


Critical analysis of the defensive properties of standard armour compared to bar armour when attacked by RPG?

Research Proposal

<Scott Ling>


[bookmark: _Toc70506416]Contents
Contents
Contents	2
Figures	3
Table	3
2. Introduction	3
3. Background to the Proposed Research	3
Standard military armour	3
Weight	4
Cost	4
Thickness	4
Structural Damage	4
Bar armour	5
LROD system	6
Rocket propelled grenade (RPG-7)	6
4. Aims & Objectives	7
5. Experimental Design	7
5.1 Outline of Experimental Procedure	7
100m/200m Standard armour	8
100m/200m bar armour	8
5.2 Proposed project set up method	8
5.3 Post firing procedure	8
5.3 Data Collection	9
5.4 Data Evaluation	9
5.5 Risks & Limitations	9
5.6 Ethical Issues	10
6. Resources & Planning	10
6.1 Resources Required	10
6.1.1 Physical Resources	10
6.1.2 Human Resources	11
6.1.3 Other Resources	11
6.2 Project proposal timetable	12
7.Appendices	13
8.References	13
9.Bibliography	15

[bookmark: _Toc70506417]Figures
Figure 1- Standard armoured vehicle	4
Figure 2- Bar armoured vehicle	5
Figure 3-BAE L-ROD system	6
Figure 4-RPG 7	6
Figure 6- Ceramic armour	12
Figure 7- How bar armour would Inhibit an RPG	12

[bookmark: _Toc70506418]Table
Table 1-Firing plan	9
Table 2- Timetable for proposal	11

[bookmark: _Toc70506419]2. Introduction
In this report the author will introduce a project proposal, included will be a research that has been carried out surround the project in the past. The aims of the new project proposal and how they will be implemented will be included by the Author.
The research methods project proposal will explore whether bar armour offers more protection than that of a standard military vehicles.
[bookmark: _Toc70506420]3. Background to the Proposed Research

[bookmark: _Toc70506421]Standard military armour
The first use of armoured vehicles can be taken back to 1914 in the First World War. [1]
The use of armour within military vehicles is to keep the crew inside the vehicle protected from threats. Depending on the environment this will dictate what type of threat is opposed, this could be:
· IED (Improvised explosive device)
· Small arms 
· Large Calibre weapons
· Ground to ground weapons systems
· RPG (Rocket propelled Grenade)
A method of providing armour that defeats the threat but does not impeded the vehicles performance is composite armour. Composite armour is made from a variety of materials consisting of metals ceramics and plastics. This composition has the same strength as the conventional metal plated armour and is also lightweight.
The more well-known armour used on military vehicles is called the “Chobham/Dorchester” armour. This form of armour has been used by the British military since the 1980’s.Chobham armour is a laminate armour which contains a composition of steel, titanium and ceramic that is then placed in between sheets of ballistic nylon. [2]
The exact details of Chobham armour are classified as secret. Thus this specification will not be detailed in this research proposal. [2]
The main factors to think about when designing armour for a vehicle are as follows:
· Weight
· Cost 
· Complexity of design
· Amount of Structural damage the armour can withstand
[bookmark: _Toc70506422]Weight
To sufficiently protect the crew of a heavy but mobile armoured vehicle a thick steel plate is required. This is intended to provide protection against explosives as well as projectiles. However, If it is possible to reduce the weight of the armour, this will then reduce the strain on the other parts of the vehicle.

[bookmark: _Toc70506423]Cost
The cost of armour is taken into consideration at the design stage. An overly complex armour, excusing its protective advantage, may well create a vehicle with a significant financial demand, rendering it cost ineffective. [1] [2]
[bookmark: _Toc70506424]Thickness
Should vehicles for the armed forces be designed with internal armour, the thickness of such armour shall determine how much room there is inside the vehicle for the comfort of the crew. This will not only affect the crew seating location, but also may reduce room for those areas, such as explosive storage, that require extra protection. [1] [2]
[bookmark: _Toc70506425]Structural Damage
Should the vehicle be subjected to a direct hit from the RPG, there could be concerns on how much damage it has on the armour plating but also has it damaged the structure of the vehicle as well. The use of a ceramic armour may not be advantageous as ceramic armour is unable to sustain multiple attacks. This is due to the fact that ceramic armour will only sustain a single attack upon which it will disintegrate. Should there be a multiple attack, the ceramic armour will not be affective. [1] [2]
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[bookmark: _Toc70497911]Figure 1- Standard armoured vehicle [3]


[bookmark: _Toc70506426]Bar armour
Bar armour was first used during World War 2 and since then it has been employed on multiple platforms over the years. [4]
This particular type of armour has many titles including:
· Slat armour
· Cage armour
· Standoff armour
This type pf armour is designed for the protection to military vehicles against the threat and attack of rocket propelled grenades (RPGS). The armour is a cage design that has horizontal plates inside the frame. This configuration is then placed over the armoured vehicles main armour and gives a standoff from the main armour of the vehicle. [4]
This armour can be configured to go around the weaker parts of the vehicle such as the fuel tanks or windows, or the vehicle it can be placed all-round the vehicle to give full coverage. The bar armour itself functions by disrupting the RPG warhead between the slats, the impact on the slats will damage the copper liner of the shaped charge, preventing the design function from forming a jet. This disruption is also designed to short circuit the fuse, inhibiting the jet from being formed when the copper cone is compressed, voiding the effectiveness of the warhead. [4]
This configuration of armour is designed to defeat the incoming RPG. Upon contact with the protective bars, the outer casing of the warhead will be crushed. The critical design for bar armour is the correct spacing between the slat plates. Should the spacing be too large, the warhead may slip between the slats. 
Ensuring the gap between the protective bars is less than the diameter of the warhead is key as this will help to defeat the rocket. In 2007 a new concept of bar armour this was constructed from a lightweight aluminium slat system and is referred to as LROD. [4]
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[bookmark: _Toc70497912]Figure 2- Bar armoured vehicle [5]



[bookmark: _Toc70506427]LROD system
The L-ROD system was designed by BAE (British Aerospace Engineering) Systems in 2007, this is a lightweight modular armour system that provides full protection for military vehicles against rocket propelled grenades (RPGs). This system maintains the integrity of the vehicle whilst using proven technology. Points to note from this research is: [6]
· Lightweight,
· Modular design- can be configured to any military vehicle,
· Can be installed and maintained in-the-field,
· Can be removed for tight manoeuvres or shipping,
· Does not affect the integrity of the vehicles hull.
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[bookmark: _Toc70497913]Figure 3-BAE L-ROD system [6] [7]



[bookmark: _Toc70506428]Rocket propelled grenade (RPG-7)
The RPG-7 is known worldwide and has been around since the early 1960’s. This launcher remains in production to this date and is used various military and non-military groups. As well as civilian and terrorist groups. The current up to date version to the RPG-7 is the RPG-9. [8]
The RPG-7 is a further development to the earlier 1949 RPG-2. The RPG is based on the Second World War German Panzerfaust and US bazooka. The more noticeable improvements are the range that can be achieved as well as greater armour penetration. [8]
 An RPG 7 is a reusable single shot weapon. It is A shoulder launched munition with no recoil. This weapon can be used outside as well as inside which means it is a higher threat to the military as they would only be able to see the treat once it has been fired due to the noise and the flash.
Once fired the RPGS internal rocket motor and fins will deploy after 10 metres. This gives the rocket a muzzle velocity of around 300 metres a second. [8]
The range for an RPG-7 is around 900 metres, the RPG-7 is a contact weapon so will only detonate up hitting an object, however the effective range of an RPG hitting its target is around 200 metres. [8]
 This weapon platform has been used to destroy targets such as:
· Tanks
· Buildings
· APC (Armoured personnel carriers)
· Infantry
· Low flying aircrafts
It has also been noted that the RPG-7 has been responsible for bringing down more helicopters in recent years than that of man portable air defence missile systems.
The main reason why RPG’s are favoured is the cost a launcher can be purchased for a value between $500-$2000 and the rockets between $100-$500.
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[bookmark: _Toc70497914]  Figure 4-RPG 7 [9]


[bookmark: _Toc70506429]4. Aims & Objectives

The aim for this planned proposal is to gather data on whether having bar armour fitted to military vehicle will offer a higher level of protection than that of a standard armoured vehicle when under threat of attack from RPG’s. The objective for the proposal will be providing data that verifies the aims.
[bookmark: _Toc70506430]5. Experimental Design

The design for this experiment will be carried out by using the specifications of the current in service military vehicles. And placing two variants of protective armour around the designated vehicle.


[bookmark: _Toc70506431]5.1 Outline of Experimental Procedure
The project proposes to carry out 10 dynamic RPG firings on the two different types of armour. The firing plan can be found in the data collection section of the proposal.
The standard armour target will consist of a steel plate measuring 2000mm x 2000mm x 75mm.
The Bar armour target will have the same size steel plate and will have bar armour attached to it with a spacing of be of the same size and will have a standoff from the plate of 300mm with a 50mm spacing between each slat.
The purpose of the bar armour is to prevent a shaped charge jet from being formed should the warhead detonate. This is achieved by the RPG being stopped by the slats on the armour and crushing the internal components. By doing this it will inhibit the detonating mechanism and prevent the RPG from functioning.
To Gain the data and understanding of how the Bar Armour will work against the RPG, HSV (High speed video) will be used to capture the moment of impact. The HSV will also be used to calculate the RPG’s velocity prior to impact. This proposal requires two different distances of 100m and 200m to obtain the velocities over this distance.
The possible outcomes during each of these firings are as follows:
[bookmark: _Toc70506432]100m/200m Standard armour
· Direct hit- Shaped charge jet is formed and penetrates the target,
· Hits target, However a shaped charge jet is not formed
· Misses the intended target.
[bookmark: _Toc70506433]100m/200m bar armour
· Direct hit- Bar armour inhibits the RPG and no shaped charge is formed, the plate is not penetrated,
· Direct hit – Bar armour fails, a shaped charge jet is formed and plate is penetrated,
· Misses the intended target.

[bookmark: _Toc70506434]5.2 Proposed project set up method
A line of firing will need to be calculated prior to the first shot being initiated, this will then enable the range team and instrumentation team to setup the required target and cameras. The process is as follows: 
· Position required armoured target
· Confirm the firing line between the launch system and target is inline
· Make sure the correct support is in place for the armoured target
· Mark the intended shot line on the armoured plate
· Position the High speed video camera
[bookmark: _Toc70506435]5.3 Post firing procedure
Following the firing the TCO (Trials Conducting Officer) will review the High speed video footage to confirm it was a successful firing. Once this is confirmed the TCO will take a fire extinguisher forward to drench any hot embers that have occurred as a result of the firing.
Once the TCO has declared the area safe they shall then inform the trials manager so that inspections and measurements can be taken.
The trials manger will review the HSV to confirm if there are any changes that need to be made to the shot line. The Instrumentation team will then save the data that has been acquired and then reset for the next shot.
The Trials conducting officer will highlight areas of the arena that may need to be reset for the next firing. If the arena does need to be reset the range team will carry this out by using the mechanical aids on site.
The targets that have been tested against will be moved to the side of the arena by the range staff.


[bookmark: _Toc70506436]5.3 Data Collection
This is the required shot list to be able to achieve comparable data between the two different types of armour. Theses distances have been selected due to the background research highlighting the lowered percentage of the RPG hitting the target.
	Shot number
	Distance
	Standard Armour
	Bar Armour with stand off

	1
	100m
	
	

	2
	100m
	
	

	3
	100m
	
	

	4
	100m
	
	

	5
	100m
	
	

	6
	200m
	
	

	7
	200m
	
	

	8
	200m
	
	

	9
	200m
	
	

	10
	200m
	
	


[bookmark: _Toc70505858]Table 1-Firing plan


[bookmark: _Toc70506437]5.4 Data Evaluation
Data evaluation will be carried out by inspection of the armour after each shot. There will be a second step of data evaluation carried out using (HSV). The cameras will be used in conjunction with a back board showing divisions of measurements as this will aid in calculating the velocity of detonation with the RPG. This can be calculated using a frames from imaging on the cameras control software.
[bookmark: _Toc70506438]5.5 Risks & Limitations
The foremost risk to the project is the failure to be able procure the targets or RPG’s that is required if this occurs then the project ceases.
Any risks that are present during this proposed activity will be captured in the trials plan and risk assessment before the project commences. These risks will be As Low As reasonably Practicable (ALARP). All persons that will be working on the project will be briefed of this and will be required to sign both documents before they commence with their work.  
There is a risk that during the firing process components of the RPG can cause a fire to be started so all relevant personnel will be made aware of this and be on standby should this occur.
[bookmark: _Toc70506439]5.6 Ethical Issues
The project will have no ethical issues and will follow the guidelines that have been set by the organisation as well as the guidelines from JSP536. For the purpose of this proposal the author will highlight the potential ethical issues as follows:
· Consent
· Data protection and privacy
· Duty of care
· Cultural issues
· Deception
· Outsourcing research
All weapons do have ethical issues, however these will not be included in this proposal as they are accepted by the author’s organisation.
[bookmark: _Toc70506440]6. Resources & Planning



[bookmark: _Toc70506441]6.1 Resources Required

The resources that would be required for this proposal would require an area that allows the project to place a safety radial cover area of 1500m. The reason for this size of cover area is due to the test piece having a range of 900m. They may also be the need for disposals to be carried out if the one of the warheads fails to fully function. This has been factored with additional days in figure 5 timeline table.





[bookmark: _Toc70506442]6.1.1 Physical Resources
There will be a requirement for physical and mechanical resources on this project to set up the arena for the tests. All staff using mechanical resources must be trained and competent to use these.
· Plant with capacity to manoeuvre armour Targets.
· Pendine blocks
· Sandbags (and steel plates) to protect concrete pad
· Splinter-proof protection for instrumentation


[bookmark: _Toc70506443]6.1.2 Human Resources
Staff will be needed to set up the trials arena and conduct firings staffing would be as follows:
Trials team x3
Tco x1
Instrumentation x2
Range staff x3



[bookmark: _Toc70506444]6.1.3 Other Resources
Further resources will be required for the data capture these will be provided and operated by competently trained members of the instrumentation team.
· High Speed Video system 
· Data logger and laptop
· Cables
· Targets 
· Armour
· RPG’s and launch system

The TCO will need to provide equipment that will be used for the firings of the RPG’s, this equipment will consist of:
· Firing leads
· Initiation device









[bookmark: _Toc70506445]6.2 Project proposal timetable
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[bookmark: _Toc70497915]Figure 6- Ceramic armour
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[bookmark: _Toc70497916]Figure 7- How bar armour would Inhibit an RPG
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