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DEBCRI PTI ON METHOD OF REDUCI NG WELDI NG DhSTORTlON~IN ONB SI DE
VEERDL.ING FOR'JO NI NG PLATES TECHNI CAL: FI ELD -~ . The prese'n:t. Jnventi on:},
1) f

refates to a nethod of redu g wel di ng drsipnlhen in one’ side welding fo

j ofgni ng pl ates. Mre partic rly, the present invention provides a nethodi
of gr educi ng wel ding distortion in one side welding for joining plates, by
ich wel ding distortion is reduced when WeESCRGPTION

METHOD OF REDUCING WELDING DISTORTION IN ONE SIDE
WELDING FOR JOINING PLATES
5 TECHNICAI, FIELD
The present invention relates to a method of reducing
welding distortion in one side welding for joining plates.
More particularly, the present invention provides a method of
reducing welding distortion in one side welding for joining
10 plates, by which welding distortion is reduced when welding
is executed under optimal welding conditions in multi-
electrode welding.
DESCRIPTION OF THE PRIOR ART
According to the prior art, the following one side
15 welding methods for joining plates are provided. As shown in
Fig. 2, steel plates 1, 1' to be welded are butted against
each other, and a tack-welded bead, the height of which is
the same as the wall thickness of the plates to be welded, is
provided in a groove, especially in a groove of the end
20 portion of welding. Alternatively, a tab, the thickness of
which is the same as the wall thickness of the plates to be
welded, is tack-welded at the end portion of welding so that
~the height of the bead can be the same as the wall thickness.
In this way, the steel plates 1, 1' to be welded are
25 sufficiently bound before the start of welding so as to

reduce welding distortion. Alternatively, the following
method is provided, in which the plates to be welded are
- heated by means of gas burners in the proceés of welding, so
that the thermal history is controlled for reducing welding
30 distortion. However, according to the conventional methods
in which a high restraining force is applied to the steel
plates to be welded using the tack-welded bead or tab, a
heavy burden is imposed for preparation before the start of
wélding, and further it is necessary to repair the plates
35 after the completion of welding, which causes a problem from
the viewpoint of enhancing the efficiency of welding. Also,

the method of controlling the thermal history using gas
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xecut ed under optimal welding conditj-ons in.aulti- el ectr.ode wel ding.
PTION OF THE PRI OR ART Accordi:ng to the prior ‘art, ‘the follow ng
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prcess of melghggt 38 the end of a welded bead in the process of welding.
Ando et al. disclosed that these end cracks were caused by
welding distortion in the process of welding (Magazine of

10 Welding Society Vol. 30(1270), NO. 8, P792). After that,
various investigations were made to investigate the
distribution of stress caused in the process of welding (Sato
et al.: Theses of Japanese Ship Building Society, Vol. 136
{1974), P44l, and Fujita et al.: Theses of Japanese Ship

15 Building Society, Vol. 133 (1973), P267). According to the
results of these ;nvestigations, in order to prevent the
occurrence of end cracks, it is necessary to reduce welding
distortion in the process of welding. However, the method
for accomplishing the object of reducing welding distortion

20 is limited to the one in which the tack-welded bead or tab is
used as described before.

On the other hand, the prior art of the method for
preventing end cracks is summarized by Kamichika et al.
(Magazine of Japanese Construction Association (JSSC), Vol.

25 10 (1974), No. 101, P35). According to the prior art
summarized by Kamichika et al., the methods in which tack-
welded bead and tabs were used were reported in order to

* prevent the occurrence of distortion, and further a method of
restraining the end portion of welding by a hydraulic jack

30 was reported. These conventional techniques aim at reducing
welding distortion in the process of welding by strongly
restraining steel plates to be welded. According to the
method in which steel plates are heated by gas burners, it is
impossible to reduce welding distortion to such an extent

35 that the occurrence of end cracks can be prevented.

Japanese Unexamined Patent Publication No. 53-51153
discloses a method in which an amount of welding heat input
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the thermal history is controlled for reduckng wel ding di stortion.
er,» according to the conventional 'ret hods' Jjn whi ch.a hi'ghitgstraining
e is applied to the steel plates to be-walded using.the tdck-wel ded

or tab, a heavy burden is inposed for preparation before the start of
ing, and further it is necessary to repair the plates after the
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yhe pf%cess of repairing work.

Recently, an investigation has been reported, in which
5 the behavior of residual distortion is analyzed in detail
after the completion of welding (Ueda et al.: Theses of
Japanese Ship Building Society Vol. 171 (1992), P335).
According to the above investigation, local heating conducted
by gas burners exerts an influence on the residual distortion
10 which remains in the plates after the completion of welding.

When an appropriate heating method is adopted, an amount of
distortion is reduced as compared with a case in which the
plates are not heated. '
As described above, the conventional techniques
15 primarily aim at restraining the steel plates to be welded or
controlling the thermal history with gas burners. The
conventional techniques do not aim at a welding condition of
one side welding for joining plates. Therefore, according to
the prior art, it is natural that a heavy burden is imposed
20 on the process of welding, and the welding apparatus becomes
large.
SUMMARY OF THE INVENTION
The present invention has been achieved in order to
reduce a heavy burden imposed on the preparation work of
25 welding and also to reduce a heavy burden imposed on the
welding apparatus. The present invention is accomplished
when a welding condition is found, by which the occurrence of
" welding deformation can be reduced.
The present invention is intended to provide a method of
30 reducing welding distortion in one side welding for joining
plates, wherein the method is based on the welding condition
described above.
The summary of the invention will be given below.
{1) A method of reducing welding distortion in one side
35 welding for joining plates in which steel plates to be welded
are butted against each other, a tack-welded bead is formed
and fixed in a groove, and not less than three electrodes are
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computed by the following expression (2); and determining a
welding condition of each electrode so that the distortion
stress can be in an allowable range.

Qi =Ii x Ei x 6 + Vi BExpression (1)

10 where Ii is a current (A) of the i-th electrode with respect
to a direction opposite to the welding direction, Ei is a
voltage (V) of the i-th electrode, and Vi is a welding speed
{cm/min) of the i-th electrode,

n
p=41 h) --%EL~ Expression (2)
Hi=l Li+k

15 where Li is a distance {(mm) from the first electrode to the
i-th electrode, L) is 0, n is the number of the electrodes,
and kX is a positive constant, and where the maximum height of
the tack-welded bead in the butted groove is H (mm), wherein
H is not more than half of the wall thickness of the steel

20 plate to be welded.

{2) The method of reducing welding distortion in one
side welding for joining plates according to item (1),
wherein the value of constant k in the expression (2) for
computing the parameter P is selected from a range of 10 to

25 150, and a welding condition of each electrode is determined
so that the value P can be not more than 0.14.

(3} A method of reducing welding distortion in one side
welding for joining plates in which steel plates to be welded
are butted against each other, a tack-welded bead is formed

30 and fixed in a groove, a tab is tack-welded and fixed at an
end portion of the steel plates to be welded and not less
than three electrodes are applied, said method of reducing
welding distortion in one side welding for joining plates
comprising the steps of: estimating a distortion stress

35 generated in the process of welding, using Qi, Li, H and
constant k described in said expression {1), and also using
parameters P and Ptab computed by the following expressions
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is a positive constant, and H is not more than half of the
wall thickness of the steel plate to be welded,

Ptab = - Qi Expression (3)
HE 4 Zl Li+k >

10 where Li is a distance {(mm) from the first electrode to the
i-th electrode, L3 is 0, n is the number of the electrodes, k
is a positive constant, and Ht (mm) is the thickness of the
tab, or Ht (mm) is a smaller value between the thickness of
the tab and the height of the tack-welded bead formed between

15 the tab and the steel plate to be welded, and Ht is not more

than half of the wall thickness of the steel plate to be
welded.

{(4) The method of reducing welding distortion in one
side welding for joining plates according to item (3},

20 wherein the value k in the expression (2) for computing the
parameter P and the expression (3) for computing the
parameter Ptab is determined to be in a range from 10 to 150,
and a welding condition of each electrode is determined so
that the value P can be not more than 0.26 and the value Ptadn

25 can be not less 0.009.

(5) The method of reducing welding distortion in one
side welding for joining plates according to one of items (1)
to (4), wherein multi-electrode submerged arc welding is
employed under the welding condition that: a current of each

30 electrode is not more than 2400 A; currents of the first and
second electrodes are not less than 900 A; currents of the
third electrode and after that are not less than 600 A; a
welding speed is not less than 60 cm/min and not more than
200 cm/min; and a bonded type flux 48 used at the surface and

35 the back.
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anoynt of wel di ng heat input b et : 2 3 s
reddced at the end portion of plates to be welded and an anDunt of bead is
supl ied to nmake up for the lacking bead in the process of repairing work.
Recgntly, an investi @} i ofhémethed ofemeducing weddisgly distiosttd@noinofone

resipdual distordign &1 de Wetd i@ d1ates according to one of items (1)
to (5}, wherein a Y-groove, I-groove, V-groove or U-groove is
adopted.

5 {(7) The method of reducing welding distortion in one
side welding for joining plates according to one of items (1)
to (6), wherein the tensile strength of steel plates to be
joined is not less than 390 MPa and not more than 780 MPa,
and the wall thickness is not less than 8 mm and not more

10 than 50 mm.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional view showing the groove
configuration. )

Fig. 2 is a conceptional schematic illustration showing

15 the welding method of the present invention.

Fig. 3 is a sectional schematic illustration taken on
line A - A in Fig. 2

Fig. 4 is a graph showing a relation between the
parameter P and an amocunt of distortion.

20 Figa. 5(a) and 5(b) show a condition of distortion, and
Fig. {(a) shows a condition of distortion on the surface and
Fig. (b) shows a condition out of the surface.

Fig. 6 is a schematic illustration of the model of
thermoelasticity.

25 Figs. 7{a) to 7{e) show types of the groove
configuration, wherein Fig. (a) is a view showing a Y-groove,
Fig. (b) is a view showing a V-grcove, Fig. {c} is a view
showing an I-groove, Fig. (d) is a view showing a U-groove,

- and Fig. (e} is a view showing another groove.

30 DESCRIPTION OF THE PREFERRED EMBODIMENTS

It is widely believed that welding distortion caused in
the process of one side welding for joining plates can be
effectively avoided by means of heating the steel plates with
‘gas burners or strongly restraining them with tabs.

35 BAccording to the present invention, it is not necessary to
heat or strongly restrain the steel plates. When the welding
condition is determined so that the parameters P and Ptab can
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plates in which steel plates to be welded are butted against
each other, a tack-welded bead is formed and fixed in a
groove, and not less than three electrodes are applied, the
method of reducing welding distortion in one side welding for
joining plates comprising the steps of: estimating a
distortion stress generated in the process of welding using
an amount of heat input Qi (kJ/mm} computed by the following
expression (1) and also using a parameter P computed by the
following expression (2); and determining a welding condition
of each electrode so that the distortion stress can be in an
allowable range.

Qi =Ii xEix 6+ Vi Expression (1)
where Ii is a current {(A) of the i-th electrode with respect
to a direction opposite to the welding direction, Ei is a
voltage (V) of the i-th electrode, and Vi is a welding speed
(cm/min) of the i-th electrode,

n
P =4 ¥ -_gi_ Expression (2}
H i=l Ll"‘k

where Li is a distance (mm) from the first electrode to the
i-th electrode, L) is 0, n is the number of the electrodes,
and k is a positive constant, and where the maximum height of
the tack-welded bead in the butted groove is H (mm), wherein
H is not more than half of the wall thickness of the steel
plate to be welded.

The above expressions (1) and (2) will be explained as
follows.

Fig. 6 is a schematic illustration showing a model of
the present invention. Numerals 19, 20, 21 and 22
respectively represent the first, second, third and fourth
electrodes. It is assumed that these electrodes are moving
on an infinite flat plate from the left to right in Fig. 6.
Concerning the coordinate, the first electrode is determined
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In the case where the number of electrodes is 1, the
solution was found by Sato et al. (shown in the reference
described before), however, in the case of multi-electrode
welding, the solution has not been found yet. 1In the case

10 where the number of electrodes is n, the solution was found
while consideration was given to the linearity in

1 thermoelasticity. Since the cause of end cracks, which is a
serious problem caused in one-side welding, is a distortion
illustrated in Fig. 5(a), stress oy in the y-axis is

15 described as follows.

n . n i Li
oy = B} @ Y F gy exp(- LETL,. txo<"r‘l+€r LG
27IAV =1 i 2%iq 2%
..... Expression (4)

20 E: Young's Modulus
a: Coefficient of linear expansion

K: Coefficient of thermal diffusion
A: Coefficient of heat transfer
V: Welding speed
25 ri: {(§ + Li)2 + y2}31/2
Li: Distance between the first electrode and the i-th
electrode (Ll = 0)
gi: Quantity of heat emitted from the first electrode
per unit wall thickness in unit time
30 KO and Kl: 0-order and first order modified Bessel
functions of the second kind
Consideration is given to the stress oy caused ahead of

the welding line that has a strong correlation with the end
cracks. ASs yv.= 0, ri = £ + Li. As the values KO0 and Kl in

35 the expression (4) are relatively small ahead of the welding
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4 gpplied, said nethod of reducing meldlng di:sflerti om.1'm one.si de wel ding
for§joining plates conprising the steps of : éstlnatlng GH dlstortron stress
genprated in the process of welding using-a# andunt of i’nput heat Q
(kJgrmm) conputed by the follow ng expression (1) and al so using a paraneter
P cprmputed by the follow ng expression (2); and determning a welding
confliti on of ednte cluindy ade eglleatetihe Siwvcer B, on,sKrapd 3aaréecomstants,
al Ipwabl e ran Expression (1) where

li §s a curreﬁﬁ‘Aép%ﬁS%ﬂﬂg ex?ﬁegﬁé8Pr6ﬁedﬁf%ﬁe§espect to a direction
opqosite to the welding direction, Ei is a voltage (V) of the i-th
C

trode, and Vi is a

el

L@§_§peed Expression (5)
1=1 E"'Ll

In the actual welding operation, thermal stress is suppressed
by the tack-welded bead provided in the groove. However, the
height of the tack-welded bead is not necessarily equal to
the wall thickness. Therefore, it is necessary to evaluate
10 the stress caused in the tack-welded bead. When the wall
thickness is A {mm)}, a force in the direction of the y-axis
acting in the unit length is cbtained when the wall thickness
is multiplied by the stress, that is,
oy-A.
15 When this force is supported by the tack-welded bead of

which the height is H, the following expressions are derived,
that is, when the stress in the tack-welded bead is oy', a

force acting on the tack-welded bead for each unit length is
oy'+H, the following expression is derived.

20 oy-A = oy'-H
Consequently, the stress oy’ in the tack-welded bead can be
expressed by the following expression.

oy'= oy-A/H
Since oy is proportional to the expression (5), oy' is

25 proportional to a value obtained when the expression (5) is
multiplied by A/H. _

At this time, the expression A-qi/V = Qi (heat input
used by welding engineers kJ/mm) is satisfied. Therefore,
the stress in the tack-welded bead is expressed by the

30 following expression

oy' = 1y 9 Expression (6)
HiZ Li+§

The thermal stress can be represented by a point
disposed ahead of the melting pool {a point where & =

Accordingly, the parameter P can be determined as follows.
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wherein His not nore than half of the wall thickness of the steel

e to be wel ded. ,_ ;_i(ZQ;The nmet hod of reducing welding distortion in
si de wel di ng foF'Iqi i pg+Rl at es according to item (1), wherein the
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k- wel deds beadfosmbhtiond the temperature dependency exists in the

physical values such as Young's modulus. Consequently, the
inventors have earnestly investigated the appropriateness of
the parameter P on the basis of knowledge acquired here. As
a result of the investigation, it has been found that the

10 parameter P can be used as a practical parameter.

Fig. 4 shows that the parameter P corresponds to an
amount of deformation. In other words, the horizontal axis
in Fig. 4 expresses an amount of deformation caused during
the welding operation in an example described later.

15 Therefore, it can be understood that the parameter P is in a

good correlation with the amount of deformation caused during
the welding operation. Due to the foregoing, when the value
P is suppressed in a predetermined range, an amount of
deformation can be reduced.

20 According to the present invention, the parameter Ptab
used for the tab has the same relation as that of the tack-
welded bead described above. The tab restrains the steel
plates to be welded in the same manner as the tack-welded
bead. Therefore, it is possible to evaluate the function of

25 the tab in the same manner.

The present invention will be explained in more detail
as follows.

First, the parameter P is divided into the two terms of
Y0i/(Li+k) and 1/H, and each term is described as follows.

30 Term XQi/(Li+k) in the parameter P expresses how the

welding condition affects an amount of welding deformation.
Normally, when the welding heat input is reduced, an amount
of welding deformation tends to be reduced. However, in the
case of one side welding for joining steel plates, the

35 joining must be compieted by one welding operation, so that
the heat input cannot be extremely reduced. Configuration of
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fixed in a groove, a tab is tack- melded and .fl.xed"at*"an end:portion of
steel plates to be wel ded and not l.ess than:three el e¢trodes--are

i ed, said method of reducing wel ding dlsﬂefrlon i1 ofte side welding for
ing plates conprising the steps of: estlnatlng a distortion stress

rated in the process of weldjn using Q, Li, H and tonstant k
ribed in saFBeeRpleiagpegh)in g’ﬁ‘t? ase 8f P alantrade pelddng: apd

uted by thethat! epi eBe gt Pdl in the case of multi-electrode
welding are different. Accordingly, even when the heat input
is the same, the welding deformation behavior is different.
5 Therefore, in order to determine the welding condition so
that the welding deformation can be reduced, it is necessary
to adopt a parameter expressing the configuration of a
melting pool or a parameter expressing the arrangement of
electrodes.
10 The inventors were fully convinced of existence of the
above parameter, and researched and investigated the same.
As a result of the investigation, they have acquired the
knowledge that IQi/(Li+k) can be used as an effective
parameter. From the viewpoint of practical use, the constant
15 k is added to a distance between the electrodes. That is,
since L1 = 0, it is impossible to compute QL/L1 for the first
electrode. Therefore, k is added to the distance between the
electrodes. The inventors have found that the parameter can
be put into practical use when the constant k is added to the
20 distance between the electrodes.
The reason why a range is established in the constant k
is as follows.
wWhen the constant k is too small, the parameter P is
approximately determined by the heat input Q1 to the first
25 electrode and H. Therefore, it is impossible to correctly
evaluate the influence of the second electrode and those
after that. That is the reason why the constant k is set at
a value not less than 10. When the constant is too large,
the influence of the distance between electrodes cannot be
30 correctly evaluated, that is, the influence of the
arrangement of electrodes cannot be correctly evaluated.
That is the reason why the constant k is set at a value not
more than 150. Practically, when the constant k is set at
50, it is possible to determine a welding condition by which
35 an amount of welding deformation can be reduced.
Next, 1/H will be described as follows.
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(2) and (3);

and determ ning a wel di ng- £Oﬂdlt?9ﬁ of eacgh- 3Iectrode so that
di sttortion stress can be in an all ovapl e Fafige. © el et

ession (2)
el ectrode, L[err] is 0, nis the nunber of the electrodes, k is a

tive constant, and His not nore than half of the wall thlckness of the
| plate to be wil dedthe maxjmam]of the height of thgtagk-weldnd hgds e

where Li is-a distance (nh);ﬂrnnTthe first electrode to the

Li gs a dist anﬁﬁo(rﬂi%df iﬂg%t Q@t{écﬁ Sérdﬂ\%:t r @d%éx%xﬂét%ﬁ td rahRctr @d@ation
L[egr] is O, nT 1S e nu el ect,rod JS a I ve .cqnst ant,
andf Ht (mm) i sbeRWeeR; Ekﬁe‘ggl‘é%n‘i r%ef(%‘a‘ﬁro 1qrs aép‘gr%ﬁ eldinge

10

15

20

25

30

35

en the thipekBessoal chhebé allesdritidie aa,elq;htanﬁ iihe tHaoslews,dethcheatie
d betﬂfen the.ta

steél p?a@gg Loepstesiadd 3% WP %a 3 cHiad %1 nEPr ©

at all, that is, when a tack-welded bead is not formed in the
groove at all and the steel plates to be welded are not
restrained by a tab, the steel plates to be welded are not
restrained at all. In this case, even when a welding
condition to reduce an amount of welding deformation is
adopted, it is substantially impossible to conduct welding.
Consequently, it is essentially necessary to restrain the
steel plates by a minimum amount of tack-welded bead.
Therefore, it is necessary to find a parameter expressing
this influence.

The inventors have also investigated the influence of H
from the above viewpoint and found the following:
When the parameter IQi/(Li+k) expressing the influence of a
welding condition is multiplied by 1/H, that is, when the
parameter P shown by expression (2) is used, it is possible
to express the influence of a welding condition and also to
express the influence of a tack-welded bead or a tab. The
reason why H is the maximum height of the tack-welded bead in
the butted groove is that the welding deformation can be most
restricted at a position where the bead height is maximum.
Therefore, the most effective means is to employ the maximum
value H.

Next, the parameter Ptab will be described as follows.

The parameter Ptab is provided when H is replaced with
Ht in the parameter P. It is an object of the present
invention to reduce an amount of welding deformation mainly
by selecting a welding condition. In the practical
operation, a tab is used not only for the purpose of reducing
an amount of welding deformation but also for accomplishing
another object. For example, using a tab is an effective
means in the industrial field for preventing the occurrence
of a crater at the end portion of welding on the steel platesf_
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thgn half of the wall thickness of the et’eel pf.ate t'or ber wel ded. (4)
‘met hod of reduci ng wel di ng di stortion i ohe:side: vigl di ng f'or j oi ning
tes according to item (3), wherein the value k in the expression (2) for

cogputing the paraneter P and the expression (3) for conmputing the
pajaneter Pt ne }_pfsl r 3Rfe, qgg_,ﬁ i,ng
copdi tion of ag?ic cei‘?% g%dedlﬁ%eterén%%ed so tha e V%a@gegg%dbg g

e than 0.2stefl pPketes| e e srldedbdhi®t Yals yvarlpodo restrpdn th@

mo
mejhod of redé‘ﬁééﬂ ﬁf&éé@gté“v‘iéméd on ddhéié@ﬁlé’itﬁﬁr Vel ﬁglvfeﬁﬁ:oh:%' BLRG
pl ptes accordip one, 8 It ens wher ei n tl-el ctrode
supner ged arcS ?’alﬁ%n?% %’F&tl"’o%c};% cgar?)(?\féé?dﬁ l'b SteRrlt Riptes to

rent ofs edicé weékdéd calee i sesiataitnsd Hyhahe? 420 . A Thigr riewveatotrst havei r st
second ed&gﬁl ﬁ? &f&t:xjx ss than 900 A; currents of the third
RarSLIg

ctrode an aren | ess than 600 A; a wel ding speed is not
s than 60 Bl bs andoamameter fidmexpressing the influence of the tab

and welding condition on the welding deformation, and in the
same manmner as P, the parameter Ptab expresses the influence
10 of the tab.
Next, the reason whey the ranges of H and Ht are limited
will be described as follows.
In order to set the parameters P and Ptab in a
predetermined range, there are three methods provided. They
15 are a method of selecting an appropriate welding condition, a
method of selecting appropriate values of H and Ht, and a
method of selecting both the appropriate welding condition
and the appropriate values of H and Ht. A method in which
the values H and Ht are higher than half of the wall
20 thickness of the steel plates to be welded, is the same as
the conventional method in which an amount of the welding
deformation is reduced mainly by restraining the steel plates
with a tack-welded bead provided in the groove or a tab. An
object of the present invention is to reduce an amount of
25 welding deformation mainly by selecting a welding condition.
Therefore, when the values of H and Ht are higher than half
of the wall thickness of the steel plates to be welded, it is
- contrary to the object of the present invention. Therefore,
the values H and Ht are set to be not more than half of the
30 wall thickness of the steel plate to be welded.
Next, the reason why the ranges of P and Ptab are
limited will be described below.
In the case where a tack-welded bead is formed in a
butted groove, the steel plates to be welded are mainly
35 restrained by the tack-welded bead formed in the butted
groove. In the aforementioned case, according to the
conventional welding condition, the value P becomes higher
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200gcm m n; and a bonded type flux is used at ‘the sugtage ang:t,he back.

(6) The net hod of reducing me|dlnngISFOﬁtI0n- i fisone 'stde wel ding

f or §j oi ning plates according to one of itenms (1) to (5), wherein a

Y- gfoove, |-groove, V-groove or U groove is adopted. . (7) The method of

redgci ng wel di:ﬂﬂndésmrtimef@f&w sitd e svahioag iblle jtdl Head ibleates

acczrdlng to gg ugglon in $éid1ng deformation unless a tab is used for
restraining the steel plates or gas burners are used for
controlling the thermal history. The reason why the upper

S limit of P is set at 0.l14 is that the value 0.14 is an upper
limit to provide the same effect as that of the conventional
method for reducing an amount of welding deformation. It is
preferable that the welding condition and H are determined in
such a manner that the value P becomes not more than 0.04 in

10 the case of k = 50.

In the case vwhere a tab is welded to steel plates to be
welded, the tab functions to restrain the steel plates to be
welded. However, when the value Ptab is lower than 0.009, it
coincides with the conventionai welding deformation reducing

15 method in which a tab is used. It is contrary to the object
of the present invention. Therefore, the range of Ptab is
determined tc be not less than 0.009. In the case where the:
value Ptab is in the above range, it is necessary to
determine an upper limit of P for reducing an amount of

20 welding deformation in the same manner as the conventional
method. In this case, since the steel plates are restrained
by the tab, an amount of welding deformation can be reduced
even when the value P is higher than 0.14. For this reason,
the upper limit of P is determined to be 0.26. Preferably,

25 the welding condition and Ht are determined in such a manner
that Ptab is not less than 0.02 in the case of k = 50, and P
is not more than 0.08.

Next, the reason why the number of electrodes is limited
to a value not less than 3 will be described as follows.

30 Welding deformation includes the following two problems.
One is a deformation in a plane, and the other is a
deformation out of a plane. In the case of welding for
joining steel plates, the deformation out of a plane is
caused when the welding heat history on a surface (from now

35 on, it means a surface of the welding electrodes side) of the
steel plate and that of a back surface (from now on, it means
a surface opposite to the welding electrodes side) are

%
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(6), wherein the tensile strength Qf-stee1op1ates tg’be joihed is not

s than 390 MPa and not nore than 780 NP?S'and the walf ‘t hickness is not
s than 8 mm and not nore than 50 mm BRI'EF DESCRI PTI'ON OF THE

W NGS Fig. 1 is a sectional view show ng the groove configuration.

21s a n@ﬂfﬁgg%ﬁ‘ aﬁ*ﬁ@ge%o E%habhen %hgwﬂp&g ghgsw@hg?nsaasgaod

t he prese & Sectional enatlc l ustration
en on |inewken anjamdung of depos;pgd weld &egﬁépﬁnsﬁbﬂlﬁgréaﬁéléﬂﬁon

ween the D&E%éf%&ruf’e @ BRFadel a0k digkarkhe). The dEEG?maéiéﬂx #Ada
) show a condition of_ distortion, condi tion of

tortion ch%%E?s%ﬁf@ﬁﬁ?Qﬁﬁiqg g v B%g§ﬁoﬁgf8&@%ﬁ&PPl ﬁlﬁﬁ?ngfl?hghe

face. 5 sdhg ptans. a $apivailc defbumhtabnoinoh phaneodsl shéwn in

rnDeIast|c§{36 5{(a). The weiding deformation shown in Fig. 5(a) is
formed when a groove ahead of the welding bead is opened
during the process of welding. This welding deformation is
formed as if the steel plates to be welded were rotated

10 around the welding arc. Therefore, this welding deformation
is referred to as a rotational deformation. In this
connection, end cracks are caused by this rotational
deformation. _

On the other hand, the deformation out of a plane is a

15 welding deformation which is not disposed in the same plane.
A typical example of the deformation out of a plane is shown
in Fig. 5(b). This deformation out of a plane is caused when
an amount of deformation of the surface and that of the back
surface are different. In the case shown in Fig. 5(b), a

20 corner deformation and deflection are caused on the steel
plates to be welded.

In the welding operation for joining steel plates using
electrodes, the number of which is not more than 2, the heat
input for each electrode is increased, so that an amount of

25 deposited metal for each electrode is also increased. For
this reason, compared with a case in which not less than 3
electrodes are used, a difference between the width of a
-welding bead of the surface and that of the back surface
tends to increase, and also the reinforcement of the weld

30 tends to increase. These are some of the factors that cause
the welding deformation out of a plane. The inventors have
found that even when the parameters P and Ptab are set in the
ranges specified by the present invention, in the case where
the number of electrodes is not more than 2, although the

35 welding deformation in a plane can be reduced, the welding
deformation out of a plane can not be reduced. Due to the
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s. 7(a) to 7(e) show types of the dﬁoéve confi, guration, wherein Fig. (a)
*a vi'ew showing a Y-groove, Fig. (b) is a vigWw;show hg:a V-gi.eove, Fig.
is a view showing an |-groove, Fig. (dR6’s =a V|eM/shomnng a*U groove,

Fig. (e) is a vieM/shomAng anot her groove. DESCRI PTI ON OF THE
FERRED EMBCDI MENTS Is widely believed that welding distortion
sed in thefgrmoft%enwm Ry slctdasdHi9ftermined, &0 be 3

ectively aypiflegeby nmeans of heating the steel plates wi th gas burners
PLronaly rest T A0 R0 LhE LI Ll (AR A SRLAG, LA RLess el on.
di ng condi tésbristddt £ ntine cosesdriatinvmntpiarm veEilar baP eapd afnmid telow.
5 First, concerning the first and second electrodes, these
are preceding electrodes. From the viewpoint of practical
use, it is very important to form a back bead with these
preceding electrodes. In order to form a back bead, it is
necessary to form a key hole. The reason why the currents of
10 the first and second electrodes are set at a value not less
than 900 A is that the minimum current 900 A is required for
forming a key hole using an arc force. The reason why the
upper limit 2400 A is determined is that when the current is
increased to be higher than 2460 A, a melting pool goes out
15 of control so that an excellent bead cannot be formed.
Concerning the third electrode and after that, these
succeeding electrodes function sc as to form a surface bead.
These succeeding electrodes are different from the preceding
electrodes, and it is not necessary to form a back bead
20 {uranami) with these succeeding electrodes, and it is also .
not necessary to form a key hole with these succeeding
electrodes. For this reason, it is possible to form an
excellent bead using a current lower than that of the first
and second electrodes. The reason why the upper limit of the
25 third electrode and after that is set at 2400 A is the same
as that of the first and second electrodes. High welding
speed is advantageous for enhancing the labor efficiency.
- However, when the welding speed is too high, welding defects
such as undercut are caused. The reason why the upper limit
30 of welding speed is set at 200 cm/min is that the occurrence
of welding defects such as undercut is prevented when the
welding speed is lower than the limit. There are two reasons
for setting the lower limit. One reason is as follows.
Since the lower limit of the current of the preceding
35 electrode is 900 A and that of the succeeding electrode is
600 A, in the case where the welding speed is lower than 60
cm/min, the amount of deposited metal is excessively
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7 pe set in a predeterm ned range, meldlng drstoction Jj's, reduced. It is an
obfect ‘of the present invention to enhance the~|abor eTiJC|endy 4n the
‘prpcess of welding and also to reduce a bukden rnposed ‘on the wel di ng

appar at us. The present invention is intended to provide a nethod of
regluci ng meldugg dlstortlon in_one side welding for joining plates in which

stpel plates % BE SURAT FFASGR St a@adfl‘i’léﬁl’ér gingexthel Badkpead
i sfforned an(béadedif Itlih@. mrexsdingaed evttrodes 4 st atmisar aelﬁbeehéOﬂescaref

Fof i ng pl at U ey ST, Wi SRS aSaptel BRRRN 13 AR RaR oA st reoe
geperat ed i n sufef jribasky cixaedlgntgbasknpead sanube foriedt i|Thet lQver
(PME{) mt g%”p%?ﬂl@ylé Nfod i3 60" SRFhIA EDL 2RY 2b38oHShBY RiRaaaMEL €
above. The welding speed has an influence on the welding
heat input. However, when the heat input is reduced, the
parameter P is necessarily reduced. For this reason, it is
practically effective to set a lower limit of the welding

10 speed.

Next, the reason why flux of the surface and the back
surface is restricted will be explained as follows.

The occurrence of welding deformation is determined by
the welding condition, and seléction of flux is not related

15 ¢to wélding deformation. According to the welding condition
of the present invention, the lower 1limit of the currents of
the first and second electrodes is 900 A, and the upper limit
is 2400 A. 1In the case where welding is conducted by a high
current, f£lux of high fire resistance is required. The

20 bonded type flux is provided with high fire resistance.
Therefore, flux is limited to the bonded type flux in the
present invention.

Next, the reason why the groove configuration is limited
will be explained as follows.

25 From the viewpoint of practical use, welding deformation
caused in one side welding for joining plates is not affected
by the groove configuration. However, in order to form an

- excellent welding bead, the groove configuration must be
appropriate. Fig. 7 shows Y, V, I and U grooves to which the

30 groove of the present invention is restricted for providing
an excellent welding bead in one side welding for joining
plates. In this case, the U groove is not limited to the
example shown in the drawing, and an modified U groove is
included. In the present invention, the groove configuration

35 1is limited to reduce welding deformation and provide a bead
having an excellent configuration.
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folfl ow ng expression (2); and determ ni:ng a wel.di ng candi tion “of each

€l gctrode so that the distortion stress cap,be.in an-al[-owablerange.
Ql=1i x EE x 6 [err] Vi Expr essi on ?I) where 1i 1s a current (A of
the i-th electrode with respect to a direction opposite to the welding

dilection, E TS gl bagod impleid Sredi” gty 100 9amRda biflg pelel Ui ng

spged (cn1n1n) of pression (2)
where Li is leperimre Hedgwiromthe first electrode to the i-th el ectrode,

L[prr] is O, n is theipuiherimint biRlecioodese mrtdat in@reﬁ@.‘ibh' ‘t@
cohstant, and mhere the Xi hei ght of the tack-wel ded bead i.n Fg
buf ted grooveFdUCY Yo QWégggﬁ?qq P& -no RLOERan 2R PFROURE AE WELH1INg

t § ckness sof démoﬁﬁaaﬁioxplcﬁre Yeo ﬂwmmeldddatrespectl'lve aliovheckppessfotse(l)

a (2) wll spteeeef eq;oasoef l%\g% However, a steel plate of which
the tensile strength is lower than 390 MPa is not suitable
for a welded construction, so that the lower limit of the
tensile strength is set at a value not less than 390 MPa.

10 The reason why the upper limit of the tensile strength is set
at 780 MPa is that in the case of -a steel plate of which the
tensile strength is not less than 780 MPa, there is a
possibility that the toughness'of a welded portion is

deteriorated in one side welding for joining steel plates.

15 For this reason, the upper limit is set at this wvalue for
securing the reliability of the welded portion.

Concerning the wall thickness, from the viewpoint of
practical use, only steel plates of which the wall thickness
is not less than 8 mm are subjected to one side welding for

20 Jjoining. This is the reason why the lower limit is set at 8
mm. The reason why the upper limit of the wall thickness is
set at 50 mm is described that when steel plates of which the
wall thickness is not less than 50 mm are subjected to one
side welding for joining, the current of each electrode is

25 excessively increased, and there is a possibility that a
welding bead of excellent configuration cannot be provided.
As the wall thickness becomes large, the amount of deposited

- metal is increased, so that the welding speed is lowered and
the welding operation cannot be executed effectively.

30 Further, when an excessive amount of heat input is applied to
the steel plate to be welded, the toughness of the steel
plate is deteriorated. '

When the welding conditions are restricted as explained
above, the parameter P can be lowered, that is, an amount of

35 welding deformation is reduced, and a welded joint having an
excellent bead configuration can be prbvided at a relatively
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6 is a schematic illustration shomﬁng a :mogel -~ of: the present

Ation. Nunerals 19, 20, 21 and 22 respepglvely rep?ésent the first,
nd, third and fourth electrodes. It is &@ssuned that’ these &l ect r odes
noving on an infinite flat plate fromthe left to right in Fig. 6.

a6 anor | S eyl deRiciebel TarehipPchs SELALAY Mpeod te
maintained in the range of 60 2 0 cm/mln.
EXAMPLE _
With reference to the experimental device illustrated in
5 Figs. 2 and 3, an example of the present invention will be
explained as follows. As shown in the drawings, two steel
plates 1, 1' to be welded by one side welding were butted and
fixed by two pairs of clamps 8 attached to a welding mount 9.
FPurther, side ends of the butted portion of the steel plates
10 1, 1* to be welded were fixed by a tab 4. Groove portions
formed at the butted end portions of the steel plates i, 1!
were previously subjected to tack-welding, and then one side
welding for joining the steel plates was conducted using the
two, three, four, five or six électrodes, although four
15 electrodes 2a to 2d are used in the device shown in Fig. 2.
In Fig. 3, numeral 14 is an air hose. By the action of air
pressure in the air hose, the pushing force of a backing
plate 15 is adjusted, that is, the position of the backing
plate 15 is adjusted, so that the steel plates to be welded
20 can be supported. '
The welding apparatus used here is described as follows.
For example, in the case of 4 electrode welding, welding
electrodes 2a, 2b, 2¢, 2d were respectively connected to
welding power sources lla, 1llb, llc, l11d. These welding
25 power sources lla to 11ld were connected with a welding
condition control unit 12 and parameter computing unit 13.
The following were used so as to compute the parameter P from
- the expression (2): the maximum height H of a tack-welded
bead which was previously measured; the heat input Qi found
30 Dby the expression (1) from the current, voltage and welding
speed of the i-th electrode; the distance Li from the first
to the i-th electrode; and the constant k. Using the
computed parameter P, H was made to be half of the wall
thickness of steel plates to be welded, and the welding
35 conditions such as a current and voltage of each welding
electrode, welding speed and a distance between electrodes
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nojes at the same speed V as the wel di'ng speed,.-Al t hough Fig::6 shows a
cofdi tion of 4 electrode welding, the faollqu ng:anal ysi‘s ‘is made under the
cofdition that the nunber of electrodes is“m. I n t'he case*where the
nugber of electrodes is 1, the solution was found by Sato et al. (shown in

wefdl o, ¢ he. #8ER: PeReRaEind: S Y iRt ylibd | it Be e bR

of Jel ectrodes0i.34n, the solution was found while consideration was given to

thi Iinearity in tRALADE! pshi §ikis SO 1H0ES SFaPloRily LR SeldUC kd S

a gerious problem caused i n one Si ng, Is a distortion illustrated
in]Fig. 5(a), ther eide[ end] of i thieb§ed @artion af thre fteels plasss. 1. 1' to
[efr] 5 Dbe welded. In this case, the welding conditions such as a

current and voltage in each welding electrode, welding speed
and distance between the electrodes were determined using the
parameter Ptab so that H and Ht could be not more than half
of the wall thickness of the steel plates to be welded and so

10 that the value P could be not more than 0.26 and the value
Ptab could be not less than 0.009. In this case, the
parameter Ptab was computed by the expression (3) using the
maximum height H of the tack-welded bead at the butted
portion of the steel plates 1, 1' to be welded, the thickness

15 of the tab, and the maximum value Ht of the tack-welded bead
formed between the tab and the steel plates to be welded.

In Tables 1 and 2, there are shown welding conditions

adopted in the present invention such as a current I, voltage
BE, welding speed V and distance between electrodes L. In

20 Tables 1 and 2, there are also shown a wall thickness,
maximum height H of a tack-welded bead formed in the butted
groove, parameter P (shown in expression (2)) computed
according to the welding condition, and groove configuration.

Concerning constant k, three values 10, 50, 150 were
25 selected. The groove angle 8 and root face Rf of the groove

e

configuration shown on Tables 1 and 2 respectively correspond
to 0 and Rf shown in Fig. 1. In this connection, in the case
- where the steel platés 1, 1' to be welded were restrained by
the tab 4, the tab 4 was welded to the steel plates 1, 1* to
30 Dbe welded as illustrated in Figs. 2 and 3. In the case where
the steel plates 1, 1' to be welded were not restrained by
the tab 4, pieces of cut wire were scattered between the tab
4 and the steel plates 1, 1' to be welded.
With respect to the steel plates that were subjected to
35 one side welding so as to be joined under the welding
conditions shown in Tables 1 and 2, amounts of deformation of
three types were measured. That is, an amount of deformation
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Expression (4) E: Young's Mbdul LIS "[err] ‘C@efficiqnt of linear

eXpansi on K: Coefficient of thernal. (yff‘u§|on el [ erc]witCoef ficient
of} heat transfer V. Wl di ng speed rierr]: { ([err] + Li)[err] +
yllerr] Li: D stance between the first electrode and the i-th
electrode (L}n= a%lane clliseQUART tAY g&@@@é S#Myhd Rl dd Od faenauﬂcstof
elfectrode unjt . wall thickpess in unit tjne O and Kl1:

0-for der and FFP&SVSFH@P- FpEirkage Bé%‘%?nﬁéﬁuﬂfﬁﬁﬁ wRlding :s@e%di%wunt
nsi derati O£l angurag a@fbmasidsxessef@rméammﬂ aul'm@wuﬂme:ﬁf\el ding line

th. at Agats hg \S;tg'regggmﬁ%lrgﬁha{illon% artzeh Jrahse n?enaqsfx[ea& ind the yfolldw:.ng ?na[nnr rr] *

5 As shown in Fig. 2, a plate 5 for measuring the deformation,
the length of which was 300 mm, was attached to an end of the
steel plates 1 at a position which was separated from the
center of the groove by 20 mm, and the deformation of this
plate was measured with a dial gauge 3. An amount of

10 deformation measured whHen the first electrode 2a had come to

a position separated from the end portion by 50 mm, was
adopted to be used as a measured value.
The transversal shrinkage of residual deformation was

measured in the following manner. Two contact balls 6 were

15 respectively provided beforehand at a position separated from
the end portion by 50 mm and also separated from the center
of the groove by 50 mm. A distance between the contact balls
6 was measured before and after the welding operatidn, and
its difference was found. "This difference was used as the

20 transversal shrinkage. Aan amount of angular deformation was
found in such a manner that an angle of the steel plate was
measured with an angle gauge, and a difference between before
and after the welding operation was determined as the angular
deformation. In Tables 3 and 4, results of the measurement

25 of the amounts of these three types of deformation are shown
in the cases of the conventional method and the comparative

example.
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et er P can be used as a practical - pafameter:, . °..,F,g. 4 shows that
paraneter P corresponds to an anount Iﬁ.ﬂeﬂébn&ﬁi@ﬁyﬁrn'othem wor ds,
hori zontal axis in Fig. 4 expresses an dfbunt  of 'defor mat i'or¥ caused
ng the wel ding operation in an exanple described |ater. Therefore, it

b d d A .S i | atj '
amodnt of et or mat | A AESHPVaR, Age RECHRI SR nEE8pEPaEREn, - EheCrs TR Of

Pgoi ng, wheloishe lvabud.6Pins whiiphr BBeesiteal cppriaet ke hacdeldedeyexs not
int of defOQ%EEE%Hn%%@B?egrEQHCE d fu¥FhéfQ§%§“EEkﬁéEtﬁEhii &Ms not
ab used for t b

bnt i on, the paraneter e ta as the sane relation as

of the tacendystedd GbadapeuBRESLHRE dekvEmatien (dpring twelding mexrs cel

es. to de wpbgedssed ke BaTRoEMSLE Eah Ne. d@GHm Whaled e ashrathalef @ e,

s possible to evaluate e function_of the tab in_.the sape nney .
prgsent i nV8ft Pek WPFP % aﬁxgrg‘;nedn? - HoreRT &t %5qu I%ﬁg in

which the parameter P was higher than 0.140, the amounts of
deformation during welding were larger than 1.00 mm. In the

cases of the conventional methods 17 and 18 in which gas

10 Dburner heating was conducted at the position 7 shown in Fig.
2 in the cases of Nos. 8 and 9, the amount of deformation
during welding was reduced to a value not more than 1.00 mm
when burner heating was conducted. In all examples of the
present invention, the amounts.of deformation during welding

15 were suppressed to a value not more than 1.00 mm in the same
manner as the conventional method. In this connection, in
the cases of Nos. 12 and 13 in which the parameter P was
high, the amounts of deformation during welding were
respectively 3.25 mm and 2.55 mm, which are large, and even

20 in the cases of Nos. 19 and 20 in which burner heating was
conducted in Nos. 12 and 13, the amounts of deformation
during welding were not reduced to a value not more than 1.00
mm. In the cases of Nos. 12 and 13, the amounts of
deformation were reduced to a value not more than 1.00 mm

25 only when the steel plates to be welded were restrained by a
tab in the same manner as the conventional methods of Nos. 38
and 39. In the case of No. 1 in which the parameter P was

- lowered, the amount of deformation during welding was
suppressed, however, as the two electrode welding was

30 adopted, an amount of angular deformation was increased to
0.12 rad, which is somewhat high. In the examples of the
present invention, all the amounts of angular deformation
were smaller than 0.10 rad in the same manner as the
conventional method.

35 In the cases of Nos. 21 to 39 in which the steel plates
to be welded were restrained by a tab, when the parameter P
was not more than 0.26, the amounts of deformation were
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st, the paraneter
A and each termis described as follows.
aneter P expresses how the wel di ng conditi on affect’s an anmount of

 di ng deformation. Normally, when the welding heat |nput i s reduced, an

bunt of wel t
b side wel dlg{r‘%EE gﬂeﬁ{;ﬂ? éﬁ:zg]é%'ee pl atée}g }?% ol n| ng nust t‘)dea%ctcx){r?%l e%%%
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P is divided into. the twe terms of. [ert]Q /(Li+k) and
cTermoferr}@Q +¢Li +k) in the

nfiguration,@bres was low. However, in the case of No. 21 in which the

parameter P was not more than 0.26 and the parameter Ptab was
not less than 0.008, as two electrode welding was conducted,
an amount of angular deformation was 0.1l rad, which was
large. In the cases of Nos. 30, 33 and 34 in which the
parameter P was higher than 0.26, the amounts of deformation
during welding were suppressed to a value not more than 1.00
mm, however, the amounts of transversal shrinkage were 0.63
mm, 0.75 mm and 0.65 mm which were larger than 0.60 mm. In
the examples of the present invention, all the amounts of
transversal shrinkage were not more than 0.60 mm in the same
manner as the conventional method, and the amounts of
transversal shrinkage were reduced to a value relatively
smaller than those of the cases Nos. 37, 38 and 39 which were
the conventional method in which a restraining force to
restrain the steel plates was high.

As described above, according to the method of the
present invention, an amount of welding deformation can be
reduced in the same manner as the conventional method.

It has been widely believed that welding distortion
caused in the process of one side welding for joining plates
can be effectively avoided by means of heating the steel
plates with gas burners or strongly restraining them with
tabs. However, according to the present invention, it is not
necessary to heat or highly restrain the steel plates. When

-the welding condition is determined so that the parameters P

and Ptab can be set in a predetermined range, welding
distortion is reduced. Therefore, the present invention is
very effective and enhances labor efficiency in the process
of welding and reduces a burden imposed on the welding
apparatus.

This Sheet Has Been Replaced

WAL




!IIMU“M“H! “!Ln the case of one-el ectrode wel ding and that of the
maltl se of multi-electrode weldiing are diffecent. ’8
Accordi ngly, even when the heat i nput i s the same, tHé'viel di ng deformatio
behEvi or is different. Therefore, in order to deternine the wel di ng
condition so that the wel ding deformation can be reduced, it is necessary
to mdopt a paranmeter expressing the conmmmtion of a nelting pool or a

t th t .of,elect Th t
Ul Y convi need of-oxi & BRERORT oF ESatichEs parKAEEE: 45 ShRFTUSL vt T BAe

i nviest i gat edwébe@isaneor Afoinims Wlatds tie winadststgsli glatidseyohbeewatdedr ed
o S e AL o Ul VL AR OO
between the @@cﬁ?—%@@swmeﬁm@e&m not dqgs jghans thyees elecEredesoapat e
QlL/|L1 for theshiféd, said method of reducing welding distortion in one
side welding for joining plates comprising the steps of:
estimating a distortion stress generated in the process of
welding using an amount of inputted heat Qi (kJ/mm) computed
10 Dby the following expression (1) and also using a parameter P
computed by the following expression (2); and determining a
%elding condition of each electrode so that the distortion
stress can be in an allowable range.
Qi = Ii x Ei x 6 + Vi Expression (1)
15 where Ii is a current (A) of the i-th electrode with respect
to a direction opposite to the welding direction, Ei is a
voltage (V) of the i-th electrode, and Vi is a welding speed
(cm/mln) of the i-th electrode,

13 .0 .
El Titk Expression (2)

20 where Li is a distance (mm) from the first electrode to the
i-th electrode, L; is 0, n is the number of the electrodes,

and k is a positive constant, and where the maximum height of
the tack-welded bead in the butted groove is H (mm)}, wherein
H is not more than half of the wall thickness of the steel
25 plate to be welded.
2. The method of reducing welding distortion in one
. side welding for joining plates according to c¢laim 1, wherein

a value of constant k in the expression {2) for computing the
parameter P is selected from a range of 10 to 150, and a

30 welding condition of each electrode is determined so that the
value P can be not more than 0.14.

3. A method of reducing welding distortion in one side
welding for joining plates in which steel plates to be welded
are butted against each other, a tack-welded bead is formed

35 and fixed in a groove, a tab is tack-welded and fixed at an
end portion of the steel plates to be welded and not less
than three electrodes are applied, said method of reduqing
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elie [I k is added to'the di stance between the el ectrodes.

T eﬂﬂmuﬁnlu;lmnﬂ m und that the paraneter can be put into practical use
en the cénstlant k™is added to the distgnce between:the el éctrodes.

The reason why a range is established in the constant k is as follows.

en the constant k is too snmall, the paraneter P is.approxi mately

det er mi ned Ly iy RAFIRAL Ph bRet B2abi W8t athgCtspdfoiiithdiplbisefore, it

i§ inpossible to correctly evaluate the influence, of the second el ectrode
and those SOFBTiSiRg theaSteps: RE :r egEIMHAYIt Rt BT Lt at a

val ue not lRsreddtad 10 thkeprblessonst aaldifg| oasing gpi, this iMfdndnce of

t he di stance between el ectr, dgf,canno be correctlé%Fv%Agﬂeiéothﬁn's, t he

i nf | uence SPATEYy l}%u‘#&@ﬁé' egr 18| 8t FERT EARHTT cFTeIRP evartat ed.

That i s5t hparasstenshP tinéd ®oabt eompkted bytthe folbdwimn@xprassidns 150.

Practical ly, t .C t LS:set st | eterm ne
( 6‘)‘3\(;\1%?‘% n(lgﬁ J \%A%ﬁc ﬁ@te&mﬁﬁlﬁs arePQind L cdbia O R daef

ajwelding c .
' electrode so that the distortion stress can be in an
allowable range. '

n 0i
p=4%1 . Expression (2)

10 where Li is a distance {mm) from the first electrcde to the
i-th electrode, Lj is 0, n is the number of the electrodes, k
is a positive constant, and H is not more than half of the
wall thickness of the steel pldte to be welded,

17+ . Qi ;
Ptab = =~ -—— Expression (3)
Hti=l Li+k

15 where Li is a distance (mm)} from the first electrode to the
i-th electrode, L)} is 0, n is the number of the electrodes, k
is a positive constant, and Ht (mm) is the thickness of the
tab, or Ht (mm) is a smaller value between the thickness of

" the tab and the height of the tack-welded bead formed between

20 the tab and the steel plate to be welded, and Ht is not more
than half of the wall thickness of the steel plate to be
welded.

4. The method of reducing welding distortion in one
side welding for joining plates according to claim 3, wherein

25 the value k in the expression (2) for computing the parameter
P and the expression (3) for computing the parameter Ptab is
‘determined to be in a range from 10 to 150, and a welding
condition of each electrode is determined so that the value P
can be not more than 0.26 and the value Ptab can be not less

30 0.009. .

5. The method of reducing welding distortion in one
side welding for joining plates according to one of claims 1
to 4, wherein multi-electrode submerged arc welding is
employed under the welding condition that: a current of each

35 electrode is not more than 2400 A; currents of the first and
second electrodes are not less than 900 A; currents of the
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an aﬂ!ﬁ“lmmuﬂ’mmeformtion can bé reduced. Néxt, I/HwIIl be
descr c * : : = 12 His the

maxi yjum of the hei ght of the tack-wel ded bgﬁg pfdvﬁded in a butted groove.
A paggneter to find a relation between tHhe el di ng defornmati on behavi or and
t he | di ng condition can be described by Q and Li. However, when the

oL o il ML fr R B BLeEL P Loctack YELE Bttedd ;0
welding speed is not less than 60 cm/min and not more than
200 cm/min; and a bonded type flux is used at the surface and
the back.

5 6. THe method of reducing welding distortion in one
side welding for joining plates according to one of claims 1
to 5, wherein a Y-groove, I-groove, V-groove or U-groove is
adopted. |

7. The method of reducing welding distortion in one
10 side welding for joining plates according to one of claims 1
to 6, wherein the tensile strength of steel plates to be
joined is not less than 390 MPa and not more than 780 MPa,
and the wall thickness is not less than 8 mm and not more
than 50 mm.
15
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gropve at all and the steel plates to be welded are not restrained by a
tak} the steel plates to be welded are not restrained at all. In this case,
even when a wel ding condition to reduce an anourit. of wel di ng deformatio
adopted, it is substantially inpossible to conduct welding. Consequently,

it s essentially necessary to restrain the steel plates by a m ni num
anoynt of tack-wel ded bead. Therefore, it is necessary to find a paraneter
exphessing this influence. The inventors have also investigated the

i nfliuence of H fromthe above viewpoint and found the follow ng: when the
parameter [err]Q/(Li+k) expressing the influence of a welding condition is
mul fiplied by 1/H, that is, when the paraneter P shown by expression (2) is
used, it is possible to express the influence of a welding condition and
alsg to express the influence of a tack-wel ded bead or a tab. The reason
why{H i s the maxi num hei ght of the tack-welded bead in the butted groove is
thaf the wel ding deformation can be nost

Fig.]

g : Groove angle Rf: Root face

)




resfricted at a position where the bead height is maximum Therefore, the
nosy effective nmeans is to enploy the HHX|nun1vaIue H - Next, the
paranmeter Ptab will be described as fol | ows. - :The paranetef Ptab is
proyi ded when His replaced with H in the paraneter P. It is an object of
t he] present invention to reduce an ampunt of welding deformation mainly by
sel ecting a welding condition. In the practical operation, a tab is used
not jonly for the purpose of reducing an anount of wel ding deformation but
al sp for acconplishing another object. For exanple, using a tab is an
effective neans in the industrial field for preventing the occurrence of a
crater at the end portion of welding on the steel plates

A

]

TR B st A

Fig.2
1
i Yo
)
-

+~13

+~11a

1

/
N
-+

o\ {

\

2
\.
1c

1
1
-

/

d
11\/

~J]

Sheet Has Been Reﬂlaced

Z lIIIlIIHIIIIHIII\I Il




13 {to be welded. In this case, when a tab is tack-wel ded to the steel
plates to be welded, this tab works-to restrain the steel plates to wel ded.
Consequently, the inventors have given consideration to the case in which
thg steel plates to be welded are restrained by the tab. The inventors have
fodnd the following: Ptab is a paraneter for expressing the influence of

thg tab and wel ding condition on the welding deformation, and in the sane
manner as P, the paranmeter Ptab expresses the influence of the tab.

Next, the reason whey the ranges of Hand H are limted will be described
as ifol | ows. In order to set the paraneters P and Ptab in a

8 T 10 % 1 %
/ -::::f,:g_:”‘“ .
. 107 1Y
EIN: NN ®2 9
bl
18 % 15
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prqdeterm ned range, there are three nmethods provided. They are a nethod of
selfecting an appropriate wel ding condition, a nethod of selecting
apfropriate values of H and H, and a nethod of selecting both the
apgropriate wel ding condition and the appropriate values of Hand H. A
metlhod in which the values H and H are higher than half of the wall
t hijckness of the steel plates to be welded, is the sane as the conventi onal
metthod in which an anount of the welding defornmation is reduced nainly by
redtraining the steel plates with a tack-wel ded bead provided in the groove
or Ja tab. An object of the present invention is to reduce an anmount of
welfdi ng deformation mainly by selecting a welding condition. Therefore,
whgn the values of H and Ht are higher than half of the wall thickness of
thg steel plates to be welded, it is contrary to the object of the present
i ngention. Therefore, the values Hand Ht are set to be not nore than half
of §the wal |l thickness of the steel plate to be wel ded. Next, the
reqson why the ranges of P and F%Ffa are
|

g.4

10

—> Amount of deformation (mm)
IS
1

O 1 1 1 1 1
0005 001 002 005 0. 0.2

—= P(kJ/mm?3)
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Iin{ted w Il be described bel ow " In the case where a tack-wel ded bead
i s»d0ormed in a butted groove, the steel plates to be welded are mainly
restrai ned by the tack-wel ded bead formed in the butted groove. In the
af or enent i oned case, according to the conventional welding condition, the
vallue P becones hi gher : 14 than 0. 14.

Therefore, it is inpossible to realize a reduction in welding deformation
unless a tab is used for

13) 3]

Fig.5(a)
Fig.5(b)
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resfraining the steel plates or gas burners are used for controlling the
termal history. The reason why the upper limt of Pis set at 0.14 is that
the!value 0.14 is an upper limt to provide the sanme effect as that of the
conventional nethod for reducing an anount of welding deformation. It is
préferable that the welding condition and H are determ-.ned in such a manner
that the value P becones not nore than 0.04 in the case of k = 50. In
the case where a tab is welded to steel plates to be welded, the tab
functions to restrain the steel plates to be wel ded. However, when the
val'ue Ptab is lower than 0.009, it coinekdes with the conventional welding
def ormati on reduci ng nmethod in which aqﬁg sg;sed. It is contrary to the
obj ect of the present invention. Thereforest range of Ptab is determ ned
to be not less than 0.009. In the case where the ,value Ptab is in the above
range, it is necessary to detgrni e.an upper limft of P for reducing an
amount of wel di ng def or mat i on°Pf® h& same nannerTas t he conventi onal

g
22 21 20 19
S48

This Sheet Has Been Reﬂlaced

Z2 [T




method. In this case, since the steel plates are restrained by the tab, an
rapount of wel ding defornmation can.be reduced. even when the value Pis

hi gher than 0.14. For this reason, the_upper . linit of 'Pis detern1nedfio be
0;26. Preferably, the welding condition and H are determ ned i n such
mpnner that Ptab is not less than 0.02 in the case of k = 50, and P is not
npre than 0. 08. Next, the reasoq¥$g%ug%@ nunber of electrodes is
l{mted to a value not less than 3 w e described as foll ows.

Vel di ng deformation includes the followng two problens. One is a

deformation in el i\ﬁ%seﬁl&dlhbaneibﬁr rbSafedefor AbhbHo® WE Gfedudii@@n | N
t he case of meldlng g&mmngastee Iates t he def.ormati on out, of a
n%

pl ane i s cFFSEFR 8| deRgTIREIOR| TR oFRe R SE JfetR STELR n, it
nmeans as sutbabe wfelﬁba wédbﬁateae@ﬁdoﬁasjéw@d b taduk-stedeling anel and t hat

of 2, Pack el Re! LLOR-0RYER pbic 1BA"Es "o L6k VP %id Bidh LAatBL" "9

e| ectrodes
for joining the plates.

In the present invention, not less than 3 welding
electrodes are used and a welding condition is determined so
10 that the parameter P shown by the expression of

P= ‘LZ Li+k

can be a predetermined value. In this case, Qi is the heat
input of each electrode determined by a current, voltage and
speed, and Li is a distance from the first electrode to each

15 electrode, and H is the maximum value of the height of a
tack-welded bead, wherein the height H is made to be a value
not more than half of the wall thickness of the steel plates
to be welded. In the case where tack-welding is conducted
using a tab, the parameter P is set to be not more than a

20 predetermined value, and the height Ht of the tack-welded
bead of the tab is made to be not more than a half of the
wall thickness of the steel plates to be welded, and a
welding condition of one side welding for joining the plates
is determined so that the parameter Ptab obtained from these

25 wvalues can be not less than a predetermined value.

{Figure 2)
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15 .dif§ gﬁg@ﬁ%ﬂ%ﬂ%ﬁugEge ormati on out of a plahe |iRERIACEMENTSHBETSN ARG
anpuht o} *gleposi ted wel di netal on the surface an EﬁBmmﬁyﬁdnth@atmnsy@ﬁg@fgﬁ

aré diffgrént44T08T d996r fmfion in a plane is def] M&EClais(s) velpdpad. 2. to paged .2
def ormat ijod existing in {he¢ same plane, A typical H&howmald)0Dabéd A7 R 336ed 4
shown i n {Fi'o- ) e wel di ng def ormati on showiiAbsfrad- 5 ged' 34 ft@?ggég """
when a grioove ahead of thelwel ding bead is open during the pfocéss g

wel ding. This welding defornmation i s DESCRIPTION

METHOD OF REDUCING WELDIMG DISTORTION IN ONME SIDE -
WELDING FOR JOINING PLATES
TECHNICAL, FIELD
The present invention relates to a method of reducing
welding distortion in one side welding for joining plates.
More particularly, the present invention provides a method of
reducing welding distortion in one side welding for joining
plates, by which welding distortion is reduced when welding
is executed under optimal welding conditions in multi-
electrode welding.
DESCRIPTION OF THE PRIOR ART
According to the prior art, the following one side
welding methods for joining plates are provided. As shown in
Fig. 2, steel plates ll 1* to be welded are butted against
each other, and a tack-welded bead, the height of which is
the same as the wall thickness of the plates to be welded, is
provided in a groove, especially in a groove of the end
portion of welding. Altermatively, a tab, the thickness of
which is the same as the wall thickness of the plates to be
welded, is tack-welded at the end portion of welding so that
the height of the bead can be the same as the wall thickness.
In this way, the steel plates 1, 1' to be welded are
sufficiently bound before the start of welding so as to
reduce welding distortion. Alternatively, the following
mathod is provided, in which the plates to be welded are
- neated by means of gas burners in the process of welding, so
that the thermal history is controlled for reducing welding
distortion. ERowever, according to the conventional methods
in which a high restraining force is applied to the steel
plates to be welded using the tack-welded bead or tab, a
_heavy burden is imposed for preparation before the start of
welding, and further it is necessary to repair the plates
after the completion of welding, which causes a praoblem from
the viewpoint of enhancing the efficiency of welding. Also,
the method of controlling the thermal history using gas

>
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~formed as if #h tp be wel ded were rotated around the wel ding
arc: THeteforé, [thjs wel ding Heformation is referred to as a rotational
deformation. kn{tht4 Gohi®&ipn| end cracks are caused by this rotational
def ormati on. On_the othef .hand, the deformation out of a plane is a
wel di ng deforfation which is nol disgosed in the sane plane. A typical
exanpl e of th ' of a plane is shown in Fig. 5 (b) . This
def or meg{,0R a4t 18f dasRvitecddecialised whan wie ansldingpfaphefratet i on of the

Flo. S(BRComegoiAREe R DAL ERL A & | AR AT Seel
pl ates kgrheiwnkged. In the wel ding operation for joining steel
Pput for eadiBreitione rae piRial B0t radSel LB Cosi ted et al
for eacHistestioge insonessidacradaling frar idininealatesodfaridaith a case:
_in which oL Lee51kB2Ntd prevent the occurrence of end cracks which
occur at the end of a welded bead in the process of welding.
Ando et al. disclosed that these end cracks were caused by
welding distortion in the process of welding (Magazine of
Welding Society Vol. 30(1970), NO. 8, P792). After that,
various investigations were made to investigate the
distribution of stress caused in the process of welding (Sato
et al.: Theses of Japanese Ship Building Scociety, Vol. 138
(1974), P44l, and Fujita et al.: Theses of Japanese Ship
Building Society, Vol. 133 (1973), P267). According to the
results of these investigations, in order to prevent the
occurrence of end cracks, ‘it is necessary to reduce welding
distortion in the process of welding. However, the method
for accomplishing the cbject of reducing welding distortion
is limited to the one in which the tack-welded bead or tab is
used as described before.
On the other hand, the prior art of the method for
preventing end cracks is summarized by Kamichika et al.
(Magazine of Japanese Construction Association {Jssc), Vol.
10 (1974}, No. 101, P35). According to the prior art
summarized by Kamichika et al., the methods in which tack-
welded bead and tabs were used were reported in order to
- prevent the occurrence of distortion, and further a method of
restraining the end portion of welding by a hydraulic jack
was reported. These conventional techniques aim at reducing

n

welding distortion in the process of welding by strongly
restraining steel plates to be welded. According to the
method in which steel plates are heated by gas burners, it is
impossible to reduce welding distortion to such an extent
that the occurrence of end cracks can be prevented.

Japanese Unexamined Patent Publication No. 53-51153
discloses a method in which an amount of welding heat input
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< electrodes aré used, a dlffer nce between the width of a welding bead of
t he ®%urfdcelahd 1412!3 Ch bhck surface tends to i ncrease, and al so the
relnforcenert of the weld nfls to increase. These are some of the factors
t hat cause tihe wel ding deformhti on out of a plane. The inventors have found
that even wh P and ab are set in the ranges specified by
the present invention, in the case where the nunber of electrodes is not
nor e t hds Zedyaddagh threend| gonyidefof nptates ito delwaldadhrandsk aneduced,

the vel dijag el BbioRsOlippPied PbaRSE Db e Mhd adiGedy Biad 94 he

the process of repairing work.

Recently, an investigation has been reported, in which
the behavior of residual distortion is analyzed in detail
after the completion of welding (Ueda et al.: Theses of
Japanese Ship Building Scciety Vol. 171 (1992}, P33s).
According to the above investigaticﬁ; local heating conductad
by gas burners exerts an influence on the residual distortion
which remains in the plates after the completion of welding.
When an appropriate heating method is adopted, an amount of
distortion is reduced as compared with a case in which the
plates are not heated. _

As described above, the conventional techniques
primarily aim at restraining the steel plates to be welded or
ccntrplling.the thermal history with gas burmers. The
conventional techniques do not aim at a welding condition of
one side welding for joining glates. Therefore, according to
the prior art, it is matural that a heavy burden is imposed
on the process of welding, and the welding apparatus becomes
large.

SUMMARY OF THE INVENTION

The present invention has been achieved in order to
reduce a heavy burden imposed on the preparation work of
welding and also to reduce a heavy burden imposed on the
welding apparatus. The present invention is accomplished
when a welding condition is found, by which the occurrence of

- welding deformation can be reduced.

The present invention is intended to provide a method of
reducing welding distortion in one side welding for joining
plates, wherein the method is based on the welding condition
described above. )

The sumary of the invention will be given below.

(1} A method of reducing welding distortion in one side
welding for joining plates in which steel plates to be welded
are butted against each other, a tack-welded bead is formed
and fixed in a groove, and not less than three electrodes are
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16 foregoj ng 1 of the electrodes is determned to be 3 or nore.
Next., tHe reako ' condition and flux are restricted in the
present inventi aj ned bel ow. First, concerning the first
and second el éct ; Se arp preceding el ectrodes. Fromthe viewpoint
of practical dse, it is very. inportant4to forma back bead with these

precedi ng el ges, , I n qrder to forma bagk ,bead,” it is necessary to form
a key hoI%?pﬁ%%a’(r)e%%’o% Wf&‘qcﬁé’fcﬁerdé’rﬁ@%fwéﬁénﬂ S ELRE 208 dRd OB ect r odes

are set asidewve¢ldinptfdresoiriayg ¢lAcks cdrpatisihe ghel swepsusrent 900 A is
ired ; ] ] | ' f — th

upper 1 e eRERE b iedldn LU Rl Sn rRC PEBRRAE PR e o

be hi gherwehdbn@409i0g an meiountg qfodinpydedieant Qdf (kdritmdl cooptinat by

excel I entigago cAlg RcisBidn GUIC Y 19 J'6skhy  Bhegkipde and after

t hat, these .
. computed by the following expression (2); and determining a

welding condition of each electrode so that the distortion
stress caa be in an allowable range.

Qi =Ii x Ei x § + vi Expression (1)
where Ii is a current (A) of the i-th electrode with respect
to a direction opposite to the welding direction, Ei is a
voltage {V) of the i-th electrode, and Vi is a welding speed
(cm/min) of the i-th electrode,

n .
p=41 L. Expression (2

where Li is a distance (mm) from the first electrode to the
i-th electrode, L3 is 0, n is the number of the elactrodes,
and k is a positive constant, and where the maximum height of
the tack-welded bead in the butted groove is H (mm), wherein
H is not more than half of the wall thickness of the steel
plate to be welded. |

(2} The method of reducing welding distortion in one
side welding for joining plates according to item (1), “
wherein the value of constant k in the expression {2) for
computing the parameter P is selected from a range of 10 to
150, and a welding condition of each electrode is determined
SO that the value P can be not more than 0.1l4.

(3} A method of reducing welding distortion in one side
welding for joining plates in which steel plates to be welded
are butted against each other, a tack-welded bead is formed
and fixed in a groove, a tab is tack-welded and fixed at an
end portion of the steel plates to be welded and not less
than three electrodes are applied, said method of reducing
welding distortion in one side welding for joining plates
comprising the steps of: estimating a distortion stress
generated in the process of welding, using Qi, Li, H and
constant k described in said expression (1), and alsc using
parameters P and Ptab computed by the following expressions



nfso as to forma surface bead. These
succeedlng efedtrodes are diffeérent fromthe preceding electrodes, and it

i S not necesqgany 1Q.m6fd9%bb ck bead (uranam) with these succeedi ng

el ectrodes, L it is also ndt {necessary to forma key hole with these
succeedi ng el ' .reasom® it is possi ble to form an excel |l ent
bead using a that of the first and second el ectrodes.

The reason why the upper limt of the third electrode and after that is set
at 2400 Al{#b M@ $ahe 3rd tdghemgrining B welding sooddgieneofr 86y  High

vel di ng sgegdrisdadysnimaeditfe fdlscpRaRe 3¢ ble Lahoheehiki ahency. However,
when the wel ding. speed is too high, welding defects such as undercut are
caused. TRHe PEIELA ﬁﬁ?g?he upper limt of welding speed is set at 200
cninin is thatpthelogcuriEnce of wekstoRrgsdebactgysuch as undercut is
prevent ed when thenghdmnngpeed I's | ower than t%e limt. There are t wo
reasons fQ setﬁ%ngithe | asQn_is a

| ower ||ﬁf LﬁrQﬁﬁ %ﬂcﬁré%% 5%2%5% e Iirst e ectroge to t

i-th electrode, Lj is 0, n is the number of the electrodes, k

succeeding el RERAG ENT, SHEET

gce t he

is a positive constant, and H is not more than half of the
wall thickness of the steel plate to be welded,

n .
Ptab = A T -Q—I-'—- Expression (3)
Hti=l Li+k

where Li is a distance (mm} from the first electrode to the
i-th electrode, L) is ¢, n is the number of the electrodes, k
is a positive constant, and Ht (mm} is the thickness of the
tab, or Ht {mm) is a smaller value between the thickness of
the tab and the height of the tack-welded bead formed between
the tab and the steel plate to be welded, and Ht is not more
than half of the wall thickness of the steel plate to be
welded.

(4) The method of reducing welding distortion in one
side welding for joining plates according to item (3}, '
wherein the value k in the expression (2) for computing the
parameter P and the expression (3) for computing the
parameter Ptab is determined to be in a range from 10 to 150,
and a welding condition of each electrode is determined so
that the value P can be not more than 0.26 and the valus frad
can be not less 0.008.

(5) Thg method of reducing welding distortion in one
side welding for joining plates according to one of items (1)
to (4}, wherein multi-electrode submerged arc welding is
employed under the welding condition that: a current of each
electrode is not more than 2400 A; currents of the first and
“second electrodes are not less than 900 A; currents of the
third electrode and after that are not less than 600 A; a
welding speed is not less than 60 cm/min and not more than
200 cm/min; and a bonded type flux 4s used at the surface and
the back.
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1 0f the succeedi'ng electrode is 600 A in the
ee s lower than 60 cmimn, the anount of

deposi ted t I V\f’id@g@

i ncreased. |T

I 17
ys as follows. Since the back bead of the
preceding effectrode is forned using tBe force of an arc, even when the
wel di ng spe s~-nReteasetd—a .
(6) The method of reducing welding distortion in one

side welding for joining plates according to one of items (1}

el ectrode; i
b 1
case where

LI

_)'(U

to (5), wherein a Y-groove, I-groove, V-groove or U-groove is
adopted. ) '

(7} The method of reducing welding distortion in one
side welding for joining plates according to one of items (1)
to (6}, wherein the tensile streagth of steel plates to be
joined is not less than 390 MPa and not more than 780 MPa,
and the wall thickness is not less than 8 mm and not more
than 50 mm.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional view showing the groove
configuration. i

Fig. 2 is a conceptiocnal schematic illustration showing
the welding methed of the present invention.

Fig. 3 is a sectiomal schematic illustration taken on
line A - A in Fig. 2

Fig. 4 is a graph showing a relation between the
parameter P and an amount of distortion.

Figa. 5(a) and 5{(b) show a condition of distortion, and
Fig. (a) shows a condition of distortion on the surface and
Fig. (b} shows a condition out of the surface.

Fig. 6 is a schematic illustration of the model of
thermoelasticity.

Figs. 7{a) to 7(e) show types of the groove
configuration, wherein Fig. (a) is a view showing a ¥Y-groove,
Fig. (b) is a view showing a V-groove, Fig. (c) is a view
showing an I-groove, Fig. (d) is a view showing a U-groove,
and Fig. {(e) is a view showing another groove.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

It is widely believed that welding distortion caused in
the process of one side welding for joining plates can be
effectively avoided by means of heating the steel plates with
gas burmers or strongly restraining them with tabs.

According to the present invention, it is not necessary to
heat or strongly restrain the steel plates. When the welding
condition is determined so that the parameters P and Ptab can
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~sufficientl
detérn1ned at .. 60 m

ck bead can be fornmed. The lower linmt is

of the reason described above. The wel di ng speed
has an |rfluehE h di ng heat input. However, when the heat input is
reduced, jthe paraneter..Rli$ necessarily reduced. For this reason, it is
practicalily effective to s¢t a lower Timt of the wel ding speed. Next ,

the rea Qn y s fyx t stricted wll
be expl gl gggaé‘gf %I ng&sbgnﬁﬁ%‘%e oc %‘r r%cﬁpﬂg &%éﬁ%‘gf oéramat ion is

det er m wedulppdi.he Ikel§i Ag ebhelt i @h, th@ doresent  Pvarcifan) e eawngee| at ed
to wel dipg QQEemtfmelleﬁegoml%t&éa&wﬁlm&wlaﬂ@mﬁo tde present

i nvention, the |ower of the currents of the first and second
el ect r o&EEuCE goBuRdeRdmPASed R r C R iY@ LA ND ARPALAYYF ¢ he case where

wel ding is cemdugrededy anhbahi6nr i8nintbhdxd ofo fngévidéearr@émd@r&e is
requi red. The bondig pe.flux js provided wth h fi resi stance.
O ocediing MelfiptPEideateln Pitvans s s dydldlhd 4 {51y

plates in which steel plates to be welded are butted against

each other, a tack-welded bead is formed and fixed in a
groocve, and not less than three electrodes are applied, the
method of reducing welding distortion in ome side welding for
joining plates comprising the steps of: estimating a
distortion stress generated in the process of welding using
an amount of heat input Qi (kJ/mm} computed by the following
expression (1) and also using a parameter P computed by the
following expression (2); and determining a welding condition
of each electrode so that the distortion stress can be in an
allowable range.

Qi = Ii x EiL x 6 + V1 Expression (1)
where Ii is a current {A)} of the i-th electrode with respect
to a direction opposite to the welding direction, Ei is a
voltage (V) of the i-th electrode, and Vi is a welding speed
(cm/min} of the i-th electrode,

P =4 E ?i Expression (2)

whers Li is a distance {mm) from the first electrode to the
i-th electrode, Li is 0, o is the number of the electrodes,
and k is a positive constant, and where the maximum height of
the tack-welded bead in the butted groove is H. (mm), whersin
H is not more than half of the wall thickness of the steel
plate to be welded.
The above expressions (1) and (2) will be explained as
follows.
Fig. 6 is a schematic illustration showing a model of
the present invention. Numerals 19, 20, 21 and 22
_respectively represent the first, second, third and fourth
electrodes. It is assumed that these electrodes are moving
"on an infinite flat plate f£rom the left to right in Fig. 6.
Concerning the cooxrdinate, the first electrode is determined
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Joivh tihe reason why the groove configuration is

expl ai ned as {f dl | ows. From t he vi ewpoi nt of practi cal
ortdh Q00T 1996usled i n one side welding for joining plates is
not affected t he groove canfy guration. However, in order to forman :
excel l ent wel , € groove comdiguration nust be appropriate. Fig.
7 shows Y, V, |l and U grooves whi ch the groove of the present invention
is restricted for providing an excellent welding béad in one side wel ding
for joi nesgapl swrdgin,napdi @ mewng teroxdipaiid e(d. s wWotly iSAG &ficd t he

orosent PRUSR, 25, iR, SAK Seed 1 A4 (Y ua iy HPRUE | MLAIRUALL g
def or mat Fag .a8d spowsi decandbtitohayf gy akectaade eneldiordi dihent i on.
Ecllcwipg-analysis is made under the condition that the
number of electrodes is n. _
In the case where the number of electrodes is L, the
solution was found by Sato et al. (shown in the reference
described before), however, in the case of multi-electrode
welding, the sclution has not been found yet. In the case
where the number of electrodes is n, the solution was found
while consideration was given to the linearity in

thermoelasticity. Since the cause of end cracks, which is a
serious problem caused in one side welding, is a distortion
illustrated in Fig. S{a), stress oy in the y-axis is

described as follows.

n +T.3 0 . : . . .
oy = BEE(Y qE LY qi exp(- VAEALA) ). rreo (YEiy » Srldy (VE,
2RAV i=L 3 2X;3 2x 2x Ty 2K
----- Expression (4)

E: Young's Modulus
a: Coefficient of linear expansion

K: Coefficient of thermal diffusion
A: Coefficient of heat transfer
V: Welding speed
ri: {(E + L1)2 + y2}1/2
Li: Distance between the first electrode and the i-th
lectrode (L1 = 0)
qi: Quantity of heat emitted from the first electrode
per unit wall thickness in unit time
KO and Kl: 0-order and first order modified Bessel
functions of the second kind
Consideration is given to the stress ov caused ahead of
the welding line that has a strong correlation with the end
cracks. Asy =0, ri = £ + Li. As the values KO and Kl in

the expression {4) are relatively small ahead of the welding



:The reason w&yLéﬁ%W@Fééﬁﬁhl te is limted will be described bel ow It
is a’ prrna y{obj ect of the esent invention to reduce wel ding deformation.
Therefore, {ah aptT ®94ef df ng deformati on can be reduced irrespective of
t he type fithe steel platejto be wel ded. However, a steel plate of which
the tensil ¢ st+engttrTs Towet than 398 MPa is not suitable for a wel ded
constructidn, so that the | r- limt of the tensile strength is set at a
val ue not |®s5Than 390 Mra.

line, they are nedglected. Since E, @, X and A are constants,

the following expression is derived.

oy LZ i Expression (5)
xa.t, Z+Li

In the actual welding operation, thermal stress is suppressed
by the tack-welded bead provided in the groove. However, the
height of the tack-welded bead is not necessarily equal to
the wall thickness. Therefore, it is necessary to evaluate
the strass caused in the tack-welded bead. wWhen the wall
thickness is A (mm), a force in the direction of the y-axis -
acting in the unit length is obtained when the wall thickness
is multiplied by the stress, that is,

cy-A.

When this force is supported by the tack-welded bead of
which the height is H, the following expressions are derived,
that is, when the stress in the tack-welded bead is oy', a
force acting on the tack-welded bead for each unit length is
gy'-H, the follcwing expression is derived.

Cy-A = Oy'-H

~ Consequently, the stress oy' in the tack-welded bead can be
expressed by the following expression.

oy'= oy-A/H
Since oy is proportional to the expression (5), oy' is
proportional to a value obtained when the expression (S). is
multiplied by A/H.

At this time, the expression A-qi/V = Qi (heat input
used by welding engineers kJ/mm) is satisfied. Therefore,
the stress in the tack-welded bead is expressed by the
following expressmon

oy 1-2 Q¢ Expression (§)
HiJlLi+E '

The thermal stress can be represented by a point
disposed ahead of the melting pool (a point where £ =

Accordingly, the parameter P can be determined as follows.
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~The reason z\/\hy—t-heupperr-ﬁmt of the tensile strength is set at 780 MPa is
that 'i n-t he dase of ?‘gégel | ate of which the tensile strength is not |ess
than 780 MAa,! t A& BGIS80pdsdibility that the toughness of a wel ded portion
Is deteriorpted in _one.sid | ding for joining steel plates. For this
reason, thejupper limt is sdt at thitvalue for securing the reliability .
of the wel ded-portion- ncerning the wall thickness, fromthe
vi ewpoi nt of pra t'caIQ use, only steel plates of which the wall thickness
;Fit- 3

is not |ess tHR&h subjected to one side welding for joining. This
I's the reason wh h wer |imt is set at 8 nm The reason why the upper

limt of the wal khehaeki®bweldisR} cHerdtiBn, % dR&dd inka@ll at pshen steel
oot e olplian s SPhdE Tere S S Lo R0 IR sy ect od o
I ncr easedlaandct defermat tomos Furtherynddegt eveneliti ag rhege of eleskient
conf i ur 3bE8inGRRag! Bfe M adiitu® ddifaailcy ERT I ERT™S arge, the
physical values such as Young's modulus. Consequently, the
inventors have earmestly investigated the appropriateness of
the parameter P on the basis of knowledge acquired here. As
a result of the investigation, it has been found that the
parameter P can be used as a practical parameter.

Fig. 4 shows that the parameter P corresponds to an
amount of deformation. In other words, the horizontal axis
in Fig. 4 expresses an amount of deformation caused during
the welding operation in an example described later.

Therefore, it can be understood that the parameter P is in a
géod correlation with the -amount of deformation caused during
the welding operation. Due to the foregoing, when the value
P is suppressed in a predetermined range, an amount of
deformation can be reduced. '

According to the present invention, the parameter Ptab
used for the tab has the same relation as that of the tack-
welded bead described above. The tab restrains the steel
plates. to be welded in the same manner as the tack-welded
bead. Therefore, it is possible to evaluate the function of
the tab in the same manner.

The preseﬁt invention will be explained in more detail
as follows.

First, the parameter P is divided into the two terms of
£Qi/(Li+k} and 1L/H, and each term is described as follows.

Term LQi/{Li+k) in the parameter P expresses how the
welding condition affects én amount of welding deformation.
Normally, when the welding heat input is reduced, an amount
of welding deformation tends to be reduced. However, in the
case of one side welding for joining steel plates, the
joining must be completed by one welding operation, so that
the heat input cannot be extremely reduced. Configuration of



netal is ilhRepeacEeMENTOSHEEL |t he wel ding speéd is | owered and the wel ding

oper ati-on Ttled effectively. Further, when an excessive anpunt

of "heat inpuf i,s ' tlo yt he steel plate to be wel ded, the toughness of
 a% B0

the steel pl e.Lgt ed. When the wel ding conditions are
restricted}ak. expl ai-ned- ve, the paﬂéneter P can be |lowered, that is, an
anount of | ding deformatioh is reduced, and a wel ded joint having an
excel l ent Bead eonfpuration can be provided at a relatively 19

the melting pool in the case of ocne-electrode welding and
that of the melting pool in the case of multi-electrode
welding are different. Accordingly, even when the heat input
is the same, the welding deformation behavior is different.
Therefore, in order to determine the welding condition so
that the welding deformation can be reduced, it is necessary
to adopt a parameter expressing the configuration of a
melting pool or a parameter expressing the arrangement of
electrodes.

The inventors were fully convinced of existence of the
above parameter, and researched and investigatsed the same.

As a result of the investigation, they have acquired the
knowledge that XQi/({Li+k) can be used as an effective
parameter. From the viewpoint of practical use, the constant
k is added to a distance between the electrcdes. That is,
since L1 = 0, it is impossible to compute QL/Ll for the first
-electrode. Therefore, k is added to the distance between the
electrodes. The inventors have found that the parameter can
be put into practical use when the constant k is added to the
distance between the electrodes.

The reason why a range is established in the constant 'k
is as follows.

When the constant k is too small, the parameter P is
approximately determined by the heat imput Q1 to the first
electrode and H. Therefore, it is impossible to correctly
evaluate the influence of the second electrode and those
after that. That is the reason why the constant k is set at
2 value not less than 10. When the constant is too large,
the influence of the distance between electrodes cannot be
correctly evaluated, that is, the influence of the
arrangement of electrodes cannot be correctly evaluated.

That is the reason why the constant k is set at a value not
ﬁore than 150. Practically, when the constant k is set at
50, it is possible to determine a welding condition by which
an amount of welding deformation can be reduced.

Next, l/H will be described as follows.
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~hi gh wel di ng 61fIC|enﬂﬁﬁ#% AL ith the welding speed is maintained in the
rangé of 60 o EXAVPLE Wth reference to the
experimental {device lllustratefd in Figs. 2 and 3, an exanple of the present
i nvention w l{! be expl ained as{follows. As shown in the draw ngs, two
steel plates t by on%25|de wel di ng were butted and fi xed
by two pairs of clanps 8 attached to a welding nount 9. Further, side ends

of e s o0 8oLk PR et tufClogl BSL of ch Bl dsgepgal xed by

pl ates 1,pxevi Bt ey iued §E‘§P@'§t edAt parapRLasl Gpnglnénel radatbor side
wel ding higedolddl dik L0 dRPlaclbRhe® WASHEARDUCLCAnkSLAG LBEalHg. (N ee,
four, five or, sjx el ectrod€s, Ithough our electrodes 2a to 2d are used in

the devi @ndiviT F5% Pe slescripeg by Qbuabfalii4 FOWEHeR) r WREReThBy t he
action ofgwddl plates to be welded are not subjected to tack welding

at all, that is, when a tack-welded bead is not formed in the
groove at all and the steel plates to be welded are not
restrained by a tab, the steel plates to be welded are not
restrained at all. In this case, even when a welding
condition to reduce an amount of welding deformation is
adopted, it is substantially impossible to conduct welding.
Consequently, it is essentially necessary to rastrain the
steel plates bv a minimum.amount ©of tack-welded bead.
Therefore, it is necessary to find a parameter expressing
this influence.
_ The iaventors have also investigated the influence of H

from the above viewpoint and found the following:
When the parameter LQi/(Li+k) expressing the influence of a
welding condition is multiplied by 1/H, that is, when the
parameter P shown by expression (2) is used, it is possible
to express the influence of a welding condition and also to
express the influence of a tack-welded bead or a tab. The
reason why H is the maximum height of the tack-welded bead in
the butted groove is that the welding deformation can be most
restricted at a position where the bead height is maximum.
Therefore, the most effecéive means is to employ the maximum
value H.

Next, the parameter Ptab will be described as follows.

The parameter Ptab is provided when H is replaced with
Ht in the parameter P. It is an object of the present
invention to reduce an amount of welding deformation mainly
by selecting a welding comdition. In the practical
operation, a tab is used not only for the purpose of reducing
an amount of welding deformation but also for accomplishing
another object. For example, using a tab is an effective
means in the industrial field for preventing the occurrence
of a crater at the end portion of welding on the steel plates



T pressure in the alr hose th gushlng force of a backing plate 15 is

adj ust-ed,’ t ha ﬁKﬂbﬁ@%tl of the backing plate 15 is adjusted, so
that the stee Iates to be welided can be support ed. The wel di ng .
appar at us use Ts described as fol |l ows. For exanple, in the case of 4
el ectrode wel qi ding-e rodes!®a, 2b, 2c, 2d were respectively

connected to wel ding power sources 1lla, 11b, 11c, 11d. These wel di ng power
sour ces tdabeowkldeder elnonhistcasei twhen vieltding s ddikt-iweldednttioolcheni t 12
and para iR [ T I 0 conpute
fhe par ancrar BEAFSS FRHE kelded Ll e e ot

t ack- meléé&e%eﬁéaﬁﬁﬁcﬁ°mﬁgl§EQV|d%%m§QQH§Eﬁ&XMjth&uiﬂﬂﬁﬂtqrﬁpaamg found by

t he eXpr%&%‘bﬁncﬁhluﬁ"egatEBE €8T £ a 40! {200 200 iRl %Ic@@lqusgegf ebhe i-th
el ectrodé; the distance Li fromthe first to the i-th elec and the

const ant PR. "’S%Fiﬁ& BRE TEAPFFEREDRENRRCED - HTRS IRYGBLEESHBANERI f of t he
wal | thi gknagsthk gbatbwphgtes to be wel ded, and the wel di ng

Ptab is a parameter £or expressing the influence of the tab

and welding condition on the welding deformation, and in the
same manner as P, the parameter Ptab exprasses the influence
of the tab.

Next, the reason whey the ranges of H and Ht are limited
will be described as follows.

In order to set the parameters P and Ptab in a
predetermined range, there are three methods provided. They
are a method of selecting an appropriate welding condition, a
method of selecting appropriate values of H and Ht, and a
method of selecting both the appropriate welding condition
and the appropriate values of H and Ht. A method in which

' the values H and Ht are higher than half of the wall
thickness of the steel plates to be welded, is the same as
the conventional method in which an amount of the welding
deformation is reduced mainly by restraining the steel plates
with a tack-welded bead provided in the groove or a tab. Aan
object of the present invention is to reduce an amount of
welding deformation mainly by selecting a welding condition.
Therefore, when the values of H and Ht are higher than half
of the wall thickness of the steel plates to be welded, it is

' contrary to the chject of the present invention. Therefore,
the values H and Ht are set to be not more than half of the
wall thickness of the steel plate to be welded.

Next, the reason why the ranges of P and Ptab are
limited will be described below.

i In the case where a tack-welded bead is formed in a
butted groove, the steel plates to be welded are mainly
restrained by the tack-welded bead formed in the butted
groove. In the aforementioned case, according to the
conventional welding condition, the value P becomes higher
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speed and 'a disgance betﬁgﬁp
20 - "were det efnijnetid KNG -
Wien a tab 4 use '

vol t age of 'each wel di ng el ectrode, wel ding
ctrodes

t hejval ue P could be not nore than 0. 14.

pievi ously tack-wel ded to the side end of a
butted portio the steel plaies 1, 18 to be welded. In this case, the
wel di ng condi t4 rent and voltage in each wel ding el ectrode,

wel di ng %3%59 0.14. Therefora, it is impossible to realize a
reduction in welding deformation unless a tab is used for

restraining the steel plates or gas burmers are used for
controlling the thermal history. The reason why the upper
limit of P is set at 0.14 is that the value 0.14 is an upper
limic to provide the same effect as that of the conventional
method for reducing an amount of welding deformation. It is
preferable that the welding condition and H are determined in
such a manner that the value P becomes not more than 0.04 in
the case of k = 50.

In the case where a tab is welded tao steel plates to be
welded, the tab functions to restrain the steel plates to be
welded. However, when the value Ptab is lower than 0.009, it
coincides with the conventionai welding deformation reducing
method in which a tab is used. It is concrary to the object
of the present invention. Therefore, the range of Ptab is
determined to be not less than 0.009. In the case where the
value Ptab is in the above range, it is necessary to
determine an upper limit of P for reducing an amount of
welding deformation in the same manner as the conventiocnal
method. In this case, since the steel plates arxe restrained
by the tab, an amount of welding deformation can be reduced
even when the value P is higher than 0.1l4. For this reason,
the upper limit of P is determined to be 0.26. Preferably,
the welding condition and Ht are determined in such a manner
that Ptab is not less than 0.02 in the case of k = 50, and P
is not more than 0.08.

Next, the reason why the number of elactrodes is limited
to a value not less than 3 will be described as £ollows.

Welding deformation includes the following two problems.
One is a deformation in a plane, and the other is a
deformation out of a plane. In the case of welding for
joining steel plates, the deformation out of a plane is
caused when the welding heat history on a surface {(from now
on, it means a surface of the welding electrodes side) of the
steel plate and that of a back surface {(from now on, it means
a surface opposite to the welding electrodes side) are



~and di stance {pefween the el eqt fodes were determ ned using the paraneter
Ptab’ so t hat nd 4HOCTo& de inot nore than half of the wall thickness of
the steel platey to be wel dedi &nd so that the value P could be not nore
‘ab could be not less than 0.009. In this case,
by tH® expression (3) using the maxi num
hei ght H of the at the butted portion of the steel plates
1, 1' to be welded, the thickness of the tab, and the nmaxi mum val ue Ht of
t he t ackdiéferénbeadnfiotheddetomeiidrheotabim plmstieelaldatm@asstad be
welded. wnen bR 1BBLEE 3e28dodei Lo SretiAMLYRIH N..cAN Ligns adapt ed
such as a vol tage E, welding

In the present invention current 1 | Speed V
and di st §has PBt kEenbarkcepptRae |arg AitiRrend. afhe defpmatdon 4hsé@ shown

a wal | thhgkBess qeBxnBUNaSe: Ghd1di defdsiayRddled Nadthd gRed n the

butted groove, _.paraneter P.(sho I n expression (2 conput ed according to
the wel dSABScBAEPE o Eﬁa"éﬁgo%%%‘?ﬁqlﬁﬁ a* (ﬁ'\.p]éﬁ?cérshi%‘@oﬁé’t ant Kk,

three vakigs $Qa)50, TheOwekdtng deformation shown in Fig. S{a) is
formed when a groove ahead of the welding bead is opened
during the process of welding. This welding deformation is
formed as if the steel plates to be welded were rotated

around the welding arc. Therefore, this welding deformation
is referred to as a rotational deformation. In this
connection, end cracks are caused by this rotational
deformation.

On the other hand, the deformation out of a plane is a
welding deformation which is not disposed in the same plane.
A typical example ¢f the deformation out of a plane is shown
in Fig. 5(b). This deformation ocut of a plane is caused when
an amount of deformation of the surface and that of the back
surface are different. In the case shown in Fig. 5(b}, a
corner deformation and deflection are caused on the steel
plates to be welded,

In the welding operation for joining steel plates using
electrodes, the number of which is not more than 2, the heat

" input for each electrode is increased, so that an amount of
deposited metal for each electrode is also increased. For
this reason, compared with a case in which not less than 3
electrodes are used, a difference between the width of a

-welding bead of the surface and that of the back surface'
tends to increase, and also the reinforcement ¢f the weld
tends to increase. These are some of the factors that cause
the welding deformation ocut of a plane. The inventors have
found that even when the parameters P and Ptab are set in the
‘ranges specified by the present invention, -in the case where
the number of electrodes iS not more than 2, although the
welding deformation in a plane can be reduced, the welding
deformation out. of a plane can not be reduced. Due to the
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selected.. The gréovelgngjg nd root face:Rf of the groove configuration
shown' on- Tabl kst 1 & 43[) ty vely correspond to [err] and Rf shown in
Fig. 1. In thisiconnectj.on, . .i he case where the steel plates 1, 1' to be

............

wel ded were réstTained by the tab 4, the tab 4 was wel ded to the steel
plates 1, 1' tio_be welded-as—ttfustrati® in Figs. 2 and 3. In the case
where the steel plates 1, 1' to be welded were not restrained by the tab 4,

pi eces of ESF%%%EXQ' V\@ﬁ%v lt§,]:Q]:Q,%‘;‘_.,~er@,ﬁgsl el %%émﬁ@%ﬁt%g%t%&?e% egl pRl ates 1,

1' to be we espect to e stee re subjected
to one si@®¥ WEFBing so as to be joined under the welding conditions shown

- in Tables 1 anftekt, aBRENEE28bn dehPriFd WY Bfnd HARIIDIRES MY & IRBAGHLd.
That is, an anpunt .of deformation . . .
restricted in the present invention will be explainad below.
First, concerning the first and second electrodes, these
are preceding electrodes. From the viewpoint of practical
use, it is very important to form a back bead with these
preceding electrodes. In order to form a back bead, it is
necessary to form a key hole. The reason why the currents of
the first and second electrodes are set at a value not less
than 900 A is that the minimum current 900 A is reguired for
forming a key hole using an arc force. The reason why the
upper limit 2400 A is determined is that when the current is
increased to be higher than 2460 A, a melting poocl goes out
of control so that an excellent bead cannct be formed.
Concerning the third electrode and after that, these
sﬁcceeding electrodes function so as to form a surface bead.
These succeeding electrodes are different from the preceding
electrodes, and it is not necessary to form a back bead
(uranami) with these succeeding electrodes, and it is also
not necessary to form a key hole with these succeeding
electrodes. For this reason, it is possible to form an
excellent bead using a current lower than that of the first
and second electrodes. The'reason why the upper limit of the
third electrode and after that is set at 2400 A is the same
as that of the first and second electrodes. High welding
speed is advantageous for enhancing the labor efficiency.

- Howevar, when the welding spee& is too high, welding defects
such as undercut are caused. The reason why the upper limit
of welding speed is set at 200 cm/min is that the occurrence
of welding defects such as undercut is prevented when the
welding speed is lower than the limit. There are two reasons
for setting the lower limit. One reason is as follows.

Since the lower limit of the current of the preceding
electrode is 900 A and that of the succeeding electrode is
600 A, in the case where the welding speed is lower than 60

e
- o 1 i

cm/min, the amount of deposited metal is excessively
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increased. The other reason is as follows. Since the back
bead of the preceding electrode is formed using the force of
an arc, even when the welding speed is increased, a
sufficiently excellent back bead can be formed. The lower
limit is determined at 60 cm/min for the reason described
above. The welding speed has an influence on the.welding
heat input. However, when the heat input is reduced, the
parameter P is necessarily reduced. For this reason, it is
practically effective to set a lower limit of the welding
speed.

Next, the reason why flux of the surface and the back
surface is restricted will be explained as follows.

The occurrance of welding deformation is determined by
the welding condition, and seléction of flux is not related
to welding deformation. According to the welding conditien
of the present invention, .the lower limit of the currents of
the first and second electrodes is 900 A, and the upper limit
is 2400 A. In the case where welding is conducted by a high
current, f£lux of high fire resistance is required. The
bonded type flux is provided with high fire resistance.
Therefore, flux is limited to the bonded type f£lux in the
present invention.

Next, the reason why the groove configuration is limited

‘will be explained as follows.

From the viewpoint of practical use, welding deformation
caused in one side welding for joining plates is not affected
by the groove configuration. However, in order to form an

- excellent welding bead, the groove configuration must be

appropriate., Fig. 7 shows ¥, V, I and U grooves to which the
groove of the present invention is restricted for providing
an -excellent welding bead in one side welding for joining
plates. In this case, the U groove is not limited to the
éxample shown in the drawing, and an modified U groove is
included. In the present invention, the groove configuration
is limited to reduce welding deformation and provide a bead
having an excellent configuration,



r measuring the deformation, the | ength of
an end of the steel plates 1 at a
the center of the groove by 20 mm and
b neasured with a dial gauge 3. An anopunt
of deformatio first18l ectrode 2a had conme to a position
separated fronthe, ) 3y 50 nm was adopted to be used as a
measur ed val ue. The transversal shrinkage of r.esidual defornmation was

nmeasured in t hgnkokbawbRowhRNEES . st GoIRcti dalint cedrveria Ir espect i vel y
provi ded eforehaad a% a position separated fromthe end portion by 50 mm
and al so SEPEFiPEd PPOAVthe center of the groove by 50 nm A di stance

between the comtads hapkimSryasbiesswitdHefpresand iafieti iidre aael di ng
Fanaver oiPalfle; bR1dins aERCEIIRA O Mo Rb e P AR RASY, SREHRE such a
manner thdefarmmanyPe canthe reduded)|igmespestives ofedhw thoenodnghe gauge,
and a di f§epeNCE1RLEVEE AP Eed. However, a steel plate.of which
the tensile strength is lower than 330 MPa is not suitable
for a welded construction, so that the lower limit of the
tensile strength is set at a value not less than 390 MPa.
The reason why the upper limit of the tensile strength is set
at 780 MPa is that in the case of a steel plate of which the
tensile strength is not less than 780 MPa, there is a
possibility that the toughness of a welded portion is
deteriorated in one side weldihg for joining steel plates.
For this reason, the upper limit is set at this value for
securing the reliability of the welded portion.

As shown in Fi
whi ch ‘was 300}
position whi chlwa
t he defornati dn |

Concerning the wall thickness, from the viewpoint of
practical use, only steel plates of which the wall thickness
is not less than 8 mm are subjected to one side welding for
joining. This.is the reason why the lower limit is set at 8
mm. The reason why the upper limit of the wall thickness is
set at 50 mm is described that when steel plates of which the
wall thickness is not less than 50 mm are subjected to one
side welding for joining, the current of each electrode is
excessively increased, and there is a possibility that a
welding bead of excellent configuration cannot be provided.
As the wall thickness becomes large, the amount of deposited
metal is increased, so that the welding speed is lowered and
the welding operation cannot be executed effectively.
Further, when an excessive amount of heat inpuc is applied to
the steel plate to be welded, the toughness of the steel
plate is deteriorated.

' When the welding conditions are restricted as explained
above, the parameter P can be lowered, that is, an amount of
welding deformation is reduced, and a welded joint having an
excellent bead configuration can be provided at a relatively
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| n, Tablep qmﬁgﬁq uljtg of the neasurenent of the anmpbunts of these three
t ypes of for I'o rg ghown in the cases of the conventional nethod and
t he conparietve—exanpl.al _ Eg

high welding efficiency in which the welding speed is
maintained in the range of 60 to 200 cm/min.

EXAMPLE

With reference to the experimental device illustrated in
Figs. 2 and 3, an example of the present invention will be
explained as follows. As shown in the drawings, two stesel
plates 1, 1' to be welded by one side welding were butted and
fixed by two pairs of clamps 8 attached to a welding mount 9.
Further, side ends of the butted portion of the steel plates
1, 1' to be welded were fixed by a tab 4. Groove portions
formed at the butted end portions of the steel plates 1, 1!
were previously subjected to tack-welding, and then one side
welding fdt joining the steel plates was conducted using the
two, three, four, five or six electrodes, although four
electrodes 2a to 2d are used in the device shown in Fig. 2.
In Fig. 3, numeral 14 is an air hose. By the action of air
pressure in the air hose, the pushing force of a backing
plate 15 is adjusted, that is, the position of the backing
plate 15 is adjusted, so that the steel plates to be welded
can be supported.

The welding apparatus used here is described as follows.
For example, in the case of 4 electrode welding, welding
electrodes 2a, 2b, 2c¢, 24 were respectively connected to
welding power sources lla, 11lb, 1l¢, l1l1d. These welding
power sources lla to 1ld were connected with a welding
conditicon contreol unit 12 and parameter computing unit 13.
The following were used so as to compute the parameter P from

- the exprassion (2): the maximum height H of a tack-welded

bead which was previously measured; the heat input Qi found
by the expression (1} from the current, voltage and welding
speed of the i-th electrode; the distance Li from the first
to the i-th electrode; and the constant k. Using the
computaed parameter P, H was made to be half of the wall
thickness of steel plates to be welded, and the welding
cenditcions such as a current and voltage of each welding
electrode, welding spéed and a distance between electrodes
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were determined so that the value P could be not more than
0.14.

When a tab 4 was used, it was previously tack-welded to
the side end of a butted portion of the steel platas 1, L' tao
be welded. 1In this case, the welding conditions such as a
current and voltage in each welding electrode, welding speed
and distance between the electrodes were determined using the
parameter Ptab so that H and Ht could be not more than half
of the wall thickness of the steel platas to be welded and so
that the value ? could be not more than 0.26 and the value
Ptab could be not less than 0.008. In this case, the
parameter Ptab was computed by the expraession (3) using the
maximum height H of the tack-welded bead at the butted
portion of the steel plates 1, 1' to be welded, the thickness
of the tab, and the maximum value Ht of the tack-welded bead
formed between the tab and the steel plates to be welded.

In Tables 1 and 2, there are shown welding conditions
adopted in the present invention such as a current I, voltage
E, welding speed V and distance between electrodes L. In
Tables 1 and 2, thers are also shown a wall thickness,
maximum height H of a tack-welded bead formed in the butted
groove, parameter P (shown in expression (2)) computed :
according to the welding condition, and groove configuration.
Concerning constant k, three values 10, S0, 150 were
selected.. The groove angle 8 and root face Rf of the groove

configuration shown on Tables 1 and 2 respectively correspond
to 8 and Rf shown in Fig. 1. In this connection, in the case

-wher; the steel plates 1, L' to be welded were restrained by

the tab 4, the tab 4 was welded to the steel plates 1, 1l' to
be welded as illustrated in Figs. 2 and 3. In the case where
the steel plates 1, 1' to be welded were not restrained by
the tab 4, pieces of cukl wire were scattered between the tab
4 and the steel plates 1, l1' to be welded.

With respect to the steel plates that were subjected to
one side welding so as to be joined under the welding
conditions shown in Tables 1 and 2, amounts of deformation of
three types were measured. That is, an amount of deformation
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in a plane caused in the process of welding, an amount of
transversal shrinkage remaining after welding, and an amount
of angular deformation were measurad. The amount of
deformation in a plane was measured in the following manner.
As shown in Fig. 2, a plate 5 for measuring the deformation,
the length of which was 300 mm, was attached to an ead of the
steel plates 1 at a position which was separated f£rom the
center of the groove by 20 mm, and the deformation of this
plate was measured with a dial gauge 3. An amount of
deformation measured when the first electrode 2a had come to
a position separated from.the end portion by 50 mm, was
adoptad to be used as a2 measured value.

The transversal shrinkage of residual deformation was
measured in the following manner. Two contact balls 6 were
respectively provided beforehand at a position separated from
the end portion by S0 mm and also separated from the center
of the groove by 50 mm. A distance between the contact balls
6 was measured before and after the Qelding operation, and
its difference was found. This difference was used as the
transversal shrinkage. An amount of angular deformation was
found in such a manner that an angle of the steel plate was
measured with an angle gauge, and a difference between befors
and after the welding operation was determined as the angular
deformation. In Tables 3 and 4, results of the measurement
of the amounts of these three types of deformation are shown
in the cases of the conventional method and the comparative
example.
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~ parameter P was not nore than 0.26 and the'paranéiﬁé’tﬁﬁw”fwﬁég% | ess than
0.009; ‘as two el ectrode wel di ng was conducted, hngamount of andular
deformation was Q.11 rad, which was large. In thejc .1 30, 33 and
34 in which the paraneter P was higher than 0.2, {the anmounts o ‘
def ormati on during wel ding were supp2@ssed to a}vakde—rot—Trore™t han 1. 00
mm however, the anounts of transversal shrinkage were 0.63 mm 75 mm and

0. 65 mm whi Chrﬁ@rfoiﬁdxﬂﬁ{g uw&o% iR cha tRe1S%5aMPEAS Ak LASeRresent
i nvention, all the nnunt g Egransversal shri nk e merﬁ not nore than 0.60

mmin t A9Sank YR ﬁvﬁﬁ??&n&ﬁaﬁﬁﬁhﬁa anvet ARl A WeTRt ROGf

transverﬁécﬁ&ﬁmma@e a/vetraa a&duce&nh@ragaal uamebaheaeiugsmél @ t han t hose
of the case 38 an conventignal nmet hod i n whi ch

o st r AT clie, HelBts Rl EESFRRr Lo aPuE Ut ghae Werd ag
descr.i besh:sgtmae@mm mytt octrke thehhad0of mhehpneskat panaeateo® an
amount [%ﬁ:%f:@{a@to' 9% .capyPenbedyced L 0§, SEE.JBHNgE as the

conventlonal
which the parameter P was higher than 0.140, the amounts of

deformation during welding were larger than 1.00 mm. In the
cases of the conventional methods 17 and 18 in which gas
burner heating was conducted at the position 7 shown in Fig.
2 in the cases of Nos. 8 and 9, the amount of deformation
during welding was reduced to a wvalue not more than 1.00 mm
when burner heating was conducted. In all examples of the
_present invention, the amounts‘of deformation during welding
were suppressed to a value not mora than 1.00 mm in the same
manner as the conventional method. In this connection, in
the cases of Nos. 12 and 13 in which the parameter P was
high, the amounts of deformation during welding wers
respectively 3.25 mm and 2.55 mm, which are large, and even
in the cases of Nos. 19 and 20 in which burner heating was
conducted in Nos. 12 and 13, the amounts of deformation
during welding were not reduced to a value not more than 1.00
mm. In the cases of Nos. 12 and 13, the amounts of
deformation were reduced to a value not more than 1.00 mm
only when the steel plates to be welded were restrained by a
tab in the Same manner as the conventional methods of Nos. 38
and 39. In the case of No. 1 in which the parameter P was
- lowered, the amount of deformatiocn during welding was
suppressed, however, as the two electrode welding was
adopted, an amount of angular deformation was increased to
0.12 rad, which is somewhat high. 1In the examples of the
present invention, all the amounts of angular deformation
were smaller than 0.10 rad in the same manner as the
conventional method.
In the cases of Nos. 21 to 39 in which the steel plactes
to be welded were restrained by a tab, when the parameter P
was not more than 0.26, the amounts of deformation were
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sufficiently small even when the parameter Ptab was not less
than 0.009 at which a restraining f£orce to restrain the stsel
plates was low. However, in the case of Mo. 21 in which the
parameter P was not more than 0.26 and the parameter Ptab was
not less than 0.009, as two electrode welding was conducted,
an amount of angular deformation was 0.11 rad, which was
large. In the cases of Nos. 30, 33 and 34 in which the
parameter P was higher than 0.26, the amounts of deformation
during welding were suppressed to a value not more than 1.00
mm, howsever, the amounts of transversal shrinkage were 0.63
mm, 0.75 mm and 0.65 mm which were larger than 0.60 mm. In
the examples of the present invention, all the amounts of
transversal shrinkage were not more than 0.60 mm in the same
manner as the conventional metﬁod, and the amounts aof
cransversal shrinkage were reduced to a value relatively
smaller than those of the cases Nos. 37, 38 and 39 which wersa
the conventional method in which a restraining force to
restrain the steel plates was high.

As described above, according to the method of the
present invention, an amount of welding deformation can be
reduced in the same manner as the conventional method.

It has been widely believed that welding distortion
caused in the process of one side welding for joining plates
can be effectively avoided by means of heating the steel
plates with gas burners or strongly restraining thém with
tabs. Howewver, according to the pressnt invention, it is not
necessary to heat or highly restrain the steel plates. When
the welding condition is determined so that the parameters ?
and Ptab can be set in a predetermined range, welding
distortion is reduced. Therefore, the present invention is
very effective and enhances labor efficiency in the process
of weiding and reduces a burden imposed on the welding
apparatus.
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| ess than three el ectrode appl i ed, said nethod of redUC|ng wel di ng
distortion in oheA@FHE“mtgﬁrﬁg or jo28ing plates conprising the steps of:

estimating a distortion stress generated in the precess of welding using an
anount of |anwad hieat Q (kJ/nn) copgutsed by t he follomnng expression (1)
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stress cagl@itngnfer AbiniwmblElawegen which steel plates to be welded
are butted against each other, a tack-welded bead is formed
and fixed in a groove, and not less than three electrodes are
applied, said method of reducing welding distortion in one
side welding for joining plates comprising the steps of:
estimating a distortion stress generated in the process of
welding using an amount of inputted heat Qi (kJ/mm} computed
by the following expression (1) and also using a parameter P
computed by the following expression (2); and determining a
welding condition of each electrode so that the distortion

stress can be in an allowable range.

Qi =Ii x Ei x § + Vi Expression (1)
where Ii is a current (A} of the i-th electrode with respect
to a direction opposite to the welding direction, Ei is a
voltage (V) of the i-th electrode, and Vi is a welding speed
(cm/mln) of the i-th electrode,

= & Qi - :
vy Xl Ttk Expression (2)

where Li is a distance (mm) from the first electrode to the
i-th electrode, Lj is 0, n is the number of the electrodss,
and k is a positive comnstant, and where the maximum height of
the tack-welded bead in the butted groove is H {(mm), wherein
H is not more than half of the wall thickness of the steel
plate to be welded.

2. The method of reducing welding distortion in one
side welding for joining plates according to claim 1, wherein
a value of constant k in the expression (2) for computing the
parameter P is selected from a range of 10 to 150, and a
welding condition of each electrode is determined so that the
value P can be not more than 0.1l4.

3. A method of reducing welding distortion in one side
'Qelding for joining plates in which steel plates to be welded
are butted against each other, a tack-welded bead is formed
and fixed in a groove, a tab is tack-welded and fixed at an
end portion of the steel plates to be welded and not less
than three electrodes are applied, said method of reducing
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SQ =li x B x § [err— Expr essi on (1) I“ I rrent (A) of
the i-th el ectrfjode y,t e ct 8o a directl JELﬂne wel di ng
direction, Ei i|s a—f@|8§§é§§§5 of the i-th elaC BO e, an + s a welding
speed (cm mn) {oft.the i-th ele¢tyode, = [err] Expr essi on
(2) where Li i{s a dlstance (nn) fro@% he first electrode to the i-th
el ectrode, L[ertt—t+s—8—mt+s—the’ nunber of the electrodes, and k is a
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i s not” npre than half of the wall

the butte rQoy erein,
thlcknesggggr?ﬁéngtggﬁ %En%ﬁ %ﬁ tﬁ?%&ﬂ%&&?g a dl%Fortkﬁﬁesﬁéﬁﬁ@U of reducing
wel di ng g‘es’eunat:edn1nntbaepsodeﬁs\led,ﬂlmdﬂfg,l Qigiinmy Qil,attds &ceeddi ng to
claim1l, ' const an i n_the expr.essi 2) faor,_ conputing
t he paraﬁe'gﬁgbgig ég% c%géd Qnﬁéﬁéeﬁﬁﬁf%ﬁs¥ﬁ?t ISGn%aﬁésé %@F&ﬁng
condi t i oRasRmesensePedndoBtald scalmered md e thuitlaing expressions

(2) and (3); and determining a welding condition of each

electrode so that the dlstortlon stress can be in an

allowable range

=Ly . Q1
ngl ik Expression (2)

where Li is a distance (mm) from the first electrode to the
i-th electrode, Lj is 0, n is the number of the electrodes, k
is a positive constant, and H is not more than half of the
wall thickness of the steel plate to be welded,

ptab = Ly .. Q% n
Ht1§1 Tirk Expression (3)

where Li is a distance (mm) from the first electrode to the
i-th electrode, L; is o, n is the number of the electrodes, k
is a positive constant, and Ht (mm) is the thickness of the
tab, or Ht (mm) is a smaller value between the thickness of
the tab and the height of the tack-welded bead formed between
the tab and the steel plate to be welded, and Ht is not more
than half of the wall thickness of the steel plate to be '
welded.

4. The method of reducing welding distortion in one
side welding for joining plates according to claim 3, wherein
the value k in. the expression (2) for computing the parameter
® and the expression (3) for computing the parameter Ptab is
‘determined to be in a range from 10 to 150, and a welding
condition of each electrode is determined so that the value P
can be not more than 0.26 and the value Ptab can be not less
0.009. _

5. The method of reducing welding distortion in one
side welding for joining plates according to one of claims 1
€o 4, wherein multi-electrode submerged arc welding is
emploved under the welding condition that: a current of each
electrode is not more than 2400 A; currents of the first and
Second electrodes are not less than 900 A; currents of the
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distortion in Wﬂﬂrn ﬁlfor j oi ni ng pl atg¢siin which steel places to
be wel ded are butte tagal nst each other, a tack: Idbﬁ(HHa$mg;f rmed and
fixed in a groove, a tab is tack-welded and fixed}at an end portlon of the
plates to be wel ded and not |ess3Bhan three €leéctrodes are applied,
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third electrode and after that are not less than 600 A; a
welding speed is not less than 60 cm/min and not more than
200 an/min; and a bonded type flux is used at the surface and
the back.

6. THe method of reducing welding distortion in one
side welding for joining plates according to one of claims L
to 5, wherein a Y-groove, I-groove, V-groove or U-groove is
adopted. .
7. The method of reducing welding distortion in one
side welding for joining plates according to one of claims 1
to &, wherein the temnsile strength of steel plates to be
joined is not less than 390 MPa and not more than 780 MPa,
and the wall thickness is not less than 8 mm and not more
than 50 mm.
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is a positive constant, and H (m) is the thickhe§S 6f the tab,} of H ()
is a snmal er val ue between the thickness of the tab i ghti of the

t ack-wel ded bead fornmed between the t and the steel plate to be Wel ded,
and H is not nore than half of the 1"l t hi ckne$s “ef—t-he—steet=pl ate to be
wel ded. 4. The net hod of reducing wel dingjdistortion in one}side

wel ding for joining plates according to claim3, Wherein the value k in the
expression (2) for conputing the paranmeter P and the expression (3) for
conputing the parameter Ptab is determned to be in a range from 10 to 150,
and a welding condition of each electrode is determned so that the value P
can be not nore than 0.26 and the value Ptab can be not |ess 0.009. 5.
The net hod of reducing welding distortion in one side welding for joining

pl ates according to one of clainms 1 to 4, wherein nmulti-electrode subnerged
arc welding is enployed-under the welding condition that: a current of each
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Reforence Numerals

8 ++- Groove angle

REf +++ Root face

L «-- Steel plate to be welded
2 ++* Welding alectrode

3 --- Dial gauge

4 +++ Mah

€ °*+ Contact ball

7 +-- Heating position of gas burners

8 --- Jig for holding steel Plates to be welded
2 +-- Welding mount

10 --- Welding £l

1l +++ Welding power source

12 - Welding comdition control unit

13 - Parameter computing unit

14 -+ Bir hose

15 -+« Backing plate of coppex

16 *:+ Melting pocl -
17 >+ Welding bead

18 +-- Bolt

12, 29, 21, 22 ... Electrodes



8 6 s j 14 OCT m‘y

METHOD OF REDUCING WELDING DISTORTION IN ONE SIDE
WELDING FOR JOINING PLATES

ABSTRACT

The present invention relates to a method of reducing an
Iamount of welding deformation in the case where steel plates
to be welded are butted and subjected to tack-welding and
then the tack-welded portion is subjected to one side welding
for joining the plates.

In the present invention, not less than 3 welding
electrodes are used and a welding condition is determined so
that the parameter P shown by the expression of

P= -LZ Li+k

can be a predetermined value. In this case, Qi is the heat
input of each electrode determined by a current, voltage and
speed, and Li is a distance from the fzrst electrode to each
electrode, and H is the maximum value of the height of a
tack-welded bead, wherein the height H is made to be a value
not more than half of the wall thickness of the steel plates
to be welded. In the case where tack-welding is conducted
using a'tab, the parameter P is set to be not more than a
predetermined value, and the height Ht of the tack-welded
bead of the tab is made to be not more than a half of the
wall thickness of the steel plates to be welded, and a
welding condition of one side welding for joining the plates
is determined so that the parameter Ptab obtained from these
values can be not less than a predetermined value.

(Figure 2)
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