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' - Resistance soldering and Brazing
? - Base metal
3 - Resistance spot welding (RSW)
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' - Annealing Temperature
2 _ Distortion

3 _ Heat Attested zone

4 _ Position
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'~ Parallel Welding
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' - Direct Weld

* - Over and Under Welding
3 - Button or Disc Welding
% _ Bridge Welding
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' - Mash Welding
*_ Stitch Welding
3 - Roll- Resistance Spot Welding
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' - Seam Resistance Welding
* _ Reinforced Roll Spot Welding
3 - Leak-Tight Seam Welding
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Before welding After welding
(c) Buit seam weld (front view)
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? - Dressing
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'~ Projection Welding
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- Embossed- Projection Welding
- Solid- Projection Welding

3 - Penetration

* _ Diffusion Bonding

> - Resistance Butt Welding
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Spot diameter in dependence of the welding current;
tg. FE = constant
t = sheet metal thickness, dp = spot diameter
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FORGE DELAY TIME MAY BE
INITIATED AT SOME OTHER POINT
IN THE WELDING CYCLE
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Material
Nominai Hardness Blectricas | Softening
Forms available
composition) HV (30 kq) | conductivi temperatare
tion auctivity
orop | TyPe | Number| Designa S/m
% {valves-in mm) ey, win, °C min
A 1 1 Cu-ETP Cu(+Ag)min.99,90 [ arawn > 25 8s 56 150
drawn < 25 @« 56
for ged 50 56 1
cast &0 50
2 Cu Cat Cdo07t013 drawn 2> 25 B0 45 250
drawn < 25 85 43
forged 80 45
2 1 CuCrt Cr031t01,2 drawn > 25 125 43 475
drawn < 25 120 43
forged 100 43
cast 35 43
2 CuCri 2r Cr05101,4 drawn > 25 130 43 500
2r 0,02100,2 drawn < 25 140 43
forged 100 43
3 CuCr2r Cr04to1 hardened 180 43 500
2r 0,02 to 0,15 ground < 45 160 43 1
4 Cu 2r 2r 0,11 t0 0.25 ‘hardened 13X 47 500
ground < 30 130 47
3 1 Cu Co2 Be Co20to28 drawn > 25 180 23 475
Be 041007 drawn < 25 190 3
forged 180 23
cast 180 23
2 co W2 §i Ni 161025 drawn > 25 200 13 500
Si051008 dgrawn < 25 200 17
for ged 168 19
cast 154 17
4 1 Cu Ni1 P Ni 08 to 12 drawn > 25 130 29 475
P 0,16 t0 0,25 drawn < 25 140 28
forged 130 29
cast 110 29
2 Cu Be2 Co Ni Be 1810 2.1 drawn > 25 350 12 300
Co-Ni-Fe 0,20 to 0,60 drawn < 25 350 12
for ged 350 12
cast 35¢C 12
3 Cu Ag6 Ag 6to7 forged < 25 140 40 400
forged 25 to 50 120 40
4 CuA10FeS NIS Al 8510115 forged 170 4 650
Fe20to 60
Ni 401060 cast 170 4
MnO0to20
B 10 w?5 Cu Cu 25 220 17 1000
11 W78 Cu Cu 23 240 16 1000
12 WC70 Cu Cu 30 300 12 1000
13 Mo Mo 995 150 17 1 000
14 w wees 420 17 1000
16 WES Ag 35 Ag 140 29 900

i

‘) The nominal composition of materials is for information only. The material shall be manufactured to the properties shown In the
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Flash or butt Auwdtiary
Material Spot weiding Projection welding weiding Son j
AN Electrodes for Electrode wheels Unstressed
welding aluminium for welding aly- current-carrying
minium parts; laminated
shunts
A172 Electrodes for Electrodes for Dies or insert for Electrodes for high-
welding aluminium weiding aluminium welding mild steel frequency resist-
ance welding of
Electrodes for Electrode wheels non-ferrous metals
welding coated lor welding coated
steel (zinc, tin, alu- steél (zinc, tin, lead,
minium, lead) etc.)
A2n Electrodes for Electrodes for Large dies Dies or inserts for Stressed current-
welding mild steel welding mild steel weiding mild and carrying parts
| carbon steels, e
Holders and shafts stainless steels ang | Backing for
and back-ups~ heatresistant ~ sintered electroos
stesis materiais of
Group B
A2 Electrodes for EBlectrode wheels  |:Dies and inserts Stressed curreni-
| weiding mild steel | for weiding miid ) ‘ Arrying parts
1 and coated stee! steel and coated ;
, 1 steel Parts lor guns. ec.
holders. shafts
A213 Electrodes for Electrode wheeis Dies and inserts Stressed current-
welding mild steel, for welding mild carrying parts
coated steel and steel and coated
high strength low steel Parts for guns. ec |
alloy steel holders, shafts :
A2/4 Electrodes for Electrode wheeis Dies and inserts Stressed current-
- wetding mild steel, for welding mid carrying parts
coated steel, and steel and coated
high strength low steel
alioy steel
A3n Electrodes for Electrode wheels Dies or inserts Dies or Inserts Stressed current-
welding stainless for welding stain- under high clamp- carrying parts
and heat-resistant less and heat- ing force
steels resistant steeis
Stressed electrode Shafts and
holders, shafts and | bushings
arms
A2 Stressed electrode Shafts and Stressed current-
holders, shafts and bushings carrying parts
" arms
Aan : Electrode holders Shafts and Stressed current
bushings carrying pars

' and bent arms
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Adn Electrode holders Machine arms Dres of Inserts Long dies fce Nash -
: and shafts under under exireme  Ohder high weiding 4
extreme mechanical | mechanical stress etectrode forces
stress
A4n - Electrode wheels
for welding mild
stee! under high
thermal stress 1
Ad/4 Electrode holders Shafts and Ptattens and dies
bushings under
light electrical load-
ing
B 10 - - Inserts for welding Inserts for weiding | inserts for hot
‘ muld steel mild steel under nveting and hot up-
high stress setting
B 1 - - inserts for hot
nveding and hot up-
sething
B 12 - - Inserts for welding Small dies or in- Inserts for hot
stainiess steel serts for weiding fiveing and hot up-
; steel sefting
B13 inserts for welding - - - Inserts for hot
copper-based high riveting and hot up-
conduclivity ma- setting
tenals ‘
Inserts for resist-
ance brazing
B 14 inserts for welding - - - inserts foF hot
copper-based high nveting and hat up-
conductivity ma- sefung
!
gr— inserts for resist-
ance brazing
B 15 — - - E'ectrodes for hgh- _

frequency resist-
ance welding of
feirous materials
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RESISTANCE WELDING EQUIPMENT

UPPER BLOCK
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REPLACEABLE INSERTS

WATER OUT
WATER IN
LOWER BLOCK
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Z EJECTOR HEAD
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O-RING
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BARREL LENGTH

(A)

EJECTOR TUBE—\ WATER TUBE -—\

T Itk N
/} o
EJECTOR BUTTON - BARREL LENGTH
{8)
WATER TUBE—-\
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(J.Snow

(2) 1/4* NPT - I

- F/{

eglfees 0

2us om.—«*’k@. \,t
Lo \f

D

(mem[A ] B | C |

(mcm] A [ B || ¢ || D]

[350/400][9/16"|[1-15/16"]}9/16" |

[350/400][11/16"|1-1/16"2-11/16"][17/32"]

[so0r600][9/16"[1-15/16"[5/8" |

[500/600][13/16"][1-3/8"

2-7/8" [[17/32"

750 s -3 16| [llzso J13ne]i-si8" 3-1/8" |[21/32"
1000 |3/4" Ji-12n_Jpa" ] [|[1000 [15/16"][1-7/8" |3-1/4"_|21/32"]
| 778" 314" 21327

Type B-4

Type B-5




IMcm| A | B

mcml Al B c D

500/600{[1-7/8"(5/8"
750 |[1-7/8"]5/8"

|1000 |2" 11/16"

|
1350/400]1-3/8"[[1/2" ]
|
|

[350/400{9/16"][1-1/8"|[1-1/4"|[1/2"
[500/600|(5/8" |[1-1/4"|[1-3/8"][5/8"

l750  |[5/8" ||1-3/8"][1-3/8"|[5/8"

_1000 5/8" l 1-5/8"”} -3/8"([5/8"

Type B-6

McM| A | B
350/400](9/16"}[1-1/8"
500/600}(5/8" |[1-1/4"|
750 ]is/8" |[1-3/8"

1000  |[|s/8" |l1-5/8"

Type B-6 (2 hole)

f\ ™ 1/4* NPT

MCM| A | B |
350/400]19/16"|{1-1/8"|
500/600|(5/8" [[1-1/4"|
750 |i5/8" |[1-3/8"
1000 |(5/8" [[1-5/8"

Type B-7

Type B-9

MCM| A B | C |




350/400[19/16"|[1-1/8" [350/400]l9r16"|[2-1/8" [[17/32"
500/600](5/8" |[1-1/4" 1500/600]/9/16"|[2-1/8" J[17/32"]
750 |is/8" J[1-3/8"] 750 |or16"[2-5/16"21/32"]
1000 58" J[1-5/8"] 1000 ls/8" J2-3/8" |21/327]
Type B-11
{\
c
.
13/32* DIA, -~ \w‘k/ v”B A
\\(/’
mcm Al B [ c | D]
350/400)3/8"[2" |[1-1/8"or16"]
1500/600]3/8"|2" [[1-1/8"[or16"
750 |is/8"|[2-1/2"[1-1/2"][7/8"
1000 J3/4")[2-1/2"[1-172"][a/8"
McM |lOuter Terminal
Size | Diameter Diameter
300 2" 1-7116"
400' " "
as0 |24 1-11/16
500 (2-716"  |[1-7/8"
650 [12-9/16" | 1-7/8"
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2 _ Non stabilized
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Weld time, cycles
S

O Mild steel
@  Hot-dip iron-zinc alloy steel (A100)
A Zinc-coated steel (G100)
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Secondary weld current, kA

'~ Warp
% _ Distortion
3 - Electrode posited
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Galvanized Phosphor Nickel

Aluminum Copper iron Steel Lead Monel Nickel Nichrome Tinplate Zinc bronze silver

Aluminum

Stainless steel

Brass
Copper

Galvanized iron

Steel
Lead
Monel
Nickel
Nichrome
Tinplate
Zinc

Phosphor bronze
Nickel silver

Temeplate
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Weld Welding Minimum  Minimum Weld  mipimum

Electrode Time, Current,  Contact __Spacing  Shear Button
Thickness Face Dia., Shape Bevel Angle, Force, (60Hz) (Approx.) Overlap, 2 stack, 3 stack, Strength, Dia.,
in. in. . Degrees** Th cy A in, in. in. Ib in.
0.020 0.188 EAB 45 400 7 8,500 0.44 0.38 0.62 320 0.10
0.025 0.188 EAB 45 450 8 9,500 0.47 0.62 0.88 450 0.12
0.030 0.250 EAB 45 500 9 10,500 0.47 0.62 0.88 575 0.14
0.035 0.250 EAB 45 600 9 11,500 0.53 0.75 1.06 750 0.18
0.040 0250 EAB 45 700 10 12,500 0.53 0.75 1.06 925 0.18
0.045 0.250 EAB 45 750 " 13,000 0.59 0.94 1.18 1150 0.19
0.050 0.312 EAB 30 800 12 13,500 0.59 0.94 1.18 1350 0.20
0.065 0.312 EAB 30 900 13 14,000 0.63 1.08 1.31 1680 021
0.060 0.312 EAB 30 1000 14 15,000 0.63 1.08 131 1850 0.23
0.070 0.312 EAB 30 1200 18 16,000 0.66 1.18 1.50 2300 0.25
0.080 0.312 EAB 30 1400 18 17,000 0.72 1.38 1.60 2700 0.26
0.090 0.376 EAB 30 1600 20 18,000 0.78 1.56 1.88 3450 0.27
0.105 0.375 EAB 30 1800 23 19,500 0.84 1.68 2.00 4150 0.28
0.120 0.375 EAB 30 2100 26 21,000 0.88 1.81 2,50 5000 0.30
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' Low carbon Steel




@ WWW.IME-EBN.COM  crererrererisiitiie st e e sttt st g;“ﬁu“’ 6)&"‘:’9'?

THICKNESS | ELECTRODE NET WELD |WELDING | MIMIMUM | MINIMUM | DIAMETER| MINIMUM SHEAR THICKNESS
"T"OF | DIAMETER ELECTRODE| TIME | CURRENT | CONTACTING| WELD OF STRENGTH “T"0F
THINNEST | AND SHAPE FORCE |[(SINGLE |[(APPROX.)| OVERLAP | SPACING | FUSED (SEE PAR.109) THINNEST
OUTSIDE | (SEE PAR. 102 |(SEE PAR. | IMPULSE) |(SEE PAR.| (SEE PAR. |(SEE PAR.| ZONE OUTSIDE
PIECE | AND NOTE 5 103) (SEE PAR.[ 105) 1086) 107AND |(SEE PAR. PIECE
(SEE PAR. BELOW) 104) NOTE 6 108) (SEE PAR.

10l AND oR BELOW) 101 AND
NOTES b |, o M % LB NOTES I,
2,3AND4 | %% . E : 2,3AND4

BELow) | i ' ULTIMATE TENSILE | BELOW)
! it koo i £10¢ | 5= | srenctH oF METAL

bw | TENSILE | TENSILE

CYCLES STRENGTH | STRENGTH

NcHEs | O duiN., (60 PER N, BELOW |70000PS|

MIN.  MAX. LB. | skc.) AMPS IN. IN. | APPROX. | 70000PSI | AND ABOVE
000 | 3/8 8 200 4 4000 8 1/4 0.10 130 180 0.010
0.021 | /8 316 | 300 6 6500 7/16 3/8 0.13 320 440 0.021
0.031 | 3/8 356 400 8 8000 716 /2 0.16 570 800 0.03|
0.040 | 72 /4 500 10 9500 V2 3/4 0.19 920 1200 0.040
0.050 | w2 w4 650 12 10500 916 78 0.22 | 1350 - — 0.050
0.062 | 172 va 800 14 12000 5/8 ] 0.25 | 1850 - = 0.062
0.078 | 5/8 516 | 1100 17 14000 /16 114 0.29 [ 2700 - = 0.078
0.094 | 5/8 516 | 1300 20 15500 3/4 1172 0.3t | 3450 - = 0.094
0.108 | 5/8 3/8 1600 23 17500 13/16 15/8 0.32 | 4150 —— 0.109
0.125 | 7/8  3/8 | 1800 26 13000 7/8 13/4 0.33 [ 5000 | —— 0.125
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Min. shear strength,
1bs., when base metal

Electtode  Static Weld Approx,  Approx. Minimum tensile strength is

Thickness, face diam., electrode time, welding  nugget pitch, Below Above

in.* in,® force, Ibs  cycles®” current, kA® diam,, in. in* 70 ksi 70 ksi
0.010 0.13 200 4 4.0 0.10 0.25 130 180
0.021 0.19 300 6 6.5 0.13 0.37 320 440
0.031 0.19 400 8 8.0 0.16 0.50 570 800
0.040 0.25 500 10 9.5 0.19 0.75 920 1200
0.050 0.25 650 12 10.5 0.22 0.87 1350
0.062 0.25 800 14 12.0 0.25 1.00 1850
0.078 0.31 1100 17 14.0 0.29 1.25 2700
0.094 0.31 1300 20 15.5 0.31 1.50 3450
0.109 0.38 1600 23 17.5 0.32 1.62 4150
0.125 0.38 1800 26 19.0 0.33 1.75 5000
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TIMER SETTING

gf:?f:‘é?d Cycg;[?:o/ sl;’l;?%ec.) Metal
Spots/Min Squeeze ~ Weld Hold Oft Total Thickness
60 16 24 6 14 60 0.105 & above
80 12 20 3 10 45 0.089
100 9 14 3 10 36 0.075
120 7 12 2 9 30 0.067
133 7 10 1 9 27 0.059
150 7 8 1 8 24 0.047
164 7 7 1 7 22 0.041
180 7 5 1 7 20
200 6 4 1 7 18 } D633
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*Note:; Lobe developed for second weld at ¥2 in. pitch.
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*Note: Lobe developed for second weld at 3% in. pitch.
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*Note: Lobe developed for second weld at % in, pitch.
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*Note: Lobe developed for second weld at 114 in, pitch.
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*Note: Lobe developed for second weld at 134 in. pitch,
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*Note: Lobe developed for second weld at 14 in. pitch.

th.\.&r....«),_}ﬂUZ?J|@|\\TWUAJ?J:J?‘5|)JM“|A.’JJ

gl V0 culs 4 ()8 o5 Y8 led s Jlail sl s pd Gier 4l AT S

1 6, Shg daliy

dgy Voo 2098l (g9 5

S 7 IS ol

el PIA b 4 il Ly 33750

@Q"/Y‘\ (JS‘»)Q»?MQ)E




WELD TIME - CYCLES

/-TRANSITION AREA

40 H TI v Tty | - LjrrYTY H 4 I IL N
. i o T B
s o R a e
i s mewa NS SN SRR N — AREA OF ——
.5 = i ; —HEAVY FLASH[ -~
\ 1 ~} AND |————
Y1 AREA OF 13 * 7
. 3 T\, M E ~—
AREA OF[—\F. SATISFACTORY iz ey =
SUB-MARGINAL N~ WELDS e\ L b
~ WELD QUALITY — v
30 - = - 003 ke ' -
U IS W SILE W P 5 S A :
H \‘- T - l.'; Il‘-|.'-=;"-;:.. ‘Iil L] —
-‘\-,. — Lgl -
T AN 2.9 W Ty
< T v T Y v ] [E 1 LI
25 \\ ' 1
: T NG [} W] ]
t ] SN\ [ . t ] s
1 . L ] gk . 1
" :
| TN .
1 [ s N M Li
20 - : e T I e an -
v :-. ';_'r. ¥ =‘. |;;\ [ .
T MY B 3 M v T "
T L N D T S e e
W R N RS SO AL -
. [N | 1 il R
15 : e e e - : s -
[ R - il ' i r L I; :
e + f —HH
0 y 3 T . M — T MR 0 . 1 T v
0 12 14 16 18 20 22
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*Note: Lobe developed for second weld at 144 in. pitch,
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No. of impulses*®
Electrode  Static . : Approx.  Approx. Min.
Thickness, face diam, electrode  Single Multiple spot spacing welding nugget shear
in.4*! in.*®  force, Ibs spot 1-2in. 2-4in. current, kA*®*diam., in. strength, Ibs

0.125 0.44 1800 3 5 4 18.0 0.37 5,000
0.188 0.50 1950 6 20 14 19.5 0.56 10,000
0.25 0.56 2150 12 r2) 18 21.5 0.75 15,000
0.31 0.62 2400 15 30 23 4.0 0.87 20,000
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COMBINATION ELECTRODE NET WELD TIME WELOING | minamum | MiniMum | tninum | comBinaTION
OF THICKNESSES| DIAMETER | ELECTRODE oN OFF CURRENT |CONTACTING|DIAMETER| SHEAR |OF THICKNESSES
(T:OE}EE sw?;%% nz AND SHAPE FORCE 20 5 (APPROX)| OVERLAP | OF |STRENGTH | TO BE WELDED

(see PAR.J02 | (see PaR. | CYCLES | CYCLES SEE | (sEE PAR.| FYSED [FOR STEEL{(See PAR.|
(SEE PAR. IOl AND ] 103) (60 PER SEC.) (PAR. ¢ 106) ZONE TENQSF AND&W—?‘
AN NO1§S BELEW)’ (SEE PAR.104) 105) (see STRE"“-G’;“ A z«)‘
SO - PAR. BELOW
OW) P - foa) |LESS THAN
W0 . , é:, 70,000
T _-‘r> NO. OF j— PSI)
ﬂ:l_ od PULSATIONS - % (SEE PAR,
T2 o= ADJACENT Sw 109)
M. dag N SINGLE WELDS

- o,m,| din, WeLDs | 1O | 2N IN. - | 1=

=01 T2 | an | wax L8. s | centers| AMPS w. | arerox| s T2

v | w8 1 7716 1800 3 5 4 18000 78 /8 | sooo e | we

w8 | 3716 1 7/16 1800 3 5 4 18000 748 38 | 50060 wvs | 3ns

we | 14 1 1716 800 | 3 s P 18000 78 3/8 | sco00 we | 174 ||
ne | 3ne| 1wval 12 1950 6 20 14 19500 1178 one | 10000 | 38| 3.6 |

/6| w4 1va| w2 1950 6 20 4 19500 1178 9716 | 10000 | 3n6]| 1/4 ||

e | sne| 1val w2 1950 6 20 4 19500 118 16 | 10000 3ne| 5/16

/4 va 1i/a| one 2150 12 24 I8 21500 13/8 a/4 | 15000 178 | 174

174 | 518 \va| 9ne 2150 12 24 [, 18 21500 138 374 | 15000 va | we

s/16 | s/6 1v2| s/8 2400 15 30 23 24000 12 778 | 20000 | =6 | S/16
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Electrode Static Heat Cool Travel Welds Approx.
Thickness, face width, electrode time, time, speed, per welding
in.® in.® force, Ibs cycles cycles® in./min in, current, kA*

0.010 0.19 400 2 1 80 15 8.0
0.021 0.19 550 2 2 75 12 11.0
0.031 0.25 700 3 2 72 10 13,0
0.040 0.25 200 3 3 67 9 15.0
0.050 0.31 1050 4 3 65 8 16.5
0.062 0.31 1200 4 4 63 7 17.5
0.078 0.38 1500 6 5 55 6 19,0
0.094 0.44 1700 7 6 50 5.5 20.0
0.109 0.50 1950 9 6 48 5 21.0
0.125 0.50 2200 11 7 45 4.5 22.0
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THICKNESS ELECTRODE NET ONTIME | OFF TIME | WELD |WeLDS | weLping MINIMUM THICKNESS
“"T"OF | WIDTH AND SHAPE | ELECTRODE | (SEE | (PRESSURE- | SPEED |  PER CURRENT | CONTACTING “T"oF
THINNEST | (seE paR. 102 AND| FORCE PAR. TIGHT) (SEE | INCH | {APPROX.)| OVERLAP THINNEST
OUTSIDE NOTE 5 BELOW) | (SEE PAR. 104) (SEE PAR. PAR. 1 (SEE [ (SEE PAR. | (SEE PAR.I06 OUTSIDE
PIECE 103) 104) 104) | PAR. 105) AND NOTE 6 PIECE
(SEE PAR. [0 104) BELOW) | ke PAR. foI
AND NOTES L~
I AND NOTES
1,2,3AND 4 E 1,2,3 AND 4
BELOW) == "BELOW)
CYCLES i
INCHES {60 PER IN. PER =
LB. SEC.) CYCLES MIN. AMPS IN.
0.010 3/8 3/16 400 2 1 80 15 8000 3/8 0.010
0.021 3/8 3716 550 2 2 75 12 11000 716 0.02)
0.03) 12 2 700 3 2 72 10 13000 172 0.031
0.040° i/72 174 200 .3 3 67 9 15000 /2 0.040
0.030 12 5/16 1050 4 3 65 8 16500 9/16 0.050
0.062 172 5/16 1200 4 4 63 7 17500 s/8 0.062
0.078 $/8 3/8 1500 6 5 55 6 19000 wie 0.078
0.094 5/8 716 1700 7 6 50 5.5 20000 3/4 0. 094
0.109 3/4 172 1950 9 6 48 5 21000 13/16 0. 109
0. 125 3/4 1/2 2200 n 7 45 4.5 22000 7/8 0. 125
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Welding Schedule A forsingle ~ Welding Schedule B for 1-3 projections, ~ Welding Schedule C for 3 or more

AN s 2o vl

Thick- Projection Minimum projection per projection projections, per projection’

ness, Minimum contact Weld Electrode Welding Shear  Weld Electrode Welding Shear ~ Weld Electrode Weld  Shear
t Diam., Height, pitch, overlap, time, force, current, strength, time, force, current, strength, time, force, current, strength,
ind in. in, in, in, cycles® b A Ib cycles® b A Ib cycles® b A 1b

0.022 0.090 0.025 0.38 0.25 3 150 4,400 370 6 150 3,850 325 6 80 2900 290

0.028 0.090 0.025 0.38 0.25 3 195 5,500 500 6 150 4,450 425 8 100 3300 340

0.034 0.110 0.035 0.50 0.38 3 240 6,600 700 6 150 5,100 525 11 125 3800 425

0.043 0.110 0.035 0.50 0.38 S 330 8,000 1060 10 210 6,000 875 15 160 4300 720
0.049 0.140 0.038 0.75 0.50 8 400 8,800 1300 16 270 6,500 1100 19 220 4600 875

0.061 0.150 0.042 0.75 0.50 10 550 10,300 1800 20 365 7,650 1575 25 330 5400 1225
0.077 0.180 0.048 0.88 0.50 14 800 11,850 2425 28 530 8,850 2150 34 470 6400 1750
0.092 0.210 0.050 1.06 0.62 16 1020 13,150 3250 32 680 9,750 2800 42 610 7200 2325

0.107 0.240 0.055 1.25 0.75 19 1250 14,100 3850 38 830 10,600 3450 50 740 8300 2900
0.123 0.270 0.058 1.50 0.81 22 1500 14,850 4800 45 1000 11,300 4200 60 900 9200 3600
0.135 0300 0.062 1.63 0.88 24 1650 15,300 5500 48 1100 11,850 4850 66 1000 9900 4250
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THICKNESS “1" OF | DIAMETER | HEIGHT OF MINIMUM SHEAR STRENGTH DIAMETER MINIMUM | THICKNESS “T"OF
THINNEST OUTSIDE OF PROJECT~- (SINGLE PROJECTIONS ONLY) OF FUSED | CONTAGTING | THINNEST OUTSIDE
PIECE (NOMINAL) | PROJECT- | 10N "H" (SEE PAR.205) ZONE OVERLAP"L" | PIECE (NOMINAL)
(SEE PAR.201 AND | 1ON “0" |(SEE PAR. 211 L8, MINIMUM  |(SEE PAR. 209 |(SEE PAR.201 AND
NOTES [,2,3 AND 4 | (SEE PAR, |AND NOTES (AT WELD | AND NOTES | NOTES l.z,iAND
BELOW) 2l1AND | 7,9 AND 10 | YENSILE | TENSILE | TENSILE | INTERFACE}| SAND@ 4 BELOW
NOTES BELOW)  |STRENGTH | STRENGTH | STRENGTH | (SEE PAR. | BELOW)
ne AN3}° BELOW | 70,000 | 150,000 207)
BELO 70,000 uP 1O PSI
PSI 150,000 AND
INCHES IN. . PSI ABOVE IN. N, INCHES
0.010 0.055 0,015 130 180 250 0.112 /8 0.010
0.012 0.055 0.015 170 220 330 0.112 178 0.012
0.014 0.055 0.015 200 200 380 0.112 /8 0.014
0.016 0,087 0.017 240 330 450 anz 5/32 0.016
0.021 0.067 0.017 320 440 GO0 0.190 5/32 0.02!
0.025 0.081 0.020 450 600 020 0.140 3/16 0.025
0.031 0,094 0.022 635 850 1100 0.169 7/32 0.03
0.034 0.094 0.022 790 1000 1300 0.169 732 0.034
0.044 0.119 0.028 920 1300 2000 0.169 932 0.044
0.050 0.119 0.028 1350 1700 2400 0.22% 9/32 0.050
0.062 0.156 0.035 1950 2250 3400 0 225 3/8 0.062
0.070 0.156 0.035 2300 2800 4200 0.281 38 0.070
0.078 0.187 0.041 2700° 3200 4800 0.281 776 0.078
0.094 0.218 0.048 3450 4000 6100 0.261 12 0.094
0.109 0.250 0.054 4150 5000 7000 0.338 5/8 0.109
0.125 0.281 0.060 4800 5700 8000 0.338 11716 0.125
0.140 0.312 0.066 6000 —_— - 16 3/9 0.140
0.156 0.343 0.072 7500 — —— 12 13/16 0.156
0.17) 1 0.378 0.078 8500 —— - 9/16 78 0.7l
o |87 0.406 0.085 10000 — —— 9/16 15/16 0.187
0.203 0.437 0.091 12000 —_—— —_—— $/8 1 0.203
0.260 0.631 0.110 15000 -_— - 116 11/4 0.250
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Cold Drawn Wire Hot Drawn Wire
Wire Weld Elactrode Weld Weld Weld Electrode Weld Weld
Diameter Time, Force, Current, Strength, Time, Force, Current, Strength,
in. Cycles Ihs. A Ibs. Cycles Ibs. A Ibs.
15% Setdown 15% Setdown
1/16 5 100 600 450 5 100 600 350
1/8 10 125 1800 975 10 125 1850 750
3/16 17 360 3300 2000 17 360 3500 1500
1/4 23 580 4500 3700 23 580 4900 2800
5/16 30 825 6200 5100 30 825 6600 4600
3/8 40 1100 7400 6700 40 1100 7700 6200
7/18 50 1400 9300 9600 50 1400 10000 8800
1/2 60 1700 10300 12200 60 1700 11000 11500
30% Setdown 30% Setdown
1/18 5 150 800 500 5 150 800 400
1/8 10 260 2650 1125 10 260 2770 850
3/16 17 600 5000 2400 17 600 5100 1700
1/4 23 850 6700 4200 23 850 7100 3000
5/16 30 1450 9300 6100 30 1450 9600 5000
3/8 40 2060 11300 8350 40 2060 11800 6800
1/18 50 2900 13800 11300 50 2900 14000 9800
1/2 60 3400 15800 13600 60 3400 16500 12400
50% Setdown 50% Setdown
1/16 5 200 1000 550 5 200 1000 450
1/8 10 350 3400 1260 10 350 3500 900
3/18 17 750 6000 2500 17 750 6300 1800
1/4 23 1240 8600 4400 23 1240 9000 3100
5/16 30 2000 11400 6500 30 2000 12000 6300
3/8 40 3000 14400 8800 40 3000 14900 7200
7/16 50 4450 17400 11900 50 4450 18000 10200
1/2 60 5300 21000 14600 60 5300 22000 13000

05 05 69Y58 Sl o @blite s (5,092 Ll 8 AYEY Joa
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Elec-

trode A i i

) Pprox. Approx. Mini- Min,

AlSI Thick- t:ace Elec- V{eld QElench Temper welding Temper nugget mum  shear

N nesi, dxan:, trode time  time, time current, current, diam., pitch, strength
o, in, in% force, Ibs cycles cycles cycles* © kA® percentt” in. inf lbs '

1020 0.040 0.25 1475 6 17

16.0 90 0.23
1035 0.040 025 1475 6 20 14,2 91 0.22 : gg
1045  0.040 0.25 1475 6 24 13.8 88 0.21 1 2000

4130 0,040 0.25 1475 6 18
4340 0,031 0.19 900 4 12
0.062 031 2000 10 45
0.125 0.63 5500 45 240
8630 0.031 0.19 800 4 12
0.062 0.31 1800 10 36
0.125 0.63 4500 45 210

13.0 90 0.22 1 2120

8.3 84 0.16 0.75 1080
13.9 m 0.27 150 3840
21.8 88 0.55 250 13,700

8.7 88 0.16 - 0.75 1220
12.8 83 027 1.50 4240
21.8 84 0.55 250 13,200
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ELECTRODE DIAMETER NET WELD QUENCH TEMPER WELDING | TEMPER | MiNIMUM MINIMUM | DIAMETER MINIMUM, . RETWO

AND SHAPE ELECTRODE TIME TiME TIME WELD | OF FUSED WELD TENSILE

(SEE PAR.102 AND WELD AND | (SEE PAR. | (SEE FAR. | (SEE PAR. |(APPROX.) OVERLAP | SPACING ZONE STRENGTN SHEAR

NOTES 3 AND 4) TEMPER 104) 104) 104) (SEE PAR/ (SEEPAR. | (SEEPAR. | (sEEPAR| (seB PAR.10) | STREMOTH
MATERIAL FORCE 108 108) 107 AND 108)
(SEE PAR.101 AND NOTES 1, B—w (SEE PAR. NOTE 5
2,3 AND 4 BELOW) I 103)
./ o
o = g
= =
=% OF SHEAR | TENSALE
npe ) d a cveLes CYCLES creLes WELDING MCHES | STREMGTH | STRENGTH

T™veE CONOIMON YW l":"'? INCHES | INCHES L8. | 160 PER SEC) | (8O PER SEC) | (GOPERSEC) | AMPS | CURRENT " . (APPROX.) Les. LS. | PERCENT
SAE 1020 |WOT ROLLED | 0.040 srs | e 0 1475 [ 17 s 6000 | 90 V2 1 0.23 1360 920 [
SAE 1035 | MOY ROLLED | 0.040 s/8 | 1sa 6 1475 O 20 6 14200 9 vz [ 0.22 1560 520 33
SAE 1045 | HOT ROLLED | ©.040 s/ | 14 © 1475 . 26 0 13800 88 2 ' 0.21 2000 880 33
SAE X-4130 |WOT ROLLED | 0.040 /8 | 124 s 1475 6 8 € 13000 %0 w2 ! 0.22 2120 650 0
SAE 4390 |RORNALIZED | o.031 s/ | 36| 6 200 . 2 . 8250 o4 me 4 0.18 1084 230 2r
SaE 4340 ALZED [~0.062 34 e | & 2000 0 as 10 13500 [ 0 3 027 3840 1440 37
sat 340 | B0 R 0.125 \ 58 | w0 5500 - a3 240 90 21800 85 78 w2 0.55 13680 4000 29
NE 6630 0.03 vz e | 8 200 [} 12 ) 8650 88 e 348 0.16 1220 524 ©
we 8630 | Xoarawn o082 |88 | sns | 6 1800 10 36 10 12600 &3 5/8 ‘w2 0.27 | 4200 | 2200 52
NE 8630 ' ©0.125 ] s/8 | 10 4500 a5 210 90 21800 84 0 2wv2 0.55 | 13200 4500 3
we on5 | nod 0.018 vz 78 3 350 3 a4 3 3900 [ me [ 0.0 400 200 50
NE 6155 |NORMALIZED | 0.062 578 sn6 | 6 1600 0 28 0 12250 8s B T2 °.27 3300 1800 (3
we ens |NOSMALIZED| o.125 [ a8 | w0 4500 as 180 %0 22700 85 e 2uv2 0.55 12760 4500 35
NAX 9115 |ANNEALED | ©.040 5/8 va 6 1000 0 3 b 12000 19 v2 ] 0.22 1640 1020 )
Nax S |2 HARD 0.040 /8 e [ 1260 6 14 s 12000 | 70 ve ] 0.22 2040 1020 50
MAX SIS |ANNEALED | ©.070 e | w2 6 2325 0 34 [ 22600 67 e [0 0.32 4250 | 2800 66
NAX S5 [I/2 MARD 0.0710 e |uws2 | 6 2000 8 34 s 22600 n W6 178 0.32 5050 | 2520 50
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THICKNESS ELECTRODE NET WELD WELDING MINIMUM | MINIMUM | DIAMETER MINIMUM SHEAR THICKNESS
TY OF DIAMETER ELECTRODE| TIME CURRENT CONTACTING | WELD OF STRENGTH “TY OF
THINNEST AND SHAPE FORCE (SINGLE (APPROX.) OVER SPACING | FUSED (SEE PAR. 105) THINNEST
OUTSIDE (SEE PAR.102 (SEE PAR, | IMPULSE) (SEE PAR.106) (SEE PAR.109) [(SEE PAR. | ZONE OUTSIDE
PIECE AND NOTE 5) 103) (SEE PAR. 108 AND | (SEE PAR. PIECE
(SEEPAR. 101 {550 — 104) NOTE & 107) L8. (SEE PAR.101
AND NOTES OR L= BELOW) AND NOTES
1,2,3 AND 4 :% ULTIMATE TENSILE | 1,2.3 AND 4
BELOW) -‘I AMPS. C To¢ 3| STRENGTH OF METAL BELOW)

‘E_g k0 TENSILE | TENSILE € Dw| 70000 [ 90000 [ 150000
STRENGTH|STRENGTH | == uPTO | LPTO | PSI
NCHES D.IN., d.iN.. CYCLES BELOW |[150000PS! ! IN. 90000 | 150000 AND INCHES
MIN. MAX. LB, (60 PER SEC.) |150000 PS! |ANDHIGHER] IN. IN. APPROX. | PSI PSI | HIGHER
0.006 3/e 332 180 2 2000 2000 3/i8 s 0.045 60 70 85 0.008
0.008 s /32 200 3 2000 2000 3/is /e 0.055 100 130 145 0.008
0.010 3/18 /a 230 3 2000 2000 34 3/18 0.065 150 170 210 0.010
0.012 /s /s 280 3 2100 2000 \/a A 0.076 185 210 250 0.012
0.014 Va /s 300 4 2500 2200 1/a V/a 0.082 240 250 320 0.014
0.018 Ya 7 330 4 3000 2500 Va S/i8 0.088 280 300 380 0.018
0.018 Ya /s 380 4 3500 2800 Va 5/ 0.083 320 360 470 0.018
0.021 Va S/az 400 4 4000 3200 5/1e 5/s8 0.100 370:] 470 500 0.021
0.025 38 5/32 520 5 5000 4100 3/s e 0.120 500 600 680 0.025
0.031_- 3 3/ 650 5 6000 4800 3/ 172 0.130 680 800 930 0.031
0.034 /s 3/1e 750. 8 7000 5500 /1 %/ie 0.150 800 920 1100 0.034
0.040 3/ 3/ 300 & 7800 8200 /18 /s 0.!60 1000 1270 1400 0.040
0.044 3 3/18 1000 8 8700 7000 78 Wie ©0.180 1200 | 1450 | 1700 0.044
0.050 /2 /4 1260 ) 9500 7500 /2 £ 0.190 1450 | 1700 | 2000 0.050
0.058 2 \/a 1350 10 10300 8300 918 s 0.210 1700 | 2000 | 2450 0.058
0.082 2 /4 1500 10 11000 9000 5/8 1 0.220 1950 .| 2400 [ 2900 0.062
0.070 5/ I/a 1700 12 12300 10000 5/a 1/ 0.250 2400 | 2800 | 3550 0.070
0.078 5/s 5/is 1900 14 14000 11000 [ 1/4 0.275 2700 | 3400 | 4000 0.078
0.094 5/8 5/i8 2400 16 15700 12700 3a 13/8 0.285 3550 | 4200 | 5300 0.004
0.109 ¥a s 2800 18 17700 14000 13/18 12 0.290 4200 | 5000 | /400 0.109
Q.125 3/s 3/a 3300 20 18000 15500 /8 2 0.300 5000 | 6000 [ 7800 0.125
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Sk 1) 05 S5 sladVd (b (aglde 6 S Ll 2 (VW-F) Jouo

ans o e AWS C 1.1

Tmcstss] ELECTRODE NET WELD TIME WELDING CURRENT MINIMUM | MINIMUM | MINIMUM | MINIMUM SHEAR | THICKNESS
"T" OF DIAMETER |ELECTRODE ON OFF (APPROX.) CONTACTING| WELD |DIAMETER STRENGTH "T" OF
THINNEST | AND SHAPE | FORCE 15 6 (SEE PAR. 105 OVERLAP | SPACING OF SEE PAR. 109 THINNEST
OUTSIDE | (SEE PAR. |(SEEPAR. | CYCLES CYCLES -105) (SEE PAR. |(SEE PAR| FUSED ( -109) OUTSIDE
PIECE L?S_leNSD 103) (60 PER SEC.) 106) 107 AND| ZONE PIECE
(SEE PAR. (SEE PAR.104) NOTE 6 |(SEE PAR. (SEE PAR.
101 AND | BELOW) BELOW)|" i08) 101 AND
NOTES I, Q7 L+ LB. NOTES I,
2,3AND4 .5 % Ji= ULTIMATE TENSILE 2521_%%3)4
W
BELOW ) éﬂ ’j‘ e AMPS. &= ¢T0¢ ? STRENGTH OF METAL
b BASE METAL == D 90000 | 150000
TENSILE STRENGTH w UP TO | PSI
D, IN., |d,IN, NO. OF BELOW [I50000PS] 150000 | AND
INCHES | "y N’ | max. LB. PULSATIONS | 150000 PSI|AND HIGHER IN. IN. IN. PSI | HIGHER | INCHES
0.156 ] 172 4000 4 -| 20700 17500 A 1Y% | 0.440 7600 | 10000| o0.56
0.187 1 172 5000 5 21500 18500 1Y2 2 0.500 | 9750 | 12300| 0.187
0.203 i s/8| 5500 6 22000 19000 1% 2V 0.530 | 10600 | 13000( 0.203
0.250 i | s/8| 7000 7 22500 20000 13/a 238 | 0.600 | 13500 | 17000| 0.250
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THICKNESS| ELECTRODE|  NET ON TIME OFF TIME MAXIMUM WELDS WELDING MINIMUM | THICKNESS
"T"oF WIDTH |ELECTRODE| (SEE PAR. | FOR MAXIMUM WELD PER CURRENT | CONTACTING | "T"OF
THINNEST | AND SHAPE | FORCE 104} SPEED SPEED INCH (APPROX.) | OVERLAP THINNEST
OUTSIOE | (SEE PAR. | (SEE PAR. (PRESSURE — | (SEE PAR. | (SEE PAR | (SEE PAR. | {SEE PAR. OUTSIDE
PIECE lé)g &Ng 103) TIGHT ) 104) 104) 105) ',?2 1%"2 ( PIECE
SEE PAR. ' ' PAR.
(IOI AND BELOW) (SEE PAR. 104) BELOW) ISOELEANI?
NOTES |, NOTES |,
2,3ANDA EE’] IN. PER 2,3AND4
BELOW) s CYCLES CYCLES MINUTE BELOW)
INCHES | W, 1IN, MIN, LB. (60 PER SEC)| 2"1" | 4"¢* | 2"1"| 4" [ 2"7" ] a"1" AMPS. IN, INCHES
0.006 3716 300 2 1 [ 60 67 | 20 8 4000 174 0.006
0.008 3716 350 2 I 2 67 56 18 3 4600 174 0.008
0.010 3/16 400 3 2 2 45 51 16 14 5000 /4 0.010
0.012 1/4 450 3 2 2 48 55 15 13 5600 5/16 0.0]2
0.014 /4 500 3 2 3 51 46 14 i3 6200 5/16 0.014
0.016 174 600 3 2 3 51 50 14 12 6700 5/16 0016
0.018 174 650 3 2 3 55 50 [ 13 12 7300 5716 0.018
0.021 174 700 3 . 2 3 55 55 13 " 7900 3/8 0.021
0.025 3/8 850 3 3 4 50 47 12 | 1l 9200 7/16 0.025
0.03 3/8 1000 3 3 4 50 a7 12 1l 10600 7/16 0.031
0.040 3/8 1300 3 4 3 47 45 n 10 13000 /2 — 0.040
0.050 172 1600 4 4 5 45 44 10 9 14200 5/8 0.050
0.062 /2 1850 4 5 7 40 ] 10 8 15100 5/8 0.062
0.070 s/8 2150 4 5 7 44 41 9 8 15900 /e 0.070
0.078 5/8 2300 4 6 | 7 40 | & ) 8 16500 1716 0.078
0.094 5/8 2550 5 6 7 36 38 9 8 16600 3/4 0.094
0.109 34 2950 ) 7 9 38 37 8 7 16800 13716 0.109
0.125 3/4 3300 6 6 8 38 37 8 7 17000 7/8 0.125
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MATERIAL ELECTRODE NET WELDING WELD WELD MINIMUM MINIMUM MINIMUM

THICKNESS DIAMETER ELECTRODE | CURRENT TIME NUGGET TENSION- WELD CONTACTING
AND SHAPE FORCE (APPROX.) SIZE SHEAR SPACING OVERLAP

(see par,101 (see par, STRENGTH

& 201 and (see par,102 | (see par.| (see par. 104) | (see par. (see par, | (see par.

notes 1, 2, | & 202 and 103) 105) 108) (see par, 107) 106)

& 3 below) note 4 below) 109)

INCHES IN, | IN, | DEG, LB, AMPS, CYCLES IN. LB, INCHES INCHES
0.022 5/8 1 3/16]120 300 13000 8 0,15 550 5/8 5/8
0.030 5/8 | 3/16|120 400 13000 10 0.16 1000 5/8 5/8
0.036 5/8 | 1/4 |120 500 13500 12 0.19 1180 3/4 5/8
0,039 5/8 1 1/4 |120 650 14000 13 0,21 1400 3/4 5/8
0.052 5/8 1/4 |120 725 14500 18 0.22 1700 /8 11/16
0,063 3/4|1/4 |120 850 15500 22 0.24 2500 1-1/8 3/4
0,078 3/4 | 5/16|120 1200 19000 24 0.28 3200 1-1/4 7/8
0,093 3/4 | 3/8 |120 1400 21000 30 0.34 4200 1-1/2 1
0,108 7/8 | 3/8 |120 1750 20000 .37 0.40 5900 1-3/4 1-1/8
0.123 7/8 | 3/8 |120 2000 20000 42 0.48 7200 2 1-1/8
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MATERIAL ELECTRODE NET WELDING WELD WELDING WELDS MINIMUM
THICKNESS WIDTH ELECTRODE| CURRENT TIME SPBED PER CONTACTING
AND SHAPE FORCE (APPROX.) INCH OVERLAP
(see par.101, (see par. (sea par. .
201, 203 & (see par,l02 (see par, (see par. 104) 104) (see par, | (see par.
notes & 202 and 103) 105) 104) 106)
ik 3 note 4 below)
below) W L—’i
4 l
TIME TIME ] |
- S
W E
INCHES IN, IN, LB, AMPS, CYCLES CYCLES | IN./MIN, W/IN, INCHES
0,015 3/8 |1/4 900 15000 2 2 120 7.5 3/8
0.036 1/2 |1/4 1100 18000 4 2 60 10,0 1/2
0,039 1/2 1/4 1200 19000 4 3 60 9.0 1/2
0.052 1/2 |1/4 1350 20000 5 1 90 7.0 9/16
0.063 1/2 5/16 1500 19800 8 2 54 7.0 5/8
0.078 5/8 5/16 1850 23000 10 7 30 7.0 11/16
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MATERIAL ELECTRODE NET WELDING WBLD WELD HMINIMUM PROJECTION
THICKNESS DIAMETER ELECTRODE| CURRENT TIME NUGGET TENSION=- 51ZE
AND SHAPE FORCE (APPROX, } 812ZE SHEAR
(see par,10l (see par. STRENGTH {(sae note 5
& 201 and (see par.102 (eaee par,| (see par. 104) (see par,| below)
notes 1, 2 &| & 202 and 103) 105) 108) (FOR SINGLE]
3 below) note 4 below) PROJECTIONS
ONLY)
(seea par,
109)
Hp
bp
D 4 )
DIAMETER | HEIGHT
INCHES IN, IN, LB, AMPS, CY¥CLES IN. LB, IN. N,
0.039 5/8 3/8 250 10000 15 0.15 925 0,187 0.041
0,063 5/8 1/16 400 11500 20 0.25 2050 0.218 0,048
- 0.078 3/4 1/2 550 16000 25 0,25 2700 0.250 0,054
0.093 3/4 1/2 750 16000 30 0,30 4300 0.250 0.054
0.108 7/8 1/2 950 22000 33 Q.31 4900 0.250 0.054
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METAL PUNCH AND DIE PARAMETER
THICKNESS A B c D E F H R
INCHES IN. IN. IN, IN. IN. IN.
0,039 A a 0.187 0.128 0.041 0.055 0.104 0,010
< “<
0.063 = = 0,218 0.148 0.048 0,065 0,115 0.010
o o
0.078 H “ 0,250 0,172 0,054 0,075 0.137 0.015
0.093 : : 0,250 0.172 0,054 0.075 0,137 0,015
0,108 ° ° 0,250 0.172 0.054 0.075 0,137 0.015
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" MATERIAL ELECTRODE NET WELDING WELD WELD MINIMUM MINIMUM MINIMUM
THICKNESS DIAMETER ELECTRODE | CURRENT TIME NUGGET TENSION- WELD [CONTACT IN
AND SHAPE FORCE (APPROX.) 8IZE SHEAR SPACING OVERLAP
(see par.l0l (see par. STRENGTH
& 301 and (see par.l02 (see par, | (see par. 104) (see par. (see par. |(see par.
notes 1 & 2 & 302 and note 103) 105) 108) (see par. 107) 106)
below) 3 helow) 109)
%
" |
D |a (-3
INCHES IN. | IN, |DEG. LB, AMPS, CYCLES IN, LB. INCHES INCHES
0,018 5/8 | 5/32| %0 300 8600 8 0.15 500 5/8 5/8
0.021 5/8 | 5/32| 90 350 8800 9 0.16 570 5/8 5/8
0,027 5/8 | 3/16| 90 400 9000 10 0.17 840 5/8 5/8
0,033 5/8 | 3/16| 90 500 9200 11 0.18 1080 5/8 5/8
0,039 5/8 | 1/4 90 600 11400 14 0.21 1500 3/4 5/8
0.052 5/8 | 1/4 90 800 11800 18 0.23 2000 7/8 11/16
0.063 3/4 | 1/4 90 1100 12000 24 0.24 2200 1 3/4
0.078 3/4 | 5/16| 90 1400 16000 30 0.33 4300 1-5/16 /8
0.093 3/4 | 3/8 90 1800 19000 36 0.40 4500 1-1/2 1
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Suggested schedules for spot welding of aluminum alloys with single-phase ac machines

Electrode Net Approximate .
face electrode welding Welding
radius, in., force, current, time,
Thickness,* top-bottom Ibs. kA cycles (60 Hz)
2-20r
.032 2-Flat 800 27 4
3-3o0r
040 3-Flat 880 28 5
3-30r
.050 3-Flat 1000 29.5 6
3-30r .
062 3-Flat 1150 332 8
.070 4-4 1200 35.5 10
.081 44 1430 38.5 10
090 6-6 1600 41.0 12
100 6-6 1800 44,0 15
110 6-6 2000 48.0 15
125 6-6 2400 53.0 15

S5 AC olKtws b puinog) (slasLIT (g1 alais iaglia Sy asliy YF-F o
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Suggested schedules for spot welding of aluminum alloys with three-phase frequency

converter machines

Sheet Elec- Electrode force, Ibs Current,® kA Time, cycles (60Hz)
thick- trode
ness,” face Post- Post-

in, radius, in. Weld Forge Weld heat Weld heat
0.020 3 500 - 26 0 172 0
0.025 3 500 1500 34 8.5 1 3
0.032 4 700 1800 36 9.0 | 4
0.040 4 800 2000 42 12,6 1 4
0.050 4 900 2300 46 13.8 1 5
0,063 6 1300 3000 54 18.9 2 5
0.071 6 1600 3600 61 21.4 2 6
0.080 6 2000 4300 65 22.8 3 6
0.090 6 2400 5300 75 30.0 3 8
0.100 8 2800 6800 85 34.0 3 8
0.125 8 4000 9000 100 45.0 4 10
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Electrode " Time,

Sheet Electrode force, Ibs Cumenti¥iA cycles (60Hz)

thickness,"* face Post- Post-

in. radius, in. Weld Forge Weld heat Weld heat
0.016 3 440 1000 19 0 1 0
0.020 3 520 1150 22 0 1 0
0.032 3 670 1540 28 0 2 0
0.040 3 730 1800 32 0 3 0
0.050 8 900 2250 37 30 4 4
0.063 8 1100 2900 43 36 5 5
0.071 8 1190 3240 48 38 6 7
0.080 8 1460 3800 52 42 7 9
0.090 8 1700 4300 56 45 8 11
0.100 8 1900 5000 61 49 9 14
0.125 8 2500 6500 69 54 10 22
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Sheet On time, Elect- Approx.
thick- Welds On + off Travel cycles, (60 Hz) rode Welding weld
ness,* per time,bcycles speed,® force, current, width,4
in. in. (60 Hz) ft/min Min Max Ibs kA in.
0.010 25 3% 34 ] 1, 420 19.5 0.08
0.016 21 3% 4.1 Y 1 500 220 0.09
0.020 20 4 3.3 a 12 540 24.0 0.10
0.025 18 54 3.0 1 14 600 26.0 0.11
0.032 16 5'% 34 1 1%4 690 29.0 0.13
0.040 14 " 2.9 12 2% 760 32.0 0.14
0.050 12 9% 2.6 1% 37 860 36.0 0.16
0.063 10 11%4 2.6 2 3% 960 38.5 0.19
0.080 9 15% 2.1 3 5 1090 41.0 0.22
0.100 8 20% 1.8 4 6% 1230 43.0 0.26
0.125 7 28Y4 1.5 5% 9% 1350 45,0 0.32
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- Penetratrion

- Ductility and Strength

- Internal Discontionities

- Separation and Expulsion
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Nominal Thickness of

Nominal Thickness of

Thinner Sheet Nugget Size Thinner Sheet Nugget Size

in, {mm) in. (mm) in. (mm) in. (mm)
0.001 (0.03) 0.010 (0.25) 0.036 (0.90) 0.160 (3.81)
0.002 (0.05) 0.015 (0.38) 0.040 (1.00) 0.160 (4.08)
0.003 (0.08) 0.020 (0.50) 0.045 (1.10) 0.170 (4.32)
0.004 (0.10) 0.030 (0.76) 0.050 (1.20) 0.180 (4.57)
0.005 (0.12) 0.035 (0.89) 0.056 (1.40) 0.190 (4.82)
0.006 (0.18) 0.040 (1.02) 0.063 (1.60) 0.200 (5.08)
0.007 (0.18) 0.045 (1.14) 0.071 (1.80) 0.210 {5.33)
0.008 (0.20) 0.050 (1.27) 0.080 (2.00) 0.225 (5.72)
0.010 (0.25) 0.060 (1.52) 0.090 (2.30) 0.240 (6.10)
0.012 (0.30) 0.070 (1.78) 0.100 (2.50) 0.250 (6.35)
0.016 (0.40) 0.085 (2.16) 0.112 (2.80) 0.260 (6.80)
0.018 (0.45) 0.090 (2.29) 0.125 (3.20) 0.280 (7.11)
0.020 (0.50) 0.100 (2.54) 0.140 (3.60) 0.300 (7.62)
0.022 (0.56) 0.105 (2.68) 0.160 (4.10) 0.320 (8.13)
0.025 (0.65) 0.120 (3.05) 0.180 (4.60) 0.340 (8.64)
0.028 (0.70) 0.130 (3.30) 0.190 (4.80) 0.350 (8.89)
0.032 (0.80) 0.140 (3.56)
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{a) Single Spot (b) Muttipte Spot
Shear Specimen Shear Spaciman

GENERAL NOTES:

(@) Nominal Thickness of w
Thinner Shaet, in, in., min.

Over 0.008 to 0.030 0.6s

Over 0.030 to 0.100 1.00

Over 0.100 to 0.130 1.26

Ovar 0.130 1.50

(b) L shall be not less than 4W.
(c) Sketch (b) shall be made of 5 specimens ar more.
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P-1 Through P-11 and P-4X Metals

Ultimate Strength Ultimate Strength below
50,000 to 149,000 ps 90,000 psi
Nominal Thickness Ib per spot Ib per spot
of Thinner Sheet,

in, min min avg min min avg
0.009 130 160 100 125
0.010 160 195 115 140
0.012 200 245 150 185
0.016 295 365 215 260
0.018 340 415 250 305
0.020 390 480 280 345
0.022 450 550 330 405
0.025 530 655 400 495
0.028 635 785 465 575
0.032 775 955 565 695
0.036 920 1,140 690 860
0.040 1,065 1,310 815 1,000
0.045 1,285 1,585 1,005 1,240
0.050 1,505 1,855 1,195 1,475
0.056 1,770 2,185 1,460 1,800
0.063 2,110 2,595 1,760 2,170
0.071 2,535 3,125 2,080 2,560
0.080 3,005 3,705 2,455 3,025
0.090 3,515 4,335 2,885 3,560
0.100 4,000 4,935 3,300 4,070
0.112 4,545 5,610 3,795 4,675
0.125 5,065 6,250 4,300 5,310
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P-2X Aluminum Alloys

Ultimate Strength Ultimate Strength Ultimate Strength below
35,000 to 55,999 psi 19,500 to 34,999 psi 19,500 psi
Nominal Thickness Ib per spot Ib per spot Ib per spot
of Thinner Sheet,
in. min min avg min min avg min min avg
0.010 50 65 -~ - - -
0.012 65 85 30 40 20 25
0.016 100 125 70 90 50 65
0.018 115 145 85 110 65 85
0.020 135 170 100 125 80 100
0.022 155 195 120 150 95 120
0.025 175 200 145 185 110 140
0.028 205 260 175 220 135 170
0.032 235 295 210 265 165 210
0.036 275 345 255 320 195 245
0.040 310 390 300 375 225 285
0.045 370 465 350 440 260 325
0.050 430 540 400 500 295 370
0.050 515 645 475 595 340 425
0.063 610 765 570 715 395 494
0.071 720 900 645 810 450 565
0.080 855 1,070 765 960 525 660
0.090 1,000 1,250 870 1,090 595 745
0.100 1,170 1,465 940 1,175 675 845
0.112 1,340 1,675 1,000 1,255 735 920
0.125 1,625 2,035 1,050 1,315 785 985
0.140 1,920 2,400 - - - ~
0.160 2,440 3,050 - —~
0.180 3,000 3,750 - - -
0.190 3,240 4,050 - - - -
0.250 6,400 8,000 = = - -
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Pes| Test

8tep 1 - Grip in viee or other ‘suitable- device.

Stap 2 - Bend specimen. .

Step 3 - Peel piaces apart with pincers or othar suitable tool.
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Paragraph Brief of Variables Essential Nonessential
QW-402 .13 | & Spot, projection, seam X
Joints .14 | ¢ Overlap, spacing X
15 | ¢ Projection shape size X
1 P-No. X
QW-403 ¢
Base Metals :21 | * Coating, plating X
221+ 7T X
QW-406 )
Preheat 6 @ Amplitude, cycles X
QW-407
PWHT 5 @ PWHT X
13 | ¢ RWMA class X
14 | = ¢ Slope X
QW-409 .15 | ¢ Pressure, current, time X
Electrical 16 Timing X
17 | @ Power supply
18 Tip cleaning X
.31 | ¢ Cleaning method
.32 | ¢ Pressure, time X
Qw-410
Techriloe .33 | ¢ Equipment X
.34 | ¢ Cooling medium X
35 ¢ Throat X
Legend:
+ Addition > Increase/greaterthan T Uphill « Forehand ¢ Change
- Deletion < Decrease/less than 1 Downhill - Backhand
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RESISTANCE WELDING DATA SHEET

EQUIPMENT IDENTIFICATION

TYPE SERIAL
TRANSFORMER NO. RATING
CONTROL
SIDE SIDE
A B
Thickness Weld Current
Approx, Analysis S.C, Current
(type) Tap and/or Phase Setting

Ttl Throat Opening
o | Surface Cond. Throat Spacing
E Ult, Strength Synchronous or

Yield Strength =
2 netn % Tl

Red, in Area % Cool Time

Hardne ss Electrode Force
& Material Tension Shear Test
o | Shape Tension Test
8 0 Yield Point
t K K Ultimate
“ TORSIONAL [ Mod. of Rupt,
d JF 4’. Degree Twist

at Ult,
5 Roll Speed Inches per Min, Indentation
w | Spots per Inch Other Tests:
' | Width of Weld
ul Overlap or filler
gor Length of Weld

Remarks: Photos
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RESISTANCE WELDING DATA SHEET

EQUIPMENT IDENTIFICATION

TYPE SERIAL
TRANSFORMER NO. RATING
CONTROL
SIDE SIDE
A B
Thickness Weld Current
Approx, Analysis S.C, Current
(type) Tap and/or Phase Setting
:tl Throat Opening
o | Surface Cond. Throat Spacing
;u.' Ult, Strength Synchronous or
‘zt - Yield Strength non-synchronous timing
Elongation % Heat Time
Red, in Area % Cool Time
Hardness Electrode Force
W Material Tension Shear Test
o | Shape Tension Test
8 0 Yield Point
B W\, - Ultimate
w TORSIONAL [ 'Meod. of Rupt,
d ‘4’- JI‘ Degree Tw'l’si
at Ult,
3 Roll Speed Inches per Min. Indentation
w | Spots per Inch Other Tests:
' | Width of Weld
Overlap or filler
- Length of Weld

Remarks:

Photos
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