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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-1265 prescribes classification and soundness requirenents for
steel castings. The castings are classified by classes, grades, and
criticality levels. Included in the handbook are four tables of maxi num
perm ssi bl e radi ographic severity levels for discontinuities in various wall
t hi ckness for steel castings per ASTM E186, E192, E280 and E446.

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 (DAPS), 700 Robbi ns Avenue, Buil di ng 4D,
Phi | adel phia, 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
Material s Research Directorate, ATTN. AVSRL-WM M Aberdeen Proving G ound,
MD 21005-5069, by using the Standardizati on Docunent | nprovenent Proposal
(DD Form 1426) appearing at the end of this document or by letter.
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1. SCCPE

1.1 Scope. This handbook prescribes the requirenents for the
classification and soundness of steel castings exclusive of weld repair.
Thi s handbook suppl ements detail casting specifications when specified.
Thi s handbook is for guidance only. This handbook cannot be cited as a
requirenent. If it is, the contractor does not have to conply.

2. APPL| CABLE DOCUMENTS

2.1 GCeneral. The docunents listed below are not necessarily all of
t he 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.

STANDARDS
DEPARTMENT OF DEFENSE

M L- STD-410 - Nondestructive Testing Personnel Qualification and
Certification

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

2.3 Non- Governnent publications. The follow ng docunent(s) forma
part of this document to the extent specified herein. Unless otherw se
specified, the issues of the docunments which are DoD adopted are those
listed in the latest issue of the DoDI SS, and suppl enent thereto.

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

ASTM E186 - Standard Reference Radi ographs for Heavy Wl led
(2to 4 1/2-in. (51 to 114-mm)) Steel Castings (DoD adopted)
ASTM E192 - Standard Reference Radi ographs for Investnent Steel Castings
of Aerospace Applications (DoD adopted)

ASTM E280 - Standard Reference Radi ographs for Heavy Wl led
(4 1/2 to 12-in. (114 to 305-mm) Steel Castings
(DoD adopt ed)

ASTM E446 - Standard Reference Radi ographs for Steel Castings

Up to 2 in. (51 mm in Thickness (DoD adopt ed)
ASTM E1742 Standard Practice for Radi ographic Exam nation (DoD adopt ed)

(Application for copies should be addressed to the Anerican Society for
Testing and Materials, 100 Barr Harbor Drive, West Conshohocken, PA 19428-
2959.)
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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
t akes precedence. Nothing in this docunment, however, supersedes applicable
| aws and regul ati ons unless a specific exenption has been obt ai ned.

3.  DEFI NI TI ONS

3.1 dassification. Castings shall be classified by classes,
applicable grades and criticality |evels.

3.1.1 d asses.

3.1.1.1 dass 1. A casting in which a single failure would cause
significant danger to operating personnel or would result in a significant
operational penalty. In the case of missiles, aircraft and other vehicles,
this includes | oss of major conponents, |oss of control, unintentiona
rel ease or inability to release armanent stores, or failure of weapon
installation conponents.

3.1.1.2 dass 2. A casting not included in class 1 but of unknown
mar gi n of safety.

3.1.1.3 dass 3. Castings having a margin of safety of 200 percent
or |ess.

3.1.1.4 dass 4. Castings having a margin of safety greater than 200
percent, or for which no stress analysis is required.

3.1.2 Gades Castings shall be of grades A, B, C, D or E as shown in
tables I, II, 11l and I1V. Gade A castings would contain the |east and/or
the snallest size discontinuities. Gades B, C, D and E would contain
progressively larger and nore numerous discontinuities. Sections of a
casting may be of varying grades, depending on the applied stresses to that
portion of the castings.

3.1.2.1 Radiographic grade A. A casting that is subject to high
stresses when used in critical applications.

3.1.2.2 Radiographic grade B. A casting or specified area of a
casting used for critical applications with a small design safety factor

3.1.2.3 Radiographic grade C. A high quality grade of casting or
area of a casting used for general applications with an average safety
factor.

3.1.2.4 Radiographic grade D. A casting or area of a casting that is
subj ect to | ow stresses.

3.1.2.5 Radiographic grade E. A casting used for arnor purposes only.

3.1.3 Criticality levels (KL). The criticality |level designates the
anmount of radi ographic coverage for each casting. Castings shall be of
criticality levels, KL1, KL2, or KL3. Those areas designated KL1 shall have
a m ni mum of 75% r adi ographi ¢ i nspection coverage. Areas designated KL2
shal | require 50% m ni num r adi ogr aphi ¢ coverage. Those areas designated KL3

2
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do not require radi ographic inspection but are generally radi ographed for
i nformati on purposes.

3.2 Lot definition

3.2.1 Inspection lot. Unless otherwi se specified, class 1 castings
shal |l be inspected in accordance with table V, and class 2, 3, and 4
castings shall be selected for inspection in accordance with table VI. |If
class of casting is not identified on drawings, class 2 shall apply.

4. GENERAL REQUI REMENTS
4.1 |nspection.
4.1.1 Responsibility for inspection. The contractor is responsible

for furnishing all supplies in conformance to contract or purchase order
requi renents and, unless otherw se specified in the contract or purchase

order, the performance of all inspection requirenents contained herein. The
i nspecti on provisions contai ned herein shall becone a part of the
contractor's overall inspection systemor quality program The absence of

i nspection requirenents does not relieve the supplier of his responsibility
for assuring that all supplies submitted to the Government for acceptance
conformto all requirenents of the contract. The Governnent reserves the
right to performany of the inspections set forth herein, or otherw se
specified in the contract or purchase order, when such inspections are
deenmed necessary to assure that supplies conformto prescribed requirenments.

4.1.2 (Qualification for inspection. Personnel performng
radi ographi c i nspection shall be qualified in accordance with M L-STD 410D
Radi ogr aphi c i nspecti on of production castings shall be conducted in
accordance wi th ASTM E1742.

4.1.3 Final Inspection. Castings shall be inspected as specified
herein unl ess the design activity has information substantiating the
suitability of other inspection plans.

4.1.3.1 Docunentation for final inspections. For all castings for
whi ch radi ographic inspection is specified, the contractor shall prepare
ei t her photographs, X-ray film sketches, docunents or draw ngs containing:

(a) dassification of casting.
(b) Alloy and heat treatnent.
(c) G ade(s) or defect linmts as applicable

5. DETAI LED REQUI REMENTS

5.1 Determnation of classes, grades and criticality levels. The
design activity shall establish the class, grade and criticality | evel by
critical areas and stress levels for each casting design. The
classification(s) and critical area(s) shall be indicated on the applicable
drawing. |If grade of casting is not indicated on draw ng or other
contractual docunent, grade C shall apply.

5.1.1 dass 1 requirenents. Al areas of class 1 castings shall be
of a quality equivalent to or better than grade C, except that all critica

3
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areas of a class 1 casting shall be of a quality equivalent to or better
than grade B (see tables I, II, Ill and IV).

5.1.2 Radiographic grades. The design activity shall specify on the
drawi ng or other docunment the (quality |evel) radiographic grade(s) for
classes 1, 2 and 3 castings designs. The design activity may specify radio-
graphi c grade(s) for class 4 casting designs. Either castings, or section
of castings, shall be of grades A, B, C D or E as shown in tables I, 11,
1l and 1V, and shall be in accordance with the reference radi ographs
specified in the tables, unless the design activity has information
substantiating the suitability of castings with nore extensive defects.

5.1.3 Criticality levels. The design activity shall specify the
criticality level required for each classification of casting. Cdass 1
castings shall be conpletely radi ographically exanm ned and no criticality
| evel designation is needed. dCasses 2, 3 and 4 shall have areas
designated by criticality |evel.

5.2 Standards.

5.2.1 Radiographic standards. Radi ographic standard grades shall be
est abl i shed for each casting design for which radi ographic inspection is
specified. Such standards shall be in terms of ASTM E186, ASTM E192, ASTM
E280 and ASTM E446. Maxi mum accept abl e defects shall be in accordance wth
par agraph 5. 1.

5.3 Examination of resubnitted i nspection |ots.

5.3.1 Rejection. Defects and/or discontinuities which are so
aligned as to cause stress concentration are causes for rejection. |If nore
than 25% of any lot of type | Aircraft or type Il CGuided Mssile castings
gi ven 100% i nspection is rejected because of discontinuities in highly
stressed areas, the entire lot shall be submtted to review procedures.
Castings not conforming to this specification shall be rejected and
submitted to revi ew procedures.

5.3.2 Review In performng the review of the rejected lot, the
cogni zant engi neeri ng nenber of the review board may detail a technique for
the subjection of a casting to a destructive test, either by loading (as in
service use) or by dissection, as practicable. This consideration shall be
predi cated on the size of the rejected lot, the size of the castings and
criticality of the casting application

6. NOTES

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

6.1 Intended use. This handbook is to be used as a guide to define
the requirenents for the classification and soundness of steel castings
exclusive of weld repair.

6.2 Producibility warning. The class assigned to the casting should
represent a realistic value for the functional requirenents. Do not assign
atype | casting for a type Il function. Casting design coupled with

4



Downloaded from http://www.everyspec.com

M L- HDBK- 1265

foundry practice can make overly severe soundness requirenments inpractica
for a manufacturer to satisfy. Caution should be exercised in specifying

t he grade of maxi mum perm ssi bl e radi ographic discontinuity level to be net
in a casting.

6.3 Table notes. The following notes are an integral part of tables
[, 11, IIl and IV:

(1) Wen two or nore types of defects are present to an extent
equal to or not significantly better than the acceptance standards for
respecti ve defects, the parts should be rejected.

(2) Wen two or nore types of defects are present and the
predonm nating defect is not significantly better than the acceptance
standard, the part should be considered borderline.

(3) Borderline castings may be consi dered acceptable, upon review
by conpetent engi neering personnel

(4) Gas holes or sand spots and inclusions allowed by these tables
shoul d be cause for rejection when closer than tw ce their maxi num di mensi on
to an edge or extremty of a casting.

(5 Drawing tolerance (DWa TOL.) is defined as m ni mumthi ckness
of material after defect is renoved by machi ni ng.

(6) MNunbers in the tables depict severity. A |ow nunber indicates
few, small discontinuities while a high nunber indicates numerous, |arge
di scontinuities.

6.4 Subject term (key word) listing.

Coreshi ft
Criticality levels
Gas hol es

M srun

Mol d buckl e
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Maxi mum per m ssi bl e radi ographic severity levels

for

di scontinuities in thin wall

steel castings

(1in. (25.4 nm) wall or less) per ASTM E192.

DI SCONTI NUI TY

GRADE A GRADE B
I NCH I NCH
1/8 3/8 3/4

1/8 3/8 3/4

GRADE C GRADE D
I NCH I NCH
1/8 3/8 3/4 1/8 3/8 3/4

GAS HOLES NONE NONE NONE 1 1 1 2 2 2 3 3 3
SHRI NKAGE CAVI TY NONE NONE NONE NONE NONE 1 NA NA 2 NA NA 3
SHRI NKAGE SPONGE NONE NONE NONE 1 1 1 2 2 2 3 3 3
SHRI NKAGE, DENDRI TI C NONE NONE NONE 1 1 1 2 2 2 3 3 3

SHRI NKAGE, FI LAMENTARY

NONE NONE NONE

FOREI GN MATERI AL (LESS DENSE)

COLD SHOT i NONE ALLOWED- - - - = === = == c s m o mmeee oo
HOT TEAR il NONE ALLOWED- - - - = === = == c s m o mmeee oo
COLD CRACK e NONE ALLOWED- - - - = === = == c s m o mmeee oo
MSRUN il NONE ALLOWED- - - - = === = == c s m o mmeee oo
CORESHIFT e NOT TO EXCEED DRAW NG TOLERANCE- - - -« == - - ==« - -

MOLD BUCKLE, POSI TI VE

MOLD BUCKLE, NEGATI VE

EXCEED DRAW NG TOLERANCE---------=------

MOLD RI DGE

EXCEED DRAW NG TOLERANCE---------=------

EXCESS METAL | N CRACKED CORE

EXCEED DRAW NG TOLERANCE---------=------

1/ Not avail able.
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TABLE I1. Maxi mum perni ssi bl e radi ographic severity levels for
di scontinuities in thick wall steel castings
(2to4 1/2-in. (51 to 114-m)) per ASTM E186.

CATEGORY DI SCONTI NUI TI ES GRADE A GRADE B GRADE C GRADE D GRADE E
A GAS PORCSI TY NONE 1 2 3 3
B SANDY SLAG | NCLUSI ONS NONE 1 2 4 4
C SHRI NKAGE TYPE 1 NONE 2 3 4 5
C SHRI NKAGE TYPE 2 NONE 2 3 4 5
C SHRI NKAGE TYPE 3 NONE 2 3 4 5
D CRACK e NONE ALLOWED- - - - === === === - -
E HOT TEAR  cemeemeiaema NONE ALLOWED- - - - === === === - -
F INSERT  eeeeeeeaaao- NONE ALLOWED- - -------------
TABLE I'11. Maxi mnum perm ssi bl e radi ographic severity |levels
for discontinuities in steel castings up to 2 in. (51 mm
i n thickness per ASTM E446.
CATEGORY DI SCONTI NUI TI ES GRADE A GRADE B GRADE C GRADE D CGRADE E
A GAS PORCSI TY NONE 1 2 3 4
B SAND SPOTS NONE 1 2 3 5
AND | NCLUSI ONS
CA SHRI NKAGE NONE 1 2 3 5
CB SHRI NKAGE NONE 1 2 3 5
CcC SHRI NKAGE NONE 1 2 3 5
CcD SHRI NKAGE NONE 1 2 3 5
D CRACK NONE NONE DWs TOL. DW&E TOL. NONE
E HOT TEAR NONE NONE NONE NONE NONE
F | NSERT NONE NONE NONE NONE NONE
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TABLE |V. Maxi mum perni ssi bl e radi ographic severity |evels
for discontinuities in heavy walled (4 1/2 to 12-in.
(114 to 305-mm)) steel castings per ASTM E280.

CATEGORY DI SCONTI NUI TI ES GRADE A CGRADEB GRADEC GRADED GRADE E
A GAS PORCSI TY 1 2 3 4 4
B SAND AND 1 2 3 4 4

SLAG | NCLUSI ONS

C SHRI NKAGE TYPE 1 1 2 3 5 5
C SHRI NKAGE TYPE 2 1 2 3 5 5
C SHRI NKAGE TYPE 3 1 2 3 5 5
D CRACK e NONE ALLOWED- - - === ---------
E HOT TEAR  ccmmmccmmmmcmons NONE ALLOWED- - - === ---------
F INSERT  cmeeemmmeeooaaa- NONE ALLOWED- - - === ---------

TABLE V. Sanple size for inspection of class 1 castings.

Lot Sanpl e Lot Sanpl e

Si ze Si ze Si ze Si ze
2-5 Al | 27- 36 10
6-8 5 37-51 11
9-11 6 52-82 12
12-15 7 83-162 13
16- 20 8 163-971 14
21- 26 9 972 and over 15

Not e:  Acceptance nunber is O

TABLE VI. Sanple size for inspection of class 2, 3, and 4 castings.

Lot Sanpl e Lot Sanpl e

Si ze Si ze Si ze Si ze
2-4 Al | 18- 27 7
5-6 4 28-48 8
7-11 5 49 and over 9
12-17 6

Not e: Acceptance nunber is O
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