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METHOD OF HEAT TRE?T]NG CARTRIDGE
CASE

George Albert Lyon, Detrmt Mzch
Application October 26, 1951, Serial No. 253,279
9 Claims. (ClL 148-—21.55)

This invention rélates to a od. of heat _treatmz7
cartridge cases, and more p
heat treatmg cartrrdge cases formed of medium soft steel
by a series' of cold working steps..

It has heretofore been the pracflce in makrno steel
cartridge cases to start wrth érrcular blanks of hot rolled
fully annealed, sphermdrzed stel of around 0. 30% Cdr-
bon content, and then by 4 series of drawmg and 1nter-
mediate annealing steps to form first & cup and in sdc-
cession, more élongated cases. Additional steps neces-
sary to making the. ﬁnlshed cartrrdge ase 1nclude tri
ming, stréss réliéving, mouth gdnnealing, cold headr'
tapering and’ necking, final mouth annealing dnd o
chining the base. At some stage between the cold higad:

ing and the final machmmg operatxons'lt Has been found
wall contxg-
usually for
the head

necessary to harder the portion f the si
ucus to the roughly formed head, or
a distance of about three to four mches fro
end face in the case of a’ three-mch/SO
refatively high' degree of* hardness is required for this
particular area of the srde wall of the case’ i order to
withstand the expansWe efféct to which it is subjected
when the shell is explodéd in the guh:

The hardemng of this portion of the side wail of the
casing is, however, comphcated by the fact that it'is not
desirable also to harder’ the steel of the head edd of
the case, since that Hust’ subsequently be machined, and
the machining operition i§ made mére difficuli the haf éx
the steel on which’ tht, maehmmg is' carried out.
dition,” where aftetiipts have been niade to restrict the

hardening effect to' the partrcular portron of the’ srde‘

wall required to be hardened, it ha$ Béer’ found that
uch side wall portioft’is liable to: bec me wiiped and
so badly out-of-routid as’tc make the “case unusabIe

Where induction Heating i§ employed in’ conréction
with ‘the hardenmg of the side” wall” aréa ir diately
adjacent the head end, a great deal of dlfﬁcuIty has also
beenl encountered in miaintaiting the proper temperature
in the localized area to be hardened in relation to'thé
carbon content of the steel Proper hardemng by the in-
duction heatmg method requires a very ’close correlatlon
between the' time and temperafur i Reating ' and’ thé
particular carbon conteént of the’ steel. Furthermorez thé
induction heatmg type of° hardenmg réquires a cértdin
amount of time, wHi¢h" I havé’ found ‘to be” longer ‘than
that necessary in carrymg it a’ comparable step in'the
method of my’ invention.”

In_accordance with miy presént’ mvennon, the prelim-
inary operations of fOrming-a cartrldoe ¢ 'are carried
out as described in my copendln abph | ‘Serial ‘Ne.
179,971, filéd" Augist 17, 1950 now Patédit 2,698, 268.
These steps-include the _shearing and coliing of! 4 polyg-
ondl blank’ of médium’ soft steel” to - form therefrom a
circular -disc provrded with aﬁ céntral t ckened portlon
and an’ annular marglnal inclinéd ‘ pottion - whlch tapers
from’ the’ center toward" the pé
sequent 10 the commg'oper
jected to a series of cold working’ opératxons ‘that tactade
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an initial cuppmg and sub’ équer drawrng steps, followed
by a cold heading step to im; rt to the closed énd of
the case roughly thé shape of the head of the ﬁmshed
case,

It 1s after these ﬁrelrmmary cold workmg steps,
preferably after the th drawmg step and. the ci
plétion of the rOUgh dmg step that the case IS §
jected to the heat treatment of my present ,i‘n'y‘entio. ,
This heat treatment ¢ ¢s a Heating stép in which
both. the steel of the d énd and of the contiguous. side
wall portion for.a distarice of 4 few 1nches from the head
end are subjected to t Y ;
but for, different lengths of time and under such. [o
tions that the steel of the head énd is not ralsed a
the lower portion of its crmcal range while the ste
the side. wall portlon is T rsed throuOh its. critical rance
or at Ieast to its upper crrtlcal temperature .

The heat treatment is carrred out’ by advancrnﬂ the
head end into the heatmg zone first and then advancrng
the side wall portlon inito the heated zone until the Iength
of the s1de wall to be hardened has been expased fo the
desired femperaturg, and controlling the total tlmes to
which the head end and the s1de Wall portion_are. sub-
jected to the temperature of the heatmg Z0ne 0. that
upon quenchmg a\drﬁerent;al result is. ootamed as . be-
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is_initially in.a- sphero;dxzed condition.,

the same tlme, it may Be desrrable to augnent the heat
absorptlve mass of tﬁe metal vof the srde wall beyond

therefore,’ only the metall' of
portron that 1s substantlally A

quenchmg The-
with' my method
Acs point, and th

is reduced in hardness and the
tlon 1s mcreased in hardness

] workmg oper-
heat treatm nt. . Thrs

than can be 1ly' ¢o
that ‘is customarlly performed( i
cases., .. _

Furthermore, by' he heat,
invention it is, poss1b to obtam the .desrred results wrth—
out starting Wlth a sph 0l 1 -although my; meth-
od-of heat, treatment will work -equally as well if the.steg]
CAny medmm
soft steel, by which i is meant a steel havmg a.carbow ¢con-
tefit; ‘of between 0.25 and. 0:40%, with a maximuin man-

‘ganese content of 0.90% and. impurities within the usual

maximum values specxﬁed for phosphorus, squhur and
silicon, may be used. In -particular, steels meetmg thc
specifications of SAE 1{)30 and 1835, ‘and’ fhe t

spécificationts desrgnated as’ MIL-8-32§9 have been
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found suitable for processing in accordance with the
method of my invention. -

It is therefore an important object of this invention
to provide a method for the heat treatment of a cartridge
case while in an intermediate stage following cold work-
ing and rough heading steps, in accordance with which
the head end and a contiguous side wall portion of a
case are subjected to a heat treatment step in the same
heating zone but under such conditions as to impart a
differential effect resulting in a relative hardening of the
treated side wall portion and either no substantial hard-
ening or even a relative softening of the head end, with-
out, however, substantial coarsening of the grain in either
of the regions subjected to the heat treating step.

It is a further important object of this invention to
provide a method of heat treating a cold drawn, roughly
headed cartridge case shape of between 0.25 and 0.40%
carbon content under such controlled and localized con-
ditions of temperature and total time of heat treatment
as to obtain the desired degrees of hardness in the metal
of the wall portion contiguous to the head end and in
the head end, respectively, to facilitate the subsequent
machining thereof, without excessive warping of the
metal of the case and without substantial coarsening of
the grain of the steel undergoing heat treatment.

Other and further important objects of this invention
will become apparent from the following description and
appended claims.

The method of my invention is illustrated in the ac-
companying drawings, in which:

Figure 1 is a longitudinal sectional view of a cartridge
case shape in an intermediate stage of processing fol-
lowing a series of cold drawing steps and a rough head-
ing step, illustrating in association therewith a clamping
device for aiding in obtaining the differential effect of
the heat treatment, as referred to above, the clamping
device being partly in section and partly in elevation.

Figure 2 is a fragmentary, sectional view of the lower
end of the cartridge case shape, shown with the head
end immersed in a fused salt bath to illustrate the first
step of the heat treatment.

Figure 3 is a similar fragmentary, sectional view show-
ing the head end of the cartridge case shape immersed
more deeply into the fused salt bath.

Figure 4 is a sectional view taken substantially along
the line IV—IV of Figure 1. .

Figure 5 is a fragmentary, sectional view of the head
end of the cartridge case shape illustrating a clamping
device similar to that shown in Figures 1 to 4, inclusive,
but with an internal plug associated therewith.

Figure 6 is a similar fragmentary, sectional view of
the lower end of the cartridge case shape showing a
modified form of external clamping device. '

Figure 7 is a sectional view taken substantially along
the line VII—VII of Figure 6.

Figure 8 is an enlarged, fragmentary, sectional view
showing hardness measurements on the Rockwell hard-
ness tester, B and C scale, at different points throughout
the head end and contiguous side wall portion of the car-
tridge case shape, prior to the final cold heading opera-
tion but subsequent to the heat treatment of my in-
vention.

Figure 9 is a fragmentary, sectional view of the head
end of the cartridge case shape after a final cold head-
ing operation has been performed thereon;

Figure 10 is a similar fragmentary, sectional view of
thg l.lead end of the cartridge case shape after the ma-
chining, tapping and finishing steps have been performed
on the head. ’

The heat treatment method of my invention is applied
to a cartridge case at a point in its manufacture repre-
sented by the shape indicated by the reference numeral
10. :l‘he shape 10 has been reached by a series of cold
working steps such as those described in my copending
application Serial No. 179,971, filed August 17, 1950,
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Preferably, the shape 10 represents the form of the car-
tridge case after the fourth cold draw and immediately
following the rough heading step. At this point, the
shape 10 comprises a relatively thin wall 11 of generally
circular cross section open at its mouth end, as at 12, and
closed at its other end by a roughly formed head 13, with
which the thin wall 11 is integrally joined by a tapered
portion 14. The entire shape 10 is, of course, integrally
formed.

For purposes of illustration, the shape 10 of Figure 1
may be considered as representing the size and dimensions
obtained at the intermediate stage indicated in the produc-
tion of a three-inch/50 mm. cartridge case. The shape
has been formed in the manner already referred to from
a medium soft steel within the limits for carbon content
of 0.25 to 0.40%, and preferably with a carbon content
of around 0.35%. The steel may, but need not be, in a
spheroidized state at the start of the cold drawing, or
other cold working operations.

By way of typical example, the head end 13, prior to
the heat treatment steps about to be described, may have
a Rockwell hardness of 90 to 92, B scale, while the side
wall 11 has a Rockwell hardness of 100 to 102, B scale.
The head end 13 is relatively thicker than the side wall
11 and thus represents a greater concentration of mass
than the side wall. This difference in mass as between
the head end and the contiguous side wall portions is
taken advantage of, and may be augmented in the manner
about to be described, in heat treating the shape 10 to
obtain a differential effect between the two regions of the
case.

In the heat treatment of shape 10, I prefer to use a salt
bath, indicated generally by the reference numeral 15.
The salt bath 15 is maintained in a fused state within a
suitable container 16 and at a temperature depending
upon the particular analysis of the steel undergoing heat
treatment and the particular results desired. In general,
the temperature of the salt bath 15 will be between 1250°
and 1650° F., and for a steel meeting the specifications
of SAE 1035, will preferably be between 1450° and
1650° F. ‘

While a salt bath is illustrated as constituting the heat
treating zone, other specific types of heating zones may
be employed. Some of the advantages of a fused salt
bath for heat treating purposes are the ease with which
its temperature can be controlled within the desired nar-
row limits, the high specific heat of the fused salt and the
relatively rapid rate of heat transfer from the salt bath
to the article undergoing heat treatment, with consequent
shortening of the total time required for the heat treat-
ment of the article. In addition, a salt bath can be chosen
that will be relatively non-corrosive toward the metal of
the article and that will protect the article from cor-
rosion during subsequent processing steps, while at the
same time being readily removable by the application of
water.

As illustrated in Figures 1 to 4, inclusive, the cartridge
case shape 10, prior to immersion in the salt bath 15, is
mounted in a combination hanger and clamping device,
indicated generally by the reference numeral 75. Said
device 75 comprises a bale 76 in the form of an inverted
U, the bight 17 serving for the suspension of the device
from a conveyor. . The lower free ends of the bale 76 are
threaded for a portion of their length, as at 18, and a
wall-engaging member 19 and a head-engaging member
20 are mounted on said lower threaded ends 18, 18 by
means of suitable nuts 21.

The wall-engaging member 19 is in the form of a ring,
or annulus, having aligned bores 22 freely receiving the
threaded leg portions 18, and having an inner tapered wall
portion 23 merging downwardly into a lower substantial-
ly cylindrical inner peripheral surface 24. The inside
diameter of the peripheral surface 24 is substantially the
same, or slightly less than the outside diameter of the
generally cylindrical side wall of the cartridge case shape
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10; s0. as, to effect clese:contact therewith. The tapered
surface:23. facilitates centering of the cartridge case shape
in the: mounting of: the clamping device thereon. The
member 12.is held in -adjusted position, by means of the
nuts: 21, so- as to contact the side-wall:11 just above the
level to which the cartridge case shape is to be finally im-
mersed in the salt bath-15.

The head-clamping member 20 is. also annular in form
and comprises a ring-like body-portion 25 having an inner
surface 26 contoured: to fit the. outer annular periphery 27
of.the head end 13, and having a radially extending an-
nular -flange. 28. that - is- apertured ‘to freely receive the
lower end portions 18-of the bale 76. The head-clamping
member 29 is positioned and held. in place on the lower
threaded ends 18 by means of nuts 21 threaded on said
ends. above and below. the flange 28. The body portion
25 is provided with an. opening 29 ‘which leaves the cen-
tral: bottom. face: of -the head 13 ‘exposed directly to the
fused salt bath 15, when: the cartridge case shape is im-
mersed therein, as shown in.Figures 2 and 3. :

The distance, represented by the letter A, between the
lower surface of the clamping member 19 and the upper
surface of the'clamping member 290 is the height to which
the-side: wall: portion contiguous to the head 13 is to
be hardened by the heat treatment method about to be
described. That. portion- of the head: 13 that: lies below
the-level of the upper surface-of the clamping member
20 represents the head end- portion of the-cartridge case
shape  that..is. not - to- be hardened. substantially, and
preferably -is- to-be softened, during ‘the heat treatment
cperation. . This-means that:at-the-level of the: upper sur-
face of the -clamping member 29, there-is a -transition
point,- which: is represented. by the letter T.

In carrying.out the method of:heat treatment embody:
ing.my invention,.a cartridge-case shape 10 carried in-a
hanger and clamping device 75 as shown: in: Figure- 1,
is-lowered, -head: end.first; into: the salt. bath-15.: In:the
first immersing step;:the-head end-13- is.lowered. to - the
level: indicated: in Figure 2. - By way of example, assum-
ing that the cartridge. case shape -18-is. of: the dimensions
represented - by- a- three-inch/50 mm. case, when- finished,
the head end.of: the shape 10-is immersed in the: salt-bath
15. to.the: extent. of about. 2l4g inches upwardly -of-the
outer face 30 of said head.end. - Upon reaching this-depth
of.:immersjon, : the. shape- 10 is :held" immersed  at that
depth- for -a-period. of :about 1% minutes: It is -then
lowered. .approximately. -an. additional inch and three-
quarters. into. the: salt bath 15, to: the: level indicated-in
Figure 3, and: heid immersed. at -that- depth for an-addi-
tional: one-half. minute... At.the expiration of.said- one-
half. minute, the:.shape: is- quickly :withdrawn--from : the
salt. bath. 15 and:immediately. drastically quenched; prefer-
ably; in.water or-in.an aqueous- salt.solution;.to. effect
rapid. cogpling to- the temperature  of - the -circumambient
air, or.at least to;a temperature below 200° F. -During
the..quenching operation;: the-shape' 1@ is not removed
from -the combined supporting and clamping device 75;
but is carried therein from the salt bath to ‘the quench
bath.. After reaching -the. temperature - indicated; the
shape is: removed. from . the: quenching: bath- and; after
further. cooling if necessary; is-subjected to the: remaining
processing. steps, .which may be the customary ones in
the making.of. cartridge cases, or variations of such steps:
If. the immersion: steps: above described- are followed; it
will be apparent that.the head end -of:the:shape for 214;
inches. upwardly. from-the.end face 36 is heated: for a
total of two minutes, while the contiguous-wall portion for
a height of one and.three-quarter inches-is heated for only
one-half minute.. Under these conditions for a- cartridge
case. shape of the .size. and: type of steel ‘indicated; the
head.end 13 will: be heated to-a maximum'.temperature
not.above the lower critical range. of. the particular: steel
used, ‘and. preferably. below. such .lower- critical. range,
while the side. wall. portion. contiguous, to. the--head-end
and within a band.of. about.one.and. three-quarters-inches
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inlength; starting- two-and one-sixteenth: inches- up from. -
the-end face-39; will: be heated. through the critical range;
or at'least up to and- including-the upper critical point;
Ags, of the steel- used.. The: difference in- temperature
reached by the head ‘end 13- and the contiguous side wall
portion is -made-possible by the greater concentration of
mass of metal in the head end 13-than in the side wall
11, and by augmenting this difference by means’ of: the
clamping members 20 and- 19, :
As shown in Figure 3, the immersion: of. the head -end
of the shape 38 is carried only to the level -at which the
clamping member 19 makes contact on its lower - face
with the surface of the fused salt bath 15. The substan-

tial mass of metal in the clamping ring.19, being for the

most part exposed- to the atmosphere above the fused salt
bath, tends to extract heat -that would otherwise: be -con-
ducted along the wall 11 of the-shape upwardly beyond
the clamping menber 19. Thus the portion-of the side
wall of the shape above the clamping ring 19 and indi-
cated' by the reference numeral -11q, remains relatively
cool -and unaffected by the-heat treatment to which the
head end of the shape is subjected.

In the quenching operation, the cooling of the head
13 proceeds at a slower rate than the cooling of the con-
tignous. portion A of ‘the side wall, both- because -of - the
greater mass of the-head and also because -of the contact
betwesn the periphery of the head and the clamping mem-
ber 28.  Thus, while the wall portion A is-being rapidly
cooled ‘from its Acz point to a. temperature of around
200° F., or lower, the metal of the head 13 is being cooled
more slowly from a temperature well below its Acz point.
Consequently, the metal of the head 13 is not hardened,
and may even become somewhat softer as-a result-of the
heat; treatment if carried out under optimum - conditions,
while. the metal of the contiguous wall portion A develops
its maximum hardness even though -subjected. to the same
fused salt bath and the same quenching step.- : :

After the quenching operation; if the heat treatment has

“been. carried out in the manner just- described, the head

end 13 will have an average Rockwell, B scale; hardness
of about 80, with a maximum value up-to about 98 near
the transition line T, between. the head and- side - wall,
while the contiguous portion A .of the. side- wall-will have
imparted to it an average Rockwell hardness; C- scale,
of about 49, with a minimum. value of about 43 adjacent
the. same transition. line T. - Actual values for the Rock-
well hardness -determinations are shown in Fig. 8. The
dots shown on the section of the head end of the heat
treated. cartridge case shape in Figure 8 represent points
where actual hardness measurements. were taken.  These
hardness values have been averaged for the head 13 below
the transition line T and for the contiguous- wall: portion
A above the transition line T.. The average. hardness
values, before and after the heat treatment, may be sum-
marized as follows: - .

Before Heat' | After’Heat”

Treatment Treatment "
Head End 13 ... 90-92 B seale. .| 80 B scale.:
Contiguous Wall Portion “A”.______ 100-102'B scale.__.| 49.C scale..

In-order to achieve the desired differential haidhess ‘as
between the head and the’ contiguous wall portion; it may
be necessary to further augmert:the mass ‘of- metal: in
contact with the head 33 and in'contact with ‘the upper
side- wall -portion 11a. ~A modification 'of the: clamping
members -for - this- purpose is* illustiated in: Figure -5,
wherein; in addition’ to- the -clamping- assembly 75, there:
is used an inner plug, represented generally by the refer-
ence numeial -35. . Said’ inner plig- 35 comprises upper
and-lower heads 36 -and 37, joined by a stenr 38" The:
plug-35:may-suitably: be-formed as a casting, preferably
of ‘a metal or alloy-having: good: heat- transfer’ charactef-
isticsy-such:-as copper. ° The-upper- head-36' is-of “ cylin-
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drical shape with an outside diameter substantially the
same as the inside diameter of the cartridge case shape
10 so as to be in sliding contact therewith. The lower
head 37 is contoured on its lower face 39 to conform
with the upper face 40 of the head 13. Consequently,
when the plug 35 is in place, the lower surface of the
head 37 is in full surface contact with the inner face 40
of the head to a point adjacent the transition line T. A
rod 41 is threaded into the upper head 36 of the plug
35 to facilitate its insertion and removal into and out
of the cartridge case shape 19. The plug 35 thus serves
to augment the mass of metal at the head end and above
the contiguous wall portion A and thereby prevent the
head end and the upper wall portion 1la from reaching
the temperature of the fused salt bath during the immersion
steps, while permitting the contiguous side wall portion A
to reach the fused salt bath temperature.

The temperature of the fused salt bath will vary in ac-
cordance with the carbon content of the shape to be heat
treated so that for any given specification of steel, the
temperature of the fused salt bath will be at least equal
to the Acs point of that steel, and preferably slightly
higher. Thus, as previously stated the temperature of
the salt bath 15 will be between 1250° and 1650° F., and
preferably between 1450° and 1650° F. This preferred
higher range includes the Acs point of any of the medium
soft steels for which the heat treatment method of my in-
vention is particularly suited.

By way of illustration, if the cartridge case shape is
formed of a steel meeting the specifications of SAE 1035,
and if the salt bath 15 is maintained at a temperature of
about 1600° F., then under the conditions of immersion
specified above and using the form of clamping device
and inner plug shown in Figure 5, the maximum tem-
perature to which the metal of the head 13 will be raised
during immersion is about 1250° to 1275° F., while the
contiguous wall portion A will, of course, reach the tem-
perature of the fused salt bath, namely, about 1600° F.
Since the upper critical point, Acs, for SAE 1035 steel is
about 1430° F., this means that the contiguous wall por-
tion A will be heated through its Acs point, while the
metal of the head portion 13 will never reach its Acs
point. - Consequently, the metal of the head 13 will be
little affected by the heat treatment, but will tend to be
softened rather than hardened, while the metal of the
contiguous wall portion A will be hardened to the maxi-
mum extent possible as a result of the heat treatment.

A further modification of a clamping device is illus-
trated in Figures 6 and 7, wherein the upper clamping
member 19z is formed in a plurality of parts, including a
main ring 45 having an inner peripheral groove 46, in
which are positioned arcuate segments 47 that are urged
by means of springs 48 into pressure contact with the
outer surface of the side wall 11 of the cartridge case
shape 10. The inner surface of the main ring 45 is
tapered, as at 23a, while the inner surface of each of the
segments 47 is cylindrical, as at 24a to effect close sur-
face contact with the outer surface of the side wall 11.
The clamping device 19a shown in Figures 6 and 7 may,
of course, be used in conjunction with the inner plug 35,
or may be used separately in the heat treatment step.

The differential effect in hardness as between the head
13 and the contiguous wall portion A is obtained without
any significant coarsening of the grain of the steel and
without any detrimental warping of the portion of the
shape that has been subjected to heat treatment. The ad-
vantages of the differential hardening effect are realized in
the subsequent cold heading and finishing operations, the
results of which are illustrated in Figures 9 and 10, re-
spectively.

In Figure 9, the head end of the shape is shown after a
suitable cold heading or coining step has been performed
to provide a head end 13a more nearly approaching the
shape of the head after the machining and other finishing
operations have been performed. As a result of the
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heading operation that results in the formation of the
head 13q, the average hardness of the steel in the head
increases, but only to about 90, B scale, whereas if it were
not for the previous heat treatment step, the heading op-
eration would bring the hardness up to about 102, B
scale. - This lower hardness- that results from the heat
treatment step facilitates the machining of the head 13a
to give the head 13h (Fig. 10). In addition to being
machined, the head 13b is. provided with a coaxial tapped
bore 50, which is countersunk, as at 51. :

The further processing of the cartridge case includes a
stress-relief anneal, which involves heating to about 700°
F. for about one-half hour. This brings the hardness of
the metal of the final contiguous side wall A of the case
down to an average hardness of around 41 to 42, C scale.
A subseguent full length tapering operation gives the de-
sired taper to the case and also serves to bring the side
wall of the case to a substantially true circular cross sec-
tion. For instance, if the side wall gets out of round as
much as 0.013 inch in the heat treatment, the tapering
step restores the side wall to truly circular cross section,
plus or minus 0.003 inch. This is within the permissible
tolerance.

There may optionally be a stress relief heat treatment
after tapering.

As a result of the successive cold drawing steps, the
grain of the steel after, say, the fourth draw, which is
represented by the shape 10 of Figure 1, is greatly elon-
gated, as might be expected. During the stress relieving,
after heading and before tapering, the grain structure is
considerably refined, although still elongated, and this
makes for a better drawing during the full length taper-
ing operation. The stress relief treatment also, as stated,
brings the hardness of the metal of the side wall down
to an average hardness of about 41 to 42, C scale, which
is within the specifications required.

It will be understood that the heat treatment opera-
tions referred to may be carried out in a more or less
automatically controlled system. For instance, in carry-
ing out the heat treating process, a conveyor will be used
which will operate in properly timed cycles for progres-
sively lowering the case by proper increments into the
fused salt bath, lifting the case out of the bath and im-
mersing it in the quenching bath.

In summary, the heat treatment step of my invention
includes heating the head end of the partially processed
cartridge case, or shape; up to or within the lower part of
the critical range of the particular steel used, say up to
1250° F., but preferably not in excess of 1275° F., while
at the same time bringing the thinner contiguous wall por-
tion of the shape to its upper critical point, or Acs, point,
generally in the neighborhood of 1650° F. This heating
step in combination with the quenching, results in a
softening of the steel of the head end, say from an average
of between 90 and 92 down to around 80, and in a harden-
ing of the metal of the side wall, say from an average of
between 100 and 102, B scale, up to about 49, C scale, all
measured on the Rockwell hardness tester.

After the heading operation to produce the shape 10a
illustrated in Figure 4, the average hardness of the head
end 13a increases to about 90, B scale, but is still not
so hard as it normally would be without the special heat
treatment step. This facilitates machining the head end.

In the treatment for stress relief prior to full length
tapering of the side wall, the hardness of the side wall
is reduced to between 41 and 42, C scale, which is within
the specified requirements.

It will thus be appreciated that the heat treatment
method of my invention makes possible the use of me-
dium soft steels having a carbon content of between 0.25
and 0.40, whether spheroidized or not, to produce, by
a series of cold drawing, heading, annealing and tapering
steps, a cartridge case that meets specifications. At the
same time, my method eliminates the use of the more
expensive and less easily controlled step of hardening the
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side. wall contiguous to the head end of. the case - by
induction heating, and eliminates. any excessive. warpage
that might otherwise oceur.if: the induction. heating. step.
were employed. In addition, ihe combination. of ‘process-
ing, steps,. including. the anneal before tapering, results
in a fine grain structure that makes for better drawing
during. the tapering of the full length of. the case side
wall.

It will be understood that modifications and- varia-
tions . may be. effected without departing from the scope
of the novel concepts of theé present invention.

I claim as my invention:

1. In a method of heat treating a casé having a rela-
tively thitk head end and a relatively thin side wall,
both the head-end and wall having been integrally formed
from d-cold worked blank of steel of 0.25 to 0.40% car-
bon cortent, the steps which comprise immersing said
¢dsé hedd end first into a heat treating atmosphere hav-
ing a témipérature Bétween 1250° and 1650° F., aug-
menting the effective mass of the head end. and con-
trolling the time and conditions of immersion of said
head end and portions of said'side wail' coritiguous there-
16't0 bring the head end to a temperature within the lower
pottion only of the. critical range of said stécl while
brirging: the thin side wall portions to a-tempetdture of
drotind the:upper critical point of said:stéel, and-querichi-
ing the heated head end and wall portions, whereby a
partial annealing of the steel of said head end and a
hardening of the steel of said side wall portions - are
effected.

2. In a method of heat treating a case having a rela-
tively thick head end and a relatively thin side wall,
both the head end and wall having been integrally formed
from a cold worked blank of steel of 0.25 to 0.40% car-
bon content, the steps which comprise immersing * said
case head end first into a heat treating atmosphere hav-
ing a temperature between 1250° and 1650° F., aug-
menting the effective mass of the head end and con-
trolling the time and conditicns of immersion of said
head end and portions of said side wall contiguous there-
to to bring the head end to a temperature within the
lower portion only of the critical range of said steel while
bringing the thin side wall portions to a temperature of
around the upper critical point of said steel, and quench-
ing the heated head end and wall portions, whereby
a partial annealing of the steel of said head end and
a hardening of the steel of said side wall portions are
effected, the head end having a Rockwell hardness of
about 90 to 92, B scale, before and of about 80, B scale,
after said heat treating steps, and said wall portions hav-
ing a Rockwell hardness of about 100 to 102, B scale,
before and of about 49, C scale, after said heat treating
steps.

3. In a method of heat treating a cold work-hardened
cartridge case of 0.25 to 0.40% carbon steel to provide
a thickened head end of less hardness than the contigu-
ous thin side wall portions, the steps which comprise
incrementally advancing said case with its head end
first into a heated zone having a temperature between
1250° and 1650° F., augmenting the effective mass of
the head end and controlling the time of such incremental
advances and the total time of dwell within said zone
to bring said head end and contiguous wall portions to
such temperatures, respectively, that said head end will
have after quenching a lower and said contiguous wall
portions will have a higher degree of hardness than their
respective initial hardnesses, and quenching the same.

4. In a method of heat treating a cold work-hardened
cartridge case of 0.25 to 0.40% carbon steel to provide
a thickened head end of less hardness than the contigu-
ous thin side wall portions, the steps which comprise
augmenting the effective mass of the head end of said
case, incrementally advancing said case with its head end
first into a heated salt bath having a temperature between
1250° and 1650° F. until said head end and a few inches
of said contiguous side wall portions are immersed in
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said: salt: bath;, controlling: the time of such. ifcremental
advances. and- the: total. time. of: dwell- within: said: salt
bath. to. bring. said- head. end. and contiguous- wall por-
tions to  such- temperatures, respectively, that said head
end will have after. quenching a-lewer and said contigu-
ous wall: portions. will- havea higher degree of hardness
than their respective initial: hardnesses; and quenching
the same.

5: In-a-method. of heat treating. an intermediate shape
of cartridge case of a steel containing. abeut. 0.30% of
carbon that has been cold- worked to form-a thickened
head end-and an-integral: generally citcular side: wall, the
steps which- comprise immersing first said head end- and
then. a: portion. of said side. wall- contigucus: to said. head
end.in.a salt bath.maintained at a. temperature of between
1450° and 1650° F., augmenting the effective miass of
the head end and centrolling: the total:time and effect of
such. immersion of said- head end- and- of said side wall
portions- so. as. to raise. said head end to a maximum
temperature of only. about: 1250° F. while- raising said
contiguous. side. wall portions. to- substantially. the tem-
perature. of said- bath,. the total time of immersion being
not- over. about. two- minutes: for the: equivalent. of a
3. inch/50. mm. cartridge case, and- immediately - there=
affer quenching. said case: from. said. salt  bath, whereby
a.slight. softening of the. steel of said: head end and' a
hardening .of said: contiguous ;side. wall: portions are- ob-
tained as compared with the respective hardness values
of the head end and wall portions prior to such heat
treating steps without substantially enlarging the grain
structure from that of said cold worked steel.

6. In a method of heat treating an intermediate shape
formed of 0.25 to 0.40% carbon steel that has been cold
worked to form a closed thickened head and an integral
thinner side wall of generally circular section open at its
other end, the steps which comprise immersing first said

_ head end and then a contiguous portion of said side wall

up from said head end into a fused salt bath maintained
at a temperature between 1450° and 1650° F., augment-
ing the effective mass of the head end and controlling
the depth of each immersion, the effective rate. of heat
transfer from said bath to said head end and to that
part of said side wall lying above the point of final im-
mersion, and the total time of immersion of said head
end and of said contiguous side wall portions so that said
bead end will be raised to a maximum temperature of
not over 1275° F., while said side wall portions will be
raised to a temperature at least equal to the upper critical
point of the steel, removing said shape from said fused
salt bath within about two minutes after its initial contact
therewith, and immediately thereafter drastically quench-
ing the heat treated portion of said shape to a tem-
perature below about 200° F., whereby a reduction in
the hardness of the steel in said head end and an in- -
crease in the hardness of the heat treated portion of

said side wall are cbtained as compared with the hard-

ness values for those respective parts of the shape prior

to such heat treatment..

7. In a method of heat treating an intermediate shape
formed of 0.25 to 0.40% carbon steel that has been
cold worked to form a closed thickened head end and an
integral thinner side wall of generally circular section
open at its other end, the steps which comprise immers-
ing first said head end and then a contiguous portion
of said side wall up from said head end into a fused salt
bath maintained at a temperature between 1450° to 1659°
F., controlling the depth of the immersion, controlling
the effective’ metal mass of said head end and of that
portion of said side wall lying above the point of final
immersion by supplementing the same with additional
metal in heat conducting contact therewith, and controlling
the total time of immersion of said head end and of said
side wall portion so that said head end will be raised
to a maximum temperature of not over 1275° F., while
said side wall portion will be raised to a temperature at
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Ieast equal to the upper critical point of the steel, remov-
ing said shape from said fused salt bath within abount two
minutes after its initial contact therewith, and immediately
thereafter drastically quenching the heat treated portion
of said shape to a temperature below about 200° F.,
whereby a reduction in the hardness of the steel in said
head end and an increase in the hardnmess of the heat
treated portion are effected of said side wall as compared
with the hardness values for those respective parts of the
shape prior to such heat treatment.

8. In a method of heat treating a steel shape susceptible
of being hardened by heating through the Acs point and
quenching, the steps of immersing said shape in a fused
salt bath having a temperature at least equal to the Acs
point, prior to such immersion augmenting the mass of
a first portion of said shape by placing said portion in
heat conducting relation with an additional mass of metal
while leaving a contiguous portion of said shape unaug-
mented in mass, and controlling the amount of said addi-
tional mass and the time of immersion of said first por-
tion and said contiguous portion in said salt bath to pre-
vent the temperature of said first portion from reaching
its Acs point while bringing said contiguous portion to
its Acs point, and quenching said shape, whereby a rela-
tive softening of said first portion while at the same time
effecting a hardening of said contiguous portion is effected.

9, In a method of heat treating a cold work-hardened
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cartridge case of 0.25 to 0.40% carbon steel to provide
a thickened head end of lower degree of hardness than
the contiguous thin side wall portion, the steps of immers-
ing said case, head end first, in a fused salt bath main-
tained at a temperature of from 1450° to 1650° F., prior
to such immersion augmenting the mass of said head
end while leaving the contiguous side wall portion un-
augmented in mass, incrementally advancing said case
into said salt bath, holding said head end in said bath for
a longer total time than said contiguous side wall portion
but selecting the amount by which the mass of said head
end is augmented so that said head end never reaches a
temperature of over 1275° F. while said contiguous side
wall portion reaches the temperature of said bath, remov-
ing said case from said bath at the end of said holding
period, and quenching said case, whereby a relative sof-
tening of said head portion and a relative hardening of
said side wall portion are simultaneously effected.
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