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Abstract
This report will discuss how systems tools were used to aid in the design of a new weapon, meeting the requirements of the design brief given by the customer.
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1. [bookmark: _Toc200312523]Introduction

1.1 [bookmark: _Toc200312524]Task Description

You are required to explain how the toolset was used to propose a solution to the case study and assist the design process via the identification of:-

· Key customer requirements.
· Critical system functionality.
· Concept derivation and design choices
· Potential failure modes.
· Critical design features.
· The manufacturing processes involved.
· Critical process steps.
· Process control measures.
· Waste and end of life disposal.

Each member of the team will provide a short report (2500 words) on the use of the design toolset and how it was used to develop solutions in their area.

1.2 [bookmark: _Toc200312525]Design Brief

“A requirement has been raised for :- An explosive device capable of neutralising a hostile communications centre, housed in a room within the second floor of an office block building. The design should be capable of accurate delivery into the room from a distance of at least 100m and the effect event should be such that collateral damage to adjacent rooms is minimised.”

1.2.1 [bookmark: _Toc200312526]Target Details

The communications centre is in a room that is 10m x 8m x 8m (the longest wall being the outer wall).  
The external wall has three windows, each equi-spaced along the length of the wall.  The windows themselves are 2m x 1m.  They are standard UPVC double-glazed units that are double-opening.

[image: ]
[bookmark: _Toc200312553]Figure 1 - External Target Wall and Windows

The communications centre can be accessed by 2 standard doors in a 3m wide corridor running adjacent to the 10m long internal wall.  There is a door at each end of the room.  During the operational period of the communications centre, the doors are kept locked.
The external walls are constructed of rendered filled cavity block.
The internal walls are constructed of soft block with plasterboard over baton facings.
Six operators are normally in the communications centre working at three terminals within the room.

1.2.2 [bookmark: _Toc200312527]Mission Objective

· The mission objective is to neutralise the target whilst minimising damage to potential occupants in the building and the structure of the building.
· The stretch object is the immobilise or disorientate the occupants of the communication centre, rather than eliminating them.

2. [bookmark: _Toc200312528]Design Requirements

2.1 [bookmark: _Toc200312529]Initial Requirement Set

At the conception stages of this weapon design, a list of requirements had to be drawn up with consideration given to each stakeholder.  The design team drafted a list of requirements that addressed design, safety, logistics, the end user, accuracy and targeting.  From this initial draft, the team then narrowed the list down to 17 requirements that were deemed vital for this munition (see table 1 below). 

[bookmark: _Toc200312569]Table 1 - Requirement Set
	Requirement
no.
	Type
	Description
	Requirement

	1
	Customer
	Safety 
	The system must comply with all relevant legislation

	2
	Customer
	Logistics
	The system shall be packaged in standard packaging where possible

	3
	Customer
	Logistics
	The munition shall be compatible with existing supply chain

	4
	Customer
	Targeting
	The system shall deliver a disruptive effect that will last no longer than 12h

	5
	Customer
	Targeting
	The entry to the target shall be via the external wall

	6
	Customer
	Targeting
	The system must incapacitate or eliminate the 6 communications operators

	7
	User
	Design
	The system shall be field maintainable where required

	8
	User
	Design
	The system shall have a simple unload/reload procedure

	9
	Customer
	Safety
	The munition shall be reliable with failures of 1e-6 each year

	10
	Customer
	Safety
	The system shall perform in cold and hot climates (A1-C2)*

	11
	Customer
	Accuracy
	The delivery system shall be able to perform from a distance of 100m minimum

	12
	Customer
	Accuracy
	The damage shall be contained to the target room

	13
	Customer
	Safety
	The system shall have redundancies to ensure functionality in the event of a misfire

	14
	User
	Design
	The system shall be man portable

	15
	User
	Design
	The system should be single person usable

	16
	Customer
	Safety
	The system must comply with the Geneva Convention

	17
	Customer
	Accuracy
	The system must be accurate to a 0.25m radius at 100m



*A1-C2 refers to the Köppen System where climates are divided into 5 sections based on rainfall and temperature.  A refers to tropical climates, B – Dry, C – temperate, D – continental climates and E – polar climates [1].

[bookmark: _Toc200312530]2.2 Pairwise Comparison

Once the requirements set was narrowed down to the 17 requirements seen above, the design team then had to prioritise them.  This is an important part of the process as it highlights which requirements are most important and how they will influence the design of the munition.  To do this, a pairwise comparison was conducted.  This is a useful tool to use as it is a quick and easy method of prioritisation, and depicts the most important requirements graphically.

The graph provided below (Figure 2) illustrates the output of the pairwise comparison.  The most important requirements were:
· The system must comply with the Geneva Convention,
· Entry to the target room shall be gained via the external wall,
· The system must incapacitate or eliminate the 6 Comms Operators and,
· The system must be accurate to a 0.25m radius at 100m.
[image: ]
[bookmark: _Toc200312554]Figure 2 - Requirements Pairwise Comparison



3. [bookmark: _Toc200312531]Functionality

3.1 [bookmark: _Toc200312532]QFD 1

For the next stage of the process, the design team had to change the customer requirements into functional or engineering requirements.  To do this, a systems engineering tool called QFD 1 can be used.  The customer requirements are entered on the left side, and the functions are entered along the top.  Once this is done, a requirement will be ranked against a function based on relative importance.  The rankings are either: 0-no relationship, 1-weak relationship, 3-moderate relationship, or 9-strong relationship [2].  The output of QFD 1 is shown in Figure 3 below.  
The functions with the most relative importance to the customer requirements were:
· Ready system
· Enter Target
· Neutralise Target
· Reload and
· Aim

[image: A graph with blue and white bars
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[bookmark: _Toc200312555]Figure 3 - QFD 1


3.2 
3.3 [bookmark: _Toc200312533]Functional Failure Mode and Effects Analysis

Functional Failure Mode and Effects Analysis (FFMEA) is a tool that can be used to identify potential failure modes of a system and how this will impact the system's performance.  The output of this analysis will influence how you prioritise design changes in the given system to prevent failures from occurring down the line [3].  There are 5 possible failure modes in any given system.

· Too much function
· Too little function
· No function
· Wrong function
· Intermittent function

Going through each failure mode, you can assess how this will impact the system and the customer, what the cause of the failure would be, and a potential detection or prevention method.  Values are given for the severity of the failure occurring, the probability of the failure occurring and the probability of the failure being detected.  An example has been provided of an FFMEA for the ‘aim’ function (see Figure 4 below).  



[image: A close-up of a list
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[bookmark: _Toc200312556]Figure 4 - Functional Failure Mode and Effects Analysis

Once the FFMEA was complete, a Risk Priority Number (RPN) was given to each failure mode in each function.  This told the design team which function and potential failure posed the most risk.  From this information, the design team had to prioritise these areas for putting mitigations in place to reduce the risk.  The functions with the highest RPNs can be seen in Table 2 below.



[bookmark: _Toc200312570]Table 2 - FFMEA Table of High Risk Functions
	Function
	Failure Mode
	Effects

	
	
	On System
	On Customer
	S
	Cause
	O
	Detection/Prevention
	D
	RPN

	Neutralise Target
	Too Much
	Collateral damage to system
	User death
	10
	Premature ignition
	8
	Design
	8
	640

	
	
	Death of 3rd Party
	Reputational damage
	10
	Excessive payload
	8
	Design
	7
	560

	Ready System
	Too Much
	Damage the System
	Replacement/repair cost
	8
	Unit error
	8
	Training
	8
	512

	
	Wrong Supply
	Unreliable System
	Reputational damage
	8
	Unit error
	8
	Training
	8
	512

	
	Intermittent
	System will not initiate
	Replacement/repair cost
	8
	Unit error
	8
	Training
	8
	512



As is indicated in the table, possible mitigations for these failures were changes to the design or training.  This means designing the payload in a way where collateral damage or death to an unintended party would not be possible i.e. keeping it contained to the target room.  Also suggested was training, so training the user adequately in how to assemble, maintain, use, and disassemble the munition.    
4. [bookmark: _Toc200312534] Concept Derivation and Selection

4.1 [bookmark: _Toc200312535]Function Means Analysis

The first step towards creating concepts for this munition was to complete a Function Means Analysis.  This is a structured method of generating and selecting ideas for a system concept [4].  On the left side, all of the functions are listed.  One by one, going down each function, the means of achieving this function will be listed along the way.  
A rough Function Means was completed, and then narrowed down into sections based on concepts that fit the means (see Figure 5 below).  The concepts at this stage were:
· EMP Device
· Robot Dog
· Shoulder-launched Missile
· Drone
· 40mm Grenade Launcher
· Glider
Once categorised into concepts, the design team eliminated the concepts that were unrealistic or unreliable.  These were the EMP device, the 40mm Grenade Launcher and the Glider.  The remaining three were taken forward for further consideration and pitched to the customer.

[image: A table with text on it
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[bookmark: _Toc200312557]Figure 5 – Function Means Analysis
4.2 [bookmark: _Toc200312536]Concepts

4.2.1 [bookmark: _Toc200312537]Concept 1 – Robot Dog

The first concept considered was a Robot dog.  Robot dogs have been trialed and used within the Ministry of Defence for explosive disposal.  The benefits of this concept were that they were already being used in theatre, so they wouldn’t need to be newly manufactured.  They could also possibly be better at gaining entry to the target room, as well as limiting the chances of the user or 3rd party civilians in the area being hurt.

[image: A robot shooting a green light
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[bookmark: _Toc200312558]Figure 6 - Concept 1 - Robot dog [5]


4.2.2 [bookmark: _Toc200312538]Concept 2 – Drone

The second concept considered by the team was a drone.  Again, this has already be tried and tested by the military and is currently being used in theatre to deliver explosive payloads.  The benefits of using the drone would be that it is easily assembled and the payload can be delivered from a distance.  

[image: ]
[bookmark: _Toc200312559]Figure 7 - Concept 2 - Drone [6]

4.2.3 [bookmark: _Toc200312539]Concept 3 – Shoulder Launched Missile

The final concept considered was that of the Shoulder-Launched Missile.  As before, these munitions have been used for years in a military theatre successfully.  The team considered the fact that this was most likely the more reliable option, given that similar weapons have been used for years with lots of trials and data behind them.
[image: A soldier lying in the grass with an object
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[bookmark: _Toc200312560]Figure 8 - Concept 3 - Shoulder Launched Missile [7]

4.3 [bookmark: _Toc200312540]Pugh Matrix

The concepts derived from the Function Means Analysis had to be narrowed down further to present a single solution to the customer.  This was done by using a Pugh Matrix (see Figure 9 below).  This system's tool allows for the concepts to be compared against each other and ultimately leads to a solution that best fits the requirements [4].

[image: A screen shot of a chart
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[bookmark: _Toc200312561]Figure 9 - Pugh Matrix

As can be seen in the Figure above, the concept that was favoured in the completion of the Pugh matrix was the Shoulder-Launched Missile.  This ultimately led to the design team pitching the three concepts to the customer, with the final solution being the Shoulder-Launched Missile, for their approval.  Once the customer was content and provided their consent to continue, the design team could move on to the next stage.


5. [bookmark: _Toc200312541]Architecture 

[bookmark: _Toc200312542]5.1 System Breakdown
The final design choice was the Shoulder-Launched Missile.  From here, the team had to come up with a proposed architecture of the weapon before deciding on manufacturing methods and trials.  With inspiration being taken from in-service munitions with similar requirements, such as the Javelin, a prototype was drawn up.  
The system consisted of a Telescopic Tube, Command and Launch Unit and a Rocket that would deliver the payload to the target.

[image: A green and yellow object with red and green color
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[bookmark: _Toc200312562]Figure 10 - Shoulder-Launched Missile Prototype

[bookmark: _Toc200312543]  5.2 Missile

The missile itself was made up of several different components.  
These are:
· Case
· Rocket Motor
· Weapon Controller
· Lethal package/payload
· Safety and Arming Unit
· Guidance and Control
[bookmark: _Toc200312544]5.2.1 Safety and Arming Unit

The Safety and Arming Unit is comprised of a Stainless Steel casing, PETN and RDX fill, Brass lining, and Exploding Bridge Wire (EBW), Header and Wire (shown in Figure 11 below).

[image: A diagram of a cable
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[bookmark: _Toc200312563]Figure 11 - Safety and Arming Unit


6. [bookmark: _Toc200312545]Critical Components

6.1 [bookmark: _Toc200312546]QFD 2

In order to find out the critical components of the system, QFD2 had to be completed.  This is similar to QFD 1, except that it focuses on a component level.
Upon completion of QFD 2, it told us that the most important features of the system were:
· The Safety and Arming Unit
· The Hand Assembly of the Control Unit and Tube
· The Tube itself

[image: A graph of a number of different types of objects
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[bookmark: _Toc200312564]Figure 12 - QFD 2

This was not a surprising outcome to the design team as these features are of vital importance to the safety, reliability and functionality of the munition.

6.2 [bookmark: _Toc200312547]N Squared Analysis

An N-squared analysis was also used to determine the critical components of the system.  This is done by using a matrix that highlights the relationships between each component.  If a single component has a strong relationship with multiple components in the system, then this is a critical feature of the system [4].  The outcome of the N-Squared Analysis corroborates the data produced from QFD 2.  As shown in Figure 12 below, the critical features derived from this process were:

· The Safety and Arming Unit
· The arming of the weapon
· The boost rocket motor

[image: A graph with blue and white bars

AI-generated content may be incorrect.]
[bookmark: _Toc200312565]Figure 13 - N-Squared Analysis

The information gathered through each process highlighted to the design team that the most critical component of this weapon system was the Safety and Arming Unit.



7. [bookmark: _Toc200312548]Noises and Controls

7.1 [bookmark: _Toc200312549]P-Diagram

A P-Diagram is a structured tool that can be used to illustrate the relationships between inputs, outputs and potential noise factors within a given system.  It takes into consideration both controllable factors, i.e. the design and manufacturing of the weapon, and uncontrollable factors, i.e. weather.  

[image: A diagram of a system
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[bookmark: _Toc200312566]Figure 14 - P-Diagram

7.2 [bookmark: _Toc200312550]What-Why Table

Once the P-Diagram was complete, a What-Why Table was created to compare the noise factors and the control factors.  The control parameters are listed down the left side of the table, and the noise factors along the top.  In the same way as for QFD 1, the relationships are valued 0, 1, 3 or 9 based on strength.  The output of this process shows where the emphasis on controls should lie and where the largest noise impact will be.  

[image: A graph of a graph showing different types of quality control
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[bookmark: _Toc200312567]Figure 15 - Control Importance Graph

From Figure 15 above, it can be seen that the most important controls are on In-service surveillance, automation of processing to reduce human variability, and manufacturing quality inspections.

Figure 16 Below shows that batch-to-batch discrepancies are the riskiest area, as well as, variabilities in raw materials and fill composition.

These two processes show where noises and controls need to be managed the most to prevent potential costly problems in the future.
[image: A graph of blue and white lines
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[bookmark: _Toc200312568]Figure 16 - Noise Importance Graph





8. [bookmark: _Toc200312551]Conclusion

Considering the design brief and following customer requirements, the design team are confident that the munition designed sufficiently meets the initial criteria.  Systems tools were used all throughout the process to give a much-needed insight into different aspects of the system.  The use of these tools is a cost-effective and time-efficient method of managing the design of a munition that prevents costly problems arising in the future.
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