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SUMMARY

Work on the Nike-Zeus system has been covered by three
Supplements to Contract DA-01-02] ORD-5135, The first, supple-
Mment No. 3, included the design, loading, and testing of one full-

Scale Zeus sustainer, using petrin acrylate propellants.

The second, supplement No. 6, was more extensive and
included further development of the propellant to determine the
Most satisfactory formulation for use in the Zeus sustainer. It
also included requirements for firing, storage, and physical proper-
ties data. In addition, loading and testing of four half-scale and two

full-scale motors were required.

The third, supplement No. 16, provided for a continuation
of No. 6. In addition the requirements included cycling studies and
the loading and testing of four more half-scale motors and four more

full-scale motors. The expiration date is January 31, 1960,

Both supplements No. 6 and 16 provided for testing propellant
formulations in small scale motors in the 10 to 100 1b. class.

\. To date a major portion of the requirements have been completed.
Several propellant formulations have been investigatedllo«select—ene
~With-the best characteristics. Composition szn has been selected
a8 the one with the best combination of specific impulse, physical
Properties, and Processing characteristics. - This composition or a
close approximation has been used in all of % large motor firings to
date. Physical properties data have been obtained for several compo-
Sitions, and an extansive amount of data are available for composition
szn\‘\.
The advances made in petrin acrylate propellant manufacture
—ta8t year have indicated the process to be satisfactory for making large
Mmotors. Also, further improvements in continuous casting have been
Uncoveredavhieh-will-be incorporated.in future Pproduction facilitiess
Because of the low initial viscosity of the mix, continuous feeding
and mixing of the raw materials appears feasible in readily avail-
able equipment. Although reasonable care is required in the pro- .

Ceéssing, loading, and Preparation for firing, no seriously difficult

“ ¥ IVVAL ‘o
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or unusual problems have developed.

Storage data have been obtained for some compositions, but only

recently have motors containing QZ A been placed in surveillance. One

b
full-scale motor has been placed in ambient storage. After about one
month in storage, no apparent change has taken vlace in the quality of

the propellant.

Although limited cycling tests and firings of small motors at
temperatures as low as -60°F have been conducted with petrin acrylate
propellant, no valid data are available for Qan under cycling conditions.

Cycling data, using small test motors, will be obtained for Qan.

v
A total of nine half-scale motors have been loaded. Seven have
been fired, the last five successfully. Processing difficulties with two

of the earlier motors required that the propellant be cut out.

Three full-scale motors have been loaded successfully., One
motor which had a batch of propellant from which catalyst was inad-
vertently omitted has been put in surveillance. The other two motors

have been successfully fired.

The demonstrated processibility for large motor manufacture
and the superior ballistic properties make petrin acrylate a leading

candidate in the solid propellant field.

INTRODUCTION

Approxirnately two years ago the Redstone Arsenal Research
Division of Rohm & Haas Company was asked to determine the feasi-
bility of using a petrin acrylate propellant in the Nike-Zeus sustainer.

At that time petrin acrylate propellant was becoming recognized as

a potentially useful high energy propellant. In addition to a higher
specific impulse, petrin acrylate has certain other advantages. Its burn-
ing rate can be varied easily over a considerable range; it is readily

castable; it has adequate physica’ properties.

During the past two years the development program for petrin
acrylate propellant has been successful in utilizing these original
advantages, improving on them, and demonstrating the propellant in
full-scale Nike-Zeus sustainer test hardware. In addition, con-
siderable data were obtained with .maller systems ranging from 10
to 1000 1b.

CONFIDENTIAL
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Two compositions, QC and QZ, have received most of the
attention for use in large motors. (See Table I).

Table I
Composition of QC and QZ Propellant

ac az

Petrin acrylate 14.60 14,90
Triethylene glycol dinitrate 17.50 17.00
Ammonium perchlorate 57.20 47 .85
2-Ethyl hexyl acrylate 1.60 1.60
Polyester-920 0.75 0.45
Aluminum 8.15 18.00
Ethyl centralite 0.20 0.20

The switch to QZ for all later firings was made because of its

higher density. Specific impulse was virtually unchanged.

Since indications of good ballistic properties were obtained,
it remained for processing techriques to be worked out to provide a

simple reliable processing method.

PROCESSING OF PROPELLANT FOR THE NIKE-ZEUS

Processing

Petrin acrylate propellants are relatively easy to load into
large motors because of the low concentration of solids (ammonium
perchlorate, aluminum) and the low viscosity of the high energy binder
system (monomer, plasticizer, etc.). For this reason the propellant
can be mixed in a kettle with a low speed agitator at atmospheric
pressure. The energy input into the propellant due to mixing is
negligibly small. Simple equipment for pumping and deaeration and
simple bayonet casting can be used. Petrin acrylate propellants can
be produced by a continuous process which has been demonstrated in

the loading of half-scale and full-scale Zeus sustainer motors.

The initial viscosity of the propellant can be controlled by
varying the type of aluminum powder and the polymerization rate can
be controlled by the concentration of inhibitor. These changes have

no adverse eifects on the ballistic or physical properties of the pro-
pellant,

CONFIGENTIAL
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The polymerization reaction is initiated by the addition of a
Catalyst (t-butyl perbenzoate) and delayed long enough to jermit
Pumping into the motor by an inhibitor (n-nitroso diphenyl amine).
Neither of these materials change the ballistic or physical properties

of the propellant.

Experiments have shown that variations of about 5% of each
ingredient spearately will not have any significant effect on the

ballistic or physical properties, simplifying processing control.

The physical properties of the cured propellant have been
demonstrated to be satisfactory for use in the Zeus system.

Two problem areas in processing petrin acrylate propellants
are an exothermic polymerization reaction during curing, which may
require internal cooling of the mandrel fcr some large motors, and
a high freezing point (125°F) which requires jacketing of all process
equipment and casting lines. If excessive temperatures (around 210°F)
are present for extended periods, degradation and fissuring of the

Propellant may occur,

This Division has recently designed and put into operation a
Propellant mixing and casting facility suitable for filling large motors
With petrin acrylate propellant. Included are facilities for mixing 1200-
lb. batches, continuous inline mixing for incorporation of polymeriza-
tion catalyst, continuous deaeration, and continuous casting of motors
Containing up to 10,000 pounds of propellant. The size limitation on
the motor is imposed by the quantity-distance restrictions of the
existing facilities. Safety features include remote operation when any
item of processing equipment is in operation, complete elimination of
bearings and stuffing boxes exposed to propellant or inflammable in-
Bredients, and continuous removal of dusts.

The operations included in this facility are outlined below; all
of the operations are performed remotely:

1. Weighing of liquid ingredients

2. Charging of both solid and liquid ingredients to the mixer

3. Propellant mixing

4. Metering of propellant and polymerization catalyst in the

specified ratio

CONFIDENTIAL
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5. Mixing of propellant and polymerization catalyst in an
inline mixer during casting .
+ Deaeration of catalyzed propellant

~

6
7. Bayonet casting at a controlled rate
8. Curing

9. Extraction of mandrel from cured motor

Fig. 1 and 2 show most of the important features of the process.

Details of development of this pProcess are given in Appendix A.

Minor ingredients are dissolved in the plasticizer, triethylene
glycol dinitrate, and mixed by recirculation through a Vanton pump.
The correct weight of liquids is pumped to a tank suspended from a
load cell above the mixer and then drained into the mixer. Aluminum
and petrin acrylate monomer are weighed into a single cart and charged
remotely to a hopper by means of a Cesco skip hoist. Ammonium per-
chlorate is weighed into another cart and then charged to a second
hopper, which is heated to Prevent caking. After the liquids have
been drained to the mixer, the aluminum and petrin acrylate mixture
is charged to the mixer by a pneumatic vibratory feeder. In the mixer
the monomer is melted and » with'the aluminum, is incorporated into the
mix. Ammonium perchlorate is charged by a second vibratory feeder
and incorporated into the batch. The mixer is a 100-gallon, jacketed
Pfaudler kettle equipped with a flush bottom valve and anchor agitator.
A dual vent system, one vent for oxidizer dust and the other for fuel
dust mounted over the hoppers and mixer, conveys the dust to a
scrubber. The water from the scrubber is filtered and discarded.
After mixing for about thirty minutes at 150 to 160°F and sampling the

batch, the mix is ready to be charged to the casting system.

Propellant is discharged by gravity from the mixer to a 100.
gallon hold tank similar to the mixer. This propellant is cast while
another batch is being mixed. Thus, although mixing is done batch-
wise, the casting operation operates contiruosly. Propellant and
polymerization catalyst are metered in the correct pProportion
(approximately 100:1) by means of two positive displacement diaphragm
type pumps to a two-gallon capacity inline mixer where the catalyst is

mixed into the main propellant stream. Polymerization inhibitor is
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added with the catalyst at a concentration adjusted to give the correct
gel time for the propellant. This concentration is determined from
suitable tests performed with the sample previously taken from the
100-gallon mixer. The catalyzed propellant is pumped by means of
a Sigmamotor pump to a slit deaerator. The deaerator is elevated
approximately 18 feet to allow the propellant to be pumped from
vacvum by a diaphragm pump which pumps the mix through the final
pcrtion of casting line into the motor. The depth of the bayonet
below the propellant surface is automatically controlled by a level
sensor which raises the bayonet as the propellant level rises in the

motor.

To compensate for differences in the pumping rates of the
three propellant pumps in the system, each pump is sized so that its
capacity under normal operating conditions is greater than the pumps
upstream of it. The pumps are then controlled by level controls in
the inline mixer and deaerator, which turn the pumps on and off to
maintain a fixed, predetermined level in the respective vessels. The
pumping rate of each pump is remotely variable (except for the pro-
pellant metering pump fcr which the stroke length must be manually
adjusted) so that the rates can be adjusted to give essentially full time
operation of each pump. Other controls for the pumps include safety
high-level controls for the inline mixer and deaerator and a high

pressure control for the deaerator.

The facilities and process described above have now been in use
since December, 1958 to cast approximately 30,000 lbs. of petrin
acrylate propellant without any serious difficulty, including three 7000-
1Ib. motors and four 1000-1b. motors. This number of motors was
adequate for programs underway; the proportion of available facility

time used was low.

Raw Material Quality Control

It was expected that motomer and TEGDN quality control
problems could cause large variations in the final propellant properties.
This expectation was fortunately not realized and to date no propellant
failure has been traced to variations in the raw materials as long as

specifications were met (see Table II). The preparation of about 15,000
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lbs. of satisfactory monomer at Rohm & Haas Company through 1958
and 1959 (to date) is an irdication that the present process is under

conirol. TEGDN must, o1 course, be dried to prevent erratic

polymerizations.
Table II
Specifications on Raw Materials

Petrin Triethylene glycol

acrylate dinitrate
Assay! 97% Min. 99 - 1039,
H,0 0.25% Max. 0.25% Max.
Total Volatiles 0.50% Max.
Diacrylate (chromatography) 2.0% Max.
Acid 0.01% Max.
Stability Pass

The other purchased raw materials, meeting manufacturer! s

specifications, were all found to be satisfactory.

Raw Material Logistics for Petrin Acrylate Propellants

All raw materials for petrin acrylate propellants are now in
commercial production except petrin acrylate monomer. At present,
Picatinny Arsenal is supplying petrin which is converted to the acry-
late at this Division. The present capacity here is approximately
10,000 1b./month which will produce about 60, 000 tbs. of propellant.
The Explosives Division of E. I. duPont deNemours Company is
currently undertaking process studies for the production of petrin and
petrin acrylate. They are reported to have in operation a continuous

process pilot plant for the production of pctrin acrylate.

Triethylene glycol dinitrate has been purchased from Propellex
Chemical Company and from Hercules Powder Company. However,
E. I duPont deNemours and Olin-Mathieson are also interested in the
manufacture of this nitrate plasticizer which can be produced in a
commercial continuous Biazzi unit. The other raw materials are

either used in small quantities (2-Ethyl hexyl acrylate, Plaskon 920,

1Petrin Acrylate - chromatography
TEGDN - Nitrate ester determination

CONFIDENTIAL
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Magnesium Oxide, nitroso diphenyl amine, ethyl centralite) and are
cornmercially available in the required quantity, even for very large
sca e production, or are identical with the raw materials used in

other propellants (aluminum and ammonium perchlorate).

BALLISTICS DEVELOPMENT

Full-Scale Nike-Zeus Loadin;: and Firing:

Ballistic development details leading to full-scale motor
loading and firing are given in Appendix B.

The 36 x 140 STM is & workhorse case of the Nike-Zeus sus-
tainer, designed to hold 6,800 lbs. of propellant. A modified AG
star, (Fig. 3) with flattened outer points, was designed and purchased.
The surface-time trice, (Fig. 4) shows the effect of the grain shorten-
ing due to the rounded ends of the motor case. Note how the actual
firing traces duplicate this theoretical curve. A new mandrel could
easily be designed to eliminate this regressivity if desired. Very
little erosivity has been found for szn even at AptA‘ fﬁ = 1.28.

Motor RH No. 9 - Processing and Ballistics (Fig. 5)

The first 36 in. motor was cast on February 10, 11, 1959 {rom
seven batches of szn propellant. The processing proceeded with
remarkable smoothness. A full length grain of excellent quality re-
sulted. Mandre! cooling was used to limit the exotherm. The trimmed
grain weight was 6,945 Ibs. and the propeliant density was 0.0647

Ibm/cu in.

The firing was highly successful. Ignition was good and no
erosive spike occurred, The pressure trace was smooth, but regressive
throughout most of the shot. The total impulise exceeded specifications
for the sustainer. The Planeton |V insulation was completely burned
through in the converging face of the nozale in line with each of the
six £tar valleys . The exit cone delaminated causing periodic thrust
disturbances. Stripping of the expansicn cone insulation was readily
seen in the motion pictures of the firiug. Excellent agreement
was obtained between Rohm & Haas Company and ARGMA instrumenta-

tion.
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Fig 3 Cross section of the modified AG mandesl for S ol - scale Mobe-Bous.
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Fig. 4 Calculoted surfoce a3 o funclior of distance burned for the full
sale Nike-Zeus
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Motor RH No. 11 - Processing and Ballistics

The second 36 x 140 STM was successiully cast from seven
batches of Qan. However, the catalyst was inadvertently left out
of one batch so that the grain could not be fired in the normal manner.
This motor has been stored in an Army Igloo at ambient temperature

for surveillance purposes. No major changes have resulted from onre

month of storage.

Motor RH No. 12 - Processing and ..allistics (Fig. 6)

The third 36 x 140 STM was successfully cast from seven
batches of Qan propellant. A small amount of fissuring and some
case bond separation was noted at the aft-end of the motor after
cure; but the propellant was successfully repaired. The firing was
intended to be at an average pressure of 1,000 psi and was actually
1,018 psi. The nozzle condition was somewhat better than on motor
RH No. 9, particularly in the converging section. Although the re-
maining insulation in the expansion cone was about 1/8 inch more
than in RH No. 9, the original thickness was 1/8 inch greater, indi-

cating an equivalent amount of delamination for the two tests.

The relationship of the P-K-r data from the latest large motor

< 4 s ™ v -~ <. 3 =
irings is shown on the P-K-r curves for QZ, propellant (See Fig. 7).

Surveillance

Only a very limited amount of data have been obtained on sur-
veillance. Some data have been obtained orn an older composition,
but these data are not presented here because the information may not
be applicable to the current composition, Qan, At the present time,
ten 10-1b. motors are in surveillance at 135°F and one full-scale motor
1s in ambient storage. Inspection of the full-scale motor after about one

month storage has indicated no significant change in propellant quality.
Cycling
No cycling data have been obtained on the current composition.

Detonability

As is expected from any high energy propellant, composition

QZ

pp C21 be detonated under the proper conditions. Limited tests have
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® RH No. 8
v RH No.7
® RH No.8
A RH No.9
K ® RH No. 10
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Fig. 7

Pressure, mean K, and burning rate variation for large motor firings
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indicated a minimum or critical diameter of between two and two and
one-half inches below which detonation will not occur. For these tests
approximately one pound of composition C-4 was used as a booster
which was initiated by a number 8 blasting cap. " he propellant
samples, confined in a wrapping equivalent to an ice cream carton,
detonated at 2-1/2 inches diameter, but failed to detonate at 2 inches
diameter. Itis not known what minimum size oi booster could cause

the sample to detonate.

METAL FARTS DEVELOPMENT

To test petrin acrylate in the Nike-Zeus system, it became
necessary to develop a nozzle and liner material which would with-

~~gtand the higher temperature of this high energy propellant and which

U

i R

could be used with the Zeus worklivsce.motor, supplied by Douglas

Fer e
i,

Aircraft Company. Therefore an investigation was made to determine.
a list of possible materials to use in areas exposed to the flame. To

conserve materials in the early part of development, it was also

necessary to design and build smaller-scale test motors and nozzles.

One-half and one-fifth scale motors were built.

The half-scale motors contain approximately 1000 1b. of pro-
pellant and require identical preparation to the full-scale motor.
The one-fifth scale motors contain only 50 1b. of propellant and because
of their shorter burning time, less insulation is required. Discussion

will be limited to the one-half and full-scale motors.

Half-Scale Motors and Nozzles

The half-scale motors (see Fig. 8) were designed to contain ap-
prox1mately 1000-1b. of propellant, based on the original estimated
sustainer weight of 8000 lb. Since the primary interest at Rohm & Haas
Company is the development of propellants, the motor was designed as
simply as possible for repeated firings. The motor was fabricated
from non-heat treated steel of rolled and welded construction and hydro-
statically tested to 1800 psi. The nozzle was {abricated from low carbon
steel with a graphite nozzle insert. After obtaining severe erosion in

the first firing, the successive nozzles were lined with a plastic,
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either Planeton IV! or Rocketon?, in both the converging and diverging
sections. The first motor and nozzle assembly was purchased from
Diversey Engireering Company. Three additional motors were pur-
chased from Diversey, while the nozzles were obtained from Joe

Brady's Shop.

Planeton IV has been used in all the firings to date, although
other nozzles have been prepared with Rocketon for future tests. The
Planeton IV has prevented the nozzle from being destroyed with each
firing. However, since the Planeton is a laminated material, suc-
cessive layers are heated and stripped out of the nozzle during burning.
Although this does not affect the propellant, slight irregularities are
periodically indicated on the thrust trace as each layer is stripped from
the nozzle. For this reason, Rocketon, which is a molded plastic con-
sisting of asbestos and a phenoliic resin, wiil be tried in future testis.

Erosion or ablatlon of the surface should be more uniform.

V10 i o i M oy o W) B g i it 0O B T s N, S DT DR T 2 A N w96 A e W 2 0 N M K e VOB b, ¢ Y o e e b It A Bk T Y age

Full-Scale Motors and Nozzles

Three full-scale workhorse type motors (see Fig. 9) have been S
received from Douglas Aircrait Company. The nozzle which was sup-
plied with the first motor was not adequate for use with petrin acrylate
propellant. Therefore, a new design was made and the nozzle metal
parts were purchased by tnis Division from Richardson Machine Company.
(See Fig. 10). After firing the first full-scale motor, the nozzle design
was modified and two more sets of metal parts were ordered from
Richardson. All motors and nozzles were plastic lined similar to the
half-scale components. Planeton IV was formed into the converging rear

portion of the motors as well as 1nto both the converging and diverging
parts of the nozzles.

Both full-scale firings have been successful, both from a ballistic
standpoint and from a component standpoint. The 3/8-inch Planeton IV
in the expansion cone of the first nozzie delaminated during firing until
only or or .wo layers remained. To be more conservative, the nozzle

for the second firing had the Planeton IV liner thickness increased to

!A product of Reinhold Engineering and Plastics C~., Norwalk, Calif.
2A product of Haveg Corporation, Wilmington, Delaware.
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1/2-inch in the expansion cone. After firing, only 1/8-inch remained,

resulting in the same amount of delamination for both firings.

For future firings, molded insulator rings will be used in the
converging section of the nozzle, the diverging section will continue

to use the laminated Planeton IV for economic reasons.

To date, extruded ATX, graphite has been used for all nozzle

throat sections. The increase in area due to erosion has been 3%

and 5% in the two full-scale firings, but it has varied from 2% to 6%
in the half-scale firings. This variation could probably be reduced
by using a better quality molded graphite for the nozzle throats. How-

ever, the cost would be higher and the increase in cost did not appear
justified for initial firings of a static test vehicle.

Motor Liner

A mixture of chopped asbestos, polyester P-13 resm and poly-
“ester P-43 was selected as the liner r;;;érla’l for thé large motors
This material has been spread by hand, completely covering the inside
of the motor case, for all firings conducted to date. However, it has
been determined that this material can be sprayed successfully and
the spray method would probably be used for lining several motors of
a ' production" run. Purchase of the spray equipment could be justified
if several motors were to be lined. Compatibility of the propellant
and polyester liner has beer satisfactory as far as initial bonding is
concerned. The possibility of liner deterioration cdue to plasticizer

migration is being checked on motors which are stored for surveillance.

An investigation is currently under way to develop a liner, pre-
plasticized with triethylene glycol dinitrate (TEGDN), which will have
enough plasticizer in the liner, so that no further migrat.on will ozcur.

Results of current tests are very encouraging.

Since the normal liner is not sufficient insulation in the con-
verging rcar section of the motor, an additional layer of insulating
or heat resistant material was required. Planeton [V, a laminated
glase clothimpregnated with a phenolic rerin was selected. A layer
approximately 3/4 inch thick, overlayed with a normal layer cf P-13,

asbestos liner material, has proved to be adequate for full-scale
{irings.

CONFIDENTIAL
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Composition QZ, (see Table 1) was selected as the most

promising propellant for the full-scale Zeus sustainer.

This com-

position has been demonstrated in half-scale and full-scale static

test motors.

Since uncoated ammonium perchlorate tended to cake and

become difficult to charge to the mixer, an effective anti-caking

agent (see Fig. A-1) was sought. Magnesium oxide was selected.

A concentration of 1% magnesium oxide coated on the 65y ammonium

perchlorate eliminated the caking problem and also resulted in im-

proved thermal stability and improved physical strength of the pro-

pellant. The effects of magnesium oxide on the thermal stability

and physical properties of QZb

- - 2 t UGN Ahil .-u > b b »

% MgO Based on

o

L

T

Table A-1
Effect of MgO on Thermal Stability of QZ Propellant

Test Temperature

-

AP S LB K P IS

, 2Te presented in Tables A-I and

B AT ey B D B T P e i

Auto Ignition Time

Ammonium Perchlorate ‘F Hours
0 248! 7
1 248! 25
2 248! +4
0 212 33, 40
6.5 212 >115, 790
i 212 >115
0 195 140

'Accelerated test using sraall samples. All other samples were about
14 (b., 6 inch dia. cylinders.

Table A-11

Effect of MgO on Physical Properties of GZ Propellant

RSN S a0 ¥ Rl B A T

Oxidizer' Average Physical Properties at 75°F
Tensile Strength, psi Elongation, %

Urncoated 28 22

Coated with 1% MgO? 45 to 65 33 to 40

'Ammonium perchlorate ground to 654 medium particle size.

*A USP light magnesium oxide iz used. A reagent grade magnesium
oxide is slightly less effective in terms of physical properties improve-
ment, giving values on the low side of the range reported.

Tl
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65 MICRON WITH I/2%EACH OF MO &
10 /2% srmm'éam’
\ 65 MICRON WITH 1%Mq0
65 MICRON APC WITH /2% MqO
8o}
) STORAGE CONDITIONS: 110° F
= S
= 1Dl
% ﬁcl_. CLOSED
9 OONTAINERS
o
Ll
‘é 65 MICRON APC WITH NO ANTI-CAKING AGENT
[ 40—
2
sl
i |
K i g T s A » e AN 5 g A L)l»u"-‘-‘ - ST P A BT B R S N —_ o it el it M R 8 5 B ED 480 P e A e TR B L §F Nt 57 O T B R b
2or—
! | | i
3 10 15 w 42
STORAGE TIME-DAYS
Fig. A-l

Effect of anti-caking agents on the caking characteristics
of ammonium perchiorate.
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The rate of increase of viscosity is controlled to result in a
viscosity of 10,000 poises! after 60 to 180 minutes from an initial
viscosity of about 30 poises!. A time of less than 60 minutes may ‘
result in solidificacion in the casting lines, while a time greater

than 18C minutes results in settling of the solids in the motor.

It has been determined that any appreciable polymerization
reaction occurs only after catalyst addition and after deaeration.
To prevent decomposition of the inhibitor during mixing, it is added

in the casting line with the catalyst as late as possible in the process.

To determine the desired amount of inhibitor a small sample
of propellant is withdrawn as soon as the propellant is mixed, cata-
lyzed, and tested for viscosity increase. From this test the inhibitor
level for the batch is chosen. This technique assures an adequate
gel time, even with gross variations in the proportioning of the

e Yo, x 8L e S e Kl e o, B tn ) e e U, S A BB s T B i 1 2ot TR Nt e 3 Lo R I T T B LW S T M TR S ey e
rLositer-seivtiva o the propellaintsee 4 avie A= Ly

Table A-III

Effect of catalyst-Inhibitor Solution Proportioning Variations on Gel Time
of QZ Propellant

Catalyst-Inhibitor Solution Gel Time, minutes
Nominal 90
Twice Nominal 120
Half Nominal 15

The polymerization rate is also increased appreciably by traces
of water (see Fig. A-2). Slight variations in the amount of water in
the batch are virtually impossible to avoid due *o the hygroscopic
nature of the ammonium perchlorate. The effect of water and other
unclassified factors are successfully overcome by using a suitable
level of inhibitor (see Fig. A-3). This level of inhibitor is determined
by the method described above. Although this technique has been very
effective and has permitted successful continuous operation, a more
powerful polymerization control system that will tend to override the
effect of uncontrolled polymerization variables is highly desirable,

and an investigation of more powerful catalyst-inhibitor systems is in

progress.

!Apparent viscosity in a Brookfield Viscometer using a T spindle at
5 RPM
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& LAB WIXER BATCHES, DRICD BY VACUUM MIXING PRIOR TO
4 ADOING WATER, BATCHES CONTAINED 002% N-ndpa AND
08% w-wph.

¥ SAME SERIES AS (+) BUT WITH NO & =bpb.

@ 25-L8 MIXER BATCHES, PERCENT WATER ESTIMATED FROM
WATER N MATERIALS PLUS WATER ADDED TO MATERIALS.
BATCHES COMTAINED 0.03%a M-ndpa AND 0.5% i-bpb.

GEL TIME-MINUTES

i | | | | ] ] ] |

o al 0.2 0.3 .4 0%
e WL e AN Tl e \ SRk T S ¥ ] S A
“hel, St A T e T ATV £ 00 i e e b B e AL, T D -, -
M YT B S A DT B T BN ortn s st simit s s e ;
e i AR i AT - S e A 9 i e e TR T K Al

Gepb e Seliabie Do il

Fig. A-2 The effect of water on QZ propellant gel time.

!

4 GEL TIME WAS OVER
300 MINUTES

0.1% WATER

GEL TIME -MINUTES

A

" 0.2% WATER

| | | |
(15 0.02 G.03 0.04 0.0%

%% N-ndpa BASED ON MONOMER

Fig. A-3 The effect of inhibitor concentration on gel time of QZ

propellant containing traces of water.
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APPENDIX B

BALLISTICS DEVELOPMENT

Burning Rate Studies

The initial burning time for the Zeus sustainer was 17 seconds
at 650 psi. To meet this requirement two charge configurations were
considered; the AG star (see Fig. 3, B-1) which required a burning
rate of 0.44 inches per second, and a slotted tube which required a

burning rate of 0.77 inches per second, both at 650 psi.

Composition QCd, which was the most likel candidate for use
in the Zeus system at the beginning of the development program, was
a compromise,with a burning rate of 0.53 inches p
psi.

er second at 650
The first three 1000-1b, motors were loaded with this composi-

tion because its characteristics were reasonably w

o AT R M sy B Y]

D WA S, N SV AT S

Wt 5 e 3 0 s T s e

Fig. B-1 Cross section of the AG mandrel for the half - sccle Nike- Zeus
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Because of its improved physical and ballistic properties and

its simpler processing requirements, composition QZ replaced QCd'

Since two charge geometries were considered and two different
burni_ng rates were required, a series of tests, using 6C5-11.4 static
test motors (STM( (charge = 6" OD x 5" ID x 11.4" long), was con-
ducted to determine the range of burning rates which could be expectad
with QZ composition, using various oxidizer grinds. Seventy-six
6C5-11.4 motors,* eack containing seven pounds of propellant, were
fired to obtain burning rate modification data. A burning rate range

of from 0.42 inches per second to 0.81 inches per second at 650 psi
was established.

Before these results could be utilized, the sustainer burning

time was decreased to 12 seconds. At this time the slotted tube con-

figuration was dropped, since QZS came close tc providing the corr

o)
re aaa vaano

burning rate for the AG star charge configuration. Additional 6C5-11.4

P sl T T

motors were fired to check out minor modifications of QZ_burning rate
and specific impulse.
To simplify the oxidizer handling during the propellant process-
ing, a small amount of magnesium oxide (1% based on oxidizer) was
added to the arnmonium perchlorate to prevent caking in the hopper.
Two secondary effects of MgO were the improved thermal stabiiity and
substantially improved physical properties. The resulting composition
{Qz‘ with 1% MgO) was desiy..ated szn. Although the burning rate of

szn was about 10 - 15% higher than that of QZ‘. it was satisfactory for
ballistic evaluation of the propellant.

The latest changes in requirements, narmely a 9 second burning
time and 1000 psi chamber pressure, fit in almost exactly with the
properties of thn which has a burning rate of about 0.7 inches per
second at 1000 psi. The most recent full-scale firing resulted in a
burning time of 9.275 seconds a' an average pressure over the burning

time of 1020 psi. The calculated burning rate was 0.70 inches per
second.

At the present time, as far as burning rate is concerned, the

requirements of the Zeus sustainer are met almost exactly.

'Ballistics Section Progress Report No. 73, "Burning Ratr Studies for
Nike-Zeus ‘Apf'ication”, L. M. Browp
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Specific Impulse

Compositions QCd, QZs and Qan have consistently delivered
a specific impulse (F?ooo) of 244 to 248 lbf-sec/lbm. However, it was
believed that the specific impuise could be increased somewhat by
changing the composition slightly to obtain the optimum combination
of components. The percentage of aluminum was varied between
13% and 23%. The aluminum powder size was varied between 6y
and 26y average particle size. The proportions of flake to atomized
aluminum were varied. The quantity of total solids was varied be-

tween 63% and 69%. QZ composition contains 65.85% total solids.

Resulting specific impulse values varied from 239 to 250
lbf-sec/lbm obtained from a series of over 125 test firings. Varia-
tions from shot to shot were great enough to result in an average

specific impulse the same as for Qan. Therefore it was apparent

A T a1 o £ 1 YT e T 4 b 3 W e ML 0 B A 1 TR T M A A AL
t&a&«&-~3'er:xps-s'itid'n“@’2’:b WA VERYTCIoEE (6 opiimum. T AT86, it was ob-

n
served that even fairly large changes in composition had very little

effect on the specific impulse. For that reason, szn has been used
for all the recent large motor firings.

STATIC TEST FIRINGS
Six-Inch (7 1b.) Motors

The 6C5-11.4 STM is the standard test motor for evaluating
the burning rate and specific impulse of propellant compositions. A

substantial amount of Processing information has also been obtained
from casting these motors.

For the Zeus program in particular, a total of 76 6C5-11.4
motors were cast and fired for burning rate studies. In addition, 163

motors containing QZ8 and Qan compositions were fired to establish

normal batch-to-batch variations in specific impulse and burning rate.

These include sample motors which were cast from the same pro-

pellant batches used for each large motor. It has been established

that these 6-inch sample motors exhibit performance comparable to

the large motors made from the same batches of propellant, as re-
lating to specific impulse and burning rate.

Ar. additional 125 6-inch test motors were fired with modified

szn composiiions to determine the maximum specific impulse which

CONFIDENTIAL
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is likely to be attained without drastic changes in propellant composition.

Two 6-inch static test motors have been fired successfully at
each 0°F and -40°F for the Zeus program, using Qan composition. A
limited number of additional motors have been successfully fired at

temperatures as low as -60°F, using QZ compositions.

One-Fifth Scale Motors (50 1b.)

A 7 x 28 static test motor was designed as an exact scale of
the 36-inch Zeus sustainer to establish the charge geomeiry (shape of

pressure and thrust traces) of the sustainer, using QZ compositions.

Eighteen motors were loaded and fired with various propellant
compositions. The modified AG star (same shape as Fig. B-1) proved
to have about the proper web and surface. Some of the traces showed
slight ercsion peaks, but not when using the final composition, QZb
The pressure was neutral over the first half of the burning time and
bk SO e et e el Tl e e BO e A S K it vt O

slightly regresswe over the last half. One motor was succes sfully fired

at - 20°F .

100-1b. Motor Firings

Nine Jato motors were fired with the slotted iube design. Al-
though this motor was primarily a propellant process development
vehicle, valuable ballistic data were obtained. Burning rate and impulse

data verified the results of the 6-inch motor firings.

Half-Scale Nike-Zeus Loadings and Firings

The 19 x 75 STM was designed to provide a test case for petrin
acrylate propellants that would hold approximately 1,000 1bs. of pro-
peilant. This was the capacity of the large mixer. The motors for
RH No. 1, 2, 3 and 5 were slightly longer than the final series. The
final series was an exact scale of the 35.75 in. diameter workhorse
motor, including 1/8 in. liner in both motors. The forward-end and
aft-end closures were duplicated alsn. A six-point, AG star mandrel
was fabricated for this motor. (See Fig. B-1). The AG geometry pro-
vides a constant surface during burning in a right circular cylinder
motor, so that the pressure trice is regressive toward the end of burn-
ing when the effective grain length stortens due to the curved forward
and aft closures. This regressivity, which is shown in Fig. &, 6, B-2,

B-3, B-4, B-5 and B-6 was not bothersome. The regressive nature

CONFIDENTIAL
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was also accentuated Ly the taper of the mandrel.

The loadings and firings of this motor have not always been
exact scales of expected 36 in. firings. Instead, they have been used

to test processing techniques, grain designs, and nozzle materials.

RH No. 1 - Ballistic Design and Processing

The first 19 x 75 STM was successfully cast on September 4,
1957, from propellant batches QCd-'? » 9. A bag of silica gel was in-
advertently left in the ammonium perchlorate charged to the second
batch, and silica gel particles were distributed throughout the rear
half of the grain. Each silica gel particle was a nucleus for a small

crack. After the propellant was closely examined, it was cut out
rather than risk a blow-up.

RH No. 2 - Ballistic Desigh and Processing

P T Y S 5 1:*1 A VBN s e s g 2 en

e 8E€Cond 1% 75 5'T'M was successtuily cast during the week
of November 7 - 13, 1957 of QCd- 128, 129. Several small cracks
developed during the curing and cooling cycle. These were patched
before firing. The firing was successful. Extensive erosion of the

stcel and graphite nozzle indicated problem areas in the tes. motor

materials.

RH No. 3 - Processing

A third 19 x 75 STM was cast on December 31, 1957, with QCd~
142, 143. The grain cracked badly during the curing and cooling period.
The interface between the two batches was not well bonded. In all, 153

cracks were patched with P-13 polyester resin before the firing.

After an ignition delay of 0.020 sec., the grain ignited smoothly
and burned normally for one second; the pressure was 600 psi and the
thrust 30,000 lbs. as expected. Then the propellant surface increased
and a small amount of propellant was lost. About 0.25 sec. after the
first break-up, the case was overpressured and ruptured. Subsequent
examination of the burnout pattern on the motor liner indicated that the

trouble spot was near the interface region between the two batches.

Matador Balliatic Design (Fig. B-2)

A Matador booster workhorse case was loaded with 1,030 lbs.

of composition QZS-103 to check out a slotted tube grain design in a
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1,000 1b. motor. Fissuring occurred during the curing, but it was not
serious enough to prevent firing. The firing was successful although

the nozzle expansion cone burned through about halfway through the shot.

RH No. 4 - Procegaing and Balligtic Degign

The fourth 1Y x 75 STM was cast on February 28, 1959, with
st-107 . Bad fissuring during cure necessitated cutting out the pro-
pellant.

RH No. 5 - Processing and Ballistic Design

Oniy 200 lbs. of propellant were cast into the fifth 19 x 75 STM
before the propellant polymerized in the casting lines. The motor was
fired, using a nozzle throat diameter of 6.5 inches. The smooth re-
gressive trace indicated that petrin acrylate propellant will burn stably

at iow pressures; P was 45 psi.
max

The sixth 19 x 75 STM was cast on December 23, 1958 using
Qan C-15 composition. The case was the first of the new series
which was slightly shorter than the earlier motors. The case was not
completely filled with propellant because of trouble during casting.

However, the propellant was of excellent quality.

The motor was fired successfully. All metal parts stood up well,
especially the Planeton IV* in the nozzle exit cone. The small pressure
spike just after ignition was not expected to be, and is not believed to be
the result of erosivity. Therefore, there may have been some slight

surface increase at ignition.

RH No. 7 - Processing and High Temperature Firing (Fig. B-4)

The seventh 19 x 75 STM was cast on January 19, 1959. Again
processing difficuliies resulted in a slightly underfilled motor. After
trimming and inhibiting, the motor was conditioned over the week end
at 120°F. The firing was successful although a very bad pressure
spike occurred when all 13 lbs. of the grain inhibitor was ejected through

the nozzle shortly after ignition. Some break-up and surface change also

*A glass cloth laminate impregnated with a phenolic resin. A product of

Reinhold Engineering and Plastics Company, Norwalk, California.
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occurred at 1.25 sec. The case and nozzle performed well. Both Rohm

& Haas Company and ARGMA took pressure and thrust records with ex-
cellent agreement.

RH No. 8 - Processing and Low Temperature Firing (Fig. B-5)

The eighth 19 x 75 STM was cast from three batches of QZ

develop the multiple batch technique needed for casting the full scale
sustainer.

to

A full motor of good quality propellant was obtained. The

firing after 48 hours conditioning at +20°F was highly successful. Good

impulse and smooth pressure and thrust traces were obtained. No grain
cracking or distortion occurred.

RH No. 10 -:Ballistics and Processing (Fig. B-6)

This motor was cast to determine the mean K necessary for a
1,000 psi firing as well as for a check on pProcessing techniques, after
modifications to the processing building and equipment. The casting

: e B, o . ENTE sy wissessndBors bRy \:x D reys
ganede froatwo batche sy s BB T ~

y.‘ub Y U TL0, SLyyaind g Tari Le"xigui“*‘gf’& Sy el i i

was obtained. The firing at ambient conditions was highly successful.

The Planeton IV cxit cone insulation delaminated during the firing, causing

small perturbations in the thrust trace. A lower than expected pressure

resulted from using too low a mean K. Good specific impulse was ob-
tained.

R L
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