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A study on the sensitivity ana:iysis of welding

process parameters on weld bead geometry
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ABSTRACT

The welding technology and qualities are
developed significantly, in recent years, in
the use of automated processing technology
and welding robot systems. But, these
automated welding technologies have many
difficulties for finding the optimal welding
parameter conditions. Because of the lack of
mathematical model for determination of
optimal welding process parameters.

In this study, the sensitivity analysis of
the empirical equations for finding weld
bead width, height and penetration depth by
using the published formulae. The selected
major welding process parameters effected
to weld bead geometries are the welding
speed, current, voltage and weld wire
diameter.
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Table 1. Chemical composition of welding
electrode wire

C Mn
0.07-0.15% [1.0-1.5%

S

0.035%

Si
16-1.85%

Cu
05%

0.025%

£3d AHEE AMEE AISI 1204 97298
A28t o0 Table 1.9} 338 24L&
R AlEH e 27]E 200X75%X 12mm
ol &3 wyle FE 49, 18 2(single



pass), bead on plate2 3Tl &% vj=9
A7) AL £33 F Y A end effect)
58 FAE F AE 9HE e oS ™
9] & B8 a4 (polishing) ¥ F 2.5%
A4 S BAAAAN &Y Hol TE &
At

22 £33 W
43 vz g4 a4 FFE T 43
FA B9 AFHY [AF Yobrr] Hst
o oA dAFEHEd o kAo BHFTA
HEES BF SHHUSTE 3tn §3 v=9
Z (width), ¥°l(height) Z8a &% 3ol
(penetration) & FEHUFZ ¢ JA=
Y=£(D,V,L,S) (1)
G714, Y F&AFM= FD
D golo] A% V &34
183 A% S &3

A

=
A%

(DA Ze]l EE & F 3, o2 #A
g FAAYFE A& & 3]

Y =a(D)*(V)*(D)*(S)* 2)
J7]M, a b, ¢, d& e BIE TIFEE,
Azl FF T At JFE L= AY
Aol A4 g et ol %y A
Abe 3 AEM R (regression  analysis)&
Abgsle] AAbsted KimES Ayt 5AA
g code?l SASE ol&8d g Fe 24
g do Il

X
=

W= (d).42)4v0.70&10.3518s —0.459010 —0.0905)

H= (D—0.1255v—0.718310.538’75 —0.2395100.3339)

P= (D~0.5668Vo.013011‘40055—0‘3641102.3098)

o] A3 N& v 7Hx &F{FTE ¥ &
A vE ¥4 BAE o FHY
Aolct, ol @ 29 #FAE R A AY
& AAA F FuBA AF(coefficient of

(3)
4)
(5)

-276-

multiple correlation)& 3t &S ¢
FEdon ol&al £ ZHuhete] u|ile]
M= FHgo] M5 WP st

B Ao e o] Al 7txe) £24& o] &3}
o zZiztel £ HEA WL vl= FAhe of
- Axe) JdF%e uAertE dotrry Y
of ulEg ol 7 Wyel NHAEF T
Aok YoM A3 &7 v= FFL ety
Fig.1®% ¥3 a¢d nlz £ o] z8ln
29 Hol & BT

Fig.l Schematics of weld bead geometry

3. MIUE A
oA o) RIZE A4ta 49 FH 5
2 HHAlolg AFsE FERE HAHAM
Aol iy HFH &g 37 49 AN B
& Fated AHEE A glch ol HA W
F gae Z¥EANE AHEE Vg
71 7]wkg 253 Zaoady Py
AR Axstan sidn & F ik & F
Hshe] AL zAG A AR ¥§E
A = b & 2L 2S5 Ao
Act. datdow Ao xdHE AT A&
ol AAbE 8 HgE s w4
o] BEH 3 ek

a4 Hae HFH 7
M fokel He W

element method) ¢}

=
A

o] wg3 Fx
38 4§ (finite
HAA FAHQA
2 (static response)S zt1, WHE 722
F fEtes FAe nEL o)&3 YUEE
a4 wyo] Bol AMREHT Utk @A o
Hn dE #$Ee 2Y #F AU finite
difference method)® 343 % (analytical

method)2. 2 =7 s & g3 siM= g

é;
dow &
wol A8
_’]

1



ol 2t dAMFol Az AHHY olES

o] 83 A Y(direct method)® 53] 3
Aol o]&lA E WA A HE £t WL
H(adjoint variable method)22 W& & U

ol Zt wye] o8& HA wa 4 F
£5 = 999 g F d@de kA vk
2 FAdME 4 $HFF derk FHA
o wel 83 vz Fiol FogsHE AFF
¢l $H& #E ASE UF IA &4
(multiple regression analysis) o] 9%
24 e Ax wEod F4L ol&3o
AH v & NATE Yol A
Ht

4, W3 % I

4H FA A5 dslFgd wZ &3 vz
o A Wsle &3R A= Hit &3
A9 AAAQ EAANAM FasA 1y
ol & EAlojth X3t xE 3 FH &R
= 498 Fa¢ dgrt dee Azdd.
& AT M e, 7IE F4d ZEH Sle
HE Yo dFL F= T4 AF FAA
43 solojg AL Aoz HuistE
2717k AHA Joerg WFEEH 9alst
ofsittm AZhstn oA ALsdch &
ARt ¥izx &Y AAde, FHE 1.2mm 9
1.6mme] F 71X & ¥3sgL o 4 9
9] #ste oistd g NAF AAE B
o 24 Age ASE AHE/ FAHYE 2
ol wet AR oz B BAGE A5
I Yz HEEE 43 AR $E& A
g AAFHA UPEY Ade &3
gtolojel AAL 12mm, H+FH AL
25Volt, #4 €%+ 35mm/min, 2831 £
H AFE 210AZ AP ZPAAM AH4bs
Qe ol e UMz SH-H ALEH
= #geEH o 9nt gddn ¥ Held.
=3 £HA FLH UY #Ho] BolxE
&xol AFY g MYde da ¥= F
9] A7|E wlEIFt

Fig2dl: £d AF9 vz e 83
H= Zo NAEE HogFEm gy, ztzhe
W & 24 £x9 AR UAxE Z

Ao digt HulE gteg Fate Ay
ALgE HFe 7 ge=z YAk 2
HollM 29 & ARE Wzl H¢ &
A AF ZAAY A dEMe 3 9=
Zo de] A Hoxn B F gled, o
o= & £x9 VIHES B, 84 &
Zrt XY ve £& HopAng &9 g
& 7HWEA 2 A7l AFY Asrth %
3u) Axe wigE aANE e
AR R, Fig3E = Zo 33 Yas
47 E A9 &= Wsl$ 25-50mm/min
o} Aol M) ¥ gro g derddrh &
= s wg AFe) IdEE JAF a4 A
AWz} ol R HA ST FIHAA of
F A}y WY L A a o AVE ofF
AeE ¥ 7 Utk a8y £x9 RIPEE
AAFAM & Foz walsigM ¢ 175
o ¥iztz Wz £g H2vh & AF g
WA= A B 83ESEE WEEE A
o] &3 W= Zo] 37)§ Wasled
# Ao = yelgo

2

18

1 =-- welding speed
----- welding current

08

Senitivity of weid bend width (10°)
1

-

-t5

-2

180 200 220 240 280 300 320 340 380

Welding current

Fig.2 Sensitivity result for current variation
(weld bead width: dW/31, dW/3S vs current)

----- welding spesd
2 il w-ldng currant

Seasitivity of weld bead width (1"
)
i

36 40 45 50
Waelding spesd

Fig.3 Sensitivity result for speed variation
(weld bead width: dW/a1,8W/aS vs speed)



H =

Fig.59 Wetysich vi=
frAFEE
(order) il
alolE Hojil
of dg &z

%9

weoh glom £xe 7

Ax

Fol(height)o] ©i$ A=

YeE eEA
gich WA Figde &7
AfFe =g =Y
%%%ﬂﬂﬂﬂixaﬂ%
= ARe

Bolxm

b g

a9 &9

NAEE

Fig.49}
o] Aot Ag
Qzkee) =)
ol AFAHow 108 HE
AF
H =
= Ag
oF 3uj

Atk

Figcdl veEtd &4 &k dig WUzxe

LR
I AanNeE =g

4E vehdla e

3

BY W= Eo
A dedAg §sw
g % slo.

2

walding spead
= welding current

Sensitivity of weld bead heigl

200 220 240 260 280 300 320 340 80
Walding current

Fig.4 Sensitivity result for current variation

(weld

bead height: dH/d1, 8H/a8S vs current)

w

~

welding spesd
ddng current

Sensitivity of weld bead heigh
P

N

|

25

3 50

» 40
Welding speed

Fig.5 Sensitivity result for speed variation
(weld bead height: dH/31, dH/3S vs speed)

Fig.6,7ol M =

43

H}

(penetration) <l 34%} AAEE Jeuz

o WA §7 %
9% 1%
A% 73

d

Fo wste i &3
9 %%’J dolol i@ VHEE

S AF AAA we 2

EE N Y

¥

=9 89 el

A

&
-3
2}

-278-

Ao W=t AR vssicn @
Ak AYE Bolgd ojAL
19] Ag9e gutse
HE FRANE A
G go] ANk
Wste) disidE
FAFSA WESD
AAH) NPE A7 E li’vﬂ gy
3 &3 208 HEHS 9 vz Foly
Eolst mmatdnw 4% e A7(10°
order)E 7} 3 W33 RAFET, ol
A 899 ZHeole £3H vz=9 oy
Fold vt &H HAF =9 &4 F
A W didted e Bt @ s ws
e ¢ F ALt

Hj=
ol
$ W wo
RE B E
e 8

Q
AL‘I

MJH%

T e

N

&l
A
T &
o]
o 4

|

ac

-ﬁ‘ii‘zi‘zﬂoﬁh‘
o

2~

F 9tk

waiding 1pesd
welding current

Sensitivity of weld bead penetration (107

180 200 220 240 80 300 320

60 2
Vidting current

Fig.6 Sensitivity result for current variation
(weld bead penetration: dP/dl, dP/aS vs current)

weiding spewd
-~ - welding current

e e

Sansitivity of weld bead penetration (10%

30 4% 60

4
Nusidng spact’

Fig.7 Sensitivity result for speed variation
(weld bead penetration: aP/81, 8P /dS vs speed)

ojde RAE sMozyRy dE UL
FYsiA 8 e 44 ARY 28 71
3 FY3 JE FE MAEE sgE e



Table 2. Weld bead width, height and penetrations for each S(speed), I{current)

Case & variable I S Width Height Penetration
min. I /max. S 180 50 8.86 229.95 1.60
min. S /max. I 360 25 1554 422.68 543
min. S /mid. 1 270 25 14.04 351.73 3.63
max. S / mid. I 270 50 10.21 297.92 2.82
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