METHOD.-OF CONTROLLI NG A PENETRATI ON BEAD I N ONE- SI DE WELDI NG The p%i%?%?ifgfi
i avention relates to one-side welding and nore particularly to a
penetration bead control nethod .for mai nt ai ni ng substantial ly

uniform the width of a penetration bead +in the one-side welding 5
of large plates. One-side’ welding -has ‘been used wdely sinpeﬂg?
Is not only capable of welding base netals fromtheir open s
and providing an excellent penetration bead wthout turning over the
base netals but also 10 capable of effecting welding efficiently and
econoni cal ly. TheM&TH#OD OF GOINGIR@tLrLamiGOm PENE TRATAIONS BEADUNIN AONB-dependi ng
on the shape of a groove and thus Ee@ ?@ ﬂ def ect s. It is

therefore necessary to prevent g } gn of nonuniformty in
the width of the 15 penetration bead. It is an object of the present

I nvention-to provide a one-side welding control nethod which reduces the
fore90|ng\dd|sadvantages of the conventional _one- side welding nethods
and which is capabl e ofheomresenhg izvention wraldatess ta opensidet i waiding

bead through anan@l eqbiec $AMEARU1aryy fihat a Ibenbepefﬂean SebEt 3RS hB bV
unlforn1 -2- In aﬁcordance with the invention her e H? provi ded a
for maintaining suBstant1a y uni orm the

width of a penetration bead in the one-side welding

5 of large plates.

“One-side welding has been used widely since
it is not only capable of welding base metals from
their open side and providing an excellent penetration
bead without turning over the base metals . but also

10 capable of effecting welding efficiently and economically.
The width of a penetration bead becomes nonu;iform
depending on the shape of a groove and thus causes
weld defects. It is therefore necessary to prevent
~.the occurrence of nonuniformify in the width of the

15 penetration bead.

It is an object of the present invention to
\or’ provide a one-side welding control method which reduces
the foregoing disadvantages of the conventional one-

side welding methods and which is capable of controlling

20 the width of a penetration bead through an electric

control °~ so that it Dbecomes substantially wuniform.



one-si de wel ding nethod for welding a pair of base netals.fromthe open
side thereof by holding a netal plate in close contact with the--back of-, |,
sai d base netals through an inorganic mater.ial such as a flux, conprising
the.steps of; detecting a voltage or current generated by the arc {eaking

t iro bet ween the base netals and reaching the netal plate t hrough t-he
flux ring a welding; and controlling a welding current,- arc voltage and
wel di ng.speed singly or in any conbéggtlon thereof so as to maintain said
detected voltage or current-at a prédeterm ned val ue, whereby a penetration
bead having a substantially uniformw dth is made. In one-side welding of

base ta r,I ener ated_during _the di ng- bet ween
t he basetlal%taéicor%%?gé ?&’ %P% é’ng{éttna%he g aéh%lr%aeﬁi d‘otvc}(%lar\%e %Hack of the
base net @rne-tdirdrigweddingorgabhodnefer i aelsiicig ag pdimxofiadbase excel l ent

correl ati \Mgrk§§ﬁ %bgtgﬁghe%f§%e£ﬁg '%g %yuhol pﬁ V@té§fhfr .current

gener at ed between ase- - - et cted’durlng

t he wel diPA@tEndinhechR$eli f@TP@cdhevétd afke abjasdt lesoS%%dt dagg ntain the

det ect ed pealdiagerRFoGghT B8Rt iMorkdH RIGhEEELPEE \RIdE Lbewelyux, i ntaining
t he w dth of the!Pene ration bead uniform at
comprising the steps of; .

detecting a voltage or current generated by the
arc leaking through between the base metals and
reaching the metal plate through the flux during a -
welding; and o

controlling a welding current, arc voltage and
welding speed singly or in any combination thereof so
as to maintain said detected voltage or current "at a
predetermined value, whereby a penetration bead having ~
a substantially uniform width is made. .
In one-side welding of base metals, the voltage or
current generated during the welding between the base
metals and a metal plate attached as a backing to the
back of the base metals through an inorganic material
such as a flux has an excellent correlation with the -
width of a penetration bead. The voltage or current _
generated between the base-metals and the metal plate \,)
is detected during the welding and the welding -
parameters are adjusted so as to maintain the detected
voltage or current at a predetermined value thereby



a desired value by an on-line operation and its advantage is very great.
Ot her and further objects, features and advantages of J the invention wl|
appear nore fully fromthe f.oll owi.ng description taken in conjunction with
t he .acconpanyi ng draw ngs. Brief Description of- the Drawi ngs 10

Fig. 1‘is a schematic di agram show ng tk@ﬁ‘finciple of a nethod for

control | i ngd t he Mdintrigiing p*é?l%twia@t}@nof)eﬁgeb?eﬁéﬂ=§éttiiﬁ@ tiead, ginifpem at
bet ween base netals and a netal plate. Fig, 2 is a correlative diagram
showi ng the rel & idRFiELd valigden Q%eo%b?%ﬁﬁe°88F8§§°Phén@a§$ antage
the metal plate and the penetration bead width. Fig. 3 is a block diagram
of an appar at us forVeeht$di3tng the wel ding current so as to maintain the
vol t age between the. e metal and t |, pl ate ual 20 o] .
F edeterm ned ref er-e%%lq%%eeuﬁ%$§4g$igﬁtgc hgﬁ&?’lgg%ai %é'flarﬁcfsvﬁ&%aﬁgeﬁ 1RF
principle-ef a gt t [ i di h trati '

det ecti ng'fi.\-trl'ue C{?lregﬁ#l%eg{%\}e% v%lgisie %%%g %ggaf%%gl I%g.lgglt é:%tezgalq%%&nba/

Fig. 5is a Cor-@bﬁfi‘tﬂ:ﬂrﬁ%ﬁ‘%ﬁ[ﬁg &n hﬁcf:.%ﬁt W.‘&hb‘%%x\éie;%’&a ggﬁfigxf‘g‘;;ram

fl ow between the base “netals an metal plate. Fig.
of an apparat us drfwiGRfgrolling the welding current so as to maintain the

Brief Description of the Drawings

10 Fig. 1 is a schematic diagram showing the principle
of a method for controlling the width of a penetration
bead byfdetecting the voltage between base metals and a
metal plate.

Fig. 2 is a correlative diagram showing the relation

15 between the voltage ac}oss the base metals and the metal
plate and the penetration bead width.

Fig. 3 is a block diagram of_an apparatus for
controlling the welding current so.as to maintain the
voltage between the base metal and the metal plate equal

N 20 to a predetermined reference voltage.

Fig. 4 is a schematic diagram showing the principle
of.a method for controliing the width of a peﬁetration
bead by detecting the current between baée metals and a
metal plate.

25 Fig. 5 is a correlative diagram showing the relation
between the current flow between the base metals and the
metal plate.

Fig. 6 is a block diagram of an appafatus for

controlling the welding current so as to maintain the



-4- 1 current flow betweenthe base nmetals and the netal plate equal.- to a
predeterm ned reference current. Detailed Description of the Preferred
-Enlqdi nents 5 " Fig. 1 shows the princi.ple of a one-side welding
od by the subnerged arc welding using two el ectrodes for conpleting the

ST ding Ry ar i 0 Bowpasstwédh £he Bhekr fetRURRLA krdeswicanar @5 hase netal s,
2 an 1norganic material such as a flux and held in close contact with the

back 10 eqfall e hagere@éebeminby elfackhee coppentnl ate 3, 4A a | eading

el ectrode, 4B a trailing electrode, and 5A and SB wel di ng power sources. In
t he one-side welding shown in the Figure, the weld- ing is started in a
condi ti on where the backing copper plate 15 3 is not electrically

connect e®@et@itlesd Rescrdp bien 10fndhehBreferyech&mpsidiapn tiset ween t he
backi ng copper_plate 3 and the base metals | is zero at the start of the
vel disng. AfteFithe heshpwy BhS BEERCiIPAPR: 84, 3 Pr@-gdides MekBMe penetrati on
bead is forned, the arc |eaking_through _hetween 20 t he base netaf='1
reaches MEENRE IBhGERYpHEPTSTIEE 3TENFBAGANChA SENG: o RiectaAdege V is

gener at ed bet ween the base netal.s 1 and _the backi ng copper plate 3. The
Jol tage. F ol ¢ Hanbatte nEeLring Bqa, Aengla RS Sop it ol Gira,

measured by & w0l age, fel epl o8, AN EG, BPan 3IQEIGIEH Y, OF the
such as a flux and held in close contact with the back

10 of the base metals 1 by a backing copper plate 3, 4A a
leading electrodé, 4B a trailing electrode, and 5A and 5B o/
welding power sources,

In the one~side welding shown in the Figure, the weld-
ing is started in a condition where the backing copper plate

15 3 is not electrically cénnec;ed to the base metals 1 and
therefore the voltage between the backing'cépper plate 3 and
the base metals 1 is zero at the start of the welding.

After the welding has been started, if a satisfactory
penetration bead is formed, the arc leaking through between

20 the base metals 1 reachés the backing copper plate 3 through k_)
the flux 2 and a voltage V is generated between the base
metals 1 and the backing copper plate 3.

The voltage V betwéén the base metals 1 and the backiné
copper plate 3 is measured by a voltage detector 6, and Fig.

25 2 shows the result of the study on the relation.between the
vbltage V and the penetratiop bead width. As shown in the
Figure, it is apparént_that thefe is an excellen£ correlation
between the voltage V across the base metals 1 and the

backing copper plate 3 and the penetration bead width and



voltage V and the penetration bead width. As shown in the Figure, it is
apparent that there is an excellent correl ation between the voltage V .
across the base netals 1 and the backing copper plate 3 and the penetrati
bead wi dt h- and -5- thus it iis found tlgwt the utilization of the voltage™
V nmakes possible the contfrol of the penetration bead width in the one-side

wel di ng by an orthYsmel bpks afPenduwbhat khe HéL 1BEatipna®f e VP htrogdst
with the conventignal 5 one:side melding met hods. Fig. 3 shows a bl ock

di agram of an afRes ROFHEPHRt BRei AYNERRLVEF: 58 PeRfFradiirht iRfpG etdth
wel di ng current Io_gggntain tae-deigcted voltage ¥.at a_const.ant valuye. In
the Figure, numéralthe RReEHLEesWEIEoNTPY Pt BRI CRRFATINY e

vol tage V genergted between the base tals,1 and,th ackin Q r.platre
% and detected 3 H%o?/o T’%@epﬁ%? thgEént ghs Bgss?l é”ﬁ'e;l% %ﬁe%cogh‘gegr} leosna?f S
requi red when t vel di S A is an ac power source and it is
not neededw t:ﬁ?%ﬁ%%ﬁ%gwgg§gégs§%%§§d 5 B5Ais a dc power source. The

L = . 7 F 8
voltage signa generta%g% ioﬁ&f}é’ §0BYSEkCH 1 Ao BmP TS &% ta@{;{%‘é:éﬂe‘ct?s #dter

to renmove noi se and appl'ied to a conparator 9. The v sl gna
applied to the C&E@é@iﬁ fhé Sv600RgECY ¥hlhaR L8Nt Ald1atih Pl diatedd

preset in accordance W a 20 predet erm ned "penetration bead w dth on
the basis of the&o maintain the detected voltage V at a constant value.
In the Figure, numeral 7 designates a converter for
.10 converting the voltage V generated between the base metals
1 and the backing copper plate 3 and detected by the
voltage detector 6 to é dc signal. The converter 7 is
required when the welding power source 5A is an ac power
source and it is not needed if the welding power source
15 5A ié a dc poWer'éoﬁréé;uuTﬂe Qoifa&eigiéhal éénéfétéd
from the converter 7 is passed through a filter 8 to
remove ‘noise and then applied to.a comparator 9. The
voltage signal applied to the comparator 9 is compared with
a reference voltage signal 10 preset in accordance with a
o 20 predetermined penetration bead width on the basis of the
correiation between the penetration bead width and the
voltage V across'the base ﬁetals 1 and the backing coppér
plate 3 shown in Fig. 2, The comparator 9-produceé a
difference signal between the voltage signals, and the
25 difference signal is applied to the welding power source
5A through an'integrator 11. The welding power source 5A
controlé the welding current for the leading electrode 4A
so as to reduce the applied difference signal to zero.

In other words, the control is effected such that the yoltage



correl ati on between the penetration bead width and the voltage V across th%_
base netals 1 and the backing copper plate 3 showmn in Fig. 2. . The BN

co ator 9 produces a difference signal between the voltage signals, and
th difference signal is apgdied to the wel'ding power source 5A .
t hr oug ] g 11, T 1 PQWEY. t | di ng
currert oroTHE FEESE s gthp IR EE AT T En S S B LA B LGB T T

signal to Zﬂﬁyé %Q&Fﬁésv@édéa Be 8@ tHe deh & fRSE€LhSUshghat 19,

t hevol t aae signal across the base netals 1 and the” backi ng copper

plate 3 al Wa}’SB;Fe&&E@%EﬂHﬁb LR £RE s Y M woldAdP SuBPéht 180 BY
controlling inthis way the welding current so as to always maintain

const ant ¢diea Mpd¥8afain8giASeohBeahdsehe RRi1daSyel Nk tdes bakki bgsgopper
plate 3, it is possible to effect the one-side welding with a penetration

bead havinge#l $redenér theeBavkdhl coppexpeiditey 3,0 1theis epesetiske vet.t:age
and thus it is possible to control the penetration bead w dth easi tay# 10
Wi | e, i reffectabove-odreses ifedweiidadigneritth taheoardd el oh geewd abhadiagr oss
the base netals 1 and the backing copper plate 3 during the welding is
det ect ed aliprade yerminedawiidihgcongespondja g drerthedrdtenereet he | eadi ng
el ec- trode 4A and the base netals 1, i.e., the arc voltage and the 15
vol t age Bralkage tzrd| thasnitelecPPegdbir & QL IRk KihR) ROpPEFrapiane 3,

obtaininq)the di fference between the
ead width easily.

10 While, in the above-described embodiment, the voltage V o
‘generated across the base metals 1 and the backing copper o
plate 3 during the welding is detected directly, by
measuring the voltage generated between the leading elec-
trode 4A and the base metals 1, i.e., the arc voltage and the
15 voltage between the_leéding electrode 4A and the backing
copper plate 3, obtaininé the difference between the
voltages and controlliqg the welding current so as to
maintain the difference voltage at a constant value, it is
possible to control the penetration bead width uniform in
20 the like manner as the above-described embodiment. : \;)
While, in the above-described émbodiment, the welding
current in the leading electrode 4A is adjusted so as to 
maintain the voltage V across the base metals 1 and the
backing copper plate 3 constant and thereby make the
25 penetratiqn bead width uniform, as shown in Fig. 4, by
detecting a current I flowing between the base metals 1 and
the backing copper plate 3_by a current detector 12 and
adjusting the welding current in tﬁe-leading electrode 4A

so as to maintain the current I at a constant value, it is



vol-t ages -and controkling the welding current so as to maintain the

di“f f-erence voltage at a constant value, it is possible to control the
penetration bead width unifermin 20 the |like manner as the gfqﬁép
above- descri bed enbodi nent. Wi'le, in the above-described enbodi nent, the:

hevortage v EThiR, ERHR e ey e 5 BChyBtedian ABaL0 TEIGAL"

the voltage V across ase ne I ng coppe

constant and therebﬁdﬂﬂﬁ%tgﬁéjgaégﬂwﬁfé&ﬁen REGH mﬁd?hggnht05@1tg§ %@@g}
[T % S an

in Fig. 4, by detecting a current ow ng between the base net al

‘the backi ng copgerchd st By #hé Ui Pén €et 86 Obetdedndtad HabkAfqt RRpper
wel ding current in the | eading electrode 4A so as to nmaintain the current |

at a constant yalau® 3 tarid the -Paspasstdle 1oisnkerbhe Afdelr ¢heawelding
penetration bead uniform In the one-side welding shown in Fig. 4, at the
start of (& whadi mperhestarteadt If cav vetiwfactbeybpekengatdppebepldatis 3
and the base’ netals 1 is zero. After the welding has been started, if a
satisfactory pdoemea, dthebemt | bedlrdethrohehabetveaketihehbasghmediadserl t he
base netals 1 reaches the backing copper plate 3 and thus a current | flows
bet ween t he bageasdtesd sthe Parking kerpey ebaper3phadetBusie currenthd
current | flow ng between the base nmetals 1 and the backing_copper plate 3
i s measur ed byf@mgqnhqqyﬂequhgnhﬁse metals 1 and the backing copper

plate 3.
10 The current I flowing between the base metals 1 and the
backing copper plate 3 is measured by the current detector
12, and Fig. 5 shows the result of the study on the relation
between the current I and the penetration bead width.
As shown in the Figure, it is apparent that there is an
15 excellent correlation between the current I flowing between
the base metals 1 and the backing copper plate 3 and the
penetration bead width.
Fig. 6 shows a block diagram of an apparatus fof_detect-
ing the current T and controlling the welding current so as
L 20 to maintain the detected currené I at a constant value.
The current I flowing between the base metals 1 and the
backing copper plate 3 is detected'by the current detector
12 and the current signal is applied to a comparator 9
through a converter 7 and a filter 8. Thé current signal
25 applied to the comparator 9 is compared with a reference
current signal 13 predetermined.in accordance with a desired
penetration bead width on the basis of the correlation
between the penetration bead width and.thé-current I between

the base metals' 1 and the backing copper plate 3 shown in



[ "]

12, and Fig': 5 shows the result of the study on the rel ati.on between. the
current I and the penetration bead width. As shown in the Figure, it is

ap nt that there i's an 15 excellent correlation between the current |
flxggﬁg bet ween the base metals 1 aftf the backing copper plate 3 and the
penéfration bead width. ‘Fig. 6 shows a bl ock di agram of an apparatus for
detect- ing Ehﬁ-céﬁreﬁhelCQM@&?&?Q@MQ|REP4?R£%m¢d¢h§f@ﬁ¢P§ﬁtSéenaé 20 to
mai ntai n the detected current at, a constant value_ _The current | flow ng
bet weent he bﬁSEWﬁGFaF§elc§EGGPﬁeﬁ&%ﬂé#ﬁ;%Rﬁ)Eﬁ pRhfEesenceysignpddiby t he

current detector and he current si IS a to a, conparator 9
t hrough a coﬁ?@??@é Foafthea velding o %RHF% Pgé ghﬁ?uﬁg Sgglled to the

f 1 d
' hocor danch RPPAAECB0aR e Ben AR, REGF T QRRCnot nEonBEPets te-
I d b
The bast ne 9?3&’iﬁﬁnéﬁﬁﬁgﬁﬁié%aﬁ%%ﬂol%%@%ﬂ% R It P
9 f d
hera 1 or eppdodluCERer sHR IR BT AR, IELaED LOaEL61 0t Sb@ﬁ?%ﬁgﬁ“an

integrator ljordhe \eeledbeatee\aerlsswd@ S Qopt Tehd scibgeRt sughding

current in the Ieadlng el ectrode 4A so as to reduce the appli difference
'signal to zep@twkénOkher beekdme e CONHHPD| ths HRSRISG EHBbethpirakEr 8Nt

ot gnal always becomes equal to the reference current signal 13,

10 As a result, the width of the penetration bead is maintained -
uniform with a penetration width value corresponding to ~
the reference current.

While, in the above-described embodiments, the welding
current is controlled, the arc voltage and the welding

15 ‘speed may be controlled singly or in combination.



bej: ween the base metals 1 and the backing copper plate 3 always becones

equal to the reference current si gnal 13. 16——As-aresult, the width of

the penetration bead is maintained- uniformwith a penetration width va
correspondi ng to the reference current ._gbhil il" l" scri bed
enbodi nents, the welding ¢current is controll m“’ﬂnﬂm u”” e and the
wel di ng 15 spegdmsy be controlled singly or i'n tonbi rfat i*on. CLAI V5
1. A one-side welrdrng nethod for welding a pair of base netals fromthe

de th f. b | di t Gt th_the back
ofsaid base met dire” thr BgRSARe M kAhE ferBeoth TencHeLdthe g, palf OF
conprising the stese ahetdksedriong theob’pagte sifde uthereodensyr ahelldbyigt lze
A C ki ng L hr ot dietypgpe 6 hassedei i AN LERAN % | BRIPIAL RAP

t hrough the flux during a wel g; and con I Ng current arc’
vol t age and wel dbegespeetiak$ nghyomgh nalanynemrn@t imate hbaboSuch asst @

mai nt ai n ‘eei-d detfacixed c\dn{piralgﬂrﬂg thi retépsat oft; predet erm ned val ue, Wnereby
a penetration bead havi a .subst ant | %3%8%' for m WI S

control nethod accor di HS £65 T8 f 1V° s 1 F&t ec%%’ae{}%g?ggéyo the

current is nmaintareed lataktimg through between the base metals and
reaching the metal plate through the flux during a
welding; and

controlling a welding current, arc voltage and
welding speed singly or in any combination thereof so
.\wj as to maintain said detected voltage or current at a
predetermined value, whereby a penetration bead having

a substantially uniform width is made.

2. A control method according to claim 1, wherein
said detected voltage or current is maintained at the

same value as a reference voltage or reference curreént

predetermined in accordance with a desired penetration

bead width.

3. A control method according to claim 1 or 2,
wherein the voltage between said base metals and said
metal plate is detected by a voltage detector

g%/ connected between said base metals and said metal
plate.
4. A control method according to claim 1 or 2,

wherein the current between said base metals and said
metal plate is detected by a current detector
connected between said base metals and said metal
plate. )



-

same value as a reference voltage or reference current predeternined in

. accordance with a desired penetrati on bead w dt qmumlﬂﬂuﬂmglunet hod
acco ng to claim1 or -2, wherein the voltage net al s

and safd nmetal plate is detect e‘dm'by a voltage dét elt of cbnnected
bet d t d t { trol t hod

nocordi i to o1 a B soprzel RetBbl. Rerhr el dq Savbh L% e hhal
and said metal plate, i%aﬁgekg%gggn @él a%‘é( r&[%aléjegr?&tgg}&oxg%ﬁ%%ed

bet ween sai d base msta met al A contTr

according to clai gggggrlg d%‘ﬂ‘é&%'eﬁ the t\éQJnIsaQﬁ:' het é@lgeggé@%ngt als and

said netal plate etected 1n terns of a voltage between a i ng
el ectrode and sai deggial BhaterdRd aAld @ etal plHtd AA said arc

5 voltage. ' ' S
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