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[bookmark: _Ref484866167][bookmark: _Toc486005267]1 Scope

QinetiQ has been chosen to test the new “Guillaume Tell” target designation system for semi-active missiles.  The system uses an infrared class 4 laser target designator working at 25W continuous equivalent, pulsed at 1µs duration, 10 pulses per second.  

As Test Coordinator, you are required to explain to the Test Range Manager the particular requirements for working with this equipment, and the key features of a precautionary approach to the test site and facilities.
Your report will be of approximately 2000 words, and should include:

(i) The typical parameters expected to be tested for a laser target designator and how these tests might be approached;

(ii) The requirements of the test site resulting from (i);

(iii) The problems of power supplies working with pulsed devices;

(iv) The health and safety implications of working with a class 4 laser, and appropriate recommendations for ensuring the safety of the test environment.



[bookmark: _Toc486005268]2 Introduction

Lasers can emit both invisible and visible beams that are able to reach vast distances. Laser beams are different to other beams in the fact that they have small divergence over vast distance. This makes lasers very appealing as they can have many military, industrial and civilian uses. One military use is a Ground Laser Target Designator System (GLTD).
This report will detail, laser characteristics and problem with power, testing parameters and how to approach the testing, and safety and site requirements.






[bookmark: _Toc486005269]3 Research 

[bookmark: _Toc486005270]3.1 Lasers 

[bookmark: _Toc486005271]3.1.1 Types of lasers

The term laser is actually an acronym for Light Amplification by Stimulated Emission of Radiation. 
There are many different types of laser, each with their own benefits to an application.
· Gas lasers
· Dye lasers
· Solid state lasers
· Semiconductor lasers
· Chemical lasers
Dye lasers are used a lot in medical applications such as cosmetics. Solids state lasers have a long lifetime expectance and are use in industrial applications such as marking and welding. 
[image: Laser producing a beam.]
[bookmark: _Toc484953248][bookmark: _Toc484956214]Figure 1 Laser Diagram [1]

[bookmark: _Toc486005272]3.1.2 Laser Characteristics

There are two types of wave form for a laser; pulsed, or a continuous wave.
Continuous Wave
[bookmark: ref896503]Some laser applications rely on a laser beam that is constant over time, [1] “A laser is called continuous-wave if its output is nominally constant over an interval of seconds or longer.” An example of a continuous laser is a laser pointer. 
Pulsed Wave
[1] “Pulsed lasers concentrate their output energy into brief high-power bursts. These lasers can fire single pulses or a series of pulses at regular intervals. Instantaneous power can be extremely high at the peak of a very short pulse.”
[bookmark: _Toc486005273]3.1.3 Power

As the Laser designator is working at an equivalent to 25Watts continuous power at 10 pulses a second it will require a lot of power for a very short length of time repetitively. This creates problems with:
· The overall design of the designator 
· How to get the power to the laser 
· Triggering of the pulses
· Heat dissipation 
· The power supply

1 second (1x100) = 1000 milliseconds (1x10-3) = 1,000,000 microseconds (1x10-6)
At 10 pulses a second the GLTD is pulsing IR beams out every 100milliseconds. This means that there is only a 99.999milliseconds window until the next pulse. A circuit that could power a laser system like this will need capacitors that can charge very quickly and a large power source. It also has to dissipate the heat in this time frame.
At 25Watts output the PCE (Power Conversion Efficiency) is expected to be in the region of 70-80% of what is input. This would mean that the actual power needed was upward of 30Watts.
Heat dissipation is the main problem as the GLTD unit is not very large. The heat can affect the circuit producing a higher resistance in the wiring, capacitor problems and cause problems with the battery. 
A solution to this is to incorporate a large heat sink, or consider a cooling method which is likely to be an inert gas, as liquid and electronics don’t mix.

[bookmark: _Toc486005274]3.2 Testing Parameters and Approach

[bookmark: _Toc486005275]3.2.1 Statement of Work

Is there a statement of work set by the customer? If so does the GLTD meet the criteria outlined in it. 
The GLTD should be put through a S3 (safety and suitability for Service) programme, or a CADMIN (Concept Assessment Development Manufacturing In-Service Disposal) cycle to prove the system. This is the normal UK MoD procurement policy. Alternatively, it could be put through bespoke testing set out by QinetiQ using the guidelines, process and trial instruction set in the Operation Framework [2].

[bookmark: _Toc486005276]3.2.2 Functionality

Does it function as designed? 
Does it paint (designate) the target clearly in the following:
a. Variety of distances 
b. Variety of weather conditions 
c. Variety of climates 
Does it work successfully on the following: 
a. Variety of materials with different surface finishes
b. Stationary and Mobile targets
c. Stationary and Mobile platforms (positions its being used)
Can the laser target designator output be picked up?	Comment by John Rees: A decent introduction to the client need.

[bookmark: _Toc486005277]3.2.3 Attenuation

Attenuation of the beam over distance is common. Relative humidity, atmospheric pressure, solar radiation, temperature and wind velocity are usually the main cause for attenuation.  Calculations for this are referenced below.

[image: ]
[bookmark: _Toc484953233][bookmark: _Toc484956250]Equation 1 Atmospheric Interference [2]


Due to the range of the GLTD, the atmospherics should be monitored and logged before and whilst testing on site. This should include: weather condition, temperature, range of visibility, relative humidity, atmospheric pressure and wind direction.

[image: ]
[bookmark: _Toc484953243][bookmark: _Toc484953297][bookmark: _Toc484956233]Table 1 Predicted and Measured Signal to Noise Ratios [2]
[bookmark: _Toc486005278]3.2.4 Divergence 
Laser beams are known for their small divergence over distance, but the greater the distance the larger the divergence will get. The divergence should be measured at different segments of GLTD range to check for the following:
· The divergence has not increased to a size that the designation of a target would be adversely effected. 
· That the accuracy of the designator system does not fall below a certain percentage.

[bookmark: _Toc486005279]3.2.5 Safety

Is the designator safe to use?
 Some points on safety:
a. Due to the nature of what the laser designator actually does (pulsed laser output) it produces a lot of heat which needs to be dissipated.
b. Is the IR (Infrared) beam emitted focused properly, or is there beam spillage.
c. The GLTD will have to endure many years of tough treatment by its end user in a vast variety of climates. It has a very powerful power system that could cause problems if it is unable to take the wear and tear of life in the field.
Suggestions for the questions above:
a. Instrument the system to monitor the temperature of identified “hot spots” on the GLTD laser designator with PRT’s (Platinum Resistance Thermometers) whilst functioning the system.
b. Monitor the GLTD with instrumentation capable of picking up IR to make sure that:
1) There is no beam spillage in any other direction than pointed
2) That the beam is only on when functioned

c. The GLTD should be put through environmental testing representing the vibration, shock, impact and climatic environments it will be used in throughout the systems life.	Comment by John Rees: OK.  The separation of safe operation of the device in the field and safe test practices makes sense.
[bookmark: _Toc486005280]3.3 Safety and Site Requirements

[bookmark: _Toc486005281]3.3.1 Hazards

This trial has two main hazards:

[3]
“Beam Hazard – These hazards directly associated with the energy emission of the laser beam and can cause skin damage, or eye damage.

Non-beam Hazards – These hazards are associated with the equipment such as electrical hazard from the supply and chemical hazards from the toxic material used in lasers.”

These hazards will be mitigated by Regulation (3.3.2), the correct use of the Range area (3.3.3), Signage (3.3.3), Engineering Control (3.3.4) and Personal Protective Equipment (PPE) (3.3.5).

[bookmark: _Toc486005282]3.3.1 Laser Classifications

There are 4 different classifications of laser. Each one of these has its own risk. 

[image: Pic 2015-02-19 at 2.36.00 PM]
[bookmark: _Toc484953244][bookmark: _Toc484953298][bookmark: _Toc484956234]Table 2 Laser Classes [4]
As the classification of laser that is being tested is a Class 4, there is a significant hazard to the skin in the form of burns and damage to eyes. A Class 4 also has the possibility to cause a fire which is discussed in 3.3.3 Hazard Area. 


[bookmark: _Ref484866121][bookmark: _Ref484866136][bookmark: _Ref484866151][bookmark: _Ref484866279][bookmark: _Toc486005283]3.3.2 Regulations 

For any trial that will use military lasers, a Military Laser Trials Safety Clearance Certificate (MLTSCC) is required. The main parts of the certificate are:

· The description of the laser system
· The description of the laser beam
· The classification of the laser
· The hazard distance of the laser

A signed MLTSCC proves that all laser safety sections have been looked into and reviewed and the trial is seen as suitably safe to continue. 	Comment by John Rees: The process paperwork is important, in that it sets a framework within which the tests are structured and defines checks and balances in the process of test design.

Below is an example of a few parts of an MLTSCC [5]

[image: ] [image: ]

[bookmark: _Toc484953249][bookmark: _Toc484956215]Figure 2 MLTSCC [5]
The range Laser Safety Officer (LSO) will have an overview of the Laser trial in its entirety. His/her role will entail all of the following:

[6]”

a) The preparation and publication of Standard Operating Procedures and Standing Orders that take account of the requirements of the MLSSAC. 
b) Ensuring that all range staff are instructed in the safety precautions and SOP to be followed. 
c) Identification and marking of suitable sites from which laser operations may be conducted. 
d) Provision of suitable targets or target area with back-stops (natural or man-made). 
e) Determining whether there is a need to establish control and/or surveillance of the air or sea space within the laser hazard zone.
f) Ensuring that the laser user reports any suspected overexposure to laser radiation to the appropriate medical authority at the earliest opportunity. 
g) Location of the Unit/Establishment Medical Officer or appropriate medical authority.  “

He/she will seek guidance from the Military Laser Safety Committee (MLSC) who’s primary role is to [7] “provide safety advice regarding design, function and operational safety for development and in service laser equipment.”

Regulations and Standards:
Control of Artificial Optical Radiation (CAOR)
IEC-60825-1 Laser Product Standard

[bookmark: _Ref484866203][bookmark: _Toc486005284]3.3.3 Hazard Area 

Like a gunnery range, when testing lasers there must be a hazard area calculated. This will be affected by; the MPE (Maximum Permissible Exposure), the type of terrain of the range and the type of testing being performed. For example, if the range is surrounded by mountains, the likelihood of the laser beam extending beyond the boundary of the range is negligent as the mountains provide suitable back stop. This is depicted in Figure 3 Fan B.	Comment by John Rees: Negligible, I think!

[image: ]
[bookmark: _Toc484953245][bookmark: _Toc484953299][bookmark: _Toc484956235]Table 3 MPE for IR [8]

Nominal Ocular Hazard Distance (NOHD)is calculated using the MPE and other known data, it is defined as [9] “The Distance from the source at which the intensity of the energy per surface unit becomes lower than the maximum permissible exposure (MPE) on the cornea and on the skin. The laser beam can thus be considered as dangerous if the operator is closer from the source than the NOHD.” 
The GLTD has a lot of power meaning that the NOHD is going to be quite large. Other things that effect the NOHD are the characteristics of the beam, the beam diameter and the divergence of the beam, as well as the MPE value. The NOHD would be calculated by the following formula:
[image: ]
[bookmark: _Toc484953234][bookmark: _Toc484956251]Equation 2  NOHD Formula [9]

The Extended Nominal Ocular Hazard Distance (ENOHD) is calculated for when optical systems are used. As looking into a laser beam with magnified optics has the potential to provide a higher intensity when the beam enters the eye. The ENOHD is calculated by the following formula:
[image: ]
[bookmark: _Toc484953235][bookmark: _Toc484956252]Equation 3 Extended NOHD Formula [9]


There are many reasons for keeping the laser beam within the range hazard area. As the laser being tested is a Class 4 laser it has the ability to:

Blind – If shone in the eye. (You may not even know that a laser is being shone in your eye).
Burn (human) – It can burn your skin if it is not covered.
Burn (environment) – It could cause a fire if the risks are not managed properly. i.e. Back stops.
Dazzle – If the laser beam is not controlled, it has the ability to dazzle helicopters, aeroplanes and even satellites.

[image: ]
[bookmark: _Ref484952132][bookmark: _Ref484952116][bookmark: _Toc484953250][bookmark: _Toc484956216]Figure 3 US Military Laser Range Safety Fans [9]
Therefore, if the laser beam cannot be terminated before exiting the designated trials range hazard area, a Military Laser Range Safety Clearance Certificate (MLRSCC) will have to be acquired before the trial can take place. 
Signage stating the hazard should also be erected around the firing area and anywhere near the hazard area that is populated, or is a transit route. This will warn everyone in the vicinity of the risk.
Water sources such as lakes, ponds, rivers and puddles can effectively act as a mirror to the laser beam, changing the hazard area of the laser. Therefore, attention should be taken to either use sections of the range that does not include the list above, or take particular care when using the GLTD to prevent the reflection of the beam. 	Comment by John Rees: Good.  Consideration of broader system elements (environmental reflection in this case) is a characteristic of engineering excellence.

[bookmark: _Ref484866307][bookmark: _Toc486005285]3.3.4 Engineering Controls

Engineering controls are the first preventative safety measure before PPE. All risk should be mitigated by these controls;

Interlocks and master key meaning that the device cannot be functioned at the press of a button.

Emergency stops in place to cut the power to the Laser Designator System.

Alarm when the laser is starting up to notify the range.

Warning light; the laser beam is infrared so is invisible to the human eye. A warning light will allow the team to know when the laser is live.

Back stops can also be man-made and, to limit reflection of the laser beam, should be painted in a dull matt colour keeping away from glossy colours.

Beam path control, making sure the lanes or the beam path have no obstructions and nothing that it easily set alight.	Comment by John Rees: Decent basic appreciation of the requirements.  Careful of your English here!


[bookmark: _Ref484866318][bookmark: _Toc486005286]3.3.5 Personal Protective Equipment

PPE is always that last resort when it comes to safety. Staff working on site should be adhering to site PPE regulations. Further to this they will need the specific goggle and overalls for the GLTD trial.

Safety goggles that are purchased will have to be suitable for the following:
· MPE
· Radiant exposure
· Wavelength of GLTD 



 Safety googles are a must, as shown below the eye injury hazard for a class 4 laser is very high.
[image: flexible]

[bookmark: _Toc484953251][bookmark: _Toc484956217]Figure 4 Eye Injury Hazard [4]


[bookmark: _Toc486005287]4 Conclusion


Lasers systems have become more advanced as more effort and money has been poured into the Research and Development (R & D) of them. Problems of powering these systems will undoubtedly get easier as this advancement goes on. 
There are many approaches to testing GLTD’s as there are many tests that can be performed. This report advises on an approach to testing and processes use to test the functionality of the system. The site has to be able to incorporate the safety zones as mentioned throughout the report that are required in the regulations. Hazards, hazard area, engineering controls and PPE have all been covered which are part of the health safety implications of working with and testing laser systems.
Overall this document informs the reader with what was set out originally in the scope.
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	Acronyms and Abbreviations
	Description

	CADMIN
	Concept Assessment Development Manufacturing In-Service Disposal

	CAOR
	Control of Artificial Optical Radiation

	DEF-STAN
	Defence Standard

	DEW
	Directed Energy Weapon

	ENOHD
	Extended Nominal Ocular Hazard Distance

	GLTD
	Ground Laser Target Designator

	HSE
	Health and Safety Executive

	IR
	Infrared

	LSO
	Laser Safety Officer

	MLRSCC
	Military Laser Range Safety Clearance Certificate

	MLST
	Military Laser Safety Team 

	MLTSCC
	Military Laser Trial Safety Clearance Certificate

	MoD
	Ministry of Defence

	MPE
	Maximum Permissible Exposure

	NOHD
	Nominal Ocular Hazard Distance

	PCE
	Power Conversion Efficiency

	PPE
	Personal Protective Equipment

	PRT
	Platinum Resistance Thermometer

	QQ
	QinetiQ

	R&D
	Research and Development

	S3
	Safety and Suitability for Service

	SME
	Subject Matter Expert
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EMR Assignment 2016 – 17 Mark Sheet
Name:  Jake Tyrrell

(i)	The typical parameters expected to be tested for a laser target designator and how these tests might be approached;
Good description of the likely parameters required by a client.  Test approach is covered partially.  Inclusion of some of the governing equations is a strength.
16/25

(ii)	The requirements of the test site resulting from (i);
The need for limiting the access to the beam, and the requirement for the use of non-flammable materials and non-specularly reflecting surfaces is covered.  The practical needs of a test situation, including warnings, illumination, etc., are a strength.
19/25

(iii)	The problems of power supplies working with pulsed devices;
This is included, but, on reflection, could do with more.  The issues of heat are covered.  The problems of capacitor discharge power sources, pulsed operation, field weight and protection would add value.
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.
This section is a strength.  The diagrams of safe area and some of the tabulated information are useful and concise.
20/25

Overall Mark:  68%
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MILITARY LASER SAFETY COMMITTEE
Ministry of Defence
Fir 34, MOD Abbey Wood #4304
Bristol BS34 8.
o e e St

LASER SAFETY CLEARANCE CERTIFICATE

‘EQUIPMENT: Lasor Rescuo Flare
REFERENCENUMBER:  MLSCCIOAT7ION01
1SSUE DATE: 25062009
EXPRY DATE: 200612014

“The Miltary Laser Safety Committee (MLSC) has considered the saiety.
aspects of he Laser Rescue Fare. The purpose is o ensure that the.
procedures to be employed satisfy the current safety standards fo the
protection of personnel against hazards from laser radiaton.

“The MLSC has taken into account the information supplied and confirms that
the laser used inthe Laser Rescue Flare is a Class 3R laser. Class 3R lasers.
present a direct hazard to the human eye or wihou the use of viewing aids
(binoculars).

The Laser Rescue Flare can be hazardous 1o he eye for a distance, known
s the Nominal Ocular Hazard Distance (NOHD), of 26 m. In addilon, there
s an extended hazard distance (known as Extended NOHD) of 18 m.

4. This certfcate is vaid from 251082009 o the 251062014

The MLSC has, based on the best availabl information at this time agreed
that a laser safety cearance certicate shall be issued 1o cover he Laser
Rescue Flare, subjec o the equipment being operated according o the
procedures previously outined inthe references below. The certicate will be
‘automatically invaldaled i the procedures o the paramelers are changed
without prior MLSC consatation and approval.

“This certfcate does not absolve al invlved from taking the proper
precautions fo thelr own saley and that of thers in accordance with curent
Health and Safety legisiation.
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LASER SAFETY CLEARANCE CERTIFICATE TECHNICAL

“ASSESSMENT
EQUPTENT. Toser Rescue Flare
‘REFERENCE NUWBER WLSCOATTIOTT
TSSUE DATE 250772000
EXPRY DATE 250720
TECHNICAL DATA
Wavelength 532 0m Beam Divergence |31 1.1 mrads
‘Beam Diameter 11 mm- Ciroular__| OW or Pulsed ow
Output Powerlenergy | 5 m. Puise widih [
PRF NA Classifcation R
AEL Sm WPE 255 Wm*
NoHD 28m ENOHD o em
ENOHD o) 2m ENOHDwxm | 44m
) o8
Comments

'ENOHD is calculated using 90 % transmission through the Binoculars
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Maximum Permissible Exposure (MPE) at the cornea for direct ocular exposure to laser radiation - IR section.





image8.png
4-P,
N.OHD.=—

e\ WPE Y




image9.png
g [P S S N,
NORD=f e\ W MPE.




image10.png
A 3 c

o NOD Courag
5 o,

Tree line

Buffer
zone




image11.png
Eye injury hazard

0w 20 0 60 700 80 %0 1000

— Power, milwatts 1 Watt)
Class 2 Class 3R Class 3B Class 4
oAmW  1-5mW 5-500mW 500 mWs-

“Eyo injury hazard descritions above aro valid forfor exposures rlatively close to the laser. Because the beam spreads, ess light il enter th pupil at greater
distancos. The hazard decreases the farther a person s from the laser, and the shorter the exposur time (e.g. do not deliberately ook o staro into the beam).

For cxample, a 1mW Class 2 lasor beam is oo safe for unintentional exposuros ator about 2 7 m), a SmW Giass 3R boam is oye safe aftor about 52 t (16 ),
2500 mW Class 38 boam is oyo safe after about 520 t (160 m), and a 1500 mW Class 4 boam is eye safe after about 900 £ (275 m).

(Calculations aro forvisiblo ight, a 1 millracian boam, and a 114 second Maximum Permissible Exposuro lmit)




