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Operating Procedures for the

Particle Image Velocimetry System

in the

Ames Vertical Gun Range

Laser Inventory for Project

Model / Serial Number(s): (2) New Wave Gemini/ 10011/10012 & 10085/10086

Energy: Nominal 130-mJ per pulse
Laser Type: Nd:YAG dual laser - 1064 nm doubled to 532 nm
Laser Hazard Class: Class 4

Pulse Width: 6 nanoseconds
Pulse Rate: 15 Hz

Beam Diameter: 6 mm

Divergence: Sheet with a spreading angle of between 5 and 40 degrees
General
The Particle Image Velocimetry (PIV) system shall be operated only under the supervision of an Authorized Laser User*. An operating procedure in checklist form is attached and shall be followed during all laser operations. All operators shall have filed form DOS 29 with the Health and Safety Officer and shall have had a laser eye exam.

Beam dumps and horizontal optical layout below eye level will be used when practical. Suitable protective eyewear shall be available and used when exposure to levels greater than the Minimum Permissible Exposure (MPE) as specified by ANSI 136.1 – 2000.  At no time shall personnel be exposed to laser radiation exceeding these levels without proper laser protective eyewear.

Workers not directly involved with the optical aspects of the laser project may be present in the laser area only when operations not creating stray beams are performed, otherwise these workers must wear protective eyewear.  If workers are required to wear eyewear, they must receive laser hazard training and a pre-work eye exam.  The Laser Safety Officer (LSO) and Authorized User will determine the level of training required based on the worker’s job description.

No visitors will be permitted to view the laser system during its operation. The operator must be present and must escort the visitors through the laser area. Visitors who are thoroughly knowledgeable about lasers can be treated as workers on the project after initial familiarization with the laser system and operating procedures.  The ALU will request that the LSO add knowledgeable visitors to the list of Authorized Laser Users. The LSO will ensure 

they have current laser safety training and eye exams on record prior to authorizing their addition to the Laser Safety Permit. Only then will these visitors be permitted in the operational area during laser operation. Visitors who are not knowledgeable about lasers cannot be treated as workers on the project and must be escorted at all times to ensure they are not allowed access to area. Work may not be performed when visitors are present if it involves alignment or motion of beams, mirrors, or lenses. Exceptions can be made at the discretion of the Authorized Laser User for the case of motions mechanically or otherwise constrained to fall within certain limits, when all possible positions within those limits have previously been found not to cause safety hazards. (Examples of these mechanical systems include mirror scanners used to create or divert light sheets and optical systems to vary the spread angle of the light sheet.)

System Description
The PIV system utilizes a New Wave Gemini Nd:YAG dual laser.  This model uses two complete laser generation systems within one housing (or head  as it is referred to in the system manual) to make the two light pulses. Optics within the laser head combine the two beam paths to be coaxial. This is a class IV pulsed-output laser with a nominal 130-mJ per pulse and a duration of 6 nanoseconds per pulse. The primary beams of the Nd:YAG systems have wavelengths of 1064 nm. The combined beam passes through a harmonic generator to create the 532-nm beam. The 1064-nm beam remains in the laser head and is terminated directly into a non-ablating beam dump. The 1064-nm beam is exposed only during laser head diagnostics. The only personnel to be exposed to this radiation are the laser operators who have been fitted with proper safety eye-ware to control any possible intra-beam exposure.

A sheet of laser light is required for PIV operations. This sheet is generated using cylindrical optics. The sheet has a spreading angle of between 5 and 40 degrees and will be projected into the test chamber for flow measurement.  The two laser units within the head create two beams that are combined along a single axis before exiting the head.

Direct intra-beam viewing of the laser output or its specular reflections is the primary hazard for this system.

System Operation

The system is used to measure all three velocity-components of seeded flow in a plane defined by the laser light sheet.  The laser light illuminates aerosol particles with two successive pulses spaced a few microseconds apart.  High-resolution CCD cameras capture images of the double-pulsed flow.  The images are processed to yield velocity vectors in the flow field of interest.

Safety Features
The system has the following safety features:

1. The enclosure is interlocked, the breaking of which will interrupt the laser timing signal. This interruption prevents lasing.

2.
The laser power supply is provided with cabinet interlocks to preclude laser operation when the cabinet is open.

3.
Shielding is used to terminate all hazardous spurious reflections issuing from the instrument.

Installation Safety Features
Safety features include:

1.
Laser Hazard light inside the Gun Room, at the entrance to the Test Chamber, informs personnel of laser operation (red flashing light) or no laser operation (light off). Laser Hazard light is outside the hazard area defined by curtains (see Item 3 below) as shown in Figure.

2. Laser Warning signs will be located at each entrance to the Gun Room and Test Chamber.

3. An interlock system protects against laser exposure by interrupting the laser when the curtained area is breached (see Figure).

4. "Authorization to Operate" permit from Health and Safety office.

Operational Limitations

1. Do not operate laser while wearing jewelry or anything shiny on hands, wrists or clothing.

2. Do not permit laser beams to strike barrier curtain. Always insure that beam-stop is in proper location to block beam path.

3. Do not view or permit viewing of a diffuse reflection closer than 4 meters without protective eyewear. 
In the Event of an Accidental Exposure

1. Leave Area of Operations

2. Notify Laser Safety Officer (Patrick S. Muldoon @ 4-3233)

3. Notify Health Unit @ 4-5287

In the Event of Violation of Secure Area:

 The interlock will instantly shutter the laser, eliminating all hazards, and the alarm will sound calling attention to the violation.

1.
Depress ACKNOWLEDGE  button on interlock.

2.
Inform unauthorized personnel of hazard.

3.
Secure laser area.

4.
Reactivate interlock.



Operating Checklist for the

Particle Image Velocimetry System

in the Ames Vertical Gun Range

           Operational and Safety procedures for Nd:YAG based PIV System.

Warning: The laser is to be operated by an Authorized Laser User only.

To proceed with laser operations, the following checklist will be used. All items must be completed before being checked off.

Area of Operation Reconnaissance

1. Evacuate all unauthorized personnel from hazard area.




2. All protective shielding in place with proper tight fit.


3. System and components secured rigidly in place. Check mounting hardware.


4. Check beam-shutter operable and in closed position.





5. Check that all accessory optics are in place and secure.




6. Remove jewelry or anything shiny on hands, wrists or clothing.




7. Assure all safety warning signs are visible, interlock signs in place.



Start-up Checklist: 
1. Engage interlocked beam shutter. Check alignment of Primary Beam Dump.

2. Turn on street water to heat exchanger.


3. Set Nitrogen Purge to 0.80-scfm.








4. Engage breaker on the front of the Power Supply.






5. Turn Key to ON.










6. Verify all personnel are clear of beam path. 


7. Verify all personnel in hazard area are wearing correct laser safety goggles.                                                                                                (See Appendix A, Condition 2 under Laser Hazard Mitigation)

8. Inform personnel that laser is about to be energized.





9. Press ON toggle, wait for SIMMER light to come on.




10. Slowly turn up the Flash Energy Power to MAX (with beam-shutter mirror in the path). 










CAUTION: LASER IS NOW EMITTING BEAM

11. Allow for 10 minutes of warm-up before fine-tuning alignment or for data acquisition.

12. Open beam path by lifting the Beam Break Mirror. Proceed with operations.





Alignment Checks

1. Evacuate all non-essential personnel from hazard area.





2. Verify that operator has visual control of the entire projection space from operating location.






3. Return LAMP ENERGY to “Start” position.

4. Press ENABLE button.









5. Bring up LAMP ENERGY to threshold level where lasing begins.



CAUTION: LASER IS NOW EMITTING BEAM

6. Open beam path by lifting the Beam Break Mirror.





7. Perform alignment.

Shut Down Checklist:

1. Reduce flash output to zero by turning “LAMP ENERGY” control to “Start”.









2. Allow for the water to flow for an additional 5 to 10 minutes to cool the lamps and rods.









3. Press the STOP button. 

4. Reduce Nitrogen purge supply to 0.2-scfm and maintain purge.




5. Turn off interlock, turn over warning signs leading to laser operations area.  


6. Note fog fluid usage.









7. Survey test section for build-up of condensed fog fluid; clean slippery areas with water / alcohol solution.






 

In the Event of Violation of Secure Area:

 The interlock will instantly shutter the laser, removing all hazard, and the alarm will sound calling attention to the violation.

1.
Depress ACKNOWLEDGE button on interlock.

2.
Inform unauthorized personnel of hazard.

3. Secure laser area.

4. Reactivate interlock.



Appendix A – Additional Laser Safety Procedures


References:

(1) NASA Ames Health and Safety Manual, AHB 1700-1.

(2) American National Standards Institute ANSI-Z 136.1 - 2000, Safe Use of Lasers

Since lasers present known health hazards, laser safety is a major concern. The lasers used in this procedure have the ability to cause eye damage.  The class III lasers can cause eye damage if the unprotected eye (intra-beam viewing) views the direct beam.  The class IV lasers can cause eye damage both from intra-beam viewing and also from viewing of both specular and diffuse reflections.  The class IV lasers are relatively powerful, and have the potential to ignite materials with low ignition temperatures, such as cloth or wood, it the direct beam or specular reflection strikes the materials. 

Personnel Responsibilities
Reference (1) describes the responsibilities of specific NASA Ames Research Center laser safety personnel, including the Operating Manager, Division Laser Safety Officer (DLSO), Authorized Laser User (ALU), Ames Laser Safety Officer (LSO), and Laser Operator.  In accordance with reference (1), personnel who operate any of the lasers described herein are defined as Laser Operators.  As described in reference (1), the responsibilities of the Laser Operator are as follows:

1. Knowing the safe operating procedures of the laser system.

2. Operating all systems within approved SOP.

3. Knowing and complying with appropriate laser safety policies and procedures, including those described in reference (1) and (2).

4. Participating in writing the laser portion of the laser safety review.

5. Arranging with NASA Ames LSO for the laser system safety inspection prior to test.

6. Obtaining required authorizations and approvals.

7. Attending the laser training and safety course.

Laser Hazard Mitigation
To mitigate the risks and hazards inherent in laser operation, the following guidelines will be followed for all laser operations:

1. No personnel other than Approved Laser Users (ALU – personnel trained and qualified to operate a laser system) will operate lasers.  All non-ALU personnel allowed within the nominal hazard zone must have received a laser eye exam.

2. Personnel will follow the general guidelines for controlling laser hazards summarized in reference (2), which specifies requirements for a variety of laser safety issues, including hazard evaluation procedures, exposure criteria and control measures, system installation and warning sign guidelines, and eye protection requirements.

3. Since visual observation of the laser’s beam may be necessary for optical alignment, there will be times when wearing of safety glasses will not be possible.  As this will increase the chance of laser retina burn occurrence, steps will be taken to ensure personnel are at no times exposed to laser radiation from the direct beam or its reflections at levels greater than the maximum permissible exposure (MPE) levels as specified in the American National Standard for the Safe Use of Lasers (ANSI Z136.1-2000) during this evolution.  To ensure personnel safety, the following controls will be employed:

a) Areas where lasers are used will be restricted so that personnel not familiar with laser operation do not come into contact with any laser radiation during laser operation. The operator has to have the ability to immediately secure the beam in the event of unauthorized room entry or safety interlocks, which instantly block the beam at its source in the event of room entry, will be employed at all possible entrances into the room 

b) The laser beam and reflections will be shielded where possible to prevent inadvertent direct intra-beam viewing by personnel.

c) No personnel other than approved laser operators (personnel trained and qualified to operate a system, documented via laser authorization form) will operate lasers.

d) Laser safety glasses will be worn whenever personnel could be exposed to levels of laser radiation above the maximum permissible exposure levels established in reference (2).  Protective glasses may only be removed when visual observation of the beam is necessary and then only when all reflective hazards and possibilities of inadvertent intrabeam viewing have been eliminated.  As with all laser systems, purposeful intrabeam viewing is prohibited.  As most laser eye injuries have occurred during alignment procedures, this must be a strictly controlled evolution.  Protective glasses should only be removed when absolutely necessary and when the area is controlled and safe.  The number of personnel removing protective eyewear will be minimized as will the time personnel are without eye protection.  It is the responsibility of the ALU to ensure the safety of all personnel, including themselves, during laser operations.  

e) During laser beam alignment operation, the laser will be operated at as low a power lever as practicable.

4. Laser systems will be inspected and approved by the Ames LSO; any major modifications must be approved by an ALU (and inspected by the LSO if they change laser safety conditions).









































































* Authorized Laser Users are appointed by the individual branch chiefs and approved by the Ames Safety Office.
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