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[bookmark: _Toc170478671]Introduction
[bookmark: _Toc170478672]Problem Statement
Many future rocket motors are expected to be large and use composite propellants. Current rigid insulation materials which protect the motor aft closure, blastpipe, and nozzle, are not suitable for highly erosive and long burns that result from such motors. Therefore, new rigid insulation materials must be identified. 
[bookmark: _Toc170478673]Aim
The aim of this project is to identify, test, and downselect several insulation materials that warrant further research for application within large composite rocket motor blastpipes.
[bookmark: _Toc170478674]Objectives
The objectives for this project are:
1. Determine a list of material requirements that can be used to identify suitable materials for this application.
2. Perform a literature review to identify available materials that meet the requirements.
3. Procure material samples from suppliers and perform a series of tests on them.
4. Perform thermal and structural modelling to validate test data.
5. Downselect materials and deliver a report.
[bookmark: _Toc170478675]Project Background
Roxel UK primarily manufactures rocket motors with short burn durations and Cast Double Base (CDB) type propellants. For this application, wider industry typically uses a fibre and phenolic resin matrix to insulate metal blastpipe and nozzle components [1]. Several different fibre materials are suitable depending on motor specifics and location within the motor. Many phenolic matrix insulation materials are becoming obsolete due to reduced availability. 
This project will investigate materials in different blastpipe configurations, see Figure 1. The suitability of each configuration is determined by performance and manufacturability.
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Figure 1: Author’s depiction of several blastpipe configurations for fibre-resin matrix and ceramic materials. Concepts expressed in each drawing are not necessarily mutually exclusive.
Material requirements will differ depending on which configurations they can be used in. Broadly speaking, materials must be low density to reduce weight, have a high specific heat capacity, have a high melting temperature, be mechanically rigid, and compatible with propellants. 
Carbon-carbon composites are ablative materials that are heat resistant and maintain structural integrity at high temperatures. Other research has been done wherein carbon-carbon composites have been exposed to very high temperatures for long durations [2].
Refractory ceramics such as silicon carbide (SiC) are suitable for use as they can withstand very high temperatures. Similar and relevant research has been conducted using SiC in rocket motor exhaust plumes [3].
Thermal barrier coatings may be useful in preventing excess heating of structural hardware which might weaken them. Erbia-yttria co-doped zirconia has been shown to be a promising material that is capable up to 1100°C [4]. 
Lightweight insulation materials may be useful provided they are reliably separated from the rocket exhaust. Aerogels are a promising solution that have been researched in other aerospace applications [5].
Graphite is often used for throat inserts in the motor blastpipe. This is applicable only in two-piece or three-piece insulation configurations. This material has been used on many motor designs but is still being researched and improved [6].
Metals with high melting temperatures may be appropriate for use in blastpipe designs and either require less insulation or can act as their own heat sink. They can also be used for nozzle throats due to their erosion resistance [7].
Polymeric composites such as filament-wound carbon/glass polymeric composite may be appropriate for blastpipe insulation and have had research conducted to evaluate it for this role [8].
[bookmark: _Toc170478676]Project Design
The following tests will provide an evidentiary basis to down select suitable materials:
· Differential Scanning Calorimetry (DSC) (Roxel UK method), Dynamic Mechanical Thermal Analysis (DMTA) (Roxel UK method), and tensile testing (Roxel UK method) will provide data to better understand the thermal-mechanical behaviour of candidate materials. This is critical in any assessment as motors are expected to operate at temperature extremes.
· Vacuum stability (STANAG 4147 and 4556) and 10% admixture testing (Roxel UK method) will provide data to show the material is not chemically incompatible with propellants and thus safe to use in a motor. 
· Oxyacetylene ablation testing (ASTM E285) provides data which is comparable with the conditions experienced during motor operation. 
· Mechanical and thermal modelling is done in parallel with physical testing and data can be used to validate results. 
Data collected through testing and modelling will be used to compare the suitability of materials against the requirements set out for this project and will result in a downselection of the most suitable materials. 
[bookmark: _Toc170478677]Project Planning
[bookmark: _Toc170478678]Deliverables
· A report will be delivered to Roxel UK that details the activities undertaken and the test results collected. The focus of the report will be to identify insulation materials that may be suitable for use in motor blastpipes. It will likely contain recommendations to conduct further research on some materials.
· A separate report will be produced detailing the activities undertaken and test results for delivery to UWTSD. Results may be redacted for security or commercial reasons. 
[bookmark: _Toc170478679]Project Allocation
This project has had £1500 allocated towards the procurement of material samples for testing. If needed, additional budget can be requested. 220 labour hours have also been allocated for the author and for anyone supporting the project. The total allocation at Roxel UK’s current labour rate is £31,420. 
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Figure 2: Top-level project GANTT chart for the future blastpipe insulation materials project.
Figure 2 shows a top-level view of the project GANTT chart. The project started in June 2024 and is expected to complete in December 2024. The report for university will be written after this period and the project will aim to complete in February 2025. 
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SECTION A: About You (Principal Researcher)

1 [ Full Name: Peter Zoltan Down
2| Student Number: 2022104

3 | Emailaddress: Peter DOWN@roxelgroup.uk.com

4| Programme of Study ‘Ordnance, Munitons, and Explosives (OME)
5 | Directorof Stusies/supenvisor. | TBC

SECTIONB: Internal and Extornal Ethical Guidance Materials

[ Please st he core efhical quidance documents Tl have been refered o Gurng the complaton of
this form (including any discipine-specific codes of research ethics,locatlon-specific dodes of
research sthics, and also any specifc ethical quidance relaing o the proposed methodology).
Please tick to confi hat your research proposal adheres (o these codes and guidelines. You may.
i rows o this table  needed.

1| UWTSD Research Ethics & Integrity Code of Practice =
|2 | UWTSD Research Data Management Policy =
s o

SECTION C: Detalls of Research Activity

o o s = oo

date: date:
Introduction to the Research (maximum 300 words in each section)

Ensuro that you write for a Non-Specialist Audience when outlining your tesponse to the throe
points below:
Purpaso of Research Actity
Propased Research Question
Aims of Research Actily
. of Research Actviy.
[Dermonstrate, rifly, how Existing Research has informed th proposed actviy and explain
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« What he research activiy willadd to the body of knowlodge.

«_How it adresses an area of importance.

Purpose of Research Activity

Many fture rocke motors ar exgected o b arge and use composie propalans. Curent g nuiaton

3| materils wnich protec the motor ft losur, laippe, and nozzi, are nt stabl for iy erosive andfong
ourns that resut fom such mofors. Therefors,new g nsulation materias st b idenifed. The pupose of

i pojec s o dnty tos and downselect 3 rumber of nsulaion mateils that warant hther research for

appicaton witi arge composte rcket moior bastppes.

Rescarch Question

4| Wnatrigd nsuiaton mateiats are suabl for use inrocket motors that have alng burn doraton and ighy
erosve gas flow?

(Aims of Research Activity

5 [Tne am of i poject s todenty, test, and downseect a number of nsulaton mateial that warrant furher
rescarchfo appicaton winin arge omposte rocket motor astppes

(Objectives of Resoarch Activity

‘Detormine st of matera rocurements that can be used t entty sutab marls for i applcaton.

Porform a teraturs review 1 centy avaliabi maoras that meet e requiements

Procure mafaal samplesfom upplers and pertorm a sais o est on them.

Periorm tnermal and sctural modaing o vakiste (e ta

Downseledt mateas and dever a report

Proposed data collection mathods (maximum 600 words)

Provide a briefsummary of sl the metods that may be used n the research activiy o coliect data,
imaking it lear what specifctechiques may be used. f methods ofher than those Fsted i tis
section are deemed appropriatelaer, addilonal ethical approval for those methods vl be needed.
You do not need to usty the methods here, but should instead describa how you inend o clleat the|
data necessary for you to compete your project.

T shoud describe how you nfend o collctdata, 1t should not include 3 discussion of he
[tneoretical bas's for your daa collestion methods. Please note, that f you intend to colect any
laucionideo recordings of nferviews with participants then these wil be are classfed as Personal
Data under GOPRIDPA2018 I you intend to usethese then note tis in section H

The folowing is a st of tests that may be carried out as part of s programme.

- Oxyacetylen abiation test i accordance with ASTM £285.

Vacuum stabiy testing in accordance wih STANAG 4147 and STANAG 4556

10% admixture festin accordance with Roxel UK test mathod.

DSC testing in accordance with Roxel UK test method

DNITA testing in accordance with Roxel UK test method.

Tensie testing in accorcance with Roxel UK fest method.

| Thermal and mechanical modeling will be done using ABAQUS.

[Due t0 the secure nature oftest resuls, these may not be shared with the uriversty.

'SECTION D: Scope of Research Activity

Wil the rosearch actvy incud ves | no
1| Use of a questonare o simar researc nstument? e
2| Use of merviens? O
3| Use offocus groups? ER)
4 [Uso o paricpantdaries? ER
5| Use o video o audrecodng? o=
6| Use o computer-goneratd g fles? olm
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