
Application of one side submerged ARC 
in Shipbuilding 
1. INTRODUCTION 

Today ship building is a very compe t i t i ve industry. 
All over the world every e f f o r t is made to 
reduce the t ime and cost of ship building. 
New and improved welding processes are applied 
in welding of the ship's hull with this ob jec t ive . 
Among these "One side welding" is the most 
advantageous welding technique used in shipbuil-
ding today . 

This paper deals with the various s tages in 
the development of the following types of 
one side submerged arc welding processes for 
shipbuilding in Cochin Shipyard Ltd : 

Submerged arc welding with Flux copper 
backing. 

a) 

b) S u b m e r g e d arc welding Flux asbestos 
backing and addition of meta l powder . 

The various problems encountered during welding 
procedure qual i f ica t ions and ac tua l production 
welding a re also discussed in this paper . 

2. ONE SIDE SUBMERGED ARC WELDING 
USING FLUX COPPER BACKING (FCB) 

Process Outline 

This is a submerged arc welding process where 
flux laid on the copper backing is used to support 
the weld puddle and form the weld bead on 
the underside of the joint . Welding of the joint 
is comple ted f rom the f a c e side of the joint 
i t se l f . 

The Joint Set Up 

The p la tes a f t e r proper edge prepara t ion (Fig. 1) 
is tack welded. 

The included angle, root f a c e and roo t gap are 
to be as per spec i f i ca t ion . A welding skid, where 
copper backing p la tes are arranged in su f f i c i en t 
lengths and numbers alongwith the mechanism 
for movement of the backing assembly, t r ave r se 
of the assembled panel , pneumat ic a r r angemen t 
for holding the backing t ight against the weld 
groove and the magne ts for holding the panel 
t ight , is used for be t t e r e f f i c i ency in this type 
of welding. The backing flux is spread over 
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the copper backings to a height of 6 to 8 m m . 
The weld grooves of the panel are aligned on 
top of the backing by independent movement 
of the copper backing assembly. By l i f t ing 
the backing assembly using the pneumat ic a r range-
ment the backings are held t ight to the weld 
joint . The panel is held t ight by energising the 
powerful magnets ar ranged on the welding skid. 
The joint is welded using tandem or quadruple 
a r rangement of welding heads on the submerged 
arc welding machine (Fig. 3 & 3A). 

Welding Procedure Qualification Test 

As per rules of Ship's Class i f ica t ion Society 
(Lloyds Regis ter of Shipping in the present 
case) . Welding Procedure Qual i f ica t ion Tests 
were conducted to ascer ta in the soundness 
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Fig. 3 Submerged ARC one side FCB process in Cochin Shipyard 
Ltd. 

of the w e l d m e n t m a d e by the one side welding 
p roces s . The de ta i l s of the t e s t s a re given 
in the Welding P rocedu re Spec i f i ca t ion (Annexure -
1) and the Welding P rocedu re Qua l i f i ca t ion 
r eco rd (Annexure - 2). 

The t e s t r e su l t s were s a t i s f a c t o r y and the 
We ld ing P r o c e d u r e (submerged arc welding 
with flux copper backing) was approved for 
use in shipbuilding. 

As per the approved Welding P rocedu re Speci f i -
ca t ions , we lde r s were qua l i f ied to p e r f o r m 
on the job. 

Common Weld D e f e c t s 

i) Lack of roo t fusion : 

This is due to increased roo t f a c e and he ight 
of seal ing welds . This can be p r e v e n t e d by 
cont ro l l ing the roo t f a c e and height of t ack 
welds . 

ii) Uneven r e v e r s e bead and ove r f low of 
mol ten m e t a l : 

This is due to i n c o r r e c t c o n t a c t be tween the 
backing and the jo in t . This can be e l imina t ed 

238 

by ensuring proper spreading of the backing 
flux and t igh t c o n t a c t b e t w e e n the p l a t e and 
the backing . 

iii) Burn through in the joint : 

Thi6 can be r e c t i f i e d e i the r by reducing the 
excess roo t gap or by welding the roo t run 
e i ther by GMAW ( C 0 2 ) or MM A. 

iv) Burn through a t the s t a r t and end of 
the joint : 

This is t aken c a r e of by ensuring sound weld 
be tween t h e end t abs and the p l a t e s to be 
welded . 

v) C r a c k s a t the s t a r t and f inish of the welds : 

These tpnsinn c r acks (Fig.( 4) a re bound to 
occur in this p rocess . The oniy way is to . Sock 
the p l a t e ends by end t abs of s u f f i c i e n t s i ze . 

iv) C r a c k s a t the r e s t a r t point : 

The r e s t a r t point is to be gouged to r e m o v e 
the c rack b e f o r e the welding f r o m the o t h e r 
end ove r l aps . 

vii) Transverse c r acks : 

Thjs is due to the copper pick up in the weld, 
when the backing me l t s due to d i r e c t a rc ing 
while welding. This can be avoided by ensuring 
a) proper he ight of backing flux b) d i s t ance 
be tween copper backings to be less than 0.8 mm 
and c) c o r r e c t roo t gap in the jo in t . 

viii) Uneven bead , side unde rcu t s and excess ive 
r e i n f o r c e m e n t of welding : 

These a re to be con t ro l l ed by ad jus t ing the 
welding p a r a m e t e r s . 

ix) Slag inclusion in the weld : 

This can be cont ro l led by ad jus t ing the welding 
p a r a m e t e r s . 

WPS9 

t 
Fig. 4 Radiograph showing end crack in one side FCB Welding. 
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x) Over lap 

This can be cont ro l led by adjus t ing the welding 
p a r a m e t e r s . 

Recommended Edge Preparation 

P l a t e Included Root Root 
th ickness angle f a c e gap 

(mm) (mm) (mm) 

8 to 20' 50 + 2° 3 + 1 0.8 max . 
21 to 26 45 + 2° 5 + 1 0.8 max . 
27 to 36 40 + 2° 5 + 1 0.8 max . 

SET UP FQR ONE SIDE FAB UElD'MCi 
(ne. 5") 

Note : When thickness d i f f e r e n c e of the 
p la tes fo rming the joint is more than 
2.5 mm c h a m f e r the th icker p l a t e 
to a length of 5 t imes the d i f f e r e n c e 
in th ickness . 

Advantages of the Process : 

No back chipping/gouging is requ i red as 
done in many o the r p rocesses . 

In case where panels cannot be turned 
and the welding has to be done in overhead 
posit ion one side FCB welding is a d v a n t a -
geous . 

On a single 'V' double welded joint of 
20 mm thick and 12 M long one side 
submerged a rc with F C B is 12 t imes 
f a s t e r than manual m e t a l a rc welding 
done in f l a t / o v e r h e a d posi t ion. 

Four or more joints can be welded s i m u l t a -
neously in this process depending on the 
skid a r r a n g e m e n t . 

This process is ex tens ive ly used in welding 
of f l a t panels where turning of the panel 
and posi t ional welding are comple te ly 
e l i m i n a t e d . 

2. SUBMERGED ARC WELDING USING FLUX 
ASBESTOS BACKING (FAB PROCESS) 
(One Side welding) 

Process Outline 

This is a submerged a r c welding process where 
in addit ion to the wire and f lux, a backing 
ma te r i a l and f i l ler m a t e r i a l a re also used to 
c o m p l e t e the groove welding, including the 
back bead , f rom one s ide . 

The Joint Set Up 

The p la t e s with single 'V' edge p repa ra t ion , 
included angle usually 50 ± 5° is assembled 
with a roo t gap of 3 + 2 m m . (Fig. 5). The 
backing m a t e r i a l FAB is p laced under the jo in t . 

F A B - l - CROSS- SECTION 
(F,t 6) 

Though the FAB itself s t i cks to the p l a t e a 
support p l a t e , usually 4 to 6 mm thick aluminium 
shee t , is p laced below the FAB and c lamping 
is done with the help of m a g n e t s . Depending 
on the roo t gap fi l ler m a t e r i a l (iron powder) 
is f i l led in the weld groove to the requ i red 
he igh t . The joint is welded in the convent ional 
submerged arc welding p r a c t i c e using wire 
and f lux . Single or t andem a rc welding can be 
done. 

The backing material FAB 

The backing m a t e r i a l FAB 1 (Fig. 6) developed 
by Kobe Steel Ltd . , J apan has glass t apes for 
forming r e v e r s e bead , solid flux for control l ing 
r ev e r s e bead he ight , r e f r a c t o r y for f i r e r e s i s t a n c e , 
co r ruga t ed card board for main ta in ing uni form 
pressure and glass ma t cushioning m a t e r i a l 
for obta in ing a good c o n t a c t b e t w e e n two FAB 1 
m a t e r i a l s . It is wrapped in a thermoshr inking 
f i lm having r e s i s t ance to a mois tu re absorp t ion . 
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Fig. 10 Submerged ARC one side FAB Welded Plate (view from 
top). 
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Fig. 8 Arrangement for submerged ARC one side FAB Welding 
(view from top). 

Welding procedure qualif ication tes t 

Welding P r o c e d u r e Qua l i f i ca t ion Tes ts (Fig. 8,9, 
10 & 11) were conduc ted as per the ru les of 
the Ship 's C la s s i f i ca t ion Soc ie ty . The de ta i l s 
a re given in the Welding P r o c e d u r e Spec i f i ca t ions 
( A n n e x u r e 3) and P r o c e d u r e Qua l i f i ca t ions 
Reco rd (Annexure 4). 

The t e s t r e su l t s were s a t i s f a c t o r y and the 
P r o c e d u r e was approved for use in shipbuilding 
by the C las s i f i ca t ion Soc ie ty . 

Welding o p e r a t o r s w e r e qua l i f ied as per the 
approved Welding P r o c e d u r e . 

Common Weld D e f e c t s 

i) Lack of roo t fusion : 

Fig. 9 Clamping of FAB at the bottom side of the weldgroove. 



Fig. 11 Submerged ARC one side FAB Welded Plate (bottom 
side). 

This is due to higher th ickness of tack welds 
inside the groove -
Limit the height of tack welds to a maximum 
of 6 m m . 

ii) Uneven r e v e r s e bead and ove r f low of 
mol ten m e t a l : 

This is due to inco r rec t f i t m e n t of FAB - Ensure 
c o r r e c t p ressure and c o n t a c t b e t w e e n the p la t e 
and the backing m a t e r i a l . 

iii) Lack of side wall fusion : 

This is due to misa l ignment of welding wire 
with the c e n t r e of the weld groove . The sh i f t 
be tween the c e n t r e of the joint and the c e n t r e 
line of f i l ler wire should not exceed more than 
2 m m . 

iv) Slag inclusion in ca se of mul t ipass welds : 

Ensure thorough cleaning of the weld joint b e f o r e 
commenc ing subsequent pass . 

v) C r a c k s a t s t a r t and finish of welds : 

This is avoided by manual ly welding both the 
s t a r t i ng and finishing ends of weld joint to a 

length approx ima te ly 200 to 3U0 mm and to 
a he ight of a t leas t 2/3rd the th ickness of 
the p l a t e b e f o r e s t a r t i ng FAB welding p rocess . 
SAW should s t a r t and end over this ca scade 
welding. 

vi) C rack a t r e s t a r t points : 

R e s t a r t points have to be gouged to a minimum 
length of 100 mm to c lear off all weld d e f e c t s 
be fo re resuming the welding. 

vii) Burnthrough : 

This can be cont ro l led by a) reducing the excess 
root gap by welding up and b) by reducing 
the welding cu r r en t where appl icab le . 

viii) Voids, piping e t c . : 

These a re due to improper working condi t ions -
This can be avoided by a) p r o p e r backing of 
the flux b) making the weld joint dry and c) 
by removing ru s t , dust e t c . and c leaning the 
joint proper ly , especia l ly a t t he back s ide . 

Advantages of the Process 

No back side chipping/gouging is requ i red 
as done in many o the r p rocess . 

In case where jobs cannot be turned and 
the back side welding has to be done in 
ove rhead posi t ion, one side FAB welding 
is u se fu l . 

In a single 'V' double welded joint on 
19 mm thick and 12 Met re long p l a t e 
one side FAB (single pass finish) is 9 
t imes f a s t e r than the MMA and 5 t imes 
f a s t e r than a combina t ion process of 
MMA and SAW. 

This p rocess is advantageous ly used to 
join p l a t e s in downhand posit ion to ta l ly 
avoiding turning of the panels and welding 
f rom the o the r s ide . Posi t ional welding 
is comple te ly avoided s ince the welding 
of the joint is ful ly done f r o m the f a c e 
s ide . 

CONCLUSION 

In Cochin Shipyard, one side F C B submerged 
arc welding is used in shop for welding panels 
and one side FAB submerged a rc welding is 
used in Building Dock for joining p r e f a b r i c a t e d 
uni t s . Af t e r comple t ion of welding, both ends 
of the weld jo in ts and r e s t a r t points if any 
are checked by u l t rasonic t e s t ing . At r andom, 
addit ional spots a re also c h e c k e d . Radiography 
also is done to check the weld ing . 
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The fol lowing types of one side welding a re 
t r ied out in a very small sca le a t p resen t : -

a) Gas me ta l a r c (C02) welding wi th flux 
asbes tos backing . 

b) Manual m e t a l a r c welding with c e r a m i c 
backing . 

c) Gas m e t a l a rc ( C 0 2 ) welding with c e r a m i c 
backing . 

Excep t in the ca se of the s t ick e l e c t r o d e s 
used 'with c e r a m i c backing, the backings as 
well as the welding consumables a re impor t ed . 
It will be highly des i rab le if indigenous m a n u f a c -

ANNE. \URE- - I 

Excerpt f rom 

Welding Procedure Specif icat ion 

PROCESS One side welding. 

MATERIALS 

i) Mater ia l combination 

i i) Mater ia l Specif ication/s 

i i i ) Mater ia l thickness to be 
used for test . 

CONSUMABLES 

i) Combinat ion of consumables 
(Brand Names) 

ii) Grading i f any 

TECHNIQUES 

i) Groove Design, backing e t c . 
(Sketch of the JOINT/S) 

i i) Position-Welding Posit ion-
Welding Progression, whether 
single or double welding 

i i i ) In i t ia l and Interpass cleaning 

iv) Multipass or single pass 
(per side) 

v) Single or multipass electrode 

vi) Pre heat and post heat t reatment 
if any 

ELECTRIC ALS 

i) Power (AC/DC) 

i i) Polar i ty 

i i i ) C i r r e n t 

iv) Voltage 

v) Travel Speed 
(Range) 

High Tensile Steel 

LRDH 36 To LRDH 36. 

28.5 mm 

Wire US 43 
Covering Flux - PF1-50 
Backing Flux - PF 1-50R 

(Mfd. by Kobe Steel, Japan). 

Lloyds Grade 3 

5ee Figure - 2 . 

F la t . Single side welding. 

Wire brushing. 

Single Pass 

Multipass electrode. 

N i l . 

Leading 1350 A - Trai l ing 1200 A 

35/45-47V 

33 cm/min. 

ANNEXURE - 2 

Excerpt f r om 

Welding Procedure Qual i f icat ion Record 

WELDING PROCESS 

Groove Design, backing e tc . 
(Sketch of the Joint/S) 

Mater ia l combination 
Specifications 
Thickness of test assembly 

One side welding (FCB system) 

See Figure - 2. 

LRDH 36 LRDH 36 
28.5 mm 

tp re r s can come fo rward and develop these 
ma te r i a l s . 

Applicat ion of one side welding me thods have 
cu t down the shipbuilding t i m e as well as the 
cost of product ion in Cochin Shipyard. 
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ANNEXURE - 2 (Contd.) 

Consumables 

a) Coated electrode/wire 
f lux combination 

b) Specif ication and Grade 

Position : Welding position 
and progression 

Gas type & composition of gas 
or gases 

Electr icals 

Wire f lux combination 
Wire US 43 
Covering f lux - PF 1-50 
Backing f lux - PF 1-50R 

Lloyds Gr . 3 

F iat 

Source AC/DC AC 

Polar i ty 

Current Leading 1350 A - Trai l ing 1200 A 

Volts : 

TECHNIQUE 

Travel speed : 
Leading 35 V -

35 cm/min . 
Trai l ing 4 / V 

String or Weave bead 

Osci l lat ion 

Multipass or single pass Single pass 

Other details Wire dia Leading 4.8 mm and 
Trai l ing 6.4 mm 

TEST RESULTS 

Satisfactory 
(Yes or No) 

Yes 

Det. ils 

i) Radiography o x . 

ii) Tensile Test No. UTS (kg /mm 2 ) Locat ion of Fai lure 

1 57.75 Parent metal 

2 57.1 Parent meta l 

i i i ) Bend Tests FB 1 Results 
Satisfactory RB 1 

Results 
Satisfactory 

FB 2 Satisfactory RB 2 Satisfactory 

iv) Macro Examination M 1 Results 
Satisfactory 

M 2 Satisfactory 

v) Impact Tests 
(at 0°C) 

Test 1 2 3 Average 

Weld Centre 6.5 4.2 5.2 5.33 
(Face) 

Weld Centre 9.6 5.0 6.4 7.0 
(Root) 



A N N E X U R E A N N E X U R E - 4 (Contd.) 

Excerpt from 
Welding Procedure Specifications 

PROCESS 

M A T E R I A L S 

i) M a t e r i a l comb ina t ion 

i i ) M a t e r i a l Spec i f i ca t ion /s 

i i i ) Ma te r i a ! th ickness to be 
used for tes t 

2. CONSUMABLES 

i) Comb ina t i on o f consumables 
(Brand Name) 

i i ) Grading i f any 

TECHNIQUES 

i) Groove Design, back ing e t c . 
(Sketch o f JOINT/S) 

i i ) Pos i t ion - Welding pos i t ion , 
Welding Progression 

i i i ) In i t i a l and interpass c lean ing 

iv) Method o f back gouging 

v) Mul t ipass or single pass (per side) 

vi) Single or mul t ipass e lec t rode 

v i i ) Any o ther de ta i l s 

v i i i ) Preheat and post heat t r e a t m e n t i f any 

E L E C T R I C A L S 

i) Power ( A C / D C ) 

i i ) Po la r i t y 

i i i ) Cu r ren t 

iv ) Vo l tage 

v) Trave l speed (Range) 

One Side Submerged Arc Welding 
(FAB) 

L R ' A ' to L R ' A ' 

L l oyd ' s Grade A. 

17 m m 

Wire US 43 
Flux PF-45 
M e t a l Powder R R - 2 
Back ing m a t e r i a l F A B - 1 

M f d . by Kobe Steel L t d . , Japan. 

L loyd ' s G r . 3 2 

See F igu re - 7 

Downhand (F la t ) 
Single Welding. 

Wire brushing. 

N i l 

5ingle pass (one side) 

Single 

Wire d ia . 4.8 m m 

N i l 

AC 

950 A 

33 V 

22 c m / m i n . 

A N N E X U R E - 4 

Excerpt from 
Welding Procedu'e Specifications 

M A T E R I A L C O M B I N A T I O N 

Spec i f ica t ions 
Thickness o f tes t assembly 

CONSUMABLES 

Coated e l e c t r o d e / w i r e 
f lux comb ina t ion 

Pos i t ion : Welding pos i t ion and 
progression 

E l e c t r i c a l - Power A C / D C 

P o l a r i t y 

Cu r ren t 

Vo l ts 

T rave l Speed 

TECHNIQUE 

Mul t ipass or Single pass 

Other deta i ls 

TEST RESULTS 

Sat is fac tory 

L loyd ' s G r . 'A* To L loyds G r . ' A ' 
17 m m . 

Wire - US 43 
F lux - PF 1-45 
M e t a l Powder RR 2 
Back ing M a t e r i a l - F B A 1 

M f d . by Kobe Steel L td . , Japan. 

F l a t (downhand) 

AC 

950 A 

33 V 

22 c m / m i n . 

Single pass 

Wi re d ia . 4.8 m m 

1. WELDING PROCESS 

Groove Des ign/back ing e t c . 
(Sketch o f the JOINT/S) 

One Side Submerged A r c Welding 
(FAB) 
See F igure - 7. 

(Yes or No) Yes 

De ta i l s 

i) Radiography O . K . 

i i) Tensi le Test No . UTS K g / m m 2 Loca t i on o f Fa i l u re 

Transverse 1 44.9 Wi th in we ld 

2 45.8 

Long i tud ina l 1 44.05 Wi th in we ld 

i i i ) Band Tests FB 1 Resul ts O X . RB 1 Resul ts O X . 

FB 1 R B 2 

iv) Macro Examina t ion M 1 Resul ts 

M 2 

v) Impact Tests 
(at 20°C) 

Test N o . 1 2 
1 

3 Average 
2 3 

Energy absorbed F A C E 
in K g m Roo t 

8.9 
6.6 

9.2 8.9 9.0 
8.6 8.0 7.7 
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DIAPHRAGM FAILURE? 
Does your Oxy/acetylene or Argon and Carbon-di-oxide 

gas Regulator frequently go out of order, resulting in 
stoppage of urgent welding or cutting jobs on hand ? 

IF SO, WE HAVE A SOLUTION FOR THE SAME ! 

We have developed a New Type of Regulator replacing the 
outmoded Rubber Diaphragm with a metallic PISTON activated 

Con-valve system (Patented) which will give you longer 
trouble-free service ! 

For details please write to: 

ASIATIC ENGG* SERVICES COY 
28-F, WALLERS ROAD 

MADRAS-600 002 
PHONE: 566341 
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