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1.
INTRODUCTION

1.1
Background

Mercury Laser Altimeter (MLA) is an instrument being built by the Laser Remote Sensing Branch at NASA's Goddard Space Flight Center.  MLA is an integral part of the MErcury Surface, Space ENvironment, GEochemistry and Ranging mission (MESSENGER), a scientific investigation of the planet Mercury.  MLA will play an important role in accomplishing many of MESSENGER's science objectives, including the following: 

· the study of Mercury's polar caps by mapping their topography and thickness, 

· determining whether Mercury has a liquid outer core by accurately measuring the planet's liberation, 

· and discovering the properties of Mercury's crust and mantle through the use of other altimeter mapping.

The MLA Instrument contains a single Nd:YAG laser.  The laser produces 6 ns pulses of 1064.5 nm light at a repetition rate of 8 Hz.  The light is reflected of the surface of Mercury, and MLA measures the return time to determine the distance to the planet’s surface.

Each 6 ms laser pulse contains 20 mJ of energy.  Thus, although the average output power is only 0.16 W, the laser emits 3.33 MW of power during each of the 6 ns pulses.  Because of the high output energy, the laser has the potential to cause injury to personnel, and damage to the flight hardware.  The laser is rated Class 3b.  Both ANSI Z136.1-2000 and GPG 1860.2 shall be followed to minimize risk.

During MLA Instrument I&T the laser light path will be horizontal, and between XX and YY inches above the floor.  Appendix B illustrates the MLA laser setup in Building 7, Room 011.

During MLA Instrument I&T operations, the MLA Bench Checkout Equipment (BCE) will be used.  The BCE contains two lasers, one to simulate the reflected return laser signal from the surface of Mercury, and one to simulate background noise.  The Return Pulse laser produces 3.0 μJ at 1064.5 nm for a 1.0 ns pulse.  The peak power output for the Return laser is 3000 W with an average power of 0.024 mW.  The background laser produces a continuous 13 mW at 1064.5 nm.

1.2
Methods of Powering and Controlling the MLA Lasers

The MLA lasers are powered during I&T from the MLA BCE.  Power for the MLA lasers comes from the BCE Instrument Power Supply, through the MESSENGER Emulator Box to the MLA Instrument.  Control signals to the MLA Instrument are sent from the GSEOS Workstation, through the MESSENGER Emulator Box to the MLA Instrument.

The MLA BCE also contains Return Pulse Laser and Background Noise Continuous Wave Laser.  These lasers are operated using Commercial Off-The-Shelf power supplies and control electronics.

1.3
Scope

This document describes the safety features and rules of operation that apply to the MLA Laser during the integration and test (I&T) of the MLA instrument.  These safety features and rules of operation are used to ensure that the MLA Lasers do not present a hazard to personnel or to flight hardware.  MLA procedures should be followed for all instrument operations, including Laser power-up and laser operation.  The rules in this document shall be followed in all MLA procedures.  The MLA I&T Manager shall sign all MLA procedures that involve applying power to a laser, and it is the duty of the I&T Manager to ensure that all procedures adhere to the rules in this document.

Separate safety documents will apply during spacecraft I&T, launch site operations, and in-orbit operations.

Section 2 lists applicable documents, which include the NASA Handbook and ANSI standard for laser safety.  The MLA program is compliant with both these documents.

Section 3 describes basic laser operation.  This is important for understanding the fault tolerance against accidental laser activation.

Section 4 explains the two principal modes of laser operation.  In the nominal mode, the laser light is totally enclosed and MLA can be treated as a Class 1 laser.  In the hazardous mode, the beam is open or has not been verified to be closed, and the MLA instrument is a Class 3b laser system.

Section 5 describes the physical safety features that are used by the MLA Bench Checkout Equipment (BCE) to increase the safety of the system.

Section 6 describes the rules that shall be followed to minimize the risk of personnel injury and hardware damage.

Section 7 describes how the laser light path is verified to be totally enclosed.

Section 8 describes emergency procedures.

2.
APPLICABLE DOCUMENTS

ANSI Z136.1-2000
American National Standard for Safe Use of Lasers

GHB 1860. 2

Laser Radiation Protection

3.
HOW TO OPERATE THE LASER

This section describes the electrical sequence that must be followed to fire the laser.  It is useful in understanding the failures that would be required to inadvertently fire a laser.  Only the electrical sequence is described; safety features and rules of operation are described in later sections.  

3.1
Supply Power to the Laser Electronics

First, power must be supplied to the Laser Electronics Assembly.  Power is supplied from the BCE Instrument Power Supply and Emulator Box to the MLA Instrument LEA through the MLA Power Converter Assembly.  The BCE Instrument Power Supply is first be turned ON by the key-switch located on the BCE.  Then, a “hazardous command” from the Ground Support Equipment Operating System (GSEOS) workstation is issued to supply power to the LEA. When the key-switch key is removed, power cannot be applied to the MLA lasers with the workstation command alone.

3.2
Enable the Laser

Second, a 5 V DC enable signal is required.  This Enable signal is sent from the MLA CPU during normal operations.  During ground test operations, a “hazardous command” from the GSEOS Workstation, through the Emulator Box, commands the CPU to issue the enable signal.  Once the Laser Enable signal is received, the LEA charges its capacitor bank from the 32.5-volt power supplied by the PCA.  The laser capacitor banks will not charge until the enable signal has been received.

3.3
Fire the Laser

Finally, a fire signal is required.  The Laser Fire commands are received from the RMU at a rate of 8 kHz when it is powered.  During ground test operations, a “hazardous command” from the GSEOS Workstation, through the Emulator Box, commands the CPU to power the RMU.  Once powered, the RMU begins sending fire signals to the LEA.  Upon receipt of the Laser Fire command, and with the Laser Enabled, the LEA discharges the capacitor bank providing 100-Amp current pulses to the Laser Diode array at 8 Hz and 24.3 volts.

3.4
Number of Failures Required to Inadvertently Fire the Laser

If the laser electronics are disabled, four faults are required to inadvertently fire the laser (BCE Instrument Power key-switch, laser power ON command, enable command, and fire command).

If the laser is powered, two faults are required (enable and fire).

If the laser is powered and enabled, one fault is required (fire).

Thus, the laser system is three fault tolerant against accidental laser firing if the laser power supplies are disabled and the CPU is not trying to enable and fire a laser.

4.
MODES OF OPERATION

During ground operations, the MLA laser will always be operated in one of the two modes described below.

4.1
Closed-Beam Mode

In normal operation the MLA laser energy is confined to light-tight tubes as it travels from the lasers and exits the instrument through the MLA Beam Expander.  When the beam exits the instrument, it either terminates at the light tight Laser Beam Stop when it is attached to the beam expander, or enters the BCE’s Laser Beam Dump Assembly when it is positioned at the output of the Laser Beam Expander using the BCE handling fixture.  A beam splitter on the Laser Beam Dump provides a test sample output to a fiber coupled test port, and provides a CCD-safe output through 4 replaceable neutral density filters.

This normal mode of operation is referred to as Closed-Beam Mode.  In closed-beam mode there are no dangerous levels of laser radiation outside of the MLA Instrument or BCE.  Before the MLA is considered to be in the Closed-Beam mode a laser light leak check must be performed to check for light leaking from the instrument or target.  This check will be performed for near infrared (1064.5 nm) light.

A laser light leak check shall be performed:

· After the light-tight tubes and filters are first installed (initial check),

· After laser beam dump assembly is installed/attached,

· After the laser beam stop is attached,

· After the instrument is moved,

· After the light tubes or any other part of the light path are adjusted,

· If the instrument or BCE receives any mechanical shock that could affect it’s light seals,

· If the instrument of BCE appear to be damaged or have been altered in any way.

In Closed-Beam Mode the light levels outside the instrument are not hazardous to personnel, so there is no (safety) restriction regarding personnel in the MLA work area.  Safety procedures on laser operation are still followed, as described in Sections 5.4-5.9, 6, 7, and 8.

See section 7 for more details on the laser light leak check.

4.2
Open-Beam Mode (Hazardous Mode)

During laser integration, there are times when the laser will be operated before the laser path has been confined.  Operating a laser in these conditions is a hazardous operation, and measures must be followed to ensure that personnel are not injured and that hardware is not damaged.  These safety measures are in addition to the safety rules that are followed in Closed-Beam operation (see sections 5.4-5.9, 6, 7, and 8).

The instrument is also considered to be in the Open-Beam Mode before a laser light leak check has been performed and while the leak check is being performed.  The previous section (section 4.1) describes when leak checks are performed.  The laser light leak check process is described in section 7.

5.
SYSTEM SAFETY FEATURES AND EQUIPMENT NEEDED

This section describes the safety features of the MLA laser, MLA Bench Checkout Equipment (BCE) and the MLA work areas.  These physical safety features, combined with the operating procedures described in the next section, ensure that the lasers will be operated in a safe manner.  For each unique MLA laser operation, written laser operating procedures SEPARATE FROM THIS DOCUMENT shall address and apply

5.1
Nominal Hazard Zone (NHZ)

The Nominal Hazard Zone as defined by ANSI Z136.1-2000 is the space within which the level of the direct, reflected, or scattered radiation during normal operation exceeds the applicable Maximum Permissible Exposure (MPE).  Exposure levels beyond the NHZ are below the appropriate MPE level.

If MLA is in an Open-Beam (Hazardous) Mode, a Nominal Hazardous Zone (NHZ) shall be defined before any laser can be powered.  This will be the Building 29 area  . . . . . . .   The EMI room, vibration room, acoustics room, and thermal chamber will also be defined as NHZs when the MLA instrument is operated in Hazardous Mode in these areas.  It is possible that additional temporary laser control areas may need to be established.  If this is required, these areas will be defined as NHZs, and all the applicable rules described below will apply.  

All NHZs shall meet the requirements of ANSI Z136.1-2000 whenever they are used for Hazardous Mode operations.  This includes ensuring that no hazardous laser radiation can leave the NHZ, appropriately posting all possible entranceways, and physically blocking access.

To block hazardous radiation levels all doors and windows to the Bldg 7, Rm 0100 shall be sealed with an opaque material.  For environmental testing the MLA will be tested in closed, windowless rooms or chambers that will seal in any emitted radiation.  All possible light paths that are found from any of these rooms shall also be blocked.  If personnel are to be in an NHZ during laser operation, they shall be wearing appropriate safety goggles and emergency stop buttons shall be available, as described below.

The NHZ areas will be posted in accordance with ANSI Z136.1-2000.  All entranceways will be posted, and access will be physically blocked during hazardous operations.  All blocked entranceways shall have a sign stating:  “Warning:  Hazardous Laser Radiation.  Do not enter.  See MLA test conductor at (location, phone number) if entry is required.”, or an equivalent sign that has been approved by the MLA Laser Safety Officer (LSO).  The sign shall state where a Test Coordinator (TC) can be reached at all times during the Hazardous Mode Operation.  

Note:  A MLA Test Conductor shall be physically present at the MLA Instrument or at the MLA BCE at all times throughout all hazardous Mode operations.

5.2
Safety Goggles

All personnel who are in the NHZ during a Hazardous Mode operation shall be wearing appropriate safety goggles.  These safety goggles shall have an Optical Density (OD) of > +5 at 1064.5 nm.  Calculations Maximum Permissible Exposure (MPE), and Nominal Optical Hazard Distance (NOHD), and Optical Density are shown in Appendix C.

5.3
Laser Power Supply

The BCE Instrument Power Supply contains two switches in series (ON and Enable) to ensure that no single operator error or component failure results in power being inadvertently applied to the laser.  Both of these switches are controlled via hazardous commands, meaning that the workstation will prompt the operator for verification of the command before executing it.  

The laser power supply will not be located or operated inside the NHZ.  Therefore the MLA laser will be remotely operated.  When personnel are in the laser area during laser operation, they will be in communication with the test conductor (who will power the laser) using standard headsets.  Laser power emergency-off switches will be located at the test conductor station and near the instrument.

Note, the BCE Return Pulse laser power supply will be located . . . . . , and in the event of an emergency will be powered down by. . . . . 

5.4
Key Switch Operation

The BCE Instrument Power Supply is key-switch operated.  When the key is removed, power cannot be applied to the MLA Instrument or laser.  When not in use for extended periods, the key shall be removed.

The key shall be stored at a designated location at the Test Conductor Console.  There will be a key logbook, and whenever the key is removed the individual who removed the key shall sign out the key be leaving their name and their reason for taking the key.  If they are placing the key in the BCE for operation of the MLA, that should be stated in the logbook.

If someone will be working in the NHZ and wants to ensure that the laser cannot be powered while they are there, they can fill out the logbook and take the key with them.  When they are done, they shall return the key and update the logbook.

5.5
Emergency-Off Control

There will be three Emergency-Off controls.  One control will be located at the Test Console.  Another will be located at a fixed location near the MLA Instrument.  A third portable unit will be kept near the MLA Instrument.  It can be hand held by an observer during sensitive operations.  When the button on any of these controls is pressed, all power is immediately removed from the MLA Instrument, including laser power.  

The Emergency-Off controls shall be tested each time the BCE is integrated to the instrument.

5.6
Warning Signs

Warning signs shall be placed at all entrances to the laser operation area power when power can be applied to the laser.  There signs conform to ANSI standard as described in section 4.7 of ANSI Z136.1-2000.

Hazard labels shall be placed at the location of the lasers, instrument and all laser power consoles.  These labels shall conform to ANSI Z136.1-2000.

5.7
Warning Lights

Warning lights are placed at both the MLA BCE and close to the MLA Instrument.  The lights operate as follows:

Yellow light:  MLA Instrument power is on.

Red light:  Laser power is on. (Although the laser may or may not be firing)

Since the red light comes on when the laser is first powered and not when the laser fires, the red light will always come on before the laser fires, providing some warning to personnel.

For the MLA BCE these lights are controlled automatically whenever instrument or laser power is applied.  No action is needed on the part of the test conductor.

5.8
Hazardous Commands

The MLA BCE allows hazardous command definition.  If a command is defined as hazardous, then when the test conductor sends that command, the BCE prompts the test conductor to verify that the hazardous command should be sent.  Thus, two separate operator inputs are required to send each hazardous command.

All commands to the laser power supply that ‘enable’ power to a laser or turn laser power ‘on’ are classified as hazardous.  Commands to the MLA CPU to send an enable to a LEA or to power the RMU for firing the laser are classified as hazardous.

Hazardous commands are not implemented for the BCE Return Pulse laser.

5.9
Other Safety Features from ANZI Z136.1-2000

5.9.1
Protective Housing

The MLA Instrument laser will be enclosed in a light tight protective housing with an interlock system panel to prevent inadvertent firing of the laser if the enclosure is open, and/or will require a tool for removal of any access panels and have an appropriate warning label on the removable panel.  The interlock design shall not permit the service access panel to be replaced with the interlock bypassed or defeated.

5.9.2
Viewing Portal and Collecting Optics

TBD

5.9.3
 Indoor Use Only

The MLA lasers instrument shall not be used outdoors, nor will any laser light be directed outdoors.  Therefore, rules regarding outdoor use of lasers of hazards to navigable air space do not apply to the MLA laser during the MLA I&T program.

6.
RULES FOR LASER OPERATION

6.1
Laser Safety Officer (LSO)

The MLA Instrument shall have a Laser Safety Officer (LSO).  The LSO shall work with the I&T Manager to resolve laser safety issues related to the MLA I&T effort.  The duties of the LSO are defined in ANSI Z136.1-2000.

6.2
Laser Users and Operators

Only qualified operators will be allowed to operate the MLA laser.  The LSO will approve all MLA laser operators.  All operators will pass all laser operator requirements specified in ANSI 136.1-2000, including pre-operational eye exams and laser safety training.

Only approved users will be allowed in a NHZ during hazardous mode operations.  The LSO will approve all MLA laser users.  All users will take a pre-operation eye exam and laser safety training as required by the LSO.

The I&T manager shall control the list of qualified users and operators.

6.3
Buddy System

At least two people shall be present (with the MLA instrument and/or at the test conductor workstation) at all times when the MLA Instrument or MLA lasers are powered.  During hazardous mode operations personnel are not allowed to be alone in the NHZ.

6.4
Responsibilities of the Shift Lead and Test Coordinator

During the operation of the MLA Instrument or MLA lasers, there is always a shift lead, who is responsible for planning and coordinating the shift’s activities, and a Test Conductor (TC) who is responsible for carrying out those activities.  One person may function as both shift lead and Test Conductor (although two people are required to power on the instrument or lasers, as described in section 6.3).

It is the responsibility of the shift lead to know the status of the MLA instrument and its components, including the lasers.  In particular, it is their responsibility to know whether the system is in the Closed-Beam Mode or Open-Beam (Hazardous) Mode.  It is also the shift lead’s responsibility to work with the test conductor (TC) to ensure that all required safety precautions are followed.

The shift lead must determine if a leak check needs to be performed (see next section).  If a leak check or any other Hazardous Mode operation will be performed, the shift lead must ensure that all personnel in the NHZ are notified and wearing the appropriate safety equipment (goggles).  They must check that all entrances into the NHZ are blocked and posted as required.  (see section 5.5)

During hazardous mode operations, the test conductor must coordinate and communicate the start and progress of all activities with the personnel in the NHZ.

6.5
Responsibilities of Personnel in the Instrument Area

Before the instrument or laser is powered on, the personnel in the instrument area shall perform the following:

· Physically inspect the instrument BCE to make sure that they have not been moved or damaged.  Document anything that looks unusual.  Do not power on the instrument or laser until any concerns are resolved.

· Check the condition and location of the and stationary emergency stops.  Make sure the cables look OK and that the devices are accessible.

If a Hazardous Mode operation will be performed, all personnel in the NHZ must be wearing approved goggles.  They must communicate closely with the test conductor during the performance of all activities, especially hazardous activities such as powering on a laser.

7.
LASER LIGHT LEAK CHECKS

7.1
When to Perform a Leak Check

As mentioned in section 4.1, laser light leak checks shall be performed:

· After the light-tight tubes and filters are first installed (initial check),

· After laser beam dump assembly is installed/attached,

· After the laser beam stop is attached,

· After the instrument is moved,

· After After the light tubes or any other part of the light path are adjusted,

· If the instrument or BCE receives any mechanical shock that could affect it’s light seals,

· If the instrument of BCE appear to be damaged or have been altered in any way.

Before and during leak checks, the MLA Instrument is considered to be in open-Beam or Hazardous Mode, and all the precautions described in sections 5 and 6 shall be followed.

7.2
How to Perform a Leak Check

To perform a leak check:

1. Define a Nominal Hazard Zone (NHZ) and place caution signs at all entrances to this zone.

2. Ensure only laser certified personnel are in the NHZ and that all personnel in the NHZ are wearing MLA approved protective eyewear.

3. Ensure that all personnel in the NHZ know the location of the emergency stop devices.  Someone in the NHZ should be holding the portable emergency stop device

4. Block all entrances and post warning signs according to section 5.1

5. When everyone is ready, power up the instrument and the lasers while carefully communicating progress with the personnel in the instrument area.

6. Once the laser is powered, the personnel in the NHZ will check for stray light at 1064.5 nm using either an energy monitor or light monitoring cards that are sensitive to that frequency.  If any stray light is noted then corrective action will be taken, and the laser light leak check performed again.  If the leak indicates a problem with the instrument, a problem with the BCE or a recurring problem, a Non-Conformance Report (NCR) shall be generated.  NCRs shall clearly describe the problem encountered and the location of all leaks.

7.3
Maximum Allowable Light Levels

For instrument diagnostic purposes the leak check will check for any detectable light.  For safety purposes this shall not exceed the Maximum Permissible Exposure (MPE), which is 1.67 x 10-6 Jּcm-2 joules per square cm at 1064 nm.

7.4
After the Leak Check

When the leak check has been successfully completed and the instrument has been verified to emit no dangerous levels of laser light at 1064 nm, the instrument is considered to be in Closed-Beam or Normal Mode.  If the leak check was not successfully completed or if any leaks were found, the instrument is considered to be in Open-Beam or Hazardous Mode until the problem has been diagnosed and fixed and the leak check has been successfully repeated.

8.
IN CASE OF EMERGENCY

This section describes the actions that shall be taken if an emergency condition occurs in an MLA operational area.

If someone has been injured and/or there are people who may be in imminent danger of injury, immediately warn all affected personnel and evacuate to a safe area.  Once you are in a safe area, call the GSFC Emergency Response Team by dialing 911.

Note:  Never risk injury to yourself or others to protect hardware.  If there is no imminent threat to personnel, the MLA instrument should be powered off before abandoning the MLA area.  But, if it is not possible to safely access an Emergency-Off switch, evacuate immediately.

If a hazardous condition is detected that is caused by the MLA Instrument, immediately perform an emergency power off as described in section 5.5.  Emergency conditions involving the MLA Instrument include detection of unexpected laser emissions, detection of smoke or similar odor near the instrument, detection of temperatures, voltages or currents that are out of range, or detection of AC line voltage on the instrument or supporting structure.  If powering down the MLA does not fix the problem, dial 911 if there is suspected risk of fire.

For facility emergency conditions such as water leaks, airflow problems and power outages, call the GSFC 24-hour trouble desk at 6-8080.

All emergency conditions shall be fully documented and reported to the MLA LSO, I&T Manager and Instrument Manager.

APPENDIX A

Acronym List

	ANSI
	American National Standards Institute

	BCE
	Bench Checkout Equipment

	CCD
	Charge Coupled Device

	CPU
	Central Processor Unit

	GPG
	Goddard Procedures and Guidelines

	GSEOS
	Ground Support Equipment Operating System

	Hz
	Hertz

	I&T
	Integration and Test

	LEA
	Laser Electronics Assembly

	LSO
	Laser Safety Officer

	MESSENGER
	MErcury Surface, Space ENvironment, GEochemistry and Ranging

	mJ
	milli-Joule

	MLA
	Mercury Laser Altimeter

	MPE
	Maximum Permissable Exposure

	MW
	Mega-Watt

	NCR
	Non-Conformance Report

	Nd :YAG
	Neodymium: yttrium aluminum garnet

	nm
	nano-meter

	ns
	nano-Seconds

	OD
	Optical Density

	PCA
	Power Converter Assembly

	RMU
	Range Measurement Unit

	TC
	Test Coordinator

	V DC
	Volts Direct Current

	W
	Watt

	μJ
	micro-Joule

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Appendix B

MLA Floor Plan
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MLA Floor Plan, Building 7, Room 0100

(MLA setup, including BCE needs to be added to picture)
Appendix C

MLA Laser Safety Calculations

	
	
	

	C.1
	MPE for Ocular Exposure
	

	C.2
	Radiant Exposure, H0
	

	C.2.1
	Radiant Exposure During Laser Build
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	Radiant Exposure During I&T
	

	C.3
	MPE for Skin Exposure
	

	C.4
	Average Irradiance
	

	C.4.1
	Average Irradiance During Laser Build
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	Average Irradiance During I&T
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	Nominal Ocular Hazard Distance During Laser Build
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Maximum Permissible Exposure (MPE) – The level of laser radiation to which a person may be exposed without hazardous effect or adverse biological changes in the eye or skin.  (ANSI Z136.1-2000)

C.1
MPE for Ocular Exposure
The calculations that follow are based on the three rules identified in Section 8.2.3 of ANSI Z136.1-2000 for determining the MPE for ocular exposure of repeated exposure to laser radiation.  The three rules are: (1) Single pulse MPE; (2) Average Power MPE for Thermal and Photochemical Hazards; and (3) Multiple-pulse MPE for Thermal Hazards.  The rule which provides the most conservative (lowest) MPE determines the MPE for the laser.

Since the 1064 nm wavelength will not provide a natural aversion response that a visible laser would, a 10-sec exposure duration (Tmax) is assumed.
  
Rule 1. Single Pulse MPE for Ocular Exposure

MPESP
=
5.0Cc x 10-6 Jּcm-2
Where 
Cc = 1.0 = Correction Factor for a given wavelength

MPESP

=
5.0 x 10-6 Jּcm-2
Rule 2. Average Power MPE for Ocular Exposure

MPE:Hgroup
=
MPE Expressed as radiant exposure for the summation of all the 

energy in a group of pulses (Jּcm-2).

MPE:Hgroup
=
9.0Cct0.75  x 10-3 Jּcm-2

Where 
Cc = 1.0 = Correction Factor for a given wavelength



t   = 10 seconds = exposure time

MPE:Hgroup
=
5.06 x 10-2 Jּcm-2
MPE/Pulseave based on a 10 second exposure (T) is:

MPE/Pulseave
=
(MPE:Hgroup) ÷ (80 pulses)



=
6.33 x 10-4 Jּcm-2
Rule 3. Repetitive Pulse MPE for Ocular Exposure

MPE/Pulserep 
=
the MPESP reduced by a repetitive pulse reduction factor CP
MPE/Pulserep 
=
n-0.25 ּ MPESP


Where n = 80 = the number of pulses during the 10-second exposure duration

MPE/Pulserep 
=
80-0.25 ּ 5.0 x 10-6 Jּcm-2
MPE/Pulserep
=
1.67 x 10-6 Jּcm-2
Resultant MPE for Ocular Exposure

Rule 3 provides the resultant MPE/Pulse since it is the most conservative (lowest) of the three calculations.  Therefore the MPE for the MLA laser is 1.67 x 10-6 Jּcm-2.
C.2
Radiant Exposure, H0 

The radiant exposure (H0) at the cornea is compared to the MPE.  The irradiance or radiant exposure is calculated by dividing the power or energy in the laser beam by the area of the beam.  During laser build, the unexpanded beam at waist will be 2 mm wide at 1/e2.  With the beam expanded, as it will be during I&T, the beam diameter at waist is 3 cm at 1/e2.  

C.2.1
Radiant Exposure During Laser Build

Since the laser beam is Gaussian, the beam diameter measured at the 1/e2 point is greater by a factor of √2 = 1.41 than the diameter measured at the 1/e point.  Hence:
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Where Q 
     = 0.020 J = Radiant Energy of a pulsed laser in Joules


Max(Df,a) = 0.7 cm = The maximum of the beam diameter (0.141 cm) or the

 limiting aperture (0.7 cm), representing the pupil 
H0
=
0.052 Jּcm-2      
The MLA laser beams radiant exposure (H0) of 5.2 x 10-2 Jּcm-2 is larger than the MPE value of 1.67 x 10-2 Jּcm-2, the MLA laser beam IS NOT eye safe during laser build, and attenuation of the beam is required.

C.2.2
Radiant Exposure During I&T

Since the laser beam is Gaussian, the beam diameter measured at the 1/e2 point is greater by a factor of √2 = 1.41 than the diameter measured at the 1/e point.  Hence:
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Where Q 
     = 0.020 J = Radiant Energy of a pulsed laser in Joules


Max(Df,a) = 2.12 cm = The maximum of the beam diameter (2.12 cm) or the

 limiting aperture (0.7 cm), representing the pupil 
H0
=
0.0057 Jּcm-2      
The MLA laser beams radiant exposure (H0) of 5.7 x 10-3 Jּcm-2 is smaller than the MPE value of 1.67 x 10-2 Jּcm-2, the MLA laser beam is eye safe during I&T, and attenuation of the beam is not required provided the laser is not opened and the beam expander is not removed or compromised.

C.3
MPE for Skin Exposure

For repetitive-pulse lasers the MPEs for skin exposure are applied as follows:  Exposure of the skin shall not exceed the MPE based upon a single-pulse exposure, and the average irradiance of the pulse train shall not exceed the MPE applicable for the total pulse train, duration T.  (ANSI Z136.1-2000)

Single Pulse Exposure
MPEsingle pulse skin

=
2 CA x 10-2 Jּcm-2

Where CA = 5.0 = Correction Factor for a given wavelength

MPEsingle pulse skin
=
0.100 Jּcm-2
The MLA laser beam’s emergent beam radiant exposure during laser build (H0)is 0.052 Jּcm-2, (and 0.0057 Jּcm-2 during I&T).  Both of these values are less than the skin MPE: therefore, there is no danger from single-pulse skin exposure.


Pulse Train Exposure

For a pulse train ranging from 10 to 30,000 seconds,

MPEpulse train skin

=
0.2 CA Wּcm-2 


Where CA = 5.0 = Correction Factor for a given wavelength

MPEpulse train skin
=
1.0 Wּcm-2
C.4
Average Irradiance

C.4.1
Average Irradiance During Laser Build

Since the laser beam is Gaussian, the beam diameter measured at the 1/e2 point is greater by a factor of √2 = 1.41 than the diameter measured at the 1/e point.  Hence:
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E0
= Average Irradiance
=
4Φ ÷ πa2
Where
Φ = 0.160 W = Radiant Power in Watts


a = 0.141 cm = beam diameter

E0
=
4(0.160W) ÷ π(0.141cm)2
E0
=
10.25 Wּcm-2
During Laser build, the average irradiance of 10.25 Wּcm-2 is much greater than the MPE of 1.0 Wּcm-2 for average irradiance.  Therefore, there IS danger to average irradiance skin exposure during laser build.

C.4.2
Average Irradiance During I&T

Since the laser beam is Gaussian, the beam diameter measured at the 1/e2 point is greater by a factor of √2 = 1.41 than the diameter measured at the 1/e point.  Hence:
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Where
Φ = 0.160 W = Radiant Power in Watts


a = 2.12 cm = beam diameter

E0
=
4(0.160W) ÷ π(2.12cm)2
E0
=
0.045 Wּcm-2
During I&T, the average irradiance is less than the MPE for average irradiance.  However, The MLA laser beam’s emergent beam radiant exposure H0 is 0.102 Jּcm-2, and this is greater than the skin MPE of 0.100 Jּcm-2: therefore, there IS danger to single-pulse skin exposure provided the laser covers and beam expander remain intact and are not compromised.

C.5
Nominal Ocular Hazard Distance (NOHD)

The Nominal Ocular Hazard Distance (NOHD) is the distance along the axis of the unobstructed beam from a laser, fiber end, or connector to the human eye beyond which the irradiance or radiant exposure , during installation or service, is not expected to exceed the appropriate MPE.
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C.5.1
Nominal Ocular Hazard Distance During Laser Build

Since the laser beam is Gaussian, the beam diameter measured at the 1/e2 point is greater by a factor of √2 = 1.41 than the diameter measured at the 1/e point.  Hence:
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Where:


[image: image10.wmf]f


= 50 x 10-6
= Emergent beam divergence measured at the 1/e

    peak of irradiance points (rad).
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= 0.020
= Energy of the laser pulse (Joules)



MPE
= 1.67 x 10-6
= Maximum Permissible Exposure (Jּcm-2)



a
= 0.141
= Diameter of emergent laser beam (cm)
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NOHD = 2.47x 106 cm  =  24.7 km
C.5.2
Nominal Ocular Hazard Distance During I&T

Since the laser beam is Gaussian, the beam diameter measured at the 1/e2 point is greater by a factor of √2 = 1.41 than the diameter measured at the 1/e point.  Hence:
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Where:
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= 50 x 10-6
= Emergent beam divergence measured at the 1/e

    peak of irradiance points (rad).
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= Energy of the laser pulse (Joules)



MPE
= 1.67 x 10-6
= Maximum Permissible Exposure (Jּcm-2)



a
= 2.12
.
= Diameter of emergent laser beam (cm)
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NOHD = 2.47x 106 cm  =  24.7 km
C.6
Optical Density Requirement

The optical density Dλ of laser protective eyewear to reduce exposure to the MPE is given by the following equation
:

C.6.1
Optical Density Requirement During Laser Build

Dλ = log10(Hp/MPE) = -log10τλ

Where:
Hp
=  0.052 Jּcm-2
= Radiant Exposure


MPE
=  1.67 x 10-6 Jּcm-2
= Maximum Permissible Exposure


τλ
= Hp/MPE = 6.11 x 104

= Transmittance of the filter

Dλ = log10(0.052 Jּcm-2/1.67 x 10-6 Jּcm-2) = -log10τλ

Dλ = 4.49
~ 5 for Optical Density During Laser Build

The attenuation factor is, therefore, 105.

Eyewear and optical filters must have an attenuation factor of AT LEAST 105 to attenuate the beam to an NOHD of zero meters.

C.6.2
Optical Density Requirement During I&T

Dλ = log10(Hp/MPE) = -log10τλ

Where:
Hp
=  0.0057 Jּcm-2

= Radiant Exposure


MPE
=  1.67 x 10-6 Jּcm-2

= Maximum Permissible Exposure


τλ
= Hp/MPE = 3.41 x 103
= Transmittance of the filter

Dλ = log10(0.0057 Jּcm-2/1.67 x 10-6 Jּcm-2) = -log10τλ

Dλ = 3.53
~ 4 for Optical Density During I&T

The attenuation factor is, therefore, 104.

Eyewear and optical filters must have an attenuation factor of AT LEAST 104 to attenuate the beam to an NOHD of zero meters.

� ANSI 136.1-2000, Para 8.2.2


� ANSI 136.1-2000, Table 5a


� ANSI 136.1-2000, Table 6


� ANSI 136.1-2000, Table 5a


� ANSI 136.1-2000, Table 6


� ANSI 136.1-2000, Table 7


� ANSI 136.1-2000, Table 6


� ANSI 136.1-2000, Table 7


� ANSI 136.1-2000, Table 6


� ANSI 136.1-2000, Section 2, Definitions


� ANSI 136.1-2000, Section 4.6.2.5.1, Specification of Optical Density, Dλ
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