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1.0 SCOPE

This specification describes the heat treatment process for vanadium permendur. Vanadium permendur is
the generic name for the iron-cobalt-vanadium alloy which has magnetic properties (high magnetic
saturation, high magnetic permeability, low D.C. coercive force) which make it attractive as a magnetic
pole material. The alloy is comprised of about 49% Fe, 49% Co and 2% V. (Small quantities of Mn, Si, C
and other materials may be added, depending on the specific manufacturer, and these variants may have
differing trade names). The 2% Vanadium is added to the material to improve machinability. The bulk
material should be purchased in the annealed state and heat treated after final machining as described
herein to achieve peak magnetic properties.

2.0 REFERENCES

ASTM A-801-T1, Vanadium Permendur Material Spec.

Hyperco 50A, Scientific Alloys Trade Name, Specification for Heat Treatment

Heat Treatment For Magnetic Properties, Specification for Vanadium Permendur, Lawrence Berkeley
Laboratory specification dated 5/15/1995.

3.0 HEAT TREATMENT FOR MAGNETIC PROPERTIES

The following procedure is required after machining of vanadium permendur parts to restore optimum

magnetic properties:

A, IMPORTANT!: Final heat treatment of all vanadium permendur parts in a common assembly is to be
performed in one batch.

B. Clean all parts to remove surface contamination,

C. Anneal for 4 hours at 1600° F (871° C) in a dry hydrogen (at 1 atm. pressure) or vacuum furnace set at a
pressure less than or equal to 1x10* torr. Slow cool at a rate not to exceed 180°hr {100° C/hr). Control cool
down rate from 1600°F (875° C) down to 750° F (400° C). Below 750° F (400° C) any cooling rate may be
used. Position temperature sensors to ensure that all parts reach maximum temperature for a full 4 hours.

D. Test a stainless steel coupon through the entire heat cycle prior to heat treating the vanadium permendur
poles. Coupon should be clear of oxides and discoloration when removed from retort.
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E. Support parts in furnace to minimize distortions during heat treating process.

F. After heat treatment, surfaces of part must be clean and free of oxides, and/or discoloration. Do not use
powders or drying agents which are contaminated with water during heat treatment, since this may result in

an oxide coating on the part(s).

G. Certification of heat treatment is required. This certification must include temperature/time graphs.
NOTE: Temperature must not exceed 1600° F (871°C) during process. Operator must verify that the
proper temperature plateau has been reached, and that no over temperature shoot has occurred. Operator
must initial and date fime/temperature graph at this time.

H. If dry hydrogen atmosphere is used, dew point of gas entering retort must not exceed -60°F (-51° C).
The exiting dew point must be dryer than -40° F (-40° C). Dew point measurement to be included with
time/temperature certification.

L IMPORTANT! Care in handling, storing and packaging must be exercised at all times to protect parts
from any surface damage.

4.0 SOURCES OF SUPPLY
The following is a limited list of suppliers for vanadium permendaur,

Vasco-Pacific

707 West Olympic Blvd.
Montebello, CA 90640
(213) 723-5331

Telcon Metals Limited
Napier Way

Crawley

West Sussex, England
44-293-528800

Scientific Alloys
P.O. Box 523
Westerly, RI 02891
(401) 596-4947

Surepure Chemicals, Inc,
23T Woodbine Rd.
Florham Park, NJ 07932
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(201) 377-4081

Dexter Magnetics

48460 Kato Road
Fremont, CA 94538-7337
(510) 656-5700

Carpenter Technology
P.O. Box 14662
Reading, PA 19612-4662
(215) 208-2802

Metalimphy

2975 Advance Lane
Colmar, PA 18915
(215) 822-1348

Vacuumschmelze

c/o Siemens Components, Inc.
186 Wood Avenue South
Iselin, NJ 08830

(210) 494-3530

APPENDIX

Attached are some physical, magnetic, heat treatment, and machinability properties, courtesy of Scientific

Alloys, Inc. for Hyperco S0A, which may be considered typical for vanadium permendur products.
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ID:SCIENTIFIC ALLOYS |
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EEesssssssss——— Hiperco® Alloy 50A

Type Analysls Caon....|......[....... 0.004% Cobalt . ..o nains 48.75%
yP Y © Manganese.|. ......{......-. 0.05% Vanadlum ...... R . 2.00%
Silleon....Joesuvcibunns 0.05% Iron........oovviano. Balance
Description Hiperco?® alidy SOA is|an iron-cobalt- additlons of nioblum and carbon for
. vanadium soft magnstic alloy grain refinement to achigve higher
possessing Nigh magnetic saturation mecharical strengths with only a
(24 kllogausg), high 0.C. maximum slight sacriflce in magnstic
permeability] low D.(J. coercive force properties. Hiperco alloy 50’s higher
and low A.Cjcare logs. This alloy strength is necessary for rotating
exhibits magnetic propertles superlor component laminations subject to
to those of gther commercial iron- stress from high rotatlonal speads.
- caball soft magnetic [alloys. Hiperco alloy 50 has been uged in
in eddition, Garpentef produces strlp form primarily for aircraft
Hiperco alloy 50 whigh has nearly the genoratora and motors. Contact
same nominal analysis as Hiperco Carpenter for technical data.
alloy 50A, but contains small
~ .
App"caﬂons Hiparco allo§ 50A has been used densliles. T has aiso been used in
primarily formagnetic cores in tape cores where lowest A.C. lossas
: electrical eqipment requiring high and high permeabllity at high
permeability lat high tagnstic flux inductlons are desired.
—, .
) . .
Phys]cal Specificgrafty ....0.......... 812 Modulus of elasticity
Density X10psh ..o 30
Propertles ibleuln ..J...... ... it 0.283 Saturation magnetostriction
kgicum ). ... . ... 8120 change inunitlength X10°. . .... 80
Elsctrical registlvity Thermal conductivity
 ohmsemff... ... ..., 241 watts-emfcm? C. ..., 0.298
microhm-im....[........... 400 :
Curle tempefature
A 1724
o~ [ 940
Mean céefﬂ ient of thermal expansuon
s o i TﬂmpaFaturn R Cosfllciont -
] .‘-"W‘F o 26°C to 10Y*F 104°C
f 302 200 8.3 0.5
75 400 5.8 10.1
1112} 800 5.8 105
1472 800 6.3 113
~
:-::l'];;'ﬂo‘vlhlﬂl ‘::d::':é". auﬂf‘:ﬂ; ﬂ.’ I'::.!lllz:l'fﬂa'ﬂfu wm:u‘l‘:: : n':“:::‘:‘u. ndad as ‘Hlfflnl"., ELECTHON;C ALLOYS 1

minimum valuer. Applloations apsalfinally suggestes far
matatial described henein are made wiely for the

aithver expreas of iinphiad, of Nithess tor thede or othar

purpasas.

F 1he reader to make his

12-52/4.50
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Hiperco® Alioy 504
- . ' o
Heat Standard Trqatment
’ Anneal parts at 1575/1600°F " For Products Produced from Any
Treatment (867/871°C) for 2 to'4 hours In dry Size Bar— |
. hydrogen or|vacuum |and cool at This practice can be appited to all
. 150/3507F (8R/194°C)|per hour until parts produced trom bar products,
600°F (318°0) is reached, after which regardless of their size since no rapid
any cocling fate can be employed. Quench practices are raquired. It

It is importa id any
contaminatign of the|finished
fabricated parts during the heat
treatment. All parts must be cleaned
thoroughiy t9 remave| any surface
contarninantk prior tg being placed In
an alr-tight rgtort,

A dry hydrogen atmogphere or a high
vacuum Js repommentied to minimize
oxide copntanination of the parta
during annealing. When hydrogen is
empioyed, the antry dew point should
ba dryer than ~80°F (151°C) and the
exit dew polngt dryer than about -40*F
{-40°C) when|the inslde retort
temperature Is above POO*F (462°C),

Opilonal Tramments.
For Centerlesp Grouny Bars
S1.250" (31.7% mm) Diamator—

This duplex plactice I only
recommended for centerlass ground
bars in the side rangs jgiven. Larger
centerless grgund barg, shapes, or
hot rollad barg may bd subject to
cracking If qup thiz manner.

This Is a two-$tep treatmsnt where
the first step tonditions the material
for bast machinabllity jwhile the
second develgps optin
properties. g

Preheat tfoat 3
1850°F (1010°C) tor ahout 30 minyles
In air or protegtive atmmosphers and
quanch dars in cold agltated waier
with thelr long axes in|the vartical
pesition, This preheat tréatment
develops a codrse acicular
martensitic type struecture which
Imparts guctility to tha material and

_ Improves machining of tha fInish part.

The sacond part of the duplex
treatment Invdves the amployment of
the standard tjeatment as described
earliar. At no ime shoutd the

nd treatment
exceed 1600 "H (871 °C)|bacause of the
formatlon of ajnocnmagpetic
austenitic. phage whick transforms
upon cooling, fhereby degrading
magnetic properties dup to ‘
transformation|stresses.

provides Improved capabiiity
magnetic properties on especially
large cross sectlons compared to
those of the standard heat treatment.
Note, however, Jt'is a lengthy process
and, therefore, more expansive.

Heat the finish. machined part in ary
hydroegen or high vacuum to 1700°F
(927°C} (heating rate Is;not critical)
and hoig at 1700°F (927°C; for three
to four hours. Cool at 20°F {11°C)
maximum per hour to 1350°F (732°C),
then cool o BSO“F (510°C) at 200°F
(111 *C) per hour. Cogl at any rate
thereafter.
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‘Hiperco® Alloy 50A
Magnetlc Typlcal D.C. Nagnetic| Propertias—HIperco Altoy 50A
Properties After heat tredtment Indlcated.
W)
ul Applled Fie F-(92
(H) Oers\ad Plos:
B@H= 20 155 Kg 10.0 Ky 16.0 Kg 11.0 Kg
B@H= 40e 166 Kg 15.5 Kg 19.0 Kg 17.5 Kg
B@H= 8pe 200 Kp 18.0 Kg 202 Kg 19.0 Kg
B@H = 10pe 21.0Kg 20.0 Kg 21.0 Kg 20.0 Kg
|B@H =! 50pe 22.7 Kg 22.5 Ka 227 Kg 22.5Kg
B@H =:100 Pa 229 Kg 22.8 Kg 22.8 Kg 22.8 Kg
B @M =200 De 15 Kg 23.0 Kg 23.0 Kg 23.0 Kg
H fremH = 20d0g( (0.4 O 18 Oa 05 Op 1.0 Os

|

Typical D.C. Nagnetizption Curves—Hiparco Alloy 50A ve. Electrical Iron
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Magnetizing Force (H, Qereieds)
———ew| HIpereo alloy 50A strip, 0357 (B9 mm) thick, 1825
; {871°C), 2 hr., dry H,.
e | Hipercg alloy SOA bar, 1875°F (1010°C), waler quenched
: plus 1625°F (871°C), 2 hr., dry H;.
wcanararavavera) Hiperco alloy S0A bar, 1825°F (871°C), 2 hr,, dry Ha..
sessensascsomnsnes| Hipercd altoy S0A bar, 1533°F (820°C), 2 hr,, dry H,.
Electridal Iron bar, 1550°F (843°C). 4 hr., wet H,, FC.
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Hiperco® Alloy 50A
\Workabliit Machinability , o
y The foliowing chiarts incjude typical listed should he used as a guide for
rnachlning parafneters used to initial machine setup only.
machine Hipercb alloy S50A. The data
' High Speed Tools"
: 116" 8FM 25
FEED 001
Cut-Off . SFM 25
18
Tool FEED 002
TURNING ' 14" SEM 25
AND EEED .003
FORM!NQ e SEM 75
TOOL WIDTH FEED 004
: Fofm 1 SEM 25
Tool . FEED 00625
SEM 25
11727 .
FEED 002
arB” SFM 30
Drill FEED 005
DRILLING Dia. SEM 30
4 FEED 010
SFM a5
REAMING Under 1/2 FEED 0050
: Over 112" SFM 65 —
ver et FEED 010
: IT% SFM 8
THREADING . TPRL 815 SFM 10
i Over 18 SFM 15
7% SFM §
: 815 - SFM 7
TAPPING TP 1604 SFM "
Qver 28 SFM E:
. SFM 20-35
MILLING FEED .001-003
‘ SFM 815
BFIOAC!-;HNG FEED 002
; . SFM 25-30
TUBRNING — High Speed Tools . FEED 003-010
SINGLE POINT SFM 7090
AND BOX TOOLS Garbide Tools FEED .020-.027

*When using darbida‘thols, surface spead feet/minute (sfm) can be increased
between 2 and 3 times over the high spesed suggestions. Feeds can be increased
between 50 and 100%. -

Figures used|for all metal removal opsrations covered are average. Cn certain .
waork, the natjire of the part may reqguire adjustment of speeds and feeds. Each
|ob has te beldeveloppd for best production results with optimum tool life.
Speeds or fe}ds should be increased or decreased in small steps.






