#Amersham Corporation //
4 40 North Avenue
Burlington. Massachusetts 01803

Telephone (617) 272-2000

23 August 1990

Mr. Charles MacDonald, Chief

Transportation Branch

Division c¢f Safeguards
- and Transportation, NMSS
. United States Nuclear Regulatory Commission
washington, D.C. 20555

Dear Mr. MacDonald:

I have submitted the additional information you reguested con-
cerning docket number 71-9033.

Drawing number 66025 has been revised to show the following
corrections:

a) A copy of Mil-Spec W-6858 has been enclosed as Appendix
. A, the details of the spot welding procedure are includ
f ed within this specification. The welds are inspected to i
assure they meet the minimum reqguirements as specified i
in drawing 66025 sheet 3. This procedure is «tated in "
Section 8.1.1. -

j b} The size, type and location of the spot welds on the ﬁ
! bottom plate.

¢) The reference to sheet 4 has been changed to shest 3,

d) The shell material is specified as stainless steel
for the new models, beginning with serial number 4488.

The Model 660 that was subjected to the drop and puncture test
was manufactured in accordance with drawing number 66025, revi-
sion C, and consisted of the stainless steel shell. The gross i
weight of the package was 53 pounds. The test report has been
revised to reflect these details. g

} The operating instructions have been revised to include a proce- i
dure that physically verifies that this package s empty prior to
shipment.

These changes have been submitted as revised pages, and revision
instructions are enclosed.

Imersham



Mr. Charles MacDonald, Chief
Page Two of two

I trust these changes answer all your guestions, and allow you to
complete y~ur review. 1If I can provide any additional informa-
tion, please contact me.

Sincerely,

[ DONLEn, /7 A’mzf/"// E;

Cathleen M. Roughan
Radiation Safety Officer

CMR/bt
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TESBT REPORT
BY: Cathleen Roughan
Dave Duncanson
DATE: 13 October 1989
BUBJECT: Model 660 Free Drop Test

On 29 September 1989, a prototype Model 660 package manufactured
in accordance with drawing number 66025, revision C, was subject~
ed to a free drop test in accordance with the reguirements of 10
CFR 71.73(c) (1) and IAEA Safety Series No. 6, paragraph 719 (a)
The test package was constructed out of stainless steel, had an
automatic securing mechanism and weighed 53 pounds. . This test
was performed at Valley Tree Service, Groveland, Ma. The ambient
temperature was approximately 50 degrees Fahrenheit with neormal
humidity.

The Model 660 package was dropped from a height of 9.1 meters (30
feet) onto a target. The target consisted of a concrete cube,
each side measuring 1.2m (48 inches) upon which had been wet
floated a steel plate 0.9m (36 inches) wide, 0.9m (36 inches)
long, and 25mm (cne inch) thick. This target conforms to the
guidance for an essentially unyielding surface as prescribed in
paragraph 701 of IAEA Safety series No. 37.

The pachage struck the target with the center of gravity over the
locking assembly as shown in the drawing. This caused the pack~-
age to strike at a 45 dogree angle, impacting the bottom edge of
the locking assembly.

As a result of this test, there was no impairment of any design
or safety features of the package. There was no structural
damage to the locking assembly or package closure. There was no
release of the package contents. Photographs showing the damage
are attached to this test report.

A shielding efficiency test performed subseguent to the comple-
tion of the Model 660 test program demonstrated that the free
drop tests did not reduce the shielding efficiency of the
package.

Revision 3
August 1990
CMR230
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TEBT REPORT
BY: Cathleen M. Roughan
Dave Duncanson
DATE: 2 March 19%0
BUBJECT: Model 660 Puncture Test

On 29 September 1990, a prototype Model 660 manufactured in
accordance with drawing number 66025, revision C, was subjected
to a puncture test in accordance with the reqguirements of 10 CFR
71 73(c) (2) and IAEA Safety Series No. 6, paragraph 719(b). The
te:* package was constructed out of stainless steel, had
anautomatic securing mechanism and weighed 53 pounds. This test
was performed at Valley Tree Service, Groveland, MA.

Immediately following the free drop test, the prototype Model 660
package was dropped from a height of one meter onto a target.
The target consisted of a right circular cylindrical steel billet
152mm (6 inches) in diameter and 203mm (8 inches) high, mounted
onto the target used in the free drop tests.

During the drop, the package impacted the target sguarely on the
shipping cap of the locking assembly. There was no observable
additional deformation as a result of this drop.

As a result of these tests, there was no impairment of any design
or safety features of the package. There was no structural
damage to the locking assembly or package closure. There was no
release of the package rontents.

A shielding efficiency test performed subseguent to completior of
the Model 660 test program demonstrated that these puncture tests
did not reduce the shieiding efficiency of the package.

A second puncture test on the sane package that was subjected to
the previous tests was conducted on 2 March 1990, in order to
assess the impact of a 45 degree drop on the puncture bar.

The steel billet described above was set on an essentially yield-
ing surface (a 4-foot by 4-foot by 1/2 inch thick steel plate, on
a concrete slab 20 feet by 20 feet by 3 feet thick).

The 660 was dropped from a height of one meter onto the target.
The 660 lock assembly hit the puncture bar on 45 degrees at the
edge of the purcture bar. Since this was not a solid impact with
the entire weight ¢f the container over the lock assembly, we
conducted another purcture test.
Revision 3
August 1990

12-¢



In the second puncture test, the lock assembly impacted a 45
degree angle in the middle of the pincture bar. In this test the
weight of the 660 was over the lock assembly. As a result of
this test there was only minor damage to the package as indicated
in the photographs. The lock assembly was still secured to the
package with no movement of the lock assembly.

The cumulative damage due to both the 30-foot drop test and the 3
puncture tests was minimal and did not impair the structural
integrity of the package. A shielding evaluation indicated there
was no increase in radiation levels.

CMR231 Revision 3
August 1990
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12.

13,

14.

15,

16,

17.

Secure the source(s) in the source changer in accordance with the
appropriate source changer instruction manual.

Disconnect the control unit and source guide tube from the
exposure device as in Step 23 of the Operating Procedure and
disconnect the source guide tube from the source changer.

Remove the source identification plate from the exposure device
and attach it with seal wire to the source holddown cap.

If the exposure device contains a source, affix the
identification plate of the new source to the exposure device.
If not, attach an EMPTY tag to the handle of the exposure
device.

If the source changer is to be \ransported, survey it to
determine the correct shipping label required as in Shipping
Radioactive Material. (Radiation levels must not exceed

200 mR/hr at the surface nor 10 mR/hr at one meter from the
surface.) Bolt the source changer cover in place and secure
it with seal wire.

Return the source changer promptly to Amersham. Demurrage rental
charges will be assessed for containers held beyond normal
operating time.

Shipment of Radioactive Source

1.

Ensure that the source is locked into place in its storage
position. To check this, the lock should be in the down
position, the key removed, and the selector ring should be
immobile. Attach a tamper proof security seal with an
identification mark to the storage plug.

If the shipping container is to be packaged in a crate or other
outer packaging, the outer packaging must be strong encugh

to withstand the normal conditions of transport. These re-
quirements are outlined in 10 CFR 71. The shipping container
should be put in the outer package with sufficient blocking to
prevent shifting during transportation.

35 Revision 2
August 1990



Perform a radioactive contamination wipe test of the outer
shipping package. This consists of rubbing filter paper or
other absorbent material, using heavy finger pressure, over
an area of 100 cm2 (16 in2) of the package surface. The
activity on the filter paper should not exceed 0.001 uCi
of removable contamination.

Survey the package with a survey meter at the surface and at a
distance of one meter from the surface to determire the proper
radicactive shipping labels to be applied to the package as
required by 49 CFR 172.403. The radiation exposure limits

for each shipping label are given in Figure 4.1. If radiation
levels above 200 mR/hr at the surface or 10 mR/hr one meter

from the surface are measured, the container must not be shipped.

Properly complete two shipping labels indicating the radioactive
isotope, activity and the Transport Index. The Transport Index
is used only on Yellow II and Yellow III labels and is defined as
the maximum radiation level in milliroentgens per hour measured
at a distance of one meter from the surface of the package. Put
these two labels on opposite sides of the container after making
sure any previous labels have been removed. The package should
be marked with the proper shipping name (Radioactive Material,
Special Form, n.o.s., UN 2974). 1If the exposure device is
packaged inside an outer container, mark the outside package
"INSIDE PACKAGE COMPLIES WITH PRESCRIBED SPECIFICATICNS - TYPE B
USA/9033/B(U) ."

Complete the appropriate shipping papers - These shipping papers
must include:

a. Proper shipping Name (Radiocactive Material, Special Form,
n.o.s.) and Identification Number (UN 2974).

b. Name of Radionuclide (Iridium=-192).

c. Activity of the Source (in Curies).

d. Category of Label Applied (i.e. Radioactive Yellow II).
e. Transport Index.

f. Package Identification Number (i.e. USA/9033/B(U)
Type B(U)

g. Shipper's Certification.

"This is to certify that the above named materials are
properly classified, described, packaged, marked and
labeled and are in proper condition for transport according
to the applicable regulations of the Department of Transpor
tation."

36 Revision 2
August 1990



Notes:

1.

~3

For air shipments, the following shipper's certification may
be used:

"1 hereby certify that the contents of this consignment are
fully and accurately described above by proper shipping
name and are classified, packed, marked and labeled, and
are in proper condition for carriage by air accordina
to applicable national govermental regulations."

For air shipments to, from or through the United States, a
"CARGO AIRCRAFT ONLY" label and the shipping papers must state:

"THIS SHIPMENT IS WITHIN THE LIMITATIONS PRESCRIBED FOR CAKGO
ONLY AIRCRAFT."

Due to the depleted uranium used as shielding in the exposure
device, a notice must also be enclosed in or on the package
included with the packing list, or otherwise forwarded with the
package. This notice must include the name of the consignor or
consignee and the following statement:

"This package conforms to the conditions and limitations
specified in 49 CFR 173,424 for expected radiocactive material,
articles manufactured from depleted uranium, UN 2909,

Return the container to Amersham Corporation according to
proper procedures for transporting radiocactive materia! as
established in 49 CFR 171-178.

NOTE: The U.S. Department of Transportation, in 49 CFR 173.22
(c) requires each shipper of Type B quantities of radioactive
material to provide prior notification to the consignee of the
dates of shipment and expected arrival.

37 Revision 2
August 1990



1.

Shipment of an Empty Package

For shipment of an empty model 660, you must first assure
there are no unauthorized source assemblies or cropped sources
within the container, by performing the following procedure.

a)

b)

)

d)

a)

Remove the authorized source assembly from the model
660 in accordance with the applicable operatiocns manual
for the storage device.

After removing the source and disconnecting the source
assembly, attach the jumper (dummy connector without a
serial number) to the male connector of the drive cable.

Return the drive cable and connector to the model 660 and
disconnect the controls.

Insert dust cover cap, place selector ring in lock
position, depress lock and remove the key. Insert the shipping
plug and seal wire. Place an EMPTY tag on the device.

Assure that the levels of removable radiocactive contamina-

tion on the outside surface of the outer package do not
exceed 0.001 microcurie per 100 square centimeters.

When you have assured the model 660 is empty, survey the

device and prepare the package for transport depending
upon the radiation levels obtained, as given below.

If the radiation level is below 0.5 mR/hr at the surface,

and there is no measurable radiation

level at one meter from the container, no label is required.
Mark the outside of the package with the proper shipping name
(Radiocactive material, articles manufactured from depleted
uranium UN 2909). Mark the outside of the package:

"Exempt from specification packaging, shipping paper and
certification, marking and labeling and exempt from the
requirements of Parts 171~178 per 49 CFR 173.421-1 and 49 CFR
173.424."

NOTE: This does not exempt the shipment from the reporting

requirements listed in Parts 171-178 pertaining to the
reporting of contamination incidents or other radiation
incidents.

Additionally, a notice must be enclosed in or on the package
included with the packing list or otherwise forwarded with the
package. This notice must include the name of the consignor or
consignee and the statement:

"This package conforms to the conditions and limitations
specified in 49 CFR 173.424 for excepted radioactive materials,
articles manufactured from depleted uranium, UN 2909."

37a Revision 2

August 1990



b)

1f the surface radiation level exceeds 0.5 mR/hr, or if there

is a measurable radiation level at one meter from the surface,
use the criteria of Table 1 to determine the proper shipping
labels to be applied to the package. Mark the outside of the oute
shippng package with the proper shipping name and identification
number (Radiocactive Material, LSA, n.o.s., UN 2912).

If the container is packaged inside a crate or other outer
packaging, mark the outer package with the statement " INSIDE
PACKAGE COMPLIES WITH PRESCRIBED SPECIFICATIONS", USA/9006/B(U),

Type B.

Properly complete the shipping papers as listed in section 7.1,
according to the instructions in Shipment of Radioactive Sources.
The isotope will be Uranium-238 and the activity is 5 millicuries.

37b Revision 2
August 1990
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MIL-W-8858C

{” OCTOBER 1684

SUPERSEDING
MI1--W-8868B
3 NOVEMBER 194

MILITARY SPECIFICATION

WELDING, RESISTANCE: ALUMINUM, M/GNESIUM, .NON-
HARDENING STEELS OR ALLOYS, NICKEL ALLOYS,
HEAT-RESISTING ALLOYS, AND TITANIUM ALLOYS;

SPOT AND SEAM

Thia specification o mondetory for wee by all Dopert-
ments ond Apencies of the Deperiment of Defense.

1. SCOPE

L1 BScope. This specification covers re-
quirements for resistance spot and seam weld-
ing of the following nonhardening materials
(a8 defined herein-—see 4.1.5.):

Group (s)—Aluminum, alumisum alloys,
and magnesium alloys.

Group (b) Steels, sustenitic and ferritic
and precipitation hardening steels,
nickel and cobalt base alloys.

Group (¢)=—Titanium and titanium alloys.
Nore: Hereafter, the above metals shall

be referenced when the word “alloys” is

used.

12 Classification. Classification shall be
based on function of the spot and seam welded
joint. Welds shall be classified as follows:

Class A—Used in joints, the single failure
of which during any opersting condi-
tion would cause loss of the weapons
system or one of its major components,
loas of control, unintentional release of,
or inability to release any srmament
store, failure of gun installation compo-
nents, or which may cause significant
injury to occupants of the manned weap-
ons system.

Class B—Used in joints, the failure of
which would reduce the oversl! strength
of the weapons system or preclude
the intended functioning or use of
equipment.

Class C—A weld which is considered non-

critical and for which no stress analysis
is requeated.

121 The classification of welds in foil thick-
nesses (0.008 inch or less) shall be limited to
class A (structural applications) and cixe C
(nonstructural applications). Unlese require-
ments for foil thickness materials are specifi-
cally noted on the drawing or specifications for
the component, the requirements of this speci-
fication shall apply.

122 The clase of welding shall be desig-
nated on the item specification or drawing.
Class A spot welding shall require the specific
approval of the procuring activity, except that
the Inspector may approve application for
which eatisfactory spot welded prototypes
exist. Approval will be based upon available
evidence of the adequacy of the design and pat-
tern of spot welding, and where considered nec-
essary by the procuring activity, upon the
satisfactory performance of suitable static and
repeated loading tests.

123 TUnless special shear strength require-
ments are established (see 1.2.8.1, 1.2.8.2, and
128.3), the shear strength for classes A, B,
and C shall be in accordance with tables I, IT,
I1I, and IV, as applicable.

123.1 The requirements specified herein are
considered applicable in most of the conditions
encountered in resistance welding. When spe-
cial conditions are encountered which render
the requirements of this specification inap-
plicable, the contractor shall submit alternate

FSC THIM




MIL-W-8888C

proced-ires and requirements for approval by
the procuring activity. The request for ap-
proval shall include & description of the
oconditions which render the requirements inap-
plicable, such as reduced flange widths and
space limitations, and shall include data to indi-
cate that the alternate procedures and require-
ments are adequate for the application. Previ-
ous approvals of alternate procedures shall
remain in effect under this cpecification until
the contractor is notified otherwise by the pro-
curing sctivity,

1232 Increased minimum shear strength
. «#6 may be maintained in classes A and B
we'ds, provided all other requirements . pecified

shall conform to the requirements of 12.8.8.

1288 When reduced or increased minimum
shear strength values are used, the engineering
drawing or applicable process document must
specify the minimum test shear strength values
established. Unloee otherwise qz:rnd by the
procuring activity, the design strength
values calcuisted for the strength of spot
welded joints shall not exceed 80 percent of the
specified minimum shear strength values estab-
lished as permitted by 183.1 and 1282

L24 Tack welds are applicable in this speci-
fication only to the extent specified in 7.5 and
75.1.

Tasie 1. Minimum required sheor strength per weld fo- epol weld shear epecimens and minimum averogy strength !

Qroup (a) materiale
L
Mol tin o et ! | TS, | DiPSSE | Distomm | W
Pounds par wild
Thickness. see Blanderd MBS ' Minisam  Minimum | Mioimum | Miaimum | Minimas | Minisen | Misimos | Minimum
sverage overage sverage overege
U R (R G i Tt ®© L F Y| HEEING ool MRS SNel
AR R % 0 65 85 80 40 20 25
R s A e s T 110 140 100 128 70 o 50 e
T ARV NS 135 160 118 146 85 110 68 88
A R G TR S 140 178 185 170 100 135 80 100
R i g ek L RS b s 160 200 165 198 120 180 05 120
B G e S e 185 23 | 176 200 145 185 110 140
T RS S DA 218 270 | 208 260 175 220 188 170
TR RO TR R R AR 260 328 285 2058 210 205 168 310
U R ANASRa NI 206 885 278 48 258 230 198 248
T RARON R S e b M 'S 810 300 800 875 238 288
R U g 1 e e 08 510 870 485 350 #40 260 835
R e v e 585 430 540 400 500 208 870
e R R R A e 088 870 | B15 045 47 (T 840 435
RN el S e i 670 840 610 765 570 716 808 408
PR AR 835 | 1,088 7320 900 045 810 450 565
R i B e L 1,025 | 1,285 885, 1,070 768 06 3258 680
R s 1,36 | 1,870 1,000 1,250 | 87| 1,000 08 745
1 i R RIS TRl el 1, 480 1.866‘ 1,170 | 1,468 940 | 1,175 675 845
e TR R R R e 1,780 | 2,225 | 1,840 | 1,675 | 1,000 | 1,285 785 920
T IR (R e 2,120 | 2,650 1,625 2,035 1,050 | 1,815 788 988
V4 TR R R S AN R TR SRR W RS T SRS R Il IS
RN e TR RDONEHE N REE U SN AR IR AR e
O SR ERR A B 3,735 | 4,600 | 3,000 8,780 |........|ceueurifannana)annnnn.
BRI e e b i e S| 5,048 ] B.880 1 4000 [ovo.oooihonennikocniciib il tics
VDI o G 4 S b s 7850 | 9,200 | 6,400 | 8,000 |........|oceerurifieeniin]ianans,
‘ ,

' Btrengih of material shall be based on It guarantesd minimum ulti
mate tonstic strength  To the aase of “O'' temper materials the matimum
tensile shall apply

L Por test data requirements on elam A welds (0 Baterial thioknesses
of 0.008 Ineh or laas sse table IV

! Standard MIL-8TD-904 may be used » a0 alternate. Interpolation
can be used W establiad strengih values.



MIL-W-6858C

Minimum required shear sirengih por weld ond minimum soerage strengih for epol weld shear lesl

Tanus I1.

opars meng

Oroup (b) materiake !

M 1o 40 o

foe

Lty

3338333353383 8=88388:3
L]

§338§533328333:22

kel L LA

450 850 830
(11

Pounds per weld

Sverage

Uimate
above | .}a‘.

pm

sverage

§333838C8333333383388:

Lol e

Nomina! thiokoes of thinne: sheet (Ineh) !

Thickness, soe Blandwd MBS
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........

........

--------
........

........
........

........
........
........
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........

........

........
........

........
........
........

........

.............
..............
..............
..............
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..........
.........
..............
.........
......
...........
..........
............
......
..............
..............
..............
..............

..........
...............
..............
..............
..............
..............
..............
.........

..............

i Btandurd M [1~8TD-204 may be used & an alternate. lnterpolation

@an be used Lo establisd strength velues

! Btrength of matarial ahall be based ob 1o gurantesd minimum witk-

! Foi taet data requirements on class A walds in material Lhicknesses of
mate lanalle strangth

0.008 Inch or leas, see Wbl IV




MIL-W-8858C

Tasis 111, Minimum roquired shear sirengih per weld for *pol weld shear specimens ond minimum average srenglh |

Oroup (o) materials Oroup (¢) materials
) oming!
p—g —y A it | AR Ry [ Nomee o o) | (mhsee | Dumen s
Pounds per weid Pounds per weid
it RN R P T [Ty ey po v m

sverage . sverage
o RO 208 265 100 210 | 0.045............... 1,706 | 3, 840 1,88 | 1,67
BB s ssvivass 27 800 200 800 || 0.080............... 2,125 [ 2,760 | 1,308 1,910
|1 ARRRRRG 400 b3 1) 885 [l 0.088............... 2,680 | 8,830 | 1,770 2, 300
0.018.... san 490 838 840 45 11 0008............... 8,000 | 8, 900 2,110 | 3 730
0.0%........ SASREE N 830 600 300 B10 OO eeeenannnenns.. 8,880 | ¢, 400 8,308 | 3118
L SR 610 708 450 685 | 0.080............... 3,810 | 4, 960 2,700 | 8 810
| RS 738 945 530 690 (| 0.000............... 4,200 | b 870 8,040 | 8 088
I 60 e e i s 885 | 1,110 638 008 H0300ieesuessnaa.n.. 4,760 | 6,170 | 3, 880 4, 308
0.088.........c..... 1,045 | 1,880 776 | 1,000 L1 | RS 6,830 | 6 800 8,785 | ¢ 925
0.080............... 1,286 | 1,630 030 | 1,200 0136, ... 6,080 | 7,700 | ¢ 230 8, 400
) R 1,460 | 1,000 11,088 | 1,885

{

-muumuuMummm“mu.
male strength

'Wﬁlb—h 204 may be used & an sliernate Laterpolation

ub.ﬂhmﬂhhmhm\-

'PumﬁumMunﬁ-AMhmm
0/ 0.008 tneh or lems. see table IV,

Tasse IV. Minimum required ohear sirength per linear nch, and epacing for epot weld #hear umecymens

8 powsineh | Qroup (8) meterials Qroup () *ad (o) materials
Thicknes o : p——— ’ , Ut oty Ul ar. Ul o Uk atr lf‘“l“
SR | Ryge .‘ Poin | Sls et | Bapw - L T
]
i Minimum shear streagit —-younds per ined (Xm)
0.001... ... AL N | «0!| 180 30 80 4 o 80 90
R o e | 20| 1-80 40 00 90 180 160 180
T S 12| =17 65 100 150 208 200 300
RS R s Rl 10| 1-14 % | 188 190 285 860 405
T eame Aty 9| 1-13 1186 | 186 | 288 840 425 0
T miedyiseetduabile | 0! 138 T 380 a8 840
L RSERERO Fos e 8 j 1-8 140 | 310 320 440 550 630
I e 8 17 160 | 288 | 835 490 610 690
| |
| i

' When number of spots per tneb is Within 15 percant of the standard
#pots per inoh requirement, the tabuleted minimum shear strengths
noted above aball apply

' When number of apots differs trotn the standard poLa per (noh by 13
Paroant or greatar, but do not szceed the noted rauge of spots per inoh
m»mmmmm«wuum below

Xm ¢
E-(K)hv- Xr
Where

XmeMin shear st o secordance with table 1V
Ni=Blandan spots per ineh in sccordance with sbie 1V

Nr-loqmmmnmoa(uodmnn part)
Xr» Noew min shes: strangth requiremant
K = (Bee below)
R-luvhnmbuofpounmundu.dmmu
Parosnt of the standard spacing of tabie IV (Bee ')
K=0.90 when number of #P0% per lnch 1s inoreased greater Lhan
uummolthundudm. but within the range of
table IV
°Whnmln-hroupouwmbhnbon\hmmn
nuIV.mmmanwlmmmmm
obwndu\nhpolmw.

(e



& APPLICABLE DOCUMENTS

21 The following documents, of the issue in
effect on date of invitation for bids or request
for proposals, form s part of this specificstion
to the extent specified herein :

STANDARDS

MiLitary

MIL-STD-204—Thickness of Sheet and
Strip Metals

MS83528—Thickness, Sheet, and Strip

Metal
(Coples of specifications, standards, drawings, and
publications required by suppliers In counection with
specific procurement function should be obtained from

the procuring activity or as directed by the contracting
officer.\

8 EQUIPMENT

81 Welding machine. The welding ma-
chine shall consist of a suitable source of elec-
trical energy, suitable electrodes, means of ade-
quately cooling the electrodes, and a means of
reliably controlling and indicating the magni-
tude of the current, the welding force, and the
time of ourrent flow to fulfill the requirements
specified herein. The force and current controls
shall operate so that no current flows until the
welding force is applied st the welding elec-
trodes. The current shall be cut off before the
force is removed.

82 Electrodes. Suitable electrode materia!
shall be used to perform welding in conformance
with this specification.

3.3 Shear lesting machines. The contrac-
tor shall provide spot weld shear testing ma-
chines as required. All shear testing machines
shall be accurate within =2 percent of the indi-
cated reading. Portable spot weld shear test
machines shall be checked for accuracy at inter-
vals not to exceed 2 months.

34 Surface resistance indicators. The
contractor shall provide one or more surface
resistance indicators for checking the effective-
ness of cleaning sclutions and procedures en-
gasged in preparing aluminum or magnesium
alloys for spot welding. Surface resistance
indicators shall be checked for accurncy and
recalibrated as necessary.
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35 Jigs and fixtures. All tooling that ie
required to locate welds or assist in the assembly
of welded parts that must pass through the mag-
netic field during the welding operstion in &
manner that would cause magnetic disturbances
to the welding oycle, shall be made of nonmag-
netic materials insofar as possible. When the
presence of the magnetic meterial requires s
change in the welding current setting of more
than 10 percent from the established setting, &
separate welding schedule shall be established
as outlined in section 6. Jigs and fixtures must
be 80 designed that no welding current shunts
through the locating devices rather than the
work pieces. This will require the insulation
of pins and locating strips.

86 Maintenance equipment. ")nless other-
wise specified, each item of equipment shall be
inspected periodically as recommended by the
manufacturer. Adequate maintanance shall be
furnished, and defective parts affecting machine
operation shall be replaced before production
welding is resumed.

87 Detinitions. For definitions of terms
used in this specification, see 10.2.

4 MATERIALS AND METHODS OF
PREPARATION

41 Permissible combinations. The com-
binations of alloys which may be welded shall
be subjaci to the approval of the procuring ae-
tiviiy. Specific approve! of each combination
is not required except when specified herei1 or
when requested by the procuring sctivity.

411  Aluminum and alumsnum alloys. Alu-
minum and aluminum alloys may be welded in
any combination except that the following com-
binations and conditions shall not be welded
without specific approval of the procuring
activity

(a) Bare to bare high strength heat treat-
able alloys (2014, 2024, 7075).

(b) Clad 20’4 to bare 2024, clad 2014 to
bare 7075,

(e) Clad 2014 to bare 2014

(d) When the parts are exposed to severe
corrosion, similar to that on sea-
planes and amphibians, the welding
of bare high scrength alloys in any
combination.
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() Clad 7075 material in thickneas leas
than 0.020 inch.

€12 Mugnesium aslloys may be welded in
any combination exocpt for the alloy combina-
tions not meeting the requirements of 4.1.5. The
welding of magnesium siloys which may be ex-
posed to ses water shall be subject to the ap-
proval of the procuring eotivity,

418 Foerrows, nickel base, oobalt base and
Aeat-reviating alloys.

4181 Permissidle combinations. Austen.
itic heat and corrosion-resistant steels, precipita-
tion hardening steel, nickel, and cobalt base al-
loys may be welded in any combination, except
for alloy combinations not meeting requirements
of 4.1.5.

4132 Plain carbon stee) with 0.16 percent
or less nominal carbon content may be welded
in any combination.

414, Titanium and titanium alloys. Ti.
tanium may be welded in any combination, ex-
oept for the alloy combination not meeting the
requirements of 4.1.5

those covered in 411, 412 413, and 414,
previously not welded in production, shall re-
quire establishment of nonhardening and weld
ductility characteristics. This evaluation ghall
be conducted without special heating sequence
applied purposely to temper weld, a6 the spot
walds in these materiale shal) develop an aver-
Age tension strengih not less than 25 percent
of the minimum average shear strength of
tables I, 11, II1 and minimum values in table
IV, when tested “as welded" and also after any
thermal treatment which the part receives after
welding. The tension specimen (tensile pull-
out) configuration may be of any type which
will satisfactorily apply axial tension load to
the spot weld. Evaluation may be conducted
On one guge thickness only. Materials which
satisfactorily meet this requirement may be
welded in producticn without further tension
strength evaluations. If tension strength levels
established herein are not obtained, the welding
of such materials shall be considered outside
the scope of this specification and any weiding
of these materials shall be in accordance with
other specifictaions established or approved by
the procuring activity,

42 Burface conditions. The surface of Lne
pom&ho welded shall be free from objection-
able films such 88 oxides, soale, ink, grease, dirt,
or other substances detrimental to the welding
process.

421 Reristance measurements, The ability
of the cleaning solutions and procedure to effec-
tively clean the surfuces of group (s) materiale
shall be checked by surface resistance measure-
mente. The contractor ahall establish the maxi-
mum surface resistance readings acceptable,
based on the surface condition immediately
after cleaning.

422 Group (a) materials. Oxide coatings
may be removed by abrasive means, such as
wire brush, or by a suitabje chemical treatment.
The maximum time between the cleaning of
parts and spot welding shall be established by
the contractor. The contractor shail demon-
strate that no deterioration of surface condition
has taken place by making surface resistance
Mmeasurements or suitable spot welding tests on
st least two gage combinations of material on
multiple spot shear specimene containing 285
consecutive welds in accordance with section 6.
Typical conditions for storing the parts or ma-
terinls shall be used for the demonstration,

422 Cleaning procedure. Where the clean-
ing procedure is changed, the contractor shall
demonstrate to the satisfaction of the Inspector
(1) by surface resistance measurements that
the maximum value and connistency of surface
cleanliness produced is at least equal to that of
the previsus method. The procedure shall also
be wpot checked on cae gnge combination of
material on multiple spot shear specimans con-
taining 25 consecutive we' 1s in accordance with
section 6, or (2) by recertifying ali welding
schedules in accordance with section 6 that are
not within =5 percent from the established set-
tings, or by =:10 percent when only one setting
18 adjusted.

424 Surface coatings. Coatings which will
improve the corrosion resistance or sealing
characteristics without adversely aflecting the
weldebility of the material may be applied
prior to welding. Pertinent details shall be
forwarded to the procuring activity for its
inforn.ation,




425 Nating parts. Mating parts assembled
for welding shall fit so that before the first and
each successive weld is made, the surfaces to Le
joined by the weld sre in coutact with each
other or can be mede to contact each other with
manua! pressure st the area where the weld is
to be placed.

426 Joint thickness. Joint thicknesses
shall be limited to those thicknesses or combi-
nation of thicknesses on which weld schedules
can be established and production parte made
to meet the requirements of thie specification.
(See eaction T.)

5. QUALIFICATION OF WELDING MA-
CHINZS

6.1 Welding machines. Qualification tests
of welding machines shall be performed to
determine the consistency of operstion of the
machines at or near the desired operating range.
To have his equipmen: qualified and approved
for use, the contractor shall prepare test speci-
mens as specified herein. Machines to be used
for clase C foil welding shall be considered
scceptable provided welding schedules can be
established to meet requirements of this speci-
fication (see section 6). The machine quali-
fication data shall furnish the information
indicated by reports A, B, and C (see figures 1,
2, and 8), as applicable. These reports shall
be maintained by the contractor and shall be
available for review by procuring activity.

511 7est materials. Tast materials for
group (a) qualification .ests shall be either
2024-T8 or 7076-T6 alclad sluminum alloy,
and for groups (b' and (c) qualification test
material shall be . 800 seriee corrosion-resisting
steel. Selectic.. is at the option of the contrac-
tor. Under conditions where such materials are
not welded in production, material most com-
monly used in production shall be used.

52 Machine qualification. Machines shall
be qualified to meet the weld requirements for
the highest classification for which it is intended
to be used in production. A machine qualified
to weld requirements of & higher weld classifi-
cation shall be automatically considered quali-
fied for lower weld classification. Only one
machine of & distinctive type shall be required
to pass the qualification teste specified herein
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and all other machines of the same type shall
be considered qualified, provided satisfactory
production settings for each have been estab-
lished. Exoept for material 0.008 inch in thick-
ness, only machines to be used for class A
welding shall require qualification.

821 ZTypes of eguipment. Distinotive types
of equipment are those differing in any of the
following respeocts:

(») Manufacturer of machine or contro!
panel, or type of machine or model
number.

(b) Electrical rating or capacity.

(c) Type of electrical energy.

(d) Type of pressure application.

822 Regualification. Whon the equipment
has once been qualified, it need not be requali-
fied for future contracts or production provided
no change in basic material or range of settings
is involved. A change of location within &
plant, not involving & change in power line, does
not necessitate requalification. Requalification
shall be required if the machine is rebuilt or if
significant operational changes are made there-
in. Approval of machines qualified under su-
perseded specifications shall be honored except
as specifically provided herein. A machine re-
quiring requslifioation shall be recertified, as
specified in section 6, on the thinnest-to-thinnest
and thickest-to-thickest material combination
weided in production. When machines doing
class A welding require requalification, the
welds shall also meet the radiographic quality
requirements of 5.5.1.

683 Test specimens. For each group of
slloys, a minimum of two sets of test specimens
shall be required, one at each limit of the range
of machine settings for which qualification is
desired. For materials other than foil thick-
neeses, each set shall contain not iess than 105
consecutive welds. For group (a) materisle
multiple spot shear specimens as indicated in
figure 4 shall be prepared. For groups (b) and
(¢) materials, single spot specimens in accord-
ance #ith figure 8 or multiple spot specimens
as shown in figure ¢ may be used. For foil
thicknesses, groups (a), (b) and (¢) materials,
multiple spot joint efficiency specimens as indi-
cated in figure 5 and containing standard spots
per inch as indicated in table IV ahall be pre-

7
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pared. No maintenance attention or control nd-
justments are permitted during the welding of
8 oot of specimens. The process details used
in preparing spocimens for qualification, such
as method of ~'=- =g, machine settings, and tip
radii shall be thows = hich weuld be used in pro-
duction. The external quality of u!l welds shull
meet the requirements of section 7. Interna)
quality shall be in accordance with requirements
specified in this section.

54 Test requirements.

541 Spot and roll &pot welding (intermis-
fent apaced welds made with focd or rotat ing
type electrodes). Spot and roll spot welding
machines shall be qualified as follows

(n) For other than foil thickness mate-
rials: Clase A, B, or (' by making of
not less than 105 welds per set. One
hundred welds slnll be tested in
shear with the joint unrestricted und
b welds shall be scctioned for metal-
lurgical examination.

(b) For foil thickness materials. Class A
by making one multiple spot joint
efficiency panel of not less than 12
inches of consecutive welds. Ten 1-
inch mupltiple spot test specimens
shall be tested in sheur with the joint
unrestricted and a minimum of 114
inches of welds shnli be sectioned for
metallurgical exainination,

5401 Dimensions of shear test specimens.
After welding, the multiple Spot specimens
conforming to figure 4 or 5, ns applieable, shal!
be cut into single or multiple spot shear spaci-
mens prior to testing. Dimensions of sheur
test specimens shall be as given in table V, un-
less otherwise specified.

842 Seam welding (pressure) tight joints
or overlapping spot welds made with roller-type
electrodes.  Seam-welding machines shall be
qualified :

(n) For other than foil thickness mate-
rials: Class A, B, or C by making a
test specimen (s) consisting of at least
24 inches of seam weld. Details of
test and metallurgical specimens re
quired are noted in figure 7.

(b) For foil thickness materinls: Class A
by making a test specimen consist

ing of at least 12 inches of consecu-
tive seam welds. Details of test and
metellurgical specimens required are
noted in figure 8.

64.2.1 Machines qualified for seam welding
shall be considered qualified for equal weld
classification roll spot welding, provided the
machines meet the requirements of the certifica-
tion tests of section 6.

543 Intermittent epot welding (epot welds
spaced two diameters or less apart). Machines
qualified for spot, roll, or seam welding shall be
considered qualified for equal weld classifica-
tion intermittent spot welding.

5.5 Radiographic examination (class A
welds). All welds shall be subjected to radio-
graphic exam!nation for determination of in-
ternal defects and shall meet the quality re-
quirements of this section, Radiographic ex-
amination is not required for classes B and C,
but the specimens shall meet the quality re-
quirements specified in section 7.

85.1 Radiographic guality (for olass A
only). For all metals, radiographs shal! indi-
cate that all welds are sound and free from
cracks and spit-outs. Porosity, either singly
or in combination, shall not have an AgEre-
gute area in group (a) materials greater than
5 percent and for group (b) and (¢) materials
greater than 10 percent of the aren of the weld
nugget in the plane in which the radiograph
1s taken, nor a linear dimension greater than

TasLe V. Dimensions of shear test tpecrmen in inches

l
I

Width or ovulo? )
(minimum)

Nomina! thiekness of '
*hinner sheets ° I | Leogth (A)
Oroup () |0.r:=pé)b-
| materials |
0.008 and under. . ‘ % lap E % lap
ooomoo.oao.....%Ln il
0.031 to 0.080..... ! . 1 As required
. — ; | to perform
0.081 10 0.100.....] 1 1 shear test
0101 t0 0.130......| 1% 15
{
0131 and over. . . .| Ih 15




15 percent of the weld diameter and shall not
extend to within 15 percent ‘of the welded
diameter) of the boundaries of the cast weld
structure. In addition, for those alloys whose
radiographs have » high resolution of the in-
tarnal structure, all the welds shal! be free from
lack of fusion, cladding inclusions, and the
fused zone of the weld shall be generally con-
sistent in size and reguler in shape.

652 Internal quality standards other than
specified in 5.6.1 may be established at the op-
tion of the contractor. The establishment of
quality standards more restrictive than speci-
fied in 8.5.1 will not require special approva!

66 Motallurgical examination. Test sec-
tion in accordance with 5.4 shall be cross sec-
tioned, polished, and etched as closely as possi-
ble through the cer.ter of the weld for metal-
lurgical examination. Clase A welds shall be
oxamined a8 & microsection at the minimum
of 25X to & maximum of 40X. Classes B nd
C welds shall be examined as & macrosection at
TX to 10X maximum. Weld quality shall meet
the quality requirements of section 7 unless
otherwise specified in this section.

6.7 Shear strength requirements

870 Minimum reguirements. For spot
welds and materials other than foils, the shear
strength of each weld or of multiple welds shall
be in accordance with the minimum require-
ments of table I, IT or III, as applicable. The
failure of one weld shall be the cause for re-
jection of the entire set, and the welding meth-
ods or equipment shall be modified and the test
repeated for the particular combination
involved.

872 Adverage shear strength requirements.
For materials other than foils, the average shear
wrength of each set of spot welds shall be
equal to or exceed the minimum Average
strength ghown in tables I, II, and 111, de-
pending upon the meta! involved.

873 Strength consistency reguirements.

8.78.1 Group (a) matemals. A variation
in shear strength of =121 percent of the av-
erage value will be permitted in 90 percent
of the specimens tested, and a maximum varia-
tion of 256 percent in the remaining specimens.

8.732 Groups (b) ond (¢) materials. A
variation in the shear strength of spot welds
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of 210 percent of the sverage value will be per-
mitted in 86 percent of the specimens tested,
and s puim\u_n variation of 20 percent in the

remaining specimens.

874 Minimum requirements for spot and
s0am welding for foil materials.

8741 Seam welds. Beam walds in foil
thickness materials shall not show any evidence
of leakage across or through the joint while
under pressure load. After leakage checks,
specimen shall be loaded to destruction, failure
shall not cacur through the joint in shear, but
by metal failure adjacent to or away from the
seam weld. Failure to meet these requirements
shall be cause for rejection, and the welding
methods or equipment shall be modified and
the teet repeated for the particular combination
involved.

6.742 Spot welds. The minimum shear
strength of each set of spot welds shall be equal
to or exceed the values shown in table IV,
depending upon the metal involved.

68 Machine and process data. Reports A,
B, or C, as applicable (see figures 1, £ and 8)
shall be filled out by the contractor and sub-
mitted with the application for approval.
After receiving approval, the basic material(s)
thickness combinations and date on which the
machines were qualified shall be pooted in the
neighborhoc d of the machines.

5.8 Qualification approval. Qualification
approval of the welding equipment and welds
suthorized by this specification shall be based
on the consistent properties of the welds as
shown by the contractor’s tests. Except for
“Other materials” (see 4.1.5) qualification by
one procuring activity shall be qualification for
sll Dopaitinent of Defense activities,

6. CERTIFICATION OF WELDING
PROCESS OR SCHEDULE

6.1 Welding schedule. The contractor
shall establish suitable welding schedules for
each material or permiseible combination of
different materials and each thickness combina-
tion to be welded in production from the mu-
chine under consideration. Thickness com-
binations, of the metals listed, falling within
the following limits shall not require separnte
welding schedules, provided acceptable weld



can be produced within the control adjustment
limite of 8.5:
(8) For group (a) materiale (other than
fotl thioknesses ) :

(1) 0.0604 inch or 10 parcent, which-
ever o greater, varietion in
thicknes of any outsr zhest.

(8) 0.004 inoh or 10 parcant, whichever
is gresatar, variation in the over-
all thickness of the combination
to be welded.

(b) FPor groupe (2) and (c) materiale
(other than foil thicknasses) :

(1) 80 peroent variation in thickneass
of any outer sheet.

(2) 10 percant variation in the pverall
thicknese of the ‘ombination to
be welded.

(¢) For groupe (a), (b), and () foil
thisknese materals !

(1) 0.001 inch variation in thicknees
of any outer sheet,

(2) 0.001 inch varistion in the overall
thickness of the combination to
be welded.

81.1. The welding schedule shall be estab-
lished prior to the welding of production parts
and shall include the procedure for preparation
of the material (including cleaning practices
which will produce consistent and uniform sur-
face conditions on the work to be waldled), all
details of muchine setup, and the control set-
tings for each mechine to be used in production
welding. The suitability of the welding sched-
ules shall be established by making and testing
of not lees than the number of welde listed in
table V1 for the particular class for which certi-
fication is desired. The welding schedules and
test results shall be available at all times to the
procuring sctivity for examination and eval-
ustion.

8.2 Teet requirements.

82.1 SAhear specimens. Two thickness com-
binations shall be tested in accordance with fig-
ure 18. Three or more thickness combinations
shall be tested in accordance with figure 14.
When examining welds in multiple thickness
combinations containing four or more thick-
neeses, each weld diameter at each plane not
subjected to shear test loading shall be eval-

i0

uated for nugge diemeter sise. Nugget diam-
stsr measurements chall be obtained from the
mstallurgics] specimen. (822 8.2.8 and 74.8.)

&LLE Mimimum cheor strongth Peguirs-
ments. The sheer srungth of eash weld or
multiple weld shall bs in accordance with the
minimum requirernents of tables I, II, 11T end
IV, 8 spplicable. The failure of one weld ehall
be cause for rejection of the entire sst, and the
walding methods or equipment shall be medified
and the test repsated for the particulsr com-
binstion involved.

8212 dverage shear atrength reguiremente.
The average strangth of esch est of spot walds
shall be equal to or exosed the average strength
shown ir table I, II, III, or IV, depanding
upon the metal involved.

8213 Strength consistency requirements.

02131 Group (a) matericle. A wariation
in ghear strength of spot welds in eluminum,
eluminum alloys, and magnesium alloys of
= 1814 percant of the average value will be per-
mittad in 80 perosnt of the spacimens epecified
in table VI, and & variation of =25 parcant in
the remaining specimens, ezcept for class C
welds which may be evaluatod in sccordance
with 8.7.4.

82182 Groups (1) and (¢) materic’, A
variation in the shear strength of spot walds in
nonhardening (by the welding procees) sisals,
austenitic stesls, nickel alloys, heat-resisting
alloy and titanium and titanium hese alloys of
%10 percent of the average value 1l be per-
mitted in 86 parcent of the specimens specified
in table VI, and & variation of 20 percant in
the remaining spacimens, axcept for class C
welds which may be evaluated in socordance
with 8.7.4.

622 Seam weld regquirements. Seam-
welded teet spscimens shall conform to:

(a) Other than foil thicknesn materials:
Metallurgical requirements as spovi-
fied in this specification (ssa table
vI).

(b) Foil thickness materials: Pressure and
peel test requirements as specified in
this esction (sse table VI).

(¢) Overlapping of the weld nugget shall
be in accordance with 7.2.3.

8.22.1 Pressure test reguirements. Evalua-




tion of clase A foil thicknese seam welds shall
be conducted in sccordance with figure 8.
Specimens shall withstand without leakage the
meximum pressurization required of the pro-
duction part and destructive test requirements
of 6.74.

823 Nugpet diameter measurements (inter-
mittent spot welding). The number of welds,
a8 specified in table VI for the particular cires
of welding involved, shall be sectioned through
their centers (see table VI, note 2). Each weld
and each separate interface if more than 2 thick-
nesses shall be measured and recorded. Each
nugget diameter shall equal or exceed the mini-
mum nugget diameters as established in table
VII. Class A intermittent spot welding rec-
ords shall also show the average and minimum
diameters of nuggets.

628.1 Nugget diameter method (olass A
epot welds). When it is contemplated to use
nugget diameter for routine check specimens
(see 84.12), each weld in the metallurgical
specimens shall be carefully measured and the
diameters recorded. Records shall show the
sverasge end minimum diameter of nuggets.
(This will establish the basis for controlling
nugget diameters on class A welds when thie
method is selectad over shear strength testing
during production quality control.)

624 Metallurgical reguirements.

6241 Class A welds. Internal quality as
indicated by radiographic examination shall
meet the following : Porosity, either singly or in
combination, shall not have an aggregate area
in group (a) materials greater than 5 percent
and for group (b) materials greater than 10
percent of the area of the weld nugget in the
plane in which the radiograph is taken, nor a
linear dimension greater than 15 percent of the
weld diameter and shall not extend to within
15 percent (of the welded diameter) of the
boundaries of the cast welc structure. Other
internal requirements and the sppearance and
external defects shall conform to applicable
portions of section 7.

6242 Classes B and C welds. The internal
and external quality of classes B and C welds
shall conform with the applicable portion of
section 7.

63 Peel test requirements—foil thick-
nesses.
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63.1 Peel test shall be conducted as indicated
in figure 12.

(s) Class A welds: Peel test shall exhibit
95 percent button type failures.
Fusion at the interface shall indi-
ocate fusion zone diamecers or widths
which do not vary morethan 20 per-
cent. When more than three thick-
neases are involved, & cross-sectional
type specimen (see fig. 11) may be
used in lieu of peel testing for nug-
get size measurements (see 7.4).

(b) Class C welds: Peel test shall exhibit
85 percent button type failures.
The balance of the welds may fail
through cleavage at interface, but
fusion at interface shall be evident.

64 Certification outside of qualification
limita,

6.4.1 Maechines for classes A, B, and C weld-
ing may be certified to weld material thick-
neases greater than or less than originally
qualified as Jong as a welding schedule can be
established and production parts made to meet
requirements of this specification.

65 Certified records. There shall be made
readily available to the machine operstor and
suthorized inspection personnel for reference
st any time, records showing the welding ma-
chine settings ®or all variable controls and
minimum and & erage spot shear strengths or
nugget dinmete & for all alloys and thickness
combinations walded ou that machine,

6.5.1 Recerufication. Recertification of
welding echedule may be required at any time,
if the procuring activity for any reason doubts
the sbility of a welding machine or machines to
make satisfactory welds.

6.6 When the amount of magnetic material
in the throat of the miachine, the curvature of
the part, and other conditions in produetion
welding requi™s control adjustments outside of
the limits specified in 8.5, specific welding
schedules shal! be estublished for each joint
requiring such ad)ustments. The schedule
shall also specify tii tests and examinations
which will be used to determine the conform-
ance of the welds to tle requirements specified
herein. The test weius shnll be made so that
they represent welds i1 the production part.
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Tasis VI Toet epecimens required for eortificalion leste
Motera
Clam of weid Weld metbod Qroup (s) materisls Oreup (b) sud (o) meterials
Syt | M | s s sy [ sy o

A 8pot weld— 20 Bhear & Welds miero- 10 Bbear. 8 Microsection,
other than section.
foll thick- ; -

B nesses.' ! 10 Bhear. 6 Welds macro- 6 Bhear. | 3 Macrossction.

seotion.

C 8 Shear. 2 Welds macro- 8 Bhear. i ¢ Weld wacro-

section. | section.

A Beam weld— None required. 12 Inches of weld | None required. l 13 luobies of weld

B other than (nee fig. 9). (see fig. 9).
foil thick- ' ;

C Donses | 8 Inches of weld | 3 luckes of weld

(see Bg. 10). (see fig. 10).
A Intermitient 10 Nugget 20 Welds (10 10 Nugget | 20 Welds (10
spot weld— diameter microsectioned) diemeter ' wicroseciioned)
other than meas: “ements. (s0e fig. 11), measurements. | (ave fig. 11).
foll thiok- —_— {
B Desses ! 8 Nugget 10 Welds (8 6 Nugget | 10 Welda (8
diameter Macrosectioned) diameter Macroseotioned)
measurements. (see fig. 11, easurements. (s0e Lg. 11).

C 8 Nugget 3 Welds 8 Nugget U Welds maoro-
diaweter ma croseotion diameter [ sectivn (see
measureents. (see fig. 11). measurements. g 1),

A Bpot or inter- Five | inoh shear | 8 inches of weld Five 1 inoh shoar 2 iiclies of weld
mittent spot | (see fig. 5). (see fig. 12). (s0e fig. 5). (sve big. 12).
welds-—foll

C thicknesses ' ¥ | None required 8 inches of weld None required. J bichies of weld

(sce fig. 12). (sve fig. 12).
A Beam weid—foll | One pressure test | 1 ineh of veld One! wesure test 1 .1 ! weld (s0e
thicknesses ‘' specimen (soe (see fig. B). speoimen (see lig. 8).
fig. 8. fig. 8).
C None required. | 8 inches of weld None required. divhes of weld
~ | (see fig. 12). we ig. 19).




Taniz VII. Nugpel diameter (all metals)
nmm Io-uu-.u | N thiek ‘.m‘m
e tiaa e || e | “me
0. 001 ooxo‘ 0. 026 0. 180
002 018 | , 040 . 180
. 008 020 | . 045 170
. 004 , 080 || . 050 . 180
008 085 | . 088 190
. 006 | . 040 | . 083 . 200
, 007 .w; 071 . %10
. 008 , 050 || . 080 | 225
L 010 | . 060 | , 090 | . 340
012 . 070 || 100 | . 280
.ovo! 088 | 112 | . 360
.oxs' 000 | L1258 . 280
. 020 . 100 | , 140 . 800
022 | 105 | . 180 8320
L0258 | 130 | . 180 . 840
028 | 180 || 190 . 850
. 2] . 140 |
|

Nots Nugget diameler b basd oo minimum sheas strength specified
In this specifiontion. Nugge! diameter shown ahove 4 ol applicable \(
shear strength values other than established herelu are used or estab-
lahed

7. QUALITY STANDARDS

7.1 Appearance. The outer surface of all
test specimen welds shall be amooth, and free
of oracks, tip pickup, pits, and other defects
which indicate thet the spot welds were made
with dirty electrodes, improperly prepared sur-
faces, or that undue penetration of the weld
nugget has taken place. The maximum accept-
able number of defects for production parts

MIL-W-6858C

shall be not greater than that shown in table
VIIIL

701 Ewoternal defects. Test specimen welds
shall be free of external defects. For produe-
tion parts, except ss noted in 9.8, the following
defects are no! acceptable: Pits surface flashes,
tip pickup, expulsion of metal between the
sheets, exterual cracks, edge bulge crack, and

blown spots.
712 Sheet separation. Sheet separation, as
measured at a distance from the edge of the

. weld approximately equal to half the diameter

of the electrode indentation, is not scoeptable
if:

(a) In excess of 10 perorut of the average
thicknese of tle two outer sheets
joined or 0.005 inch, whichever is
greater, for class A welds (for group
(s) materials).

(b) In excess of 10 percent of the average
thicknesse of the two outer sheets
‘oined or 0,006 inch, whichever is
greater, for class A welds (for
groups (b) and (c) materials),

(¢) In excess of 0.008 inch for class A
welds in foil thickness materials
(for all metals).

(d) In excess of 15 percent cf the average
thickness of two outer sheets joined
or 0.006 inch, whichever is greater,
for classes B and C welds (for all
metals),

'Total number of ultizmate strength abear specimens for
oach ciase shall be multipie spot shear or single spot shear
pecimens conforming to Sgure ¢ or 8. The multipie spot
shear specimens shall be cut into single spot shear specimens
conforming to Sgure ¢ for testing.

* Metallurgical specimens sball conform to the requirements
of gure 11 Bpecimen sball be croes sectioned, polished. and
etched closely as possible through the center of the weld for
metaliurgieal examinations Microsections for class A shall
be examioed at & minlmum of 238X to & mazimum of 40X
Macrosections for class B or C, If required, shall be visually
examined with (he naked eye or upder low maguifieations
(TX to 10X maximum). Peel specimen shali conform to the
requirements of Agure 12, and shall be considered as an option
to & metallurgical specimen for class C welding of foll
thicknessss.

* Nugget diameter measurements shall be
metaliurgical specimens

‘Beamn welde may be accomplished by the overlapplog of
spot welds with fized-type electrodes when so permitted oo
the engioeering drawiag of other applicable documents
Parts, seam welded In this manner, sball be certified and
controlled in accordance with seam-walding requirements

obtaloed from the

* Bpot welds spaced less than 3 diameters apart utilising
fxed-type slectrodes shall be certifiod and controiled in aceord-
“aee with intermittent spot weldlag requirements.

*Number of spots per iuch shall be in accordance with
~sroduction part requirements and mioimuin shear strength
requirements shull be determined In accordance with require-
ments of table IV

" Pressure test specimens shall withetand without leakage
the maximum pressurisation requirements of the production
part. At the option of the contractor, certification may be
accomplished In accordance with requirements for “other
than foll thicknesses” When class A seam welds are applied
for other than pressurization purposes, shear iesting may be
Accompilshed 1n accordance with requirements for spot or
intermittent spot welds.

¢ Bpecial application machines. Be: Bgure 5. When the
mechanical and electrical machine settings used for qualifica
tion testa are identic:] to the machine settings to be used ln
production, certification tests as required hereln may be
walved However ihe test data and mechanical and electrical
machine settings sball be recorded on the proper forms and
made avallable as required in this section (see 6.5)

13
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Tasir VIII. Mazimum occeplable number of defoc o

Al metals
A-m&mh)opw a2 *itional repairebie (peresct) '
Neture of waid deteot -
A » © A » 0
External defeots

Orsoks open to surfaoce . ...............oouienni.. .. 0 0 [ 0 0 5

Edge bulge oraoks. ............ooviireinninn. .. 0 0 10 0 0 0

Bheet separation exoeeding established limite......... .. 3 [} 10 0 0 i

Blown spots and pite more than ¥4 fnoh diameter. .. ... 0 0 i0 0 0 3

Pite leas than ¥4 fnoh diameter. .................... .. 8 5 10 2 b 10
Metal expulsion between sheets (spita) and surface

Bashes................. ... ... ... RN R s LY 38 ) 10 0 [ 10

S I v o i s o amns bt e hd e ok okl o 2 3 ) 0 0 0

Exzcessive Indeotation. . ... ......cooouieiin (] 10 10 0 0 0

Internal defects *

PRI, POBIAY oo csnnnrntvorcnscsnssonsnsmnn. 0 [ NA ) 10 NA

Duds (no fusion)............. AP PRAS B AR L s e 0 0 0 1 2 [

Cladding 10elusions. . . ... ......ovueeerrinannnnn.. | 0 3 NA 0 0 NA

Insufficient penetration. .. .......................... 0 3 NA 0 0 NA

Exoesaive penetration. .. .........................._. ¢ 3 NA 0 0 NA

|

-demwuwwmluua.umn
for slase B, and %0 percent for clam C

! Ereept lor senro walde—eracks opan to surtace on seam welds sha. be
rejected and subjected 10 & salvage or review commitiee

713 Surface indentation. Where serody-
namic considerations are a requisite, the elec-
trode indentation shall not exceed 0.004 .nch for
other than foil thicknesses and 20 percent of
sheet thickness for foil thicknesses. In all other
cases, electrode indentions are not acceptable
if the depth exceeds the following limitations

(s) Clase A and B, for other than foil
thicknesses, 10 percent or 0,005 inch
(whichever is greater) and for foil
thicknesses 80 percent of the thick-
ness of the sheet in which the inden-
tation occurs.

(b) Class C, for other than foil thick-
nesses 20 percent or 0.005 inch
(whichever is greater) and for foil
thicknesses 40 percent of the thick-
nees of the sheet in which the in-
dentation occurs.

4

¥ 1p excems of limitations eatablished in section 7. NA=Not applicable

Nors. Pmmmmuhmummu.ut
nnnauummmmummmmmmu
permissidie

72 Penetration and internal defecta
Weld penetration and soundness shall be deter-
mined by examination of a metallurgical section
through the center of welds in test specimens
welded according to production welding sched-
ule. The outline of the fusion 7z ne ehall be
generally consistent in size auna generally
regular in shape.

721 Internal defects. Weld defects such as
porosity, cracks, lack of fusion, or voids within
the weld nugget for all alloys, or MACrosegregs-
tion within the weld nugget for nickel or cobalt
base alloys, are mcceptable if the maximum
extent of the defect does not exceed one of the
following limits:

(s) Asindicated by metallographic exami-
nation of section (see figure 15) :

(1) Forclass A welds, 10 percent ; for

clase B welds, 15 percent; and




for class C welds, 25 percent of
the weld diameter.

(2) Twenty-five percent of the respec-
tive sheet thickness extension
into an outer sheet for olass A
and B end 50 percent for class C.

(8) Extension within 16 percent (of
the weld diameter) of the
boundaries of the nugget stru.-
ture for all classes.

(4) Incipient melting, within the
weld-affected area shall be con-
sidered acceptable provided it
does pot extend to within 10 per-
cent of an outer sheet surface
or result in excessive eheet sepa-
ration (see 7.1.2).

Nore: Macrosegregation is character-
ized by locelized alloy segregation in the
fused zone at the line of demarcation (orig-
inal interface line).

Incipient melting is generslly character-
ized by thickened grain boundaries..

721 Internal defects (certification and
routine oheck apecimens). The contractor shall
establish the extent of inceimwl defects to be
permitted in controlling test specimens. In no
case shall the internal Jafects exceed the lim-
itse of 72.1 for routine check spwimens and
62.4.1 for class A certification test specimens
and 721 for class B and C certification test
specimens.

722 Fusion betwe. - «ections (clad alumi-
num). The outline of the nugget area at the
interface shall be generally smooth and reg-
ular. There shall be no unfused cladding ma-
terial within the weld nugget. The exteut of
the cladding into the columnar zone of the
weld shall not exceed 10 percent of the weld
diameter,

723 Nugget sone (seam welding). The
outline of the nugget zone on a plane |
pendicular to the sheets joined and through
the centerline of the seam weld shall show uni-
form overlapping of welds and consistency of
penetration.

728.1 The width of the fused zone in seam
welds shall be not less than the minimum spot

MIL-W-6858C

weld diameters listed in table VII. The width
shall be determined by transverse sections as
indicated in figure § for classes A and B welds
and in figure 10 for class C seam welds.

724 Minimum penetration spot and inter-
mittent apot weids. Minimum penetrstior of
the nugget zone into each outer sheet shall be
in accordance witi (a) or (b) below, ae ap-
plicable, at any point over an ares whose ma-
jor axie is 80 p._.:nt of the weld diamatar at
the interface.

(s) Equal thickness combinations— Pene-
tration shall be & minimum 20 per
cent of the original ocuter rhent
thickness.

(b) Unequal thickness combinations--
Penetration into the thinner outer
sneet shall be & minimum of 20 per-
cent of the original sheet thicknees.

Penetration into the thicker or other
outer sheet shall be:

(1) For two thickness corabinations:
A minimum of 20 percent of the
thinner sheet thickness, (See
figurv 18a.)

(2) Multiple thickness combinations:

A minimum of 20 percent of
the thicker or other outer sheet
thickness (see figure 18b); or
equal to the sum of the inter-
sheet thickness(es), plus a min-
imum of 20 percent of the thin-
ner outer sheet thickness, which-
ever is less (see figure 18¢).

725 Minimum penetration (seam welding).
Minimum penetration of the nugget zone into
each outer sheet shall be in nccordance with
(a) or (b) requirements of 7.2.4.

726 Mazimum penetration. Penetration
into either or both of tiie outer sheets shall
not exceed the percent value (see table IX) of
the reduced sheet thickness (thickneas at weld
centerline),

73 The ultimate shear strengtl of every
spot weld specimen shall be equa! to or exceed
the respective minimum values shown in tables
I, 11, 111, and IV for the corresponding nom-
inal thickness of the material.

15
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Orowg &) materiak Orowp (b) and (3 materals
Ciam o' waic Weir metinn " F—

i | o | ES, | aEE
A Bpot and inlermittent spot welding et 724 80 | Bee 724 w0
b b 20
C (L1 0
A Beam welding Bee 7.2.5. 80 | Bee 725 0
B 4 90
C 0 %0

74 The nugget dismeters of every intermit-
tant spol or spot weld (when nugget diameter
messurements tre used to control spot welds)
shall equal or exceed the minimum nugget
dismeter as established in table V11,

41 Unegual thioknesr combination. In a
joint between sectione of unequal thickness, or
ef alloys of different strengths, the minimum
shear strength requirements shall be based on
the thickness of the thinner sheet or the strength
of the weaker material, vhichever requirement
s lower. Minimum pugget diameter require-
ments shall be detar-uined b the thickness of
e toinner sheet.

TA2 Multiple thickness ocombinations.
Wien more than two sheets of materia) are
welded together the weld shear strength re-
quirements shall wpply separately to each weld
wiween each pair of adjncent outer sheets, and
Mugget requirements shall apply between each
pair of intermediste sheets, if these planes are
not shear tested.

756 Tack welds Tack welds shall not be
used on class A parts unless finally removed
or completely covered by subsequent produc.
tion welding or allowed by engineering draw-
ings cr applicable documents.

781 Tack welds require no test specimens
and shall be of sufficient strength to fulfill their
temporary fastening function, and are not sub-
ject to the requirements of this specification
with exception to defects that may be detri-
mental to the production part. The defwots,
internal and external, simll not exoeed limits
established for production parts.

16

& QUALITY ASSURANCE PROVI.

:l:&l (PRODUCTION QUALITY CON.
)

&1 Production welding and Imspection.
Production weiding shall be so sccomplished as
to obtain welda of uniform strength sbove the
scoepted minimwn and of metal-
lographic structure, rather than welds of maxi-
mum strength irrespective of metallographic
suructures.  All test specimens seleced for
checking production welding shall be represent-
stive of manufacturing prectios Specimens
shall be tested by the contractor under the gen-
eral supervision of the suthorised inspector.
Prior to welding, all production parts shall be
checked for conformance to the spplicable re-
quirements of section 4.

82 Schedules. Qualified personnel in each
plant shall be responsible for the control of ma-
chine settings and all welding schedules
Records of all current schedules shall be avail-
sble for examination by an suthorised inspector
&t any time

83 Weld location. Welds shall be locatad
s specified on the engineering drawing or ap-
plicable document. The edge distance of each
weld shall be such that no deformation or
bulging will cccur at the edge of the sheet. Jigs
shall be used whenever necessary to locate welds
a8 specified sbove.

84 Routine check specimens.

841 Test specimens A three-spot welded
Iap joint, or three single-spot shear specimena,
or specimens containing & minimum of 8 inches
of r~am weld, or three intermittant spot welds,



electrodes.

d) At the start of each welding schedule.

84.1.1 Single spot shear specimans shal] be
tested for ultimate strength (ese 8.7). Seam
welde shall be metallurgically examined for
weld quality (sce 844). Intarmittent spot
welde shall be examined for nugget dieneter
sise (see 84.18). Feal specimens shall be ex-
amined for button failures. For clam A, welds
shall aleo be examined for nugget diameter sise
consistency (ses 6.3.1).

8412 When nugget diameter raeasurements
are used in lisu of the shear test specified above,
or when examining intermittent spot welda, the
following method shall be used :

{s) Test specimens or simulated section
of the production joint containing
the same quantity of welds (mee
8.4.1) shall be examined. Speci.
mens shall be cros sectioned, pol-
ialied, and etched in accordance with
figure 11, as clossly ar possible
through centers of welds and each
nugget diameter measured and re-
corded. If the specimen contains
more than two thicknesses, nugget
diameter at each interface shall be
measured and recorded.

(b) For clam A welds, the sverage nug-
gt diameter shall be not more than

756-308 O-45-)

5
2
F

E
E
|

. Thres or more thickness combina-
tions shall be tested in sccordance with figure
14. At the optign of the contractor three or
more thickness combiations may be tested in
sccordance with figure 16. When testing un-
der hgrwre 16 conditions, the shear st
shal! be equal to or grester than the highest
required for either pair of adjacent outer shesta.
Shear streugth shall also meot applicable re-
quirements specified herein (sse 8.7.1). Under
conditions where the shear strengths of three or
more thicknese do not meet the required
strengths, when tested in accordance with fig-
ure 16, the spe:imens shall be tested by loading
sach outer plane separstely as noted in fig-
ure i4.

844 Netallurgical specimens.

8441 Class A welds. Three or more welds
or 3 inches of seanm: welds. as applicable, from
& production joint or s simulated section of &
production joint (see figure 11) shall be macro-
sectioned Lo reveal the structure of the walds
ot the leaser of the following intervals:

1"
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(e) thdnﬂmchu‘
Wmo bonre thae

or
®) mmwm

GA4L] Under conditione where suggwt 4.
SIsier measy ~amants are used for routine check
purpoms, specimene may be. prepared o o
microsction ot the tntervale required in 8.4.4.1
and subsr ituted therefor.

AA2 Clam B welds. Thres or more welds
or § inches of seam walda, a0 applicable, from
& production joint or & simulsted ssction of
production joimt (s fig. 11) shall Y macro-
sectioned to reveal the structure of the welds
o the star. of each welding schedule.

443 Clam € welds, Ustallurgioal ecami-
nation for weld quality in this class is not re-
quired, provided this examinstion is mede in
the certificst 00 of the welding schedule.

A4 Al metallurgical specimens shall
mest the applicable quality requirements of sec-
tion 7. When esamining welds in multiple
thickness combinations con?s ining four or more
thicknemses, each weld at esach interfase mot
subjected to shear test loading shall be evaly.
otad for nugget disineter. Nugget diameter
sise sha!l equal or excesd the minunum o
diameters a» established in table V11,

&5 Ceatrol sdjestmest When routine
check tasts inaioate that adjustment of the son-
trol es.tings is desirable, the ssttings may be
varied by =5 perosat from the established va)-
o, or by 210 parcent when only one setting
@ adjused. If mtisfactory welding cannot he
=wintained within thes limis of odj.sment,
w tiag shall be stopped and the wachine shall
be o ‘ad for fealty operation. If it can be
shown 1. \ canditions other than certified weld.
ing sched. < rquirements were the cause of
faulty welding and with the correction of these
cond i*wne the original certified welding ached-
wle is copable of pruducing scceptable welda,
the establishment of & new welding schedule in
sccordance with saction 6, will not be required.
For clam \ welds, also see §.7.4.1.

&8 Sarface resistance—alaminem, ale-
misem alleys, and magnesiom alloys A
daily ches of the surface resistaice in
microhms shall be made for clam A welds A

samples typical of the meteria) welded
abd its surface condition. The of the
mathod of obtaining the surface resistance meas-

procedurs, and the values of the surface
uhﬂuuﬂbhﬁsdnﬁq
and maximum value established ot that time
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VAge OF review committes are indicated
VIII. Restriction on defects other
described in table VIII sha!l be se
Defective spot welds indicated «n tab
nhdumpuﬂ.wi&uwﬂhutw
be randomly distributed unles it is demaon-

ek
E3EFES

]

partiou
clustering of defects, within the limits of table
Vulhmvddsbhlnhj‘hqullty prodvetion
and not detrimental to the service intended.
94 Rejection. Any pert containing welds
ﬂthbfmomud.honlblhhoun
missible defects as defined herein shal) be ro-
jocted. Special sttention shall be given to o
clase grouping of defective welda

16. NOTBS
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MACHINE QUALIFICATION DATA

BUOG REPORT)
(Bubmit for spproval wih Rhy ical Last report oo spot weld specimens)
Company Addrem
Mfr. of Machive. Seriv] No Rated Oopecity...
Mt of Conwrol Panel T ype of Machine.__
Cootrol Mir's Type No
l?uoﬁpm b
Materal
Upper Thickoem (nch i
SHEET | L —
ﬁon ‘ Materinl
mglgnp Tineh)
X Moterial -
“tot
our,
, and UPPER LOWER

Rlecirode Cooling
MM Arme

ency
Primary Vciﬁ_gp

Otber control settings w req. od for partioular (v machine.
—__NOTE AU machine seitings od)ustable or adjustad i» sccomplish welding sball be recorded.

Squesse 1:12'..-03. Fmo ?I’B)

i
E fa ;‘(z:b)ﬂl
PRESSURE | T
SEQUENCE | Wek ’ R?:?‘m )
P ure PRT)
Forge Tg_’lﬁ"’.," ure (Ib)
_____ Tuwe (Cycles)
Welding Current (RMS Ampores) it
Weld Tue (Cycles) "~ ——
[ R —— i e . [T —

Filovns | Suppested report A.
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MACHINE QUALIFICATION DATA

(SUGGESTED REPORT)
(To Be Accompanied by Welding Schedule)

Cotpsoy Address Date
Mir. of Machine. . BSerial No Mfr. of Control Panel
Qusiification Group: (Note material covered by Conwrol Mir ‘s Type Number
group (a) or (b) or both see section m‘!‘huh- Range: (Note minimum and
um thickness sctually
Surface Preparation T
1 - Materal
- Upper "'ﬂaioknu Tinches)
B Condition
- Msterial
- Lower “Thickness (inches)
diton
Defects,
ﬂi Sections ot |
INATIOh Radio-
graphic
] 26 51 76
2 9 3] kil
| ] 28 B8 .
f ‘ % b4 L
| 5 30 (13 80
1 ' ‘ 81 50 “E
| 1 . R 82 b7 82
; [ 83 b8 83
| D, kL & il
| | 10 35 80 %
11 36 61
| SHEAR r - 8
WELDED ~ STRENGTH, 3 X} i
SPECIMENS  POUNDS i
PER WELD 14 30 04 8
15 40 LI 90
’ 16 4 66 2 -
' 17 42 67 (7]
18 43 68 93
19 44 o (7]
20 45 70 05
AT 46 71 96
| 2 a7 72 (%
' 29 [ 78 [
24 40 74 00
25 50 75 100
Total of Shear Strengths
Av of Shear Strengths
alue obtained on Test
Vsrht.ion in Bbear Strength
e Weld Diameter Minimum Weld Diameter
um Shear Strength on Table
(Laborstory | wlor's Bignature (Autborised Lnapestor)

Fioure 2. Suppested Report B. 21
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SEAM WELDING DATA

(Submit for Approval with Physical Test Report on Seam-Weld Specimens)

(SUGGESTED REPORT)

Dete
Company Address.
Machine Make . Serial No. e EVA
Mtr. of Control 1'anel Control Mfr.'s Type Number
WELDING DATA
SURFACE PRE FARATION
Matenal
Sheet &omb» Vo Condhb-n
nealiop s
‘Matenial
Lower | Thickness
Condition
Diametar, Upper-Lower
Electrode Contour tour
Sketch and Dimensions Meuterial
Electrodes 5 . /min )
orce, 1b. :
w Other _control settings w required for_par-
tween Arms ucwiar type machine
Throst Depth
Power Supply Frequency NOTE ALl machine settings ¢ justable or
‘["L oltage adjusted Lo accom
Spot Spacing be recorded.
(Meotine Operstor's Bignatum ) (Authorise Lnspeotor's Bignatare)
(Welding Bupervisor s Bigusture)
METALLURGICAL TEST REPORT OF SEAM WELD SPECIMENS
Etching Test
Depth of
Is Apg»tuooo of | Do Fusion Areas | Penetration
Weld Satisfactory® Overlap® Defects
Max | Mio
TEST RESULTS Longitudinal ; ‘
Sections l
| 8
; K
z el
. Transverse : |
Sections 3_ |
..
(Laborstory Direstor's Biguature) {Autborised Lnapector’s Rignature)

Fioure 3. Suppested report C.
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MACHINE QUALIFICATION DATA

(SUGGESTED REPORT)
(To Be Accompanied by Welding Schedule)

Company Addrecs_ Date
Mfr. of Machine.__  Serial No Mfr. of Control Panel
Qualification Group (Note materis] coversd by Control Mir's Type Number.
group (s) or (b) or both see section Thickness Range: (Note minimum snd
Surface Preparation e . ;
v Thickas b5
pper 1ckDess )
“Tondition
Materal
Lower “Thickness (inches)
iy Condition
Defects,
SHEET OOM. Sections or |
BINATION Radio- |
graphic
] 26 B1 76
| 27 B2 % . &
8 28 [X] 7
4 20 54 70
[ 30 [1] 80
6 81 56 L1
| A 82 57 82
# 38 B8 L1}
9 34 (1] (7}
10 85 %o %:
11 36 1
.~ SHEAR 8
WELDED  STRENGTH, 13 ’; 0 8
SPECIMENS | FOUNDS |13 . =
PER WELD 14 30 64 &
15 40 "8 90
16 41 66 Kl
‘ i7 2 67 2
18 48 68 03
10 “ [ 04
i 70 @ 70 05
| [ 21 46 ki e
| - o 72 (L
; ‘ 23 48 78 8
24 40 74 [
25 50 75 100
Total of Shear S ths
Av of Shear St du
alue obtained on
Veration hﬁ‘mlmtlﬂt
Av um.m Mmhnummhm_cw
um Shear Strength on Table '
‘Laborstory Director's Bignature (Autharised Lucpeotor

Fiouns 2. Supgested Report B. 21



MIL-W-6858C

WELD SHALL BE
WITHIN 1/16 INCH
FROM CENTER

]
]

T
B

— e - — e ———

E

§ ___-__L¢
SR Al

FN

Y

h—-—-—-ib—‘—————-d

Nw

(VALUES POR W AND A ARE SHOWN IN TABLE V)

N = NUMBER OF SPOT WELDS AS SPECIPIED IN THE APPLICABLE
PARAGRAPRS OF THE SPECIFICATION, THE NUMBER OF SPOT
WELDS PER SET SHALL BE NOT LESS THAN 30,

Fiovne 4. Multiple-spot shear specimen for other than foil thioknesses (to be out after welding ).
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NC"
SHEAR SPECIMENS
(TYP)
F w
¥
(I I [ 157 | 4
'ﬁ‘ I3
AL
1
s 1NCH
(TYP)
- B ——

SPOTS PER INCH SHALL BE IN ACCORDANCE WITH
STANDARD SPOTS PER INCH REQUIREMENTS OF TABLE IV
FOR MACHINE QUALIFICATION TESTS AND IN ACCORDANCE
WITH PRODUCTION PART REQUIREMENTS FOR CERTIFICATION
TESTE,

VALUES FOR W AND A ARE SHOWN IN TABLE V,

e SRy
DIMENSION

TYPE TEST

JUALIFICATION TESTS (SEE
CEXTIFICATION TEST (&EE TABLE VI) | é IN, DISCARD
b ecrcnse s

Frovme 8. Multiple-apot joint eficiency panal for foil thicknesses olass A welds (1o be out after
welding ).




un..w-uucw

P A
o— WELD SHALL BE WITHIN
1/16 INCH FROM CENTER
* -
| '
) W
' i

(VALUES POR W AND A ARE SHOWN IN TABLE V)
Fiovnz 6. Single-spot shear specimen.
TRANSVERSE SECTION, 4 REQUIRED

NGITUDINAL SECTION, 4 REQUIRED

\.nmwm(uncmmmorm)

WHEN USING MULTIPLE STRIPS OONTAINING A SUM OF AT LEAST 24 INCHES OF WELD IN
PLACE OF A SINGLE STRIP AS SHOWN ABOVE, THE MAX[MUM NUMBER OF MULTIPLE STRIPS
SHALL BE FOUR, LONGITUDIKAL AND TRANSVERSE SECTIONS SHALL BE BQUAL IN NUMBERS
PER TEST STRIP AND SHRALL BE NOT LESS TRAN POUR CROSS SECTIONS,

LONGITUDINAL SECTICNS SRALL BE PREPARED IR SUCH A MANNER THAT A LEAST A
TOTAL LENOTH OP 1 INCH OF SEAM WELD IS EXAMINED,

TRANSVERSE SECTIONS SHALL BE OF SUFFICIENT LENGTR TO INCLUDE THE WEL)
lgom, !:.% HEAT AFFECTED 20NE, AND PORTIONS OF THE UNAFFECTED BASE METAL
AT EACR '

WIDTH OF TEST STRIP(S) SHALL BE AS SHOWN OF TABLE V FOR THE APPLICABLE
THIOKNESS REQUIREL,

LONGITUDINAL AND TRANSVERSE SECTIONS SRALL BE EXAMINED AS MICROSECTIONS
FPOR CLASS A AND AS MACROSECTIONS POR CLASS B OR C,

Frovma 7. Qualifioation test specimen, olass A, B, or O seam welding of other than foil thicinessss.
I
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LONGITUDINAL MET ALLO-
GRAPKIC SECTION,

1 REQUIRED SEAM WELD (1) INCHES MINIMUM OF WELD)

;
£
=

/2 CERSSLUEE TEEZ SPROIMEN V2
\ Tharsvmra
RESSURE TEST SPECIMEN - AT LEAST 8 INCMES OF SEAY WELD MET ALLOGRAPKIC
SHALL BE SURVEOTED 7O PRESSURE LOADING. PRESSURE TEST SECTION
SPECIMEN MAY BE CUT INTO TWO 8INCH SPECIMENS POR TESTING 1 REQUIRED
PURPOSES, AT LEAST 4 INCHES OF THE SEAM WELD SHALL BE
SUBJECTED TO PRESSURE LOADING.
(VALUES POR W AND A ARE SHOWN
IN TABLE V)
Wrmsm SEALS
TEST SPECIMEN
A
seorion A-A (
”
CLAMFS === ‘
A e
REQUIRED i
”~
PRESSURE INLET
s L,A SAETED So LD TEST ST

DIMENSIONS IN INCHES

o Fioume 8. Qualification test epecimen, class A seam welding foil thicknesses.



7~ TRANSVERSE SECTION, 4 REQUIRED

LONGITUDINAL SECTION, 4 REQUIRED

\_ SEAM WELD (12 INCHES MINIMUM OF WELD)

LONGITUDIXAL SECTIONS SHALL BE PREPARED IN SUCH A MANNER THAT AT LEAST
A TOTAL LENGTH OF 1 INCE OF SEAM WELD IS EXAMINED,

TRANSVERSE SECTIUNS SIALL DE OF SUFFICIERT LENCTH TO INCLUDE THE WELD

NUGGET, THE HEAT AFFECTED ZONE, AND PORTIONS OF THE UNAFFECTED BASE
METAL AT EACH END,

WIDTH OF TEST STRIF SHALL EE AS SHOWH IN TABLE V FUR APPLICABLE THICKNESS
REQUIRED,

LONCITUDINAL AND TRANSVERSE SECTIONS SHALL BE EXAMINED AS MICROSECTIONS®
FOR CLASS A AND AS MACROSECTIONS AOR CLASS B,

Fiovns 9. Certification test epecimen, olass A or B seam walding.




LONGITUDINAL SECTION, 1 REQUIRED

TRANST*RSE SECTION, 1 REQUIRED

SEAM WELD (3 INCHES MINIMUM OF WELD)

LONGITUDINAL SECTIONS SHALL BE PREPARED IN SUCH A MANNER THAT AT
LEAST A TOTAL LENOTH OF 1 INCH OF SEAM WELDING IS EXAMINED,

TRANSVERSE SECTIONS SHALL BE OF SUFFICIENT LENGTH TO INCLUDE THE WELD

NUGGET, THE REAT AFFECTED ZONE, AND PORTIONS OF THE UNAFFECTED BASE
METAL AT EACR END,

WIDTH OF TEST STRIP SHALL BE AS SHOWN ON TABLE V POR APPLICABLE
THICKNESS REQUIRED,

LONCITUDINAL AND TRANSVERSE SECTIONS SHALL BE EXAMINED AS MACROSECTIONS,
Froums 10.  Certification teat specimen, olass O seam welding.
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pe®——. LENOTH AS REQUIRED prea
r..T-SPACING USED IN PRODUCTION
" sy
N P .. Iy
e oS 4
=4

[UIDTH AS REQUIRED
PREPARE SECTION ALONG CENTERLINE

OF SPOT, INTERMITTENT SPOT WELD,
Ok SEAM WELD(S)

Fiovre 11.  NMetallurgical specimen (macrosection or microsection).

\
—_— —r— \
AN
T
XXX X HAK > W
1
|
p B LENGTH AS REQUIKED
PEELING METHCD
L‘-—— enaea R

* SPOT SPACING AS USED IN PRODUCTION,
(VALUES FOR W ARE SHOWN IN TALLE V,,

Fiovre 12.  Peel test specimen—=foil thicknesses—spot and seam welding.
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THE REQUIRED OVERLAP (W) SHALL BE MAINTAINED AS
SPECIFIED IN TABLE V, (SEE 8,4.3.)

Fiovme 18 Production guality conirol shear test epecimen (£ thicknessesr ).
W ‘.I

T
S S -

TEST STRIPS NOT LOADE) (UNSHADED) MAY BE LAID CROSSWISE OR PARALLEL
WITR LOADED SPECIMEN OR MAY BE SHORT OR MAY BE BENT OUT OF THE WAY;

HWEVER, THE REQUIRED OVER LAP (W) SHALL BE MAINTAINED AS SPECIFIED
IN TABLE v,

Frovme 14, Production guality control thear test apecimens (J or more thickneases).
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~— O

NUGGET BOUNDARIES

IS MAIIMUM EXTENT OF DEFECT, (SEE 7,2.1.)

IS WELD DIAMETER. (SEE 7.2,1(e)(1).)

IS EXTENSION INTO OUTER SHEET, (SEE 7.2.1(s)(2).)

IS EXTENSION WITHIN NUGGET BOUNDARIES, (SEE 7.2.1(a)(3).)

Fioure 18, /ntemnal defects.

A
B
v
D
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v '

FIGURE 17 TEST METHOD PERMITTED POR PRODUCTION QUALITY
CONTROL TESTS ONLY - SEE 8.4.3.

TEST STRIPS NOT LOADED (UNSHAOED) MAY BE LAID CROSSWISE OR
PARALLEL WITH LOADED SPECIMEN OR MAY BE SHORT OR MiY BE HENT
Ll BE

OUT OF THE WAY; HOWEVER, THE REQUIRED OVERLAP (W) SHA
MAINTAINED AS GIVEN IN TABLE V, SEE 8.4.3.

Fiovme 16.  Optional production guality control ehear test specimens.

CIADDING DILUTION-PAR?T
OF RESOLIDIFIED NUGGET

NOT PART OF
NUGGET PROPER

TRUE
NUGGET
DIAMETER

Frovme 17, Weld nugget diameter (see 108.4).
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1023 /ntermittent apor weldmg. Intermit.
tant spot welding is s resistance welding process
wherein coalesoetioe is produced by the heat ob-
WMMwmlovofdunco::
rent the work held un
mm:ghmuu md dmw The
resulting weld is & series of noulapping fused
sones, two nugget dismeters or les apart, made
progressively along s joint.

1024 Weld nugget or diameter. The weld
nugget or dismeter is the fused rone of & apot,
seam, or intermittent spot-weld. For n
diameter measurements, this zone shall be oon-
#idered 1o be the maximum width at the faying
surfaces of the resolidified nugget, disregurding
any penetration of cladding or other materials
into the columnar gone. (See fig. 17.)

1025 Porovity (gas pocket), Porosity is &
welding cavity caused by entrapped gas, over.
heating or expulsion of the molten weld nugget.

1028 Nacrossction. A macrosection * A
metallurigeal spacimen prepared for examina-
tion with the naked eye or under low magnifica-
tion of X to 10X maximum.

1027 Nicrosection. A microsection is "
metallurgics] specimen prepared for exam ina-
tion under & microscope st & minimum of X
to s maximum of 40X

1028 Taok welds. Tack welds are welds
which are for convenience only and are not in-
tended to carry s load.

103  Estimating variation.
perise: . Ra
Variation K%

Difference bet ween largest end smallest

 Shear h value
Kversgs of BavideaT Ser siagilo

108.1 Sample oalowlation.
Shear mt In pounds= 840, 810, and
870. Totale=1090,

Average, poundo-l?g-uo
Range, pounds= 870 - 81 0==60

Tariati - 80 -
¥ lﬂltl% m 0.176 or 0.18

104 Marginal indicia. The marging of
thie specification have been marked to indicate
where changes, deletions, or additions to the
previous issue have been made. This has been
done as & convenience only and the Government
assumes no liability whatsoever for ADy inae-
curacies in these notations. Figures are not so
marked. Bidders and contractors are cautioned
to evaluate the requirements of this document
based on the entire content as written, irrespec-
tive of the marginal notations and relationship
to the last previous issue.

Custodians : User setivity:
Army—MR Army—-WC
Navy—Wp Nevy—8H, YD
Air Foree—(11) Air Poree—(M)

Review activity: activity ;
Army-—MR, M1, MU, Air Foree—(11)

MO Project No. THIM-0237
Navy—~WP

Air Foree—(11), (80)

Review ‘user (nformation fe current as of the date
of this document. Por future coordination of chauges
to this document, draft circulation shouid be based on
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fication Listing of DoD Suandardisation Documents
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