Welding Guidelines for 200 and 300 Series Stainless Steel
Short-Circuiting Transfer — Butt and Lap Joints

/cva“): 3/87-1/2" (9.5-12.7mm)
Gas: Helium, + 7-1/2% Argon,
+2-1/2% COp
Gas flow 15 to 20 cth
(7.1 -9.4 L/min.)

Electrode Dia: 0.030 in. (0.8mm)

e

-— 1/16 - 1/8”
(1.6 - 3.2 mm)

s

t

1/16 - 5/64”
(1.6 - 2.0 mm)

\i/

1/16 - 1/8”
(1.6 - 3.2 mm)
Plate Thickness in. 0.063 0.078 0.093 0.125 0.063 0.078
(mm) @ @ @ &) @ @
Electrode Diameter in. 0.030 0.030 0.030 0.030 0.030 0.030
(mm) ©.8 ©.8 ©.8 ©.8 ©.8 ©.8
Current (DC+) 85 90 105 125 85 90
Voltage 21-22 21-22 21-22 21-22 21-22 21-22
Wire Feed Speed - ipm 184 192 232 280 184 192
(mm/sec.) (78) (81) (98) (119 (78) (81)
Welding Speed - ipm 17 -19 13-15 14 -16 14 -16 19-21 11.5-125
(mm/sec.) (7.2 - 8.0) (5.5 - 6.3) (5.9 - 6.8) (5.9 - 6.8) (8.0 - 8.9) (4.9-5.3)
Electrode Required - Ib/ft. 0.025 0.034 0.039 0.046 0.023 0.039
(kg/mm) (0.037) (0.051) (0.058) (0.069) (0.034) (0.058)
Total Time - hr/ft of weld 0.0111 0.0143 0.0133 0.0133 0.0100 0.0167
(hr/m of weld) (0.0364) (0.0469) (0.0436) (0.0436) (0.0328) (0.0548)/

() Contact Tip to Work Distance.

Welding guidelines for Stainless Steel
Short-circuit transfer — Vertical up fillets
(Using Blue Max MIG Stainless Steel Electrode)

/CTWD“): 1/2" (13mm) Technique: . \
Gasflow 30 cfh (14 L/min.) Use push angle - 5° - 10
90% He lium, +7-1/2% Argon,

+2-1/2% COop

DC+

P

=

=

-]

po=
Plate Thickness, in. (mm) 1/4 (6)
Electrode Dia., in. (mm) .035 (0.9)
Wire Feed Speed, in/min (M/min.)| 175 (4.4)
Voltage 215
Current (Amps) 90
Travel Speed, in/min (M/min.) 4 0.10)

() Contact Tip to Work Distance.

GMAW

LINCOLN !

THE WELDING EXPERTSsu

72

www.lincolnelectric.com



Welding Guidelines for Stainless Steel

Short-circuit transfer — Horizontal, flat and vertical down fillets

(Using Blue Max MIG Stainless Steel Electrode)

/CTWD(”- 1/2" (13mm) Technique: I
’ Use push angle - 5° - 20°

Gas: 90% Helium, +7-1/2% Argon

+2-1/2% COo ‘450

Gas flow 30 cfh (14 L/min.) [I >

DC+ /
45 - 50°
Al ”
450
B .035” (0.9mm) Electrode Dia. 7

Plate Thickness 18 ga (1 mm) 16 ga (1.5 mm) 14 ga (2 mm)

Wire Feed Speed, in/min (M/min.) 120-150 (3.0-3.8) 180-205 (4.6-5.2) 230-275 (5.8-7.0)

Voltage 19-20 19-20 20 - 21

Current (Amps) 55-75 85-95 105 - 110

Travel Speed, in/min (M/min.) 10- 16 (0.25 - 0.41) 15-22 (0.38 - 0.56) 18-21 (0.46 - 0.53)

Plate Thickness 12ga (3 mm) 10ga (4 mm) 3/16 (5 mm) 1/4” (6 mm)

Wire Feed Speed, in/min (M/min.) 300-325 (7.6-8.3) 300-325 (7.6-8.3) 350-375 (8.9-9.5) [400-425 (10.2-10.8)

Voltage 20-21 20 - 21 21-22 22 -23

Current (Amps) 125-130 125-130 140 - 150 160 - 170

Travel Speed, in/min (M/min.) 15 - 21 (0.38 - 0.53) 14 -20 (0.36 - 0.51) 18-22 (0.46-0.56)| 12-13 (0.30-0.33)

.045” (1.1mm) Electrode Dia.

Plate Thickness, in. (mm) 12ga (3 mm) 10 ga (4 mm) 3/16” (5 mm) 1/4” (6 mm)

Wire Feed Speed, in/min (M/min.) 100 - 125 (2.5-3.2) 150 - 175 (3.8-4.4) 220-250 (5.6-6.4) [250-275 (6.4-7.0)

Voltage 19-20 21 22 22 - 23

Current (Amps) 100 - 120 135 - 150 170 - 175 175-185
Qravel Speed, in/min (M/min.) 14-21  (0.36-0.53) 19-20  (0.48-0.51) 20-21 (0.51-0.53)| 13-14 (0.33- O.@

(1 Contact Tip to Work Distance.

Welding Guidelines For 200 and 300 Series Stainless Steels
Axial Spray Transfer — Butt Joints

/CTV\/D“): 5/8"-3/4" (16-19mm) 60° \
Gas-Argon + 1% Oxygen. r/l \7/
Gas flow 35 cfh (16.5L/min. 60°’
( ) 1/8” (3.2 mm) - X7 ‘
R U577 V22T e
(1.6 mm)
1/4” (6.4 mm) 3/8 - 1/2” (9.5 - 12 mm)
Plate Thickness (in.) 1/8 1/4 3/8 1/2
mm. 3 6 10 13
Electrode Dia. (in.) 1/16 1/16 1/16 3/32
mm. 1.6 1.6 1.6 2.4
Pass 1 2 2 4
Current DC (+) 225 275 300 325
Wire Feed Speed in/min. 140 175 200 225
(M/min.) (3.6) (4.4) (5.8) (5.7)
Arc Speed - in.min 19-21 19-21 15-17 15-17
(M/min.) (0.48 - 0.53) (0.48 - 0.53) (0.38 - 0.43) (0.38 - 0.43)
Electrode Required (Ib/ft) 0.075 0.189 0.272 0.495
kg/m 0.112 0.282 0.405 0.737
Total Time (hr/ft of weld) 0.010 0.020 0.025 0.050
\ hr/m of weld. 0.033 0.066 0.082 0.164
() Contact Tip to Work Distance
GMAW
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Welding Guidelines for Stainless Steel
Axial Spray Transfer — Horizontal or Flat Fillets and Flat Butt Joints
(Using Blue Max GMAW Stainless Steel Electrode)

/CTWD(”: 5/8"-3/4" (16-19mm)
Gas: 90% Argon, + 2% Oxygen
Gas flow 30 to 40 cfh

(14 t0 19 L/min.)
DC+

Technique:
Use push angle - 5°

.035” (0.9 mm) Electrode Dia.

LINCOLN !

Plate Thickness, in. (mm) 3/16 (5) 1/4 (6) 5/16 (8) and up
Wire Feed Speed, in/min (M/min.) 400 - 425 (10.2-10.8) 450-475 (11.4-12.1) 475 (12.1)
Voltage 23-24 24 - 25 25
Current (Amps) 180 - 190 200 - 210 210
Travel Speed, in/min (M/min.) 18-19 (0.46 - 0.48) 11-12 (0.28 - 0.30) 10-11  (0.25-0.298)
.045” (1.1 mm) Electrode Dia.
Plate Thickness, in. (mm) 3/16 (5) 1/4 (6) 5/16 (8) and up
Wire Feed Speed, in/min (M/min.) 240-260 (6.1-6.6) 300-325 (7.6-8.3 360 9.1)
Voltage 24 - 25 25-26 26
Current (Amps) 195 - 230 240 - 250 260
Travel Speed, in/min (M/min.) 17-19  (0.43-0.48) 15-18 (0.38 - 0.46) 14-15 (0.36-0.38)
1/16” (1.6 mm) Electrode Dia.
Plate Thickness, in. (mm) 3/16 (5) 1/4 (6) 5/16 (8) and up 3/8 (10) and up
Wire Feed Speed, in/min (M/min.) 175 (4.4) 200-250 (5.1 -6.4) 275 (7.0) 300 (7.6)
Voltage 26 29 31 32
Current (Amps) 260 310 - 330 360 390
Qavel Speed, in/min (M/min.) 19-23 (0.48-0.58) 23-25 (0.58 - 0.64) 16 0.41) 16 (0.41)/
() Contact Tip to Work Distance.
Welding Guidelines for Stainless Steel
Pulsed Spray Transfer — Flat or Horizontal Fillets
(For Use with PowerWave 455)
Gectrode Dia: 0.045” (1.1mm) Technique: \

cTwD": 5/87-3/4” (16-19mm) Use push angle (up to 5°) "~ 45°

Gas: 98% Argon, + 2% Oxygen

Gas flow 25 to 40 cfh [ >/

(12-19 L/min.) |
, 45 - 50°

Drag Angle O - 5 Degrees y 530

Use Push Angle w ! l

Trim Value Nominally set at 1.0@ I

Plate Thickness 14 ga (2 mm) 12 ga (3 mm) 3/16” (5 mm) 1/4” (6 mm) 5/16” (8 mm)

Leg Size, in. (mm) — — — 3/16 (4.8) 1/4 (6.4)

Wire Feed Speed, ipm (M/min.) 150 (3.8) 180 (4.6) 200 (5.0) 275 (7.0) 300 (7.6)

Mode Selector 62 63 65 66 67

Deposition Rate, Ibs/hr (kg/hr) 4.2 (1.9) 5.0 (2.3 5.5 (2.5) 7.6 (3.4) 8.3 (3.8)

For out-of-position welding, start with settings for one thickness smaller.

) Contact Tip to Work Distance

@ Trim can be a function of travel speed, weld size and quality of work connection. Adjusting the Trim Value controls the arc length,
thus, values set below 1.0 produce shorter arc lengths than those above 1.0.

GMAW

THE WELDING EXPERTSsu

74

www.lincolnelectric.com



Welding Guidelines for Aluminum

Welding Joint Designs for Aluminum MIG Welding
Groove Welding — Flat, Horizontal, Vertical and Overhead

y_Joint Spacing
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Welding Guidelines for Aluminum GMAW
Groove Welding — Flat, Horizontal, Vertical and Overhead

/ Welding Argon Travel Approx.\
Joint Electrode Current® Arc Gas Flow| Speed Electrode
Plate Weld Edge Spacing Weld Diameter (Amps) Voltage(s) CFH ipm Consump.
Thickness | Position | Prep®@ | In. (mm) Passes In. (mm) (DC+) (Volts) (L/min.) (M/min.) (Ibs/100 ft)
(12/123;) F A None 1 0.030 (0.8) 70-110 15-20 (fg) (o.éi:ﬁ 2 15
F G 3/32 (2.4) 1 0.030 (0.8) 70-110 15-20 (fg) (0.22:?.51 4 2
g‘?’ﬁm) F A None 1 o(é).go_-?{ 2)4 90-150 18-22 (‘:’g) (0.2451 ] ‘1151 2 18
F,V,H,0 G 1/8 (3.2) 1 0.030 (0.8) 110-130 18-23 (‘:’g) (0_22:3976) 2
N IETr IV I R I ey v I P
FV,HO| G 3/16 (4.8) 1 o.(gto,ao_- 1?26)4 110-135 | 19-23 (?2) (0.12:(2)?7 " 8
g% FvH . (()O_-11/.16€)5 1F1R Ol(géso-_ 13?/2?4 180-175 1 22:26 (?2) (o.?sg : 2976) )
F,V,H F (8'_1 TS) 1 (31/ ?2‘; 140-180 23-27 (?2) (Oég ] 3976) 5
o | F | oy | F o | Mo | omer | gg o |
v e e e e | e | mer | |28 |
wo | mo | ¥l g vt | ors | e | 2| BB L0
v | F e R e | SRS | e [ | [0 0y |
Pl P | b2 | 2| Goae | | a2 |GG legiowe |
V, H F (()O'_Sﬁz) 3F, 1R %/ ?2‘)1 165-190 25-29 (‘2“% (o.ég ] gzg) 10
o | F | S [ | S | e | mse || B0
kv H (;/.g i (13./;41) 2-3 ?1/ .624:11/.16? 175-225 25-29 (4118) (o.ezsg i (3).076) 12
O.H H (2{25 46 ?1/ .624:11/.16()3 170200 | 25-29 (Sg) (o.?sg : ?902) b
o | Fo o | B [ wm | e [ | e | B [ 25, |
F F (()o__Sz/iz) 2F, 1R 21/ .16? 210-275 26-29 (gg) (0,2%103,?39) 18
vV, H F ?o_-sz/iQ) 3F, 1R 2 1/ _16? 190-220 26-29 (Sg) (o.fsg ] 3076) 20
o | F | E [ wn | s | e | we | BB, |7
F.V H @!.3 i S,/S) 4 21/.166) 210-290 | 26-29 (gg) (o.gg i 3.076) %
O, H H (S{ ; 8-10 2 1/ _16? 190-260 26-29 ég) 0. 6235:41?02) %0
ﬁ/ g "mm) F C-60° ?O'_Sz/iz) 3F, 1R (32/342) 340-400 | 26-31 (gg) 0. ;g '_%(_)5 " o0
POl R | psa | PR e | IS 8 |8 ooy |
V,H, O F (()o_-11/ .166) 8F, 1R 21/ .166)3 240-300 | 26-30 (gg) (o.gé:g.om) &
F E ?o_-1 1/ .166) 3F, 3R 2 1/ _166)5 270-330 26-30 (gg) (011? ] ?6 " 70
k V,H, O E ?o_-11/ _16? 6F, 6R 21/ _16? 230-280 26-30 ég) (0.411(13:(2).461) s /

() F = Flat; V = Vertical; H = Horizontal; O = Overhead. @ See joint designs on page 75. @) For 5xxx series electrodes, use a welding current in the high side of the range

and an arc voltage in the lower portion of the range. 1XXX, 2XXX and 4XXX series electrodes would use the lower currents and higher arc voltages.
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Welding Guidelines for Aluminum GMAW
Fillet and Lap Welding — Flat, Horizontal, Vertical and Overhead

/ Welding Argon Approx.
Electrode Current® Arc Gas Flow | Travel Speed Electrode
Plate Weld Weld Diameter (Amps) Voltage® CFH ipm Consump.
Thickness" | Position® Passes® In. (mm) (DC+) (Volts) (L/min.) (M/min.) (Ibs/100 ft)
g?ﬁm) F.V.H, O 1 o(bc?g;) 100-130 18-22 (‘:’2) (0.23:8.076) 18
(13/8n"1m) F ! o.(gig . 13./2?4 125-150 20-24 (?2) (0.?381 : 8.076) ’
Vv, H 1 '(8_38(; 110-130 19-23 (?2) (oég i g% 5 2
o | v e ew | wa || EB |
3/16" E ] 3/64 180-210 22-26 30 24 -30 4.5
(5 mm) (1.2) (14) (0.60 - 0.76)
v.H ! o.(gleg) -_1?/2?4 180-175 21-25 (?2) (o.éz)1 : 8.076) o
o | o PEm e | we | & | oHE |
6 i) j 1 |Treore | o0 | e io | oeoore |
V, H 1 ?’1/ ?2‘; 170-210 23-27 (‘2‘?) (o.ég i 8%6) /
I R el R N - -
?1/(5)3 "mm) F ! 21/ .166)3 240-300 26-29 (22) (0.:12 ] 3?64) i
H, Vv 3 2 1/ _16? 190-240 24-27 (Sg) (o.ég i 8976) 1
0 3 2 1/ _16? 200-240 25-28 (ig) (oéé i 8_076) i
9o j 4 by | seose0 | 2600 e | osoosy |
H,V 4-6 2 1/ '16? 260-310 25-29 (;g) (o.ég i 8976) 66
\ 0 10 2 1/ _16? 275-310 25-29 (4818) (o.ég i 8_07 6 o6 /

() Metal thickness of 3/4” or greater for fillet welds sometimes employ a double vee bevel of 50° or greater included vee with 3/32” to 1/8” land thickness on the abutting
member. @ F = Flat; V = Vertical; H = Horizontal; O = Overhead. @) Number of weld passes and electrode consumption given for weld on one side only. @ For 5xxx
series electrodes, use a welding current in the high side of the range and an arc voltage in the lower portion of the range. 1xxx, 2xxx and 4xxx series electrodes would use
the lower currents and higher arc voltages.
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STT® Il Welding Guidelines

STT I We|ding Guidelines Background Current controls penetration and is responsible for

The ensuing procedure guidelines are intended to provide a the overall heat input of the weld.
starting point for the development of welding procedures using
the STT Il power source and STT 10 wire drive and control. The
use of pre-flow, post-flow, and run-in speed are variables that
are established based upon the needs of the application.
Vertical down fillets are set at the suggested guideline setting,
but require an additional 30% to the travel speed. Tail-out Current is applied to add energy to the molten droplet.
Adding tail-out may result in faster travel speeds and improved
toe wetting.

Peak Current provides arc length — a shorter arc length is
required for higher travel speeds. The peak current also provides
preheat and melts the surface of the base material prior to a
return to background current.

Carbon Steel Sheetmetal - Uncoated

Diameter, Wires

CTWD Material

Shielding Gas Thickness Wire Feed Speed Peak Background Travel Speed Average

Joint Types Gauge (mm) in/min (M/min.) Amps Amps Tailout ™ in/min (M/min.) Current

0.030” (0.8 mm), ER70S-3, 10 3.2 250  (6.4) 250 75 0-3 10 (0.9 110

ER70S-4, ER70S-6 12 24 240  (B.1) 245 70 0-3 10 (0.9 107

3/8” (9 mm) 14 20 225  (6.7) 245 70 0-3 12 (0.9 105

80% Ar + 20 %COo 16 1.6 180  (4.6) 225 60 0-3 13 (0.9 85

Lap, T-Joints, 18 1.1 160  (4.1) 215 55 0-3 14 (0.4) 75
worizontal Fillets 20 09 135  (3.4) 200 50 0-3 15 (0.4) 65 /
Carbon Steel Sheetmetal - Uncoated

Diameter, Wires

CTWD Material

Shielding Gas Thickness Wire Feed Speed Peak Background Travel Speed Average

Joint Types Gauge (mm) in/min (M/min.) Amps Amps Tailout in/min (M/min.) Current

0.035” (0.9 mm), ER70S-3, 7 5.0 245  (86.2) 340 90 0-5 8 (0.2 150

ER70S-4, ER70S-6 10 8.2 230 (5.9 330 90 0-5 10 (0.9 145

3/8” (9 mm) 12 24 200 (6.1) 320 80 0-5 12 (0.9 135

80%Ar + 20%C0Oo 14 20 190 (4.8 300 75 0-5 13 (0.9 125

Lap, T-Joints, 16 1.6 150  (3.8) 260 50 0-5 14 (0.4) 95

Horizontal Fillets 18 141 125 (3.2 250 45 0-5 15 (0.4) 80
K 20 0.9 100 (2.5 220 40 0-5 15 (0.4) 65 /
Carbon Steel Sheetmetal - Uncoated

Diameter, Wires

CTWD Material

Shielding Gas Thickness Wire Feed Speed Peak Background Travel Speed Average

Joint Types Gauge (mm)  in/min (M/min.) Amps Amps Tailout (" in/min (M/min.) Current

0.035” (0.9 mm), ER70S-3, 7 50 205  (5.2) 310 85 0-6 12 (0.9 125

ER70S-4, ER70S-6 10 3.2 175 (4.4) 300 75 0-6 10 (0.9 110

3/8” (9 mm) 12 24 145  (3.7) 265 60 0-7 12 (0.9 90

54%He + 38%Ar + 8%C0Os» 14 2.0 130 (3.9 240 55 0-8 12 (0.9 85

Lap, T-Joints, 16 1.6 120 (3.0 235 50 0-8 11 0.3 75

Horizontal Fillets 18 141 110 (2.9 230 45 0-8 12 (0.9 65

20 0.9 100 (2.5 225 40 0-8 15 (0.4) 55 /

™ Tail-out is adjusted according to end-user acceptance requirements. Increasing tail-out can result in an increase in travel speed and improved wetting
at the toes of a weld.
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Carbon Steel Sheetmetal - Uncoated

Diameter, Wires

CTWD Material

Shielding Gas Thickness Wire Feed Speed Peak Background Travel Speed Average

Joint Types Gauge (mm) in/min (M/min.) Amps Amps Tailout in/min (M/min.) Current

0.035” (0.9 mm), ER70S-3, 7 5.0 215  (5.H) 300 80 0-3 7 (0.2 145

ER70S-4, ER70S-6 10 3.2 210 (6.9 300 80 0-3 11 0.3 140

3/8” (9 mm) 12 2.4 190 (4.8 290 70 0-3 12 (0.9 120

100% COo 14 2.0 175 (4.4) 270 60 0-3 12 (0.9 105

Lap, T-Joints, 16 1.6 120 (8.0 250 55 0-3 16 (0.4) 85

Horizontal Fillets 18 1.1 100 (2.5) 220 30 0-3 15 (0.4) 70

20 0.9 100 (2.5) 220 30 0-3 15 (0.4) 70 /

Carbon Steel Sheetmetal - Uncoated

Diameter, Wires

CTWD Material

Shielding Gas Thickness Wire Feed Speed Peak Background Travel Speed Average

Joint Types Gauge (mm) in/min (M/min.) Amps Amps Tailout M in/min (M/min.) Current

0.045” (1.1 mm), ER70S-3, 7 50 190 (4.8 400 85 0-6 10 (0.9 155

ER70S-4, ER70S-6 10 3.2 140  (3.6) 330 75 0-6 12 (0.9 145

3/8” (9 mm) 12 24 125 (8.2 300 65 0-6 13 (0.9 125

80%Ar + 20%C0Oo 14 20 115 (2.9 270 60 0-6 12 (0.9 115

Lap, T-Joints, 16 1.6 100 (2.5) 250 55 0-6 12 (0.9 90

Qorizontal Fillets /

Carbon Steel Sheetmetal - Uncoated

Diameter, Wires

CTWD Material

Shielding Gas Thickness Wire Feed Speed Peak Background Travel Speed Average

Joint Types Gauge (mm)  in/min (M/min.) Amps Amps Tailout M in/min (M/min.) Current

0.045” (1.1 mm), ER70S-3, 7 50 150 (8.8) 350 90 0-8 12 (0.9 155

ER70S-4, ER70S-6 10 3.2 135 (8.4) 330 80 0-6 12 (0.9 130

3/8” (9 mm) 12 24 120 (8.0 295 70 0-6 12 (0.9 120

54%He + 38%Ar + 8%C0Oy 14 2.0 115 (2.9 285 65 0-6 12 (0.9 110

Lap, T-Joints, 16 1.6 100 (2.5 275 60 0-6 12 (0.9 100

Horizontal Fillets 18 1.1 75 (1.9 260 55 0-5 12 (0.9 90
\ 20 09 65 (1.7) 250 50 0-5 14 (0.4) 75 /
Carbon Steel Sheetmetal - Uncoated

Diameter, Wires

CTWD Material

Shielding Gas Thickness Wire Feed Speed Peak Background Travel Speed Average

Joint Types Gauge (mm) in/min (M/min.) Amps Amps Tailout(" in/min (M/min.) Current

0.045" (1.1 mm), ER70S-3, 7 50 175 (4.4) 390 75 0-5 9 (0.2 170

ER70S-4, ER70S-6 10 3.2 145  (8.7) 350 55 0-5 10 (0.9 150

3/8” (9 mm) 12 24 120 (8.0 320 50 0-5 11 0.9 125

100% COo 14 20 110  (2.8) 270 45 0-5 13 (0.9 115

Lap, T-Joints, 16 16 80 (2.0 250 35 0-5 15 (0.4) 95

Qorizontaﬂ Fillets /

() Tail-out is adjusted according to end-user acceptance requirements. Increasing tail-out can result in an increase in travel speed and improved wetting
at the toes of a weld.
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Stainless Steel Guidelines for STT Il

Stainless Steel Sheetmetal

Diameter, Wires

CTWD Material

Shielding Gas Thickness Wire Feed Speed Peak Background Travel Speed Average

Joint Types Gauge (mm) in/min (M/min.) Amps Amps Tailout in/min (M/min.) Current

0.035” (0.9 mm), Blue Max 7 5.0 170 (4.3 210 60 3-7 9 (0.2 95

308LSi, 309LSi, 316LSi 10 3.2 160 4.1) 200 55 3-7 10 (0.9 85

3/8” (9 mm) 12 2.4 140 (3.6) 200 55 2 11 0.3 80

90%He+ 7.5%Ar+ 2.5%C0Oy 14 2.0 130 3.9 190 50 2 14 (0.4) 70

Lap, T-Joints, 16 1.6 120 (3.0) 180 45 2 14 (0.4) 65

Horizontal Fillets 18 1.1 110 (2.8) 170 40 2 13 (0.9 55
\ 20 09 100 (25 165 35 2 15 (0.4) 50 /
Stainless Steel Sheetmetal

Diameter, Wires

CTWD Material

Shielding Gas Thickness Wire Feed Speed Peak  Background Travel Speed Average

Joint Types Gauge (mm) in/min (M/min.) Amps Amps Tailout in/min (M/min.) Current

0.035” (0.9 mm), Blue Max 10 8.2 190 (4.8 200 80 9 9 (0.2 115

308LSi, 309LSi, 316LSi 12 2.4 165 (4.2 190 70 7 10 (0.9 100

3/8” (9 mm) 14 20 155 (3.9) 180 65 7 10 (0.9 95

98%Ar + 2%0o 16 1.6 140  (3.6) 160 65 7 14 (0.4) 85

Lap, T-Joints, 18 1.1 115 (2.9) 150 55 7 14 (0.4) 70
Qorizontal Fillets 20 0.9 100 (2.5 145 45 7 14 (0.4) 60 /
Stainless Steel Sheetmetal

Diameter, Wires

CTWD Material

Shielding Gas Thickness Wire Feed Speed Peak Background Travel Speed Average

Joint Types Gauge (mm) in/min (M/min.) Amps Amps Tailout in/min (M/min.) Current

0.035” (0.9 mm), Blue Max 7 5.0 180 (4.6) 235 90 3 18  (0.5) 140

308LSi, 309LSi, 316LSi 10 3.2 150 (3.8) 225 85 3 14 (0.4) 130

3/8” (9 mm) 12 24 140 (3.6) 205 80 3 17 (0.4 130

90%He+ 7.5%Ar+ 2.5%C0Oy» 14 2.0 130 (3.9 200 75 3 18  (0.5) 115

Lap, T-Joints, 16 1.6 120 (3.0 190 70 3 21 (0.5 100

Horizontal Fillets 18 1.1 100 (2.5) 170 60 3 16 (0.4) 85

20 0.9 0 (2.9 160 50 3 17 (0.4) 80 /

Stainless Steel Sheetmetal

Diameter, Wires

CTWD Material

Shielding Gas Thickness Wire Feed Speed Peak Background Travel Speed Average

Joint Types Gauge (mm) in/min (M/min.) Amps Amps Tailout in/min (M/min.) Current

0.045” (1.1 mm), Blue Max 7 5.0 170 4.3 230 95 5 14 (0.4) 140

308LSi, 309LSi, 316LSi 10 3.2 160 (3.8) 220 90 5 15 (0.4) 140

3/8” (9 mm) 12 2.4 150 4.1) 220 90 5 18 (0.5 135

55%He+ 42.5%Ar+ 2.5%C0Oy 14 2.0 140 (3.6) 210 80 5 17 (0.4) 125

Lap, T-Joints, 16 1.6 120 (3.0) 200 70 5 20 (0.5 105

Horizontal Fillets 18 1.1 100 (2.5) 180 60 5 15 (0.4) 95

20 0.9 90 (2.3 170 60 5 14 (0.4) 85 /
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Nickel Alloy STT Il Welding Guidelines
C276 Nickel Alloy Sheetmetal

Diameter, Wires

CTWD Material

Shielding Gas Thickness Wire Feed Speed Peak Background Travel Speed Average

Joint Types Gauge (mm) in/min (M/min.) Amps Amps Tailout in/min (M/min.) Current

0.035” (0.9 mm)

C-22, 625, C2000 10 32 180 (4.6) 220 75 5 13 (0.9 90

3/8” (9 mm) 12 24 170 (4.3) 210 70 5 14 (0.4) 85

90%He + 7.5%Ar + 2.56%C0, 14 2.0 160 (4.1) 200 65 5 12 (0.9 80

Lap, T-Joints, 16 1.6 150 (8.8) 190 60 5 15 (0.4) 70
Qorizontal Fillets /
Silicon Bronze STT Il Welding Guidelines
Carbon Steel Sheetmetal

Diameter, Wire

CTWD Material

Shielding Gas Thickness Wire Feed Speed Peak Background Travel Speed Average

Joint Types Gauge (mm) in/min (M/min.) Amps Amps Tailout in/min (M/min.) Current

0.035” (0.9 mm)

Silicon Bronze Filler 14 20 180 (4.6) 190 60 4 13 (0.9 90

3/8” (9 mm) 16 1.6 170 (4.9 180 55 2 13 (0.9 80

100% Ar 18 1.1 170 (4.3) 180 55 2 15 (0.4 80
&ap Joints /
STT Il Pipe Root Welding Guidelines
Carbon Steel Pipe - Root Pass Procedures

Diameter, Wire

CTWD

Shielding Gas Wall

Root, Land Thickness Wire Feed Speed Peak Background

Included Angle Inches (mm) in/min (M/min.) Current Current Tailout

0.045” (1.1 mm), L-56 1/8 (3.2 125 (8.2 380 35 0

1/2” (12.7 mm) 3/16  (4.8) 135 (8.4 380 45 0

100% COo 1/4  (6.4) 135 (8.4 380 45 0

3/32” (2.4 mm), 5/16 (7.9) 135 (8.4 380 45 0-2

1/16” (1.6 mm) 3/8 (9.5 145  (3.7) 380 45 0-3
QCJ° 1/2 (12.7 145  (3.7) 400 50 0-3 /
Stainless Steel Pipe - Root Pass Procedures

Diameter, Wire

CTWD

Shielding Gas Wall

Root, Land Thickness Wire Feed Speed Peak Background

Included Angle Inches (mm) in/min (M/min.) Current Current Tailout

3065, 30008, F16Ls V8 B2 115 ey 10 0 5

1/07 (1’27mm)’ 3/16  (4.9) 120  (3.0) 215 55 5

' 1/4  (6.4) 120  (3.0) 215 55 5
[0) [0) [0)
90 A’Te +7.5%AT+2.5%C02 - 5g (79) 120 (3.0) 215 55 5
‘:’;?g g‘g ﬂmg 38 (9.5) 130 (3.3) 220 62 5
' 1/2 (12.7) 130 (3.3 220 62 4

&
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Rapid Arc® Welding Guidelines

Rapid Arc Welding Guidelines for use with hard automation and robotic applications. It may be
The ensuing guidelines provide procedure settings for the use of applied to semiautomatic applications, but the travel speeds will
Rapid Arc programs available on the Power Wave® 455. Rapid be far less than those employed with automated applications.

Arc™ is a higher travel speed GMAW-P program set developed

Welding Guidelines for Super Arc® L-56 solid wire.

HORIZONTAL LAP WELD
Diameter, Wires
CTWD Material Wire Feed Speed Travel Speed
Shielding Gas Thickness in/min (M/min.) in/min (M/min.) Trim Volts Amps
1/4” (6.4 mm) 800 (20.3) 30 (0.8) 0.90 24 243
0.035” (0.9 mm) L-56 3/16” (4.8 mm) 800  (20.3) 45 (1.1) 0.85 23 242
5/8" (15.9 mm) 10 Ga. (3.2 mm) 800  (20.3) 55 (1.4) 0.85 235 235
90% Ar/10% COp 12 Ga. (2.4 mm) 750 (19.1) 60 (1.5 0.90 23.8 237
k 14 Ga. (2.0 mm) 615  (15.6) 60 (1.5 0.90 225 210 /
3 O°CLOCK LAP WELD
Diameter, Wires
CTWD Material Wire Feed Speed Travel Speed
Shielding Gas Thickness in/min (M/min.) in/min (M/min.) Trim Volts Amps
1/4” (6.4 mm) 800 (20.3) 40 (1.0) 0.90 24 250
0.035” (0.9 mm) L-56 3/16" (4.8 mm) 780  (19.8) 50 (1.3) 0.90 23.2 240
5/8" (15.9 mm) 10 Ga. (3.2 mm) 740  (18.8) 70 (1.8 0.90 23 240
90% Ar/10% CO» 12 Ga. (2.4 mm) 700  (17.8) 80 (2.0 0.85 217 233
\ 14 Ga. (2.0 mm) 615  (15.6) 90 2.3) 0.85 20.3 210 /
VERTICAL DOWN LAP WELD
Diameter, Wires
CTWD Material Wire Feed Speed Travel Speed
Shielding Gas Thickness in/min (M/min.) in/min (M/min.) Trim Volts Amps
1/4” (6.4 mm) 780  (19.8) 35-40 (0.9-1.0)  0.90 24.4 265
0.035” (0.9 mm) L-56 3/16” (4.8 mm) 780 (19.8) 50 (1.3 0.90 24 245
5/8" (15.9 mm) 10 Ga. (3.2 mm) 650  (16.5) 50 (1.3) 0.90 23 220
90% Ar/10% COp 12 Ga. (2.4 mm) 650  (16.5) 60 (1.5) 0.90 23 221
\ 14 Ga. (2.0 mm) 600 (15.2) 70 (1.8) 0.90 224 200 /
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HORIZONTAL LAP WELD

Diameter, Wires

CTWD Material Wire Feed Speed Travel Speed
Shielding Gas Thickness in/min (M/min.) in/min (M/min.) Trim Volts Amps
1/4" (6.4 mm) 550  (14.0) 40 (1.0) 0.90 23 280
0.045” (1.1 mm) L-56 3/16" (4.8 mm) 525  (13.3) 50 (1.3) 0.85 21.3 276
3/4" (19.1 mm) 10 Ga. (3.2 mm) 500 (12.7) 60 (1.5 0.85 21.4 280
90% Ar/10% COp 12 Ga. (2.4 mm) 450  (11.4) 60 (1.5 0.80 19.5 260
k 14 Ga. (2.0 mm) 375  (9.5) 60  (1.5) 0.80 19 211 /
3 O°CLOCK LAP WELD
Diameter, Wires
CTWD Material Wire Feed Speed Travel Speed
Shielding Gas Thickness in/min (M/min.) in/min (M/min.) Trim Volts Amps
1/4” (6.4 mm) 500 (12.7) 45 (1.1 0.85 21.7 265
0.045” (1.1 mm) L-56 3/16” (4.8 mm) 475  (12.1) 50 (1.3) 0.85 21.2 258
3/4" (19.1 mm) 10 Ga. (3.2 mm) 450 (11.4) 70 (1.8 0.80 19.5 255
90% Ar/10% COo 12 Ga. (2.4 mm) 425  (10.8) 80 (2.0 0.80 19.4 240
K 14 Ga. (2.0 mm) 375  (9.5) 90 2.3) 0.70 17 236 /
VERTICAL DOWN LAP WELD
Diameter, Wires
CTWD Material Wire Feed Speed Travel Speed
Shielding Gas Thickness in/min (M/min.) in/min (M/min.) Trim Volts Amps
1/4” (6.4 mm) 475 (12.1) 35 0.9) 0.90 22 260
0.045” (1.1 mm) L-56 3/16” (4.8 mm) 475  (12.1) 50 (1.3) 0.95 23.5 274
3/4” (19.1 mm) 10 Ga. (3.2 mm) 400  (10.2) 50  (1.3) 0.95 22 242
90% Ar/10% COp 12 Ga. (2.4 mm) 400 (10.2) 60  (1.5) 0.95 225 245
K 14 Ga. (2.0 mm) 360  (9.1) 70 (1.8 0.90 20.5 223 /
HORIZONTAL LAP WELD
Diameter, Wires
CTWD Material Wire Feed Speed Travel Speed
Shielding Gas Thickness in/min (M/min.) in/min (M/min.) Trim Volts Amps
1/4” (6.4 mm) 400  (10.2) 35 0.9) 0.85 21 320
0.052” (1.3 mm) L-56 3/16" (4.8 mm) 400  (10.2) 45 (1.1 0.85 215 310
3/4" (19.1 mm) 10 Ga. (3.2 mm) 370 (9.4) 55  (1.4) 0.80 19.5 298
90% Ar/10% COp 12 Ga. (2.4 mm) 330  (8.4) 60  (1.5) 0.80 18 290
\ 14 Ga. (2.0 mm) 270  (6.9) 60  (1.5) 0.85 17 250 /
LINCOLN B GMAW
m 83 www.lincolnelectric.com

THE WELDING EXPERTS s



3 O’'CLOCK LAP WELD

Diameter, Wires
CTWD Material Wire Feed Speed Travel Speed
Shielding Gas Thickness in/min (M/min.) in/min (M/min.) Trim Volts Amps
1/4” (6.4 mm) 370 (9.4) 40 (1.0) 0.85 20.6 295
0.052” (1.3 mm) L-56 3/16" (4.8 mm) 360  (9.1) 50 (1.3) 0.85 20.3 293
3/4" (19.1 mm) 10 Ga. (3.2 mm) 330  (8.4) 70 (1.8 0.80 18.5 280
90% Ar/10% COp 12 Ga. (2.4 mm) 310 (7.9) 80 (2.0 0.85 18.5 273
\ 14 Ga. (2.0 mm) 280  (7.1) 90 2.3) 0.80 16.6 252 /
VERTICAL DOWN LAP WELD
Diameter, Wires
CTWD Material Wire Feed Speed Travel Speed
Shielding Gas Thickness in/min (M/min.) in/min (M/min.) Trim Volts Amps
1/4” (6.4 mm) 360 (9.1 35-40 (0.9-1.0) 0.90 21.7 289
0.052” (1.3 mm) L-56 3/16" (4.8 mm) 360  (9.1) 50 (1.3) 0.90 21.1 277
3/4" (19.1 mm) 10 Ga. (3.2 mm) 300  (7.6) 50  (1.9) 0.90 19.9 260
90% Ar/10% COp 12 Ga. (2.4 mm) 300  (7.6) 60 (1.5 0.95 20 260
k 14 Ga. (2.0 mm) 275  (7.0) 70 (1.8 0.95 19 250 /
Welding guidelines for Metalshield® MC-6 metal-cored wire.
HORIZONTAL LAP WELD
Diameter, Wires
CTWD Material Wire Feed Speed Travel Speed
Shielding Gas Thickness in/min (M/min.) in/min (M/min.) Trim Volts Amps
1/4" (6.4 mm) 550  (14.0) 35 (0.9) 0.95 26 300
0.045” (1.1 mm) MC-6  3/16” (4.8 mm) 525  (13.3) 50 (1.3) 0.85 22 280
3/4" (19.1 mm) 10 Ga. (3.2 mm) 450 (11.4) 70 (1.8 0.80 20 241
90% Ar/10% COp 12 Ga. (2.4 mm) 375  (9.5) 70 (1.8 0.80 19.5 214
k 14 Ga. (2.0 mm) 350 (8.9 70 (1.8 0.90 21 200 /
3 O'CLOCK LAP WELD
Diameter, Wires
CTWD Material Wire Feed Speed Travel Speed
Shielding Gas Thickness in/min (M/min.) in/min (M/min.) Trim Volts Amps
1/4” (6.4 mm) 525 (13.3) 40 (1.0) 0.90 24 275
0.045” (1.1 mm) MC-6  3/16” (4.8 mm) 500 (12.7) 50 (1.3) 0.85 21 256
3/4" (19.1 mm) 10 Ga. (3.2 mm) 400  (10.2) 70 (1.8 0.80 19.5 223
90% Ar/10% CO» 12 Ga. (2.4 mm) 375 (9.5 80 (2.0 0.80 19 211
\ 14 Ga. (2.0 mm) 350 (8.9 9 (2.9 0.85 19.5 203 /
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VERTICAL DOWN LAP WELD

Diameter, Wires
CTWD Material Wire Feed Speed Travel Speed
Shielding Gas Thickness in/min (M/min.) in/min (M/min.) Trim Volts Amps
1/4” (6.4 mm) 500 (12.7) 35-40 (0.9-1.0) 0.95 24 290
0.045” (1.1 mm) MC-6  3/16” (4.8 mm) 500 (12.7) 50 (1.3) 0.98 245 297
3/4" (19.1 mm) 10 Ga. (3.2 mm) 400  (10.2) 50  (1.9) 0.95 225 245
90% Ar/10% COy 12 Ga. (2.4 mm) 400  (10.2) 60 (1.5 0.98 23 245
k 14 Ga. (2.0 mm) 360  (19.1) 70 (1.8) 0.98 23 202 /
HORIZONTAL LAP WELD
Diameter, Wires
CTWD Material Wire Feed Speed Travel Speed
Shielding Gas Thickness in/min (M/min.) in/min (M/min.) Trim Volts Amps
1/4” (6.4 mm) 415 (10.5) 35 0.9 1.00 26 336
0.052” (1.3 mm) MC-6  3/16” (4.8 mm) 400  (10.2) 45 (1.1) 0.85 21.4 312
3/4” (19.1 mm) 10 Ga. (3.2 mm) 340 (8.6) 65  (1.7) 0.80 19.5 275
90% Ar/10% COp 12 Ga. (2.4 mm) 285  (7.2) 70 (1.8 0.80 18.5 250
k 14 Ga. (2.0 mm) 265  (6.7) 70 (1.8 0.85 18,5 242 /
3 O’'CLOCK LAP WELD
Diameter, Wires
CTWD Material Wire Feed Speed Travel Speed
Shielding Gas Thickness in/min (M/min.) in/min (M/min.) Trim Volts Amps
1/4” (6.4 mm) 400  (10.2) 40 (1.0) 0.90 23 318
0.052” (1.3 mm) MC-6  3/16" (4.8 mm) 375 9.5) 50 (1.3) 0.85 215 287
3/4" (19.1 mm) 10 Ga. (3.2 mm) 300  (7.6) 70 (1.8 0.85 20.2 242
90% Ar/10% COp 12 Ga. (2.4 mm) 285  (7.2) 80 (2.0 0.85 20 232
K 14 Ga. (2.0 mm) 260  (6.6) 90 (2.3 0.85 19.2 218 /
VERTICAL DOWN LAP WELD
Diameter, Wires
CTWD Material Wire Feed Speed Travel Speed
Shielding Gas Thickness in/min (M/min.) in/min (M/min.) Trim Volts Amps
1/4” (6.4 mm) 325 8.3) 35 0.9) 1.00 24 275
0.052” (1.3 mm) MC-6  3/16” (4.8 mm) 325 8.3) 40 (1.0) 1.00 24.2 277
3/4" (19.1 mm) 10 Ga. (3.2 mm) 300  (7.6) 50  (1.9) 1.00 23.4 254
90% Ar/10% CO» 12 Ga. (2.4 mm) 285  (7.2) 60 (1.5 1.00 23.3 246
\ 14 Ga. (2.0 mm) 260  (6.6) 70 (1.8 0.95 21 236 /
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HORIZONTAL LAP WELD

Diameter, Wires
CTWD Material Wire Feed Speed Travel Speed
Shielding Gas Thickness in/min (M/min.) in/min (M/min.) Trim Volts Amps
1/4” (6.4 mm) 300 (7.6) 35 0.9 1.00 24 351
1/16” (1.6 mm) MC-6  3/16” (4.8 mm) 200 (7.4) 45 (1.1) 0.90 21 327
/4" (19.1 mm) 10 Ga. (3.2 mm) 240  (6.1) 65  (1.7) 0.85 19.3 292
90% Ar/10% COp 12 Ga. (2.4 mm) 210 (6.3) 70 (1.8 0.85 18 266
\ 14 Ga. (2.0 mm) 190 (4.8) 70 (1.8) 0.90 18.5 252 /
3 O’'CLOCK LAP WELD
Diameter, Wires
CTWD Material Wire Feed Speed Travel Speed
Shielding Gas Thickness in/min (M/min.) in/min (M/min.) Trim Volts Amps
1/4" (6.4 mm) 300  (7.6) 40 (1.0 0.90 20.5 347
1/16” (1.6 mm) MC-6  3/16” (4.8 mm) 200 (7.4) 50 (1.3) 0.85 19.5 336
3/4” (19.1 mm) 10 Ga. (3.2 mm) 240  (6.1) 70 (1.8 0.80 18.5 288
90% Ar/10% COp 12 Ga. (2.4 mm) 210 (5.9) 80 (2.0 0.85 18 260
\ 14 Ga. (2.0 mm) 190 (4.8) 90 2.3) 0.90 18 255 /
VERTICAL DOWN LAP WELD
Diameter, Wires
CTWD Material Wire Feed Speed Travel Speed
Shielding Gas Thickness in/min (M/min.) in/min (M/min.) Trim Volts Amps
1/4” (6.4 mm) 215  (5.5) 3 (0.9 1.00 21.8 275
1/16” (1.6 mm) MC-6 3/16" (4.8 mm) 215  (5.5) 40 (1.0 1.00 215 275
3/4" (19.1 mm) 10 Ga. (3.2 mm) 200  (5.1) 50 (1.9 1.00 214 254
90% Ar/10% CO» 12 Ga. (2.4 mm) 190 (4.8) 60  (1.7) 1.00 205 243
\ 14 Ga. (2.0 mm) 170 (4.9) 70 (1.8 1.05 20.5 227 /
Rapid Arc welding guideline considerations As the travel speed is increased in fast follow applications
All listed welding guidelines are starting points and may require [1/4” (6.4 mm) to 14 gauge (2.0 mm)], a tighter, shorter arc must
some adjustment depending on specific applications. Torch be maintained so that the puddle properly follows the arc.
angle, electrode placement, contamination, mill scale, joint fit- Operators typically reduce the arc length control (Trim), to
up, and joint consistency are factors that may require special achieve this. At faster travel speeds, the bead shape will not
consideration depending on the specific application. At higher wet as well, and will become very convex and ropey. There is a
travel speeds, joint fit-up, wire placement and contamination all point at which the arc is set so short that the arc will become
become more significant factors. The result of welding at higher unstable and stubbing will occur. This forms a limitation of just
travel speeds is a tendency to produce more spatter, less how fast the travel speed can be taken. Since Rapid Arc is
penetration, more undercut, and a less desirable bead shape. stable at very low voltages, the travel speed can be significantly
Depending on the limitation of the actual application, slower increased.

travel speeds and higher trim settings may be required.
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The preferred electrode diameter depends on the application.
As a guideline, use the following rule of thumb:

Solid Wire Electrode (Super Arc L-56)

¢ 0.035” (0.9 mm) diameter for 14 gauge (2.0 mm) and
12 gauge (2.4 mm)

e 0.045” & 0.052” (1.1-1.3 mm) diameter for 10 gauge (3.2 mm)
and thicker.

Metal Core Wire (Metalshield MC-6)

e 0.045” (1.1 mm) diameter for 14 gauge (2.0 mm); minimal
heat input and good puddle control.

e 0.052” (1.3 mm) diameter for 12 gauge (2.4 mm).

e 1/16” (1.6 mm) diameter for 10 gauge (3.2 mm) and thicker;
increases edge wetting and improves fit-up tolerance.

e Metal Core can make smaller weld beads, especially on
10 gauge (3.2 mm) and thinner base materials that tend to be
over welded with solid wire electrode.

The improved Rapid Arc program features a modified wave
control that acts as a fine tune adjustment of the arc. Similar to
conventional pulse programs, an increase in wave control will
results in a higher frequency and a more focused arc plasma.
The results will be especially noticeable in the metal core rapid
arc programs. Increasing wave control will improve welding
performance in robotic applications.

Wave Control

| b

0|" +10.0

-10.0

e Semiautomatic operation.
e Reduced travel speeds.
e More fluid puddle.

e Automated operation.
¢ |ncreased travel speeds.
e Tighter arc.

GMAW
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Glossary

Anode The positive end of the welding circuit for a given arc
welding process. Anode may reference the particular positive
pole of a power source or it may reference the direct current
positive region of the welding arc.

Axial Spray Transfer The high-energy mode of metal transfer in
GMAW, which is characterized by a fine, axial stream of molten
droplets from the end of the electrode.

CAC-A A carbon arc cutting process variation that removes
molten metal with a jet of air.

Cathode The negative end of the welding circuit for a given arc
welding process. Cathode may reference the negative pole of
the power source or it may reference the negative cathode
region of the welding arc.

Current Density The electrode current divided by the cross
sectional area of the electrode. Important here is the concept
that there is maximum current that can be applied to a given
electrode diameter. Wire feed speeds beyond the maximum
current density result in additional deposition rate.

GMAW American Welding Society acronym for gas metal arc
welding. GMAW is an arc welding process that employs an arc
between continuous filler metal and the molten weld pool. The
electrode is either a solid or a tubular metal-cored electrode.
Externally supplied shielding gas is required to protect the
molten weld pool.

Globular Transfer A mode of metal transfer in GMAW charac-
terized by large irregularly shaped metal drops from the end of
the electrode, and it is commonly associated with high spatter
levels. The globular transfer metal transfer mode occurs at arc
voltages above those used for short-circuiting transfer, but below
axial spray transfer.

GMAW-S Gas metal arc short-circuiting transfer is a low heat
input mode of metal transfer in which the molten metal transfers
from the electrode to the work piece during repeated short
circuiting events. This process variation of GMAW lends itself to
the joining of sheet metal range of base material.

GMAW-P Metal transfer modes of GMAW, which uses the
advantages of the axial spray transfer mode. The pulsed
transfer mode relies on current excursions beyond axial spray,
which alternate with low current, to produce an average current.
The frequency of the pulsed current cycle occurs many times
per second. Designed to overcome lack of fusion defects,
reduce weld spatter levels, and weld out-of-position, the pulsed
spray transfer provides higher average currents than the short-
circuiting mode of metal transfer. The average current is less
than is seen in axial spray transfer.

Inert Shielding Gas Shielding gas for GMAW such as argon
and helium, which do not react chemically with the molten pool.
Aluminum, magnesium, copper, and titanium filler alloys require
the use of 100% inert gases. Carbon steel, stainless steel, and
nickel alloys usually provide improved arc performance with
small additions of reactive gases.

Inductance An essential component for the successful opera-
tion of short-circuiting transfer. Inductance provides control of the
rate of rise of short-circuit current. Inductance control has the
effect of reducing spatter loss and controlling the level of spatter
generated by traditional short-circuiting metal transfer. Adding
inductance to the arc increase the amount of time that the arc is
on, increases the transferred metal droplet size, and adds to the
puddle fluidity. The finished weld bead appears flatter,
smoother, and exhibits excellent weld toe wetting.

MIG A non-standard term used to describe GMAW or its variants.
The acronym refers to Metal Inert Gas welding and it references
the use of inert gases such as argon and helium.

Metal-Cored Electrode Composite tubular filler metal electrode
consisting of a metal sheath and a core of powdered metals,
scavengers, and deoxidizers. The finished weld has the appear-
ance of a gas metal arc weld, but with larger slag islands.
External gas shielding is required.

MAG Used to describe GMAW or its variants, the acronym
refers to Metallic Active Gas, and it references the use of carbon
dioxide shielding gas. The term is common in Europe.

Pinch Current The electromagnetic force relates to the
magnitude of the welding current responsible for a given mode
of metal transfer. The pinch current is larger in magnitude for
axial spray transfer than it is for globular transfer, and globular
transfer has a higher pinch current than does short-circuiting
transfer.

Power Lead The welding current cable, which carries the
welding current to the electrode.

Power Source An electrical apparatus designed to supply
current and voltage suitable for welding, thermal cutting, or
thermal spraying.

Pulsed Spray Transfer GMAW-P is a metal transfer mode of
GMAW, which uses the advantages of the axial spray transfer
mode. The pulsed transfer mode relies on current excursions
beyond axial spray, which alternate with low current, to produce
an average current. The frequency of the pulsed current cycle
occurs many times per second. Designed to overcome lack of
fusion defects, pulsed spray transfer provides higher average
currents than the short-circuiting mode of metal transfer.

Reactive Power Source A power source designed to provide
output, based upon feedback from the welding arc. This type of
power source design is primary for the Surface Tension Transfer™
welding process. The reactive power source for Surface Tension
Transfer is neither constant current nor constant voltage.

Reactive Shielding Gas Shielding gases such as carbon
dioxide (COo) and oxygen (Oo) are reactive because they have a
chemical interaction with the molten weld pool.

Short-Circuit in arc welding, is the physical contact between the
electrode and the work piece.

Short-Circuiting Transfer A low heat input mode of metal
transfer in which the molten metal transfers from the electrode to
the work piece during repeated short-circuit. This process
variation of GMAW lends itself to the joining a range of sheet
metal base materials.

GMAW
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Spray Arc A non-standard term used to describe the high-energy
mode of metal transfer known as axial spray transfer.

Surface Tension The forces that act in a molten droplet of weld
metal to prevent it from flowing. The surface tension forces exist
at a molecular level below the surface of the molten droplet and
act upon those molecules at the surface of the molten drop.

Surface Tension Transfer™ A proprietary process developed
by the Lincoln Electric Company, which provides a low heat
input form of metal transfer. The process uses a reactive power
source, which monitors the arc and is able to respond
instantaneously to the changing arc requirements. The process
relies on surface tension to transfer the molten metal from the
electrode to the work piece.

STT™ The acronym used for Surface Tension Transfer.

Waveform Generator A specific term applied to inverter transfer
power sources, which depend upon internal software to
modulate the output of the power source. These types of power
sources are unique to STT and other modes of GMAW transfer.

Wire Welding A non-standard term used to describe any
welding process, which employs continuously fed filler metal.
The electrode used may be tubular or solid electrodes.

Work Piece Lead The electrical conductor located between the
power source and the work piece. In the GMAW process, the
work-piece lead is usually DC-.

GMAW
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SAFE PRACTICES

Introduction. The general subject of safety and safety practices in
welding, cutting, and allied processes is covered in ANSI Z49.1%,
“Safety in Welding and Cutting,” and ANSI Z49.2°. “Fire Prevention
in the Use of Welding and Cutting Processes.” The handling of
compressed gases is covered in CGA P-1'°.

Personnel should be familiar with the safe practices discussed in
these documents, equipment operating manuals, and Material Safety
Data Sheets (MSDS) for consumables.

In addition to the hazards discussed in the Arc Welding Safety
Precautions following this section, be familiar with the safety con-
cerns discussed below.

Safe Handling of Shielding Gas Cylinders and Regulators.
Compressed gas cylinders should be handled carefully and should be
adequately secured when in use. Knocks, falls, or rough handling
may damage cylinders, valves, or fuse plugs and cause leakage or
accident. Valve protecting caps, when supplied, should be kept in
place (handtight) until the connecting of container equipment.

Cylinder Use. The following should be observed when setting up

and using cylinders of shielding gas:

1. Properly secure the cylinder.

2. Before connecting a regulator to the cylinder valve, the valve
should momentarily be slightly opened and closed immediately
(opening) to clear the valve of dust or dirt that otherwise might
enter the regulator. The valve operator should stand to one side of
the regulator gauges, never in front of them.

3. After the regulator is attached, the adjusting screw should be
released by turning it counter-clockwise. The cylinder valve
should then be opened slowly to prevent a too-rapid surge of high
pressure gas into the regulator.

4. The source of the gas supply (i.e., the cylinder valve) should be
shut off if it is to be left unattended.

Metal Fumes. The welding fumes generated by GMAW can be con-
trolled by general ventilation, local exhaust ventilation, or if the
exposure cannot be adequately controlled using ventilation, by respi-
ratory protective equipment as described in ANSI Z49.1. The
method of ventilation required to keep the level of toxic substances
within the welder’s breathing zone below acceptable concentrations
is directly dependent upon a number of factors. Among these are the
material being welded, the size of the work area, and the degree of the
confinement or obstruction to normal air movement where the welding
is being done. Each operation should be evaluated on an individual
basis in order to determine what ventilation, exhaust or personal pro-
tective equipment will be required. Legally required exposure limits
for hazardous substances are called Permissible Exposure Limits
(PEL) and are established by the Occupational Safety and Health
Administration (OSHA). Exposure guidelines for hazardous sub-
stances are established by the American Conference of
Governmental Industrial Hygienists (ACGIH) and are called
Threshold Limit Values (TLV). The TLVs® represent conditions
under which ACGIH® believes that nearly all workers may be
repeatedly exposed without adverse health effects. These values are
intended for use in the practice of industrial hygiene as guidelines or
recommendations to assist in the control of potential workplace
health hazards and are not fine lines between safe and dangerous.
Exposure of a worker to harzardous substances can be measured by
sampling the atmosphere under the welder’s helmet or in the imme-

diate vicinity of the helper’s breathing zone. The principle composi-
tion or particulate matter (welding fume) which may be present
within the welder’s breathing zone are listed in the Supplement of
Safe Practices. Sampling should be in accordance with ANSI/ AWS
F1.1, Method for Sampling Airborne Particulates Generated by
Welding and Allied Processes.

Gases. The major toxic gases associated with GMAW welding are
ozone, nitrogen dioxide, and carbon monoxide. Phosgene gas could
also be present as a result of thermal or ultraviolet decomposition of
chlorinated hydrocarbon cleaning agents located in the vicinity of
welding operations, such as trichlorethylene and perchlorethylene.
DEGREASING OR OTHER CLEANING OPERATIONS
INVOLVING CHLORINATED HYDROCARBONS SHOULD BE
SO LOCATED THAT VAPORS FROM THESE OPERATIONS
CANNOT BE REACHED BY RADIATION FROM THE WELD-
ING ARC.

Ozone. The ultraviolet light emitted by the GMAW arc acts on the
oxygen in the surrounding atmosphere to produce ozone, the amount
of which will depend upon the intensity and the wave length of the
ultraviolet energy, the humidity, the amount of screening afforded by
any welding fumes, and other factors. The ozone concentration will
generally be increased with an increase in welding current, with the
use of argon as the shielding gas, and when welding highly reflective
metals. If the ozone cannot be reduced to a safe level by ventilation
or process variations, it will be necessary to supply fresh air to the
welder either with an air supplied respirator or by other means.

Nitrogen Dioxide. Some test results show that high concentra-tions
of nitrogen dioxide are found only within 6 in. (152 mm) of the arc.
With normal natural ventilation, these concentrations are quickly
reduced to safe levels in the welder’s breathing zone, so long as the
welder keeps his head out of the plume of fumes (and thus out of the
plume of welding-generated gases). Nitrogen dioxide is not thought
to be a hazard in GMAW.

Carbon Monoxide. CO shielding used with the GMAW process will
be dissociated by the heat of the arc to form carbon monoxide. Only
a small amount of carbon monoxide is created by the welding process,
although relatively high concentrations are formed temporarily in the
plume of fumes. However, the hot carbon monoxide oxidizes to CO
so that the concentrations of carbon monoxide become insignificant
at distances of more than 3 or 4 in. (76 or 102 mm) from the welding
plume.

Under normal welding conditions there should be no hazard from
this source. When the welder must work with his head over the weld-
ing arc, or with the natural ventilation moving the plume of fumes
towards his breathing zone, or where welding is performed in a con-
fined space, ventilation adequate to deflect the plume or remove the
fumes and gases must be provided. Because shielding gases can dis-
place air, use special care to insure that breathing air is safe when
welding in a confined space. (See ANSI Z49.1.)

8 ANSI Z49.1 is available from the American Welding Society, 550
N.W. LeJeune Road, Miami, Florida 33126, or the AWS website.

9 ANSI Z49.2 is available from the American National Standards
Institute, 11 West 42nd Street, New York, NY 10036.

10 CGA P-1 is available from the Compressed Gas Association, Inc.,
1235 Jefferson Davis Highway, Suite 501, Arlington, VA 22202.

GMAW
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Street, New York, NY 10036.

Arc Welding and Your Health: A Handbook of Health Information for
Welding. Published by The American Industrial Hygiene Association,
2700 Prosperity Avenue, Suite 250, Fairfax, VA 22031-4319.

NFPA Standard 51B, Cutting and Welding Processes, National Fire
Protection Association, 1 Batterymarch Park, P.O. Box 9146, Quincy,
MA 02269-9959.

OSHA General Industry Standard 29 CFR 1910 Subpart Q. OSHA
Hazard Communication Standard 29 CFR 1910.1200. Available from
the Occupational Safety and Health Administration at
http://www.osha.org or contact your local OSHA office.

The following publications are published by The American Welding
Society, P.O. Box 351040, Miami, Florida 33135. AWS publications
may be purchased from the American Welding society at
http://www.aws.org or by contacting the AWS at 800-854-7149.

ANSI, Standard Z49.1, Safety in Welding, Cutting and Allied
Processes. Z49.1 is now available for download at no charge at
http://www.lincolnelectric.com/community/safety/ or at the AWS
website http://www.aws.org.

AWS F1.1, Method for Sampling Airborne Particulates Generated by
Welding and Allied Processes.

AWS F1.2, Laboratory Method for Measuring Fume Generation
Rates and Total Fume Emission of Welding and Allied Processes.

AWS F1.3, Evaluating Contaminants in the Welding Environment: A
Strategic Sampling Guide.

AWS F1.5, Methods for Sampling and Analyzing Gases from
Welding and Allied Processes.

AWS F3.2, Ventilation Guide for Welding Fume Control
AWS F4.1, Recommended Safe Practices for the Preparation for

Welding and Cutting of Containers and Piping That Have Held
Hazardous Substances.

AWS SHF, Safety and Health Facts Sheets.

INGREDIENTS TLV mg/m? PEL mg/m?®
Aluminum and/or aluminum alloys (as Al)***** 7429-90-5 10 15
Aluminum oxide and/or Bauxite***** 1344-28-1 10 5*
Barium compounds (as Ba)***** 513-77-9 sl el
Chromium and chromium alloys or compounds (as Cr)***** 7440-47-3 0.5(b) 1.0(b)
Fluorides (as F) 7789-75-5 2.5 2.5
Iron 7439-89-6 10* 10*
Limestone and/or calcium carbonate 1317-65-3 10 15
Lithium compounds (as Li) 554-13-2 10* 10*
Magnesite 1309-48-4 10 15
Magnesium and/or magnesium alloys and compounds (as Mg) 7439-95-4 10* 10*
Manganese and/or manganese alloys and compounds (as Mn)***** 7439-96-5 0.2 5.0(c)
Mineral silicates 1332-58-7 5** 5**
Molybdenum alloys (as Mo) 7439-98-7 10 10
Nickel***** 7440-02-0 1.5 1
Silicates and other binders 1344-09-8 10* 10*
Silicon and/or silicon alloys and compounds (as Si) 7440-21-3 10* 10*
Strontium compounds (as Sr) 1633-05-2 10* 10*

Qrconium alloys and compounds (as Zr) 12004-83-0 5 5 /

Supplemental Information:

*) Not listed. Nuisance value maximum is 10 milligrams per cubic meter.

PEL value for iron oxide is 10 milligrams per cubic meter. TLV value
for iron oxide is 5 milligrams per cubic meter.

**) As respirable dust.

)
the Emergency Planning and Community Right-to-Know Act of 1986
and of 40CFR 370 and 372.

(b) TLV-PEL for water soluble chromium (VI) is 0.05 milligrams per cubic
meter. The OSHA PEL is a ceiling value that shall not be exceeded at

any time. The TLV for insoluble chromium (VI) is 0.01 milligrams per
cubic meter.

Subject to the reporting requirements of Sections 311, 312, and 313 of

(c) Values are for manganese fume. STEL (Short Term Exposure Limit) is
3.0 milligrams per cubic meter. Values are those proposed by OSHA
in 1989. Present PEL is 5.0 milligrams per cubic meter (ceiling value).

(%)

There is no listed value for insoluble barium compounds. The TLV for
soluble barium compounds is 0.5 mg/m®.

TLV and PEL values are as of 2005. Always check Material Safety Data
Sheet (MSDS) with product or on the Lincoln Electric website at
http://www.lincolnelectric.com

GMAW
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i SAFETY i

A WARNING

/A CALIFORNIA PROPOSITION 65 WARNINGS A\

Diesel engine exhaust and some of its constituents The engine exhaust from this product contains

are known to the State of California to cause chemicals known to the State of California to cause

cancer, birth defects, and other reproductive harm. cancer, birth defects, or other reproductive harm.
The Above For Diesel Engines The Above For Gasoline Engines

ARC WELDING CAN BE HAZARDOUS. PROTECT YOURSELF AND OTHERS FROM POSSIBLE SERIOUS INJURY OR DEATH.
KEEP CHILDREN AWAY. PACEMAKER WEARERS SHOULD CONSULT WITH THEIR DOCTOR BEFORE OPERATING.

Read and understand the following safety highlights. For additional safety information, it is strongly recommended that you
purchase a copy of “Safety in Welding & Cutting - ANSI Standard Z49.1” from the American Welding Society, P.O. Box
351040, Miami, Florida 33135 or CSA Standard W117.2-1974. A Free copy of “Arc Welding Safety” booklet E205 is available
from the Lincoln Electric Company, 22801 St. Clair Avenue, Cleveland, Ohio 44117-1199.

BE SURE THAT ALL INSTALLATION, OPERATION, MAINTENANCE AND REPAIR PROCEDURES ARE
PERFORMED ONLY BY QUALIFIED INDIVIDUALS.

FOR ENGINE
powered equipment.

1.a. Turn the engine off before troubleshooting and maintenance
work unless the maintenance work requires it to be running.

1.h. To avoid scalding, do not remove the
radiator pressure cap when the engine is
hot.

1.b. Operate engines in open, well-ventilated
areas or vent the engine exhaust fumes
outdoors.

9
ELECTRIC AND
%) 3

MAGNETIC FIELDS

1.c. Do not add the fuel near an open flame :?_:\ may be dangerous
welding arc or when the engine is running.
Stop the engine and allow it to cool before 2.a. Electric current flowing through any conductor causes
refueling to prevent spilled fuel from vaporiz- localized Electric and Magnetic Fields (EMF). Welding

ing on contact with hot engine parts and
igniting. Do not spill fuel when filling tank. If
fuel is spilled, wipe it up and do not start
engine until fumes have been eliminated. 2h

current creates EMF fields around welding cables and
welding machines

. EMF fields may interfere with some pacemakers, and
welders having a pacemaker should consult their physician

1.d. Keep all equipment safety guards, covers and devices in before welding

position and in good repair.Keep hands, hair, clothing and
tools away from V-belts, gears, fans and all other moving

. h = . 2.c. Exposure to EMF fields in welding may have other health
parts when starting, operating or repairing equipment.

effects which are now not known.

1.e. In some cases it may be necessary to remove safety 2.d. All welders should use the following procedures in order to
guards to perform required maintenance. Remove minimize exposure to EMF fields from the welding circuit:
guards only when necessary and replace them when the
maintenance requiring their removal is Comp|ete. 2.d.1. Route the electrode and work cables together - Secure
Always use the greatest care when working near moving them with tape when possible.
parts.

2.d.2. Never coil the electrode lead around your body.
1.f. Do not put your hands near the engine fan.

o Do not attempt to override the governor or 2.d.3. Do not place your body between the electrode and
idler by pushing on the throttle control rods work cables. If the electrode cable is on your right
while the engine is running. side, the work cable should also be on your right side.

\\\

2.d.4. Connect the work cable to the workpiece as close as
possible to the area being welded.

1.g. To prevent accidentally starting gasoline engines while 2d5
turning the engine or welding generator during maintenance
work, disconnect the spark plug wires, distributor cap or
magneto wire as appropriate. Mar ‘95
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SAFETY i

= ¢ ELECTRIC SHOCK can ARC RAYS can burn.
kl" / 4.a. Ulse a shield with the prope; filter andkcovec:
3.a. The electn_'ode zind ‘\,NOI’k (or ground) ci_rcuits _ér fhzt(::ytsoo?:ﬁ:eegtrcy\c/)vl#eﬁﬁ:ldirr?go?%%rss r\fligg
are electrically “hot” when the welder is on. open arc welding. Headshield and filter lens
Do not touch these “hot” parts with your bare should conform to ANSI Z87. | standards.
skin or wet clothing. Wear dry, hole-free
gloves to insulate hands. 4.b. Use suitable clothing made from durable flame-resistant
material to protect your skin and that of your helpers from
3.b. Insulate yourself from work and ground using dry insulation. the arc rays.
Make certain the insulation is large enough to cover your full
area of physical contact with work and ground. 4.c. Protect other nearby personnel with suitable, non-flammable
screening and/or warn them not to watch the arc nor expose
In addition to the normal safety precautions, if welding themselves to the arc rays or to hot spatter or metal.
must be performed under electrically hazardous
conditions (in damp locations or while wearing wet
clothing; on metal structures such as floors, gratings or ’ FUMES AND GASES
scaffolds; when in cramped positions such as sitting, Q
kneeling or lying, if there is a high risk of unavoidable or can be dangerous.
accidental contact with the workpiece or ground) use = 0 5.a. Welding may produce fumes and gases
the following equipment: & hazardous to health. Avoid breathing these
* Semiautomatic DC Constant Voltage (Wire) Welder. fumes and gases.When welding, keep
* DC Manual (Stick) Welder. your head out of the fume. Use enough
¢ AC Welder with Reduced Voltage Control. ventilation and/or exhaust at the arc to keep
fumes and gases away from the breathing zone. When

3.c. In semiautomatic or automatic wire welding, the electrode, welding with electrodes which require special
electrode reel, welding head, nozzle or semiautomatic ventilation such as stainless or hardfacing (see
welding gun are also electrically “hot”. instructions on container or MSDS) or on lead or

cadmium plated steel and other metals or coatings

3.d. Always be sure the work cable makes a good electrical which produce highly toxic fumes, keep exposure as
connection with the metal being welded. The connection low as possible and below Threshold Limit Values (TLV)
should be as close as possible to the area being welded. using local exhaust or mechanical ventilation. In

confined spaces or in some circumstances, outdoors, a

3.e. Ground the work or metal to be welded to a good electrical respirator may be required. Additional precautions are
(earth) ground. also required when welding on galvanized steel.

3.f. Maintain the electrode holder, work C|amp, We|d|ng cable and 5.b. Do not weld in locations near chlorinated hydrocarbon vapors
welding machine in good, safe operating condition. Replace coming from degreasing, cleaning or spraying operations.
damaged insulation. The heat and rays of the arc can react with solvent vapors

to form phosgene, a highly toxic gas, and other irritating

3.9. Never dip the electrode in water for cooling. products.

3.h. Never simultaneously touch electrically “hot” parts of 5.c. Shielding gases used for arc welding can displace air and
electrode holders connected to two welders because voltage cause injury or death. Always use enough ventilation,
between the two can be the total of the open circuit voltage especially in confined areas, to insure breathing air is safe.
of both welders.

5.d. Read and understand the manufacturer’s instructions for this

3.i. When working above floor level, use a safety belt to protect equipment and the consumables to be used, including the
yourself from a fall should you get a shock. material safety data sheet (MSDS) and follow your

employer’s safety practices. MSDS forms are available from
3j. Also see ltems 6.c. and 8. your welding distributor or from the manufacturer.
5.e. Also see item 1.b. Mar ‘95
LINCOLN E GMAW
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WELDING SPARKS can
cause fire or explosion.

6.a. Remove fire hazards from the welding area.
If this is not possible, cover them to prevent
the welding sparks from starting a fire.
Remember that welding sparks and hot

materials from welding can easily go through small cracks

and openings to adjacent areas. Avoid welding near
hydraulic lines. Have a fire extinguisher readily available.

NE

6.b.

Where compressed gases are to be used at the job site,
special precautions should be used to prevent hazardous
situations. Refer to “Safety in Welding and Cutting” (ANSI
Standard Z49.1) and the operating information for the
equipment being used.

. When not welding, make certain no part of the electrode
circuit is touching the work or ground. Accidental contact
can cause overheating and create a fire hazard.

6.d. Do not heat, cut or weld tanks, drums or containers until the

proper steps have been taken to insure that such procedures

will not cause flammable or toxic vapors from substances
inside. They can cause an explosion even though they have
been “cleaned”. For information, purchase “Recommended

Safe Practices for the Preparation for Welding and Cutting of

Containers and Piping That Have Held Hazardous

Substances”, AWS F4.1 from the American Welding Society

(see address above 1.a. [Safety]).

. Vent hollow castings or containers before heating, cutting or
welding. They may explode.

6.f. Sparks and spatter are thrown from the welding arc. Wear oil
free protective garments such as leather gloves, heavy shirt,
cuffless trousers, high shoes and a cap over your hair. Wear
ear plugs when welding out-of-position or in confined places.
Always wear safety glasses with side shields when in a
welding area.

Connect the work cable to the work as close to the welding
area as practical. Work cables connected to the building
framework or other locations away from the welding area
increase the possibility of the welding current passing
through lifting chains, crane cables or other alternate
circuits. This can create fire hazards or overheat lifting
chains or cables until they fail.

6.9.

6.h. Also see item 1.c.

LINCOLN !

7.b.

7.c.

7.d.

7.1

7.9.

CYLINDER may explode
if damaged.

7.a.Use only compressed gas cylinders
containing the correct shielding gas for the
process used and properly operating
regulators designed for the gas and
pressure used. All hoses, fittings, etc. should be suitable for
the application and maintained in good condition.

Always keep cylinders in an upright position securely
chained to an undercarriage or fixed support.

Cylinders should be located:
*Away from areas where they may be struck or subjected to
physical damage.

* A safe distance from arc welding or cutting operations and
any other source of heat, sparks, or flame.

Never allow the electrode, electrode holder or any other
electrically “hot” parts to touch a cylinder.

. Keep your head and face away from the cylinder valve outlet

when opening the cylinder valve.

Valve protection caps should always be in place and hand
tight except when the cylinder is in use or connected for
use.

Read and follow the instructions on compressed gas
cylinders, associated equipment, and CGA publication P-I,
“Precautions for Safe Handling of Compressed Gases in
Cylinders,” available from the Compressed Gas Association
1235 Jefferson Davis Highway, Arlington, VA 22202.

GMAW
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. FOR ELECTRICALLY
powered equipment.
8.a. Turn off input power using the disconnect
switch at the fuse box before working on
the equipment.

8.b. Install equipment in accordance with the U.S. National
Electrical Code, all local codes and the manufacturer’s
recommendations.

8.c. Ground the equipment in accordance with the U.S. National
Electrical Code and the manufacturer's recommendations.

Mar ‘95
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Notes

-

The business of The Lincoln Electric Company is manufacturing and selling high quality welding equipment, consumables, and cutting equipment. Our challenge is to meet the
needs of our customers and to exceed their expectations. On occasion, purchasers may ask Lincoln Electric for advice or information about their use of our products. We respond
to our customers based on the best information in our possession at that time. Lincoln Electric is not in a position to warrant or guarantee such advice, and assumes no liability,
with respect to such information or advice. We expressly disclaim any warranty of any kind, including any warranty of fitness for any customer’s particular purpose, with respect to
such information or advice. As a matter of practical consideration, we also cannot assume any responsibility for updating or correcting any such information or advice once it has
been given, nor does the provision of information or advice create, expand or alter any warranty with respect to the sale of our products.

CUSTOMER ASSISTANCE POLICY \

Lincoln Electric is a responsive manufacturer, but the selection and use of specific products sold by Lincoln Electric is solely within the control of, and remains the sole responsibility
of the customer. Many variables beyond the control of Lincoln Electric affect the results obtained in applying these types of fabrication methods and service requirements.

\Subject to Change - This information is accurate to the best of our knowledge at the time of printing. Please refer to www.lincolnelectric.com for any updated information.

J
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