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FOREWORD

1. This handbook is approved for use by all Departnents and Agencies of the
Depart ment of Defense.

2. This handbook is for guidance only. This handbook cannot be cited as a
requirenent. If it is, the contractor does not have to conply.

3. ML-HDBK-1941 prescribes the classification of nethods for the wel ding of
honbgeneous steel arnor by netal -arc processes. Included in the docunent are
joint-wel ding procedure details, welders qualification requirenents, and
ballistic and inspection criteria for the evaluation of wel dnents enployed in
the fabrication of honmbgeneous rolled and cast arnor.

4. Al information and data contained in this handbook have been coordi nat ed
with industry and the U S. Arny, Navy, Air Force and DLA prior to publication

5. Copies of this docunent and revisions thereto may be obtained fromthe
Def ense Automated Printing Service, Bldg. 4D, 700 Robbins Avenue, Phil adel phi a,
PA 19111-5094.

6. Beneficial conmrents (recommendations, additions, deletions) and any

perti nent data which may be of use in inproving this docunent should be
addressed to: Director, US. Arny Research Laboratory, \Wapons and Materials
Research Directorate, ATTN. AVMSRL-WM M Aberdeen Proving G ound, MD 21005-5069
by using the Standardi zati on Docunent | nprovenment Proposal (DD Form 1426)
appearing at the end of this docunent or by letter
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1. SCCPE

1.1 Scope. This handbook covers the requirements for the fabrication of
wel dments by netal -arc wel di ng processes, which wel dnments are constructed of
honogeneous roll ed and cast arnor and the steel attachnents to this arnor. This
handbook is for guidance only. This handbook cannot be cited as a requirenent.
If it is, the contractor does not have to conply.

1.2 dassification. The welding nethods may be classified as foll ows:

Method 1 - Shielded netal -arc welding with austenitic el ectrodes.
Method 2 - Shielded netal-arc welding with ferritic el ectrodes.
Method 3 - Gas netal-arc welding with solid or cored ferritic
el ectrodes.
Method 4 - Gas netal-arc welding with solid or cored austenitic
el ectrodes.
Met hod 5 - Subnerged-arc welding. Electrode type optional

2. APPL| CABLE DOCUMENTS

2.1 General. The docunments listed below are not necessarily all of the
docunents referenced herein, but are the ones that are needed in order to fully
understand the information provided by this handbook

2.2 Covernnent docunents.

2.2.1 Specifications, standards, and handbooks. The foll ow ng
speci fications, standards, and handbooks forma part of this docunment to the
extent specified herein. Unless otherw se specified, the issues of these
docunents are those listed in the |latest issue of the Department of Defense
I ndex of Specifications and Standards (DoDI SS) and suppl ement thereto.

SPECI FI CATI ONS

DEPARTMENT OF DEFENSE

M L- A- 11356 - Arnor, Steel, Cast, Honogeneous, Conbat-Vehicle Type
(1/4 to 8 Inches, Inclusive)

M L- A- 12560 - Arnor Plate, Steel, Wought, Honbgeneous (For Use In
Conbat - Vehi cl es And For Anmunition Testi ng)

M L- A-46100 - Arnor, Plate, Steel, Wought, Hi gh-Hardness

M L- A-46177 - Arnor, Steel Plate and Sheet, Wought, Honbgeneous

(1/8 to Less Than 1/4 I nch Thick)

Techni cal Data Packages

El ectrodes, Wl ding, Mneral Covered, |ron-Powder,
Low Hydr ogen Medi um and Hi gh Tensile Steel, As Wl ded or
Stress-Relieved Wl d Application

M L- E- 13080 - Electrodes, Welding, Covered: Austenitic Stee

(19-9 Modified) for Arnmor Applications

El ectrodes, Wl ding, Mneral Covered, |ron-Powder,
Low Hydr ogen Medi um Hi gh Tensile And Hi gher-Strength
Low Al l oy Steels

El ectrodes and Rods - Welding, Bare, Solid, O Alloy
Cored; And Fluxes, Low Alloy Stee

M L- DTL- 31000
M L- E- 0022200/ 1

M L- E- 22200/ 10

M L- E- 23765/ 2
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STANDARDS

DEPARTMENT OF DEFENSE

M L- STD- 1894 - Radi ographi c Reference Standards And Radi ographic
Procedures For Partial -Penetration Steel Welds
DCD- STD- 00100 - Engi neering Drawi ng Practices
HANDBOCKS

DEPARTMENT OF DEFENSE

M L- HDBK- 21 - Wel ded Joi nt Designs, Arnored-Tank Type
M L- HDBK- 1264 - Radi ographic Inspection For Soundness O Welds In Steel
By Conparison To Graded ASTM E390 Reference Radi ographs

(Unl ess otherw se indicated, copies of the above specifications, standards,
and handbooks are avail able fromthe Defense Automated Printing Service (DAPS),
700 Robbi ns Avenue, Buil ding 4D, Phil adel phia, PA 19111-5094.)

2.3 Non-Governnent publications. The follow ng docunent(s) forma part of
this docunent to the extent specified herein. Unless otherw se specified, the
i ssues of the docunents which are DoD adopted are those listed in the | atest
i ssue of the DoDI SS, and suppl enent thereto.

AVERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM E340 - Standard Test Method for Macroetching Metals and Al l oys
(DoD adopt ed)

ASTM E390 - Standard Reference Radi ographs for Steel Fusion Wl ds
(DoD adopt ed)

ASTM E1417 - Standard Practice for Liquid Penetrant Exam nation
(DoD adopt ed)

ASTM E1444 - Standard Practice for Magnetic Particle Examination
(DoD adopt ed)

ASTM E1742 - Standard Practice for Radi ographi c Exami nation

(DoD adopt ed)

(Application for copies should be addressed to the Anerican Society for
Testing and Materials, 100 Barr Harbor Drive, Wst Conshohocken, PA 19428-2959.)

AVERI CAN VEELDI NG SOCI ETY ( AWS)

AWS A2.4 - Standard Synbol s for Wl ding, Brazing and Nondestructive
Exam nati on (DoD adopt ed)

AWS A3.0 - Standard Welding Terns and Definitions (DoD adopted)

AWS A5.17 - Specification for Carbon Steel El ectrodes and Fl uxes for
Subrerged Arc Wl ding (DoD adopted)

(Application for copies should be addressed to the Anerican Wl di ng Soci ety,
550 N. W LeJdeune Road, Mam , FL 33126.)
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2.4 Oder of precedence. In the event of a conflict between the text of this
docunment and the references cited herein, the text of this docunent takes
precedence. Nothing in this docunent, however, supersedes applicable | ans and
regul ati ons unl ess a specific exenption has been obtai ned.

3.  DEFI NI TI ONS

3.1 Contractor and manufacturer. The term"contractor” is defined as the
organi zation having a direct contract with the procuring activity. The term
"manufacturer” is defined as the organization actually perform ng the operations
covered by this handbook. The contractor may or may not be the nmanufacturer

3.2 Welding synbols. Synbols for welding should be as specified in AWS A2. 4.

3.3 Welding ternms and definitions. Wlding terns and definitions should be
as specified in AAN5 A3. 0.

3.4 Routine positions. Routine positions are those established in areas
where wel di ng defects are nost likely to occur and are to be radi ographed on
each wel dnment sel ected for exami nation.

3.5 Random positions. Random positions are those other than routine as
defined in section 3.4 that are selected at the discretion of the Governnent.

4. GENERAL REQUI REMENTS

4.1 Wldnents. The steel arnor and steel for attachnents to be used in the
fabrication of weldnents should conformto the requirenments of the applicable
drawi ng, contract or order. Deviations in specified conpositional requirenents
for materials should not be permtted unless specifically approved by the
procuring activity.

4.2 Arnor. Unless otherwi se specified in the procurement docunent, stee
arnmor should be welded in the fully heat-treated condition

4.3 Preparation of welding procedures and drawings. Prior to the production
fabrication of any weldnent, the contractor or manufacturer should prepare in
accordance with DOD- STD- 00100 and M L-DTL-31000 an isonetric, perspective, or
ot her suitable drawing of the structure showi ng the | ocation of each joint and
shoul d establish a recorded joint welding procedure(s) to cover all welding
(including a general outline for the repair of base netal and repair of wel ded
joints) to be perforned under this handbook

4.4 Wl ders or welding operator. The contractor should be responsible for
determining the qualification of the welders or the welding operators to perform
wel di ng satisfactorily, as prescribed in the contractor's or the manufacturer's
wel di ng procedure. As a mininumfor determ ning qualification, the welders
shoul d performthe tests given in appendi x B

4.5 Nunber of radi ographs. The nunber of radi ographs of production wel dnents
specified for routine spot-checking of a particular vehicle should not exceed
t he nunber that can be taken reasonably during an 8-hour day. The frequency of
spot - checki ng and sel ection of the standard or handbook shoul d be based on the
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i nportance of the particular joint in the vehicle and on the production schedul e
in the contractor's plant.
4.6 Metric units. Wen netric dinensions are required, units for inch may be

converted to the netric equivalent by nultiplying by the foll ow ng conversion
factor:

Engl i sh Multiply by Equal s Metric SI units

i nch 25.40 = MIllineters (nm
5. DETAI LED REQUI REMENTS

5.1 Recorded joint-welding procedure. Before the production fabrication of
any wel dnment; specified in ML-A-11356, ML-A-12560, M L-A-46100, and
M L- A-46177, the contractor should prepare, or have the manufacturer prepare, an
i sometric or perspective drawi ng showi ng the | ocation of each joint and prepare
a description of the joint-welding procedure that covers all welding, including
the repair of base netal and welded joints. Each joint-welding procedure should
contain a reference to the location of the joint as shown in the isonetric or
perspective drawi ng, a detailed cross-sectional sketch of the joint, and should
i nclude the factors listed in table B-11 (page 36). This information should be
prepared in duplicate on a formapproved by the procuring activity. The cover
sheet should be signed by the manufacturer and the contractor and should be
submitted to the procuring activity for review and approval . Appendi x A shows
the formand content of an approved form

5.2 Types of electrodes used in conjunction with the various wel di ng net hods.

5.2.1 Method 1. The electrodes used for filler nmetal should conformto the
requi renents of M L-E-13080, except that any austenitic-type el ectrode may be
used if such use is recorded in the contractor's recorded joint-wel ding
pr ocedure.

5.2.2 Method 2. The electrodes used for filler nmetal should conformto
M L- E- 0022200/ 1 or M L-E-22200/ 10, except that any |ow hydrogen ferritic or
i ron-powder type of electrode having a yield point in excess of 80,000 psi
(5.52 x 108 Pa) may be used if such use is recorded in the contractor's recorded
joint-wel ding procedure. Maxi mum noi sture content of the coating should be 0.2
percent by weight.

5.2.3 Method 3. The electrodes used for filler nmetal should conformto
M L- E- 23765/ 2, except that other ferritic electrodes having a yield point in
excess of 80,000 psi (5.52 x 108 Pa) may be used if such use is recorded in the
contractor's recorded joi nt-wel di ng procedure.

5.2.4 Method 4. The electrodes used for filler nmetal should be austenitic,
having a mnimumultimate tensile strength of 85,000 psi (5.86 x 108 Pa) and a
m ni mum el ongation in 2 in. (50.8 nm (transverse section) of 7 percent. Such
use should be recorded in the contractor's joint-welding procedure.

5.2.5 Method 5. The electrodes used for filler nmetal and the fl uxes shoul d
conformto AW A5.17. The el ectrode sel ection should be recorded in the
contractor's joint-welding procedure.
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5.3 Shiel di ng gas.

5.3.1 Conposition. The conposition of the shielding gas m xtures should not
be detrimental to the quality of the welded arnor joint. The conposition should
be recorded in the contractor's joint-welding procedure.

5.3.2 Dew point. The dew point of the shielding gas for arnmor wel ding shoul d
not exceed -570C (-709F). The dew point should be recorded in the contractor's
j oi nt-wel di ng procedure.

5.3.3 Volunme. The volunme of the shielding gas should be recorded in the
contractor's joint-welding procedure.

5.4 Heating of Wl dnents.

5.4.1 Preheating. Welding should not be perforned when the anbient
tenperature of the wel dnent is bel ow 60°F (15.69C). Wien the contractor's
recorded joint-welding procedure states that the entire wel dnent or any
specified area including the joint is to be preheated, the preheating should be
performed in accordance with the conditions described in the recorded joint-
wel di ng procedure. Unless otherw se approved by the procuring activity, genera
or local preheating should not be perforned above 5000F (260°C). However,
material specified in accordance with ML-A-46100 should not be preheated above
3009F (1499°0).

5.4.2 Postheating. General or |ocal postheating to a maxi num of 500°F
(2609C) will be permitted. Hi gher tenperatures should not be used unless
aut hori zed by the procuring activity. However, general or |ocal postheating
will be permitted only to a maxi mum of 3000F (1499C) for material specified in
accordance with M L-A-46100.

5.4.3 Interpass tenperature. The maxi muminterpass tenperature shoul d not
exceed 500°9F (2600C) regardl ess of the wel ding process used. However, for
material specified in accordance with ML-A-46100, the maxi mum i nterpass
t enper ature shoul d not exceed 3000F (14990

5.5 Repair welding procedures. Repair welding procedures should be prepared,
signed, and submitted in accordance with section 5.1. The procedure shoul d
i nclude Factors 5, 6, 7, 8, 9, 12 and 13 of table B-11 (page 36) and the
additional factors listed in footnote 1, table B-11I

5.6 Welded attachment procedures. A tabulation should be prepared grouping
attachnments and parts which require the sanme size of fillet weld for al
attachments in the fighting conpartnents of mlitary conbat vehicles, and for
attachments on other parts of such vehicles when failure of the attachnment may
af fect the mechanical operation of the vehicles. For each group the tabul ation
shoul d show all factors of table B-11 shown in appendix B

5.7 Qualification for radi ographic and joint-welding procedures.

5.7.1 Test sanples and worknmanshi p speci nens. The contractor shoul d
fabricate test sanples and specinens that neet the ballistic test and
wor kmanshi p requirenments in order to be qualified for production
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5.7.1.1 Fabrication of ballistic test sanples and wor kmanshi p speci nmens.
Bef ore production and approval of the recorded joint-wel ding procedure, the
contractor or manufacturer should fabricate ballistic test sanples described in
section 5.8, and workmanshi p speci mens described in section 5.9 at each pl ant
where production welding is to be perfornmed using the recorded joi nt-wel di ng
procedure. Wirkmanshi p speci mens should be identified with the nane of the
contractor or the manufacturer and the date of manufacture.

5.7.2 Sanple production weldnment. Wen specified by the procuring activity
and at the expense of the government, a sanple production wel dnent nmay be
required to be fabricated in accordance with the approved recorded joi nt-wel di ng
procedure for visual inspection, radiographic inspection and ballistic testing.

5.8 Ballistic testing requirenents.

5.8.1 Test sanples.

5.8.1.1 Dinensions. The test sanple should be constructed to the form and
di mensi ons shown in figure B-16 (page 42). The thickness of the ballistic test
plate relative to the joint thickness of the plate should be as shown in table
B-111 (page 40).

5.8.1.2 Nunber of test sanples.

5.8.1.2.1 Joint types. Wen joint types 1, 2, 3, 4, 5 6, or 7 of the
designs specified in ML-HDBK-21 or when partial penetration groove welds are
i ncluded in the recorded joint-welding procedure, one ballistic test plate of
the maxi mum "T" thickness and one test plate of the mnimum"T" thickness
i nvol ved in any one of these joint types should be prepared. For joint types 8
or 9, ballistic test plates should not be required.

5.8.1.2.2 Different arnors. A separate ballistic test plate should be
prepared for each type of arnor used. Al armor manufactured to a single
mlitary docunent should be considered one type.

5.8.1.3 Fabrication of test sanples.

5.8.1.3.1 For joint types 1, 2, 4, or 5. The test sanples should conformto
the design for type 1, with the m ni mumincl uded angle, m nimumroot opening,
and maxi mum root face specified in the di mensional requirements for joint types
1, 2, 4, and 5 in the recorded joint-welding procedure. Wen welding with the
gas netal -arc process, the size of the root opening nmay be changed to
acconmodat e the requirenments of the wel ding process.

5.8.1.3.2 For joint types 3, 6, or 7. The test sanples should conformto the
design for type 3, with the m nimumincluded angl e, mninumroot opening, and
maxi mum r oot face specified in the dinmensional requirenents for joint types 3,
6, and 7 in the recorded joint-welding procedure. Wen welding with the gas
nmet al -arc process, the size of the root opening nmay be changed to acconmobdat e
the requirenents of the wel di ng process.

5.8.2 Preparation of the ballistic test plate. Each ballistic test plate
shoul d be wel ded in accordance with the contractor's joint-welding procedure.
Only one joint-welding procedure should be used on a single test plate. A
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ballistic test plate should be nade for every wel ding position described in the
procedure. The weld joints nmay be full penetration or partial penetration
dependi ng on the recorded joint-welding procedure. The ballistic test plate,
shown in figure B-16 (page 42), should be prepared by wel ding sections ab and cd
conpletely on both sides before welding crossbar ef. Each section and the
crossbar should be started at the same preheat or anbient tenperature, + 59F

(+ 300). welding in the crossbar prior to conpletion of the |egs should not
extend for nmore than 2 in. (51 mm in either direction and should be feathered
to |l eave at least 8 in. (203 nmm of continuous, open groove before starting to
wel d the crossbar. For all welding, the interpass tenperature of the plate
shoul d not exceed the maxi mum al | owabl e i nterpass tenperature as stated in
section 5.4.3. The interpass tenperature of the base nmetal should be neasured

i medi ately before deposition of each bead at a point |ying approximtely at the
intersection of aline 3in. (76 m) from and parallel to, the center of each
joint and a line perpendicular to and through the m dpoint of the length of each
joint.

5.8.3 ldentification marking of test plates. Each ballistic test plate
shoul d be marked clearly for easy identification on the front surface of the
plate. Marking should be in letters not less than 1 in. (25 m) high and shoul d
i ncl ude the nunber of the plate, the manufacturer's nane, the contractor's nane,
and a designation showing the front of the plate. The nunber of the plate and
the contractor's nane should al so be stanped into the netal or painted in the
upper right corner. Al marking should be fully legible. Painted markings
shoul d not be obliterated in normal handling. The front of the ballistic plate
shoul d be determ ned as foll ows:

a. For double groove joints. The front of the ballistic test plate is
considered to be the surface on which wel ding (excluding tacking) is begun on
each |l eg and on the crossbar

b. For single groove joints. The front of the ballistic test plate is
considered to be the outside or ballistically exposed surface containing the
wi de side of the groove

5.8.3.1 Marking of retest plates. Wen two ballistic test plates are
submtted for retest, both should be nmarked with the nunber of the origina
rejected plate as well as the new nunbers with the suffix "R' indicating retest.

5.8.4 Ballistic test requirenents. A properly executed check list for arnor
data, as shown in the applicable mlitary docunent, should be submtted with
each ballistic test plate.

5.8.4.1 Ballistic testing. Unless otherwise specified, it is recomended
that inquires about testing ballistic plates be directed to Commander, U S. Arny
Test and Eval uati on Conmand, ATTN: AMSTE-TM O, Aberdeen Provi ng G ound, M
21005. Technical questions regarding testing may be directed to U.S. Arny
Aberdeen Test Center, ATTN. STEAC-LI, Aberdeen Proving G ound, MD 21005

5.8.4.2 Alowable cracking. The ballistic test plates should neet the weld
cracking requirenments of table B-1V (page 41) after being subjected to ballistic
shock in accordance with table B-1V.

5.8.4.3 Magnetic particle or dye penetrant test. In borderline cases, where
crack length as neasured by visual observation, is close to the nmaximum
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all owabl e, the area in the vicinity of the crack ends should be inspected with
magnetic particles in accordance with ASTM E1444 or with liquid dye penetrant in
accordance with ASTM E1417, to assure an accurate determ nation of the crack

| engt h.

5.8.5 Test nethod. The ballistic test plates should be supported solidly on
each of the two sides nornmal to the Iine of fire and parallel to the | ongest
wel ds, with these welds upright and subjected to ballistic shock in accordance
with table B-1V (page 41). Plates of thickness not covered by table B-111 (page
40) should be tested as directed by the procuring activity.

5.8.5.1 Test decision on additional inpacts. Wen a test plate is declared
"no test", as defined in 5.8.5.3.3, after being shocked by the inpact of the
first projectile, but the condition of the plate will permt additional inpacts,
the plate should be evaluated on the results of the first additional inpact
meeting the requirenments for velocity and location in accordance with the
following criteria:

a. \Wen cracki ng exceeds that allowed by the specification, the
qual i fication decision should be "no test".

b. When cracking does not exceed that allowed by the specification,
the qualification decision should be "satisfactory"”.

5.8.5.2 Location of inpact.

5.8.5.2.1 Direct inpact. The direct inpact of the 75-mm PP MLOO2 or the 57-
mm PP MLOO1 shoul d contact a part of the weld to be considered as conforming to
the requirenents of the ballistic test. Contact of the weld by any part of the
projectile that spreads after inpact will not satisfy the test requirenents.

5.8.5.2.2 Point of inpact. The point of inpact of the 37 nmHE projectile
Mb4 should be within 1.75 in. (44 mm of the weld, as neasured fromthe center
of the point of inpact to the center of the weld, to be considered as conform ng
to the requirenents of the ballistic test.

5.8.5.2.3 Unacceptable and acceptable inpacts. Inpacts less than 6 in.
(152 mm fromthe top or bottom edge of the plate that cause excessive weld or
pl ate cracki ng should be considered as failing to nmeet the requirenments of the
test. |If, however, the cracking is not excessive and the requirenments of
5.8.5.2.1 and 5.8.5.2.2 are net, the inpact should be considered as acceptable.

5.8.5.3 Evaluation of test results. The plates should neet the requirenents
for maxi mum wel d cracking specified in table B-1V (page 41) subject to the
interpretations in 5.8.5.3.1 and 5.8.5.3.3.

5.8.5.3.1 Parallel cracks. Cracks in the arnor parallel to the weld and
within 0.125 in. (3 M) of the edge of the weld should be considered as part of
the total weld cracking area.

5.8.5.3.2 Cacks outside the acceptable Iimts for inpacts. Any |length of
wel d cracking revealed as a result of an inpact which does not conformw th
5.8.5.2.1 or 5.8.5.2.2, whichever is applicable, but which is otherw se
acceptable per 5.8.5.2.3 should be cause for rejection of the welding procedure.
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5.8.5.3.3 Conditions for a "no test" decision. Wen test conditions are such
that the [ evel of performance of the welding procedure represented by the plate
cannot be determned, a "no test" decision should be rendered. The conditions
for this decision are as foll ows:

a. The point of inpact of the projectile is not located within the
distance limts specified in 5.8.5.2.1 or 5.8.5.2.2 and cracking in excess of
specified limts does not occur

b. The striking velocity of the projectile is above the nmaxi mum
al | owned and excessive cracki ng occurs.

c. The striking velocity of the projectile is below the m ni mum
al  owed and excessive cracki ng does not occur

d. The location of the center of inpact of the projectile is |less
than 6 in. (152 mM fromthe top or bottom edge of the plate and excessive
cracki ng occurs.

e. Excessive cracking occurs froman inpact subsequent to the
first inmpact when nore than one is required.

f. Cracks in the plate occur which are greater than 6 in.

(152 mm and do not pass through the center of inpact.

g. Cracking of the plate occurs outside a circle of 6 in.

(152 mm) radius, the center of which is the center of inpact, and excessive weld

cracki ng has not occurred. 1In this event the cracked plate should be subjected
to a ballistic limt test in accordance with the applicable materi al
specification. |If the plate passes the ballistic limt requirenents, the weld

procedure is acceptable; otherwise (ballistic limt failure) a "no test™
deci si on shoul d be rendered.

5.8.6 Visual exam nation of test plates. Al welds in the ballistic test
pl ate shoul d be exam ned visually before shipnment to the designated proving
ground. Welds should be equal to, or better, than those of the workmanship
speci men (see 5.9).

5.8.7 Radi ographic inspection of the test plate. Prior to the ballistic
shock test, the welded joints in each test plate should be inspected
radi ographically by an authorized representative of the Governnent. Ful
penetration welds should be inspected for conformance with grade Il of
M L- HDBK- 1264, with the direction of radiation parallel to the weld interface,
then normal to the weld face, and finally parallel to the opposite weld
interface. Partial penetration welds should be inspected for conformance to
M L- STD- 1894. Radi ogr aphs shoul d be subject to review by the Government proving
ground, and its decision as to acceptability should be final. The Governnment
provi ng ground nmay nmeke additional radiographic inspections at its option
Shoul d the test plate fail to pass the radi ographic inspection, the ballistic
shock test should not be perfornmed until after the defective weld area(s) has
(have) been repaired by the fabricator

5.8.8 Repair of test plate. Wld repair on a test plate should not exceed a
total length of 8 in. (203 nm. The sane area should not be repaired nore than
once. The reason(s) for, extent of, and location of repairs should be reported
on a separate sheet of paper and attached to the check list for arnor data, as
shown in the applicable mlitary docunent.
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5.8.9 Rejection of ballistic test plate. Failure of any ballistic test plate
to pass either the ballistic test or the radi ographic inspection at the
Gover nment proving ground shoul d be cause for rejection of the recorded joint-
wel di ng procedure.

5.8.9.1 Retests. Retests may be made upon the request of the contractor
Two additional test plates should be made using the recorded joint-wel di ng
procedure and marked in accordance with 5.8.3.1 and submtted to the proving
ground for retest. Failure of either or both of these plates should be cause
for rejection of the welding procedure represented.

5.9 Wor kmanshi p.

5.9.1 Test specinens.

5.9.1.1 Nunber. One workmanship speci men should be fabricated for each type
of joint included in the recorded joint-welding procedure. Separate speci nens
will not be required for different conpositions of arnor or for different
anbi ent or preheating tenperatures, provided that all other factors in the
procedures remain unchanged. M Id steel may be used for the specinmen.

5.9.1.2 Dinensions. The size of the workmanshi p specimen should be in
accordance with table B-V (page 41).

5.9.1.3 Preparation of specinmens. Each specinen should be welded as shown in
figures B-18, B-19, or B-20 of appendix B using the recorded joint-wel di ng
procedure. Each |layer of weld netal should have a minimumof 1.5 in. (38 m) of
exposed surface.

5.9.1.3.1 Full penetration weld speci nens.

5.9.1.3.1.1 Joint types 1, 2, 3, 4, 5 6, and 7. Joint types should be in
accordance with ML-HDBK-21. Both plates used in making the specinmen should be
prepared with the m ni mumincl uded angl e, the m ni mumroot opening, and maxi mum
root face, as detailed in the recorded joint-welding procedure for the
particular joint type (see figures B-18 and B-19 of appendi x B)

5.9.1.3.1.2 Joint types 8 and 9. Joint types should be in accordance with
M L- HDBK-21. Both plates used in making the specinmen should be of the maxi num
"T" thickness, with the maximnumfillet size specified in design requirenents for
each joint type. The joints should be prepared using the mninumangl e between
the plates and the nmaxi mum pl ate separation specified for the particular joint
type in the recorded joint-welding procedure (see figure B-20 of appendi x B)

5.9.1.3.2 Partial penetration weld specinens. Joint types and other details
shoul d be as required by specification or drawi ngs and as recorded in the
contractor's joint-welding procedure.

5.9.1.4 Test nethod. The test specinmen should be cross-sectioned as shown in
figures B-18, B-19, and B-20 of appendix B and macro-etched in accordance with
ASTM E 340. Both parts of the specinmen should be nade available to the
Governnent for exam nation.

10
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5.9.1.5 Visual examnation. Wbrkmanship specinmens shoul d be exam ned
visually and should be free of the follow ng defects:

Under cut .

Overl ap.

Surface cavities.

Surface cracks in the weld nmetal or in the heat-affected zone
of the base netal.

aeoop

5.10 Radi ographi c procedure.

5.10.1 Radi ographic drawi ngs. A radiographic drawing and a wel di ng assenbly
drawi ng shoul d be submitted to the cogni zant procuring activity for reviewin
est abl i shnent of radiographic standards and "Routine Position"” (see 3.4). The
radi ographi ¢ drawi ng shoul d be prepared by the design agency containing the
fol | owi ng:

a. An isometric or plan view (or both) of the wel dnent.

b. Identification, by letter or nunber, of the joint(s) to be
radi ographed as identified on the assenbly drawing. These joints are limted to
types 1 through 7 of M L-HDBK-21

c. ldentification of positions by letter or nunber.

d. Cross section of the joint(s) showing the identification and type
of the joint(s), either by synbol or by nunber as assigned in M L-HDBK-21, and
t he t hickness of the mating pieces.

e. Atable entitled "Routine Positions" (see 3.4) containing three
colums entitled "Position, left side", "Position, right side", and "Film size"

f. Atable entitled "Random positions"” (see 3.5) containing two
colums entitled "Positions" and "Film size"

g. Notes, reading as foll ows:

(1) " 'Random shots' to be selected by the Governnent in
accordance with 5.11.2".

(2) "All radiographs to conformto grade Il of M L-HDBK-1264 or
M L- STD- 1894. "

(3) "Radi ography to be performed in accordance with ASTM E1742."

(4) "On consecutive exposures and wel dnents, when feasible, the
direction of radiation should be alternated fromparallel to the weld interface,
to normal to the weld face, and to parallel to the opposite weld interface. The
cycle should be repeated for all positions radi ographed on the wel dnent".

(5) " "Routine position, left side' will be radiographed
alternately with 'Routine position, right side' on consecutive wel dnents taken
from production for radi ographic inspection within the limts established in
5.11.2.1 through 5.11.2.6".

5.10.2 Pilot vehicles. Radiographic exam nation should be performed on al
pilot vehicles on all joints identified on the radi ographic drawi ng and shoul d
conmply with the designated standards.

5.10.3 Initial weldnents. Each initial weldment in joints subject to direct
ballistic attack should be conpletely radi ographed in accordance with the
requi renents of ASTM E1742 and conformto grade Il of M L-HDBK-1264.

11
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5.10.3.1 Filmand position chart. The filns for the initial weldnment should
be submitted to the procuring activity with the radi ographic position chart (see
5.10.1) to which the follow ng informati on has been added:

Location of film

Direction of radiation.

St age of assenbly.

Equi prent used.

Type of film

Size and | ocation of filter

Focal -fil m di st ance.

Processi ng procedure for film
Appl i cabl e radi ographi c standard(s).

T Fe T anoe

5.10. 3.2 Radi ographic procedure. Wth the additions shown in 5.10.3.1, the
chart becomes a radi ographi c procedure and, in conjunction with the radi ograph
of the initial weldment, becones the basis for establishing the radiographic
frequency to be used in production.

5.11 Inspection of production wel dnents.

5.11.1 Visual

5.11.1.1 Welding procedures. All procedures used in the fabrication of
wel dments shoul d be subject to inspection for conpliance with the recorded
j oi nt-wel di ng procedure.

5.11.1.2 Welds. Al welds should be subject to visual inspection. Wlds
shoul d be equal to, or better than, the workmanshi p speci nens.

5.11.1.2.1 WNarking of repairs to weldnents. All repairs to be nade to
wel dments shoul d be indicated on the wel dments by suitabl e markings, easily
| egi bl e, and of such nature that the marking should not be obliterated in
handl i ng. The system of marking shoul d be subject to approval by the
Gover nnent .

5.11.1.3 Inspection of weldnents subjected to straightening. Al weldnents
subj ect to straightening should have wel ded joints in the straightened area
i nspected by a penetrant or magnetic particle inspection nethod. Less than 100
percent inspection may be permtted when an adequate statistical quality control
system has been established by the contractor or manufacturer and has been
approved by an authorized Government inspector

5.11.2 Radi ographi c.

5.11.2.1 Spot checking. Joints subject to direct ballistic attack should be
spot checked by radi ography in accordance with 5.11.2.2 through 5.11.2.6 and
wi th supplenmentary requirenents to be determ ned by the designing agency after
exam nation of the radi ographs. The supplenentary requirenments concern the
nunber of exposures, radiographic position, and radi ographi c standards.
I nformati on about such requirenments should be submitted in accordance with
5.10.3 and 5.10. 3. 1.

12
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5.11.2.2 Daily exposure requirenents. The nunber of radi ographs required
during a given day should not be bel ow the m ni mum specified as required by
drawi ngs or Supplementary Quality Assurance Provisions (SQAP) or Quality
Assurance Requirements (QAR).

5.11.2.3 Selection of joints for radi ography. Usually, radi ography should be
required on any specific joint, with a frequency to be detern ned by the
drawi ngs or SQAP or QAR in accordance to M L-STD 1894 or M L-HDBK-1264 accordi ng
to the relative inportance of the joint in the weldment. Thus, spot checking
wi Il not require radiographing of all joints in a single weldment.

5.11.2.4 Rejectable joints. Wen the radi ographic spot check of a wel dnent
indicates a rejectable defect in a particular joint, the remainder of the joint
shoul d be radi ographed. All defects then found in the joint should be repaired
and these repaired areas subsequently radiographed. The repaired areas shoul d
conformto the radi ographic standard established for the joint.

5.11.2.5 Corresponding joints. On the next wel dnment designated for spot
checking, the joint found rejectable in 5.11.2.4 will require spot checking in
addition to the other joints selected for radi ography. Should a rejectable
defect be found, the remainder of the joint should be radi ographed. All
rejectabl e defects then found in the joint should be repaired, and the repaired
areas subsequently radi ographed. The repaired areas should conformto the
radi ographi c standard established for the particular joint.

5.11.2.6 Checking of consecutive weldnents. \Wen the radi ographs required by
section 5.11.2.5 indicate a rejectable defect, the corresponding joint on the
next wel dment shoul d be conpl etely radi ographed. |If no rejectable defects are
found, spot checking should be resuned. |If rejectable defects are found, the
corresponding joint on the weldment imediately follow ng (in production) should
be conpl etely radi ographed. Conpl ete radi ography of the correspondi ng j oi nt
shoul d be continued with each consecutive wel dment produced until a joint with
no rejectable defects is obtained. Al defects in each rejectable joint should
be repaired. Radiographs of the repaired areas should conformto the
radi ographi c standard established for the particular joint.

5.11.3 «Quality control. It should be the full responsibility of the
contractor to maintain the quality control procedures and inspection standards
necessary to assure that the part, the assenbly, the sub-assenbly or the end
product neets the requirenments of the draw ngs and the contract.

6. NOTES

(This section contains information of a general or explanatory nature that may
be hel pful, but is not nandatory.)

6.1 Intended use. This handbook is to be used as a guide to define the
requi renents for the fabrication of weldnments by netal -arc wel di ng processes,
whi ch wel dnents are constructed of honbgeneous rolled and cast arnor and the
steel attachments to this arnor.

13
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6.2 Subject term (key word) listing.

Bal listic testing
El ect r odes

Joints

Magnetic particles
Radi ogr aphs

6.3 Changes fromprevious issue. Marginal notations are not used in this
revision to identify changes with respect to the previous issue due to the
extent of the changes.

14
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APPENDI X A

FORMS, WORKMANSHI P SPECI MENS AND TEST PLATES FOR THE
JOA NT- WELDI NG PROCEDURE

A1 SCOPE

A.1.1 Scope. This appendix covers the preparation of fornms and
associ ated requirements for workmanshi p speci mens and test plates for use in the
j oi nt -wel di ng procedure.

A. 2 APPL| CABLE DOCUMENTS

The applicabl e docunents referenced in section 2 of this handbook apply
to this appendi x.

A. 3 DEFI N TI ONS

The definitions in section 3 of this handbook apply to this appendi x.
A 4 FORMS

A.4.1 Type. The forns illustrated in this appendix may be used for
submttal of the joint-welding procedure. Qher fornms may be used if al

pertinent information is included and if the fornms are approved by the procuring
activity.

A 4.2 Nunber. The conmpleted fornms should be submitted in duplicate to
the procuring activity for review

A. 4.3 Cover sheet. The cover sheet should include a description of the
vehi cl e wel dnent, the book nunber, the Government document nunber, and the date
subm tted. The cover sheet should be signed by the contractor and the
manuf acturer, if other than the contractor

A.5 DESCRI PTIONS OF FORM5 AND FI GURES

A.5.1 FormA-1. Cover sheet which should be signed in accordance with
A 4. 3.

A.5.2 FormA-2. Table of contents for the welding procedure.

A.5.3 Figure A-3. Perspective drawing of a conplete hull. An isonetric
drawi ng woul d be equally acceptable. For some types of structures, it may be
preferable to show subassenblies, as well.

A.5.4 FormA-4. A summary of this type, although not required by the
specification, provides in one place a conplete picture of the different joints
i nvol ved, the types of arnor in each joint, and the exact status of procedure
qualification. The summary illustrated serves the follow ng purposes:

a. Indicates, for each joint in the structure, the joint type as
defined in ML-HDBK-21 and change notices to the latest revision thereto.

15
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b. Indicates the welding nethod enpl oyed: Shielded netal-arc or
gas netal -arc wel di ng

c. Provides an index to the recorded joint-welding procedure for
each joint.

d. Indicates the kind of arnor in each joint.

e. Sinplifies the problem of determ ning the m ni rum nunber of
ballistic test plates and workmanshi p specimens required to qualify all welding
in the structure

f. Provides space for recording results of tests.

g. Indicates whether or not a given procedure has been qualified,
whet her it has been qualified in nore than one wel di ng position, and provides
supporting evidence by recording the test plates which passed the required test.

A.5.4.1 Joint AAA Requires tw ballistic test plates, one of the
maxi mum pl ate thi ckness and one of the minimumplate thickness involved in
joints of types 3, 6 and 7 as defined by ML-HDBK-21 and change notices to the
| atest revision thereto (see 5.8.1.2.1). W rknmanship specinens are required for
joint types 1 and 3 (see 5.9.1.3.1).

A.5.4.2 Joint B-B. This joint, involving two types of arnor, requires
separate ballistic test plates for each type.

A.5.4.3 Joint GC  Although separate ballistic test plates are required
to represent each kind of arnmor, one workmanshi p speci men nade with either kind
of armor is sufficient to represent both (see 5.9.1.1).

A.5.4.4 Joint DDD. One ballistic test plate is required for arnor |
two are required for arnmor Il1. Arnor | is used for only one joint of types 1
2, 4 or 5 and one test plate represents both the maxi mum and the m ni mum
t hi ckness i nvol ved.

A.5.4.5 Joint HH A separate workmanship specinmen is required for each
wel di ng position. This is because a change in welding position nmeans a change
in the recorded joint-welding procedure, which requires resubmttal of the
procedure (see table B-11).

A.5.5 FormA-5. Space is provided in the last colum for recording the
draw tenperature enployed by the arnor manufacturer in heat-treating the arnor.
It is desirable that this information be available for ready reference, since
the specification requires the preheating should not be done above 500°F
(260°0).

A 5.6 Form A-6.

A.5.6.1 Tables A and B. The summary of electrodes for shielded netal -
arc wel ding and gas netal -arc wel ding has been divided into table A for
el ectrodes conform ng to ML-E-13080 and table B for electrodes that do not
conformto this specification. Table A does not include the type of covering of
ranges of chemical conposition, because these factors are controlled by the
designations for type and cl ass.

16



Downloaded from https://www.everyspec.com
M L- HDBK- 1941

APPENDI X A

A.5.6.2 Table C. This table sets forth the ranges of currents and
voltages to be used with each size of electrode. The tabulation sinplifies the
recorded joint procedure (see formA-7, for exanple) by making it possible to
refer to each table rather than state the current and vol tage range for each
pass (see factor 8 of table B-11).

A 5.7 FormA-7. This formrepresents an attenpt to devise the sinplest
possi ble formfor recording a conplete joint-welding procedure. Note that al
of the factors listed in table B-1 have been incl uded.

A.5.8 FormA-8. This recorded joint welding procedure designates only
el ectrodes B and C, whereas electrode F is also of the sane type and class, and
coul d, under the provisions of this docunent, be enployed wi thout resubmttal of
the procedure. This illustrates that a contractor may wi sh to subject a given
procedure to limtations greater than those prescribed.

A.5.9 FormA-9. The sketch of the joint designates the kind of arnor
used in each part. This should be done whenever a joint involves nore than one
kind of armor. This is also illustrated on form A-8.

A.5.10 Figure A-10. It is unnecessary to show in detail the recorded
joint-wel ding procedures for these joints because they are prepared by
conpleting forns simlar to those on forns A-7, A-8, and A-9. The contractor
shoul d prepare a conplete joint welding procedure for each joint. The joint
designs are shown in order to provide a basis for illustrating this method of
qual i fying a group of welding procedures (see form A-4).

A.5.11 Fornms A-11 and A-12. Wen a joint is welded in two or nore
positions, different procedures may be designated by literal suffixes such as
8a, 8b, 8c, etcetera, as illustrated here.

A.5.11.1 Oientation. Wen recorded joint welding procedures relate to
the sane joint, but differ with respect to the position of welding, it is
desirable to orient the sketch under "Location and sequence of passes” in such a
way as to convey the idea of welding position. Forms A-11 and A-12 cover the
flat and horizontal positions, respectively. Simlar treatment will readily
identify the overhead position, and a different orientation can be selected as a
conventional way to represent the vertical position

A.5.12 Ballistic test plate fornms. Unless otherw se specified, it is
recommended that inquires about forwarding the three fornms |isted bel ow be
directed to Commander, U S. Arny Test and Eval uati on Command, ATTN. AMSTE- TM O
Aber deen Proving Ground, MD 21005

a) FormA-13 Arnor Welding Data Sheet No. 1.
b) FormA-14 Arnor Wl ding Data Sheet No. 2.
c) FormA-15 Arnor Wl ding Data Sheet No. 3.
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RECORDED JOINT-WELDING PRGCEDURE

. . For . -‘:§§\\\\\\\

MEDIUM TANK, MI (VEHICLE) \/
WELDED TANK: (VELDMENT) % .

306& 10

DATE OF SUBMITTAL: 10 May I§lz\\\\\\

Signed for Manufacturer:

(Signature)
(Name, Typed)

Title:

\\\\\\\\\\/2/ Date Signed:
" Manufactured Und Signed for Contractor:
Military Specificat
A3

(Signature)
(Name, Typed)

Title:

Date Signed:

/

FORM A-1. Cover sheet.
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Recorded Joint Wl ding Procedures for a Wl ded Hull

Cont ent s:

GOVl . Form A-1
CoNt BNt S, . . Form A-2
Per spective drawi ng showi ng | ocati ons of welded joints..... Figure A-3
Sunmmary of wel ding procedure qualification tests........... Form A-4
Sunmmary of armor types and conpositions.................... Form A-5

Sunmmary of electrodes with welding currents and vol tages...Form A-6

Recorded joint welding procedures............ ... ... .. ...... Forms A-7 thru A-9,
A-11, A-12 and
Figure A-10

Armor wel ding data sheet forms......... ... .. .. ... ... .. ..... Forms A-13 thru A-15

M scel | aneous | nfornati on:

FORM A-2. Table of contents for the wel ding procedure.
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Notes: 1. 3;;;%\3e ails are shown in

recorded \}bint weldilg procedures,
reference t

hich 18 given in
table -onineet \ /1
' <(»\E?\\;;:‘331ht designs shown in
the “recorde nt welding procedures.
are Tor-illustigtion purposes only,
KQE: it is>not pecessarily indicated
t

Qlappliczt ons of these Joints in
mi

*::;1\‘R: locations will be approved
IQE\\\ffﬁgecific vehicle.

FIGURE A-3. Perspective drawing of a complete hull.
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joint welding procedure.

Form A-14.
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Recorded Joint

Welding Procedure
No.

Joint WeldingProcedure: Ceneral Informyon\\
Armor (reference designation) \\\

L
\\
B

N NN
, \\ 1\,:‘) or F

Electrode (reference designation

V4 .
\\IIJ » Reverse

Power Source (AC-IC) end Polarfty if
As Specified in

/
Welding Current & Arc Vol&ghnngc Table C, Figure 6

Use of Spatter Comi)ound/on Scﬁd{ges None

/ .
Backing / \ \\ Copper

Preheating \& /\ \ None

Position of we\xx%\\ /> Flat

Joint Weldipg\l’rocedur : Details of

N~ ./ |Type of Location & Sequcnce
P&fs . Elbqfrode ) - Pass of Passgs

\i\\ 3/1}\/ Stringer

) 23 \( 5
~Na2:3 , \\ h Weave
}k 3/16 Strinper & <
\ ~ \~ i
NS,6 1/h Weave :
N
- T to>l0 s/16 Full Weave
\7 Note: Root of weld
shall be ground to
. sound metal before

depositing pass No. L

FORM A-7. Recorded joint welding procedure no.l joint A-A.
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Recorded Joint
Welding Procedure
2

& MAX.

BB

. 4

|
|

ARMORI /

Joint Welding Procedure:

Armor (reference designation)

)
NS
e ’%-‘5% ARMOR I

General Information \
N

$

I and III

Electrode (reference designation)

O\ N
Powar Source (AC or IC) and Polar?Qm\Q

Welding Current & Arc Voltage Range

[ \\“Borc

IC, Reverse

As Specified in
Table C, Fe8M 46

Use of Spatter Compound on 8<£rre\}€d\ges \ None

Backing / A\\(\\ Copper

Preheating /\ \ None
\ N

Position of Welding /,\_ Flat

Joint Welding Procedure:

\Va
Pasas Elecdtrode Type of :
No. - \J - Size\ Pass Iocatggnpﬁsggguence

\/16 ;T stringer
~N./

AN

1/% Weave
N b \\3%.6 Stringer
5/% - 1/4 Weave
\ \.‘
ATRIC 5/16 | Full Weave | Note: Root of Weld shall

be ground to sound metal
before depositing pass

\/ NO. l'l'
N
FORM A-8. Recorded joint welding procedure no.2 joint B-B.
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< Recorded Joint
_\" =y I Welding Procedure

armoRt | [ P~
e 2" .
Joint Welding Procedure: General Information '
Armor (reference designation) lx\\\ I and II

4 \\\\
Eléctrode (reference designation) \ B.C. or F
: <
Power Source (AC or IC) and Po/l rb&_\m 5 D. C. Reverse

\\/ As Specified in
Table C, FoRm A-&

8 None

Welding Current & Arc Voltage K%nge
Use of Spatter Compound o /Gca d

~
Backing Copper
/\ \ o~
Preheating None
Position of Welding <k Flat
Jolnt W.1lding Procedu.re {ails t
“'I'Pass rode ~ Type of Locatidn & Sequence
No.\ Si \/ Pass: of Passes
< . .
! \’5[ 16 / Stringer

~/
,k 1/h Weave

3 7
L \\\5/16 Stringer
L§)6 1/4 Weave
= -
7sto 9 5/16 Full Weave
=3
10 Xo 13 5/16 Weave

N

Note: Root of Weld
shall be ground to sound
metal befﬁre depositing

pass

FORM A-9. Recorded joint welding procedure no.3 joint C-C.
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(Note: Recorded Joint welding proce or
Joints DeD, E~E, F<F and G-C are not s
‘ completely in this example, but would be p

pared in the same manner as shown ¢ Jointn

Ad, B<B and CC, - The - Joint d%m{o‘m’ belov.)
/
.
T ooty

- - Gy

iy

o N A
N ne ‘*ai
S I-*--————n . -—-i% i

N 495

A\ J

</ JOINT E~E

L/

| X ALl

JOINTS FF AND GG

Recorded joint welding procedure for

FIGURE A-10.
E-E, F-F and G-G.

joints D-D,
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" Recorded Joint
Welding Procedure

NO. a.

Armor (reference designation) /\.\\ 1T

IC, Reverse

Electrode (reference designatlog) \\ Aor E
v

Power Source (AC or IC) Po

As Specified in

Welding Current & Arc Voltage Rahge_ Table C, FORM A~
Use of Spatter Comv@d on ‘Scarfcd- Edges None
Backing NG S N T

R ey
Preheating / \ \‘ : None

Ppaition of U(\Mizg \ ‘ Flat

Joint Welding p;o}ed\. De /ils of

-‘Pass ctrodd - Type of Location & Sequence’
1Nn ‘Rize Pass of _Pasgses

)3 \\ ' 17{; _ Weave

N Y
./

N
>

sy

FORM A-11. Recorded joint welding procedure no. B8a joint H-H.
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Recorded Joint
Weldin] rocedure
No. 8B
k‘
. "‘i‘r H-H
.l

T x
p b7 ‘ \
'?‘ . LA%M
Joint Welding Procedures: General Inta’ IO \

Armor (reference designation) _ I

Electrode (reference deoigzébi;:}::\‘\\> AorE

Pover Source (AC or IC) i;Zity igirc ' IC, Reverse
As Specified in

Welding Current & Arc tage Ran c

Use of Spatter Compqund oq\g:\\f Edges None
Becking oo
Preheating ‘“\\ None

Position of Wﬁg\ > Horizontal
Joint Welding Proced \715 of
N

Page < Eleatrode Type of Location & Sequence
. No. \\\4 xme Pass of panses
;/16 Stringer

:(2 k= 3/16 Weave
‘\:::\ /
VA -

/\/\//\

(Hote: Recorded Joint Welding Procedures are not shown for Joint H-H in the
vertical position and Joint J«J in the flat, horizontal and vervical posi-

tions: bLut would be prepared in the same manner as illustrated for Joint H-H
4n the flat and horizontal poaitions.)

FORM A-12. Recorddd joint welding procedure no. 8b joint H-H.
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THIS FORM MAY BE REPRODUCED FOR USAGE

. - . REFORT Na.
ARMOR WELDING OATA SHEET #1 -
- e SHEET No. ° of
WELDIO ARMOR OATA . . . .
Plate No. - SUBMITTED aY
QATE "
TYPE T ADORES'S
THICANESS
SPECIFICATION CONTRACT MO _ - -
ORDNANCE MATERIAL QOMCYRNED T . - . P
WELDED _BY - ) g
OBJECT REREEE N . .

On a dimension sketch of tn- groove and Weldmang, Indicaces(l) the mcludnd
anglas (2) the root opening; (3) the fcot facer (4) the bead sequancaes (9$)

additional sketch-of spacac strip on back—up, i any; (6) width of marking,
{£ any on edgea of cast plater (7) average height of weld reinforcament )

wcld reinforcament (has) (hu not) been removed.

WELD ING OATA- - - S

PUATE PREPARATION = Flame cutting = Flame saftening = Grindina - Macnining

FOSITION OF WilDING: flae = -Horizontal = Vecrtical =~ Ovarhesd  ~-----
WELD ING ¢ Aucomatic = Hand - - POL«\RITY: - Sty = Rev = AC =-OC
PREMEAT - "°° * il : - FOSTHEAT .
PENING s . L . BUTTERING M
PASS |ELEC | TY?S AMPS | VOLTS |CRACHING [CHIP OR| SPEZD | INTERPASS.TEMP. (T}
SITE | PASS - - . GRIND IN/TM. A-3 | C-D E-F«C
. .. 1 .
1 | h
2 - R Y . . o . 1 PN
3 0
. ‘ -
5
[] . - \
7 . |
3 ] > ] »
9 ) 1
10 .
11
1‘ - -
1)
L‘ . . .
§ R
3 T ; T . . P N
8 + BEADING PASS e WEAIT1NG PASS

FORM A-13. Armor welding data sheet no. 1.
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THIS FORM MAY BE .REPRODUCED FOR USAGE

ARMOR WELDING DATA SHEET t 2

_ Fﬁﬁﬂo. ot

VAEPORT No.

ARMOR PLATE DATA

.TSST PLAT“NO. ..... R I I R R R I R R A R AL ] R R .

® 8 ~es s+ safe e -naan pmcrs.'ho. . s s e sade e PLAT" L3 LRI S RCRPRPR
'“R“UFRCTUPER e s e -mnevesaoe= e or - wese et n e CEERRA P
‘;Ezgé:.. ....... TR R PPN Cerags e e oo . cee « ew s e wn-
_qucxugss. ess] - PeumeReETEEEMIIRERINERRESIER B R

SHEAT o> = sv ol s cviconncacenons sse e s e s i e . Tewe e s
fTOPT - -c--nc Jaese ca-en e I N T s s "eea s raen

. ELEC -ACID - - BASIC-

OH.'

»- - +CHEMICAL COMPOSITION

PLATE

IBI.

Sees~ssnn oG- JMn- l-Si-|-P-j-S-|-€r- -} Ni}- Mo 2| -V FACS - BACK " ¢
-PLATE *A*--} - - -]--- ool Jerecfeee o e ceeefrraencaoan

‘EAT-TP.SATED BY-.-- 4 8 bha e me® e ses e S Ere o s a8 s e - R EEEEEEE)
TABLE 1 ELECTRODE OR FILLER METAL DATA

SIZE TR KRR Mamyfacturer - |- - .- Trade -Name - --- Tvoe Class
EEEYEYT TS e e - ——r S T —
PABLE -2 esestocsronscnaetsotetoasawssinoniasscatasress s eiesvregenn e cae s

MANUFACTURER

CHEMICAL ANALYSIS

TRADE tHAME
AND SIZE clunlst|a e lee! wil wo COTING
. BENIETT T T T T e e e e T,
----- > s e as v e .‘mw-METAL---- - - ol . .. e o @ - P I R R I IR BT I
Imm-":m.-u-.o- . s ae a0 e .. . . - . . - T s s e ee e
e ecmrtansncnra 'HEIE‘METAL""""' eonfoess fonr. e s ofe s e et e s oo
mRE -“IR.‘II!IICI . TS . (Y - .. s s s e el . . . v e s L
“sanewee “eaw “» s htm-m1ru...-.-.--~.. PP P P I T T T TN e I -
CORE " WIRE - srofrof-wefooafors ) R O . seesanan
e s we R R ey h?m mTAL.- s e ole v e . » - . 6@ ofe a g 0 ofe o 0 s s ¢ a ¢ o 0 e o o s e a e o4
-TABLE- 3- (AUmMATIc -"ELDING) -------- Wt s e+t B s oo et e a4+ an . " e 8 o e e an . e
- MARUFACTURER - - - | -- TRADE NAME -~~~ - SIZE -~ - FLUK: -~~~ -
[T o e -0 c e oas e ssas Joe-raracenee s . ..l ...................
IMDIOCWHQD B! ----- 'Y e ® E 4 weseremeaar s emewy - & - o s e e 2 e s e s nm 0 LRI .

IRADIOG

RAPH_SERIAL - NO.

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

t

PEMARKSl

The procedure used in !nbricating tha crossbar weld (is)
he same as the procedure used in fabricating the leg weldg.

(is not) 1

FABRICATOR REPRESENTATIVE

RESIDENCE INSPECTOR OF ORDNANCE

FORM A-14.

Armor welding data sheet no.

2.

31



Downloaded from https://www.eVeryspec.com

MIL-HDBK-1941

APPENDIX A

FORM-MAY BE REPRODUCED .FOR USAGE

(L) REFORT No.
ARMOR WELDING DATA SHEET 3. SHEET No. of

{(2) X-RAY SERIAL NO.

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

(3) PLATE SUBMITTED BY - R 1(4) Plate No. - j(5) SPEC

- (6) RADIOGRAPH - BY -° - --- e e e e ere e e e e r(-’)DATE: .....

-7 (8) PLATE THICKNESS - """ ](9) XV - [(10) MA - -] (L1) TIME -
-(12) 'FOCAL BIST. - *-'-° F(13) - TYPE-OF -FIIM - - -~ - | (14) SCREEN-OR FILTERS

SHOCK TEST PLATE

Showing Locations of Radlographs ané Results-of Tests

(15)4\//L» caacxzfggggg&vcompenrs FUSION "J“’INCDMPLETE PENETRAT ION

' ' POROSITY AND ‘SLAG INCLUSIONS UNCERCUTTING

{(16) RESULTS

(17) NEGATIVES ‘- READ -BY

FORM A-15. Armor welding data sheet no. 3.
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EVALUATI ON OF WELDER CAPABI LI TY
B.1 SCOPE
B.1.1 Scope. This appendix covers the mninumrequirenents for
eval uation by the contractor or manufacturer of the capability of welders to
perform under the requirenents of this handbook

B.2 APPL| CABLE DOCUMENTS

The applicabl e docunents referenced in section 2 of this handbook apply
to this appendi x.

B.3 DEFI NI TI ONS
The definitions in section 3 of this handbook apply to this appendi x.
B.4 REQU REMENTS

B.4.1 Weld type. Each welder should denonstrate his capability to weld
groove or fillet welds or both by fabricating the specimens shown in figures
B-20, B-21 and B-22, as applicable.

B.4.2 Position of weld. Each welder should denonstrate his capability
in the position in which he will weld in production by welding the test
specinmens in the positions prescribed in B.4.2.1.1 through B.4.2.1.4. Wl ders
found acceptable in one or nore positions will be considered acceptable in other
posi tions under the conditions specified in table B-1.

TABLE B-1. Welder evaluation with the "K' qualification plate.lf

Qualified in groove welds in Qualified for fillet welds

"K' plate position the follow ng positions in the foll ow ng positionsZ/
Fl at Hori z Vert H Fl at Hori z Vert H
Fl at Yes No No No Yes Yes No No
Hor i zont al Yes Yes No No Yes Yes No No
Verti cal Yes Yes Yes No Yes Yes Yes No
Over head Yes Yes No Yes Yes Yes No Yes

1 see figure B-21.

2l For fillet welds only, "K' joint qualification is not required (see B.4.2.2).

B.4.2.1 G oove wel ds.

B.4.2.1.1 Flat position. The plates should be placed in an
approxi mately horizontal plane, and the weld netal deposited fromthe upper
si de.
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B.4.2.1.2 Horizontal position. The plates should be placed in an
approxi mately vertical plane with the welding groove in an approxi mtely
hori zontal position

B.4.2.1.3 Vertical position. The plates should be placed in an
approxi mately vertical plane with the welding groove in an approxi mtely
vertical position, approximtely 90° to the horizontal plane.

B.4.2.1.4 Overhead position. The plates should be placed in an
approxi mately horizontal plane, and the weld netal deposited fromthe underside.

B.4.2.2 Fillet welds only. The welder for fillet welds only should
fabricate a specinmen in accordance with figure B-23. The arrangenent of the
test plates for the various positions refers only to the making of the fillet
wel d. The closing weld (cross hatched in figure B-23) between fillet welds may
be made in any position as follows:

a. The welding of plates so placed that each fillet weld is deposited
with its axis approximately horizontal and its throat approximately vertical
will determine the capability of welders for flat fillet welds.

b. The welding of plates so placed that each weld is deposited on the
upper side of the horizontal surface and against the vertical surface wll
determ ne the capability of welders for flat and horizontal fillet welds.

c. The welding of plates so placed that each weld is nmade vertically
will determne the capability of welders for flat, horizontal and vertical
fillet welds.

d. The welding of plates so placed that each weld is deposited on the
under side of the horizontal surface and against the vertical surface wll
determ ne the capability of welders for flat, horizontal, and overhead fillet
wel ds.

B.4.2.3 Radi ography of welds. The conpleted weld shoul d be radi ographed
and should conmply with the follow ng standards:

a. Gade Il of ML-HDBK-1264 with the direction of radiation parallel
to the weld interface, then normal to the weld face, and finally parallel to the
opposite weld interface for full penetration welds.

b. ML-STD 1894 for partial penetration welds.

In either case defects within 1 in. (25.4 nm of either end of the weld
shoul d not be regarded as cause for rejection. Radiographic negatives should be
suitably identified and returned for Government inspection, when requested.

B.4.2.4 WNaterials. Specinens may be nmade of either mld steel or arnor.

B.4.2.5 Electrodes. The electrodes for groove or fillet welds should
conformto the type of electrode for method 1, 2, 3 or 4 of this handbook (see
1.2) as applicable. The dianeter of electrode used for any | ayer of a groove
wel d should be the maxi nrum di anmeter that will be used for that width in the
recorded joi nt-wel di ng procedure.
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B.4.2.6 Wrkmanship. Wlds should be equal to, or better than, the
wor kmanshi p speci mens prepared for the recorded joint-wel ding procedures.

B.5 | NSPECTI ON

B.5.1 Test specinmens.

B.5.1.1 Goove welds. Goove welds should be fabricated to the form and
di mensi ons shown in figure B-21 or B-22, as applicable, using the same wel di ng
current values for the electrodes that would be used in the recorded joint-
wel di ng procedures. Wen the thickness of the plates in the structure does not
exceed 1/2 in. (12.7 mm), the specinen should be as shown in figure B-21 and the
two plates should be 3/8 by 4 by 12 in. (9.5 by 102 by 305 mm with the butt
wel d made on the 12 in. (305 nm dinmension. Wen the thickness of the plates to
be wel ded exceeds 1/2 in. (12.7 mm) the specinmen should be as shown in figure B-
22 and the two plates should be 1 by 4 by 12 in. (25.4 by 102 by 305 mm. All
di mensi ons shoul d be considered mnimum Wl ders capable of welding the 1 in.
(25.4 mm) plates do not have to weld the 3/8 in. (9.5 m) plates.

B.5.1.2 Fillet welds. The specinen should be of the form and di nensions
shown in figure B-23

B.5.2 Inspection procedures.

B.5.2.1 Visual. Visual exam nation of the weld should be nade for
conpliance with the workmanship requirement (see B.4.2.6).

B.5.2.2 Radiographic. Wlds should be radi ographed in accordance with
ASTM E1742.

B.6 FACTORS IN THE JA NT- WELDI NG PROCEDURE

B.6.1 Factors to be included in the joint-welding procedure and changes
requiring resubmttal of the procedure and requalification of welders. Factors to
be included in the joint-welding procedure and changes requiring resubnmttal of the
procedure and requalification of welders should be as specified in table B-11
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Requi renents for the joint-welding procedure_y

Factors to be included in
j oi nt-wel di ng procedure

When factor is changed,

joint-wel ding procedure to Wen factor

be revi sed and procedure
requal i fied, as indicated

i s changed,
wel der to be requali -
fied, as indicated

1. Conposition of arnor.

2. Thi ckness of arnor
for each joint type.

3. Dimensi ons of
ing, root face and

i ncl uded angle for each

joint type. Each di-
nmensi on shoul d have a
specified t ol er ance. 2/

4. Backi ng or spacer
strip, if used.

5. Position in which weld-
ing will be perforned.

root open-

Yes - \When a change in
conposi tion outside the
steel producer's decl ared
chem cal range is nmade
unl ess a specific waiver
is granted by the procur-
ing activity.

Yes - Wen the maxi mum or
m ni mum t hi ckness for the
joint type represented by
t he procedure qualifica-
tion plates tested for
representation of the
joint type is exceeded
(see table B-111).

Yes - Wen established
limts are increased or
decreased, i.e., basic

di mensi ons plus toler-

ances.

Yes - \Wen backi ng or
spacer strip is added or
renmoved, or when basic
type of material of back-
ing or spacer stripis
changed.

Yes.

36

No.

Yes (see B.5.1.1).

Yes - \When backi ng or
spacer strip is re-
noved.

Yes (see B.4.2.1).
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TABLE B-11. Requirenments for the joint-welding procedure - Continued.

When factor is changed,

joint-wel ding procedure to Wen factor is changed,
be revi sed and procedure wel der to be requali -
requal i fied, as indicated fied, as indicated

Factors to be included in
j oi nt-wel di ng procedure

6. Electrode type and Yes - when the brand used No
class if not qualified for procedure qualifica-
under M L-E-13080, tion has been recorded
M L- E- 0022200/ 1, M L-E- but does not neet the re-
22200/ 6, or qui rements of M L-E-13080,
M L- E- 23765/ 2. M L- E- 0022200/ 1, M L-E-

El ect rodes shoul d be 22200/ 10, or M L-E-23765/2;

desi gnated as SMAW or substitution of any ot her

GVAW as appropriate. brand will require requali -
fication of procedure. How
ever, when the brand used
for procedure qualification
has met the requirenents
of M L-E-13080, ML-E-
22200/ 1, M L-E-22200/10, or
M L- E- 23765/ 2 for a speci -
fic type and class, and pro-
vided that all other fac-
tors remain the sane, any
ot her brand that has net
the requirenents of the
f oregoi ng specifications
for the same type and
cl ass and may be substi -
tuted wi thout qualifica-
tion of procedure.

7. Electrode sizes3/

for all passes.

Yes - when (for groove
wel ds) the actual width
of groove, at which any
gi ven size of el ectrode
is used, is decreased,
or (for fillet welds)
when the di aneter used
at any given di stance
fromthe root of the
wel d is increased.
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Yes - when (for

groove wel ds) the
actual w dth of groove,
at whi ch any gi ven size
of electrode is used,

i s decreased; or (for
fillet welds) when the
di ameter used at any

gi ven di stance fromthe
root of the weld is

i ncreased.
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TABLE B-11. Requirenments for the joint-welding procedure - Continued.

When factor is changed,
joint-wel ding procedure to Wen factor is changed,

Factors to be included in be revi sed and procedure wel der to be requali -
j oi nt-wel di ng procedure requal i fied, as indicated fied, as indicated
8. Wl ding current4 and Yes - \WWhen outside the Yes - When outside the
arc-vol tage range for limts established in the limts established in
all passes (see B.7.4). recorded joi nt-wel ding t he recorded joint-
procedure (either above wel di ng procedure
or bel ow). (either above or
bel ow)
9. Preheat and inter- Yes - \Wen the range is No
pass tenperature changed.

range (see 5.4.1 & 5.4.3).

10. Location, type and Yes - In case of change No.
appr oxi mat e nunber from beadi ng to weavi ng,
of passes. or vice versa.

11. Method of preparing Yes. No.

root of joint before
wel di ng second si de.

12. Source of power, AC Yes. No.
or DC, and polarity
if DCis used.

13. Spatter conpound. Yes - \When spatter com No
pound is used on any area
where weld netal is to be

deposi t ed.

14. Tenperature of plate Yes - \When anbient or pre- No.
at time welding is heat tenperature is nore
started and net hod of t han 200F (11.290) be-
attaini ng tenperature. | ow that of the test

plate. No - \Wen net hod
of attaining tenperature

i s changed.
15. Shi el di ng nmedi um Yes - when changing to Yes.
type. anot her medi um
16. Composition, volune, Yes. No.

and dew point of the
shi el di ng gas.
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TABLE B-11. Requirenments for the joint-welding procedure - Continued.

When factor is changed,
joint-wel ding procedure to Wen factor is changed,

Factors to be included in be revi sed and procedure wel der to be requali -
j oi nt-wel di ng procedure requal i fied, as indicated fied, as indicated
17. Method of joint edge No - Wen net hod changes No.
preparati on. fromthermal to nechani -
cal (machining or grind-
i ng).
1/

Addi tional factors for repair welding:

a. Method to be used (grinding or other) for renoval of the defect.
b. Contour of cavity prior to welding, such as mni numroot dinmension and
i ncl uded angl e.
c. Use of backing or spacer strip, in case of conplete renoval of the weld.
d. Inspection nethod to determ ne conpl ete renoval of defect (dye
penetrant, magnetic particle, visual, radiographic, etc.).

Root opening. It should be noted that M L-HDBK-21 provides for mninum

root openings ranging from3/16 to 1/2 in. (4.8 to 12.7 mm). In all cases,

t hese root openings are known as "design openings". In other words, they are
t he root openi ngs whi ch woul d exist after conpletion of the weld if the root
face had not nelted away. This type of root-opening dinension is used
because it can be shown on assenbly drawi ngs and still permt the addition of
pl at e di mensi ons plus root-opening dinmensions to give the correct over-al

di mension for the structure. The "design opening” is not ordinarily the root
openi ng which is actually visible before welding, since this opening nust

i nclude an increase for the amount of contraction across the joint during

wel ding. Thus, this root opening, sonetimes known as the "set-up opening"
equal s the "desi gn openi ng" plus the shrinkage all owance.

Option on electrode size. The contractor should specify in his recorded
joint-wel ding procedure the dianeter of the electrode to be used for
deposition of the root pass in each width of root opening fromthe mnimmto
the maxi mum A contractor may specify that a 1/8 in. (3.2 mm el ectrode
shoul d be used for the mninumroot opening of 3/16 in. (4.8 nm and that a
3/16 in. (4.8 mm electrode should be used for a root opening of 1/4 to 1/2
in. (6.4 to 12.7 m). In the operation of the procedure, the contractor may
use a snaller dianmeter of electrode than that specified for the particular
root opening, but he may not use an el ectrode |arger than that specified

wi t hout requalifying his procedure. The contractor may not use a 3/16 in.

el ectrode for the 3/16 in. mnimmroot opening when a 1/8 in. (3.2 mm

el ectrode has been specified in his recorded joint-welding procedure.

Current values. Welding current may be nmeasured with a tong-type tester

Current variations for all types and sizes of electrodes should be Iimted to
approxi mately + 15 percent.
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B. 7 REQUI REMENTS FCR BALLI STI C TEST PLATES, BALLI STI C TESTS AND WORKNMANSHI P
SPECI MENS

B.7.1 Thickness of ballistic test plates. Thickness of ballistic test
pl ates should be as specified in table B-111

TABLE B-111. Thickness of ballistic test plates.
Maxi mum or mni num"T" thickness of Thi ckness of ballistic test plate
plate in joint: in. (nm in. (mm 1/.2/,4/
1/8 to 3/4 (3.2 to 19.0) 1/2 (12.7)3/
3/4 to 1-1/8 (19.1 to 28.6) 1 (25.4)
Greater than 1-1/8 (28.6) 1-1/2 (38.1)

1/ For cast and rolled armor, thickness tol erances shoul d not exceed pl us
or minus 0.030 in. (0.76 nm.

2/ Before wel di ng, cast or rolled plates 18 by 40 in. (46 by 102 cm, or
smal | er, should have a maxi mum out-of-flatness tol erance of 1/16 in.
(1.6 m in any direction. Plates 36 by 36 in. (91.4 by 91.4 cn) should
have a maxi mum out-of -fl atness tol erance of 1/8 in. (3.2 nm in any
di rection.

3/ For cast armor 1 in. (25.4 mm) plate should be used

4/ Ballistic test pl ate thickness may equal the arnor thickness for
production use provided it is no less than 1/2 in. (12.7 nm nor nore than 2
in. (50.8 nm. Striking velocities should be adjusted in accordance with
Footnotes 1(a) and 1(b) of table B-1V. A 1/2-in. (12.7 mm) thick plate
shoul d be submitted for production plates thinner than the 1/2 in. (12.7 m
nom nal size, and a 1-1/2 in. (38.1 nm should be submtted for production
pl ates thicker than the 2-in. (50.8 nm nom nal size.
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B.7.2 Requirenents for ballistic tests. Requirenents for ballistic
tests should be as specified in table B-1V.

TABLE B-1V. Requirenments for ballistic tests.

Thi ckness of Type of Striking velocity Maximum al |l owabl e
plate, in. honbgeneous fls + 25 f/s 5n1s wel d cracki ng,
(mm ar mor Projectile + 7.6 ms)= in. mmy

1-1/2 (38.1) Rol | ed 75 mm PP MLOO2 1200 (365.8) 15 (381)
1-1/2 (38.1) Cast 75 mm PP MLOO2 1050 (320) 10 (254)
1 (25.4) Rol | ed 57 mm PP MLOO1 1050 (320) 9 (228.6)
1 (25.4) Cast 57 mm PP MLOO1 975 (297) 6 (152.4)
1/2 (12.7) Rol | ed 37 mm HE M4 2525 (770) 15 (381)

1 1t the actual pl ate thickness is nore than the nom nal thickness, the

test striking velocity should be increased. |If the actual plate thickness is
| ess than the nom nal thickness, the test striking velocity should be
decr eased.

a. For cast arnor only the correction factor should be 6 f/s (1.83 m's) of
velocity for each 0.01 in. (0.25 m) deviation in plate thickness.

b. For rolled arnmor only the correction factor should be 7 f/s (2.13 nis)
velocity for each 0.01 in. (0.25 m) deviation in plate thickness.

2/ Typical crack situations are illustrated in figure B-17.

B.7.3 Size of workmanshi p speci mren. Wrkmanshi p speci nen sizes shoul d
be as specified in table B-V.

TABLE B-V. Wbrkmanshi p speci nen si zes.

Plate thickness, in. (M) M ni mum pl ate size, in. (M)
1/8 to 1-1/4 (3.2 to 31.8) incl 4 by 12 (102 by 305)
greater than 1-1/4 (31.8) 4 by 16 (102 by 406)

B.7.4 Wlder requalification requirenents.

a. |If the welder has not welded for the period of 1 nmonth (20 worKking
days or 30 cal endar days) or longer, the welder nust requalify in the position
the welding is to be perforned in.

b. If the welder has three consecutive rejected welds or weld repairs,
t he wel der nust requalify.
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FIGURE B-16. Ballistic test plate.

42



Downloaded from https://www.everyspec.com

MIL-HDBK-1941

APPENDIX B

o {
(- 4

k{
| Y .
! Plate mcr

Ly

[ Ly

1/8 _-iéi.u—- I

.-t

.Co = TOTAL W.C. « L TOTAL W.C. = L, + L,

TOTAL W.C, = TOTAL W.C. = L TOTAL W.C., =L
L "'Lz"'-LB

FIGURE B-17 Some weld cracks (W.C.) which could occur from projectile impact,

and measurement of total weld cracks for acceptance purposes
(see table IV).
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Note: Joint type No. 3 is illustrated. However, groove details of actual specimens
should conform to details of contractor’s recorded joint welding procedure
for each type of joint involved. :

FIGURE B-18. General form of workmanship specimen for joint types 1, 2 and 3.
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Note:  Joint type No. 5 is illustrated. However, groove details of actual specimens should

conform to details of contractor’s recorded joint welding procedure for each type
of joint involved. '

14

FIGURE B-19. General form of workmanship specimen for joint types 4, 5
6 and 7. .
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Note:  Type 9 is illustrated. However, groove details of actual specimens should conform to
details of contractor’s recorded joint welding procedure for each type of joint involved.

FIGURE B-20. General form of workmanship specimen for joint types 8 and 9
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FIGURE B-21. Groove weld test specimen for qualifications of welders or
welding operators for plate thickness of 0.5 in. .(12.7 mm)
or less.
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FIGURE B-22. Groove weld test specimen for qualification of welders or
welding operators for plate thickness of more than
0.5 in. (12.7 mm).
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FIGURE B-23. Fillet weld test specimen for qualification of welders
or welding operators.
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