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ABSTRACT

léhe standard WNavy m2thod for dstsrminiag +he yi
strength of 5 inch steel cartridge c2s3s is shown +0 over
timate :he actual circumfsrential yia2li1 strength of +ha cas
by abou* 40 parcant. An =xpanding riag tssting apparatus was
developsd %0 neasure th2 actual yiald s¢rength. Comparison
of ¢this streng*h with the yield s%rang*h measursd a+
differean* s*ayas >f +he standacd £la: tensile sampie prapa-
raticn methed revsaled that +the major cause for “he diffor-
ence ig %the strass relieviag traatmant given =0 the
fla“tenad %*ensile specimens, Ths insrsase i1 4he s-rength
during the stress relisving is baliaved %o ba due %o %ha
precipi<ation of spsilon carbide 2131 :h2 resulting precipi-
+aion hardeniag.
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I. INIRODUCTIAN

Current Navy testing proceduras for st23]1 cartridgs
cases require one percen* 3£ a 1ot £ be proof fired, with
0.1 percant ¢> be meéhaniéally testz2d for informasion only.
This <*hesis is one: in 1 serise >f 3xperimental programs
dasigned to provide *he information nacessary to validaze 2
machanical ‘testing procaldure for stsel cartridge cases
(Ret. 1]. M3chanical %e3ting methods can rasult in as much
as a factor >f four in cost savings over +th3 curren: preof
fizing acceptance method. Th2 proof firing accaptance proce-
dure en+ails loading eiach case with 1 full powder charge,
installing a dummy projastils, aad firing tha assambled
round. Each case is than avaluatai sn sas9e 2f axtraction
and checked for splitting, A standacd for miniaum acezp*abla
vi3ld s*rength would be ths Dbasis £or any al%ernate =esting
methed developad, However, <+ha prasait propossd test space
iasn preparation technijus cu%lined in Appendix A can 2l%ar
“he yield stzangth in savaral ways: 1) additional cold-
vorking from ring straightening aad basiz tensile specimen
machining, 2 13ditional coldworking in “h2 bo%“om *hr2g
bas3 ar2a samples due %o chickness machining, 2nd 3) thar-
mally induced strangth changss from %he 310F (321C) stress
reliaf,

An 2xpanding cing tast apvaratis has the Dpotential
allcwing *he ac*ual circuaferential yi=ld strangth of !
cases *0 be 1aeasured. The researsh rapor+3l harein has
devaloped and usad an 3xpanding riag “33t %5 measure the
actual yield strength of several 35 3iach st22l car=zridge
cases and conpares +hesz results t> th2 amechanical propar-
-iés as de*z2rainsd by the curczatly zscommended *2s*ing

m=+hod,.
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II. BACKGROUND INFIRMATION

A. CARTRIDGE MANUPFACTURE

Five inch cartridge cases ars: nmade from an aluninum
killad MIL-S-3289 (AIST 1330} plaia carbon st32l, with a
norinal carbon content between 0.27 2and 9.33 parcent cavben.
Cases are desp drawn from a disk shapad billat in several
thermo-mechanical processing steps. Th2 most imparian“ s4aps
are these which are designed %o giva the critical areas of
the cases their final mechanical propartiss. Thasd steps in
+ha processiny arg the final steps and occur saquentially as
follows:

1) Austenizasion at 1620 F (882 J) followaed by a gquench
in brine 2% 65 F (18 C). This is dssignad ¢o prodige
a hard mart2ansitic stouctura.

2) Taver anneal at 1120 F (604 Z) for 7 ain %2 4hs upper
sidewall, This inflaences propsr<ias bagining above
10.5 in (26.76 cm) from the basa, The lass crisical
areas >f <he case are sof*anal in preparation for
~he final taparing.

3) Final anachanical tapering ¢> bring “he 2ase %0 i4s
£iral required shapa. [Ref, 1]

These proszssas result in a casa with a large vazia+isg
in mechanical opropertiss ard wall thickaess aleng its
length., The 13s% imporkant region >f “ha cise is the lovar
(base) vagion sx*anding fzom *the basa 5f the caza &2 1
(26.7 cn) Zfrom the base., This araa will havz *he highas®

1314 and ul®ima<z %ensils strangsh in %hs 2ass,  The next




five inches (12.7 cm) ars of lesser isportance and w#ill have
significantly lover yield and ul4imat2 tensile strangthe du=
to t+he +apsr annnealinyg process, Properties beyond %his
mid-length area are of nd particzular importance to case

v psrformance during firing, however, +he uppar 3 inches (7.6
cm) area must be soft endugh %0 allow the crimping of the
- powder plug.

Radial dimensions in £he base raegion ar2 displayed in
Figure 1, <showing the large changyss in *hickaiess over the
inisial 4 inches (10.2 2m) of the basa3 ar=a, The thickness
decrease is accompanied by an incr2as2 in £h: inner dilameter
and a decreass 4in the 2uter diamesar. Thass variations
produce case walls with non-pazallal sidas nsar th2 bass of
“ha case and sides +ha+ are vacallsl in *h3a upper basa
region.

B. CARTRIDGE RESPONSE DURING FIRINS

[T Sy (VR

When a round is #£i2:1, =ha cartridge cas2 Dbegins an
. elastic axpansion 3ue ¢35 “he in%azfial prassurs, This unre-
sis-ed axpansion continues i1 sonsact is asde wizh %he
gun barrel, at which timz a gas s3al is formad and *he casse
and barrel continue expaniing *ogsthar, Bxpansion of :he
barrel is entirely elastic but <ha car*ridge case reachas
ivs elastic limit and undzrgoes plastiz d2%ormasion, As the
gas pr:ssure subsides, the barrsl and casz aelas+ically
respond. Howaver, *he zass has indsrgsna €519 permansnt
plastic deformation and will be largar +than i*s original
size. The amoun% 2f plastic deformation in 4h2 case dapends
on “he yield strangth of tha cas: and the sizs diffarence
bztwaeen *he case and thz gur barzsl, An =2xample shtresg-
g=zain plect is shown in Pigure 2 [R3f. 2]
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If the plastic deformation is t20 latga a* *he base
rz3ion the cise will be 4difficult to extract, <“etmed a
sticker, and can put the jun mount dut of servizs, 1In addi-
tion if the ultimate tensile stength is =0 low “ha casz may
actually split during firing, tesulting in loss of projec-
+ile accuracy and po§sibla loss of ssrvics of th2 gun mount,

-
-

C. QUALITY ASSURANCE REQUIREMENTS

From <the manufacturer's 1lot 3f 5000 caszs =hs YVavy
ra3juires 50 *to bs proof fired, This entails 1loadiag ani
firing each cartridge casa to 2nsura adequatas parformance of
tha lo%, 5 cases are dssgnated froa those ramaining cases
“o be mechanically +es<2d in acsordancas with a s-andard
procadure; Aopendix A provides the d3tails of <his proca-
dure. The propossd requirament woulld provide that 30 cases
be mechanically “asted for yield strang*h only and no prcof
firing 'would be nacessary. Through statisical analysis of
+ensile tasts performed on +tes“ samplas made by “ha s>andard
method (Appeniix A) +ths Navy has 23tablished specific stan-
dards for case yield s<rength in ths bass arsa and 4in *he
sidewall area, Pigure 3. These ainimum regquiramens are
designad to easuring adaquate alastic response during firing
and adaqua%e ductility during manufacturing. The nminimum
y:23ld strength raquiremsnt for +ha base araz is 135 kPsi
(931 Mpa) and £for the silewall araa is 90 kPsi (621 MPa),
(Ref. 1]
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III. DISCRIPTION OF IESIING ARRARATUS

A. EXPANDING RING TESTER

1. HNechanigal

The haar% of the test systam is ths 2xpanding ring
apparatus as shown in Pigures 4 anl 5, and as de+ailed in
Pigure 6. Suppor: for th2 ring aal s2al a2re provide by %he
base, “he central shaf:, and the s3saring nut, the base and
central shaft are also provide the transport of the fluid to
+the seal, Hydraulic fluid is providad by a hand operatad
pump and is monitored by a pressur: t-ansducer and a diract
r3ading gauge. Ths twvec system valvas enable ths system %0 be
isolated in%o tvo segments to allow for transiucer calibra-
tisn, seal air bleeding, and parsonnal safety. System compo-
nents are ratad for rressures of up to 10,000 Psi (69.0 Mpa)
which is above <+he maximua 9000 Psi (52.1 H4Px) output for
+hs pump, praventing over loading of any systam componani,
Pigures 7 and 8 3isplay "he rubber hyiraulic seal which is
designad *o transait <+he hydraulic fluid force <o the ring
tes~ specimen. In%ternal pressurz h3lps maintain the seal on
tha cen<ral shaft by forcing the inner seal lip agains*® the
cen=ral shaft. A significant amount of +he air in *h2 seal
can be bled >ut through the air blsed port in +*the central
shaft, reduciag the problzas of air compra2ssibili+y.

2. Electganics

Pressure aonitoring is done with the use of a strain
gauge type prassure %ransiucer and its associa%ed amplifier,
both an analoy and digital outout ars providad. Displacement
measurenents 7are nade with i strain gauge *typs 2xtensometar
W#ith a circumfzarential chain at+achasns. Thasa “wo inputs

11
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were fed *0 an X-Y recordizr to praduca a load displacement
diagram for 2ach test. Calibration of the pressura moni-
toring squirment was complated usiny a dead weight tester in
accordance with ASTM E4 procedurss and the displacement
monitoring equipment was zalibratel with a dial micrometer
and veltmeter in accqrdnnce with ASIY E83 procedures, Figure

4 displays tha standard aachanical and 2lectrical equipment

sat up for an expanding ring tast.

Be TENSILE TEST APPARATUS

¥o mechanical modification waras nade to the s+tandard
Instron testing machine bu* o gat an accurate measurs of
specimen displacement an a3xtensometar was required. A dec.<
sion was made to use the same aextensomatsr and bridge ampli-
fier as for the ring tasts using th3a s+<andard “ensile tast
specimen mounting attachmant, Siace this squipment is not

compatible with the 1Instron recorlsr, an X~Y recorder wns

usad with +he load input baing tak2a from tha Instron's load
call, A low pass filtar vwas 2130 necessary %0 romove
spurious noise from <the aachine ani provide a usable inpu¢
o the vrecorier. Calibration of the <%asting machine was
accomplished using the cilibratioa weigh®s in accordance
with ASTM F4 procedurss 2and “he 2x%3nsometer was checked
using a dial =micrometer in accordaaca with ASTM E83 proce-
dures. Pigur2 9 diagrams the basic 2quipment s2% up for the
standard tensile tests,

12
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Iv. BXPSRINBNTAL PROCERURES
A. EXPANDING RING TESTER

A standard procedur® f£or operitisn 6f the ring test
apparatus involves four basic sub-lsvsl operations, <+hess
inclade: an initial se*t-up phase and three sactions “ha+
comprise the actual run opsrations,

1. Zpitial saks

4 15 ninute wvarmup pariod is raquired for the ex:en-
soneter, so the first action is %5 connec: “he extensomster
and amplifier unit, and then turn sn the amplifier power, At
this tiae the other aelectronic componsnts may also be turned
on and checkel for proper osperation, All electrical connec-
tions should be checked and a scaling f£or +he lcad-
displacement plo* chosen, To set tha Y-axis scaling, zsaro
ths Y-axis and close the hydraulic supply valvs, Pump this
snall section 5f the systsm +0 max.mum sxpac“sd pressurs is
raad on *he analog pressure display, and thaen adjust “he Y
vernier to oorrectly scala the outpud, When the bridge
aaplifier has wvaraed up check &tha axcitation voltage ¢to
insyre it is at the same value us2l for calibration of the
extansoneter, Using th2 scaling son*rol, a vol*®age output
ey be obtainad and then, using tha calibratiosn curves, a
corresponding diplacemen® can be f21and. This signal is then
fe2d into *he X-axis and the verniar is adjusted to conforn
t0 the desirel scaling., The puap raservisr should be £illed
and the threads of ths apparatus coated with anti-siezs
compound. An initial check of the ax:ansomater chain should
bs conducted t> insure i:s length is commensurate with thes
ring size and sx%s3nscaeter gauge liaizs,.

13
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2. Mounting Rzocedyiss

‘Coat saal with il and work i% into. place ;ggiﬁé_thevﬂ“

test ring, +#han work the seal ontd +he apparatus shaf:,
When seal is flush with the 1ower platen slide +he upper
platen and spacer r£ing onto the saal. Check “hs extanso-
metar for proper ldéngth and then attach chain around the
tast ring. Open the veat valve and screw <the securing nu%
into place. Befors :tightaning tha nut, center the chain a%
ths mid-ring height, and balancs tha extensometsr, <this
enables the nut ¢o0 ba <+«ighten aad possibla compressive
s-rains ¢to be detected with the sxtansometer outpu:. An
alternative t5 using securing nu*t is =0 use “ha largs cross
bar and its ascompaning bolts, wita the addi®ion of a large
spacer ring.

3. DTast Rrocelyzes

Recheck the extansometsr position 2and  bridge
balance, then open the £i11 and vant valvess. Pump £1luil
through the systam until flow f£roa tha vent 1line is bubblae
free, 3stop pamping and secure the van: valve, Make a final
check of systenm alignments and insura zacordsr is on with

pen  down., Puanp £luid, amonitoriay system pressurs and

racorder respionse until desired strain is achiaved. Normally
rings were no%* axpanded beyond 1.2 parcen:t strain, Stop
puaping and bleed systsn pressure through <he vent valve,
Tarn +he pen >£Zf and the axtensomec3ar axcitation voltage off

‘while removing the axtensometer, Iasurs appropriate scaling

information is r3corded sn *he loal-displacemant curve and
place recorder in standby.

14
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4: Disassembly

Close supply valva; remor3 3ecuring nut, spacer

ting, and platen, and work seal to “op of shaft threads,

Siphon as much fluid from the s2al as possible and then

remove the seal. Close *he vent valvs and work the seal and
ring apart -checking for any damags t2 the seal, After 2

brief clean up the system is re2ady £or 4another *tost,
Exparience shows an average  tast usually requires 25
ainusaes,

S. Stres: in ad Iotegnally Rrassusized Sylipder

Bach ring cut from the cass nmay be idsalized as 2
thin walled tube, since its thicknass is lass than one tenth
its dinner raiius, This simplification follows from the
analysis of the stress states in tha wall of a cylinder. No
longitudinal forces exist therfore ad> longitudinal strasses
exist, and the *hinness of the wall produces the assumption
that the radia) stresses are negligibils. Wieh <¢hase two
sinplifications the problam is now 2n2 of uniaxial stress in
+he circumfrential direstion, Futa2r analyis of *he geon-
é<ry results in a very simple aquation for the calculation
of the circumfrential (hoop) stressas, [Ref, 3]

strass = (P xr) /& (eqn 1)

P == intarnal pressur?2
£ == inner radius
¢+ == wall thickness

B, TENSILE TESTER

Despite *he dJdifferent load 1adnitoring s3ystem, the
tansile tes: orocedures ara siamilar =0 %hos2 nornmally used.,

L)
Although *ha 23x“3nsomet2r is 3in 13 Jiffsrant sonfiguration

15
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for the tensile tasts the set-up 1211 scaling procedures ata

ths same as for the ring t2s* apparatus.

1. Systez 3atcup

Blectrical connection ars 1nale %o %h» load moni-
toring system and all squipmen: i3 turned on. Scaling the
Y-axis is done through the machiias internal calibration
system by first calibrating the Instron's chart recordsr
then adjusting the x-y recorder t5 natch ths scaling. This
can be difficalt 4due %> the Instrans susput of =1,0 ¢ 0.0
VDC. PExtension rate is sat %0 0.2 inches per minu%e and the
wadge tyve grips are ins+alled. '

2. Zest Rracadyss

Grips are positioned %o allow installation of the
tes* specimen and then tightaned sasuraly. Tha axtensomexer
is mcunted o1 tha specinsn and ths bridge iz checkad for
balance. With pan positioned dowa and axss zeroed <he
machine can begin extension. This conédinuas until 2.0
percent s«rain is resach wharz +hs axcitacion voltage %0 :he
extansometer {s turned-off and 2h3y sxtensome*er is ramoved
to avoid damage. Load acultoring sontinues until %he sample
braaks, the racorisr is placed in standby,and *he Ins“ron is
stopped. Scaling information ani sampla identity are
racorded and th2 broken sampla is ramovad fo2om *“he g-ips,
The systam is now ready £or another tast,

16
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V. IEST NATRIX DETERNINATION

A. RING SIZE DETERNINATION

Selecting a ring  sample size provad %0 be a kay factor
in “he overall developement of th2 tasting schaw2. Limiting
factors proveld to be testing appparatus size and “he sizs of
a ssal “hat coull easily be manufacztured. Thase “wo were
parallel to the neads +> keed sampla size small <o avoid
problems with ¢he variabla geometry of the car:ridge case.
Prom thsse ocons*rain®s 2 2 in (5.)8 cm) haight for the
samples was salacted, 2nabling a aaximum number of samplss
“0 be cb*ained from each c1se whils allowing £or a practical
seal design, In addisisn, samples could be 2asily and accu-
rately cu* on a lathe, Ring sampl2 praparasion %achniques
ar2 outlined in Appendix A while Figuras 7 and 8 show the
final seal design.

B. TEST PROGRAYN

A t2st program was nzaded *+hat could not only compare
the ring and straight tensile samplas, but *hat could bs
used %o compare new data wish praviously zspor+sd data,
Thase requiraments couplad with the design2d ring sizs
resulted in the ¢two sampling plans shown ip Figquse 10.
Combining thes2 two plans provided a compla*=s analysis of
*he bas2 area of the case allowiny, a0t only for both ring
and tensile s3samplas at 2ach referancs position, but 2lso
ring and tensile samples from the san2 cass,

Mhrze tasting oprocedures wers salsected 313 *h: base
method to analyz2 the saparate 21a1d combined effects of
machining, straichtening, and stress ra2lisving:

17
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1. ¥o Stresss Relief

Undisturbsd ring samples from =“his szgment would
produce the actual yield strength >f <*=he cass, Tansils
specimens were prepared in accorianze with the standard
praocedure but 1nd> strass relieving heat <“reatment was
performed thus prowviding an accurats indicatiocn of the
effects of straightening and =2achining on  *he vyield
strang+h.

2. Stress Raliaf

Beth rings and pr2par2d “3nsile samples wers
subjected to the same 619 P (321 2 ) tress rslief for +he
rsquisize 30 sinutes, A four f£old comparison could mnow be
made *to calculate <*he affects of hoat <“raatment and
machining plus hea*t “reataman:.

3. Austenikizs and Quanch

Since the base arsa of <*hz case is naver tempared
following the austenizing treaiment i: was “hought +has a
det2rmination of the as-quenched propartiss should allow the
strength incra2ase from %ha final ‘tapering opsration *o be
estimated,

A full comparison cculd 254 be mada hetween <the
actual strength of *hs cart=idgs case and +the prasumed
strangth fcund in the standard +“ansile %25t mathod. A
sampling wmatrix was then deveraiaad =hrough stasis+=ical
analysis and is da*ailed in Figurs 11,

Co SYSTEM VERIFICATION

As a verification of the ring t:st apparatus and sampla

praparation *a2chniques “hra2e additiosnal <4ss:t cases wers:

&
-
prepazed and the following %est prisadurss parformed.
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1. Cassz Il

All rings were tested as cat from *h2 sas2 o eval-
uate s=al performance, sample preparation techniguas, system
accuracy, and system stiffness,

2. Cass I2

Ring C was +undisturbed, rcing A was machinad +¢¢
constant thickress to svaluat3 “ha 2ffects >f +the gsomairy
change and cold work addad %o the ring. Ring X was strass
talieved to give an estimate of axpactad yiald for oxher
casas and an ini+ial indica%ion of the affecss »f tha séress
relief hea: trea*men<,

3. gcasz13

Beth rings A and T wver2 austanitized and quenched +3
get 2an a9stimats of the 1s heat “r=atad yi=2ld s“rang4«h. Ring
A was 2ddi*id>nally subjscted %o “ha 3:ress relief haeat
treatment %0 -evaluate its effect on 2 none-cold werked
saaplae. “

19



!
|
i
{
l
?
|

¥I. RESULLS AND DISCUSSION

validation of the apvara*tus, vparicularly “he sesl, was
accomplished with the testing of riays T1 apd 12. Tables 1,
3, and 5 prasent the r2suls of the ring +a3sts conducted
vhile Tables 2, U4, and 6 compile thes resulis of “he corre-
soonding £lat tensile spasimens. Tablas 7, 8, and 9 prasent
a summary of lata from ths preceding six %ables %o pezmi* an
easier comparison of the ralevant ifaformasion.

A. EPPECTS OF VARIABLE EXTENSIOR RATES

To improva tha corrala¥ion betws:n ring and tensile daka
tha extansion ra%s for each process was held constant, 1This
rate was basel on the rings extansiosn ratz <calculated *o be
o2 in/min (.508 cm/min), a s+zaia cate of ,012 in/in/ain,
howaver the standard test ©requirenan<s specify an ex=eneion
rate of .05 in/min (4127 cm/min), a1 stzaia nate ¢f ,0S
in/in/nin [Ref. 1]. A s209nd set >f <aensila sanplag wers
“23ted 2% the g*andard rate and %h: comparison previded in
Table 7 shovw no significan® variasiosn in yi2131 or ulzimate
tansile strangth for the “wo sa3ts >f samples,

B. EFFECTS OF TENSILE SAMNPLE PREPARATION

Comparison of the average yield strength in %he 6 and K
positions of the samples not subjas3t23l %o +he stress reliaf
provides an estimate of *he increas2 in yia3ld s<rangth due

t5> straigh*eaing and *=2asile gauvgs size machining sirnce
thase “wo lccations have no addi%isaal cold work €ram =hick-
n3ss machining, Table 8 cembines h: rcelavan®: da<a from

Tables 1, 2, 3, and 4 %o show a3 =2nsil:s spscimans Have
only a 3.5 psrczat highsr valu® than zhe Ting specinmens.

20



Analysi$ of the standard deviations and mean yield strengths
based on the two distributions being normal [Ref. 1], using
+he standard paired-sample t test indicates the differencas
in the <the mean yield strengths cannot attributed to the
natural distribution of the data, ([Ref. %), The only addi-
tional information that can be Jained is that the mean
yield strengths for the rings are smaller than <those for
tensile samples. Reference 5 has lamonstratad through X-ray
diffraction line broadening techniques that the <+ensile
specimen straightening effects ars negligible, but tlis
method would be unable to detect the very small changes
found in this comparison. The amount of yield strength
increasa that can be attributed to the straightening procass
alone is not acertainable with the. data taken, but it is
evident that the cold work from straightening has added only
a small incrsment <to the overall yield streagth of <the
tensile sanples.

C. EPFFECTS OF THICKNESS MACHINING

Standard preparartions outlinal in Appendix A require
tha first three tensile specimens (A,B,C) in the base area
<0 be machined on both sides to produce parallel specizen
surfaces with subsequent nominal thicknesses of between .060
- 080 in (4152 = .203 ca). All the speciaens are then
subjected to the same straightening and m-chining <o final
ASTM B8 specifications. To unmask these effects a compar-
ison of yield and ultimate tensile strengths for the
machined specimens A, B, and C and the non-machined speci-
aens G and K from Tables 1, 2, 3, and 4 is presented in
Table 8. Por the riag samples the yield strengths for the €
and X positions are 4.3 percent less than for the i, B, and
C positions vhile the average valuss for the corresponding
tensile specimen position is 15.2 percent lover. The
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ultimate tensile strength and hardness values 2ars ot
altered to any significant extent by the straightening or
machining. By subtracting the 4.3 percent increase froa the
15.2 percent increase rasults in an approximate iancrease in
yield strength due to thickness machining of 11.0 percent.

Figures 12 and 13 demdnstrate these two effects through
the stress-strain curves from case I't and T2. Ia Pigure 11
rings A, C, and K have the sane shaps but the machined rings
A and C have 2 slightly higher yiald strength than position
K, (no machiaing). In Pigure 13 rinag € is an undisturbad
test while ring A wvas machined to a2 constant thickness and
shows the narked increase in yield strength found in the
tensile samples. Ring X will be discussed later.

Further analysis of these nmachining effects is hampared
by the diffdrent amounts of machining required for weach
position and each ring. An overall effect of ¢this vari-
ability is ¢> add more scatter to the data for +the thrae
lover positions in the base region. This is evident in a
conparison of <the two different ragions -of the case, <*he
lover three positions A, B, and C have larger standard
deviations than do the upper two positions G and K. It can
be stated howsver, that the reguirsd machining increases the
apparent yield stress of the test specinens over and above
that increase created by straighteaing the flat tensile
specimens. This strengthaning effact can be seen in the
stress relieved specimens through the same analysis.

D. EFPECTS OF STRESS RELIBF HEAT TREATMENT

As provided in the sampling plan both ring and tensile
specinens were subjected to the same <required 610 F (321 ()

stress relief. Analysis of these data and that froam the
non-stress relieved sanples reveals this to have the most
significant effect c¢n tha yield strength. A 32 percant

22
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increase in yield strength is &23n in “he fing spééimenéf
vhile a 27 percent incraase in th3 tensils spacimens,
however toth types of spacimens show an adtunal incﬁea$e;o?”
approximately 35 Ksi (172 MPA). Piguzy 13 demdgétrgtéS“bﬁghf
the effect on yield strength-and “the dhangeyi§‘SHap9 gf*fﬁé

shress-strain cucve; ripg € is an undis<turbed sgﬂplaawaie

ring K has besn stress relieved., Not only doss ring K have a

markéd higher 'yield strength, but it displays a wmore

pronounced yiald point.
1. Epsilay Cachids rgscioitatian Hazdeping

Strengthening effac4s of a fine pracipitatae are well
known in many alloys, insluding x3iium carbsn martansitic

'g-321s. The classic pracipitation process; 3P zones - cohe=

rsnt pracipitates - semicoherent pracipitataes < incoherent
pracipi“ates sccurs in these steels with “he primarny ares of
importance =0 <his study baing +*h3 sa3micoherent phase. In.
partensi+ic steels <“he “ransien+t 2psilon carbide phase is
the samicohersant phase 2and occucs when carvhon f£rom the
mar~ensite diffuses to form clustars of sxtramaly emall
carbide particlas ([Ref. §1. This process produces %wo
effaocts within the material:

1) Depletion of small amounts 3£ carbon frsm the
marteisiss matrix thereby lowaring the matrix
strenyth [Ref, 71

2) Pormation of a fins pracipitata fhat ant
srerngthen the structura through inhibi

face and dislocation motion [Raf. 81].
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B. COMBINED THERNO-NRCHANICAL TREATMENT AFPECTS

Combination of these seperate affects into .an overall
change in yield strength thrfough superposition of each indi-
vidual effect is possible since th3 individual processes do
not appear to interact with each other. These contributions

produce the <coapariscn in <the tensils specimens shown in
Pigure 15 and susmarized below.

Process % diff KPsi diff  MPa diff
E8 size machining 3.5 3.7 25.5
Thicknass machining 11.2 12.2 8.1
Strass relief 26.9 32.4 223.4
Cembined 41.6 8.3 333.5

If this total coambined increass is nov subtracted froa
the average yield strangth found using flat tensile saaples
from the bcttoa three locations 2 yield strength of 108.0
kPsi (745 MR) results, and if the coabined increase
(¢ithout the added machining effects) is subtracted froa the
average yield strength froa test lozations G and K, a yiald
strength of 111,22 KPsi (745 M¥Pa) results. These values are
very close to the actual msasured values of 111.0 KPsi (765
MPa) and 106.4 KPsi (734 MPa) r3spaciively indicating the
process effects are addative and have little affect on each
other.

?. ZEPFECTS OF ADSYENIZATION AND QUENCH

The results for the €lat tensila specimens are invalid
due to improper quenching procedures which caused some
saaples tc cool faster than others. Data for these tests
arsa dincluded for <completness, but cannot be used for
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conparison. Additionally <the tests indicated that tha
rapidly quenched sanples were extramely brittle displaying
at most 1.5 percent elongation at fracture. OJnly one riag
test was completed; brittle fracture occurred resulting in
the destruction 9f the extensometsr during the test. Plans
vere to liait elongation to a gmaxiaum of 1.0 percent to
ensure a fracture did not occur. Howevar, the ring did frac-
ture at 0.85 percent elongation and <the resultant force
troke the extensometer before tha release mechanism acti-
vated. It is, however, dinterssting +o note that the seal
renained intact. Yield and ultimate tensile strengths for
this =ring ares auch higher than thoss in the as-recieved
cases; +thus, the heat traatment performed by the manufac-
turer has not been duplicated and these results would be
useless anyvay.

G. HARDNESS TESTING

The hardness of each flat tensile saaple was tested as
described in Appendix A; six readings were made and avaraged
to detarmine the specisens hardnass, In the non-stress
relieved samples the hardness readings wers sligh<¢ly higher
on the side that was originally on the ring exterior. This
nay be attributed to the slight iancrease in the aaount of
cold work on the wexterior of <the ring due ¢o “the roll-
straightening operaticn. Variations of this nature did not
appear in the stress reliaved or austenitized and quenched
specimens. Coaparing data from Tablas 2 and 4 shows lass
*han a two percent change in +tha hardness readings which
corresponds to a two percent changs in the ultimate tensile
strengths, further analysis of the =respective standard
deviations indicates <hese changes could be attributed to
<he scatter in the data, This bahavior is to be expected
since hardness is a Dbetter indicator of ultimaté <tansils
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strength than of yield strength. Igp:dper quenching
procedures for the austanitized and quenched specimens
produced the sxtremely wide variation in readings noted in

‘fable 6. The vreadings however, wara consistent with the

variations in ultiamte tensile streagths from the specinsens.

#. SYSTENM STIPPNESS’

Blastic moduli for each ring were measured based on the
slope of the curve during the relaxation of stress on sach
zing. These values indicate the expanding ring apparatus is
a very stiff systea although it was later noted that the
slope of the curve during relaxation was, to a small degres,
dependent on the load ralaxation rate for the tast,

26




G S S i i R i e Y
- "

s e < t—— i~ {4

VII. QBSERVAIIONS AND 3HCLUSIONS

1 An expanding ring test apparatus can be used ¢o
cbtain an accurate circumferential yisld straeng:h of stesl
cartridge cases.

2) Straightening and machininy of “ensiles samples to
their final ASTM EBS size 23ds a small increass £¢ “he yiald
strength of the specimens, but tha axact amount could not be
deterained.

3) Machining of flat *ansila saaplas %o produce parallel
surfaces adds 12.2 Kpsi (84,1 4Pa) to “h: Dbase yield
s rang+h,

4) sStraess reliaving at 610 ® (321 C) produces a praci-
potation hardaning rceaction <hzough <hs presancs of epsilon
carbides. This accounts f£or <he liargast iancreasa in <ansile
sample strength, an addisisn of 32,4 Ksi (223.% ¥pa)

5) The combined effasts of taas2 three strength 2ddi-
tions account for “he sijnificant 3iffarencess betwean =he
Navy's standacrd tenslile “23%s and th2 actual yield s“fength
of the cartriige cases, (Navy's a2thdd over astimates the
yiald strength by about 40 percant.)

6) Other c2libac ammunition may be tested similarly with
only a modificatiosn €0 ¢h2 seal ani aijustmen®: 5f the extaon-
somster,

7) Ring sa1aplas requirs signifiszantly less timae and less
equipmen® %o oreparse “han the standard “snsils samples.

8) An expaading zing sys%sm may 1l1se be uszi +o %*es+ for
nleimats tensile strength withous 19ss 9f seal intsgrity,
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VIII. RECONNBNDALIOQNS

1) If “he flat tensils tasts ar2 %2 be used, +ke s*ress
ralief hea* *reatment should not bz conductad 2nd ths cold
werk from surfacs maéhining o 3 uniform thicknass should bhe
ninimized,

2) Use an expinding rcing +test apparatus %5 raplace the
lass accurace and more tima consuming “ensila tasting proce-
dures.

3) A motasr driven hydraulic puap should be used ¢o
insure accurate and cone*ant loadiny ra%es.
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TABLE t. Nor-Strass Relisved Riag Spaciasns
Specimea YS (Ksi)
n —————
| - 27 115.3
IR 78 110 .6
: 8B 111.7
98 108 .1
! 1C 113.0
< 107.5
76 108.3
' 8¢ 105.6
? 96 104 . 4
f 1% 106 .0
) 2K 107.6
| e e e e e mmme .- ——a
, Ring(s) Mzan YS 3
A 115.3 -—-
: B 10949 2.6
\ c 110.3 3.9
- G 10549 0.9
i K 106.8 1.1
%'1 A+B+C 111.0 3.0
S G+K 106 o U 1.5
E ! ALL 108.9 3.4
2R e e e r e e mm,m -
- | %

29




TABLE 2.

Spaciman
7A
TA*
8a
9A
18

Non-Stress Ralievad Tensile Spaciazns

UTS (Ksi)

162.9

1746

166.5
179.4
16045
161.0

175.2
173.8

168.4

165.6
166.5

-b

-
~ o o
~N

O

)

- s O

1

157.3
161.8

Ring(s)

«Q O W b

K
A+B+C (1)
5+K

¥zaa UTS
170.9
160.8
169.9
162. 6
163.7
168. 6
163.1
171.7

YS (Ksi)

136.0

132.9
126.7
143.6
107.9
121.6

137.8
128.4

115.4

125.3
127.06

-w e -

e @
*30‘

N.Dd"(uwl

10
10
1
11
11
11
10

QW [ ‘a)@

Hazd (ic)

36.5
38.5

36.3
39.3
30.1

(o)
o
LIy .

Wi Wl o
® o
OO W WO W-s

[
[ JRY 1 DN I VY] 9%}
[ J

Wi
o>

W W B W W W W T W W @ W W w W W @

s
7.5
)
4.3
5.2
1.5
6e3
5¢3
5.1

dzan YS
134.8
114.3
125.7
106. 8
111.5
126. 9
110. 1

8
7.0
10.3
8.3
4.0
3.0
10.5
3.7

Yzan HARD

37.6
36.4
37.9
351
35.7
37.5
35.5

-

s
1.3
D4

- Er e W EE WN AP GE T P WS R @R W @ o e

n;nu'“

s raquirs =hickadss aichiiiag
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TABLE 3. Strass Reliaved Ring SI
Spacinea YS (Ksi)
3A 149.8
) 4A 145,.2
108 -
118 180.7
128 142.7
3C 143 .9
4cC 140.2
106G 146,90
116 143.3
; 126G 145.3
3K 146 .5
b’ ‘ uK 2.1
| .
' iag(s) Mzan YS 3
A 147 .5 3.3
B 1.7 1.4
! C W2.1 2.0
G 144 .9 1.4
; K 144 .3 3.1
' A+B+C 143.3 3.3
G+K 1u4.6 1.9
ALL 144 .2 2.8
i
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TABLE 4. Strsss Rslievsd Tansila Spaciaans

Spacimen gTs (Ksi) 1S (Ksi Harzd (B2)
104 17440 156 40 37.0
' 1 ¥l 12813 33:8
12A 1713 157.2 37.8
3B 174.3 155 «7 36.9
3B* 1724 159.9 37.9
uB 173.2 157.3 39,5
10C 169.9 153.9% 37.3
i 11¢ 169.3 155 46 39.0
, 11C* 167.7 149.9 33.8
‘ 12C 158.9 152.5 37.5
- 3G 168.3 150 .2 36.6
| 3G* 1671 145.2 36.9
g 4G 167.7 17,5 36,1
g 10K 166.0 147.4 36,1
" 11K 16 344 188 .9 3.3
- . 11K+ 1634 7.2 35.0
; 12K 159.3 145.7 35.4
: Ring (s) M=zan UTS 3 Mzan YS 3 Ysan HARD S
A 173.0 1.4 158.8 5.4 38,2 7.8
ﬂ 3 173.3 1.0 157. 6 2.1 38.2 1.1
;A c 166.5  S.1  152,9 2.4 37.9 1.0
i 3 167.8 3.7  147.6 2.5 36.5 3.5
K 163.2 2.6 147.1 1.9 35,3 .7
A+BeC (1) 179.7 4.5 156, 3 4.4 38,1 0.9
3+K 165.1 3.1 147.3 1.6 35.8 o3
. ALL 168.5 4.8 152.8 . 37.2 1.4
* s+andard 2axt:asisn rat2 0,05 inpch per alias:
. (1) ten3il= specimeas c=guize :hickasss aacaining
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TABLE 5. Austenitized and Quenched Ring Spesiaacs

Spacimen UTS (Ksi) IS (Ksi)
5K ©207.7 195.8
NOTZE: Onlg ong wzst was ccaplated dus o dzstruce
ticn 0f the sxtensymertar and potanrtially dangzrous
sritel:z fracture of th2 ring.

TABLE 6. Austsnitizad and Quanchsd T=znsile Spicin=ns

Spzciman TS (Ksi) IS (Ksi) Hazd (ReQ)
13A 1264 2 83 .4 49.90
144 110,22 ARY 37.7
H 1033 1833 8313

SB 213.9 3.7 45.2
68 179. 6 125.3 43.0
13C 260. 0 190.3 54,8
14¢ 132.1 713.5 49.5
15¢C 161. 9 91.9 43.3
5G 264,09 166 .4 49,5
6G 142. 4 93.6 43.8
13K 193.8 69 .7 45.5
14K 89.9 69,2 33.0
15K 99, 2 607 35.5

NITE: Lazgs 1mour* o f scas~ar ia data di1: o
waziasion ia guernching raws:, o fucther
T2 uenIon or dat=a con: uc=zd,
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TABLE 7.

PROCESS
NO STRESS RELIEPF
YS (Ksi)
UTs (Ksi)
+ Samplzs
STRESS RELIEF
IS (Ksi)
UTS (Ksi)
¢ Sanmples

Data from Tablzs 2 and 4.

TABLE 8.
Position Ring
¥YS (Ksi)
No. Strzss Relliaf
A+B+C 111.0
G+X 106 .4
trass Relief
1+8+C 141.9
G+ K 144.6

Variable Exteonsion Rate Effzcts

EXTE NSION RATE
0.09 (in/mip)

0.2 (in/nin)

Sampls P2raparation 3£fzcss

126.3
1191

156.3
47,3

Da=a £rom Tablzs 1, 2, 3, and 4.
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Haz1 (R¢)

37.5
33- 5‘

38,1
35,8
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TABLE 9.

Proparty

UTs (Ksi)
s (Ksi)
HARD (Rc)

uUTs (Ksi)
S (Ksi)
#ARD (Rc)

grs (Ksi)
Y5 (Ksi)
HARD (Re)

(&)

Property VS Poocess Suaazzy
2ing Tansile2 Tznsilz*
NO STRESS RELIZ?
166.7 154 .4
108. 3 123. 4 133.6
3640 33.5
STRESS RZLIZF
164d.5 185.58
1434 152.8 143.8
37,2 37.3
AUSTENIZATION
207. 7
195.8

Da-a from Tablas 1, 2, 3, 4, and o

* Data f-onm

S2Ierensa J.

*% Data _zrea ma:ugacturar.

5 Data £roa cing

K oaly.

35

.
<@

[e]
(8]
[ 3
§rae
[{]
*
#*

178.2
159.90
37.8



SUOTSUIT] 089D OFPIXIXRY °F UNOLA

(NI) 3548 HO¥J 3IONHLISIO

(o3
a - 5 o [ &»H [
[ "3 v 4 T - v .ﬁ
t o
vad
&
~
°p 4
\\ L o4
Lt 4
.‘
M%. o 2 o ,l'w m mme— - o~

36




| Sk

rad

—‘_--------
‘d
§ /' Case with low vieid
4
A
" Strain
Y, Y = Yiedpoins
1 « Rgsuitent gun/case closrasnce
. co = Resuitent gun/case interterence

8E,DE - Cam eastic recovery
Cce. « Gun chamber slestic tecovery
AB, AD ~ Case piastic deformation

FIGURE 2, Cartridge Case Response During Miring
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FIGURE 4, Expanding Ring System Schermatic
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TYPE A ‘TYPE 8
Sample Specimen Number of Number of Number of Number of
Preparation Type Specimens Cases Specimens Cases
Stress Ring 6 6
Relief 2 3
610 F Straight 8 18
No Stress Ring 6 6
Relief 2 3
Straight 8 18
Austenitize Ring [ )
and 2 3
Quench Straignt 8 18
. Case T ANl rings as cut from the case,
Case T2 Ring A Machined to constant thickness,
Ring € As cut from the case, .
Ring X Stress relieved at 610 F for 30 minutes,
i Case T3 Ring A Austenitized, quenched, and stress relieved,

Ring ¢ Austenitizea ang quenched.

L FIGURE 11. Testing Matrix
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X

B = 1,25 inch

A = 1,25 inch

G = 1.0 £ 0.003 inch
R = 0,25 inch

C = 0,375 inch

W = 0,250 £ 0.002 inch
L =4 inch

FIGURE 14 ASTM 358 Tensile Test Specimen
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ARPENDIX 2
TENSILE AND RING SPECINEN PREPARATIONS

A. TENSILE SPECINEN PREPARATION

1) Cu* and idsntify cicumferen:ial rings from casss in
accordancs with spaecimen lecation sketch (£fig10) and
matrix (£ig 11).

2) Maintain ring widths slighily greater “han the firal
! speciman grip width *o allow £or subsaquant shaping
spera+ions,

3) Machina both insids and ousside su-faces of specimen
segments A, B, and C (prior t> zu%ing %ha rings) to

| produca parallel specimsn f£fas: su-facas, noninal

<hicknass ¢5 be betwaeen 0.060 and 0.080 inch, No=3:

Speciman ring segm2nts G, K, J, D, 2nd E will no<

! ' requir: surface machining pris:s %o ring sut+ing,

4) Cut riags in half, 2ach half to have idsansical idsne
“ification,.

S) Retain one set of cing segmsnts £or possible re+est,
6) Remcve edge burrs.

7) Sand 2iges lightly o0 ramova any possiblas stress
raisers,

8) Straighten specimens by passiag them through a sheet
mezal collar, using a minimum number of passes, un*il
= bowing carnot be datect2d wita 2 straight edge,

. 9) ¥Machins all specinsn segmen:s <> dimensions specified
in ASTM EB, subsize specimens (£ig 14) ., Nc=s3: Savaral

i spacimens may be machirad at dn= tinme,
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a E 10) Indiviiually sand the édges >f ths gaugs section <o
obtain a 0.003 t2 0.005 inch taper from the znd *o
+hé mildle of ths Jauge ssctian,

i 11) Smooth all edges of the neckad down area.

12) Stress rolieve all segmants a¢ 610 +/=- 10 P for 30
+/- S ainutes.

! 13) Cool all sa3gments %5 room *2mperature for a minimum
0f 1 hour.

B. RING SPECIMEN PREPARATION

1) Cut and idsntify rings in accordance with the
rafersice parsition indax (£iy 10) and *h2 sampling
matrix (fig 11) providad.

¢ e ot i sl i 5 A

‘ 2) Rings should be cu* %o 2.0 #/- 2,003 inch heigh® with
ands parallel, Note: Rings aay be cu: %> exac*

' height specified since no furthar machining is
requirad.

3) Remove burrs and Tough spots on ring =dg2s.

TRl SN Wi 300 s 1, it WL+ ot S

ol i i —

R R e
>

[
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3)

4)

5)

6)

7)

8)

1

2)

ARPERIIX B
TENSILE AND RING TRBST PRICEDURES

TENSILE SPRCIMEN TESTING

Perfora hardness %2s¢s on all specimens by %zking
measuraaents in ths specimen 3yoip area 2€ adfacant
%0 the grip area away from 12 necked Jdown area,
Record all measursmants.

Perfora hardness “zsts in accsrdances with ASTHM B8,
Racord 21l asasureasnts.

Perform tansile and elongatisn “es<s on 2ll specimsns
in aceondance with ASTM ES8.

Test all “ansile soecimens using 2 heid saparasion
rate of 0.05 inch par minuts.

Ra%ain original strasgsestrain curvas, Nots magnifi-
cation and scale on all s*tra3ss-s4rain curves,

Measur2 gauge dimensions as atcusa*sly as possibla,

Record gauge cross-sec:ional arsa o feour decimal
places,

RING SPECINEN TRSING

gark ths 2nds of frar &venly spacsd diame=srs on *ha
tings. No*2: This maans a totil of -eight avenly
spaczd marks.

A+ each of *he sight matks, 22 “h2 :insids and du*sids
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of the ring make 2 mark at th2 mid-zing hiegh“. ¥oia:
Nominaly %his should be .2t on2 inch from 2ither sigds.

AR TR

3) Measur2 th2 insije and outsila diametars a4 each of
N the four marked diameters at aid-hieght,

4) Measurs the thickness a* all aigh“% macks a+ mid-.
heigh*t, Nota: A microme*2r with pointad snds should
be usel,

5) Record 21l measureman*ts “o four da2cimal places,

6) Perfora axpanding ring “est 3n all spacimans in
accordance with ASPM E8 and A370.

7). All “ests should b2 conductai with th2 same extension
rate 0,2 inch per alnute,

8) Specimans should b2 expandel to a maximuwm of 1,5 psr-
i ‘ cent strain, No*e: This is 1123 0 =xtansometer limits
§ and for equipment and parsoanal safaty.

; i 9) Re*ain original loal-displac2aant curvs and net2 %he
scal: ased on each axis,
: 10) Caution should be used a* sash stap of th2 testing

prccedare due *o oparatiof prassures of ssveral <hou-
sand P35I,

s £

RPN ST

2 g e

t
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