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INTRODUCTION

,)jfnjl he ESCO Corporatlon was V151ted for the purpose of maklng an evaluatlon '
CEL "of. the quality of the electroslag (E-S) welding operation being used to
. 'assemble nuclear reactor primary system components (pump-casings and pipe
~ elbows). In addition to individual evaluation on the part of Compliance

~“personnel, this report reflects ESCO- personnel response to a list of
‘questions generated by DRL personnel prior to the visit. In general, the
'Zevaluatlon was performed on a.''two category basis'; i.e., QA-QC and
. metallurgical considerations. Mr. Potapovs concentrated on metallurgical
aspects and the inspector .on QA-QC aspects concerned’ w1th the E-S weldlng ‘
programs. Personnel contacted during the visit included: o o

ﬁer F P Schwab e Manager, Atomlc Power Department ESCO

j 0. S Tuerck ;.f-'Manager, Inspection (QA=-QC) & Assistant .
L .7 -to the President, ESCO . 'af\\\

_ B.'g"Groshart - Manager, QA-QC, ESCO :

. WJ)H. Rice - - = Welding and Metallurgical Consultant, ESCO
" R. F. Richmond "~ Project Engineer, APD, ESCO

:F. Hunt .. ='QA Supervisor (Welding), ESCO . A

W. A. Harkins - Project Engineer, Connecticut Edison Co.

G. W. W3511enko - PrOJect Englneer, .Connecticut Edlson Co.
Following a request to the wrlter Messrs Harklns and Wa811enko parL1c1pated
* .. .in ‘the tour, "demonstration and discussion activities of the visit on an
';;‘.]'"1nterest only" basis, - That is, none of the Division of Compliance actLV1t1es
| ‘ (1nclud1ng»5pec1f1c requests -for information and/or records for- revxew)
-;wcremﬁdocket" or "11cen e"'orlented RN C e T e

ﬁpon Completlon of‘the E -S: weldlng program evaluation effort, a Management,?f
)as held'W1th the below 1lsted 1nd1v1duals"ﬂ o~

- Manager of Inspectlon and Assmstant to . L
S e e e . the President, ESCO" ‘ 7““5"‘"1b£i v

.+ Mr. F, P, Schwab - Maunger Atomic Power Dcpartment, LSCO
.. Mr. B. Groshart - Manager, QA-QC, ESCO _,._
'f:Dr{"w;‘H. Rice \f;f?s Welding and Metallurgical Consultant, ESCO ., AV
“Mr, WL A, Harkins =, Progecn Engineer, Connecticut Edison Co.}‘g-;j'T,?l:»J;w
' A W Wa 1lenko . PrOJectiLnglneer, Connectlcut Edlson Co., ' L

The‘olpnlii
asffollow '

spector and Pota ovs comme
effort 1ndlcated that L*b weldlng was belng performed Wlth




R ‘review of the ESCO E-S weldlng procedures appeared to be conslstent with -
1;”§r good practice and code requirements except that the procedures provided :
< for current and voltage variations in excess of those allowed in Special
: " Code Ruling Case 1355-2.. The inspector pointed. out that, although the -
‘:g,3f procedures did appear to be partially incomsistent with.code 1equ1rements,
" observation of the E-S welding process and a review of records indicated
70 that the  code. requirements were being met and requested comments, Dr. = .. |
' lece agreed’ that the E-S welding procedures did, indeed, fall short of - .
i, code requxrements in the area of current and voltage, Following addltlonal
v i discussion, Mr, Tuerck stated that appropriate changes in the procedures
'd=,'; would be con51dered on a prlorlty basxs L

o x,-;_xThe 1n8pector ‘discussed the E =S weldlng QA- Qc programs brlefly to say that,,,n
T 2”,fﬂ with one possible exception, the programs seemed to be adequate. The 3

¥ exception was the fact that records of critical welding parameters; i. e.,:

- current,: voltage and wire feed speeds, are not being mdintained during

-the weldlng process.. Mr. Tuerck commented that, as in the case of the
preV1ously ‘mentioned procedure- dlscrepancy,'lmmedlate con51derat10n would =~ V.
‘be glven to’ correctlve action. - : - S

DISCUSSION S ':‘:

?.As stated earlier, the electroslag Weldlng program was rev1ewed segmentally

"' as a. function of two, specific categories = metallurg1ca1 and QA-QC. The',,s D
4 two categories’ are discussed in report Sections A and B, below; wherein a '.' ' -
; list of questlons generated by DRL personnel has becn augmented by the B

AFxper1ence

The ESCO Corporatlon ‘has been actlvely engaged 1n E- S weldlng

iprograms since: early in: 11966, ‘Since first being qualified by -

the ‘state ¢ode inspector,: “according to Mr, Schwab, ESCO E-S .

operators have. complcted approx1mat01y 3100 feet of E-S weldment

The weldment footage involves primaxy coolant system pump casings’

‘and primary coolant p1p1ng elbows for nuclear reactor systems

-as well as pump casing and elbows (24 .pumps and 90-100 elbows) . ‘

for large,. non-nuclear water systems, E-S weld thicknesses, have ';'.Qj

%arled from 3.5 to-19. r”lnches.‘ Accordlng to Mr. Groshart, none1 i

nf the E S weldments have sufftred in-service deformatlon,'t‘
‘forms ‘of unsatlsfactory performance.;:‘ ﬁ"

[ r)‘L-.

;Che ESCO I“S weldlng‘processes and E S welders have becn quale ed
by the Srate of Oregon- Bureau' of Labor, ‘Boiler and Pressure’ - sl

”Co?e‘InsPectlon‘personnel ESCO records 1nd1cate_ ﬁ"




that E-S welding'proeedure§ and welders have been qualified for.
_E~-S welds of up to, and including, 21 inches in thickness. The: ' .
~ E~S welding qualifications records indicate that the qualification . .

- -of procedures has, been based on ASME Qualification Procedure No. ° '
21 and that the materlal of quallflcatlon was SA 351 stainless =
,fsteel T oo : 5 . S

v

The ESCO records also revealed Lhat both the E-S weldlﬁﬂ proccdu1es
" and welders are qualified for onme, two and/or three wire operations,
‘A 'review of the welder qualification records established that a .
* daily check is made to assure that each E-S welder is currently ) ‘
" 'qualified, This check is performed by the Welding Operations QA ..  ©
-» Supervisor by reference to a "tickler file" which permits a rapid

s qualification, versus qualification expiration dste, -check for
" each welding process and each welder, The records indicated that.
-all welders (E-S operators) have been- quallfled accordlng to the:
,‘prOV1310ns of ASME Sectlon IX. ) I Lo b

5

‘ﬂ~'Teehnological Development Provisioné T

-y According to Mr. Schwab;xa significant and continuing effort has i

. been expended by ESCO to maintain a position of leadership in all =
.- phases of welding technology. .To support this effort, a fully

' equipped and staffed laboratory has been provided. The 1aboratory
is equipped to perform all of the essential material testing Q,,
‘functlons = including chemlca], macro and micro analysxs of test i+
'coupons ‘Mr, Schwab also said that a program of metallurgical : 'd v
‘research and one concerned with new products’ development are. bothxfiﬁl’?:Q
headed by key. personnel; and that. the progress of these programs s S
is monitored formally, as well as’ lnformally, by the ESCO Board ;ai' Sk
?f Dlrectors.; ' : S N o

1Heat Treatlng

5A,complex of'three heat treatlng furnaces is located in the VFL :
‘Components assembly portion of the ESCO plant area, Each of the ' 7.
furnaces is designed for a particular application and is fitted- ’
with insixumentation to facilitate control. 'kerording instru-

. mentation is provided. None of the instrumentation is’ dual, - . T
';wh1oh would permit callbratlon verification, but' the 1nstrumen-'ﬁfjffg‘ﬁu
‘tatlon 'is checked‘on a frequcnt, perlodic ba51s against s;andards;ﬁ-,f-,‘l
eo ‘ass ure=accuracy b e

I
l"

; Component parts arc aLr*and/or water cooled dependlng upon ,
”ﬁndLVLdual requ1rementq“ Componean required to be-air cooled’
i'dre cooled at ‘a rate con91sLent with purchase Spec1f1catlons ,
»j(sLandarde and codeb)dby ‘post heating residence times 1nvolv1ng
boLh Lhe Lurnace ‘and ourSLdé‘furnace amblent temperatures e st




',cooled components are quenched in the plant quench ‘tank
is located about 25 feet in front of and below the floor -
A el of the main (1argest) heat treat furnace, Water coollng
”erates are controlled by a quench tank cold water injection ,'

-+ system which consists of a series of elght inch diameter water -

~1lines which- inject water at the bottom of the. tank, from all:
o four 51des, toward the ‘center of the tank. »

- Accordlng to Mr Schwab ‘the quench tank water supply (c1ty tap,
. water) is checked for composition and conductivity. The tests.

. are performed by the Charlton Laboratory, located in Portland,
o Oregon, and the’ most recent tests establish the follow1ng
*;jtyplcal quench Lank water propertles. : '

pH..;'--...‘....“........'.:...... 6 8

©i Total solids......cv.vesss...30.0 ppm (residue on evaporatlon)
"-Specific conductivity........24. O.pmhos/square ce @ 25°C
'“'Alkallnity (blcarbonate) R

S

.
—

:Ooov—'wrooooor—-mwin
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_rDurlng the vxsxt on June 10 1969, ESCO personnel performed.a
rnut:ne E-S test block weld for qualification purposes .(see '
Figures 2 and 3, nitu\hod) The test block was SA 351 stainless
steel and was dpprOXdeLQly eight. inches thick, " The weld was

- being performed in: accordance with ASME Quallflcatron Ploccdurcli I
fNo. 21 - (two ere) and two quallflcd E-S welders ‘were in R
attendance at. Lhc tnmo ;of. the 1nspector s observations. - Accordlng
"Lo M. Glouhnrt, all E-S ‘welding: is performed with a minimum of '
Lw0'qun13.’cd E-S: we1dcrs in attcndance. ‘He added: that, "for" very
complex E- -§ welding op01atjons, “as many as four qualified E-S R
‘welders axe utilized. Figureés 1, 2 and 3, attached, are sketches 1. .-
of’ the ESCO E- Q‘weldnng equ:pmcnt and reflect observations made By
by the Lnspecror durlng Lhe ‘Got block E~-S weldlng opexatlon on;
“June 10, 1969, As‘shown on;the’ sketches, ‘the E=S equlpment
includcs an 1ndcpendent~power supply (Lransformer-to-bus)

JOPR S DU SN NSRS




Observations by the inspector on June 10 indicate that voltage
;flpctuatiOns are well within. procedure specifications and -that
'Qonly'minimal adjustment activities are required. According to .-

. Hunt, a formerly-qualified E-S welder, essentially no- -~ ...
fluctuatlon in voltage occurs during routine, steady condition
. welding (i.e., after the-initial slag pool has been formed and
jjw1re feed spceds have been stabillzed) L

ode InsDect1on ‘;v*ﬁ“‘.v"j'”f:.“

ESCO does not 1nc1ude a code inspector in their organization |
‘'structure. Rather, all code welding procedures ‘and welder ~w". 'x‘5fuk
. quallflcations tests (including E-S) are witnessed by the Oregon
_State Code Inspection staff,  Compliance with code requirements .
is maintained by the ESCO QA-QC staff. The QA-QC organization
. structure includes a supervisory slot with a primary respon- °
~'.sibility for assuring that E-S welding procedures and welders .~
" are code qualified, ~The E-S welding operations are under the
?f_contlnuous observation of the QA~ QC oroanlzatlon, according to .
'Mr., Groshart, and subject to routine review to assure that o |
f.max1mum quallty welds are produced : IR T

R

E-S Weldlng,Program QA- QC Prov1S1ons ey a -.-:’ aeli@_:,t'.'t\d

.¢The ESCO QA QC program was prevrously rev1ewed (see CO Report
““ Nos, 50-275/69-3 and 50-237/69-5, Appendix A, dated April 14,

; ﬁ_1969) and was found to be adequate. During the current visit, oo
.. it appeared obvious that all of the QA-QC efforts applied to . ’7 e
f ‘conventional weldlng programs were applled equally, to the E- S e
J.welding programs. To determine the scope and effectiveness of .

" QA=QC efforts relative to the E-S programs, records assocrated

with unidentified (utlllty) reactor coolant pump casings were. .

;reV1ewed with Messrs,. Groshart and Hunt, Pertlnent 1nformatlon
-obtalned as: a8 result of the reV1ew is llsted ‘ : :

A Nondestauctlve Tcstlng (NDT) record form is prepared by

the QA organization on the basis of code, welding proccdur ‘
and purchase specification requirements. This form "follows".
the valve casing from. the time that the component halves S
sare introduced to the E-S welding process (weld prep ‘program) ,
:and must be approvod by the QA staff prior to release of the‘;;i“"
casing for ohlpment  Each step of the E-S weld process,<,ﬁ"'”’“
1nt1ud1nn all repaxc efforts and NDT efforts, is 1lsted on:

thlS form and mustf e_"sxgned off'" by.a QC: 1nSpector BRI
" 'Asequentlal step can be:ﬁ'




During the E=S. welding. operation, the procedures require

that any problems or anomalies encountered are to be noted
on the traveler form and flagged for NDT attention. An.

' rises, '
i}relate an abnormal heat spot appearance to a potentially .

~.bad weld and, therefore, ‘mark any such areas noted- during
- the weld operatlon for special NDT attentlon. ‘

! performed,

;”example of use of this requirement, according to Mr. Hunt,
.- would be an unusual appearance of the "heat spot" (see
/Figure 1, attached) which follows the weld as the weld pool

Hunt explained that E-S welders have learned to

e

NiThe E-S weldlng records were reviewed and cons1dered to be
" somewhat inadequate in that no records of critical procedure
.- parameter values, such as voltage, current, wire speed and
" wire travel frequency and dwell,
. the case of test block welds.

~are maintained except 1n

" Both Mr Groshart and Mr Hunt, the 1atter belng one of the.’

- first ESCO people to be qualified as an E-S welder, commented
‘that (1) the nature of the E~S welding process is such that
‘welds are "good or bad" as a function of a "comtinuing '

process" and (2) that the process could not continue unless

the procedures were followed.
% conditions would be indicated by the
- For this reason, Groshart explalned
'all process parameters are in-bounds
Groshart explained, further, that if process

That is, out-of-bounds
appearance of the weld,
it must be assumed that
if a successful weld is

parameters had been compromised during the weld, heat spot

appearances and/or other indices would become manlfest and -
the NDT traveler sheet would so indicate,
‘pointed out. that records of the subject parameter values

The  inspector

(at least voltage, current and wire speed) on an hourly

. M. Wasilenko commented.at tho time to
felt .that maintenance of records as discussed should be .

basis would seem to be’ approprlate not only in the category
of, QC ‘records. but -as backup records to support the existence
£ ‘QA"progranmatic. efforts in the event of weld fallure B
occurrence at some future date.

say that he, oo,

considered and-that a" partlcular motivation should be the

'Later

e

© Were,”

durlng furrher,dlscu331on and review of thlS matter,
- Mg Groshartulnformod the inspector that the subject’ records
in. iact,fbe:ng maintalned £6r .some of the E=S welded

"components ‘as ‘a” functlon of. 1nd1v1dual purchase spcc1f1cat10ns.,.
Groshart 1dent1f1ed the 'utility involved. and it was demon- ‘
‘strated that" Curront voltage and’ wire speed were recordedz

on_ an hourly bas 1% Lhroughout the weldxng operatlon.b,They

::posslblllty?of a weld fallure at some future tlme. R h{:

[ Sy S




‘vendor, at the conc1u31on of the VlSlt was considering thc
3adV1sab111ty of -recording current, voltage and wire speed
“during all E-S welding operatlons (see the Conclusxons
Section of thlS report) Coe T :

ffNondestructive Testing,

According to a review of QC records and comments by Mr, Groshart,
Nondestructive Testing (NDT) of finished E-S welds is consistent

; with code requirements in that radiography is performed in A
‘accordance with ASME Code Case '1355-2, As provided for by Code

Case 1355-2, Ultrasonic Testing (UT) is not performed (UT testing
-is required by inference only when ferritic materials are used),.

- In any.event, Groshart said that attempts to perform UT tests

.. were unsuccessful because of the large grain structure in the o
SA 351 stainless steel, He said that the large grain structure ; -
:'causes "'back reflections" durlng UT test:mf7 such. that meanlngful ‘
K test results could not be obtalned

”In addition to the radiographic testing, ESCO has elected to
7. perform 100 percent liquid penetrant (LP) testing of all E-S

“ welds, -Although LP testlng is not required by Code, Groshart
'said the tests were performed on .the E-S welds in keeping with
‘standard practice which requires 100 percent LP testlng of the
remainder of the component 1nvolved

]
' %

i oo

. ! . . . . - . '
. . N . S

ESCO uses a modlfled ARCOS (Belglum) weldlng machine and
Miller, constant voltage, 60 cycle AC power supply for all
Aproductlon electroslag (ES) weldlng

o

; Onlyil/S" dlameter wxre and one. type of flux (ARCOS BV- l) is’

sed.

»

. Unless requested by the costomer, fabrlcatlon test plates are
not used in productlon welding. ' Run- off tabs are too short o
to be representatlve of- the. weld metal v _w;

1
i

v

, S i , : : : L

i

.Thevweld form! factor s, not spcc1£1cally controlled However,
"1nd1rect control‘results from 11m1ts 1mposed on the process I

i .
ot o




: Hot cracklngzhas not. been a problem. ESCO believes that
, hlgh ferrlte contents (typlcally 20-40%) eliminates cracklng

‘fvESCO confirmed a general consensus that the mechanlcal Q‘u
fpropertles of E-S weld metal is not as good.as’ those of
‘the base metal o . v

'iy.Weldlng Equipment‘(See Figures 1, 2 and 3, attached) B l\'

_“*+i one basic electroslag welding unit is used in all production
=% . welding. This unit is an ARCOS welding machine, adaptable to one,
. two or three wire feed and was originally’ 1mported from Belgium.

"“"'The unit has been éxtensively modified by ESCO, mainly to improve
. the wire feeding and oscillation mechanisms. A Miller constant

voltage AC power supply provides the welding current. The contact

-tubes are made from copper-tungsten material (supplied by Mallory

Corporatlon) and possess excellent electrical properties. No

- .+ . feeding or electrical contact problems are éncountered except that

o . = fr - heat erosion of the contact tube is an economic consideration.

N . " .2 - Also, wire distortion resulting from positive feed mechanisms

' . ¢ (crimping) has been an undersirable situation due to electrode: -

-tip wear caused by the crxmped 3urface of the wire actlng as a

o f11e.

' Water -cooled copper Shoes are used on both sides of the weld. 1In

‘most of the heavy section productlon welding (such as the Westinghouse
_pump casings), the 1n31de shoe is stationary and covers the entire L
1ength of the weld; whlle the outside. shoe follows the weld ' . '
progre381on. R 1' I Co

¢ .

:Flller Metal and Flux; "

jThe majorlty of nuclear castlngs produced by ESCO conform to ASTM-ABSl
"grades CF8 or CF8M (casting. equlvalent of types 304 and 316). In - o
'practice, ESCO alloy designations are used. Welding wire is pur=- . . - S
chased to ASTM A371, ER308 (or ER308L), and ER316 to match the two
_casting compositions. Several, filler metal suppliers are utilized.

ES welding of a test plate was observed durlng the inspection
(sce Flgure 2 attached) - ' o L G 'l

Tur . - e . .
. N A e i

f

-.‘:I

,>he exact chemlcal compositlon ot the - flux ls_notiavailable 'elthough,’”!
t.!nalysm performed by  ESCO has” shown it to be .more than 50% calcium ”ﬂj i
"‘jluoride, wlth the balance 1argely llme. A11 flux is. baked at Lo

|
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"}Procedure'Qualification'
A general procedure is used as a basis for all ES welding at
"ESCO. Although this procedure is apparently written in
vaccordance with ASME Code Case 1355, it is quite general and
does not comply with all restrictions of the essential ‘
- variables specified in the Code Case in that Case 1355 requires
"requalification .of the procedure for a change of 10% or more
-/ in the voltage or 20% or more in the amperage over or under

" the average amperage used in- quallfylng the original procedure.
" The ESCO general welding procedure specifies voltage range -

of 38-56.volts and current range of 475-800 amperes, both
‘yvalues being considerably out31de the Code Case tolerances
" (see the Conclusions Section.of this report). However, in
‘~ractual production welding, these parameters were maintained

fat a very constant level.

It is also noted that post-weld heat treatment is listed as

‘an essential variable by Code Case 1355, whereas the ESCO general
welding procedure simply states that postheatlng shall be as
“specified in the manufacturing procedure for the order. SR

'.ffDevelgpment Studies'

’ “dThe 1nspector rev1ewed results, of ESCO electroslag process

evaluation work which was 1arge1y conducted prior to formal ' .
© qualification of the ES welding procedure and its use in L .
-~ production weldlng For-an 8-inch CIF8M curved plate, s lmulatlng

nljpump casing geometry, typlcal mechanical propertles were as
lfollows.p,ﬂw‘l : : : : , 1

ff . _,jff;“j Base Metal 0 All Weld Metal-

RN w;.Ultlmate Ten311e Strength (ksx) 85 - 86Nutﬁ_' '75 - 78 g
S 2% Yield Strength (ksi) 43 - 46 S 34 S
"7 .. % Elongation 50 - 54 43
- % Reduction of Area ']->’,“' . 60 - 65 ‘-'46_- 60 '

H ST R .~: > . s R ".
'Standard charpy v room tempcrature values for the base metal
amranped between 90 and 150 ft./1b.. Weld metal values were, -in

*1gn1f1cant1y 1ower,.ranglng from about 50 to- 100 ft /1b;,<

general i




oA PP

' L . : . :
“although one value as low:as 36 ft./lb. was recorded. There
-appeared to be no real correlation between the notch orientation
‘with respect to the weld and energy absorption values for ‘the S
‘limited number of charpy specimens evaluated. in ‘each position '
.(notch orientation was -indicated on data sheets). - SR

" Fabrication Test Plates '~ < . %
aESCO.does'not”makexfabriqation test plates_unless spécificaliyk:~
‘requested by the customer, in which case ESCO will supply the -
.plate'and may keep gxcess'material for their own evaluation.

“Special plates are also prepared for specific purposes. A, .

‘test plate has been prepared for Oak Ridge National Laboratory

¥ for use in developing a radiographic scanning procedure. 1In

- that particular test plate, the effects of stopping and
.restarting the ES welding process have been investigated. No ..

. detectable weld defects were found following a 30-second

. interruption of the welding process. A one-minute interruption
_produced a small indication of ‘possible lack of fusion at the

_base metal: interface. ‘ - ) '

i The production'weld run-off tabq;aré too short to satisfactorily
" represent the weldment properties and, consequently, are not

'.. used for weld evaluation. -’ R L L

Control of Process Variables f. O -

e - . i ..
' A

A square jointfwith‘a'nominal 1% inch gap is used in all ‘
‘production welding;f Although the welding procedure does not. =
set a specific tolerance on the gap width, Dx. Rice;:ESCOfth;*f
;weidingiexperf;'indicafed that in practice the maximum. . . . oy
‘variation would be between 1 and 1% inches. - The gap is ool
generally maintained on the low side, but interference with .- S
the wire feeders could be expected if the gap was less than

1 inch.

v Electrical Characteristics .~ . S I L
EEREI “ iay i .- H i'

th'/60-cycle alternating current. i

doneé “wi

Welding

IR




‘Four operators are in attendance during a typlcal productlon
weld, although as many as five are sometimes used.’ A two-man-
“’'team controls the voltage and wire feed rate, and maintains

" proper operation of the feeding mechanlsm, as well as replen~
: ishing the flux as needed. One operator is inside the pump
“casing watching the stationary shoe for any metal leakage.

- The shoe 1is sealed to the casing I. D. with an asbestos and .
refractory seallng compound.. 'The fourth operator's’ main duty
jls to a331st the man 1nS1de the pump caS1ng -

: Welding Voltage'

’ ESCO welding procedure spec1f1es a voltage range of 38-56 volts. -
In practice, the voltage is maintained within much closer

range (48-50 volts is typical). - The welding of a customer 's
test plate was observed during the inspection. Momentary

. voltage fluctuations ranging from 40 'to about 60 volts were.
observed, but the process had Just been started and had not

A'stablllzed

;Welding'Current o .

- ESCO weldlng procedure specifies 475 to 800 amps, but closer
1. ' range is achieved in production welding. The curreant is
":controlled by adJustlng the wire feednrate.- s -

- ™

Electrode'Feed Rate ". N o :‘j_ 'f]r :; ) iA "

'Electrode feed rate. is not spec1f1ed It'is'used mainly to
control the weldlng current and is recorded on the weldlng ‘
data sheet 1n terms of deposxtlon rate., C e e T T :

Electrode Travel and Dwell p”ff3'd-[ : ‘wy{'“tép"; ff}'§'a:'-“ 1 P
’Those parnmch1s are adJusLed accordung to the material

:th ckness and are recorded on the welding data sheet. No -

' specific limits are, prescrlbed in- the welding procedure“but C

common practlce is to prov1de for travel such that. the R P
1nslde ‘and outside clectrode tips approach to within 1/2 inch . = |

' L b Jto w1th1n 3/4 inch of the front O




PED R

The slag depth is malntalned at 3/4 to 1 inch, although no -
'SpeCLflc limits. are set by the welding procedure. Dip-stick -
. .method 15 used to check the: slag depth during production :
hweldlng Flux is replenlshed manually,'u51ng a pourlng cup‘

e

O S
R N

'Heat Treatment

‘s
r.
i’

Base Metal (Castlngs) Tffff ;;' S ' ‘['. o .

-} Follow1ng the strlpplng from mold the raisers are trlmmed and
castlngs are shot blasted to remove scale. Steel shot are

"used in this operation, but ESCO maintains that any- ferrite
-contamination is oxidized and lost during the solution annealing
treatment which follows.  Acid pickling of castings has been

‘ explored ‘but found to give unsatisfactory results. All castings -
S are solutlon annealed at 2050°F and water. quenched SR '

ES Welds

‘.No preheating is used, providing the metal temperature is
~‘above 70°F. Welded flttlngs are generally solution annealed

. (2050°F + water quench) following the joining operation.

This condition is usually specified by the customer. The .
~pump casing are not annealed, mainly because of their size.

7w Rice is of the opinion that. because of the tremendous mass
"fglnvolved and the conflguratlon of these units, effective

" quenching would not be possible and distortlon of the 1nternal
‘_components would. be a problem.} -

V

i L e . B . * . [P

_The weld form factor is not Spec1f1cally conSLdered in o
. production welding, although it is indirectly controlled

- through the process variable discussed previously. ESCO:-

has not explored to any s ‘jgnificant extent the effect of
¢hanging welding parameters on the weld form factor or ..., L
,microstructure of th dep051t ~"They are geared to productlon o
weldJng and conSLder sLudles_of this type more in the realm g;;~*
of: reSearch and development and not as prerequlsltes to ool




The 1nspector examrned several macrographs from the weld
~development study discussed in Section B.4. (b). Weld width -
‘appeared to be about . 2 to 2% inches original gap nominally
1%"). The dendritic solidification pattern converged at an
-acute angle, suggestlng medium form factor values (2-3).  No
,ev1dence of cracklng or flSSurlng was. observed C o

' . [
i

‘Metallography of the Weldment x ' tﬁ N o - v,;[

s\

«

Typ1ca1 photomlcrographs from the same development study- showed
fa duplex microstructure (austenite- ferrlte) for both the base
metal and weld deposit. The percentage of ferrite in the .
.parent casting was estimated at about 20 to 40%, while the weld -
.'deposit contained somewhat less ferrite (about 20%). The
;ferrlte distribution in the weld metal was considerably finer
‘than in the base metal. The applicable photomicrograph captions
Suggested evidence of carbide precipitation at the austinite- - -
" ferrite boundaries; but because of the somewhat poor quality '
.of the photomicrographs and relatively low magnification

. 77(250X), the extent of weld metal sensrtlzatlon could not be

'Q] establlshed e 4 S J E "4

Re31stance to Hot Cracklngfand Corr031on

ESCO has never, ‘encountered hot crackrng in their experlence
;w1th ES weldlng of austenitic stainless steels. Rice attributes
this largely to the high ferrite contents of the weldment. I
The ferrite contents described in the previous paragraph are - R
: apparently typical of the ESCO productlon weldments. Magnetic =
check of several pump casings on the shop floor showed all. to
be strongly magnetlc. Rice indicated that they liked to keep
the ferrite contents high because it also increases tensile
strength (ductility and impact strength are reduced) and o
corrosion resistance.. The formation of sigma’ phase at the _ ‘
gpump casing service’ temperatures was thought. to be very R e
“unlikely., & 7 R

The extent of sensitization of .the weld zone and its effect on‘
“corrosion in service environment has received limited ‘
‘exploration.’ At the request of B&W, a boat sample had been
taken from 1nsrde a pump’ caSLng (ES weld) and: subjected to
the Straus: test: The, results were reportedly favorable. Rice:
also po:nted out that because of the accelerated coollng _‘35‘,j,ﬂh,5
i in contact, w1th the. flxed shoe sensitization at the inside. " "
»surfnce of Lhev,aslng should be reduced. "Visual 1nspect10n of
the test: weld in,. pr rress ‘at, the tlme of the inspection. tends

Laton conflrm th:s‘(rapld coollng rate at the‘1n31de shoe)

s 4

e




4De§tfdctive and Nondéstructive Testing Equipment and Equipment'
.~ Calibration . . ...~ o o o : -

";.ESCO has éq édequétély-equipped mechanical tésting_andiphysical,‘
- metallurgy laboratory. The major equipment is. listed below. ‘

fA_60;000 pound tensile machine with stress-strain recordef,
}iequipped for room temperature as well as elevated temperature
‘. testing. The ‘unit ‘is calibrated yearly by the manufacturer.

- s

‘"Charpy impact testing machine with the associated specimen
. ... conditioning equipment. "The unit has not been calibrated . -
“-"- using Watertown arsenal specimens, but the swing is checked

Pe e b k :“% ;4{gjf periodically in accordance with ASTM E23 to verify proper '
IR - % _.operation of bearings. . o
g ‘ﬁff'é":-Gléeble'equipment which.ié-uéed mainly‘for alloy dévelopment

- work and solidification studies.

‘ P d (" "~‘VSeveral hardnéss testing machines (Rc;c'kWell.'and Brinnel)
7 +ift . which are calibrated yearly by the manufacturer. '

LY ' '

’

...e... Drop weight tester.

i+ In.addition, complete metallographic facilities are available.

 andgsttuctive ﬁesting équipment inclﬁdes'rqdiographic.(24
million volt betatzon) ultrasonic  and eddy current capability.- » o

1d Inépéctioﬁ and Répair Co _ ' . :

. tw

7. All welds are 100% radiographed. Attempts at ultrasonic testing
‘have thus far been unsuccessful, mainly because of the dendritic o
‘‘golidification pattern and duplex microstructure. Rice indicated IR
‘that development work is. being continued (by ESCO.and others) to '
find a satisfactory method of ultrasonically testing these castings. -
At the présent‘time; ESCO is using ultrasonic equipment mainly to
check casting wall thickness in inaccessible areas. Weld repairs
are infrequent and, when required, are performed using either 0
i manual metal arc or the MIG process. Qualified welding procedures 3
i 'alre available-for both processes. ~ Complete weld runouts or equipment i
‘breakdown resulting,in stoppage is-one cause of weld repair. In .~
: v " ;estarted and the interrupted area =

such cases,’ the ES;weld:iis '
: =6ut and’ ma Lrewe " One of the problems associated .

' lded.

N
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