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-1~ METHOD AND APPARATUS FOR CONTROLLI NG A PENETRATI ON BEADzI}\Ij&IéAS‘PD]_
VEELDI NG- The. present.invention relates to a nmethod of con- trolling a ‘ 3
ipenet nat i on: bead i-n ohe-si de wel di ng which 5 is capable of always
ensuring -an excellent penetration bead shaﬁé‘irrespective of variations
in the conditions of a groove, and also relates to an apparatus-for
perform *ing the nethod. Automatic one-side welding is a welding nethod 10
so designed that, in the butt-welding of base netals, a sufficient
viel d penetration is provi deME THORARD NP R ARA TS KPORCEGNTROIL IMRIA surface

side w thout turning then1ovprEﬁwsiﬁﬁﬁoB§~§hI&agﬁEgg gégggfﬁlféfECtEd

efficiently and econom cal |4= s widely 15

used for exanple in _the backing;s{rig melding of large steel plates
such as shipbuilding sttee presests. inventitonaredadns- ficied wirghag, athecon-

conditions in theryel fh§g &r gsfetafatith Wdad €GaS, oheSsitlee 9&P@YRgShalpech
t he root gagi1 etc., nus tg\ma bi constant . for 20 t he Qrod ction of ﬁn

excel | ent pehetrhti ot Qe fdHaYShefRSYRIRG jiddh g8 XRRIJENEhRERHEr 2 RTON
faces of the work@aecehdpendiroebpeon® veonohi varhatdensf oinethe edwditbons

‘the occurrence OéfthE;?’ﬁ'ov@ef %rn%atdggbz?ﬁfiﬁé h’é’&raﬁ“{x%é‘ﬂaé‘ﬁ‘g- FOPT GEPESrm-

the groove condilions®are ndt “al wa const ant, causli hg
nonuni formty itngtklee Pekhodti on beads after the welding. It is the.

primary object of the pAgEERAtiOVesMeonide® PReYVafiRga Bt hed Q8tldfngarméthiod
for control]ing a pepe- tration bead.in one-sjde yelﬂln whi ch overcone &he
fore- 30 i ng® YefG et LS sséhEQMe‘ébn$@ﬁt|BHEF waldbfat iaf ohasg qmetats,
vel di ng met hods gndudfd ciamabl veDd pekietd agiionoris t prowided ofy avelding the
Do, ey EEP bl e P SRR bk £ 5 41 WEERRbED s ngy e
i s thus providedowenet laodl odl1sonsughl -that welding is effected efficiently

—/ and economically. Thus, this welding method is widely
15 used for example 1in the backing-strip welding of 1large

steel plates such as shipbuilding steel products.

In automatic one-side welding, the conditions in
the welding groove of the workpieces, i.e. the groove
sﬁape, the root gap, etc., must always be constant for

20 the production of an excellent penetration bead.

However, there is a disadvantage that the end faces
of the workpieces tend to become nonuniform due, for exam-
ple, to the occurrence of thermal deformation during their
cutting and therefore the groove conditions are not always

25 constant, thus causing nonuniformity in the pentration-
beads after the welding.

It is the primary object of the present invention
to provide a method and apparatus for controlling a pene-
tration bead in one-side welding which overcome the fore-

30 going deficiencies of the conventional automatic one-side
- welding methods and are capable of ﬁaking uniform the
width of a penetration bead even if the groove conditions

are not constant.
To accomplish the above obﬁect,'in accordance with
35 the invention, there is thus provided a method of controiil-




-2- ing a penetration bead in one-side welding which’ensures a

( netration bead w dth through the follow ng steps: (a) " an inorganic
erial is arranged on a netal 5 plate; (b) the inofganic

““yfaterial is held in close contact with thé-back of the workpi eces by neans
plate; (c) a signal generator for geénerating en electric 10

of the netal

uni form

o

signal which is different in frequency, current and vol tage characteristics

froma weldi
plate; (d)

appl ying ad dnéformc penghkptipponhed
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widtdhathgenghat bhe s drajskowing

wor kpi eces gqughe netal plate; (e) during one-side welding, either
one or both- o

f th | t d, t o, ted bet 20
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detected to obtain an elpdaitrésc | npedance at and around the generation point

of the arc duri ngzgtm welpdi Q%Oﬁlgeamigg I';'?a\}:(ﬁsrﬁ%gevﬂ \%e({]ﬁjl @@ﬁ-}seé' S ddE

wel di ng current,

, speed or Wwre

extension is controll edwidhasthe ok adfi ttthe ewerkpiieceapduanseansnsifant .
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ng means, a signaEl athorchanid ahi fifidragriation . frequency, current
and'_vo]tage characteristics from a welding
power source 1is connected to the workpieces
and the metal plate;

(d) the step of one-side welding is effected while

‘- applying an electric signal from the signal
generator across the workpieces and the metal
plate; - : _

(e) during one-side welding, either one or both
of the voltage and current generated between’

d the workpieces and the metal plate by the
electric signal are detected to obtain an
electric impedance at and around the generation
point of the arc during the welding step;

(f) such welding parameters as the welding current,
arc voltage, welding speed or wire extension
is controlled so as to maintain the electric
impedance constant.

Also, penetration bead control apparatus for one-
side welding according to the invention includes a welding
power source, a signal generator, a -sigﬁal detector, a
band-pass filter, a converter, a filter, reference signal
setting means, a comparator and an integrator.

The signal generator is connected to the workpieces
and a metal plate placed in close contact with the back
of the workpieces through an inorganic material, and an

'electric_signal which is different in frequency, current

and voltage characteristics from the welding power source

?wg¥é§ for one- side welding according to
I gnal ener at or,



The signal generator is connected to the workpieces and a netal plate

pl aced;/1n close ‘contact with the back 35 of the workpieces through an :;-i
|norgahrc material ; and an electric signal @hich is different in { ;
frequency, current and voltage characteristits fromthe wel di ng power j

source is applled across’ the workpi eces and the netal plate. The et
band-pass filter passes the detection signal fromthe signal generator
only for the ddsi epplfiedquwsross tihe somkpriesescamdethe medadc pdiag®al passed

through 5 the band- gags: thaeaage af iy S ggb%lssesTh@hE' Id@te@imn%tmatlhe
noi se i ncluded in the dc S|%§ﬁ g generated f Envert e reférence
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resul ting dlffd:rl'enceossgnainc]llﬁded in theThkie sngegiatganena‘tteebrﬁt‘em tihiee
difference signal,gqsated fromthe conparator and applies its output
signal to the meldlngﬂpomer source. The_ wel di ng .power source controls the
wel ding para- meter irhfuchreferenes thhgnahe éﬁgﬁuﬂgsigﬁémsfr&mQﬂﬂé‘EG

integrator is raedhéedrbﬂcéerﬁg‘imﬂl t hﬁ'e\ﬂle(itd?‘nﬁfne% penetactoridait e Wi Hhdwheng
t he one- S|QF wel di.ng j S na nlforn1 &33 enbodi mrent of the present

i nvention,'%a m&ERdd ghde é}a1 D bea dpﬁb ed in which a 200 Hz frequenc
oscill ator. of a const dite c gompnar aglosr acowpasesc theusde 2Hignak gediegradie
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penetration resulting difference signal.

\— 15 The integrator integrates the difference signal
generated from the comparator and applies its output signal
to the welding power source.

The welding power source controls the welding para-
meter in such a manner that the output signal from the

20 integrator is reduced to zero and the width of a penetra-
tion width during the one-side welding 1is made uniform.

In one embodiment of the present invention, a method
and apparatus are provided in which a 200 Hz frequency
oscillator of a constant-current characteristic is used

- 25 as a signal generator and during the welding the ac voltage
between the workpieces and a metal plate is detected,
converted to a dc voltage and then compared with a refer-
ence voltage thereby controlling the width of a penetration
bead to become uniform. _

30 -In accordance with the invention, by utilizing
the fact that there is an excellent correlation between
a penetration bead width and a signal voltage or current
produced across the workpieces and a metal plate by an
electric signal applied from a signal generator across

35 the workpieces and the metal plate during welding, the

: welding parameter is controlled in such a manner that
the signal voltage or current across the workpieces and



bead to become uniform 30 In accordance 'with the inventioni
by Nutilizing the fact that there is an excell ent correlatlon betmeen‘a»
peddtration bead wi dth and a signal voltage or current produced acrgssrt he
or’kpi eces and a netal plate by an electric signal applied from a -
signal generator across 35 the workpieces and the netal plate
during welding, the_welding paraneter is controlled in such a manner that
t he S|gnal\&ﬂQagété] ehatent sadragdd aimedworaips baet apnd thetpenabratipnate

i's maintai ne&ewwmn ang t bR deenghk #biran Pﬁéﬂebwadéﬂgum rr%deunwamm

t hereby ensuri g uni forrm penetrat.ion e Irrespective
vari ations |%PQ$|r@ﬁb@@ebeédnd$¥¥5ﬁs1Vreﬂﬂﬁqqﬁ%e o tV3W§atd@§§|be tBesily .

to 5 enSUf@ro@veUmdﬁm1m.etraﬂ"u@‘&hebe,adww dgh pe¥sible @asliilge to
operatio and t herefore |t i S possi crease the

efficienty ofNMtHEe et dity fasd atpled'r?qd‘faq%?i’pgg%§ta§ xbitigt' Y TRE aBBUL18Ad
ot her obj ectepefatiomesanxhd thraftoayes 110 isofpdywib hwertoingri deirlab lyecooe

The. accompalbievEs atho. ot R Phr o Enel WAL of Y ETEH LOF Ehe
expl ai ni ng tﬁée ?lhbibﬁ% of one-side meldlng by the submerged arc wel di ng

15 . techni que, enp+9alQSo&&Daﬁae&%ﬁ@ﬂeﬁbsaceenp#85€uPE§ ¥RldbAYahBages
single nt, of the |nveﬁilon

a
char act |st?£ gFSgF&HFgﬁdﬁﬂnd’qﬁeQﬁﬂ%ﬂ?dﬂ°5%t EﬁrtﬁéoaeFéﬁt?Bi]9UFﬂﬂge
across the whe&erppbites ahakeme tracldong unoydpiam plweitth atdéiet hacpempangtingn 20
bead wi dt h; gwfhg Pnignfchlock diagram showi ng a penetrati.on bead
control apparatus according. to the jnvention. Referring now to Fig.
nuneral 1 desi gnat €& %wor K- b?e@esSCQeaaBbﬁqu?gig‘ﬂﬂl‘k 58ﬁ3|%’tﬂ1rﬁg"b1f"9anthe

i norgani c mepeinciple of one-side welding by the submerged arc welding
15 technique, employing two electrodes to compliete the welding o/

in a singTe pass, that is, an embodiment of the invention;

Fig. 2 1is a characteristic diagram showing the

relation between the detection voltage across the work-

pieces and the backing copper plate and the penetration.
20 bead width; and

Fig. 3 is a block diagram showing a penetration
bead control apparatus according to the invention.

Referring now to Fig. 1, numeral 1 designates work-
pieces, 2 a backing flux consisting of an inorganic mater-

25 ial and held in close contact with the back of the work-
pieces 1 by a backing copper plate 3, 4A and 4B electrodes,
5A and 5B welding power sources each having a frequency
of 50 Hz or 60 Hz, and 12 a signal generator. The signal
generator comprises a frequency oscillator having a

30 constant-current characteristic and a frequency of 200
Hz differing from the welding sources 5A and 5B. Numeral
b designates a voltage detector for detecting the voltage

between the workpieces 1 and the backing copper plate

3. ' _

35 o In the 1illustrated one-side welding, during the
starting period of the welding where no penetration bead.
is formed, the electric impedance between the workpieces
1 and the backing copper plate 3 is extremely high so




25 ial and held in close contact with the back of the work- pieces 1 by a_‘

backing copper.plate 3, 4A and 4B el ectrodes, 5A and 5B wel di ng power
. sourgges each having a frequency of 50 Hz or 60 Hz, and 12a signal \@

gener at'or. The signal generator conprises a grequency oscillator ha
30 constant-current characteristic and a Yrequency of 200 Hz
differing fromthe wel ding sources 5A and 5B. Numeral 6 designates a

vol t age det ector ctipg the wvol tage betwee Ihe rkpjeces 1 and
the backing cotp’|{o %gli't l'g eléctie 51ﬂ"a?h |Ialﬂ\.,¥s3 regllt e@Cross- sthe

el ding, duri ngﬂO\tHrtH@Q%Btl ng1¢)elrhe)cbaxfktmga a\qbplemgpm&nbrmnﬁé a¢igmal

bead is forned, t rKpI a t he
backi ng copper Sfat e’e%% 'S P%re%g ﬁl g‘ﬁqs’y\eq‘% Eglgwgé ﬁ%??’nk PF%V?:MW%
signal is appl thgs  Abeosno-topd \/\UﬂllfSlaseeSOfl &lh@ tfrequene g osgiidmtpirat &s
3 fromthe $ gnale st ad al@;gnﬂaﬁé] no signal current flows

and thus the no-load vo 1ahe frggtjencg/ oscillator is 5 det ected as

a signal voltage. After %/ﬁ('dl Weldiags edtanted, sif & satdisfasdnry pene-

Hat' on bead i s toatiah béadsngnaﬁomd,e\r,l\;hér csmgtr?taq féﬂrmngyog?)@hlel a;t,oé-
ows. Becaus ere the. penetration , be

fornmed satisfac doér'lu%@ Sggqlggiggeyh 011 1s PESRYTE 'ﬁéa&ﬁ WMSdides %1 'f'h%*t

bel ow the arc gevhgns i diheoipenetrias ismcsbeedchi s hef oymeldi ngatdppectprale,s a

through the d<eyf1@ﬁ§olaé‘d1§h$%‘?ftn‘é'ﬂe A Ehéﬁt woqu@%%lécti Oguﬁ:atb%lo%: the arc

est abl i shed between t he, workpie
Anot her cause | S§'HE & 1&" tﬂgf ?l hea'bcd%krﬁgchl G%e i’al%‘ﬁ‘@at‘%ﬂi’w theate

wel ding heat i ruthraough mtkeqfhd‘les‘ s tch eod ff @re S&rﬁgﬂé‘t&«lﬁri@%&?&ﬂd‘& on
et hen he CoNEIRCSs [BSgafTUdie, FlelBByPERRTNABH SR 1 "HT ene
backing copper plate 3 Another cause is the fact that
\/ 15 the back1qg flux 2 is heated by the welding heat input
and a part of it forms a molten slag thus'decreasing the

electric resistance.
The inventors of the present application have
obtained the characteristic shown in Fig. 2 by connecting
20 the signal generator 12 comprising a frequency oscillator
having a frequency of 200 Hz and a constant-current charac-
teristic to the workp1eces 1 and the back1ng copper plate
3 and examining the relation between the electric conduc-
tion state between the workpieces 1 and the backing copper

plate 3



qguency of 200 Hz and a constant-current charac- teristic to the N e

‘kpi eces 1 and the backing copper plate 3 and exami ning the rel ation¥®
bet ween the electric conduc- tion state between the workpieces 1, and t'he
backi ng copper plate 3 - 6- and the p@enetration'bead width in the,

condi tion where the penetration bead was forned. In the characteristic
di agram,of Fj t he cissa yrepresents the penetration bead widith (mm -
and the1ordi%g?eg¢%p?%%§€$%{f%% % %c??gﬁﬁvbftﬁgﬁ §°"9vk138|? eﬁgtggfed by 3
t he vol t age : ' i Ne Fj 2, €4 QL dj ' ] tgs
detection vo Fagg;€%1§#m¥@égg$%%e%§tﬂ?%é c%ﬁr%ﬁ%,hﬁﬁgggﬁgg§§?§9iﬁ%é gﬁge Z
in the electgf Cpe@ndpictind sbatfsés PYPFEseRHs28hbObbRYRratfPon bead
Z =Vl In the present enbodinent, the signal generator 12 conprises a
frequency osgidtimt oimPfaRdCORSt @PEiRMEL CPEpPBgEAEECEhEt HEtERtbAl vblRage
current | is constant and there holds Z = %.V or V=K -Z (where K and K
are congg ants) (vésth deteitted by tWwbenolbegéodetadtosusLent is supplied,
the detection voltage V.is directly proportional to the electric inpedance
Z and thus it repWketeatsithkigle2irtbei opddnace FepAssenlts bhesdemekrtdon
Fig. Z there is.an excellent correl ation between the detection voltage V
across the beskt2ge Voeihl & teanesentsbhbki nyrcepper theaedestand t he
penetration pead w dth. gbnsequentlg,‘by control ling the welding paraneter
so that the teRedanes fofvabhe\ebectpnicerandrrtipapsdaneeis ryPRassed Red
const ant, it.ig gossible'to obtain a given 25 penetration bead w dth.
Fig. 3 is a bPbER¥¥F agram showi ng an exanple of a

10 | 1=Vv/1

E% the signal generator 12 conprising a frequency oscillator having a

-

In the présént embodiment, the signal generéfor 12 comprises\y/
a frequenc;‘osciliator of a constént-current‘characteristic
so that the current I is constant ‘and there holds Z = K.V
or V = K'+Z (where K and K' ar;'cdnstants).. As a result,
15 uhﬁhlthe tbnstént §urrenf is supplied, the detection
voltage V is directly proportional to the electric impedance
Z and thus it represents the electrié impedance Z.
As will be seen from Fig. 2: there is an excellent
cbrreﬁétion between the detection voltage V across the base
20 metals 1 and the backing copper plate 3 and the penetration - -
bead width. d
Conseguently, by controlling the welding parameter so
that the detection voltage V or the electric impedance 2
is maintained constant, it is possible to obtain a given ‘
25 penetration bead width.
Fig. 3 is a block diagram showing an example of a
control apparatus for controlling éhe welding parémgter

such that the detéction,voltage V dis maintained constant as

mentioned previousty. As shown in Fig. 3, the detection



control apparatus for controLLing the wel ding paraneter such that the Ql |
detection voltage V is mmintained constant as mentioned previously. As N
-shownig:n Fig. 3, the detection vol tage V between the workpieces 1 a!?{é?\

t he backing copper plate 3 detected by tRkRg- voltage detector

passed t hrough a band- pass: filter 13 which passes only the out put frequency

of the frequency oscillator and thus the ac 5 signal of 200 Hz is

applied. to a copyprige ¥ WUilbd thE NwGPREFELES § b fﬂomﬁi ng [O6pper

vol t age S|gnal gener-“ated f t passe
8 for noise elinhateond atetiesdiedapplyi edheo nO&bnpar a@@tegtor e1 Svopb 2 sged

signal applied tfeoide eosaaaabags 9111%4’0 13 GAPREH Sfladdéd GnT#T ERENGELput
vol tage signal preset in ref VO ta%%fﬁtln neans 10,1 n

enc
correspondence tF&ayEReh nettrhﬁ %ﬁ'eﬂé‘&ﬂ dPAcdA 1akarpaand d:fh“cshethe ac
correl ation zbetvxeiagmhe gfen@00atiion iseagppl tiéd and & heonalerage atrtwtﬁcthhem

Kpi I
Boplee the aifyel erpavBErs ol EQOPMRGR FhRaT o) TAGCVO i anE EVOLE! hepér-
wel'ding power abedcdromA the ocgnvanmtiemt efjr disorpadded thireugdl dand iddwer 8
source SA controf r”‘rF‘oi"?‘é d'e'?gg‘?%'i:‘?% 'Qnéu%erﬁhg?%%g hﬁ% thecﬂtiﬁ%i‘@fjor‘

difference signa
wel ding current?-is TBGntYQ)HQaﬂie $Jansdt appdiedol tagdhe grampapetoge? is

the workpipges cémﬁ@\dedthﬁtha@(lf@feﬁ@lp@@r ah%hgeB sangd.atlhaneeJrﬁtremerefer-
vol tage signal 10 gl %i hec ONE, & ual _to eag @ cont{olllng
as to al ways mai FTSFn Y ﬁag tyhg, medng Ppaégr i&%? ¢&Ed “Dhet vBEREN
t he workpi eces pem@tirathen ttmﬂd nyidtbppen theat bas3sbyoftithe ececrelation
signal from theyegjges! thGeTR tqraulo% béhd! %9%8'.#.'& 1 e\téﬁe&% nscﬁbée

wel ding with a penetrati.on, Iven w dth correspondin
vol tage V thus nklk®ng'ank Pp‘(%'sqsolg 3@)"‘5J dhg | 9315(5‘(5‘(9nt1=6 P&he PI&TS r t| on?

bead/wi dth.15 comparator 9 -applies the difference signal between the
voltage s{gnals to the welding power source 5A through
an integrator 11. The welding power source 5A controls
the welding current 1in such’  a manner that the applied
difference signal 1is reduced to zero. In other words,
20 the welding current is controlled so that the voltage
signal between the workpieces 1 and the backing copper
plate 3 and the reference voltage signal 10 always become
equal to each other.
By thus controlling so as to always maintain con-
25 stant the voltage V generated between the workpieces 1
and the backing copper plate 3 by the electric signal
from the signal generator 12, it is possible to effect
one-side welding with a penetration bead of a given width
corresponding to the voltage V thus making it possible
30 easily to control the penetration bead width.
While, 1in this embodiment, the signal generator
. 12 comprises a 200 Hz frequency oscillator of a constant-
current characteristic, any desired frequency may be used
B provided that it is d1st1ngu1shab1e from the frequency
35 of the welding power source and ,also the signal may be
a dc signal. 0f course, the signal generator need not



A¥MN.e, in this enbodiment, the signal generator 12 conprises a 200 Hz
uency oscillator of a constant- current characteristirc, any desireéd- o

quency nmay be used provided that it isgdistingui shabl'e fromthé ez
frequency 35 of the welding power source and also the signal nmay be a
dc signal. O course, the signal generator need not be of a

‘constant-current characteristic provided that an electric inpedance s
provi ded betlfeerP® hed workips bak-quuerent hecbacke ber tspper provided Fubaber,

while, in ghigleetPqd Miedande i4e! 00 Ped Betwelh lthd hﬁoﬁﬁg%éege 47 5
i's controllelg, |(£ i S ;ﬁaecglléess to say that any other welding paraneter {han
the wel di ng t#Menthg TRESOPRRNViRELehdt it is effective in the

folr{rationt h-of a pefettiedd pn wbidag, inFOlthaysarrein?gdiau@mqnetﬁé the1ds kg
vol t age, ' g.speed, e W e extensian, efc.,, Or_ an
conbi nat onect%%lrece“o#] Frgyecg% uég%c%?&t hél\‘caﬁ-.‘:t"l"eflmdf1 etd:re Henkt r%%/?%he%ad
width. Stilltdusafiethatheannvebbieon wedning apptameten dhhaar tied diveddtmghods
besi des the s uEY 9ednal S NGrobifed - shi elide el di n
enploying a con_s,urrggre bcl\eSVﬂ%? eg{?gﬁg?d tg‘-aaé- '&A}‘%B?Lflﬂ%1o%€-€'} dghe
vel di ng met HRFB& Rkl @ifngaa pARSLAL IR0 khieades  Frogm examples acaysi dee -
t he(rjegf by ?ﬂr aﬂ?e nertanvfnaaganLQhré?tv&rnﬁinaniﬁgé@; a“t‘ﬂl i féea@ki_t%iﬁsﬁem ng
sai v ME pl a e hack . of said wogkpi eces through s i norganic
materi al® t%ec‘Tm%’ﬁo&%yb&@‘%%t&roa{bt&?%%# ﬁ?yag er\‘e‘terdaS%d‘n &d°eBnt r ol
met hod conpritihPf Hehetpgretofation bead width. - |

' : Sti11 further, the dinvention can be applied to

other welding methods besides the submerged arc welding,

i.e., gas-_shie]ded arc _we]dfng. employing a consumable ,
15 electrode. . S ' o/



(@) connecting to said. morkpleces and said netal plate 10 a signali .
generator for generating an electric signal which is different in
. frequghcy, .current and vol tage characteristics fromthe wel di ng power
source; (b) effecting one-side welding of sai-@-workpi eces while applying
the electric signal fromsaid signal genera- 15 tor across said
-wor kpi eces and said netal plate; (c) detecting either one or both of a

vol tage and currgn nerated between said workpi eces and said netal plate
by said electri | during sai d one-side melding to obtain an electric

4 npedance at and aroundy 20 »  gpe_ sﬁieooggtld% gfl‘%ﬂlo?o‘?‘f \ﬁ‘@l@fl\?\%?gr 'n;991r

said wel ding; and (d) conhtrol I'ing "a wel di ng such
current, arc volafig¥orkpligices sf)'eféﬂi BReyisur @;Gteensi%) bergeft chm?Wt‘%t“W"g

control - apparat i TorSiRE Mar B 8 BEEST, SR A (OReReY satd
| .

wor kpi eces ¥ omW®kdkuplate s??ietlhl?er'?eﬁ)‘?kb?far?ghé) Wgﬂ‘ﬁﬁgls “rﬁﬁ\e??hﬁ'

on E et al FLatanﬁ@ﬂgﬁi@Chnme\smu {remé nh@twoao bhﬁn@ackh?fasaedwed by
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for passing only a de
(b) effecting one-side welding of said workpieces while

applying the electric signal from said signal genera-
tor across said workpieces and said metal plate;

(c) detecting either one or both of a voltage and current
generated between said workpieces and said metal
plate by said electric signal during said one-side
welding to obtain an electric impedance at and around

20 g a point of generation of an arc during said welding;

and

(d) controlling a welding parameter (such as a welding
current, arc voltage, welding speed or wire extension)
so as to maintain said electric impedance constant.
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25 2. A penetration bead control apparatus for use
o in one-side welding for welding a pair of workpieces from
one surface side thereof by arranging an inorganic material
on a metal plate and attaching said metal plate to the
back of said wofkpieces through said inorganic material,
30 said apparatus comprising: _ .

- a signal generator connected to said workpieces
and said metal plate to apply across said workpieces and
said metal plate an electric signal different in frequency,
current and voltage characteristics from a welding power

35 source;
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a converter for converting an ac signal passed
10 through said band- -pass f11ter to a dc signal; '
a filter for e11m1nat1ng noise in the dc¢ signal
generated from said converter,
reference signal setting means for setting a refer-
ence signal predetermined in accordance with a desired
15 penetration. bead width; e
a comparator for compar1ng the dc s1gna1 generated
from said filter and the reference signal generated from
said reference signal setting means to generate a differ-.
ence signal; :
20 . an integratbr for integrating the difference signal
generated from said comparator; and
"said welding power source for receiving an output
signal from said integrator to control a welding parameter
(such as a welding current, arc voltage, welding speed
25 or wire extension) and thereby to reduce said integrator
output signal to zero.

3. A penetratioﬁ bead control apparatus according

to claim 2, wherein said welding power source comprises

a power source having a frequency of 50 Hz or 60 Hz, and

30 wherein said signal'generator comprises a frequency oscil-

lator having a frequency of 200 Hz and a constant-current ®
characteristic.

o

A




