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NOTICE

This document has been taken directly from U.S. Military Specification MIL-W-6858D, Notice 1,
Amendment 1 and contains only minor editorial and format changes required to bring it into conformance
with the publishing requirements of SAE technical standards. The initial release of this document is
intended to replace MIL-W-6858D, Notice 1, Amendment 1. Any part numbers established by the
original specification remain unchanged.

The original Milifary Specification was adopted as an SAE standard under the provisiong of the SAE
Technical Standards Board (TSB) Rules and Regulations (TSB 001) pertaining to accelgrated adoption
of government gpecifications and standards. TSB rules provide for (a) the publication of portions of
unrevised goverpment specifications and standards without consensus voting.at the SAE Committee
level, and (b) the use of the existing government specification or standard format.

Under Departmeént of Defense policies and procedures, any qualification requirements gnd associated
qualified producis lists are mandatory for DOD contracts. Any requirement relating to qyalified products
lists (QPL’s) hag not been adopted by SAE and is not part of this)SAE technical document.
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1. SCOPE:
1.1 Scope:

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

Group 1 - Aluminum and magnesium
Group 2 - Irgn, nickel, and cobalt
Group 3 - Tifanium

1.2 Classificatio

-

Classification is based on function and use of the welded joint, rather‘than certain ayerage levels of
strength. Therefore, reliability is the key underlying quality distinguishing the work for each class.
The criteria glescribed herein are intended to prevent larger variations in weld strength and quality
than are compatible with the intended use.

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

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

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

1.2.1 The classification of welds.in foil thickness is limited to Class A and Class C.
2. APPLICABLE|DOCUMENTS:

The following flocuments of the issue in effect on date of invitation for bids, or request|for proposal,
form a part of this,)specification.

2.1 American Welding Society (AWS) Publications:
Available from American Welding Society Inc., 2501 N.W. 7th Street, Miami, Florida 33125)

AWS A3.0 Terms and Definitions
AWS C1.1 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 herein.

The class of welding shall be designated on the item specification or drawing. The design of Class
A resistan¢e welded joints shall require the specific approval of the procuring agctivjty who may
approve if patisfactory resistance welded prototypes exist, or upon evidence of-the adequacy of the
design and pattern of spot welding or upon the satisfactory performance of suitabl¢ static and
repeated lpading testing of the design or applicable prototype.
There shall be two methods of certification for spot welds. The Standard Certificatipn method shall
be for a weld schedule that certifies that the requirements of Tables | through Il or [IV, and all other
applicable jweld property requirements have been met. The Design Allowable Certjfication method
shall be a Weld schedule that certifies a guaranteed strength'value has been met.
TABLE I. Shear strength requirements for'spot weld sheet specimenjs
GROUP 1 ALLOYS
Ultimate Ultimate Ultimate Ultimsite
Strength Strength Strength . Strength
Nominall Thiskness| 56,000 psi and 35,000 to 19,500 to velay
of Thihmer Sheet, above , 55,999 psi 34,999 psi 19,500 psi
ib per spot 1b per spot 1b pexr spot 1b per|spot
ihch min nin avg min |[min svg | min [min avg | min  |hin avg
0/.010 60 75 50 65 — _— - _—
ol.o12 75 95 65 85 30 40 20 25
0016 110 140 100 128 70 %0 50 65
0l.018 125 160 115 145 85 110 65 85
of.020 140 178 135 170 100 125 go {| 100
0l 022 160 200 155 195 120 150 95 | 120
ol.ozs 185 235 175 200 145 185 110 140
0/.028 215 270 205 260 175 220 135 170
0l.032 260 325 235 295 210 265 163 210
ol 038 305 385 273 345 255 320 195 245
oLo3e 345 435 310 390 300 375 2285 285
0.045 405 510 370 465 350 440 260 325
0.050 465 385 | 430 540 400 500 295 | ‘370
0.056 5585 670 516 645 475 595 340 425
0.063 670 840 810 765 570 715 395 | 495
0.071 825 1,035 720 900 645 810 450 | 565
0.080 1,025 1,285 855 | 1,070 765 860 525 | 660
0.090 1,255 | 1,570 1,000 | 1,250 870 1 1,090 595 745
0.100 1,490 | 1,865 1,170 | 2,465 940 | 1,175 675 | 845
0.112 1,780 2,225 1,340 | 1,675 | 1,000 | 1,255 735 | 920
0.125 2,120 2,650 1,625 | 2,035 } 1,050 ] 1,315 | 785 | 988
0.140 2,525 | 3,160 1,920 | 2,400 - - R
0.160 1 3,120 3,900 2,440 | 3,050 — - — | --
0.180 3,725 | 4,680 3,000 | 3,750 _— - U B
0.190 4,035 5,043 3,240 | 4,050 — — - -
0.250 7,350 9,200 5,400 | 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 WA Gvg | LD WLk &vg[| MLh jmin avg
¢.2 265 335 225 280 — - o -
0.3 335 423 290 380 135 175 D90 110
0.4 430 6§25 445 855 310 404 226 290
0.4% 585 710 510 645 330 430 280 380
0.5 625 780 600 793 445 355 358 448
- 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 93%
0.9p 1,355 1,710 1,225 1,335 2,435 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
1.40 2,470 2,980 2,290 2,870 | 2,110 2,64%) 1,510) 1,880
1.6 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 11,2350 14,055 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 e
§.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 Vlitimate
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 | minOfnin avg
0.008 200 245 175 210 130 160 100 125
0.010 245 305 20§ 25% 160 195 115 140
0.012 350 410 278 340 200 24§ 150 i85
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 4380 280 345
0.022 730 905 8§10 758 450Q §50 330 408
0.02% 370 1,078 725 845 530 55 400 433
0.028 1,025 1,280 855 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 1,283 1,543 920 1,140 690 360
0.040 1,750 | 2,150 1,460 1,688 | 1,065 | 1,310 815 1,000
0.045 2,100 2,600 1,785 2,210 1,285 1,585 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 3,148 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
0.080 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 | 8,250 | 4,300| 5,310
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TABLE 1I(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 1,090 730 8935 580 710 440 5595
0.2; 1,090 | 1,355 g10| 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 231351 1,245 1,935
0.57 3,245 4,025 2,718 3,360[ 2,000 2,443] 1,470 1.800
0.64 3,870 4,780 3,225 3,9801 2,355 2,915] 1,780 2,200
0.7d 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 5,495 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 24,195113,385 16,480(10,920 13,455
2.3( 24,510 30,690 22,840} 27,910115,835 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( 3L,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 A45
0.020 530 690 390 510
0.022 610 795 450 985
0,02b 725 945 530 690
0.9028 8B5S 1,110 835 825
0.032 1,045 1,360 778 1,000
0,036 1,255 1,630 820 1,200
0.04D 1,460 1,900 1,065 1,385
0.045 1,798 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 IlI(SI)*. Shear strength requirement for spot weld sheet specimens

GROUP 3 ALLOYS
Ultimate Ultimate
Strength Strength
Nominal Thickness ahove 6§89.5 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 8940 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 3,808 4,94Q 3,380 3,670
G.80 4,515 8,050 3,445 4,450
0.9%0 5,580 7,250 430490 5,310
1.00 5,495 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 16,035 18,570 10,625 13,855
2.00 16,945 22,060 12,010 15,610
2.30 19,080 24,775 13,820 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 I\ 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 ksi [185 ksi } 185 ksi | 149 ksi| 90 ksi
inch No Winimum Shear Strength, Pounds Per Inch, So
0.001 40 30 20 20 80 85 43
¢ 002 20 60 40 180 160 i30 20
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 23%
0.006 7 185 125 540 A75 380 27%
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 pexr Strength
25mm} 386 MPa | Up to Above |1034 to | 620 to Below]
.and over| 366 MPa | 1275 MPa; 1275 MPal 1033.9 MPa] 620
midIl~ —
neters No Minimom Shear Strength, N/mm, So
g.03 40 5.25 3.50 15.8 4.0 11.3 .88
9.05 20 10.8 7.00 31.5 28.0 22.8 15.8
0.08 12 17.5 11.3 52.5 45,5 3519 24.3
o.10 10 23.6 15.8 70.9 61.3 49.9 35.3
B ¥ 9 28.9 20.1 85.8 74.4 59.5 41.1
0.18 7 32.4 21.9 . 94.8 83.2 66.5 4.2
0.18 6 36.8 24.5 110.3 96.3 77.0 56.0
ql. 20 5 41.1 28.0 | 120.8 106.8 85.8 6p.2
NOTES: 1. Wheno the number of 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 wanted and the weld
conditior]s are able to provide them. For a given joint a guaranteed strength valde and weld
class myst 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 thrpugh 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

3.2.1.2

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

Magfhesium 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.

©o0To

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 a marine
environnpent.

Special requirements: Metal combinations not included in 3.2.1.1 shall require the following
establisnment 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 Desigh 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 certified weld
schedulg plus the subsequent heat treatment used to demonstrate the weld ducfility required
herein.

3.2.2 Surface cdnditions: 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

3.221.2

3.221.3

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

3.24

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,ofw
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 pefrcent of the established value and (2) showing a surface resistance ave
more than 1.05 times that achieved by the replaced procedure.

Coatin
weld p

s which improve the corrosion resistance or sealing{characteristics with
operties may be applied prior to welding. Such{inishes must be consid

the new

bld schedules
weld results as
hange within
rage that is no

put affecting the
bred as final

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

scheddle.

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

Fitup: Matihg parts assembled for welding shall be designed and processed to fit sq
first and eqch successive weld is made the surfaces to be joined by the weld are i
each othell 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

ess: Joint thicknesses are only limited to those thicknesses or combination of

bn parts can be

that before the
h contact with

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 speC|f|ed hereln The force and current controls shaII operate so tha
flow until the-w W
electrode force before current is termlnated

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

3.4 Qualification

3.4.1

3.4.1.1

3.4.2

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

nonmagn

Maintenan
periodicall
furnished.

production

Qualificatic
machine ta
Qualificatic

contractual purposes, be considered capable. Ta have his equipment qualified an

use the co

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

examples
required.

eﬁmamwmmwmm

current can shunt through them instead of passing through the work pieces

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

of welding machines:

n 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 verifythe range of welding that a fag

ntractor shall perform the tests specified herein under the surveillance o

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

that no welding

ce of equipment: Unless otherwise specified, each item of equipment shall be inspected

hance shall be
d before

I seam welding
a facility.

ility may, for

l approved for
f the procuring
port. Typical
bxpanded as
approval to the

procuring activity. After approval is.indicated, these reports shall be posted near thé machine so as

to be avail

Qualification by one proc€uring activity of the Department of Defense shall be Qu

DOD prg
this speg

Machine q
highest clg

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

curing activities‘and for those other governmental agencies who elect tq
ification.

activity.

hlification for all
subscribe to

Lalification scope: Machines shall be qualified to meet the weld requiren

qualified tov

ssmcatlon ina metal group for WhICh it is mtended to be used in produc

nents for the
ion. A machine
automatically

considered quallfled for lower weld classmcanons 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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3.4.21 Types of equipment: Distinctive types of equipment must include those differing in any of the
following respects:

Manufacturer of machine
Manufacturer of control panel

Type of machine, or model number
Electrical rating or capacity

Type of electrical energy

Type|of pressure application.

-0 Q0T

3.4.2.2 Test confluct: No maintenance work and no control adjustments are permitted dufing the welding
of a set ¢f test specimens.

3.4.2.3 Test matgrials: The test materials for a Group | Qualification shall‘be any aluminyim alloy
commonly used in resistance welded products. For Groups 2 and 3 qualification| test material
shall be any steel commonly used in resistance welded proddcts.

3.4.2.4 Combingtion selection: For each group of alloys, two test sets shall be required. One at the
highest, pne at the lowest end of the range for which'the Qualification is desired] This normally
means that the thickest to thickest metal combination on one end and the thinnest to thinnest on
the other end.

3.4.2.41 Excepfthat when a Qualification is achieved on one combination of foil thickngsses, the
equipment shall be considered qualified for all thicker foils welded to foils.

3.4.2.5 Test spegimen requirements: Weld test and examination requirements are shown in Table V.

3.4.2.6 Weld mdchine requalification:"'When the equipment has once been qualified, it need not be
requalifigd for other contracts or production lots. A change of location within a plgnt, not involving
a change in power sautce, or maintenance, or parts replacement does not necessitate
requalifigation. Regualification shall be required if the machine is rebuilt or if significant
operational changes are made in it. Existing machine Qualifications made undef superseded
revision pf this/specification shall be honored.

3.5 Weld schedite—eertification:

3.5.1 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 A%l all 100 shear 5 microsections
B,C ¥ig. 1b 105 welds 411 None 100 shear 5 macrosections
2,3 Fig. la or bjl105 welds 411 All 100 shear 5 microsections
BlC Filg. 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 mm
c Fig. 4 See 3.4.2
SEAM WELDS - SHEET
A Fig. % 24 in. or 4ll all None 8 microsections
1,2,3 500 1 .
BJC Fig. § 24 in, or All None Nong 8 macposections
600 nm .
SEAM WELDS — FOIL
A Fig. & 12 in. or AlL All Pressure 2 micgpesections
. 300 mm (3%8%.3.1.1)
c Fig. 4 See 3.4.2
3.5.2 Certificatign test reports: For each-machine and each combination of relevant condlitions (such as
alloy, temper, 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 CI.I. These shall be modified or expanded as required. 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

3.54

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 maximum) between final preparation and welding, initial
and final surface preparations, and close spot spacing. A test of relevancy may be that the
meters when
ertification heat

produced by any machine weld heat seetings not further than 10 percent from¢the
settings.

Certification test specimen configuration and examination requirements:-Tests shall 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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a ] I | | ]
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Figorg lu., Sinple spol . Figure lb. BMultipl® spol shear specimen.
ghear specimen.
WOTE i. MWNominal Thickness of 13} Hominal Thickness 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
Dver 0.03¢ to 0.400, 1.80 Qver 0.75 to 2.50, 5.0
Over 0.100 to 0L(130, 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 net 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

2R 0-F-1-2-X-X-1-%.} L-1-1-2-1-1-2-2-1-X-1-1-2-X-F.%.7--F-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 reguired.

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

$ .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,

$

i 3

< {2 in. or 300 mm 4I
= T Ii[((("”"f"(((([ IR Ry “Lgr((c(( IO -
i I I I K HE O
1 ] \ ] 15' 1 \ | \ 1
- . J' ] Ji !

lin., typ

Tr Lo Tr
=40 mm, min,
25 mm, typ

NOTE: Remove metallographxc sections in the order above,
but examine from random positions.

FIGURE 5. Seam welds in sheet
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12 in.
Il in.
- 10 in. o=
| |
. ' 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
e 300 mm e
Figure 6a. Seam weldlspecimen.
s {0 in. -
- 8 in. Clamp —
—d
(@ G -
1
| )
4in ! 100in. Pressure
. Frame
in (SESS, —T—— 50mm
b}
{ i
I q !
!
t—'A' L
500 mm——" Clamp—

260 MM P 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
renmainder 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 - Tlhe variation in thickness (with regard to the original schedule) of-outer gheet is within
10.001}inch (£0.03 mm) and

The vdfriation 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 vdfriation in thickness of either outer sheet is within £0.004 inch (£0.10 mm)) and

The vdfriation 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 va{iation in thickness of either outer sheet is within £10 percent for Group |1 alloys, or +20
percent for Groups 2 and 3 alloys @and

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

3.5.6 Design allpwable certification: A process weld schedule and conditions may be certified to produce
any strength requirement'specified on a drawing by conforming to the Design Alloyvable
Certification requirements of this specification. This Certification method is limited o spot welds in
sheet that pre not close 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 origin

Certification conditions

3.6 Weld property requirements:

The weld acgeptance criteria for Qualification and for Certification and production cgnducted 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 Allov

3.6.1

3.6.1.1
a.orb.,
radius off

Visible critgria - spot welds and seam welds:

Sheet s¢paration: Separation between an inner and’outer member is excessive
pelow, measured at a distance (radius), from the nugget center equal to
the minimum nugget size given in Table X for the thinner member.

able Certification weld acceptance criteria fall under 3.6.1 for visible, and 3.6.4.1.3 and
3.6.4.1.4 for[mechanical criteria.

vhen it exceeds
B times the

a. Greater than 0.15 times the summed thickness of the outer sheet and the onje 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

TABLE X. Nugget size (all groups)

—

Nominal Thickngss Nominal Thickness

o%:"rhinner sheet Nugget Size of Thinner Shest, Nuggel Sizsg
imch {mm } inch (mm) inch (mm) inch {manl)
0l.001 {0.03) 0.010 {D.25) 0.036 {0.80) 0-.150 (3.41)
0. 002 (0.05) 0.015 {0.338) 0.040 {1.00) 0.160 {4.06)
0l. 003 {0.08) 0.020  {D.50) | ©.045 {1.10) 0.170  (4.32)
0.004 (¢.10) 0.030 {(0.76) { ©£.050 {1.20) 0.180 (4.57)
¢.005 (0.12) 0.035 {0.89) 0 .056 (1.40) 0.19¢ (4.82)
C.006 (0.16) ©.040 {1.02) ©0.063 {1.860) 0.200 (5.08])
0.007 {G.18) 0.045 {(i.14})} ©0.071 (1.80) Q.210 (5.33)
0.008 {G.20) D .050 (1.27) | ©.080 {2.00) Q.22 (5.72)
0.01D {0.25) 0.080 {1.52) 0 .080 (2.30)} 0.240 (6.1D)
0.012 {G.30) 6.070 (1.78) | o0.100 (2.50) 0.250 {6.35)
0.0186 {(G.40) 0.085 {(2.16} § B.112 (2.80) 0.260 (6.60)
0.018 {0.45) 0.000 (2.29) 1 b.12% (3.20) 0.280 {(7.121)
0.020 (¢.50) 0.100 {2.54) 0.140 (3.60) 0.300 (7.62)
0.022 (0.58) 0.105 {(2.68) ] 0.160 {4.10) 0.320 (8.13)
0.025 {0.65) 5.120 {3.05){ 0.18&0 {4.60) 0.340 (8.64)
0.028 (0. 7D) 0.130 {(3.30) 1 D.190 (4,80} 0.350 (3.89)
0.032 (0.80) 0.140 {3.56)
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3.6.1.1.1 Excessive 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 0.10 times the Class B or C production welds sampled for examination, when the product is
raised to the next whole number.

3.6.1.2 Surface indentation: Indentations (see Figure 7) are not acceptable if their depth exceeds the

following

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

3.6.1.2.1 Excesq

3.6.1.2.2 EXxcess
sample
sample
numbe

Sh

a.
b. Sh
c. Foi
d. Foi
e. Buti

eX(d

3.6.1.3 Producti

visible inpperfections shall be calculated by multiplying the factor shown in Table

number
lots with
Cracks @

ive indentation is not acceptable on specimens.

ive indentation is not acceptable on production work if it exceeds;0.03 t
s of production welds measured in Class A welds; or in more-thian 0.10
s measured in Class B and C welds, when the product is raised to the 1
Ir.

pet; Class A and B:  0.10 t or 0.005 inch (0.13 mnan);"whichever is greatgd
pet; Class C: 0.20 t or 0.005 inch (0.13 mm); whichever is greater.
: Class A and B: 0.30t.

:Class C: 0.40t.

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

bf welds inspected and raising the product to the next highest whole nur
mperfections exceeding.the quantity as determined from Table Xl shall

mes the
times the
ext whole

o

when aerodynamic smoothness is a requirement, the outside indentatipn shall not

bn parts: Certain other imperfections are limited in quantity Table XI. The number of

X| times the
nber. Parts or
be rejectable.

pen to the surface oh.seam welds shall be rejected and subject to a Material Review.

Metallographic Size Sy J- Measure for Minimum
i { —_ > Sheet Separation at
Metallographie-Radius Ry 5 Times & Taken from
0.14 Ry --Q_.-\ L ég‘:\l: X for the Thin-
l 0.25 t J )
t ’ ' 1 ~— Required Clear Penetration
} Zone ]
. Required Clear Annulue Zone T
t2 0.25 t,
! —— ——

Indeantation Depth _I

FIGURE 7. Nomenclature for metallographic spot weld sections and seam weld transverse sections
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TABLE XI. Visible external imperfections for production parts

acceptance Factor
Nature of Weld Iuperfections (560 4.4.3)
Class A Class B | Class C
Cracks open to surface .00 00 .05
Edge bulge cracks .0a .00 .10
Surface pits over 0.063 inch .00 .00 .10
{1.60 mm} dia. :
Surface pits under 0.083 inch .03 .05 <1n
[1.60 mn) dia. .
Flash and surface fusion .03 .05 .10

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

with dirty

ns shall be
s were made

electrodes, improperly prepared surfaces, or exCessive heat and undu¢ penetration.

3.6.2 Radiographic criteria - spot welds and seem welds:

3.6.2.1 Qualific

a. Wel

b. No ppre or instance of incomplete fusion shall have a linear dimension great

ion: All Class A test welds shall be examined for compliance with the fd

shall be free of cracks and flash.

where St is the nugget size as’given in Table X.

c. No ppre or instance ofiincomplete fusion shall extend into the outer 0.15 Rt

annulus as shown in‘Figure 8.

d. Porogity or incomplete fusion shall not have an aggregate area of greater tha
Group 1 alley;or 10 percent in Group 2 and Group 3 alloys, when seen in the

the plane,6f'the radiograph.

llowing:

br then 0.15 Sq,

equired clear

n 5 percent in
nugget area of
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3.6.2.2 Standard

following;:
a. Noc
0.15
b. Nop
annu
c. Poro
Grou

plane
3.6.2.3 Producti
3.6.2.3.1 Class 4

Qi6RT O.I5RT

Required Clsaor Aanulus

FIGURE 8. Nomenclature diagram of speband scam weld radiogf

us as shown in Figure 8.
Sity or incomplete fusion shall not have an aggregate area of greater the

of the radiograph.
bNn parts:

\ or.Class B parts: When radiography is required for Class A or Class B

foIIowirpg standards shall apply.

aphs

Certification: All Class A tests welds shall be“examined for compliance|with the

ack, pore, or instance of incomplete’fusion shall have a linear dimensioh greater than
S.
pre or instance of incomplete fusion shall extend into the outer 0.15 Ry

equired clear

n 5 percent in

p 1 alloys or 10(percent in Groups 2 and 3 alloys, when seen in the nugpet area of the

parts, the

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

called for.
b. No Class A part is acceptable when any weld has a crack, pore, or instance of incomplete
fusion that either has a linear dimension greater than 0.15 St or extends into the 0.15 Ry
required clear annulus (also see 4.4.3).

c. No Class B part is acceptable when the number of welds in it that have cracks, pores, or
instances of incomplete fusion with a linear dimension greater than 0.15 St or that extend
into the 0.15 Ry required clear annulus is greater than 0.06 times the number of welds in
the part. A lot of parts may be rejected if the number of welds radiographed indicates that
0.06 of welds in the lot have imperfections above requirements (also see 4.4.3).
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3.6.2.3.2 Class C parts: Radiography is not applicable to Class C parts.

3.6.3 Metallographic criteria: The metallographic examination and acceptance criteria are applicable to
Qualification, Standard Certification, and production witness specimens, and to production parts
when tested. Metallographic and visible nomenclature are shown in Figures 7 and 9.

3.6.3.1

3.6.3.1.1

3.6.3.1.2

3.6.3.1.3

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

acceptable wi
and production parts, unless they contain:

a.

b.

hin the nugget of metallograph ONS O pecimens, W

An imperfection extending into the 0.15 Ry, required clear annulus zonre;

An imperfection extending more than 0.25 times the thickness intg-that shee
penefration zone) for Class A and Class B welds or 0.50t for Class C welds.

An imperfection with its largest dimension exceeding the following fraction off
0.10 for Class A welds, 0.15 for Class B welds, and 0.25 for Class C welds.

For Certification and Qualification, Class A and Class'B weld specimens shall
or the imperfections of 3.6.3.1 a, b, and ¢, above.

For prqduction witness specimens or parts sectioned for routine or postproduc
work pfeceding the test lot shall be rejected’and subjected to material review p
imperfections of 3.6.3.1 a, b, and c, aboeve, no-nuggets, or insufficient or exces

SS specimens,

(required clear

nugget size:

ot have flashes

ion tests the
ocedures, if the
Sive penetration

exceed the fraction of the test lot permitted by Table Xll. The maximum numbégr permitted in

each cpse shall be calculated by.multiplying the factor shown in Table XII time
welds in the test group and raising the product to the next highest whole numb
purpose, a test group shall be the instant accumulation of all metallographic se
produgtion lot through its"”completion or through the end of the shift, whichever g
provisipns of 4.2.6, 4.4.3, and 4.4.4 shall continuously be applied.

Whengver a metallographic section of a production witness specimen or part r

5 the number of
er. For this

ctions run on a
ccurs first. The

pveals no-

nuggef, welding-shall be stopped and prior-made parts shall be rejected and slibjected to

materials review procedures.

A

nternal metallographic imperfections for production par

()

Nature of Weld Imperfection classAzcegfzzzeBFagfzzs =
Porosity, Crachks and Incomplete Fusion 00 -08 NfA
(3.6.3.1)
Insufficient Penelration {3.6.3.2.4) Do .03 NfA
Excessive Penetration (3.6,3.2.5) .00 .03 N/A&
Insufficient Size (3.6.3.3) .00 .03 N/A
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3.6.3.2 Penetration: The extent of the nugget or fusion zone into the thickness of a joined member is
called penetration. Penetration shall be measured at lines located at 0.8 of the nugget size, as
shown in Figure 9.

3.6.3.2.1  Minimum penetration: Penetration shall comply with the following:

a. Intwo equal-thickness members, penetration shall exceed 0.2 times the thickness of each
me : .

b. In two unequal-thickness members, penetration shall exceed 0.2 times-the thickness of the

thinner member, into each member. (See Figure 9b.)

ree or more thicknesses, penetration into the outer members shall exceed 0.2 times

thel thickness of the thinner member into the thinner membef’and either; (1) 0.2 times the
thigkness of the thicker outer member into the thicker outér'member, or (2)|the sum of the
center members plus 0.2 times the thickness of the thinher member into the thicker outer
member. (See Figure 9c or 9d.)

d. In three or more thicknesses, penetration into either side of an inner membler shall exceed
either; (1) 0.2 times its own thickness, or (2)the measured value of penetration into its
adjacent partner; whose own minimum value is derived from c, above, it is jan outer
member.
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."@5’ ;!Lr——-—§ (a)
2t

‘;: é__'__::.‘_ﬁ (b}
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 (1) 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

for the Certification 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
nugget s
subject i
foil weld
metallog

3.6.3.3.1

3.6.3.3.2

3.6.3.3.2.1

3.6.3.3.2.2

3.6.3.3.2.3

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

red at the

Qualifi
measu
size ar
of Clas
the siz

Produd

Nugg
seamn

nterface plane on the metallographic section through the center of themn

raphic section, when the foil is an outer member.

St —
P — m\\\\\\\\\%ﬁj/ﬂ a
| ]
-5 b

e 20
— OSSR =

[
Wﬁmw —p <
e et T T el
] d
ARty

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

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

size may be measured by the size of the fractured peel specimen instes

igget. Class A
d of a

pctions will be
he the average

d the lowest size in‘the test group will be entered on the test record form. The peel test

more than 1.20

velds and for

\AIQ'I‘IQ, and may bhe an alternate methad to cpnf shear tests of sheet (e

hear tests of

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

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.

Class B and Class C welds shall meet the requirements of Table X determined in accordance
with 3.6.3.3.
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3.6.3.3.2.4 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

XIl.

3.6.4 Mechanical criteria:

3.6.4.1

3.6.4.1.1

3.6.4.1.1.2

3.6.4.1.1.3

3.64.1.1.4

3.6.4.1.2

3.6.4.1.2.1

3.6.4.1.2.2

Spot wel

Minimy
exceeq
equipni

S - sheet:

Aver
stren

Cons
lot av
betw

lowe

Cons

of the number of welds tested, shall\vave shear strength values between 0.9

the Id
valug
the Id

Produg
less th

Class
weld

hge: The average shear strength shall equal or exceed thé’applicable m
gth specified in Tables | through llI,

istency - Group 1 materials: For Class A and Class B welds, each of 90
number of welds tested, shall have shear strength values between 0.875 and

ben 0.75 and 1.25 times the lot average~For Class C welds, the spreag
5t and highest specimen shall be less.than 0.35 times the lot average.

m: Each and every shear text specimen (such as Figure 1a or Figure’1
the minimum strength required by Tables | through Ill. Improvement of
ent shall be made after a test failure before a retest is made onra mate

erage. Each of the remaining 10 percent of\the welds shall have shear

t average. Each of the remaining 10 percent of the welds shall have sh
s between 0.8 and 1.2 times the lot average. For Class C welds, the sf
west and highest specimen shall be less than 0.33 times the lot averag

tion witness spécimens: The spread between the lowest and highest sp
hn 0.35 times_ the applicable production test lot average.

5 A: Thetest lot average shall be not less than 0.9 times the Certification
shallbge less than the applicable minimum value shown in Tables | throt

D
method or
ial combination.

(TN n
1%

1 tbhaon-th PN H
LICoOo UIdlT Uic GP'J"\JGL

Clas

(] ad-Cl C-Th + + ot oviarac h
D dl'fUu Lidoo L. 1TT1TIC 1ol TUL GVUIGUU LAl A~ LAY

in Tables | through IlI.

3.6.4.1.3 Design allowable certification:

3.6.4.1.3.1

3.6.4.1.3.2

3.6.4.1.3.3

) shall equal or

nimum average

percent of the

1.125 times the
strength values

between the

istency - Group 2 and 3 materials:*For Class A and Class B welds, each of 90 percent

and 1.1 times

ear strength

read between

E.

ecimen shall be

average and no

gh IIl.

le value shown

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

Average: The test lot average (Ac) shall be recorded on the Certification report form.

Consistency: 95 percent of the number of specimens tested must have values greater than
0.875 time the test lot average (Ac).
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3.6.4.1.4 Production witness specimens - design allowable certification:

3.6.4.1.4.1

3.6.4.1.4.2

3.6.4.2 Spot wel

3.6.4.2.1

3.6.4.2.1.1

3.6.4.2.1.2

3.6.4.2.2

3.6.4.3 Seam wg¢

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

sions of 4.4.4.

No specimen in a group of three consecutive test lots (nine specimens) for Class A welds, or

two

onsecutive test lots (six specimens) for Class B and Class C welds ma

be less than

0.88

Certifig

Clas:
addit
weld
each

Class

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

the in

Produd
peel re

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-eut-failure in 85 percent of the we

terface in each case.

tion witness specimens: The,required test lot shall be tested for complia
quirements only of 3.6.4.2.1,1 or 3.6.4.2.1.2.

Qualifi

Clas$

Ids - foil:

ation and Certification requirements:

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

C welds.

Table IV. In
cent of the

e cleavage in
ton size.

Ids tested. The
hce of fusion at

nce with the

hce of leakage
ecimen burst
he weld in its
nation for leaks

ecified load. After

the leak test, the specimen shall be loaded to destruction. Fallure 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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