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[bookmark: _Toc482375372]1 Introduction

On the 13th of June 1944 Germany launched the first of its V1 long range guided weapons in anger. Through the years from the late 40’s to this present day there have been many developments and upgrades to the original rudimental working concept of the V1 consuming vast sums of money. In the military and industry guided weapons and missiles come under the term and are known as ‘Complex Weapon Systems’. Although there have been advancements in the technology of complex weapons systems the essential requirements of safety, longevity and quality still remain. Environmental testing, mainly; Vibration, Impact and Climatic, has a very significant role in all of these.

[bookmark: _Toc482375373]1.1 Background/Understanding

Environmental testing is used to prove that the product is capable of withstanding the environments it will encounter throughout its life. The product can be subjected to unforgiving environments through the transport, storage, maintenance and throughout its operation. These provide stress on the materials and structure of the product that in some cases will cause it to fail. Environmental testing is a real life comparison in laboratory conditions. The United States Navy understands the uses of environmental testing [2]“A.2.4 Guidance for specifiers. Carefully determine all functions of the equipment, which must be preserved under normal shipboard vibration. Determine the functional requirements that must be met during the vibration tests including the appropriate test acceptance criteria and include them in the procurement documents. A careful and thorough evaluation of the functional requirements will significantly reduce the potential for problems, define the basis for instrumentation selection and placement, and help in the interpretation of test results.”
There are numerous tests that represent the different environmental conditions that the product will be exposed to during the course of its life. These tests are part of a sequence that will represent the predicted life cycle of the product. The sequence of testing is drawn up by analysing where the product when in service will be operational. The wider the operational area the more extensive the testing.
An example of a product with a large operational area would be a generic air to air missile. The missile system is fixed to a hard point on the wings of a fighter plane. The missile doesn’t just have to be able to endure the stress of the forces and extremes of temperature put upon it from the fighter jet itself. Its life starts right from the moment each component is assembled, to create an all up missile. The missile is shipped around the world by multiple sources of transportation; air, sea, road and rail, each of these transportation methods induces vibration and shock on the missile. In unison with vibration and shock the missile is receiving, it is transferring through different climates that have diverse humidity and temperatures.
Climatic conditions can have a major impact on a product. When two component parts of a product made from different grades of aluminium are fitted together in ambient conditions, the fit will be perfect, as designed. When the product is heated and cooled the materials of the product will in turn expand and contract. The expansion and contraction causes brittleness and stress on the material. This is amplified where the components join as the different grades of material expand and contract at different rates which can cause a bimetallic affect. Figure 2 (below) is one of the many charts produced for different standards that display humidity, heat, cold and other adverse weather conditions around the globe.
[3]
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Excluding the sequential testing that mimics the lifecycle of the product there are other tests that are used to represent drops, shocks and falls that happen during the in service life of the product. These can be represented by equipment such as a Lansmont Free Fall Shock machine.
In the Vibration aspect of environmental testing, the real life levels of vibration are collected. The term “real life” is used as this is what the product is predicted to see in service. Although there are many levels and specifications that are listed in the various industry standards for example [4] “DEF STAN 00-35” some companies choose to produce their own supplement to the standards. [5] “In many circumstances the vibration environment will not be known and the test procedure will be derived from standard specifications. These have been developed over many years for a variety of industries esp. military, aerospace and automotive. Most of the updated versions of these standards now expect the reader to substitute measured or predicted vibration levels where they are known – to produce a Tailored Specification”. 
There are many ways to measure vibration levels. Two of these methods are to either measure the point, or area of which the product will be mounted, or to produce a mass/weight representative of the product and measure the levels it receives. In the first case the mode of transport, or machine/equipment functioning will need to be instrumented to record the levels in the area the product we be fitted. The item is functioned as it will be when the product is present and the data captured. This data is analysed and produced into a specification for testing, as either an individual test, or a supplement to a standard test. 
In the second case the mode of transport, or machine/equipment will have a mass/weight representative that is produced to react exactly like the real. The structure will feature numerous multiple axis accelerometers (the mainstay of vibration testing) and other instrumentation (PRTs). Again the transport of equipment is functioned and the data is derived from the levels seen.
The less equivalent in mass and structure the dummy is to the product (equipment) the less realistic the data gained. Cost is also a major factor. Whereas case one would cost less and is a lot easier the more expensive option, case 2 would result in a more thorough data in which testing would be closer to “real life”.  Companies will weigh up the positives and negatives and decide whether they need to go down this route. Testing is expensive and comes at the end of the design and manufacture phase, when expenses can often be very limited. 	Comment by John Rees: Clear introduction, lays out the problem well.

[bookmark: _Toc482375374]1.2 Industry and Organisation 

QinetiQ, Environmental Test Centre (ETC)
ETC is a United Kingdom Accreditation Service (UKAS) accredited Environmental Test House Laboratory. ETC is a large facility with a wide capability in environmental testing, it is also one of only two environmental test centres that are able to carry out testing on explosive items in the UK.
ETC, based at MoD Shoeburyness, is situated on an historical and still active gunnery range. QinetiQ runs 37 sites across the United Kingdom, 14 of these sites are on behalf of the Ministry of Defence (MoD). 

[bookmark: _Toc482375375]1.3 Research Purpose 

The research purpose of this proposal is to conduct an analytical study of three main parts of Environmental Testing; Vibration, Impact and Climatic. Comparing the ETC’s testing against the real life equivalent. This will be focused on the methods and implementation used, accuracy of testing, time scale and cost. QinetiQ ETC documentation will be produced.

The study objectives are as follows:
· To evaluate many forms of Information, facts and statistics in order gathered from various sources in order to create an effective conclusion.
· To use the vast experience and wealth of knowledge of QinetiQ Subject Matter Experts (SME) to gather and compare their different opinions and views on the subject.
· Compose a test trials procedure and plan for Environmental Testing using QinetiQ ETC documentation and procedures.
· To use both my technical and background knowledge on this subject to evaluate and explain the outcome of the data and produce comparisons.

[bookmark: _Toc482375376]1.4 Expected Outcome and Deliverables

· A QinetiQ ETC test trial procedure.
· An informative report using the objectives set that accurately compares the positive and negatives of testing to real life.
· An understanding on the methods used in the three main types of environmental testing and the benefits each provides.
· An informed opinion on whether the methods used are below, on par, or above the real life testing standard.
· Is there a more advanced or less expensive process to test complex weapon systems.
· What is the future of environmental testing.	Comment by John Rees: OK.  So we’re looking at essentially a secondary research (desk-based) project, producing as a primary outcome a systematic ordering of information for new purposes.  This makes it essentially a research project.

[bookmark: _Toc482375377]2 Research and Development Methods

[bookmark: _Toc482375378]2.1 Data Collection

The data, information, facts and statistics will be captured from these key areas:

· QinetiQ
· The MoD and affiliated Defence and industry groups 
· Test data 	Comment by John Rees: Will there be problems with the potentially confidential nature of the data?

QinetiQ
This will be from the vast database and archive that holds information on Environmental Testing.

The Mod and affiliated Defence industry groups
This will include accessible (Unrestricted) documents and processes from bodies such as Defence Ordnance Safety Group (DOSG), for example; DEF-STAN 00-35 and other industry sources.

Test Data
This will be taken from the test trials procedure.



[bookmark: _Toc482375379]2.2 Risks

QinetiQ Procedure
This dissertation requires testing to be performed which will be in accordance with the guidelines on the QinetiQ Operating Framework. 	Comment by John Rees: I’d missed the fact that new practical work would be required within the project scope.

In order for testing to take place there are a number of documents required:
Statement of Work (SOW) - This is provided by the customer and will outline what the customer would like once under contract.
Trials Specification – Provided by the customer this provides in detail the testing that is wanted, either stating the tests to be performed, or referencing against a certain standard.
Project Management Plan (PMP) – The Project managers plan of the overarching trial.
Hazardous Activity Risk Assessment (HARA) – This is a trial specific risk assessment.
Site Safety Certificate – This has to be signed in by various levels of staff in order for the trial to start.
Safety Brief – This is a document that highlights the risks of the asset to test staff.
Movement Plan – This is the safety document that provide detain on how to move the test asset.
Trial Instruction (TI) – This is an instruction on how to test the customer assets.

Safety
QinetiQ uses and adheres to the safety regulations set out by HSE and JSP regulations. QinetiQ ETC has a site specific risk assessment that encompasses all testing performed at the laboratory. Separate risk assessments are carried out for each of the relevant processes partaken and for each trial.

Explosive Safety 
Due to the nature of what is tested an explosive safety area is calculated. The safety area or area under cover as it is often known as, is calculated depending on Net Explosive Quantity (NEQ), Hazard Type and the type of construction of the laboratory building. 
QinetiQ ETC staff have to attend annual explosive awareness courses where they are tested on their knowledge.


[bookmark: _Toc482375380]2.3 Security

The dissertation once produced will be vetted by a QinetiQ Security Officer. Once examined, if information included in the dissertation is deemed either commercially sensitive, or not for public viewing, it will be given an appropriate security classification. Therefore, recipients of the dissertation must hold the relevant security clearance, or granted access permissions subject to the author and QinetiQ.	Comment by John Rees: Not a problem.  This was designed into the original Qinetiq agreement.

[bookmark: _Toc482375381]3 Resources and Planning

QinetiQ ETC is a UKAS accredited Test House, this means that all test equipment and machinery used is within its calibration expiry date.

[bookmark: _Toc482375382]3.1 Resources required

Paper work:
	· SOW
	· Safety Brief

	· Trial Specification
	· Movement Plan

	· QinetiQ specification (if contracted)
	· TI

	· PMP
	· Memorandums or annex’s 

	· HARA
	· Explosive safety data information

	· Site Safety Certificate
	· Trial File Review



Equipment for trial:
Trial specific laboratory (purpose built reinforced concrete structure with purpose built revetments)

	· Specialist Vibrator (shaker) unit/units – LDS 954, 964 or 984

	· Thermal barrier 


	· Suitable amplifiers and power unit

	· Conditioning unit (mobile conditioning unit (MCU) fixed conditioning unit (FCU))


	· Slip table or Team bearings
	· Conditioning box (chamber)


	· Oil pump unit
	· CO2 bowser


	· Head expander or load bearing platform

	· CO2 nozzle set


	· Customer or QinetiQ built Rig (for attaching complex weapon system)

	· Staging

	· Interface plate 

	· Scaffolding





Instrumentation:
	· Vibration Controller (Data Physics, LMS and M+P)
	· Specialist triple shielded accelerometer cabling


	· Charge amplifiers

	· Chart recorder


	· Accelerometers (Endevco 224, 2224, 2258-A10, 2258-A100)

	· Skin and Air Platinum Resistance Thermometers (PRTs)


	· Isolation Blocks
	





[bookmark: _Toc482375383]3.2 Gantt chart	Comment by John Rees: Generally fine.  I would be inclined to give myself a little contingency planned in, for rework and unexpected events as the project develops.
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	Acronyms and Abbreviations
	Description

	NDT
	Non Destructive Testing

	ETC
	Environmental Test Centre

	MoD
	Ministry of Defence

	SME
	Subject Matter Expert

	DOSG
	Defence Ordnance Safety Group

	DEF-STAN
	Defence Standard

	HSE
	Health and Safety Executive

	NEQ
	Net Explosive Quantity

	SOW
	Statement of Work

	PMP
	Project Management Plan

	HARA
	Hazardous Activity Risk Assessment

	TI
	Trial Instruction

	UKAS
	United Kingdom Accreditation Service

	PRT
	Platinum Resistance Thermometer

	MCU
	Mobile Conditioning Unit

	FCU
	Fixed Conditioning Unit

	CO2
	Carbon Dioxide
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