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LESSON 1.  GUNNERY SAFETY

TASK:
Review written procedures for the use of aviation weapon systems and for the transportation and storage of ammunition.

OBJECTIVE:
You will know the weapon and ballistic characteristics that affect system safety; the safety considerations for planning, coordinating, and executing training exercises; the regulatory requirements for live-fire training; and the safety considerations for ammunition transportation and storage.

CONDITION:
You may use the lesson text and references to complete the review exercise.

STANDARD:
You must answer correctly at least 8 of 10 review exercise questions.

CREDIT HOURS: 
2.

REFERENCES: 
AR 55-355 (Mar 69)(with changes), AR 385-63 (Nov 83), AR 385-64 (May 87), FM 1-140 (Oct 86), TM 9-1300-200 (Oct 69)(with changes), and TM 9-1300-206 (Aug 73) (with changes).

LESSON TEXT
Section I.  CHARACTERISTICS
1.
WEAPONS 


As an aviation safety officer, you will be required to review your unit's standing operating procedure (SOP) concerning gunnery operations, to include training.  Also, you may be required to act as an officer in charge (OIC) of an aerial gunnery range or to act as a range safety officer (RSO).  To meet these requirements, you must have an understanding of the weapons used on Army aircraft.  Of particular importance to a safety officer are those weapon characteristics that affect accuracy or present a hazard (noise, muzzle overpressure, or back blast) to unprotected personnel.  For this purpose, weapons used on Army aircraft can be grouped into three categories: guns (7.62-mm machine guns and miniguns, 20-mm and 30-mm cannons, and 40-mm grenade launchers), rockets (2.75-inch folding fin aerial rockets (FFAR)), and missiles (tube-launched, optically tracked, wire-guided (TOW) antitank missiles and SS-11 antitank guided missiles).
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a.
Guns.  Guns are direct-fire weapon systems that require a line of sight from the weapon to the target.



(1)
Accuracy.  In nearly all gun systems, the basic elements are the same.  The line of sight is the direction from the gun to the target.  To hit the target, the line of aim must be offset from the line of sight to compensate for target and aircraft movement and the range to the target.  Simply stated, this means that failure to properly compensate for these factors at the instant the weapon is fired will result in a loss of accuracy.  Since most guns do not have sighting systems capable of determining the required adjustments, the gunner must observe and adjust fired rounds to hit the target.  This is accomplished by the use of tracers or by being able to see the round impact.  Therefore, the ability to hit a target is greatly diminished when firing at ranges beyond tracer burnout or at ranges that prevent the gunner from seeing the impact of rounds.



(2)
Hazards from firing.  Three hazards are created by firing a gun: high noise level, muzzle overpressure, and spent shell casings.  To prevent injury or damage from falling shell casings, a gun system should never be fired directly over ground personnel, vehicles, or other aircraft.  To guard against the noise hazard, all personnel in the vicinity of the firing must use hearing protection.  Finally, if an aircraft gun system is to be fired from the ground, all unprotected personnel must stay clear of the muzzle blast hazard area.


b.
Rockets.  Rockets can be used as either director indirect-fire weapons.  Rockets may also be employed while the aircraft is either hovering (hover fire) or in flight (running fire).  Although the way the weapon is used does not have any effect on the hazards created by firing, it does affect the accuracy of the system.



(1)
Accuracy.  Rockets are considered to have sufficient accuracy for use against point targets when fired as direct-fire weapons.  However, when used as indirect-fire weapons, their accuracy is sufficient only for use against area targets.  Regardless of how the system is used, obtaining the desired effect on the target requires observation and adjustment of impact to target.  The accuracy of rockets depends on the sighting system used and operator skill.




(a)
Sighting systems.  Rocket sighting systems range from simple to sophisticated.  If a simple system is used, the pilot must determine and apply proper corrections for aircraft and target movement and the range to the target.  More sophisticated systems have the capacity to determine required corrections and apply the adjustments to the pilot's sight picture.




(b)
Operator skill.  Operators acquire skill in firing rockets through proper training.  The type and amount of training required depend on the sighting system used.  While very little training is required to understand a simple system, a great deal of training is required to gain and maintain proficiency in its use.  The opposite is true of sophisticated systems.  A 
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greater amount of training is required to understand them than is required to gain and maintain proficiency in their use.



(2)
Hazards from firing.  The two hazards created by firing a rocket are noise and back blast.  Therefore, all personnel must use hearing protection and designated back-blast areas be unoccupied.  Backblast areas must also be free of objects that may be thrown as a result of firing.


c.
Missiles.  Like guns, missiles are direct-fire weapons that require a line of sight from the aircraft to the target.



(1)
Accuracy.  Unlike either guns or rockets, missiles do not require sighting adjustments for movement or range.  These adjustments are made by the gunner when guiding the missile to the target.  However, it should be noted that if the ability to guide the missile is lost, an erratic round will result.  The ability to control the round will be lost if the range to the target exceeds guide wire capacity.



(2)
Hazards from firing.  Basically, the hazards from firing missiles are the same as the hazards from firing rockets (noise and back blast).  There is, however, one additional hazard created by firing a missile.  That hazard is the guidance wire of the missile.  Guided missiles should not be fired from any position that may allow the guidance wires to contact electrical power lines.  In addition, the firing area must be policed and inspected after each firing to ensure that all guidance wires presenting a hazard to helicopters are removed.

2.
BALLISTICS 

Accuracy is not determined solely by weapon characteristics.  A second and equally significant factor in determining accuracy is a projectile's ballistic characteristics.  There are three ballistic factors that affect the accuracy of a weapon: interior ballistics, exterior ballistics, and ballistic dispersion.  In addition to these, there is a fourth factor--terminal ballistics--that deserves safety consideration.  Terminal ballistics do not affect weapon accuracy but do affect projectile actions during and after impact.


a.
Interior Ballistics.  Interior ballistics deal with conditions that affect the motion of a projectile within the barrel, or internal rocket motor combustion.  The motion of a projectile may wear away the inner surface of barrels and rocket tubes or may cause deposits to build up within the barrel or tube.  Either condition will result in a loss of muzzle velocity and may induce excessive yaw.  These conditions cannot be compensated for by the aircrew firing free-flight projectiles.  Free-flight rockets have an inherent thrust misalignment wherein the direction of thrust from the motor does not pass exactly through the rocket center of gravity.  This misalignment is the primary source of firing error.  Since rockets are fin-stabilized, running fire speeds of 40 knots or more will provide a relative wind which will reduce the effect of the
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misalignment.  However, hover fire is subject to the maximum effect of this misalignment; when the misalignment is combined with rotor downwash, large inaccuracies may result.


b.
Exterior Ballistics.  Exterior ballistics deal with conditions affecting the motion of the projectile along its trajectory.  The trajectory is the path described by the center of gravity of the projectile as it passes from the muzzle of the weapon to the point of impact.  In addition to the five general factors of air resistance, gravity, yaw, projectile drift, and wind drift, aerial-fired weapons experience other ballistic factors.  These additional factors depend on whether the projectile is fin-stabilized or spin-stabilized.



(1)
Fin-stabilized projectiles.  Although rotor-wash error and angular-rate error affect all aerial-fired weapons, these errors have the greatest effect on fin-stabilized rockets.  The maximum rotor-wash error is induced when the weapon is fired while hovering in ground effect.  This error is further increased during conditions of high density altitude and when the helicopter is heavily loaded.  The effect of rotor-wash error will be to increase both the lateral and linear dispersion patterns at the impact point.  Angular-rate error is the error imparted to the projectile by the motion of the aircraft.  At the time the weapon is fired, an upward motion is imparted to the projectile by helicopter movement.  The amount of error is determined by the distance to the target, the rate of motion, and the airspeed before firing.  The effect of the error will cause the round to land short of the target.  In addition, the accuracy of fin-stabilized projectiles is influenced by the following:




(a)
Relative wind.  When a helicopter is flown in an out-of-trim condition, a crosswind component acts on the rocket as it leaves the launcher.  The rocket will turn into this crosswind, causing a diversion of the rocket flight path.  This diversion will be significantly larger than any real-wind effect after rocket motor burnout.  A horizontal out-of-trim condition results from cross-controlling (slipping) the helicopter.  A vertical out-of-trim condition results from improper power settings.  Trajectory errors caused by the effects of relative wind cannot be accurately compensated for during initial firing.




(b)
Real wind.  At rocket motor burnout, the rocket becomes a free-flight object and will drift with the air mass.



(2)
Spin-stabilized projectiles.  When fired in a fixed mode (straight ahead of the helicopter), these projectiles are subject to the same ballistic factors as ground-fired weapons.  However, they are affected by the following additional factors when fired in a flexible mode:




(a)
Trajectory shift.  When the bore line axis of a weapon differs from the flight path of the helicopter, the forward velocity of the helicopter causes a change in the direction and velocity of the projectile.  Trajectory shift is corrected by leading the target.  The
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amount of lead depends on the airspeed of the helicopter, the angle of deflection, the velocity of the projectile, and the range to the target.




(b)
Projectile jump.  When firing to the right of the helicopter, a downward Jump is produced; when firing to the left, an upward Jump is produced.  Therefore, the gunner must aim slightly above a target to the right and below a target to the left.


c.
Ballistic Dispersion.  Both the dispersion and accuracy will determine the ability of a particular weapon to hit a target.  Range dispersion is minimized and accuracy optimized when firing the 2.75-inch FFAR at maximum ranges, while greater dispersion and less accuracy is experienced with other systems at maximum ranges.


d.
Terminal Ballistics.  The terminal ballistic factors requiring safety considerations are target area surface conditions and projectile angle of impact.  These factors must be considered because, when taken together, they may produce ricochet rounds.  The lower the angle of impact and the harder the target surface, the greater the possibility of a ricochet.

Section II.  OPERATIONAL PLANNING
3.
MISSION PLANNING 


All aviation units employing aerial gunnery systems are required to have an SOP covering gunnery operations, to include gunnery training (AR 385-95).  The gunnery SOP should be reviewed to ensure that safety requirements are considered not only in live-fire training of aircrews but in unit field and tactical exercises.  All unit commanders, liaison officers, platoon leaders, and section leaders should be familiar with the safety requirements of AR 385-63.


a.
Commanders are responsible for the safe employment of all weapon systems under their control.  Therefore, they must ensure that liaison officers provided to supported units are trained in helicopter employment concepts.  They must further ensure that liaison officers know the weapon and ballistic characteristics of all systems to be used.


b.
Liaison officers, when providing input for employment decisions, should include the dangers to friendly units affected by the operation.



(1)
If a TOW missile system is to be used, the supported unit should be informed that the TOW has no command destruct capability.  The lack of that capability requires a danger area (30 degrees either side of the aircraft-target line to a range of 5,700 meters) for the impact of erratic missiles.  Additional consideration should be given to secondary danger zones (750 meters) surrounding the point of impact in which effects from detonation may be experienced.
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(2)
Information furnished concerning all weapons should include impact danger areas due to dispersion and ricochet and secondary danger areas for detonation effects.

4.
MISSION COORDINATION 


As part of their mission briefing, platoon and section leaders will receive friendly unit information for the operation.  It is then their responsibility to coordinate the safe movement of aircraft through friendly units to firing positions.  Consistent with tactical security requirements for the aircraft, the effects of an accidentally fired weapon or an aircraft mishap should be considered in selection of the flight route, assembly or holding area, and firing point.


a.
Flight Route Selection.  Aircraft should not be flown through or directly over areas of dense friendly occupation.


b.
Holding Area Selection.  Aircraft should not be parked beside or close to headquarters or service support elements.


c.
Firing Position Selection.  Selection of a firing position should include consideration of the hazards created by firing the weapon (back blast).

5.
MISSION EXECUTION 


Once firing positions have been selected and are being occupied, the back-blast area should be cleared of personnel and other aircraft.  If friendly units are within secondary danger areas or dispersion, ricochet, and erratic round danger areas,.  they should be warned of the firing.  Finally, the pilot must have a positive identification of the target before firing.

Section III.  LIVE-FIRE TRAINING
6.
RESPONSIBILITIES 


a.
The installation commander will establish a range safety program in accordance with AR 385-63 and will be responsible for overall range operations and safety.  Some of the requirements are—



(1)
Publishing of SOPs for the safe operation of ranges.



(2)
Appointing range control personnel to monitor and enforce range safety.



(3)
Coordinating and scheduling all live-fire exercises.



(4)
Establishing and maintaining range charts and overlays.
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(5)
Posting range guards, barriers, limits of fire markers, and signals.


b.
The using unit commander will--



(1)
Ensure that all personnel are familiar with range SOPs and safety requirements.



(2)
Comply with installation procedures for certifying range OICs, WOICs, and RSOs to ensure that they are-




(a)
Properly instructed in duty performance.




(b)
Knowledgeable of the weapon systems for which they are responsible.



(3)
Designate an OIC or WOIC for each firing point or range.



(4)
Coordinate plans for firing with range control.



(5)
Ensure that required crash rescue personnel are aware of the safety precautions to be taken around armed aircraft and the danger of movement in an impact area.


c.
Range OICs will--



(1)
Be weapon system qualified.



(2)
Be responsible for the safe conduct of training and proper use of facilities.



(3)
Be present in the firing area.



(4)
Ensure that required communications are established and maintained.



(5)
Determine when it is safe to fire.



(6)
Supervise misfire procedures.


d.
RSOs will--



(1)
Be responsible for the final determination before weapon firing that only authorized ammunition is being used, the aircraft are properly positioned, and proper hearing protective equipment is worn by all personnel engaged in the firing activity.



(2)
Order an immediate check-fire when any unsafe condition is observed.



(3)
On completion of firing, verify that all weapons are clear.
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7.
FIRING REQUIREMENTS


a.
Range Markings.  If the firing is to be done by qualified and current pilots and gunners, ground markings are required for the firing position and the cease-fire line only.  However, when the firing is to be done by pilots and gunners who are not qualified and current, ground markings are required for--



(1)
Firing positions.



(2)
Range limits.



(3)
Arm and start-fire lines.



(4)
Disarm and cease-fire lines.



(5)
No-fly lines.



(6)
Right and left limits of fire.



(7)
The target area.


b.
Surface Danger Zone.  A surface danger zone will be superimposed over the gun-target line at each firing point.  For firing on running fire courses, surface danger zones will be superimposed over each anticipated gun target line along the course.  Surface danger zones (Figure 1) cover that segment of a range endangered by weapon firing and consist of the following areas:



(1)
Primary danger area--an area in which a hazard is known to exist and in which no unprotected personnel or equipment are permitted.




(a)
Target area--the point or area to which the weapon is fired.




(b)
Impact area--for indirect-fire weapons, the area designed to contain the impact of all rounds; for direct-fire weapons, the area located between established range limits.




(c)
Ricochet area--the area between the impact area and Area A that is provided to contain ricochet projectiles.




(d)
Area E--the area between Area D and the firing position. It is endangered by muzzle debris, overpressure, and injurious noise levels.




(e)
Area F--the area immediately to the rear of a weapon endangered by the effects of the weapon being fired.
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Figure 1.  Surface danger zones.



(2)
Secondary danger area--an area added to the primary danger area to provide for containment of the effects of projectiles or warheads that may impact on the edge of the primary danger area.




(a)
Area A--the area that parallels the impact area laterally.  It is provided to contain fragments from items exploding on the right or left edge of the impact area.




(b)
Area B--the area on the downrange side of the impact area and Area A designed to contain effects from explosions on the far edge of the impact area.
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(c)
Area C--the area on the uprange side of the impact area and parallel to Area B.



(3)
Safe area--an area within the surface danger zone in which exposed personnel may be located and the probability of injury from a normally functioning weapon, projectile, or warhead is minimal.  The area is designated Area D.


c.
Weapon Malfunction Procedures.  If a weapon malfunctions, a possibility of round cook-off exists, or there is an emergency involving a weapon system, the pilot will proceed to one of the following areas:



(1)
A predesignated, approved range landing area that provides a surface danger zone in front of the weapon.



(2)
A natural or man-made barrier capable of safely containing an accidentally fired projectile.


d.
Aircraft Malfunction.  If an aircraft with a loaded weapon system malfunctions, the pilot will proceed to a preselected, approved landing area commensurate with the type of malfunction.  The crew will ensure that all personnel remain clear of the aircraft until qualified armorers have unloaded all weapon systems.

Section IV.  AMMUNITION HANDLING

8.
TRANSPORTATION


The movement of explosives within the United States is regulated by the Department of Transportation (DOT).  The transportation of military explosives is governed by AR 55-355, both within the United States and overseas.  In addition to DOT and Army regulations, host nation and local laws must be followed when transporting ammunition.  When Army motor vehicles or aircraft are used to transport ammunition, the commander is responsible for compliance with AR 55-355 and all applicable DOT, local, and host nation rules.


a.
Ground Movement.  When a vehicle is loaded and ready for movement, the driver will be given a DD Form 836 (Special Instructions for Motor Vehicle Drivers).  As a minimum, this form will describe the nature of the explosives on the vehicle.  The description will include required distances from other vehicles, fire hazards, and minimum safe distances in case of explosion.  During ground movement, there are general safety practices that must be enforced.



(1)
Passengers are not allowed in vehicles carrying ammunition or explosives.  If the movement will take longer than eight hours, an assistant driver will be assigned to each vehicle.



(2)
Smoking will not be allowed either in the cab or within 50 feet of a vehicle loaded with explosives.

10



(3)
Nonmetal containers that are not coated with fire-resistant paint will be covered with a fire-resistant tarpaulin when transported on an open vehicle or trailer.  The tarpaulin will be held in place by use of ropes and tie-downs and will not be nailed to crates or boxes.



(4)
Damaged containers and boxes will not be transported.



(5)
Vehicles will be unloaded before being taken into a garage or parked for repairs or storage.



(6)
Brakes will be set and at least one wheel will be chocked during loading and unloading operations.  The wheels on trailers will be chocked whenever the trailers are separated from the vehicles.



(7)
Except when required to operate brakes, engines will be off during vehicle loading and unloading.



(8)
Ammunition will not be stacked or unloaded behind the vehicle's exhaust system.



(9)
During loading and unloading operations at night, all artificial lighting must be electric.


b.
Air Movement.  When ammunition or explosives are transported by aircraft, a DD Form 1387-2 (Special Handling Data/Certification) will be attached to the cargo.  This form will identify the characteristics, precautionary measures, and special instructions for the safe handling of the cargo.



(1)
Internal loading.  Aircraft carrying ammunition (to include aircraft with weapon systems that are combat-loaded) must be parked in designated ammunition and explosive cargo areas.  These areas will be separated from inhabited buildings, traffic routes, taxiways, and runways in accordance with AR 385-64.  Explosives are prohibited under approach and departure zones for fixed and rotary-wing aircraft.  If an aircraft is to be parked with explosive cargo on board or explosive cargo is being loaded or unloaded, the following precautions will be taken:




(a)
The aircraft will be grounded.




(b)
All switches will be off.




(c)
All wheels will be chocked.




(d)
Fire-fighting equipment required by AR 420-90 will be available.




(e)
Distance measurements between loaded aircraft will be the shortest distance between explosives on one aircraft to the explosives on the adjacent aircraft.

11




(f)
Measurements from loaded aircraft to taxiways and runways will be from the nearest point of the ammunition on the aircraft to the nearest point on the taxiway and to the centerline of the runway.



(2)
Sling loading.  If ammunition is to be moved by helicopter sling load, the pickup or drop-off point must meet the following standards:




(a)
Be at least 550 meters from storage and inhabited areas.




(b)
Be at least 25 meters square and be constructed using the best material available.




(c)
Be located to prevent the helicopter from overflying inhabited areas, storage areas, and roads during approach and departure.




(d)
Be equipped with a static probe that will be used to ground the cargo.




(e)
Be cleared of ammunition immediately after drop-off.  If the site is to be used for pickup, only ammunition to be placed in the cargo net will be located on the site.

9.
STORAGE


A detailed description of the requirements for establishing and maintaining ammunition storage areas is contained in TM 9-1300-206.  Generally, an aviation unit will be responsible for only relatively small quantities of ammunition.  Regardless of the quantities stored, all units must comply with the basic ammunition storage requirements listed below.  In addition to the general requirements, there are specific standards for the outdoor and combat zone storage of ammunition.


a.
Basic Storage Requirements.  The basic safety requirements for any ammunition storage area primarily concern fire safety.



(1)
Matches or other flame- and spark-producing devices will not be permitted in any ammunition storage area.



(2)
Smoking will be strictly regulated and controlled.  Any approved and authorized smoking area shall be at least 50 feet from the ammunition area.



(3)
Suitable receptacles must be provided within authorized smoking areas for pipe heels and cigarette and cigar butts.



(4)
At least one Class A portable fire extinguisher will be available within authorized smoking areas.



(5)
A firebreak at least 50 feet wide will be maintained around ammunition storage points.  Since firebreaks are easily detectable, restrictions in their use must be considered.
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(6)
Gasoline or other highly flammable liquids will not be used for cleaning purposes.  Dry-cleaning solvents (stoddard solvent) should be used for required cleaning.



(7)
Storage areas should not be located near power lines.  A separation distance of 50 feet or pole height, whichever is greater, should be maintained.


b.
Outdoor Storage Standards.  Although outdoor storage is an approved expedient, all quantity-distance requirements (TM 9-1300-206) for storage apply.



(1)
Outdoor storage sites will be level, well-drained, and free from readily ignitable and flammable materials.



(2)
A supporting platform will be constructed to prevent falling, sagging, and shifting of the ammunition.  Steel dunnage should be used where practicable.



(3)
Not less than 3 inches of dunnage should be used between the bottom of the stack and the earth to allow air circulation.



(4)
Nonflammable or fire-resistant, waterproof overhead cover should be provided.  An airspace of at least 18 inches should be maintained between the top of the stack and the cover.



(5)
The sides of stacks may also be protected by fire-resistant, waterproof material provided airspace is allowed between the cover and the ammunition.



(6)
Frequent inspections will be made to detect unstable stacks and accumulations of trash between or under stacks.


c.
Combat Zone Standards.  Security, real estate, or operational requirements may necessitate the use of other than approved storage systems.  Alternate methods should be employed only if quantity-distance requirements cannot be maintained and waivers have been requested and granted.  The use of alternate systems will not preclude compliance, insofar as possible, with the following principles of ammunition storage:



(1)
Maximum feasible separation.



(2)
Proper drainage.



(3)
Dispersion of stocks to avoid complete loss of a single type of munition from one explosion or fire.



(4)
Safety and security.
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REVIEW EXERCISE

REQUIREMENT: Complete the following by selecting the correct answers:

1.
Within the surface danger zone for a firing point, Areas A, B, and C are considered


A.
safe areas.


B.
buffer areas.


C.
primary danger areas.


D.
secondary danger areas.

2.
Which of the following is not characteristic of a gun?


A.
noise


B.
muzzle overpressure


C.
direct-fire capability


D.
indirect-fire capability

3.
Within the United States, the movement (ground and air) of explosives is regulated by the Department of


A.
Defense.


B.
the Army.


C.
Public Safety.


D.
Transportation.

4.
Consistent with tactical security, the possible effects from accidentally fired weapons or aircraft mishaps do not need to be considered in the selection of


A.
target areas.


B.
flight routes.


C.
assembly areas.


D.
firing positions.

5.
Which of the following factors affects the accuracy of spin-stabilized projectiles when fired in a flexible mode?


A.
rotor wash


B.
relative wind


C.
projectile jump


D.
density altitude

6.
Who must ensure that aviation crash rescue personnel are aware of the safety precautions to be taken around armed aircraft?


A.
range safety officer


B.
using unit commander


C.
range control officer


D.
installation commander
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7.
Aviation unit commanders must ensure that appointed liaison officers are trained in helicopter employment concepts and know the


A.
enemy situation.


B.
location of frontline units.


C.
safety considerations for movement of ammunition.


D.
weapon and ballistic characteristics of all systems to be used.

8.
Firebreaks should be maintained around ammunition storage points; however, restrictions in their use should be considered.


A.
true


B.
false

9.
Once a firing position has been selected and occupied, the aircraft should immediately engage anything found in the target area.


A.
true


B.
false

10.
If firing is to be done by qualified and current pilots and gunners, ground markings are required for the cease-fire line only.


A.
true


B.
false
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REVIEW EXERCISE SOLUTIONS

1.
D.
(paragraph 7b(2))

2.
D.
(paragraphs 1a and 1a(2))

3.
D.
(paragraph 8, introduction)

4.
A.
(paragraph 4, introduction)

5.
C.
(paragraph 2b(2)(b))

6.
B.
(paragraph 6b(5))

7.
D.
(paragraph 3a)

8.
A.
(paragraph 9a(5))

9.
B.
(paragraph 5, introduction)

10.
B.
(paragraph 7a)
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LESSON 2.  LASER SAFETY

TASK:
Review written procedures for the use of military lasers.

OBJECTIVE:
You will know the four classifications of lasers, the hazards associated with lasers, the safety precautions required when firing a laser, and the standards for designing a laser range.

CONDITION:
You may use the lesson text and references to complete the review exercise.

STANDARD:
You must answer correctly at least 8 of 10 review exercise questions.

CREDIT HOUR:
1.

REFERENCES:
AR 385-9 (Apr 82), AR 385-63 (Nov 83), and FM 1-140 (Oct 86).

LESSON TEXT

1.
LASER LIGHT


The term laser is an acronym which stands for "light amplification by stimulated emission of radiation." The effects of laser radiation are basically the same as the optical radiation generated by more conventional ultraviolet, infrared, and visible light sources.  The increased directional intensity of the optical radiation generated by a laser results in a concentrated optical beam ray of light at considerable distances.


a.
Properties.  The properties attributed to laser light result from the high beam collimation, beam intensity, and monochromaticity of many lasers.



(1)
Beam collimation.  When light emerges from the laser, the beam is collimated (the light rays are parallel) and is nondivergent (it does not spread much).  Thus the beam maintains its strength and is not greatly dissipated by the distance it travels.



(2)
Beam intensity.  Laser light is very intense (bright).  Some powerful lasers are capable of producing light that is one million times brighter than the sun (as seen from the earth).



(3)
Monochromaticity.  Laser light is very close to being mono-chromatic (one color).
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b.
Effects.  The effect that laser light has on living tissue are primarily due to thermal effects (heat).  When the laser light impinges on tissue, the absorbed energy produces heat.  The resultant rapid rise in temperature can easily denature the protein material of tissue, much as an egg white is coagulated when cooked.  The extent of damage depends on the frequency of the light, the power intensity of the beam, the exposure time, and the type of tissue exposed to the beam.



(1)
Eye damage.  Depending on the wavelength of the laser light, different portions of the eye are affected.  The immediate result is temporary blindness.  Actual cases in which sight was recovered still show long-term or possible permanent damage to areas such as peripheral vision.



(2)
Skin damage.  Laser light is selectively absorbed by the pigment in the skin, causing rapid heating.  Damage can range from a mild reddening to surface charring to deep holes literally burned into the skin.

2.
ARMY LASER USE


Recent developments in laser technology have resulted in an increased use of laser devices by the Army.  The Army uses laser devices primarily for target acquisition and fire control; however, some laser devices have been developed for use in training exercises as weapon simulators.


a.
Army Aircraft Target Acquisition Devices.



(1)
The Target Acquisition and Designation System (TADS) is a helicopter turret-mounted system with which the aircraft crew can accurately detect targets to be engaged.  It is being developed for the AH-64 advanced attack helicopter and may be used on the advanced scout helicopter.



(2)
The airborne laser tracker is similar to the TADS but is for use with the AH-1S helicopter.  It automatically searches for, acquires, and tracks reflected laser energy from the target.


b.
Fire Control.  An example of laser devices used by the Army for fire control is the ground/vehicular laser locator designator (G/VLLD) AN/TVQ-2.  This system can determine an observer-to-target range to the nearest 10 meters at distances up to 10 kilometers.  It can also determine accurate direction and vertical angle data that, when coupled with range data, can be used to reduce target location errors.


c.
Weapon Simulators.  These include the Air-Ground Engagement System (AGES) and the Multiple Integrated Laser Engagement System (MILES).  The AGES is compatible with the MILES and consists of various devices that simulate both weapon firing and effect, thereby making possible the use of helicopters in combined-arms, free-play tactical training.  These systems are considered eye-safe and do not require the use of protective measures outlined in subsequent paragraphs.
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3.
LASER SAFETY TRAINING


An introduction to laser systems and associated safety procedures should be provided, along with other weapons systems, to all service members during advanced individual training and officer basic courses.  Additionally, personnel directly involved with laser operations will be given unit instruction covering the safe operation of the particular laser system to be used.  Instructional material may be found in the system operator's manual and AR 385-63.


a.
Introductory Laser Safety Training.  This training should include the principles of reflection, refraction, and amplification of light; the Federal Performance Standard for Light-Emitting Products, 21 Code of Federal Regulations (CFR) 1040.10 and 21 CFR 1040.11 (Federal Standard); classification of lasers by the Federal Standard; and exempted laser systems.



(1)
Laser classifications.  Federal Standard classifications of lasers are Classes I, II, III, and IV.




(a)
Class I lasers emit at levels that are not considered hazardous under any viewing condition.  This class is referred to as "eye-safe."




(b)
Class II lasers emit in the visible light spectrum. Prolonged intrabeam viewing (looking directly into the beam) of these lasers poses a potential hazard to the eyes.  Most lasers in this class are considered "restricted eye-safe" (eye-safe except when viewed through unfiltered magnifying optics).




(c)
Class III lasers emit in the visible, near-infrared, far-infrared, or ultraviolet light spectrum.  Direct intrabeam viewing of these lasers is hazardous.  Lasers in this class are divided into two sub-classes: IIIa and IIIb.  Class IIIa lasers, even though they emit at a Class III power level, have special beam characteristics that make them restricted eye-safe.  Intrabeam viewing of Class IIIb lasers (all other Class III lasers not included in Class IIIa) is hazardous.




(d)
Class IV lasers emit in the visible, near- and far-infrared, and ultraviolet light spectrums.  Exposure of the eyes or skin to the direct intrabeam of these lasers is hazardous.  Damage to the eyes or skin may occur from indirect reflected exposure.  Because of their power, these lasers may cause fire or material damage.




(e)
Exempted laser systems are those that have been given an exemption from the Federal Standard.  DOD has been given an exemption for those laser systems used in tactical applications or as tactical training devices and for those that require security classification.  However, the use of these systems is strictly controlled.
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(2)
Laser standards.




(a)
If no exemption to the Federal Standard has been granted, the manufacturer will certify that the Federal Standard has been met and attach the required labels to the laser device.




(b)
If the laser system is exempted from the Federal Standard, Department of the Army will provide the manufacturer with caution labels described in AR 385-9 for attachment to the devices



(3)
Laser hazards.  With laser devices used in tactical and tactical training applications, the major hazard is exposure of the unprotected eyes of individuals to the direct laser beam or a beam reflected from mirror-like surfaces.  Serious eye damage with permanent impairment of vision can result to unprotected personnel exposed to the laser beam.  The hazard of exposure of the skin is small compared to that of eye exposure; however, personnel should avoid direct exposure of the skin to a laser beam.



(4)
Protective equipment.  Protective equipment consists of appropriate safety eyewear for individuals and filters for optical instruments.  All eyewear and filters will be marked with their optical density at the specific wavelength for which they are to be used.  The degree of protection required for specific laser systems is provided in AR 385-63.


b.
Laser Operation Safety Training.  In addition to introductory laser safety training, all units planning the use of lasers must instruct involved personnel in the hazards associated with the specific devices to be used.  The unit must also prescribe the personal protective equipment to be used and general operational safety requirements for use of the lasers.  The laser systems associated with the AH-64 and the AH-1S are Class IV laser systems.  Therefore, unit SOPs should reflect the following as minimum safety guidelines:



(1)
Laser exit ports will be covered at all times when the laser is not in use.



(2)
A laser device will not be operated or experimented with out- side its operational role.



(3)
Optical devices will not be used to observe targets unless appropriate safety filters have been installed.



(4)
No additional precautions are required for laser operations at night or during rain, snow, or fog.  Laser beam reflection from snow, ice, or water on the ground does not present a significant additional hazard to ground personnel but may present an additional hazard to personnel aboard other aircraft.
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4.
LASER RANGE SAFETY


AR 385-63 provides control measures for one-sided laser operations only.  If a two-sided tactical exercise is planned for other than eye-safe systems, The Surgeon General, Department of the Army, should be consulted for appropriate safety precautions.  For a one-sided laser operation, the following control measures apply:


a.
The unit commander desiring to use a laser device must--



(1)
Select, train, and safety certify laser range safety officers (LRSOs) and laser range safety noncommissioned officers (LRSNCOs).




NOTE: The revised AR 385-63 will more clearly define LRSO certification procedures.



(2)
Develop an SOP for laser operations.



(3)
Provide adequate control of the target area to prohibit entry of unauthorized personnel.  (For example, place warning signs color-coded in accordance with AR 385-30.)


b.
The LRSO and LRSNCO will--



(1)
Be familiar with AR 385-63 and applicable field and technical manuals.



(2)
Know the azimuth and elevation from each firing position to the targets being used.



(3)
Ensure that protective eyewear appropriate for the laser system being fired is used by all personnel within the target area.



(4)
Maintain continuous communications with personnel in the target area.



(5)
Stop lasing promptly if positive directional control of the laser beam is lost.

5.
LASER RANGE DESIGN

The underlying concept of laser range safety is to prevent intrabeam viewing by unprotected personnel.  Control procedures and protective measures for target locations, range boundaries, and the use of laser range danger fans must be enforced.


a.
Target Location.  Laser operators will fire only at designated targets which are diffuse reflectors; they will never fire at specular (mirror-like) surfaces.  Location of targets should be in areas where no lines of sight exist between the laser device and potentially occupied
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areas.  Specular surfaces such as vehicle windows, searchlight cover glass, plastic sheets, and mirrors must be removed from the target area.  If target areas have no specular surfaces, range control measures can be reduced to the control of the beam path between the laser and the backstop.


b.
Range Boundaries.  A very important calculation which must be taken into consideration on the laser range is the nominal ocular hazard distance (NOHD).  The NOHD is the minimum distance beyond which an unprotected individual may stand in the beam and be repeatedly exposed without danger.  A table showing the specific NOHD for each laser device used by the Army is contained in AR 385-63.  In many cases it is not possible to control such large amounts of real estate.  When this is the case, the solution is to use a backstop to ensure that a line of sight does not exist between the laser and potential observers behind the target.  When there are no natural backstops available, the NOHD may extend extremely long distances.  For example, a tank-mounted range finder has an NOHD of 10 kilometers for nonmagnified and 80 kilometers for magnified observation.



(1)
Backstops.  Backstops are opaque structures or terrain in the controlled area which will terminate a laser beam.  Examples are a windowless building, a hill, or a dense tree line.



(2)
Laser surface danger zone (LSDZ).  The LSDZ is a V-shaped zone designated to contain the laser beam (while lasing) and defines the lateral limits for lasing.  The LSDZ will define two and may define three (depending on the laser device used) types of areas within its lateral boundaries.  A laser range danger fan is used to graphically depict the LSDZ and buffer zones.  Figure 2 shows a range fan for an AH-64 using its TADS.  Since this device is manually aimed, all LSDZ boundaries must be clearly marked on the ground and be visible and recognizable from the aircraft.




(a)
Area T is the area within the LSDZ extending from the firing point to a distance of "t" meters downrange.  (Currently, there is no Area T for the TADS system.) No objects will be lased within Area T.





NOTE: The distance "t" can be obtained from AR 385-63 for different laser systems.




(b)
Area Z is the area within the LSDZ that starts at the downrange limit of Area T and extends to the backstop or the NOHD for the device being used, whichever is the shortest.  This is the area in which targets may be selected for lasing.




(c)
Area S is the area within a 30-meter radius of the target from which all specular objects will be removed, covered, painted with a lusterless paint, or destroyed.  Area S must be established around stationary targets and moving target routes.
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Figure 2.  Laser range danger fan for AH-64 with TADS (not to scale).
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(d)
Buffer zones.  The extent of' horizontal.  and vertical buffer zones around the LSDZ, as viewed from the firing point, depends on the aiming accuracy and stability of the laser device.  Buffer requirements for specific laser devices can be found in AR 385-63.  For the AH-64, a buffer zone of 5 miles is required both horizontally and vertically.



(3)
Low-angle-of-incidence reflections.  Reflections, of the laser beam at a low angle of incidence present a hazard to aircraft outside the LSDZ when standing water, snow, ice, or other natural specular surfaces exist within the target area.  Caution must be exercised to ensure such reflections of the laser beam are blocked by the backstop or prevented.  Measures to eliminate this hazard include--




(a)
Not using targets with natural specular surfaces in Area S.




(b)
Altitude restrictions for laser firing points when natural specular surfaces exist in the target area.  Firing altitudes permitted must be such that reflected beams will be blocked by the backstop.




(c)
Control of the airspace along the extended laser range danger fan boundaries to the NOHD (nonmagnified) of the system being used.
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REVIEW EXERCISE

REQUIREMENT:  Complete the following by selecting the correct answers:

1.
Laser light is not characterized by


A.  intensity.


B.  collimation.


C.  radioactivity.


D.  monochromaticity.

2.
The underlying concept of laser range safety is to prevent


A.  skin exposure.


B.  unprotected intrabeam viewing.


C.  personnel from being within the LSDZ.


D.  the use of unfiltered magnifying optics.

3.
The two target acquisition laser devices used on Army aircraft are the airborne laser tracker and the


A.  AGES.


B.  TADS.


C.  MILES.


D.  G/VLLD.

4.
Class IIIa lasers


A.  are not used by the Army.


B.  are a hazard to exposed skin.


C.  are considered restricted eye-safe.


D.  may be observed through unfiltered magnifying optics.

5.
One of the two laser devices used on Army aircraft as a weapon simulator is the MILES.  What is the other?


A.  AGES


B.  TADS


C.  NOHD


D.  G/VLLD

6.
Who must ensure that all personnel in the lasing target area are using required eye protection?


A.  laser range safety officer


B.  laser range control officer


C.  laser range officer in charge


D.  lasing unit aviation safety officer
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7.
When planning a two-sided laser exercise with other than eye-safe systems, who should be consulted for appropriate safety precautions?


A.  laser manufacturer


B.  US Army Safety Center


C.  installation safety officer


D.  The Surgeon General, Department of the Army

8.
Restricted eye-safe means a laser is eye-safe when viewed through protective eyewear.


A.  true


B.  false

9.
The NOHD is the minimum distance at which an unprotected person may stand in a laser beam without danger.


A.  true


B.  false

10.
No additional precautions are required for laser operations at night or during rain, snow, or fog.


A.  true


B.  false
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REVIEW EXERCISE SOLUTIONS

1.
C.
(paragraph 1a)

2.
B.
(paragraph 5, introduction)

3.
B.
(paragraph 2a(1))

4.
C.
(paragraph 3a(1)(c))

5.
A.
(paragraph 2c)

6.
A.
(paragraph 4b(3))

7.
D.
(paragraph 4, introduction)

8.
B.
(paragraph 3a(1)(b))

9.
A.
(paragraph 5b)

10.
A.
(paragraph 3b(4))
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