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1.0 INTRODUCTION

Design requirements for advanced ICBMs dictate the use of higher
performance solid rocket motors than used for current missile systems. Thesc
higher performance motors will (1) use advanced propellants with increased
solids loading, (2) exhibit higher flame temperatures, and (3) operate at
relatively high chamber pressures. Therefore, the environment faced by nozzle
and TVC components of the advanced motors will be far more severe than that

of current systems.

To properly evaluate the performance of these advanced designs, these
components must be evaluated in tests at sufficient scale and with sufficiently
severe operating environments to realistically simulate the final application.
To meet this end, AFRPL has developed test motors to provide relatively
inexpensive testing of large components. These motors, the 84-in. CHAR motor
and the Super HIPPO series, use refurbishable cartridge-loaded propellant
grains to minimize refurbishment time and test costs. The propellant for

these cartridges is provided by AFRPL-selected contractors.

CSD was selected to provide the AFRPL with a total of 20 loaded ELSH and
ten loaded 84-in. CHAR cartridges under contract No. F04611-76-C-0010. CSD
cast all 30 grains with its UTP-18,803A propellant, a 90% solids, 21% alumin-
ized HTPB formulation. The propellant was cast in GFE cartridges which were
insulated with ORC0O~9250 silica-asbestos rubber and lined with CSD's UTL-0040A
liner. CSD produced 137 400-gal batches of UTP-18,803A, representing over
730,000 1b of propellant, in fulfillment of the requirements of contract

No. F04611-76-C-0010.

This document, presented in three volumes, summarizes the procedures
and techniques used in the propellant production (volume I); provides the
propellant characterization and reproducibility data obtained from the series
of 13 individual production runs completed (volume II); and provides the
propellant and propellant processing specifications and the cartridge proc-

essing procedures used for casting UTP-18,803A (volume III).




2.0 OBJECTIVE

l'he objective of this program was to design, fabricate, and deliver to
AFRPL refurbishable loaded cartridge propellant grains suitable for testing
of advanced ballistic missile nozzle components and materials in a realistic

propellant environment.

o ——— —— — e~ e B g 1 P AP S




3.0 SUMMARY

The objective of this program was accomplished as a four-phase program
fron November 1975 through October 1977. Phases I and III consisted of the
design and analysis of the cartridge loaded propellant grains for the ELSH
and 84~in. CHAR motors, respectively. Delivery of the specific loaded grains
to the AFRPL was completed in phase II (20 ELSH) and in phase IV (ten 84-in.
CHAR) .

The program effort encompassed the grain design and analysis for the
ELSH and 84-in. CHAR motors; the design and fabrication of the casting tooling;
propellant characterization; and delivery to AFRPL of 20 ELSH loaded cart-
ridges, ten 84~in. cartridges, all ELSH and CHAR casting tooling, 113 15-1b
BATES loaded cartridges and nozzles, and 57 70-1b BATES loaded cartridges and

nozzles.

The propellant used for casting the ELSH and CHAR %Fains was UTP-18,803A,
CSD's 907% solids, 21% aluminum, HTPB (R-45M) propellant. The liner system

used in conjunction with this propellant was UTL-0040A.

Table 1 presents a summary, by production run, of the loaded cartridges
cast. The following paragraphs present an overview of the propellant and
liner characteristics as identified from this effort. Section 4.0 of this
volume, in conjunction with volume II (propellant processing data) and
volume III (appendices), presaents a detailed discussion of the processing

and quality control methods and data for propellant production.

3.1 UTP-18,803A PROPELLANT CHARACTERISTICS
3.1.1 Formulation

Table 2 shqws the formulation of UTP-18,803A; table 3 summarizes some
of the propellant's key properties. It should be noted that this formulation

retains in excess of 20% strain capability down to-65°F.
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TABLE 3. PROPERTIES OF UTP-18,803A PROPELLANT

T2405
Ballistic Properties
Theoretical properties (for 66/34 Unground/Ground ratio)
Igps, sec 264.3 Burn rate (1,000 psi), in./sec 0.41
c#*, ft/sec 5,172 LSBR (1,000 psi) 0.46
Density, 1b/in.3 0.0666 Pressure exponent 0.51
Ty F 6,250 Temperature coefficient, mp 0.104%/OF
Oxidation ratio 1.33
Processing Characteristics Hazard Properties
End-of-mix viscosity at 1400F DOT classification Class B
1.0 sec~! shear rate, kps 5.7 | Mil classification Class 2
5,000 dynes/cm?, kps 5.7 | Critical impact
Pot life at 140°F, hr >12 velocity, ft/sec 528
Uniaxial properties (Mix 5-1707)
Temperature, Pressure, Strain Rate, ome, €me, €p, Eo»
OF psia in./in./min psi % %  psi
70 4.7 0.74 118 37 38 503
70 1,000 90.5 660 54 61 2,026
135 4.7 0.74 89 36 37 388
0 14.7 0.74 195 4y 46 889
-30 1.7 0.74 287 49 42 2,927
-65 14.7 0.74 560 23 30 8,236
12
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3.1.2 Rheological Properties
The rheological properties of UTP-18,803A propellant are shown in
figures 1 through 3. This propellant is virtually Newtonian; in view of its

very low viscosity and Newtonian behavior, it exhibits outstanding castability.

A commonly used criterion for the potlife of rubber-base composite pro-
pellants is the time to reach an apparent viscosity of 60 kps at 5,000 dynes/
cm?. Since a plot of log viscosity versus time is usually linear for HTPB
propellants, the data plotted in figure 3 suggest a potlife in excess of

12 hr for UTP-18,803A.

3.1.3 Ballistic Characteristics

UTP-18,803A has been fired in a variety of motors ranging from CSD's
4-1b burning rate test motor through AFRPL's 15- and 70-1b BATES motors,
the 84-in. CHAR motor, and the ELSH motor. The correspondence between burning
rates measured in CSD's 4~1b motor and AFRPL's BATES and 84-in. CHAR motors
has been checked repeatedly; the burning rates in the motors are indis-

tinguishable (figure 4).

As illustrated in table 4, the burning rate reproducibility of UTP-
18,803A was extremely good. The one standard deviation was consistently in
the 1.4% range for the last series of production runs (comparing to 2.0%Z for
Minuteman, 0.9% for Titan, and 1.2% for Algol) following a hardware redesign
aimed at improving the 4-1b motor reproducibility. Volume II of the document

presents a compilation of the test data used in generating this data summary.

The temperature coefficient of UTP-18,803A propellant was measured in
4-1b motors from 32° to 128°F. The data of figure 5 resulted in a calculated

m of 0.104%/°F over this temperature range.

The burning rate of UTP-18,803A propellant can be varied within fairly
broad limits by manipulating the unground/ground AP ratio (including particle
size distribution) in the bimodal blend. Figure 6 shows burning rate data

obtained in 4-1b motors over a range of grind ratios from 55/45 to 70/30.
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The majority of mixes during the ELSH production were made at a 66/34 blend
ratio, but the propellant specification allows for adjustment of this ratio
vo fine tune the burning rate with different AP grinds as dictated by the

particle size distribution of both the ground and unground AP.

3.1.4 Correlation of AP Particle Size Distributions with Burning Rate

During the initial phases of processing UTP-18,803A, it became evident
that, while the AP grind ratio could be used in a gross sense to set the
propellant burning rate (e.g., 70/30 versus 65/35), it could not, of itself,
be used to fine tune the burning rate. When considering minor changes in
grind ratio (e.g., 67/33 versus 66/34), the variation in burning rate was
not necessarily consistent with what would be expected. The key to the fine
tuning process was to determine the particle size distribution of both the
ground and unground AP, to calculate a particle mean diameter, and then to

use this parameter in establishing a precise burning rate.

Four parameters which describe the AP particle distribution yielded
reasonable correlations for burning rate control: D32, D3.5—2.5’ DA}’ and
D st Diameter Dg) is the surface mean diameter and has been used in

rate 2
industry to calculate AP specific surface area. Diameter D&B is the weight
or volume median diameter which has been successfully correlated with
burning rate by Hercules and Thiokol. The D and D diameters are
3.5-2.5 rate
particle distribution diameters derived by Miller of Hercules which were

successfully correlated with noncatalyzed HTPB propellant burning rates.

Under this contract, CSD demonstrated the viability of using

I as the propellant burning rate control parameter. Particle size

43
distributions were obtained for the unground and ground AP (see volume IT,
section 3.0, for particle size distribution data). The particle size distri-
bution for the unground AP was obtained by Tyler Screen analysis, while the
particle size distribution for the ground AP was obtained by MSA. These

data were then used to calculate the particle distribution diameters described

above. A least-squares regression was calculated for each particle diameter
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versus 4-1b motor, 90°F burning rates. A summary of these regressions is
presented in table 5 and illustrated in figure 7. Once the D43 vs propellant
burning rate correlation was established, CSD successfully used 043 to control

the propellant burning rate under production conditions for UTP-18,803A.

3.1.5 Physical Properties
Table 6 presents a summary of the primary propellant physical properties

of UTP-18,803A monitored during the series of full-scale production runs.

Volume I1 of this document presents a compilation of the data obtained

under this effort which were used in the summary presented in table 6.

3.1.6 Hazards

Laboratory sensitivity data for UTP-18,803A (table 7) show this propel-
lant to be similar to the majority of workhorse composite propellants. The
propellant has been classified as Military class 2, DOT class B by the Bureau

of Explosives, as would be expected for this composition.

The critical impact velocity (CIV) measured in the shotgun/quickness
test is used as a criterion of DDT susceptibility in class 7 propellants, but
not generally considered meaningful for class 2 zerocard propellants with
large critical diameters; however, for reference, the CIV of UTP-18,803A
has been determined as 528 ft/sec. Based on data developed by Thiokol under
contract No. F04611-72-C-0048, the critical diameter of 907% solids HTPB

propellant such as UTP-18,803A is expected to be approximately 20 in.

3.1.7 Analog Motor Testing

CSD conducted a series of tests on four analog motors which were subscale
models of the ELSH loaded cartridge. A discussion of these test results is
given in section 4.1.2.2.3. These tests demonstrated that the propellant/
liner/cartridge system was more than structurally adequate for the conditions

of storage, transportation, and thermal cycling specified in the contract.
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TABLE 7. LABORATORY SENSITIVITY DATA
FOR UTP-18,803A PROPELLANT

T2408
Impact
Sensitivity Friction
Temperature, (OM-2 kg wt), Sensitivity Spark Autoignition

°F State kg cm (ESSO Screw) Sensitivity Temperature, °F
73 Cured 35 Ignites with  Negative at 850 (30 sec)
glass grit 9.0 joules >850 (10 sec)

45 Cured 28 Negative at

9.0 joules

3 Uncured 52 No ignition Negative at

with diamond 9.0 joules

grit

3.2 UTL-0040A LINER

The propellant interface system used for the ELSH and CHAR grains
consisted of the UTP-18,803A propellant, UTL-0040A HTPB liner, and ORC0-9250
silica-asbestos insulation. Matters of importance to the integrity of this
system, including the liner formulation, liner bond strengths obtained,
moisture control during motor processing, and plasticizer migration effects,

are discussed in this section.

3.2.1 Liner Description

CSD has standardized on the use of UTL-0040A liner in conjunction with
HTPB propellant svstems. The formulation of UTL-0040A is shown in table 8.
Rheological properties are shown in figure 8. Studies have shown that
UTL-0040A can be applied in 20~ to 30-mil thickness without slump at 140°F.
For best peel strength, the liner should not be fully cured before propellant
is cast. A nominal precure of 16 hr at 140°F was used. However, in the event
of an unexpected processing delay, a liner which has been precured can be held

for at least an additional 72 hr at 120°F without detrimental effect on pro-

pellant/liner/insulation bond strength.
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TABLE 8. FORMULATION AND PROPERTIES OF
UTL-0040A LINER
T2407
Formulation
R-45M HTPB 41.87% (1.0 equivalent)
DDI 12.2% (1.2 equivalent)
HX-868 6.0%
AO 2246 0.5%
Carbon black 39.5%
Properties
Density 0.425 lb/in.3
Thermal conductivity 2270 x 10“6 Btu/in. sec®F
Ultimate strain (70°F) 160 to 340%
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Figure 8. Rheology of UTL-0040A Liner
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3.2.2 Physical Properties

Extensive testing of the UTP-18,803A/UTL-0040A system under contract
No. F04611-76-C-0010 (30 peel sets and 180 BITs) has demonstrated the adequate
propellant/liner/cartridge adhesion characteristics. Furthermore, the 1/5-
scale analog motor testing (section 4.1.2.2.3) and the extensive SEC testing
(section 4.2.1.3) verified the satisfactory performance of the UTL-0040A liner
over a temperature range far in excess of that specified for the 84-in.

cartridges.

3.2.3 Migration Effects

Migration of moisture from the insulation into the liner and propellant
can interfere with propellant bonding if adequate controls are not estab-
lished. Studies at CSD have demonstrated that, if the ORC0-9250 rubber is
dried for 5 days at 215°F before lining, no loss of bond strength occurs with
an IPDI cured propellant and UTL-0040A liner. Therefore, a pre-dry of the
insulation was established as a motor processing requirement for all of the

ELSH and CHAR insulated cartridges processed under this effort.

Questions are sometimes raised concerning the effect of plasticizer
migration between propellant, liner, a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>