
Title 構造用材料の溶接残留応力・溶接変形におよぼす溶接
諸条件の影響に関する研究

Author(s) 寺崎, 俊夫

Citation 大阪大学, 1976, 博士論文

Version Type VoR

URL https://hdl.handle.net/11094/933

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKAThe University of Osaka Institutional Knowledge Archive : OUKA

https://ir.library.osaka-u.ac.jp/

The University of Osaka













Nomenclature

Stress

σV:Yieldstrer妻gth

%・Yi・ld・st・e・gth・t・efe・e・ ¢・t・mp・ ㈹t・ ・e

ε:Strain

｣y:Yieldstrain

εV。・Yieldst・ainat・efe・ence.tempe・atu・e..

A:Temperature

8r:Transformationtemperature

θc・Acガte市peratu・e

8M:Temperatureabovewhichyieldstrengthbecomeszero

Ai:Initialtemperature

80:Interpasstemperature

T:Riseoftemperature

E:Youngsmodulus

Eo:Young'smodulusatreferencetemperature

H:Coefficientofworkhardening

d:Coefficientoflinearexpansion

Qくo:Coefficient6flinearexpans董onatreferencetemperature

c:Specificheat

∫:Den§ity

真:Ther刺c。nductMty

k:Thermaldiffusivity

2:Thermalefficiency
I:Weldingcurrent

V:Weldingvoltage

v:Weldingspeed

Q:Heatinputperunitweldlength

q:Heatinputperunittime

t=T緬e

W:Platewidth

L:Platelength

h:Platethickness-

2a:Cracklength

x,y:Coordinatesofthepoint(location)

D:Specificdepositedheat

ICo:Besselfunctionofsecondkindandzeroorder



ε★・ε1εY。:

♂ ・(i/(TfO:

e☆・%θ!・Y。:

嘩 σYノσY。・

♂3α ノαo:

E'・E/E。:

ナ
H呂Hノ ら:

LW=L/W:

X=x!h,Y=y/h:

'T =211Eii7/w:

w★=w/h:

L㌧L/h:

xf・x!h,Y"・y!h・

～=2JiEE7/h:

Ya=y!a:

wa=W!a:

驚 ・2概!a:

lb=Qlh2:

貯 ・。bW・Y。r

Tav=q/2CLghW:

噛 ・噛,ノ ・Y。・

TaM・Q!」2EEahcア:

ノ乙:

e:

丁言M鴫TaM!εyo:

Dimenslonlessstraln.

DうmensionlessstreSS

DImenslonlesstemperatu▼ 燈

DimenSionlesSyieldstrength サ ロ
Di四絶簡sionless.coefficient.of1.董nearexpanslon

DimensionlessYoung,≦modulus

Dimensionlesscoefficientofworkhardenlng

Dlmensi。nlessplatelengt施

DImenslonlesslocation

DimensionleSStime

Dimensionlessplatewidth

Dimenslonlessplatelength

D董mensionlesslocatlon

Dうmensionlesstime

Dimensionlesslocation

Dimensionlessplatewldth

Dimensionle$stime

Heatinputparameter

Dimensienlessheat.1np賦tpara㎞eter

Riseofaveragete鵬perature

D㌍nsi・nlessrise・f.averagetempe・ature

Riseofmax董mumtemperatureat .cracktip

Theratioofthecircumference.toltsdiameter.

Baseofnaturallogarlt㎞s

Dimens{・nlessrうse・fmaximumtemperatureatcracktip
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Table1-iPhysicalandMechanicalproperties

Mildsteel A15083-0 SUS310 HT80 19ｰ/ .Nisteel

c`caレ ℃ ・9》 0.13 0.23 Oj2 0.13 O.t2

.Y(9/cm3) 7.8 2.64 8.03 7.8 7.9

Eo(kg/mm2) 21000 7100 20400 21000 20500

Uva(kg/mm2) 31 149 28 ao 64

Evo(=VVo/Eo) 1.48x163 2.11x103 1.38x10_3 3.81x103 3」2x1σr3

o(』(。C-1) 1.2x10"5 2.38x10"`' 1.75x105 1.2x1σ5 12x1Q'

eM(。C) 830 430 950 830 830

9rn(ｰC 6.7 4.6 IL.1 2.6 31
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Table1-3Dimensionlessvariables

usedinweldingdeformations

Strain E=E/Era

Stress d`一一d/dvo

Temperature 6'.0(06/Eva

YieldStrength Qv'_(豹1σ魅

CoetflCient酎 しinear

Expansion

ia
=aノ 咲。

Voung'sModulus E*Eノ 島

CoefficientofLine舐
Expansion

H禽」H!E。

PlateWidth W*=W/h

Location
X'=X/h

Y'=Y/h

Time ■重・2荊 「'h

h 翼Pレレ琉.)

WW

(伽 、高・X*,1,hy馬,、*W,=。,h
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Table1-4
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燈 接 線 方伺ゆ 残 窟応 刀硬

　難 一 鞭 鰯 麟

Chemicalc㎝p凶tion(%)Y.S.T,S.EI.

CISiIMnIPISI(kg/mmi)1(kg/mm2)1(ｰ/.)

0.1410.2910.6210.016(0.017128.4145.5134.8

Chemicalcomposition(%)RS.T.S.El.

CuS己FeMnMgCrTi(kg'mm2)(㎏'㎜2)(%)

0.0410.0910.2210.4814.510.1510.02113.8130.9129.0

Chemical◎ompo引tiQn(『 ノ・)P.S.T・S.Eし

C Si Mn P 5 NiCr〔kg'mm2)(kg加m2)(%}

0.07 0.83 1.66 0.03 0.01 19.8124.6128.OI59.0158.2

一 ・胴杢

o畢dlin●
!/1

.

,・ 一 一 團 ・ 一

本 ! コ層
SpeNmen

Ballcaste

Rigid督m

oa

cr

P

I

…

O

o

1.
T.

i 1
.

,,一 一.

,,

1

■

Rigidplate

一 響「王
一

Rigidplate

Ballcaster
Sp.eimen

Rigid冒r邑m●

Contactball/

エ1〆

/
/We

iCut

φ 4

Y 窪

面 8̀ 1

唱 1→

『

eb

4
● ・ Z_
:巴 !

一一s o-a
f ioo一 一

Weldline

Cuttingline

(a)Restraintjig(b)Locationofcontactball
andcuttinglines

Fig.1-14Experimentalapparatusofresidualstress



14

Table1-5Experimentalconditions

(a)Mildsteel

Tav

(。C)

L

(mm)

zw

(㎜}

h

(mm)

1

(Amp.)

V

(Volt.)

V

(cm/min.)

a

(cal/cm)

eo
450

300

300

300
]5
iz

450

430

24
25

31
38

3500

2850

its

300

300
450

zoo

240
300

12
12

15

445
435

435

25

24
25

39

30
zo

3000
3500

5500

(b)MildsteelandAIalloy

曹了

av
Material

★
eM し

(mmJ

2W

(mm)

h

(mm)

1

伽P.)

「V

(vote.)

V

(cm/min.)

a(
cal/cm)

i.o A150ﾟ3-O

SS41

4.6
6.7

300

300

zoo

240

io

iz

135

435

ia
25

30
20

1070
3500

TavAveragetemperatureV

LPIatelength》

W:PlatewidthQ

h:Thicknesstf

I:Weldingcurrent
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T、山1。2-1Experi脚t・1…diti6・ ・

一.
Width Thickness WeldingConditions Tavi'C)

Material Specimen
number

しength
L(mm) 2W(rtm) h(mn) 1(A) .y(V} vtcm/min.J

　

SS41 MU

ML2
Mし3

ML4

100

zoa

300
?00

zoo

200
zoo

200

12

12

12

iz

435

445

445
435

25

25
25

25

35

35

38

35

131

134

125
131

FIW7
MW2

300

300

100
zao

12
12

435
435

25
24

38
30

zao

122

嗣3 300 300 12 430 25 38 80

MW4 300 400 12 435 25 38 60

MW5 300 soa 12 435 zs 35 32

MQl
MQ2
MQ3

300

300
300

260
200

zoo

12

12
12

455

438
420

25
25

25

23
28

56

zia

153

eo

MT1 450 300 15 450 za 31 78

MT2 450 300 15 435 za zi 111

岡T3 450 300 15 435 25 za izz

岡T4 300 200 10 455 25 30 na

MTS 300 zoo ia 455 24 35 157

岡T6 300 200 10 450 24 42 130

凹丁7 300 400 12 425 25 38 58

A15083・0 AL1 300 zoa 10 zzo 26 40 izo

AL2 300 200 io 220 27 60 82

AL3 300 zoo io 230 2J 49 105

AL4 300 200 10 135 24 30 88

AL5 300 400 ia zza 2ア 60 41

SUS310 551

SS2

300
aoo

zoo

200

10

10

220
zio

27
v

40
26

76
114

SS3 300 zoa 10 215 31 32 109

SS46コ0 zoc 10 205 27 43 67
」 畳

L

灘懸灘麟辮
Zr/妬 欄1・ れ て紡 ・

23入 鮒 鵜 σ鵬 撒 数を餌 乎均厳 嚇 揮
2、3./ヲ 『冨1習鳥・カノ分菊戸9秘

蒲 無 鴇 纏 鴇f彩懸紫鰭 霧 認 灘.
残駈 ρ参『卸 そ営 秒雇0碍 短 躍'じ確 捷 切了'訪れてい勿 で・

簾羅 欝 撚 鶉駕塑鶴麟
グ獅 ろし擁 ん砺 輌 型 が 望ブ'ろ・しガわ ρ'ろ・

つ驚:嶺擁縮 欝夷撫 灘 聯 磯1
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Table3-3Effectofweldingprocessonnuggetgeometry

andweldingdefor皿ations

WeldingProcess Welding Weld{ng Welding Bead Penetration Transverse Angular

current VOltage speed width depth shrinkage dlstortion

1(A) V(V) V(cm/min.) a/h b/h S(㎜) 6(radian)

GMAW 400 26 75 0.88 0.40 0.24 9.8x10'3

SMAW 186 32 50 10。75 0.25 0.25 7.4xτ0'3

GTAW 253 17 30 e.50 0.35 0.28 4.2、1・ 一日

(a)G廻AwQ冨1398cal/cm(h冒6㎜)

(b)s甑wQ・1371cal/c皿(h・6m)

わう ヰ　 お

(。)GTAwQ=1342・a1/・m(h=6・rm)

鎌麟`銚鰍 蹴轡
ぞα 、λ熱 碗3ガ 於 ・賜創 ・趨 源・

静 →κが亥御rシ占潟 プヲ孝多擁P仁 ついて〉欠の
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Table5-1Experimentalconditionsanddata

Material Length Thickness Width Groove Heatinput Transverse Angular
'Welding

L(mm) h(mm) W(mmJ
angle
d(deg.J Q(cal/cm)

shrinkage
S(mm)

distortion
6(x162rad.)

process

SS41 100 30 100 60 4000 1.24 3.84 GMAW

200 1.50 4.96

300 2.18 5.93
500 2.14 5.49

300 30 100 60 2660 z.zz 6.81

3000 2.19 5.35

6000 2.76 4.86

300 45 ioa 60 6000 3.35 7.23

300 30 100 30 4000 1.35 3.51

45 1.51 4.40

90 3.75 11.24

300 30 100 60 3300 5.34 74.62 SMAW

A15083-0 300 30 ioa 60 1300 3.42 8.ア5 GMAW

zioO 4.43 9.08

Table5-2Chemicalcompositionsand
mechanicalpropertiesofmildsteel
andAlalloy
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