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                                  Abstract

   llffZct ofgreove width  on  wire  melting  raies and  characteristics  ofweldbtg arcs  have been ,studied iii DasP  and  DCRP-

MIC  arc  welding  (shielding gas compositions  80 9･'.' Ar+20  %COz).
   hi DCSP,  it tvasfound  that bvire  metting  rate  increased as  groove tvidth increased, and  teire  meiting  rale  became a eon-

stant  value  as  groeve tvidth  exceeded  a certain  baundory value. In cases  tvhere  groeve tvas  narrow,  zvelding  arcs  burned net

on(y  a.f groove bottom bzat also  orr beth groeve.i2!ces. TZeir arcj7ames  were  extended  and  wire  tapered  end  had a  te,tdengy io

be lengthened atid sharpened,  At the same  time  droplets beeame small  and  tran £ferred smoethey  (spray tranofbr).

   On  the other  hand, in DCRP,  characteristics  o.f arc  and  tvire  meltin.g  rates  were  not  dilected bj' groot,e tvidth.

   71he resutts  are  exptained  in tenns of a change  in magnetic.force  and  wanden'ng  area  ofcathode spot around  the conical

topered wire  end.

1. Intreductien

  Up  to this time,  many  studies  on  the  mclting  rate

of  electrode  wire  have been carried  out  in bead on

plate weldingi'2'3'4}.  But  it is considered  that  the

melting  rate  is aflbcted  by  groove  width  and  its shape5),
because the  arc  behavior is influenccd by change  of

greove  width.

  This  paper has made  clear  thc  relation  betwecn
the  melting  rate  of  electrode  wire  and  the groove
width  in MIG-arc  welding.  The  groove was  changed

by varying  the anglc  of  V-groove  and  the  root  gap
ef  I-groove. Particularly, an  interesting diflerence

in arc  phenomcna  between straight  ,polarity and

rcverse  polarity has been observed  in narrow  groovc.

2. Experimentalprocedures

2-1 ilftiterial

  The  base  metal  was  a  mild  steel.  The  electrodc

wire  was  the  MIG  welding  wirc  (1.6mm¢ ) for a

mi]d  steel  and  50Kgimm2  grade  high tension steel.

The  chemical  compositions  of  the  base metal  and

the  wirc  are  shown  in Table  1, The  shielding  gas
composition  was  80  %Ar+2e  9,i, CO,. The  shapes

and  dimensions  of  test specimens  are  shown  in Figure

Table  1 Chemical compositiens  of  base  rnetal  and  electrode

       wire

                  Chemical composition  {INTt V'i )
  pt･{aterial
             C Si MnlP

 Electrode  wire

  (1,6mindi)

 Base  metal

  (SS41)
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       Fig.1 Shapes and  dimensions  cftesl  pieces

1. All the  surfaces  of  grooves  wcre  ground to remove

their  rnill  scale.

2-2 Erperimental method  and  cigparatus

  Thc  welder  used  in this test was  an  automatrc  ene

reconstructed  from the  conventional  C02  gas shielded

semi-automatic  welder.

  Thc  experimental  apparatus  is shown  in Figure

2 and  a  schematic  explanation  of  optical  system  for

obscrving  the  weld  arc  is shown  in Figure  3. The
adopted  automatic  arc  welding  method  was  dcsigned
with  that  the  welding  torch,  was  fixcd and  the  speci-

mens  could  move  along  the  weld  linc on  a  carriage.

And  the  behavior  of  arc  was  obseryed  by  a  high
speed  cine  photography  taking  500  frames per second.

  The  method  of  wire  melting  rate  measurement  is

as  foIlows; First, thc  number  of  reyolutions  of  el-

ectrode  feed roller  was  measured,  and  this mcasured

vaLue  was  to be the  electrode  mclting  ratc  by  con-

version.  The  electrode  extension  was  set  by an

optical  method  as  shown  in Figure  3--a. That  is,

a  tungsten  measuring  scale  rod  previously set  to a

prearranged  electrode  extension  was  fixed on  the

welding  torch. The  optical  axis  of  camera  was  set
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 In case  that  arc  length does not  reach

    
i2

 In  case  that  molten  mctal  flows eut

horizontal with  the  specimens.  The  arc

adjusted  after  beginning thc  welding  

'

thereafter the  defined electrode  extension

gained  by  making  the  end  point of  tungsten

ing scale  rod  coincide  with  the  end  of  wire  as

 Globular  transfer  Spray  transfer

Schematic explanation  ofmeasuring  electrode  extension  and  arc  length

  Table2  Items  of  experiment  and  welding  conditions

                               IN'eldingcenditions

  1O mm  ewing  to  the  lack ot' weldcr"s

beforc the  weld  pool,

     vettage

   operatlen

        could

         measur-

          shown

LK'fii!:l"i)gth 
･
 

W.e/l,9/;leg.SiR9ed
 Gro...,h.p.  I Wire(thxine)nsion
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   10 57 I(gap.  10mm)i  20
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                                            1 tttt-tt t

                            / 
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"'
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--'

                              (gap. 5ew31mm>  l5
  10*1 38*2
                                 V-groove  20

                             (Angle,15-"180C) 30

                  capacity,  arc  length iF taken  as  long  as  possible,
    the  welding  spccd  is set  at  57 crnlmin  er  76 cmlmin.

was  in Figure  3-b. And  the  distance from the  bettom
and  of  groove  to the  end  of  wire  was  called  an  apparent

 be  arc  length and  this valuc  was  kept at IOmm  con-

        stant  as  shown  in Figure 3-b. The  welding  condi-

        tions  used  in this test are  shown  in Table 2.
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3. The  melting  characteristics  and  arc  be-

   havior in grooves

  Two  kinds of  groovcs  as  shown  in Fgiure  1 was

used  in this  experiment.  The  welding  opeTations

have been performed under  the  welding  conditions

shown  in Table 2, by changing  the  groove ang]e  e
at  V-groove and  the  root  gap G  at  I-groove. The
electrode  melting  rates  have  been measured  with  the

method  shown  in the  section  2-2, The  results  of

measured  values  are  shown  in Figure  4. According
to these  results,  under  straight  polarity the  electrode

melting  rate  M:8  has a  tendcncy  of  decreasing  when

the  root  gaps or  the  groovc angles  became  narrower

than  a  certain  value,

  This tendency  becarne remarkable  with  a  higher
welding  current,  and  the  critical  value  of  the  root

                                 {                                  Shielding  gas:
                                  wire  electrode:

                                  Welding  speed:

                  ?i2o  
xk-rT-L-t!9gatA

                          - :                  ･H
                  gloo'  3soA  

･e

                  Lta. sp ×

.

                  Ii
'

l]--"e"-"-e'`L;;i'8;s,::is:
'

i
,.....,I,

O

i,,E
'

                   E  O 10  2o  SO ooE

                         Reot  Gap.G  (mm)

                   Fig, 4

(5)

 gap  or  the  groove  angle  to decrease  the  electrode

 melting  rate  lowered with  an  increasing current.

 However,  under  reverse  polarity the  e]ectrode  melting

 rate  did not  change  depending on  the  value  of  the

 root  gaps  or  the  groove ang]es.  Here,  the  width  of

 root  gaps and  groove angles  werc  considered  to be

 equivalent  to the  distances between the welding  arc

 point (electrode wire  end)  and  the  surfaces  of  groove.
   The  e]ectrode  extension  was  determined under

 the  constant  distance between the nozzle  and  the

 base  metal  in measuring  the  electrode  melting  rate,

 Therefore,  it is considered  that  the  surface  levcl of

 molten  pool goes up  in proportion to the  groove
 becoming  narrower  and  the  actual  arc  becomes

 shorter,  As for these  facts, the  result  obtaincd  from

 the  preliminary experirnent  that  the  arc  length  did

 not  afllect  the  e]ectrede  melting  rate  is shown  in Figure
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    Fig. 5 Efllect ofarc  length on  clcctrede  melting  rate

*)

  tcnslon.

3.  According to this  result,  the  electrode  melting

rate  is not  aflk:cted  by  the  arc  length (arc voltage),

only  exception  being an  area  out  of  the  range  of  so-

callcd  intrinsic selfiregulation  wherc  the end  point of

melting  wire  contacts  instantly with  the  molten  pool.
  The  variation  of  arc  behaviors when  the  groove
with  changed  was  observed  with  the  high  speed  cine

photography.  A  schematic  diagram of  the  end  shape

of  melting  wire  in I-groove  and  V-greove under

straight  polarity is shown  in Figure  6. According to
this observation,  the  melting  portion of  wire  end

became  Ionger as  both side  faces of  grooves came

closer  to each  other  and  also  the  arc  tcnded  to  extend

laterally. Some  droplets tended  to accurnulate  on

the  end  of  wirc  while  the  welding  current  was  rela-

tively  low, but, with  a  higher  current,  the end  of  wire

became  sharper  and  this  tendency  was  more  distin-

guished  at  a  high welding  current,  On  the  other

In general, it is considered  that the  electrode  melting  rate  (ptO is the  sum  ef  the  melting  rate  {)vlRo) owing

to  arc-heating  and  the  melting  rate  {MD  depending on  I2R heating produced  at  the  portion  of  electrocle  ex-

       Accordingly,  the i,aluc  M  is measured  in practicc fbr various  electrode  extensiens  (i); and  from  an

extrapolation  ofthese  results,  the  valuc  of  M  at  l=O is obtained  and  this  is to  be MRo2).

}:･s

:g1:-.le::r-,/c,etltEnsion,e
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Fig.6Schematic  explanation  efMIG  arc  fiames and  elcctrede  end  shape  in steel  electrode  (DCSP)
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Fig, 7 Schematic explanatien  ofMIG  arc  flames and  electrode

     end  shape  in $tecl  electrode  (DCRP)

hand,  under  revcrse  polarity, the  end  of  melting  wirc

became  somcwhat  obtuse  and  shortcr  than  under

straight  polarity and  the  shape  of  wire  end  did not

change  with  the  distance between both side  faces of
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Fig.8

   Root  gap.G(inm)

Effect of  root  gap  on  cr(=bta)

grooves as  shown  in Figure 7.

 Figure 8 shows  the  relation  between  a, that  is, the

representing  value  of  arc  extension  rate  (reference
figure 8) and  the  root  gap of  I-groove; therefrom  it
is found that  the  arc  extends  rapid]y  as  the  distance
between  both side  faces of  groovcs  becomes narrowcr

under  straight  polarity as described above.

 Figure 9 shows  the  relation  between  the  length of

end  of  meiting  wirc  L  and  the  root  gap  of  I-groove,

 As  mentioned  above,  under  straight  polarity there

was  a  clistinguishcd tendency  that  the melting  portion .
of  wire  end  stretched  longer and  thc  arc  extended  as

the  groovc  became  narrower.  However, under  reverse

polarity, the  variation  of  arc  phenomenon  with  a

changing  groove  width  did not  appcar.

 Under  straight  polarity, the  transfer  forms  of  molten

metals  changed  with  the  distance between  the  arc

and  the  faces of  grooveg, That is, as  the  arc  was

more  distant from  the  side  faces ofgroovcs,  the  droplets
became  larger to 2N3  times  the  wire  diameter and
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made  a  globular  transfer,  but  the  encl  ofwire  became
sharper  as  thc  side  faces came  closer  to each  othcr

and  the  diametcr of  transferring  droplets became
smaller.  And  the  globular  transfer  changed  to  a

spray  transfer  and  the  arc  was  stable.  As the  welding

current  becarne higher, this tendency  was  more  dis-
tinguished,  while  under  reverse  polarity the  transfer

form was  a  spray  type  without  an  influence of  dis-
tance  between both side  faces of  grooves and  an

increased welding  current.

4. Discussion  on  decrease  of  the  electrode

   melting  rate  in  the  narrow  gap  welding  of

   straight  polarity

  Generaily, whcn  the  welding  current  is kcpt con-

stant,  it is recognized  that  the  rate  of  melting  of  elect-

rode  wirc  is smaller  in spray  transfer  than  in globular
transfer6), and  in the  former, the  heat quantity of

the  transferring  drop]ets is larger than  in the  latter7"8).

  According te the results  of  the  experiments  under

straight  polarity, the  transferring  form of  molten

metals  in a  relatively  wide  groove  is a  globular  transfer

type,  and  it changes  a  spray  transfer  type  as  the  groove
becomes narrower  as  shown  in Figure  6.

  Therefbre, a  quantitative tendency  is easily  con-

jcctured that  the  electrode  melting  rate  decrcases as

a  result  of  a larger input  energy  being consumed  with

a  rising  clroplet temperature  according  as  the  grooves
bccome  narrower.  In this discussion, the  phenomenon
of  a  continuous  decrease in the  electrode  melting

rate  as  the  grooves  becpme  narrower  even  when  the

transferring  form was  changed  to a  spray  transfer

type, wi]l  be interpreted as  fb]Iows;

1) The  fact that  the  melting  portion of  wire  end

lengthens  as  the  grooves  becomes narrower  in DCSP

  The  ignition of  welding  arc  acts  on  the  Principle of

)vlinimum Voltage  as  well  as  that  of  general arcs,  and

it is apt  to take  place at  a  close  location of  electrode

to the  groove  faces. Accordingly,  the  welding  arc

takes  place initially at  the  root  of  groove, When

the  grooves become  narrower  and  the  arc  voltage  is
high, the  arc  eccurring  areas  of  thc  wire  end  (cathode
area)  and  of  the  groove  faces (anodc area)  climb  up

together.  Then  the  wire  begins to bc  melted  by heat-
ing positively also  from  the  sidc  face, Resultantly,

the  melting  portion of  wire  end  bccomes longcr as

the  grooves  becomes narrower  and  also  the  arc  ex-

tends  laterallv.           '
  A  downward  electrc-magnctic  force acting  upon

the  melting  metal  portion of  wire  end  increases with  a

lateral extension  ef  arc  in narrow  grooves  as  clarified

from  the  calcu]ation  result  of  Dr. Nishiguchi  and

othcrs9).  It is considered  that  the  wire  end  is apt

to sharpen  Ilke a  pencil tip, For these  reasons,  spray

transfer  of  molten  metal  is promoted.
  On  the  other  hand, it is considered  that  the  down-

ward  electro-magnetic  force acting  upon  the  melting

metal  portion of  wire  end  increases and  this  force

makes  easy  a  downward  transfer  of  the rnelting  metal

without  delay, the  electrodc  me]ting  rate  incrcasing

C7

eH'l),･

2

  

  

l

[7)

        O12  4 6 8 10
                  - a

  Fig. 10 Effect eftaper  index ofcurrent  fiowing pattern on

         electromagnetic  fbrccs around  electrode  tip9)

because  of  the  soiid  portion of  the  wire  end  being

heated by arc  directly. But according  to the  ex-

perimental  results  thc  melting  rate  decreases on  the

contrary.  This  apparently  contradictory  phenome-
non  comes  from the  fact that  the  variation  of  dis-
tributing  density of  heat source  (cathod point) is not
considcred  but attention  is paid to only  the  downward
clectro-magnetic  forcc taking  place on  the  melting

portion of  wire  end  (the area  is considered  a  part
where  in the  cathode  point moves  about).

  Hereafter, the  variation  of  clectrodc  melting  rate  is

discussed fi]om the  viewpoint  of  the  melting  heat eflL

iciency.
2) The  relation  between the  length of  the  mclting

    portion of  wire  end  and  the  electrode  melting

    rate

  Under  straight  polarity, thc  melting  portion of

wire  end  becomes  longer and  sharper  and  the  arc  is

apt  to take  place from  the  side  face of  wire  as  the

distance between both side  faces of  grooves becomes
shorter.  So  the  dispersion area  of  arc  is widened  at

 the  wire  end  and  the  electrode  melting  rate  becemcs

 difllerent from  the  case  that the  arc  is centralized  at

 onc  polnt.
  Figure 11 shows  a  schematic  draMJing to predict the

 thc  relation  between  the  area  of  dispcrsion zone  and

 the  electrode  melting  rate.  Now,  assuming  that  the

 electric  input power remains  constant,  and  that  the

 cathode  point of  arc  is relatively  centralized  at  the

 wirc  end  point (on the  curve  AB  of  Figure  11), the

 melting  metal  is placed  in ovcr-heatcd  condition  by

 the  high current  density. However,  the  wire  comes

 gradually to bc eMciently  melted  according  as  the

 cathod  point of  arc  disperses to the proper area  (on
 the  curve  BC  of  Figure 1I); and  the  heat efficiency

 becomes  highest at  the  point C, accerdingly,  the

 electrode  melting  rate  per unit  current  value  also

 reaches  the  maximum  valueiO).  Furthcr, the  dis-

 persion of  heat source  becomes more  extreme  accord-

 ing as  the  dispersion area  of  cathode  point extends

 wider  (en the  curve  CD  of  Figure  11), accordingly

)
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  Fig. 11 Schematic explanation  ofthe  relation  ofme]ting  rate

        and  wandering  arca  ofcathode  spot

the  rnelting  eMciency  begins te decreasc rapidly.

  From  these experimental  resuLts, it is seen  that
the length of  melting  portion of  wire  cnd  L, substi-

tuted  for the  dispersion area  of  the  cathode  point of

wirc  end,  as  arranged  to have the  relation  of  the
electrode  melting  rate  MRo,  will  be indicated as  shown

in Figure l2, and  it is cquivalent  to the  curve  CD  in
Figure  11.

  That  is, in order  that  the  melting  portion of  wire

end  may  become  longcr  and  the dispersion arca  of

cathodc  point of  arc  may  become  wider  as  the  dis-
tance between both side  faces of  groove becomes
narrower,

 it seens,  the  heat eMcicncy  contributing  to
melting  of  the  elcctrode  should  decrease with  a  de-
creasing  electrode  melting  rate.

5. Conclusions

  The  eflltcts of  groove  width  en  the  arc  behavior
and  electrode  melting  charactcristics  have been ob-

served  and  their  causcs  have been discussed.

  The  behavior  of  reverse  polarity MIG-arc  is not

affected  by  groove width,  whereas  the  straight  polarity
MIG-arc  comes  to ignite directly at  the  side  faces of

.groove as  groove width  becomes  narrower,  The
arc  extends  laterallv and  the  downward  electro-

magnetic  force acting  upon  the melted  metal  of  wire

end  increascs and  the  type  of  the  dreplet transfer

changes  to a  spray  transfer.  And  with  it, the el-

ectrode  me]ting  rate  decreases.

  The  reasons  for the  above  mentioned  phenomena
are  considered  to be  that  an  overdispersion  of  heat
source  contributing  to melting  the  wire  takes  place,
and  accordingl>,  the elecLrode  m ¢ lting rate  decreases,
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so  that the  melting  portion of  wire  end  extends  wider

as  both  side  faces ofgroovc  become  narrower  and  thc

cathode  point begins to disperse excessively,
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