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Novel Fills Approach
Project Aim
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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 
Mixing. 

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.

• 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 PBneXt.
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Novel Fills Approach 
Systems Engineering – what is it?
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• Systems Engineering (SE) can simply be defined as 

“understanding complexity” within the context of the modern 

world.

• 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.

Therefore, it is important to understand where we are before deciding where we are going….
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Types of Problem – PBneXt
A New Explosive Material
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Types of Problem

Know What

Don’t Know 
What

Don’t Know How Know How

Quest
Stakeholders are very 
sure of what is to be 
done but unsure of how
to achieve it

Foggy
Stakeholders are unsure 
of what and unsure of 
how to achieve it

Movie
Stakeholders are very sure of 
how the change should be 
made but not what should be 
done

Painting by 
Numbers
Stakeholders are very sure of 
what to do and how it is to be 
done

(adapted from Eddie Obeng, 1995)
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Systems Engineering for PBneXt
The Analysis Method

(Adapted from Checkland, Systems Thinking Systems Practice 1999)

1. The problem 
situation 

unstructured

7. Action to improve 
the 

problem situation

2. The problem 
situation expressed

6. Feasible desirable
changes
………….
………….

5. Comparison of 4
with 2

5. Root definitions of relevant systems
4. Conceptual models

4a. Formal 
system concept

4b. Other systems
thinking

Real world

Systems thinking

Soft Systems Methodology (SSM) 
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PBneXt – Approach
The Problem Situation Unstructured
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• 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
© BAE Systems

BAE SYSTEMS PROPRIETARY

PBneXt Approach
The Problem Situation Structured
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• 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
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2. The Problem Situation Structured –
An example of a Rich Picture
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PBNeXt Materials - Structured 

SYSTEM REQUI REMENTS 

• Clarity on specification tolerances for WH in order to meet 

customer requirements (Critical Features). 

• Export or End User issues with components. 

• Qualification costs and risk aversion. 

 

MECHANI CAL PROPERTI ES 

• Ageing effects upon mechanical properties 

• Variable mechanical strength. 

• High plasticizer content dilutes binder efficacy wrt 

mechanical properties 

SUPPLY CHAI N (Purchasing and Goods I nwards) 

• Limited options. 

• Cost of materials/feedstocks. 

• Reliant upon supplier CoA/CoC. 

• Shelf life of feedstocks. 

• Reliant on old/outdated specifications/standards (e.g. 

DefStan.) 

• Lack of availability of high performance or customised fillers. 

• Suitability of generic grades for in house processes.  

• Relationship between us and suppliers. 

• Supply of feedstock (continuity of supply) e.g. nano Al, water & 

I PDI . 

ENVI RONMENTAL 

• Environmental concerns and demil. 

• Substances hazardous to health and environment (AP/I PDI ). 

• Energy demands of curing process 

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

CHEMI CAL PROPERTI ES 

• Leaching of plasticizer. 

• Lack of understanding between cure temps and time. 

• I ntegrity of bond between binder and filler. 

• Density limitations on current energetic fillers. 

• Separation of binder and solids (binder rich surfaces). 

• Knowledge of how varying qty components affects bulk 

material properties. 

• Relatively high thermal coefficient of expansion (relative to 

casing) – can cause defects.  

TECHNOLOGY GAPS 

• Technical availability of higher performance energetic fillers. 

• Simple analytical techniques. 

• Availability of suitable (reliable and repeatable)  tests to 

characterise materials 

FEEDSTOCK DEFI NI TI ON 

• Current specs don’t capture critical features. 

• Binder feedstock specification. 

PROCESSI NG 

• Throughput hindered by curing time 

• Unable to monitor quality during process. 

• Long mixing times 

• Difficult casting mechanism (Qz for example) 

• Short pot life. 

• Large quantities of waste material from standard processing. 

• I nhomogeneous mix. 

• Processing properties vary with time (gets worse with 

increasing viscosity). 

• Handling hazardous materials. 

• A high number of ingredients in the formulation  

VULNERABI LI TI ES 

• Fill Quality – Voids 

• Sensitive to friction/impact threats when containing high 

explosive content. 

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

• I nherent I M properties of energetic feedstocks made by 

traditional processing methods (crystal 

voids/cracks/imperfections???) 

 

 

 

 

 

 

  

 

 

 

 

 
 

 

 

PBneXt
Material Problem Structured
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The Root Definition
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• 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>.
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The Richer Root Definition
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We now expand this into a Richer Root Definition by means of the acronym CATWOE.

Customers The victims of beneficiaries of T

Actors Those who would do 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
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System Context Diagram:
Wider Environment

Environment

Wider System of Interest

System of Interest

Factors we can 
Influence but 
not Control

Factors directly within 
our Control
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Conceptual Modelling
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• System Context Diagram 

• System of Interest (SoI) – the system in focus, i.e. PBneXt

• Wider System of Interest (WSoI) – interacting systems or elements which we can influence but not have direct 

control over (Ammunition Design?)

• Environment – that which effects the SoI but we cannot control 

• Wider Environment – Which affects Environment.

• Then we take what is within our SoI (and WSoI) and conceptualise what we might do….
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PBneXt Conceptual Modelling 
Material
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Conceptual Modelling- MATERIALS 

INGREDIENT PROPERTIES:- 

Morphology/Viscosity/QA/A

geing/ Conditioning/ 

Premixing 

FORMULATION:- 

Rheological/Packing/ Specifications/ Pot 

life/ Ratios/Selection of materials/Bulk 

properties/Exploitations 

INGREDIENTS:- 

Energetic ingredients/ metals/ 

additives/processing aids/Cost/ Types of: 

Stabiliser, bonding agent, binder, curing 

agent, curing catalyst, polymer 

EXPLOSIVES:- 

Hazard (IM), Mechanical and 

Material 

properties/Performance 

levels/Trade offs 

Government of the day 

BREXIT 

Global defence spending 

Global peace 

Global conflicts 

NATO policy 

Public opinion 

Pandemics & Government response 

Climate & natural disasters 

UK Export/Import controls 

ITAR/EAR 

Un-influenciable 

technology advances 

Chemical 

prices/cost 

Local 

restrictions 

Corporate 

policies 

STANAG’s 

DefStans 

AOPs

 
 

D e f S t a n s  

COMAH

 
 

D e f S t a n s  

HSE 

licencing 

and 

regulations

 
 

D e f S t a n s  

REACH 

Police agreements to 

manufacture 

Law of the land 

PROCUREMENT 

Suppliers/Quantity

/MoQ/Transport 

method/Shelf 

life/supplier 

location/Sourcing 

& procurement 

policy/Synthesis or 

Processing 

methods/Analysis  

PROCESSING 

Storage capacity & 

conditions/Facilities/R

esourcing/QA 

processes/Processing 

volume/schedule/Com

patibility of 

ingredients with wider 

system/Operator 

capability & training 

 ENTERPRISE VISION:- 

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

vision/Customer perspective 

Council 

approvals 

Wider System of Interest 
Factors we can Influence but not 
Control

System of Interest
Factors directly within our 
Control
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Conceptual Modelling
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Things to remember about modelling: 

• Modelling is an abstraction of reality.

• It 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
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PBneXt – Approach - Materials
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Compare the concept diagrams to the 
problem

20

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)?
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Feasible and Desirable Changes

21

• 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. 
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Feasible and Desirable Changes 
Material 
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BAE SYSTEMS PROPRIETARY 

PBNeXt Materials – Systems Concept 

SYSTEM REQUIREMENTS 

• Form System Requirements 

• Better definition of critical features 

• Better link between material/filling specifications and critical 

features 

 

MECHANICAL PROPERTIES 

• Understand full range of properties required by system (e.g. 

mechanical property range) 

• Improve mechanical properties 

• Stabilise mechanical properties 

• 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 

ENVIRONMENTAL 

• Reduce waste 

• Use low environmental impact ingredients 

• Reduce energy demands of manufacturing processes 

• Use non-toxic ingredients 

• Assess material for environmental impact. 

CHEMICAL PROPERTIES 

• Understand ageing mechanisms 

• Identify alternative binder polymers 

• Understand what the limits are on the explosive material spec 

so as bulk properties are still acceptable  

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 

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 

PROCESSING 

• Material selection to match new mixing processing 

• Processing method independent of pot life and cure time 

• Optimise the crystal packing 

• Understand and investigate curing reaction 

• Understand the effect of catalyst use in the process 

(quantity/when added) 

• Simplify casting processes 

• Understand tolerance or acceptability of manufacturing 

defects 

• Improved in line monitoring 

 

VULNERABILITIES 

• Suitable storage conditions for raw materials 

• Understand links between mechanical properties and failure 

modes 

• Use reduced sensitivity ingredients 

PERFORMANCE 

• Optimise fuel/oxidiser ratio for application 

• Understand effect of top and bottom raw material specs on 

product performance 

• Use different energetic fillers 

• Use different grades of materials or blends of grades 

• Enhance blast performance 

Green = What is achievable within 12 months
Red = What remains in the scope of PBneXt
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Action to improve the problem situation
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• 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.

• 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.
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PBneXt
Refined Approach
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SYSTEM REQUIREMENTS

• Define System 
Requirements

• Capture User 
Requirements

SUPPLY CHAIN

• Examine material supply chain
• Evaluate material for 

environmental impact

FEEDSTOCK DEFINITION

• Identify prospective ingredient 
components

• Define preconditioning 
requirements

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

FORMULATION PROCESSING

• Downselect material (to match 
new mixing process)

• Optimise the crystal packing
• Optimise fuel/oxidiser ratio (for 

application)
• Achieve mechanical properties
• Formulate to enhance blast 

performance
• Define binder/solids ratio
• Predict blast performance
• Define plasticiser requirement

MATERIAL FUNCTIONS TIMELINE

TESTING

• Measure shock sensitivity 
(initiation system)

• Measure mechanical properties

Downselect 
candidate materials 
(modelling)

Procure ingredients from 
 Green (mature) list 

Conduct QA on 
feedstock material 

characteristics

Define storage 
requirements

Conduct additional 
feedstock 
characterisation 
tests
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Where do we go next?
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• 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).
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Where do we go next?

26

Quality Function Deployment

Reproduced with permission (Burge Hughes Walsh, 2007)
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QFD Flowdown – The levels of 
decomposition.
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Reproduced with permission (Burge Hughes Walsh, 2007)
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User Requirements:
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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
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PBneXt – QFD 1
System Requirements

29

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
• Seal from Environmental Effects
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PBneXt – Approach
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SYSTEM REQUIREMENTS

• Define System Requirements
• Capture User Requirements

SUPPLY CHAIN

• Examine material supply chain
• Evaluate material for 

environmental impact
• Downselect candidate materials 

(modelling)
• Procure ingredients from 

 Green (mature) list 

FEEDSTOCK DEFINITION

• Identify prospective ingredient 
components

• Define preconditioning 
requirements

• Define storage requirements
• Conduct QA on feedstock 

material characteristics
• Conduct additional feedstock 

characterisation tests

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

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)

Stuff for later

• Design for tooling 
available

• Store ingredients 
appropriately

• Precondition ingredients 
appropriately

MATERIAL FUNCTIONS
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PBneXt
User Requirements:
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• 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

• Safe handling in theatre
• Safe handling in storage
• Safe handling in transport
• Cope with temp
• Cope with vibration
• Cope with drop
• Cope with humidity
• Chemical Compatibility
• Survive launch
• Interface with system
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PBneXt
System Requirements:
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• 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

• 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
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QFD 1 Matrix: Ammunition Level
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ACTIVITY SUMMARY

Warhead Functionality
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Key User Requirements
Safe 10 1 3 1 9 9 9 3 9 3 9 9 9 9 1 3 9 9 1 3 1 9 3 1 9 1 9 1

Reliable 10 1 1 9 1 1 9 3 3 9 1 9 9 9 9 9 1 1 9 3 9 9

Accurate 10 9 9 9 3 3 1 3 3 1

Lethal 10 9 3 1 9 9 1 1 3 9 9 9 9 9 3 3 3 9 3 3 9 3 1 3

Throughlife Cost 10 1 3 3 1 9 1 9 1 1 1 9 3 3 3 1 3

Purchase Cost 10 9 3 3 1 9 1 3 1 1 1 9 3 1

Long Life 10 1 9 1 1 1 9 3 9 3 3 9 3 3 9 9 9 9

Legally Compliant 10 9 9 1 1 3 1 1 1 3 1

Modular 10 3 1 3 3 1 3 3 3 3 1 1 1 1 1 1

Secure Supply Chain 10 1 9 9 1 1 9

Tuneable Output 10 9 9 9 9 3 9 9 3 1 1 1

Stealth 10 9 3 1 9

Manufacturing Flexiblity 10 9 9 1 1 1 1 1 9 1 3

Environmentally Sound 10 1 3 3 1 1 1 1 1 9

All Weather 10 9 1 3 1 1 1 9 1 1 1 3
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Benchmark
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0 100 200 300 400 500 600 700

Made in Small Volumes

Provide Blast Overpressure

Manufacture Agility

Seal from Environement

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

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

Functional Importances Chart
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QFD 2 Matrix:
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ACTIVITY SUMMARY

Design feature
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Functionality

Made in Small Volumes 10 1 1 1 9 3 1 1 3 3 3

Provide Blast Overpressure 10 9 1 9 9 9 9 9 9 9 9 9 9

Manufacture Agility 10 3 3 3 1 1 3 3 9 1 1 3 3 3 1 1 9 1 3 1 3 3

Seal from Environment 10 1 1 9 3

Prevent Accidental Ignitions 10 3 1 1 3 1 1 3 9 1 3 1 3 3 3

Contain Explosive 10 9 9 9 9 9 9 3 9 9 3 9 9 1 9 9 9 3

Maintain Stable Unit  Price 10 3 1 9 1 9 1 1 1 3 1 1 1

Control Initiation 10 9 1 1 3 1 1 9 1 1 9 9 9 3 9

Endure Lifecycle 10 3 3 9 3 3 3 9 9 1 9 3 3

Survive Thermal Environment 10 3 3 3 1 1 3 9 1 9 1 1 3 3 3

Shock Resistance 10 9 1 3 1 1 3 9 1 9 1 3 9 3 3 3 9

Provide Energy Density 10 9 9 3 9 9 9 9 9 9 9 9 9 9 9

Interface with Structure 10 1 1 3 9

Penetrate Target 10 1

Defeat Target 10 9 9 9 9 9 9 9 3 9 9 9 9 9 9

Survive Warhead Implantation 10 3 3 3 3 3 1 9 3 3 3 3 1 9 3 9 3 9

Survive Flight 10 1 1 1 1 1 1 1 3 1 3 1 1 3 1 3

Survive Launch Environment 10 3 1 1 1 1 1 3 3 1 3 1 1 3 3 3

Provide Compatible Mass 10 1 1 3 3 3 3 3 3 3 3

Generate Heat 10 9 9 3 9 9 9 9 9 9 9 9 9

Made from Commodity 

Materials 10 9 1 1 9 3 9 9 9 9 9 3 3 9 1 1 9 9 9 9 1

Predictable Degradation 10 1 3 3 3 3 3 3 3 1 3 9 3 1 1 3 3 3

Facilitate Disposal 10 1 9 1 9 1 3 3 9 1 1 3 3 3

Facilitate in-service 

surveillance 10 1 1 3 3 3 3 1 3 3 1 3 3 3

Survive Tactical Environment 10 3 1 1 3 9 9 1 3 9 3 9 3

Survive Countertmeasures 10

Survive Logistic Environment 10 3 1 1 3 9 9 1 3 9 3 9 3

1070 170 260 110 130 220 220 660 690 820 700 1070 130 1150 810 640 310 700 950 660 1070 1270 580 540
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QFD 2 Graph:

36

0 200 400 600 800 1000 1200 1400

Identify Prospective  Ingredient…

Define Preconditioing Requirements

Define storage requiremnts

Conduct QA on feedstock material…

Conduct additional feedstck…

Monitor material supply chain

Evaluate material for…

Downselect candidate materials…

Procure ingrediaents from green…

Define different oxidisers

Define different grades of materials

Define different formulations

Define different curing catalysts

Define Polymer Systems

Define different types/grades of fuel

Define plasticisers

Dowselect material to match new…

Optimise crystal packing

Optimise fuel/oxidiser ratio

Mechanical properties

Formulate to enhance blast…

Optimise Binder/Solids Ratio

Model Blast Performance

Measure Shock sensitivity (FCASW…

Functional Importances Chart
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What after QFD?
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• We will have ranked the 
criticality of the functional 
requirements.

• Do we now consider the 
various means how we 
may achieve it?

• Function Means Analysis

Reproduced with permission (Burge Hughes Walsh, 2007)
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Function Means
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• Four concepts 
are shown 
with one as a 
baseline.

• The means of 
achieving 
each function 
is highlighted 
for each 
concept.
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What after Function Means?
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• We have ranked the criticality of the functional requirements.

• We have assessed the means by which candidate solutions may 

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

and determine the most desirable?

Reproduced with permission (Burge Hughes Walsh, 2009)
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Pugh Matrix
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• The PUGH Matrix scores the three 
candidate options numerically.

• Trade-Off of requirements and scores can 
be made at this stage to introduce hybrid 
concepts.
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Questions about the Methodologies 
and Findings
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