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[bookmark: _Toc128829670]Introduction 
[bookmark: _Toc128829671]Background
[bookmark: _Toc126433903][bookmark: _Toc128823859][bookmark: _Toc128829672]Since the announcement that 148 Challenger 2 (CH2) platforms will be upgraded to Challenger 3 (CH3) and fitted with Rheinmetall L55 Smoothbore Gun systems [1], there has been little to no conversation about the current war stock of rifled ammunition for the remainder of the CH2’s service.
[bookmark: _Toc126433904][bookmark: _Toc128823860][bookmark: _Toc128829673]The collection of Armour Piercing Fin Stabilized Discarding Sabot (APFSDS) rounds have already been evaluated and fired through a Smoothbore system and the concept was original designed for such a platform. However, the remaining 120mm High Explosive Squash Head (HESH) war stock would be rendered obsolete.
[bookmark: _Toc128829674]Unforeseen Circumstances
[bookmark: _Toc126433906][bookmark: _Toc128823862][bookmark: _Toc128829675]The United Kingdom (UK) Ministry of Defence (MoD) last ordered 120mm HESH in 2010 and have since given approval for the decommissioning of the plant, to allow for other processes and products to develop. 
[bookmark: _Toc126433907][bookmark: _Toc128823863][bookmark: _Toc128829676]At the time, this was not considered a risk and the 16000 of war stock was considered enough for the remaining life of the platform, with Tank warfare looking unlikely in future conflicts.
[bookmark: _Toc126433908][bookmark: _Toc128823864][bookmark: _Toc128829677]In January 2023 however, UK prime minister Rishi Sunak announce that 14 CH2 platforms, and accompanying ammunition will be send to Ukraine as part of a support package following their invasion by Russia in 2022. [2]
[bookmark: _Toc126433909][bookmark: _Toc128823865][bookmark: _Toc128829678]The potential knock-on effect of this decision is that current 120mm HESH war stock will deplete long before the CH3 delivery date of 2030. This could lead to the manufacturer and supplier having to restart and requalify old processes to replenish the war stock, whilst also investing time and money into manufacturing and supplying world leading 120mm Smoothbore ammunition. 


[bookmark: _Toc128829679]Proposal
[bookmark: _Toc128829680]Concept
[bookmark: _Toc128823868][bookmark: _Toc128829681]This proposal is to provide a hybrid solution that requires minimal modifications to the Shell and facility, offering a Shell that can both see out the CH2 service and then provide an immediate capability to the new CH3 platform without any additional qualification or modifications. 
[bookmark: _Toc128829682]Document Scope
[bookmark: _Toc126433913][bookmark: _Toc128823870][bookmark: _Toc128829683]This document will also explain how these modifications can be quickly implemented through smart qualification methods, adoption of existing concepts and by utilizing existing hardware, components, and materials. 
[bookmark: _Toc128829684]Areas of Research
[bookmark: _Toc128829685]Rifling Engagement
[bookmark: _Toc128823873][bookmark: _Toc128829686]The first issue to look at would be the difference in gun systems. The CH2 has a rifled barrel and the CH3 has a smoothbore barrel. This means that their must be design changes around the driving band and Shell obturation system. 
[bookmark: _Toc128823874][bookmark: _Toc128829687]The current 120mm Rifled APFSDS utilizes a slipping driving band system [3]. Although they are lighter than the 120mm HESH they are fired at higher pressures and therefore all components are subjected to higher velocities during gun launch. 
[bookmark: _Toc128823875][bookmark: _Toc128829688]Modelling work will be required to determine if the concept can be adopted and scaled to fit the current driving band footprint on the 120mm HESH.


[bookmark: _Toc128823876][bookmark: _Toc128829689]Materials will also be required to manufacture an INERT demonstrator to undergo small scale testing. The total proposed time and cost for Rifling engagement research are shown in Table 3-1.

[bookmark: _Toc128823465]Table 3‑1: Driving Band Research and Development
	[bookmark: _Toc128823877][bookmark: _Toc128829690]Task
	[bookmark: _Toc128823878][bookmark: _Toc128829691]Hours (@ £45 p/h)
	[bookmark: _Toc128823879][bookmark: _Toc128829692]Purchase Cost
	[bookmark: _Toc128823880][bookmark: _Toc128829693]Total

	[bookmark: _Toc128823881][bookmark: _Toc128829694]Purchase Driving Band Material
	[bookmark: _Toc128823882][bookmark: _Toc128829695]1
	[bookmark: _Toc128823883][bookmark: _Toc128829696]£250
	[bookmark: _Toc128823884][bookmark: _Toc128829697]£295.00

	[bookmark: _Toc128823885][bookmark: _Toc128829698]Modelling and Computer Aided Design (CAD) Work
	[bookmark: _Toc128823886][bookmark: _Toc128829699]37
	
	[bookmark: _Toc128823887][bookmark: _Toc128829700]£1665.00

	[bookmark: _Toc128823888][bookmark: _Toc128829701]Machining, Preparation, and Installation
	[bookmark: _Toc128823889][bookmark: _Toc128829702]9.25
	
	[bookmark: _Toc128823890][bookmark: _Toc128829703]£416.25

	[bookmark: _Toc128823891][bookmark: _Toc128829704]Packaging trials and Environmental Testing Procedures
	[bookmark: _Toc128823892][bookmark: _Toc128829705]37
	
	[bookmark: _Toc128823893][bookmark: _Toc128829706]£1665.00

	[bookmark: _Toc128823894][bookmark: _Toc128829707]Total Cost
	[bookmark: _Toc128823895][bookmark: _Toc128829708]£4041.25



[bookmark: _Toc128829709]In Flight Stability
[bookmark: _Toc128823897][bookmark: _Toc128829710]Another issue that would need addressing is the in-flight stability of the round. This is critical to Round accuracy and safety. The existing 120mm HESH is gyroscopically stabilized due to the rifling within the CH2 barrel whereas Smoothbore ammunition is fin stabilized, like a traditional rocket [4]. 
[bookmark: _Toc128823898][bookmark: _Toc128829711]Additional modelling and CAD work would be required to determine the flight stability using the outputs from the driving band development. Again, in an attempt to continue with the smart qualification method, research in to current and existing fin stabilized artillery will be required in an attempt to utilize existing technology – reducing development time. 

[bookmark: _Toc128823466]Table 3‑2: Flight Stability Research and Development
	[bookmark: _Toc128823899][bookmark: _Toc128829712]Task
	[bookmark: _Toc128823900][bookmark: _Toc128829713]Hours (@ £45 p/h)
	[bookmark: _Toc128823901][bookmark: _Toc128829714]Purchase Cost
	[bookmark: _Toc128823902][bookmark: _Toc128829715]Total

	[bookmark: _Toc128823903][bookmark: _Toc128829716]Materials : Rod 
[bookmark: _Toc128823904][bookmark: _Toc128829717]Materials : Sheet 
	[bookmark: _Toc128823905][bookmark: _Toc128829718]1
	[bookmark: _Toc128823906][bookmark: _Toc128829719]£285.00
[bookmark: _Toc128823907][bookmark: _Toc128829720]£55.00
	[bookmark: _Toc128823908][bookmark: _Toc128829721]£385.00

	[bookmark: _Toc128823909][bookmark: _Toc128829722]Modelling and CAD) Work
	[bookmark: _Toc128823910][bookmark: _Toc128829723]55.5
	
	[bookmark: _Toc128823911][bookmark: _Toc128829724]£2497.50


	[bookmark: _Toc128823912][bookmark: _Toc128829725]Machining, Preparation, and Installation
	[bookmark: _Toc128823913][bookmark: _Toc128829726]37
	
	[bookmark: _Toc128823914][bookmark: _Toc128829727]£1665.00

	[bookmark: _Toc128823915][bookmark: _Toc128829728]Packaging trials and Environmental Testing Procedures
	[bookmark: _Toc128823916][bookmark: _Toc128829729]37
	
	[bookmark: _Toc128823917][bookmark: _Toc128829730]£1665.00

	[bookmark: _Toc128823918][bookmark: _Toc128829731]Total Cost
	[bookmark: _Toc128823919][bookmark: _Toc128829732]£6212.50


[bookmark: _Toc128823920][bookmark: _Toc128829733]Table 3-2 details the cost and time requirements of calculating the fin details, fixtures and deployment mechanisms required for flight stability. Small scale tests would again be conducted at a subcomponent level.




[bookmark: _Toc128829734]Fuze Technology
[bookmark: _Toc128823922][bookmark: _Toc128829735]The existing 120mm HESH uses a base percussion fuze [5] which detects three separate scenarios before arming, one being the minimum spin rate. 
[bookmark: _Toc128823923][bookmark: _Toc128829736]With a slipping driving band, and stabilizing fins the proposed Shell would have a reduced spin rate through the CH2, and even less from the CH3. To requalify a new fuze variant, without spin detection, would incur huge costs and time delays. 
[bookmark: _Toc128823924][bookmark: _Toc128829737]Electronic Programmable Fuze (E-Fuze) technology is an on-going development within the defence industry [6] and is proving a fast and reliable replacement for mechanical fuze workings and extensive explosive initiation trains. 
[bookmark: _Toc128823925][bookmark: _Toc128829738]Computer aided electronic circuit design would be required to create a functioning firing safety circuit that fits within the currently delayed arming unit (DAU) area of the fuze body. 

[bookmark: _Toc128823467]Table 3‑3: Fuzing Research and Development
	[bookmark: _Toc128823926][bookmark: _Toc128829739]Task
	[bookmark: _Toc128823927][bookmark: _Toc128829740]Hours (@ £45 p/h)
	[bookmark: _Toc128823928][bookmark: _Toc128829741]Purchase Cost
	[bookmark: _Toc128823929][bookmark: _Toc128829742]Total

	[bookmark: _Toc128823930][bookmark: _Toc128829743]CAD Work and simulation
	[bookmark: _Toc128823931][bookmark: _Toc128829744]37
	
	[bookmark: _Toc128823932][bookmark: _Toc128829745]£1665.00


	[bookmark: _Toc128823933][bookmark: _Toc128829746]Concept Manufacture
	[bookmark: _Toc128823934][bookmark: _Toc128829747]18.5
	[bookmark: _Toc128823935][bookmark: _Toc128829748]£300
	[bookmark: _Toc128823936][bookmark: _Toc128829749]£1132.50

	[bookmark: _Toc128823937][bookmark: _Toc128829750]Total Cost
	[bookmark: _Toc128823938][bookmark: _Toc128829751]£2797.50







[bookmark: _Toc128829752]Qualification Timescale
[bookmark: _Toc128829753]Development Time 
[bookmark: _Toc128823941][bookmark: _Toc128829754]A total of 270 engineering hours are required to prove this concept, which equates to just over 7 weeks total. 
[bookmark: _Toc128823942][bookmark: _Toc128829755]Manufacturing timescales will reduce once the concept has passed proofing. 
[bookmark: _Toc128823943][bookmark: _Toc128829756]The benefit to the Smart Qualification process is that the Fuze proof firing can be combined with the Projectile Safety Trial (PST) firing due to the abundance of data gathered from small scale subcomponent testing and computer simulations that are constantly updated every time something new is learned. 
[bookmark: _Toc128829757]7 Box Method 

[bookmark: _Toc128823945][bookmark: _Toc128829758]The 7-box smart qualification process is detailed in figure 4-1 and details how the new round variant can be qualified with minimal, large scale firing trials. 

[image: ]
[bookmark: _Toc128823462]Figure 4‑1 : 7-Box Method
[bookmark: _Toc128829759][bookmark: _Toc128823946]All modelling blocks are originally run using the information presented on material data sheets. The models are to be run again – for verification – once physical tests have been completed to ensure all data is accurate at every level. 
[bookmark: _Toc128829760]The use of this method will greatly reduce the time required to formally qualify a munition meaning that this proposed Shell can be replenishing the war stock levels within months, not years. 


[bookmark: _Toc128829761]Conclusion 
[bookmark: _Toc128829762]Benefits

[bookmark: _Toc128823949][bookmark: _Toc128829763]Due to the depleting war stock issue, it is ever more likely that production is going to need to restart for the 120mm HESH. Since the majority of the production facility and hardware has been utilized elsewhere, investment will be required to reestablish the capability. 
[bookmark: _Toc128823950][bookmark: _Toc128829764]The major benefit – from a company point of view – to this proposal is that this investment does not have to be repeated once the stock is replenished and smoothbore development begins. This product will be designed to provide immediate backfill and future capabilities. 
[bookmark: _Toc128823951][bookmark: _Toc128829765]Additionally, there is no Squash Head variant in service from any smoothbore supplier. Given the enhanced performance of the Squash Head function, over generic High Explosive (HE), this also opens up an export avenue, to smoothbore operators. 


[bookmark: _Toc128829766]Annex
[bookmark: _Toc128829767]Annex A : Project Gantt Chart
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Figure 6‑1: Project Gantt Chart
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