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Novel Fills Approach

Project Aim

To use Systems Engineering in the development of a range of Polymer Bonded Explosive formulations that are

unmixable in a planetary mixer and require the unique mixing action associated with a Resonant Acoustic
MiXxing.

The goal for the PBneXt Material is to provide a high performance blast/frag filling.

 The new material will encompass new material properties and processing capabilities as part of its inception and

deployment.

e Given the multi aspect complexity of the task an investigative approach is needed not only to what is required from the

new energetic material, but what additional emergent factors will need to be addressed is order to develop and

implement PBnexXt.
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Novel Fills Approach

Systems Engineering — what is it?

e Systems Engineering (SE) can simply be defined as

“understanding complexity” within the context of the modern

world.

e Modern SE encompasses two disciplines:

Traditional “Hard” Mathematical Systems Engineering which assumes that we know much about what is required for the system

across multiple perspectives and has a clear vision of what will be required.

Newer Investigative “Soft” Systems Engineering which encompass a journey of exploration in order to learn the problems associated

with the current energetic materials, processing, testing and application to products.
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Types of Problem — PBneXt

A New Explosive Material

Types of Problem Don’t Know How Know How

Painting by
Stakeholders are very
sure of what is to be Numbers
done but unsure of how Stakeholders are very sure of
to achieve it what to do and how it is to be
done
Know What
Foggy Movie
Stakeholders are unsure Stakeholders are very sure of
of what and unsure of how the change should be
how to achieve it made but not what should be
Don’t Know done
What
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Systems Engineering for PBneXt

The Analysis Method

Soft Systems Methodology (SSM)

Real world

(Adapted from Checkland, Systems Thinking Systems Practice 1999)
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PBneXt — Approach

The Problem Situation Unstructured

e We start by considering all the things that are

wrong/problematic/challenging about the current warhead

explosive materials from the perspective of the Explosive

Material Formulation.

* We need to consider manufacturing and processing later,

but for now lets just focus on the explosive materials.

* We will then assemble complimentary terms in a picture

and remove duplication of terms.
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PBneXt

Material Problem Unstructured

BAE SYSTEMS PROPRIETARY
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PBNeXt Materials - Unstructured

SYSTEM REQUIREMENTS

e Clarity on specification tolerances for WH in order to meet
customer requirements (Critical Features).

e Export or End User issues with components.

e (Qualification costs and risk aversion.

SUPPLY CHAIN (Purchasing and Goods Inwards)

¢ Limited options.

* Cost of materials/feedstocks,

e Reliant upon supplier CoA/CoC.
» Shelf life of feedstocks.

e Reliant on old/outdated specifications/standards (e.g.
DefStan.)

e Lack of availability of high performance or customised fillers.

e Suitability of generic grades for in house processes.

* Relationship between us and suppliers.

* Supply of feedstock (continuity of supply) e.g. pang Al, water &

IPDL.

MECHANICAL PROPERTIES

¢ Ageing effects upon mechanical properties

e Variable mechanical strength.

e High plasticizer content dilutes binder efficacy wit
mechanical properties

TECHNOLOGY GAPS

¢ Technical availability of higher performance energetic fillers
¢ Simple analytical techniques.
e Availability of suitable (reliable and repeatable) tests to

characterise materials

PROCESSING

e Throughput hindered by curing time

¢ Unable to monitor quality during process.

* Long mixing times

o Difficult casting mechanism (Qg for example)
e Short pot life.

e large quantities of waste materiol from standard processing.

* Inhomogeneous mix.

e Processing properties vary with time (gets worse with
increasing viscosity).

¢ Handling hazardous materials.

* Ahigh number of ingredients in the formulation

VULNERABILITIES

e Fill Quality — Voids

* Sensitive to friction/impact threats when containing high
explosive content.

* Sensitive to void ignition under high setback/impact stress.

e Inherent IM properties of energetic feedstacks made by
traditional processing methods (crystal
voids/cracks/imperfections???)

ENVIRONMENTAI

e Environmental concerns and gemil.

e Substances hazardous to health and environment (AP/IPDI).
e Energy demands of curing process

e Reject material cannot be re-worked and must be burned.

FEEDSTOCK DEFINITION

e Current specs don’t capture critical features.
* Binder feedstock specification.

BAE SYSTEMS PROPRIETARY

CHEMICAL PROPERTIES
e Leaching of plasticizer.
e Lack of understanding between cure temps and time.
e Integrity of bond between binder and filler.
e Density limitations on current energetic fillers.
e Separation of binder and solids (binder rich surfaces).
e Knowledge of how varying gty components affects bulk

material properties.
¢ Relatively high thermal coefficient of expansion (relative to
casing) — can cause defects.
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PBneXt Approach

The Problem Situation Structured

* We have highlighted the factors we consider to be challenging about current energetic materials.
* We now group similar issues to together into themes.
* Once we have a number of grouped themes, we consider if there are relationships between them?

* And the types of relationship......
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2. The Problem Situation Structured

Rich Picture Key

Technical Data / Information
Information
Support

Financial Support

Conflict

Directional Link

Bidirectional Link
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Intermittent Link
s
<) View
| | | | Process
? Uncertainty
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2. The Problem Situation Structured —
An example of a Rich Picture
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PBneXt

Material Problem Structured

ARY %
T.D.

PBNeXt Materials - Structured 0 | B G ARERA IS
D A e Ageing effects upon mechanical properties
SYSTEM REQUI REMENTS e Variable mechanical strength.

e Clarity on specification tolerances for WH in order to meet %
T.D

mechanical properties
' THTF &%

customer requirements (Critical Features).

e Export or End User issues with components.

e (Qualification costs and risk aversion.

%o"eﬁ

—> e High plasticizer content dilutes binder efficacy wrt v/
T

% A £ VULNERAB U T ES
i > |_—I__|-| e Fill Quality — Voids
AP EAR I P el Cemell e, T.0. _EH]_ £ e Sensitive to friction/impact threats when containing high
e Limited options. explosive content.
e Cost of materials/feedstocks. e Sensitive to void ignition under high setback/impact stresq.
e Reliant upon supplier CoA/CoC. I_—I__l'l PROCESS NG o | nhe‘r.entl M propertles of energetic feedstocks made by
e Shelf life of feedstocks. D I:l £ traditional processing methods (crystal
e Reliant on old/outdated specifications/standards (e.g. e Throughput hindered by curing time voids/cracks/imperfections???)
DefStan.) e Unable to monitor quality during process.
e Lack of availability of high performance or customised fillers. e Long mixing times
e Suitability of generic grades for in house processes. e Difficult casting mechanism (Qz for example)
e Relationship between us and suppliers. '\ e Short pot Iif('e.- ' ’ )
e Supply of feedstock (continuity of supply) e.g. nano Al, water & e Large quantities of waste material from standard processing.
IPD. L—r_l.l e |nhomogeneous mix. e Environmental concerns and demil.
T.D e Processing properties vary with time (gets worse with e Substances hazardous to health and environment (APA PDI ).
increasing viscosity). | e Energy demands of curing process
L—I'_l.l A £ e Handling hazardous materials. I_—I__|-| e Reject material cannot be re-worked and must be burned.
T.0. e A high number of ingredients in the formulation T.D.
ITECHNOLOGY GAPS

e [ntegrity of bond between binder and filler.
% e Density limitations on current energetic fillers.
/// = e Separation of binder and solids (binder rich surfaces).
e Knowledge of how varying gty components affects bulk
material properties.
e Relatively high thermal coefficient of expansion (relative to
casing) — can cause defects.
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e Current specs don’t capture critical features.
e Binder feedstock specification.




The Root Definition

e So having established some notion of the problems associated with Explosive Fillings and what challenges we face
with current energetic materials and their processing, we now need to consider conceptual notions of how we may

improve the situation.

* HOWEVER, we first need to bound the modelling such that we don’t drift outside of an agreed boundary.

* The Root Definition simply defines a system to do What <P> by means of How <Q> in order to achieve Why <R>.

P= A range of a la carte of Enhanced Blast Polymer Bonded Explosive formulations

Q= Enhanced Formulation and Processing

R= Enhanced Blast Performance

(B@AEAS;(SS'I\;EtI\grSHZROPRIETARY B A E SYS T E M s
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Customers = UK MoD
Actors = Land UK Energetics Team, Heavy Bomb and Payloads Team
Transformation = Develop a new Explosive Formulation and Processing Capability

T h e R I C h e r RO Ot D e-fl n | t I O n Worldview = Land UK remaining the leading strategic supplier to defence contactors in order to enhance market share and profitability

Owner = Land UK SLT, UK MoD, MBDA

Env Constraints = Glascoed Processing, Revised Training and Skills, Suitable Resources and SQEP, R&D and Testing Capabilities, HSE Regulations, Funding

We now expand this into a Richer Root Definition by means of the acronym CATWOE.

Customers The victims of beneficiaries of T

Actors Those whowoulddo T

Transformation The conversion of input to output

Weltanschauung the world view which makes the Transformation meaningful
Owners those that could stop T

Environmental Constraints  elements outside of a system which are taken as a given
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Conceptual Modelling

System Context Diagram:

BAE SYSTEMS PROPRIETARY
© BAE Systems

Wider Environment

Environment

Wider System of Interest

System of Interest

— .
o~
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Factors we can
Influence but
not Control
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Conceptual Modelling

* System Context Diagram
e System of Interest (Sol) — the system in focus, i.e. PBneXt

e Wider System of Interest (WSol) — interacting systems or elements which we can influence but not have direct

control over (Ammunition Design?)
 Environment — that which effects the Sol but we cannot control
e \Wider Environment — Which affects Environment.

 Then we take what is within our Sol (and WSol) and conceptualise what we might do....
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PBneXt Conceptual Modelling

I\/l ate rl a | System of Interest

Factors directly within our
Control

Conceptual Modelling- MATERIALS

Wider Environment

Government of the day Global defence spending

Environment

UK E t/1 t trol
technology advances
Wider System of Interest ITAR/EAR

STANAG's
ystem of Interest - NATO policy

INGREDIENT PROPERTIES:- FORMULATION:-
Global peace PROCUREMENT PROCESSING

Local Suppliers/Quantity Morphology/Viscosity/QA/A Rheological/Packing/ Specifications/ Pot Storage capacity &
- /MoQ/Transport geing/ Conditioning/ life/ Ratios/Selection of materials/Bulk conditions/Facilities/R
method/Shelf Premixing properties/Exploitations esourcing/QA

life/supplier EXPLOSIVES:- INGREDIENTS:- processes/Processing
location/Sourcing volume/schedule/Com
& procurement Hazard (IM), Mechanical and Energetic ingredients/ metals/ patibility of

Council policy/Synthesis or Material additives/processing aids/Cost/ Types of: ingredients with wider
approvals Processing properties/Performance Stabiliser, bonding agent, binder, curing system/Operator

methods/Analysis levels/Trade offs agent, curing catalyst, polymer capability & training
~ __ _—
ENTERPRISE VISION:-

Global conflicts
BREXIT

Chemical
prices/cost

Corporate Capital investment/SSOW/SLT/ Cost-benefit/Project priorities/Timeline/Enterprise HSE

olicies o :
Public opinion P vision/Customer perspective licencing
Police agreements to Law of the land

and
regulations

manufacture

Pandemics & Government response

Wider System of Interest
Factors we can Influence but not
Control

Climate & natural disasters
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Conceptual Modelling

Things to remember about modelling:

* Modelling is an abstraction of reality.

* |t is never universally right, but also never
universally wrong.

* The benefit is to make us consider what
needs to be done...... but perhaps more
importantly to promote thought.

Therefore lets consider what is in the System of Interest and capture what we think we need to do.
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Conceptual Modelling Example

BAE SYSTEMS
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PBneXt — Approach - Materials

BAE SYSTEMS PROPRIETAR)
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PEMeNT Materials - Systems Concept

EYSTEM REQUIREMENTS

= |[Form System Reguirements

= [Batter definition of critical featurat

=  [Batter link between materal/filling specifications and critical
T i res

MECHAMICAL PROPMERTIES

-

Understand full range of properties required by system {e.g.
miechanicsl property rangep

Imprawve mechanical properties

Stahilise mechanics] properties

Intrease mechanical strength of explosive

SUPPLY CHAIN

=  Assess material supply chain

= |dentify different curing components
= Expand supply chain

= Usecheaper ingredients

= |dentify soreign capahbility of supply

PROCESSING

Material cedection to match néw mixing processing
Processing method independent of pot life and cure time
Oyptirmioe the orystal packing

Understand and investigate curing reaction

Understand the sffect of catalyst use in the prods i
jquantitywhen added |

Simplify casting processes

Uind ersita red biode rande or adreptability of mdmufact ring
defects

Improved in line monitaring

WILNERAB|LITIES

Suitable storage conditions for raw materials

Understand lnks between mechanical properties and failure
rridi s

Use reduced sengitivity imgredients

TECHMWOLOGY GARS

= [Hesasrch recyclable formulstions

& Sunthetiie new energetic modecules

= Haiaarch alternative energetic binders

#  [HeEsasrch muolti-purpose materiasks

= [Hetaarch suitable fuel sources

= [nvestigate characterisation technigues not currently in use

ENWTRONMENTAL

Foidibee washe

Uze low environmental impact ingredients

Reduce anergy demands of manufacturing prostesses
Use non-toxic ingredients

Aszess material for environmental impack

FEEDETOCK DEFIMITICN

= Tailared crystalyparticle quality ingredients

= (Optimise material selection to reduce propessing time
»  Use more stablefrobust ingredients

*  fAszess the need for specific components, e.g. plasticers

=+ Understand the storage/conditioning reguirerments far the
feedstock

PERFORMANCE

iDptimise fuel/okiditer ratio for application

Understand effect af top and bottom raw material specs on
product performance

Lze different enengetic fillers

Uze different grades of materdals or blends of grades
Emhance blast perfor mance

CHEMICAL PROPERTIES

Understand apsing méchanitms

identify alternative binder polymers

Understand what the [imits are on the explosive materiasl spec
50 &4 bulk properties are still acceptable

BAE SYSTEMS PROPRIETARY
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Compare the concept diagrams to the

problem

At this phase we need to fully check the system concepts against the problem to ensure we have addressed the problems
highlighted in phases 1 and 2 of SSM.

Models are an abstract of reality, a snapshot of what might be.

Models are never right, nor are they wrong.

So its important that we get everything down that we may need, and then compare it to the problem space.

Have we covered everything off (for now)?

(B@AEAS;(SS'I\;EtI\grSHZROPRIETARY B A E SYS T E M s
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Feasible and Desirable Changes

* OK so we have a notion of what we want to achieve but...
* We need to balance this again the realities of the business within which we operate.

* In this instance we reduce number of changes in line with what the business can practically implement within 12

months.

We may wish to characterise, design and manufacture Volvonium, the world most indestructible Swedish steel.

However the reality is that we may not have the budget, enterprise backing nor SQEP to do so, therefore its important

to consider what is feasible.

(B@AEAS;(SS'I\;;I\;I;ZROPR\ETARY B A E SYs T E M s
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Feasible and Desirable Changes

Material

BAE SYSTEMS PROPRIETARY
© BAE Systems

PBNeXt Materials — Systems Concept

SYSTEM REQUIREMENTS

Form System Requirements
Better definition of critical features
Better link between material/filling specifications and critical

features

Green = What is achievable within 12 months
Red = What remains in the scope of PBneXt

MECHANICAL PROPERTIES

e Understand full range of properties required by system (e.g.
mechanical property range)

e Improve mechanical properties

e Stabilise mechanical properties

e Increase mechanical strength of explosive

SUPPLY CHAIN

Assess material supply chain

Identify different curing components
Expand supply chain

Use cheaper ingredients

Identify soveign capability of supply

PROCESSING

e Material selection to match new mixing processing

e Processing method independent of pot life and cure time

e Optimise the crystal packing

e Understand and investigate curing reaction

e Understand the effect of catalyst use in the process
(quantity/when added)

e Simplify casting processes

e Understand tolerance or acceptability of manufacturing
defects

e Improved in line monitoring

VULNERABILITIES

e Suitable storage conditions for raw materials

e Understand links between mechanical properties and failure
modes

e Use reduced sensitivity ingredients

TECHNOLOGY GAPS

Research recyclable formulations

Synthesize new energetic molecules

Research alternative energetic binders

Research multi-purpose materials

Research suitable fuel sources

Investigate characterisation techniques not currently in use

ENVIRONMENTAL

e Reduce waste

e Use low environmental impact ingredients

e Reduce energy demands of manufacturing processes
e Use non-toxic ingredients

e Assess material for environmental impact.

FEEDSTOCK DEFINITION

Tailored crystal/particle quality ingredients

Optimise material selection to reduce processing time

Use more stable/robust ingredients

Assess the need for specific components, e.g. plasticers
Understand the storage/conditioning requirements for the
feedstock

PERFORMANCE

e Optimise fuel/oxidiser ratio for application

e Understand effect of top and bottom raw material specs on
product performance

e Use different energetic fillers

e Use different grades of materials or blends of grades

e Enhance blast performance

CHEMICAL PROPERTIES

e Understand ageing mechanisms
e I|dentify alternative binder polymers
e Understand what the limits are on the explosive material spec

BAE SYSTEMS PROPRIETARY

so as bulk properties are still acceptable
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Action to improve the problem situation

We should have a number of ideas of what we want to change,
why they are important and an appreciation that they are

within the scope of what is achievable.

e We can start by listing these and then turn them into functional

system requirements.

Functional requirements are best structured in Verb Noun

sequence which describes the manner to enact a change.
* i.e. stabilise energetic, provide braisance, control temperature.
* Let assemble the functional requirements for PBneXt Material. W a4l i
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PBneXt

Refined Approach

MATERIAL FUNCTIONS TIMELINE

Define storage
requirements

SYSTEM REQUIREMENTS

e Define System
Requirements
e Capture User
Requirements

FORMULATION PROCESSING

Procure ingredients from

. . Downselect material (to match
Green (mature) list

new mixing process)

Optimise the crystal packing

Optimise fuel/oxidiser ratio (for
Conduct QA on ‘ application)

feedstock material Achieve mechanical properties
characteristics Formulate to enhance blast

e Examine material supply chain performance

e FEvaluate material for Conduct additional Define binder/solids ratio

environmental impact feedstock Predict blast performance

Downselect characterisation Define plasticiser requirement

candidate materials tests

(modelling)

SUPPLY CHAIN

MATURE CANDIDATE MATERIALS

Define different oxidisers
FEEDSTOCK DEFINITION Define different grades of
materials

Identify prospective ingredient Define different formulations
components Define different curing catalysts
Define preconditioning Define polymer systems
requirements (polymer & crosslinker)

Define different types/grades/
morphologies of fuel

Use different plasticisers

(BDAEAS;(SS'I\;;I\Q;I:ROPRIETARY B A E SYS T E M s
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TESTING

Measure shock sensitivity
(initiation system)
Measure mechanical properties




Where do we go next?

* Having completed the Seven Steps of SSM we are now in a position of taking action to improve the problem space.
* The final activities of SSM involved us considering the functional requirements for the energetic material.
* We now need to evaluate the relative importance of these at each level of abstraction (or layer).

* This should lend itself to Quality Function Deployment (QFD).

(B@AEAS;(SS'I\;EtI\grSHZROPRIETARY B A E SYS T E M s
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Where do we go next?

Quality Function Deployment

LIST 2 of Requirements
< |m |0 |o
E | | | E
L2 |2 |2 | &
ltem 1 ® | ® A
ltem 2
E|t&3
c m O | A
'EEItem:d o | A
=
% g
-
3 |8 |8 |8
eEl 0@ 09 ©9
£Z| £8| £8 £ 8
2ol 2ol 24
LIST 3 many-to-one related with List 2

Reproduced with permission (Burge Hughes Walsh, 2007)
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QFD Flowdown — The levels of

decomposition.

Diesign
Fequirements.

Customer

Requirem ents

BAE SYSTEMS PROPRIETARY
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QFD 1

Design
Requirement
Targets

Requirements Flow-Down

Manufactunng
Requirements

Part
Requirements
1
gg| QFD 2
]
Fart
Requirement
Targets

Reproduced with permission (Burge Hughes Walsh, 2007)

QFD 3

Production
Requirements

Manufacturing
Requirement
Targets

QFD 4

Production
Requirement
Targets

BAE SYSTEMS

27



User Requirements:

Generally the User will supply a list of User Requirements, these are normally vague, hard to quantify and usually
encompass considerations for Ammunition such as:

Safe

Reliable

Accurate

Lethal
Development Cost
Manufacturing Cost
Long Life

Legally Compliant
Maintainable

(B@AEAS;(SS'I\;EtI\grSHIZROPRIETARY B A E SYS T E M s
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PBneXt— QFD 1

System Requirements

The User would normally provide these as part of a System Requirements Document (SRD). However we haven’t got that
luxury yet.

At this point in time we need to try to think what the customer may want the Ammunition to do (Verb/Noun again).

For example:

* Provide Blast Overpressure

* Control Ignition

e Seal from Environmental Effects

(B@AEAS;(SS'I\;EtI\grSanROPRIETARY B A E SYS T E M s
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PBneXt — Approach

BAE SYSTEMS PROPRIETARY
© BAE Systems

SYSTEM REQUIREMENTS

Define System Requirements
Capture User Requirements

FEEDSTOCK DEFINITION

Identify prospective ingredient
components

Define preconditioning
requirements

Define storage requirements
Conduct QA on feedstock
material characteristics
Conduct additional feedstock
characterisation tests

MATERIAL FUNCTIONS

SUPPLY CHAIN

Examine material supply chain
Evaluate material for
environmental impact
Downselect candidate materials
(modelling)

Procure ingredients from
‘Green (mature) list’

MATURE CANDIDATE MATERIALS

Define different oxidisers
Define different grades of
materials

Define different formulations
Define different curing catalysts
Define polymer systems
(polymer & crosslinker)

Define different types/grades/
morphologies of fuel

Use different plasticisers

BAE SYSTEMS PROPRIETARY

FORMULATION PROCESSING

Downselect material (to match new mixing
process)

Optimise the crystal packing

Optimise fuel/oxidiser ratio (for application)
Achieve mechanical properties

Measure mechanical properties

Formulate to enhance blast performance
Define binder/solids ratio

Predict blast performance

Define plasticiser requirement

Measure shock sensitivity (FCASW initiation
system)

BAE SYSTEMS
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PBneXt

User Requirements:

e Safe e Safe handling in theatre
* Reliable e Safe handling in storage
e Accurate e Safe handling in transport
e Lethal e Cope with temp

* Throughlife Cost e Cope with vibration

e Purchase Cost * Cope with drop

* Long Life e Cope with humidity

e Legally Compliant e Chemical Compatibility
 Modular e Survive launch

e Secure Supply Chain * |nterface with system

* Tuneable Output

e Stealth

 Manufacturing Flexiblity
e Environmentally Sound
e All Weather

(B@AEAS;(SS'I\;EtI\grSHZROPRIETARY B A E SYS T E M s
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PBneXt

System Requirements:

Made in Small Volumes
Provide Blast Overpressure
Manufacture Agility

Seal from Environment
Prevent Accidental Ignitions
Contain Explosive

Maintain Stable Unit Price
Control Ignition

Endure Lifecycle

Survive Thermal Environment
Shock Resistance

Provide Energy Density
Interface with Structure
Penetrate Target

Defeat Target

BAE SYSTEMS PROPRIETARY
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Survive Implantation

Survive Flight

Survive Launch Environment
Provide Compatible Mass
Generate Heat

Made from Commodity Materials
Predictable Degradation
Facilitate Disposal

Facilitate in-service surveillance
Survive Tactical Environment
Survive Countertmeasures
Survive Logistic Environment
Comply with Volume Limitations

BAE SYSTEMS PROPRIETARY
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ACTIVITY SUMMARY

Warhead Functionality

Key User Requirements

Safe

Reliable

Accurate
Lethal

Throughlife Cost
Purchase Cost

Long Life

Legally Compliant

Modular

Secure Supply Chain
Tuneable Output

Stealth

Manufacturing Flexiblity
Environmentally Sound

All Weather

Target
Benchmark
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QFD 1 Graph: Ammunition Level
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Comply with Volume Limitations
Survive Logistic Environment
Survive Countertmeasures
Survive Tactical Environment
Facilitate in-service surveillance
Facilitate Disposal

Predictable Degradation

Made from Commodity Materials
Generate Heat

Provide Compatible Mass
Survive Launch Environment
Survive Flight

Survive Implantation

Defeat Target

Penetrate Target

Interface with Structure
Provide Energy Density

Shock Resistance

Survive Thermal Environment
Endure Lifecycle

Control Ignition

Maintain Stable Unit Price
Contain Explosive

Prevent Accidental Ignitions
Seal from Environement
Manufacture Agility

Provide Blast Overpressure
Made in Small Volumes

o

100

Functional Importances Chart

200 300
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QFD 2 Matrix
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Design feature

Functionality

Made in Small VVolumes

Provide Blast Overpressure

Manufacture Agility

Seal from Environment

Prevent Accidental Ignitions

Contain Explosive

Maintain Stable Unit Price

Control Initiation

Endure Lifecycle

Survive Thermal Environment

Shock Resistance

Provide Energy Density
Interface with Structure

Penetrate Target
Defeat Target

Survive Warhead Implantation

Survive Flight

Survive Launch Environment
Provide Compatible Mass

Generate Heat

Made from Commaodity

Materials

Predictable Degradation

Facilitate Disposal

Facilitate in-service
surveillance

Survive Tactical Environment
Survive Countertmeasures

EviveLogistic Environment

BAE
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QFD 2 Graph:
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Measure Shock sensitivity (FCASW...

Model Blast Performance
Optimise Binder/Solids Ratio

Formulate to enhance blast...

Mechanical properties
Optimise fuel/oxidiser ratio
Optimise crystal packing

Dowselect material to match new...

Define plasticisers

Define different types/grades of fuel
Define Polymer Systems

Define different curing catalysts
Define different formulations

Define different grades of materials
Define different oxidisers

Procure ingrediaents from green...
Downselect candidate materials...
Evaluate material for...

Monitor material supply chain

Conduct additional feedstck...
Conduct QA on feedstock material...

Define storage requiremnts
Define Preconditioing Requirements

Identify Prospective Ingredient...

o

200

Functional Importances Chart

400 600
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1000

1200

1400
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What after QFD?

Sysiam: inelligant DHMsh VWWashar Sl - 50 el Dl v Dame: 1 Sgperil Aartheoe 8 sl IS 1D Flawiseesd: O, DFrc

* We will have ranked the FUNCTION
criticality of the functional e
requirements. T

e Do we now consider the F—
various means how we E—
may achieve it?

e Function Means Analysis e

?@AE:EYSST;?Q;ZROPR‘ETARY Reproduced with permission (Burge Hughes Walsh, 2007) BAE SYSTEMS
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Function Means

* Four concepts
are shown
with one as a
baseline.

* The means of
achieving
each function
is highlighted
for each
concept.

BAE SYSTEMS PROPRIETARY
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Mix Acoustically RAM Batch RAM CAM RAMMIINCASE |PAINT SHARKER ETF SHAKER RAMS RAM S5 LAE RAM 2 armI RaM
. . O . O Qnderstand fillir bespoke .
. o Rheological In=line vizcosity SEEF knowled Literat ) Vi : Bh : Wi tric) Diesign of vechnique limit gf Pt life | curing Rleview internal " P ver[scaled |Shore A hard
Understand Viscosity Limits of modifiers measurements nasledge fheralure review fEcameter =ometer I M= experiments tszli:;?:'neetl'::;]s | rials studies Lpe'zzsil;:rys']ca = ore A hardness
Process
' ' . I Blacked " E 4 a - I 'tc\mated
] ] i ) L - . . inimize process ecipe made timal zhol N - ding! it
Design Mix Regime for Ease of Fheaology SCEP knowledge | Industry knowledge | DoE In-line monitaring [ One pot miking isocyanate [tllme steps P miHinF; Iasnut [flow]p One-clip” fisture ;'T;L ;nag:an;woe:;rosr
Scale . would be no issue] P —
' [ ' '—Iine assessment ' I [ [ i) I 9]
' . of mis In-ling ¥-ray{CT- | . ) .
DaE SOEP knowledge  |Industry knowledge [ Mis vessel design | Transparent vesszel completeness scanning time temperature Vacuum acceleration imcorporation degas
Optimise Mixing Parameters [ ] FTHIR?]
- - -
' 'O . . . F'u.utomatlc . 9] Cokelice-cream
Buts loading Multi feed with pre- | Individual dizspenzer Loading prepalumers Udder tupe dispenser type
SOEP krowledge | Industry knowledge honpers mix For single dizpensation in Manual Loading fram feed stock Auto dosers Robots [palumerlizocyanat | Premizes Heated dasers sustems for multiple sustem [formulation weigh in by hand
. . . PP laading requence supply held & cambal weighing [MIC) Y
Load Ingredients into Mix Vessel o separately [ menu]
' P hic . Check qualityy and ] ' ' 'al.le a farmulatian
y . . . y y y L asEMERICIEE VBT farm through MOA& | MIC with good . L _ |Degas during mix  |that canwithstand
SHER krowledge  |Industry knowledge| Speed of fil Wiscosity of mis Angle of fill Fill taals Fill under vibration | shaker plate ta Fill under vacuum . . Vacuum casting | Vibration ! agitation - -
wibrate techniques - deqgassing regime munitions usage
Fill Uniformly (No Voids) Ultrazound? with waids
[ [ ] [ ] [ | _Jo] [ ]
Determine effects SEEF K led Ind krowledas|E ith 0 =R FCR Mist Coard & drec Custher From trial | define nett dailu th " fast changeover
Define Production Pr ssing of du ell times riowledge | Industry knowledge|Engage with Ops H T it Cards utomated recipes {:z-hc:z:-:egr}:pe::]s R tatal mass cxplosive quantity aily throughput | ey

Requiremnts

Cluestion - What
complexity of fillis

-

-

o

enpected - From wial Oesignita
Firnish on the Geometrios for flaw | =02 Customer outcomes MIC - single ar Vac cast . ) —=sd . Procure Falzon
SCER krowledge  |Industry knowledge - manalithic chrge ; ! Enternal designers | 'Weirplates CAM zet-up incarparate zample| Inhousze design :
tacling far flow contral with extermal or requirements [dependent on multiple attachments manuf acture designs
. A farmulation]
integrated initiation
Design Filling Tooling Needed inputs
~ - - Fuaresd B B = o o
- ;- ing! it -
Treat to ensure . . Identify subsidiary casngionmpanen ) o Labelling ! . ) . )
Enusure correct Condition wehicles irvolved needfar | Adjacent lining I e ) temperature Liner ! Misln Case | Optimise Liner
- adherance to case . hardware and = Cleanlinesz check |stenciling (bar Pre-weigh - i _
finish ta match mix temp ] thorough facility candition Trials Properties
wall furriture codes?]

Prepare Vehicles Prior to Filling

understanding of

IPOlin excess ta
account for MEO

Establish bezt
curing agent for

Premiz HTPE and
cure catalyst

Shore A and gel
time experiments to
determine optimat

r_h:rm and eneraetic

O=E

SHEF knowledge

Industry knowledge

Curing trials linc.
material analysiz -
mechanicals)

Calculate curing
tirme

-

Dedicated curing
facility

PCP={!50P=

Operator training

Standardize
acrozs different
farmulations

Optimize curing
components (2.,
MCOINOH ratia)

-

|dentify cure
verification tests

contbent varistion  |process .
_ ) cure time and temp
Standardise curing process
-
‘geate databaze c\f' Inert vz Enargetic ' o] ; . . .
results for Bheaology GOLabs External testing Group 1testing farmulation use geltime tester [ Viscocity mzzfgj; TOEOPIE | nduct affline conduct anline M
Conduct Gel Time Testing reference COMmparizon
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Design Concepts

Pugh Concept Selection Matrix

What after Function Means?

Even Toasti ng
i Good Taste
Repeatable

m [

G Toast

Quick

Large Range of Bread Products
Multiple Slices/Units

Reliable

Durable

* \We have ranked the criticality of the functional requirements.

+| @ @] +| 0| 0| Electric Conveyor
Gas Grill

Long Lite | Cagaciny

* We have assessed the means by which candidate solutions may

Low Maintenance
Affordable

Attractive

Safe

Good Size

Easy to use Controls
Easy to Load

East to RemoveToast
Automated

+|lw|w|m|+]| +]|wn| -

Selection Criteria

achieve these and created system concepts. Do we now score these

Physical
Altributes

and determine the most desirable?

Eaesy 1o Llse

-h-h-th-hmthMLﬂm—l-hMLﬂMLﬂMWiEgm
Oy OO G| O GO o) O G| O | GO ) O O3] o) O] O OO | Electric 4-slot

Gl | + | ¥l »

f-

TOTAL +

TOTAL -

TOTAL SCORE
WEIGHTED TOTAL +
WEIGHTED TOTAL -
WEIGHTED SCORE

=2}
{dm]

1517
17| 32

o|lo|lo|lo|laol o
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P u g h I\/l at r I X WHATs - Customer How much:- From QFD 1| |

Requirements

ldentify Prospective 5 0 3 3
Ingredient components

Define Preconditioing 5 1 1 1
Requirements

Define storage requirements 5 1 1 3

Conduct QA on feedstock
material characteristics
Conduct additional feedstock
characterisation tests

* The PUGH Matrix scores the three TS

. . . Monitor material supply chain
candidate options numerically. Evaluate materialfor | s | o 1]+
Downselect candidate

LN
=
oo
]

* Trade-Off of requirements and scores can materials (modennal — 1T
. . . lgreen mature list
be made at this stage to introduce hybrid Define different oxidisers T
Define different grades of 5 3 3 3
materials
CO n Ce ptS ° Define different formulations 3 3 3 3
Define different curing
catalysts s 0 3 3
Define Polymer Systems 5 3 3 3
Define different types/grades 5 3 q q
of fuel
Define plasticisers 3 1 3 3
Dowselect material to match 5 1 5 3
new mixing process
Ootimi . & 1 1 3
ptimise crystal packing
Optimise fuelloxidiser ratio 5 3 3
Mechanical properties 5 3 3
Formulate to enhance blast 5 3 q q
performance
Optimige Binder/Solids Ratio & 1 3 3
Model Blast Performance 5 0 3 3
Meazure Shock sensitivity c 0 o 5
(FCASW Initiation system)
0 0 0
145 AT0 | 540
Ranking 1'3"3'| -145 | -470 | -540
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Questions about the Methodologies
and Findings
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