


1. Abstract

Accelerated Ageing is a vital component of understanding how an Energetic Material (EM) behaves over an extended period of time. By using simulated environments, similar chemical changes that would be seen in “real world” conditions can be artificially inducted. However, this process is time-consuming, expensive and relatively inaccurate: changes within the EM are not always representative of what would be seen in reality. This Independent Project seeks to explore what may be done to improve accuracy, improve efficiency and lower the cost of Trials by investigating if methods from non-OME sectors may be used and if altering existing procedures can improve current testing practices.
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1. Introduction

Fundamentally, the aim of Accelerated Ageing of Explosives is to “provide confidence that defence equipment is capable of surviving and operating in the environmental conditions it will encounter during its Service life cycle, it is necessary to evaluate the materiel against those conditions. Such evaluations need to consider all the natural and induced environmental conditions the materiel may experience during its Service life cycle. An environmental test programme should, as far as practicable, replicate the Service environment and expose the materiel to the environmental conditions it would experience from the point of manufacture to the end of its life. This should include the environmental conditions that exist during depot and field storage, transportation, handling and operation.” [2]. 

The Environmental Test Programme (ETP) used by the UK MoD is outlined in DEFSTAN 00-35, Part 2 Issue 6 [1], which is derived from NATO Allied Ordnance Publication (AOP) 64 [3]. The term “Accelerated Ageing” encompasses multiple tests intended to meet the requirements of the ETP, as Figure 1 shows. Each of these tests could form the basis an independent research project so the scope of this Project is to be limited to improving Thermal Degradation.


























Figure 1 – Accelerated Ageing Order of Testing [2]

Thermal Degradation testing is ordinarily performed via Diurnal Cycling: this is the practice of subjecting a sample of EM to periods of heat and cold to emulate the rise and fall of temperature throughout a typical day as shown in Figure 2. 

DEFSTAN 00-35 Part 4 also considers different temperature and humidity conditions and assigns each a code, as shown in Figure 3. Diurnal Cycling is generally performed within A1 and B3 environments, with A1 being “Extreme Hot Dry” and B3 classed as “Humid Hot Coastal Desert” [1], these environments are chosen as the high temperatures can be found within their relative humidity categories. The Arrhenius relationship is used to compress the service life into a testable duration; this will be explained in further detail in the full Report. 
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Figure 2  - Typical daytime temperature change in an A1 environment [3]
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Figure 3 – Global Temperature / Humidity Environmental codes [3]

Historically, a successful ETP could run for up to two years. A modern ETP (that has no contractual or technical issues) can now be completed in as little as 6 months. The longest individual test within an ETP is Diurnal Cycling, which are now limited to a maximum of 56 days to represent 4.5 years of storage and 6 months of deployment.
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Figure 4 – Diurnal Cycle test periods [3]
1. A Flawed Method

Accelerated Ageing Trials attempt to simulate wear caused by routine Service, they are not perfect: a 56-day Diurnal Cycle period is time consuming and depending on how much the Explosive testing facility charges per day, assessing the Thermal degradation of the EM could be extremely expensive. 

Also worthy of note is that samples of EM are subjected to Diurnal Cycles and the overall “context” of how the EM is used within a munition is ignored. Internal geometry, NEQ and Web (the clearances between the EM and internal surfaces) are all factors that could influence the ageing behaviour of the EM while it is fitted into a weapon. Ageing seen in a tested sample may be completely different to a “real world” example and this is why Accelerated Ageing methods are not as accurate to reality as they could be. 

1. Proposed Solutions

The Independent Project will investigate several options to improve current Accelerated Ageing practices. One option is “baselining” EM already in service: if the ingredients, geometry and molecular structure of an EM has been previously tested, then the Ageing behaviour of any new EM with the same (or similar) makeup could be predicted based on the older EM. This could lead to the reduction or elimination of Accelerated Ageing tests as Users would already be aware of likely failures within the new EM, saving both time and money. However, this would require sharing information and contractors may not wish to share their intellectual property. It is also unlikely this approach would be able to provide full confidence in the integrity of the new EM but could provide preliminary expectations of likely Failure Modes.

Another option is the possibility of eliminating Diurnal Cycles and instead subjecting the EM to a constant temperature. By eliminating the “cold” portions of the Cycle, a non-cycled EM could be brought to the same level of Ageing as a cycled EM sooner as the amount of thermal energy inserted into the sample would be largely the same. This in turn speeds up the Ageing process to reach the same conclusion, again saving time and cost. Should this approach be trialled, time is a major factor as 56 days of Diurnal Cycles and 56 days of constant temperatures will lead to wildly different results. Equivalent timescales between the two approaches must be calculated before any tests are to be carried out.

Acceleration should also be considered; this is the difference between testing temperatures and temperatures that can be seen in Service. By raising the temperature of the test, the EM will age faster but increasing the temperature too much would be unrealistic for service. The degree that Acceleration may be raised while staying realistic will also be explored. 

Finally, a potential long-term solution is to approach non-OME facing industries that perform their own Accelerated Ageing trials for input. For example, the pharmaceutical industry uses a range of tests, including Thermal ageing, to establish stable shelf lives of drugs [5]. It is possible that they use methods unfamiliar to the OME industry and these could be applied to Explosives testing.

1. Conclusion

Accelerated Ageing is useful and allows the MoD to predict how an EM may change over time, but it is not a perfect system and there are flaws in the current methodology. This Independent Project seeks to rectify some of these flaws using the options listed in Para iv to save MoD time and resources while improving accuracy of results. A definitive conclusion may not be reached but it is the author’s opinion that this investigation will act as a “starting point” and the concepts outlined within the Project may be matured in future.
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