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A Study on Back Bead Formation in Inclined-up Position of
Orbital Welding by Plasma Arc Welding

Hyo-Won, Kim

Department of Materials Processing Engineering, The Graduate School,
Pukyong National University

Abstract

In the circumferential welding of pipe, welding phenomenon changes
with the position of pipe. Especially in the overhead position, back bead

of vertical-up position would-be sunk:

To investigate the size of back bead and keyhole with the change of
the flow rate of pilot and shield gas at each positon, bead-on-plate
welds were conducted on 6mm thickness SS400  with | inclined-up

position.

When the other of welding conditions were constant, the width of
back bead was increased as'the flow. rate of pilot ‘gas was increased.
And back bead tended to convex as the flow rate of shield gas was

increased.

Key words : Plasma Arc Welding, Orbital Welding, Keyhole Welding,
Inclined—-up Position, Overhead Position, Convexity Ratio, Back Bead,
Pilot Gas Flow Rate, Shield Gas Flow Rate
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@ Ar-He : Aro] He& %713}
Aol Heel 40%°1% % 7t= ol
Ar-75%He &3 7}2=& Cu &+

Table 2.1 A7 W&

2 ved Aol

o
A )
>,

i
)
[40

o T7h=l=H,

o AEg
Table 2.1 Typical gas selection for material
Material Pilot gas Shield gas Backing gas
N
N2-2~10%H,
Austenite STS AL R 0%H; Ar
Ar-2~10%H,
Ar-2%H, Ar-5%H, Ar-2~10%H,
Ar
Ar Ar-5%H> Ar—2~5%H,
Mild ' steel No shield
Ar-2%H, Ar-2~5%H, No| shield
Ar-2%H, Ar-15~20%CO; No shield
Ti, Cu, Mo
Ar Ar or Ar-He Ar
and Zr
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A= PAWONA] |l ol HdiFol 9bA Adg 274 AHdesioof
th Table 227 A= A4 gk A4 wd o= A7 s Hed
o]t}. DCEN(direct-current electrode negative)< thorium electrode®]
°l ol HF 383%™ DCEP(direct-current electrode positive):= pure
electrodecl tfgh w1 o} HF{ 3|8 o]t}

dwtH o 7 DCEN® A= Adk 7hgol 9lojd PAW A7 50Ac] el A

307, 100A0] ol A& 407 Al A= Hdeke] 27 truncated FF o= 7}

l——_
L.
&gkt

2ol o

Table 2.2 Allowable main arc current by electrode diameter

Electrode dia. Main arc current(A)
(mm) DCEN BPELR
0.5 o~ -
1.0 15~80 -
1.6 70~150 10~20
2.4 150~250 1 5=l
3.2 250~400 25~40
4.0 400~500 40~55
4.8 500~800 55~80
6.4 800~1000 80~125
3) LI HF
ARt o2 PAW AF D=7 255 519 Fo] golAAwt Cu
insert l=gol o3 FHo] HstH(sEHoer edvi HAo] ofF 22
Ag ALSET}, PAW A58 FER Fold) Fig. 2700 Al

o

=
&

=

b
i}
filo
offt
o
2

H)
ol d=olA mwel of= AR/7F yFo A AL C

of & 23 double arc(series arc)’} WA HE T T3 =5 ofm 2 A9 7|
= st AMRH|=7F H Y Sebze 7)ol A A KetEE A
of Cu insert =& &4AA &§HE &7FseA wteth webA Cu
insert =59 I AAo thgd FHE Ho H<A o2 HFAE
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Table 2.3 A AA AT 714 Fda 7}~ §2FL 152 /mino th.

W Cu
i insert
nozzle
Main arc —, Series arc

Base metal

Fig. 2.7 Schematic view of double arc

Table 2.3 Allowable maximum main arc current by orifice
diameter in plasma keyhole welding

Orifice dia. Allowable maximum
(mm) main arc current(A)
0.8 1~45
2 ~70
1.6 ~100
2.0 2l2>
2.6 ~230
3.2 ~300
4.0 ~500
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arc force

Welding
direction

Fig. 2.13 Direction of-forces at-vertical-down position

Vertical-down position®] 4] 3¢ Wako 2o H-ak
o 1 =]
B 1 =

d olzEe wAS P Ak geps

%]
S Holm® &g Ts = & 9ol A
kS skt). o] w9l Vertical-down positionol A= =& F79F £&
=59 FA7E Halxl dHeA ddBES AT fsd =& A
FE 2 olags HAXNA &dS A stot
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3) Y B 7] A A (Overhead position)e] &4

Direction of
gravity

N

Direction of
arc force

Fig. 2.14 Direction of forces at overhead position

Overhead position®] A4 i= Fig. 2.14°] YEkH nle} o] Tl o] Hlgk
o}z o] wldko] HIE X188 ST BFHES HAEoT Yol
= 82 okag shutdRE ojESHA #Eu 12y Overhead position©l A

. ) S

Reog.

$8T5oR AP S AYIHE A @AY glonE, o

obaEo] gL A
24 olpun 9 gq PIel @ sHeAo]
Wb bz o) B gBte $8 759 AN §FFL A HW
9o gaon Aol ggEsol Lo dol 4 s Aabe] WAL
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4) A A AR A (Vertical-up position) 2 &4

Direction of
gravity

Direction of
arc force

Molt

Welding
direction

Fig. 2.15 Direction-of forces at-vertical-up position

o oldlz Fali Wy, ojade Wge mAxoR Fam Ut Ao
=

WaES Vertical-down positionZ} #Z o1} &5 4ksko] t}=2r}

Vertical-up position®ll A= L@ A B niel o] 8§50 9
o Yo g Ql3] Lo AHA = HAEES Ho|EE olart &ga5He 9
7b ok Sro] mAS A HASA ETE =, ofAvF HAS] | FEF oA
st A3 EHAFEHRE Yol Aolx 7] A Ak

up2kA] Vertical-dewn position?} 22 AHF=Z &4 S oA HH =2
ol o] & ggdH ZpsAo] ofF =A Hit

Vertical-up positiono] 42} &8 A+ T& A A = G o
Hul=rE PAE BEE AFE FASAA &2 A& oF gt
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A3 F A TtE ¥ HE 4

32 439 Az # ¥

321 49 A=

o

B AGo| = F 40mm, Z2°] 120mm, 577 6mme| SS4002 AF-&3H
31, PAW(Plasma Arc Welding)S ©]-83] 7]=(Keyhole) & =
ATt

Table 3.1 23] AR H SS400¢] stz 71414 AAS ved
7ol .

i
filo
112
>

ol
ol

Table 3.1 Chemical composition and mechanical properties of SS400
(a) Chemical composition (wt. %)

C Si Mn p S
015 | 026 | 061 | 013 | 0.17

(b) Mechanical properties

Yield strength Tensile strength Elongation

(MPa) (MPa) (%)
361 481.7 24
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322 49 ¥H

Aol A 2 fle 71E S
VAPAZ|IAL Fepznp EXE 28 B8 §HE%E 10cpme =z &4 o] 7]
= 835 Fdsd e &5 2ol 100mmeo] vt

Vertical-up
position [

' Overhei

position

Fig. 3.1 Schematic-diagram-of experimental setup
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Table 3.2+ Hd=

Table 3.2 Experimental conditions

PAW Machine
Power source
(Powwel-150XP)
Welding mode Keyhole(BOP)
Material SS400, t 6mm
Welding I, © 140 A
current I, - 80 A
Frequency 2 Hz
Welding
10 epm
speed
Set-back 2.5 mm
Stand off 3 mm
Orifice insert
. ¢ 2.4 mm
dia.
Shield
e 8 12 £/min
flow rate
Pilot gas
& 11, 13 15 17, 19 #min
flow rate
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Flg 3 3 Used PAW Machlne Fig. 3.4 Used Robot (MOTOMAN HP 6)

Shield
(Gas
Volume

Fig. 3.5 Panel of PAW Machine used in experiment

Fig. 332 &2 AgoA] A&3 Zet=v 71& 4715 vel L, Fig.
o 4 Alg3F 6% Udd ZES HoF

Fig. 35+ Z&t=vl 715 £4719 349 (Pane) < qu—v“jr gd=g 7t
e A% Z3 0~2.0 £/min7tA 001 992 Ao 7Mestar, A=
2 F%e BE 538 0~20 &/min7tA =4 7153
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7 B oA
24ic, 7 2o e s

Fig. 3.6 Photo of experimental setup

Table 3.3 Photographic conditions

Camera Nikon=D70s
Lens AF Micro Nikkor F2.8D
TOPAZ UV L37C
Filter B+W IR 20-40x
HOYA R72
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323 €4 H= A Qe =1 HHHY

£¥l3 ojue Z

T HY o] 7] E

FH
FH
ot
S

’

9 (Front side)®} o]H (Back side)el A2l vl=¢} 7]&9¢ =

Front side

Kevhole

Back side
[ L < >

Fig. 3.7 Geometric-parameters of bead and keyhole

WBrSt DKps WA o] HE=E Z31 718 73S
ANl vs F3H A1E (RS A2 [HEEE, wvol A sHseF
]_

CRB, CRB, CRB,; CRB, CRB;

| Ripple gap

L CCCOQeQCUCqCCC @

Back side
I [ [ I I |
0 48 57 66 75 84mm 100mm

Fig. 3.8 Schematic of measurement interval for CRB

Front side -
Fig. 3.9 Schematic of measurement point for CRB

_31_



25 Aos 83 AP 48mm o] FHE 9mm Ao =
v

HE 713 EFolE AoA(HAww 0.00lmm)E A3}

Lol A Pt PoE SA Sk Hd fhol 7EEol
o|aL, By, By, By SAsto] Btk o] o|HH| = Eojojt}, H| =9 34
< 1dste] By el 7tsAE 771 fdl 28 wote] Alabedoh FAkel
A HAAE W gho] olWHE E&E Awo|lu ZhZbe] AL thEd Zr
715 %= 9] (Parent -metal Height),
Hp = (Pi+P2)/2 (3:1)
ol WY = o)(Back bead Height),
Hp 7 (B1+2B2+By)/4 (3.2)
olHH| = E-% A% (Convexity ratio of back bead),
CRB = Hp-Hp B8y
Z7ste] AAE CRB 53¢ #ite CRBue©lil, 58 59 HAgs
CRBmin©l 2} 78 &} 3kt

Hit olWH = B2 A% (Average Convexity ratio of back bead),
CRBaver = (CRB;+CRB2+CRB3+CRB4+CRB5)/5  (3.4)

A ojWHl= EE 4 & (Minimum Convexity ratio of back bead),

CRBmin = Min(CRB;:CRBs) (3.5)
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324 BaAs 2A

HRAFE F AF Abele] WS AEE EASE HEEA 9
¥ o

F7F AR B A=A AHH
AR XS 3to] AaAA S (Correlation coefficient, R)E T-3+%)
PN
T

Apole] mABAL p7h 094 F FFE a=0.05004 A#H
7}

AF 74 (Ho) : p=0 (3.6)
HH7H(H)) : p=0 (3.7)
ola, 7Fd 9] AL Y Tk

P-value <. a @ AF7H He) 714 (3.8)

Table 3.4 Guidelines for the interpretation of

a correlation coefficient'®

Correlation Negative Positive
Small -0.3 to 0.1 0.1 to 0.3
Medium -0.5 to -0.3 0.3.t6.0.5
Large -1.0 to =05.}-70.54to 1.0
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33 4% 2% 2 1 &

3.3.1 ojdolMe 7|&E BF

Kevhole
4

Méhen metal

(a) Good condition

Kethle

»

Molten metal

(b) Inappropriate condition (near burn-through)
Fig. 3.10 Back side view of keyhole and weld pool
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332 93U 7tA7F BAH o|HHES Fo A= FF

Fig. 3.11~3.15% P06:00~P09:002] AAFZ oAl A= 7k~ 7-3F 12 4/min

%]
Z70 A FdEl 7t (Pilot Gas, PQ) s WSR-S wjeo] xHy o]H
1=

jus

£ HojEHh

(a) 1.1 £/min

(d) 1.7 £/min

(e) 1.9 £/min
Fig. 3.11 Surface and back bead appearances (P6:00, SG 12 £/min)

p Back-side

o ’ ,
Al Ml e e

(b) 1.3 £/min

(d) 1.7 £/min

(e) 1.9 ¢/min
Fig. 3.12 Surface and back bead appearances (P6:45, SG 12 £/min)
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Front side

; Back =ide

(d) 1.7 £/min

(e) 1.9 l/rmn :
Fig. 3.13 Surfage’ and back bead appearances (P7 3Q SG 12 £/min)

(e) 1.9 £/min
Fig. 3.14 Surface and back bead appearances (P8:15, SG 12 £/min)
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(d) 1.7 £/min

(e) 1.9 £/min
Fig. 3.15 Surface and back bead appearances (P9:00, SG 12 £/min)

PG fregol mE v =& WBpot oJ¥H|= % WBpt Z4 Fig. 316%
3179 YER} Tk Table 355 PG %3 WBg PG %33 WBp Alo]9
FAAG} P-valueE 242 Jeldith

10 -
O P& 00
£ O PG 45
=g A P7:30
E o £ a -g g v P8 15
o = brd ¥ # P3.00
.
m 6
=
4t
2 1 1

1.1 1.3 1.5 1.7 1.9
PG flow rate (1/min)

Fig. 3.16 Relationship between PG flow rate and WBFr at each position
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O P& 00
O P 45
— 8l A P7:30
E v P2 15
B % P200
a1} 8 o
a)
£ o o % 8§ ¥
s g ¥
2 [ [

] ] 1
1.1 1.3 1.5 17 1.9
PG flow rate (L/min)

Fig. 3.17 Relationship between PG flow rate and WBg at each position

Table 3:5 Correlation coefficient and P-value

X Y R P-value
PG flow rate WBr 0.231 0.268
PG flow rate WBs 0.789 0.000

Table 35014 K= vk o] PG fakdl WBro] 75+ 02312 oFst
%o AAIAZS A oW P-valueZt 006 Hul Z2g ARIIES 717
A &gtk & PG 4 WBrAlelol= AdArE el gtan A2 g
gith W WBgpol A% B AAMACA PG frgo]l sUHEFE HolA= A
gFo] YERg T B AITZE 0792 bt ko] AdatAlE A AL, P-value”t
0.05 Bt} #7] wfo PG ko] F7ketd WBee S 7hetthal & 4 Qlth
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3.33 3d8l 7tA7 A oA &Y HA FIA= FF

PG frigol & ®EW7IE A4 DKeol ©W71E A% DKsw ZH7 Fig.
3.18%} 3199l vte} Sl Fig. 320 DKpel WBpAtole] #A1S Wolzth

Table 36+ PG §%2 DKr, PG %% DKs, DKpet WBp Abe]e] “d2tA|
9t P-valueg 2t7} yebdith

10
O P6:00
O P&:45
— BE A A P30
g v P8 15
E 8 & & ¥ " #* Pg.00
KL::‘ B
]
4 F
2

1.‘1 15 1.I5 15T 1;9
PG flow rate (1/min)
Fig. 3.18 Relationship between PG flow rate and DKy at each position

10
0O F5:00
O PG 45
— gt A PT:30
g v P2 15
& % P3:00
m b
i
(]
o)
4
© © % H &
H g ¥ % *
2 'Q' 1 1 1 ]
1 1.3 1.5 17 1.9

PG flow rate (l/min)
Fig. 3.19 Relationship between PG flow rate and DKg at each position
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< (| OP6:00
56 < C P6:45
— o Bv © A PT7:30
& 52L ¥ neVg a v P8:15
E 2 A A # P9:00
m 4.8
[au] ﬁ*
= 44 & o
avVv
40F *
A
38 : - - -
2.0 2.5 3.0 3.5 4.0 4.5

DKp (mm)
Fig. 3.20 Relationship between DKs and WBs at each position

Table 3.6 Correlation coefficient and P-value

X Y R P-value

PG flow rate DKp 0.596 0.002
PG flow rate DK3p 0.559 0.004
DKs WBg 0.812 0.000

Fig. 3.18, 3.199} Table 3694 E= BEeF o] 7% A AS 73t
Fo ZAAAE 7ML YTk Fig. 3202 EE ZAHCA
AgS el web WBpE B3 €3 59 DKpE FAe
S Aolet yzat)
Y. M. Zhang 5ol o8] 3w ofgmrl Aol F7 3mm STS 304
= o] 71842 DKp7b F7FetAtE. PG % 9

2ol 3
— = 21718
o= DKol 84 A7, 84 S5 5% =% 47 S0l 9L mag’.
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3.3.4 %Y 7tA7 oM E BF AR A= 9F

Fig. 3212 7 ZAAlHoA 9 PG FF WA E CRBues HoFTh
PG %3 CRBues H#7A15 0152, P-value 04700 2 A4S YEhy =]
erokth mEkA kARl F1Ee]l FAHJS W PG FEel SUETE

WBs+ 7]'01';(] U]— CRBavcroﬂ dEE H] | A 01.1__]:]_-—, gk 4 9}1]:]'
0.9
0O P6:00
2 o O P6:45
g 06} A PT:30
vs O v P3:15
B < # P9:00
% 0.3F-5 g 4
A 74 v = A
1], 4 P L S R...... O
g a
p’ #
_Da 1 1 L 1 1
1.8 1.3 15 1.7 1.9
PG flow rate (I/min)

Fig. 3.21 Relationship between PG flow rate and CRB.v at each position
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ot 53], o]z &3 A ojWn=EE #AHET F Qe Al olw=
Fol o Ak FAHo ok v st whebA BE AR A od
v = 2 WBp7} 5mm o] teE malel sbA &2 1.7 £/min 27 oA
AT Jla 5w A8S AAEY P06:00~P09:002] AAFZH|A] o] @
He 22 A2 oolH gt}

421 43 A=

B oAM= 3T L3 F 40mm, Z°] 120mm, F74 6mm<
SS400&  Agst9lar, PAW(Plasma Arc  Welding)S o] &3] 7%
(Keyhole) &3< AAIsHAEH.
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06:00¢ A1 P09:007} 4]

Table 4.1 Experimental conditions

PAW Machine
Power source
(Powwel-150XP)
Welding mode Keyhole(BOP)
Material SS400, t 6 mm
Welding I 140, A
current I, - 80 A
Frequency 2 Hz
Welding
10 cpm
speed
Set back 2.5 mm
Stand off 3 mm
Orifice insert
; &24 mm
dia.
Pilot
Hot 8as 17 ¢/min
flow rate
Shield gas
£ 12, 15, 18 #/min
flow rate
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43 49 23 2 1%
431 A& 7}A7F ojHH|E EE AT mXE 9T

Fig. 41~45% P06:00~P09:00¢] ANzt A 5t
¢/min Ze A A= 72 (Shield gas, SG) F43S WA

I o|HH =S HojE

8 Front side

& Back side

%ol

“(b)

g «

15 £/min

(c) 18 £/min
Fig. 4.1 Surface and back bead appearances (P6:00, PG 1.7 £/min)

Front side

Back side _

(b) 15 £/min

(c) 18 £/min
Fig. 4.2 Surface and back bead appearances (P6:45, PG 1.7 £/min)
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Front side

Back side

(b) 15 £/min

(c) 18 £/min
Fig. 4.3 Surface and back bead appearances (P7:30, PG 1.7 £/min)

)| Front side

Back =ide

"(©) 18 &/min

Fig. 4.4 Surface and back bead appearances (P8:15, PG 1.7 £/min)

(b) 15 £/min

(c) 18 £/min
Fig. 4.5 Surface and back bead appearances (P9:00, PG 1.7 £/min)
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Fig. 462 SG ¥ we& i oHH= 55 A& yetd Zolx

Fig. 4.7& 4 ojHu= B2 A=

09
O P&:00
O PB:45
= 08} v iz A PT:30
g A o v P8:15
= # % P3:00
=03 0
mcv 41 o
& o 2
0.0-p---opesmimme e de e e B i T
-0.3 - - :
12 15 18

SG.flow rate (Ifmin)
Fig. 4.6 Relationship between SG flow rate and CRBayer at each position

08
0O P6:00
O P6:45
~ \IB| A P7:30
= b v P8:15
E 2 v #Pa:00
-g 03 0
o 7 2
o
17 e P e
A
.03 . . :
12 15 18

SG flow rate (/min)
Fig. 4.7 Relationship between SG flow rate and CRBmin at each position

Table 4.2 Correlation coefficient and P-value

X Y R P-value
SG flow rate | CRBaver | 0.739 0.002
SG flow rate | CRBuin 0.764 0.001
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AL, Table 42004 Hi= wpe} o] HE 7pa {33 ojdv= 55 4
L Abolole A Fo AHAAE M
005 Bt} owvz ARIES 7|zkst 4= 9t} = ‘S
SG &3 CRBmnol= A #AZE A’ 2t 28 g -+ 3tk
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N,

0.9
0 12 ¢/min
# 15 &/min
. 0B A0 A 18 &/min
g /ﬁ \\A
g 0.3 A i
m A" D'”_‘“\D
5 %
© 0.0- g':?.—_ﬁa ________ __/ _____________
\n
02

P6:00° P6:45 P7:30_ P8:15 P9:00
Position

Fig. 4.8 Relationship between position and CRBmin at each SG flow rate

7t EYER e o gl
=7 BEAUe ¢ 5 Atk
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Front side

Back side

(a) 12 £/min
Fig. 4.9 Macro section (P7:30, PG 1.7 £/min)

(c) 18 £/min

b) 15 £/min

3hH backing gas®] U= o]

2 T. Anzai® Aol 9

7t 9B,
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Fig. 4.10 Schematic of momentum equation
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-F = pQ(0-Vop) (4.1)

F = pQVy (4.2)

-Q

V= (4.3)

_L L

F=L-Q (4.4)
o171 A,

= & (em'/sec), Vo S (cm/sec), p= LE(g/em’)S YEFATH

Table 4.3& 7} =& 79'7§°] A Ao A A= 7F2 {3 12
£/min, 18 £/min ¥ w2} 445 T3] +3 F= ekt

Table 4.3 Force by shield gas flow rate

Shield gas flow rate
12 1/min 18 1/min
F 4 - 2088 {jl— + 3007
AL 7t2 2olA 22 A AR &5550] A= VAR RE
= 32 18 #/ming W12 £/minoll Bl & 2.258] FTtetAl Ho &&=
&o] ojHFH o 7 W "EE el HEle S et A EE Aot
SG &l 18 £&/minl A P07:30, PO8:15, P09:002] 749 CRBaver/} 0.6mm
oo WAl FAL] ofF 10% ol/de] oHH| =7} | At Fig. 215004
HE= uvle} o] 8o ulakre ol = sl H]—tﬂ olzze o] W3S 17|
o7 geta glom o] Wy &4 Wake] vavh webs Egadol
9] Yo R oftFow AAA Hi ofds EFEH 47} ol oF
o mA flollA wAsA "k 212 Qs 22 &3 xxlolgtx & 2
] 4 CRBaver’t A W2 Zolg} Bzt

X_] —] CRBQVCI‘Q]— CRBmm
TR A SG e oA
P09:002] Ao AA HgH
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