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GEORGE C. MARSHALL SPACE FLIGHT CERTER
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

HUNTSVILLE, ALABAMA

CASTINGS, ALUMINUM AND MAGNESIUM ALLOY,

RADIOGRAPHIC INSPECTIOR OF, ACCEPTANCE STANDARD FOR

1. SCOPE

1.1 Scope. - This standard sstablishes acceptance standarda for
aluminum and magnesium sand and permanent mold castings by the radiographic
inspection mathed.

1.2 Classification. - Castings shail be classified as follows:

Gradz I-F A flight casting designed tc function
under engineered structural loading
and pressurization in excess of one
atmosphere durinz a flight mission.

Grade II-F A flight casting designad to function
under pressurizaticn In excess of
one ALWNEThars Juwsre & Flsams
s.ssion without the direct appli-
cation of sngineserad atructural
iuvading.

Grade I11-F A flight castiag designed :n function
primarily under onginesred »:Ivuc-
tural load or aerodynamic conditi-ns,
or both, during a £light mission.

Grade IV-F All flisht castings not defined under
grades 1-F, II-F, and III-F.

Grads I-G A non-flight casting designed to

functloun under enginsered structural -

loading and pressurization in excass
‘of one atmocsphere.
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1. SCOPE

1.1 Scope. - Th's standard sstablishes acceptance standards for
aluminum and magnesium sand and permanent mold castings by the radiographic
inspection method,

1.2 (Classification. - Castings shail be classified as follows:

Grads I-F A flight casting designed to function
under engineered structural loading
and pressurization in excess of one
atmosphere during a £flight mission.

Grade II-F A flight casting designad to function
under pressurization ln excess of
one atWLTherh Snwrr s o Fisses
s.ssion without the direct appli-~
cation of anginaerad structural
ivading.

Grade I1I-F A flight castlag designed :n function
primariliy under onginesrec »:vuce
tural load or ssrodynamlic condi:ii-ns,
or both, during a flight mission.

Grade IV-F All flight castings not defined under
sr‘ﬁ" 1'?‘ II.F; “d III’F&

Grads 1-G A non-flight casting designed to
funct lon under enginsersd structural
loadinz and pressurization in excess
of one atmosphere.
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AMENDMENT 1
August 17, 1966

GEORGE C. MARSHALL SPACE FLIGHT CENTER
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

CASTINGS, ALUMINUM AND MAGNESIUM ALLOY,

RADIOGRAPHIC INSPECTION OF , ACCEPTANCE STANDARD FOR

This amendment forms a part of George C. Marshall Space Flight Center
{MSFC) Standard MSFC-STD-100, dated May 16, 1961, and has been approved
by MSFC and is available for use by MSFC and associated contractors.

(1) Page 2, paragraph 2.1, lines 1 and 2: Delete and substitute
the following: ‘

“2.1 The following documents form a part of this
standard to the extent specified herein. Unless
otherwise indicated, the issue in effect on date
of invitation for bids or request for proposals
shall apply.”

(2) Page 2, paragraph 2.1: Delete "MIL-I-6865" and substitute
the following:

"STANDARDS

George C. Marshall Space Flight Center

MSFC-STD-397 Radiographic Laboratory
Qualification.®

(3) Page 2, paragraph 4.1.1: Delete and substitute the
following:

"4.1.1 Film. - All X-ray shall be made on a very fine
grain film."

(4) Page 3, paragraph 4.4: Delete and substitute the
following: »

"4.4 Qualification. - Radiographic inspection shall be
conducted by the manufacturer and shall be performed by

a laboratory that conforms to Standard MSFC-STD-397."
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Grade 11-G A non=-flight casting designed to
function under pressurization above
one atmosphere during operation
without major structural loading.

Grade 1III-G A aan-fiisht casting primarily
designed to function under engi-
neered structural loading requirements.

Grade IV-G Includes all non-£flight castings not de-
fined under grades I-G, II-G, and III-G.

2. REFERENCED DOCUMENTS

2.1 The following documents of the issue in effect on date of invi-
tation for bids form a part of this standard to the extent specified herein.

SPECIFICATIONS
Military
MIL-X-6141 X-Ray Laboratories: Procedure for the
Certification of (for Inspection of
Aircraft Components),
MIL-I-6865 Inspection, Radiographic,

2.2 QOther publications. - The following documents form a part of this
standard to the extent specified herein. Unless otherwise indicated, the
issue in effect on date of invitation for bids shall apply.

American Society for Testing Materials

ASTM E-155-60T Reference Radiographs for Ianspection
{Series 11) of Aluminum and Magnesium Castings.

3. DEFINITIONS (Not applicable).
4, GENERAL REQUIREMENTS
4.1 Materials.

4.1.1 Film. - All X-Rays shall be made on a very fine grain film.

4.2 Radiographic coverage.

4.2.1 Grades I-F, II-F, I.G and II-G. - Grades I-F, II-F, I-G and
II-G shall have 100 percent radiographic covérage by area using a single
wall technique where possible. &

=
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4.2.2 Grades III-F and III-G., - Grades III-F and III-G shall have
100 percent radiographic coverage by area, unless otherwise specified on
the applicable drawing.

4.2.3 Grades IV-F and IV-G. - Radiographic coverage of grades IV-F
and IV-G shall be at the option of the procuring agency.

4.3 Evaluation. - Castings produced to grades I-F and I-G shall be
regarded as critical in all areas and evaluated accordingly unless noted
on the casting drawing or purchase description., Castings produced to
grades II-F, III-F, II-G and III-G shall be regarded as semi-critical,
containing both critical and non-critical areas. Castings produced to
grades IV-F and IV-G shall be regarded as non-critical and evaluated
accordingly,

4.4 Qualification. - Radiographic inspection of castings shall be
made by a laboratory qualified by Air Force Certification, as specified
in Specification MIL-X-6141. :

4.4.1 Identification. - Film identification and penetrameter usage
shall be in accordance with Specification MIL-I-6865.

4.4.2 Film density. - Film density shall be maintained within the
range of 1.8 to 2.3 (H&D density), unless otherwise directed by the
procuring sgency.

4.4.3 Film plzcement. - Film placement and direction of radiation
shall be determined from the applicable casting drawings where indicated.
Otherwise, procedures in accordance with best rafiiographic practice shall
be used. .

4.5 Repair. - Upon the approval of the procuring agency, grades IV-F,
III-G and IV-G castings may be repaired by welding. Radiographic views of
the defective area taken prior to and after such repair must be clearly
identified on the films and accompany the castings. All castings to
which allowable repair has been made shall have thé repaired area clearly
marked on the casting by encircling the repair with paint or enamel.

4.5.1- Other repair. - Other forms of repair are prohibited unless
written permission is obtained from the procuring agency.

5. DETAIL REQUIREMENTS

5.1 Foundry control castings,

5.1.1 New casting designs. - Castings, designed to function within
the limits defined under all grades of tlis standard, which have not been

released as a production casting shall be defined as a new casting design.
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5.1.1.1 Foundry control castings for new designs. - Castings for
fulfillment of prcduction purchase orders covering new casting designs

shall not be poured prior tc approval, vy the precuring agency, of foundry
control castings. Such castings shall be produced under the same foundry
conditions as developed by the casting vendor for his preduction castings.
The control castings will be evaluated both structurally and metallurgically
by the procuring agency to datermine if the foundry product is acceptable

to design requirements.

5.1.2 Established casting design., - Those cast parts currently in
use as production items or qualified through prototype tests are defined
as established casting designs.

5.1.2.1 Foundry control castings for established designs. - Sub-
mission of foundry control castings on established designs is not required

except on the first lot of castings produced from supplied pattern equip-
ment or any new or alterad patterns. Major changes in sprue, runners,
gates and risers shall be considered as an altered pattern.

5.2 Changes in casting alloy. - Authorized changes in casting alloy
shall require submission of foundry control casting in accordance with
paragraph 5.1.1.1.

5.3 Number of foundry control castings required. - Unless otherwise
specified, at least three control castings shall be required on castings
meeting grades I-F, 1I-F, III-F, I-G, 1I-G, and I1I-G, The number of con-
trol castings for grades IV-F and IV-G shall be at the option of the
procuring agency. At least one of the castings shall have a 1/4-inch
stock minimum remaining of all sprues, runners, gates and risers to show
their position on the casting. ’

5.4 X-ray £ilm. - X-ray film of foundry control castings shall be
made in accordance with the casting drawings or special instructions by
the procuring agency in cases where drawings are lacking, X-ray film
shall be included with all foundry control castings submitted for

" examination.

5.5 Radiographic inspection procedures.

5.5.1 Grfades 1-F, 1I-F, 1-GC and I1-G. =~ Each lot of grades I-F, 1I-F,
I-G, and II-G castings shall have 100 percent radiographic inspection using
single wall technique wherever possible.

5.5.2 Grades III-F and 111-G. - Unless otherwise specified by the
procuring agency, radiographic inspection on grade III-F and III-G castings
shall be through lot sampling as specified in table I.

. e
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Table I - Lot and Sample Size

Lot Size Sample Size

1 1

2 2
24 2-4
5-6 5-6
7-8 6
9-11 7
12-15 ' 8
16-20 10
21=26 13
27-50* 15

* In quantities over 50 pieces, special sampling plans are at the option
of the procuring agency.

5.5.2.1 Lot. - A lot shall consist of all castings of a specific
design or one alloy produced by one particular vendor and submitted for
acceptance at one time (see table I).

5.5.3 Grades IV-F and IV-G. - Sampling for radiographic inspection
of grades IV-F and IV-G shall be at the option of the procuring agency.

5.5.4 YVendor qualification for production lot acceptance by ssmpling
grades III-F, IV-F, III-G and IV-G.

5.5.4.1 First lot. - The first production lot of castings received
from a new vendor source on the first lot of a new casting design quali-
fied under paragraph 5.1.1.1 of this standard and received from any
vendor shall have 100 percent radiographic inspection., If the entire lot
of castings is acceptable to the governing radiographic standards, the
casting vendor shall be considered qualified for lot inspection and the
level shall be reduced to the applicable schedules.

5.5.4.2 Subseguent lots, - If the first lot of production castings
contains castings which do not meet the quality standard, 100 percent
inspection will be required on subsequent lots of castings until accept-
ance criteria of paragraph 5.5.4.1 are met.

5.5.4.3 Rejection. - Casting lots radiographically inspected on a
sampling basis and subsequently found to contain any castings having
defects in excess of the standard shall be rejected. In consideration of
the rejection rate and general quality of the castings the vendor may, at
his discretion and expense, have each casting radiographically inspected.
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Castings in the balance of the inspection lot found to be of satisfactory

quality may be accepted.

rejected and returned to the vendor as scrap.

5.5.5 Inspection standards.
5.5.5.1 Defect limits, - All cracks will be unacceptable,

to aluminum alloy castings.

The remaining castings in the lot shall be

Unless
otherwise shown on the casting drawings, or detailed in the purchase
description, radiographic defect limits for the eight grades defined in
this standard shall be as specified in tables II and III,

Table II applies

Table II - Maximum Permissible Defect Limits in
Aluminum Alloy Castings

Table III applies to magnesium alloy castings.

Ref ,¥* Mat.
Defects Film | Thickness | Casting Grade and Reference Film Number*
Group {inches) o
I-F{II-F|I1I-F|IV-F|I-G|II-G|III-GIIV-G
Gas Holes . :
{isolated) i.1 {1/4-3/4) | 0 | "1 1 210 1 2 3
Gas Porosity - ‘
{round) .21 3 " Y1 @ i 2 311 2 3 5
Gas Porosity ' '
{elongated) 1.22 ¢ " i ¢ 1 1 211 1 2 3
Shrinkage )
Cavity 2.1 ( /4 31 0 0 0 110101 1 1
Shrinkage
Sponge 2.2 (1/4-3/4) | © 4] 1 170 1 2 3
Inclusions
{less dense)| 3.11 | ( " )| o ¢ 1 210 1 1 3
Inclusions
(more demse)| 3.12 | { " )| 0 0 1 2190 1 2 3

* Reference film number "O" requires the quality of the casting to be

superior to that shown by reference film number 1 of the respective reference

£ilm group.

** The A.S.T.M. reference radiographs for inspection of aluminum and
magnesium castings E-155-60T (series 11) are produced as film transparencies.
Copies of these transparencies may be purchased from American Society for

Testing Materials, 1916 Race Sc., Fhiladelphia 3, Pa.
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Table III - Maximum Permissible Defect Limits in
Magnesium Allcy Castings

Ref . Mat, '
Defects | Film | Thickness | Casting Grade and Reference Film Number®
Group {inches)
1«F II-F|III~F|IV-F| I-G|I1-G}II1-G|IV-G
Gas Holes
fisolated) 1.1 {1/4-3/4; | 0O 0 1 170 1 2 3
Segregation 1.2 £ " 31 0 0 1 110 1 2 3
Micro-8hrinkaged
{(fetchery} 2.3t i ¢( " 3] 6 1 1 210 i 2 4
| Micro-Shrinkage '
{sponge) 2.32 ¢ " Y1 0 1 1 210 1 2 4
Foreign Mate-~
rial {less
dense} 3.1 ¢ 0" oo 0 1 1|6 1 2 4
Foreign Mate-
rizl (more
dense)} 312 | ¢ 0" 3P 0O o 1 1] 0 1 1 2

* Reference film number "0" requires the quality of the casting to be
superior to that shown by reference film number 1 of the respective refer-
ence film gzroup.

#** The A.£ T.M. reference radiographs for inspecticn of aluminum and
magbesium castings E-155-60T (:eries 11} are produced as film transparencies.
Copies of these transparencies may be purchased from American Society for
Testing Materials, 1916 Race St., Philadelphia 3, Pa.

5 5.6 Waiver of inspection. - Castings obtained for purpose of
"Moci:~up” and special training aids which will not be used under service
conditions, may have radiograghic inspection waived provided the castings
are marked "SAMPLE" with a steel stamp having letters no less than 1/8-

h ] 3 *

inch high and marked in an obvious "= prowrics! Yoe lon.

Copies of specifications, standards, drawings and publications required
by contractors in connection with specific preocurement functions should be
obtained from the procuring activity or as directed by the contracting
officer.

‘orizc. - When Government drawings, specifications, or other data are
used for any purpose other than in connection with a definitely related
Government procurement operation, the United States Government thereby
incurs no responsibility ncr any obligation whatsoever; and. the fact that
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