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AnInvestigationofEIectronBeamWelding of  SinteredIron'

By  YoshifumiSUEZAWA**,Hideo  KURODA***and  Hideki  KOBAYASHI***

                                   Abstraet

    Zleis rapert shows some  esperiniental  data coneerning  the electron  beam  tveldiTig of a  sintered  iron haviri.g varihus  kinds of
Porosities. Tlhepuipese of tftis irtvestigatien is to thake  clear  the reiation  betumeen the tveldittg  cenditions  and  the weld  structure.

and  shrinkage  of weld  zone  of the sintered  iron. 71fie results  obtained  are  simimarined  as  foUows:
(1) ne  Pores in a  sintered  iron zone  which  the eiectron  beam  hadPenetrated, duopPeared and  the zone  turned into a

    selid  state  because of the sintered  strtecturs  had been melted  oj, the beam current. And tfie dU7?rence beiween the strtec-

    ture of tvetd zone  and  that ofbase sintered  iron tvas deardT observed.

<2) ft was  ebserved  that several  cracks  Lvhich  cuased  a  lowering qf the wetd  strength  deveioped at  the boundany of the toetd  zone

    owing  te the high Porosity of a  sitttered  iren erPassage  of a  high beam current,

(3> 7he  pet!etrating cigPth  ofbeam current  increased with  an  increased beam  current  and  an  increased aceeierating  voltage,  as

    well  as  an  increased the porosity ofsintered iron,

(4> TVte penetrating width  of specimen increased with  an  increased beam  current, but concerning  the accelerating  voltage.

    a  reverse  tendenay  was  observed  because of the electron  beam diameter being Pinched due to an  insreased accelerating

    voltage.

Introduction

  Recently, various  kinds of  sintered  metal  preducts
have been used  by the  mechanical  industries. The
mechanical  strength  of  these  products  are  as  high as

those  manufactured  by forging or  machining.  But, it

is very  diMcult  to  manufacture  a  machine  part with  a

complicated  shape  by one  body  forming process, Such
complicated  machine  parts have been manufactured

by rnetallurgical  process, fbr instance, welding,  solder-

ing or  brazing.

  The  purposc  of  this  study  is to shew  clearl},  the

joining precess of  sintered  iron by the  electron  beam
welding  with  high  cnergy.

Experiment

  There  are  few reports  concerning

sintered  rnetals.  We  have  on]y  threc

sub.iect  by  Mr.  W.V.  Knoop'),  Mr,
and  Prof. Onishi3).
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Photo,  l Microstructure  oi'sinterediron

   (ii) Elements:  Fe 99.959,b, C  O.Ol%, P<O.O19,･t/,

                S<O.O19,'6 and  few insolub]e cle-

                ments  far acid

  (iii) Grade: 200mesh
2.1.2 Formingconditions

   (i) Dimensions:  23.6di× 35mm

  (ii) Forrning  machine:  Oil prcssurc forming  press
           (capacity: 50  tons)

  (i{I) Form{ngmethed:

       The  above  mentioned  pure iron powder  was

       compressed  by  a  50  tons  oi]  pressure forming

       press in the  die, being coated  with  Zinc-stearate

       [Zn-(Ci7H3sCOO)21 diluted with  benzine

       under  2 ton/cmZev･t') tonicm2  loads. The

       porosities of  these  compressed  powder  pieccs

       were  IO, 12, I4, 18 and  22%.
2.1.3 Sinteringconditions

   (i) Tempcrature:  11500C

  (ii) Time:  45  min  kept at  11500C

  (iii) Furnace: 35 kW  resistance  furnace op-

                   operated  in H2  atrnospherc

  (iv) H2  flow rate:  6t/min

2.1.4 rvIeasurement ofporosity

  The  porosity of  these spccimens  "'as  mcasured  by

the  fbllowing equation

     P.T. (i -:,)  × iOO

                         
22%
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(7e) Tme  ot  tbe  J.WS.

･ whac  P:  Porosity(%)

        D  : Density of  sintered  specimens  (glcml)
        D,: Density of  Fb (stcmt"> ,

    In this  experiment  D,==7.8 was  used.

  Photo. I sbows  the micrcrstructure of  each  sinmi

  iron having  a  different porosity.

  2.2 ELcatron beam weldbrg  of-sihtered iron

    Af{cr these  specimens  were  ground ancl  finished te

  23ex35 ± O.02mm,  their  sudiaces  wert  degreased

  with  trichloroethylene [GICH:caIdi and  cleaned  with

  acctone  (CH,COOH,> before tite welding  opera-

  tion.

    Two  specimens  having the  same  density were  S

  points tack-welded  on  the  abutted  joint in lengitudinal
  direetion. And  as  illustrateq in,F:ig. I, these  specimens

  were  turned  in the welding  chamber  by turning  equip-

  ment  at  600NIOoommtmin  spf}ed, and  then, the

  eiectron  beam  wn  pFt}jeeted to  thc abutted  jeint,
  These operations  were  (}arrietl out  in the  vacuum

  chamber  at  5 × le-`Torr. 2ds inclicated in Fig. 2(a)

  (center ofspecirnen)  and  (b) (lcswer part ofspecirnen),

  the focus.･ofthe beam  was  fixed alt two  positiens. Arul

  also,  in order  to facilitate gas aahaustion  ffom the

･ wetaed  zone,  the wekling  operations  wcrn:  canied  out

  using  the  specimens  having a'S  rrim  dSatneter bole as
  sliewn in (c) (center of  spednen).  In the case  bf

  Fig. 2<d), a  geod  result  was  nQt  a(ihieved  because of

  the  mehing  down  of  both srdes'of  the specimcn  whcn

  the  electren  beam  passed thxpugh.

    Goncerning  the  means  of  tlettmining  the focus

  position, there  are  two  ways  well  kncvwn, one  being

  the visual focal pointprocess, that is, a  narrow  beam

  which  has a  strong  bright pc}int at  the beani pr(}jected
  positfon is applicd  on  the  meta1  surfra(le using  a  weak

 
- curtent.  rme  other  is the M  test process prt}posed

  by Prog  Arata, that is, the  actual  foeal point determined

  under  practical welding  condltiens.  In  this experi-

  inent,  the  focus position was  aeterrnimed by the  former

Fig.!  Weldingmkthocl
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means.  Also, as  is wtfi  kuQwn,  the effects efthe  fau''- 1･1. /'/'

p(isition on  the result  of  welding  are  shown  by  thpt. ,.･:lg
active  parameter, ab  value.'  

'1.n'
 this experiment,  tht  ,'/.;'Qi

symbal  ab*  was  use{1  to dpm  clcarly  the visual  fbcal 
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point. [EIhis e)cperimenc,"zs  c=rTied  out  under  a  ecm-  
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used.  The  welding  oDnaitiens  used  in this ercPltiC  ･1:.:tleg
rnent  are  shcptwn  in Table 1. 
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structure  varied  with  welding  conditions  as  follows. -':'.:
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  For the casc  of  FZg. 2 {a>i,tlre relation  between thc .- ',t:'//L'

bearn
 cFrrent  and  the depth of  penetration  is iH}-, ･･,:,./fl,,"

strated  m  Fig. 3 (!O% pomity)  and  Fig. 4 (22%･'･ ,Jl:;it"
perosity). From  these figures, it is seen  that the deptli 

',''1..i?,l

:f/,llP.".:t'llltiOl611S.FT;i/6:f.,ee.mmatt'a.intq)reaSe.I.Oi4,ltlltetttlllllp.llllii'
s(}lid  metal, it is well  tm  tltat the depth .of pds£ell'". 

,ISi:,ee

tration  varies  linealy wi,th. thg beam  cmmt,  but iris .J 
':･'li5j,

the case  of  sintered  metfitl･as  shgwn  in Figs. 3 and  e, 
'tt'ft

                                           i'ii
                                           ., E

EB''

.)23

E.B. Weklk:g mitions  of  sinteTed  iren

oo

150

   (rnA) l
Bearn

 
CurrStat.

 I. .,. 
.E6cqs

 Pbsitien

i"atsiFli.gs
 i ab.{Pig

 2

4--J20
t2.s6

 i a..(C3.gs   (d)ab-
 O･ee

4".20

Fig. 2

.<g.sb"(il].s6 i ab3ft}.gs   (d)a*b
 O.ss

.swa,ec,Rgi;i.,.it-wr/lik:f

6eoNlooo

''

 SxlO-4

6co.-1ooOi5xlo-4

soO lk  Beam
 Deflecti(m
Etiulpine[it

Amplituk
3 mm  usod

ILmplitnde
3 rn!n  1.wi.-

C4)

   
-LT/,A

    k,'sFl

    s･a

   ljl./s
   

--:l"

  , ･･},k

 - .di
    

･-:k
 
'
 , -1,;

  -/,/,ee,.

 , r-'ze,
  

/'"'i;'es'L

   ,tE"esL
 t..Y//:
･･

 .g,

    
･.a

    /tt

NII-Electronic  Library  



Japan Welding Society

NII-Electronic Library Service

JapanWeldmgSoclety

Eleetron  Beam  Welding  of  Sintered  Iron C77)

PhoLo. 2M{crostructure ofE.B,  we]ded  sintered  iron.
11 mA,  ]OOO  mmtmin,  ab*=O.95,
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Pheto.  3Dendritcstructure  of  E.B,  welded  zone,  150 kv, 1L
mA,  IOOO mrn/min,  ab*=O.95,  10%  porosity
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Porosity=10ele

5 10 15 20

     Beam  Current (mA)
Relatlon between beam  current  and  depth of  penetration
(porosity:10?le)

it is observcd  that  the  increasing rate  of  thc  depth  of

penetration becornes  large with  an  increase of  thc  beam
current,  and  this  tendency  is prominent with  in in-
crease  of  the  porosity as  shown  in Fig. 4, In the  casc

of  lcss than  4 mA  current,  as  shown  in Photos 4 and

..--.EEv
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Fig, 4

Porosity=2201o
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      Beam  Current (mA)
Relation between beam  current  and  depth ofpenetration
(porosity : 22%)

Photo. 4

Photo. 5

Penetra!ing  depth  at  4 mA,

600  mmtmin,  ab*=O.86140.i.

 porosity, 150 kv,

Penetrating  depth at  4 mA,

1000 mmlmin,  ab*=O.9522?,.

 porosity,150  kv,
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5, in,a few specimens  there  was  no  penctration inte
the  cenber.  Also, in the  case･  e £  

-me
 thqn  l5 mA

beam  current,  there occunte･.sdiebtc'  ov' er`fused speci-

rneds  with  marr}r  peres. [[1ius,'.1'a rdASL;11･ mA  bcam
current  was  found the best. PtSeto. 6 shevat  tbe nicro-
strtietute  ofa  good welded  specimen.  

'

  Concerning the width of  fused zone,  in a  few cases
it increased with an  increase of beam currsent,  Fivm
Photos. 7 and  8, it is clear  tim  the wicith Ql; the fUsed
ione  increases with an  incmase gf  the beam  eiirrent.

As  sliawn in Pheto. 9, in the case  of  speeimeri'with

high pbrosity, it was  several  times  ebervedt  that  a  few
eracks  develeped at  the  boundary ame  befweep the
fUse(l zone  and  the heat affocted  cone. This tendency

Pheto. 6Ydme"::fS#imBge.ur.,nf-auek.  ,1oo  kv, 1t mA,
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a  spmen  wnlded'by:q,'1op  ttccelerating voltage  ys..

greaber thari that  of  ene'  wckled  by a  high  accletating'

voltage.  
-
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3.1.2 P(rr℃ screatiQn  ,'

(i) Pores at  bead tep  ,'

  As shown  in Photos. 4, 5 and  9, some  pores were
creatcd  at the top  of'bessl-sstattsult ofpenetratlon  of ･'

the electren  bearn into,ttuyskitctcd iron which  invehres
rmy  pores in the sttuucturet  

'
 Concerning this pher!o-

rrvenon,  it s¢ ems  that  ･rftasty pores irrvolved in tkk  

'.:

sintero(l ivon d asa  result  of  rnelting･  the  

'
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Electron  Beam  Werding  of  Sintered  Iron (79)

Phote.  11

Photo.

View  ofgood  E.B. welded  structure.  15e kv, I1 mA,
1000  mmimin,  ab'!O.86,  IOO,!. porosity

12 Viesv ot'  wide  width  ofE.B.  welded  sp:cimen  90 kv,

   11 mA,  1000 mm/min,  ab*=O.86,  14`1'A Porosity

Photo.  13View  ofnarrow  width  of  E.B. weldecl

kv, 11 mA.  1000  rnmlmin,  ab.*=O.86,speciemn

 150
14%  porosityt

sintered  iron, and  littlc inner gases wereexhausted,

but  some  of  them  remained  in the fused metal  and

created  porosity at  the top of  the bead,  This porosity
made  a  welding  defect which  lowcred  thejoint  strcngth.

(ii) Pores at  thc  weldedjoint

  As above  mentioned,  if the welding  operation  was

carried  out  with  pores remaining  at  the  top  of  the

bead and  the fbcus position was  set  at  the  center  of

the  spccimen  as  shown  in Fig. 2 (a), many  pores were

left at  the  welded  joint and  caused  a  welding  defect
as  shown  in Photo, 1<L. To  prevent the  creation  of

such  peres, as  shown  in Fig. 2 <b), fbcus position
should  be set  at  the  lower side  of  the specimen.  Thus,

the  inner gas at  the  bead top  would  be exhaused  and  a

no-pore  welded  joint would  be obtained  as  shown  in

Photos. 12 and  13. Also, to  obtain  no-pore  good
welded  joint, it would  be more  efllective  to drill a

Photo. 14 View  efpore  at  wc]dcd  zone,  ISO  kv, 11 mA,  1000

        mm/min,  ab*-O.95,  189,t, porosity

Photo. 15 View  of  E.B.  welded  specimen  with  small  hole, 150

        kv, 11 mA,  1OOO  mm/min,  ab*=O.95,  10`e･3 porosity

(7)
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Electron  Beam  Welding  of  Sintered Iron

         O 10 14 18 22

                  Porosity  (o/.)
      Fig, 7 Relation  between  poresity and  shrinkage

3.3 lhrdoess distribution of'tt,eidedj'oint
  The  hardness  distribution ef  the  specimen  weldcd

by  electron  beam  welding  is shown  in Fi.cr. 8, From

this figurc, it is clearly  secn  that  the  hardness  ofsintered

metals  depends on  the  porosity, and  the  hardness  of

a specimcn  with  low  porosity is higher than  that  ofone

with  high porosity. Also, the  hardncss ef  the  fused

zone  is higher than  that  ofthc  non-fused  zone  becausc

of  the structure  of  the fused zone  bcing the  same  as

that of  the  solid  metal.  Photo.  17 shows  a  view  of

the  tested  specimen.

  1

 1sE1tsDlEs[

  
ututo[VLe

     Q8 O.6 O,4 Q2 O Q2 O.4 06 Q8
     Distance from  wetding  center  (mm)

    Fig, 8 Hardness  distribution ol'E.B.  welded  specimen

Conclusions

  The  conclusions  obtained  in this experiment  are

summarized  as  fo11ows:

(1) The  pores in the  sintered  iron which  th ¢  electron

(81)

{a)

(b)

 Photo. 17 Hardness  distribution ofE.B.  welded  sintcred  iron.
         (a); 100,C porosity (b): 22V'i porosity, 150 kv, 11
         mA,  1000 mmimin,  ab*=O.S6

  beam  had penetrated, disappeared and  a  solid

  state  developed when  the sintered  structure  had

  been  melted  by the  beam  current.  And  the difler-

  ence  between thc structure  of  the welded  zone  and

  that  of  the  base  sintered  iron was  clearly  observed,

(2) It was  observed  that  several  cracks  which  caused

  a  lowering  of  the  welding  strengLh,  initiated at  the

  boundary  of  the  welded  zone  owing  to the  high

  porosity ofthe  sintcrcd  iron or  due to the  high bcam
  current,

(3) The  penetrating  depth of  the  beam  currant

  incrcased with  an  increased beam  current  and  ac-

  celerating  voltage,  and  with  an  increased porositv,
  of  sintered  iron.

(4) Thc  penetrating width  of  the  specirncn  was

  enlarged  with  an  increased beam  current,  but con-

  cerning  the accelerating  voltage,  thc  rcverse  ten-

  dcncies were  observed  because  ofthe  electron  beam

  diameter being rcduced  with  an  increascd accelerat-

  ing voltage.

(5) It was  obscrved  that some  porosities which  caused

  a  lowering of  the we]dlng  strength  initiated at  the

  rneltcd  zone  owing  to insutliciency of  gas exhaus-

  tion.

(6) In order  to prevent  the  pore from  developing  at

  the  welded  zone,  it is very  important  to place the

  focus position at  the  lower side  of  the  specimen  or

  use  a  specimen  having a  smal]  hooe  at  the  center

  to facilitate gas exhaustion  from  the  welded  zone.
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