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Synopsis :

The joining of medium diameter line pipe in the fixed position is a highly specialized job
because of the one-side all-position welding being required. This is usually achieved at
present by employing the manual metal arc process. In this case, however, many skilled
welders are required and the weld quality is influenced by their skill. In the present
paper, to ensure the weld quality and promote the welding efficiency, a new technique
has been examined on a laboratory scale using an automatic CO2 girth welding system.
The "vortex type" welding, i.e., continuous multi-pass welding in one direction along the
circumference of a pipe, has been developed by a proper combination of welding
variables. The root pass can successfully be made by only the travel speed control at
every welding position and for each of the succeeding passes no adjustment of welding
variables is necessary during welding. By using the new process, the arc time can be

reduced to about one half of that of the conventional upward welding method.
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Synopsis :

The joining of medium diameter line pipe in the fixed position is a highly specialized jcb because
of the one-side all-position welding being required, This is usually achieved at present by employing
the manual metal arc process. In this case, however, many skilled welders are required and the weld
quality is influenced by their skill. In the present paper, to ensure the weld quality and promote the
welding efficiency, a new technique has baen examinad on a laboratory scale using an automatic CO;
girth welding system.

The “vortex type” welding, 1. e, continuous multi-pass welding in one direction along the circumier-
ence of a pipe, has bzen developped by a proper combination of welding variables. The root pass can
succesefully be made by only the travel speed control at every welding position, and for each of the
succeeding passes no adjusiment of welding variables is necessary during welding.

By using the new process, the arc time can be reduced to about one half of that of the conventional

upward welding method.

1. £F X &

A, R = & 4 FEEUT R, HhiE
e EOFMBABEIERICL T2, AHTRA
HAPOKRE - REHEEEDOLELES b, FOkE
B4l UoERTRE- 1L 754 vaERE
h, FOBBECL S TExORHA 2R T
5,

ST OBBEECE, BEEOLES
BEALB S, BREOVHARELT, &
BBt 2 BERSEY THIREL S 2 THE

SAEHERE Ui\ L E LB i TR0 H
—f - FRELZ ERTER, Fh, AR5
1T VFBEEFCOFNRED AT T 4 T,
PERE,CHE o, SAEh b0 EEEY T
HELE2T, BRBROT LN L TEE LR
E— PR T 2B BIRT5 2 £008 4
CEHETHD,

WA, ZEAED AL TS AN, BET—7
BEETHEIZNRTVED, TOFETIE, &%
ORHFEEETAETLH A CREC T LS
Wi, BT, BEMEDESESNE E - TV D
ThITEEINC-GEBEESEEL, Arcos i

* o BWTRTREH A EHAR

o HRMEREETAERER - TH

— 85 —



574 Ji W B R

October 1974

%= CRC Crose #hir FO@lcH bt X 5 1T,
CO-Ar SHPTOEBBTE Y — 7 BEEYHFH
LicdDAamb &<, Bl & LT AGA
CEE# AHE) FREELCE T — 2 EEEN
5%, L2rL, WFhoBsLiERERCZ L
G BROEHOFBEREAZETR T D,
FEHLIL, E BRI LTTCRTCEEE
CRRBEEER LT, CO-Ar S HENE
BEEYRHGTEABF LGSR, EFE0l\v]
FEEmEEEEY G OB X b aRET
BB EERDZCIEL, EhE, TOFETLIVE
HipBETiTe s X 5 A8 L AR ER 5
L, TCoTRIEIRLOEE 2 THhET
Do

2. FERE

HRIC AL REEERER, Sy e

Weaving mechanism
Controller (s}
Travel motor

Wire feed motor

Welding torch
Frame

Spring lever
Controller (B}

(SRSAOLS:
SICISAS)

WETH D, BE, HFEESICAEREEEC
KAlER D,

HERERT, JHFEERE L ODEERE
EWERE T, LRI ETEREOEE
T, BRNEEBHI0A, BEAEAWEMLRVT
BB, EHRBTHERETEL, BR2KEEOD T
YR AV AR LY EERGESELTAE, 2
i, SERYBLTIAY A7 2 v AT—CR
L.

PIE L, ARG v 0BT 5%
Fi#cadn, Fig. 1 wpdriic, 7rifgg
SH7 V- 2QLCHEBYER LT, JEOE
TERTA PRRYEET S, BEY — 5L,
vy 2y SAERT, WRIEIERR A A RIS
BESHAAIEAIA TG, FEHFDE, &
W, BE, ¥4 v 2O X O R EREO
R H A v ARHD, A — 2L, FEIEEMET
I hbyEEECETL Tk, FEPR7—

Jo
,/
\

Roller

Handle lever

Wire reel

Connector with remote controller

PO
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Table 1 Welding conditions of root pass
used in this experiment

Welding current (A) 80 ‘ 100 | 120

J
\
|

Arc voltage (V) 17

Travel speed{cm/min) | 4 ~ 19

Dwell time of weaving

o (sec/cycle) \ ] 0

Weaving cycle (cpm) 47 ~ 82
15

{mm)

|
Wire protrusion length '

Gas flow rate ({/min}) 20{Ar/CO,=1/1)
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Fig. 3 Critical welding conditions capable of producing good stringer beads. Arc
voltage : 17V ; Dwell time of weaving : 0 sec/cycle
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{b} Defective bead caused by excessive travel speed.
Downhand, 13.5cm/min, 70cpm

(c) Defective bead caused by excessive weaving cycle.
Vertical down, 12.0cm/min, 82cpm

Photo. 2 Examples of stringer bead. 80A, 17V
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Photo. 3 Examples of stringer bead. 80A, 17V

BEE - FRELWIRAYET S,

R THEDES, Fig. 3@ 2Lt hk
TGS EETE B, MOESEL R A
By v SEEAERINL L THEL, T h
V3, 7 vAERhA 2 iT5ER%, Pheto. 2 ()
CRTIIEASy FOFENELL B ELDL
CESARTRIC A By TH B, EBERDERE
TAYDH T AT — T ~0ORAL, BEAORA
i3 Photo. 3 {d) OEAZFEDRET Y 4,

SEE, TRITCERDRENLLERTOH
T&EERE S, BEEOMRBESREYE L T
AN

PERBEROELRC LI LEE v /3 A%
Fig. 3 bk sk, blE, wa vy sAE

¥ 70cpm P Fig. 4 X5, =0
Fa s avkBvuE 1 BEGEENTELILT
THL, Mok TElkS 2 A0, B 1204 T

Arc voltage 17V
| Weaving excle Focpm
Dwell time of weaving Oﬂec ‘eycle

ra
=3

Travel speed [cm ‘min)
Y
1
1
1»
5
f

120A

Clack pusition

Fig. 4 Relation between welding position and
welding speed

— ) —



Vol. 6 No. 4

A TS DB BRI O AT 379

Welding current  120A

ar Arc voltage 17V
Weaving cycle 70¢cpm
Dwell time of weaving
Osec/cycle
Bl Groove geometry 607V
Root gap 3mm

Travel speed (cm/min)

Clack position

Fig. 5 Welding conditions of root pass

D FEE(6—9—128) 2R b, #10. 5¢mn/min
O—TEEETEENTAHI LT, BERSOYE
EE R L TREY E o EFETRNED T
Edbhih, O L, BEBRERTok v
v 7B O2ER (47~82cpm) Tk TR L
Tl

BLo@ER by BEEsEY Fig. b X5
ke, ThoOEECT L BEELEET 5
¥, SEE161 v, WE0.51 v+ 0§ TK-415
ERECTYRBE ~ FDI0 1 iR 17
~7z. Photo. 4 23L& — FOMEBRT
Fbh, 6BUEBCKCTLEREZMI TR £ %
¥, ECho TEFLERSE bl

32 2EBBLIBOBERHICIWT

BT mBE BRI oW T3, EEEsi
Lo T EELBERE BORD I LR L
foo 22T, 2EEHLEOBELROBER—F
AR LT 5 o O FEESRS T R T,

1 o’ cloeck
(Downhand)

9 of clock
(Vertical up)

11 o' clock
{Pownhand)

3 o' ciock
{Vertical down)

6 o clock
{Overhead)

Photo. 4 Sections of stringer bead made by

one-directional rotating welding. 120A,
17V

SEEER LTk, B S TK-AL8RE % L,
ERsciilkit Fig. 2 Y A— i L 7. BiEf4IL
Table 2 @ F 4 b, WRELAL 1 BEEFOR

Table 2 Welding conditions for each weld pass

Welding current | Arc voltage

—
i Weaving cycle

Dwell time of Travel speed

TG T emy | YRR ~ {em/min)
1 120* 17% 20% ‘ o * 105’}33133%13160 "
80 \ | ee 113 s
2 100 17 57+ | 0.25% 8.8 11.3 13.8 16.3 18.8
o @ 8.8 11.3 13.8% 16.3 18.8
3 E 120* 17* : 41% e 8.8 11.3 13.8% 16.3
4 % 120% 17 | 20 ; 0. 50% 6.3 7.5% 8.8

*  Available welding conditions
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Table 3 Radiographic test resuits of multi-pass
weld

Welding Travel
Pass current speed

(3 | tem/min) [ 3] 6 [0 12
8.8
80

11.3 ',
13.8 | @
8.8

ns | [@]
%

- Clock position

D

100 13.8
1-2 16.3
18.8 .,
ps | @ | @
11.3
120 13.8

&)

16.3
18.8

8.8
1~3 120 13 | )
13,8
15.3
53 |©] @ |
1~4 120 C 7.5
8.8

{D—@ : Classification of radiographs conforming
to JIS Z 3104
@), ® : Defects shown in Photo. 5
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THRBOFESGREEEA S — P &8

BEERORTL, HEHATHRS, 6,9, 128
EEX PO L TXRESRRE (JIS Z 3104)
I, EXWWATERMO SR L,

Table 3 iIBEEROXBRERFBHERTH Y,
O~@L J 18 &V CHE L SR RY T
4. =72, @, ®it Photo. 5 wRET L 5 eEH
RHAT, REBEEC L - CLBRETE LV ITRER

@ Irregularity of weld ripple
caused by disordered short transfer

AR EEBRITHE
t ]

THE T R R ERER
® Irregularity of weld ripple
caused by excessive travel speed

Photo. 5 Surface defects of weld bead
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Table 3 2242 XI5k, 2BH®R0ATHEET
DL, wETHE?L ERERCL L8y RE
BT L, T AUL, SEBITAIERETT
bheE, A VRRICET -l 0 KL
LI ERETHLDTH D, o i
5, 100A CIL¥EEERE 16.3cm/min LIET, &
EORHEDE ~ FORABRE L, BER
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3BRHELABHE 2L, BHRAETLLLE
BhfTo T, B L 2BETERADINA
OrE BT — FOBLRASEHEAEEL
e

DEDI b, 2BHUBEOEECR VT,
ERC L CeEBEFEY-TCEFLCEET,
1T EEEEENTRETH D, EEPCRERE
DBEDTZ Edibdhate, ERLITOERED
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hERBTHEFamc L - TR 32, fokx
I, AEIe v, AEOS A vFofif04E
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Table 4 Standard welding conditions for 0.5 in wall thickness pipe
- — ] : . B}
‘Welding curren Arc voltage Weaving cycle | Dwell time of Travel speed
Pass i (A ) (cpm) | weaving (em/min)
oL\ | (sec/cycle) -
! i ‘ ‘
' | | 10,5105 —14 5y
1 1 120 ‘ 17 | 70 ‘ 0 19.5710" 5, 1 514 80160
2 120 ‘ 17 : 57 ‘ 0.25 ‘ 13.8
3 120 | 17 | 41 | 0.35 13.8
4 120 | 17 i 22 | 050 7.5

Groove geometry : 60°V ; Root gap : 3mm

(a) Hot pass. 13.8cm/min, 57cpm

{¢} Cap pass. 7.5cm/min, 22cpm

Photo. 6 Bead appearance of each weld pass.
1204, 17V, 12 o clock
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Table 4 DE&HTERCHEEY T LB S5 O
FEER I OREEBO  ~ FAE % Pheto. 6 12
7T,

3-8 1FMRERLELERFTEZORS

HROIEGEEE T, 1#FcBRO 2
DY — FESENEEL, Fi, T tlod~
-1 ERERT D w7 — 7 210 5 AEEEE T
i BRI ELVCES AR ET S, — i, &

& AR R R R LT E ST
ZOT, L, FBrLEEEITCY - /ERES
CESEEE I AEREELEREERESTEN
o, BEEAN1ECR Y EHEORV-MFILL
B E b R fEEREO XK EE G TR S,
FIT, IOL S REEE O LUT R
L7,

aeshemeEiy, MER16A v, BAEOSAvED
S TK-417T, BEERRR X UCHEERER, Th
##, Fig. 2, Table 4 /ImmLizd 0% RV,
EHELI2RR AL BRI L, T — 72 6 R
TEBLI:E, - FAF— VR4 v E
WEL, Biie-— FInHonokhis i
Liz. BoX b T, 7—7%580 - FTE
PicEE, BEREE 7 Vv IRE (B, B
o, MRS ERERD YERL
SBOEESE T, 12, 3, 6, 9BfLERY
DL TXHREARB L T -0, FHEEDL2
BB T LR EIERE e, TNT1HY
WE U, BERERREIL Table 5 0L kBT,
B TEOm /2 cER TR, ERY— Fost

Table 5 Arc time required for one-directional
rotating 4-pass welding

Arc time

Pass ‘

1 i 107 30"

2 A\ 9 50"

3 { o w0 N

4 16 50" o
" Total _ 46 10"




582

I o

Qctober 1974

120'clock
(Downhand)

{Vertical down)

3 o'clock
{Overhead}

6 o'clock

9 a’clock
{Vertical up)

Photo. 7 Examples of bead obtained with one-directional rotating multi-pass welding.

120A, 17V

Table 6 Relation between root gap and welding speed {cm/min}

Root pass
Root gap i Hot pass | Filler pass | Cap pass
(o) 12 ‘ 3 | 6 ‘ 9 ‘ 12
2 13.8 | 20.0 ' 3.8, 13.8 | 138 | 16.0 | 160 7.5
1 L : .
3 05 | 160 ! aos | oes | s [oms | s 7.5
4 76 | ws | s | 75 ; 75 | 150 1.0 7.5

# L v~ FErE LS Photo. 7 iR,
ST, BRETCRL- ¥4 » 7OEENE

SLRDLOT, 2mmEro T AmmFy 7
TR LA R s R o—fF Table 6
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2mm gap 4 mm gap

Photo. 8 Bead sections with different root
gaps {12 ¢ clock)
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FIR#F OBV GRS,

HEELRAE Y, MERL6A v E, BEOS A VvED
APIGSLB *APISLX X60#E4RTHD,
BASETAIN & EEEEA T, Fhrh Fig. 2 H1w

12 o'elock

T ! Tensile test specimens

SB: Side bend test specimens

RB : Root bend test specimens
C . Charpy impact test specimens
H : Hardness test specimens

Fig. 6 Removing positions of mechanical test

specimens

Table 4 + R/ UTH 5,
AR L s RSB 0L R Table 7 &,
ABE ORIERY Fig. 6 i,

SRy L UHiTRABREESY Table 8 =,

Table 8 Mechanical test results of weld joint

3 Tensile test Bend test
Pipe | No. |7 g [Loction o | Roor
(leg/mu) rupture bend bend
APL | 1 | ss0 | R Bo ] e,
5LB 2 | ss.0 gﬁ,‘(’@ detect | aotoct
API | 1 ! 60 { g‘iﬂ? detuct | defect
SLX X0 2 | 0.0 e | R | To

Table 7 Chemical compositions of filler wire, pipe body and weld metal (wt%)

R Mn P s |
Filler ' | |
Fille ‘ KC-45 - 0.08 | 0.80 1.37 0.014 | o0.0:2 -
[ . ;
| API [ Pipebody | 014 i 0.08 | o8 | o0 | oo —
.| SLB  |Wed metal| 009 | o051 Lot | o.om o.o1 | —
Pipe ‘
| API lPipebody | o015 | 0.6 otz | oo 0.009 0.049
| SLX X60 |Weld metal| 0.0 | 059 | 117 | 0.0 0.012 | 0.008

— OF —
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(a) 2mm under plate surface

IR .
{b) Side bend
Photo. 9 Bend specimens tested

~—C— APl 5L B
WF __e--aP! 5LX X60 7

Energy absorbed (kg m}
T

v b . e i

0 T L — (¢) 2mm upper back surface
Testing temperature |°C)
Photo. 10 Microstructure near weld bond. APJ

Fig. 7 Charpy impact test results of weld 5LX X60 (x 100x1/2)

metal

230 F

“?._‘ API SLX X6 g K% Phote. 9 i, HEHBREREY Fig. 7
— g iR d, WThL BFRERI B LR,

Fig. 8 xEEHOBES/mTH D, BRI E
{EL T 2B A BE T isy -, Photo. 10
XS OEELS v VEREEO 3 2 s AT
B,

220 |
6
200 -
180 |

180

160

5. REFERBIZOVLT

150 ¢

Vickers hardness il.oad Bkg)

146 -

10 E e 1w 0 5 1 1t 20 '5:‘/-:-"—ﬁ%ﬁb‘f&ﬁhﬁ'ﬁ@%%ﬁhppﬁ]ﬁ%
Distance from bead centerline (mm)} D1 ﬁﬁgﬁ@%%%%@%ﬁ\ﬂﬁﬁfg P %‘5’;&- N
Fig. 8 Hardness value of weld joint PELeA, ChREBERBETERI (T
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Fsh,
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Welding head
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Photo. 11 Prototype of full automatic girth welder
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Table 9 Specifications of welding head

Wheel Magnetic wheel (motor drivé_)
Width | 0-20mm
Weaving Cycle i 0—90 cpm
Dwell time | 0—1.0sec/cycle
a N : Vertical ‘ 20mm(motor drive) +25mm (manual)
Toreh postien Transverse “ff%r;%lné?gﬁfogrit\;eéuide roller)
Weight 15kg
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