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[bookmark: _Toc131017400]Project Aim
The aim of this project is to make an inter-industry comparison of the vibration testing methodologies used in the qualification of safety-critical items, such as munitions, air- and spacecraft, and passenger vehicles. At present, different industries employ different approaches to vibration testing, some relying more upon real-world tests and others relying more on simulated tests. This project will outline the needs, merits, and weaknesses of both physical and simulated testing by investigating different industries’ approaches to vibration testing. The outcome shall be a comprehensive report providing the author’s employer with guidance on how to adapt their vibration testing methodology to better suit the business environment in which they operate, having looked at other industries’ best practice in balancing simulation and physical testing. The author’s employer specialises in the testing of tactical missiles and thus the conclusions shall be applicable primarily to these assets. The report shall enable said company to accelerate the test programmes of said assets which will in turn improve competitiveness with off-the-shelf alternatives.
[bookmark: _Toc131017401]Introduction
[bookmark: _Toc131017402]Vibration Testing
When qualifying new technologies for service - be it a car, laptop, aeroplane, or ballistic missile – some kind of stress testing must be conducted to ensure that the product will be robust enough to survive the dynamic environment of its intended service life [1]. This has historically been an involved process consisting of multiple stages:
· First, data must be gathered from the real world environment in which the chosen asset will be deployed.
· Then, this data is transposed into a specification readable by a vibration/shock control system.
· A test is then set up in a lab, including adapting the building for the specific test and the design and approval of any rigs and fixtures.
· The test is then conducted and the data analysed.
· Lastly, the asset will be given a certificate and a pass or fail.
The scale of the test and size of the asset will of course dictate costs, but across the board conducting a vibration test is neither quick nor cheap. The process above can take years to complete for larger assets requiring more comprehensive test programmes. The procurement, maintenance, and operation of these test facilities present major overhead costs in training, health and safety, equipment, estates, personnel etc. [2]
Given the man-hours and equipment costs involved, industries have been looking to move away from the need for so much physical testing and thus more recently have developed robust simulation suites, which allow some or all of an asset’s vibration tests to be completed virtually. This greatly reduces cost and accelerates the test programme substantially.  [2, 3, 4]
[bookmark: _Toc131017403]Pairing with Simulation
Simulation has been used for years at stages in the test programme of various assets. At present, its adoption can be seen with widespread use in the automotive and aerospace industries for varying purposes and to varying degrees. However, in the testing of munitions, there is certainly room for more simulation and structural analysis to be carried out. [4, 5, 6]
Simulation could include full-scale tests using modelled test assets or could be used more piecemeal such as in a stress-strain analysis of an asset that could highlight critical areas where failure may be more probable. As with most things, a moderated, intelligent approach pairing elements of simulation to better supplement the physical tests is preferred. [3, 7]
[bookmark: _Toc131017404]Applications
The research shall compare methodologies from the automotive and aerospace industries and use the lessons learned to develop an approach to testing munitions. Little work has been done in recent years on advancing the testing methodologies of munitions, instead focusing primarily on changing from single-axis tests to multi-axis tests which remains an ongoing change.
[bookmark: _Toc131017405]Project Design
[bookmark: _Toc131017406]Procedure
· Research will be conducted & technical experts consulted.
· Findings will be collated into a report.
· Conclusions will be made.
· Report will be presented to employer.
[bookmark: _Toc131017407]Research
Research shall be conducted using online resources and through conversations with technical experts across industries. The author will be proactive in their approach to research, immersing themselves in the varying test processes and understanding at each point why an approach was taken and what the opportunity cost was.
Where possible, the author shall also be conducting site visits to see first-hand how such test processes work and see, as a test engineer themselves, where the merits and shortcomings lie, and how the process could be adapted to work with munitions.
It may also be possible to perform cursory modelling and simulation exercises for a given asset, provided adequate time and budget management from author and employer.
[bookmark: _Toc131017408]Comparison & Conclusions
Findings will be collated in a report which will allow for a comprehensive comparison to take place and conclusions to be drawn. The author will collate the opinions of a body of technical experts across all industries involved to form a more unbiased conclusion; with just the author’s conclusion(s) presented there would be significant bias and gaps in knowledge.
[bookmark: _Toc131017409]Ethical Issues
The primary ethical concern for this project is the fact that its findings may assist in hastier production of munitions that are inevitably used in combat. The primary aims, however, are to make the testing environment safer by exploring the possibility of removing physical testing and thus removing personnel from any explosive danger area, and to save the employer time and money.
[bookmark: _Toc131017410]Resourcing & Planning
[bookmark: _Toc131017411]Deliverables
· Research summary
· Technical expert testimonials
· Report providing comparison of different approaches
· Interim progress updates
Subject to time and budget:
· 3D model example(s)
· Finite element analysis on same 3D model(s)
· Example of a simulated test
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Please note all these timings are estimations; the project’s actual timings are subject to change as it will have to be a fluid procedure dependent on the author’s availability between work commitments and subject to access to resources and facilities.


References

[1] 	Ministry of Defence, Defence Standard 00-035 Environmental Handbook for Defence Materiel, Ministry of Defence, 2018. 
[2] 	D. J. Segalman, D. L. Gregory, M. J. Starr, B. R. Resor, M. D. Jew, J. P. Lauffer and N. M. Ames, “Handbook on Dynamics of Jointed Structures,” Sandia National Laboratories, Albuquerque, 2009.
[3] 	D. J. Ewins, “Exciting vibrations: the role of testing in an era of supercomputers and uncertainties,” Meccanica, vol. 51, no. 11, 2016. 
[4] 	M. Elliott, Interviewee, How Do F1 Teams Test & Develop Components?. [Interview]. 10 October 2019.
[5] 	Mercedes-AMG Petronas Formula One Team, “How Does F1 Simulation Work?,” [Online]. Available: https://www.mercedesamgf1.com/news/how-does-f1-simulation-work. [Accessed 29 March 2023].
[6] 	E. L. Fasanella, K. E. Jackson and S. Kellas, “Soft Soil Impact Testing and Simulation of Aerospace Structures,” in International LS-DYNA User's Conference, Dearborn, 2008. 
[7] 	Y. S. Chen, C. S. Wang and Y. J. Yang, “Combining vibration test with finite element analysis for the fatigue life estimation of PBGA components,” Microelectronics Reliability, vol. 48, no. 4, pp. 638-644, 2008. 







2

