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1. SCOPE:

1.1

1.2

1.2.1

Scope:

This specification covers requirements for resistance spot and seam welding of the following metals
and their alloys.

Group 1 - Al

minum and magnesium

Group 2 - Irg
Group 3 - Tif

Classificatio
Classificatio
strength. Th
The criteria

than are con

Class A

Class B

Class C

The classification of welds.in foil thickness is limited to Class A and Class C.

2. APPLICABLE

The following
form a part of

2.1

n, nickel, and cobalt
anium

—

considered.

DOCUMENTS:

his,specification.

N is based on function and use of the welded joint, ratherithan certain ayerage levels of
erefore, reliability is the key underlying quality distinguishing the work fgr each class.
lescribed herein are intended to prevent larger variations in weld strength and quality
npatible with the intended use.

A welded joint, whose failure during any operating condition would cause loss of the
equipment or system or one or its major-components, loss of control, funintentional
release or inability to release any armament score, failure of gun installation
components; or which may causé’significant injury to occupants of manned systems.

A welded joint whose failure.:would reduce the overall strength of the pquipment or
system or preclude the intended functioning or use of equipment.

A welded joint which is-.considered non-critical and for which no stregs analysis is

Hocuments of the issue in effect on date of invitation for bids, or request|for proposal,

American Welding Society (AWS) Publications:

Available from American Welding Society Inc., 2501 N.W. 7th Street, Miami, Florida 33125)

AWS A3.0
AWS C1.1

Terms and Definitions

Recommended Practices for Resistance Welding
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3. REQUIREMENTS:

3.1

3.1.1

3.1.2

3.1.3

Design requirements:

Definition of terms used in this specification shall be in accordance with AWS A3.0, and as shown

in 6.2 here

approve if
design ang
repeated I

There shal
be for a we
applicable
shall be a

in.

satisfactory resistance welded prototypes exist, or upon evidence of-the
pattern of spot welding or upon the satisfactory performance of sSuitablg
bading testing of the design or applicable prototype.

| be two methods of certification for spot welds. The Standard Certificati
ld schedule that certifies that the requirements of Tables | through Il or
weld property requirements have been met. The Design Allowable Cert
veld schedule that certifies a guaranteed strength value has been met.

design of Class
ty who may
adequacy of the
b static and

bn method shall
IV, and all other
fication method
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TABLE I. Shear strength requirements for spot weld sheet specimens

GROUP 1 ALLOYS

Ultimate Ultimate Ultimate Ultimate
Strength Strength Strength . Strength
Nominal Thickness| 56,000 psi and 35,000 to 19,500 to velow
of Thinmer Sheet, above 53,993 psi 34,999 psi 12,500 psi
ib per spot 1b per spot 1b per spot 1b per spot
ingh min min avg | wmin [min svg ! min Imin gvg tmin Imin avg
0.p10 &0 75 50 85 —_ -— = —
o.pi2 75 95 65 85 30 40 20 25
0.pisc 110 140 100 128 70 20 50 65
0.p18 125 160 115 145 85 110 69 85
c.p20 140 175 135 170 100 12% 80 100
0.p22 160 200 158 195 120 160 95 120
0.p25 185 23% 175 200 145 135 110 140
0.p28g 215 270 205 280 175 220 135 170
0.p32 260 325 235 285 210 265 163 210
0.p38 303 385 27% 345 255 320 195 245
0.p40 345 435 310 390 300 375 225 285
0.p453 405 510 370 465 350 440 260 325
0.p50 485 385 430 540 400 500 295 | ‘370
0.056 555 870 515 645 478 585 340 425
0.p63 870 840 810 TES 370 7135 395 435
0.p71 B25 1,035 720 200 645 810 450 565
0.p%0 1,025 1,285 855 1,070 765 880 82% 860
0.p8%0 1,258 1,570 1,000 1,250 870 1,090 593 745
0.100 1,490 | 1,865 0,170 | 1,465 940 | 1,175 675 845
0.[L12 1,780 2,225 1,340 1,675 1,000 1,255 735 920
0.L25 2,120 2,850 1,625 2,035 1,050 1,319 785 988
0.p40 2,525 3,160 1,920 | 2,400 - - -— -
0,60 3,120 3,900 2,440 3,050 - - —_— -—
0.180 3,725 2,660 3,000 | 3,750 — -— _— —
G.190 4,035 5,043 3,240 4,050 ~— —— —~— -
0.B50 7,380 9,200 6,400 8,000 - - _ -—
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TABLE I(SI)*. Shear strength requirements for spot weld sheet specimens

GROUP 1 ALLOYS

Ultimate Ultimate Ultimate Ultimate
) Strength Strength Strength Strength
Nominal Thickness 386 MPa and 240 to 135 to below
of Thinner Sheet above 385.9 KPa 239.3 MPa 135 MPa
N per spot N per spot N per spot N per spot
millimgEers mIn min avg min MAN GVE | LD WLk &vg[| MLn jmin avg
¢.2 265 338 225 280 — - -~ -
0.3 335 423 290 380 135 175 D90 110
0.4 430 6§25 445 855 310 400 2268 290
0.4% 588 710 510 645 380 430 280 380
0.5 625 780 600 793 445 555 358 445
- 0.5 710 830 630 885 335 835 42% 538
~0.6 825 1,045 780 890 645 825 490 625
0.7 95% 1,200 910 1,188 780 980 800 7558
0.3 1,158 1,445 1,045 1,310 335 1,180 738 938
0.9p 1,356 1,710 1,225 1,335 1,435 1,425 885 1,080
1.0p 1,335 1,835 1,380 1,73% [N1,338 1,670 1,000 1,270
1.19 1,300 2,270 1,645 2,070} 2,555 2,955( 1,155]| 1,445
1.30 2,070 2,600 1,910 2,400 { 1,780 2,225| 1,310} ‘1,645
1.49 2,470 2,980 2,290 2,870 | 2,110 2,64%) 1,510) 1,880
1.60 2,980 3,635 | 2,715 3,400 | 2,535 3,180| 4,755| 2,200
1.8p 3,870 4,608 3,200 4,008 | 2,780 3,600 2,000 2.515
2.0p 4,560 5,715 3,805 4,760 | 3,400 4,270 2,338) 2,935
2.3p 5,580 6,985 4,430 5,560 | 3,870 4,830| 2,645 3,313
2.50 6,630 8,295 5,205 6,515 § 4,180 5,225( 3,000| 3,660
2.8p 7,815 9,888] 5,960 | 7,450 | 4,450 | §,580| 3,270| 4,090
3.2p 9,430 | 11,785 7,228 8,050 | 4,670 5,850 3,490 4,380
3.6p 11,230 14,0556 8,540 10,875 —~— —_— _— —_
4.1p 13,880 { 17,345 {10,585 | 13,565 | - —f -
4.60 18,570 20,730 13,345 15,630 —_— — —_— —
4.8p 177850/ | 22,440 |14,410 | 18,015 | =mm S el
§.4p 32,695 | 40,%20 |28,465 | 35,585 - —_— -— -_—

#(SI) - International System of Unit.
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TABLE II. Shear strength requirements for spot weld sheet specimens

GROUP 2 ALLOYS

Ultimate Ultimate Ultimate Vitimate
Strength Strength Strength Strength
Nominal Thickness above 150,000 to 20,000 %o below
of Thinner Sheet 185,000 psi 185,000 psi 149,000 psi 80,000 psi
1b per spot 1b per spot 1b per spot ib per spot
ingh nin Imin avg min min avg | min min avg | min Omin avg
0.008 200 245 175 210 130 160 100 125
0.010 245 305 20§ 258 160 195 115 140
0.0123 350 410 278 340 200 24§ 150 185
g.g1e 480 595 400 498 295 365 245 260
0.018 580 728 480 800 340 415 250 305
0.020 635 785 530 655 390 480 280 345
0.022 730 905 810 788 450Q §50 330 408
0.025 370 1,078 725 845 330 55 400 433
0.028 1,025 1,260 855 1,058 535 785 465 573
0.032 1,250 1,545 1,045 1,280 775 85% 565 693
0.036 1,500 1,850 1,288 1,543 920 1,140 690 360
0.040 1,750 | 2,150 1,460 1,088 | 1,065 | 1,310 815 1,000
0.045 2,100 2,600 1,785 2,210 1,285 1,583 1,005 1,240
0.050 2,450 3,000 2,125 2,820 1,505 1,855 1,195] 1,475
0,058 2,880 3,550 2,550 3,145 1,770 2,185 1,460 1,8G0
0.083 3,850 | 4,375 3,080 3,815 2,110 2,595 1,760 2,170
0.071 4,200 5,150 3230 4,598 2,535 3,125 2,080| 2,560
0.980 4,850 6,000 4,410 5,440 3,005 3,708 2,455 3,028
0.080 5,600 6,900 5,080 6,275 3,515 4,338 2,885] 3,560
0.100 6,300 7,730 5,720 7,080 4,000 4,93% 3,300( 4,070
0.112 7,000 | 8,600 6,365 7,855 | 4,545 5,610 | 3,7951 4,875
0.425 7,785 | . 9,600 7,080 8,730 | 5,085 6,250 | 4,300| 5,310
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TABLE lI(SI)*. Shear strength requirements for spot weld sheet specimens

GROUP 2 ALLOYS

Ultimate

Ultimate Ultinate Ultimate
Strength Strength Strength Strength
Nominal Thickness above 1034 to 620 to below
of Thinner Sheet 1275 MPa 1275 MPsa 1033.9 MpPa 620 MPa
N per spot N per spot N per spot N per ‘spot
milligeters min fmin avg | min  |min avg| min |min avg| min' |din avg
0.23 890 1,080 730 8935 580 710 440 558
0.25 1,090 | 1,355 s10| 1,135 710 865 510 625
0.3( 1,555 1,825 1,225 1,510 890 1,080 665 - 828
0.44 2,135 2,645 1,780 2,200 1,310 1,625 955 1,158
0,45 2,625 3,225 2,200 2,670 1,510 14845 1,110 1,355
0.5( 2,825 3,490 2,355 2,915 1,735 2;135¢1 1,245 1,935
0.57 3,245 4,025 2,718 3,360[ 2,000 2,443] 1,470 1.800
Q.65 3,870 4,780 3,225 3,9801 2,355 2,915] 1,780 2,200
0.7 4,580 4,605 3,808| 4,690| 24825 3,400} 2,070 2,555
0.84 5,560 5,870 4,650 5,695 3,443 4,250) 2,515 3,090
0. 94 6,670 8,230 5,582 6,8704.4,090 5,070 3,070 3,825,
1.04 7,785 9,565 §,499 8,005 4,735 5,825] 3,625 4,450
1.14 9,340 8,895 7.985| 9¢830| 5,715 7,050 4,470 5,515
1,3d 10,500 13,345 9,450 | «14,655] 6,695 8,250} 5,318 6,560
1,44 12,810 15,780 11,3404\ 313,950 7,875 9,720 6,495 8,005
1.64 15,720 13,460 13,7451"16,970| 9,38% 11,545) 7,830 €,650
1.8( 18,880 22,305 164590} 20,440)11,275 13,9001 9,250 11,385
2,04 21,578 26,890 19,615 24,195(13,385 16,480(10,920 13,455
2.3( 24,510 30,690 22,840} 27,910115,635 19,280112,830 15,835
2.5( 28,020 34,479 25,445 31,360(17,790 21,950(14,630 18,105
2.8( 31,135 35,255 28,310 34,940120,215 24,955} 16,380 20,795
3.24 34,630 42,700 31,480 38,830122,530 27,800119,125 23,620
#(SI) = International System of Unit.
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TABLE Ill. Shear strength requirements for spot weld sheet specimens

GROUP 3 ALLOYS

Ultimate Ultimate
Strength Strength

Nominal Thickness above icD,000 psi
of Thinner Sheet 100,000 psi and beloy
1b per spot lb per spot

inch min min avg min min avp
0.010 205 265 160 210
0.012 275 360 200 260
0.016 400 520 295 385
0.018 490 635 340 445
0.020 530 690 390 510
0.022 610 795 450 985
0,02b 725 945 530 690
0.9028 BES 1,110 B35 825
0.032 1,045 1,360 778 1,000
0,036 1,255 1,630 820 1,200
0.040D 1,460 1,900 1,065 1,385
0.045 1,795 2,340 1,285 1,67C
0.050 2,125 1,760 1,505 1,910
0.056 2,550 3,320 1,770 2,300
0.083 3,000 3,900 2,110 2,730
0.071 3,380 4,400 2,395 3,115
0.080 3,810 4,960 2,700 3,510
0.080 4,250, 5,570 3,040 3,955
0.100 4,760 6,170 3,380 4,395
0.112 5,320 6, 800 3,785 4,925
0.125 5,350 7,700 4,230 5,490
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TABLE llI(SI)*. Shear strength requirement for spot weld sheet specimens

GROUP 3 ALLOYS
Ultimate Ultimate
Strength Strength
Nominal Thickness ahave 689.5 MPa
of Thinnsyr Shcet 689.8 MPa and below
N per spot R per spot
millimeters min mir avy | _min min avg
0.25 910 1,180 710 935
0.30 1,226 1,600 890 1,155
0.40 1,780 2,310 1,310 1,710
0.45 2,180 2,825 1,810 1,980
0.5¢ 2,355 3,070 1,735 2,270
0.85 2,715 3,535 2,000 2,600
0.65 3,228 4,205 Z,355 3,070
0.70 3,805 4,94Q 3,380 3,670
G.80 4,515 6,050 3,445 4,450
0.9%0 5,580 7,250 430490 5,340
1.00 5,485 8,450 AyT35 6,160
1.10 7,985 10,410 5,715 7,430
1.30 3,450 12,275 6,695 8,495
1.40 i1,3410 14,765 7,875 10,230
1.60 113,345 17,345 9,385 12,145
1.80 15,035 18,570 10,625 13,855
2.00 16,945 22,060 12,010 15,610
2.30 19,080 24,775 13,5820 17,580
2.50 21,170 27,445 15,035 12,550
2.80 23,665 30,245 16,835 21,905
3.20 26,468 34,250 18,770 24,420

*{SI) ~International System of Unit

TABLE IV Shear strength requirements for spot welds in foil

Delined iiﬁzpsl Group 2 & 3 Alloys
Thiicknéss | Standard Y
of| outer {Spots Ultimate :
g[eet ;er Strength Ultimate Strength
Inch) Above Up Lo Above 150 to 90 to | Up te
56 ksi 56 hsi 1856 ksi } 185 ksi |149 ksi] 90 ksi
inch No Hinimum Shear Strength, Pounds Per Inch, So
0.001 40 30 20 80 80 45 45
¢ 0Cc2 20 60 40 180 160 130 90
0.003 12 100 65 300 260 205 150
0.004 10 135 a0 408 350 285 190
0.005 g 165 115 490 425 320 239
0,006 7 185 125 540 A75 380 279
0.007 8 210 140 630 550 440 320
0.008 5 235 160 690 610 490 355
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TABLE IV(SI). Shear strength requirements for spot welds in foil

3.1.3.1

3.1.3.2

3.1.4.1

Group 1
Defined ALl oys Group 2 & 3 Alloys
Thickness Standard -
of Outer {Spots Ultimate Vltimate Strength
Sheet per Strength
25mm} 386 MPa | Up to Above |1034 to | 620 to Below
.and over| 366 MPa | 1275 MPai 1275 MPal 1033.9 MPaj] 620
nifTi= o=
neters No Minimom Shear Strength, N/mm, So
0.03 40 5.25 3.50 15.8 4.0 11.3 .88
0.05 20 10.8 7.00 31.5 28.0 228 1$.8
0.08 12 17.5 11.3 52.5 45,5 35.9 2.3
o.10 10 23.6 15.8 70.9 61.3 499 35.3
T o1z 9 28.9 20.1 85.8 74.4 59.5 41.1
0.16 7 32,4 21.9 . 94.8 83.2 66.5 4.2
o.18 6 36.8 24.5 110.3 96.3 77.0 56.0
a.20 5 41.1 28.0 | 120.8 106.8 85.8 6p.2
NOTES: 1. Whepo the number nf spots in a produetion part (Hp)} or repre-
sentative specimen is less than 0.85No, the minimum shear
strength shall be equal to:
Np
Te X (1.15)(80
2, ¥hen thc number of spots in\a production part (Np) or repre-
sentative specimen ig mufé than 1.15N,, the minimum shear
strength shall be equal\to:
Np .
o & (0.90) So
The Des|gn Allowable Certification method is intended to routinely permit the degign and use of
smaller Welds where the desigh stress permits and space or equipment or materjal conditions
compel; pr to permit the design and use of stronger welds where they are wante¢ and the weld
conditiorls are able to provide them. For a given joint a guaranteed strength vallie and weld
class must be specified on the drawing.
The provisions,of the Design Allowable Certification method may be used to cerfify a weld

reinforcements to nuggets or in lieu of nuggets.

when’unusual conditions apply. For example, when welds are made through adhesives

gral

3.1.4 When conditions are encountered which cause any of the requirements of this specification to be

inapplicable, the contractor shall submit alternate procedures and requirements for approval by the
procuring activity. The request for approval shall include a description of the conditions which
render the requirements inapplicable, such as reduced flange widths and space limitations; and
shall include data to indicate that the alternate procedures and requirements are adequate for the
given application.

specification until the contractor is notified otherwise by the procuring activity.

Granted approvals of alternate procedures shall remain in effect as complying with this

-10 -
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3.2 Materials and methods of preparation:

3.2.1 Material combinations:

3.21.1

3.21.2

3.2.1.3

Combinations not requiring specific approval: The metals listed below may be welded in any
combination within each lettered grouping.

Aluminum and its alloys

Maghesium and its alloys

Titanjum and its alloys

Plain| carbon steels of less than 0.15 percent carbon
Austenitic steels; precipitation hardening steels; nickel and cobalt base alloys.

©o 00D

Combindtions requiring approval: Use of the following metals requirés specific approval of the
procuring activity: Clad 7075 aluminum alloy in thicknesses less.thian 0.020 inch|or 0.51
millimetdr (mm); any aluminum alloy in the 2000 or 7000 series-which is unclad; jor any
magnesipm alloy which will be exposed to accelerating corresion conditions like ja marine
environment.

Special nequirements: Metal combinations not included in 3.2.1.1 shall require the following
establisHment of weld ductility. The average tensile:(normal to spot plane) strength of twenty spot
welded gpecimens shall be greater than 0.25.times the minimum average shear [strength in
Tables | through IV applicable to the subjectialloy or as established for the Desigin Allowable
Certification. This test may be conducted on specimens, as welded, or after subsequent heat
treatment. Heat treatment is a later manufacturing operation and not the post weld current
provided|through welder electrodes..“The production process shall specify the cgrtified weld
schedulg plus the subsequent heat treatment used to demonstrate the weld ducfility required
herein.

3.2.2 Surface cgnditions: The surface of the parts to be welded shall be free from objectjonable films
such as hgavy oxides, scale, ink, grease, dirt, or other substances or surface conditions

detrimental to the welding process.

3.2.2.1

3.2.2.1.1

32212

3.2.21.3

Group | materials:

Oxide coatings may be removed by mechanical treatment (such as sanding or wire brushing)
or by chemical treatment.

The ability of a cleaning procedure to effectively prepare Group | materials for welding shall be
demonstrated by ability of materials cleaned by the process to be welded in compliance with
the Certification requirements of this specification. The cleaning procedure is a necessary
component of the Certification weld schedule.

Conformity of test and production materials surfaces to those produced by the normal cleaning
procedure shall be checked by surface resistance readings. Maximum values for test and
production materials shall be established as indications of the conformity required for welding
in compliance with this specification.

-11 -
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3.2.2.1.4 The minimum and maximum time span that is permitted between parts cleaning and parts
welding shall be established by the contractor. The contractor shall demonstrate that no
deterioration of surface conditions take place during typical holding or storage conditions
during that span. Deterioration shall be excessive when high values lead to inability to meet
Certification requirements. Conditions and limitations may be applied generally as to a
standard process, or specifically as to an exceptional assembly or material combination where

3.2.21.5

3.2.2.1.6

3.2.3

3.2.4

3.3 Equipmentr

3.3.1

3.3.2

3.3.3

warranted.

When a cleaning procedure is changed, if the contractor can demonstrate that
procedure produces the same results as the old procedure, recertification,afw
shall npt be required. This conformity will be shown by (1) producing the.same
made qluring Qualification tests (with Certification quantities) with a weld heat g
110 pefcent of the established value and (2) showing a surface resistance ave
more tihan 1.05 times that achieved by the replaced procedure.

Coatings which improve the corrosion resistance or sealingécharacteristics with
weld properties may be applied prior to welding. Such{inishes must be consid¢

the new

bld schedules
weld results as
hange within
rage that is no

pbut affecting the
bred as final

steps qf the cleaning procedure and necessary conditions specified on the Ceftified weld

schedyle.

Joint thick
thicknessegs on which Certification weld schedule can be established and productig
made to meet the production requirements.of this specification.

Fitup: Mating parts assembled for welding shall be designed and processed to fit sq

ess: Joint thicknesses are only limited t6 those thicknesses or combingtion of

bn parts can be

b that before the

first and eqch successive weld is made the surfaces to be joined by the weld are i contact with

each other or can be made to contact each other with manual pressure.

quirements:

Welding
means of adequately’cooling the electrodes, and a means of reliably controlling ar

achines: The-welding machine shall consist of a suitable source of elecfrical energy,

d indicating the

relative magnitdde of the current, the welding force, and the time of current flow; td
requirements specrfred herern The force and current controls shall operate so tha
flow until the-wetd W c

electrode force before current is termrnated

fulfill the
no current can
sible to reduce

Electrodes: Suitable electrode material and shapes shall be used to perform welding in

conformance with this specification.

Shear testing machines: The contractor shall provide spot weld shear testing machines as

required. All shear testing machines shall be accurate within £2 percent of the ind
Portable spot weld shear test machines shall be checked for accuracy at intervals
months.

icated reading.
not to exceed 2

-12-
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3.3.4 Surface resistance indicators: The contractor shall provide one or more surface resistance
indicators for checking the effectiveness of cleaning solutions and procedures engaged in
preparing Group | metals for spot welding. Surface resistance indicators shall be checked for
accuracy and recalibrated as necessary.

3.3.5

3.3.6

Jigs and fixtures: All tooling that is required to locate welds or assist in the assembly of welded
parts that passes through the magnetlc field durlng the molding operation, shaII be made of

nonmagn
current ca

Maintenan
periodicall
furnished.

production

3.4 Qualification

3.41

3.4.11

3.4.2 Machine gpalification scope: Machines shall be qualified to meet the weld requiren

Qualificatic
machine tq
Qualificatig
contractua
use the co

activity. Weld conditions shall be documentéd on a Machine Qualification Test Re

examples
required.

procuring activity. After approval is.indicated, these reports shall be posted near thg

to be avail

Qualifica
DOD prd
this speg

highest cl

qualified to-w

e

lﬁ shunt through them instead of passing through the work pieces.

ce of equipment: Unless otherwise specified, each item of equipment sh

as recommended by the manufacturer. Adequate preventative mainte
Defective equipment parts affecting machine operation shallbe replacg
welding is resumed.

of welding machines:

bn approval: Qualification is performed on a distinctive resistance spot o
determine the ability and consistency of operation of a machine type a
n has as a purpose to identify and verify-the range of welding that a fag
| purposes, be considered capable. Ta have his equipment qualified an
htractor shall perform the tests specified herein under the surveillance g

pf report forms are given in AWS C1.1. Such forms may be modified or
(Veld conditions and test results shall be submitted with an application fo

Able to contractor operators and inspectors, and agents of the procuring

ion by one proc¢uring activity of the Department of Defense shall be Qu
curing activities‘and for those other governmental agencies who elect t¢
ification.

that no welding

all be inspected
hance shall be
d before

' seam welding
a facility.

ility may, for

] approved for
f the procuring
port. Typical
bxpanded as
approval to the
e machine so as
activity.

blification for all
subscribe to

ssification in a metal group for which it is mtended to be used in productj

nents for the
ion. A machine

automatically

considered qualified for lower weld classmcatlons When one machine of a distinctive type in a
plant site passes the Qualification tests all other machines of the same type shall be considered
qualified. Machines used for Class C foil welding are qualified just by establishing a weld schedule
Certification. Machines qualified to a class for seam welding shall be considered qualified for roll
spot welding to the same class.
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3.4.2.1
following

Type

Type

respects:

Manufacturer of machine
Manufacturer of control panel

of machine, or model number

Electrical rating or capacity

of electrical energy

~0o0OTp

Type
3.4.2.2 Testcon
of a set ¢

Test mat
common
shall be

34.23

Combing
highest,
means th
the other

3424

3.4.2.4.1 Except

equipni
3.4.2.5 Testspe

3.4.26 Weld ma
requalifi
a change
requalifig

operatiofal changes are made in it. Existing machine Qualifications made unde

revision

juct: No maintenance work and no control adjustments are permitted du

of pressure application.

f test specimens.

any steel commonly used in resistance welded proddcts.

tion selection: For each group of alloys, two test sets shall be required.
pbne at the lowest end of the range for which‘the Qualification is desired.,
at the thickest to thickest metal combination on one end and the thinne
end.

that when a Qualification is achieved on one combination of foil thickneg
ent shall be considered qualified for all thicker foils welded to foils.

Cimen requirements: Weld test and examination requirements are show
chine requalification:'WWhen the equipment has once been qualified, it n

 in power saurce, or maintenance, or parts replacement does not neces
ation. Regualification shall be required if the machine is rebuilt or if sig

bf this/specification shall be honored.

Types of equipment: Distinctive types of equipment must include those differing in any of the

ring the welding

erials: The test materials for a Group | Qualification shall Be any aluminyim alloy
Jly used in resistance welded products. For Groups 2 and 3 qualification

test material

One at the
This normally
5t to thinnest on

sses, the

nin Table V.

bed not be

d for other contracts or production lots. A change of location within a plant, not involving

sitate
nificant
r superseded

3.5 Weld sched

3.5.1

] whfiaoti o
o oeTunoeativurlt.

Certification: Tests shall he conducted to determine if a particular machine, in combination with a

specific weld schedule and other specific conditions, will produce on a given set of materials
resistance welds that conform to the requirements of specification. Documentation of these tests
will be contained in a completed Certification Test Report that will be available to agents of the
procuring activity. In addition, the weld schedule shall be posted near the machine and be
available to machine operators, inspectors, and agents of the procuring activity.
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TABLE V. Machine qualification test specimen requirements
Radio-
Alloy . Amount Visible | graphic | Mechanical Metallographic
Group | Class| Specimen Pexr Set 3.6.1 3.6.2 3.6.4 3.6,3
] SPOT WELDS — SHEET
. Fig. 1b 105 welds All all 100 shear 5 microsections
B,C ¥ig. 1b 105 welds 411 None 100 shear 5 macrosections
2,3 Fig. la or bil105 welds 411 All 100 shear 5 microsections
BlC Flg. la or b 105 welds All None 100 shear 5-macposections
~ SPOT WELDS - FOIL
1,2,3 A Fig. 3 12 in. or Al) All 10 shegr 2 micposeoctions
300 nm
c Fig. 4 See 3.4.2
SEAM WELDS - SHEET
A Fig. % 24 in. or All all None 8 microsections
1,2,3 500 1 .
BJC Fig. § 24 in, or All None Nong 8 macposections
600 wm X
SEAM WELDS — “FOIL
A Fig. & 12 in. or AlL All Pressure 2 micgpesections
1.2,3 500 mm (3%8%.3.1.1)
c Fig. 4 See 3.4.2
3.5.2 Certificatign test reports: For eachmachine and each combination of relevant conglitions (such as
alloy, tempger, surface conditions, and thickness combinations), the contractor will getermine the
effective weld machine settings for test and production parts. The schedule of corditions and
parameters shall be formally entered on a report form before the test welding. Typical examples of
report forms are given(in AWS CLl.I. These shall be modified or expanded as requirpd. After
acceptance, production setups shall be made to the schedule therein given, with the scheduled
latitude of #.2,6\allowed.

3.5.2.1 Examinati

trength data on

each weld, the average, the numbers of specimens with shear values outside of the set limits,
and the nugget diameters of each metallographic specimen. The examination page will have a
formal indication of the success or failure to meet the Certification criteria applicable to the
subject material combination.
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3.5.3

3.5.4

Test vs. production conditions: It is the purpose of Certification to show the results that can be
expected on production parts. It is necessary then to produce a correspondence between test
conditions and production conditions. The material conditions (3.5.2) must be replicated in parts
and material for weld tests. Any other production condition known to be relevant must be part of
the test. These include, for example, curvature of the parts, mandrels in lieu of electrodes, large
magnetic tools lying in the weld machine throat, narrow edge distances, offset or shaped
electrodes tips, time spans (minimum and maX|mum) between fmal preparahon and welding, initial
and final surface g y be that the
average nligget dlameters in the part will equal the average Certlflcatlon nuggetdipmeters when
produced by any machine weld heat seetings not further than 10 percent from¢the Gertification heat
settings.

Certificatign test specimen configuration and examination requirements:“Tests sha|l be as
specified in Tables VI Through IX and as shown in Figures 1 through’6.
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Certification specimen and examination requirements

TABLE VI.
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Certification specimen and examination requirements

TABLE VII.
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Certification specimen and examination requirements

TABLE VIII.
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TABLE IX. Certification specimen and examination requirements
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2UON 1994 duoN 1Y |wwQOg 20 *uT 2T ¥ "9tg 3

T'e P 9E

q1°g yis‘s 353L
WGz J0 YT T INFSOLL 1TV Ty |umOog o0 cwy 2y eg 214 ¥ 1£°2°T
2°9°¢ 1°9°¢ | PISM Jo yjBua § uotyeanfryue) ssvi) | dnoun
otuydeadorreyan | TRotuByosy |orydexBorpey | artqrstad) uawtoadsg KottTy

NMOTLYNIMNGXT

TIOI — SATIM WVES

-20-


https://saenorm.com/api/?name=98a4a34fefb43d4384e33f01a85a3cb0

AMS-W-6858A SAE AMS-W-6858A

el

e fues mous mms  mmma opan ned
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Figorg lu. Sinple spol . Figure lb. BMultipl® spol shear specimen.
ghear specimen.
WOTE i. MWNominal Thickness of 13} Hominal Thicknaess W
Thinnepy Sheei, in. ifry, Min  of Thinner Sheel, ma  min, Bin
Over 0.008 to 0.030§ 0.68 Over 0,20 to 0.75, L7 .Q
Over 0.03¢ to 0.400, 1.80 Qver 0.75 to 2.50, P5.0
Over 0.100 to 0130, 1.25 Over 0.50 to 3.20, 32,0
Over 0.130G 1.50 Over 3.20 3.0

NOTE 2. L shall be met less than 4W.

NOTE 3. Figure(lb-shall be made of 5 specimens or more.

FIGURE 1. Spot welds in sheet
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.S in, min

4

gs required

L L-2-A-0-1-1-2-X-1-1-%.} 112 1-1-2-2-1-X-1-1-2-X-F.%.7--X-X .7 .3 q’_

40 mm min

NOTE 1. Spot spacing shall be in accordance with the subject
production part.

NOTE 2. Specimen lengths shall be as required.

NOTE 3. See 6.2.3 for definition of close spice welds.

FIGURE 2. Close space spot'welds in sheet
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{12 in. ofr 30C mm

]l———Discord 0.5 or I3mm "—_'IaL'

¢

.-

» typ

F '3 .LQ_._-;___

{3 mm

NOTE 1. Spot spacing shall be in ac¢cordance with Table I¥
(stendard Spots per inch or mm} for Qualification,
and in accordance with(the subjeet production part
for Certification.

NOTE 2. Por Class A, select at random 5 one-inch or 25-mm
specimens for.mechanical shear tests, 3 specimens
for peel tegis, and 2 specimens For metallographic
examination.

FIGURE 3. Spot welds in foil

12 in. or 300 mm
L5 {n. min.

'{((unuunm«‘ml.n(nn-uulvu(huu'rcnvnuauniou’(unu:u-un1uu‘.‘,‘""

30 mm min.—I

NOTE: Sput spacing shall be in accordance with subject
production parts.

FIGURE 4. Spot and seam welds in foil, peel specimen
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1.5 in., min,

_L < {2 in. or 300 mm 4I

= N SR ECet I (ECLl i([(((:"“ﬁ"'ﬂ' LSl L TECCOEE LT T Tk -
I L4

\ ’(5\1\5'&. n 4

i r i :

I / ] / !
Tr Lo fé Lo Tr Lo Tr
~40Q mm, min,
lin., typ : Smm, typ

NOTE: Remove metallographic sections in the order aboye,

but examine from random positions.

FIGURE 5. Seam welds in sheet
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12 in.
Il in.
- 10 in. -
| |
. ' i B 3
0.5 in, } I i I3 mm
I [ l_
e Iy
. I I | T
2.5 in ' ( | | 63 mm
l B !
— 250 mm o
275 mm
r 300 mm -
Figure 6a. Seam weldispecimen.
s {0 in. -
- 8 in. Clamp —
—f
(@ G |
1
| 4
4in ! 100in. Pressure
. Frame
in S————— —T—— 50mm
b}
{ i
I q !
!
t—'A' L
500 mm——" Clamp—

260 mm e

Section AA

Figure 6b. Specimen in pressure fixture.

NOTE: After welding, discard the outside 0.5 in, or 13 nm strips.
Take a longitudinal metallographic section from the next
0.5 in. or 13 mm strip on one end and a transverse section
from the other end, Then mount the 10 in. or 250 mm
remainder in the pressure fixture and test.

FIGURE 6. Seam welds in foil, class A
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3.5.4.1 Locate all welds in all figures within £0.060 inch or £1.5 mm of specimen centers. Specimen

dimensions are given with a tolerance of £0.060 inch or £1.5 mm.

3.5.4.2 All multiple weld specimens shall be cut and dressed for testing after radiography is completed.

3.5.5 Thickness latitudes: Thickness combinations falling within the following limits shall not require
separate certified weld schedules provided that the certified nugget size average can be
reproduced with a weld heat (current) setting that lies within 10 percent of the value established

by the original Certification schedule; all other conditions being the same.

(a) Foil - Tihe variation in thickness (with regard to the original schedule) of outer gheet is within

10.001}inch (£0.03 mm) and

The variation in the summed thickness of the combination is within £0.003 inch (£0.08 mm).

(b) Sheet {outer) up to 0.040 inch (£1.02 mm), inclusive -

The vafriation in thickness of either outer sheet is within £0.004 inch (£0.10 mn}) and

The variation in the summed thickness of the combination is within £0.006 inch (£0.16 mm).

(c) Sheet {Outer) Over 0.040 inch (1.02 mm).4

The valiation in thickness of either quter sheet is within £10 percent for Group
percent for Groups 2 and 3 alloys @and

The vafiation in the summed thickness of the combination is within £10 percent.

1 alloys, or £20

3.5.6 Design allpwable certification: A process weld schedule and conditions may be cerified to produce

any strength requirementspecified on a drawing by conforming to the Design Allo
Certificatiogn requirements of this specification. This Certification method is limited

vable
0 spot welds in

sheet that pre not cloese space spot welds. Examination results shall be entered on|the test report.
After acceptance; production setups shall be made to the schedule therein given, wjth the schedule

latitude of #.2.6 allowed.

3.5.6.1 Design allowable Certification requires the identification of the required strength,

(G), on the

applicable drawing. (See 3.1.3.) The Certification report shall state "These conditions certify a
value of __.” The number entered shall be the value of the lowest strength specimen in 300
welds for Class A, 180 welds for Class B, and 50 welds for Class C. As reliability requirements
warrant, the denominator quantities (e.g., 300) may be changed by the part or systems designer
through drawing notes or design specifications with the approval of the procuring activity.

3.5.6.1.1 Specimen requirements are given in Figure 1a or 1b. Examination requirements are given in

3.6.1 for visible and 3.6.4.1.3 and 3.6.4.1.4 for mechanical criteria.
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3.5.7 Recertification: An existing weld schedule need not be recertified for other contracts or designs
provided all material conditions are equal. A change of location within a plant not involving a
change in power source or maintenance or parts replacement do not necessitate recertification.
Recertification shall be required if the machine is rebuilt or if significant operational changes are
made in it. Existing Certifications made under superseded revisions of this specification shall be
honored. However, recertification of a welding schedule may be required at any time if the
procuring activity doubts for any reason the ability of a machine to make welds satisfactorily with
the origina| Certification conditions

3.6 Weld property requirements:

The weld acgeptance criteria for Qualification and for Certification and production canducted under
the standard certification method are given under 3.6.1 for visible; 3.6.2dor radiographic; 3.6.3 for
metallographic; and 3.6.4 for mechanical. For Certification and production conducted under the
Design Allowable Certification weld acceptance criteria fall under 3.6.1 for visible, and 3.6.4.1.3 and
3.6.4.1.4 forjmechanical criteria.

3.6.1 Visible criteria - spot welds and seam welds:
3.6.1.1 Sheet s¢paration: Separation between an inner and’outer member is excessive When it exceeds
a. or b., below, measured at a distance (radius) from the nugget center equal to B times the

radius of{the minimum nugget size given in.Jable X for the thinner member.

a. Greater than 0.15 times the summed thickness of the outer sheet and the onfe adjacent to it,
or 0.006 inch (0.15 mm), whichever is greater, or

—

b. Grealter than 0.003 inch (0.08 mm) between foil and the number adjacent to
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TABLE X. Nugget size (all groups)

Nominal Thickness Nominal Thickness

of Thimner Sheet Nugget Size of Thinner Shest, Nuggel Size
inch {mm} inch (mm) inch (mm) inch fwen )
0.001 {0.03) 0.010 {D.25) | ©0.0386 {0.80) 0.-150 (3.81)
0.002 (0.05) 0.015 {0.38) } 0.040 {1.00) 0.160 {4.06)
0.003 {0.08) 06.020 {D.50) ]| ©.045 {1.10) 0.170 (4.32)
0.004 (G.10) 0.030 (0.76) { £.050 {1.20) 0.180 (4.57)
ol 005 (0.12) 0.035 (0.89) { D.056 (1.40) 0.19¢ (4.82)
ClL. 006 (0.16) 0.040 {1.02) ©.063 {1.80) 0.200 (5008}
0l 607 {G.18) 0.045 {1.14}} ©0.071 (1.80) 0.210 {5.33)
cl 008 (C.2D) 0.050 (1.27) | ©.080 {2.00) 0.2250 (5.712)
ol o1D {0.25) 0,080 {1.52) | ©0.090 (2.30) 0.240 (6.1p)
olo1z2 {G.30) 6.070 {(1.78) | o.100 (2.50) 0250 (6.%45)
0l o186 {6.40) 0,085 {(2.16) § B.112 (2.80} 0.260 (6.60)
ol 018 {0.45) 0.090 (2.29) § ©.12% {3.20) 0.280 {7.11)
ol o2 (¢.50) 0.100 {(2.54) J D.140 (3.60) 0.300 (7.62)
ol g2z {0.55) 2.105 {(2.68) ] 0.160 {4410} 0.320 (8.1B)
ol o2y {0.865) 5.120 {3.05){ 0.1&0 {4 )60) 0.340 (8.84)
o} 028 (0. 7D) 0.130 {(3.30) 1 D.190 (4780} 0.350 (3.89)
ol g3z (0.80) 0.140 {3.56)

3.6.1.1.1 Excesgive separation is not acceptable on specimens.

3.6.1.1.2 Excessive separation is not acceptable on-production work if it exceeds 0.03 times the Class A
or 0.1( times the Class B or C production welds sampled for examination, when the product is
raised fo the next whole number.

3.6.1.2 Surface [ndentation: Indentations+(see Figure 7) are not acceptable if their depth|exceeds the

following limitations (where,is the thickness of the indented outer member).

3.6.1.2.1 Excesgive indentation is’'not acceptable on specimens.

3.6.1.2.2 Excessive indentation is not acceptable on production work if it exceeds 0.03 tmes the
samplgs of production welds measured in Class A welds; or in more than 0.10{times the
samplgs measured in Class B and C welds, when the product is raised to the next whole

numb

a.

b.

c. Foil; Class A and B: 0.30t.
d. Foil; Class C: 0.40t.

e.

exceed 0.004 inch (0.10 mm) on sheet and 0.20 t, on foil.

Sheet; Class A and B: 0.10 t or 0.005 inch (0.13 mm); whichever is greater.
Sheet; Class C: 0.20 t or 0.005 inch (0.13 mm); whichever is greater.

But when aerodynamic smoothness is a requirement, the outside indentation shall not

3.6.1.3 Production parts: Certain other imperfections are limited in quantity Table XI. The number of
visible imperfections shall be calculated by multiplying the factor shown in Table XI times the
number of welds inspected and raising the product to the next highest whole number. Parts or
lots with imperfections exceeding the quantity as determined from Table Xl shall be rejectable.
Cracks open to the surface on seam welds shall be rejected and subject to a Material Review.
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Metallographic Size Sy

Metallographic Radius Ry — >

0.14 Ry --Q—O-‘

o

Measure for Minimom
Sheet Separation at
3 Times R Taken from

Table X for the Thin-
ner t

é T
£y

I

t

pone

Indeantation Depth _I

FIGURE 7. Nomenclature for metallographic spot weld sections and seam weld trapsverse sections

TABLE XI. Visible external imperfections for production parts

Nature of Weld luperfections

acceptance Factor

Cracks open to surface
Edge bulge cracks

Surface pits over 0.063 inch
{1.60 mm} dia.

Surface pits under 0.083 inch
[1.60 om) dias

Flash and/surface fusion

(see 4.4.3)

Class A Class B Class C
.00 00 08
.0a .00 .10
.00 00 .10
.03 0% .1n
.03 .05 .10

3.6.1.4 Test spegimens: Qualification, Certification, and production witness test specime
smooth, free'of cracks, tip-pickup, pits and other flaws that indicate that the weld

ns shall be

s were made

with dirty electrodes, improperly prepared surfaces, or excessive heat and undue penetration.
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3.6.2 Radiographic criteria - spot welds and seem welds:

3.6.2.1 Qualification: All Class A test welds shall be examined for compliance with the following:

a. Weld

s shall be free of cracks and flash.

b. No pore or instance of incomplete fusion shall have a linear dimension greater then 0.15 S,

wher

e S+ is the nugget size as given in Table X

c. Nop

annujus as shown in Figure 8.

d. Poro
Grou
the p

3.6.2.2 Standard

pre or instance of incomplete fusion shall extend into the outer 0.15-R

Sity or incomplete fusion shall not have an aggregate area of greater the
p 1 alloy, or 10 percent in Group 2 and Group 3 alloys, when seen in the
ane of the radiograph.

Nugget Size Sy

Radiys R7=S8T/2

FIGURE 8. Nomenclature diagram of spot and scam weld radiog

Certification: All Class A tests welds shall be examined for compliance

followingt

equired clear

n 5 percent in
nugget area of

raphs

with the

a. No crack, pore, or instance of incomplete fusion shall have a linear dimension greater than
0.15 St.

b. No pore or instance of incomplete fusion shall extend into the outer 0.15 Ry required clear
annulus as shown in Figure 8.

c. Porosity or incomplete fusion shall not have an aggregate area of greater than 5 percent in
Group 1 alloys or 10 percent in Groups 2 and 3 alloys, when seen in the nugget area of the
plane of the radiograph.
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3.6.2.3 Production parts:

3.6.2.3.1 Class A or Class B parts: When radiography is required for Class A or Class B parts, the
following standards shall apply.

a. Noclass A or class B part is acceptable as it is with a no-nugget (dud) where a weld was
called for.

b. No
fus

required clear annulus (also see 4.4.3).

c. No
ins
intg
the

0.0p of welds in the lot have imperfections above requirements (also see 4
3.6.2.3.2 Class € parts: Radiography is not applicable to Class C parts.

3.6.3 Metallographic criteria: The metallographic examination and acceptance criteria an
Qualificatipn, Standard Certification, and production witness specimens, and to pr¢

when testg

3.6.3.1 Internal imperfections: Cracks, porosity, and instances of lack of fusion are comg

acceptal
and pro

a. An imperfection extending into the 0.15 Ry, required clear annulus zone.

b. Ani

penetration zong) for Class A and Class B welds or 0.50t for Class C welds.

c. An imperfection with its largest dimension exceeding the following fraction of|
0.10 ffar-Class A welds, 0.15 for Class B welds, and 0.25 for Class C welds.

Class Apart is acceptable when any weld has a crack, pore, or mstaniﬁ of incomplete
on that either has a linear dimension greater than 0.15 St or extends,into the 0.15 Ry

Class B part is acceptable when the number of welds in it that have cracks, pores, or

ances of incomplete fusion with a linear dimension greater.than 0.15 S,
the 0.15 Ry required clear annulus is greater than 0.06.times the numk

or that extend
er of welds in

part. A lot of parts may be rejected if the number af.wélds radiographegf indicates that

d. Metallographic and visible nomeénclature are shown in Figures 7 ang

4.3).

e applicable to

duction parts
9.

letely

le within the nugget of metallographic sections of test specimens, witnejss specimens,

uction parts, unless they contain:

perfection extending more than 0.25 times the thickness into that shee

(required clear

nugget size:

3.6.3.1.1 For Certification and Qualification, Class A and Class B weld specimens shall not have flashes

or the i

mperfections of 3.6.3.1 a, b, and c, above.

3.6.3.1.2 For production witness specimens or parts sectioned for routine or postproduction tests the

work preceding the test lot shall be rejected and subjected to material review procedures, if the
imperfections of 3.6.3.1 a, b, and c, above, no-nuggets, or insufficient or excessive penetration
exceed the fraction of the test lot permitted by Table XIl. The maximum number permitted in
each case shall be calculated by multiplying the factor shown in Table XII times the number of
welds in the test group and raising the product to the next highest whole number. For this
purpose, a test group shall be the instant accumulation of all metallographic sections run on a
production lot through its completion or through the end of the shift, whichever occurs first. The
provisions of 4.2.6, 4.4.3, and 4.4 .4 shall continuously be applied.
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3.6.3.1.3 Whenever a metallographic section of a production witness specimen or part reveals no-
nugget, welding shall be stopped and prior-made parts shall be rejected and subjected to
materials review procedures.

3.6.3.2 Penetrat
called pgnetration. Penetration shall be measured at lin€s‘iocated at 0.8 of the 1

shown in| Figure 9.
3.6.3.2.1  Minimym penetration: Penetration shall comply with the following:

a. In two equal-thickness members, pengtration shall exceed 0.2 times the th
member into each member. (See Figure 9a.)

b. In two unequal-thickness members, penetration shall exceed 0.2 times the
thinner member, into each member. (See Figure 9b.)

c. Inthree or more thicknesses, penetration into the outer members shall exc
thelthickness of thé thinner member into the thinner member and either; (1
thigkness of the.thicker outer member into the thicker outer member, or (2)
center members plus 0.2 times the thickness of the thinner member into th
member. (See Figure 9¢ or 9d.)

d. either side

TABLE XII. Internal metallographic imperfections for production parts

Nature of Weld Imperfection C 1assA§°egf$ZeBFa§f§§s =
Porosity, Crachks and Incomplete Fusion 00 -08 NfA
(3.6.3.1)
Insufficient Penelration {3.6.3.2.4) Do .03 NHA
Excessive Penetration (3.6,3.2.5) .00 .03 N/A&
Insufficient Size (3.6.3.3) .00 .03 N/A

on: The extent of the nugget or fusion zone into thedhickness of a joine

bd member is

ugget size, as

ckness of each

thickness of the

ped 0.2 times
0.2 times the

the sum of the

e thicker outer

er shall exceed

more thicknesses, penetration into

adjacent partner; whose own minimum value is derived from
member.

of an inner memb

tion into its
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."@5’ ;!Lr——-—§ (a)
2t

‘;: é__'__::.‘_ﬁ Y
L

FIGURE 9. Penetration minima

3.6.3.2.2 Maximpm penetration: The upper limit of penetration for all resistance welds is|the greatest
depth of the/fusion zone into the thickness (t) of either outer sheet. Penetratiop shall not

exceeq:

a. Group 1 materials. 0.8t for Class A and Class B welds,
0.9t for Class C welds.

b. Group 2 and 3 materials. 0.9t for all classes.
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3.6.3.3 Nugget size: The minimum nugget size of Qualification, Standard Certification, and production
witness specimens shall be those specified in Table X. In welds of two members of unequal
thickness, the thinner member shall determine the required minimum nugget size at the

interface.

In multiple thickness welds, the thinner of two members at any interface shall

determine the minimum nugget size from Table X, unless load carrying members are identified
ertification combinations, such as in Figure 10c and 10d. In this case, the lesser
thickness of the two load carrying members shall identify and be the determinant of minimum

for the C

nugget s
subject i
foil weld
metallog

3.6.3.3.1 Qualifi
measu
size ar
of Clas
the siz

3.6.3.3.2 Produd

3.6.3.3.2.1 Nugd
sean

ze for each interface lving between them. Each nugget shall be meas

red at the

nterface plane on the metallographic section through the center of themn
size may be measured by the size of the fractured peel specimen instes
raphic section, when the foil is an outer member.

St —
P — m\\\\\\\\\%ﬁj/ﬂ a
| ]
- b

R 20
— OSSR =

[
Wﬁmw —p <
A ol el 7 S N
] d
A==y

FIGURE 10. Shear«ests of three or more thicknesses

cation and Certification: The nugget size of all required metallographic s
red for each interface plane and recorded. From the values of each pla
d the lowest size in‘the test group will be entered on the test record forn
s A foils, in addition’to Table X, also requires that the largest weld not be
b of the smallést.

tion specimens:

et-size measurement shall be the process control for close space spot

igget. Class A
d of a

ections will be

he the average
. The peel test
more than 1.20

velds and for

hear tests of

\Alnldc, and may be an alternate method to cpnf shear tests of sheet (e

production witness specimens, 3.6.4.1.2). Size shall be measured on metallographic
sections or peel specimens (3.6.3.3).

3.6.3.3.2.2 For Class A welds, the average size of welds in the test lot shall be not less than 0.9 times
the average nugget size recorded for Certification or not more than 0.020 inch (0.51 mm)
smaller than the Certification average, when the average is larger than 0.200 inch (5.08 mm).
In multi-ply welds, this applies only to the interfaces beneath outside members, while the
other interfaces must only meet the minimum requirements of Table X, determined in
accordance with 3.6.3.3.
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3.6.3.3.2.3 Class B and Class C welds shall meet the requirements of Table X determined in accordance

3.6.3.3.24

with 3.6.3.3.

Welds which are examined for nugget size shall, at the same time, be visually examined for
fusion and for evidence of obvious internal defects, such as cracks, porosity, lack of fusion,
spits, and cladding inclusions. The incidence of these imperfections shall be limited by

Table XII.

3.6.4 Mechanicdl criteria:

3.6.4.1 Spot welfs - sheet:

3.6.4.1.1

3.6.4.1.1.2

3.6.4.1.1.3

3.64.1.14

Minimym: Each and every shear text specimen (such as Figure 1a-or Figure 1
exceed the minimum strength required by Tables | through Ill.. Improvement of
equipnent shall be made after a test failure before a retest istmade on a mate

Avergage: The average shear strength shall equal or eXceed the applicable m

strength specified in Tables | through llI,

Congistency - Group 1 materials: For Class Acand Class B welds, each of 90
number of welds tested, shall have shear strength values between 0.875 and
lot average. Each of the remaining 10 pércent of the welds shall have shear
betwgen 0.75 and 1.25 times the lot average. For Class C welds, the spread
lowes$t and highest specimen shall be'less than 0.35 times the lot average.

b) shall equal or
method or
ial combination.

nimum average

percent of the
1.125 times the

strength values
between the

Congistency - Group 2 and 3(materials: For Class A and Class B welds, eacl of 90 percent

of the number of welds tested, shall have shear strength values between 0.9
the lat average. Eachofthe remaining 10 percent of the welds shall have sh
valug

the Iq

3.6.4.1.2 Produd
less th

3.6.4.1.21 Clas

and 1.1 times
ear strength

s between 0.8 and 1.2 times the lot average. For Class C welds, the spread between

west and highest specimen shall be less than 0.33 times the lot averag

E.

tion witness specimens: The spread between the lowest and highest specimen shall be
n 0.35times the applicable production test lot average.

A= Th $ +lot avuacran oball b aadl thaoan O O o k. Carhification
LTI TCol TUL avclayc QAT VO TIVLTOCOoO UT'idlT V.U UTTTC o 1o vorTuimnmoatutt

average and no

weld shall be less than the applicable minimum value shown in Tables | through lII.

3.6.4.1.2.2 Class B and Class C: The test lot average shall be not less than the applicable value shown
in Tables | through IlI.

3.6.4.1.3 Design allowable certification:

3.6.4.1.3.1  Minimum: The value of the lowest specimen in the test lot must exceed the specified design
minimum.

3.6.4.1.3.2 Average: The test lot average (Ac) shall be recorded on the Certification report form.
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3.6.4.1.3.3 Consistency: 95 percent of the number of specimens tested must have values greater than
0.875 time the test lot average (Ac).

3.6.4.1.4 Production witness specimens - design allowable certification:

3.6.4.1.41

3.6.4.1.4.2

3.6.4.2 Spot wel

3.6.4.2.1

3.6.4.2.11

3.6.4.2.1.2

3.6.4.2.2 Produg
peel re

3.6.4.3 Seam w¢

3.6.4.3.1

3.6.4.3.1.1

3.6.4.3.1.2

The average strength of the production test lot shall be not less than 0.94 times Ac for Class
A welds, and not less than 0.90 for Class B and Class C welds, without consideration of the

provi

No s

two ¢

0.88

Certifig

Class
addit

weld

each

Class

ionsof4.4.4

becimen in a group of three consecutive test lots (nine specimens)dfor'C
onsecutive test lots (six specimens) for Class B and Class C welds may
Ac for Class A welds, 0.83 Ac for Class B welds, and 0.80 Ac.for Class

ds - foil:

ation and Qualification:

5 A: Each shear specimen shall equal or exceed the applicable values i
on, the peel test run shall cause a button (plug) pull-out failure in 95 pe
5 tested. The remaining 5 percent may, fail“at the interface plane, but th

case shall be of a fused zone that is at least 0.80 times the average bu

5 C: Peel tests shall cause a button'pull-out failure in 85 percent of the wg

remaining 15 percent may fail at the-interface plane, but there shall be evide

the in

Qualifi

Clas$

pressure for Qual

terface in each case.

tion witness specimens: The required test lot shall be tested for complig
quirements only 0f3.6.4.2.1.1 or 3.6.4.2.1.2.

Ids - foil:
ation and-Certification requirements:

A

ass A welds, or
be less than
C welds.

Table V. In
cent of the
e cleavage in
ton size.

b|ds tested. The

nce of fusion at

nce with the

nce of leakage

:‘A'pressure test specimen as shown in Figure 6 shall show no evide

ification, or (2) the greatest pressure to be experienced by

ecimen burst

the weld in its

assigned service, as noted on the applicable drawing for Certification. Examination for leaks
shall begin not less than one minute after the specimen has reached its specified load. After
the leak test, the specimen shall be loaded to destruction. Failure shall occur in the metal
adjacent to the weld. Failure by cleavage fracture through the weld shall be cause for
rejection.

Class C: The weld specimen shall be tested in peel. Failure occur by tearing of the metal
adjacent to the weld nugget for more than 85 percent of the weld length. The remaining
portion of the weld length may fail by fracture across the weld in the faying plans, but
unbroken fusion shall be evident.
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3.6.4.3.2 Production witness specimen:

3.6.4.

3.6.4.

3.6.4.

4. QUALITY ASS

41

4.2

4.2.1

422

3.2.1

Class A: The weld specimen shall be tested in peel. Failure shall be by tearing of the metal

adjacent to the weld nugget for more than 95 percent of the weld length. The remaining
portion of the weld length may fail by fracture across the faying plane, but the smallest nugget
size (fusion) shall be not less than 0.80 times the average nugget size.

3.2.2 Clas

C: The weld specimen shall be tested in peel and shall meet the requi

3.6.4

4  Unusual
stress th
Some eX
requirem
requirem
or part s
Crosswis|
fixture.
thinnest

Responsibili

Unless othe
inspection rg
contractor m
requirement
the right to p
deemed nec

Production g

Production

specimen configuration: Specimens of unusual configuration shallbe te
amples of joints with three or more members are shown inFigure 10. T
ents of such combinations shall be determined from Tablés'| through IV
ent for the thinner loaded member unless otherwise specified on the apj
pecification. Test specimen members not loaded (drishaded) may be co
e or parallel to the load, may be short pieces, ormay be bent out of the

wise specified in the contract, the contractor is responsible for the perfo

ay use his own or any other facilities suitable for the performance of the
5 specified hereingunless disapproved by the Government. The Govern
erform any of thiejinspections set forth in the specification where such in
essary to assure supplies and services conform to prescribed requiremd

3.1.2.

load carrying members, as specified on the applicable drawing or part

he minimum width of the specimen and overlap shall be based on the t
oaded member.

URANCE PROVISIONS:

y for inspection:

quirements as specified herein. Except as otherwise specified in the cq

uality control:

welding and inspection: Production welding shall be so accomplished §

HAHAR-HRS = | o

£ oiabl na
T artu vl GU\JUPLGUIU e

1ot + ot k. bhaoava-th bad
WeIdS Of CUnSIOLUnL OLrUngLII aUUVU uaure prUO\JrIUUU m

ements of

sted so as to

specification.
he strength

based upon the
plicable drawing
upons laid

way of the test

hickness of the

rmance of all
ntract, the
inspection
ment reserves
spections are

pnts.

s to obtain
allographic

structure, rather than welds of maximum strength without due regard to metallographic structures.
The requirement for acceptable metallographic structure is not required by this specification when
Design Allowable Certification is used. Welds shall be tested by the contractor under the

surveillanc

e of his authorized inspector.

Schedules: Qualified personnel in each plant shall be responsible for the control of machine
settings and all welding schedules. Certified schedules shall be available for examination by any

authorized

inspector at any time.
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