SHERSRC IhUE, BIEOKT OG-
TTHERD Sg+Sp+Sp RINET HEESTIIBEREIE Fig. 8 Tear stress distribution and yield
'@tb@ﬂ§§%mﬂH%W%KV&ﬂf?VLt% effect correction (S=Sj)
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EBRERO—FL Fig. 9 RT, COMBEIURINILDLDREET — 7 OBBEKTH Do LicdisT
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B Fe DI A BOBBE L EIE L - BBBERNT 2 5755 DERSH S A, AH CIUIREEC OV TR B2
THILDE, NEROFBEABYFEEANCUTOI 5 B L, ¥7 Fig.10 BRI L5>BEINI K L& 4
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Fig. 9 Experimental value of final shrinkage Fig. 10 Division of shrinkage and elastic zone
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%), (ii) BEBBLUBC, BEINRIROLBNEHRC X - TR 80 HF0 5 e X o TREERD A
kT 5 WA, (i) BEBBUBCEETERC L - TRV T28EE (FRIZIPELED), D=2
Thhbo 2hb (i), (), (i) PERK XBIMGEY Thih S;, S, Sy TEbL, £2BDORMEY S TR

T ErTB L,
S=8,4S,+Sx (6-1)

LitBho Sy BEWESNEE Lt W B EBRWicadiE (BRLrE3 280K i o BEAAS IV
S DLFR G IR O BEMIE BT T, Thic X 9 BOhERR EOEMORNPLR D b h %o Sk
TREZRAEOBREERFELEES TR > TOIETRAR X VEBIRD OIS,

sur= [ [ ol
PR L € R L S OB R R b T b O L T 5, 15, S, MIRTERbRBo
Se@)= [ (el )}y (5-3)

EREENT %]Aepllt IEZ THBMGOREN O ico THLUBOBER LEATR © BEERES DR
Wf%aogd%mm::@%21m515&%&&%ﬁﬁﬁm101mX®5:amf%kmo
ERECR T, ERELXZBERCLT Sp+Sp # ¥ DB TCUTOX S HEE LI, bbb, Fig. 9 .
IHUE S=S8y+Sp+Sp KL TR 0.75mm BETH B, 7 SniX 0.3mm BETH Do Lo T Sg+5p.
12 0.45mm 1indo L, Fig 9 WRTERBOWRCHNT, SEOER TIREEDHSE L KRR Th
FhiEX 100mm, DYE 12mm OY— Y VI~ FRBVHELIARZWEELLREDT, TOFELYER
LT Sp+Sp Dfiz 0.30mm L{FELTHEER T oo FTOBRCIDB EABOMD X 5 CEVHBRKE OB
B Sp BEVREL L, BUEBHCKREREELY S Z 501X Sp+Sp BEEZTIWLITH D, stEME
B lhug, Sp+Sp off (0.30mm) #HEE L L X o TRREIKEE © Figl2(a) 0ARICKET % RET
DZEAT 0.9 mm BERA T, i, BROREBBCORMERCH LT, BANGEOHELYRS L, #:
FBEEETDC L X » TREBE CEMEIX 250 1 BECEL L, mmb%%mk%m_a#bméo
hboiERY Fig 14 (), (b) ©F T
6 T—oh—FE—FIZETDLUBOEN
HRICB W TR ROL L BT TH 2 2 BRE LT, BRIy -V V27— b b, TOv-
—~ VYT~ FRT— 2BV LT T BEDBEEDOLZ YR Lico AR TIX T — 27030 — Y VI~ FILED
EFBLURIORBIMETTE S X5 Fig 11 WRT L5k
HADRHCAY » " BTBEFALEL TN Lo 7—
ellintic hole IRy =V V7= FicET 5 A Fig 1l 02522l
§ 100m W, T 2By — ) VI — FIGELTE R CLUERTES
: ' THWEERUBHALDORD =T A2 Bunis, SEERC LR
— welding direction *hend” W, Y=V vy~ FEZ 100 mm BE L BFIUET — 2 23
— ) VI~ FET 5 % COBEROBEEREMIFARA LR,
Fig. 11 Model for displacement calculation Biig\yo BMWTEDEFEZRRNL LLTDEB L TH S,

until arc reach the sealing bead (i) 7= 2Ry — DV re— Kb 250 mm BEEEEN T
LRIy~ Y v Y~ FOFE] 7T0mm BEOME Tiibh T ikais (0.03mm BE) BHELBHLs TR
ERT50

(ii) ¥— Vv~ FOER (20mm Fj)) DETIET — 7 E ST IO TE 4BIENEE L FHE
CEHT Do LALEALLOEHEIRA 0.1mm BETH 5,

(iii) Y=V v~ FD 150 mm FHOME TIE, 7— 2715850 TL 32O T, BEENRBEGIOREED -
BAALSHACER T2, TOEMEIIRK 0.1mm BETH 5,
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experiments and calculation

Fig. 12 (c¢) Displacement at section @ by
experiments and calculation
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Table 4 Positions of cracks in test plate

367

T.p, [start position of cracklend position of crack Jo—Xe —~f -
No. | from e(nd of plate | from end of plate 1.0F Ve position N
mm) (mm)v E -
1-1 0 150 So.s Xe=63.4
1-2 75 165 T xe=260
1-3 §
40 140 i o
14 100 145 5
o
1-5 57 137 ~0.5 ——welding direction
1-6 45 164 TZ00——T0oc %10 sh——0% 700

distance from end of plate (mm)

‘Fig. 13 Calculated change of displacement
distribution along weld line

BERFREE, HEREGOXR, BEeEbT
RIA—RELTT — 7L 2 Lo TRRTS &
Fig B DX 51ish, 2.=260 mm OBOENAHARNFICEIRT WD, Shi B5 & BWEEHOIRET
KRBRCHEANTHRYPIV, TR HHLT, KBS0 RIEETOEMIIEROE L VNI Hik T
Voo ZHRBBREL LM IRIUUREIEDNTH Y, 1o ECHCBES ISy N HCE L
DHCThCnicleb rE LB,

8 BESEORBERKIEOLELZE;

B & AR, BREIGERED 0,=700°C TH% L HDERBTIIIENAIE b=318mm 75 BESE
2, COFRMEORENEE ST THLEH LT BRT, SMiln bREWK 2 it 0B S5 %
PEVD ELEHE LCEER T, REFORESRORE~EU iRy Rdvtco FOKEEL Fig. 14 (a),
(b) iR, Fig.14 (a) REFNMHEL LT Sh DX ELIHAT, Fig. 14 (b) 13, S=S+S,+S, +%x
TRDLDTH D, ChLDOHEREWTL, Y~V Ve — FEHARBWLDEES, v~ ) V2 E—FD
BIACIZAY » PR D LB L THERZFT Rt Fig. 14 (), () 1Y, BHNHERSE LTS, & S, %
EABLEMBI2HD1BECES TS, ZhbOBERN LB REHNBORENRARELLDTHBE &
Z’?gi’)ﬁ‘éo

9 FhRELOBFROHE

FHROFEC L » T, BREHCHELULKE IOMBREL HH I I 1 THE, 2700 FRICRESORES
BORBEBECOEMEBR LMD ENTEI, LA LERLEhBELHETSOLELL 5 —D00EhR
ERFERE RD B IDITIL, 27 DR D BB HEREEENRRY T iob i g Wi, A
COVWTHBEE CTROTHEFHL? NERFT —F 2B TWBDRDLE S5 Thd, FHOLOF 513, KE,
BEGE I EREABROEREG LIZRRELOTHS
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