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ELECTRIC

SINGLE ELECTRODE
SUBMERGED ARC WELDS

How to Make

BASIC REQUIREMENTS FOR GOOD WELDS

Because many variables in design and fabrication and in-service conditions affect he results obtained in spplying the information
in this bulletin, iho testing snd serviceability ol a product or structure are the responaiility of the builderfuser,

CLEAMLINESS

Cirgamic contamimams, (o8], grease, pagnt, ec.) must and scale, or
moisuare gan caose porosity. Weld joint contamination fnom rinc
based or epoxy based primers may resull in sevene poresity due 1o
the larpe volume of gases gemernted from these malenals difiog
wokihig Therefore:

. Lise maby clédan, rast-free clectrode,

2. Sereen wsed Mux 1o remeve barge panicles of siag or other debris
(K510 Flua Seeeenl If used flux iz costemingied with exeeit
fine mill scake, remove the mill scale with o Lincols Magnetic
Sepamior (K38L

3. Always remove heavy rust or scale From the joint asd clean off
oil, gresse or malsiure. IF any conlaminants are present, welding
spocds thower than macimum mst be used o permil gas o
bbbl owi of the webd before it solidifies. Therefore, it is aften
mosl evonomical jo degrease the jmint zrea or drive off malslane
with a prehemting todch

JOINT DESIGMN AND FIT-UP

Submerged arc s a decp pencimiing prooess. Too avoid barme
through, the plates heing welded are penevally enther buatied tightly
topetver or o hack-up or stringer pass is used. For basse joim design
inlarmatan, requecst o copy of bulbean 5630,

¥Where gaps are encountered. alter the procedures 1o redice pedi-
giration. Lise kwer curnents., faster iravel speeds. DO = ) {elecirde
negative] or longer stickoul

Peresity may be encouniered im sshmerged wrc welds over mul-
fiple pass. welds made with Insershield® electrodes, Therefore,
anly ane siringer pass with Innershield clectrode shoubd be used
in joints islended (or completion with submerged are.

FLUX COVERAGE

Sel \be flux depth so the light of the are refllects om 1the electrode.
Less flax resubis in Nash-throsgh which s uncomforable for the
oporaar and can cawse porosity. Excessively deep Mux prodaces a
narfaw, homped bead,

Viewing exersalve or extended Mash-throogh may resuld in severe

are burns. Proper procedure and eve-protection should be exer-
cized.

I8 semantamatic welding. hax caverage is aatamanically contialbed
by proaper cone seleciion as described on page 7, In automanie weld-
ing flus depih s set by the distance between the discharge end of
the flux e and the work.

Far applications like roundabows, edpe, or 3 o'clock poesition welds,
a suppon may e oneeded 1o Bold the flus arcund the are ahile
welding. [ can be a pécoe of fire fesistant matena) clamped 10 1he
noezlé or flux dams incked or clamped 10 the work. The grains ol
M surrounding the molien weld puddle mt remsin s2ill @5 el
erende 1o the weld puddle until the weld metal has solidified

——Maozzle

-Flaxible
Non-Combustible
Flux Support

Flux
Damsz

Edge Weld

- Flux Hose
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WORK POSITION

Practically all submerged are webding misst be done with the work
level, However, there ane two cases whene welding on inclined plaes
B Flvaniageoas:

|. (kn some sheet mictal welds the speed can be increased by po-
siticming the work for weldimg downhill. The nuaxinyum downhill
anghe e 25

Heavy deep-groove welding is sometimes done n1 a 2-5° uphill
amgle. This helps keep the molien metal from mrning shead of
the arc.

WELDING ROUNDABOUTS

The wenidency For the Mux and molien metal 1w spill aff mis be
avercomse when making crcumferential o rousdaboul welids.
Three Gaclors are used-

i, The loose flax is supporicd (sec page |}

2 Besd size s limited by wsing low currents and fast wavel,

3. The clecirode displacement i4 adiusted so 1be weld solidifies as

1 passes vervical center. See below far recommended dasplace-
el i

L

Eor mdditsonal information aboul roendabodl weldisng, soe balletm
Shil

Diameber Displacement g
n. mm L, im
=3 25 - T8 8 - 34 95 = 18
3-18 70 - 457 34 -1 19 = 25
18 = 38 457 - §14 -1/ - 112 -4
M- a2 ana - 1087 1112 = 1-34 38 = 44
a2 - dp 1087 - 1218 134 =2 &4 = BN
48 - T2 1200 - 18 2 =212 51 =
Crar T2 Croter 180% 3 Gd

FLUX & ELECTRODE SELECTION

Lincodn electrodes and M can generlly be used in a wide vaniety
of different applications. However, each has ceninin chamcienistics
that influence weld guahiny or overcame specific problems. See bul-
legin 5210 For up-to-date flux and electrogde selecitom information

WORK LEAD CONNECTION LOCATION

Cienerally, best resalts ang obtamed by welding away from the work
bead comnection. Clamip the work lead directly to the work,

L=

Work Lead

==,

Waork Lead

A jpoor bocation for the wark lesd conneciinn can cause or inorease
are blow and resull in parosiny and poar bead shape. Unforunately
it is nod abeayvs possible 1o predict the effect and some expern-
mienling may be mecessary. I some cases, however, betler nesubls
mre obtatned by splinning e work lead and connecting il b 1wo or
mode places on 1he work.

PREHEAT

Preheat may be required whes welding hgh strengh sieels. The
amcunt of preheal peaded increases with thicker plate, rigid joiats,
andd higher carbon and alloy contents. Om multiple pass welds,
maEninin an inberpass lemperalure eigual 1o the reguired preheai
temperatiace until al passes are comipleie,

The mindmum required prebest can be estimated asing the preheat
tables i AWS code [, 1 or the “Prebeat and Inlerpass Temper-
ature Cakulator™, WC-8, available from Lincoln for 53,

CURRENT (WIRE FEED SPEED)

If the other varables are beld constant, changing current has the
fndlowing effects:

I. Incresiing currenl inTeases peneirtion and medi-off mie.

2. Excessively high currents produce an erraisc arc, undercut, or a
high nasrow bead,

3, Excesaively low currenis produce an unsiable arc.




EFFECT OF OPERATING VARIABLES

Current — Somisuicmatic
327 (2.4 mm) Wire, 35 volts, 24 fom (008 mmin)

:!.'j-l}mmqg qm-

|

P

Exceiaively high travel speed decreases wetling action and in-
crcases ke lendency for wundercut, ane Blow, parosity, and un-
even bead shapes.

« alower travel speeds give grseous manenial time o bodl out of

the malten weld, reducing ihe danger of pososiy.
Excesmively slow speeds produce:
. “Hon-shaped™ bead that is subject 1o cracking.

Cracks

b. Excessave Mash-ibrough which is uncosmforable for the op-
eralor, Warning: See Flux Coverage seciion on [rool page.

£, A lsrge malten poal 1hat Nlows arourd the ane resuliing in a
rosigh bead, spatier and slag inclusions

d. Less pemctration.

Currenl — Automatic
732 (5.6 mm) Wira, 34 voits, 30 ipm [0.78 mymin)

Travel Speed — Semiautomatic
2/32° (2.4 mem) Wire, 500 amps, 35 voits

12ipm  @4lpm 48 ipm
0.3 mjmiri) (0.6 m/min) (1.2 myemi

TRAVEL SPEED

Changing the travel speed, like changing the carrent, will change
weld size and pensiration. Basically;

I. In singie-pass welds, sei the curveni and travel speed as high s
possile and saill get the cormect weld sarc amd desiresd pemciras
s withoul burm-through,

2, Far multiple-pass welds, set the imvel speed 1o pel the desined
bead size.

1f the other variables are held constant, changing travel speed has
the following eifecis:

Traved Spesd — Automatic
T2 (5.6 mm) Wira, B50 amps, 34 wolts

60 ipem 15 ipem 30 ipm
(1.5 mjmin} {0.38 rm/min) (0.78 mymin)

i




ELECTRODE SIZE — SEMIAUTOMATIC WELDING

Ciuns, cables, drive rolls ard guide iubes kandis only a limited range
of electrode sizes. Therefore, changing the electrode size often re-
guires insallation of proper paris for 1he wire size being osed;

Oy three different electnode sizes are used:

W™ (1.6 mm) electrode is used primardy for making high speed
welds om 14 gange o %" (1.9 10 6.4 mm) thick steel.

e (2.0 mm) ebectrode o wied for welding 12 gusge (26 mm}
and thicker material in mos1 applbcations where the gun is hand-
heldd.

Y1 (2.4 mm) electrode 14 wsed in most applications where the
gum is mechanically carried. [ can be used Ffor hand-held apphi-
catioms, bui ibe seiff wire decreases flexibility of the cable and
the larger molen pool requires extra operator skill,

I. Large elecirodes handle higher currents,

2, Lamge elecinodes at bower currenis help bridge gaps when poar
fif=up 1% epcaunterod

1 Al agiven currenl. reducing elecirode size increases pesiralon
amd are stablity.

4. Small electrodes sLan casier,

Far this resson the Lincoln =86 series” fluxes and ®80 flax
are recommended for multiple pass applications, The B0
serics Muaes and 960 Mux de pot yield significant changes in
allow recovery with increasieg voliage,
Y. Excessively high voliages:
8, Produce a “hat-shaped”™ bead which i subject 1o cracking.
b. Prodisce poos slag nemaoval,

. In maltiple pass welds, incresse ibe alloy content prodistang
a crack semsinive weld,

d. Produce a concave fillel weld which will be subject bo orack-
ing.

e, [vercase resisiance fo arc blow pondsily.

3. Lowering the voltage produces a “stiffer™ are needed Tor gening
penetration in a deep groove and b resest ane blow on Wigh speed
wark. 11 also improves slag remaval i deep groove wields,

4. An escessively bow voltage produces & high, namow bead with
poor shxg remaval,

Vokages — Semiautomatic
332 (2.4 mm) Wire, 500 amps, 24 ipm (0.8 mmen)

Effect of Electrode Size — Automatic j ]
600 amps, 30 volts, 30 ipm (0,78 mimin}
P YR 25 volts 35 volts 45 volts
hy o e RN e - N
1/8° size 732" size
3.2 mjmin) {iﬂmfrl'rm tuwnﬂnz
¥i
VOLTAGE 7/X2° (5.5 mm) Wire, 850 amps, 30 ipm (0.78 mjmir)

Voltage is primarily used to control bead shape. IT the other var-
iahles are hebd comsiant, changing vodtage has the following effects:

L. Imcreasing voliage:
. Prosheces a Aatter and wider bead.

, Improves slag removal on square odge burts and fillets,

o =

Increates flux consumiplm.

. Increases resistance o pososily caused by nast or scale.

& nm

. Helps bridge gaps when fir-up is poor.

i lncreases pick-up of allay from the Mux, This can be wsed to
alvaniage when welding with alloy or hardfacing hixes w
ratse the alley content of the weld. 1t can reduce ductibiiy and
increase crack semsitivity, particularty when making mubi-
plepass welds

]




Fig. 4

' MAXIMUM VOLTAGE for MULTIPLE PASS WELDS
. Using 700 Series Fluxes and L-60 Electrode

S NEEEER

:

Max. for TBI flux

R

200 30 400 500 BOD 700 800 200 1000
Current (Amps)

MAXIMUM VOLTAGE FOR MULTIPLE PASS WELDS
USING T00 SERIES FLUXES AND L-50 ELECTRODE

Woliage musi be fimited 10 prevent silicon and manganese build
iz i prevent weld cracking and high cover pass hardness,

The curves m Figure 4 are for welding:
I DRCY =) For O] =) increase by 4 volis,

1 1%" (18 mm) clectrical ssstkoml. Faor longer stickoud, refer o
sectbom an Line-Fill™ Expended Stickout Welding on page §.

3. Plawe umder 1° {25 mm) thick.

NOTE: The voltages referred o en Fugure 4 are acianl arc volioges
mensured directly botween Lhe ool Block and work during weld-
ing. When measunng are voliage. some devialion or swing of the
needle may ocowr depending upon the stability of the welding arc
and the damping chamcteristics of the meter fsell. The average
reading is then sccepled ay the actual ase voluge.

These wolinge Hmits apply o the Rollowing:

L=

All Lincodn mild steel fluses excepn $001, MIL 200, &60, 865,
BRO, BBOM., ERY, 920, 985 and 95900, Higher vollages can be
ued with the BOO series Munes beause they ane aowirad Mutes
i senslive 1o alloy pick=up.

. L-&0 electrode. The TO0 series Muxes with L-60 lectrode can be
wsed for neldmg plate mp 1o 1* (25 mm) thick provided thar the
volinge used does nal exoced that given by the curves in Figure
4, Plates wp o 19" (38 mm) thick welded in 1hree o'clock po-
sitien equally From both sides with a “700 seres™ Max and L-
&) elecirode requine no specaal precautions. For mudtiple pass
welding with L-61 elecirode use 260 or 852 flux,

D] + electrode pesitived, | %7 {38 mm) elecinical stickout. For
D08 =) incresse voltape by abowl 4 volis. For stickowis longer
than 1% {38 mm). increase the vodlage seiting per Figure §
below. This volisge increase will not incresse alboy pickup in
the wild metal.

Fig. 5
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POLARITY: DC{+) V8. DC ()

WY 41 i recommended for most appheations becaose 10 prodeott
sminth welds and bas grealer penetration. 11 also has benmer re-
sisiance Lo poroaty excepd oo bugh sulfier and high phospharous
sl

[RC{ — 1 has ahout ' greater melt-off rape and less penctration. §
i wsed:

1. For conventsonal fillets whene the plase is clean and free of most.

2. Onapplicateans where greaner melt-off is beneficial such as hard-
facing.

1. Where less penciralion is needed 10 roduce sdmiziene (o combnol
cracking or parosily on hard lo weld stechs.

4. Where grealer build up and bess penciration helps o preven
cracking in e first passes in deep groove work

5. For Linc-Full™ applications, (sce page 31

When changing from DO+ ) to D0 =) a1 ibe same currend, in-
crease the voltage abowt 4 volts 10 maimiain a similar bead shape.

PENETRATION FILLETS: DC{+) VS. DC({—)

Deep penetration D] = b fillers can redwce weld costs below con-
vemtional O] - Hilles.

The sirength of a filket depends wpon effective throal sine.

Threar sure of 8 conventonal filla is determined by measunng
with a filles gauge, Far equal fillets, throas &, 707 times the leg sre.
If the legs are wnequal, measure ibe smalller leg and multeply by
707, This method asswmes the fillet peneirates just 1o ibe cormer
of ke join1.

The throm of 1the penccration 1ype fillet inclodes the weld metal
added w the outside of the joint plus the penetration beyond ihe
corner. Thus a small weld with deéep penetration can have the same
strength &5 & large fillet weld buill up on the ouinde. A smaller
weld sipe means lower weld cosis.

ELECTRODE STICKOUT

Far a specific current, mcreasing the distance beteeen the nazzle

cantact ip and the work increases Lthe detirode melt-all mle. For

sdditional information for boih dutomatic and semisulodalic

welding, mee “Line-Fill Extended Stickoat Welding™ on page 5

AC WELDING

AC i recommended Tor 1w speeilbe aubomane applicabions

|. For the trapl elocirodes when andem are welding.

2, Oweasional single arc applications where arc blow cannol be
avercome by resdjusting grousd hocalion

For good arc stability & higher cumreni density i needed for AC
than for D When usstable are conditions. occur, imonease ibe
carrenl or use the next smaller elecirode siee ot the same currenl.

OPERATOR TECHNIQUES — SEMIAUTOMATIC WELDING

WIRE FEEDER

When properly adjusted. the drive rolls in Lincoln semaguicomnatic
wire feeders alip before the electrode 8 farced oo the cable and
grmmed. If the drive rolls are stipping. do ao incresse 1he roll
pressure beyord the recommicnded seiting. Find and coarect the
rensan the elecirode roguires & greater thas normal pushing force,

When installing new equipment or changing slecirode sips

1. Be sure the drive rolls and wire guide tubes will handle the
electrode size,

2. Adjust drive rall pressare Tor the electrode size.

Keep the wire feed mechanism clean See the wire feeder Operating
Maniaal for specific control adjosiments and maimlenasoe iHs1Nec-
i85

Be sure the wire fecder and povwer souroe are st for eliber constan
carrend or consiani vollage as appropriste. Much sabmengped ar
wark is done with constanl currend power sources. Conslant volisge
is sometimis used far making small welds a1 very high travel speeds,
Many of [he newer power soufces kave a constant current, 3 con-
siani vollage and a special constant voliage sub arc mode, Gen-
erally, constani volage i wsed for making small welds, comstant
viltape sub are 18 used For makcimg small and large welds and con-
sLanl current is used to make barge la welds,

GUN & CABLE HANDLING

I. When installing mew equipment or changing cbectrode size, be
sure the gun, cable and sozle cantact (ip will handle the elec-
trode size.

2 Dw mod kink or pull 1he cable around sharp comers
1, Do nod allow dolly wiseels or trucks 10 run over the cable,

4. Keep the cable clean per instructions in the wire feeder Ciper.
ating Manual.

STARTING THE ARC

With a pair ol disgonal cutters or side cutters dip the end of the
electrode 10 a sharp poant even with 1he end of the Aux cone tip.
Improperty clipped electrode may resull in poor starts and arcing
af the contact 1ip. Do nai let the clipped end fall back imo the gun.




Set the curment and voltage as needed for the specific job.

With disconnected LN-8 or LN-9 wire feeders, set the inch speed for the
slow rate. If the arc flutters on and off, increase the inch speed. If inch
speed is too fast, the wire will tend to stick on starting.

Position the gun over the joint as described under “Gun Operating
Positions”. Allow the mound of flux to form. Press the trigger and touch
the electrode to the work by lightly scratching through the flux.

If the electrode hits the work, pushing the gun up without starting the
arc, immediately release the trigger, raise the gun, and turn the nozzle
up. Be sure the work lead makes a good connection and the work is
clean at the starting point. Clip the electrode end and try again.

GUN OPERATING POSITIONS
HAND-HELD GUNS K113

Hald the gus handle paralicl to the joini, with the gan barrel nm
greater than 45° from the vertical, With the flux cone tip lightly
touching ke work, press ihe trigger apd proceed with the weld,
lightly dragging the flux cone tip o the work.

Hodd the trigger in until the weld & finished. Release the trigger 1o
slop the arc. Al the same time lift ihe gun from ibe work znd tam
the mozzle up fo siop the flux flow, Always s21 the pun down with
the mozzle up 10 avoid wasting flux.

The LN-E and LM% wire feeders are equipped with a “Trigger
Interlock™ switch, When this switch is furmed *On™ the trigger can
be releaded afler the arc is slarted.

MECHANIZED WELDING GUN (K114)

Hold the gun in the position shown i ihe phoios above with the
clectrode perpendicular 1o the joint, Additional details for a mnge
of jeints are given in the LN-E and LN-9 wire feeder Operating
Manuaks. Although the gun s desigred to be travelled at a preset
travel speed on the matof-driven wheel, 1t can alo be band Eravs
elled. For proper flux feeding the s=me gun positians should be
marntamned when il 18 hand carmed.

NOZZLE FLUX CONE

A peries of flux cone tps with different diameier apenings ane
shipped with each gun. The cone lip sulomatically establishes
proper flux coverage when using the drag technigue that is rec-
ommended for mosi joinie

In general, use ihe smalflest come 1ip that will provide saiMicient flux
covernge 1o avoid Nash-ihrough and permit making the desined size
weld, The smaller the come tip, the more positive the alignment of
the wire with 1be seam. This s particularly imponant when making
small high speed welds. IF greier flux covenge is needed, use the
mext larger come tip,



LINC-FILL™ EXTENDED STICKOUT WELDING

Using the Linc-Fill extension guede nereases be eboctrical stickoun,
The welding current passing through tbe longer lengih of clectrnds
preheats the wire 20 1L mells morne quickly in the arc. This increases
deposition rates for reduced wald cos.

Electrical steckoint s the distance between the contact tip and the
wiork as albusiraled Belows

For semianfomatic webding, an clectrical stbckout of V-1 4" (15-28
mim) is typical, This stickout is gutematically se1 by asing the ap-
propriate fua eone sare with the drag techrigue. Linc-Fill insilated
exlenssns are available. They increase the elecurscal stickouwt o 1%
ar 3 {44 or 75 mm), depending on the wire size and gun heing
.

The advamages of using Linc-Fill cxiensions are shown in the
graphs and chars on the follywing pages. These graphs and chans
compart mell ol mies of posmal stickoul and Lisc-Fill extended
stickout welbing.

For Fall amomatic weiding, stickouts between ¥ and 2° {16 amd 30
mim) are normally recommended. Stickowt is sef by sdjusting the
distance between 1he contact tip and the work, For stickouss upio
& {127 mm), Line-Fill exiension assemblics are available.

1/2° (12 men) flat ket welded at 540 amps a1 15 in.jmin
(0,38 mjmin) with 3-1/4" (B2 mm) stickout using a hand-held gun.

LINC-FILL OPERATING TECHNIQUES

For refiable anc starting when using long stickout:

1. When automalse weldimg set the pawer source for an Open circuit
voltage comfortabdy above welding voltage. The opticnal start
caninal for MA-3 or NA-5 will improve starting performance,
and fior especially difficals long sickoal starting procedures. 1he
Linc-Fill Starting Fetay K (K237) may abso be wsed.

. Use a bt runming swar when full sutomatic webding.

3. When using discontinised ML-3. LN-4, LN-5 07 LN-6 wire foed-
ors, 821 e wire feeder for an inch speed of 50-T70% of actual
welding wine feed speed.

4. & When using an LM-6 welder, install ihe special Ling-Fill seare-

ing kit, par mumber S14041,

b ‘When using am LM-4 welder, conneci the special ime delay
for reduced currend starting. Sei the power sparce for an open
circuit voltage comioriahly above welding vollage.

5, Cencrally, increase the vollage setting by 2 to 4 volis per inch
ol sdded stschoul (uee Figure ).

. Always clip the elecirode to o sharp posnd {page &1

T. When semsulomalic welding stan with a fghr moving scrasch

across the seam. Wik the LN-7, LM-B ar LN-9 have the elec-
triade shighaly alf the work when the inigper b5 poessed

ELECTRODE MELT OFF RATES

(L-50, 1-56, L-80, L-61, L-70, L-8Y, LA-TS, LA-S0, LA-100)

The graphs on pages 300 compare mel off raies when welding
with amd without Linc-Fill Extended Stickouts. Informatson for
b graphs was taken from the chans on pages 11-12,

[2¥]
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ELECTRODE MELT OFF RATES {Eustnmar;oumts]
(L-50, L-56, L-60, L-61, L-70, L-S3, LA-75, LA-90, LA-100)

DC(+) Polarity, Single Arc, Normal Stickout. Melt Of Rates Increase 30 - 50% on DC(-)

Elgcirode Narmal Ampa
Diameter {in.) | Stickout (&n.) Ml O 100 | 150 | 200 | 300 | 400 | 200 | 00 | TO0 | BOD | 90N | 1000 | 1100 | 1200 | 1300
s 2 injimin 185 | 286 | 478
LT 30 | 48 | 7.0
045 12 i femin 160 | 220 | 378
Bsnr 43 | 58 | 10.2
D52 1z in. frmin 190 | 304 | 458
15 e BB | 110} 165
e 58 in,/min B8 | 165 | 251 | 364
I fhar 51 | B8 | 131 | 182
in, fmin 50 | B4 | 123 | 181
2 1
foa Ies fhw 47 | 6.8 | 10UD0 | 147
in. frmn a7 82 | 112 | 150
- |
ke Ik fhr 67 | 96 [ 131|178
i 3 if_frrien 27 | #0 | 55 | 71 | 80 | 112
I fhr £6 | 83 |115| 148 1BB| 233
5 a2 3 W i 24 a4 45 58 i) -]
ioainr TB | 11,0 | 147 | 182 | 221 | 264
218 F in_jmin 22 | 28 | 37 | 45 | 53 | &2 | T2 | B2
Bafnr 103|136 | 173|210 (248 | 291 | 328 | 38.4
_—_— . in./min 21 | 26 | 3t | »8 | 42 | 48 | B85 | &3
I P 134 | 168 | 19.8 | 2000 | 268 | 3008 | 359 | 40.2

DC{~), Single Arc Long Electrical Stickouts. (On DC(- ) Melt Off Rates Vary + 10% With Different Fluxes.)

Linc-Fill | Amgs
mwm' m““"ﬁww Meit i | 100 | 150 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 800 [ 1000 1100] 1200 1300
i frmin 96 | 176 | 263 | 370
104
s f i mr T8 (143|214 | 301
in_fmin 137 | 20 | 31 | 370
arx 14—
| f s hr 61236 /329 434
it ¥ i frin B5 | 58 | 134 | 174 | 218
s T 11368 | 204 | 279 | 363 | 454
- i in. jmin | B5 | 75 | 87 | 120 | 145
ibis T 178|244 [ 36|30 472
ane g i, frmin 47 | %8 [ 72 | 88 | 100 | 118
108 et 220|277 | 338|403 | 469 | 54.4
232 5 i, i £ (& (60| 70| 80| o
Ibesihe 274 1308 1383 | 44.7 [ 51.1 | 581
Weight of Elecirode (Ibs/ft)
035 — 0033 052 — 0072 564" — 016 1/6" — 042 316" — 094
045 — 0054 1118 = 0100 A3 — 023 5/32° — 065 TR — 2




ELECTRODE MELT OFF RATES (Metric

(L-50, L-56, L-60, L-61, L-70, L-S3, LA-75, LA-90, LA-100)

DC{+) Polarity, Single Arc, Mormal Stickout. Melt Off Rates Increase 30 - 50% on DC(-)
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Submerged Arc
C5.600 7/94

Amps
Electrods Honmal
Diasneter (men) | Stickout (mm) | Met Of | 100 | 150 | 200 | 300 | 400 | 500 | 600 | 700 | 800 | 500 | 1000 1100 [ 1200 1300
mimin | 47 | 75 | 108
i e o | 14 | 22 | 32
mymin 41 ) 55 | 68
g s hgihe 20 | 27 | 46
mymin 48 | 77 |18
b il gy 31 | 50|78
m/min 25 | 42 | 64 | 94
4 % /P 23 | 39 | 59 | 87
mrmin TIENESRET
o = kghr 18 | 30 | 45 | &7
mmin 14| 21 | 24| 38
e e kgithr 30 | 44 | 58 | BO
/e AETIE A EE R ED
3z 25
hg/fhr 25 (a8 |52 [ 67|85 |08
m/mn oslog | 11|14 |20
40 25
hig e a5 | 5087|683 ]m0[120
m,mn o5 (07|08 111318 18] 2
% 5 kgfher 47 |82 | 78 | 88 [ 11.2 (132|183 | 174
m/min o5 (o7 [oafos[r10[12] 1418
B | il kg 61 | 75 | a0 |10 [ 122 (138159 | 18.2
DC{ ), Single Arc, Long Electrical Stickouts. (On DC{—) Meit Off Rates Vary +10% With Different Fluxes.)
Linc-Fill Ampa
Electrode Extended 700 | 800 | 00 | 1000 1100 1200 | 1300
) mm) | Mailt OFF 100 | 950 | 200 | 300 | 400 | 500 | 500
m/mn 24 |45 | 67 | 04
=4 = ) a5 | 65 | 87 [137
mymen a5 | 51 | F1 | 94
i L gt 7a | 107 [ 140 ] 187
mmin 17|25 (34| 44|55
aed ot gt 63 | 9.3 | 127|185 | 2086
S — 14|18 | 25| 20| ar
12 " kgihr a1 (111177 | 214
S 12| 15| 18 | 22 | 25 | 29
e i o 00| 126 | 153 | 183 | 213 | 247
e 1113|4518 20] 22
55 o Wgfhr 124 [147 174|203 [ 232] 284
Waeight of Electrode [g/m)
0.9 mim — 4.8 1.3 mm — 107 2.0 men — 23.8 22 mem = E2.5 4.8 mm — 1389
1.1 mm — 8.0 1.6 mm — 14.9 2.4 mm — 34,2 4.0 mm — 987 5.6 mm — 1508
DISTRIBUTELD BY:
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ELECTRIC

LAC™

LOW ALLOY CORED WIRE SUBMERGED ARC
— Selection and Use —

Increased deposition rates, improved impact properties, improved crack resistance and multiple arc pro-
cedures are some of the advantages of the LAC™ system for low alloy submenged arc welding.

GENERAL DESCRIPTION

The LAC low alloy submerged arc process i designed 1o
replace solid alloy electrodes used with neutral fluxes. The
LAC process consisis of a series of LAC low alloy tubular
electrodes which are used wath Lincolnweld® B8, 282,
ARON, MIL B0 o 280 [Tux, These fluxes are mode neutral
than maost ol thie Mexes that sre advertised as seutral. The
advantages of the LAC low alloy process over salid alboy
electrades which are used with newbrn] Fluxes are:

I Dn:p-::nillinn rates are as much as 509 greater ai the same
amperdge, while maintaming o high impact level

2. Less variation in the chemistry of the weld deposit when
the wvoliage 15 vared,

3. Better impact properties in the HAZ due 1o the extended
stickoul procedurss

4. More resistance 1o weld cracking along with reduced pen-
etration and less admixiure ail the same amperage with
extended stickoul procedures.

5. Betier AC siabiliny.

6. Betier impact properties in the weld deposit made wath
tandem arcs,

7. More resistance to hot cracking.

GENERAL DESCRIPTION OF ELECTRODES

These elecirode-flux combinations are designated according
1o AWS AS5.21-00, the “Specification for Low Alloy Steel
Electrodes and Fluxes for Submenged Arc Welding.™

LAC-Mi2 (ECNi2) — This electrode is designed to weld
weathering steels (ASEH), 2% Wi stecls, 315% Mickel sieels
and all other sieels requinng 70,000 psi fensale {AW. or
SR with bow temperalure impact regquirements

LAC-M2 {ECMI) — This elecirode is designed o weld T1
and similar stecls requiring 100,000 psi vield strength (AW,
or 5.R. ) and 15 fi-lbs mintmum Charpy V-Motch at = 30°F.

LAC-82 (ECB2) — This electrode would be wsed 10 weld
chrome-moly sicels with 174% Cr, V:% Mo or less.

DEPOSITION RATES

The following curves illustrate typical advaniages in dep-
osition rates of LAC elecirodes versus low alloy welding
with solid electrodes
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Figure 1

LAC elecirodes exhibii a 40% to 50% increase in deposition
raic when the recommendad exiended electrical snckouis
are weed over that obtamed with solid alloy wires. 1t s usa-
ally ot possible 1o increase the deposition rates of solid
alloy wires by increasing clectrical stickout without com-
promising weld deposiy cleanliness and mechanical prop-
erives, With LAC electrodes, however, no deterioration of
weld quality oocurs when the recommended extended stick-
ool procedunes are used,



MECHANICAL PROPERTIES

LAC electrodes MNid, M2 and B2 with 200, 80008 or LAC-
M2 with MIL 800 flux as well as LAC-Ni2 with 882 or 950
Mux meet the minimum requirements of AWS A5 2390,

the “Specification for Low Alloy Steel Electrodes and Fluxes

for Submerged Arc Welding.®

The chemical and mechanical property requirements anc
test resuhis are tabulated below;

TYPICAL WELD METAL MECHANICAL PROPERTIES FOR
RECOMMENDED LAC ELECTRODE FLUX COMBIMATIONS

Charpy V-Moich
F::-H:m Hardmess Lﬂﬂ -
Strangth | Elongation Fi-Lbs
Flux/Elecirods Condition Classification An Avarage  (kai) {hl) in ¥ Tesl Temp. | Average

Ba0/LAC-B2 5R. FERXECH-B2HE 84 B0 7ol 25 - 20°F 48
BROLAC-MED WL F11A8-ECAM2. 28 1080 M. 100 25 - B0FF 44
BaO/LAC-MiZ AW, FrAG-ECHZ-Mi2-HA ar Blm B5.0 a0 - BO0°F By
BEOJLAC-MIZ 5.R. FTP10-ECHE-NiZ-HE B4 7RO 62.0 i - 100"F B
BEILAL-MiZ AW, FRA4-ECHIZ-hi2 S0 8.0 76.5 25 - 40°F ]
C-Nig SA FBPY-ECMi2 M ar ] o 28 - diI*F ™
BE0M/LAC-B2 58 FEPZ-ECO2-B2.HE m BT.0 man 25 = AFF B
BEOM/LAC-MZ AW Fi1AEECMZ-M2 1 nro 10k A3 24 — BDF
BB0MLAC-M2 5.A. F11P&-ECME-0A2 100 1140 100 2 - BF 34
BHOMLAC-Mi2 ALY, FTAT0-ECHEMiZ-H8 i 81.0 680 a5 - 100*F B5
BHOMLAG-Ni2 SR FIP10-ECha2.Mid-HA B4 ri ] G410 ag - 100°F B
SB0/LAC-MIZ AW, FOAZ-ECHIZ-MZ.HE 3 a20 a0.d 7 ~XP'F B
MIL BO0/LAC b2 AW Fi1As.ECM3-BE2 102 1200 1070 b | — BI*F 51

These are typical test resulis which were obtained from the
welds made with the welding procedure shown below and
tested in accordance with AWS A5 2390,

Test Procedures (For AWS A5 23-%0)
(114" mechamcal stickout) electrical stickout 2%,
INF preheat and interpass temperature,

#e® diameter elecirode an 5080 amperss DO + 1, 30 arc volis,
16 in_fomin eravel speed,

Nil and B2 — Stress relieved @ 1150°F when specified.
Test Joint — LAC M2: AS14, Type E (nol buttérad),

Test Joine — LAC Ni2: A3 plate buttered with Jet-
LHB0I8-C1.

Test Jomt — LAC BX A3 plate buttered with Jetweld
LH-50,

1o :
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For spht kayars, iocate the
ghectrode Yu” from ihe shie
wall 1o the gdge of the slec-
trpda

EQUIPMENT

A Lincoln Submerged Arc Wire Feeding Svstem with either
® constant current or constant vollage power sournce is rec-
aarimtiended " The following eguipment should be osed:

I. For full autematic applications:

M12908 wire reel mount with reel brake,
MIOZ14 Mux cored wire straighlenet.

K148A nozzle

K1 495, extension guide For ¥u" LAC
S16167-3y, guide 1p

K148 nozele

K. 149-53/y5 extension guide Far %™ LAC

S13786-%/5; guide tip
2. For semiauiomatic applications (3" dia);

Kild gun and cable assembly, SI128901-1 cxtension
guide.

KEll3 gun and cable assembly, S13027-3 extension
gurde.

The recommended nozzles and ware sirnightener must be
uwsed 10 ensure proper clectnical contact and consisient wire
siruightening.

With extended stickout full automatic procedures the use
of the proper extension guides 13 recommended. These
guides may be removed, however, when join configuration
limirs accessibility.



SELECTION: COMPARISON AND RECOMMENDATIONS FOR LAC™ LOW ALLOY SUBMERGED

ARC WELDING
MATCHED MECHANICAL PROFERTIES AEGUIRED (Mote E)
Typa Sheel Aecommended
LAC Recommanded
ASTM Grade and Clags Description Electrodie/Flux Poat Hoat Treatmant Matas
AJ02-A, AJ02-A Cr-Min-34, Mn-Mo AW. or5R. @ 1150°F c
AJOI-A R B
AJSE-LC2 2 M AW or 5R. 1100°F C.DH
AZ03-E 3% Ni ﬂ'aﬁ AW.or SA.@10°F | C.DH
AS18-T0 G-Mn-5i ! AW, or 5 R, 1100°F
ASIT — Clags 1 G-Min-5d AW ar SR, 1100°F
ASEE — AR Waatharing Staal AW, or 5.R. 1150°F
AST4-A thre L Hi. Sir. Quanchad & Temparad AW or5H. 1150°F C.F
ASET-A thru L Hi Sir. Quanched & Tempered AW or 5.H. 1150°F C,F
A —Class 2 & 3 HL 5ir. Quanched & Temparad |LAC-MZ/B30. BB0M, MIL BDO| AW or S.R. 1100°F C F
AS4Y — Class 14 3 C,F
Class 2 (Noabte B) Hi. Str, Quanchad & Tempered AW or S.R. (@ 1100°F C.F
A202-B Cr-in-5i LAC-82/880, Badm AW, or SR, @ 1150°F C.F
MATCHED CHEMICAL COMPOSITION REQUIRED
Type Stesl Racommended AWS ALY
LAC Classification Aecommanded
ASTM Grade and Class | Description Electrode,Flux {Mota A) Post Heat Treatmant Holes
AJBT-2, AZIE-P2, % Cr, ' Mo LAC-B2/880 FAPZ-ECE2-B2-H8 | AW. or S.R. (See Notes) G
A21TANCE, ATB2-F2
M&1E2-F11 & Fi2, A335-P11| 1% Cr, % Mo LAC-B2/880, B80M FAPZ-ECE2-B2-HA AW, or 5A. (Seo Notas) =}
& P2, AJET-11 B2 A2
|WCE.FE‘34-\W11 & 12

HNOTES:

A The welding procedures, including post hoat treatmant, used DO Wisdd madal ower 3% Micked is hod shor and tends 10 crack,
b ohiain tha lished proparios conform o the reguisemans of Thaselore, abways use low hydrogen hand slactrode for the
AWS AR 2L These procedunas are shom on paga 2 and dis- 1irst ona or two passes, Too high a preneal of iMepass 1em-
cussed on pages 4 throogh B peraturg will lowar the impadc proparties. On thin plabs whens

B For Claas 2 fimit heat input 1o 40,000 joules fin, to meet 115,000 quench rates are kw it is aovisable 1o check 1he impact prog-
[si tersie strenglh m";mammu. w erties fo verty conformance to requiremants

© First pass with low hydrogen stick 8lsctrocs is recommended. = —0® Page 2 for slectroda/liux classifications

When using a K148A nozzle, the K 14945 extension guide
i5 used with the 516167-Y: guide tip o give a 1%%° me-
chanical and a 2!/ elecinical stickout. (The S16167-%x is

the work before starting. The electrode should not touch
the work,

a specunl guide tip for Yu® LAC electrodes, )

During the initial selup of extended stickowt procedures the
extension guide should be removed. This will prevent dam-
age due 1o poor slarting pror 1o proper selup. With Lincoln
constant curment equipment, excellent staring is oblained
with a cald stan. Il other eguipment or constant voliage is
used, the fellowing conditions miesl be mel fo ensong Fru:ql
SLAMemg:

I. The elecirode must be cut before each siar.

2. The inching wire feed speed must be sel below 60 in.!
min.

3. O constant voltage a hot star should be wsed and the
electrode should be inched 1o approximately " above

" RAR power sources are nol recommended for semian-
1matie apphications.

WORK PREPARATION

All the basic requirements for high guality submerged arc
welding . . . position, point design, chanbiness, backups,
efc . . . mus be met,

WELDING PROCEDURE INFORMATION

Precaution Mote: On welding applications subject 1o hy-
drogen-assisted HAZ or weld metal cracking, the use of
extended stickowt procedure wath the LAC low alkoy
process is required. Elevated prehean and interpass lem-
peratures may also be reguired 1o prevent hydrogen-as-

sisted cracking on these applications.




F The HAZ propeniss of guenchad and temperad sbesls sanously =
deterigrate il excessive waiding hoat Input is employed. Most § “ —
quinched and tempened Steels are limdad o 8 Mmaximum heat —
input of 60,000 joukesfinch. Whare there is any quastian, the } 26
Elesl manuacturer should be corsulted for axact kaatl inpul B o - |
FOCOMMENEatons,
—"-| -
G Wald strengtna of Gr-Mo deposits decrease subsiantiay with E a5 ..-“'".:. E: Lipears WE2/880
siross refieving temperatures ower 1150°F. See Figure 2 = _7[_, |
H The optimum sirass rekeving temperature for the nickel de- =2 20 H_H"“ﬂ-—mi’:,ﬂ_‘.s a
posas used 0 join AZ03-Graoe E steel is 1100 + 25°F. Nickel = .J" "--‘E_"gtr__ \
depodits sirass relaved ab temperatures balow 1080°F or In ! e
above 1150°F axhibdd 8 severs foss of nabtch foughness at = ; “--.._
-150°F. {Sea Figura 3. z 10 . P
g 3 1/2% Ni WirelFused Neutral Flus -ﬁ--..‘
& L
V& s s l
B RE =y 1050 11040 1160 1200 1250
g STAESS RELIEVING TEMPERATURE (*F)
= Figure 3
3
E Whan sthanglh only ia required, felel welds made on high
Ly srrengih low &lkay [HELA) stesd can be mada with lower strangth
= 100 filler matal provided that the fiilat size 15 increased 1o provide
9 ihe racessary strength. This is oflen a helphul procedune when
- walding HSLA steels which are sensitive 1D cracking.
- \ For such applications 761 of 780 fux and L-81 electrode may
< o W be used lor single pass fillets and 780 and L-80 for multiple
ﬁ pass flikgts
werlden ¥ = ladd
STRESS AELIEVING TEHF'EHﬁ- URE [*F}
Figure 2 When welding with any flux sloctrods, the weld

Thes eritacal rasponse af nicked weld daposits ba aifess relaving
lamperalure requires that proper confrols be established 1o
ensue thal the siress relioving temperabure (8 maintained
within the desired range. Siness n lmaces ahould be
calibrated b résd waldment ismperaturg, nol furmscs wall or
funnace air lemparalues.

propertes
may vary depending upon (1) the cheomistry of the plate, (3)
rale of cooling, snd (3] welding procadures. Therelons, the

m
may be ditferant from those obtained with the AWS 12al Bsted
abeve. For this reason the tabricator has the responsibility
to verily conformance o mechanical andioe chemical re-
quirgmants on kis application.

The all weld metal chemistry deposited by the LAC low
alloy process is unaffected by changes in the welding pro-
cedure. However. it is necessary in the welding of low alloy
steels 1o employ low heat input procederes 1o maintain weld
propeciies, HAZ propertics, and 1o avold cracks in the weld.
The high heat input procedures ofien used 1o weld mild
sieel are not suilable for low alloy steels. The wser must
qualify his procedure to guarantee conformance 1o all re-
QuireTHENLS,

I. The welding polanty on DC must be chectrode po-
sitive, The high melt-off rate and “cold™ puddie ob-
1sined on DO electrode negative does not allow for
adequate Mluxing of the weld puddle and therefore
is not recommended. AC may also be used.

Il Ume of the main difficultics in welding low alloy high
strength sieels is their sensitivity 1o hot cracking.
This 15 especially true for stecls containing over 1%
nickel. The roof of the weld 1s where cracking usually
eccurs and the bead shape is a contributing factor,
Rooi cracking tendencies can be minimized by care-
fully following the guidelines Tisted below, These
guidelines are not unigue to LAC low alloy welding

The LAC low alloy process is not intended for fast follow
welding. This process is designed for plate welding of low
glioy steels where weld guality and mechanical properties
are the major considerations.

Your Lincoln representative has detailed procedures for
some joints and afloys and these procedures should be used alone, but are accepled “good practice™ throughout
with the LAC low alloy process. Helpful procedural infor- the welding industry for welding most low alloy
malion 15 listed below: steels,



1. Avoad rooi configuration that will result in a nar-
row and deep bead shape. The included angle
should not be less than &0F when there is a "
ool opening and the included angle should not
be less than 757 when thers 15 no fidl opening.

2. Use manual electrodes for the firsl one or twa
passes in the roo of the joie. The appropriale
manual electrodes are shown below:

Jetweld® LH-110M for LAC-M2 applications.
Jer-LH®™ B018-C3 for LAC-NI2 applications.
Jevweld LH-90 for LAC-B2 applications.

3. Use the following recommended preheat and in-
terbead temperatunes:

Plate Thickriss Plate Thickneas

Electrods Up o 1% 14" @nd Graster
LAG-M2 J00°F J50°F
LAC-B2 250°F 350°F
LAC-N H0°F A00°F

111,

Lower or higher temperatures may be used as
required by the actual job conditkons andfor pre-
vailing oodes,

4, LUlsealow current and bow travel speed procedure
for the first two auiomatic passes made wilh the
LAC electrodes. Some suggested procedures are:
g Yo" dia. (@ 250 amps (+) 25 vohis, 10 inJ
min wilh a 1" stickout,

b. ¥” dia @ 300 amps (1, 28 vals, 12 in/
min with a 24" {cxtended) stickout.

. %t dia, @ 400 amps (4 ), 23 volts, 12 in/min
with a 14" suckout,

d. V" dia. @ 400 amps (+), 26 volts, 12 inJf
rn with a 2% {extended) stickout,

Ckn double Y™ joints the low corrent procedure

shoubd be used on the first two automatic passes

on each side,

5. Voliage variaiions do not affect the chemustry of
the weld deposit: however, a valtage which is 100
high will give a concave shape which may crack,
When the arc voliage is too high arc blow porosity
may occur. The preferred bead shape 15 flan 10
shghtly convex,

The recommeended operating range for 45" diameter
LAC electrodes is 250500 amperes DC{ + }. The op-
umum setting for buty and heavy plate welding is
400 amps DO+ ) The recommended operating
range for %" diamcter LAC elecirodes is 400-600
amperes DO+ b The oplimum setting for butt and
heavy plate welding with ¥w® diameter LAC elec-
irgades 15 500 amperss DO{+ ) Increasing the am-
perage bevond the recommended rmnge will result in
humped beads which do not wet properly and in a
detenoration of the mechanical properties. This
happens because the amount of metal is 100 great
for the amount of MNux melied. Amperage setlings
below the recommended operating range are un-
slable and resull in excessive shon circuiting of the
welding arc.

V. Swandard electrical stickouts with LAC electrodes

should only be used when required by equipment
limitations. Whenever possible, however, the follow-
ing additional advaniages can be eblaned with LAC
through the use of extended stickout procedures:

1. Imcreassd depoition rates. (See Figure 1.)

2 Improved HAZ propertbes. The HAZ impact
propertics deteriorate with increasing heat input.
Deposition rates can be maintained a1 lower am-
perage seitings with extended stickout procedures
which will result in mmproved HAZ impact prop-
erlics.

1 Improved crack resistance. Extended stickoot
combined with bower currents reduces the pen-
etration and base plaie admixture while main-
taining high deposition rates. This is especially
advaniageous on crack sensitive steels where spe-
cial precauiions must be taken with any process
ip prevent both longitudinal and transverss
cracking.

4, Imcreased resistance (o arc blow parosaty.

, The proper voliage to current relationship for butl

or heavy plate welding with single LAC-Ni2 and B2
clectrodes is illustrated in Figure 4, For LAC-M2,
add 2 volis 10 the voltage determined from Figure
4.

Figurs 4

¥I. LAC electrodes Nil and BI are designed 1o weld

WIL

with either single or tandem arcs. LAC-M2 is de-
signed for single are only. Single arc welding should
be at a travel speed between 10 1o 25 inches per
minule on bull welds. Welding a1 wrave] speeds in
excess ol 23 in/min may result in porosity and ropey
weld Bbeads due to an excessive quench rate. Travel
gpeeds less than 10 in/min can result 1n an unsiable
arc and porosity due 10 puddle interference,

Run-ofT 1abs should be sufficiently large 10 minimize
the arc blow conditions which exist at or near the
end of the weldment, This are blow tendency in-
creases with increating weldment size and, if severc
engugh, can cause porosity, humped beads and
cracking.



VIIL Al mill scabe, rust and scale from flame cuiting
should be removed from the joint area prior 1o weld-
g for optimum mechanical properiies and pood
wield bead condition. The joint must also be free of
meoisiure. and other contaminants such as cutiing or
miachiming oils:

IX. For filler welding procedures consuli vour Lincoln
representative. Remember. for best resabis, mill

scale and other contaminants must be removed from
the joint aren. Optimum bead appearance is ob-
tasned on descaled plate.

X Excessive flux pile heights will resolt in humped,
poorly wetled besds, Thiz condition can hegcome
especially sevene in the rood of deep, narrow wekl
Joints, The fus pale height should be the minimum
height required to prevent flashthrough.

LINCOLNWELD® FLUXES

Lincolnweld® ERO, BE2, 8800, MIL B0 and 980 flux have
been formulated to prodisce exceptional mechanical proper-
tieg, These special formulations, however, are less resistant
fer porosity due 10 contamininis such as modsture, rest, mill
scade, odl, e, than are general purpose welding Muxes. I is
necessary, therefore, when welding with these Muxes i res

mave any such comamination from the weld joint. Under
humid or exicnded storage conditions it is also recom-
mended that these Muxes be heated 10 a mimimum of 250°F
prior 10 wse, This precavtion will minimize the possibiliny
of poresity and will assure that optimum mechanical prop-
ertees are achieved.

STORING AND REDRYING SUBMERGED ARC WELDING FLUXES

Submerged arc welding Nuxes and other bow hydeogen weld-
ing products must be dry to perform properly.

Lincoln agglomerated Muxes in their onginal unopened bags
willl remain dry indefinitely in good storage conditions.

When the bags are opened or punctured. remove the flux
and store it in closed containers i a dry area. Linegdn sub-
merged anc Maxes do nol pick up moisture. However, miois-
ture contamination of exposed flux can occur by simple
condensation of morsture from the surrounding air. This
condensation of moisture also occurs on steel plate and
everything elie stored in the samé lecation. Condengation
15 cspecially severe under humid conditions when the air
temperalure drops (usually after sundown),

When opened bags are exposed to air for a few days of when
sciled bags are stored in unusually damp conditions, the
flux may expenience contaminalion by condensed moisiure,
Depending on the amount of modstore, weld quality can be
reduced as follows:

1. Mossture redeces the ability of this low hydrogen welding
process 1o resast underbead cracking on hardenable base
steel,

2. Moisture may cause internal porosity, Detecting the po-
FOSMLY MY Pequire X-ray inspection or oher non-destruc-
tive lestng.

3, A relatively high moisiure content causes visible external
porasity in addition to inemal poregity. I may aleo cause

WARNING: Using Mux with improper malsture conleni
may result in o reduction in weld quality. Many varfahles
beyond the contral of The Lincaln Electric Company affect
the resalis obtained in the use of redried Mux. These var-
iables Include, but are oot limifed o, redrying procedure,
welding procedure, plate chemistry and temperature, weld-
ment design, fabrication methods and service reguire-
menis. Therelore, the serviceability of redried Nux and (he
progduct or structure om which it is used, is and musi be
ithe sole responsibility of the builder/user,

exceseive slag Auidity, 3 rough weld surface and difficuli
slag reipoval,

4. Severe moisture contamination can cawse weld cracks.
underbead cracking, severe porosily, poor appearance
and skag problems.

To redry Mux, heat to & minimuem femperature of S0°F and
hold the mass long enough 10 rase the entire bulk of the
flux 1o that temperature, Keep the énline mass at this tem-
peralure for a minimum of one hour, Severe moisture con-
laminabion may incréase the Lime a1 lemperaiure required
for complete drying. Drying semperatures in excess of
SMIFF are ndt recommended for MIL 200 or EROM. Do nod
use deying remperaiures obove 430°F for 8300-H2, Mils00
H or MilStH-HPMNI,

Do mot attemnpd b0 redry Mux in deims oF any large contain-
ers where penetration of the eat thisughout the entire niass
1% dhilficuh
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ELECTRIC

MAKING SUBMERGED ARC WELDS
IN THE FLAT AND HORIZONTAL POSITIONS

This bullatin covers joint design, Backup bars, fux support, and othar
requirgrments for high quality submerged arc welding on flat plate particutarly
when using fully automatic welders, For similar infarmaltion on roundabaut
applications request bulletin C5.630. Reguest bullatin C5.6800 HOW TO
MAKE SUBMERGED ARC WELDS for additional information about the offect
of procedures and cperaling vasables on wald quality.

BUTT WELDS

Butt welds are made on o wide range of a1zl thicknesses
ranging from 14 gauge sheer metal o plate several inches
thick. For casy updérsionding, butt welds are broken into
thiee categories sheet metal, square edge, and deep
groove built welds

SHEET METAL

Controlling distortion and preventing bun throogh are
principal  considerations 1 making submerged arc buit
welds in shieet meial. To control distortion the work must
be rigidly supported frequently by using a copper or sieel
back- “up bar. The Bac k-llp har 55 also |m|;u:l-|l;a||l i jare-
venting burn theough

When using a steel back-up strip a small gap is left be-
tween the plates. The weld penetrates into the steel strip =0
it becomes an integral part of the weldment

1 I
]
"-':""-—steef

1
%ﬁp er

Figara 1

When the added steel sirip is undesirable, a copper bar is
wsed. The copper bar may be flat or it may have 3 small
groove machined in it depending upon the desired shape o
the backside of the bead. The groove should be wider than
the back bead to prevent undercut at the bead edges. When
required for extrz smooth backbeads, the groove ks large
encugh to accommodate flux poured into it before Lthe
parts are clamped in place.

SQUARE EDGE BUTTS

1EFE penetrution for full weld strength withowt burn
through s wsually required in making square adpe bun
welds.

Plates up 1o 3/47 thick can be butted tight and then
welded with one pass from each sale. With nommal sheared
or flame cul edges 60% penetration &5 practical from the
first side. IF the edpes are machined and fitted tightly
Lagether, penetration up to 8065 is possible,

When the two edges are butted tightly together, parti-
cularly on 58" and 3/4" steel, the buildup bead on 1op of
the joini becomes large with irregular edges. Excessive
buildup or irregular beads can be reduced either by heveling
the edges of the plates or by leaving a gap helween the
plates.

(N buildup

f
% of
i‘ \/5".'?' 80% of t

Figure 2




Fegure 4 = If fix spillt ihrough ths gap, sufpart i needed

Gaps of any kind increase penetration. As a rule of
thumb, if the gap & large enough for loose flux 1o spill
through, either o backup or a manual seal bead is required
to suppart the M.

Seal beads can be made elther with manual low hydro-
gen elecinmde or semBautopsatic equipment. For 1027 o
thicker steel pat seal beads on the second pass side (Frgune
S5A). The seal beads should be onoibe first pass side on
thinner material (Figure 5B}

gutomatic weld
R

A 172" min.

5/32" min.

seal bead

agutomatic wifiz
i
B \% e or less

b
1l\"h-sneu:lk!' bead

Figure & — Locatian ol the dal beach depends on rmalerisl fhieck-
L,

CAUTION: When there is a chance Tor flux to be trapped
between the weld being made and the back of the joint,
porosity could result, The podosity milght be internal (oot
porosity ) or surface porosity (large hales).

To eliminate this problem, penetration into the back-up
bead or plaie is necessary, or réduce penetration Lo allow
at benst 3 5/327 space between the weld and the back-up
{see Fig SA).

On Steel up to 112" ihick full penetration welds can be
made from one side using a gap and 2 steel oF groaved
copper back-up bar, The stesl back-up har remains as a
permanent part of the weldment {Figuge 6.

La" or less
-l

Figure 6

Always avoid making beads 1o deep and warrow {Figure
TA] ar tow wide and “hiat shaped™ | Figure TB). These beaids
lave a tendency for infermal cracking.

crack

—

Figum 7 = A' ipnds 10 orack because 1 s deeper ihan (0 woide. "B
fendy 10 creck because it s “hat shaped.””

DEEP GROOVE WELDS — Multiple Pass

The first pass in a deep groove weld requires the same
consiferations of penciration and bum through s a square
eddge butl weld, The only dilferense is that the root face,
rather than the entire material thickness, is important,

Flux depth, plate levelness, and sag removal are all
impartant in deep groove welding.

Because of the shape of o deep proove 1L | azy Tor dhe
Ik 1o pile wp 10 @ depth of more than 17, Excessive flux
deptl in a deep groove can cause poor bead shape similar (o
that caused by bad arc blow. Care must be taken not 1o use
a greater flux depih than is necessary. Use anly enaugh fMux
o prevent excessive Mashing.

Multiple pass welds tend fo have large molien pools
which are quite [luid and will *run™ if given the oppor-
tunity, Therefore, the work should be level or slightly up-
hill as discussed in the section on “Welding on Inclined
Plates” om page 7.

Slog removal con be a problem in deep groove welding,
Small, slghily convex beads (Figure 9B) clean much more
casily than large, concave beads (Figure 94 ) When slag
removal difficulties are encountered, lower the witage. This



will produce the more convex bead required for improved
slag removal. If funther improvement is desired, increase the
iravel speed 1o produce o smaller webd bead.

These changes will also produce less crack sensitive bead

shape which is slways an important considesation in deep
groove applications.

‘l‘_,.--—--.h

|

™y — Dl 1o chean. Algo wide bosddy mahe ot high anc volisges
HEE up macd manganese and saliona,

e

9B — Easy 1@ claan,

Figure 8 = Small, well shaped beads that oo not completaly bridge
BT om B GrODVE ATk Ay B0 clean tham rge corse Deads.

flame cut edges

10°

integral - Il | 45"
steel - =y
back-yp  fe—1"u

I — Inoxpensye Prensis dn

machined edges

7-10°

L JCSN
lond  |b=J-ale— 35~ dia.

}

108 - Expensve Prepsation

Figura 10 — The joint preparation shown in Figare 104 can be
prinred 1 s oost thas the ane shown in Figers 108, Since waid:
ifg Damar ard qualiny & alout equal Tar Both [oims, the ane shosn in
Frgara 104 shauld be coridered whan proctical

FILLET WELDS

The principle considerations in making filler welds
clude expupinent, bead shape, penetration, are blow, and
the fact that fillets are restrained joins.

EQUIPMENT

When welding with fully automatic equipment, wse of
the filletlap attachment with Lincoln heads s recom-
mended for making horizontal fillet welds. This attachment
ledaves ihe head ina vertical position and turms the electrode
to the proper angle for making the weld, The standard
straight contsct assembly should be used for flat or trough
position filler welds, For any application the flux hopper
should nod be tilled more than 40 degrees from the vertical.
Acgreater tin results in irregubar fux fow.

BEAD SHAPE

A S0 leg size i the maximum sngle pass fillel weld
that normally can be made with ane electrode i the hori-

b
i s
farger .I‘hﬂ'ﬂ?:f;."‘{"#

Figuwe 11

aontal position. Atlempling to make larger beads may
fesull in undercut as shown in Figure 11 Herizomal filler
welds up to 1/27 leg size can be made in one pass using
tanilemn arc procedures, Single pass flat pozition fillet welds
a3 lange a5 3/4" are pracical.

See Figures 12 through 16 for additional considerations
in making fillet welds.
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= PRy

158 — Egus Legs
Figise 12 — Benos like this rewit fram axcassivaly Tasi travel sed,
daep Nus pile, high current, los waltage, or an uphill posHAsmn,

concave here

slog sticks preferred

shape

L

158 — Desp Ponetration

Figuri 15 — Positans of slectrode for equal legs and for magimom
Figare T2A = IF Nillet waelds assumrs & concave shape at the ion sdge paneteation in horizoraal fillet weids

makin slag vemoeal dificuls, decmase volage jut enough o maks

1k mnid whape Sighily conwis

-
Tig t

168 ~ Equal Legh

Eﬂ"'

crack
IE“
Pegure 13 — Welds that are slightly wider han they are deep are
best, Do, narmoyw Deads e prone Eo infenal cracking

VBB - Deep Penscratisn

Figurs 16 ~ Pasitions af elecirods for sgual legs and oo maximum

Figure 14 — Proper besd seguercs lar miitiple pass fillats. pialralann bt unedgual tegs, dn Mat filked welds.



ARC BLOW

Are blow can cawse porosity. DC{-) polarity and small
elecirodes are particularly susceptible. It most frequently
oocurs on automatic high-speed welds: on thin steel but can
occur on heavier plate mostly on complex joints. Back blow
porosity sometimes appears in multiple pass smiautomatic
welding applications when using n drag technbque, The best
way to eliminate the porosity is (o eliminate the are Blow,
See bulletin 5620 for possible methods.

RESTRAINED JOINT

As a fillet shrinks during cooling, it tends to pull the two
plates together. When the plates are rigidly fixed the metal
cannol shrink during cooling so it must stresch, This causes
¢ naturad tendency for crackeng i fillet welds, The hess
method 1o overcome this cracking tendency is 1o leave a
I/16" gap in the joint s shown in Frgure 17,

Weld shrinks, crushes wire,
sl siéul | No crocks

wire & & \,..—"
[ |

Weld shrinks, crushes grooves.

machined ] 1 No crocks
grooves

O

Figure 17

LAP WELDS

Tight fit-up and electrode alignment are two principal
considerations in making lap welids.

The two plates must be tightly held together because
gaps invariably resull in poor bead shape and unsound
welds. The tight Tt makes lap welds particularly susceptible
Lo porosity o the presence of moisture, paint and other
contaminants must be controlled.

Position of the electrode is critical o lap weld quality. If
the elect rode is too high up the wop plate, the weld may not

0°-10° for 10
Weld thin ond les3
to thick
i
for ?f‘i’ﬁ
e and
* thicker
i 1

“— tight fit

Figurels

priperly fuse to the bottom plate, 1701 is 1o Tar away from
the top plate. the weld may not properly fuse to the top
plate and may burn through the bottom plate

With fully automatic equipment, use the (Hleldap aitach.
ment for 3(16  3/8™ thick steel in the horizonial position,
Use tlse siandard straight contact assembly for iinner sieel,
Lap welds on 3/8" or thicker material became fillers,

Through-laps can be made on |0 gavge and thinner
material when appearance is not imponant. When there is
a difference in thickness of the two plates, welding the thin
plite 1o the thick plate 5 recommended as illusicated in
Figure 19,

Figuare 19



PLUG WELDS

The principal conssderation in making plug welds 15 1o be
sure thai the weld [uses to both plates and completely hills
the hole, A 34" diameter s normally the maxinum size
wsed for plug welding. Larger plugs are sometimes made
using the sentlautomatic welder and circulating the arc
arcund the plug 1o completely fill the hole. Plugs up to 27
in diameter and 27 deep are made in this manner.

Since the plog is alwavs completely covered with the
Mux, it & difficlt io tell when the plug is Glked, therefore,
plug welds are usually timed.

Frequently, to reduce the size of the crater at the top of
the pleg the current is reduced for the last few seconds
before the are is broken.

copper flux
retaining ring

RN &
| 1
! R S ekl £ |

(o

—

Fogure 20 — Plug svekds must Fuse inke both plates and Tl the hale

EDGE WELDS

Edge welds are made at hagh rravel speeds on sheet metal
from 10 gauge 1o obout 18 gauge. The major problems are
guiding the elecirode and supporting the flux.

The electrode must be accurstely guiled 5o i1 &5 always
positioned directly over the joint. Suppant i necessary (o
keep the flux from spilling over the edge and because the
supported Mux in twrn holds the molien metsl while 5
frececs For best resulis weld abour 10 degiess dowihill

{Flu:«: Suppoit

Figure 31 = Position ihe Hux suppond ad nesr 8o the weld as
presleal

WELDING ON INCLINED PLATES

Normally, the work should be positioned level because
welding on an inclined plate may distort bead shape and
affect penctrstion, Welding uphill increases penefration and
welding downhill reduces it. Bui there are iwo siluations
where inclining the work is advaniagesois.

Bince excesive penetration it undesirable when welding
sheet metal, 3 10 10 20 degree downhill anghe reduces pene-
pration permitting the use of higher currents and Faster

welding speeds, Inclimes of mare than 20 degrees result i
distorted beads.

On heavy deep groove joints, particularly when made
with multiple arcs, there 5 3 large molten pool which is
fluel. If the work {5 slightly downhill, (his large pool will
ol ahead of the are 45 shown in Figure 22 and produce
poor welds, On this fype joint running the bead slightly
{about 22) uphill eliminales this problem.
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Figure I3 — Wihen the mobien poeal runs shead of the pc, the an
ety an the ponl insteadl of base retal end nosral ocrater. AR E
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2 Boad w veirey
3 Weld Macki [srstration

RUN-OFF TABS AND SPACERS

On joints where the weld must run to the end of the
plates. some means of resteabning the metal so it dossn’t
spill off the end must be provided. Run-off tabs are ile
most commonly wsed method. Then the arc is started on
one run-off tab tacked 16 the start end of the weld and is
stopped on 8 second fab at the end of the weld, The tabs
are large enough so the ¢ntire bead on the work isell is
properly shaped. Run-off tabs must be wide enough to sup-
port the flux and be sealed gt the botiom 1o prevent bum
through. Bun-off fabs should conform 1o groove joint con-
figuration {(Figure 13}, They are removed afier the weld is
conplete,

A variadion of the rimeoff tab is o copper dam which
holds the Mex which. in turm, supporis the weld metal.

When several parts are placed side by side, copper blocks
placed between the plates allow the are 1o be maintained
far contimisous weldimg.

NOTE... same groove
as plate

stee
run-off tabs

Figarn 23 — The most eflective run-ofl tabs confonm clasaly 1o 1he
shape and goodowr of The jomt

Figure 24 - Copper dams are somitires weed insiesd of nun-ofl
tale

copper blocks

i

e =

Figare 26 — Copper blocks make good develers whan svaral parts
are welded withoul Brasking the sc. They should be kepl fow
#ncugh 50 arc does Hot 1apch ERem,
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ELECTRIC

CIRCUMFERENTIAL WELDS
In Submerged Arc Welding

How To Make

Circomferential, or roundabour, welds differ from those made in the flat posalion in fwo importan

considerations

Firsi 15 the tendency for motten flux and weld metal 1o spill off the work. This tendency is overcome by:

. Adpusting the wire position.

2. Limiting bead size through lower current, lower voltage andfor faster travel speeds than normal.

3. Supporting the boose fux.

Second s the inrr:-a_mri importance of slag removal IT a multiple pass weld is being made, the slag must
be removed as welding progresses. This is principally overcome by contredling joint design, bead size and

shape.

OVERCOMING SPILLAGE

On roundabout welds the pool of molten weld metal and
elag tends to sap or spill. In severe cases, the metal acieally
spills off the work. In less severe cases, the maolien poal stars
o rien, hut freezes before it spalls. This results in a distoried
bead shape as shown in Figures B and 1C

Effect of Wire Pasition

To prevent spillage or distortion of the bead shape. welds
must solidify as they pass over the vertical center of the
pari. This means that the wire must be positioned ahead of
verikcal cenfer. Figure 1 illustrates bead shapes that resul

from various wire poditions. Mote also that the bead in Fig-
ure 1B has more penctration and 3 greater 1endency for
burnthrough than the bead in Figure 1A, The opposite is
true of Figure 1C,

Supgested off center distances for positioning wires are
given in Figure 2 on the following page.

The wire must point searly perpendicullar to the surface of
the work, pamiculzrly on small diameter work, Positioming it
ot an anghe of incidence can result in a distonted bead shape
and poor arc striking.

Wiﬁ. 77

Figure 1 — Effect of off-centar displocement an bead shape.



Girth Diameter Wire g
Inch {mm) inches [mm) ahead of vertical center
13 (25-T6) Yodia (9.5-18.1)
3-1B (76457} el (19.9-25.4)
18-36 (457-914) 14-1% (31.7-38.1)
35-42 (B14-1067) 114 (38,1-44.4)
42-48 (1067-1219) 192 (44.4-50.8)
48-T2 (12181820 a-2 o50.8-53.5)
Owar 72 (1828) 3 (MaE

Figure 2 — Approximate off-center distance of wire positioned for various dismeters of work. Actual displacement may be cutside

of thess ranges for & particular

Effect of Current and Travel Speed

Regardiess of wire position, if the molten pool i too g for
the diameter of work, the metal wall spill simply because it
can frecze fast enough. Bead size depends on the amperage
and travel speed wied, Reduoced curremt andfor increased
fravel speed reduces the size of the bead Lower voliage
rechoces skng volume.

Obviously, on small diameters a small bead must be used.
Figure 3 gives an indicaiion of the maximum size single
past weld that can be made on small dizmeters. Generally
il i better 10 56t up small diameter work for 3 o'clock weld-
ing, if possible. For larger diameters, Figure 4 gives pro-
cedures that produce good welds with minimum difficulty.

Flux Support

The flux 11self, being granuiar, will spill off small diameter
work if not conrofled, This leaves the arc uncovered and
results in pood quality bead. One method of overcoming
ithis 15 to use a nozzle assembly which pours the flus mAght
aver the arc and gives it less chance to spill, A wire brush
or other flexible heal resisting material should be attsched 1o
the nozele 2o it rides the work ahesd of the arc, as shown in
Figure 3, will also support the flus and prevent spilling. The
suppon musl be electrically imsulated from the elecirode.

Flux support 15 also necessary at the edges of the work. Sheet
metal rings tack welded 1o the edge or flexible retainers that
ride the edge, as shown in Figure 6, effectively suppon the
Max 5o beads can be made right on the edge of the wark.

O precaution in this matter — oo much ux encourages
sagping or spillage. The amount of Mux shoold be just
enough 10 adequanely cover the are, so that the light of the
arc reflecis on the electrode.

Flux

Flux
Epells

,'...--l

Figure 5 — Flux suppors which ride the werk ahead ol the prc
pravant fux spilling.

Beads on edge
of work
Light mtal E
Figidly mountad clamped o
nOM-cOMbusiie ""‘“"“ ‘::‘“’
Fratedial

Figure § — Edges require ux supports to permit welding close
to the sdge.

14" did, 2 dia. T dia. 4" ia, 5" ha,
(381 mmem) (508 mm) {78.2 mmj {101.8 mmj {127 mm)

Figure 3 — Approximate size of the largest bead atisinable on small diameders, To obtain ihese walds, backups sre required on thin
sections and special arrangements to present Bux spilling may be necessary,
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Slag Removal

On the (irst pass of wo pass welds, a bead which washes
up 1o the top edges of the joint is much easier 1o clean than
2 bead which does not quite come up o the top edge. See
Figure 7.

4 e

Ensy slag removal Difficus slag ramoal

mr-—m&npulnum;uumm-ﬂw
io the edges for best slag remaval

On multiple pass welds, slag removal i imporiant because,
if the weld is 10 run continuously, slag must be removed
hefore il makes a complete revelution, Two factors ane pars
ticularly important 10 improving slag removal, They ane
beead size and bead shape:

Approximate maximum current (at the speeds given) for ditferent thickresses of varous diameters work without special
wmwlwumﬂ“uwmm

I, Smaller beads wend 10 cool more quickly, which reduces
slag sticking.

2, Flat 1o stightly conves beads (Figure 8) make slag re-

moval much easier than undercut beads which tend 10

kck the slag 1o the weld at the edges of the bead.

This improvement in bead shape and slag removal is readily
accomplished by Iowering the are volrage

In heavy work, it is usoally faster to pui in many small beads
with a conlinuous operation than to put in larger beads and
have to siop 1o remove slig. See Figure 8. The amount of
current used on the job determines the wire melt-off rate
and, consequently, how [ast the joint is filled. It makes no
difference whether the trave] speed 15 slow and the beads
are karge. or the travel speed is fast and beads are small as
far as deposit rate is concerned.

What is important is the fact that faster speeds make smaller
beads from which the slag will peel off easily. Frequenily,
this means the difference between conlinuous operation and




periodic fopping 1o remove slag. Any S1opping i losi labor
and overhead expense. Easy cleaning and smaooth, good-
Inoking welds reduce cost and build operator prestige and
morale. Incidentally, multiple passes improve weld quality,
expecially moich toughness

gy

Figure B — Using small, well shaped beads {left) improves siag
removal, Small beads can be made with faster travel spaeds and
o decrease in currend or depositicn. Baads like thode on the

right cause the siag 1o |ock-in and remove anty with difficulty.

Another way Lo improve stag removal, particularly on small
diameter work that gets very hot during welding. i3 10 put
an air jed on the weld. Positioning the air nozzle so it blows
on the weld al about the 230 o'clock position is wsually
best, The air cools both the work and ithe slag so that it has
less tendency 1o stick. See Figare 9.

Figure § — Air applied to the work at the 230 o'clock position
will cool the work and the siag and aid slag remaval,

FLUX COLLECTION

As circumferential welds frequently mvolve lng continsos
welds, a comment on flux collzciion is timely. Keeping the
flux clean has several mivanlages. It produces souwnd,
smooth welds and will not clog the Mux feeding mechi-

nigm, Try o cateh the My before iU reaches the floor. Use
d vacuum recovery unil fo remove dust and 3 magnetic
separator 10 take oul magnetic pariicles, when necessary,

GROUNDING

i is nod sufMicient w0 simply clamp a ground lead 1o some
siationary part of the fixture as this will cause welding cur-
rent 1o pass through the bearings of the rotating part of the
fixture. This will cause arcing of the beanngs and eventually
destruction of the beanings. Grounding may be done

LINCOLN &

THE

throwgh one or more sliding shoes of Copper of Copper-
graphite which contact a clean surface on the rofating fix-
ture, therehy preventing current from passing through the
bearings. Alternately, special rotary grounds sre available
which permil efficient grounding of the roating device.

SUMMARY

Properly sei up, moundabout welds are almosi as casy o
make as welds g the Ma position. However, in seting up a
circumberential job, cleck the following:

. Bead size as determined by the welding current and
trovel speed.

The clectrode position and angle,

Flux suppor for small diameter work,

Flux suppor for edges.

Slag removal,

Clean Nux recovery system.

Girounding.
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TR POROSITY

Its Causes and Cures
in Submerged Arc Welding

The use of submerged arc welding on work ranging from
lyght gauge tanks 1o heavy machinery and huge structures
attests the relimbality and economic feasibality af the process.
Monetheless, occasional difficultics arise, particulardy when
seiting wp a new job. Freguently, these difficuliies take the
farm of porosity in the weld. The following are a few hints
that will help overcome this problem.

POOR GRADE STEEL

The analysis of the steel, in general, has little effect on
poroaity of the weld metal, though very high or very low
carbon content ends 1o increase porosity. The effect of low
carbon content can be nullified by the use of a silicon-killed
electrode such as L-61.

The principal exception 1o the above is the sulfur content
found principally in such steels as the “free machining™
grades. Sulfur wends to produce gases that must escape while
the weld metal is still maolten or be (rapped in the weld metal
and cause porosity.

Sulfur may cavse trouble even when i1 is well within the
preferred analysis range, This happens when il ocours as seg-
regations, Sulfur segregations in steel have 3 much higher
sulfur content than the analvsis of the steel would indicate,
Sepregations may be detecied with a deep eich of the cros
section of the steel or by other chemical processes. Severe
segregations may actually appear as laminations and causc
large holes in the weld.

Where i1 is necessary 10 weld stecls with sulfiar segre-
gations, use procedures that give minimum admixiare (low
cusrent, negative polarity, large electrode size) and travel as
slowly as possible 1o allow gases time 10 cscape through the
molten pool. On joinis that are normally square edge buiis,
gcarf the joint, and on joinis that are normally beveled, in-
crease the angle of the scarl. Use muluple pass procedures.

FHGURE 1 — Bulfur segregations — Dark lines in gtched
sachion above indicata areas of high sulfur concaniration,

CONTAMINANTS IN THE JOINT

The most frequent reason for porosity is the presence of
rust, dirl, oil, paint, or other gas producing conlaminanis in
the joinl. Zinc based or cpoxy based primers are especially
difficalt o weld over and may produce severe porosity due
o the large volume of gases generated from these materials
during welding. Weld joints must be clean of all foreign mat-
ter il satisfaciory welds are 1o be obtained. The abutting edges
themselves must be clean; cleaning the surface of the joint
helps only slighly. (See Figure 2.)

Sodium nitrite solutions are sometimes used as rust pro-
ventative wash coats. The residue 18 clear and the plate ap-
pears clean and uncoated. This material will resolt in gassing
and possibdy porosity.

Cleaan abutting surfaces
fof best results

Cleaning coly the oulside
of the joint has ltlle value

FIGURE 2 — Proper edge cleaning is essantial to good sub-
marged arc walding.



This is particwlardy true whene mating (or faving) surfaces
are involved. Yirually any rust preventative could result in
porosity problems,

It 1% not necessary, however, to clean every edge that is
to be welded with submerged are. Edges that have been pre-
pared by machining or Mame-cutting can be satisfactorily
welded without further cleaning if they are not rusty or oil-
coated. Unprepared edges with normal “mill scabe™ can also
be welded without further cleaning if the scale is not loose
and faky, Actually, even heavy mill scale can be welded sat-
isfactorily if a silicon killed electrode. such as L-61, is used,
However, welding speed may have 1o be decreased,

Mate, however, thal there are twa [vpes of *mill scale.™
The firs1 is dark or black in color. [t can cause surface pock
marking. The second type is “red mill scale™ which is reddish
brown in codor. It contains moisture and has the same det-
rimental effect as mst.

Power wire brushing cleans rust and “red mill scale™ from
the edges, Torch heating eliminates moisture in the rust. Al
though sither will subsiantially reduce the porosity, they can
both be used together for best results, Wire brush joints before
they are fitted together. Then put o flame torch on the point,
about 1-2 fi {30-60 m) in front of the arc while welding, 16
drive off residual modsture, Be sure the torch is hot enough
1o heat the plate 1o 300-500°F (149:260°C). Insufficient heat
may leave some mosture that will cause subsurface pososiny,

Lincurt

sdges
with ordinary amount of blue mill scale

FIGURE 3 — Good, porosity-free welds can be made on
machingd and flama-cut edges and on uncut edges thalt have
an ordinary amount of mil scabe,

Chl, grease, die lubricants and other similar contaminants
are frequently removed by degreasing and washing opera-

tipns. When this is done, be sure that the washing compound
is rinsed off completely and the work is completely dry before
starting 1o weld. Low silicon L-60 electrode is best 10 resist
porosity from organic contaminanis,

i . F g £ ey

Rusty plate bafore wakding

Wald on rusty plate that has besan
wire brushed before tacking

Weld on rusty plake, wire brushed
befara tacking and torch haatad

FIGURE 4 — Power brushing and torch heating will clean
aven the rustiest plate 5o that it is possibla o make good,
porgsity-free walds.

FIGURE 5 — Porosity causad by oiy plate.

CONTAMINANTS IN THE FLUX

Ay material which produces porosity when in the joint
will also produce porosity when in the flux. The most com-
mon conlaminants in fhix are moisiore, dirt and “mill scale.”

Care must be taken to properly store flux whether the
container has been opened or not. Welding flux may pick up
moisture. Flux that 15 used repeatedly can also pick up mois-
mre. For information on proger meéthods for redrying flux
wee Bulletin C3.660.



FIGURE 6 — Dirty flux can cause severe porosity.

Keep din out of the Mux. This 13 not always possible,
however, and the next best solution is the use of flux recovery
equipment that removes the din and dust. Clean the dust
bag of the recovery unit regularly or slugs of dust may fall
inte the recovered Mux and resuli in severe boles similar 1o
that shown in Figure 6.

O some joints, such as those inside tanks, excessive mill
scale will fall onto the joint and contaminate the weld. Some
of this scale may also be picked up by Mux recovery equip-
ment and coptaminate the fMux, Removing mill scale froem
flux requires a magnetic separator, such as the Lincoln K58,

Other contaminants may also be picked up with the Nux
by the recovery system. If they can't be eliminated by drying,
by removal in the recovery equipment, or by a magnetic sep-
arator, it is best 1o discard the Mlux mther than risk porosity
in welds.

ELECTRODE CONTAMINATION

Under unusual storage conditions, electrode may become
rusly. Rusl may cause porosity, particolarly in high speed
wields on light gauge shect metal. Added disadvantages of
rusty electrode are excessive wear and arcing at the contact
noxzle and improper feeding through the cables of semigu-
tomatic welders. Rusty electrode should not be used,

Electrode that has become conlaminated with odl, grease,
dirt and the like should be cleaned before using. Oceasionally
a small amount of ol is put on the electrode in semiaviomatic
welding to facilitate feeding through the cable. I 100 much
is added, it will cause porosity,

INSUFFICIENT FLUX

There musi alwavs be a sufficient amount of flux over
the are io protect the molien melal from the air. By contrasi,
oo much flux will resuli in poor bead shape.

FIGURE 7 — Gas pockels in the weld results from ingulfi-
ciant flux coverage.

The correct amount of flux coverage is indicated when
the light of the arc reflects on the elecirode. When less Mux
is used, the are $1arts to flash through and scattered surface
porosity may resalt, Insufficient flux coverage is more apt to
occuron circumferential welds tham on flat welds. Frequenily,

on small circumferentinl welds, it is necessary 10 provide
some mechanical means 1o suppor ihe Mux around the arc.
Similarky, if the slag spills off the weld before it has solidified,
the weld may show surface porosity. Corner welds and mul-
tiple pass hornzontal filleis are especially susceptible 10 this
protden.

TACK WELDS

Stick electrodes of the ES010, Es011, ETOL6 or ETOIS
classes should be used for 1ack welding when the tacks are 1o
be covered with a submerged arc bead, These electrodes have
good penetration and produce porosity free deposits, Slag
remaval is easy and, should some ligthe slag be lefi or trapped.
it will not produce porosity in the submerged arc bead. The
slag from other types of clectrodes may produce porosity.

ARC BLOW

Arc blow can cause porosity, DCY - ) palarity and small
electrodes are particularly susceptible. It most frequently oc-
curs on autematic high-speed welds on thin steel but can
oceur on heavier plate mostly on complex joints, Back blow
porosily somelimes appears in multiple pass semisutomatic
welding applications when using a drag technigque.

FIGURE 8 — Porosity from backward arc biow is more com-
mon on tha finish end of walds in light gauge sheet metal
than in any othar type of wald,

On hight steel, the porgsity from arc blow usually occurs
in the last few inches of the weld. It always gets worse as the
arc approaches the end of the seam, The best way to eliminate
the porosity is 1o eliminate the arc blow. Some possible steps
are as follows;

1. Weld away from the work connection,
2, Put a heavy tack weld ai the finish end of the joint.

3. Clamp the work lead firmly to the work at the start
end then weld wward the closed end of the fixture,

In building fixtures for light plae welding, use heavy
copper or other non-magnetic material or keep all fixture steel
at least 17 (25 mm) away from the arc and the steel being
webded. If these solutions fail, use low silicon electrodes
(L60), low voltage, reduced current and travel speed. and
DC(+) potarity.

When surface porosity occurs in multiple pass semiau-
tomatic welding, in addition to using bow silicon (L-60) elec-
wrode, DO + ) palarity, and welding away from the work lead
conneclion with redwced voltage, try the following:

[. Avoid tilting the electrode so it points back toward
the finished weld because this increases the “hack
blow.” Keep the electrode as close to vertical as pos-
sihle.



2, I the plate is less than 1" (25 mm) thick, use the Aux
with the best resistance o back low porosity (see
bulletin C5.10).

3, Ingrease the Mux cone opening size for greater flux
coverage,

4. Avoad placing beads in locations which allow the mal-
ten flux o run off, A thick layer of molien ux must
cover the puddie an all (imes.

TRAPPED FLUX

Wherever there is an apporianily for flux 1o become rap-
ped between the bottom of the bead being deposited and the
other side of the joint, there is a possibility of porosity. This
porosity may be either subsurface in the root of the weld or
meay come through to the surface as large holes,

The solution 5 either 1o leave al least Yo (4.0 mm)
between the ot of the weld and the other side or 1o penetrate
completely into the other side o that no unwelded space
exists,

The most common example of applications where this
15 encountered i% butl welds, The joint may be backed up by
a manual weld, a back up strip, or even another aulomatic
weld. If the gap between the plate edges is Vo (B mm) or
mare, flux will spill into it ahead of the arc, Sound welds are
aftained by having enough penetration so that the bead pen-
etrates the back-up or by kecping penetration down so thai
the bead misses the back-up by at least %" (4.0 mm)

FIGURE 9 — This butt jaint had a manual weld on the back
gide, Panatration cama b0 within %¥w” (4.0 mmj of the back-
up bead and porosity resulted.

FIGURE 10 — This butt joint was identical o that in Figure
9 except that panatration missed the back-up bead by 3w
(4.7 mim). The weld was sound with N porosity,

THE
LINCOLN ELECTRIC
COMPANY

R
Lizal Saled s Sadvice thigagh Slabal
Subsickarios and Diatributors
Chsmiangl, Dhic 481171100 S A
TEL- Zio481 B0
FA T10ABET751
WER BITE: wwewsrooineleoins com

submerged Arc
C5650 1/98

_&h_a

FIGURE 11 — Offset-lap welds Inharently tend to trap fhux
in the bottom of the joint. First pass may be porous; second
pass is sownd

Ancther application where this is sometimes a problem
15 ofiser-lap welds, [t is necessary 1o penetrate pasi the corner
10 have porosity-lree welds, Frequently it is difficult 10 get
penslralion 1o meel this requirement. Instead, twd passes are
wsed, The second pass re-melts the first and deposits are chean
and porosity frec.

PRESS FITS

Press-fii joints usnally are coated with a lubricani before
the parts anc pressed together, The lubricant becomes a gas-
producing contaminant that may cause porosity, generally in
the form of large holes at or near the end of the weld, [ is
best 1o avoid press fits and allow a gap of up o Ve™ 8 mm),
Another solution is toknorl one part so that there is a path for
the gu= Do escape.

POLARITY

Positive polanity is generally better than negative for re-
ducing porosity. This is not troe when welding sulfur bearing
or somie other steel where 11 i3 desired to reduce penetration
and admixiure.

TRAVEL SPEED

Fast wravel speeds on light gauge sheet tend to increase
porosity because of increased arc Mow (sce page 3). Reducing
speed and current may reduce porosity on these applications
if other means of controlling arc blow are incifective.

Actually, reducing speed wall reduce porosity on any
joint. Slower specds give gascous malerinls longer 1o boil out
of the molten weld metal,

OF course, reducing welding speed generally increases
costs 5o other salwttons should be investigated first,
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Storing and Redrying
Submerged Arc Welding Fluxes

Submierged arc welding Mluxes and other low hydrogen weld-
g products most be dry 1o perform properdy,

Lincoln agglomerated fluxes in their onginal unopened bags
wall reminin dry in good storage conditions.

When the bags are opened or ponctured. remove the Mux
and store it i closed containers in a dry arca, Linesla sub-
merged arc fluxes do por pick wp moksture from the air,
However, moisture contamination of exposed flux can oocur
by simiple condensation of maisture from the surrounding
wir, This condensation of moisture also occurs on steel plate
and everything else siored in the same location. Conden-
sation is cspecially severe under humid conditions when the
air temperature drops {esually affier sundown).

When opened bags are expased 1o air for a few days or when
sealed bags are stored in wnusually domp conditions, 1he
flux may experience conlaminalion by condensed moisture.
Depending on the amount of moisture, weld quality can be

damaged as follows:

I. Mosture reduces the ability of this bow hydrogen welding

process bo resist underbead cracking on hardenable base

steel.

Moisture may cause internal porosilty. Detecling the

POrOSILY mMay require X-ray inspection or destructive test-

1T

A A relatively high moisture content eauses visible external
parosity in addition fo internal porosity, It may also
cause cxcessive slng fudity. a rough weld surface and
difficult $lag remonal,

4, Severe moisiure conlaminalion can cause weld cracks,
underbend cracking. severe porosiiy, poor appearance
and slag problems,

b

To redry flux, heat in an approprale coniainer 1o 3 mini-
mum emperature of 300°F and bold the mass long enough
to rarse the entire bulk of the Mlux to that temperniure. Keep
the entire mass ai this iemperature for a minimum of two
hours. Severe moisture conlamination may increase {he
hme at temperature requined for complete drying. Dryving
lemperatures in cxcess of 900°F are not recommended.

30 nod attempt 10 redry flux in droms or any large con-
Larners where penetration of the heat throughout the entire
mass 15 difliculi.

The following test illustrates the relative motsure resistance
of Lincoln agglomerated submerged are Muxes

Im this test a senes of hydrogen evolution checks were made
with Lincoloweld 860 flox {with L-61 electrode) and with
Yu© diameter ET018 moisture resisiant, low hydrogen man-
ual elecirode. The first checks were condocted with thess
products in the “as manufactured” condition,

These same products were also tested after humidification
for one week at B3% relative humidity (@ 103°F). This ¢x-
tremely high humidity level was selected 10 maximize the
sewerity of the test,

The humidified 860 flux and humidified ET018 maoisiure
resastant, low hvdrogen manual elecirode were then redried
ol the temperatures indicated below. A third se1 of hydrogen
evolution tests were conducted with these products in the
redried conditicn.

The test data summarized below clearly illusirate the low
hycrogen, moisture resistant characrenisncs of Lincoln ag-
glomerated submerged arc Muxes.

DIFFUSIBLE HYDROGEN (GLYCERINE METHOD)"

Lincoin 850 Flux ET018 Modsture Resistant,

{with L-81 slectrode) Low Hydrogen Electrode
AL Manufactured 01 miigram Nilh] :r'lll'qrurn
Humidilied 058 miéfigram 23 mifgram
Fadried & 230°F 032 mijgram Mot Chacked
Redried & S00°F 018 mifgram 042 mifgram
PRadried @ T50°F | Kot CGhacked 020 mifgram
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As moted in this bulletin, wsing sabmerged are Moxes with
improper moisture content may resalt In & reduction in weld
quality. Many variables beyond the comiral of ihe Lincoln
Electric Co. affect the resalts obtained in the ose of redried
Muxes, These variables include, bot are not limited to, redry-

WARNING

ing procedure, welding procedare, plate chemisiry and fem-
perature, weldmend design, fabrication meihods and service
requirements, Therefore, the serviceability of redeied fMuxes
and the prodect or strecture of which they wre used, s amd
must be the sale responsibility af the user.
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Automatic Wire Feeders
E9.100
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TINY TWINARC

A TWIN WIRE SUBMERGED ARC PROCESS

DESCRIPTION

Timy Twinarc® is a submerged anc wealding process that Lzes two small diameter electrodes at high wire feed speeds.
Tiny Twinarc offars substantial welding sconomies when usad (o replace a conventional single electrode for many
applications, These economies result from faster travel speeds and higher usable deposit rales. The two wires in
close proximity result in an elongated puddis that improves follow characteristics and enables faster travel speeds
while maintaining the proper weld bead shapa. The equipment consists of a power source, an automatic welding
head {and controls) with dual drive rolls and guides and a common contact nozzhe,

BENEFITS

The procass offers these advaniages over single arc:

1. High deposition rates — increases of 40F o more are
COMIMOn.

TlN Y 2. Faster travel speads — 25% or mone on light gauge
material and 50 to 75% on heavier material.

s TWINARCE 3. Lower heat input and 5 to 50% less distortion. Tiny

LY Twinarc results in low heat mput par pound of metal

\ deposited. This aids in controlling distortion and be-

comes especially important when walding high impact

strangth steals whens the HAZ impacts detenonaba with
Wires increasad haat input.

Control 4, Lower power consumption per paund of weld metal,

Station Tiny Twinarc is a fast, simple welding process that results in
Power kow cost fabncation with aqual or bather weld qualty:

Source
' APPLICATIONS

The Tiny Twinarc procass has application in the manutacture
of earth mowvers, excavators, cement mixers, railcars, coda
tanks and pressure vessels, thin-walled shells and many
other welded products made of material ranging in thicknass
from 14 gauge [1.9mm) to heavy plate. This system is
versatile and is readily usabla on:

1. Light gauge weldmeanis
2. Heawvy weldmenis

3. For larger circumferential welds wheare high depositicn
rates are usabla

4, Flat fillets, horizontal fillets and lap welds

5. Butt welds, including those made in the 3 o'clock
position,
6 Hardfacing applications




DEPOSITION
RATE
ADVANTAGES

Higher Current — With the single arc process,
raising tha current 1o increase the deposition rate
may result in poor bead shape, undercutting
andior excessive penelrabion. The Tiny Twinarg
procass makes the esa ol higher currents practical

Resistance Heafing — Anather factor contributing
lo Tiny Twinarc's higher deposition rate is the high
current densily resistance heating effect on the
smallar dameder wirgs,

TRAVEL
SPEED

In conventicnal single arc operation, it is possible
to increase the travel speed by simply increasing
the welding current, however, bead shape, bead
appearance, undercutling, or burn-through im-
pose a limitation on travel speed. With Tiny
Twinarg, the higher usable deposition rate resulis
im arc speed increases, while still maintaining the
desirable bead shape, bead placement, penetra-
tion and other desirable welding characteristics.

HORIZONTAL
FILLETS

In the walding of horizontal tillets, Tiny Twinarc
can increase ravel speads up fo 68% for 1/8"
through 516" (3.2 through 7.9mm} fillets,

Deposttion rate o™
OC positive i
Single ARG 15
Vs 80 {27)
TINY TWINARC o
L
Stickout Single
%" [32mm| 20 m i
Eﬂﬂkﬁ-ﬁ' 14,5 S —
m.h,wn B0 00 BI-!:IIIW::H] Hod 120

Light Gauge Horizontal Fillets
Single Arc vs. Tiny Twinarc®

62 ipm 1.6/ min)

B0 o (2.Smmin)

BS fpm (2.2 in)

P o 1.8 miin)

Horizontal Fillets
Single Arc vs. Tiny Twinarc®

22 ipm {0.6rmu'minj

(4 32 ipm (0.BmYmin)




FLAT
FILLETS

Tiny Twinarc offers about a 508 increase in welding speed
over single alectrods in the welding of flat fillels

Flat Fillet Welds
Single Arc vs. Tiny Twinarc*

BUTT
WELDS

Tiny Twinarc can be used for prepared groove butt welds on
code vessels and heavy-walled tanks. Bult welds can be
made economically in the flat and 3 o'clock position.
Increased speeds of 308 or more are practical,

Prepared Butt Welds

&

Single Arc vs. Tiny Twinarc®

THICKMESS

5 fuhe (Bim/br)

235 Bl [T2mRiry

{imm}

1= 1.5 f'hr (LSm'hr)

{25mm) 5.5 f/hr [5.0m )

e (@8mn)
zmm) I EET

LAP
WELDS

Small lap welds made with Tiny Twinarc result
in walding speded increases of 43 o T0% over
single arc.

Light Gauge Lap Welds
Single Arc vs. Tiny Twinarc®

wie I (15mimin)
(8.8mm)




PROCEDURE RECOMMENDATIONS

Flux and Electrode Selection — In general, the flux and electrode selected for Tiny Twinars applications
should be mada on the same basis as that for single wire applications. See Bulletin 5210 for wire and flux

Polarity
Electrode Positive (DC+) is recommended for

1. Best impact strangth.

2. Despest penetration.

3. Highest Radiographic quality.

4. High speed light gauge applications whene arc
speed is important.

5. Improved resistance to arc blow resulting from a
"stiffer” arc.

Electrode Megative (DC-) is recommaended for:

1. Improved crack resistance resulting from a less
crack sensithve baad shape and reduced base
plate admixiure,

2 High deposition rate applications whers rate is
the major consideration.

The following eguipment is recommeanded for new
installations:iil
1. NA-35 or MA-55 Automalic Welding Head (95:1
gear ratio) and Control. The solid state controls
are conveniant and versatile with indepandant
adjustment of:

a. Inch spead.

b. “On the ty” or “hot” starting.

c. A starting circuit for control of current, volt-
age and timing (Optional).

d. Grater current, crater voltage and timing
(Opticnal).

2. DC-500, DC-650 PRO, DC-1000 or DC-1500
Power Source — will parform in the constant
voltage or consiant currant mode.

These units feature a full range rheostat with
remote control capabilities, line voltage compen-

combinations. Consult your Lincoin Technical Represeniative for suggested welding procedures.

Electrode Size — The electrode diameter selecied for
Lincoln Tiny Twinarc procedures is the best compro-
mise between deposition rate, bead shape, flash
through, penetration, etc. The available sizes are: 045,
052, 116", S5/84" and 332" (11, 1.3, 16, 20, and
2Amm) diameters.

Constanl Voltage and Constant Currenl Operation —
A constant voltage power source is prefermed:
1. On high spead applications where spead s tha
prime consideration.
2. For 316" [4.8mm} and smaller horizontal fillets.
3. For 516" (7.8mm) and smaller flat fillets.

The DC-600, DC-650 PRO, DC-1000 or DCAS00 on
CV sub-arc, or other power sounces in the constani
current mode, are preferred:

1. On high deposition rale applications
2. For maximum penetration.

EQUIPMENT RECOMMENDATIONS

sation and adjustable O.CV. on constant woltage.
These solid state power sources have been de-
signed in conjunction with the Tiny Twinang
process 1o provide excellent and consistent re-
sults. They provide the best degree of control to
facilitate procedure sefting when used with MA-3
or NA-5 automatic welding systems.

3. Timy Twinarc Contact Assembly [(K120) — in-
clirdes drive rodls, idier, wire reel and torch,

Timy Twinarc Solid Wire Straightener (K281).

5. Power source to aulomatic control cable assem-
blies and work cables.

]

M Consult your Lincoln Representative for op-
tonal choices.
For more information on submerged arc weld-
img sea Bulletins S604, 5632, 5540,

The serviceability of a product or structure utilizing this type of information is and musi be the sole responsibility of the
builder/usar. Many variables beyond tha control of the Lincoln Eleciric Company aflect the results oblained in applying

this type of information. These variables include, but are not limited 1o, welding procedure, plale chemistry, lemperature,
weldmeni design, fabrication methods and service requirements.

THE LINCOLN ELECTRIC COMPANY

World's Laader in Walding and Cutting Products = Promisr Manutacturer of Industrial Motors
Salas and Sarvice through Subsidiaries and Disiributors Workdwide
Clavaland, Ohio 44117-1198 U.5.A.
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ELECTRIC

How to Make

TANDEM ARC WELDS

ADVANTAGES OF TANDEM ARC WELDING

Many applications thai can be successfully welded with single electrode automatic equipment can be more
economiczlly welded with tandem arc multiple electrode methods. The reason is simple. Two electrodes
feeding into the same weld carry higher total currents than a single electrode. Higher 10dal current increases
deposit rates andfor speeds and reduces welding costs. Another benefit frequently gained with the tandem
are welding 15 reduced distortien resulting from increased welding speed,

LIMITATIONS OF TANDEM ARC WELDING

The combinatien of hgh travel speed, larger weld puddle, more involved set-ups, and higher eguipment
cosls make muoltiple arc welding impractical for the following applications:

. ahon welds and small diameter roundatbouts.

. Installations whers frequent sei-up changes are required.

|
P
3. Low volume jobs that will not justify squipment costs.
4

. Applications for which the heat imput may be limited becawse of the mechanical propeny reguirements

of the weld metal or heat affected zone

DC-AC

2 ELECTRODE TANDEM ARG, |

Uiilizes an NA-3 or MA-5 automatic Ly
head and DC power source for the lead
arc and an NA-4 automatic head and
a constant currenl type AC power Ty

source for the trail electirode. The LT- o e ;

56 wracior is recommended when max- ";'! e

imum poriabality is required. i &
.'ll -

Advantages

l.

L =

25% 1o 10{% higher deposil rates and speeds than single
elecirpde [0 an a good range of applications;

a, Muluple pass welds.
b. Single pass buit welds on 10 gauge and thicker steel,

. Simple pass Ve bo V7T (6.4 10 12,7 mm) honizontal fillets
and kaps.

d. Single pass e to W° (6.4 to 19,1 mm) N fillets.
e. Large diameter [40° (I m) minimum]| roundabouts

L2t

Best choice for weldimg inio a flat flux hacking.

. Electrode spacing and controls easy 1o set for new

applcatoms.

. Linc-Fill™ Jong stickout technigues increase deposit

rales and both travel and wire feed speeds.

DC-AC-AC

4 ELECTRODE TANDEM ARC

rtilizes am WNA-3 or MA-5 automatic
head and n DC power source for the

fead arc ond two MA-4 automatic
heads and two constant corrent Scoul .'1f.
connected' " iype AC power sources fior A

the trail electrodes.

Advantages
I

(B}

Higher arc speeds and deposit raies than two clecirode
DC-AC 1andem arc on a more limited range of appli-
CRLEIAS

g Muliiple pass welds

b. ¥t V(7.9 0 11T mm) horizaatal Glleis and laps.

c. Wit WS (12,7 to 19.1 mm) flat fillets,

d. Single pass buit welds [example: fabricating ¥" (9.5
mm) mpe at 125" /min. (3.2 m/min. )],

Unce electrodde spacing and control settings are deger-
mined, repeal welds are ensy to make.

. The long puddle minimizes porosity iendencics.

U AC-1200 power sources have Scotl connection 1aps fac-

tory installed for easy conversion to DC-AC-AC welding.



EFFECTS OF OPERATING VARIABLES

The effects of operating variables described in bulletin 5604 for single electrode submerged arc welding
also apply to 1andem arc welding. However, because tandem arc involves two or theee arcs welding in the
same puddle, special considerations are necded 1o control the interaction of the ares for good weld quality,

The D lead arc polarity, current, vohiage, ravel speed. and wire size are selected o control penetralion
and weld size. The variables of the AC trail arcs are selected to fill the bead 10 the desired size and 10

produce the proper bead shape and appearance,

With the DC-AC-AC three are syétem the trail (AC) electrode is usually the same size or amaller than the
middle (AC) wire, and it operates at the same or lower currents, higher voltages, and the same elecirode

spacing.

FIXTURING

When designing and building fixtures for tandem: arc weld-
ing, allowance must be made 10 permit adjusting electrodes
angles and spacing 1o determing the wdeal conditions for the
apphcatbon, The beads must be ngidly moanted 1o maimtain
the correct positions during production welding,

POLARITY

Use DL + } lead are polanty for maxsmuom pereiration, Lise
D} - ) for higher deposit rates and less penetration.

AT ts recommended for the trail arcs o minimize ihe arc
blow interaction between the arcs for easier setup and weld-

ing.

CURRENT

Lse a higher DC current lead are for maximuom deposit rates
consislent with desired penetration.

Use suffecient current for the AC trail arcs to fill the bead
1o 1he desired size and eliminate undercul, Excessive current
resulis in wavy edges.

VOLTAGE

Use low voltage on the DC lead anc, particukarly in the V-
butt joints, for o sulf deep penetrating arc. Increasing the
vollage increases head width. Excessive vollage produces
wavy edpes.

Adjust AC rrail violtages for proper bead shape and wadth,

15 o 42 vohs may be required for good wash-in particularly
on the third arc. Excessive voltage causes undercutting.

TRAVEL SPEED

Fast travel speeds produce low penetraiion and a nammow
bedd, Excesave speed results in undercut.

Excessive slow speed allows weld metal 1o wash under the
lead arc causing an erratic arc and “rollover™ along the edges
of the bead.

ELECTRODE SIZE

Either Y or ¥ie® (4.0 or 4.8 mm) electrode is recommended
for the lead arc in most applications. Use the %" (4.0 mm)
size for deep penetration. The trail arc electrodes ane usually
smaller than the lead arc electrode because they carmy less
curmeni.

—% Af Trawel

u ARC IS ACTING ON
U ___— THE MOLTEN POOL.
1. Arc is unstabie.
2. Baad wavy.

3. Lacks panatration

Too show spesd may causs ovardap,

FLUX & ELECTRODE SELECTION

Basically, the flux and electrode is selected fior tandem arc
welding for the same reasons it is selected for single arnc
automatic welding.

The 761 or 780 and L-61 combination is recommended for
most single pass applications. For high speed welding [over
60 wn.fman 1.5 mimin.)], 761 and L-61 are recommended.
781 and L-61 may also be used, For multiple pass welds on
plate aver 17 (25.4 mm) thick, 860 and L-61 or 980 and L-
50 should usually be used.

Lincotnweld® 985 and 995 flux are recommended for square
butt welding applications requiring one pass per fide, 985
fux is designed for use with Lincoln L-50 or LA-50 elec-
trodes. 995 flux s designed for use with Lincoln
L-10 electrode. These Muxes produce welds with minimal

buildup and good penetration.

When best resistance to nitrogen porosity and optimuom im-
pact resistance are required on multiple pass welds, use
B80M flux or MIL 800 flux with L-50.

FLUX DEPTH

Deposit flux deep encugh that the trall arc occasionally
flashes through. Excessively deep flox resulis in a narrow
rough bead.

Deposil the Mlux about 2° (51 mm) in front of the lead arc
50 the flux acts as a mechanical trap preventing slag and
weld metal from Nowing forward to interfere with the arcs




This Bux is acting a5 & dam holding boih siag
and makal from ficesng ahead.

ELECTRODE SPACING

A g0 ¥ (159 10 22.2 mm) spacing beiween electrodes
is recommended. Closer spacing produces narrow beads and
decp penetraticn, while wider spacing reduces penetration
and widens the bead. Spacing also affects are stabilny, Re-
duce spacing to climinabe trail arc instabilily cavsed by
shorling on the molien pool and increase spacing (o elim-
inate bead arc instabulity cawsed by molien meial or slag
runming under the are.

Horzontal filkets with %" (9.5 mm) and larger leg size are
made with o spacing of 37 (76,2 mm) or more. These are
mbore like three pass welds than 1andem arc welds. With this
wide spacing, a DC-AC-DC combination may provide a
mare stable third arc than the DC-AC-AC combination rec-
ommended for most applications,

ELECTRODE STICKOUT

Mormal stickout of the electrode bétween the nozzle contact
tip and the work slaris a1 shoot ¥6° (6.4 mm) for small welds
and inceeases to aboat 2° (51 mem) for large welds,

Linc-Fill™ Jong stickowt procedures increase deposition
rates and reduce costs for large welds on heavy plate. The
K148 norele equipped with a K149 Linc-Fill extension i3
required for proper elecirode alignment with the joint.

ELECTRODE ALIGNMENT

For even edges on most welds, the electrodies must be in
line. This miust be mainiained within V" (0.8 mm). How-
ever, on horizontal fillet welds a small vanation may be
needed to maintain the leg size on the vertical plate.

NOZZLES

Clamp the nozzies iogether with an insulated clamp 1o belp
maintain electrode alignment and spacing. Wam nozzie
contacl lips ciuse misalignment and erratic conlact. He-
pace warn contact tips prompily.

WORK CONNECTION

The location of the work lead connection 1o the work s
particularly important on short welds. Connect both AC and
D work beads at the stard of the weld. However, if hack
blow is desired 1o belp keep metal from running ahead of
the arc, weld towand the work lead connection.

SPECIAL CONSIDERATIONS FOR DEEP GROOVE WELDING

JOINT PREPARATION

I, Typical joinis are shown in the skeiches. Total bevels
should never be less than T after the plates have pualled
wogether due to the contraction, Smaller bevels undercut
and trap slag. Larger bevel angles waste weld metal

- A
W Tl

2, Hun-aff tabs are required for most jobs except rounda-
beuts, Tabs should be used a1 both ends and should be
shaped like the jomt. Make them heavy enough to ensure
minimum arc disiurbance and weld them to both sides
of the joint and the back-up bar, il one is used. Close
the finmsh end 1o provide a magnetc path 1o reduce are
bow.

ALIGNMENT

Accurate alignment is extremely imporiant. Check the fol-

lowing:

I, The scam should be aligned with the welding heads” line
of trirvel 5o adjusiments during welding are unnecessary.

2. The work should be level across the seam and level along
the length of the join,

3. Space elecirodes away from the wall of the groove a dis-
tance aboul egual 1o the width of the Larger wire, Provide

a homzontal adjustment on the welding heads so they
can be moved across the joint for alignment.

4. Mainiain a constani electrode stickout for all passes. To
do thas enther raise the heads or lower the work after cach
praass.

PREHEAT

Must be determined on the basis of the base metal chemsiry
and plate thickness. Governing codes must also be met,

1. Use the Lincoln Preheat Calculator 1o estimate prebeat
and interpass temperature,

2. Preheat the entine picce if possible.

3. Allow the plate to cool slowly after welding. Heat-treat
il required.
Preheat and imerpass (emperature contral are recom-
mended for oplimom mechanical properties, crack resist-
ance and hardness control. This is particularly imporant
on multiple pass welds and heavier plate. Job conditions,
prevailing codes, high restraint, alloy level and odher con-
siderations may also require preheat and interpass iemper-
ature control.

ROOT PASSES

Single are, DO+ b welds are recommended for the first few
passes 10 get adeguate pepetration, 17 arc blow is a serious
problemy, make these rood passes with a single arc AC.



BEAD SHAPE

Beads should be slighily convex to prevent longitudinal
cracking. Deposit split beads that are nearly fat rather than
sieep fillets on the sidewalls of the joint,

¥ ¥ H

Tia withs and concave  Washed Up B0 high not widith
|J|E:nw-dlqurrmib '.--:w-am- m#‘ntm

CONTROL OF MOLTEN METAL

Moalten flux and metal must not ren ahesd of the arc, The
following is a summary of the methods used 10 contred the
molten poed:

I. Increase electrode spacing slighily,
2. Increase travel speed.
3. Weld slightly (2*) uphill — not downhill.

4, Do not start on high spot at the siari of the previoas
bead,

5. Use proper alignmeni,
6. Use a fairly low voltage on the lead arc andfor low trail

Arc currenl.
Tha servceabiliy of & prodec] ar structurn iilicisg This bype of information is ana
miuml b s solo responsbEity of the eldenuier,. Many wmnabing beyond tha
control e The Lisssls Bt Campany aflas] the resusts obilained in appiying
this type of inlormation. These variables inciads, But are nol lmited 1o, weldng
procedure, plirbe chamistny and temperature, weldment design, [abrcasicn
mathods and serdcn mdquimnmants.
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