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Abstract

Department of Atomic Energy with its programme for achieving
self-sufficiency was involved in engineering, manufacture, inspection,
performance testing and quality surveilance of major precision and critical
equipment such as reactor vessels, shields, fuelling machines, coolant
components etc. etc. high pressure equipment for Heavy Water Plants,
specialised components for Fuel Complex, major equipment for Cyclotron
Project and various research projects. These had to be manufactured at
various shops in the country depending upon the availability of machines.

The relative importance of various important parameters associated
with the manufacture of these equipment were assessed in a separate R& D
programme. This has helped in re-designing in some areas to suit the
manufacture under Indian conditions. Assessment of any marginal varia-
tions that take place during manufacture was also possible because of the
availability of data of this kind. Critical components and equipment are
tested for their performance under simulated conditions before shipments.

B. A. R. C. has contributed immensly in achieving the self-sufficiency
and also for designs for future plants.



Progress made in the field of development of atomic energy can be
considered as an index to the state of development of science and tech-
nology of a country. In India the plans for the nuclear programme were
based on exploitation and utilisation of indigenously available materials
and resources. The Department of Atomic Energy had to make very
intensive efforts for effectively pursuing the programme, and also for
achieving self-sufficiency in all the areas. To start with, the technologi-
cal background available was generally based on traditional apprcach in
manufacturing, backed up by personal experience of the persons working
in the field, rather than built on scientific basis as is called for in the
manufacture of nuclear components. Accordingly considerable effort had
to be devoted to improve and organise the manufacturing methods scienti-
fically and in training of personnel to effectively employ these techniques.
This effort was involved in engineering, manufacture, inspection, per-
formance testing and quality surveillance in all fields, especially in the
manufacture of equipment. Special attention had thus to be paid in areas
such as designing of tooling and jig and fixtures, development of accept-
able welding methods for various materials and their combinations,
development and successful employment of various NDT techniques, evolv-
ing suitable manufacturing methods and inspection procedures at various
stages. It was also recognised to be important that the design parameters
of the components should be well understood so that any deviation due to
manufacturing methods or materials could be evaluated objectively.
Consequent to this, right from the beginning, many problems were faced,
which have been successfully tackled. To-day with our experience in
building nuclear power plants, heavy water plants, research facilities like
cyclotron etc. our country is in a very satisfactory position as regards
self- sufficiency, advancement of technology and sharing our experience
with other organisations and countries. This paper mainly deals with the
experience in the manufacture of equipment. The country has experienced
similar situations in the fields of instrumentation and control, treatment
of materials etc. and has come out successfully in these fields also.

For the atomic energy programme, setting in motion the initial
supporting national effort required substantial investments in training of
scientific and technical manpower. These investments have generally to
be made in most countries at least initially, by governments, and hence,
Department of Atomic Energy set up a training school for the purpose of
training engineers and scientists. Regular refresher courses in different
disciplines related to workshop practice and NDT also are be ing conducted for
the staff at all levels to bring them upto date with the latest technological
and scientific advancements.

In the initial stages the design of a number of components was
procured from foreign countries. Participation of personnel from the
original design group over the extended period of manufacture was neither
available nor feasible. The manufacturing techniques adopted by us based
on the facilities available, were not known to the original designers. Hence
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the specifications, however detailed they may be, could appear sox-newhat
vague for some particular aspects arising out of conditions prevailing
during manufacture which could not be anticipated by the designer.
Anticipating this problem and to avoid delays and escalation in prices, a
planned R & D effort was initiated to go deeply into designs. Designs
were again worked out for these components and on the basis of detailed
understanding generated this way, quite a number of problems encountered
during manufacture were solved, a few of which are highlighted later in
this paper. With these feed backs, for our fu :ure needs new designs were
made incorporating new ideas to suit our working conditions without relax-
ing the quality.

In the initial stages of the programme since problems of engineer-
ing and manufacturing of components and equipment were insurmountable,
the Bhabha Atomic Research Centre having the facilities for all research
activities of DAE, had to play an active role. The manufacturing of preci-
sion components, both heavy and light, were taken up in house as most of
them, were done for the first time in the country. Hence the Department
itself had to evolve procedures for manufacture, quality control require-
ments, inspection techniques and so on. In orde:? to achiave the desired
standards in manufacture we had to set up our own material testing lab and
quality control and inspection units equipped with all the testing instru-
ments and equipment. Even though some of the machines were initially
bought from outside the country, in line with the policy to be self-
sufficient, testing equipment like ultrasonic detectors, helium leak
detectors etc. have been designed and made by us. Having a well equipped
workshop facility of our own has been found very helpful in situations
where the operating power reactors require some component for urgent
replacement.

During the last decade, the DAE, looking ahead, has succeeded in
getting participation by many of the fabricators, both in private and public
sector, by helping them with all the necessary know-how and day to day
assistance and guidance, thereby making the industry conscious of its
potentialities and excellence. A very close interaction is being continuously
maintained between the engineers of the Department and the outside manu-
factures. This has not only helped the industry in becoming quality con-
scious which in turn has helped other industries such as petrochemical,
space,fertilizer industries, but also helped the Department in utilising
their experience.

Attempts to maximise Indian components in nuclear programme
have created an awareness in India industry of the need to work to
stringent specifications and inspection standards. To-day we are in a
position to tackle about 90% of the manufactured items. To illustrate the
extent of the indigenous manufacturing capability built-up over the years,
listed below are some of the major sophisticated equipment being manu-
factured locally for the atomic energy programme.



1. Reactor calandria
2. Fuelling machines
3. High pressure, high temperature heat exchangers
4. High pressure, low temperature equipment
5. Coolant channels
6. Cladded vessels
7. Air locks
8. Steam generators
9. Feed water heaters

10. End shield
11. Heavy duty cranes
12. Pumps (excepting a few)
13. Nuclear instruments
14. Electrical equipment
15. Reactor fuel
16. Huge magnets

However during the manufacture, many times it was found difficult
to locate one manufacturer having all facilities to complete the job and
hence various manufacturers had to make different parts. This approach
however brought its own peculiar problems in co-ordination between
different shops sequencing of operations, corrective actions for deviations
in mating parts made in other shops etc. and the Department had to take
up final assembly of the complete unit after receiving the components from
all the manufacturers. In certain other cases, for example, the coolant
channel components, even though the component is of such a nature that it
is a single item of high precision because it required heavy capital invest-
ment and due to the long time period required to start getting any return,
no manufacturer was interested in taking up the job. Hence such compo-
nents had to be manufactured by the Department itself. The work involved
forging, heat treatment, electroplating, deep hole boring, contour turning
and other internal operations. The process involves as much as 32 opera-
tions on a single piece to come to the required shape and dimension and
reducing the weight from 500 kgs to 125 kgs. The component is so critical
that each item is tested ultrasonically for material defects, stress
relieved and inspected on machine at every stage and released for next
operation. The Department had to spend considerable time to achieve the
end result. It would have been easier to import them but with the sole
purpose of tackling the problem and solving it indigenously, this was
attempted and by this we have achieved immense confidence to take-up
various complex machining jobs. Some of the machine tools required had
to be modified by ourselves to suit to this job requirement, elaborate
tooling had to be designed to repeatedly manufacture a number of pieces
with the required accuracies. Further in order to save time and foreign
exchange some of the special purpose machines like honing machine,
polishing machine etc. had to be designed and fabricated to manufacture
such components. By this means and by improving the tooling based on
our experience, we have been able to increase the production rate to 500



end fittings per year with an installed capacity of 350 per year.. In
another equipment i. e. fuelling machine (Fig. 1) there are nearly 500
components made of a variety of materials. Some of these compoients
offered problems in fabrication, welding and machining. In one of the
components i. e. magazine rotor of this machine, 12 numbers of tubes
had to be positioned during the fabrication and welding stage itself, so
that true position of each axis of tube does not deviate by more than
0. 75 mm and this had to be machined to a true positional accuracy within
0. 12 mm with the surface finish of 0. 8 microns rms. This component
had to be manufactured with the available conventional machine tools and
manual skill. In one other component i. e. the machine housing, during
machining a notch was cut by mistake in the knuckle of the torispherical
head in the inner face. The notch was located perpendicular to the meri-
dian, the direction of maximum stress. Before proceeding further with
the manufacture, general stress distribution was obtained for a similar
geometry and photoelastic study was carried out to estimate the stress
concentration, factor around the notch. This was possible only because we
had done the design.

Yet in another instance i. e. in the case of water cooled thermal
shields during machining one of the faces was machined to a thickness
below the allowable limit. Theoretical analysis was considered to be
difficult in view of the small number of stays in a plate with welded edges.
Experimental analysis using strain gauges was therefore resorted to and
by pneumatic loading, pressure was increased from 50 to 150% of the
design pressure in small steps. Based on this experiment a decision about
acceptance was taken, and this was possible since we had reviewed the
original design ourselves. In another component i. e. ram housing for the
fuelling machine, a 2. 9 meter long bore had to be controlled within very
close tolerance and to a surface finish of 0, 8 microns rms and the con-
centric flange at one end had to be controlled with 0. 025 mm of total inte-
grated reading.

Each one of the jobs presented different problems. In the case of
exchange tower for heavy water plants measuring 4. 4 meter dia, 58 .meter
height weighing 285 tons, even though capability existed for naking this
in a shop, due to limitation in transport of the completed tower, it has to
be transported in sections and assembled and welded at site to form a
complete tower keeping in mind the final requirements which were very
stringent. In the case of clad plate heat exchanger, any previous
experience was totally non-existing. In view of the process requirement,
every stage of workmanship had to be watched right from controlled hot
pressing stage, precise rolling and assembling by welding to achieve 100%
bondage between clad plate and base material at every stage of operation.

In many cases -we had to resort to manual skill only, specially in
welding since we did not have suitable sophisticated automatic equipment,
nor was it possible to buy from outside in a short time, since these had to
be tailor made. Moreover even if we had obtained this it would have been



of little use since the equipment has one of its kind. In certain high
pressure heat exchangers (Fig. 2) tubes having 6 mm O. D. with a wall
thickness of 1 mm and a pitch of 11 mm, the joint was designed for auto-
matic welding process. But we had to do it manually and by the methods
adopted by us, we were able to satisfy all the specifications laid down and
in some cases it was better than the original specification as these were
to operate at pressure of 145 bars and 250 bars. Actually the designers
from outside the country were astonished and found it hard to believe that
we had achieved this manually.

There are quire a number of materials involved in nuclear tech-
nology, and one has to develop knowledge in handling these. It invariably
happened that one single manufacturer was not conversant with working
with all these materials, and hence the Department had to develop the
method and guide the manufacturers. In some cases the job looked simple
on the drawing, but posed considerable problems in shop floor; and one
such is t'.ie radiofrequency panels for the cyclotron. Here corrugations
are ro be made in the middle of 1. 5 mm thick electrolytic tough pitch
copper sheets of size 3 m x 1 m. The corrugations are required to be
true to their profile and had to match within 1 mm with corresponding
corrugations in the matching component. Cooling tubes are to be brazed
on the skin, and due to the large input of heat, distortion levels are very
high, and hence obtaining the desired result is extremely difficult. The
tubes were required to be furnace brazed and since we did not have this
facility we had to resort to torch brazing by selecting suitable fluxes and
using non-conventional methods to complete the job. The entire compo-
nent had to be vacuum tight. We had to tackle similar jobs in different
other materials like aluminium, titanium, inconel, monel, zirconium,
stainless steels of different grades and also joining dissimilar metals.

Some of the components encountered in the nuclear field are asso-
ciated with bulkiness of their heavy welded structures (Fig. 3) with the
requirement of a dimensional tolerance comparable to those of wrist watch
components. One such component is the reactor vault access doors weigh-
ing about 100 tons in assembled condition, and accuracies involved are of
the order of half of a thousandth of an inch. This should also meet the
diversified tests including the verticality test by using a jig transit and is
required to move with a force of approximately 400 kg.

In nuclear establishment, safety is the prime consideration and the
nuclear plants were built with this as a prime factor. Hence designs had
to be evolved to tackle the safety problems by innovative and imaginative
remote handling devices to suit to the differing site conditions and to
achieve maximum reliability and ease of maintenance. Every problem had
to be tackled on its merits. In each and every case a prototype had to be
made and, with the help of mock up, each situation had to be simulated.
For post irradiation investigation of reactor fuel and handling megacurie
range of radioisotopes the Department has designed and manufactured



components and equipment and has set up hot cells. The highly sophisti-
cated remote handling appliances Like Master-slave-manipulators (Fig. 4)
were designed and developed and prototypes were manufactured, by the
Department, since these had no commercial demand from other
industries

In short the manufacture of nuclear equipment in the country has
given rise to quite a good amount of new technologies i. e. welding of
different materials with negligible distortion, inspection techniques, high
precision machining methods including scrapping, hard surfacing methods
such as stelliting and different types of material treatment etc. There are
quite a number of fields where the Atomic Energy Programme has helped
to evolve new methods. Work in the field of nuclear fuel and materials
has generated internal demands for superior materials of construction.
Expertise developed in vacuum melting and casting of urnaium and the
sintering of uranium oxide has influenced the production of metals and
alloys of controlled composition and to the progress of powder metallurgy.
The techniques and facilities developed for the extrusion of zircaloy has
resulted in application in extrusion of alloy steel seamless tubes. The
production of nuclear instruments has helped the design and instrumenta-
tion of chemical plants. The development of vacuum technology has paved
the way for manufacturing of freeze drying equipment for food and pharma-
ceutical materials. Thus we can enumerate many instances but the most
important spin-off contribution of the atomic energy programme in India
is the creation of a climate of self-confidence and self-reliance. From
our experience we feel that if a developing country has to make progress
and be self-sufficient in the nuclear field, as has been said earlier, the
Government has to make substantive investment themselves unlike the
developed countries where the industry being advanced takes major load.
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