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On  Underwater
-The  Feasibility

 Submerged-Arc  Welding  (The lst Report)"
ef  Underwater  Welding  by  Submerged-Arc  WeldingProcess-

ByAtsushi  HASUI**,  Yasuo  SUGA**  andNobuyukiSEKIMIZU***

                                   Abstract

   Fleasibility of underevater  tvetding  ly submerged  arc  tvelding  precess has been studied.  The  wire  C･T36 and  the Jeux
MF43,  which  has been mixed  witlt 40  %  water  gtass, ze/ere used.  The  base metal  was  steelfor  welded  structure  SM41  having
a thickness of9 mm.
   lhin  results  are  summarized  asfoltetvs:

(1) Ely asirtg  the 40 Y. zvater  glass mixed,17uv  and  selecting  suitable  tveiding  cenditihn,  a  stable  tvelding  arc  can  be kept undeT

ze･atei'. nen  a goed eveld Lvithout andercut  can  be obtained.  HbLvever, euen  Lvhen  tvetdipg  is dene under  the condition,  tvhich

seem  to be suitable,  blowholes areformed  in the tveid metal.

(2) Llleat insulating cfflect ofYlux.for the :vetd  zone  is si nifeant  and  ceoting  rate  of the undertvater  weld  by this Process is

considerably  iower than those by the etherProcesses.

(S) At,erage harduess of ihe underwater  weld  ,netal  is about  Hbl60,  and  that of the heat-dilected zone  about  Hb220.  So

a remarkably  hardened zon"  cannot  be 
.found

 in the weid.

(4) 7hej'oittt chcien{F of the bJtt ieeld  made  b.v ihis Process is 82 %. 7he  etengation  of the undertoaier  tveld  is less than

that efbase  metai.

1. Introduction

  At  present the  interest in development of  ocean  is
increasing in various  fields, Accordingly research

and  development of  underwater  welding  technique

havc been carried  out,  which  is considered  onc  ef

the tools fbr construction,  reconstruction  and  repair

of  the  submarine  structures,  Papers  have  been
published  that  deal with  some  conventional  welding

processes to be applied  to underwater  use  fbr cem-

paratively good  weldsi'7),  In general, however,  the
`Cwet"

 underwater  weld  is hardened by rapid  cooling

by  water  surreunding  it, And  it recluces  ductility
and  toughness  of  the  joint in cooperation  with  a

large quantity  of  the  hydrogen dissolvecl in the  weld,

Consequently weld  crack  takes  place in a  ccrtain

case.

  In  contrast  to it, it may  be  considered  that  thc

underwatcr  submerged  arc  welding  proccss has pos-
sibility  to  lower the  coeling  rate  of  the  weld  zone  by

flux and  slag  over  it and  to prevent  the  weld  from

being brittle. Moreover  it seems  to be suitable  for
welding  under  i-rater,  where  operations  is very  di-

flicult, owing  to easiness  of  mechanizing  or  automa-

tion.  In the  present situation,  however,  there  is

no  systematic  investigation as  to applicability  of  this

process to 
"wet"

 underwater  welding.

  Therefore  experiments  of  the  underwater  sub-

merged  arc  welding  have been made  under  various

conditions  to study  the  influence of  welding  condition

on  welding  phenomena  and  properties of  the  weld,

and  the  feasibility of  this process for underwater

welding.
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2. Experimental  arrangement,  base  metal  and

   weld  materials

  Fig. 1 shows  the  arrangement  of  experimental  equi-

pment. The  experiments  were  done in city  water

and  the  surfacc  of  base metal  was  situated  at  a  ",ater

depth  of  100 mm.  Thc  DC  electric  source  of  droop-
ing characteristic  was  used  and  thc  polarity was
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 Base  l,letal  R  ; vV±re  ree]

･iVire en:Moter

F]ux  C:  Vo]tage  eontroller

Insulator  ST  : Shunt

Contact  ttp  A  : Ammeter

 Feed  roll  V:  Voltrneter

 Fig. 1 Arrangcmcnt o ±
'equipment
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Table 1 Chemical  cornpositions  ofbase  metal  and

       wire  (90C

     /Srn41

 O.17

USJ36  O.14

I s,,Mn1p!s

O.e39  l O.92

O.034  2.ll
     j

 o.o141e.o24

      l

j tr. Io.olo

electrode  posit;ve,

  First of  all, preliminary experiments  were  carried

out  to select  the welding  wire  and  the  flux among

those  put on  sale,  In  consequence  the  wire  US36
and  the  fused flux )L･IF43 wcre  adopted,  which  pro-
duccd  comparatively  good  results.  The  diameter
of  wire  was  2.4 mm.

  Base metal  used  was  steel  fbr welded  structure

SM41  of  9mm  in thickness.  Tabie 1 sho"'s  che-

mical  compositions  of  welding  wire  and  base metal.

3. Welding  and  its results

3.1 Selection of welding  conditions

  In  undcrwater  submerged  arc  welding,  water

glass No. 3 was  mixed  with  fiux as  a  viscous  agent  to

prevent flux from  scattering  and  drifting away  owing

to movement  of  watcr  and  to  improve the  weldabi-

lity,

  Fig. 2 shows  the  eflbct  ef  water  glass mixed  with

fiux en  appearance  and  macro-structures  of  welds

obtained  under  condition  of  welding  current  340  A

10 mme･

CA) Flux:MF4S

 ]O  rnmi-

(B)  Flux:aO%MF43+20%W.G,

(c) Flux:60%MF43+40%NN',G.

(D) Flux:40%MF43+60%W.G.

      (E) Flux  : No  )vfF43÷100%W,G.

Fig. 2 Efflect of  water  .crlass on  appearancc  and  macro-

     structurcs  of  wclds

and  welding  speed  60cmlmin,  that  is to say,  (A),
{B), (C) and  (D) were  obtained  by  using  the  as-

received  flux (without water  glass), and  the fluxes
mixed  with  water  glass of  20, 40  and  60  9,3 in weight,

respectively.  And  (E) was  produced with  water

glass shielding,
  In case  of  (A), welding  arc  became  unstable,  which

preduced  bad appearance  of  weld  with  undercut

and  many  spatters.  It is considercd  as the  reason

for it that  flux was  blown away  by the  gas and

bubbles generated  in welding  and  it had no  efllect

to shield  sufficiently  the  part being wclded  fi/om the

surrounding  water.

  In case  of  (B), welding  arc  was  improved  to be
stable  to some  degree. However, the  weld  by it was

not  geod.  Altheugh, in this  case,  water  glass was

mixed  20 %  to  prevent thc flux from  blowing away

and  to improvc  its shielding  effect,  it was  not  so  eflL

ectlve.

  In case  of  (E), when  welding  was  dene  by using

100 %  water  glass as  shielding  agent,  welding  arc

became rather  stable,  wh{ch  produced  a  weld  with

undercut  and  many  pits on  the  bead  surface.

  In  contrast  with  these  cases,  the  flux, into which

water  glass of  30-60 9･S had  been mixed,  kept  we}d-

ing arc  stable,  and  considerably  good weld  could  be

obtained.  Especially, as  shown  in (C), welding  by
the  fiux with  40 91. water  glass produced  a  weld  with

a  bead having regular  ripples  and  good appearance,

which  had  not  any  undercut.  The  reason  may  be
considercd  as  fbllows: At  such  a  mixing  rate  of  watcr

glass, water  glass, which  prevents the  flux from fiow-
ing away  and  produces  the  shielding  eflect  b}, itse]g
and  the  flux MF43,  ",hich  contributes  to  producing
a  good  weld,  both have an  effbctive  action  on  the

part being  welded.

  Next, welding  was  done using  welding  current  of  280-
400 A  and  the  40  9'. water  glass mixcd  flux. Fig. 3

(A), (B) and  (C) show  appearancc  and  macro-struc-

tures  of  the  welds  ebtained  bv currcnt  in three va-                          '
r:,eties  ofamperagc:  Loo  low, suitablc  and  too  high.

10 mrnH  10  mm-

(A) Welding  current  : 280  A

(B) Wclding  current:340  tX

      (C) Welding  current:400  A

Fig, 3 EHhct of  welding  current  on  appcarance  and

     macro-structures  of  welds
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  (A) is a  weld  by  welding  current  of  280 A.  In  this

case,  it was  diMcult to keep  thc  arc  and  frequently
the  wire  made  short-circuit  with  base rnetal,  making

the  welding  impossible, because  arc  current  was  too

Iow. (C) shows  the  result  by welding  current  of

400  A.  In this  case, it was  casy  to  keep  the  arc.

However, a  disturbed appearance  of  weld  and  an

undercut  were  produced,  bccausc arc  currcnt  ",as

teo  high, Comparing  with  these  results,  the  we]d

obtained  by the  current  of  320-360 A  was  good. Es-
specially,  when  current  was  set  at  340 A, as  shown

in (B), a  weld  of  good  appearance  was  obtained  with-

out  an  undercut.

  The  above-mentioned  experiments  were  carried

out  at  welding  speed  lower than  60cm/min.  As
for the  welding  speeds  higher than  60 cmlmin,  welcl-

ing at  such  specds  has not  been studied  owing  to the

capacity  limit of  the  experimental  equipment  used

in this research.

  Judging from the  results,  hereafter the  experiments

shall  be  made  under  the  welding  condition:  wclding

current  of  340 A, welding  speed  of  60cm/min,  and

using  a  40 ?,'.' water  glass mixed  flux.

3.2 Chmparison with  te,etding  in air

  Fig. 4 (A), (B) and  (C> show  appearance  of  beads,
macrostructures  of  the  cross-section  of  we]ds  and

results  of  X-ray  inspection of  the  welds  obtained

under  thc  condition:  currcnt  340 A  and  welding

speed  60cm/min.  The  weld  (A) was  made  in air

              10  m]ll lo  mm
               e  e--

(A) In  air,  Flux  : MF43

                                          (11)

by using  the  as-received  flux (without mixing  water

glass), (B) was  obtained  in air  b}' using  the 40 9.
water  glass mixed  flux. (C) shows  an  underwater

weld  made  by using  the  40  9,. water  glass mixcd

flux,

  From  these  photographs,  it is clear  that  the  we]d

(A) made  in air  is sound  with  smoeth  bead surface

and  no  defect such  as  blewhole.  In  comparison

with  (A), the  weld  (C) made  under  water  has blo-
wholes  of  O.5-1.5 mm  in diameter  in the  weld  rnetal

at  a  rate  of  about  tsvo per unit  length  (l cm)  of  weld

in spite  of  relatively  good appearance  of  bead. How-
ever,  the  weld  (B), which  was  made  in air  by  using

the  40  %  water  glass mixed  flux, produccd the  same

results  as  the  weld  (C) obtained  under  water.

  Judging from these  results,  it is likely that  the

flux mixed  with  water  glass can  shield  the  weld  zone

from the  environment  and  the blowhole remaining

in underwater  weld  is traced  to the  water  included
in water  glass,

3.3 A{tbchanical Properties of ze'eld

  Micro-Vickers  hardnes$  (load : 500g)  in the  cross
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        (C) Underwater,  Flux  : )L(F43+W.G.

Fig. 4 Appearance,  macro-structures  and  X-ray  inspection
     ofwelds  obtained  in air  and  under  water
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    Fig, 5 Hardness  distribution ofwelds

   Table  2 Examples ofwelding  conditions
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Tablc  3 Mechanical propcrties orwe]ds
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tVe'id'e'd  joint 1i 'dveld'theiEi'T'

                         i

                                  Elongntion                         iUltirnate

                                  (GL=90mm)i               invironment1strength
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section  of  underwater  weld  is shown  in Fig. 5, which

is compared  with  that  of  the  weld  obtained  in air.

From  the  figure, it is understood  that  there  is no  re-

markable  diflerence between  the  hardness of  the

undcT=･vater  wcld  rnetal  and  that of  thc  weld  metal

madc  in air.  On  the  contrary,  the  hardness ofheat-

aflectcd  zone  in the  underwater  weld  is lightly higher

than  that  in the  weld  made  in air, that  is, the  former

is about  Hv220  and  the  latter Hv160. However,
this ]evcl of  hardness  of  heat-aHbcted  zone  poses no

problem  in putting the  underwater  weld  to practical
usc.

  Table 2 shows  an  cxample  of  butt welding  condi-

tions  by two  pass welding  from each  side  of  the  base

metal.  The  joint design is shown  in Table  2.

  Table  3 shows  results  of  tensilc  test of  the  welded

joints made  under  the  conditions  shown  in Table  2.

The  specimens  for tensilc test were  cut  out  of  the

middle  part of  the  weld  at  4 cm  er  rnore  off  the  start-

ing point of  welding  and  the  crater,  where  welding

had  becn done jn a  thermal]y  quasi-stationary state.

The  rcsults  tabulated  at  thc  ]eft colurnn  in the table

show  that  the  parallel specimens  having  a  width  ef

l6 mm,  which  had been  prepared  from the  as-welded

joint made  in air,  were  broken at  the  basc  metal,

And  most  of  undcrwater  welded  joints, with  somc

exceptions,  were  broken  at  the  base metal.  Next,

tensilc strength  of  the  weld  metal  was  measured  using

a  specimen  with  a  V-notch  of  2mm  in depth such

as  shown  in Table  3. The  results,  tabulatcd  at  the

right  column  in Tablc 3, show  that  the  weld  metal

obtained  in air  has a  suficient  joint eMciency  of

108 9,6 and  that  made  undcr  water  has a  low  value

of82  9'o'･
  Elongation  of  both  the  wcld  metals  obtained  under

water  and  in air  is lower than  that  of  the  base metal.

And  especially  elongation  of  thc  underwater  weld

mctal  is half of  that  made  in air.  It scems  that  blo-

wholcs  in the  weld  rnetal,  as  shown  in Fig. 4, are  the

LE6at{o'n
  offrncture

        1

         JointUltimate
        efficiencystrength

<kgtnm2)          (%)       '

Base  metal

Base  metal
      -
or  weld

554?..42

llongat ± on
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201iOO
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causc  of  decrease  of  joint efficiency  and  elongation

of  the  weldedjoint,

3,4 Structure ofweld
  Fig, 6 (A), (B) and  (C) show  macro-structures  of

butt welds  by two  pass wclding  and  fi11et weld.  In

every  case,  good  welds  with  suMcient  penetration
can  be obtained  without  defects such  as  undercut,

s]ag  inclusion and  so  on.

  Fig. 7 (A) - (F) show  micro-structures  of  the  un-

derwater butt weld  by two  pass welding  and  the  base
mctal.  The  specimens  used  in Fig. 6 and  7 were  rnade

undcr  the  welding  conditions  shown  in Table  2,

They  show  micro-structures  of  weld  metal  by the

second  pass welding  (A), bond  of  the  second  Iayer

(B), heat-aflbcted zone  ((C) and  (D)), thc  first pass
weld  metal  reheated  by the  second  pass welding  (E)
and  base  metal  (F).
  In  the  weld  mctal  by the  second  pass welding  (A),

(A) In air  (Butt welding)(C)

 Underwater
    (FMet wclding)

(B) Underwater
    (Butt welding)

          Fig. 6 ts{acro-structures ofwelds
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NII-Electronic  



Japan Welding Society

NII-Electronic Library Service

JapanWelding  Society

On  Ullderwater  Submerged-Arc  Welding  {The lst Report) (13)

(A) "'eld mctal  of  thc  2nd  Iayer(B)  Bond  of  thc2ndlayer (C) At  lmm'  dtstance from  bond

    (D) At r.8mm' distance from bond  (E) Weld  metal

                                     (reheated)
                          Fig. 7

the structure  consists  of  bainite, pear]itc, and  a  little

ferrite at  the  grain boundary, In the  part (B) ad-

jacent to the  bond, a  coarse  nctwork  of  ferritc, which

is composed  of  bainite, pearlite and  a little marten-

site,  is observed.  At  1.0mm  distance frem  the  bond

(C), the  structure  becomes finer and  cons,ists  of  fine
ferrite and  pearlite. At  1,8mm  distancc from  the

bond  (D), a  structure  with  ferrite and  spheroi-

dized pearlite is observed.  Structurc of  thc  base
metal  (F), composed  of  ferrite and  pearlite, is con-

tiguous  to thc  structure  (D). In the  first pass wcld

metal  (E), which  has been reheated  by thc  sccond

pass welding,  a  fine structure,  which  consists  of  fine

ferritc and  pearlite, is observcd.

4. Stability  efwelding  arc

  Fig. 8 (A), (B) and  (C) show  oscillograms  of  cur-

rent  
-
 voltagc  to denote  the  stability  of  underwatcr

welding  arc,  where  (A) shows  case  of  welding  in air

using  flux without  mixing  watcr  g]ass, (B) casc  cf

welding  in air  using  the  40  %  water  glass mixed

flux and  (C) case  of  underwatcr  welding  using  the

 VA

1-eoa

 
[.oo

 EOI  400
   -l
 50.  300

 40  200

 20 ]OO

 oo

Microstructures  of  base metal  and  weld  ( × 150x

of  the  lst layer (F) Base  metal

                    :)
   40  ?.6 water  glass mixed  flux.

     In welding  (A), arc  voltage  shows  a  relatively

   rcgular  fluctuation at interva]s ef  O,05 s, In contrast

   with  it, in underwater  welding  (C), a  fluctuation of

   arc  voltage  is observed  at  very  short  intervals, but a

   regular  fluctuation, such  as  shown  in (A), is not  found.
   Therefore, underwatcr  arc  seems  to be rather  stable.

   It is considered  that  a  diffk]rence in voltage  fluctua-

   tien  between welding  in air  and  that  under  water  is

   caused  by  a  change  in type  of  meta]  transfer,  which

   is influenced by  arc  atmosphere.  And  rnetal  transfer

   rate  is estimated  at  about  twenty  droplets per second

   frem  voltage  fluctuation shown  in (A), and  it is con-

   sidered  that  metal  transfer  in this case  is a  globular

   type.  Comparing  ",ith  it, thc  metal  transfer  ratc  in

   undcrwatcr  welding  is about  15e droplets per second
   by actua]  measuremcnt.  The  reason  may  be con-

   sidercd  that  welding  arc  under  thermal  pinch  eflect

   is constricted  by the  mixed  water  glass with  flux and

   the  type  of  metal  transfer  changes  to a  spray  typc,

     Moreover, judging from the  fact that  oscillogram

   (B), recorded  in welding  in air  by  using  the  water

   glass mixed  flux, has the  same  current  - voltage  charac-

(A) In  air

    Flux  I MF43

          Fig.8

    (B) In air  (C)
        Flux  : MF43+W,G.

Eflbct ofenvironment  on  arc  stabilitv

        (13)

Underwater

Flux  : MF43+･  W.G.
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teristic as  that  (C) obtained  under  water,  it is likely
that  underwatcr  weld  zone  is cornplctcly  shiclded  by
the  water  glass mixed  fiux ft'om the surrounding  water.

  It becomes c]ear  that  as  for stability  of  underwater

arc  this  process has no  problem  in keeping  welcling

arc  stable  by  using  the  40  9,6 water  glass mixed  fiux.

5. Thermalcycle

  Fig. 9 shows  thermal  cyclcs  at  bond  line and  the  parts
at  distance of  O.9mm  and  3,Omm  from bond  line,
respectively,  when  underwater  bead welding  was

done  on  SM41  stcel  platc (200× 150x9mm).  These

curves  were  rccordcd  in thc  manncr  shown  in the

previous paper5), To  cornpare  with  these  cycles,

thermal  cyclc  at  bond  in welding  in air  is given as

the  dotted line in the  same  figure. Table 4  shows

cooling  time  from  8000C  to  5000C  and  from  800SC  to

3000C, and  cooling  rate  at  5000C  at  bond  }ine, where
weld  heat input is 13-14 -/cm.
  From  these  curves,  for instance, cooling  rate  at

500eC  at  bond  line in underwater  welding  is found to

be 230C,fs and  it is understood  that  thc  rate  is higher

than  that  in air, that  is, 10eC/'s. However,  this cool-

ing rate  is remarkably  low, comparing  with  that  in
underwater  gravity arc  welding  by the  same  weld

heat input, about  1400C/s5) and  that  in underwater

plasrna welding  by  relatively  higher  weld  hcat input,
about  1000C,i'sg).

  Thus  it is definitely shown  that  cooling  rate  of

underwater  submerged  arc  welding  is remarkably

low.

  This result  corresponds  qualitativcly to t}]e fact

that  hardness  of  heat-aflected zone  has relativelv                                             '

-ucvctlct=･e,er[::･A=-li1e
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low  value,  as  shown  in Fig. 5,
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6. Conclusions

  Feasibility of  underwatcr  wclding  by  submerged

arc  welding  proccss has becn sLudied.  The  wire

US36  and  the  flux MF43,  which  had  been  mixed

with  40  9,'. water  glass, were  used.  The  base metal

was  steel  for welded  structure  SM41  having a  thick-

ness  of  9 mm.

  ts(ain results  are  summarized  as  fo11ows:
  (1) By  using  the  40  %' water  glass mixed  flux and
selecting  suitable  welding  condition,  a  stablc  wclding

arc  can  be  kept  under  water.  Then  a  good weld

without  undercut  can  be obtained,  However, even

when  welding  is done under  the conditions,  which

scem  to be suitable,  blowholes  are  formed  in thc

wcld  metal.

(2) Heat insulating effbct  of  flux for the weld  zonc

is significant  and  cooling  rate  of  the  underwater  wcld

by  this process is considerably  lower than  thosc  by
the  other  processes.

(S) Average  hardness  of  thc  undcrwater  weld  mctal

is about  Hv160,  and  that  of  the  heat-aflbcted zone

about  Hv220. So a  remarkablv  hardened  zone  can-                           '
not  occur  in the  wc]d.  This  result  corresponds  qua-
litatively to a  relatively  s]ow  cooling  rate  at  thc  weld.

(4> The  joint efficiency  of  the  butt weld  rnade  by
this process is S2  93. The  elongation  of  thc  under-

water  wcld  is less than  that  of  base rnetal.  The
reason  may  be the  blowholes generated  in the  weld

metal.

  This  report  dea]s with  the  applicability  of  submer-

ged  arc  welding  process to  undemvater  welding,  De-

tails of  welding  phenomena,  prevcntion  of  blowhole
fbrmation, and  moreoveT  applicabilit}r  of  this process
to underwater  welding  under  higher water  pressure
and  so on  wil]  be reported  in thc  ncar  future.
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  -'l.... . .. /./...-..11......1........  .- ' -..-.. ..--..-'---" ''--'.'t...=' ..-.t'""'.                                             /
               Cooling  time  (S)  lceelinff rate  ,?.ti,Veld hep-t inDut   Environment                               '
                       Boo-3ooOcliOOO:  (OC/s)  1 (kJlcm)              8oo.sooOc                               1 1                    t-t t tttttt t tt tt tttt tt ttt ttttt

                    Refercnccs

1) I. Masumoto,  Y. Nakashima,  A.  Kondo,  K.  Matsuda;  Study
   on  the Underwater "'elding  (Report I), Jeurnal ofJWS,

   co-7 {1971) P. 683-693  (in Japancsc>

In airUnderwater 26121

[aete

 103

  22bt).se'

 ,
 g,

IOF!

: Th ±ekness  of

 Welding  current

 Weldtng  speed

:/:
1314

metal  :9  mm

340  A

 em/ntn

C14)

NII-Electronic  



Japan Welding Society

NII-Electronic Library Service

JapanWelding  Society

On  Underwater  Submerged-Arc  Welding  (The lst Report) C15]

2) A. Hasui, H.  Inomata;  Deve]opmcnt  of  Undcrwa!er Plasrna

  IVelding, Trans. Nat.  Res.  Inst, Metals,  13-1 (1971} P. 24-35,

  I.I.XS･'. Doc.  IX'-52-71 (1971)
3) M,  Hamasaki,  K.  Sumitome,  S, Matsuoka;  On  the  Stud{es

  of  Underwater  Fire Cracker  Welding {tst Report), 42-7

  (1973) P. 666-673  (inJapanese)
4) M.  Hamasaki,  J, Sakakibara;  Studies on  tl]e Underwatcr
  C02  Arc  Welding  Methed  with  a  Curtain  Nozz]e, Journal of
  JNVS, 42-9  (l973) P. 897-906  (inJapanese)
5) A. Hasui, Y. Suga;  On  Underwater  Gravity  Arc Welding

  {The lgt Report),Journal  ofJNVS,  43-S  C1974) P, 767-775

  (inJapanese)
6) K. Shinada, S. Shouno,  Y. Nishio, H.  "'ada; Development

  of  Automatic Underwater Welding  System, I.1,W. Doc.

  XII-B-237`78  (1978)
7) Mobr,  H.O., Kluttz, M.,  White,  B.E.; Hydro  Weld  Under-

  water  Welding Process, OFFSHORE  rl/ECHNOLOGY
  CONFERENCE,  Paper No.  OTC  l782 (1973)
  A. Hasui, J. Kinugawa, Y. Suga;  Development  of  Underwater8}

  Plasma  Wclding  <Thc 2nd  Repert),  Trans. Nat. Res, Inst.

  )F(etals, 14-2  {1972) P. 75-87, I.I.NV. Dec. IV-86-72 (1972)

(15)

NII-Electronic  


