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I
used lo t  linu s ’ i w~i t u I i i  Ii, ‘ . ,;:; I ni - I j flt ’ ( f i t s  en 

~ ;‘ Iv , t’ ,i lee , and i. I t ’ t ’ i rude

Iiu’l di.. i ) t-,,~ : ;~~u i f  t l i s e ~.5n ; t  t l i I, - t , ’ ,dv . ‘i L i s  ( - q i i p C 5  nI I’i’ r lu r i ed sat isfa ctt ’u i lv

I on we Id in - . and a’ i i t l  1; .; .it t f  l e n  I a t  1-d c -u  c i  (lt l ’t  I i , ; . A 6 I 10 — w : p t - rc pow e r

s o l u t e  u - a s II C’ I . l ,’ : ; i  i n  ,;I;I I i t  i t- l i t  h I :  t I l l : ’  p 1 1 1 1 aei I t ..- c itna ’ o f  Liii,’ sli,~t’t a r c

t l i t ’ S  i I i ’ , i )  1 V t  , a I i t I H e n  1 n e :  Ft .’ ~ s 1i5 ’u Id t - u ~-d I i en— s i t t  u’~~~t ’ rat i ons

A UI1 )— a . pt. u c 
~~~~~~~~~ ‘- u i ,, ci. i i :  :1. ’ t u I  . T he  ~~i , . ’: ; ; : t  t, t I v~’1 t ;ii~- drop in 1 ,201)

feet ef c , i ’ l s ’ ~~~~~~ , :I  5 i i 1 1 , i : ;  c:~p i -i , t -d and  n h , ’ ,  I d  n e t  cati:~ ’ iili~ i~r u h l a ~~~ . No

• . dcl  r ii i i ent  ;il i 1  feet:; t ’ I p ra ’ 5: re en t l i e  i t ’  I ~! I i.a1 - In  L I I  a’! ccl  ro t le  h o  I do r were

t ’I ’serv ecl .

St and,i rd c-n . ci c i  al  n n ~l i i i  I i - i I d i  i~~ c i t e I i s’ - h s  i n  F L ’ u s e d .

were AWS 1. — c O i l ~ lt. ’i I  t e di ’~ uI ’t  u i n i - d  I ru: - i I i i . -  A t  c a l i ’  C_ i-5e[ ;litv v’~~t t ’r p i o o f e d  f u r

i:ndt- r c ’att-i i t e c  . W~’I d~; ini t le  t u n d e  r~ - .it er c-it I ’ t i t - c  ci i-ct roth’s at :‘t1~~ , 630 and

1,200 ieet_ l i t;  Iata-d t Ic I ’ t  :~ h ad  t -~:;- t- ~~: 
‘

- ‘ ‘ I -n I - ’ : ;  i t v , wi i j  e c c l  ds ‘ m d c  at

sea level pressure (bet  ti n d e i i , ’at ~- r )  i~’ t. ’ r e  ;:u ’ i;nd , l I c - I d i n :  w it Ii l t V t ’ I~~iI’ polarit v

appeared t e reduce t iii. - s i z e  and an:e : int  of p o r o n  i t  ~
‘ alt 1 i e i ~~~ 1i su I I i  c i  i.’nt , we lds

were not mini cle to yen Iv this perforniance . The cause ef t h i s  po cus  i ts ’  is not

known a l t hou g h i t  prc ’ ’ ’ably is rc la tc ’d  to  more rap id f r e~ z I i t h  of the we ld me t al

at the  g rea t e r  d e p t h s .

C u t s  were made u n d e r w a t e r  at 680 f e e t .  No prob lems were en counte red

and the  c u tt i n [ ;  operat ion pe r fo rmed  s a t i s f a c t o r il y .

The resti its oh t h i s  s tud y i n d i c at e  t h a t -  arc  welds  and oxv gcum— arc

cuts can be made undei’ t:ate r at extended d e p t h s .  The quality of the w ,’ld s

made at these depths pr oh , ib l v  will he much poorer than similar welds made at

sha llow depths .  Some im provem ent in  weld quality m i g ht  be achieved throu gh

further e f fo r t s  to optimiv.c we1din~’, operations. It is expected , thoug h , t hat

____ ________ 
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t lie a i t i I ‘, Li - ‘ ::s! ‘i -  Iii;; i i  1 1 t -  at ,  i cvi tm In ml v t h i  i s ,  ~- I c di’ ~-c 1 opmcn I

~
-
‘ f ~~~~~~~ c~-~’ I l l : : . - , -  1 . - e u  rode s U I p r~’c~’ iI : ,  u i-S . ‘I’hc iii r i -c t  l i n t  ii f su ch a p I i’~:r a :

I cai ;i :~1t f t . :  ~ t i ~~ -d at  t h i n  t mj : c’ h e c a , : e t i m e  cnn - a ’ s of t hic- p e s t :  w e l d  q u a l i t y

I aic u ; s t Li m e . , .  ‘I’hier e f o i c , i t  I : ;  r e .  ni ::i.- m i l - d ( 1 , 3 1  ,‘; pr opl - ;im i he initia te d

to  eX ~e: I ::e t in- - c i i i v r e I : t we iii a u s :  ~;: d - an him bb I t -  in nn’t e rwa I a-c

I weld i Di , at  i t a nil ed alt- I: t n .  Tb is pm o -u- n f l  a leo I IlOil Id inc  h ide a tao re t 1w i cam

I invest  i gat ion ~~ t i s  e I l e n t  s on we Id qu a l  i t  v o f  ~‘a r i  at  ion :; in ~ . - ‘id j
~~: p n r a ; : & - t  e t :~

and t h e  use u t  oIlier w e l d i n i ~ e l e c t  rodes  l i n v i t i m ;  d i i  ferent f l u x  coat m l ;

I c o : . p u e i t  ion : :  f o r  un de  re-at a r weldin~~.

I J~~~ I1 1’~-1~ 1~-1- AND ‘100! I

I The tu~~d~ rwa t cc  w e l d i n g  and c u t  t I n~; ept ’rn t  ioui s  i- -cr c ’ cotidiuctecl in a

hyperbaric c h a r i f t e r  l~ i n( ’ l iCS ifl ~I ‘ u m : m c : t e r  liv 39 u che s  1 out ;  ( F l - m i r e  1) . l’hi s

chamber  has  a max i mmumn i  pre esure  rat  ing of 1000 ps . The chamber is equipped

I w i t h  two viewino po r t s  located at ap p r o x i m a t e l y the  1 o’clock and 11 o’clock

I positions. One of these ports is visible in t he illustration.

The welaling torch and the workpiece were u-’-tounted on a fixture

1 con tained wi th in the c imn i il’ ’ u’ . This fixt’ire is shown in Figures 2 and 3 and

positioned in the chamber in Figure 4. The workpiece W aS contained within

the bucket which could move horizontall y on the fixture track. During welding

or cutting , th ,~ electrode was held in a fixed position and the workpicce moved

horizontall y unde r  the  electrode . ‘Flue electrode was held in a commercial

electrode holder which could move verticall y as the c u t t i n g  or we ld ing

electrode melted , Thus , a relativel y constant arc length could be maintained

between the end of the electrode and tile workpicce .

- • . - - - - -- .- -~~~~~~ -, ~~~~- - —r-
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FIGURE 2 , OVERALL VIEW OF THE WELDING AND CUTTING FIXTURE .
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I
Iho r iz- s :i lal i.,evr’: mc.nt  ef t im e  l u m e h i t and e e r t : I , s cc i- , and \‘eu  t icc i l

ummuve . n~- ’ i I ;m I ti:e e I c - c l  r~- de i m o l s i c -  I , wi re Ce~ t el l c d  b y sc ’ i i  c r a n k — s l i d e

I mech on I :;n ;s s ip t .- rn  te i !  by rod s ex t e n d  j 
~; t Ii  s omn ’h t h e  c - imn , nI : c -  r i-ia l I s. I t o t n t  i on

I 
of t i m c - , e ,  rod s b y t h y  o pt - i nt e r  im: ’par led lion n c t n t n l  and v e r t i c a l  l i n e - e r  m at  0t1

respect  iv~~Iy  to t : l m e  i ;u c i :c - t  a mi d  eh - c t r o d - ! :o]de: - . ‘J ’h mt  c a nt  r el i~m m d s  pc- net  r a t . cc1

I the  dma-el- e r i-all: : t1 ~i’u ’m ; im 1 s t : m [. ing pm ~ snuce neals .

J 
The e l e ct  ru de h o l der  m u s e d  in t i m e n c -  st u d  in: ; i n s  an /trc ;mi r Un d eru- :n te r

- Torch (Catalog No . 14-050- 101). Th is tore can be um -ed for both  welding and

L cutting underwater and acco:;niedates eithie r type of electrode.

‘ 
The b o t t o r m s  of the b u c ku t  wn~ covered with a 1/4—inc h—thic k layer

- of a sbes tos  and a l / L — i n c i i — t l i i c l c  l ay er  of sand to protect t he  bucket  b o t t o m

from Ii i- heat  of t i m e  we ld ing  or c u t t in g  o p e ra t i o n .  The ~- o r k picce ~-yas mounted

L in the  b i tch - m et  on 1- inch legs. Re fore ~a-lding or c u t t i n g ,  t ime  bucke t  was

- f i l led wi th i  a s a l t — w n t e r  s o l u t i o n  p repare d  w i t h  t ap  wa t e r  and In s t a n t  Ocean

I salt to a spec i t ic  g rav i ty  of 1,02 .  The ;-:orkpie ee was about  2 inches  b eneath

L the su r fa ce of the ~-,ater .  Thus , the  w e l d i n g  or c u t tin g  was p e r fo rmc’ô under-

water  a l th o u g h the e n t i r e  e lec t rode  and the  e l ec t rode  ho lde r  were not undcri-,’ater.

Dur ing  w e l d i n g  and c u t t i n g ,  t i r e  chamber was p r e s s u r i z e d  w i t h  n i t r ogen  to a

~~ pressure level corresponding to the  desi red  water  d e p t h .  The weld ing  or

c u t t in g  e l ec t rode  and the e lec t rode  ho lde r  were under  pressure  t -b i rou gh ou t  1-ire

w e l d i n g  or c u t t i n g  opera t ion .

The power supp ly was a conmuercial  400-ampere Lincoln  moto r -gene l-a to r .

It was cornected to the workpiece and electrode holder by two 3/0 cables

( 600- feet  long. Ca); ’c’s of t h i s  length  were used to s i m u l a t e  an on - s i t e

I

I 
_ -

_

~~

. ..~~~ .. . 
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ii i j — i - t - m i  t i t  t ip  n-h i.’t  c i ’ s I ~h i i i  - m m ii a i  I t ~t i ’  i’, i -  -

~ i i iy  d - ii~ ’ I t t  ( Ot t  I i i  - I o I n- i t  i t

‘l ’tu t t ,u t ’  I i ’S  i t ’  i s ’ ml  I m-m e - - i l  t ~ i ’ I i  - a - I 1 e - I 5 : i  - I — t l i i  - ii A: ; h i  I t i e  m h i  ui 1 t ,  I - - i I I .
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- \ 1 emi t I t s  o t m t ’  I . ’ I i’d I : I I s  I c - m u s t —  t i m  u sin i i ; ;  1 -  1 l a ’ ie tt I p  i t ’ s 5 -

~

itmd a ’ I t -c t rt ~t Iy in is i s  i in . I ! o t  t i m e  s h , , H - c  m O, - a ’  :;c’ s i t  1 ;ie ~~t 5 1 u s ’ •

i_ a ’ t- t 0— I ,~ t I o s  i ’ m i -  i s  - ,: i s ’ i - it 1 1 • ~t ~ s ;  s - i - I . I t  i mm u - - m i , - t I t i i  h~s I I \ t
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p m  0 ’ m  io ( i s  :; i _ m m ;  i n s t  inn:; I s i s - m  i - s i  :a ’ i  a i m s ,

F c m i i  s - : ii n t lii’ i - L i s t  m ii ’ 1 i s ’ ,  ‘ t i c - s t  i 0:- :; ~ I t lit ~~~~ I P A  li t . ‘I~i it ’

ls tc m t i on a t t  t ite :as ’ t t ’ m  mm I s ’ t  m i - ~ n - e m  ( l it ,  v s - i t  u - - i i n l  ci i i  F s ’ l m t  mu ss’ arc’ s im on-mm .

i,t l i i i mu m d  i s u t t  i i ; - i I  s i t m o l t - : :  I l int n a l  i’ l i S t - si i i i , ’  s s ’ mi i : : i t ’ Ss m m i i
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I tia ’ hi  d i  stmi:s - t  e t  liv I~,~ iutc hs :: Lana ’  T h - n 5 - ;~ t t C l am - s V—u-t m ! I i - I  s t t  ro ds - :; - i i i  c - h m ,::;t’ sI

I-v A t a -a  i t  ansi i n  I s i  ~~t a s s t a -s i  . ‘ I I i ~ ’ c u t  I I i : ’  c’l  e el  l s ~ s t i  t e A u  s m :  I r m i n d s - u  c - m t  t s r

a tX v , , - i m  A t ,  c l i i  I Ii i a i t - c ’ I m i s ’ : - , Cat a ! s
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-, ho. ?~ 0— 0 - ’ -- Od E , ‘s / i  ( - -  inc-li aI I elsie l e t  I-~

I •1 A l \ a i i i ’ ;  h i t s , -

Ox v ;s -tr  i s  l a m q a u i l  cii i n  t h e  c - I t t  t i i ~~-. s i p s - t n t  j atum . it I I a ’ n ’ : ;  ( i m t s ~t t 0 il t i m e

Ito I l~~w c - mi t I I ni; t- l i - c ’ I u s t s i i ’  t ,‘ l i i i  i i i  ;tn ’ ;m ~ - I I t , ’  m m i c ’ t a 1 h i n t  ,:d l v  I h a ’  s i r e .  Thi ’

& ‘X V a ’ u m  na :; f~’al f i o u m ,  t m i n k s  I h m t - o i t t ; I u a s 1 a i m i  I a ’55 St  s - - , I 1 muhme I l u r o m i g h u mu pm ’esu t t  u s -

fi t t I Un , in t he . a - lummi i mi ’ e -  r w a l l  . 1’he oX\’ ~- c n  hose o I t ima ’ I o t - chu  i~’an connect  ~-d 1 o

t i t ~ ’ p m - (fl u - m i m i ’  I i t t  t i i s  4 US l i l a ’ at I tim e ’ I mu u ib  - I ’ h mt ~ s ’x \  ii p1 0551111 ’  t h a t  was u sed
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b et  is ’ t ’( ’ti t h u e a iX \  It ’ l l  t nnk  and chui tmmuln ’  I 5 l I l a ’ , ’ I i i i  :; i i  t i -  wet ,  l i i  l ’s ’ t tn a t t’ r th e ’  I at 11

i r e- s m m i i i  y . A ho Sc weret I ci no t  lie s I t  s ’ Imn , t ’ t i o t l  gh I e con t a in I lie f i t  I i  p res sit Fe. A

h OSe ’ was cm st-il Ins  I dt ’ t he t ank s I nrc  t l ie  p i e s  s u m  a’ d i  I Fe a’i: t i a I In  t i m  I s h ose
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would be only 30 psi. A 0-1200 psi presnure regulator was used to control the

oxyg en p r e s s u r e .  A rd ic-f v a l ve , mou nt ed on tiuc citauni.e r , preven ted excessive

bui  l d m u p  of pre sssu l - e in  t h e  c iu a mi mb c ’ r d ii  i’i m i g  cu t  t I ng .

t i N D l J I5TIdt giiTi- :i,I) ;h) 1-0 T A 1 -A U C  \-~ELt) l NC

The p r  ii ;es u v goal of I h ue ’  i nyc: ; I I ~- ;; c r on:; c o n d m m c t e d  in t h i s  port  ion  of

the program was t o  d ot  c rtut itm c : t i ~~- f e a s i b u l  i t  v of st r i k i n g  and n m a i n t a i n i n g  t u e

w e l d i n g  a rc .  In a d d i t i o n , w e l d i n g  p r i r n c : i - t e r s  were d e t e r m i n e d  t h a t  could be

usable at t i m c e x ten d ed  d e p t h s , t I m e  weld qt iali t -y was e v a l u a t e d , tire amount

of hydrogen in t he gas effi cie nt - c-,-ns dct crnu in cm d , and t h e  vo l t age  drop in the

welding cables was m e a su r e d .

1-h I d l  n~ _~~io c ( - d m m r c s

The welding procedur -s t i m ü t  we re  at s e d  s i m u l a t e d  conventiona l

underwate r  w e l d i n t - , t e chn iques  as c l o s e ly  as p o s s i b le .  C o n v e n t i o n a l ly ,  the

diver-welder does not a t t empt  to hold  a g iven arc length when welding underwater.

Instead , the “self-consuming” tech nique is utilized i-iherein the diver holds

the end of the electrode in contact with the workpicce at an angle of 15 to

45 degrees. lie applie s enough pressure to feed the electrode toward the

workpiece as the electrode melts off. The electrode is not moved along the

joint although the  arc moves along the joint as the electrode is consumed

because the electrode is held at an angle to tire workpiece.

A similar technique was used in the chamber welds. The electrode

was bent so that it formed an angle of abou t 30 degrees to the workpiece

(see Figure 3). The workpiece was stationary during welding; it was not

_ ~r~i• -~ “~• I. ~~~ ~~~~~~~~~~ 
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moved l o t  I m o n t  all v . ‘ho  m; t m i l l  t lii - i-m a: i d , I~~i s ’ opa u- m i t  or - m :i iv i’aI L i la a l e s t u s n t a- do wn

v e r t i a - ; m i  iv m u n t  i i  c s ’ ’ i t  m m _ - I  i- - m i s  mm m d c ’  l td  1’een ( h i t -  cu r d s i t  t i m e  e ’ l t : a I  r a t t l e  am i d  t i m i ~

i-:ork p I t - c c -  . An mc rc  \-:~l ti e st  ; s l-  1 i m l  a - t i  wiit’n I Ii I s  s- on 1:1 ci i - m i s  umimt d c  . ‘l’hie op t - r a t  s ’S

p t ’o c a - e m I s - s l  t o  i ’ s - i d  :~ i m i : i n L m t i l r i n :  .‘m s s n i 5 t  m i i i  j ’ m i - : ; s u u u i -  s ’ui t i m e  c i t - a t r o s h a -  as i t

\ .‘ m I s  ( s ’ m i S i m S ; s - m I .  ‘i’iic: oi:i t o y s -a s-m i t  i im v ~’ l\’e’cl i - am : t h e ’  v t - m t  i c - ; i I  da ti n mmmcl i o i i  01

t h e  e l i - m t roth- 1i l - . I~ r .is t h e  s - l i - c t  m o l e  i-O s :: cO :m ~~i , m, , -~ i . \ d i t - n  t ime i~l e ’ct  rode mmm c l t a d

to  n i  t l i i  m m s i x  i u c l a - : :  of  111( 1 c i a - i - I m o s i t -  l i o l d e u , t i m e  i’ s’ i s - r  u m m p p l \ ’  i~m m: ;  t u r n e d

• off and t i m e  a: l c - c t i ’cid c h i i r t d ~ r w ;m : ;  m i - i  r a c i c ’d.

A l l  i-a - hh s i - a l  e i ’emrc h — ou r— p 1 m m  t am i L  id s ; no gm (l crva .- c e  1 d s i -c - r ~’ im m ach e . Ti me

h e a d — o n — p l a t e  -5- .- e ld s  a l t - e ’ m m S i L -r I s ’  l i m - oduc t  and for  a fe ;s : :  i h u l  I t  \ ‘ .4 l im at ’,’ p r a i v i d e

•-  S a t  i. s f a c t o m v  r c - : m i m I  I s
- 

l’ri or I o is_ i l  d i n t - , t l ie  c l t s m m i m b c r  was p u a m s s m u r i  :~i’d i.- i t  i i  i i i  I l ege n to t i m e ’

d c- s i r e d  eq a l  i va l en t  th-p t h i .  A n - w  no I n t l  on of mm I sui t 1 at  cd :- t - : 1  c,’at er c5’as ci s i d

fo r  each t a . si w e l d .  ‘I’hc h u i l a h t t p  o f  fore i gn m t a t  e r i a l  i i i  I tue  i,’ateu’ \,‘as q u i t e

rap id  d e i r i n s ;  c e  i d i  
~~t ; and t h u c  f req u e n t  i- - m i t e r  change s i,’ere necessary  t o  keep

the amount  of fore  i go ma I c  r i a l  t o a rer esonali  i s ’  l ev i - i  . ‘liii s f o r ei gn m at e r i  mu

is a produc t  of the  hr ea kd ewn  of  t i m e  e l e c t ro d e  f l u x  c ov er i n g  d u t i  in g  n’ - l d i n g .

• W e l d i n g  St u d i e s

Initial welds were uiumr d c u n d e r w a t e r  at  atu nos p h tc ’ r .ic  p r e s s u r e . These

welds were made to  e s t ab l i  slm n - e l d iu -m g t e c h n i ques , check o u t  t h u e  o per at i o n  of

~ the  equ ipn ient , and to  d e t e r m i n e  base we 1(1 ing p a r a m e t e r s .  These we l d s  a l so

formed a basis  of compar i son  fo r  t i m e  we lai s made at h i gh pressures.

I
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I
I ‘l ’ime opt  I m : m i l i i m  w~ 1d I mm ~-. s - t t u m a l i t  i a i m : :  da ’v~ lopcd i~’ i t  i i  I h m a ’ s _ i ’ I m it t I iii we’ i d :

we m c

I 1-e I s h i f l  - , ci I S u s - i ’  t mu imip s :‘
Po h a  i t t  V st  i m i t  m ’ i m  t 1 s  - I t s  t s’dc l i t ’  i m u  ( i i i ’  ‘I

I A t e  v o l t  mu m a - - vs i t : ;  2 /
V a’ 1 1 mm ~s mit ~~s ‘ l ’ s i s m u pp I ~ • ‘. i~ I m m

Opt ’u i -  i i  Ft m i t  s o  i i  ,i: ’~ • \‘ ss I I

I Wi- Iai i m m g s~ s -t ’d , j i l l  8 — 10

Time w eld  [ m i t -. pa ra im me t~ m ;; cS -c m c  n.m - m m - u i  t e d  I \ I i t -  mis: I c i ;;  m m I :  ‘ i - m i ss ’ i i  - - i l :m I s m i l  Iv  i i i

I Fi gure

- Ti m e n’c I s ! : :  t l i m i t  cs-c u _ a- m m , m d a ’  had a gs ’oi i  i:s - mud s ’ s ’ i ’  I s ’ u m F imnil  i ’ s ’ u sm

relat i vat lv suum oot I i .  W e l d s  m : . : m s i s -  m i t  i m  i g u s -  i cci  i - u t - m i t  ( t : ; ~ t o  2!m ~i m ummi p i - u em - ; ’)  c,’s-ri’

I. u n d e r c u t  t i i i  ong t t i c -  i i ’ h I  ~- s ’ m ; s !  t - d t m s - s .  Ses t I 5mm ; 1 aks - i :  at I l i t - m i t ’  i5’~ E d : ;  ~ h ; s~~’s~d

that time welds is’ s ’ i c  sound c i  t i m  mlii poro:m i  t v or s l . u g  i u m c h m i : ;  I s ’ m m m ; .

A sa’ ci ~ s a i f  we i s h : :  we m a -  i imm m ui e m i t  
~~~ 

s ’ ; ;  Si cc’ S s 0 1  i a - : :  i~ s -~~~ i n m ’ . t o d amp t h i s

of 295 i i’et ( 1:11) p s i , - . ’) , 6’0l ! - ~~~t ( ‘ 1111 1 p~~~ t~~ . ’) — t umid  1:’ mh t a i l  Ci i i )  
~~~*‘- ‘) .

[ W e l d i n g  pal - m um ; m s- t a m  rs we u-c ad m u s t  i - s i  a:; m r s - c t - : ; ; ;  m m  \ t o  p i’ o ahuice a wa 1st a t  t h amse

depths. No at I ~- i s I i t  n - u : :  i , n u s i s ~ t a opt  j u s t :mi ’ t u e  n’el d i m m m - , pam - min ue t s’r: ; a l t  ima iug i m

some ciu aurge  s wa-re ’ Ski di- t a i :np rove liii ’ n- a ’ 1 d head con I out r .  ii oc5’cv i~ r , t ime

parameters ss’ l&’ct i’d cou lii lii’ tusa ’d f o r  sill — : ; it am weld i mu g mu I lu o u i g h furt hue- u’

r ef ine mcm r t would  i i i ’ d e s i r ab l e ’ .

TIre m u g s - o t  we ld  im ig  pa u mliml ( - t a - r s  I hu. ’mt we u- a- u i s& ’ al Is  Sius ti - a i in  Tab h e  1.

b lost of t Ime expe u’ i men I a I wa h u h : ;  n-c t a ’  mii aa lt ’  at Ii 80 1 cm ’ t si sm ut 1 at e’il dt ’p t  i t .  ‘l’Ime

- welds at 295 and 1 20() Ia-c t  c~’~’ u a ’ uuua a lc  t o mrhi ~ e i’ve wima 1 c iu ; lmugt ’ s , i i  any , ot -cut u -red

as a I t i n e  I ion  of p T- t:msiu re . W -  I ds we-re mmr d e w i t  Ii hot  ii sI  m a  i glut and reverse

polar! tv . St ra igh ut polar ! t v  u m a t u ’ u m ma l  Iv i s  mus ed  [or mi n d erw a t er arc  w e l d i n g  t o

prevent e l ec t  rol yt  Ic at t a ck on t i t e ’  m e t a l  couuupo n ent s of t ile e l ec t  rode i m o l d e m ’ .

I 
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Sj m ’ ’ : m L j t  ml / :~ A i a ~ I’ s ’ c , - s u- S u u p i ’ h v  c i u - c t i i  I

Et a~p (  t m ~ i 1 a c t  m ~ d s   ~~s ’ i  ( m ’ s • ‘1c m i.i m uma l s - \‘~‘l t m u g s ’ -
- I s - c t  Polar i t \ -  ~ St ’t ~ 

- 
~
‘ l : m : - m i i  cal V~ ’ h  I :: \‘ s ’ i t : -  Va I t : ;  

- - — - ~~~~ - — — 

- 2 ’~’ ’ SI m i  g m t  ~~.
‘ ‘ d )‘~ 2. ’

- I~a \ t  I m-- d ~ .‘ )
S

S t r .m e lm -‘1Cd 3 t ) u m -  m .’+ d  i:’ - l i -  tm 0 O t’ L
I~a - v i ’ r ; , i - i i O - ” i i d  ‘n o -  ~~~~~ : 1 - - i :  Im~~-l’S

- I , ?0~~ st ~.u I g l i m  00 m t l _ . i ~ h)  ~~ 5 _ i - i  (~~5 ,

m m -  u i 0 i  100- ~ ‘0 ‘C - - ’m t ’  70

(1) St  m ‘ i f  ‘Ii I po 1.i , it — a I a s t  i asia ’ m i t - - i  I i v , - :  u - cc - , - m m; ~ - p a l  m m i i  I v :  e’ i i ’s- I t m ’s i i  l’ s ’:; i t

~ 
( 2 ’h P~~’w ~~’ 

u- S i m i ’ P  l v :;a I I I m i s ’, - i t i c  I i m s i e s i  I a 1 1 lu st m m i t  c I l i e .’ i l l  I 1, ’’ , ‘ i m s ’t _’ ( l i m i t  i’ m m u u  
- 

-

• m m - m i s t  i - am ( cs - s ’s - m m  I i c  se t  :s imh mmmcmi m m m i i  a ’s1 i- at u - t e n t  s. ‘Fl u j i l l  t t i - u  i n c -a- w i l l  i’ ;u i
[r ous out’ pa in - i’m s m u t i p h i  I at a t m o t  l i t - i  . I

[
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R a ’v c u  - p m ’ l a r i  L v  i ’ m : ;  i i u v s - t :t i l ’ m m t i m ’ I  a l so  t o  ta -i’ i t  t h e  d i i f t - r a n t  l i e - a t  ba lance . -

p m ’e s e m m t  n-i t !m m c v i -  r ma ’ p-a I : tr  it ~
- c - a i m  Is ! m m m c c ’  any  c f t  e.- t sit u t i ~~- Wi - lal s .

W e l d s  i - h a ’  m; t mm ; m i i - : : ! I t i I (’d c l sgm t  I i  s i i ~ t O t )  f - ~~t a ; m,’ : m ! m s s n  i i i  F i ; i : i a -  6.

Pire t  i ’ S m , u s - r a t g i m t p i i : :  ii) i-ia ’s: t ion:; s i t t h u s - m e  i i -  I d s mi re  i i i  I - i ~‘ u  i -  /

Time we l ch ; ; am e i’~: I : 5 - 5 : 5 - 1  V po t i m  - - S l i m  i i i  ,~~ 5 - 
- ‘ - c - : ,  m i f  ~~a :- i’ it m-’ i-~ - t-

also h t resent  in t I m e  w e l d s  m S ,: m~ !s ’ at 2~m 5 ;~uuaI 
1 2 ( 1 ( 1  t e s - ~ . A:; na - nt  u s e s !  i- , m r l  i c r

I 
in the r epor t , t i re  w i l d s  i : ; ashi - u n d t - u s m i [ i -  I - m i t  mit -  m i t :  ~: I O i - i c  p m’ n- : : s ; i i r c c:e’ i ’e —

- sound wi t I m no c-v i s ldna - e  of  poro: ; i t  v . T i m e  re La m i - , t ime-  pora ts  i t  can Ia’ at tm - i l i t  I ed

1 to sonic e f f e c t  ca m msed b y t i m e  i n c r e a : - m -  of p u en su re .

F 
At h u g h p r e s s u r e s , I Imi  s i  m~e s i t  t ime  g u s  bulsis le ;‘, m m i e r a t ; - s I  f r o m u t i r e

e lec t  rode c- o5 -er  i ng u - i l l  he reduced s igni  f i ca n t  l v .  Time volu me ci i  a g iven

wei ght of gas i s  d i r e c t l y r e ’ i a t -d to  t u e  p r e s su r e  of t i m e  gas , At a depth  of

I 
680 ft -i t • the  pr e ’s su u  m c  on t ime  gas is a pp r oxi mm uate ly  20 t imes  time pressure  at

sea l e v e l .  Th e re fo r e , the vol u me of a given wei ght  of l ;as at 650 fee t  wou ld he

1/20 the volume of time same wci g Im ~ of gac at sea l eve l  . I f  the vo lut u m e of

I the gas bubble-  i s  reduced l / 2 O t i m , t u e  s m r r o u m n d i n g  w a t e r  w i l l  con t ac t  time

- weld umi e ta l  niuch c l o s e r  to time arc t h a n  mi t sea level . T h i s  w i l l  fur ther

L increase an alread y fast  cooling and f r eez ing  rate of the molten weld unet a l .

[ Time fast f reezing rate can have two e f f e c t s .  Firs t , gas b u bbles  in t ime mol ten

weld metal w i l l  he trapped be fo re  tire i, tmbl ’les can reach the  surface and

d i s s ipa te .  Second , there w i l l  be much less tinue fo r  d eox id iz in ~’. agents in

L the electrode covering to react with  gases t hat  may he dissolved in the  metal

being welded .  The gases were o r i g ina l ly  d i s s o l v e d  in  time base metal  when it —

was made in the steel  m i l l .  To produce a sound weld in such s tee l s , the

electrode covering cont a ins deoxid izers t h a t  react wi th t ime d i s s o l v e d  gases

I 
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FIGURE 6 . UNDERWATE R ARC WELDS MADE AT A SIMULATED
- DEPT H OF 680 FEET .

I S

I 
~—~~~~~~~5 1~~ 

-

—  ~ — —— - -~~ — - - — -  —



I
I
i 

17

I

-UI—’-’--

- ~~~

.

- A. St u a i g i i t  Fs t I a m - i I v

1-
I
I ~~~~~

‘

- r .  . - .,:‘ “ -

1
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I
I

to f o r m :  s s t Y p s s i m m m i , t t h a t  f l o a t  t~ s t i m e  s m u r f m m m  m -  of  t h i ~ m m m m u l t ( - ; m  i s  Iii im ie ’tal. If tiuc

r e a c t i o n  I i ’ s- Ls Lii i s ho rt , t h e  cs : ’ ; i s u ; n u i S  n - i l l  n o t  f o u m  a mid  t i m e  d i sso lv e d

I gase s wi I I I or m. i  b: i ~O - i  i-s or poros  i t  y in t i m e vt-id m et a l  .

I 
The h eat  iii tie m m i i d e . - . m a t  y l  i - a - i d  i ; m  arc for mmm s ste;ji:; i n  t ime-  ~‘a~’eo su s

a t u m m a ~~i; i m e i ’ :  i m ~imi ;s ’ d ia t c - I y :m : r r o s m n d i ~~m t i c -  ar c - . h~~m c  b r c n t ; i i s ’ u m  of t i m e  s t em5: m i n t o

I imvu l  ro çam n and o x y ; - u - r  c- ~ ii occu r  in t i m e  m i t  C .  ‘flmc: c l o s e r  p m o : - : i m m i t  y of t ia wat  i-i

I 
to t i me a rc a t  t h e  i i i ~- ;er p res su  u - s-s p ro ha l ’] , r e m , u l t  s iii Li i- f o rm a t i  ca of g rea t e r

amounts  c-f  ox~~~en and - drog e ’mr in t ime  a rc  a t i m s u m p i m e r e .  La rge  q m i a n t i  t i e s  of

I oxygen in the  arc  at r ;asp l i er e  n -i 11 cau Se p o r o s i l :.

I Tt is q u i t e  p o s s i b l e  t h a t -  t h e ’  pc rosi  t y  in these  e x p e r i u i m c m i t a l  welds

is a r e s u l t  of a l l  of t h e- s e  f a ct o r s  in c o m b i n a t i o n .  A sugges ted  s olu t i on

to t h i s  p r o b l e t u m  i s  t i m e  d e v e l o p : : : e m m t  of  an d e e ’ u- ode t i m a t ’-:i 11 p roduce

I la rger  q u a n t i t i es  of ~ ,sS to p r o v i d e  a l a r g - r  SiS b u b b l e .  Supp l e m i m e n t a m - y devices

for keeping tire w a t er  f a r t her  f rom ( m i m e -  arc  a l s o  i muig l i t  he l p to a l l e v i a t e  time

1 porosity problem.

I The welds  made u-,ith reverse po j.arit’.’ general l y were wider and

shallower and the  weld s u r f a c e  was smoother  than welds made w i t h  s t r a i ght

I polarity. This was true for the ‘welds made at all three depth l eve ls .  This

I behavior can be noted in tire i l lus t ra t ions  of the 680- foot we lds in Fi gures -

6 and 7. In conventional metal -arc welds (made in air at atmospheric pressure),

I reverse polar i ty  normally produces deeper welds than does straight polarity.

I Ther e f ore , the increased pressures appear to cause a reversal of this behavior.

Since time welding arc could not be observed closely in these studies , no

I explanation for this behavior can be provided.

I:

I 
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I 
-Tim e i ::c- , m l ;  - mp e , au ~d quan  I I t y  o f  uni on it y car ii ’:; d e p e n d i ng  on t i - c -

I p o l z u r i t ~ . i - ’ r o s i t ~ i n  t m
~~~ i u ide - , ~l - i ~ Ia ” .: r e v e r s s - — p o l a r i t ”  ‘ .- e id s  i s  f i n e r  mi nd

I t I c  i m r d i ’ . i d u i a l  p a r es  a m - c : : . a m s  c i r s - i m i r  t i m a n  iu i  ti lts dc- c -p er  s t r ;m i p i m t — p o l m m i i t ’ ,-

~-a- 1 ds .  ‘l im e m t S  h m m l i s ] e s  i :m ’ ( -  l u - m m , ,  d i : . : ~m :~ca t o  t m  m;vc: 1 to  r i - a c i m  t i m e -  sum - f ace  o f

L i u -  I s - v e r s e  ;s~ m i n j t ~~- i ’ m-  is! -; . ‘I i : - : : , , i s - i l  of  t i m e  g e ;  h m : m i d 1 en can dissipat e

I b e f o r e  f u s m . : ~~j s - , m 5 i t l i  ri ’. , : : -  p J l a r i t \ . Also , mini m - a- base i m e - t a l  i s  u : c l t i m d ‘w i th

I 
st r a i 5 ’ J mt  p o l a r i t y .  I f  t! m e p o r o s it  ,- sou rce  is time gas d i s n olv e d  in time base

m e t a l , t I m e r ~- i s  a l ar g c  r source of gas w i t h  s t r a ig ht  p o l a r i t y  t i t an  i - y i t i m

I r e v e - r u -. - p o l a r i t y .

I 
Time s t r e n g t i i m ,  m in d d u i c t i l i t  i es  of un d er ~- ’--a ter  welds  are 1ow~ r th e r m

w elds  ma d e in air even n ’ !men t-lre i-mts lds are sou nd . The very  porous ‘welds made

J at t i e  ex t en d s : !  d e p t h s  m- ; o - ml d  1iav e  eve- n poore r mnc- cimarmical properties. There—

fo re , a lt i m t s : m g Ii ar c  w e l d :’ could he - made in 295 , 680 , and 1, 200 feet of w ater ,

t ime s t r en g t lu s  of t i~~- s i -  cme l ds  n - a m m i d  i - ’  expec ted  t o  be very  low. It is doubtfu l

that these ‘welds would Ie - loch  f ree , since the pores i.n time ‘welds could

provide leakage pat h s.

No e f f o r t  was made to o p t im is e  w e i c i i n g  p a r a m e t e r s .  Ilowever , sonic

changes in weld head shape were noted with changes in the we lding par auneter.

At 680 feet , the smoot luest bead surfac e was obtained at around 320 amperes

4 and 30-32 arc volts. At lower currents and voltages , time ‘welds were

I narrowe r and more humpe d .  At higlrer currents and voltages , tire weld widths

I 
were about the same but the surface became rougher. All straig ht polarity

welds were severl y humped and cimanges in t h e  current and arc voltage did not

I seem to have any effect. Tire angle of the electrode with the plate surface

I 
was not varied althoug h changes in this ang le would be expected to have soune

effe ct on the weld shape .

I
—-
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- i i  i de -  u ; - - ; i  c i’ :s~ ; m - - - g i - I  I c 5 - : .  : m m  - ; s a: :d mm m i  m m m m i m i  - I  ~t- t i m : -  0 !  — m i n d  - 
-

I I 
* :‘du I i - I t  . m i t t  - - 1 - , : t 11; , - c s - I -~ i :~~~~: i- - S  c a 5 m~~d : i t  t a ( a - ! : - : I m m m l : ;  u s  t C

c - i d ~~~ m : -  p u - : - :  sm: i s ; l - :  ,.: 51 :s.t t~~- s c m l  i i  m m n m c ’ . : : m m i : m  t he-  [ s m i - :  U S c ’  “~~
- : - - I t~~~~H : :

as s~ m m u : m 1  j um Fl  ~: m m e  ~s . ‘t~~~~ - miii l e t  s m  - i S  t i_ -S i  r i - a d  i m m S  i s  I h - . vo l t a ~
- d i  op

i u m t l i t s -  I , , Od f~~- t u s t  m:a I I i i : ’ p au-: c m i_ _ m b - I C  ( ( 1 ~ I IC- : t tIt s i  s -c  I m is lu  c m m b l a -  ; m : m - l

I 6UC) l i - c t  a s I g u a m : -  I m m -  I - ) . ‘I - i - s c  ‘ - -~~ m m m i  Scm i - n t :: tic- i i- m i s t  i~ -~ ; m - t  i c ’ c m m m m s c

(1)  1 mm r i m : - we l i i i  : - — t lit ’ ~ ~s I t  m m - - s- mm m i r e  u mo t c5 ’ : l m :  t Lm m r I n t  I l m m c  1 m m  i

m- , s i s i d i  v .  1 l m m :; , a n s m -  c t  v m i l m m e -  i - - assi st i i ’  u s - m m i f ro u i m ( I i i -  m o t e - S

I amid s~n I ‘-,
- amm :m 1 5 1’ m o -m I -- - a t  a V a i s m c  cmiii i - c  r u ca s i

- (2 )  b i i :  i- c ’ t m m ’  cmi  I t S  i t  m ~ t a  I s  ml c !t .’i- t a lack a I - p mum - - , I. i m a  1 0 \:~~ .m Id

1 h~ a vs ’1 t ~~~c d i a s ; : i i  I i : t -  ; , m ~ h s - m :  I m is: :m t i I mn1 i ~~- t  i c - c  i s - ! d i n  5 lie

p CO i IC (I  em it s  t a .  ‘li; is i n i n  m m J . i i t  i o u  t o t iu c  c o l t  .-: :s -  drop  f in s :

t lec tm r i c-m i ri_ -s I st  mmi i i ’ s - . ‘Time i s c m m : m : r  m d  vi’ ] t m ! - ~~- d r op  is t lie su mum

I of t h e  t : m d s ; e  I L y e -  and i t - S i  s i an t- i- I ar: s~’5.

i -Ti c - v o l t  m n :  d rop;;  in t i m e ’  c ab l e s  m i l s o  u.’ a m c  calculat i-si tuning tim e p lot

of  vo l t a ge  dr op versus  c m u r r e m r t  co n t a i n e d  in time P . S. Nav y  U n d e r w a t e r  C u i t t  i ng

and 1~e1d i m ig  Manual .  ‘rime m : : i -mm si i r e -d m u S s !  cal cmi lat ed  v i s i t  age dr op s  are l i s t e d  in

I Table  2.  Time measured vo l t age  drop was about  3 or 3 — 1 / 2  v o l t s  i m i g !mt- r t im an  t I m e

c a l c u l a t e d  vo l t a ge  drop .  This d i f f e r e n c e  i s  t h e  added v o l t  a ’~ u drop d im e to t im e

I induc t ive  f i e l d  j u l t ime co i l ed  ca b le .

I Ti te vo l t a ge  d r o p  at 1 , 200 feet  was t i me  same a s  t i m e  b OO— foot v o l t  a m ~s:

I 
drop since the same length of cable was used for both se t s  of  experim ent  cml

welds .  Time vo l tage  drop at 680 feet  was hi gher t im an  at sea level  since higher

I

- 
‘ 
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I
weldin g current s s-are- be i ug U mic- d a t  (mi: (I fe e t  . T i m e  h i  pi e  m - c mi  r r e m m  t l i e - i t s

I tim e ’ cab le and im ~c ’ : c - c ~~i’~ t I e  c a b l e  i c - s i s t a u r c e - .  A ,;  a r c : m m i i m , t i m e  r c S i m ; L m : : : s - c -

I v o l t ag e  drop  in time- c a b l e  is p r c - m i ( e 1  . In a c t ua l  m m n d c r u - - m i t e r  we l d i u g - ’, ,  l m m m c  c m m h ] e

would  he i n  t h e -  ‘w a t t - c . T u e  c o o l i n g  c f f e  t m s f  t h e  c m l  s-r n i l p h i t .  l i - s a c - u n  t i m e -  r i s e

of c a b l e  t c m p s m ’ r a t u m r s :  m i n d  t i m e ’  m m c c s m - - : p - n i c i m m -  in c i ’e- m ; ss ’  j i m  c m m l  1€ vo~~t s- ge d r o p .

• Ga s A m m a l \ ’ mm i :;

The gas b i m b i  I ts ’s evol .vt-d d m i r i n ~; ‘a - 1 di  m g  u -mm rc m on t 1 ~
- ci fo r  u s ’ :y s ’ c m r i

and h ydro~ a im t o a s s e m t n i n  i f  a b i t i  i d u m p  o f  t i m e s e ’  m m s  I m I - i m l c , s c o u l d  c on s t - i t i _u t e

an exp I~ s s ic - e s a f s - t m ’ i m a z a m ’ ci .  An s und am r u- , su t i-~
- i- :eld c am:  mmmdc :  i s  [ m I s -  u m i  t r a - c- m m —  f i l l e d

cim arm ;b er at atu :mns p i u eu  l i e  pn - s m ; i i c e .  T h e -  c l s m m m . m i m r , r u m m m s  p - m m  cmi v i  di n~~u - a g - ms fOr

15 m i n u t e s  p r i s i  to ‘- m e l d i n g .  A sam s :pl e o f  - m i s  t ab o o  t ; s m i m  ( P m  c I s m ;  - - - i  e - f t  e m  t i ~~~

weld c-:nms - s i sm ~ I ct ed  ‘was anal yzed 1w ma SS -‘ (‘scm . ios- :s ’ l ’’: . l i i i-  i(-Su I t s  - ii

- 
- Samp le ___~~~~ o -itin ~ , Pom r e m i t  mc ; 

-

Number N2 02 -

1 98.6 0. lO 0.95 0 .27 0.02

2 9 9 . 5  0 .08  0 . 1 0  0 .26  0 .06

3 9 8 . 3  0 . 1 0  0 .34  1 . 2 3  0 . 0 3

Since time ci mam um ber was filled with nitrogen prior to w e l d i n g ,  t i re  sauciples had

a hi gh n i t r o g e n  c o n t e n t .  Time oxygen , h ydrogen , and carbon dioxide in f-he

sample were evolved during welding. Some additional atmosp heric oxygen

- 

probabl y remained in ti m e cima nmb er in spi te o f time 1 5 — m i n u t e  n i t r o g e n  purge .

In this  anal ysis , the relative anm ouu nts of oxyge n and h ydrogen are

the primary in te res t .  I f  it is assu med t i rat  all o the oxyger i , ’wa s evolved

during welding ,  then time oxygen and h ydrogen content s of the saumup le would he

I-
I
I 
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P u n s ’ f l i t ’  ~‘ ‘-d i s o ,  i c e -  [ hum s m m - ; t a s~ I m \ t t u  a - s m :  1 m m  o ’ m m  - s u m  m i s ’  I m s m : : - s  t a i  n , 5 ~~~~~~ a ’ s - t m t

a s s :  is t  m i s i  s l .  l u . mm ’ I i i  t Ps  m a ’ a ‘:~ ‘ i m s  i t  ~s I 1- a! i ,‘ - ci i  mm m m  - I ‘,~ v , s - m u s -ai m i s !  ~ i~ a -  ~\ i s O m  I

miii ~m t u m  c’ - A [ ‘ i i i  I d —  Ct~~ a ’ I 5 - 5 :  ‘ i s I s I c : ;  i ’ s ’ l i i  e- t s c ’ t v s ’ si  I m i s .:’ m m m d c  m i - - s  a m  a m a - i s a . i s l  j i m - ’,

I -: a masm - l~l m i t  i t  c ut a ’ i t i m  , - ‘ i s  I a m .  I Vt ’ I - - 5 : - m s  a t  -

t m \ ’ d l  P - I I ’  i~ \ \ m  P - V  ( i l

‘l i i , ’ i s i m s ic ’ 5 1 , i  [ a m  ~~~ - 5a m : - m l  a i - s m  I u u i ~ 5! ( R I  a : m  1.- s ’ l  s~ m m m i i ! ,  t a a la ’ t a’ t t i t i  i R ’

t t  t ime ’ ~~~~~~~~~~~ 
, u i s  a - m i t  m i i - , ~ ) l  5 5 5 . . - ~~~~~ 1 , 1  I s c - c u r _ mi ¶ s ~ ii i s ’’ t c ’i iilt’ a l s lep t  i t : : . :‘s~ ;

w i t  Ii  ti le - i - a ’  La! l i i ’, :- I u s 1  I ~
‘ ; m , c u t  t I i m p  p~s t 5 i - m m s ’ t i’ m s i.’ t ’ i  a ’ m:ii ’ ,- s m m um i t ’ d  atsi l pm mm ; m i u m m i  I c - s c m ;

i t  I t :  m i uj u l c

C u t t h u ~jj ,j a  c - s -mis: m c - :-

In gt - u i c - m a i , c i m i  t l u m p  p m  s ’,i ’a l i u i t ’S 1 s t  a ’ i-S l i i i ! 1, -m u - t s ~ t b 5  t~a~ I~ i m t O ,

pr oced t t r e s .  P a i smi t  s - i s a :  , a ’i ; hr t a - a - i u u u i c p u a ’  is’t ’ l  e u t ’q mi I u 5 - u! , i m a * i s c ’\’ t m , be -s’a m is t -

of d i l  ftu i e u m i ’e m u i l l  t i m e  t is’ai p m  act- :; Sc: :

‘lime c u t  f t  I t i s ’, t-l ect m an t e  ~i m m s  p o s i t  i ai m s i -si VI.~ t I cm i i  t ci t I t s w a u u k p  I

Inst cad of Ise l ug  augh t! as l f l  we I d i  i m p .  To u s i m m i s  a’ t i m e  c u t  , t w o  i - m i  imnu i t  m m u u u ’ a ’ uu S
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‘ 
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l I m e -  c u t  t i m m p  s 5 [ l s ’ t  , m S  i _ s u m i , . s m s  s I l l  t m l  a’ S ! [s i m ; t  m i L l  m s ~ - , 5 i 5  S i m s  t s i  5I s\ ~ 1 5 5 ’
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Ci t I  qua  l i t  V ;tfl ai ;i P I ’ a a u m m a c -  i - s I a I i ( - m m - m i m i -  :11 ( s m  t ii s l s - ; s  ( I : ’  -

C u t s  : m l - m s  s _ s i C  m i m i c ’  j i m  1/ 2 — i n c - i s — I  i m i c ! m  m ; t c - e i  a t  (‘PIt s - s t .  Aim itSm Ct (’ s ; . C ’
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s_ 5a s 1:L -~~- a - s s m i r \  . 01 ! m  5 , 5 si , t i m e  t i l t  I l u g  p m m l - 5 i m s - t e r S  s _ a m a  ( l i ’ s m s : s m c - . ‘l ’imc- 1/2— j ima -lu —

L i i i  cit p h  a t  cm was m a ;  a -  d f l i t s ;  I t to  c u t  t l i m o s  t i m e  1/ 4 —  i n c ’ i u —  t h i ck  1)1 ate . ‘l im i  mm s _ - a s
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opera t s r  cot s  id n a i L  obse vt :  t i m e -  e m i t  E l  im p opt ’ r u m t  m u  ci  o m: c  I v so i t  u5mm s d i  f f i  cii ] I

• to t e l l  \ 1 0  I i i s 1 Lime p1 m m L e -  s _ m m ; :  l s c  h i p  im us ive d m i t  t i r t -  a -o r i ’ec’ tm spe-c-d . P a i n t a i n i n g

the prcps-r a mc lcng.t is also c-Jas c l i f f  i c u m i  . Soms ie iu is y s s v s - m ;ai; t s_ mi s gained isv ems i im p

reverse p o l a r i ty , P~ s s ~ imc ~~t 1 m m  i u o s i - a t~~-d h r  t i m e  p i m u t e  s _ m i  t i m  r c v u ’ ; m ; c  p s s l a r i t v

- than s _ i  Lii :; 1 Ia I gI . t  ps s l ar  i i  v ru  i t  is s - s i m m  t s r  t 0 mu on mu l i i  ( m m  t h e -  c u t !  i n s - , act  ‘a oil .
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— Time whi t-his of t i r e  c s _ m t  s in both /4 and 1/?— im mci m— tlu i ck Irl at ~~
. were

- 3/8 to 1/2  inclr . Tim e r a te  of e l cc- t rod e  c o n s t u i s i p t i o n  ‘sc’m lm; about: 6—1/2 itmch m es of

e lec t rode  per foot of cut for I /4—inch — t h i c k  p l a t e  and 18 i n c i t e s  of e lec t  rode

per foot of cut for 1/ 2 — i n c l m — t i m i c k  plat - - .

4 Gas A n a iv s  i s

Samples of time chau rthe r gas w et -c amma ly zed for oxygen and h ydrogen in

I the Sante manner as (luring the w e l d i ng  s t u d i e s .  The me la t i v e percentage s of

oxy gen and h ydrogen for  four  samples were :
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FI GURE 8. OXYGEN-ARC CUT IN 1/4-INCH-THICK STEEL
- 

MADE AT A SIMULATED DEPTH OF 680 FEET.
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