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1.0 Introduction 

This paper deals with the experiences of the Central 

Workshops at B.A.R.C. in fabricating several condensers, 

constructed out of Monel. Stringent code requirements are 

met in this construction. Dissimilar metals welding, vacuum 

brazing of components are discussed. Monel metal was 

selected for construction because of superior corrosion 

resistance and superior strength at low temperatures 

involved in the operations. 

2.0 Materials of Construction 

2.1 Base Material 

• Monel 400 in thicknesses ranging from 6 mm to 43 mm 
in the forms of plates and pipes. 

• Stainless steel - 43 mm thick. 
• OFHC Copper. 

2.2 Welding Consumables 

• ER Ni Cu 7, wire diameters 1.6 & 2.4 mm 
• E Ni Cu 7 Electrodes, 3.15 & 4.0 diameters 

• B Ag 8 wires and foils 

3.0 Design Data 

Design data for the monel condenser are as follows : 
Design pressure 10 Bars 
Design temperetures -60° to 100°C 
Hydraulic test pressure 13 Bars 
Helium leak test 3 x 10"9 std. cc sec'1 

Weight 680 Kg. 

' Central Workshops. B.A.R.C.. Bombay - 400 085 
This paper was presented in the seminar on Quality Welding in 
Coded Pressure Vessels, organised by IIW - Bombay branch on 11th 
February, 1989. 

3.1 Codes and Processes used 

Design and Construction : ASME section VIII Division 1 
Welding and Brazing ASME Sec. IX 
Welding Process used GTAW/SMAW/EBW 
Brazing Process Vacuum furnace brazing 
N'DE (LPT) ASME Sec. V Article 6 
Radiography ASME Sec. V Article 2 
Hydraulic test ASME Sec. VIII Div. 1 UG 99. 
Helium leak ASME Sec. V Article T-1050 

3.2 Weld Joint Features 

Figure 1 gives the overall features of the Monel condensers. 
Molten Monel does not flow and wet the base metal as 
readily as carbon steel or stainless steels. Hence, wider 
groove angles (80°) were opted to permit proper manipula-
tion of torch and filler metal, using stringer beads. In U/J 
groove joints, bevel angles upto 20° were used. In Figure 2, 
a permanent backing strip was opted for the shell to flange 
welding to ensure reliable and proper penetration. In this 
particular joint, due to the lack of access space for grinding, 
this feature was opted. Figure 3 gives the features of Monel 
to Stainless Steel joint. This has a double J (20°) bevel joint. 

4.0 Manufacture 

The edge preparation of some of the shell plates was done 

by machining process and in most instances by electrical 

por tab le edge p repa ra t ion machine. Each item was 

inspected for size, and correctness of edge preparation. The 

fit up of the rolled shell was done carefully to ensure proper 

root gap etc . and cer t i f i ed for fu r the r process ing . 

Cleanliness of the fitment and consumables are of prime 

importance. Analytical grade acetone was used for cleaning, 
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Fig. 1 General view of the condenser assembly 

care was taken to avoid "Refilled" acetone readily available 
in the market. Stainless steel rotary wire brush was used. All 
welding was done by qualified welders only, using 
approved qualified procedures, as per codes. Mostly, 
GTAW process was used. The shells were rerolled for 
correcting the ovalities and radiographed subsequently. 

4.1 Dished Ends to Shell 

Prior to welding of the dished ends to the shells, all the 
dished ends were carefully inspected for ovalities. The data 
thus generated was used for matching the dished ends with 
the shell diameters. Wherever corrections are called for 
precise matching, the dished ends were manually corrected 
to get the fitments as precisely as possible. Spider and 
Copper backing strip was used for welding the dished end 
to the shell. Welding was by GTAW process, DCSP mode 
at 120 to 130 amps welding current, welding speed of about 
150 mm/minute. Figure 4 shows the weld details of shell to 
dished end and figure 5 shows the longitudinal weld joint of 
shell. 

4.2 Flange to Shell 

Figure 2 gives the details of the flange to shell weld joint-
Permanent backing strip was provided at the rear, to ensure 
high integrity of the joint. In the absence of this backing 
strip, grinding operation to repair the weld would have been 
impossible for want of access. Dissimilar thicknesses were 
involved in these two members. Therefore, by machining 
proper matching of the thicknesses was done, to facilitate 
proper heat distribution while welding. 

loo \.y. 

Fig. 2 The weld joint details of shell to flange. 
20° 

5 m/C-

Fig. 3 
-M0UEL-400 

Flange to lug weld joint, 

s . s . 3 0 4 1 . 
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Fig. 4. The weld joint details of the shell to dished end. 
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Fig. 6 (a) Joint design for top nozzel to shell 

SH£LL 

I I 
Fig. 5 Longitudinal weld joint of the shell. 

4.3 Stainless Steel Lugs to Monel Flange 

Four Stainless Steel lugs were welded to the flange as per 
figure 3. First three passes were done by GTAW, alternating 
between the two sides. After liquid penetrant test clearance, 
SMAW process was adapted, alternating the sides after 
each pass. 

4.4 Nozzles 

The pipes to be bent needed special attention, particularly 
because of the bending radius being sharp. Special dies for 
bending were made. The pipe lengths were appropriately 

cut, keeping necessary excess lengths to be cut off, 
subsequent to the bending operation. The pipe was filled 
tightly with fine sand and the ends were p lugged. 
Bendingwas manually carried out very slowly. Lubricants 
were generously used on the die surfaces. After cutting off 
the excfess lengths and thorough cleaning, the end flanges 
were welded using GTAW, with Argon purging by the 
qualified welders. These nozzles were welded by 

Fig. 6 (b) Joint design for bottom nozzle to shell 

PISHEPIUP 

WOZZLE 

1 \ 
| — 

Fig. 6 (c) Joint design for drain nozzle to dished end. 

GTAW onto the shell cut outs by providing local Argon 
purging pockets . Each assembly, on its complet ion, 
underwent hydraulic pressure testing and MSLD for 
defective joints, if any. Different joint designs for nozzle 
welding are shown in Fig. 6 (a) to (d) 
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SILICO PRODUCT'S 
W&W&OMm/R I B M ® - H o 

India's No. 1 Fused Submerged 
Arc Welding Flux. 

PROPERTIES : 

$ It is fused, hence chemically reacted and chemically 
homogenous 

$ Highly consistant X-Ray quality welds with less hydrogen 
cracking. 

0 Non-hydroscopic, hence no pre-heating required. 
O Good rust handling ability. 
O Good peeling ability. 
O Good AC operability. 
$ Multiwire capability. 
O Excellent mechanical properties. 

APPROVALS : 
(With SA-1/SA-2 Electrodes of M/s. Indian Oxygen Ltd.) 
0 Lloyds Register of Shipping. 
0 Indian Register of Shipping. 
0 American Bureau of Shipping. 
$ Bureau Veritas. 
0 Research Design and Sandards Organization. (RDSO) 

WE ASSURE QUALITY AND PROMPT 
SERVICE. 

O Ask us about our fluxes for pressure vessels 
and hardfacing applications. 
Inquiries may be directed to our office a t : 

SILICO PRODUCTS 
613, JAME-JAMSHED ROAD, DADAR, BOMBAY - 400 014. Tel. No. 4127556. 

***ALSO MARKETED BY INDIAN OXYGEN LTD., AS 
'INDARC' BRD-1. 
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MONEL 4 0 0 TUBE 

B A F ' L E HOLE l.D. 

OFHC COPPER BAFFLE 

Fig. 6 (d) Joint design for nozzle to CF64 flange (Monel 400) 

5.0 Vacuum Furnace Brazing 

The typical joint configuration is shown in figure 7. The 
baffle holes were made by punching. The tube ovalities were 
considerable. Also the tubes were bent into U shape. 
Assembly of all the baffles and the U tube bundles were 
brazed in assembled condition. All these restrictions 
created problems for getting proper brazing gaps. 
Therefore, it was decided to flare the baffle holes oversize 
and assemble the tubes. The generous gaps now available 
were used to fill up with the selected brazing alloy in foil 
form. Having placed the foils in the gaps, with suitably 
designed and shaped tools, the gaps were crimped tight, 

Fig. 7 Joint design for vacuum brazing of baffle to tube. 

manually. Vacuum brazing was successfully done at 
MIDHANI, Hyderabad at 796° C under a vacuum of 
10"4 Torr. 

6.0 Conclusion 

Central Workshop at BARC, is essentially a jobbing shop 
catering to a wide spectrum of jobs. Great significance is 
attached to quality assurance at all stages of work. Several 
condensers have been fabricated successfully because of 
wide experience gained over the years and the data 
collected through R & D work. 

The Developing countries 
— a view through a mirror 

"We have all heard about the United States changing from a producing nation where our manufactui ed 
goods are sold around the world, to a consumer nation who imports more than we export. The basic 
reason for this is that other countries can produce cheaper, and in many cases superior-quality 
products. The developing countries learned the basic technologies from U.S., and then expanded and 
refined these technologies. Another reason is worker dedication to producing quality products at a 
reasonable cost". 

J.M.Gerken 
AWS National President 1988-89 
"Where are we heading ?" 
Welding Journal. Feb. '89.pp. 25. 
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THE INDIAN INSTITUTE OF WELDING 
TIRUCHIRAPALLI BRANCH 

R e f n e s b e a C o o n s e s i n Welding Technology 

I . Welding Superv i sors ' Course WS19 
Period : June 12-22,1989 (11 d a y s ) 

Venue : IIW Hal l , Ka i l a sapuram, 
T i r u c h i r a p a l l i ' 

E l i g i b i l i t y : Diploma in Engineer ing wi th 
e x p e r i e n c e in t h e f i e l d of 
Welding. 

Fee : R s . 1 5 0 0 / -

Registration : Befo re May 10, 1989. 

The cou r se i s des igned for s u p e r v i s o r s , 
i n s t r u c t o r s , des ign a s s i s t a n t s , p r o g r e s s 
p l a n n e r s and p e r s o n s in s i m i l a r d i s c i -
p l i ne s in i n d u s t r i e s and i n s t i t u t i o n s . 

II. Welding Inspectors ' Course WI 11 
I 

Period : Sep t . 11 -21 ,1989 (11 d a y s ) 

Venue : IIW Hal l , Kai lasapuram 

E l i g i b i l i t y : Diploma in Engineering 8 
in S u p e r v i s o r y p o s i t i o n . 

Fee : R s . 1 5 0 0 / -

Registration : Before August 10,1989. 

The cou r se content p r o v i d e b a s i c i npu t s 
to s u p e r v i s o r s fi i n spec t i on personne l 
i n v o l v e d in welding f a b r i c a t i o n i n d u s -
t r i e s and i n s p e c t i o n s e r v i c e s . 

III. Welding Engineer ' s Courses WE 15 

Period : Nov.6-11,1989 (6 d a y s ) 

Venue : IIW Hal l , Kai lasapuram 

E l i g i b i l i t y : Degree in Engineer ing wi th 
Welding e x p e r i e n c e . 

Fee : R s . 3 5 0 0 / -

Registration : Before October 6 ,1989. 

The course wil l h e l p p r a c t i s i n g eng i -
n e e r s , d e s i g n e r s , t e chno log i s t s and 
Q.C. pe r sonne l to h a v e an i n s i g h t in to 
va r ious a s p e c t s of welding p r o c e s s e s , 
meta l lu rgy and p r o d u c t i v i t y and econo-
mics e t c . A panel of e x p e r t s ' wi l l 
p r o v i d e s u p p o r t s in d i s c u s s i n g case 
s t u d i e s of t h e p a r t i c i p a n t s . 

For f u r t h e r p a r t i c u l a r s , e n q u i r i e s can 
be sent to : 

The Hony.Secretary 
The Indian Institute of Welding 
Tiruchirapal ly Branch 
Tiruchirapal l i 620 014. 
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