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TASK I: CW R&D) - 

A Review of Currently Available Welding Processes and Project Planning. 

RESULTS FROM PRIOR QUARTERS 

A thorough Project Planning review of the entire program was made to 

incorporate new development and technological updates to enhance the program. 

An extensive Process Review of technical literature as specifically 

applied to this program examined current state-of-the-art of all heavy 

section welding processes and the accompanying welding metallurgy. A 

review paper was written of an analysis that included all aspects of each 

welding process. 

IYISCUSSION OF CURWNT ACTIVITIES 

This task is complete. 
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TASK 11:. (W. - R&D) 

INTRODUCTION 

m e  task's. objective. is the laboratory adaptation. of the 'GTAW-HW., 

narrow. groove process to the vertical and horizontal welds of. this programt s 

materials.. The process parameters developed in this adaptation also provide 

qualificatfon data ... 

RESULTS FROM PRIOR QUARTERS 

Sub-tasks such as R&D Facility Rearrangement, Materials Procurement, 

Torch and Shield Adaptation, Process Mechanical Control and NDT Evaluation 

are complete. These sub-tasks essentially verified prior conclusions. 

Joint Design and Filler Wire Optimization, from the laboratory stand- 

point, are complete. 
0 

The recommended prep is a machined "U" groove of 6 included angle 

and 7/16 diameter bottom - the land thickness is dependent upon accessi- 
bility of the joint root backface for backchip and/or backweld or whether 

the joint requires guaranteed fusion without backchip. 

Filler Wire Optimization has not been entirely satisfactory in that 

the physical properties of the deposit of commercial wire grades when used 

with this process appreciably overshoot the attainable physical properties 

of heavy section plate. 

Special chemistry wire heats not only have long lead times but also 

long turnaround times for a chemical change. As a result, an acceptable 

but not ideal wire has been evaluated as the best commercial compromise. 

An idealistic wire heat to be delivered in m y  1981 will be included in 

Task I11 (Full Section Process ~efinementr work. ::) 
d 

Sub-tasks Repair Techniques and Horizontal Parameters (4" qualifica- 

tion) will be completed under Task I11 for time expediency. 

Although sub-task Vertical Parameters (down) has been completed and 

is now being tested, further work to evaluate Vertical (up) will be done 

under Task 111. 
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DISCUSSION OF CURRENT ACTIVITIES 

Westinghouse R&D reports the. following laboratory. results under 

Process Mechanical Control: 
' 

"It .is. recalled. from the 8th Quarterly Progress report ' that in 

light of the back-gouging technique adapted in welding the SA 387 

baseplates, the criteria for judging acceptable root parameters 

became : 

.(I) The ability to bridge over joint gaps and/or land mismatches, 

(2) Deposit quality conducive to subsequent welding. Namely, the 

root pass should possess volumetric and surface quality which 

when welded over, will not cause welding difficulties and 

defects in the following welding passes. 

(3) The deposit made with the root parameters must have sufficient 

"bulk" to sustain and conduct the arc force and heat inputs 

imposed by the following welding passes. 

Involvement with the root pass parametric study soon made it 

clear that the capability to handle the possible variety of adverse . 
root conditions cannot be derived from one set of welding parameters. 

Tables I through I11 show three sets of welding parameters developed 

for the vertical (3G) position. They were termed conservative, 

intermediate, and liberal sets. 

The ''conservative" set of root welding parameters was developed 

on a root conditional simulator for welding a 0.150 in. thick land. 

Due to the limited heat inputs and small deposit's cross-sectional 

area associated with these parameters, they are distinguished by theLr 

ability to handle extremely adverse root conditions. From Figure I 

through TV, the parameters are shown to be in obedience to the estab- 

lished criteria. With a competent welding operator, these parameters 

can be applied in a single pass to all abutting lands thicker than 

0,lflfl in. For 0.150 in. lands or thicker, the parameters bridged over 

0.100 in. root gap and 0.060 in. root gap combined with 0.105 in. land 

mismatch. On a land 0.100 in. thick, root gaps and/or land mismatches 

up to 0.125 in. and 0.100 in. were handled by multipass deposition 

with the conservative parametric set. 
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TABLE I TABLE I11 

CONSWVATIVE ROCIT WELDING PARAMETERS IN T H E  VERTICAL (3C) POSITIO:q , L I B C ~ L  ROOT WU)INC ~ A ~ ~ E R S  zn n t ~  VERTICAL ( 3 ~ )  ~ ~ 1 ~ 1 0 ~  JWERHEOLATE ROOT VELOINC PARAMETERS IN THE VERTICAL (3C) POSITION 

'Dc 2S0 amperes 
=Dc 

171 ampere8 %C 250 amperes 

VDc 13 vol ta  
"DC 12.5 vo l ta  

'DC 
12.1 volt. - S 8.5 ipm S 10- ip 

5 10 ipm 4 Y.Q.R. 64 ipo W.1.R. 54 ip 
I 

W.F.R. 18 ipm I AC 52 amperea 
AC 37 amperes 

Electrode Apparent 1 in. 
13 aspares Electrode Apparent ' AC S t i c k d u t  ~ t i c k - t h t  1 in. 

Clsctrode Apparent 1 in. 
Stick-Out 

31rs  S t l c k d u t  112 In. 

Preheat 251)'P 

3.3. *: , 0.040 I.. 

o a c i l ~ t i o n  
Prequeney 

Wire S t i c k d u t  112 in. Wire Stiek-Out 112 'in: . !  

. i 
Preheat 2SO.P Preheat 250.P ' 

. I 

9. 22 9. 22. 

d 0.060 in. d . . 0.060 in. 

~ e c i l l a i i o n  
Frequency 

Tip lo .  

~ a c i l l a i i o n  
Qrequeoey 220 clmin. 

Cam Qlw 



Weld Location: Center 
Root Cap: None 
Misalignment: None 

Cross sectlon of veldlent vhose .10Ow thick root was . 
bridged w e r  with conservative parameter settings. 

Weld Lacation: Center 
Root Cap: . None 
Hlsslignment:' None 

Cross section of weldrnent vhone .150" thick root vpn 

bridged over with conservntive parnmeter nettings. 



1 1 ~ 1 1 1 i l l l ~ r l l l l  l l l l r l l l l l l  1 1  1  

INCHES ' I ' 11 S' I +-%I 

Weld Location: Start 
Root Cap: No ?e 
Ml~allgnment: .012 in. 

Weld Location: Cente 
Root Cap: .050 in; 
Misalignment: .@SO in. 

I Weld Location: End 
Root Saps .Ill In. 
Misalignment: .091 In. 

Cross sections of weldment whose .100" land was bridged 

over with conservative parameter rettings. 
- -- - 

Weld Locat Ion: St art Weld Location: Center 
Root Gap1 .014 in. Root Cap: .078 in. 
Mfsaligment: .016 in. Hiaalig-I!: .087 In. 

IrUGHtS I 11 

Weld LocatCon: end 
Root Gap: I .I46 in. 
Miuligmant~ .I59 in. 

Crass sections cf ueldment whose -150" land wag bridged 

over with conselvative parameter eettingm. 

--- -- 
-f 

FIGURE 111 



The root gap combined with a land mismatch impose the most 

extreme condition, Based upon the data and a 30X reduction of each 

bridgeable misalignment, it is safe to conclude that with a 0.150 in. 

land or thicker, a single pass made with the "conservative" para- 

metric set would bridge over 0.042 in. root gap and 0.074 in. land 

mismatch. It is not recommended to machine lands thinner than 0.150 in. 

The conservative set of root welding parameters is disadvantaged 

i n  its lack of operator-appeal and unattractive bead appearance. The 

present (R&D Lab) Merrfck welding system is not designed to operate 

within these ranges. Consistent wire feed rate and IAc wire pre- 

heating current are difficult to maintain while the systemr s pendant 

does not display below 35 amperes preheating current (IAc). 

The liberal set of parameters are more adaptable to the present. 

welding system and favored by the welding operator. Figures V through 

VI illustrate the bridgeability of a single pass made over a progres- 

sive root gaplland mismatch combined misalignment. These passes were 

made over a 0.150 in. land thickness. The same set of parameters was 

too troublesome on a 0.100 in. land thickness mock-up with a combined 

misalignment. As a result, an intermediate set of root welding 

parameters was developed. 

Realizing that combined misalignment is the most extreme condi- 

tion to be encountered about the root, from the data it can be 

deduced that for a 0.150 in. land, or thicker, a single pass with the 

"liberal" parameters would bridge over 0.105 in. root gap and 0,105 

in. land mismatch. 

The intermediate root welding parameters are an option given to 

the operator and field welding engineer when root conditions dictate 

the need to choose between the conservative and liberal parametric 

sets, 
To summarize: 

. The usage of lands thicker than 0.150 in. is highly recommended. 

. The preference in a descending order will be employment of the 
liberal, intermediate and/or conservative root welding para- 

meters. Note, however, that the final choice for any root 
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weld Location: S t a r t  
Root tap: -012 in.  
n i u l i l m e n t :  -012 in. 

weld ~ o c a t i o n :  Center 
Root Zap: .OtS in. 
m i u l l s m e n t :  .035 in.  

Ueld Location: End 
Root Cap: .I37 lo. 
m i u l i ~ m m t :  .I31 in. 

Cross sections of ueldment whose .150" land was bridged I 
over with Liberal parmeter  settings. I 

Weld Location: S t a r t  
Root Cap: -012 in. 
U i a a l i s a e n t :  .012 in. 

4 ' ! a :  
INCHES 7 

a a ~  I I I ~ B I J  

11 ' 

Weld Location: Center 
Root Cap: .075 in. 
Wisalil(ment: .075 in. 

Weld Location: End 
Root Cap: -131 in.  
U i s a l i ~ m e n t :  .I37 in. 

Cross sections of weldment whose .100" land was bridged 

over with intermediate parameter set t ings.  

FIGURE V FIGURE VI 



. . 

. . 

. . . . 

. . .. 

condition .should be made by consultation between the welding 

ogerator.and the field welding engineer. 

, . In very extreme root conditions (e.g.,, large root gap), the 

conservative parametric set combined with the liberal para- 

metric set can be applied by multi-pass bead deposition'.'' 

. . 

sub-Task Joint Design  valuation conclusions: 

1' . A joint land thickness gf 0.150 in. is the minimum recommended. 
. Based upon the root welding. parametric sets established in the 

vertical (3G) welding position, application of pulsing does not 

appear 'advantageous ,anymore.. . ' 

. Because 0.f the back-gouging technique adapted in welding the 
SA 387 baseplates, 100% root fusion.without backchip was not 

pursued. I' 

Under Sub-Task Vertical ~dsition ParametersINon-Des truciive Evaluation, the 

following was reported: 

"After strongback removal, 'back-machining a joint from the back 

face. of the weldment '(Figure.VII), dye penetrant inspection and machin- 

ing the veld' s reinforcenent. flush with the front face of the weldment 

(Figure VII), the back joint was welded. 

Table IV gives the welding parameters used in welding the back 

joint in the pedigree baseplates. Strict adherence to those condi- 

tions is insufficient to assume a successful welding operation, The 

judgment of a skilled operator is an integral. part of this effort. 

After the back-weld was completed', the weld's reinforcement was 

machined flush with. the back face of the weldment (~igure VII), and 

the weldment was postweld .stress-relieved and submitted for radio- 

graphic.inspection.,, Once che weldment and radiographs are returned 

to the .WD Center, Mr. Claude Galyen will review them and supervise 

the final ultrasonic inspection of the assembly. Mr. Galyen is an 

NDE Level I11 inspector contracted by the Tampa Plant. Following the 

non4estructive tests, specimens for, mechanical testing will be removed." 
-9- 



irechining steps on cne q u n l l t y i n g  veldment. 

FIGURE V I I  





Vlld Loutioa: Start 
Roac Gap: .017 in. 
n i d i y l m r :  -017 in. 

Veld l.oc.tiOat Lad 
Boot G.p: .I72 in. 
mulig-c: .I72 in. 

Urld Loutioa: Carer 
Root cap: .om in. 
Hisdig-C: .O(U in. 

cross sections of weldment whose .150" land vas bridged. 

over vith liberal parmeter settings. 
- - - - - - . - - - - -- 

FIGURE V I I I  



.... - 2 -  . --.. ---- ---- ...... i.-' l_l..d__ . ___.___.,__ .. ..n_i_.l ....._- .... ..__~I.____ . . . d L _ .  2 -r- ._.i.. .-.......- I... 

Perform 8" thick fikld demonstration/qualification welds in the vertical 
. . 

. . .  
and horizontal positions. 

. . 

RESULTS FROM PRIOR QUARTERS 

. . 

Sub-tasks Material Procurement . . and Plan for Demonst~ation Facility have 
. . 

been completed. 

All program material was ordered and delivered to a. detailed specifica- 

tion. This, specification guaranteed compliance to all contact and code 

requirements. 
. , ~l&xLnjj for the demonstration facility included development o'f equip- 

- ' ment concept sketches and functional specifications. The equipment was 

. designed to encompass essentially all components and functions of the 
. . .  . . 

demonstration weld. 

Sub-tasks Demonstration Facility, PWET Facility Proof Test, and Filler 

Wire Procurement are either nearing completion or have specificatiot-is and ' 

purchase orders issued. 
. . .  

DISCUSSION OF CURRENT ACTIVITIES 

. Sub-task Demonstration .Facility has had two design reviews of the equip- 

. . ment under design and fabrication--both of these at the vendor's facility. 

Continuing input to the design is being made. 

Sub-task PWHT Facility Proof Test has specificati6ns written that have 

been sent out on an RFQ. Quotations are presently'coming in. 

Under sub-task Filler Wire Procurement, a new chemistry concept of filler 

wire design has been specified and, ordered. Limited quantity will he . . 

delivered in Ilay 1981. 

Limited activity is progressing in sub-tasks Full Section Parameters 

. Refinement and in Field Site preparation prior to the delivery of the equip- 

ment involved in each of these. 
. ' -13- 



. . 1&tial. evaluation of full section are being made. by, simula- 
a .  .. . ting 8" to 12" thick grooves fabricated from 4" plate.. The size of these 
> .  

. . assemblies are 'kept light. so that they can be. handled on the existing WTP 
.. . . . 

' .  Weld Laboratory. bench model welder. 

.All required services of sub-task Field Site Preparation have been 
. . 

provided or scheduled &th the exception of verificatidn of PWET power 
, . 

requirements. . . 

TASK IV: (WTP) 
WELDING PROCEDURE HANDBOOK 

INTRODUCTION 

. . . . 

The handbook.wil1 include, for each of the weld positions,. the final 
. . 

recommended procedure and parameters. Base material, weld wire and gas 

specifications as well as PWHT and NDT procedures referenced in the weld 

procedure will be provided. There &ll also be included an equipment 

operating instruction and troubleshooting manual. 

RESULTS FROM PRIOR QUARTERS 

Base material and shield gas specifications as well as NDT procedures ' ' 

(ZTT and RT) are complete. 

DISCUSSION OF CURRENT ACTIVITIES 

No final activity is currently being done-only intermediate steps 

previously discussed under the various sub-tasks. 




