


1. Abstract

A task was set to collaboratively design a new Weapon System to defeat a specific target: a Communications centre located on the second floor of an office block. As a Team, the Quality Functional Development procedure was carried out and a concept established. 
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1. Introduction

[image: ]As previously stated, the target in question is a Communications centre located on the second floor of an office block. This Centre is constructed from standard Cavity Walls, contains three windows and measures 10 metres by 8 metres by 4 metres as displayed in Figure 1.
Figure1 – Dimensions of Target Building

In addition, the supplied Specification stipulated that the Design should be capable of defeating the target at a range of 100 metres and that any effects produced by the Design should be contained within target area. Further discussion with the Team created a set of Requirements based on the Team’s knowledge and experience that were agreed as relevant to include in the Design and would influence the finished product. Ordinarily this would be performed via Gemba visit but as this was not possible, a Set was created ourselves.

[image: ]Figure 2 – Requirements Set

1. Collaborative Work

To discuss the Work that needed to be performed during the time between University time, it was agreed that our Group was to meet on Microsoft Teams weekly and divide tasks between members as to ensure all applicable stages were completed within the allotted timeframe. 











[image: ]Figure 3 – Taskings

After the Requirements were established, the Team then prioritised the Requirements by using a Pairwise Comparison, the analysis below revealed that the three most important factors to consider are the ability to defeat targets within the specified area, the ability for the weapon to have an effect radius large enough to affect the defined 10m x 8m x 4m and for the weapon to be able to enter the target’s windows. This was decided as a window represents a structural weak point and would therefore be easiest to penetrate, this also affects the final Design as it would eliminate the need for a Shaped Charge and keep the theoretical cost down, which is another identified Requirement.  





[image: ]Figure 4 – Pairwise Comparison

After these were performed, a basic Use Case was drafted to outline what Operations the Design must perform and in what order, a more detailed Use Case was performed collaboratively later in the design process. 
[image: ]









Figure 5 – Use Case

With a basic Use Case established, the Requirements can be cross compared with said Use Case and establish which step in the Use Case is of greatest overall importance and should have the most effort placed into designing. This action is Quality Functional Development 1 (QFD1). Also worthy of note is that each of the Requirements have weightings based off of relative importance defined in the Pairwise Comparison, which grants an increased score to each step in the Use Case to reflect the priority of said Requirement. QFD1 in this case reveals that the most important phase is the arming of the munition and as it is expected to pierce a window and subsequently detonate, this is hardly surprising.
[image: ]





Figure 6 – QFD 1

[image: ]More tasks were performed collaboratively before roles were split, one of which was the Functional Means Analysis, which is intended to compare the Use Case against potential Design Features. 
Figure 7 - Functional Means Analysis

Three options were selected as possibilities for the final design; a drone based system was considered as the current war in Ukraine has demonstrated the viability of such systems, a Robot based option could fill much the same role as the Drone only it would be on land rather than flying and finally a shoulder-launched system could also be deployed as similar weapons already exist in the form of the FGM-148 Javelin and similar. We identified design options that could be used in the final design based on the group’s knowledge of existing systems and assigned each a colour based on which option they were applicable to as per Figure 7. 

[image: ]



Figure 8 – Pugh Analysis

To determine which system should be selected to proceed with, the Team performed a Pugh Analysis, Figure 8. Design Requirements were compared against each proposed solution and given a score. A score of 2 indicated that the solution was filled the Requirement completely, 1 showed the solution met the Requirement but not fully, 0 meant that the solution did not meet the Requirement and -1 indicated that the solution was detrimental to the Requirement. As the analysis shows, the Drone option won with a score of 37.42 so this was the solution that was chosen to be the Team’s final design. Worthy of note is that the weightings for the Pugh Analysis are taken directly from QFD1 and that the actions that are being performed all feed in to one another. 
[image: ]


Figure 9 – QFD 2

Two more actions were completed as part of the collaborative process, one of which was QFD 2; the most important Means from the Functional Means Analysis were agreed on and compared to the Use Case to determine which Means was most important and should be considered for the final design. As the Analysis shows, usage of a Camera feed for visual targeting and the weapon guided via laser beam riding scored highest, showing that these should be treated as a priority for the final design. 

These Means were chosen as we decided that it would be prudent to take advantage of existing infrastructure, specifically the RAF’s Jackal drone [1] which already has the design features we have identified and carries a similar munition to what the Team is designing over the course of the exercise: MBDA’s Martlet missile. Were this a real Design initiative, it is far more likely that by using existing infrastructure our design would be accepted into Service from a Cost/Benefit perspective.

The final action to be performed was to create an updated Use Case that accurately reflects how our finished product will be used when it enters service. The decision to use a reloadable Drone platform has influenced this as now there is a requirement for the Drone to be able to Land, rearm and Takeoff as opposed to a one-way First Person View (FPV) Drone.
[image: ]Figure 10 – Updated Use Case





1. Individual Work

After the Collaborative Work was completed, tasks were divided and assigned to each member of the Team in accordance with the Task Tracker in Para i. P Diagram for the overall System, Prime What Why Diagram and QFD2 for Manufacturing were assigned to the Author. 
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Figure 11 – What Why for overall System
A What Why Diagram is used to identify what Noise Factors could contribute toward the failure of a System and is split into three categories; Deterioration, Unit-to-Unit and External. Deterioration is used to denote what could fail inside the System due to time, as identified in Figure 11 this could be Drone’s battery failing to hold a charge as it continually recharges, it could become so incapable of providing power that the Drone falls from flight and lands on someone or fails to reach the target.

Unit-to-Unit factors are errors specific to each Drone that comes off the production line, it may have been assembled incorrectly and this could affect the effectiveness of the Drone or Munition and could lead to the missile inadvertently detonating inside the launch tube or failing to penetrate the target’s window.

External factors are, as the name implies, external to the Operator or Assembler and are uncontrollable by nature; high winds could cause the Drone to lose control and crash, as could the Operator being distracted which would fall under Human Factors. 

[image: ]All of these are mitigated via Control Factors to prevent each of the detrimental factors from affecting the System as a whole, for example establishing limits on Flying Hours is a Control used on real Aircraft and is intended to decommission the System before the stresses and strain of flight can affect Safety or Performance. To use the battery example from earlier, it could be limited by procedure to only be able to fly for 200 hours before being replaced, thereby eliminating the threat posed by excessive charging and recharging. 
Figure 12 – What Why Diagram

To determine which of the Noise Factors was most important a What Why Diagram was created and factors analysed. The Diagram compares each Control to each Noise Factor and assigns a score, the highest score for each Control and Noise is determined to be the most important and should be treated as a priority. 

As Figure 12 indicates, with a score of 405, the most important Noise Factor is Human Factors. This is expected as it applies to everyone working at all stages of both the Operation and Assembly phases, the  high score is accurately reflective of the wide-reaching impact of this Noise. This Noise should be controlled above all others.

As for Control Factors, Storage Conditions scored the highest with 504, this is also not surprising as poor storage conditions of Energetic Material can seriously affect sensitivity and lead to catastrophic inadvertent detonation, potentially killing our own personnel. 

The other task that was independently completed was QFD 2 for Manufacturing, like QFD2 for the Overall System, an order of operations was compared to phases identified in a Function Means Analysis performed by another member of the Team.  
[image: ]

Figure 13 – Manufacturing QFD2

Figure 12 shows that there is a tie in score between checking for anomalies visually or by use of X-Ray, with both scoring 329. This is an understandable outcome because any voids or cracks in the Energetic Material interferes with the normal detonative reaction and would constitute a major Performance failure, which does not satisfy the Requirement to fill ISO:9001.





1. Discussion

[image: ]Based off of all the work that was carried out by the Team, a concept was finally solidified and agreed upon; we were to use a beam-riding High Explosive Fragmentation Warhead fitted with a Delay fuze fired from an RAF Jackal Drone to defeat this specific target. We chose this because, as per the Requirement Set, we chose to penetrate a window rather than a wall which eliminates the need for a precursor Shaped Charge warhead and we theorised that the missile would have enough kinetic energy to pierce the window without being damaged and able top detonate inside the room. 

Figure 14 – Design Concept

A delay fuze was chosen exactly for this reason, it needs to delay detonation until the munition has entered the target area and not explode upon contact with the window. We also chose to fit a Fragmentation Sleeve to the munition to guarantee destruction of the target facility, computer terminals are not particularly well armoured so pure penetration would be inappropriate for this task and we were not sure if Blast Wave effects alone was sufficient to accomplish the goal. Also worthy of note is that for a relatively lightweight missile (sub 15 kilograms to comply with Manual Handling regulations and Requirements), NEQ is limited and we must extract maximum effect out of the small amount of Explosive we have. 

Working within a Team was an incredibly smooth process, despite being a member short, all tasks were completed within the allotted timeframe, a concept was produced and presented to a SQEP Panel for assessment. Work proceeded without issue as communication was robust throughout the process; we met as a Team on a weekly basis on Teams as mentioned previously, a Group Chat was created so all members could talk between Teams sessions. There were no clashes of personality and arguments about the direction of the Project did not occur. 

Ideas were shared and discussed rather than dismissed and the whole process was very straightforward from a collaborative perspective. It also helped that there was a good level of knowledge across the Team, I was familiar with Air-Launched weapons and suggested the idea of using a Drone-fired missile system, Chris had a solid understanding of Manufacturing and Jess had knowledge from her work with COTEC, we all pitched in  our experience to create Project Obscura, which is the name we decided on. 

1. Conclusions

The QFD Process revealed something that had previously gone unnoticed; QFD 1 and similar Analyses are all linked; Decisions made early in the Design process affects the weightings of other analyses further on down the line and that what could be relevant at the beginning of the process may not be so important later. 

Working Collaboratively with the Team showed that tasks and responsibilities can be effectively divided and allocated if communication is robust, were it not as strong as it was, completing tasks within time would have been near impossible and have caused a great deal of undue stress. We as a group was also very fortunate not to have any forceful personalities on the Team, rather than insisting everything to be from the perspective of a single person, decisions were made with consent of the Team. Had this not been the case, it would have also been more difficult as the Team would not be forced into agreeing with an approach they did not necessarily believe in. 

It could very easily be argued that is the true purpose behind this exercise is to show how good or poor communication and personalities can make or break a Project. If these elements are lacking, it is entirely possible that the Project is incomplete, delayed or delivers an inferior product, all of which are serious problems within the Defence sector. 
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Level 1 Originator Level 2

Performance The Main Customer

The Munition shall have a safe arming distance of no less than 100m 

The Main Customer Collateral damage to adjacent rooms is minimised. 

The Main Customer The Munition shall be capable of penetrating a non-reinforced window 

The Main Customer Affect the area of 10m x 8 m x 4m

The Main Customer Attack multiple targets: six operatives in the room operating at three 

The Main Customer Must be capable of being carried by a single man (<25kg under 

The Main Customer Rapid-Deployable

The Main Customer Immobilise / disorientate occupants rather than elimination (Stretch 

Goal)

The Main Customer Operable in temperate climates (Extreme Heat / Cold is a Stretch 

Goal)

(Death to Personnel is acceptable, Immobolisation is beneficial, 

Unharmed is optimal (Stretch Goal))

User The munition must be accurate to 1m

Logistics Project Manager(s) Estimate Price should be kept as low as reasonably practicable but 

expensive Systems are acceptable

Legislation Project Manager(s) The muntion must comply to JSP 383  

Safety Project Manager(s) The Muntion must comply to JSP 482 MOD explosive regs

Project Manager(s) NATO: Storage, transport, disposal

DOSR The munition must comply with DEFSTAN 07-085 Design 

Requirements for Weapons and Associated Systems

DOSR The munition must comply with OME Regulations 100 Series as 

defined in DSA02.OME

Project Manager(s) IM Complaince 

Project Manager(s) E3 / EMI Compliance

Mover Logistics requires Munition to comply with Dangerous Goods 

Regulations

Storage  The Main Customer The munitions must be able to withstand hot and humid storage 

conditions

Demilitarisation Manufacturer must supply hangfire and missfire instructions

The Project Manager requires that the Munition must comply with all 

Manufacturer Manufacturer and/or Sub-Contractors QMS must meet ISO 9000:1
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Action Due Date Completion Date Ower Comments

P Diagram SYS 21-Feb BL Complete

P Diagram HE-FRAG 21-Feb JE

P Diagram ARM 21-Feb CJ

WW SYS 21-Feb FG

WW HE-FRAG 21-Feb TA

WW ARM 21-Feb All

Main Fill and frag sleve To be discussed on teams call 28/02 1730

Manufacturing requirements  done

Process Map 28-FebALL done Team

Manufactureing QFD 1 06-Mar FG Jess to add

Function Means for manufacture 06-Mar CJ Jess to add

QFD 2 Manufacturing 06-Mar TA+BL

Concept design and CAD 06-Mar JE

1st key P diagram  13-Mardone JE+TA

1st key what why 20-Mar FG+BL

QFD4 20-Mar ALL

Set up Power Point 20-Mar 18-MarCJ

Powerpoint template completed and screen 

grabs started will share and discuss 20/03

Project name 20-Mar ALL

Went with Obscura (take a look at slides when 

provided 20/03)

Manufacture  CJ

Trial and Testing JE

Disposal TA

Product Safety FG

Safety and Governance  BL

TEAMS - THURSDAYS 1730 ALL Starting 28/02
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Pairwise comparison of requirements



1 = No Preference, Reciprocal = 1

2 = Slight Preference, Reciprocal = 0.5

5 = Preference, Reciprocal = 0.2

9 = Strong preference = 0.11



The main customer requires the munition to have a 100m range

The main customer requires that collateral damage caused to 

adjacent rooms is minimised

The Munition shall be capable of penetrating a non-reinforced 

window without degradation to the overall effect of the munition  

The main customer requires the munition to affect the area of 

10m x 8 m x 4m

The main ustomer requires the Munition to defeat multiple 

targets in an area (six operatives operating three terminals)

The main customer requires the muniotn to be able to be carried 

by a single person

The main customer requires the munition to be reapidly 

deployable 

The main customer requires the muntion to be operable in 

temperate climates

The user requires the munition to be accurate to 1m

The project manager requires the price to be kept as low as 

reasonably practible 

The legislators body requires that the munition must comply with 

all relevant JSP's

The regulator requires the muntion to comply with defence 

standards and OME regulations

The logistics staff requires the munition to comply with DG 

regulations

the logistics staff requires the munition to be able to withstand 

hot and humid storage conditions 

The manufacturer must supply hangfire and missfire instructions The Project Manager requires that the Munition must comply with 

all relevant Disposal Regulations

Manufacturer and/or Sub-Contractors QMS must meet ISO 

9000:1

Row Product

nth root of row product

Total Normalised

1

The Munition shall have a safe arming distance of no less than 100m 

1 2 0.2 0.2 0.2 5 9 9 2 9 1 1 9 2 9 9 9 1 1 1 1530550.08 2.038179256 7.581

2

The main customer requires that collateral damage caused to adjacent rooms 

is minimised

0.5 1 0.2 0.5 0.2 5 5 5 1 9 5 5 9 2 9 9 9 1 1 1 3690562.5 2.129877512 7.922

3

The Munition shall be capable of penetrating a non-reinforced window without 

degradation to the overall effect of the munition  

5 5 1 5 2 9 5 5 1 9 9 9 9 2 9 9 9 1 1 1 5.38084E+11 3.859601837 14.36

4

The Munition shall be capable of achieving the desired effect to an area of 10m 

x 8 m x 4m

5 2 0.2 1 0.5 9 5 5 2 9 9 9 9 2 9 9 9 1 1 1 4304672100 3.031775254 11.28

5

The Munition shall be capable of defeating multiple targets in an area (six 

operatives operating three terminals)

5 5 0.5 2 1 9 9 5 9 9 9 9 9 2 9 9 9 1 1 1 8.71696E+11 3.953832393 14.71

6

The Munition in its tactical packaging must be capable of being carried by a 

single person (<25kg)

0.2 0.2 0.11 0.11 0.11 1 0.2 0.2 0.11 9 0.2 0.2 0.5 0.5 9 5 5 1 1 1 4.74368E-06 0.541758567 2.015

7

The Munition shall be capable of being deployed from tactical packaging and 

fired rapidly 

0.11 0.2 0.2 0.2 0.11 5 1 0.2 0.5 9 0.5 0.5 0.5 0.2 0.5 0.5 1 1 1 1 2.7225E-06 0.526924503 1.96

8

The main customer requires the muntion to be operable in temperate 

climates

0.11 0.2 0.2 0.2 0.2 5 5 1 0.5 9 0.5 0.5 0.5 1 5 5 5 1 1 1 0.309375 0.94302729 3.508

9

The munition shall be accurate to 1m

0.5 1 1 0.5 0.11 9 2 2 1 9 9 9 9 2 5 5 1 1 1 1 324769.5 1.886161005 7.016

10

Unit cost shall be be kept as low as reasonably practible 

0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 0.11 1 0.11 0.11 0.11 0.11 0.11 0.11 0.11 1 1 1 4.59497E-16 0.171046483 0.636

11

The legislative body requires that the munition shall comply with all 

relevant JSP's, AOP's, STANAGS

1 0.2 0.11 0.11 0.11 5 2 2 0.11 9 1 1 1 5 1 1 1 1 1 1 0.0263538 0.833762124 3.101

12

 The muntion shall comply with Defence Standards and OME 

Regulations

1 0.2 0.11 0.11 0.11 5 2 2 0.11 9 1 1 1 5 1 1 1 1 1 1 0.0263538 0.833762124 3.101

13

The munition shall comply with DG regulations

0.11 0.11 0.11 0.11 0.11 2 2 2 0.11 9 1 1 1 5 5 5 5 1 1 1 0.079720245 0.881208 3.278

14

the logistics staff requires the munition to be able to withstand hot and 

humid storage conditions 

0.5 0.5 0.5 0.5 0.5 2 5 1 0.5 9 0.2 0.2 0.2 1 1 1 1 1 1 1 0.01125 0.799019956 2.972

15

The manufacturer shall supply hangfire and misfire instructions

0.11 0.11 0.11 0.11 0.11 0.11 2 0.2 0.2 9 1 1 0.2 1 1 1 1 1 1 1 2.55105E-07 0.468097078 1.741

16

The Project Manager requires that the Munition must comply with all 

relevant Disposal Regulations

0.11 0.11 0.11 0.11 0.11 0.2 2 0.2 0.2 9 1 1 0.2 1 1 1 1 1 1 1 4.63827E-07 0.482300593 1.794

17

Manufacturer and/or Sub-Contractors QMS must meet ISO 9000:1

0.11 0.11 0.11 0.11 0.11 0.2 1 0.2 1 9 1 1 0.2 1 1 1 1 1 1 1 1.15957E-06 0.504910958 1.878
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Unpack the munition

Load the munition

Identify target

Aquire target

Arm the munition 

Provide Motive Force

Stabilise the Projectile

Track to target

Defeat target

Clear Launch Platform
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How

Importance

Unpack the munition

Load the munition

Identify target

Aquire target

Arm Munition

Provide Motive force

Stabilise the projectile

Track to target

Defeat target 

Clear launch platform

Requirements

The Munition shall have a safe arming distance of no less than 100m 

7.58

9 9 3 3 1 1

The main customer requires that collateral damage caused to adjacent rooms shall be minimised

7.92

9 3 3 9 9

The Munition shall be capable of penetrating a non-reinforced window without degradation to the overall effect of the 

munition  

14.4

3 9 9 9 3 9

The Munition shall be capable of achieving the desired effect to an area of 10m x 8 m x 4m

11.3

3 9 9 9 3 9

The Munition shall be capable of defeating multiple targets in an area (six operatives operating three terminals)

14.7

9 9 9 9 9 9 9

The Munition in its tactical packaging must be capable of being carried by a single person (<25kg)

2.02

9 9 1

The Munition shall be capable of being deployed from tactical packaging and fired rapidly 

1.96

9 9 3 3 1 1 1

The main customer requires the muntion to be operable in temperate climates

3.51

9 9 3 3 9 9 3 3 3 1

The user requires the munition to be accurate to 1m

7.02

9 9 3 3 9 9 9

The project manager requires the price to be kept as low as reasonably practicable 

0.64

1 1 1 1 1 1 1 1 1 1

The legislative body requires that the munition shall comply with all relevant JSP's, AOP's, STANAGS

3.1

9 3 3 3 9 3 3 3 3 9

The regulator requires the muntion shall comply with Defence Standards and OME Regulations

3.1

9 3 3 3 9 3 3 3 9 9

The logistics staff requires the munition to comply with DG regulations

3.28

9 9

the logistics staff requires the munition to be able to withstand hot and humid storage conditions 

2.97

9 9 3 3 9

The manufacturer must supply hangfire and misfire instructions

1.74

9 9

The Project Manager requires that the Munition must comply with all relevant Disposal Regulations

1.79

9 9

Manufacturer and/or Sub-Contractors QMS must meet ISO 9000:1

1.88

9 3 1 1 9 9 3 3 9 3

5

197 92 295 450 606 509 493 388 599 101
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Function

Unpack the munition

Manual

Robot Self-Unpacking Zips

Clips

Staples Velcro

Load the munition

Manual

Auto-loader Robot

Identify target Flare GPS beacon Co-ords Camera LoS

Aquire target

Laser 

Designation

IR Tracker GPS tracker Visual targeting Thermal

Arm the munition  Inertial fuze Proximity fuze

Safety arming 

unit

Delayed arming 

unit

Base Detonating

Provide Motive Force

Solid P.

Liquid propellant

Battery

Compressed air Rotors

Stabilise the Projectile  Front Fins Back fins Folding fins Spin Fixed fins Adjustable fins tri-finned quad-finned Rotors Thrust Vectoring Magnus effect

Track to target Beam riding Wire Guided RF Heat Seeking AI

Operator 

Controlled

Defeat target

Frag

Blast 

overpressure

Shape Charge Thermobaric Fire Sound  EMP

Clear Launch Platform Auto Eject

Single 

Visual identifier Manual Check Light up display

Witness effect on 

target

Audible 

Confirmation

DRONE ROBOT SHOULDER ALL

Means

Clips Manual

Manual

Solid P.

Battery

Frag

Single
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System Pugh

Relative 

Importance Equal

Relative 

importance 

Weighted

Drone Frag 

Solution

Ground Robot 

EMP Solution

Shoulder 

Launched 

SC/Frag  

Solution

WHATs - Customer Requirements

The Munition shall have a safe arming distance of no less than 100m  7.58

5

2 1 2

The main customer requires that collateral damage caused to adjacent 

rooms shall be minimised

7.92

5

1 2 0

The Munition shall be capable of penetrating a non-reinforced window 

without degradation to the overall effect of the munition  

14.36

5

1 1 2

The Munition shall be capable of achieving the desired effect to an area 

of 10m x 8 m x 4m

11.28

5

2 1 2

The Munition shall be capable of defeating multiple targets in an area 

(six operatives operating three terminals)

14.71

5

1 -1 1

The Munition in its tactical packaging must be capable of being carried 

by a single person (<25kg)

2.02

5

2 2 0

The Munition shall be capable of being deployed from tactical 

packaging and fired rapidly 

1.96

5

1 0 2

The main customer requires the muntion to be operable in temperate 

climates

3.51

5

2 1 2

The user requires the munition to be accurate to 1m 7.02

5

2 1 2

The project manager requires the price to be kept as low as reasonably 

practicable 

0.64

5

0 -1 1

The legislative body requires that the munition shall comply with all 

relevant JSP's, AOP's, STANAGS

3.1

5

-1 0 0

The regulator requires the muntion shall comply with Defence 

Standards and OME Regulations

3.1

5

0 2 1

The logistics staff requires the munition to comply with DG regulations 3.28

5

-1 0 0

the logistics staff requires the munition to be able to withstand hot and 

humid storage conditions 

2.97

5

-1 -1 0

The manufacturer must supply hangfire and misfire instructions 1.74

5

0 0 0

The Project Manager requires that the Munition must comply with all 

relevant Disposal Regulations

1.79

5

0 0 0

Manufacturer and/or Sub-Contractors QMS must meet ISO 9000:1 1.88

5

0 0 0

92.42 51.51 109.87

55 40 75

Ranking 100

37.42 11.51 34.87
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Design feature

Importance Importance

Manually Un-clip

Manual Load

Camera Feed

Visual Target

Delay arming unit

Battery

Propellant

Adjustible FrontFolding 

Fins 

Fixed Back Fins 

Beam Riding reciever

Fragmentation Charge

Single Shot disposal

Audible Confirmation

Functionality

Unpack the munition

197 10 19.7 9 1 1

Load the munition

92 10 9.2 9 9 3

Identify target

295 10 29.5 9 9 3 9

Aquire target

450 10 45 9 9 3 9

Arm the munition 

606 10 60.6 9

Provide Motive Force

509 10 50.9 9

Stabilise the Projectile

493 10 49.3 3 9 9

Track to target

388 10 38.8 9 9 3 9 9 9

Defeat target

599 10 59.9 3 3 3 3 3 3 3 9 9

Clear Launch Platform

101 10 10.1 3 3 9 9

177 103 1219 1199 838 368 816 973 973 1199 539 91 630
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Control 

Factors

Noise Factor 

(Deterioration)

Maintenance 

Operator Training

Assembler Training

SALE Programme of 

Energetics

Establish limits on 

Flying Hours



Battery Life

Energetic Aging

PCB Deterioration

Flying Hours

Corrosion of Parts

Flaws in raw material

Rotors damaged 

between Sorties



Target Destroyed

Noise Factors (Unit 

to Unit)



Explosive Sweating



Weather Cond.

Storage Cond.



Noise Factors 

(External)



Raw Materials



Drone System

QMS of raw 

Heat

Drone Operator Skill

Storage Cond.

Human Factors

Incorrectly Loaded

Drone assembled 

Energetic Batch 
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NOISE FACTORS

Weighting 

of design

control 

parameter

Incorrectly Loaded

Drone assembled 

incorrectly

Energetic Batch Fault

Flaws in raw material

Rotors damaged 

between Sorties

Battery Life

Energetic Aging

PCB Deterioration

Flying Hours

Corrosion of Parts

Weather Conditions

Heat

Drone Operator Skill

Storage Conditions

Human Factors

Assembler Training 9

9 9 3 9 3 9 42 378

SALE Programme of Energetics 9

0 0

Establish limits on Flying Hours 9

1 9 3 9 1 9 1 33 297

Operator Training 9

9 9 9 9 3 9 48 432

QMS of raw materials 9

9 9 1 1 1 9 30 270

Maintenance Programme 9

1 9 9 1 9 29 261

Storage Conditions 9

3 3 1 3 1 9 9 9 9 9 56 504

0 0

0 0

0 0

Relative importance of noise factor:

162 162 117 108 117 0 0 0 0 9 117 126 81 180 0 0 81 162 180 135 405 0 0 0

Relative Importance 

of noise in meeting 

performance via 

control factor



Unit to Unit Variation



Total

Design control parameters



Deterioration External
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Design feature

Shell / Fuze / Propelling 

Charge



Importance Importance

Program Runs to Inspect 

Raw Material

Manually Inspect Any 

Anomolies Shown By 

Program

Sieve Raw Material

Manually Pour Material 

Into Hopper

Mix Using Harvey Pan 

Anchor Blade Mixer

Automatically Pressed 

Frag Sleive Into Case

Automatically Pour HE Fill 

Into Shell

Let To Set In Temprature 

Controlled Room

Scanned with Belt Fed X-

Ray to Check Quality

Any Anomolies With 

Scans Checked Manually

Manually Fit Fuze

Manually Fit Reinforced 

Nose

Automatically Sprayed 

With Paint

Manually Pack into Box 

with Seals

Functionality

Inspect Raw Material 2501025 9 9

Filter HE 2501025 3 3 9

Feed HE into hopper 2501025 9

Mix 3901039 9

Fit frag sleeve to case 1651017 9

Pour HE into Shell 3351034 9

Leave to set in suitable 

conditions 1851019 9

X-ray 3651037 9 9

Fit the fuzing 2151022 9

Fit reinforced nose 2151022 9

Send for painting/marking 2301023 9

Package 2201022 9

300 300 225 225 351 149 302 167 329 329 194 194 207 198
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