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ABSTRA CT

A three-p hase program for the development of a satis-
factory all-position chromium -enriched cupronickel electrode
was proposed by Arcos Corporation and accepted by the govern-
ment. In Phase I experimental electrodes were produced and
screened for welding operation by use of horizontal and vertical
fillets. The electrodes deemed most promising in the operational
tests were then checked initially for weld metal soundness via
test 8a, the vertical p late of specification MIL-E-22200/4B
and Arcos modified test 8a, a simulated pipe test.

• In Phase II , the best electrodes from Phase I testing
were evaluated for conformance to tentative mechanical propert es
and weld metal composition , and weld metal soundness in the flat
position by use of test 3 of specification MIL-E-22200/4B.

In Phase III , p ipe welds were made in 4” NPS class 700
chromium -enriched cupronickel pipe with electrodes culled by
use of Phase I and II tests. The procedure used was test 9 of
specification MIL-E-22200/4A interim amendment 3 .

A total of (50) formulas were made and evaluated. A
successfu l electrode with excellent operational characteristics
was developed and a demonstration was made before an NSRD
representative.

Recommendations for further work were presented.
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F I N A L  REPORT

ON CONTRACT N00014-74-C-0139

DEVELOPMENT OF ALL-POSITION COATED WELDING ELECTRODE

CHROMIUM-ENRICHED CUPRONICKEL ALLOY

INTRODUCTION
* ç

Arcos  had  p r e l i m i n a r y  d i s c u s s i o n s  r e g a r d i n g  c h r o m i u m -
• b e a r i n g  a l l - p o s i t i o n  c u p r o n i c k el  e l e c t r o d e s  in  e a r l y  1972  w i t h

Mr.  R o n a l d  L e o p o l d , t h e n  w .ith t h e  N a v a l  Shi p R e s e a r c h  a n d  D e -  •
1

v e l o p m e n t  C e n t e r .  Arcos  w a s  ir~t e r e s t e d  in  t h i s  p r o j e c t  and  sub-
s e q u e n t l y  p r o c e e d e d  to  do some p r e l i m i n a r y  d e v e l o p m e n t  w o r k  g r a t i s .
This  work  c u l m i n a t e d  in some 1/ 8” s a m p l e  e l e c t r o d e s  s e n t  to  M r .
L e o p o l d  in D e c e m b e r , 1972 . These  e l e c t r o d e s  w e r e  e v e n t u al l y

e v a l u a t e d  and deemed  to  h a v e  s u f f i c i e n t  m e r i t  to  w a r r a n t  a pro-
p o s a l  on our p a r t  fo r  a c o n t r a c t  to  do f u r t h e r  w o r k .

As a r e s u l t  of our  s u b m i s s i o n  of a p r o p o s a l  f o r  d e v e l o p m e n t
of an a l l -p o s i t i o n  c o a t e d  w e l d i n g  e l e c t r o d e  of c h r o m i u m - e n r i c h e d
c u p r o n i c k e l  a l l o y ,  d a t e d  June  29 , 1973 , we w e r e  a w a r d e d  c o n t r a c t
no . N00014-74-C-0139 dated March 1, 1974 to  go f o r w a r d  w i t h  t h e
work as outlined in the proposal.

The proposal outlined a three-p hase  a p p r o a c h  as l i s t ed
herewi th :

PHASE I - Coating developmen t to insure sound welds made
with 1/ 8” el ectrodes as determined by test ~‘a
of MIL-E-22 200/4B.

PHASE II - Metallurgical adjustments to weld metal chemistry
via coa ting additions of ni etallics. Composition
of deposi ted weld metal and mechanical properties
to be de termined in accordance with test no. 3 of
MIL-E-2 2200/4B , to check  ab i l it y to mee t chem i ca l
and mechan ical properties criteria . H

PHASE III - After comp le tion of Phases I and II , P h a s e  I I I
will show abili ty of the electrode to meet radio-
grap h i c  s ta n d a r d s  fo r  p ipe w e l d s  in a c c o r d a n c e

• with test no. 4 of MIL-E-222 00/4A , In t e r i m
Amendmen t 3, using 4” NPS class 700 p ipe.

Appropos of the three-phase plan , we recognized tha t ,once
the work  p r o g r e s s e d ,the th r e e  phases would necessarily overlap and
require back- tracking from time to time as feedback from Phases II
and 1 1 1  results mi ght indicate need for more Phase I work. However ,
the three-phase plan seemed to be a good framework on which to build
and work was scheduled accordingly as the requisite chromium en-
riched cupron ickel plate and wire were supplied by the government.

_ _ _  . . • • . • • • . . - • - .. - • - • .•• • . - - . • • • . -• . - . - . • T. .~.. 
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PHASE I - COATING D E V E L O P M E N T  TO I N S U R E  SOUND W E L D S  MADE WITH
1/8” ELECTRODES AS DETERMINED BY TEST 8a OF MIL-E-22200/4A ~~ •

Cr.iteria for Prod uction Characteristics of Electrodes to be Developed

Since  no p rac t i c al  pu rpose can be served by d e v e l o p i n g  an
elec trode which is destined from its conception to be a laboratory
curiosi ty, the f o l l o w ing cr it er i a fo r  prod u c ti on c h a r a c ter i s ti cs

• of electrodes to be developed for this project were adopted:

1. The elec trode must be capable of being satisfactorily
produced on standard p r o d u c ti on equ i pmen t now available.

2. All coating ing redients must be readily available and
preferably from several reliable sources.

3. All coating i n g r e d ien ts to be  e x a m ined  ca ref u l l y  f r o m  a
“value ” viewpo int to guide final selection toward greater
value at minim um cost possible while mainta ining f u l l y
adequa te quality.

4. Coatings must have sufficient mechanical strength to be
shi pped in s tand ard co mme rc ia l or m i l i ta r y  con tai n e r s  and
arrive at destination without unacceptable coating damage.

All coatings tried herein met these Criteria. However , the
foregoing cr iteria were not so strictly construed as to automatically
e l i m i n a t e wi tho u t tr i a l , promising ingredients which may not meet
the cri te r i a  a t pre sen t bu t wh i ch m i g h t be deve l oped to do so.

Coating Formulae Composed of Unfused Natural and Synthetic
C o m p o u n d s  and Met a l l i cs

Since the formula used on the electrodes submitted in December
of 1972 showed  cons id e r a b l e  p rom ise , and w a s  c o m p o s e d  of un f u s e d

• na tural and synthetic compounds as well as inetal lics , it was used
• as a poin t of departure for conceptual work and subsequent elec-

trodes p r e p a r e d  fo r  th is p r o j e c t .

Ideally , an elec trode covering should give the electrode the
following character istics:

1. Easy striking and re-striking.
2. Stable , sof t , eas ily controlled arc.
3. Low spa tter.
4. Easy , c l e a n  s l a g  r e m o v a l
S. Good pene tration .
6. Clear , well-defined weld pool .
7. No undercu t.

• 8. Exc ellent wetting and wash of the base metal by the molten
weld me tal.

- 2 -  
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9. A c c e p t a b l e  b e a d  s h a pe , no t  e x c e s s i v e l y  c o n v e x  or c o n c a v e .
10. Sound , d u c t i l e  w e l d  m e t a l .

• 11. Possession of all preceding attributes in all welding
posi t i o n s .

While the electrodes previously supplied represented a good
• start toward meeting this formidable list of requirements ,

defini te improvement was needed; hence , a n um b e r  of f o r mu l a e
utilizing unfused natural and synthetic compounds as well as
me ta l l i c s  were  co n ce ived , p r o d u c e d , and tested.

C o a t i n g  F o r m u l a e  C o m p o s e d  of U n f u s e d  N a t u r a l  a n d  S y n t h e t i c
C o m p o u n d s ,  M e t a l l i c s  and  F u s e d  Sy n t h e t i c  C o m p o u n d s

S p e c i a l l y  f u s e d  s y n t h e t i c  c o m p o u n d s  now c o m m o n l y  a v a i l a b l e
o f t e n  o p e r a t e  in e l e c t r o d e  c o a t i n g s  t o  p r o v i d e  to  a m a r k e d
effec t the desirable electrode qualities previously listed.
This seems to be especially true in hi gh l y a l l o y e d  w e l d  m et a l s .
Consequen t ly , a s e r i e s  of f orm u l ae  in corpo ra t i n g  f r o m on e to
three  f u s e d  syn the ti c c o m p o u n d s  we re m ade and tes t ed .

Inves tigation of Different Binders

The u s u a l  s o d i u m  and po tassium silicate binders or comb i-
na tion s th e r e o f  w e r e  u s e d .  S in ce d i f f er en t b in der  comb in a ti ons
in e l ec trode  coa ti n g s  m ay h a v e  p r o f o und  e f f ect s upon e l e c t rod e
opera t ion w it h r eg a r d  to s l a g  r e m o v a l , bead  s h a p e , undercut , arc

• stability, out-of- po sition operation , etc., a nu mber of differ-
en t binder combinations were tried. All were reasonably good

• bu t several were outstanding. These then were utilized in the
• la ter , more  ref in ed coa ti ng formulae used for soundness tests.

Inves tigation of Different Deoxidizing and Refining Metallics

Since  the s e l e c ti on of the p r o p e r  type  an d b l end of pote nt
deoxid izing and refining meta llics usuall y ha s a profound effect
on w e l d  me tal  so un d n e s s  in  c u p r o n i c k e l  a l l o y s , careful attention

• was given to this aspect of coating formulation . As a resu lt ,
several sa tisfactory systems were developed and applied in elec-

• trodes used to make soundness tests.

• Investigation of Coating to Core Area Ratios

The coa ting diameter determines the ratio of the coating area
to the core w i re a r e a .  Beca use the coating to core ratio Se-
lec ted may profoundly affect electrode operation , weld metal
compos i ti on and m ech an i c a l  p rop e r t ie s , th i s f a c t or was  g i v e n
c a r e f u l  s t udy  and v a r i o u s  ra ti os wi t h i n w h a t e x p e r i e n c e  h a s
s h o w n  a r e  w o r k a b l e  l i m it s , were explored.

~3 . . • 
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I n v e s t i g a t i o n  of F o r m u l a e  U s i n g  S t a n d a r d  7 0 - 3 0  C u p r o n i c k e l  Core
• W i r e  and S u p p l y i n g  W e l d  M e t a l  C h r o m i u m - E n r i c h m e n t  V i a  t h e  C o a t i n g

There are two valid reasons for adding alloying ingred ients
via the coating. One is that improved electrode operating
c h a r a c t e r i s t i c s  and  i m pr o v e d  w e l d  m e t a l  p r o p e r t i e s  m a y  be a t t a i n e d .
The o t h e r  is e c o n o m i c  - a l l o y i n g  t h r o u g h t h e  c o a t i n g  may  be
c h e a p e r ;  a l s o , one core  w i r e  can  s e r v i c e  s e v e r a l  d i f f e r e n t  re-
q u i r e m e n t s  a n d  c i r c um v e n t  l o n g  d e l i v e r i e s  of a l l o y e d  core  w i r e .
C o n s e q u e n t l y ,  s e v e r a l  f o r m u l a e  w e r e  p r e p a r e d  in  c o n s i d e r a t i o n  of
these  aspec ts.

• METHODS AND MATERIALS FOR EVALUATION OF ELECTRODE OPERATION
AND W E L D  METAL S O U N D N E S S

E l e c t rode  Opera t ion

The traditional means for preliminary screening of experi-
men tal all-position electrodes is the use of horizontal and
ver tical fillets. This method seemed ideally suitable for this
projec t and was therefore adopted. In order to conserve the

• rela tively modest available stock of chromium-enriched bare wire
and b ase p la te , standard 70-30 cupronickel core wire and mild
steel base pl ate were used initially. Th is w a s  k n o w n  to be
f e a s i b l e  f r o m  p r e v i o u s  e x p e r i e n c e  w h i c h  i n d i c a t e d  t h a t  o p e r a t i o n
on cup roni cke l  p l a te is us ua l l y  be tte r th a n  on m i l d  s tee l , so that
w e l d i n g on the stee l is a sti f f e r  tes t . A l s o , from the viewpoint
of ope ra t ion , coatings that operate well on standard 70-30 cupro-
nickel generally operate well on chromium-enriched cupronicke l .

After the preliminary screening had indicated the most promi-
s i n g  f o r m u l ae , the chromium-enriched core wire and plate were
used  fo r  e l e c t r o d e  t e s t i n g .  S i n c e  t h e  1/ 8” d i a m e t e r  c o r e  w i re
was supplied by the government in the form of 36” cut le ngths ,

* 
this material was cut into 12” lengths rather than the usual 14” ;
t h u s , we w e r e  a b l e  to g e t  t h r e e  u s a b l e  e l e c t r o d e  l e n g t h s  f r o m
each 36” p iece instead of two usable lengths and 8” of was t e
which us e of the standard 14” length would have given. Use of
the sho r te r leng th was dee m ed im m a te r i a l in  v i ew  of p r e v ious
experiences.

R e s u l ts of Opera t i o n a l  Tes t s and  Per t i n e nt E l e c t r o d e  and
• Form u l ae Da ta

The resul ts of the operational tests and pertinent electro de
• and formula da ta are listed in Table I for all electrodes created

f o r  th i s  co nt r a c t . Wh i l e  a s i gnificant number of the experimental
e l e c t r o d e s  e x h i b i t e d  s a t i s f a c t o r y  a l l - p o s i t i o n  o p e r a t i o n , t h e

• - 4 -
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• 
w e l d  me tal s o u n d n e s s  tes ts no t i c e a b l y  r e d u c e d  the n u m b e r  of

• viable con tenders. A lso , f e e d b a c k  f rom the p hys i c a l  p r o p e r t ies
tes ts of P h a s e  I I  an d the p ipe weld tests of Phase III necessi-
tated more Phase I formula work so that formulation was essentially
on-going for the duration of the project.

By extensive application of the formulation art and prev i ous
e x p e r i e n c e , we were eventuall y able to make an electrode which
me t the required specification MIL -E-222 00/4B test 3 and the
pi pe weld cri teria. Details are reported under Phase II and III

• work. However , w e b e l ieve  the f ina l s u c ce s s f u l  f o r m u l a  wh i le
w o r k a b l e  and  sa ti sf ac tory ,is susceptible to significant improve-
m en t by f u r the r d e v e l o p m e n t on a p rod uc ti on s c a l e .

W e l d  Me ta l So undn es s

As ori g i n a l l y  p r o p o sed , th e sta n d a r d  ve r ti c a l  p l a te , test 8a
of spec ification MIL-E-2220 0/4B (see attached Exhibit A), w a s  u sed
as the preliminary soundness test. How ever , th is test was supple-
men ted by a modified 8a test welded with the groove tilted at a
45 0 angle (see attached Exhibit B). This is a much more ri gorous
test than the vertical plate and simulates reasonably well the
ri go rs of actual p i pe w elding. It has often been used in both
N a v a l  and private shi py ards to screen electrodes for pipe welding
quality much more rapidly and eco nomically than can be done by
ac tu a l  p i pe welding. The soundness tests in both the 8a and
modified 8a tests were made more rigorous by keeping grinding to
e s s e n t i a l l y  n i l .

The re sults of all x-ray soundness tests are listed in Table
II. Included are tests 8a , modified test 8a and test 3 , the fla t
pla te of specification MIL-E-222 00/4B. For purpose of discussion ,
the causes and number of failures in the various soundness tests ,
their distribution , and the n umbe r of p a s s ing  s a m p l es a re  l i ste d
h e r e w i t h :

NO. OF FAILED PLATES AND CAUSES vs. PASSING PLATES

TEST CRACKS FUSION LINEAR INCLUSIONS POROSITY TOTAL TOTAL
D E F E C T  I N D I C A T I O N S  F A I L I N G  P A S S I N G

8a 4 1 --  - -  2 7 15
Mod. 8 a 4  1 2 3 1 11 8
3 0 8

TOTAL 8 2 2 3 3 18 31

- 5 -

_ _ _ _ _ _  _ _  ~~~~.~~~1L4



_ _ _ _ _ __ _ _ _  _ _ _ _ _ _ _  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Taken at face val ue , the f a i l u r e  f i gu res  w o u l d  seem to
indica te cracking as a major failure problem. However , in

• c o n s i d e r a ti on of the fac t tha t o n l y  two for mulae in two different
coa t i n g  d iameters each were involved , the overall weight of
cracking as a failure cause becomes much less. This view is

• reinforced by the fact that the two formulas involved were the
only ones giving cracks in these tests and they happened to be
coa t i n g s  in wh ich ch rom i u m had been  added  to p roduce  abou t 2%
chrom ium in the weld.

A l s o , excess ive porosity in these tests proved to be
• somewha t less of a problem than had been anticipated. When

poros i ty was  a f a i l u re cau se , it was not far beyond acceptable
• limi ts. The fusion defects were deemed to be partly formula

d e f i c ienc ies and p art ly  w e l d er e r r o r .  Of ten , a w e l d e r  w i l l b e
more successful the second time around on a test because he has
had some pr actice in dealing with the new formula.

As the pass-f ail fi gu res sh ow , we we re a b l e  to d e v e l o p  a
• si g n i f i can t n umber  of pas si ng  sam p l e s  as poss ib l e  c a n d i d a tes f or

the p ipe test. Consequently, we be l ie ve the 8a and m o d i f i ed 8a
tes ts served well as effective screening devices for developing
electrode coating formulae with good po ten ti al  fo r  suc ce s s f u l
pi pe welding.
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PHASE I I

D E T E R M I N A T I O N  OF E X P E R I M E N T A L  E L E C T R O D E  C A P A B I L I T Y  TO MEET
T E N T A T I V E  C H E M I C A L  AND M E C H A N I C A L  P R O P E R T I E S  C R I T E R I A  BY
USE OF TEST NO. 3 OF SPECIFICATION MIL-E-22200/4B

P R O C E D U R E

• 
• P h a s e  I I  a tta ck was  b e g u n  b y s e l e c t i n g  w h a t was  i n i ti a l l y

deemed the best Phase I electrode and testing it for tensile
• and bend  proper ties according to test 3 of MIL-E-22200/ 4B

(see Exhib it E). The flat plate of test no. 3 was used to
check weld me tal soundness in the flat position . Initial
tes ting was sometimes done on standard cuproni ckel plate
and then followed by testing on chromium-enriched cupronickel
pla te. This method was used as a means of proceed ing pro-
gress i v e l y  from a moderately difficult testing to the maximum
diffic ulty since experience indicated greater ease in obtaining
good results with standard cupronickel plate than with chromium -
enr iched cupronickel plate. It was also felt that the dual
testing would contribute to our understanding of the different
problems to be solved in the welding of the chromium -enriched

• pla te. Experimental results are listed in Tables III and IV .
A l s o , where a suffix le tter such as “A” or “B” follows the
s a m p l e  nu mbe r , the formula used is the same as that used for
the same s a m p l e  n um be rs whe re the le tt er s u f f i x  i s no t u se d .
Howeve r , the letter indicates additional tests or tests under
differen t conditions.

TENSILE PROPERTIES (TABLE III )

The tentative required tensile properties as noted in a
tentative specification submitted to us May 22 , 19 73 by M r .
Ronald H. Leopold of NSRDC were :

YS - 47 ,000 p si
IS - 70 ,000 psi

• El - 2 0% m m .

• All of the samples tested easily net these requirements
excep t for Tll ,792A-2. However , two r’~-- test tensiles Tll ,792A-3
and Tll ,792A-1 did pass so that t’

~c’ tensile requirements are
cons i dered  me t b y a l l  sa m p l e s  tes ted.

- 7 -
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BENDS T A B L E  I I I

S ince  no bend  c r i t e r i a  w e r e  s u b m i t t e d  to  us , we a r b i t r a r i l y
chose  to  use  as t e n t a t i v e  r e q u i r e m e n t s  t h o s e  l i s t e d  in  pp 3 . 3 . 2 ,
B E N D I N G , of M IL-E-22 200/4B which says:

• “After bending the weld metal of each specimen shall
• be visually exa mined on the convex surface by the

unaided eye and shall no t exhibit evidence of fissur-
i n g  in  excess of two fissures each having a maximumr ; • l e n g t h  of 1 / 8 - i n c h  n o r  e x h i b i t  e v i d e n c e  of a n y

• f i s s u r i n g  over  1/ 8 - i n c h  l o n g  m e a s u r e d  i n  a n y  d i r e c t i o n .
C r a c k s  o c c u r r i n g  on t h e  c o r n e r s  of a s p e c i m e n  d u r i n g
t e s t i n g  s h a l l  n o t  be c o n s i d e r e d ” .

S ince  T l l , 220  t h e  f i r s t  s a m p l e  b e n d - t e s t e d  f a i l e d  b a d l y ,
o t h e r  a d d i t i o n a l  m o d i f i e d  f o r m u l a s  h a d  t o  be p r e p a r e d  and
t e s t e d .  T h u s , s a m p l e s  T l 1 , 232  and  T 1l , 233 h e r e  w e l d e d  i n  s t an-
dard cupronickel plate and bend tested. Both samples gave per-
fect bends; consequently, bo th were welded in chromium-enriched
cupron i c k e l  p l a te un d e r  tes t n o s .  T 1 l ,2 32A and  T l l ,233A respec-
tively. In each test , two bends were perfect while the third

• had three small fissures , one m ore th a n  the tw o a l l o w e d  by our
• arb itrary criteria.

In order to see if there are any weld metal compositional
• differences which could exp la in the difference in performance

be tween the bends for the series comprising •1,232 , T 11 ,233 ,
T l l ,2 32A and  T l l ,233A , c h e m i s tr y w a s  run  on th e  te n s i le b a r s

• from each sample. However , jud ging by the a n a l y s e s  res u l ts , we
find no explanation here for the differences in bend p e r f o rm a n c e .

* 
To d o u b l e  check  the bend  cap ab i l i t ies , s h o r t p l a tes y i e l d in g

only three bends were welded in chromium -enriched pl ate using new

• ba tches of e l e c t rodes  n u m b e red T l 1 ,2 32R and T l l ,233R respectively.
- j In each  case , t w o  out  of t h e  t h r e e  b e n d s  w e r e  p o o r .  We t h e n

c o n c l u d e d  t h a t  f o r m u l a s  T l l , 232  and  111 , 233 w e r e  n o t  s u f f i c i e n t l y
r e l i a b l e  w h e r e  b e n d  t e s t s  w e r e  c o n c e r n e d  and  add it i o n a l  f o r mu l a e
d e v e l o p m e n t  w a s  n e c e s s a r y .

F o r m u l a s  111 , 659 a n d  111 , 660 w e r e  t h e n  n e x t  s e l e c t e d  f o r
bend  t e s t s  in t h e  chromium-enriched cupronickel plate. All

• t h r e e  T l l , 660 b e n d s  w e r e  a c c e p t a b l e  w h i l e  o n l y  one  of T 1l , 659
f a i l e d  b e c a u s e  of t h r e e  s m a l l  f i s s u r e s  r a t h e r  t h a n  o n l y  t h e  t w o
a l l o w e d .

• Since in Phase I I I  p i pe w e l d i n g  111 , 659 and  T l l , 660 d i d  n o t
• pass ,add i t i o n a l  f o r m u l a s  111 ,790 , T l l ,79 1 and  T l l ,792A w e r e

developed and subjec ted to test 3 after passing test 8a soundness
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tes ts. All three met the tensile and bend requirements. 111 ,790
and T11 ,792A also passed modif ied test 8a and were scheduled for
pipe weld ing. 111 ,791 was not given the modified 8a test or pipe
tes t because its operation in test 8a seemed noticeably inferior
to 111 ,79 0 and T l l ,792A.

In view of the foregoing and the results listed in Table
• III , we believe that electrodes giv ing  a c c e p ta b l e  bend  p r o p e r ti es

have been achieved , however , we also tentatively conciude that
the arbitrary tentative bend criteria we selected may be too severe
for the chromium-enriched cupronickel weld metal deposited by the
SMA pr oc e s s .  For th is h i ghe r strength cupronicke l weld metal we
believe at least three fissures , 1/ 8” max imum , migh t be an ade-
quate and more reasonable bend requirement. An alternate suggestion
migh t be the bend criteria as outlined in specification MIL-E-22200/3 (

* • for  Monend  e l e c t rodes , type 9N10. This allows 3 fissures 3/32”

• 
maximum for 1/8” elec trodes.

WELD METAL SOUNDNESS (Test 3 - Flat Plate

All flat plates made for test no. 3 passed.

PLATE, CORE WIRE , PIPE AND WELD COMPOSITION (Table IV )

P l a te , core w i re , pipe , ten t a t i v e  w e l d  d e p o s i t and ac tu a l
weld depos it chemistry are listed in attached Table IV . Most
actual weld deposit chemistries are reasonably close to the
tentative required deposit analysis. Manganese , s i l i c o n ,c h r o m i u m
and i ron  te n d e d  to run t o w a r d  the h i gh s ide of th e p r o p o s e d  r a n g e
and , in some cases , e x c e e d e d  the ten tati ve max i m u m .  H o w e v e r , the

• highest value of any element did not exceed any value we could
• find repor ted in the literature as unequivocally harmful.

• Since the present tentative required weld deposit composition
-: is c l e a r ly  no t at a l l  s a c r o s a n c t , we p r o p o s e  the f o l l o w i ng w e l d

depos i t c h e m i c a l compos it ion r a n g e :

ELEMENT PRESENT TENTATIVE ARCOS PROPOSED
RANGE R A N G E

* 
C .05 • .05

* Mn 1 .2  - 2 . 0  1 . 2  - 2 . 5 0
Si . 2 0  - .50 .20  - .70
S 0 . 0 2 0  0 . 0 2 0
P 0.020 0.020
Cr 2.1 — 2 . 6  2 . 1  — 2.8
Ni 27 — 32 27 m m .

H

I

~~~~~~~~~~~~~~~~~~~~~~

ote Single values are :x un~~~~ otherwise ~~~~~
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Our own experience to da te and the available literature
references indica te nothing detrimental in the proposed Arcos
range. We believe this range will give needed latitude for
improved electrode developmen t in production lots.

There did no t seem to be any outstanding compositional
• differences to explain variability in bends or soundness.

However , since final compliance to the required criteria re-

• sul ted , as changes in a11o)~i n g  me ta l l i c s  and d e o x i d i z e r s  w ere
made , we conclude that the metallurg i c a l q u a l i t y o f th e w e l d

• me tal was thereby significantly improved. We also beli eve a
• c h a n g e  in th e  b a l a n c e  of v a r i o u s  n o n - m e t a l l i c  i n g r e d i e n t s  m a y

h a v e  been  a f a c t o r  in t h e  am e l i o r a t i o n  of r e s u l t s .

• PHASE I I I

PIPE WELDING OF 4” NPS CLASS 700 PIPE

P R O C E D U R E

In a c c o r d a n c e  wi th our  or ig in a l p r o p o s a l , p ipe w e l d i n g  in
governmen t-suppl ied 4” NPS class 700 chromium -enriched cupro-
n i c k e l  p ipe was  beg un as v i a b l e  e l e ct rodes  w e r e  m a d e  ava i l ab l e
through the screening processes of Phases I and II previously
d e s c r i b e d .  The p r o c e d u re used was  te st n o .  9 ( s e e  E x h i b i t  D)
of specifica tion MIL-E-22200/4A except that i” i n s t e a d  of 5”

• d i a m e t e r  pi pe was  u s e d  b e c a u s e  4” w a s  t h e  or . ly  s i z e  t h e  g o v e r n -
m e n t  h a d  available in the chromium-enriched cupronickel alloy.

Thi s  4” pi pe h a d  a w a l l  t h i c k n e s s  of o n l y  7/ 3 2”  w h i c h
w o u l d  n o r m a l l y  be w e l d e d  w i t h  a 3/32” e l e c trode .  Th u s , an
e x t r e m e l y  s e v e r e  d e m a n d  f o r  e x t r a o r d i n a r y  p e r f o r m a n c e  w a s  p l a c e d
on our 1/8” elec trode. Local heat build -up is very rap id in
t h i s  r e l a t i v e l y  t h i n  w a l l  pi pe at t h e  a m p e r a g e  n e c e s s a r y  t o
o p e r a t e  t h e  n o r m a l  1/ 8” c u p r o n i c k el  e l e c t r o d e .  Tes t  8a , t h e
v e r t i c a l  p l a t e  of specification MIL-E-2220 0/4B , for example ,
s p e c i f i e s  a m i n i m u m  of 1/4 ”  thickness for 3/32” e l e c t r o d e s  and
a m i n i m u m  of 3/ 8”  t h i c k n e s s  f o r  1/ 8” e l e c t r o d e .

The pi pe , x - r a y s  and b e n d  r e s u l t s  a r e  l i s t e d  in T a b l e  V .
A l s o , for  r a d i o g r a p h i c  p u r p o s e s , th i s s i z e  p ipe may  be d i v i d e d
in to as many as seven (7) segments (see attached Exhibit E) by
the r a d i o g r a p h e r i f  he dee m s th i s  n ec e s s a r y  to ma in t a i n  the
required densi ty tolerance over the entire length of each seg-
men t x-raycd. In the five pipe weidments x-rayed , the number
of segmen ts x-rayed per pipe varied from five to seven at the
x-ray technician ’s discre tion . In all cases , position 1 repre-
sented welding in  the d o w n h a n d  posi tion. • •

- 1 0 - 
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D I S C U S S I O N  OF P I P E  X - R A Y  AND B E N D  TEST R E S U L T S

The f i r s t  pi pe w e l d  was  made  w i t h  e l e c t r o d e  T l l , 659A , a
H r epea t  of T l l , 659 .  T h i s  e l e c t r o d e  w a s  so p r o m i s i n g  f r o m  an

• • o p e r a t i o n a l  v i ew p o i n t , t h a t  we p r o c e e d e d  w i t h  a p i pe w e l d  even
• t h o u g h two  m o d i f i e d  t e s t  8a a t t e m p t s  - one w i t h  t h e  o r i g i n a l

111 ,659 and  t h e  o t h e r  w i t h  T l l , 6 5 9 A , a r e p e a t  - h a d  f a i l e d
b e c a u s e  of some i n c l u s i o n s .  T h i s  p ipe  was  d i v i d e d  i n t o  f i v e

• - s e g me n t s  f o r  x - r a y  and f a i l e d  in o n l y  t h e  1-2  s e g m e n t  by
r ea son  of a l a r g e  i n c l u s i o n .  The r e m a i n i n g  s e g m e n t s  h a d

• 

- a c c e p t a b ly  s m a l l  a m o u n t s  of p o r o s i t y .  The t w o  roo t  b e n d s  p a s s e d
but  on l y one of t h e  t w o  f a c e  b e n d s  p a s s e d .

F o r m u l a  r e v i s i o n  was  u n d e r t a k e n  an d T l l ,660A-type elec-
t r ode  w h i c h  p a s s e d  a l l  t h r e e  s o u n d n e s s  t e s t s  was  pi pe w e l d e d
nex t . T 11 ,660A ( r e p e a t  of T l l , 660 t o  get  more  e l e c t r o d e s )
was  t h e  f i r s t  111 ,660 t y p e  p i pe w e l d e d .  A l l  s e g m e n t s  p a s s e d

• e x c e p t  2 - 3  w h i c h  had  a s m a l l  i n c l u s i o n  and  s e g m e nt  5- 1 w h i c h
had p o r o s i t y  b e y o n d  t h e  a l l o w a b l e  l i m i t .

• The t w o  f ace  b e n d s  p a s s e d  b u t  b o t h  roo t b ends  f a i l e d .
The o p e r a t i o n  of t h e  T 1l , 660 t y p e  w a s  e x c e l l e n t , b e i n g  s u p e r i o r
to 111,659.  C o n s e q u e n t l y ,  s i n c e  t h e  Tl1 ,660A p i p e  w e l d  w a s
so c l o s e  to  p a s s i n g ,  we d e c i d e d  i t  w a s  w o r t h  a n o t h e r  t r y  in v i e w
of the  p o s s i b i l i t y  t h a t  w e l d e r  e x p e r i e n c e  g a i n e d  on t h e  f i r s t
t r y  mi gh t  be a l l  t h a t  w a s  n e e d e d  to  ge t  a s u c c e s s f u l  pi pe w e l d .
T h e r e f o r e , s a m p l e  T l l , 6 6 0 R R , a r e p e a t  of 111 ,660 , w a s  p ipe
w e l d e d .  A l l  s e g m e n t s  p a s s e d  e x c e p t  4 - 5  wh i ch h ad a c r a c k .  In
v i e w  of t h e  s e c o n d  x - r a y  f a i l u r e  w i t h  t h i s  t y p e  of e l e c t r o d e ,
no bends  w e r e  t a k e n  out  of t h e  pi pe w e i d m e n t .

F u r t h e r  f o r m u l a t i o n  w a s  done  o u t  of w h i c h  e m e r g e d  t w o
v i a b l e  p i p e - w e l d i n g  c a n d i d a t e s , T l l , 690 and T l l , 7 9 2 A .  B o t h
samp les  p a s s e d  a l l  t h e  s c r e e n i n g  tests of Phase I and II and
both had excellent welding operation , e s p e c i a l l y  T11 ,690. Thus ,

• pipe welds were made wi th both samples. Out of seven segments
• of 111 ,790 , f o u r  p a s s e d , bu t segments 5-6 and 6-7 were rejected

because of crack-like indica tions; segment 4-5 was rejected for
porosity. Thus , no bends were taken from this sample.

Tl l ,792A passed the x-ray requirements in all seven segments
al thoug h some porosi ty was noted in all seven. Both face bends
and roo t bends passed. Thus , T 11 ,792A was the first electrode

• to pass all the required tests.
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• D E M O N S T R A T I O N  FOR N S R D

On W e d n e s d a y ,  F e b r u a r y  2 , 1977 , M r .  R o b e r t  M a e r s c h  of
NSRD v i s i t e d  our  p l a n t  in P h i l a d e l p h i a  to  w i t n e s s  a demon-
stration of the chromium- enriched cupronickel electrodes
d e v e l o p e d  h e r e .  Two s a m p l e s  w e r e  d e m o n s t r a t e d  - T l l ,792A
and 111 , 919.  The l a t t e r  s a m p l e  was  n o t  r e p o r t e d  p r e v i o u s l y
h e r e i n  b e c a u s e  i t  w a s  m ade  as a m a t t e r  of our  own i n t e r e s t
a f t e r  t he  c o n t r a c t  w o r k  h a d  b e e n  c o m p l e t e d .

Both  e l e c t r o d e s  w e r e  w e l d e d  in  h o r i z o n t a l  f i l l e t s, f l a t
p l a t e , and  p i p e .  B o t h  gave  e x c e l l e n t  o p e r a t i o n  in a l l  t h r e e
t e s t s .

In our o p i n i o n , T l l , 9 l 9  was  b e t t e r .  At M r .  M a e r s c h ’ s
s u g g e s t i o n , we t r i e d  b o t h  e l e c t r o d e s  on s t r a i g h t  p o l a r i t y  in

• t h r e e  f l a t  p l a t e s .  A l l  p r e v i o u s  t e s t s  h a d  b e e n  d o n e  on D C R P .
Both electrodes performed very well; again , we ra ted 111 ,919
as superior.

Finally, to tie down the real limits of the electrode
vs. opera tion under various electrical conditions , we t r i ed
bo th electrodes on AC in horizontal fillets. Both electrodes
were easily ope rable on AC although they tended to give more
spatter. Again , we rated 111 ,919 as better.

Ten e l e c t rodes  of each s am p l e  we re g iven to Mr. Maersch
for preliminary opera tional evaluation by NSRD welders ,

SUMMARY

A t h r e e - p h a s e  p r o g r a m  to  d e v e l o p  a s a t i s f a c t o r y  a l l -
p o s i t i o n  c h r o m i u m - e n r i c h e d  c u p r o n i c k e l  e l e c t r o d e  p i pe w e l d i n g

• was  u n d e r t a k e n .  V a r i o u s  e l e c t r o d e  c o a t i n g  f o r m u l a e  w e r e  de-
v e l o p e d  and  s c r e e n e d  f o r  w e l d i n g  o p e r a t i o n  by t h e  u s e  of

• 
• h o r i z o n t a l  and  v e r t i c a l  f i l l e t s .  V i a b l e  e l e c t r o d e s  p a s s i n g

t h e  f i l l e t  t e s t s  w e r e  f u r t h e r  s c r e e n e d  f o r  w e l d  m e t a l  s o u n d n e s s
- • by t e s t  8a of s p e c i f i c a t i o n  M I L - E - 2 2 2 0 0 / 4 B  a n d  A r c o s  m o d i f i e d

t e s t  8a ( see  E x h i b i t  B ) .

E l e c t r o d e s  s h o w i n g  p r o m i s e  in t h e s e  s o u n d n e s s  t e s t s  w e r e
• : t e s t e d  f o r  t h e i r  a b i l i t y  to  m e e t  t h e  t e n t a t i v e  t e n s i l e  p r o p e r t y ,

b e n d  and  c h e m i c a l  c o m p o s i t i o n  c r i t e r i a  as w e l l  as w e l d  m e t a l
• s o un d n e s s  in t h e  f l a t  p o s i t i o n  by u se  of t e s t  3 of s p e c i f i c a t i o n

M I L - E - 2 2 2 0 0 / 4 B .  E l e c t r o d e s  i n d i c a t e d  by t e s t  3 to  h a v e  p ipe-
w e l d i n g  p o t e n t i a l  w e r e  t h e n  w e l d e d  in 4” N P S  c l a s s  700 c h r o m i u m -
e n r i c h e d  c u p r o n i c k el  p i p e .

- 1 2 -
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As t h e  t e s t i n g  p r o g r a m  p r o g r e s s e d , f e e d b a c k  f r o m  t h e
advanced testing dic tated more electrode development which
was then followed by subsequent full testing of new elec-

• trodés. This process con tinued until a satisfactory all -
- 

- position chromium-enriched electrode capable of making pipe
welds having adequate soundness and weld metal properties was
finally attained in electrode Tll ,7 92 A .

Presen t tentative tensile property criteria were deemed
- I satisfactory . A modif ied weld metal composition range was
• sugges ted to facilitate further development of improved elec-

• t rodes  on a p rod u c ti on s c a l e  wi tho ut de tr imen t to e l e c t rode
p e r f o r m a n c e  or w e l d  me tal  p r o p e r t i e s .

I
I

R E C O M M E N D A T I O N S  FOR F U T U R E  WORK

1. Chemical Comp osition of Weld Deposit

We r e c o m m e n d  adop t ion of the rev is ed ch em ica l
compos i t ion r a n g e  l i s ted on p a g e  9 un ti l f u r the r
experience is attained.

2. Tensile and Bend Cri teria

The ten t ati ve te n s i l e  cr it e r i a  l ist ed in T a b l e  I I I
are adequate for the time being and should be re-
tained. For bends , three fissures 1/8” long bu t n o n e
over 1/8” should be perm itted. Cracks 1/64” or un d e r
and th o s e  o c c u r r i n g  on th e co rne r of a spec i m en sho u ld
not be counted. The foregoing criteria would always
be subjec t to review and change as more experience with
e l e c t rodes  i s a tt a i n e d .

L 3. Testing Weld Metal Soundness

The p re sen t tes t s 3 and 8a of s p e c i f i c a ti on
* MIL-E-22200/4B should be quite adequate for testing

weld me tal soundness once a preliminary history of

I I s u c c e s s f u l p ipe  w e l d s  is es ta b l i s h e d  in in it i a l  pro-
duc tion runs.

I .
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4. Testing Weld Metal Properties

Test 3 of specification MIL-E-22200/4B is adequate.

5. Fur ther Development and Establishment of a Production —
• • Proven Electrode

The addi tional work done by Arcos outside of the con-
tract shows that our first completely successful elec-
trode , T 11 ,792A is susceptible to operational improvement.
Assum ing co ntin ued in teres t by N S R D , we p ropo se t h at a
con tract be placed for the manufacture of electrodes in
3/32” and 1/8” sizes in sufficient quantities for experi-
men tal use  in s e v e r a l  sh i py a r d s .  The specification re-

• q u i r e m e n t s s h o u l d  be as r e c o m m e n d e d  previousl y. Adeq uate
a l l o w a n c e  s h o u l d  be made  in  the  s ched ul e fo r d e l i v e ry o f
the electrodes for possible further formula modification s
to accomodate problems encountered in electrode production
facili ties.
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• E X H I B I T  A

Test  8a

LI
I G MIN,

I I

I I
I I

____________
I F 

______________

4) 10 MIN. —

• - - b MAX. O ILAX.

• - 

_
_ _1

~~~~~ 

-

‘

* SH 10103 ~~~~MIN~~~~~~~~~ ~ MAX. 1

‘ ( I C

* .Elec trode size 3/32 (Inch) 1/8 (Inch) 5/32 (Inch) 3/16 (Inch)
- • • 

J
mickncss (T~ Mj f l .  1/4 3/~ 1/2 1/2

Root opening V 1/4 5/16 3/8 1/2

if Toloranco + 1/16 inch , 
-

Notes to figure 2:

1. Welding shall be accomplished in the vertical or flat position as specified
in table V I,

2. Base m e tal shall be in accordance with FIIL-C-15726 or AST.M B122.
3. The bevel edge preparation shall be m schIn ed or ground .

• 4. Welds shall be deposited in approxl ,riately 1/8 inch thick layers. Each weld
bead shall con tain a start in the area to be evalua tcd . Weld deposits shall
be made usi ng a 3 core wire diancter ~,axz~ u.’~t weld weave . The root weld layer
may be depo sited with 3/32 or 1/8 inch dia.’-eter electrodes when testing 3/16
inch diam eter electrodes - ,

• S. The comp leted weld reinforcenent shall be 3/16 inch maximum .
• 6. Prehea t shall not be employed , Interpass temperature shall be 150’F.

maximum .
7. Mter comp le tion of the weld , the weld reinforcement and backing strip shall be

• removed flush wi th base plate surfaces and the assembly shall be X— ray ed in
accordance with ZIIL-STD-27l.

B. The radiographs shall meet the acceptance standards of UAVSH IPS 0900—003—9000 as
specified in 3.7.1 of M 1L E 0022200E.

Figure 2 — Groove weld usability test (test No. Ba).
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~~~~~~~~ s~~~~O MAX_~~~ 
~~~ NIH.

k FROIA HORIZONTAL 

~~~~ 
.

-

‘ 

WELD ING POSIT IOt’~ 

. 

IN t_
~~~ MAx I

.Eloctrode size 3/32 (Inch) 1/8 (Inch ) 5/32 CInch ) 3/16 (Ir.ch)

(T)  :i n .  1/4 : ~~~ 172 1/2

I~ t opening V 1/4 5/16 3/8 1/2

- . if Tolorance + 1/16 inch.
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EX N t B t T 

~~~~

Test  No. 3

~ UNGTH SHALL 13E AS REQUIRED BY THE

- 
I&IIII~ER AND TYPE OF TESTS REQUIRED (SEE NOTE 5) I.

• 
______________________________________

- 4

- 

1 E ~~~~~
5”

~ 

— 

[_ 1
* • WEL D A PPROX.

_ _ _  _________ —________

• 
- 

SIDE BEND SPECU2ENS
_____— 

(SEE NOTE 5)
LAY OUI OF TEST PL!TE -

,

~~~~

, 
~~~ ,~

____  60 MIII.

___________ 
AS REOUL’~ZD

‘ - I’~4--I MIW.’-~’~ 1’
GROOVE PREPP.RATIOW OF TEST PLATE
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Figure 1 — We lded joint, for all—weld-metal tension
test and bend tes t (test. No , 3).
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