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About

DTIC and DSIAC

The Defense Technical Information Center (DTIC) preserves, curates, and shares knowledge
from the U.S. Department of Defense’s (DoD’s) annual multibillion-dollar investment in science
and technology, multiplying the value and accelerating capability to the Warfighter. DTIC
amplifies this investment by collecting information and enhancing the digital search, analysis,
and collaboration tools that make information widely available to decision-makers, researchers,
engineers, and scientists across the Department.

DTIC sponsors the DoD Information Analysis Centers (DoDIAC), which provide critical, flexible,
and cutting-edge research and analysis to produce relevant and reusable scientific and
technical information for acquisition program managers, DoD laboratories, Program Executive
Offices, and Combatant Commands. The IACs are staffed by, or have access to, hundreds of
scientists, engineers, and information specialists who provide research and analysis to
customers with diverse, complex, and challenging requirements.

The Defense Systems Information Analysis Center (DSIAC) is a DoDIAC sponsored by DTIC to
provide expertise in 10 technical focus areas: weapons systems; survivability and vulnerability;
reliability, maintainability, quality, supportability, and interoperability (RMQSI); advanced
materials; military sensing; autonomous systems; energetics; directed energy; non-lethal
weapons; and command, control, communications, computers, intelligence, surveillance, and
reconnaissance (C4ISR). DSIAC is operated by SURVICE Engineering Company under
contract FA8075-21-D-0001.

Tl Research

A chief service of the DoDIAC is free technical inquiry (TI) research limited to four research
hours per inquiry. This Tl response report summarizes the research findings of one such
inquiry. Given the limited duration of the research effort, this report is not intended to be a deep,
comprehensive analysis but rather a curated compilation of relevant information to give the
reader/inquirer a “head start” or direction for continued research.
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Abstract

The mixing of solid propellants for military and space applications remains largely an art rather
than an exact science. Solid-propellant development requires a thorough understanding of
process parameters. Scaleup bias is a critical consideration in the development, scaleup, and
production of new solid-propellant formulations.
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1.0 Tl Request

1.1 Inquiry

At the conclusion of a development campaign for a new solid propellant, should rocket motors
be loaded and tested from the first-production scale mix?

1.2 Description

In consideration of meeting aggressive solid-propulsion development program cost and
schedule requirements, the inquirer would like to understand the risks of eliminating a full-scale
process verification mix of a new propellant formulation, commonly called a “throwaway mix.”

2.0 TI Response

This report is largely based on practical knowledge, experience, and lessons learned from the
authors’ decades of work as researchers, developers, and manufacturers of solid rocket motors
and propellants for U.S. Department of Defense (DoD) system applications.

Beginning in 1994, the U.S. solid rocket industry rapidly consolidated and downsized from five
distinct and capable second-tier propulsion suppliers to just two by 2003. More recently,
emerging market demands for increased industrial capacity, capability, and competition from
both the DoD and prime contractors have placed the solid rocket industrial base on the verge of
its first significant expansion since the 1960s. Several companies and startups are poised to
enter the solid rocket market. This market expansion has thinned the existing talent base and
created a talent gap in the solid rocket industry. To successfully enter the market and become a
reliable producer of solid propellants and rocket motors, the next generation of suppliers and
talent must understand the inherent scaleup biases that exist in the development of solid
propellants. Propellant properties at the 1-gal, 5-gal, and 30-gal scale are not the same as
those produced in larger 150-gal, 300-gal, and 420-gal mixers.

Solid rocket propellants have been used by the United Stares for military and space applications
for over 80 years. Over these many decades, process engineers have grappled with mix-to-mix
and scaleup variability and biases inherent with the use of customary vertical-blade planetary
mixers. One of the specific challenges has been the bias in propellant properties observed
between mixers of various sizes and designs. In 1995, Richard Morgan published a seminal
technical paper that describes many of these parameters and their effects on resultant
propellant properties [1].
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As propellant development progresses from small to large mixers, the blade-to-blade and
blade-to-bowl clearances typically tend to increase, yielding poorer overall mixing. These
attributes are exacerbated by the size of the mix, where heat flux and complete mixing can be a
challenge as the batch size increases. Other process variables, such as manual ingredient feed
vs. automated feed, between cycle bowl scrape downs, time for chemical reactions, and purge
cycles based on propellant mass, can result in differences in mechanical properties, rheological
properties, end-of-mix viscosity, and burning rates for typical hydroxyl-terminated
polybutadiene/ammonium perchlorate (AP)/aluminum composite propellants. The properties
are critical to system performance, particularly in the air-launched tactical missile regime.

It is customary to determine the bias between mixers by conducting standardized (or at least
comparative) testing of propellant samples from different batch sizes. For example, a propellant
mix would be prepared in a smaller mix size (e.g., 1 gal, 5 gal, or 30 gal) and understood before
proceeding to larger mix size. A larger, production-scale propellant mix (e.g., 300 gal or

420 gal) would then be made to characterize processing characteristics (pot life, viscosity,
rheology), mechanical properties (stress, strain, modulus), burning rate (strands, small ballistic
test motors), and bond data (peel samples and conical bond-in-tension [known as CBIT]
samples). The data would be collected and a scaleup bias factor determined using several

mixes.

This bias factor then would guide the process engineer toward understanding the scaleup
parameters. For example, a longer mix cycle, different orders of addition of ingredients, or
differing blade speeds might be employed to achieve the desired properties.

Other factors to consider in the solid-propellant development process include:

e Cure ratio (may have to be adjusted)

e Presence of iron oxide or other burning-rate modifier
e Presence of cure catalyst(s)

e Presence of fine oxidizer, typically AP

e Presence of and identity of bonding agent(s)

Each of these factors may not only affect the properties obtained from different batch sizes but
is also considered a variable that can be adjusted to meet system and program goals.

Due to the inherent scaleup bias historically experienced in the development of solid
propellants, the authors strongly recommend that all programs conduct a process verification
mix at production scale as the final step of the propellant development and scaleup process.
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The process verification mix should not be used to load qualification or production motors but
rather serve as final validation of the scaleup bias factor before commencing production.
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