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SCOPE:

.1 Form: This
commonly-a
powder-metgq

.2
magnetic dd

Classificat

Application:

specification and its supplementary detail specifdlcation
ailable rare-earth/cobalt permanent magnets produced by
1Turgy.

Primarily for components of electrical,{electronic, an
vices.

ion: The rare-earth/cobalt permanentynagnets shall be as

specified 1
defined by
8.2. The mg
the title.

. APPLICABLE D

n the applicable detail specification, wherein each mate
chemical composition and energyxhevel. An example is sho
terial covered by each detailspecification appears as p

JCUMENTS: The followingpublications form a part of this

specificatio
Material Spe
shall be as

.1 SAE Publica

 to the extent specified herein. The Tatest issue of Ae
cifications shall apply. The applicable issue of other dg
pecified in AMS 2350.

tions: Availgbste from SAE, 400 Commonwealth Drive, Warre

PA 15096.

2.1.1 Aerospace

Material Specifications:

AMS 2350

Standards and Test Methods

S cover

rial is
n in
art of

ospace
cuments

hdale,
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2.

w

2

Materials
ASTM A341
ASTM

ASTM
ASTM

B193
B311
Ch18

ASTM
ASTM

E8
E92

, 1916 Race Street, Philadelphia, PA 19103.

Direct-Current Magnetic Properties of Materials Using
Permeameters and the Ballistic Test Methods

Resistivity of Electrical Conductor Materials

Density of Cemented Carbides

Steady-State Heat Flux Measurements and Thermal

ASTM Publications: Available from American Society for Testing and

D-C

Transmission

Properties by Means of the Heat Flow Meter Apparatus

Tension Testing of Metallic Materials
Vickers Hardness of Metallic Materials

ASTM E228

ASTM E354

U.S. Gove

Linear Thermal Expansion of Solid Materials with a W
Silica Dilatometer

Chemical Analysis of High-Temperature, Electricdh, Ma
Other Similar Iron, Nickel, and Cobalt Alloys

rnment Publications: Available from Commandifag“Officer,

Publicati

.1 Military

ons and Forms Center, 5801 Tabor Avenue, Ph#Padelphia, P

Standards:

MIL-STD-1
MIL-STD-7

. TECHNICAL RE

05 - Sampling Procedures and Tables“for Inspection by At
04 - Parts and Equipment, Procedures for Packaging and P

QUIREMENTS:

Detail Sp

ecification: The requirements for a specific product sha

of all th
specified
between r
specifica

Compositi
combinati

praseodym
Nominal c
specifica

e requirements specified herein in addition to requireme

in the applicable detail specification. In case of conf
equirements of this basic specification and the applicab
tion, requirements of the detail specification shall gov

on: Shall be RCo5, where R is a rare-earth element or a

on of rape=earth elements, such as lanthanum (La), samar
ium (Proy) neodymium (Nd), cerium (Ce), or Misch metal (M
ompos¥tion shall be as specified in the applicable detai
tionsVariations from the nominal composition will be pe

the magne

tdo'property requirements are met. Composition shall be

Lreous

bnetic, and

aval
\ 19120.

Cributes
hcking of

1 consist
nts

ict

e detail
Prn.

um (Sm),
).

rmitted if
jetermined

by wet ch
methods,

Condition
When orde
keepered.

€mical analysls 1N accordance with ASIM E354, Dy spectrochemical

or by other analytical methods acceptable to purchaser.

: Shall be as specified in the applicable detail
red in the magnetized condition, each magnet shall

specification.
be suitably
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.4 Properties: Magnets shall conform to the following requirements:

.4.1 Magnetic Properties: (See 8.3)

A

A

A

A

.5

5.

5.

.5

1.1 Magneti

c Characteristics: Shall be as specified in the applicab

detail
determi

specification, taken from direct current hysteresis data
ned in accordance with ASTM A341 at 20° - 30°C (68°- 86°

Te

F) on

fully magnetized test specimens. The first quadrant data indicate the
magnetization process and the field required (Hg) in a closed path to
obtain saturation. The residual induction (B,), the induction
coercive force (H ) the energy product (BH),, and the intrinsic
coercive force (H;) shall be reported.

1.2 Perforn

ance as a Function of Temperature: Shall be as specifigd

applica
by the
range,
specifi
when t
permea
to whi
metalld
specif]

1.3 Indivig

ble detail specification, determined in accordance with
reversible coefficient expressed over a specifiedj¥empen
and the irreversible loss of magnetism after exposure to
ed maximum temperature determined in accordancéwith 4.5
e loss of magnetization is expressed in terms of the geg
ce coefficient of the specimen. The maximum~Service temp
h a magnet can be subjected without any{hong-term struct
rgical instability shall be as shown iw the applicable d
cation.

ual Magnetic Component Evaluatiofiv” When specified, an in

magneti
refere

determi
circuit
accepta

2. Propertisg

c component shall be evaluated\by comparison with a stan
ce magnet at one or more poifts on its hysteresis loop,
ned by magnetic circuit parameters simulating the actual
and in accordance with 4>5.1.3. The reference level and
nce standard shall be@s agreed upon by purchaser and vdg

s, Other than Magnetic: Shall be as specified in the app

specificyg
specified

tion, determine@in accordance with the ASTM methods
in 4.5.2. Variation from the specified values will be p
gnetic requirements are met.

as ¢keceived by purchaser, shall be uniform in quality an
,a95 free from foreign material as commercially practica

in the
4.5.1.1
ature

a

1.2,
metry or
erature
ural or
etail

dividual
dard
device
ndor.
[icable detail

crmitted

d
ble, and

free from Tmperfections detrimental To usage of The magnets.

t surfaces shall be free from foreign materials which wo

uld hold

or collect extraneous particles on the magnet surface in the unmagnetized

if the mg
Quality:
1 Magnets,
condition
2 A1l magne
condition
.3 Magnets s

. (See 8.4).

hall be free of loose chips and burrs, and free from

imperfections which would result in loose chips or particles under normal
conditions of handling, shipping, or use of the magnet. A chipped edge or
surface shall be acceptable if not more than 10% of the edge or 5% of the
surface is removed, provided that no Toose particles remain on the edge or

surface,

and that the magnet under examination meets the magnetic

requirements.
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3.5.4 Other imperfections, such as minor hairline cracks, porosity, or voids of
the type commonly found in sintered metallic products, are acceptable if
the magnet meets the minimum magnetic performance criteria agreed upon
and, as tested by the magnet manufacturer, the imperfections do not create
loose particles or other conditions which would interfere with proper
functioning of the end device, and visual imperfections do not extend
through more than 25% of any cross section.

3.5.5 When specified, high-purity magnets shall meet standards as agreed upon by
purchaser and vendor.

3.6 Sizes and Tolerances: Sizes shall be as specified on the applicable
drawing; talerances shown in Table T shall apply

4. QUALITY ASSURANCE PROVISIONS:

4.1 Responsibiflity for Inspection: The vendor of magnets shall Gupply #11

/) samples fofr vendor's tests and shall be responsible for performing|all
required tpsts. Results of such tests shall be reported to the purghaser as
required by 4.6. Purchaser reserves the right to sampT€ and perforp any
confirmatory testing deemed necessary to ensure th@t*the magnets cpnform to
the requirgments of this specification and the applicable detail
specificatfion.

4.2 Classificaltion of Tests:

4.2.1 Acceptance| Tests: Tests to determine conformance to requirements for

) compositiop (3.2), magnetic characterfstics (3.4.1.1), reversible
coefficient (3.4.1.2), hardness andvdensity (from detail specification),
quality (3].5), tolerance (3.6), @hd, when specified, individual magnetic
component pvaluation (3.4.1.30,,;are classified as acceptance tests|and
shall be performed on each Jot.

4.2.2 Preproductfion Tests: Tests to determine conformance to all technicfl

g requiremenfts of this specification and the applicable detail specification
are classiffied as pneproduction tests and shall be performed prior|to or
on the firgt-article shipment of a magnet to a purchaser, when a change 1in
material, proceSsing, or both requires reapproval as in 4.4.2, and|when
purchaser deems“confirmatory testing to be required.

4.2.2.1 For direct U.S. Military procurement, substantiating test data and, when
requested, preproduction test magnets shall be submitted to the
cognizant agency as directed by the procuring activity, contracting
officer, or request for procurement.

4.3 Sampling: Sufficient magnets shall be selected from each 1ot to perform
each test in duplicate; a 1ot shall be all magnets of the same size and form
manufactured under the same conditions from the same batches of raw
materials in a continuous production run and presented for vendor's
inspection at one time.
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4.3.1 Sampling Schedule: Shall

Inspection, General

be in accordance with Single Sampling for Normal

Inspection Level

(AQL) of 1.0 specified in MIL-STD-105 as shown in Table II. Test

specimens shall be taken at random throughout the Tlot.

TABLE TII
Sample Acceptance Rejection
Lot Size Size Number Number
2 to 8 2 0 1
9 0 15 e} n 1
16 to 25 5 0 1
26 to 50 8 0 1
51 to 90 13 0 1
91 to 150 20 0 1
|51 to 280 32 1 2
P81 to 500 50 1 2
01 to 1,200 80 2 3
1,201 to 3,200 125 3 4
3,01 to 10,000 200 5 6
10,001 to 35,000 315 7 8
35,001 to 150,000 500 10 11
150,001 to 500,000 800 14 15
500,001 and over 1250 21 22

4.4 Approval:

4.4.1 Sample magnets shall be approvedoby purchaser before magnets for
production use are supplied, (unless such approval be waived by pun
Results off tests on production magnets shall be essentially equiva
those on fhe approved sample.

4.4.2 Vendor sha
methods of
as those |
in composi
submit fo

processing

11 use compesition, manufacturing procedures and process
inspectdoh on production magnets which are essentially
sed onlfapproved sample magnets.
tiop,\processes, or manufacturing procedures, vendor shg
reapproval a statement of the proposed changes in maten
,~0r both and, when requested, sample magnets.

If necessary to make any

Productio

magnets made by the revised procedure shall
receipt of reapproval.

not be shipped prior to

IT, with an Acceptance Quality Level

chaser.
lTent to

es, and
the same

change

11
ial,
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4.5 Test Methods:

4.5.1 Magnetic Properties:

4.5.1.1

4.5.1.2

4.5.1.3

4.5.2 Properties Other than Magnetic:

Revers

ible Coefficient: The magnetic characteristics of fully

magnetized test specimens shall be determined at 20°- 30°C (68°- 86°F)

in acc
temper

ordance with ASTM A341. The specimens shall be heated to

ature specified in the applicable detail

the

specification, held at

temperature sufficiently long for the entire specimen to reach the test

temper
temper
cycles
change
the up
indica
lToad 1
=1.0)
the re

Irreve

tira and canlod +0 vwaam +omnaopratiirg 10 c+411 9 p Tha
H—e—a —e-c—+ { H—teHp-e—acot 4 a1

ture cycling shall be repeated to achieve at least thi@ed
in a continuous operation prior to determining the, magng
After the third cycle, the magnetization shall bé&“reco
er and lower temperatures. The total change in magnetiza
ted by the point of intersection of the hystergsis Toop 4§
ne specified in the applicable detail specification (no
divided by the temperature span, in Celsjus degrees, s
ersible coefficient.

fully-
(68°
magnet
temper
temper
temper
determ
betwee
expres
value,

Indivi

rsible Loss of Magnetization: The magnetic characteristig
nagnetized specimens shall be detepmined at 20°- 30°C
86°F) in accordance with ASTM A341; a single value of
zation shall be recorded. ThesSpecimens shall be heated
ture specified in the appligéble detail specification, N
ture sufficiently long for the entire specimen to reach
ture, cooled to room temperature, and the magnetization
ned a second time. Thérsdifference of the magnetization
n the first and the(second room-temperature determinatio
ed as a percentage-of the original room-temperature mag
is the irrevepsible Toss.

ual Magnetfc-Component Test: A method of test shall be q

which

more p
parame
equipm
determ

hall cauSe>the magnet component under test to operate at
ints ehA_its hysteresis loop, established by magnetic ci
fersy,t0 simulate its performance in the final device or
Ent~The Tevel of induction or magnetomotive force can be

ned by generation of a voltage or by a Hall effect gausg

complete
tization
ded at
tion,
nd the
mally B/H
all be

as

s of

to the
eld at
the test

alue
S,
etization

hosen,
one or
cuit

meter.

The acceptability of the magnet shall be judged by comparison of the
readings with those of a reference magnet which represents a known Tevel
of performance in the device. An alternate reference may be an absolute
of a defined magnetic quantity, such as induction; the reference

level
level

shall be as agreed upon by purchaser and vendor.

Shall be determined in accordance

¢

the following:

Requirement Test Method
Tensile Strength ASTM ES8
Hardness ASTM E92
Density ASTM B311
Resistivity ASTM B193
Thermal Conductivity ASTM (C518
Thermal Expansion ASTM E228

with
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4.6 Reports:

4.6.1 The vendor of magnets shall

4.

4.7 Resampling
meet the sp
the results
nonconformi
specified r
represented
tests shall

5.

5.

5.

6.

1

2.

2

furnish with each shipment a report sh

owing

the results of tests to determine conformance to the acceptance test
requirements and stating that the magnets conform to the other technical

requiremen
specificat
AMS 7510A

ts of this specification and the applicable detail
ion. This report shall

and its applicable detail specification number and revis

include the purchase order number,

ion

letter if any, vendor's material designation, 1ot number, size or part

number, da

te of manuFarfnrp’ and qnanfifv

The vendo
shipment 3
applicable
contracto
quantity.
parts veng
conformang
detail spg
that the n
results of

and Retesting:

of finished or semi-finished parts shall furnish with’ e
report showing the purchase order number, AMS 75404 and
detail specification number and revision letter&f any,
or other direct supplier of magnets, part numper, and
When magnets for making parts are produced o purchased
or, that vendor shall inspect each Tot of/magnets to det
e to the requirements of this specification and the appl
cification and shall include in the report either a stat
agnets conform or copies of laboratqQry reports showing 1
tests to determine conformance.

If any specimensused in the above tests f

PREPARATION #f

ng specimen.
cquirements shall be .cause for rejection of the magnets
Results of

ccified requirements, disposdi®@ion of the magnets may be

of testing three additional” specimens for each original
Failure of ,any retest specimen to meet the

and no additional testing shall be permitted.
be reported.

OR DELIVERY:

1.

Identifica

tion: Shgll} be as agreed upon by purchaser and vendor, 4

that the
than the f

RARE-EARTH

nit and gxterior package identification shall include ng
olTowing information:

/COBALT PERMANENT MAGNETS, (code from applicable detail

ach
its

by the
ermine
icable
ement
he

hils to
ased on

all

xcept
t Tess

specification)

AMS 7510A

(magnetized or unmagneti

zed)

MANUFACTUR
PURCHASE 0
SIZE OR PA
LOT NUMBER
QUANTITY

ER'S IDENTIFICATION

RDER NUMBER

RT NUMBER

Packaging:

Magnets shall be prepared for shipment in accordance with commercial

practice a

nd in compliance with applicable rules and regulations

pertaining to the handling, packaging, and transportation of the magnets
to ensure carrier acceptance and safe delivery. Packaging shall conform
to carrier rules and regulations applicable to the mode of transportation.

1 Special

packaging and Tabeling requirements shall be applied to

magnetized material as required by applicable codes and regulations.
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5.2.2 For direct U.S. Military procurement, packaging shall be in accordance
with MIL-STD-794, Level A or Level C, as specified in the request
procurement. Commercial packaging as in 5.2.1 will be acceptable i

meets the

requirements of Level C.

for
f it

6. ACKNOWLEDGEMENT: A vendor shall mention this specification number and the applicable

detail specification number and their revision letters, if any, in
all quotations and when acknowledging purchase orders.

7. REJECTIONS: Magnets not conforming to this specification and the applicable detail

specificatio
subject to rd

8. NOTES:

8.1 Marginal In

, or to modifications authorized by purchaser, will be
jection.

dicia: The phi (@) symbol is used to indicate technical

changes fro

8.2 (lassificat

m the previous issue of this specificatiop.

ion System: The classification system 6Gsed to identify e

detail spec
the title:

Example: Sa

8.3 Magnetic Ch

ification is shown by the following example of the secon

marium-Cobalt, 33/67 - 15(119).250

L_____Maximum recommendd

temperature, degrg

Energy product Tevel, MGOe (kT

Nominal chemical composition

bracteristics~- Design: The nominal values for the magne

characteris
use in cali
specific da

8.4 Inspection

tics may _berused as a design value in noncalibrated devi
brated devices, a minimum for a property should be deter
ta exehange and agreement between purchaser and vendor.

éthods: Normally, inspection methods, such as use of

hch
i Tine in

d service
es C

-A m)

LicC
tes. For
hined by
ic

penetrants,

Mmagnettc particle analysTs, and ultrasontc or radrograp

inspection are not acceptable methods for judging the quality of sintered

rare-earth magnets.

In cases where the magnet is expected to withstand

abnormal conditions or stresses, such conditions should be specified and a
mutually acceptable test devised to ensure the magnet will not fail
the specified service conditions. Such tests should duplicate service
conditions with appropriate safety factors.

under
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