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November 22, 1968

SUPERSEDING
Fed. Spec. QQ-M-{0a
April 30, 1956

v

FEDERAL SPECIFICATION
MAGNESIUM ALLOY FORGINGS

This specification was approved by the Commissioner, Federel Supply Serv-
ice, General Services Adminiatration, for the use of all ‘Federal agencies.

1. SCOPE AND CLASSIFICATION

1.1 Scope. This specification covers the
requirements of fully worked magnesium al-

loy forgings.
1.2 Classification.

1.2.1 Compositions. Magnesium alloy forg-
ings covered by this specification shall be of
the following compositions as specified (see
6.2) :

AZ31B—Magnesium—3.0 Aluminum—1.0

Zinc

AZ61A—Magnesium—=6.5 Aluminum—1.0
Zinc

AZ80A—Magnesium—38.5 Aluminum—0.5
Zinc

HM21A—~Magnesium—2.0 Thorium—0.5
Manganese

MIA—Magnesium—1.2 Manganese

TA54A—Magnesium—3.5 Aluminum—5.0
Tin

ZK60A—-Magnesium—>5.5 Zinc—0.45 Zir-
conium

1.2.2 Conditions. Magnesium alloy forgings
shall be furnished in the following condi-
tions as specified (see 6.2) :

(F) Forged

(T5) Forged and artificially aged

(T6) Forged solution heat treated and ar-
tificially aged

2. APPLICABLE SPECIFICATIONS,
AND STANDARDS

2.1 The following specifications and stand-
ards, of the issues in effect on date of invi-
tation for bids, form a part of this specifica-
tion to the extent specified herein.

Federal Specifications:

PPP-B-601—Boxes, Wood, Cleated-Ply-
wood.

PPP-B-621—Boxes, Wood, Nailed and
Lock-Corner,

Federal Standards:

Fed. Std. No. 102—Preservation, Pack-
aging, and Packing Levels.

Fed. Std. No. 123—Marking for Domes-
tic Shipment (Civilian agencies).

Fed. Test Method Std. No. 151—Metals,
Test Methods.

(Activities outside the Federal Government may -
obtain copies of Federal Specifications, Standards,
and Handbooks as outlined wnder General Informa-
tion in the Index of Federal Specifications, Stand-
ards, and Handbooks and at the prices indicated in
the Index. The Index, which includes cumulative
monthly supplements as issued, i for sale on a sub-
seription basis by the Superintendent of Documents,
U. S. Government Printing Office, Washington 25,
D. C.

(Single copies of this specification and other
product specifications required by activities outside
the Federal Government for bidding purposes are
available without charge at the General Services
Administration Regional Offices in Boston, New
York, Washington, D. C., Atlanta, Chicago, Kansas
City, Mo., Dallas, Denver, San Francisco, and
Auburn, Wash.

(Federal Government activities may obitain copies
of Federal Specifications, Standards, and Hand-
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books and the Index of Federal Specifications,

Standards, and Handbooks from established dis-
tribution points in thejr agencies.)

- Military Specifications:

" MIL-C-132—Crate, Wood, Open, Maxi-
mum Capacity 2,500 Pounds.

MIL-M-3171—Magnesium Alloy, Process

for Corrosion Protection of.

MIL-1-10547—Liners, Case and Sheet,
Overwrap, Water-Vaporproof or Ws-
terproof, Flexible,

Military Standards;

MIL-STD-105 — Sampling Procedures
and Tables for Inspection by Attri-
butes,

MIL-STD-IZQ——Marking for Shipment
and Storage,

(Copies of Military Specifications and Standards

required by contractors in connection with specific
. brocurement functions should be obtained from the

procuring activity or as directed by the contracting
officer.)

3. REQUIREMENTS
3.1 Chemical composition.

3.1.1 The chemical composition of the forg-
ings shall be as specified in table 1.

3.1.2 The contractor shall furnish an anal-

ysis of each melt showing the percentage of

.each of the elements designated in table
I

3.1.3 Chemical analysis by the contractor
of the individual melts may be waived at
the discretion of the procuring agency, pro-
vided that the producer’s method of compo-
sition control is acceptable to it, or that all
the material in the lot can be identified as
being from melts previously analyzed and
found to be in conformance with the chemi-
cal composition requirements of the alloy
specified.

'3.2 Mechanical properties. The mechanical
properties of test specimens taken from the
magnesium alloy forgings shall be as speci-
fied in table IT for the condition specified.

2
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TABLE I—Chemical composition limits:
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TABLE II—Mechanical properties
Yield strength at 0.2 percent offset
Composition . Tensile or at extension indicated Elongation in
No. Condition strength, Fxtension 2 inchgs, or in
mininlum Minimum under load 4D minimuml
P.sdi. P.ea, Inch per inch Percent
AZ31B F 84,000 19,000 0.0049 6.0
AZ61A F 38,000 22,000 0.0064 6.0
AZB0OA F 42,000 26,000 0.0060 5.0
T5 42,000 28,000 0.0063 2.0
HM21A T5 34,000 25,000 0.0058 3.0
37,000 27,000 0.0124 6.0
MIA F 80,000 18,000 0.0048 3.0
TA54A F 36,000 22,000 0.0054 7.0
ZK60A T52 42,000 26,000 0.0060 7.0
T63 43,000 32,000 0.0069 4.0

1 The letter “D” in the expression “4D” in the heading of the last column represents the diameter of

the gpecimen,

? Properties are for forgings of 8 inches or less section thickness.
3 Properties are for forgings of 2 inches or less section thickness.

3.3 Dimensions and tolerances. Dimen-
sions and tolerances shall be as shown on
applicable drawings or as specified in the
contract or order.

3.4 Protective finish. Unless otherwise
specified in the contract or order, all forg-
ings shall be given a protective treatment
of the chrome-pickle type, prior to shipment.
Unless otherwise specified, for Army, Navy,
and Air Force purchases the chrome pickle
treatment shall be in accordance with type
T of MIL-M-3171.

3.5 Heat treatment. The forgings shall be
given such heat treatment and aging, in ac-
cordance with the manufacturer's practice,
as is necessary to produce material in either
the (F) or the (T5) conditions that will meet
the requirements specified. Forgings shall
be given a solution heat treatment and then
artificially aged as specified in 4.7 to pro-
duce material that will meet the require-
ments specified for the (T6) condition.
Treatments shall be performed on the whole
of a piece, never on a part only, and shall
be applied in a manner that will produce the
utmost uniformity.

3.5.1 When specified in the contract or
order, or on request, the contractor shall
furnish the Government agency involved
with a complete record of the heat treat-
ment performed on the forgings.

3.6 Identification markings. Unless other-
wise specified in the contract or order, forg-
ings shall be marked continuously along the
length with the alloy composition designa-
tion, followed by the condition designation
and specification number. The characters, -
recurring at intervals not exceeding 6 inches,
shall be clearly legible and shall not be harm-
ful to alloy nor obliterated by ordinary han-
dling.

3.7 Workmanship. The forgings shall be
of uniform quality and condition, free from
blisters, fins, folds, seams, laps, cracks, seg-
regations, spongy areas or other defects,
which may adversely affect their service-
ability. Apparent surface defects may be ex-
plored and if they can be removed so they
do not appear on re-etching and the required
section thickness can be maintained, they
shall not be cause for rejection.

3.7.1 Grain flow pattern. Sufficient work-
ing shall be done to produce a uniform
wrought metallurgical structure. When spec-
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ified in the contract or order, the grain flow
pattern shall conform with that of a sample
forging, photograph, or drawing approved
by the procuring agency.

8.1.2 The forgings shall not be repaired

'by plugging or welding.

4. SAMPLING, INSPECTION, AND

- TEST PROCEDURES

4.1 Responsibility for inspection. Unless
otherwise specified in the contract or pur-
chase order, the supplier is responsible for
the performance of all inspection require-
ments as specified herein. Except as other-
wise specified, the supplier may utilize his

_own facilities or any commercial laboratory

acceptable to the Government. The Govern-
ment reserves the right to perform any of
the specifications -set forth in the specifica-
tion where such. inspections are deemed nec-
essary to assure that supplies and services
conform to prescribed requirements.

4.2 Lot. Unless otherwise specified in the

. contract or order, a lot shall consist of all

forgings submitted at one time of the same
composition, condition, pattern, and size, and
subject to the same aging process. For forg-

_ings weighing 5 pounds or less, the maxi-

mum weight of a lot shall be 2000 pounds,
and for larger forgings it shall be 40600
pounds.

4.3 Sampling.

4.3.1 For visual end dimensional examina-
tion. Samples for visual examination shall
be selected from each lot of magnesium al-
loy forgings in accordance with the provi-
sions of MIL-STD-105. Samples selected for
dimensional examination may be the same as
those selected for visual examination.

4.3.2 For chemical analysis. Samples for
chemical analysis shall be selected as de-
sceribed in method 111 or method 112 of Fed.
Test Method Std. No, 151 to represent each
2000 pounds of metal comprising the lot.

4

4.3.2.1 Chemical analysis. A ecomposite sam-
ple of at least 75 grams of chips or drillings
shall be obtained by drilling or machining
the sample forgings of 4.3.2 in accordance
with method 111 of Fed. Test Method Std.
No. 151. Chips or drillings shall be cleaned
with a magnet. The sample shall be free
from dirt, oil, grit, and other foreign mat-
ter.

4.3.2.2 Spectrochemical analysis. A piece
of metal weighing not less than 20 grams
shall be taken from each of the sample
forgings of 4.3.2. Specimens for spectro-
chemical analysis shall be prepared in ac-
cordance with method 112 of Fed. Test
Method 3td. No. 151. The samples shall be
free from dirt, oil, grit, and other foreign
matter,

4.3.3 For tension test. Unless otherwise
specified, two tension samples shall be ge-
lected from each lot,

4.3.3.1 Test specimens having maximum
metal flow in the longitudinal direction shall
be cut from forgings selected from the lot.
In case of forgings which are too small to
permit satisfactory tension-test specimens
being obtained therefrom, the mechanical
properties shall be determined on a test cou-
pon forged to a size from which the stand-
ard test specimen can be machined. This
test coupon shall be taken from the same
stock and shall be subjected to the same
treatment as the lot of forgings which it
represents.

434 Flow lines examination. For deter-
mination of wrought structure, presence of
internal defects and flow lines, a forging
representative of each die pattern, size, and
alloy shall be selected from the first lot only
produced on the die.

4.4 Specimen preparation.

4.4.1 Specimens for tension test. Test
specimens shall be prepared in such a man-
ner that the longitudinal axis is approxi-
mately parallel to the direction of maximum



flow of the metal in the forging or coupon.
The tension-test specimen shall be machined
to the form and dimensions of types R1,
R2, or R3 in accordance with method 211 of
Fed. Test Method Std. No. 151, When it is
impracticable to obtain specimens of the di-
mensions prescribed for type R1, the larg-
est size type R2 or R3 specimen obtainable
shall be used.

4.4.1.1 Test pieces shall be subjected to
the same treatment as the lot represented,
before machining operation.

4.4.2 Specimens for flow lines examina-
tions. The sample forging shall be sectioned
and deep-etched by a suitable reagent in
such a manner that the flow lines are suit-
ably developed for examination (see 6.3).

4.5 Examination.

4.5.1 Forgings. Sample forgings selected
in accordance with 4.3.1 shall be visually ex-
amined for conformance to the requirements
of 3.4, 3.6, and 3.7 and measured for com-
pliance with the requirement of 3.3. Accept-
ance criteria shall be in accordance with
MIL-STD-105, inspection level 11, acceptable
quality level 1.5 percent.

4.5.2 Packing. Packing and packing mark-
ings shall conform to the requirements of
section 5 of this specification.

4.6 Tests.

4.6.1 Chemical analysis. Sample forgings
selected in accordance with 4.3.2 shall be
tested in accordance with method 111 or 112
of Fed. Test Method Std. No. 151 to deter-
mine conformance to the chemical require-
ments of table I. In case of dispute, chemical
analysis by method 111 shall be the basis for
acceptance.

4.6.2 Tension tests.

4.6.2.1 Tension strength. Specimens for
tension tests, prepared in accordance with
4.4.1, shall be tested for tensile strength in
accordance with method 211 of Fed. Test
Method Std. No. 151 to determine conform-
ance to the requirements of table II.

-
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4.6.2.2 Yield strength. The yield strength
of the tension-test specimens shall be deter-
mined either by the offset method or the
extension-under load method as detailed in
method 211 of Fed. Test Method Std. No.
151 to determine conformance to the re-
quirements of table II. In case of dispute,
the offset method shall be used.

46.3 Flow-line examination. Specimens
for flow-line examination prepared in ac-
cordance with 4.3.2.2 shall be examined to
determine conformance to the requirements
of this specification (see 3.7.1).

4.7 Heat treatment response. The forg-
ings furnished to this specification for com-
position ZK60A in the solution heat treated
and artificially aged temper (T6) shall dem-
onstrate ability to conform to the properties
in table II based on the following heat treat-
ment schedule:

Solution treatment—9380° + 10°F. mini-
mum time of 1 hour, maximum time
of 3 hours; in controlled sulfur
dioxide furnace.

Quenching—Quenched in water whose
temperature is 120° to 160°F. met-
al temperature should not be less
than 900°F. upon entering quench
media. Allowable quench delay-en-
tire forging must be submerged
within 10 seconds after leaving fur-
nace.

Artificially aging—275° to 800°F, for 24
to 48 hours and air cooled.

4.8 Rejection and retests.

4.8.1 Rejection. When one or more test
specimens fail to meet any of the tests re-
quired by this specification, the lot repre-
sented by the specimen or specimens shall
be rejected.

4.8.2 Retests. Retests shall be permitted
in accordance with the requirements of Fed.
Test Method Std. No. 151.

4.8.3 Resubmitted lots. Paragraph 12.2 of
MIL-STD-105 shall apply except that a re-

§ |
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submitted lot shall be inspected, using tight-

 ened inspection. For visual examination

where the original acceptance number was
zero, a sample size represented by the next
higher sample-gize code letter shall be chos-
en, :

5. PREPARATION FOR DELIVERY

(For civil agency procurement, the defi-
nitions and application of the levels of pack-
ing shall be in accordance with Fed. Std. No.
102.) .

5.1 Packing. Unless otherwise specified,
all material shall be separated by size, com-
position, and condition when packaged for
shipment. The gross weight of containers or
bundles shall not exceed approximately 750
pounds- whehever practical. Unless other-
wise specified in the contract or order, pack-
aging shall be as for level B (see 5.1.2).

5.1.1 Level A. Unless otherwise specified
in the contract or order, forgings shall be
packed in boxes in accordance with PPP-B-
601 (overseas type) or PPP-B-621 (over-
seas type). Forgings shall be adequately

-supported within the container in a manner

degigned to provide a neat, compact, and
nonshifting load. Forgings having finish-
machined surfaces shall be individually pro-
tected against corrosion, or containers shall
be case lined in accordance with MIL-L-
10547 and the forgings blocked to prevent
piercing or tearing of the lining.

5.1.2'Level B. Large forgings, or forgings
having protection, or so constructed or fin-
ished that they may be damaged in handling,
shall be packaged in domestic type boxes in
accordance with PPP-B-601 (domestic type),
PPP-B-621, or MIL-C-132. Small forgings
shall be rigidly packed in boxes conforming
to the above gpecifications, or, if acceptable
to the procuring activity, they may be bun-
dled.

5.1.3 Level C. Forgings shall be packed or
otherwise prepared for shipment to insure
carrier acceptance and to insure safe deliv-

6

cry to destination at the lowest applicable
rate. Containers shall meet, a8 a minimum,
the requirement of rules and regulations ap-
plicable to the mode of transportation select-
ed.

5.2 Marking.

5.2.1 Civil agencies. In addition to any
special marking required by the contract or
order, (see 6.2), shipping containers shall be
marked in accordance with Fed. Std. No.
123.

5.2.2 Military agencies. In addition to any
special marking required by the contract or
order (see 6.2), shipping containers shall be
marked in accordance with MIL-STD-129.

6. NOTES

6.1 Intended use.

6...1 Composition AZ31B alloy is used
when good weldability, good strength, and
good cold formability are desired. It has bet-
ter press forging characteristics than any
of the other alloys and may be worked on
hammers or mechanical presser.

6.1.2 Composition AZ61A allov is used
when relatively easy forming and welding
are desired with medium mechanical
strength. This alloy is usually press forged
and may be forged inte more intricate parts
than composition AZ80A alloy. The forge-
ability and mechanical properties are inter-
mediate between those of composition
AZ31B and composition AZSOA.

6.1.3 Composition AZB0A alloy is used
where maximum strength is required, and
can be heat treated to provide improved me-
chanical properties, but can be supplied on-
ly as press forgings. The material is stiff
and somewhat difficult to form, but parts
such as crankcases can be die pressed if suf-
ficiently large equipment is available. The
endurance limit is approximately 15,000
pounds per square inch. Aging tends to pre-
vent growth in service. Forgings in condition
F can be changed to condition T5 by aging
24 hours at 177°C (350°F.). In the case of



large and intricate forgings of this alloy,
it may be difficult to develop the minimum
yield strength values specified in table II.

6.1.4 Composition HM21A alloy forgings
are used for parts necessary for high tem-
perature service, especially in the tempera-
ture range of 500° to 700° F. and requiring
good weldability characteristics.

Note: An Atomic Energy Commission
license is required for the purchase of
this material.

6.1.5 Composition MIA alloy forgings are
used for parts that have to be welded to
each other or to extruded assemblies of the
same composition where easiest forming and
welding are desired strength is not of great
importance. It can be either hammer forged
or press forged.

6.1.6 Composition TA54A alloy forgings
are used where medium strength, maximum
elongation, and easy welding are required.
This material can be either hammer forged
or press forged, and is suitable for difficult
design. It is economical and easier to fabri-
cate than composition AZ31B, AZB1A or
composition AZ80A alloys. The corrosion re-
sistance and mechanical properties, how-
ever, are lower than those of the other three
alloys. The endurance limit is 10,000 pounds
per square inch,

6.1.7 ZK60A has excellent press forging
characteristics and an excellent combina-
tion of strength and ductility.

6.2 Ordering data. Purchasers should ex-
ercise any desired options offered herein
and procurement documents should specify
the following:

(a) Title, number, and date of this speci-

fication.

(b) Composition (see 1.2.1).

(¢) Condition (see 1.2.2).

(d) Chemical analysis (See 3.1.1).

() Dimensions and dimensional toler-

ances (see 3.3). .. _ . ___ . _  _

" Downloaded from http://www.everyspec.com

QQ-M-40b

(f) Grain flow pattern (see 3.7.1).
(¢) Size of lot, if different from 4.2.

(2) Whether level A or level C packing
is required in place of level B (see
5.1, 5.1.1, 5.1.2, and 5.1.3).

6.3 The chrome-pickle type protective fin-
ish applied in accordance with this specifi-
cation is an acceptable etch for flow lines
examination.

6.4 Fully worked magnesium-alloy forg-
ings refers to material that has been worked
sufficiently during the forging operations to
develop maximum properties. Material that
has been given smaller amounts of work-
ing will have corresponding lower proper-
ties.

6.5 Transportation description. Transpor-
tation descriptions and minimum weights ap-
plicable to this commodity are:

Rail:

Forgings, not otherwise indexed by
name, magnesium metal alloy.
Carload minimum weight 30,000

pounds.

Motor:

Forgings, not otherwise indexed, mag-
nesium metal alloy,
Truckload minimum weight 30,000
pounds, subject to Rule 115, Na-
tional Motor Freight Classification,

Notice. When Government drawings, specifica-
tions, or other data are used for any purpose other
than in connection with a definitely related Govern-
ment procurement operation, the United States Gov-
ernment thereby incurs no responsibility nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the gaid drawings, specifications, or other
data, is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or ecorporation, or conveying any rights
or permission to manufacture, use, or sell any
patented invention that may 'in any way be rclated
thereto. .

Copies of this specification may be purchased for 5 cents each.
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