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Abstract

QinetiQ as a testing and evaluation company has been contracted to conduct live testing on the “Guillaume Tell” target designator system for military use.
QinetiQ UK plc. Is to perform live testing of the Class 4 infrared 25W (continuous equivalent) target designator for use on semi-active missile weapon systems on its UK land ranges, under a strict health and safety governed legislative regime.
This paper is intended to underline the requirements for conducting such live artificial optical radiation testing and evaluation on UK ranges under the dominion of QinetiQ group plc. The requirements to be fulfilled is governed by the UK HSE (Health and Safety Executive) and QinetiQ UK codes of practices. These underpinnings are accentuated in this document for such live T&E (testing and evaluation).
The tasks, problems and methods for carrying out live testing on Class 4 lasers is laid out in this document to enforce QinetiQ’s procedure that it will undertake to perform such tasks.
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[bookmark: _Toc486368133]	Introduction

QinetiQ has been approached by the UK MoD to undertake trial evaluations on the new “Guillaume Tell” target designation system for semi-active laser guided missile systems for the military. Laser target designators are used in conjunction with missile systems or guided payloads that use semi-active laser guidance systems on board the missiles or munitions payload. When the missile or munition is released from the aircraft, it ‘homes in’ on the centre of the reflection that the laser is targeted to. Laser Target Designator’s (LTD’s) uses a series of coded pulses, known as ‘Pulse Repetition Frequency’ (PRF)[1] so that the guided missile or munition is acquiring the correct target as the LTD and Seeker coincide with the same coded pulses [1].
The purpose of using Class 4 lasers, typically in the infrared spectrum, is so that the target designation acquiring is completely invisible to the naked eye. To that advantage, it is highly difficult for detection at the target by the opposing forces [1]. But this advantage to the offensive positions can pose a disadvantage risk to itself. To that, a Class 4 laser that has 25 Watts continuous equivalent output and a 1µs pulse duration is extremely hazardous to the operator, or any persons that can be exposed unintentionally to the lasers beam. 
Before any live conducting of tests are undertaken, the QinetiQ trials management, project and planning team must put in place safe codes of practices and operating procedures that are listed in an electronic or paper copy of the risks associated with the task in hand. Appropriate measures must be put in place to cover any posing risks that could potentially and foreseeably arise from the live testing. 
	Comment by John Rees: Sets the scene nicely.
[bookmark: _Toc486368134]Parameters for testing laser target designators

In order for Class 4 lasers to be tested in a controlled environment, certain criteria’s need to be fulfilled by QinetiQ through a series of processes that constitute a collection of authorised and competent bodies; the Hazardous Activities Scrutiny Panel (HASP), these collective group of bodies are unbiased and challenge every potential risk that they can foresee when the trials manager presents the trials case to them. Firstly, the Hazardous Activities Management Instruction and the Laser Safety Instruction has to be followed. This is an instruction set given in order to follow when planning the conduct of laser trials. A laser safety advisor (LSA), or a laser safety officer (LSO) is a legislative requirement when conducting any live laser tests. The role of the laser safety officer is to control the operation of the artificial optical radiation system, the movement and activities of all persons that are relevant to the trials team. The LSO, or LSSO (Laser System Safety Officer) is an accredited qualified person in laser safety [2]. The person operating the laser equipment is to have adequate training in operating the equipment and to be aware of the risks involved.
Before any live conducting of laser tests are to be carried out, a laser safety clearance needs to be granted with the use of a Laser Safety Certificate signed by appropriate authorised bodies, normally high ranking MoD officials with years and academic experience in military laser testing.
The public restriction has to be adhered to; this includes public transport safety by the use of exclusion zones and safety trace maps. These are either physical restrictions put in place, advertised public by-law warnings & the use of observations carried out manually or by the use of automated means. [3]  
QinetiQ must adhere to the HSE safe codes of practices that govern any hazardous activities to produce a written risk assessment that covers every potential or foreseeable danger that can pose a threat to any employees or members of public from the activity. The risk assessment is to be written by a collective group of persons directly involved in the trials activity. [4]. 
[image: C:\Users\cmbudden\Documents\BEng Test Range Engineering\Year 2 HND\Electro Magnetic & Radiation\MPE Table.PNG]The M.P.E (Maximum Permissible Exposure) Is to be adhered to when conducting live tests. Tables are produced as guidance for operators produced to BS EN 60825-1. [5]	Comment by John Rees: The section lays out legislative requirement.
The table here in Figure [1] presents the absolute allowable safe Maximum Permissible Exposure dependant on the wavelength and exposure. Pulse duration is also calculated.Figure 1



[image: C:\Users\cmbudden\Documents\BEng Test Range Engineering\Year 2 HND\Electro Magnetic & Radiation\IEC60825_MPE_J_nm.png]MPE Calculations are to be calculated dependant on the system to be tested for the following reasons; to limit the exposure to the operator, or any persons involved in the trials activity, to limit the systems capability so that the lasers system can be shut off or limited automatically when the power output is breeched and to gain a Range Laser safety certificate for the above.Figure 2


[image: C:\Users\cmbudden\Documents\BEng Test Range Engineering\Year 2 HND\Electro Magnetic & Radiation\NOHD equation.PNG]NOHD (Nominal Ocular Hazard Distance) is where the ‘distance from the laser source to which the intensity of the lasers energy is lower than that of the M.P.E. to the cornea and skin’ [6]. This distance applies to users or operators in the direct exposure of the emitting or reflected laser that poses a hazard on the cornea and skin. The NOHD is calculated as;


Figure 3


Where:
N.O.H.D. = Nominal Ocular Hazard Distance (meters)
Θ = Divergence of the beam
Po = Power of the Source (Watts)
M.P.E = Maximum Permissible Exposure (J/m2)
w = Waist of the Gaussian beam (m)
ENOHD (Extended Nominal Ocular Hazard Distance) applies to the laser operator or any personnel that are using magnifying optical instruments such as binoculars and the Laser Target Designator itself. This ENOHD is the increase of NOHD distance which allows more radiation to be incidental on the eye.

ENOHD can be calculated as;

Where:  = τM2[7]

τ = Transmittance of the optical system at the laser wavelength
M = Magnifying power of the optical system	Comment by John Rees: Good to see a few pertinent calculation equations included.
[bookmark: _Toc486368135]Test site requirements

The test site which the Class 4 laser system is to be operated on requires protection to the operators from direct exposure and reflected exposure of the beams path. The target to which the beam spot is focused on cannot be completely reflective [8].
Warning signs or beacons have to be in place around the perimeter of the installation and inside the operator’s room. The warning beacon is to either be an audible alarm or a red flashing light. If possible, the laser firing must be operated remotely [8]. 
A device needs to be installed to the system to deactivate or reduce the output power so that it falls below the recommended M.P.E. levels. Safety interlocks need to be installed, especially for pulsed lasers so that accidental firing is not caused, and deactivated automatically when entering the laser installation area. 
The beam of the laser is to be enclosed as much as possible, and as a minimum, beam stops must be installed [8].	Comment by John Rees: OK – practical implications implemented in the physical set up.
[image: ]PPE (Personal Protective Equipment) such as laser goggles must be worn that is suited for the correct wavelength of the laser, and the manufacturer of the PPE to conform to the correct BS EN standards for the relevant Classes of laser.
The ideal test site to conduct a Class IV laser trial would need to be remote enough so that it is extremely difficult for any trespassers incurring into the area or accidental exposure to the public or any persons not involved in the hazardous activity might occur. To that, the remote firing range has to be one that the surrounding population around it is minimal.Figure 4

The Hebrides range on South Uist off the coast of Scotland would be an ideal location as the surrounding population is minimal due to the difficulty of access to the islands from the mainland UK, and the fact that the inhabited population on the island of South Uist was 1,303 in 2011 and 1,754 in 2013[9], to which the main employer on the island is QinetiQ, other inhabitants are residents and fishermen. The airspace around the range is governed by the UK MoD which is granted by the Civil Aviation Authority (CAA) that enforces a no fly zone safety trace for its air based trials which covers 112,000km2 of restricted airspace which is documented in the QinetiQ Hebrides capability proprietary document, and states that QinetiQ has full control over the airspace [10], the warnings for trials activates are issued to the CAA through a NOTAM warning (Notice to Airmen)[11].
[image: C:\Users\cmbudden\Documents\BEng Test Range Engineering\Year 2 HND\Electro Magnetic & Radiation\Benecula.PNG]As the location for the Hebrides range is the most remote in the UK, it boasts an impressive area to which hazardous trials such as conducting Class IV Laser testing and evaluation can be safely carried out.	Comment by John Rees: OK.  A remote location has obvious advantages for longer range testing.  I wondered whether underground (short range, but range scaled from received power) or an enclosed amphitheatre or building might suit, if only because they might make reflected energy easier to isolate.





Figure 5

[bookmark: _Toc486368136]Power supplies for Pulsed Lasers 	

Lasers are current sensitive, they require constant current power supplies, and not voltage controlled supplies. Unpredictable start-up of the laser can happen and produce large current spikes. Lasers require overcurrent protection. Catastrophic Optical Damage (COD) happens when operated at higher power.
In Diode lasers, typically those that the P-N junction uses Gallium Arsenide & Selenium, uses an optical photo diode that the beam is partially reflected into. The photo diode calculates how much power is being outputted by the partial reflection from the beam. As the photo diode is a measuring device that feeds back information, it adjusts the lasers power supply to either increase or decrease the current. [12]
On a live firing range, the incoming mains power supply must adhere to IEE Requirements for Electrical Regulations, 17th Edition, to where all installations or modifications must conform to this. With pulsed laser power supplies, adequate circuit protection is needed. Devices such as RCD’s (Residual Current Device) or RCBO’s (Residual Circuit Breaker with Overcurrent) is needed for protection to the persons operating, and to protect the equipment from excessive damage. An additional circuit protection method is a consideration such as surge protection, or surge suppressor. Although RCD’s protect from a direct short and RCBO’s protect users from current leakage, an unplanned event such as an electrical surge is required as a surge could unintentionally fire the pulsed laser.	Comment by John Rees: OK, but limited.  We are dealing with a fair amount of power here (probably impracticably too much for a portable equipment of this type, to be honest).  Other issues might include weight, switching (If SMPS or similar is used), and capacitor discharge noise, particularly if sources other than laser diodes are in play.
[bookmark: _Toc486368137]HSE & QinetiQ legislative conducts for class 4 Laser testing
In order to conduct a Class IV laser trial on a QinetiQ range, the steps taken in order to gain relevant documentation that authorises such hazardous activities are as follows;
1. Hazardous Activities Management Instruction
2. Laser Safety Instruction
3. Hazardous activity Risk Assessment
	-Direct Risks from the beam
	-Indirect Risks from the system
4. Maximum Permissible Exposure calculation
5. Area closure maps
6. Range Safety Certificate
7. Laser Range safety Certificate
8. Trials Instruction
9. HASP (Hazardous Activity Scrutiny Panel) Clearance
10. Laser Safety Officer & Operators Competency Certificates 
11. [image: C:\Users\cmbudden\Documents\BEng Test Range Engineering\Year 2 HND\Electro Magnetic & Radiation\HAM Process.PNG]Employers’ Liability Insurance
The Hazardous Activities Management Instruction requires the process of identifying the hazards in order to proceed with the trial which determines whether the conducting trial has to go through HASP. The QinetiQ documentation for this procedure is found on the corporate operating framework where the trials conducting officer follows this document to pass the L1 & L2 (Level 1 & Level 2) HAM (Hazardous Activities Management) phase.
The Laser Safety Instruction specifies these requirements applicable for Class 4 trials:
· Assess Direct and Indirect risks (Laser Safety Instruction section 2)
· Record the risks (in accordance with JSP 390 as it is a military site); see section 3.
· Determine who the Laser Safety Adviser is for advice and control (Laser Safety section 6) and the Laser Safety Supervisor who is responsible on the day for the trials safety.Figure 6

· Ensure the person who operates the Class 4 Laser has received training (Laser Safety  section 8)
· Follow requirements defined in sections 9 and 10 for getting Laser Safety Clearance Certificates (Laser Safety Certificate and Trials Clearance). See JSP 390 Vol 1 Laser Safety Certification for more info.

The Trials risk assessment is to be produced in accordance with QinetiQ’s safe code of practice, to which is written by a group of collective bodies that are directly associated with the trial in question. The board of people include; operators, team leaders, trials safety officers, trial conducting officers and any persons who play a part in the trials conduct.	Comment by John Rees: The process summary is fine.  The flow chart (unless it is your own creation) needs a reference to source.
[bookmark: _Toc486368138]Discussion

The requirements for testing lasers are vastly stricter than that when conducting trials that contain an explosive hazard. This is due to the fact that shrapnel or ricochets lose energy of momentum and kinetic force quickly when it covers distance, calculations are used to work out ricochet and fragment plot traces to which is overestimated so that the safety factor is doubled at a minimum, whereas lasers carry their energy further and doesn’t lose its energy over distance compared to munitions, depending on the beams focal diameter and energy output. With Infra-Red lasers, the hazards are more severe as its invisible and uncontrollable compared to kinetic munitions in trials activities. The hazardous risks are higher as the lasers energy output puts the operator and trials staff in direct danger due to refraction risks.
[bookmark: _Toc486368139]Conclusion	Comment by John Rees: Good – pulls together a really concise description of your findings.

· Laser testing requires stringent precautionary measures put into force
· HSE legislations & safe codes of practices must be adhered to when testing Class IV lasers
· Hazards are just as great to the operator as the target end
· Control of persons and actions are responsible by the LSO
· Laser range safety certificate & Range safety certificates to be acquired & signed off by authorised persons
· Correct PPE to be worn that conform to BS EN standards for the classification of laser
· Test range site location to be as remote as possible and out of direct view of any persons not directly involved with the hazardous activity
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(i)	The typical parameters expected to be tested for a laser target designator and how these tests might be approached;
The report lays out the basic parameters for such a test in adequate detail.
15/25

(ii)	The requirements of the test site resulting from (i);
The description of control measures is somewhat limited, although the basic idea of isolation is a very good one.
15/25

(iii)	The problems of power supplies working with pulsed devices;
OK.  The description is brief, but appropriate to the use of the solution you envisage (laser diodes).  It doesn’t really deal with pulsed devices in the round.
15/25

(iv)	The health and safety implications of working with a class 4 laser, and appropriate recommendations for ensuring the safety of the test environment.
This is strong, and permeates the whole report.  The need for compliance with procedures, the range of standards applicable and the structure of such a test come across clearly and with impact.
21/25

Total: 66%
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