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DESIGH AND FABRICATION OF HEACTOR
COMPONENTS-WELDING

K.V.Vannm
Power Projeots Engineering Division

I,CONSUMABLE INSERT WELDING
Bore suck back posed a problem in the closure welds of RAPP»2

Stean Generators, It is diffiocult to measure the extent of suck
back frou radiographs, other than from mock up éanples. -Insert
being an imported ifem, efforte should be made for the use of
filler only. Insert can be eliminated from welds om all non-
oriticel applicalioms (eg) drain lines irrespective of the
redioactivity or cost of fluid handled. Root and fimal pass
L.P.I, should suffice and even radiography is unneceseaxy.
Surprisingly there is no ASME Specifications for C.S5.insert and
fillexr wire,
II.WELD EDGE PREPARATION
If flome or arc prooe;ae 18 used, formation of oxiden, cerbides and
a2 brittle HAZ in the ;eld‘ edge preparation is possible, To
_eliminate them 1/16" min, grinding ie specified, In the case of
plasma cutting of 8,5,, tests done for Dump Tenk reveal thst
0.010" grinding is adequato. Inview of possible carbide pick up,
uss of carbide grinding vheels on S,S, and eepecialliy at weld
edge preparations should be avoided,

IIY, PREHEAT -
For realy weldability “"carbon equivalent® for C,S.= % C + % Mn/4
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should not exceed 0.45. In low alloy steels % + ¥ Mn/6 + % Ni/
20 + % Cr/10 - % Mo/50 . % V/10 + % Cu/40 should not oxceed 0,40:
Less stringent figures are alec quoted. C.E = % C + % Mn/20 +
% Ni/15 + (B Cr + Mo + % V)/10, For C.E. of C.40, 0.50 and
0.60 prehea’ tempr. will be 50*C, 150®C and 250°C respectively.
It is better to be strictor than code stipulations, to awoid
pisks since local segregation of C in parent metal could cause
sivhardening, Further the preheating keeps atmospheric moisture
avay from weld zone, Preheating of C.S5, whemever thickmess
exceeds or equals 1* or C content exceeds ox equale 0.5075 is
advisable. ‘
IV, INTER PASS TEMPERATURE OONTIDL.
Large heat input canses grain coar#ening and weld distortion,
During the course of RAFP-2 stoam gemerator fabriecation, teste
done on a speoimen, weld repaired gbout 6 times showed no
grain coarsening, This means th.a:i: upper iimit for interpass is
not important in the oase of carbon steel, but still is
advisable to reduce distorticn in the case of large thicknesses
and to improve motoh ductiiity. Comtroi i8 a must in the ogge
of 8.5, inview of tendency for larger distortiom.
V.WELD DISTORTION
Higher coefZt. of thermal expn. and lowsr thermal conductivity

cguge larger shrinkage. Higher Y.S. canses rentention of
shrinkage stress which results in subeequent distortion,

Trensverse shrivksge = 0,10 Aw/t, AW = weld metsl ares within
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fnsign lines @q. in, § = plate thicknesssin. Sheot metal dis-
tortion can be rectified by flame shrinkage method (flame
heating follewed by. water spray). This technique wes adopted
for the S.8.Liner of FAPP~1 Calandria Veult, In the case of
field weolding of shield tank assembly, steel spacers were used
to maintain root gap, However, considerable diffioulty ias )
sxperienced in removing them due to high weld shrinkage, But
in the ocase of welding of expansion joint to Calandria and

Dump Tank, non-use of such spacers resulted in too much of weld
shrinkage., After the 1st pass, the root gap closed due to weld
shrinkage and conseguently more back grindi.ng had toc be done o
provide gocess for L.P.I, and further welding, This resulted
in extra weld metal deposition aggravating the extent of
shrinkage,
VI.POST WELD HEAT TREATMENT

& 1ot of problems were faced in tho stressrelief of the field
welds of shield tark, Individual portions of the weld seam ware
subjected to varying hold times and varying soak temperatures,
However, the integrated time at temperature waes adequate to meet
the imbent of the code though mot the letter, Local S/R should

not be done under hés.vy restraint, sinse residual stress gets
frmsfemd to other areas. causing qlistortion there aa in the
case, of RAPP-1 End Shield Tube Sheet. Tor the same reason local
S/R was waived for the welds between shicld tank and lifting

attachments, During the S/E of water qooled thermal shield




whioh is & heavy walled vessel with minimum interspece, it was
not possible to measuxe the tempr. of wall on the ingide.

Further furnaeo gas has no access to the inside. To cnsure that
the ingide of yessel also had been adequately heated, the mim.
hold time® corresponding to governing thicknees for S/R was com-
servatively iroreased by 50%. In suoh cases, it is difficuit to
assepe the sgozk time required accurately by calomlations., Max,
vessel and weld thicknessyshould govern heating and cooling rates
and hold time respectively. Code is not clear om thia, ASME
codes are silent on PWHT of aust., S.S. welds inview of controvere
sies .prevailing on this mgtter, But PWHT is advisable ir criti.
cal S.5.components since high residual stresseés ocan be present im
S.5.due to higher coefft. of expansion and lower conductivity.

It is reported that soaks at 1375°F and 1600°F result in stress
Teliofs of ‘50% and 90 respectively. Solution snnealing from
above 18C0"F is desirable, but distortion and quenching streésel
ms@t, To relieve gquenching stress, further S/R at about 1200*F
will be required. OSensitigation problem still persists but is
minimised in the case of low carbon S.‘S. Also PWHT requires an
inert atmosphere to avoid pickding. It is olaimed that since no
martensite formation is ﬁw:l:ved when an S.S.weldmeni cools,
thezre ie no loss of duotility as in C.S.and hense no &/R is -
:;squired,

V"1.SIORAGE OF ELECTHODES

No definite information is svailable about the shelf life of
e].‘éotmdea. However, it iu advisable to restriot the same to
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{ year, Inspeetion of the polythene packings for lew H, electro-
den shows tbat there is not 100% sesling, dne to bad mrhanlhip.
So moisture piokup by eleotrodes cannot be ruled out. Binsce the
oxtent of moisture pickup carmot Ye easily assezsed alvaye, it haa
baen decided at MAPP Site %o rebgke all low H, electrodes at TOO°F
prior to transferring them to "holding” ovens in shops. Clear
advice from manufacturers is lacking in this regamd,

VIII. NON-DESTRUCTIVE TESTING

Teats done at MAPP Site show that th® eimple air somp bubble
test is as effective as freon (halide forohleleotrgmiu detector)
test in detecting a leak and thgt too in leaser time,

IX. SOCKEP WELDING

Wwite often socket weld fittings are specified for radicactive
lines, The clearence between pipe and fittings amsunts to a
erevice where active particles can acoumulate, posing e radia~
tion hazard., In such cases butt weld fittings are resommended,
'Sookets afford earfier fit up and hence ideal for Pield.

%, WELDING OF §.8, TYPES ATST 347, 300 AND 310

Large incidence of cracks in type 347 welds (due tp formation

of sigua phase, low melting Niobiua 4:11103:&9, ete.) is reported,
Further this mgterisl in aust. S.S. group it most prome to
stress ocorrosion cracking. Hence typ® 304 L should be preferred
to typs 347. While wolding C.8, to 8,8, the fot layer due to
type 309 fﬂior will end.up in Anst, + Martensite zone. To




avoid M.phase, inorease the content of 309 by lesser penstrae
tion (A.C.welding in M,M.A, or reduved ocurrent or R,P, in
T.1.G.). Otier alternative is to use vype 310 for 1st layer.
But ¢type 310 being more austenitic is more prone to (signe-
phase) oracking,
X1, DEVELOPMENT ACTIVITIES TO BE UNDERTAKEN

Ng mey be used a3 & purging gas for 8,S. even though this may
reswlt in sane hardening of 5.S. 002 may be used as shielding/
purging gas for S.S./C.S, Deeper penetration is possible with
C0yo CoSe meldmeute made with CO, have mechl. properties
comparatle to those with He/Argon. S.S.weléments may show
carbon pick up resulting in lesser corrosion resistance and
ductility. But soundness of welds i bettex, Q02 agn be
suppiemented with flux to reduce arc spatter. Quite cften
damagnelisgtion after M.P.I. of ateel components is spesified.
Demagnetisation 18 necessary in the case of elestro magnestie
Instrumentation items, components requiring subsequent
machining (to prevent adherence of chipsto tool) and those
bendiing process fluids (fo avoid accumlation of Fe rust),

In the case of piping and veseels, since M.P.I, is done on the
outer surface only, the residual magnetism left on the inner
surfece might be quits low, It may not be neceseaxy to

inpist on demagnetlsetion of each and every component. A&ll

above suggestionn xaquive furthsr tesiing before taking e

decision,
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