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28 October 1971

SUPERSEDING
MIL~W-21157 (NORD)
29 November 1957
{See Section 6)

MILITARY SPECIFICATION

WELDMENT, STEEL, CARBON AND LOW ALLOY
(YIELD STRENGTH 30, 000-60, 000 PSI)

-ttt RIS LLAALIRT S A2 IV VUV TRV, VY

This specification has been gpproved by the Naval
Ordnance Systems Command Department of the Navy.

1. SCOPE

1.1 Scope. This specification covers the requirements for steel weldments
fabricated by:metal electrode welding processes.

1.2 Clagsification. Weldments shall be of the following classes, as specified
{cea 6. 2 and 6. 3 and tables I-A and I-B).

Class 1
Class 2
Class 8
Class 4
Class 5

2. APPLICABLE DOCUMENTS -

2.1 The following documents of the issue in effect on the date of invitation for
bids or request for proposal, form a part of this specification to the extent speci-
fied herein:

SPECIFICATIONS

Federal
QQ-E-450 Electrode, Welding, Covered, Mild Steel

e —
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MIL-E-22200/1

= e

MIL-STD-105

Military
MIL-I-6868 Inspection Process, Magnetic Particie
. MIL~I-8950 Inspection, Ulirasonioc, Wrought Metals,

Process for

MIL-R-11468 Radiographic mspection, Soundness Reguirements
for Arc and Gas Welds in Steel

MIL-R-11469 Radiographic Inspection, Soundness Requirements
for Steel Castings

MIL-R-11470 Radiograpbic Inspection, Qualification of Equipment,
Operators and Procedures

MIL-M-11473 -Magnetic~Particle Inspection, Soundness Require-
ments for Weldments

MIL-E-18038 Electrodes, Weldiog, Mineral Covered, Low

-Hydrogen, Medium and High Tengile Steel as

Welded or Stress Relieved Weld Application

Electrodes, Welding, Mineral Covered, Iron-
Powder, Low-Hydrogen Medium and High Tensile
Steel, as Welded or Stress Relieved Weld Application

Welded Joint Designs

Bampling Procedures and Tables for Inspections
by Attributes

MIL-8TD-129 Marking for Shipment and Storage

MIL-STD-130 Identification Marking of U. 8. Military Property

MIL-STD-163 Steel Mill Products, Preparation for Shipment and
Storage

MIL-STD-248 Qualification Tests for Welders

MIL-STD-410 Qualification of Tnspection Personnel (Magnetic
Particle and Penetrant)

MIL-STD-453 Inspection, Radiographic
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¥Federal
FED~STD-151 Metale: Test Methods

{Copies of specifications, standards, drawings, and publications required
by suppliers in conunection with specific procurement functions should be obtained

s Bl o vpammrealis e ol feefts e mm D fmim ke d Ler L o mamdama nbZ iAo a0 e A
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2.2 Other publications. The following documents form a part of this specifi-
cation to the extent specified herein. Unless otherwise indicated, the issue in

effect on date of invitation for bide ox request for proposal shall apply.
American Natiopa] Stapdards Ingtifute

ANSI Y14.5 Dimensioning and Tolerancing for Engineering
Drawinga
ANSI Y32.3 Welding Symbols

(Application for copies should be addressed to the American National
Standards Institute, 1430 Broadway, New York, N.Y. 10018.)

American Welding Society
AWSA-2,.2 Nondestructive Testing Symbols
AWSA-3.0 Definitions - Welding and Cutfing

{Application for copies should be addressed to the American Welding
Society, 345 East 47th Street, New York, N.¥. 10017.)

American Jron and Steel Institute
Steel Products Manual

(Application for copies should be addresged to the American Iron and Steel
Institute, 150 East 42 Street, New York, N.Y. 10017.)

Steel Founders Society of America
Steel Casting Handbook

(Application for copies should be addressed to the Sieel Founders Society
of America, 21010 Cepter Ridge, Cleveland, Ohio 441313.)

3. REQUIREMENTS
3.1 Capability. When the low bidder has oot had previous expericnce in
building ordnance structures, as specified in the request for bids, or material
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reguiring a similar quality of workmanship, he may he required before contract
award to demonstrate satisfactorily to the procuring activity that his methods of
welding, shop and equipment, supervision, and welding procedures are such as
to produce results which will comply with the provisions of this specification
and permit fabrication of structures which will function satisfactorily for the
purpose intended. These tests shall be conducted at the expense of the bidder,
If the test results do not indicate the bidders ability to fulfill the requirements,
his bid shall be rejected.

3.1.1 Weldment acceptance standards. Weldments shall meet the standards
of acceptance for the applicable elass es specified in 4, 2. 3.

3. 2 Qualification of welding operators. Welding operators shall be qualified
in actordance with MIL-STD-248,

3.3 Material

3.3.1 Plates, barg, structural shapes, eastings, forgings. The material
for plates, castings, forgings, and other parig used for the fabrication of weld-
- ments covered by this specification shall be carbon or high strength low alloy
steels as specified by the applicable drawings and shall meet the stapdards of
jacceptance specified in 4, 2. 3 when inspected in aceordance with 4, 2, 2,

3.3.2 Welding electrodes. Unpless otherwise specified by the procuring
tactivity, welding electrodes shzll be as specified in the applicable drawing and
QQ-E-450. When mild steel electrodes are specified in accordance with QQ-E-
450, low hydrogen slectrodes may be used as a substitute in accordance with
‘types MIL-70 and MIL-80 of MIL-E-18038 or MIL-E-22200/1.

3.4 Welding process. Weldments shall be fabricated in accordance with the

;process specified by the procuring activity, applicable drawing, or in accordance
with 3.4. 1.

3.4.1 Alternate welding process. Alterpate processes of metal electrode arce
_welding, as defined in AWSA-3.0, may be used when prior approval has been
obtained from the procuring activity.

3.5 Dimenpsgions and tolerances. Dimensions and tolerances of weldments
shall be in accordance with the applicable drawing and shall conform to ANSI
Y14.5. When no specific tolerance appears on the applicable drawing, dimen-
siops from a loeating point ox plane to0 a weldment surface shall not differ from
the drawing dimension by more than the following dimensional tolerance:



Downloaded from http://www.everyspec.com

MIL-W-21157A (OS)

3.11 Assembling.

3.11.1 Bracing. Temporary braces may be used in assembling parts of a
welded structure to prevent distortion and hold the parts in their proper position
during welding or stress relieving.

3.12 Welding assembly sequence,

3.12.1 Control of residual stregses. The actual welding of the structure and
all parts entering into the assembly shall be done in such a manner that residual
and locked-up stresses in the welds will be reduced to a minimum. As far as
practical, to reduce welding stress, the various steps in welding shall be carried
out so that external restraint shall not resist the shrinking incident to the welding
and add stresses to those that are unavoidable in a free joint (see 3.12. 2 and

3.14.1).

3.12.2 Control of ghrinking, Ingofar as possible, the welding of an assembly
shall begin at some central location situated so that outlying or adjacent parts may
be added progressively, The unwelded sections shall be free fo shrink toward the
central welding location. No excessive welding, bolting, or rigid restriction shall
be employed on parts at outlying points which will prevent their free movement
towarad the center of welding. The welding shall progress systematically so that
shrinkage on both sides of the structure will be equal or balanced, insofar as
practicable. Where possible, intersecting systems of framing and stiffeners
shall be joined to each other before they are joined to plate or flange members.

3.13 Joints.

3.13.1 Design. Joint preparation shall be a2s shown on the applicable draw-
ing with reference fo ANSI ¥32.3 and MIL~-STD-22, gs applicable.

. 3.13.2 Patented foints. Where joint edge preparation shown on the applicable
drawing is that of a patented joint, the contractor, with prior approval from the
procuring activity, may substitute other joint designs having equivalent efficiency.

3.13.3 Alternate joint designs. If so desired by the contractor, and with
prior approval from the procuring activity, similex and equally effective designs
of joints other than gpecified by the applicable drawing may be used.

3.13.4 Removing root of weld. Where a through joint requiring root chipping
is indicated on the drawing, butt jointz, "T" joints, or corner joints shall be
chipped, gouged, machined, or ground down to sound continuous metal on the root
gide after sufficient welding has been dOne on one mde and before welding on the
root side is undertsken.
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3.13.5 Form of chipping tool. Chipping shall be accomplished by means of &
round nosed too} having a radius of not lesa than oue-eighth inch. No section of
the chipped or machined groove shall contain an irregularity with a corner having
a radius of less than one-eighth inch.

3.13.6 Gouging, Gouging may be performed by the oxyacetylene ox arc-air
method provided that the cross section profile of the gouged groove shall comply
with the specification requirements limiting the radius to one-eighth inch
minimum at any point,

3.13.7 Defects in root areas. Inclass 1, 2, 3, and 4 weldments, the sound-
ness of the metal remaining in the root area shall be determined by the magnetic-
particle inspection method.

3.13.8 Electrode gize. The maximum diameter of the electrode used for the
first pass in chipped, gouged, or machmed grooves shall not exceed the radius
at tb.e bottom of the groove.

3,13.9 Fillet size. Where the clearance between members to be joined by
fillet welds is greater than one thirty-second of an inch, the size of the fillet to
be deposited shall be the size specified plus the clearance.

3.13.10 Joint openings. Joint openings shall not be larger than thoge required
for proper assembly. Joints with oversize root openings may be corrected by
building up the basic edges or weld scarfs with weld metal and then suitably pre-
paring such edges for welding,

3.14 Peening,

3.14.1 Uges. Peening, that is, mechanical working of the weld metal may
be done to corraect distortion or to minimize residual stresses

8.14.2 Care in peenjng. Peening shall be accomplished with a round or
blunt nosed tool. Such mechanical work shall be performed,in 8 manner that
will not tear or burr the pesned area. Care must be taken that all suxface slag,
slag inclusions, gas holes, or folds are removed from the weld before peening
so that no foreign material or unfused area will be embodied in the weld. Peen-~
ing should preferably be done at temperatures not exceeding 500° F, at a travel
rate of 20 inches per minvte with a medinm hammer.

3.14.3 Restirictions,

3.14.3.1 Weldments not subsequently heat trezted, Peening shall not be
done on single layer fillet welds but may be done on all but the first and last

8
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Weight (pounds) Dimengional tolerance (inch )
Lessg than 50 0. 060

50 to 99 0,125

100 to 499 0,156 -

500 to 4, 999 0. 187

6, 000 {0 14, D99 0. 260

15,000 to 29, 999 0,313

30, 000 and over 0.375

When a particular area or portion of 2 plave must be held within closer tolerances
than those indjcated, special limiting dimensions ot notations shall be included op

the applicable drawing.

3.5.1 Welded structures. The responsibility for furnishing welded structures
thai will finish to dimensions shown on the applicable drawing within functional
tolerances, without additional straightening or other modifications, shall rest with
the contractor. When no allowanee for shrinkage is made on weldment drawings,
it ghall be the responsibility of the contractor to make necessary shrinkage
allowances in dimensions of component partsio ensure that the completed weld-
ment complies with the applicable zegembly requirements. When the drawing
does not specifically prohibit a stress relief annealing operation, it ghall he the
contractor's respongibility to provide thia treatment, if necessary, to ensure
dimensional stability during subsequent machining operations.

3.5.2 Allowance for machining. Unless otherwise specified, all parts of a
welded structure where a machined fiuish is required shall have a minimum
allowance of 1/16-inch stock for machining. Stock for finishing shall not be so

great as to require excesgsive machining.

3.6 Shaping of parts.

3.6.1 Component parts. Unless otherwise specified on the applicable drawing,
component parts may be machined, sheared, punched, gas cut, or arc-air shaped.

3.6.1.1 Sheared or punched parts. Sheared or punched parts shall be free
from buckles, tears, or cracks before welding.

3.6.1.2 Gas cut parts. Gas cut and arc-air shaped parts shall be free from
any cracks, checks, or outting irregularities along the cut edges. All accumula-
tions of slag shall be carefully removed before welding, '

3.6, 1.3 Sharp edges. All sharpbdges caused by gas cutting, arc-air shaping.
ghearing, punching, or machining shall be removed from the parts before assembly

for welding,
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3.7 Direction of maximum gitress. When the direction of maximum stress is
indicated, the component plate parts of the welded structure shall be laid out so
that the direction of rolling in the plate is parallel to the diraction of maximum
afress imposed on the part.

3,8 Surface preparation.

3. 8.1 Surfaces. Surfaces to be welded shall he free from scale (othér than
light mill scale or cutting oxide}, oil, paint, dirt, or other foreign materials,

3. 8.2 Mpigture. Water, snow, or ice shall be removed and the surface com-
pletely dried before welding., No welding shall be done in locations unprotected
from rain, snow, or cold drafts.

3. 8.3 Muitible layer welds. When multiple layer welds are depoeited, "each

laver shall ha thoroughly cleanad hefore depogitine another 'Intnn‘ .A.ny gas pits

J WA AL W WAL ng o o e B gt AW aVaaty VARWw PAASFR

or slag in or along the edge of the weld shall be removed before subsequent layers
are applied.

3.9 Tack welding,

3.9.1 Welding. Tack welding shall be accomplished in accordance with 3. 4,
When tack welds are to be incorporated in the final weld, operators shall be
qualified in accordance with 3. 2.

3.9.2 Electrodes. Electrodes shall conform to the requirements of 3, 3. 2.
" H the tack welds are to be incorporated into the final weld, electrodes shall not
sexceed five thirty-seconds of an inch in diameter,

3.98.3 Tack weld deposit. Tack welds shall be deposited in such a manoer ss

*{o facilitate their incorporation into the final weld without causing a discontinuity
1 in the deposit.
t!!ﬁld

a an e b AT o
a, v WELD pUSILIONs

3.10.1 Flat position. Insofar aa practical, all welding on structures shall he
:performed in the flat position as defined fn AWSA-3.0.

3.10. 2 Vertical or overhead position. Where flat position welding is not
:practicable and welding is to be accomplished in the vertical or overhead posi-
tion, the use of electrode sizes larger than five thirty-seconds of an inch in

diameter on the first pass, or three-sixteenths of an inch in diameter on sub-
+Sequent passes, will not ha narmitied. Joints welded in the vortiezl nosition

Rt Bt et b § Vodek ALY W RN BTN ARAs LIRS 7 S ass TF i ot R RAESSL e ARV R

of welding shall be welded upwaxds.

[++]
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layers of multiple layer fillet welds. Peening shall not be done on the first

two lavars or the last laver of gingle or douhle havel “V" “U" or NI grocve

oty FE R A AR AW L AV A VWA valapAte WL WAL R

welds.

3.14.3.2 Weldments subsequently heat treated. For weldments which will be

subseauentlv siress relief snnealed, peening may be done on any weld 1g,ve1;- Care

must be taken on first pass layers not to crack the weld due to the reduced section
in which work is being accomplished. The soundness of heavily peened first pass
welds should be demonsirated by magnetic-particle inspection before subsequent
nasses are applied.

R S U S F il .

3.14.4 Damage to parent metal. Care shall be taken not fo damage or reduce
the cross sectional area adjacent to the weld with the peening tool.

3.15 Weldment temperatures.

3.15.1 Ambient temperature. Tack welding or production welding of any kind
shall not be done when the ambient atmospheric and material temperature is less

e oy

fhan 60° F,

3.15.2 Preheat temperatures. When not otherwise specified in the applicable
drawings, sufficient preheat shall be used to avoid cracking, control distortion,

P R A P Pyt ey el etrnlAdn
JIU UL Wilot W ensure souna WCllla,

3.15.3 Heavy pections. Heavy welded sections shall be welded continuously,
that is once welding has been started on a joint, the welding operation shall be

on ntinnad 1ynddl camnladtad

AALARALLG WA LAAALLS uumy;cuﬁuo
8.15.4 Strajghtening. Where appreciable straightening or forming is re-

quired, the weldment may be locally preheated, This preheating shall not exceed

1150° F unless suhgsequant corrective heat treatment is emploved,

AL TR Wl D T Rl WA LU RA Y B R

3.16 Size and shape of welds,

3.16.1 Size, The form and dimensions of the welds shall be in accordance
with the applicable drawings except as specified in 3. 13.1, Weld sizes given on
the drawings shall be considered the minimum size when measured in accor-
dance with AWSA-8,0. Fillet weld sizes shall not exceed the next 1/16-inch
larger size for welds up to three-eighths inch. For welds three-eighths inch
and larger, the size shall not exceed the next 1/8-inch larger size. Fillet
weld sizes may be determined by the method shown in figure 1 using the gage
shown in figure 2. :
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3.16.2 Weld reinforcement. For plate one-half inch and greater in thickness
the reinforcement of butt welds shall not exceed one-eighth inch except as speci-
fied for individual joints on the applicable drawings. For material undex one-half
inch, the reinforcement shall not exceed 25 percent of the material thickness.

3.16.3 Fillet weld form, Fillet welds having a concave face are desirable.
Excessive convexity, as determined by the gage (figure 1), may be corrected by
grinding or chipping.

3.16.4 Length of fillet welds., The length of a coxTectly proportioned fillet
weld, whether intermittent or continuous and exclusive of any craters and starts,
shall be in accordance with the length specified on the applicable drawing.

3.16. 5 "Extension of fillet welds, Fillet welds shsll extend around the ends
of abutting members when practicable.

3.17 Undercut and overlapping welds. Undercutting or overlapping welds will
not be permitted except as specified in 4. 2. 3 for the applicable class of weldment.

3.18 Removal of reinforcemepts. Where butt welds which are to be finished
flush occur on unmachined surfaces, the reinforcement shall be removed by
chipping or grinding. Care shall be taken to avoid undercutting or nicking the

.aurface of the plates in the vicinity of the welds.

3.19 Width of deposit. Welds may be built up by weave beads or by stringer
beads. The width of the deposit sha.ll not be greater than four times the nominal
diameter of the electrode.

3.20 Siress relief annealing. When gpecified by the procuring activity or
applicable drawing, weldments shall be stress relieved after completion of all
welding and straightening operations except as specified in 3. 20. 1.

J I e v N Ry SRR Y- [ (PR Ve -y . PRy D

O ﬁU’l A. SI.LGDB LEL_“!I. TRAMCA  LILLLLGL LUPEIJ.LD -WML‘UL -l.ﬂ})dd-l-b V.l. wr:-lu.l_u!:ur-n Hiay
be made without subsequent stress relief annealing by excavating defective areas
until clear of defects and rewelding the excavation while the area is locally.pre-

. heated to 200° ~ 400° ¥ provided that the area is so located that the resultant
stresses will not eause thé weldment to be dimensionally unstable during machin-
ing or in sexrvice., An excavited weldment or a gketch showing the location of
repairs and the dimensions of the excavations shall be submitted to the procur-
ing activity prior to finish machining auy part of the weldment to decide if stress

1xrelief annealing is necessary. .

.12
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3.20.2 Amnealing procedure, The following procedure shall be used for siress
relief annealing completed weldments or for any interim apnealing that may be
necessary on subagssemblies and weldments in the course of repaiv:

(a) Adequate supports ghall be provided in the stress relief annealing
furnace to minimize changes in the shape of the weldment due to its own weight

or the weight of the charge.

(b) The stress relief annealing furnace shall be equipped with adequate
recording equipment and thermocouples in sufficient number sitached to the
charge and so located as to record accurately the temperature of the weldments

Cara shall be taken fo ses that the nrohable hatiest and

or gnnanlinﬁ' charca 1
harge, Care ghall be taken to probable hottest and

coolest point of the charge for boih heating and cooling cycles js recorded. The

temperature of the charge shall be considered the mean betwsen the highest and

lowest reading. The maximuta temperature difference between any two parts

in the charge shall not exceed 100° F, except as permitted under 3. 20. 2(f) during

the heating or cooling cycle, or 50° F during the soaking period.

{c} The temperature of the furnace ghall not exceed 105° F plus the ambijent

temperature at the time the charge is loaded. The charge shall be heated to
1175° F & 25° at 2 rate not exceeding 150° F per hour, except as permifted under

3. 20, 2(5) .

(d) When the charge has reached 2 mean temperature of 1175° F =% 25°,
as epecified in 3. 20, 2(c}), it shall be held within this temperature range for the

minimnam horind of 1 ]'hﬁn'n for aarh insrh am frdn‘wn‘h ‘H\nv-anrr o mavimnm "“\‘lh‘rﬁnﬂﬁ
IININUMN pEniCG O & A0UT 107 800 AL O sTalwk wa oUY OF MaRifdlalll wdiCdlicct

of the weldment section, unless the holding time is otherwise specified by the
procuring ectivity or applicahle drawing, For thicknesses less than 1 inch, the
holding time shall be proportional to the thickness but not less than 20 minutes,

ek =L =11

{¢} The charge shall be cooled iu the furnace. The raie of cooling shall
not exceed 150° F par hour except as permitted under 3. 20, 2(f). When the
furnace has cooled to a temperature of 300° F or less, the chaxge may be re-
moved from the furnace and allowed to cool fo ambient temperature in still ajr
protected from moisture,

(f) The heating and cooling rate of 150° F specified in 8. 20, 2(¢) and
3. 20. 2(e) may be exceeded if the furnace is such that 2 maximum temperature
difference of any two points in any weldment does not exceed 75° F.

3.21 Straightening.

3.21.1 Progressive girajghtening. To avoid the necessity for major straight-
ening of weldments, check measurements shall be made at frequent intervals

during the course of fabrication. Corrective measures shall be iaken concur-
rently us required rather than permitting warpage to accumulate for a final

straightening.

=
w
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3.21.2 Stress cauged by straightening. No excessive concentration of stress
in any section of & weld or plate shall be created by straightening. Buckied or

stressed sections may be relieved by opening welded seams and rewelding. Re-

quests for the makmg of additional seams must be authorized by the procuring
activity, Preliminsry stress relief annealing may be pexrformed on weldments
prior to siraightening in order fo reduce the poseibility of rupturing the base metal
or cracking the welds.

3. 22 Weldment finish,

3.22.1 Scale. All scale, oxides, and foreign material shall be removed from
the weldment surface after stress relief annealing.

3.22.2 Rust prevention, Unless otherwise specified, the weldments shall be
protected against corrosion by coatings of paint, agreeable with the finish speci-
. ficatione given on the detail drawiog of the part. Weldments received from the
contracior shall be free from rist. The contxactor shall be iiable for the cost
of cleaning or blasting weldments received in a rusted condition or in a condition

tending to promote rusting.

3.23 HMentification marking, Weldments covered by this specification shall
be lepibly and permanently marked in accordance with MIL-STD-130 and the
applicable drawings. In addition, weldments shall be further identified and
marked as specified in 3. 23. 1 and 3.23.2, Weldments shall not be marked by

- identification stamp, weldexrs stamp, or other marking in any area where the
impression could act as a stress raiser leading to uitimate failure of the weld-
ment,

3.23.1 Serjal numbers. Weldments required to be indented with the identi-
fication marking in accordance with 3, 23 also shall be indented with a gerial
- number in characters of the same size as those of the identification mavk, The
serial number so assigned shall be selected, in regular sequence, from a blook
sof serial numbers furnished by the contractor or proeuring activity, No two
+8erizl numbers shall be alike for the same part number, and all jnspection
ixecords, reports, and correspondence shall thereafter refer to a specific weld~

sment by its serial number.

3.23. 2 Weldment drawing numbexs. Where practicable, the applicable weld-

:ment drawing (not the finish machine l']‘lﬁnﬂhnu'\ niaca number and rovigion lattar

—_——IS S RSN ERA A R EASAS AR A ARG ALY RE e  NEdiy TR W FAC VR RAWALLLS SREIVA A WY ADAVIL ATEMG L

;shall be pa.mted in relatively large characters on the parts. This marking shall
be performed subsequent to the protective coating specified in 3. 22. 2 so that the
‘marking will not be obliterated,

14
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3.24 Workmanship. Workmanghip in all reepects shall be such as to assure
production of acceptable weldments in aceordance with the requirements of the

2
applicable drawing, the detail specification, the contract or order, and this

specification.

4. QUALITY ASSURANCE PROVISIONS

4,1 Respousibilily for inspection. Unless siherwise specified in the contract
or purchase order, the supplier is responsible for the performance of all inspec-
tion requiremeuts as specified herein, Except as otherwise specified in the
contract or order, the supplier may use his own or any other facilities suitable
for the performance of the inspection requirements specified herein, unlesa disap-
proved by the Government. The Government reserves the right to perform any
of the inspections set foxth in the specification where such inspections are deemed
necessary to assure supplies and services conform fo prescribed requirements,

4.2 Quality conformancg inspection.
4,2.1 Sampling.

4.2.1.1 Lot gizes. For sampling purposes, 4 lot ghall consist of all like
weldments of the same class and design or kind, mawnufactured by essentially the
same process from each welding operator's production, and submitted for accep-
tance inspection at one time.

4.2.1.2 Samples. Unless otherwise specified, samples of each inspection
iot shall be seiecied in accordance with MiL-8TD~105, Inspection Level I. Lot
acceplance shall be based on the Acceptable Quality Level (AQL) of 2,5 percent

defectives.

4. 2.2 Inspection.

4.2.2.1 General inspection. Unless otherwise specified herein, general
inspection and test procedures for contractor and Government inspection shall be
in accordance with FED-8TD-151,

4.2,2.1.1 Nondestructive tests. Unless otherwise specified herein or on
the applicable drawing, weldments shall be inspected in accordance with non-
destructive testing symbols of AWSA-2. 2,

4.2.2,1.2 Visual and dimensional. Samples gelected in accordance with
4., 2. 1, 2 shall be visually inspected foxr completeness of weld and for dimensional
and other requirements as set forth on applicable drawings.

15
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4.2.2.1.3 Acceptance tests. Unless otherwise specified, weldments selected
in secordance with 4. 2. 1. 2 shall be subject to inspection tests as specified for
the applicable class of weldment (see tzbles I-A and I-B).

Table I-A
STANDARDS OF ACCEPTANCE (WELDS)
Insgpection : Weldment clasgs

method 1 2 . 3 4 5

Visual -1 ~1 -4 =4 B
Magnetic-  |No defects -3 5 -7 |Commercial

particle  Jof any kind? quality®
“Radiographic |STD Iof  §{STD IMof  {STD Ilof  (Not - Commercial

MIL-R-11468 |MIL-R~11468 [ MIL-R-11468 | required |quality®

INg undercuts, pveriaps, sing, or weld spaftar permitted in walds,

2Typienl wald defects are showy In figures 1, 2, 3, 4, §, 8A, 8B, and 9 of MIL-M-11473,

ENa defects parmitied tn metal thickaesses, onc-fourth inch or Jest. No crack-type defocts'permittad in metal thickmesses
over onefourth inch, The greatest summation of othar typa defects thull not sxcesd T3 in any 67T length with the maximum
teugth of an individoal defeet not to cxceed T/6. ("T" equals the nominal materisl thickness for repair welda in castinga)

4No oveclaps, slag, o lodaely adhering weld apattcr permittad in woids (weld gpatter remaining after gand oc grit blasting
may be presumed to be naot loascly ndhesing). Permibssible undarcut ahall nos excecd 5 percent of the mararial thicknest or

. one-thirty=second inch. Minimoem radius st root of undercut shall ke .01 Inch,

‘SNo erack-type defects permitted on any thicknest. In welds one-fourtiuineh or loss In thickness, ne individuat defect other
than evocks shall be permitted In excost of onegixteenth inch, minimum spacing of one-faurth inch between Sefoets and not
more than three defacts in any one and one-half inch tength, In welds ovar oncfourth inch in thicknes, tio individual defect

i other than eracks ghalf be grester than T/4, sod the prestest summation shall nat excocd 3774 in any 6T length,

SwWelds shall have no overlaps, slzg, or inoscly ndhering weld spotter {weld apatter rernaining after snd or pril blasting may he
“presurned not to be losscly sdhering). Permisible undercot thall not 2xgced 10 percont of the materis thicknett of ome-tixtecnth
lineh, Minimum rading 3t root of undercut shatl be 0.01 inch,

TNo crackitype defacts will be permittcd. For oiher type defects, no individust defeet shall be permitted greater than T3, with
the greatest gummation of defects not exceeding “T* in any 67 langth,

SPrrmisslble undercut shall not exccod 10 parcent of material thicknees ot dne-alxtacnth inch, No alag or logscly adhering
wweld spetter will he permitted (weld gpatter remaining after grit or gand blasting may he presumed not to be Joosaly adhoring).
Overiap will be permitted, hut Aot excecding 2T in any 6T length,

#Commercial quality matesisl does not veguire radiographle or magnctic-particle inspection. In other respeers it ghall onform
to the following commercial standards;  Americam Iran end Steed taatitone “Steel Produets Manuala™, for Struetural Shapes,
Secilon 4; for piates (Structural Quality), Sectlon &; for bary (Mérchant Quallty), Section &; xnd Stes]l Faunders Socicty of
Ameriea “Minlmom Standarde for Carbon Siael Casting®™,
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STANDARDS OF ACCEPTANCE (MATERJAY)
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Weldment class

hispection
method i} 2 2 4 b
Castings

Magnetic No defects [STD 1A or 1B {STD 2A or 2B {STD 3A ox 3B |Com-
particle of any kind (of MIL~M=-  |of MIL-M-  {of MIL-M~ meraial
11473 11473 11473 Juality®

Radiographic|No defects (STD I of MIL-|STD I of MIL~{STD II of MIL~|Com-
of any kind |R-11469! R-—114‘69 : R-11469% mercial
quality’

Forgings

Magnetic No defects [STD 1A or 1B |STD 2A or 2B [STD 3A or 3B {Com-
particle of any kind jof MIL-M~  Jof MIL-M-~ Jof MIL-M~ ercial
11473 11473 11473 uality?

Radiographic | No defects ~2 ~2 -2 Com-—
of any kind ercial
uality®

All other material

Magnetic No defects {STD 1A or 1B {STD 2A or 2B [STD 3A or 3B |Com-
particle of sny kind [of MIL.-M~ of MIL-M=- of MIL-M~- mercial
11473 11473 11473 quality?
Radiographic | Not Not Not Not Com-~"
roequired |[required reguired required mercial
quality’

1Detects in castings Intended for Incorporation Inta class 2 weldmenss will be limited to » maximem conesniration of
onghalf that pormitted by Standard A, ’

2Radiographs of the forgings thall show no shrinkage, laps, bursts, or nonmetalic Inctaslons in axcess of defacts permitted
by applicable magnetic particle standords referoneed in toble 1.8, .

3Commerclal quality material doss nat roquire radiographic or magnotic-particlc inspaction, Tn other reapeets it shall
ronform to the following cotnmercial standards: American Iron apd Stoel Institrtc “‘Steel Products Menuals™, for Structural
Shapes, Seetlon 4; for plates (Strocturat Quality), Section 6: for bars (Merchant Quality), Section 8; and Stes! Founders
Soclety of America *Minimum Standards for Carbon Steel Castings*.
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4.2.2.1.4 Finish of welde. Welds shall be inspected for smoothness, work-
manghip, and for conformance to the requirements of 3, 16 through 3. 19 and 3. 24.
The inspector may require chipping, grinding, or rewe}ding whenever neceasary
fo obtain weld surface appearance equivalent to those shown in QQ-E-450, Surface
frregularitics that interfere with the interpretation of radiographs or magnstic—~
particle inspection or make it questionable shall be removed,

4.2.3 Standards of acceptance.

4.2.3.1 Welds. Welds shall be inspected to ensure aomplia.nce with the
standards established for the class of weldment specified on the applicable draw=
ing, detail specification, or by the procuring activity (see 6,3), Weld root areas
prepared fn accordance with 3.13.4 shall be inspected to the magnetic-particle
standard establiched for the class of weldment specified on the applicable draw-
ing, detail specification, or by the procuring activity (see 6.3),

4.2.3,1.1 Clags 1, 2, and 3 weldments, Welds shall be subjected to radio-
grapbic, maguetic-particle, and visuval inspection in accordance with the standards
of acceptance as apecified in table I-A,

4.2.3.1.2 Class 4 weldments. Welds shall be subjected to magnetic-
particle and visual inapection in accordance with the standaxds of 2cceptance
as specified in table I-A,

4.2,3.1.8 Class §'weldments, Welda shall be subjected to visual inspection
only. The standards of acceptance shall he as specified in table I-A,

4.2.3.2 Material, The plates, bars, structural shapes, castings, stamp-
ings, formed paris, amd forgings used in the fabrication of weldments shall be
ingpected in accordance with 4.2, 3.2.1 through 4, 2.3.2.5 a3 applicable. The
standards of acceptance shall be ag speeified in table I-B for the class of weld-
ment specified on the applicable drawing, detail specification, or by the procur—

ino ﬂgti?’lh! {nnn £ 3} mm&gﬁ* ma#nﬂn?c nnn_'hu‘f ‘hhh arld avar :"1 DlﬁﬂDGD 1

through 4 weldments shall be subjected to magnetic-particle inspection,

4.2,8.2.1 Plates and stampings. Normal inspection of plates and stampings
i . ghall be confiped to magnetic-particle inspection of the edges of prepared parts
tbefore welding and of exposed plate edges of the completed weldment at final in-
. spection.

4.2.3.2.2 Structursl shapes. Normal inspection of the structural shapes
shail be confined to magnetio-particle inspection of edges and areas exposed by
wcutting .
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4.2.8.2.5 Bars, tubes or extrusions, and formed partis, Normal inspection
of bar tubea or extrusions shall be confined to magnetic-particle ingpection,
oriented to show defects on the edges and areas exposed by cutting. Formed
parts shall be subjected fo mapnetic-particle inspection in the bent or drawn
areaz of such parts,

e

4,2,3.2,4 Forgings. Forgings shall be subjected to magneiic-pariicie in-
spection 80 as to show defects in any orientation on all surfaces. In additiom,
radiographic inspection shall be performed as shown on the drawing or as speci-

fied by the procuring agency.
4.2.3,2.5 Castings, Castings shall be subjected to magnetic~particle in-

spection go 88 to show defects in any orientation on all surfaces. I addition,
castings shall be radiographed as required by the drawing or contracting agency.

4.3 Test methods.
4_3.1 Radiographic inspection.

4.3.1,1 General. Radiographic equipment, operators, and procedures
used in radiographic mspection of weldments shall be qualified in accordance with

MIL-R-1147¢.

4.3.1.1,1 Position and direction of radiation. Radiographs shall be taken

in the position and direction and at the stages of assembly required hy the anpli-

cable drawing When not otherwise indicated on the drawings, the dlrectmn of
rodiation shall be perpendicular te the surface of the radiograpbic film and to
the surface of the material where feagible. No deviations shall be permitted

unless authorized by the procuring activity.

4.3.1.1.2 Additional radiographs., Where appreciable defects are dis~
cloged in the areas radiographed or where soundness is questioned, additional
radiography may be required at the discretion of the inspeector.

4,3.}1. 1.3 Identification of radiographs.

4,3.1,1.3.1 Radiographic negatives and inspection recoxrds. The radio-
graphic negatives and written radiographic iuspection records shall be submitted .
in accordance with the reguirements of MIL-STD~453 mnless otherwise specified

by the procuring activity,

4,3.1,1.8.2 Weldment serial numbers. Each weldment radiographed shall

be assirned a merial numhar tqnn 2,23.1) in accordancs with MTIT _STTy_422
= PO RTR ASiAe B A WA A L e AAL ATAA S Tkt A bef TES e
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4.3.1.1,3.3 Negative identification numbers. All radiographic negatives
ghall carry the image of the lead markers identifving the individual part, position

na‘l;e;,-;.nd locatmg markers. These markers shall be of such size and so
loeated a8 to retder minimuwm interference with the interpretation of the radie~

graphic image.in the area of the weld,

4.3.1.1, 3.4 Radiographic position number. The position number shall
represent o definite avea of the structure. The nurobering system shall bé con~
sistent for similar parts, and the location of areas shall be readily determinzble
from s radiographic position chbart which will be furnished by the contractor.

Mhe ehAats eoarmiivamoante da nat arnnley 44 o AN ANl wadisarranhe yada ot sosndase
A LS G VS LCL WAL VARTALIAS MU MY G AY WA GlIULLA WAL & S AL LT Al ke LaaiUuill

under 4, 3.1, 1.2 which shall be otherwise identified,

4.3.1.1.3.5 Radiopraphic location markers. The exact location of the
markers shall be permanently stamped on the surface of the weldment so that
the radiograph may be accurately located whenever desired, Gererally, the
markers shall be placed on the side of the metal toward the radiation, but it is
permitted to place markers on the filin side of the metal when it is anticipated
that repairs will be made frxom this surface,

4.3.1.1.3.6 Alternate method of identifying negatives, In cases when the
image of the identifying markers would interfere with proper interpretation of
the radiograph, such identification may be entered on the film after exposure,
but prior to development.

4.3.1,1.4 Radiographic technique, Except 2s otherwise noted in this speci-
fication, the technique employed shall conform to the provisions of MIL-STD-453,

4,3.1.1.4.1 Unequal thicknesses, When members being radiographed are
unequal thicknessea or when the section of a weld (such as a fillet weld) varies
considerably, the density of the radiograph shall be such as to show the root of
tbe weld or the section which is most likely to contain defects,

4.3.1,1.4,2 Examination of radiographs, Suitable facilities shall be pro-
vided for the viewing and examination of negat negatives,

_ 4.3.1.1.4.3 Surface irregularities. Axny indication on radiographs that are
delinitely identitied as the shadows of surface irregularities on the weldments
shall be so indicated in pencil on the radiograph. In case of sharp indications
closely resembling typical defects, the radiograph shall be rejected, the surface
of the weld repaired, and the weld reradiographed.

- 20
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4.38.2 Magnetic-particle inspection.

4.3.2.1 General, The method used shall be the dry powder method con-
forming to the requirements of this specification apd shall apply to rolled plates,
shapes, forgings,castings, welded joints, and to any necessary replacements
or repair of materials or welds. When stress relief annealing is required, the
final inspection shall be conducted affer stress relief annealing of the complete

2 vy mrnn T Ty
n-:IDI.’v.I.I.AIJ.I."{ -

4,3.2.2 Inspection areas. Aress ot accessible for ingpection after com-
pletion of the assembly shall be inspected at a suitable subassembly stage. In
addition to the areas designated on the drawing, the government inspector may
require such additional inspections as he deeme necessary to assure & sound

weldment,

4.3.2.3 Direction of magnetizing current. Areas shall be inspected so that
the magnetizing current essentially flows parallel to the direction of anticipated -
defects. For plate edge inaspection, unless otherwise aspecified, unidirectional
inspection will suffice where the prods are positioned so as to pass the current
lengthwise through the plate edge, Unless otherwise specified, bidirectional
inspection ghall be used for inspection of areas other than welds or plate edges.
This inspection shall be carried out with the prods positioned se that the direc-
tion of the second cusrent flow ig approximately at rvight angles fo the direction

of the first current flow,

4.3.2,4 Records. When required by the procuring activity, a complete
record of the xesults of final magnetic-particle ingpection of each weldment
shall be submitted on an approved form.

4.3,2.5 Qualified personne]. Mspection carried out undexr this specifica-~
tion shall be performed only by personnel whoe have been certified in their
regpective categories as reguired by MIL-STD-410 or by the procuring activity.

Thotte 2 € wmwrn

4.3.2.6 Equipment.
4.3.2,6.1 General. Magnetic-particle inspection equipment shall be
subject to the requirements of MIL-1-6868.

3
-]

4.3.3 Ultrasonic inspection, When specified by the procuring agency,
ultrasonic inspection shall be performed in accordance with the applicable clagsi-
fication of MIL-I-8950 in lieu of, or in addition to, radiographic inspection
(see 6,3}.

2L
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4.4 Replacement and repair eriteris.

4.4,1 Material, Parts which do not meet the specified material require-
ments shall be discarded or, if already assembled, removed and replaced with

satisfactory material. Repairs may be made undex the following listed condi-
tions:

(2) When the defects are confined to small areas and do not extend
through an appreciable portion of the part

(b) When the defects are in an area of low stress

(c) When the defects are not excessive but parallel to the direction of
principal stress

(d) When it is desirable to remove all traces of defecis in a highly
stressed area or in a weld kerf before welding,

4.4.2 Defects, Welds and component parts coutaining repairable defects
sball be repaired in accordance with the following applicable procedures:

{8) If the defect is detected by surface or magnetic fuspection, the defect
shall be removed, and the underlying area shall be magnetic-particle tested
further to dermonstrate compliance with the specified requirements prior to re-

-welding, No section of the excavation shall contain an irregularity with a corner
having a radius less than one-eighth inch. After repair, the-soundness of the
weld shall be demonstrated by magnetic tests. If the repair is in 2 radiographed

_area, snd deeper than one-fouxth inch, it shall also be radiographed.

{b) ¥ the defect is disclosed as a result of radiographic inspeotion, the
idefective area shall be excavated until the remaining metal appears fo be wholly
x8ound. No section of the excavation shall contain an irregularity with a corner
thaving 2 radius less than one-eighth inch. After the defect has been removed,
tthe area shall be repaired by welding aa prescribed in 4,5. The weld reinforpe-
sment shall be removed flush with the base metal, or shaped to the proper contour,
sand the repair weld radiographed.

(¢) ¥ an undercut condition occurs, it may be corrected by deposgiting a
-small bead at the {oe of the undercut portion of the weld after any adhering slag,
seale, dict, or otber foreign material has been removed, Undercuts less than
5 percent of the material thickness, but not exceeding 0.020 inch, may be re-
moved by grinding so that a smooth transition from weld to base metal results.

4.5 Weld repair procedure. Unless otherwise approved by the procuring
activity, cavities cauged by the removal of defects shall be repaired by welding,
When the cavity extends entirely through a section, the repair shall be accom-
plisbed either by welding from one side, chipping out the first weld layers to
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sound metal from the opposite gide, and rewelding, or by welding from cne side
onto a backing strap of suitable dimensions and of the same material as that being
welded, In the latter case, soundness of the weld root shall be demonstrated by

magnetic-particle ingpection after removal of the backing strap. Repair welds
may be peened in accordance with 3, 14, to reduce distortion and probable cracking,

4.6 Supplementary requirements,

4.6.1 Inspection reports. All radiographic, magnetic-particle. and suneal-
ing inspection reports shall be maintained by the contractor for a period of 3 years,
unless otherwise specified by the procuring sctivity (see 6.3).

5. PREPARATION FOR DELIVERY

5.1 Preservation and packaging. Preservation and packsging sball be level A,
B, or C as specified by the procuring activity (see 6. 3),

5,1.1 level A. When level A is specified, material shall be preserved and
packaged in accordance with MIL~STD-163.

5.1.2 Level B. Level B preservation and packaging is intended to provide
economieal but limited protection and should be specified only where it iz deter-
mined that weldments will be held for a specified period of time prior to further
processing, When level B preservation and packaging is specified, and weldments
are not used within the speeified period, they shall be inspected to determine con-
dition and repregserved and repacksged as necessary.

5.1.3 Level C, When level C is specified, weldments shall be preserved by
the application of coatings of paint as speecified in 3,22, 2. Packaging, if required,
shall be in accordance with manufacturers commereial stardards.

5.2 Packing, Packing shall be level A, B, or C as epecified by the pro-
curing activity (see 6,3).

5.2.1 levels A and B. When level A or B is specified, weldments shall
be packed or crated for shipment in accordance with MIL-STD-163.

5.2,2 level C. When level C is specified, weldments shall be packed or
crated in such & mannex &e to insure acceptance by common or other carrier
for safe and expeditious delivery to the point of destination at the lowest transpor—
tation rate, Auy special packing or equipment which may be required for trans~
portation purposes shall be provided by the contractor. The contractor shall be
A red S rnded s oS
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shall replace or repair any damaged weldments to the satisfaction of the pro-
curing activity without additional expense to the Government,

5.3 Marking, Dn addition to any-special marking which may be reduired
by the procuring activity (see 6, 3), weldments or weldment shipping containers
shall be marked for shipment in accordance with the applicable drawing and MIL-

STI)-J.ZB.

6, NOTES

6.1 htended uge, Weldments covered by this specification are intended
for use in military equipment and as specified by the procuring activity (see 6. 8).
‘The various classes (see 1.2) are infended to be used as indicated in table IL

Table 1T

SAFETY FACTORS! REQUIRED FOR CLASSES OF
WELDMENTS AS A FUNCTION OF SERVICE CONDITION

Service condition

.ciafsg : Scvere i Mild
weldment ‘Consequence of failure Conseguence of failure
Critical | Minor | Negligible | Critical | Minor | Negligible
2 3-4 2=~3 2 2-3 2 5
3 4-5 3~4 2-3 3-4 2-3 2
4 5 4~5 34 4-5 3~4 2-3
5 L3 5 4-5 5 45 3-4

lgafery factor cquols the mintmum yleld strengeh of the materia) divided hy the eppliod streas.

6.2 Weldment class selection guide. The class of weldment and related
‘safety factor have been established on the basis that, as safety increases,
certain amounts of reduction in effective cross section of the weld or material
Zcan be tolerated, However, selection of a particular claes of weldment for a
‘design shonld be based not only on the safety factor in the design, but also on
the severity of service and the seriousness.of the consequence, if failure should
ocenr. Any weldment, the failure of which should be classed as oritical or
‘which is gubjected to severe service conditions of impact or vibration, should
‘be rated clasa 3 or higher (class 2 and class 1) in order to take advantage of

inspection methods adequate to detect serious defects and to limit such defects
to a sofe level regardless of the safety factor. Conversely, if & weldment with &
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high safety factor is not gubject to severe service conditions and its fajlure is
not classified a8 critical such a weldment should not be rated higher than class 4,

Lo nwvraddoa comwws Aot mananaisee dtha Anok her Aarra Seoreun bl on an ] v

rejection on the basis of noncnt:cal defeets. Coansideration should also be given
to establishingseparate classes for different parts of the weldment in order to
avoid over classification of unimportant parts.

6,3 Ordering data. Procurement documents should specify the following a8
applicable:
(a) Title, date, and number of this specification
(b} IMentification of weldments being ordered
(c¢) Quantity required
(d) Class of weldment (see 1.2 and 6.2
(e) Ultrasonic inspection, if required (see 4.3.3)
(f) Inspection reporis required (see 4,6.1)
(g) Level of preservation and packaging required (see 5.1)
(k) Level of packaging required (see §.2)
(i) Special marking required (see 5.3)

(i) Title, date, and number of detail procurement specification, if
applicable

{k) Other pertinent data peculiar to the weldments being ordered
(1) Severity of service condition expected for the weldments being procured,
6,4 Manufacturing drawings. The procuring agency will supply one set of

blueprints and one set of trausparencies of all the applicable mapufacturing
drawings and sketches with the initial award of any item of the contract,

6.5 Supersegsion data. This specification supersedes the requirements of
the following NAVORD OS's: O8S 1132, OS 1135, 0S 1172, OS 1188, OS 1196,
0S 1253, and 0OF 1367,

Custodian: Preparing activity:

Navy-—08§ Navy—O08
{Project no. THIM-NC32}

1¥ V. 5 GOVERNMENT PRINTING OFFICE: 1973 .-T13-160/692
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