2106025 LOM FUVE W RE FOR GAS SHI ELDED ARC VELDI NG This invention rel ates
to alowfume wire for gas shielded arc welding. 5 The demand for gas
shiel ded arc wel ding wires has been increasing in step with the devel opnent
and sem -automatic wel di ng techni ques. However, as conpared
with covef g | ectrodes, the 10 gas shielded arc welding. wres- generate
a large al  of fumes which are hazardous to the health of the machine _
operat ors. ~t-his regard, Japanese Regul ations for the Prevention o ;3?81]25
Affliction (Odinance No. 18 of the Japanese Mnistry of Labor, 15 1
were. put into effect to conply with an increasing social demand for the
i mproverent of wel ding environments. In additjan, there has been another
problemin that observation of the welding line is hindered by the fumes
when performng the 20 wel ding operation in a -oorly ventllated -Iace,
resulting in a |low accuracy of £R8-BH& HIRE,FOR SHLEL ' <
adverse effects of funes, it is concei vabl e (D) to | ower the fune
concentration 25 by ventrhhatir%ntﬁaa 21 JTREDYS 4 oW diRe LAQUEBr ag4liiCt
which is. located in th?h fﬁ LY wef&ua wel di ng point, (3) to put on a-
dust respirator or é% o Feducé thes amoant - of the fune by |nprOV|ng t he
wel ding material or thod. Wth regard to the counterneasures

' The demand ‘for gas shzelded arc welding wires has

been increasing in step with the development of
automatic and semi—automatlc welding techniques.
- However, as compared with covered electrodes, the
10 gas shielded arc welding wires generate a large -
amount of fumes which are hazardous to the health of
the machine operators. In this regard, Japanese
Regulations for the Prevention of Dust Affliction
{Ordinance No. 18 of the Japanese Ministry of Labor,
15 1979) were put into effect to comply with an
increasing social demand for the improvement of

welding environments. In addition, there has been
another problem in that observation of the welding
line is hindered by the fumes when performing the
20 welding operation in a poorly ventilated place,
resulting in é'low accuracy of the operation.

In order to eliminate the adverse effects of fumes,

it is conceivable (i) to lower the fume concentration
25 by ventilation, (2) to remove the fume through a

duct which is located in the vicinity of the welding

point, (3) to put on a dust respirator or (4) to

reduce the amount of the fume by improving the welding

material or method. With regard to the countermeasures
30 (1) to (3), there have been proposed various methods

and apparatus, which however are all ex post facto



30 (1) to (3), there have been proposed various nethods and appar at us,
whi ch-however are all. ex post facto 2 1 solutions, without aimng to
reduce the production of the fumes as in the counterneasure (4).
Neverthel ess, there have thus far been nmade a small nunber of proposals in
respect of counterneasure (4), including 5+ Japanese Patent Publication
mo. 53-1216 (relating to a | ow fune co site.wire for non-gas shiel ded
wel ding). It has been confirmed by experinments that the fune generation
whi ch~s influenced by.the wel ding condition 10 can be reduced by

| onering the weldsogn£H6a& N wfEKbWO! 4 Bl e A rleRiuedl kha! YrBdubbebRaSENY t he
Ar content of the shielding gas. _However,, reducing the welding current and
vol tage |eads to FRPaFimesitadiin Hdr i GRPHRASGSHTS (éﬁficyéﬁsygﬂﬁﬁﬁﬁsis
characteristic of thége lhave Ottus ot desbrnmtades ladisf@ldnduabgirad€és t he bead

shape, while an ingcrease, of. the Ar cont Y ri.se.t n i cost .
Consequently, in BraR s?%?r%ﬁhé%?? %Fﬁ?%g%% tb Sﬁ§%50?4?ﬁrg§§éﬁggﬁgmhiIe
retaining thé chalaparesetPatenty Eubljaation ne.g33-JRil6l deelatingetdi Ag and
in addition to COfB&yfﬂméfbéﬁﬁbéf%&“ﬁf?&”ﬁd%‘Hbﬂ%&%&oEhi@?ﬁeﬁeﬁélggﬁe?; It

IS necessary to inprove the conposition of the wire itse besi d
restrictions of the welding condition. ;

) It has been confirmed by experiments that the fume
generation which is influenced by.ﬁheiwelding condition
10 can be reduced by lowering the welding current and

voltage or alternatively by increasing the Ar content
" of the shielding gas. However, reaucing the welding
current and voltage leads to impairmeht of the high
operational efficiency which is characteristic of the
15 gas shielded arc welding and degrades the bead shape,
while an inc:easequ the Ar content gives rise to an
increased cost. |

Cohsequently, in order to reduce the problem of fume
20 production while retaining the characteristic advantages
of the gas shielded arc welding and in addition to
comply with the requirements of economy and bead shape,
it is necessary to improve the composition of the
wire itself besides restrictions of the welding condition.
25 _
. According to the present invention, there is provided
a low fume wire for gas shielded arc welding comprising,
"‘as constituents, C present but less than or equal to
0.06%, 1.65 to 1.95% of Mn, 0.8 to 1.0% of Si, S present
30 but less than or Qqual to' 0.015%, a deposited carbon
coating on the surface of the wire comprising 0.02% or

[

less and a copper coating on the surface of the wire



According to the present invention, there is provided a |low funme wre
@y | gas shielded arc welding conprising, :as constituents, C present but
gs than or equal to 0.06% 1.65 to 1.95%of M, 0.8 to 1.0%of Si, S
present 30 but | ess than or equal to 0.015% a deposited carbon coating
on-the surface of the wire conprising 0.02% or |ess and a copper coating on
the surface of the wire 3 conpriging |less than 0.25% all of the
per cent ages bei ng percentages of the total weight of said wire and
coatings, the balance conprising iron and inevitable inmpurities. 5 W rewof
sEch conposi t iﬁmgﬂ]ghm Tas®e thanei0aisan par h'ﬂ.&ubﬁrthempencéntageslsed in-
short circuit (transfer f | Qea I ow
current range. jg"gl'HDee \rl%stcel‘r%é% ‘r%i'eﬁ.ﬁkeo%ogﬁg.o%eggﬂt Bf séﬁ #’%‘rgregr\}\ﬁ&re fo
gas shi el ded enqawﬁnqﬁwu;hﬁnhﬂﬁanqﬁgcowprdéﬁggliﬁ@ntsndcipﬁﬁséﬁbl%ut Iess
than or equal fifpdk{3604s.1- 65 to 1.95% of M, 0.8 to 1.0%of Si, S present
but less than or - equal to 0.015% 0.005 to 0.25%of A, 0.01 to 0.25% of
15 Ti, a deposited carbon coating on the surface of the wire conprising
0. 02% or | &ss wirk of cholr compiasigion teduses! fumeofehbeatdor conpri sing

0,
ess Fhan O'Z%igrticularly when it is used in short circuit transfer
welding which is performed in a relatively low current

range.

10 The present invention also provides a low fume wire for
gas shielded arc welding comprising, as constituents, C
present but less than or equal to 0.06%, 1.65 to 1.95%
of Mn, 0.8 to 1.0% of Si, S present but less than or
equal to 0.015%, 0.005 to 0.25% of Al, 0.0l to 0.25% of
15 Ti, a deposited carbon coating on the surface of the
wire'ccmprising 0.02% or less and a copper coating on
the surface of the wire comprising less than 0.25%/
all of the percentages being percentages of the total
weight of said wire and coatings, the balance comprising
20 iron and inevitable impurities.

In the accompanying drawings:

Figure lis a partly cut away perspective view of apparat-
25 us for measuring the gquantity of fumes generated;

Figure 2. to Figure 6 are diagrams-graphically,showing
the amount of fumes: generated in relation to the
contents of C, Mn, Si P and S of the wire respectively;
30
Figures 7 and 8 are diagrams showing the amount of fumes
generated in relation to the amount of C forming a
surface deposit and the amount of Cu plating on the wire,
respectively;



all of the percentages bei ng percentages of the total weight of said wire
and coeatings, the bal ance conprising 20 iron and inevitable inpurities. Ifn:
t hé acconpanying drawings: Figure | is a partly cut away perspective vie
of apparat- 25 us for measuring the quantg toy of funmes generated; Figure
2.to Figure 6 are diagranms graphically showi ng the amount of fumes
gener:at ed :n relation to the contents of C, Mh, Si P and S of the wire
respectively; 30 ures re. di t a of,¢f unes
generated in rel at#g%uf%s gﬂgdm%.ucﬁtaer %Q%%SSQ%WQ ggg gﬁugéf:t I)gnd t he
amount of Cu pl at i figmes genendtesd iregrdatiion y:o the Z'J- F‘Péuﬁéscgnﬁﬁﬁtio are
-di agranms showi ng the aloupMrO! gﬁggg% it gghd N relation to the Ti and A
contents of the wire, respective ga FI GURES 11 and 12 are

phot ographs of the short- ci.rcuit transfer wel di ng process. Wth regard to

the wel ding ? re f?ieéﬁﬁét}f'£ﬁ&"iz"‘§é&'5;gl‘9at6§£€‘d&d1 BEe thReRnszed st eel

wi res which contain | ess 50 to 1.20% of Si and
0.90 to 1.90% of MLHFPER ERRRSESE Higld %Rﬁl@ﬁﬁQ?§%f wel ding ability and

perfornance quality.
With regard to the. weldlng wire for short c1rcu1t

welding, there have been used steel wires which
10 contain less than 0.15% of C, 0.50 to 1.20% of
Si and 0.90 to 1.90% of Mn which ensure their
workability, welding ability and pérfdrmance quality.
Therefore, éxperimepts were conducted to study the
fume gemeration in relation with the contents of
15 these wire components and other elements which are
inevitably_present in or on the wires, paying
' special attention to the wire components .C, Mn, Si,
P and S. The conditions of the experiments were
as follows. '

20
Basic wire composition: -0.08%C,.1.56%Mn,
0.92%si, 0.015%pP,
- 0.010%S
Wire diameter: 1.2 mme
25 Components of surface
deposits (explained
" later) : 0.03% of C deriving from
' surface deposits;
) ey  0.20% of plated Cu
30 = Test strips: Mild steel (JIS G 3106),
' 12 mm thick
Welding conditions: ©150A x 21V x 30cm/min

Shielding gas: CO,, 202/min



alAtion with the contents of 15 these wire conponents and ot her
efrents which are inevitably present in or on the wires, paying special
ention to the wire conmponents C, My, Si,, P and S. The conditions of the

ef'ore, experi ments were conducted to study the fune gerrerat'i on in
experiments were as follows. 20 Basic wire conposition: 0.08%C 1. 56%Wh

0.92%&6i, 0.015%, 0.010%6 Wre dianetes: . 1.2 nn125

Cowponents of surface deposits (explalned | ater) 0. 03%

of C deriving fromsurface deposits; 0.2.0% of plated Cu 30 TESt
. strips: Fullel aeakeelingIm8tEodt06), 12 nmthick Wl di ng

condi ti ons: 150A x 2 0 m.n_Shi el di S; Co2.

201/ mn -5- Fune neasur%#& ﬁ% %gé fGKFP %FgFggtgénggrbnﬁerated during

each wel di ng experu ment waeachl weddddg experiment was collected
- by a high volume  sampler according
5 . to 'JIS 3930, using the measuring
apparatus of FIG. 1 including a
cﬁllentﬁmg.boxrlv a sampler 2, a
. peep window 3, a hand inserting hole 4,
air holés-5.£4a mmé.), a welding table
10 . 6, and test strips 7. -The same
- experiment was repeated three times to
evaluate the results to give a mean
 value of the fume generation per
_ unit time (mg/min). _
15 ~The results of the experiments are shown in
FIGURES 2 to 6. o '

As is clear from FIGURES,Z.to 6, the amount of fumes
generated becomes smaller ﬁith a reduction of C and S
20 contentS-and an increase of Mn and Si cohtents, and is
not influenced by the P content. This is considered
to be attrlbutable to the followlng reasons. The
fumes are generated by condensation of oxidized vapours.
of the solvent component which is released into the
25 air upon evaporation by the high'arc heat. In the
short circuit transfer weiding, the hot vapours in.

. the arcing: atmaosphere are released into the air at
the-timé of reéarcing (Photogfaphszl after the short-
circuit period (Photograﬁh 1), thereby generating .

30 fume. Therefore, presumably the.;endency that the



by a high vol une sanpl er according 5 to JI'S 3930, using the
measyr g apparatus of FIG lincluding a. collecting, box 1, a sanpler GL?
a.peép W ndow 3, a hand inserting hole 4, air holes 5. (.40 nm), a meldl

table 10 - 6, and test strips 7. The sanme experinment was
repeated three times to evaluate the results to give a nean val ue of the
fume generation per ‘unit tine (ng/mn). 15. . The results of the

experients are shown in FIGURES 2. to 6. As is clear fromFIGURES. .2 to 6,.

t he amodnt of funes generated becones sme®l®r with a reduction of C and S
20 contents and an increase of M and Si. ontents and is not influenced
by -the -P content.__This i's consjdered t h g
reasons. The-funeguﬁgﬁrggﬁe?g?ﬁ N §r%%ﬁg%nsa |on OXI |zedé %éé%%EW%

t he sol vent conpoo&nfumbschsi sedetedskey rad00then851natheu%oﬂn@v&porat|on
by the high arc heghyentd éhgnﬂhﬂﬁérgéégg'intfﬁgsﬁﬁraﬁﬁlgi”@mni@ﬁtQOt
vapours in. the. arC|ng at nosphere are.released_.into the air at the tinme of
re-arcing (Photogitapke }eﬁtférthEhShBWPunél?Euf?m%egfﬁﬂr?F%%?ogr3$ﬁ 1),

ther eby generstlneoﬁeeﬁuaeofThaée&nbee-ﬁéﬁﬁyanbaywihe tempenents hatet he
_ restricted to particular ranges based on these .

-~

° _ " observations and the following reasons.

C: present but less than or equal to 0.06%
10 o o
The element'c has the effect of stfengthening the

arc by 1ncrea81ng its concentratlonbut the generation

of fumes is increased consplcuously in proportion

to the C content as seen FIGURE 2. Besides, it
15 1lowers the toughness and cracking resistance of the
deposited=metal, coupled with a deterioration in
wire drawability in the wire forming stage. Judging
from overall coﬁsidefations, ' ' theq; Cc should
be present but less than or equal to 0.06%.
20 o

Mn: 1.65 to 1.95% o \

This'compommn:serves.te enhance the_performance
quality of the wire by stabilizing the arc and to

25 reduce the amount of generation of fumes. Therefore,
it should be more than 1.65% but should be restricted
to 1.95% since excessive Mn contents will increase
the cost of raw material and harden the wire, lowering
the wire drawébility.

30



-$4.-nunmber of short-circuits which encourage the generation of funes is
duced by reductions in the C and S contents S and increases in the Wh and
> contents is reflected by the anmount of fume generation. The 5 contents
of t’he above:nentioned wire conponents are restricted to particular ranges
based on t-hese observations and the foll ow ng reasons. C. present but less
than or equal to 0.06% 10 The elenent C has the effect of strengthening the
arcspy-increasing its concentrati onbu¥ £he generation of fumes is increased
conspicuously in proportion to the C content as seen FIl GURE 2. BesideSy=it
:15 |l owers the toughness. and cracking resistance of the deposited netal,
coupled with aSilet@rBotatled®in wire drawability in .the wire forning stage.
Judging fromoverall considerations, then, C should be-present
but less than or equal to 0.06% 20 My 1.65 to 1.95% This conmponent serves
to‘enhance theSpeVRarhuAEES (B8 #tJee¥idhzes eROBYCES abe| 30Kyt he arc and
to 25 hreducg5§>b£oaﬂaynbfofché%@ﬁéjiﬁédﬁﬁeéﬂl{?éI;sTﬁsreieaf,fi.-@mshoMqul d be
nore than [l. shou restricted t : | pce excessive
contents vii1 FhoPRECA, 1E eBehidibe hFte: Brdn 008 FEF SHSPRELIERY
| oweri ng the generation of-fumes. The Si content, however,
should be limited to 1.0% since otherwise ‘it will

lower the toughness of the deposited metal.

10 S: present but less ‘than or equal to 0.015%

The component S barely adversely affects.the
performance quality of the wire but it slightly
increases the amount of fume generation as is clear
15 from FIGURE 6. If present in excess, it tends to
lower the toughnéss and anti-porosity of the deposited
| metal, so that ‘S should be present but less than or equal to
K 0.015%. T : -
:Apart from the foregoing components; the elements
20 Al and Ti which reduce the number of short-circuits
have a favourable influence on the reduction .of
fumes. However, in the case of short-circuits
transfer welding, it is recommended not to positively
include them in view of deterioration in performance
25 quality which would occur in the short circuit transfer
region. .

Although - fume generation can be suppressed to a
considerable degree by restricting the minor

30 components of the wire to the above-defined ranges,
for example, by 10 to 20% as compared with '



the wire drawability. 30 -7- Si: 0.8t0 1.0%Si which acts as a-
deoxi-di zer enhances the anti- porosity of the deposited netal. As is cIe.‘Ii”
from5 - FIGURE 4, it should be nore than 0..8% for suppressing the '
‘generation of funes. The Si content, however, should be llimted to 1.0%
since otherwise it will |ower the toughness of the deposited netal. 10 S
‘present but less than or equal to 0.015% The.conponent S barely adversely-
affects the performance quality of the mige but it slightly increases the
.anoburt- of fune generation as is clear 15 fromFIGURE 6. |If present in
excess, it tends to | ower the .toughness .and anti-porosity of the deposited
metal, so that "Scsdm&mhmanreﬁmﬁs,bwhﬂ@setdwsﬁfﬂuanﬁ &d 015% Apart

number o Shart e PR I FEHGLARME YT S 20, aps A ﬁf?s{ Con of

funmes.: However, irms mmk&tmm e (pneaert'ar aJmifesxtim!.dl g, is
recomrended not -t [ ﬂygfg I n
%‘ﬂﬁ }é dm%#?d’%:(t}%ﬁn |]:InE t t.cl rxlcw t tn(rar;nsf er

perfornance 25
5 make a useful difference to pract1cal welding

operations. Therefore our  study was extended to
‘other conditions of the wire, and as a result it
was confirmed that fume. generation was closely
related ta the C content of the- lmpurltzes

10 (mainly der1v1ng £rom lubrlcant) deposited on the
wire surface in the wire drawing stage, and with '
the amount of pu'which is plated on the wire
to-prevené-oxidation‘or'to—improverthe-wire feed

" or electric conductiom.

The following experiments were'coﬁducted to. study
D . . thé influences of the secondary, surface, C. content
and Cu plating.

20 Influence of Deposited C

" The influence oh'fume'generaiioh of the amount of

.(eecondary)'c derived from the surface deposits.’
was examined by varying the secondary C content

25 of sample wires (1.2 mm®) containing 0.05% of c,

- 1.60% of Mn, 0.90% of Si, 0.015% of P and 0.010%
of S, and coated with O;ZO%HofiCu plating; The _
welding COnditions'and the method of measuring the
quantity of generated fume were the same as in

30 FIGURES 2 to 6. The results are shown in FIGURE 7.



dagree by restricting the mnor 30 conponents of the wire to the

Abpove- defined ranges, for exanple, by 10 to 20% as conpared with - 8-
ebnventional wires, this is not sufficient for realizing a drastic
reduction of fume generation as contenplated by the present invention. A
funme reduction of 30%or greater is preferred and 5 w il make a useful
difference to practical welding operatons. Therefore,. our.study was
extended to other conditions of the- wire,. and as a result it was

'i on. Al though fume generation.can be suppressed to a considerable

confirmed that fupe generation S, closely related to the C content of the
I mpurities 10 E&£&E§h§é{£§4§&4€i§$&ﬁﬁlubrrcant) deposited on the wire

surface in the wire drawing stage, and'with the anount.of Cu which'is
Bl ectri o conduch it FAENGHES of B SEhekatfob B (MR Wnduct ed to st udy
the influences ptatirg wasoexdmined by avaryingcthemmourt @F @Fwting. - 20
Influence of DeppPstisd én sample wires (1.2 mmo) containing 0.08%
of C, 1.56% of Mn, 0.92% of Si, 0.015% of P and
0.010% of S, and bearing a secondary (deposited)
C amount constantly at 0.03%: The welding .
condition and the method d£ measuning~the:qnantity
10 ' of fumes generated were: the game-as in the
foregoing'experiment.- The results are shown in
FIGURE 8. | '
As is clear from FIGURES 7 and 8, the generation
15 of fumes diminishes with reductions in the. amount
of'c.deriving-frdm the. surface-deposifs:and in. the
_ amount of Cu platingr:refleétipg the reduction of .
the number of short-circuits as mentioned
hereinbefore. = In addition, the reduction in the
20 content of C which blows off ho£ gases from-the: arc
by explosions after oxidation into CO, or CO gas
in the arc atmosphere is considered to have had
a favourable effect on the reduction of fume
generation. ‘It is assumed that this effect is
25 further enhanced by the reduétion of the amount
of plated Cu which -has a high vépour pressure and
therefore may cause higher fume generation by
increasing the. hot géses_in the arc atmosphere.

30 The C content of . the surface!dgposits and the
amount of Cu plating on the conventional gas shielded
arc welding wires are generally about 0.05% and 0.30%,

EY



The influence on fume generation of the anount of (secondary) C derived _

from/the surface deposits. was exanm ned by varying the secondary C contefit: ;L
25 of sanple wires (1.2 nmrerr]) containing 0.05%of C, 1.60% of M, '
0.90%of Si., 0.015% of P and 0.010% of S, and coated with 0.20% of CU
plating. The welding conditions and the nethod of neasuring the quantity

of generated fume were the sanme as in 30 FIGURES 2 to 6. The results-are
shown in FlI GURE 7. -9- Influence of Quilgl ating The influence on fume
generation of the Cu plating was exanined by varying the anount of Cu 5

pl ati ng on sanple wires (1.2 nmmjerr]) containing 0.08%of C 1.56% of Mh.

0.92% of Si, . 015%splecRivedy) add0%tohasSbeand theagleherga p&ﬁ@Qﬂd&[K
deposited) C anou ! oY it % e condi n_an e.

getﬁod of . )neasurlﬁé’?%e§%%%ht%F% gr%§ 1@% g tsanﬁéPg P%eggﬁne as -

in the foregoi ng efsaposdition Ine tesns of inaesbennramzﬁnGwEEtae As is

cl ear frO”‘F'GURESa%s%%@eﬁoftQﬁzﬁ%ﬁﬁﬁakbgﬁhiﬁgs b Bﬂgege LNi shes w th

reductions in t mount of C d r|V|n% fromthe sur ace osits and in.the
anount of Cu pl weveEn| 88 F§3Fh&éEPRJthe| s¥Perimental results of

FIGURES 7 and ‘8, the fume generation can be further
reduced by restricting ‘the C content of the surface
depositss to less’ ‘than 0.02% and the amount of
Cu plating to less than 0.25%
Control of thé'deposited C content and the amount
of Cu plating in additioﬁ toithe control of the
conténts .0f the afdrehhentioned'wire“components
produces- an enhanced or synergestic effect on the'
15 suppression of fume generation, reduc1ng "the
' generation of fumes of the wire as a whole by more
than 30% as compared.w1§h conventlonal counterparts
as will be shown by experimental examples hereinafter.

20 With regardito-the-wire-fbf use in dlobular transfer

' welding which is performed in a.relatively large
current range, the relétionship of fume ‘generation’
to the wire contents C, Mn, Si, P and S, the content -
of lod - present as a surface deposit, and the

25 amount of Cu plating were'siudied in the same manner
as in the case of the foregeoing short circuit
transfer welding. As a result, a conclusion was
reached that, for the suppreséion of fume generation
the respective compcnents should be restricted to

30 the same ranges as in the shdrt circuit transfer
welding wire although the globuler transfer welding

Ol

"w



Y

} . .
t nuitber of short-circuits as nentioned hereinbefore. |In addition, the
' tion in the 20 content of C which blows off hot gases fromthe arc
xpl osi ons after oxidation into CO2 or COgas in the arc atnosphere is
corisi dered to have had a favourable effect on the reduction of fune
generation. 'It is assunmed that this effect is 25 further enhanced.' by
the reduction of the anmount of plated Cu which has a high vapour pressure _
and therefore may cause hi gher fune. -gdderati on by increasing the hot ,gases
in the arc atnosphere. 30 The C content of the surface deposits and“»he
amount of Cu plating on the 'conventional gas shielded arc welding wires are

general | y aboutinysedilighddey diffengntcfiumg reduednd has been the

general practi GRedHar¥MBICe Mot pir@cul 4Gl tHd icdmpgeridned - of the
conposi tion in en&i of fu enera %§§I N the absence of suitable
teachings int ﬂ%ﬂﬁ% TR /e mental results
of FI GQURES 7 artkerd ﬁmeadtmmnﬁtatanm cmrunhe wherd hﬂ'rrovfred.uﬂﬂﬂ by

gl 0
et o O] " A o) SR RIS qrdhdiese, 11 0 02 nd
content and thelag® lﬁﬁmperature). Therefore, they 1ncrease
the quantity of hot vapours im the arc, a scurce'
- of fumes, and thus- they ‘tend themselves to an
increase of fumes. It follows -that fume generation
10. can be suppressed by reducing the C and S contents
of the wire. On the ‘other hand, the Mn and Si
contents which have a low ionization potential
show an inverse trend so that, with a view to
_ suppressing’fume-generatiqm,'they whould-bee-
15 present in predetermined amounts. Haowever, if
Mn and Si areepxeéent-in excess. of the respective
" upper limits. defined hereirbefore  there will
arise.the'same_problems as in the case of the.
short circuit transfer welding wire. Further,
20 the'C'cohtent"ofmthe-sqrface deposits and the amount
" of Cu plating also have the same effects as in the
case of the short circuit transfer ﬁelding wire
and therefore should be limited to the-above—
defined ranges for the same reasons. _
25 _ . S _ o)
Apart from the foregoing components,. the wire
for the globular transfer weldiné.includeS'Ti, Al
or the like for forming transfer droplets into
globules or for improving the welding performance.
30 According to preliminary experiments, the Ti and Al
contents exhibit a close relationship to fume



of Cu pJatihg in addition to the control
af oresnmenti oned wire conponents.

on the 15

be shown by experi.nental

of the contents -of the

produces an enhanced or synergestic
suppressi on of fune generation,
of the-wire as a whole.
counterparts as wll
‘Wthregard to the wire for

ffgf%

reduci ng the generation. of {fu
by nore- than 30% as conpared with conventi onal
exanpl es hereinafter. 20
use in globular transfer welding which is

perforned in a relatively large current - rang® the rel ationship of .fune

.genergtion to the wire contents C, M, Si,
present as a surface deposjt, an
.in the same manner 98°¢

wel di ng. .

-of fume generation, b
a
t he same ranges as

AR I crbd

P and S,
the 25 anount of Cu
t1R0 ¢ asEhereforp, f'f)‘?%g‘ﬂ'ﬁfbt’s%&t"%l rcuit.

As a resui'élaalmlcipslm e TroamddAl hadntémtfs tvhﬁtl’SL!mH essi on

SRR R0 U AL

t he content of C
| ating were-studied
transfer

to 30 .
ough the

gl obul ar transfer vexpéniments nmmmq gthe wmntmm of ffumeeduci ng

nmechani sms. Moregp
i oni zat.i on pot ent i

arc,
i ncrease
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10
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t end

t her eby enhanc¥Hge® Hei & cdbhEe¥snt oF L. a@%nﬁbr%&%ﬁ%ﬁts qﬂﬁﬁ%ﬁ?ﬂ

h&ﬂ$€é&y1nt¥6é
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fnllawzng'cundltlons,
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when thrown into 5 the
, they

"Wirés of 1.Z mme®, containirng 0.08% of C, 1.56%
. of Mn, 0.92% of sSi, 0. 015% of P and 0.01% of S along
"with 0.t0o O 32%’of Ti and AL, 0.03% of C derived

from surface- depos;ts_(hased on.the.tctal weight
of wire), and 0.20% of plated Cu (do). '

Welding Conditions

[P

'Welaiﬁg éurrent:_
Welding voitage:

Welding-spee&:
Shielding gas:

.Sample:stgel.stfips:‘ .

L

300A, DC (wire+)
35v

.“30 cm/min

2, 20 2/ min-
Mild steel (JIs ¢ 3106)

- 12 mm thick

The. _results are_shown in FIGURES 9 and 10

As is clear from_Figﬁres_Q and 10, fume generation is
reduced considerably by increases in the Ti content

of the wire,

and this effect is produced effectively
when the Ti content is greater than 0.01%.

Besides,

Ti has the effect'of.smoothing the tranéfer'of molten

drbplets at lan;é welding currents particularly



want

. the.quantity of hot vapours in the arc, a source of fumes, and thus they

nd\t hensel ves to an increase of funmes. It follows that fume generation
1@? an be suppressed by reducing the C and S contents of the wire. On the
ot” hand, the Mh and-Si contents whi-ch. have a | ow i oni zation potenti al
w an-inverse trend so that, with a view to suppressing- fune generation,
t hey whoul d be 15 present in predeterm ned anmounts. However, if M and S
are present in excess of the respecti-vejypper limts defined hereinbefore
there will arise the sanme problens as in the case of the short circuit
transfer welding wire. Further, 20 the C content.. of.the surface deposits

and the ambunt ghefUiRkakbAleatSPshdicekbessan® ¢{6eL{s as in the case of
the short circujt transfe ' mﬁre"andaahere ore should be limted to
S

wel di n
the above- defi HEUeP&RgeEhe oL fRHLERE FRAULADE EEMELST £9om t he for egoi ng
conponents, theOukb¥ sincet behgkwhakait wibdbsiewerethéengougishesies Ti, Al or

the ke for TOLH! el hanaleked RbELs | BLOBLODULES KT AEPIQYING. the

wel di ng performance. _g m nary “experrnefnts,.“the Ti .and

Al contents 8xhrbearafrpusEIFURE: 18nsfibpet generption is reduced: .
. markedly by increases in the AL content of the -
wire in a certain range;'.Further, the A1 component »

acts as a deoxidizér to eﬁhance the resistance to
blow-hdles;when its. content is greater than 0.005%.

10 However, the upper limit should be 0.25% as excessive
Al contents tend to increase fume generation.

Thus,; in the case of aiwixe:ian_ginbular transfer
welding, it is also possible to reduce the generation
15 of fumes to about 30% of that using conventional
wires by strictly=cantrol£in§ the Ti and Al
contents of the wire in addition to the contents
of C, Mn, Si and S; along with the restriction
of the C content of the surface deposit and the
20 amount of Cu plating to the predetermined ranges -
based on the total weight of the wire.

In order-tozfeduce-fhe=c content of the surface -
deposit, mainly originating from the lubricant which
25 is applied in the wire dréwing stage, it is possible
(1) to reduce the C content of the lubricant itself ' s
or (2) to reduce the amount of the residual lubricant
(more specifically to increase the speed of the -
"core wire in the lubricant applying stage, to reduce
30 the amount of the lubricant in' the Iubricant _
' applying medium or to fémove the residual lubricant
by baking, washing with sdlvent,'brushing or ofher
means). Further, in the case whefe a C-containing



-12- generation. Therefore, the quantitative relationships of the Ti and'Agaj
contents with the amunt of. fume generated were studied by further
experinents, measuring the quantities of funme 5 generated in the welding
experiments-using sanple wires with different Ti and Al contents under the
foll ow ng conditions. Sanple Wres 10: Wres of 1.Z mmm containing 0.08%
of C, 1.56%of M, 0.92%of Si, 0.015% of P and 0.01%of S along with 0. to

0.32% of Ti and. A . .03%of C derived frldn- surface deposits: (based -an
the tgtal weight 15 of wire),.and.O. 20@6of plated Cu (do). Welding

Condi tions Welding current.: 00A, DC (wire+) 20, Vel di ng

vol t age: arc %PW%ﬁ’-’ng‘-%ﬁRﬁhed to the wirg, d&heamodmtel di ng
gas: T . @R.c 2hn /bdlifes Seed 351£€&mp]$dy1d§ a stabil¥ldet st eel

8 0 TR e £ S W bl il
I ncreases in the'ﬂdemnﬁxt&dso of the wire, and this effect |s produced
effectively whengthe Ti .content- is greater t han -0. 01% Besi des. ,
v o ' A simple and effective method for reducing the
| amournit of Cu plating is to lower the electrolytic -
_eurrent-or to increase the speed of wire travel
throdgh'the e;edtroplating,bath;_ '
10 ’ . . . | |
Thus, the present invention has succeeded in
'reduc1ng the generatlon of fumes to a significant
degree by determining the klnds and contents of’
the wire compcnents in both the short circuit
15 transfer welding and globular.transfer welding )
' proceases,_coupled with the restrictions of the
b : - C content of the surface deposits and the amount
' of Cu'plating. The wire of the invention has
great practical advantages such as the 1mprovement
20 of the working environment and lessening the
burden for the fume :emov1ng apparatus.

The 1nventlon is illustrated’ more partlcularly
by the- follow1ng examples. '

Examgie 1.d

There were prepared gas shield arc welding wires
with the compositions, the C contents of surface
30 deposits, and the amounts of Cu plating as shown
in Table 1 (short circuit transfer welding.wires-
with Ti and Al contents less than 0.01%). The



j1 has.the ef fect of snDothing the transfer of nolten droplets at |arge

di-ng currents particularly -13- when its content is in excess of
0.091% However, the Ti content should-be limted to 0.25% since ot herw se
qu\M|| .1 ower the t oughness of the deposited netal. On the other hand, as

i 5 clear fromFl GURE 10, fume.generation is reduced narkedly by
Increases in the Al content of the wiresikn_a certain range. Further, the
Al conponent acts as a deoxidi zer to enhiance the resistance to b|OMIhO|eS :

-when its content is greater than 0_.095% 10 However, ‘t-he upper limt"

shoul d be 0. 25%@hecysRahtsof! 0£0BhENL 85 hEEE: b8 wfésaé@réurre generat i on.

. Thus, in the case of "a.wre fo gl obul ar” transfter we| di ng f al so
h

p053|ble to redﬁﬁémfﬂédggﬁeVQ%ﬁbﬂg testy; (2 head T%Paﬁbﬁ?egm@ﬁ%ﬁ at .using

conventional W afgGebythér F6Llywengt cohditlohse TTheénguéihtiowtents of the
wre in additio

i el d ' ith th
restriction of ?H@ecgsgﬁggﬁ?82%§§ﬁ@egﬁ?¥%§eb§25€§iYgéngégﬁ%eggt ahnﬁnt of

Cu plating t% theapurilageappardtuangEsFEGERE bn the total weight of -the
wire. In order to reduce the C content. of the surface dep05|t mai-nl y

originating fromthe |lubricant which
Testzng,CondmtIans

'Wélding.cnrreﬁﬁi _- ¥50&, DC twire+)

10 . Welding voltage: 21V
. Welding speed: o 30 cm/min
Shielding gas: ' Co,, 20 2/min
Base metal: - . Mild steel (JIS G 3106)
' : I2 mm thick, 0.12%C,
15 ' E 0.29%Si, 1.44%Mn,
R | 0.020%E, 0.008%S
Tip extension: - 17 mm

. The resuiﬁs are shown in Table l.
20 ) _

25

30



C comtent of the lubricant itself. or (2) to reduce the anmount of the
resi‘dual “lubricant (nore-specifically to increase the speed of the core
wire i-n the lubricant applying stage, to reduce 30 the anpunt of the
lubricant in the lubricant applying nmedi umjgr st o renove the residual
fubricant by baki ng, washing with solvent, brushing or other neans).

Further, in the case where a C-containing -14- arc-stabilizer is applied

25 s a'tpplied in the wire draw ng stage, it is possible (1) to reduce the@

to the,mnre, t hd amounf of C can be restricted by enpl oying a stabilizer
with a smaller € conteft or by reducing the anbunt dgposited. 5 A sinple
and effective nttkux%f reredugi ng the amount -of . Cu pllating is to |ower the
el ectrolytic currenhgo gpgldirease t he speed pf wirg travel 4 hrough the
C it . :
el ectropl ati ng”Rat h!g 10 8 & ofhus,. the.presdht. i pvént fg)n hgs succeeded in
reduci ng the genera® o @f*ﬁqpqg to a 5|gn|f|qgnt dec bg d®ternining -
. : ¥ =]
the. kinds and dontents: zafmttgamre ‘conmponent @i n both t eoshort circuit 15
transfer wel ding and gIO@uﬁhroﬂgansfer wel di n : .ﬂ m -
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"ocesses,  coupled with the restrictions of the C content- of the surface
and the anmount of Cu plating. The wire O the invention has

edt practical advantages such as the inprovenent 20 of the working

ronment and | essening the burden for. the fune renoving apparatus. The

invention is illustrated nore particularly by the foll owi ng exanples. 25
Exanple 1 There were prepared gas shieldéarc welding wwres with the
conpositions, &
Cu.plating as shown in Table 1 (short circuit transfer welding wires wth

sits.

Ti and Al cbntqpt | ess_t han

the C contents of surfdce 30" deposits, and'the anounts_of

. 019 n of the

... The ~15-_ funme _generati
respective w r e wele "G, #3%_‘-‘%@%@@&%9"’{ e?tes 1'(efl{:o a -u(r)}%—splc’ﬁoe nmet hod)
under the foll diabike cbnditi ons. The quantity of fune generated was neasured
by the use of the 5 neasuring apparatus of. FIGURE 1. Testing: Candi tii

ns& [ ERR]

10

15

20

(1) Wire No.. 1 which deviaﬁed'ffom the predeter-
mined range in the contents of the wire components
C, Mn and § and in the C content of the surface .
deposits genefated an extremely large amount of
fumes. = ' :

(2) Wire Nos. 3 to 5 which deviated from the
predetermined range in the cotnent of one of the

.wire compbnents were insufficient in fume suppressing
effect. . '

(3) Wire Nos. 6. to 8 which contained the wire
components iﬁ:théupredeterminediranges except for
either the C content of surface deposits or -the
.amoun£_0£ Cu plating were unablé to suppréss

fume generation to a sufficient degfee. '

-(4) In contfast, Wire'Nds;_Z-an&'S:tO-li which

satisfied the conditions: of‘the_present invention -
could reduce fume generation by mpré.than 30% -

. as compared with Wire No 1.

25

30

“Example 2.

" There were.prepared gas shielded arc welding wires )
(for-globulaf transfer welding) with the compositions,
C contents of surface deposits, and amounts of Cu.

- plating as shown in Table 2, followed by welding

'

4



[ ERR] 17- Follow ng are observations on the test results of Table 1.
WreNo. 1 which deviated fromthe predeter- 5 mned range in the contg
of the wire components C, Mh and S and in the C content of the surface
deposi ts generated an extrenely | arge amount of fumes. 10 (2) Wre Nos. 3

- to 5. which deviated fromthe predeternlned range in the cotnent of one of
*the wire conponents were insufficient in fume suppressing effect.. 15 (3)
Wre Nos.-6.to 8 which contained the w #el8oAponents in the
,predet erm ned. . ranges except for either the C content of surface deposits

_or the anount of Cu plating were unable to suppress fume generation to a
sufficient degreetests(upderntbensametconditions. as2ignBxample 11 which

-satisfied the CO“QkEéBESthQE the RLeashy bﬁfﬁéﬁtoandC@Hiéaé@dwéﬁefU”E
generation by nore.than 30% as conpared” wi th No

Wr
set at hlgher levels of 300A and 35V
respectzvely, for ensurzng globula; transfer.

5 « . . .
T a B The test resulss are shown in Table 2.
™
10
15
20 .
& 25

30



nple 2 There were prepared gas shielded arc welding wires (for globular
nsfer welding) with the conpositions, 30 C contents of surface
gpsits,.and amounts of Cu. * plating as shown in Table 2, followed by .
[[ding - tests under the sane conditrod® as in Exanple 1 except that the
wel ding current-..and voltage were set at higher |levels of 300A and 35V,

respectively, for ensuri results. are shown
in Table 2. 10 15 20 25 b the test results
of Table 2, the . R
*
[~
ol x O x O ©
sl
]
m -
Py ' N
i~ | <+ = ~ <t
slg’l © - < ™
 SiBEke ] O 0y o
i~ 8 :
" . - ,,
o "
S~ @ o Q. [~2]
orf: |af | N = (] (| i
5 “p. hd . - (3 .
5._&-'-,“'
Oig
o
LS ;
- Q) oo N uy o
| f‘ O. < <> < =
] o o o o .
o~ O —
L] o (1)
— 3 . -t
Q i _ S L
- _ © 1 ) i o]
& iy ot o O = QO o B
ﬂi . . o. .
il © o o o© s
— { ) -t
o ! : n
s ) e [Tq] o~ [=] [Te3 0 .
2 .E':';' et = o ~ - .
] o o o o Q-
_— : £
=13 . o 5
e] il » o un 0
o} 1~ |
4 “. o = = (=] o
g |l o o o gx
o ‘ e
=] o (=] T [~ ] w0 E e
*l o] ® o © o o ]
[&] tnj . . . . . [+
- - o o o *
- H .
O wy wy - <. [~ X uy -
Al gli] in w0 - . "~ ™~ :
- . E X E - . . . .
Q- N T - - e
S i
(3] ]
[+ <] ™N ™! < wn
| o o o o o
! :
Hd
- - ™ ™ <« . 1
==

[ 49

R &



respective wires were assessed as follows. (1) Wre No. |.(conventional
whi ¢fi"deviated 5 fromthe predeterm ned range in the wire contents C.
-Mh and. the C content of the surface deposit generated an extrenely
quantity of funes. (2) Wre No. 3 which satisfied the conditions 10 of
I nventi on except for excessive anmounts of deposit Cu plating showed no

di stinctive reduction in funme generation, while-Wre No. 4 of. a
conpar-ative exanple with a deviation only 2& +he Ti content was
insuffigient in the fune suppressing 15 effect. (3) Wre Nos. 2 and. 5.
exanpl es accordlng to the present invention I s reduced in the anmount of
fume generation byPREPEILRANtaobhesteshpEesultf(PE Babif 4, NBhe1 25 30
-21- CLAIMS 1.. A | paspeceivereites weseshssededdaas #61lTbweg. conpri sing, as
constituents, C present but |ess than or equal. to 0.06% 1.65 to 1.95% of "
M, 0.8 to 1.0%of Si, S present. but |ess than or equal to 0.015% a
dep05|ted car bon cb&ﬂlﬂgrenNohelsﬁcﬁazenbionab)mmhech deviated

5 from the predetermined range in the wire contents
C and Mn and the C content of the surface deposit

~b.

geﬁerated~anlgxtremeiy*Ia;ge~quantify_bf'fumes.

[ /T

(2) Wire No. 3 which satisfied the conditions
10 of the invention except £for excessive amounts of
' deposit Cu platlng showed no distinctive reductzon
in fume generat1on while ere No. 4:.0f a
'comparatlve example with a-dev;atlon.only in the
Ti content was insufficient in the fume suppressing
15 efféct. - B | '

P C (3) Wire Nos. Z'ahd,S,'exampies according tq'.
‘the present invention;, is reduced in the amount _
" of fume generation'by_more than 30% as compared with.
20 wWire No. 1l. | C - o

25

N

30



NN

inevitable inpurities. 2.

rising 0.02% or | ess and a copper coating—on the surface of the wire

Borising less than 0.25% a”Muﬂw ges being percentages of the
bgl wei ght of said wire and “ il'"?’“ﬂ'Wance conprising iron 10
Al | e for gas shielded arc wel ding

éw fune war

conprising, as constituents, C present but |less than or equal to 0.06%

1.65 to 1.95%of M1, 0.8 to 1.0% of- @1 =15 S present but

-to 0.015% 0.005 to 0.25%of A, 0.01 to 0.25%of Ti, a deposited carbon
coating on the_surface of the wire conprising 0.02%or |less and a coppaey

coating on the

t he percentages 20 bei ng percentages of the total

Clairt

¥3ce of the wire conprising less than 0.25%err], all of

coatings, the balance conprising iron and inevitable inpurities. 3. A low
fume wire for bas Ahlay déune wime|fbmgass shieldeldaiaredwieddthgi m 1 or 2

substantially asnBe]&ipef i e afyiditils, ¢ present but less than
or equal to 0.06%, 1.65 to 1.95% of Mn, 0.8 to 1.0%
of Si, S present but less than or equal to 0.015%, a

deposited carbon coating on the surface of the wire

comprising 0.02% or less and a copper coating on the

surface of the wire comprising less than O.25%£?éL all

of the percentages being percentages of the total weight

of said wire and coatings, the balance comprising iron

10

and inevitable impurities.

2. A low fume wire for gas shielded arc welding

comprising, as constituents, C present but less than or
equal to 0.06%, 1.65 to 1.95% of Mn, 0.8 to 1.0% of si,

15

S present but less than or equal to 0.015%, 0.005 to

0.25% of Al, 0.0l to 0.25% of Ti, a deposited carbon
coating on the surface of the wire comprising 0.02% or

less and, a copper coating on the surface of the wire

20

comprising less than O.ZS%LG-Q, all of the percentages
being percentages of the total weight of said wire and

coatings, the balance comprising iron and inevitable

impurities.

3.
claimed in claim 1 or 2 substantially as hereinbefore

25

A low fume wire for gas shielded arc welding as

described.

| ess than or equal

wei ght of said wire and

X
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+



