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[bookmark: _Toc485981313]Background
QinetiQ has been chosen to test the new “Guillaume Tell” Laser Target Designation (LTD) system for semi-active missiles.	Comment by John Rees: Numbering paragraphs is conventional for forces and much government work.  Whilst it isn’t necessarily what universities use, it is not a problem.
The system uses an infrared class 4 laser target designator working at 25W continuous equivalent, pulsed at 1µs duration with a ratio of 10 pulses per second.
This Trials Conduct Document has been produced to discuss the particular requirements for working with this equipment, and the key features of a precautionary approach to the test site and facilities.[footnoteRef:1] [1:  UWTSD – Moodle:  M5X00941_Electromagnetic_Radiation_Semester_2_cw_ 2016_17.docx] 

Testing will be conducted within a field based environment.
All testing is to be undertaken in accordance with the operating standard as adhered to by the MoD.[footnoteRef:2] [2:  JSP 390] 

[bookmark: _Toc485981314]Aims & Objectives
To document the typical parameters expected to be tested for a laser target designator and how these tests might be approached;
To document the requirements of the test site resulting from 1.2.1.
To document the problems of power supplies working with pulsed devices
To document the health and safety implications of working with a class 4 laser, and appropriate recommendations for ensuring the safety of the test environment.


[bookmark: _Toc485981315]Introduction
The primary purpose of this equipment is for the use of Laser Target Designation using an accurately pulsed laser to mark a target for subsequent simulated attack utilising semi-active missiles.
The trial(s) are to be conducted at QinetiQ Pendine.
It is recommended to use targets comprised of 3m square Day-Glo Orange boards deployed at approximately 3 and 9 km from the location of the LTD’s (Firing Point).[footnoteRef:3] [3:  https://www.gov.uk/government/news/laser-directed-energy-weapon-ldew-testing] 

These targets when erected are to be set at 5° from vertical in order to simulate the angle of an approaching aircraft.
A Charged Couple Device (CCD) camera is to be used close up to the target(s) to record the spot position on the target.  This is to be sensitive to the 1064nm light emitted by the laser.  In order for the camera to be used in daylight, a Band Pass Filter at this wavelength is to be placed in front of the camera.
A calibrated radiometer is to be used to measure the energy on the target – again fitted with a Band Pass Filter and configured for 10 pulses per second.	Comment by John Rees: Good.  Nice summary of your recommendations.  Not really sure whether it fits well as an “introduction”, which your background largely does anyway.


1 Trial Equipment
[bookmark: _Toc485981316]Firing / Initiation System(s)
	Item Description
	Quantity Required
	To be supplied by:

	Laser Fire Switch
	1
	Customer

	“Guillaume Tell” target designation system
	1
	Customer


[bookmark: _Toc485981317]Other items required
	Item Description
	Quantity Required
	To be supplied by:

	Safety Goggles (EN 166 1B)
	As Req.
	QQ

	Day-Glo Boards (Orange)
	2
	QQ

	CCTV
	As Req.
	QQ


[bookmark: _Toc485981318]Instrumentation
	Item Description
	Quantity Required
	To be supplied by:

	Calibrated Radiometer
	1
	QQ

	CCD – Camera, Monitor & Recorder
	1
	QQ

	IRIG time code generator
	1
	QQ

	Laptops
	1
	QQ





2 LTD – Health & Safety
[bookmark: _Toc485981319]Design and Construction
2.1.1 The LTD unit includes the Laser, power supply, range-finding detector and a telescope for transmitted and received laser radiation.[footnoteRef:4] [4:  www.thales.com] 

[image: ][footnoteRef:5] [5:  Image curtesy of www.thales.com] 

[bookmark: _Toc485981320]Design Safety Features	Comment by John Rees: Good.
To allow the laser to be fired remotely, a remote Manual Firing Unit (MFU) has been supplied.  The remote MFU consists of 2x remote firing cables with a simple hand held push button at the end
The unit is sealed and will not be opened during trials activity.
In the event of a malfunction, the system will be returned to the manufacturer for repair.


[bookmark: _Toc485981321]Laser Classifications	Comment by John Rees: Decent summary of classifications
Class 1 laser systems cannot emit laser radiation in excess of the applicable Class 1 Accessible Emission Limit (AEL) for any exposure times within the maximum duration inherent in the design or intended use of the laser.  Class 1 lasers are exempt from all beam-hazard control measures. 
Class 2 lasers are repetitively pulsed lasers with wavelengths between 0.4 µm and 0.7 µm that can emit energy in excess of the Class 1 AEL, but do not exceed the Class 1 AEL for an emission duration less than 0.25 seconds and have an average radiant power of 1mW or less. 
Class 3a lasers have an accessible output between 1 and 5 times the Class 1 AEL for wavelengths shorter than 0.4 µm or longer than 0.7 µm, or less than 5 times the Class 2 AEL for wavelengths between 0.4 µm and 0.7 µm. 
Class 3b lasers cannot emit an average radiant power greater than 0.5W for an exposure time equal to or greater than 0.25 seconds or 0.125J for an exposure time less than 0.25 seconds for wavelengths between 0.18 µm and 0.4 µm, or between 1.4 µm and 1 mm.  In addition, lasers between 0.4 µm and 1.4 µm exceeding the Class 3a AEL cannot emit an average radiant power greater than 0.5W for exposures equal to or greater than 0.25 seconds, or a radiant energy greater than 0.03J per pulse. 
Class 4 lasers and laser systems exceed the Class 3b AEL.
This LTD is a Class 4 Laser working at 25W continuous equivalent!
Unlike a “Beam Laser” that can fire continuously, a pulse laser fires intermittently in an on/off fashion.  This LTD is pulsed at 1µs duration, 10 pulses per second.
Important Health & Safety advice:
	Class
	Type of Laser
	Meaning
	Maximum Exposure Limit (MPE)
	Hazard Area
	Typical AEL for CW Lasers

	4
	High Power Lasers
	Hazardous to eye and skin, also diffuse reflection may be hazardous.  Protect Eye and skin.  Fire hazard.
	Ocular and skin MPE exceeded, diffuse reflections exceed ocular MPE
	Hazard area for the eye and skin, hazard area for diffuse reflections
	No limit



Intra-beam viewing and specular and diffuse reflections are hazardous!


[bookmark: _Toc485981322]Meteorological
Ground meteorology is to be recorded at the trial point.
In the event of wet weather, there arises the possibility of danger from specular reflections.
In the event of rain the trial will be suspended.  The trial will be restarted once the targets have sufficiently dried in order to prevent hazard from specular reflection.
Specular Reflection occurs from mirrored reflective surfaces.  The laser beam striking a specularly reflecting surface will leave it essentially unchanged.	Comment by John Rees: Fine – for a university submission as opposed to a workplace report, it would be worthwhile mentioning critical angle.
[bookmark: _Toc485981323]Operator Training
The LTD’s will only be operated by competent personnel who have received training in the operation of the LTD’s from the manufacturer.
One member of the trials team is to be a trained Laser Safety Officer.
It is the responsibility of the laser safety officer to “monitor and enforce the control of laser hazards and to effect the knowledgeable evaluation and control of laser hazards”. [footnoteRef:6] [6:  Rockwell Laser Industries.] 

[bookmark: _Toc485981324]Legislation
BS EN 60825 is the baseline hierarchical document for control laser safety.  Particular reference should be paid to;[footnoteRef:7] [7:  International Electrotechnical Commision (IEC) for Lasers (BS EN 60825)] 

Protecting persons from laser radiation.
Ensuring there is adequate warning of hazards.
Ensuring reduction in the possibility of injury.
Protecting persons from other hazards.
In addition, employees have a responsibility to comply with Section 2 and Section 3 of the Health and Safety at Work Act by identifying hazards and putting in place adequate control measures.


3 Test Site Requirements
[bookmark: _Toc485981325]Military Requirements
The UK MoD follow JSP 390 (based on BS EN 60825)[footnoteRef:8] [8:  JSP 390 & International Electrotechnical Commision (IEC) for Lasers (BS EN 60825).] 

[bookmark: _Toc485981326]Pre-Firing / Pre-Activity Checks
Before any activity is planned the Trials Officer (TO) will obtain a weather prediction from the meteorological office.
The TO will ensure the CCTV is recording all hazardous activities.
Prior to main firing, systematic checks on all safety, firing circuitry, instrumentation and other firing equipment is to be conducted.
All personnel are to be briefed and sign the Hazardous Activity Safety Briefing form, confirming their understanding of the hazards, before any firing is conducted.
The TO is to check sighting, Line of Fire and a physical check of the LTD after any significant change to the sighting of the LTD.
Authorisation to fire is only to be given by the TM/TO after they are fully satisfied with the trial layout, the range is active and all personnel on the range are under cover:
[image: ][footnoteRef:9] [9:  Image from James Bond film:  Goldfinger.] 

[bookmark: _Toc485981327]Stop Actions
In the event of the Range Alarm being initiated then all firing is to stop immediately.
The trial shall be stopped if any safety critical defects occur in any firing system which could compromise the safety of personnel conducting the trial.
The trial shall be stopped if any unsafe practices or actions are observed.
Firing shall stop if the range is ‘blocked’ by range control. 
[bookmark: _Toc372711423][bookmark: _Toc372722831][bookmark: _Toc372711424][bookmark: _Toc372722832]If at any time communication is lost, all firing is to cease until communications are re-established.

4 Facility Requirements
[bookmark: _Toc485981328]Engineering Controls
Ensure the presence of Engineering Controls such as;
Interlocks.
Remote Activation.	Comment by John Rees: Again, very practical guidance
[bookmark: _Toc485981329]Administrative Controls
Ensure presence of written safety controls;
Risk Assessment(s).
Work Instructions.
Signage.[footnoteRef:10] [10:  Laser Safety Industries.] 

[image: Image result for class 4 laser warning sign]
Health & Safety brief.
Maintenance and servicing routines.
[bookmark: _Toc485981330]Legislative Requirements
In accordance with the control of Artificial Optical Radiation at Work Regulations 2010, the facility as the obligation to;	Comment by John Rees: Could do with a reference.
Limit exposure below the Maximum Permissible Exposure Levels
Eliminate the risks to employees or reduce the risks to the employee to As Low as Reasonably Practical.
Provide suitable and adequate Personal Protective Equipment (PPE);
Goggles – to standard (EN 166 1B).


[bookmark: _Toc485981331]Risk Assessment
Public Health England[footnoteRef:11] recommend the following to be included within the Risk Assessment for this work: [11:  Public Health England] 

Description of the type of Laser in use (medium in use – Gas, Liquid, Solid? Voltages).
Beam Delivery.
Process – Optical Hazards.
Environment – where is this work being undertaken?
People – training and competence.
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5 Fire Cover and Medical Requirements
[bookmark: _Toc485981332]Fire Support Team Provision
The firing will be conducted with facility fire team on stand-by during trial duration.
An assessment will be made by the TM/TO in the event of a fire, as to whether it can be extinguished locally or external sources are required.
[bookmark: _Toc485981333]Medical
All qualified laser operators are to undergo an annual medical assessment by an appointed doctor.
The likelihood of an accident resulting in injury on range is low but not impossible.  At least one member of the Trials Team is to be a Ballistic Trauma trained First Aider.  Other Ballistic Trauma trained personnel are available on site should they be needed in the event of an emergency.
The Safety Brief shall identify the First Aid and Ballistic Trauma trained personnel.  The safety brief shall include but not be limited to the following:[footnoteRef:12] [12:  Imperial College London - www.imperial.ac.uk/media/imperial.../safety/An-Introduction-to-Laser-safety.PPT] 

The laser produces an intense, highly directional beam of light.  This light will be absorbed by surfaces it is directed at thus raising the temperature of that surface.
The eyes and skin of the body are vulnerable to this energy.
Of greatest concern is laser exposure in the retinal hazard region, but ultraviolet and infra-red light also have an effect.	Comment by John Rees: A strong section (section 6 overall).
[bookmark: Latest_Appendix]

6 Power Supplies with Pulsated Lasers
[bookmark: _Toc485981334]A known issue[footnoteRef:13] [13:  IEEE – A fault analysis and design consideration of pulsed-power supply for high-power laser.] 

Pulsed lasers are generally powered by pulsed power supplies that deliver electrical pulses to the excitation medium.  Pulsed lasers are commonly pulsed solid-state and liquid lasers in which a flash lamp is used for optical pumping.  Flash lamps are gas-discharge devices with an initial infinite resistance and a negative dynamic resistance.  The power supply for these usually consists of a capacitor (for energy storage and discharge), an inductor (for pulse shaping), a high-voltage dc charge supply, and a trigger circuit for ionizing the flash lamp.  These devices all have a negative resistance characteristic.
The lifetime of a flash lamp is rated according to the number of "shots" or discharges it will undergo, or until its output light level drops below an acceptable level.  The lifetime varies with pulse duration, peak loading and rise time of the pulse.  The result of lamp failure is generally a catastrophic explosion, the fracturing of the lamp envelope, or a gradual lowering of the output (due to absorption of light inside the lamp).	Comment by John Rees: Section 7 – implications for safety?
[bookmark: References]

7 References
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EMR Assignment 2016 – 17 Mark Sheet
Name:  Paul Austin

(i)	The typical parameters expected to be tested for a laser target designator and how these tests might be approached;
The range equipment specified is appropriate to the task for the most part.  If I’m being picky, given laser designators usually use some kind of code in the pulse sequence to identify a specific designator/target, something to check durations and sequences (a recording of the intensities during the test sequence from the camera output or the radiometer, is a simple choice).
15/25


(ii)	The requirements of the test site resulting from (i);
Some good materials around controls and the way the site must work in order to conduct such tests.  There are a few ideas it would have been nice to develop (safety traces, possibility of underground or closed environment working, remote location), some of which your choice of site precluded (which is fine).
Some strong attention to detail (weather, etc.)
17/25

(iii)	The problems of power supplies working with pulsed devices;
This needed a little more.  It does deal with how the supplies work, but not really on what problems these issues might bring for a user or a tester.
13/25

(iv)	The health and safety implications of working with a class 4 laser, and appropriate recommendations for ensuring the safety of the test environment.
Strong throughout, permeates the report, and detailed.
22/25

Overall 67%
[bookmark: _GoBack]
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