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FOREWORD

The research work described in this report was performed by
Frankford Arsenal, Philadelphia, Pennsylvania, for the Air Force
Flight Dynamics Laboratory (AFFDL) under Project 1362, "Crew Escape
for Flight Vehicles", and Task 136205, "Propellant Actuated Devices
Research." The program was funded by MIPRs Number 33(616)60-17, I
33(616)61-12 and 33(657)-2-R&D-l1l; its period of performance was

March 1961 to January 1963. Captain D. S. Barron was the AFFDL (FDFR)
Project Engineer, Mr. M. Visnov was the Frankford Arsenal Project
Engineer. This is Part III of three parts.

Manuscript of this report released by the author 23 December
1965 for publication as an RTD Technical Report.

This technical report has been reviewed and is approved.

CHARLES V. MAYRA I
Acting Chief
Recovery & Crew Station Branch
Vehicle Equipment Division
AF Flight Dynamics Laboratory
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ABSTiACT

Heat-resistant potassium perchlorat e/y.qar polyacrylic binder
propellants, extrudable in small web geometris, were evaluated for I

application,t-6 proppllantzctuatcd cartridges -to ihstand..tempera-= -tuies"'from, .Wa 't 60O'-F". Reou4its of masurements of autoignition

temperature, amount and nature of gas evolution, and retention of
grain configuration showed these propellants to have thermal stabil-
ity sufficient 0o meet the .400* F-4 hour high temperature objectiv..

Extensive firings -in the 3 bartridge-M3 (or M5) initiator sys-
tem -from -65* to 400* F demonscrated, the ability of these propellants
to sur-ive and. furiction,-as designed, in a typical propellant actu-
ateddevice.
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INTRODUCTION

This is the third-report on the program for the development of pro-
pellants for Propellant actuated devices (PAD) to withstand temperatures
up to 4000 ,F. Previous work 1 , 2 ' showed that the nitrate ester propel-
lants would not meet the temperature objective ind that composite pro-
pellants, as a class, had: higher thermal stability. In;the second re-
port it .was demonstrated that composite propellants could be substituted
for nitrate esters -in meeting the ballistic .req1uiremeaLs of -a typical
pr.o21'7-._ .. aied device which-utili 4id small web, extruded propellant
grains (the M73 cartridge-M3 initiator system). However, in ordr to do
,this it was necessary to hand-tailor small disc geometrygrains because
major composite propellant-sources were-.orented to large, cast-and-cure
propellants for rocket motors and had not developed the techo-logy of
producing small web, extruded grains of comosite propellant. The best
that were obtainable in diameters of less than 0.5 inch O.D. were ex-
,perimental solid rod extrusions,

As a result of these studies, it was recommended that efforts be
-directed toward--the development of heat-resistant composite ,propellants
capable of being processed by commercially feasible means (i.e., ex-
trusions) into smAll web gun-type grains, including both monoperforated
and multiperforated geometries. A contract** was negotiatedwith Hercules
Powder Company f6o this purpose.

A number of composite propellant formulations emerged' from this,
contract which were processable' via commercial solvent techniquqs,-6sing
the same equipment that .-is used for the manufacture of double base pr6-
0pellants.3 These were based on extrudable fuel binders of fluorocarbon,
polyacryic, or polyacrylic/triallyl cyanurate brigin, and perchlorate
-oxidizer. On the basis of ease of processing, .thermal stability at 4000 F,
and ballistic performance, the most successful of these were propellants
based on potassium perchlorate oxidizer and Hycar 4021 polyacrylic rubber
employing various during additives (Table i' -

Propellanus which had been processed successfully were subjected
by the contractor to preliminary screening via thermal stability and
closed bomb tests, Those propellants which the contractor considered
to' have passed his tests were then forwarded to Frankford Arsettal for
further evaluation. This report describes additional theril stability
study and ballistic firings.

*See REFERENCES.
**Contract DA 36-038-507-ORD-3572M,
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TABLE 1
Heat-resistant Propellantsa

HES 6468.1A . HES 6W84.1A HIES 6573.lA

Ingredients (7 by wt)

104 84.00 84.00 84.00Hycar 4021 15.55 12.00 15.00
0 .35 -Sulfur '0.10

Luperco ATC 
0.20Tryallyl cyanurate 
3.80 .Trimenac base 

1.00
Observed lHp1 (cal/gp) 1380- 1425 1400 (est)
Observed density (gpntcc) 1.82 1.94 1.90

Mlosed bomb datab

RQ (%) (equal wt basis) 82 86 92RF (%) (equal wt basis) 57 51 54Rq (%) (equal vol basis) 100 108 :102RF (%) (equal vol basis) 7-9 78 63

UData from Reference 3-.
bFired agahnsc H1ES 5808.7C as 100% RQ and 100% RF standard.

NOTE: Extrusion die size for all three propellants - 0.202 inch O.D.,seven .perforations (0.014 inch I.D.),; 0.510 inch grain length.

EXPERIMENTAL

Development of Test Equipment

Since this program required firings at 400" F after a soak periodof four hours, the problem arose As t6,whether ballistic test compo-ndnts (in addition to the propellants being developed) could withstandthis temperature schedule. Tests at 460 F verified that a number ofthe inert components in the M3 initiator and the test system d.d de-terioratei In addition the 72H4 percussion primer -in the M73 cartridgebecame Insensitive. A small scale materials program was then under-taken in order to conduct the 400* F firings of the propellant. The
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high temperature-re Istant test firing system which resulted entailed
a considerable nvbcr of changes, but retained the specified pressure-
time requirements.

A major change was necessary in the M73 cartridge. Tests showed
that the standard 72M4 percussion primer became insensitive after 4000 F
exposure- therefore a program was initiated to develop heat-resistant.

percussion primers.5 However, experimental primers from this develop-
ment did not become available until the 4000 F firings of propellant
were almost concluded.

I

In the absence of a completely developed 400' F-resistant percussion
primer for the 400* F propellant firings, an electrically fired .ii racire
glow plug was designed to fire the M73 cartridges in plece of the primer.
The glow plug cavity was packed with approximately 0.4 gram of boron-
potassium nitrate igniter in a 14/35 Tyler r sh gran.ilation around the
bare bridge wire and was topped with a lead seal. The glow plugs were
threaded into the cartridge primer head, ising a copper washer seal, a
anneal.d to a "dead-soft" condition. 'The glow plug connector was silver-
soldered to the end of asbestos-sheated electrical lead wire. The gov
plug-car.-ridge-assembly is shown in Figure 1. Due fo the heavy v.idge
wire, the glow plugs were fired with a 375-microfarad capacitor ch.rged -

to 300 volts.

Use of electric ignition for the 4000 F firings resultad iV a A .
change-over from the M3 to the M5 initiator. The ballistic requlrements --

vcre the. same. The latter, due to its design,-allowed a direct path foJ P r
the electrical leed wire to the glow plug simply by removal of the firing
pin.

over. , the AI6227 rubber O-rings In the initiator and car-
tridge had becoiw brittle and acquired a "set," and the petrolatum-
based 0-ring lubricant in the initiator had melted and run. These •
problem were solved with material changes. Silicone O-rings and a "
u .Icone-bas d lu ricart were substituted and found to perform satis- "
factorilly vt 400' F for five hours.

Sections of the M28741-4 high pressure aircraft hose, uhu. subjested
to 400' F, became brittle, and particles of degr&ded rubber saulled fromL the interior of the hcse wh.en it was flexed. Stainleps stei 1 tubing

(14 in. long, 0.250 in. O.D,,and0.044r in. wall) vas substituted for
that portion of hose required to be In the oven for the hot firings.
Since this substitutimn would result +.n lowr peak presuAres due to
absorption of heat by metal tubing, a ser.es of firings was held with

production M73 cartridges to determine the length of rubber hose at-
tached to the stainless steel tuitg that would equal the ballistics
obtained with the sp(cifiod 15 J:ie 6f rubber hose only. From the date,
a combination of 14 inches of stz- ' ses steel tubing and 10.5 feet of
rubber hose -4s standardized for the hot firingo.

3
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During check-out tests of the hot firing system, it was found that

repeated firings of the perchlorate-oxidized propellant- through the
same stainless steel tubing caused erosion of the tubing wall close .tp
the initiator, with resultant failure of the tubing. This was attributed
to the cbr;osive combustion products of the perchlorate propellants.I
Previcus liaxk by Geene6 at the Ballistic Research Laboratories on the
abrvrtIon c f metal rods by combustion products of perchlorate propel-
lants had shown Hastelloy B and Inconel alloys to be among .the most re-
sistant.

Ateip Cto obtain small bore seamless tubing of Hastelloy B for
0A.5 effct werabandoned when it was found that this could be fabri-

cated only ca an experimental basis, at prohibitive cost, and that there
gas doubt *:hat -it could be flared to 370 for AN fittings without crackin&.
Inconel ub1nugn the desired O.D. and wall thickness was 'available com-
mercially. Therefore, the Incqnel tubing was substituted for the stain-
less steel in the hot firing system. This tubidg showed little erosion
or pittin,, in the bore after 15 firings of perchlorate propellant with
intermittent cleaningwith detergent. The hot firing set-up with inconel
tubing is shown in Figure 2.

Low.pressures in. several hot firings were traced to leakage through
the AN fittings which were subjected to the 400 * F soak temperature, Of
the several means investigated to maintain gas-tight fittings, the method
adopted was the introduction of conical nickel seals which, when torqued
properly, amounted to a malleable metal washer between the male and fe-
male parts (Figure 3). The conical seals were replaced after each fir-
ing at 4000 F, and no evidence of gas leakage at the AN fittings em "'
ploying these seals was ever detected. (As a by-product of this program,
it is believed that the conical seals should be investigated further for
use in all AN fittings employed in propellant actuated devices.)

Thermal Stability Study

Autoignition

Autoignition temperatures of the propellants under sealed cartridge
conditions were obtained at linear heating rates from 5= to 30' F per
minute. The apparatus and technique employed are described in a previous
report.1

Examination of Propellant Decomposition Gases

The analysis of atmospheres from M73 cartridges containingnitrate
ester propellants and heated at 2250 F were reported earlier,2  In the5I
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present work, -exposures were made at 4000 F. It was found that, at this
temperoture, the M73 cartridge atmospheric contents would diffuse through
the O-ring seal. An improved, propellant sealing method was devised.

The propellants were hermetically sealedtin small 0.5 inch diameter
aluminum capsules, using a novel technique. The method employs the
Koldweld* process of joing metal surfaces by cold flow without the ap-
plication of heat-as in standard welding methods. In this technique,
the aluminum container of propellant and matched sealing cap are welded
by a shaped punch and die. The resultant hermetically sealed container
is able to contain the build-up of decompositibigases under heat with-
but leakage.

The Koldweld-sealed capsules of propellant were heated for the
specified time at 400' F, then tapped for atmospheric Content in an.
evacuated system. The procedure and the handling of the mas-s spec-
trometer data are described in the previous -;eioit.2

-Ballistic Evaluation at'400 F

The propellants were evaluated ballistically in the M73 cartridge-
M3 initiator device, using the specification test fixture. In this sys-
tem the initiator i, f-ired through- 15- feet of-M28741-4 high pressure
aircraft hose, terminating in-a one cubic ihch volume pressure chamber.
This specification test rig is used routinely for all firings conducted
from -65 -to 2000 F. Modification of thissytem for 4000 F 'firings is-
described under "Development of Test Equipment."

S -

RESULTS

Thermal Stability Study

Autoignition

Autoignition temperature data were obtained on HES 6468.1, HES
6484.1, and HES 6573.1 propellants in :sealed M73 cartridges at linear
heating rates of 50, 100, 200, and 300 Fper minute. Individual run
data and standarddeviations for five runs at each heating rate are
shown in Table 2. The temperatures reported are those measuredby the
control thermocouple in contact with the cartridge case wall at the
moment of propellant autoignition

*Trademark and patent of Koldweld Division, Kelsey-Hayes Company.

8
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TABLE 2
Individual Run Data, Autoignitiin Temperatures
at Linear Heating Rates (Sealed YM73 Cartridges)

Autoignition Temperatures (*F)
at Linear Heating Rates of

Propellant 50 F/min 10 F/min 200 F/min 30' F/min

HES 6468.1 622 644- 694+ 721-
628+ 651+ 688 726
622- 649 693 728
623 650 693 725
626 648 684- 730+

Avg 624 648 690 726
Std dev 2 3 4 3

HES 6484.1 620 637 670 700
622+ 636 670 700
619- 633- 671 702
620 635 674+ 700-
622 638+ 668- 707+

Avg 621 636 671 702
Std dev 1 2 2 3

iES 6573.1 618- 639- 679+ 705-
619 648+ 678 705
620+ 645 677 705
620 647 675- 711+
620 644 678 711

Avg 619 645 677 707
Std dev 1 4 2 3

+ - maximum value; - = minimum value.

The data show the usual trend of higher autoignition temperature
as heating rate is increased; however, this is largely due to increased
thermal lag through the case wall at the faster heating rates. Auto-
ignition temperatures for all three propellants are in the same general
range.

Examination of Propellant Decomposition Gases

Hermetically sealed capsules of 3 grams of HES 6468, IES 6484, and
HES 6573 propellants were conditioned at 4000 F for four and eight hour
periods. Capsule atmospheres were analyzed by mass spectrometer. Gases

9



were also analyzed from similarly heated. 0.45 iri~~m.e f inert
bindoers of these propellaixts' in order, to d'kioc i n thermal
decomposition which, could be attributed t.xthe p' ootc of po aium
perclorate oxidizer in the Propellants.~ e~n twzde iqith
capsule atmospheres from unheated control sa~iAes. er 6,ctromc~ter
data are shown in Tables 3, 4, and 5. Gas sampie viuaied vi.e,re
corrected-tor additional volume of the evacudl'( :;yii.ta avo1rrecte~d
gas volumes calculated to standard teinperaturp. *. gm-nr~' -iQC itid-
760 mmn Hg, respectively).

Evaluation -6f the data shows that there w.- xltIIO cr n* ,_fjt'et
in the amount of gas -between the unheated cont~oia da 'Iv- he~tedi saqI#Ules,-3
although,, the- composi't~on -of, -th- &mdsphdfts 64vop.,d. )tI the~ heated
jpropella~ats and their respective binders absorWbI x ~'heL ~yg
'Ta all clases, the addition of potassium pdrchloiar,- tc -bha

1-rl' --ropel-lant) resuilted, in -iricreased,'evolutioii c,, CU'2 dnd -CO !a
hih ytu arature.

Sr4 31. Audhtitie6 bf 6h~iorine-containing orgadLc do'ipqundd were de-
tectedd :Frb bot- heatid, 6rpfllarits and. their bindats, Their appear-
.aticr Rn eat§e4 bitid '- aes is. evidence that -they in~lf' A ttribut~ed to.

~ha.t~ra1 cctei~ouof one, of the binder inrd Ix.(nforma-
t~o~ ?rc.~ ~ docttctor is that 'the Hycar 4021 po~ywer contains about

t.Ive rde'Vnr oY ir' impound'tentatively identified as hlokoiethyl vinyl
ethc-J 0 Ar-sone -s n.~d-n:b1 bthe -manufacturer-,-du.ri!ng ,p*obellant mixing.

A.rnoigh ist dk t~'e 8OLVent 'is driven -off during, propellant cure.
?raq.a2ing 'traces; &aocoximt0~ its detdcvon- by -the-' mass spe'ctrometer.
SMI tl qukkttios -of~ 2-m.=th6 ythanol (meathyl cellosolve) q'ppdar' only
in vlipt4 ' eaed1 66o8 propellant' and its blhide r, and ethanl%
pimile rlv. 11,cm hed ,3~ 'VC5 73 propellant and itwbinder., Since- all-
three ftPi e~~ ip he sAme -Hga'r -40 21 polyme~ this may be due
eithiM-, a t Ch U £ff,6k6-;.c6 bi during agentt -or thet-e- blvents may have
been incoput&4 45's -ifltgt aids in the individual1 prooeftlant batches,

The deviat$.on of atmoqpheres from unheated' control samples: to that
of 'typjc:!'l avin,~. due mostly to diffe ences iaben-hmdtathe
-bimeLi th pisd were s ealed.

Vlsual Rxdmihs~ioh

Seaed cartkidges were opened from all high temperature exposures
And the propellants were exanwined. The g4ifis were hardened anid dis-
colored, geinerally in proportion to the severity of the heat exposure,
but all appeared to retain their original confi~guration, 'with no evi-
dence of 'perforation closure.. Sectioned grains of liES. 6573 propellant
atce shown in Figure 4.

10
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The ballistic evalustio began with RES 6468 propellant. Early in.
the program it was found that tightly packed HES 6468 grains adhered to
",e another at points of grain conact after 400° F exposure. The grains
themselves retained their geometrical configuration. Although the grain
adhesion did not %ppear to affect performance in 400' P exposed cartridges
undesirably, improved curing agents were sought.

The ballistic evaluation was continued with HES 64&0 propellant, a
polyacrylic rubber-triallyl cyanurate biader formulation. Solvent solu-
bility studies with this composition later showed that cross-linking was
not attained. Grain adhesion at 400* F was also noted with the HES 6484.
The ballistic teats were completed with RES 6573, a modiflication of HES
6468 propellant in that trimene base was substituted for sulfur and M4P-30
as curing agent. Adhesion of HES 6573 grains at 4000 F was considerably
reduced.

Since HES 6468.1, tiES 6484.1, and HES 6573.1 propellant lots were
essentially similar as regards contractor closed bomb data, and identical
in grain configuration, little difference among them was expected in their
performance in the M73 cartridge. The most severe exposures and firinos
of the previous propellant were repeated with the succeeding formulation
before the ballistic test program was continued'.

Firings w.th eorov-Potassium Nitrate IazaiYer

HES 6468 propellant was fired with 1.2 grams of A4 grade black pow-
der igniter and with 0.8 and 1.2 gram weights of U.S. Flare No. 2A borov-
potassium nitrate igniter composition in a 14/35 Tyler mesh granulation.
Individual round data are shown in Table 6. All cartridges gave per-
formance within specifications.

Peak pressures were higher with the boron-potassium nitrate igniter
than with an equivalent weight of black powder. This fat was considered
significant since black powder is a gaseous igniter which contributes to
the pressure peak in this system, while the boron-potassium nitrate is a
relatively gaslebs metal oxidant "hot particle" igniter. This increased
igniter efficiency of boron-potassium nitrate was demonstrated repeatedly
with a variety of other composite propellants in this system.

Based on these data and the thermal stability of the BKNO3 at 400' F,
all further ballistic evaluation of the potassium perchlorate/Uycar pro-
pellants was carried out using BKN03 igniter. The igniter weight for
the N73 zrtridge was maintained at 1.0 gram, regardless of the ballis-
tics obtained, in order to compare the effect of the various temperature

exposures on the same propellant/igniter zharge.
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TABLE 6
Brllistic Data, HES 6468.1 Propallant Firings

in M73 Cartridge-M3 Initiator System
(Black Powder vs BKN03 Igniter)

Igniter Peak Ignition Rise
Weight Pressure Delay Time

Igniter (Rsi) (ms) i I

A4BP 1.2 1100 13 17
1180 15 17
1030 14 18
1040 14 22

1080 19 18
Avg 1086

BKN0 3  0.8 1140 16 21
1080 16 23
940 16 24

1240 18 15
1100 18 19

Avg 1100

BKNO 3  1.2 1370 11 16
1310 12 20
1460 12 16
1430 13 12
1430 10 17

Avg 1400-

Firings at Ambient and Low Temperature

The temperature conditioning and firing schedule for the firings
at ambient and low temperatures follows.

Cartridge Exposure Firing Temperature

Unconditioned (control) Ambient (700 F)
Unconditioned -650 F
4000 F-4 to 24 hours Ambient
4000 F-4 to 24 hours -65o F
Unconditioned -650 F, locked shut
3500 F-8 to 168 hours Ambient
350 ' F-24 to 168 hours -65o F
350' F-168 hours -65* F, locked shut
3000 F-2 to 4 weeks Ambient
3000 F-2 to 4 weeks -650 F
300' F-2 to 4 weeks -65* F, locked shut
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The firings began with HES 6468.1 propellant, and continued with
HES 6484.1 and HES 6573.1 propellants, as described. All cartidges
exposed to high temperature were unprimed. Following exposuref the
cooled cartridges were primed with the 72M styphnate percussilin primer.
Lengthened high temperature exposures were arbitrarily stopped at 400' F-
24 hours, 3500 F-168 hours, 300' F-4 weeks. Firing data are shown in
Tables 7, 8, and 9.

It is seen that there was little difference between the performance
of the unconditioned control cartridges and all exposures of HES 6468.1
and HES 6484.1 propellants. In the case of HES 6573.1 propellant, one
set of unconditioned control cartridges ("repeat" extended 400' and

3 50c F exposures) had a higher average peak pressure than the other
control cartridges. It will also be noted that, in addition to this set,
individual cartridges throughout Tables 7, 8, and 9 gave peak pressures
exceeding 1500 psi, the desired maximum. This spread in the peak pres-
sures of these propellants is attributed partially to variations in pro-
pellant weight due to random grain lengths. (In Table 9, note the sam-
ple designation HES 6573.lB. Lot HES 6573.1A was discarded because of
excessive variability in grain length, which was visible to the naked
eye.)

In all the firings, no general trend is shown of decrease (or in-
crease), in peal- pressukir, ignition delay. or rise-to-peai 'with- exposure
time at high temperature.

Firings at 4000 F after Four-hour Exposure

Cartridges were fired through the system as follows.

Cartridge Exposure Firing Temperature

Standard production M73 700 F 700 F

Modified M73 (liES 6573) 700 F 700 F
4000 F-4 hr 4000 F

Since the production M73 cartridges contained percussion primers,
they were fired by a different method than the glow plug cartridges.
The percussion primers were gas-initiated by a T14 electric primer out-
side the oven, firing through stainless steel tubing and actuating the
M5 initiator firing pin inside the oven. Glow plugs were fired with a
375-microfarad capacitor charged to 300 volts.

Firing data are shown in Table 10. Average peak pressures of the
HES 6573 propellant certridges were higher than the production cartridges
at both 700 and 400' F, but were within specification limits. Pe; k
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TABLE 7
Ballistic Data, lES 6468.1 Propellant Firings

in H73 Cartridge/M3 Initiator Systen

Yiring Peak Ignition RiseCartridge Temperature Pressure Delay TiteExou -re F) Delay im

Unconditioned 70 1070 23 14
1190 17 21
1240 18 19
1160 16 18

1130 16 23

Unconditioned -65 1340 14 12
1280 18 14
1330 17 10
1210 15 13
1440 13 18Avg 1320

400* F-4 hr 70 1220 16 21

1220 18 23
990 19 26

1010 18 21
1080 21 32A~g 1104

400 ° 
F-4 hr -65 1130 20 19

1340 15 17
1210 15 16
1260 13 201220 14 18Avg 1232

Unconditioned -65, LSa Function O.K.
- Ditto

Ditto
Ditto
Ditto

Repeat Firings
Unconditioned 70 1170 18 17

1320 13 33
1410 13 151280 15 251270 15 20

Avg 1290

Unconditioned -65 1190 15 26
1240 12 22
1200 15 23
1220 13 23

1270 16 24

Avg 1224F400* F-4 hr 70 1130 12 32
1160 15 29
1340 12 24
980 16 24

1100 15 39Avg 1142

400* F-4 hr -65 1210 12 281160 18 21
1320 12 20
1140 14 18
1080 15 20Avg 1182

Unconditioned -65, LS& - Function O.K.

Ditto
Ditto
Ditto
Ditto

aLocked 
shut
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TABLE 8
Ballistic Data, HES 6484.1 Propellant Firingsin 1473 Cartridge/M3 Initiator System
Firing Peak Ignition RiseCartridge Temperature Pressure Delay Tie

E -re OF)a 
TsiW

400* F Exposure
Unconditioned 

70 1220 21 20
1290 21 221190 16 231270 15 14

Avg 1236 19 19
Un,,ditioneJ 

-65 1240 20 20
1220 16 161170 18 221120 19 201240 18 17

Avg 1198 1'00" F-4 h 70 1220 21 231080 25 161170 22 211040 22 18
860 23 1

Avg 1074 14
4000 F'4 hr -65 1030 19 25

1120 18 211240 29 121050 16 201230 25 13Avg 1134
Uncodditiono 

-65, LS
a  

- Function O.K.

Ditto
Ditto
Ditto
Ditto400* 1-6 hr 70 1180 8 21

1100 11 241180 11 181100 12 24
1190 9 21Avg 1 150400' F-8 hr 70 1290 10 21
1230 11 261230 10 20
1140 12 221280 10 18Avg 1234

400
* F-10 hr 70 1170 9 20

1090 12 22

1190 

11 
191200 

12 
231130 

12 17Avg 1156
400* F-12 hr 70 1080 11 22

1000 10 21980 10 211080 U 201030 12 18Avg 1034

aLocked shut.

19



TAI: i (Cont'd)

Firing; Peak Ignition RiseCartridge Temperature Pressure yisexposureF 
Delay Time

350* P Exposure
Unconditloned 70 1520 15 19

1470 12 20
1400 12 22

1330 11 21

Avg 1130 12 22
350 ° 

F-8 hr 70 1230 10 23
1130 13 27
1300 11 29
1340 10 181290 10 7

Avg 1258
350* F-16 hr 70 1440 12 20

1390 12 241330 13 241280 12 23
1190 11 22

Avg 1326
350* F-24 hr 70 1230 12 23

1210 13 25
1210 11 22
1030 12 251130 12 22Avg 1160

350' F-24 hr -65 1140 11 18
980 12 251280 11 211150 12 251130 12 20Avg 1136

350' F-24 hr -65, LS
a  

- Function O.K.

Ditto
Ditto
Ditto
Ditto350* F-48 hr 70 1530 10 20

1380 12 221390 10 24
1300 10 201290 10o2

Avg 1378 22

350' F-72 hr 70 1290 11 221230 11 23
1180 10 23
1140 8 231300 10 23Avg 1228

350' F-96 hr 70 1490 11 21
1210 11 20
1290 9 221300 10 23
1370

Avg 1336 10 26

aLocked shut.
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TABLE 9Batlistic DO, lIES 6573.1B Propellant Firingsin H75 Csctidge/W3 Initiator System

Firing Feak Ignitn RiseCartridge Temperature Pressure Delay RiseUp)sur (si) Delay Time

4000 F ExposureUnconditioned 
70 1220 

12 Z41330 I1 25
1230 10 29
1230 

13 26
Avg 1670 12 23

400
° F-4 hr 70 1290 13 28

1300 11 24
1280 12 22
1500 24
1400

Avg 1354 12 244000 F-6 hr 70 1240 
1131

1430 13 31
1300 12 20
1270 12 22
1270 1 23Avg 1302 13400* F-8 hr 70 1580 10 25
1540 12 22
1430 12 22
1420 9 211400 I

Avg 1474 10 26
400* F-10 hr 70 1300 112

1300 11 24
1320 20
1230 10 251290 10 23

Avg 1288400
0 F-12 hr 70 1340 

20
1340 10 20
1390 tO 25
1480 9 221460 

21Avg 1402 1021

350 ° 
F Exposure3500 F-24 hr 70 1340 

13 26
1390 13 27
1300 12 24
1240 13 3'
1190 27

Avg 1292 27350O F-48 hr 70 1300 
11 22

1180 10 25
1300 12 25
1230 11 24
1290 24

A v , 3  1 2 6 0 1 0 2 9350 ° 
F-72 hr 70 1140 

10 23
1280 12 25
1470 10 21

1530 0 231330 10 23
Avg 1350 10 26

350' F-96 hr 70 1190 
14 22130 
14 24

1330 1122
1230 12 24
1140132

Avg 1238 13 25
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TABLE 9 (Cont'd)

Firing Peak: Ignition lue
Cartridg Teperature Pressure Delay Tin

Extend4d 400' and 3500 1 Exposures

Unconditionejd 70 1440 16 25
1440 14
1320 16 221480 17 241270 16 21Avg 1390

400* F-24 hr 70 1230 17 27
1230 17 261240 18 20
1200 19 251200 18 22Avg 1220

S50" 1-168 hr 70 1340 21 18
1340 24 21
1320 25 26
1180 20 241320 19 25Avg 1300

IAPsat Extended 400' and 350' F Exposures
Unonditiomd 70 1600 11 21

1540 13 11470 16 17
MO4 11 is1390 11 25

Avg 1508
400V I-24 hr 70 1380 14 161280 13 251240 12 211180 12 18

1230 14 21Avg 1262

400' F-24 hr -65 1180 15 21
1230 12 271380 12 201100 15 24
1030 24 26Avg 1184

400 1-24 hr -65, L8
a  

Function O.K.

Ditto
Ditto
Ditto
Ditto350" F-168 hr 70 1500 10 24

1330 13 211390 14 22
1330 14 23

Avg l 1370132
1300 13 2

350' F/168 hr -65 1200 11 26
1140 13 27
1290 11 23
1180 12 251040 16 30rAvg 1170

350' 1-168 hr -65, Le - Function O.K.

Ditto
Ditto
DittoDitto

%ocked shut.
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TABLE 9 (Contt'd)
Firing Peakc Ignition Rise

Cartridge Temperature Pressurtlla i
_______Presur Delay Tim.

- P0" . J !os L e
Uncouditioed 70 1280 a 24

1330 11 24

1280 a 26

1280 !1 27

1340 U8Avg 1302 11 2

300" 7-2 weks 70 1330 10 29
134) 9 27
1270 11 24

1500 9 23
1180 9 27

3-6 -2 wek! -65 1340 9 191230 10 26
940 11 25

1230 8 23
1090 10 28Avg 1166

3C0" 1-2 weks ,0. LU 
fAation 0.Xt

Ditto
Ditto
Ditto
Ditto3000 F-4 wasks 

1340 10 28
1140 11 2

1 9 24
10 25

.9 28
300* l1-4 Woke 65 

12 19l 1

u 9 23

3001 -4 vecks 
-ti, LSi*

Ditto
Ditto
Ditto
Ditto

a s

%ockad shut.
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TABLE 10B*Illscic Data, lIES 6573.18 Propellant Firingsin M73 Cartridgel5 Initiator System

Firing Peak Ignition Rise
_____ Temperature Pressure Delay Time

Standard M73,

Lot FA 10.1 Unconditioned 70 10;0 15 171040 13 221056 10 181000 10 20
1000 8 20

Avg 1022
Mfndfied M73,PM.S 6573.1B UkcunditLoned 70 1400 61 18

.060a 58 2511404 56 261330 58 25
1300 51 21Avg 1246

Modified M73,
U4S 6573.13 400" F-4 hr 400 1450 53 11

1350 54 17
1230a 53 151520 51 151550 53 24Avg 142@

R*pea*t Firing
Standard M73,Lot FA 1-i Uncnditoned 70 1100 9 18

1060 9 211080 9 231100 11 211140 9 18
Avg 1096

Modified H73,IMS 6573.11 UncoUd~tioned 
70 1340 58 19

1190 58 241270 56 181380 56 23
1390 50 19Avg 1314

Modified M73.WCS 6573,1B 400" V-4 hr 400 1330 63 18
1490 45 181570 50 15
1460 46 181440 58 15Avg 31458

as leak through glov plug.
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pressures of the 400" F heated and fired cartridges were t'iqher than
those of the unheated cartridges. It will be noted that ignition delay
for the HES 6573 propellant cartridges is unusually long for both ambient
and 4000 F firings. This is due to long 'heat-up time" fcr the heavy
bridge wire in the glow plugs and, consequently, is of little importance
in the ballistic evaluation of the propellant.

Firinv- with Hes.t-resistant Percussion Primers

In an effort to evaluate a completely 400D F-resistant PAD car-
trLdge, the ballistic tests were conducted in M73 cartridges loaded with
HES 6573 propellant, boron-potassium nitrate igniter, and experimental
heat-resistant percussion-primers currently under development on another
program.5 Two primer compositions, G-11 and G-16, were selected as hav-
ing the best characterlstics of sensitivity and thermal stability for
this application. Both compositions were employed in the tests.

The cartridges were fired in M5 initiators, employing the hot fir-
ing system. The percussion primers were initiated by M52A3 electric
primers functioning outside the oven through stainless steel tubing and
actuating the initiator. Comparison was made with standard prcduction
M73 cartridges and with 72H styphnate primers as follows.

Cartridge Load Primer Exposure Firing Temperature

Standard M73 72M 700 F 70" F

HES 6573.lV 00iB/ 72K 700 F 700. p

lIES 6573.lB/BKNO3 G-11 700 F 700 F
RES 6573.1B/BK80 3  G-11 4000 F-4 hr 400" F

RES 6573.1B/BO03 G-16 700 F 700 F
HlES 6573.lB/BKNG 3  G-16 4000 F-4 hr 4000 F

Firing data are shown in Table 11. All cartridges primed with
the G-11 and G-16 cempositioas functioned satisfactorily at 70' and
at 4000 F. Peak pressures for all HES 6573.lB-loaded cartridges were
higher than those of production cartridges. (It is believed that this
can be easily corrected by adjustment of propellant and igniter weight.)
At ambient temperature, comparable pressures were obtained between G-16
and 7K primed cartridges. Comparison of G-11 and G-16 primers showed
somewhat higher peak pressures for G-ll primers. This is believed dvii
to the presence f 10 percent TACOT* heat-resistant high explosive in
the G-ll composition.

*Trademark of E. 1. dupont de Nemours & Co., Inc.
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TABLE II I
Ballistic Date$ RES 6573.1B Propellant Firingsin M73 Cartridge/MS Initiator System(G-1I and G-1.6 Ex/erimental Primers)

Firing 
Peak Ignition RiseTemperature Pressure Delay Tim

Standard M73
Lot FA 10-1 7ai 70* p 70 1030 13 1

1020 13 1

1080 11 18

1080 it 18 

1100 13 20Avg 1062
liES 6573.18 7(2 70" F 70 

a a
1370 

19
1240 18 201320 15 21
1320 13 20

Avg 
1312RES 6573.jB G-11 701 F 70 1330 15 23

1610 131460 13 15
1340 13 221510 13 22

Avg 1450 9 22lIES 6573.18 G-11 400- F-4 hr 400 1590 9 15

1590 9 13
1740 9 191760 9 14

Avg 1604 14IES 6573.13 0-16 70" P 70 1320 16

1410 " 181150 is 201200 19 191390 14 2Avg 
1294RES 6573.1B G-16 400- -4 h, 400 1360 11 16

1410 10 141270 18 161610 10 13
A1g 145

1440 11 15

No reading; instrusnt malfunction.
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In summary, these firings were considered to have demonstrated a
complete primer-igniter-propellant train for PAD cartridge; to meet
400' F-4 hour operation. These firings concluded the ballistic evalu-
ation of the small grain potassium perchlorate/Hycar propellants.

DISCUSSION

Thermal S ability Study

The autoignition data on the HES 6468, HES 6484, and HES 6573 pro-
pellants show the same high level of autoignition temperatures for
these propellants as were obtained with potassium pjrchlorate propel-
lant during previous screening of propellant types. 'The gas evolution
data and visual examination show that their resistance to deterioration
at 4000 F for up to eight hours is of a high order. Gassing of the I
propellants at these temperatures is virtually negligible. The discus-
sion of what gases are evolved (see RESULTS) points to a small amount of
binder deterioration which, apparently can be tolerated within the tem-
perature-tim objective of this program.

Ballistic Evaluation

The firings of the potassium perchlorate/Hlycar acrylic binder pro-
pellants in a typical propellant actuated cartridge demonstrated their
ability to survive and perform under extremely wide temperature condi-
tions. As far as is known, the 4000 F conditioning- -65' F firing
temperature span is the widest to which any specification propellant

device has ever been subjected and fired satisfactorily.

Deviations from specified M73 cartridge-M3 initiator performance
did not take the form of a lowering in peak pressures or overly long
rise-tc-peak time, as would be expected from a deteriorated propellant,
but, rather, an increase in peak pressure above the desired 1500 psi
maximum occurred. This is attributed to a combination of several
causes.

First, an extensive charge establishment program for optimum
propellant and igniter weight for this cartridge was not undertaken,
but an arbitrary charge of eight pieces of propellant and 1.0 gram
of BRNO3 was adhered to for the entire firing program. It is possible
that an igniter weight of 0.8 or 0.9 gram may be preferable.
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Seccnd, the propellant lots funtLished by the contractor were ex-
perimental, and not subject to the rigid grain dimension specifications
under which gun propellants are procured. Considerable variation In
grain length was experienced, particularly with RES 6573-propellant.

Third, higher peak pressures were obtained, mostly in firifigs 4t
4000 F, which was to be expected. A minimum temperature coefficient
of performance over a temperature spread of approximately 465' F re-
mains an area still to be explored.

The adoption of Inconel tubing for the 400' F firing of perchlorate
propellant is described (see EXPERIMENTAL).. Although this was success-
ful here, it is not suggested that this solves the-problem of the effect
of corrosive combustion products of perchlorate propellant on metal in
propellant actuated devices. Heat-resistant propellafits employing non-
halogen oxidizers and binders would be preferable.

CONCLUSIONS

1. Based on autoignition temperature, amount -and nature of gas
evolution,'and retention of grain configuration, the extrudable potas-
sium perchlorate/Hycar acrylic binder propellants showed thermal stabil-
ity sufficient to meet the 4000 F-4 hr high temperature objective of
this program.

2. When evaluated ballistically in the M73 cartridge/M3 (or M5)
initiator system, these propellants demonstrated their ability to sur-
vive and function, as designed, after exposures from -65' to 4000 F.

RECGMEDAT IONS

1. The potassium perchlorate/Hycar polyacrylic binder propellants
should be considered for propellant actuated cartridge applications with
-65* to 4000 F exposure requirements.

2. Further work should be done with these propellants, with the
objective of attaining a minimum temperature coefficient of ballistics
over a temperature span cf -65' to 400' F.

3. High temperature-resistant, halogen-free propellant, should be
explored for the added advantage of noncorrosive combustion products.

4. Conical seals should be investigated further for use in all AN
fittings employed in propellant actuated devices.
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