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GENERAL
This subcourse is designed to train the skills necessary for performing tasks related to the primary duties of the fire support specialist.  This subcourse is presented in four lessons corresponding to the terminal objectives supporting the following soldier's manual tasks.

LESSON 1:  Adjust Indirect Fire with the AN/TVQ-2(G/VLLD).

    TASK NO:  061-274-3979

    TASK:  Adjust indirect fire with the AN/TVQ-2(G/VLLD).

    CONDITIONS:  You will be given an operational, oriented G/VLLD set up in a field location, a forward entry device / handheld terminal unit (FED/HTU) with an interface cable assembly, communications with the FDC, a laser-safe range, laser safety equipment, an indirect fire means, and a designated stationary target.

    STANDARDS:   Adjust indirect fire so that fire for effect is entered by the third round and is within ñ50 meters of the target.

LESSON 2:  Observe a High-Burst Registration with the AN/TVQ-2 (G/VLLD).

    TASK NO:  061-274-3980

    TASK:  Observe a high-burst registration with the ground/vehicular laser locator designator (G/VLLD) AN/TVQ-2.

    CONDITIONS:  You will be given a ground/vehicular laser locator designator (G/VLLD); a thermal night sight AN/TAS-4B; communications with the FDC; an information sheet with orienting data, direction, and vertical angle; a laser-safe range; laser safety equipment; and an indirect fire means.

    STANDARDS:   Observe a high-burst registration and report the direction, distance and vertical angle to the FDC within 20 seconds.

LESSON 3:  Construct a Laser Range Danger Fan (LRDF) for the AN/TVQ-2 (G/VLLD).

    TASK NO:  061-274-3987

    TASK:  Construct a laser range danger fan for the ground/vehicular laser locator designator (G/VLLD) AN/TVQ-2.

    CONDITIONS:  You will be given a complete ground/vehicular laser locator designator (G/VLLD), a laser safety card, a field location with a zone of observation, paper, pencils, protractor, TM 9-1260-477-12, and AR 385-63.

    STANDARDS:   Construct a laser range danger fan (LRDF) for the zone of observation assigned.

LESSON 4:  Designate a target for Laser-Guided Munitions with the AN/TVQ-2  (G/VLLD).

    TASK NO:  061-274-3989

    TASK:  Designate a target for laser-guided munitions.

    CONDITIONS:  You will be given an oriented and operational, G/VLLD, an FDC interface, code data, a designated target, a laser-safe range, and laser safety equipment.

    STANDARDS:   Designate the target for 20 seconds prior to and until the round impacts.
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EXAMINATION 

ADMINISTRATIVE INSTRUCTIONS

Subcourse content.  This subcourse consists of four lessons, each related to one or more primary tasks of the fire support specialist.  An introduction presents an overall view of the subject.  Each lesson then explains how to perform each task as it pertains to the Fire Support Specialist and FIST.

Supplementary requirements.  The following subcourses should be completed before taking this subcourse.

     a.  IS 0788, Map Reading.

     b.  FA 4024, Map Reading III.

     c.  All 13F Skill Level 1 subcourses.

     d.  FA 2435-3, Field Artillery in the Laser Environment.

Prerequisites are based upon skill progression solely within the correspondence course curricula.  Therefore, enrollees who have acquired this requisite knowledge from other sources may not need to complete the listed subcourses.  If unable to complete this subcourse because of lack of prerequisite knowledge, request the prerequisite subcourses from:

        Army Correspondence Course Program (ACCP)

        US Army Training Support Center

        Newport News, VA, 23628-0001

        Telephone:  (757) 878-3322/2127, AUTOVON:  826-3322/2127
     b.  Protractor (furnished by unit).

     c.  Complete fire support team (FIST) equipped with the FED/HTU, G/VLLD and thermal night sight with interface capabilities (furnished by unit).

     d.  TM 9-1260-477-12, TM 9-1260-477-14, and FM 6-30 (furnished by unit).

     e.  AR 385-63 (furnished by unit).

     f.  Laser safety equipment (furnished by parent div arty).

     g.  G/VLLD instructor trainer set (furnished by parent div arty).

NOTE:  This subcourse, if completed on the actual equipment, should be done in a field environment.

Supervisory assistance.  There are no supervisory requirements for completion of this subcourse.

References.  FM 6-30 (Supplementary) and TRADOC Pam 34-3.

LESSON 1

ADJUST INDIRECT FIRE WITH THE AN/TVQ-2 G/VLLD
OBJECTIVE

Upon completion of this lesson, you will be able to adjust indirect fire using the AN/TVQ-2 ground/vehicular laser locator designator (G/VLLD).

REFERENCES

This lesson is based on FM 6-30 and other materials approved for US Army field artillery instruction; however, development and progress render the text continually subject to change.  Therefore, base your examination answers on material presented in this text rather than on individual or unit experience.

1.   INTRODUCTION.  Historically, the field artillery (FA) has been the greatest killer on the battlefield.  In previous wars, field artillery has accounted for two-thirds of all battlefield casualties, but only 1 percent of tank kills.  The G/VLLD AN/TVQ-2 adds a new dimension in effectiveness to the FA system.  With the G/VLLD, members of the fire support team (FIST) and separate lasing teams can accurately measure distance (range) to both stationary and moving targets and designate targets for attack by "painting" the target with beams of coded laser energy.  Reflected coded laser energy provides guidance information for terminal homing munitions such as Hellfire and Copperhead.  The code transmitted by the designator is manually set on the G/VLLD pulse repetition frequency (PRF) code switches by the operator.  This same code is also set on the laser-guided projectiles to be fired for that operator.  Coded laser energy allows for multiple designators to operate in the same target area without mutual interference.

2.   FORWARD OBSERVER RESPONSIBILITIES.  At the platoon level, except for tank companies and armored cavalry troops, the forward observer (FO) acts as the eyes of the field artillery and mortars.  As the maneuver platoon fire support representative, the primary responsibilities of the FO are to locate targets and call for and adjust indirect fire support.  The G/VLLD provides accurate distance, direction, and vertical angle data.  The accuracy of the azimuth information depends on the initial orientation of the G/VLLD.

PRACTICE EXERCISES:

Complete the following exercises by circling T for true or F for false, circling the letter preceding the correct answer, or filling in the blanks as appropriate.  Be sure to complete the practice exercises as they appear.  They are "building blocks" and will help you understand and complete the rest of the subcourse successfully.  The answers follow the last exercise.  If any of your answers are incorrect, restudy the appropriate part of the subcourse before you continue.

     1.  T  F  The FO acts as eyes for all field artillery and mortars.

     2.  T  F  The primary responsibilities of the FO are to locate targets and call for and adjust indirect fire support.

ANSWERS:

     1.  F

     2.  T

3.   INITIAL ORIENTATION.  Since target locations are determined by the polar plot technique, target location accuracy depends on the accuracy of the operator's (FO's) location as reported to the FDC and his initial orienting azimuth.  Upon occupation of a position, the FO should ensure that the most accurate orienting information is placed on the G/VLLD and that this location is encoded and sent to the FDC.  As a minimum, he should do the following as soon as possible after occupying an observation post (OP):

     •  Using an M2 compass, measure the grid azimuth to a reference point that is easily identifiable on the ground.

     •  Orient the G/VLLD on the reference point, and set the grid azimuth reading in the azimuth display of the G/VLLD eyepiece.

     •  With the G/VLLD thus oriented for direction, determine the azimuth, distance, and vertical angle to any point that can be observed and identified on the map.

     •  Determine your location through resection and terrain analysis, and report your grid coordinates to the FDC.

4.  LOCATION.  The FO should refine his location and the orientation of the GLLD as soon as possible.  If possible, his location should be determined by survey.  Lacking survey control, however, he can use the G/VLLD to locate himself through self-location procedures discussed in FM 6-30, Appendix C.

PRACTICE EXERCISE:

     3.  T  F  Magnetic azimuth is determined to a reference point as soon as the FO occupies his position.

     4.  T  F  The FO's position is determined using map spot techniques.

ANSWERS:

     3.  F

     4.  F

5.   ADJUSTMENT OF FIRE.  If the G/VLLD is accurately located and is properly oriented, resulting target locations will be accurate enough for first-round fire-for-effect (FFE) missions.  However, in many situations, some of the requirements for accurate first-round FFE may be lacking at the firing battery.  If the FO is not sure he can achieve first-round FFE on the target, he should request an adjust fire mission.  The G/VLLD then gives the FO a superior capability to adjust fire for conventional munitions.  Once the first adjustment round impacts, the FO determines whether the round impacted right or left of the target.  Then he determines angular deviation by finding the difference between the measured direction to the target and the measured direction to the burst of the adjusting round.

NOTE:  The call for fire formats outlined in Chapter 3 of FM 6-30 are used. Target locations are usually laser polar plot.

EXAMPLE:

If the angle of deviation exceeds 100 mils, the mil-relation formula proceeds to break down and observer adjustment techniques are not accurate enough.  Therefore, the FO sends the laser polar plot data of the burst to the fire direction center (FDC) to compute the shift.  In a unit equipped with a battery computer system (BCS) or backup computer system (BUCS), the observer always sends the laser plot to the FDC.  The computer determines the shift to place accurate fires on the target.

BURST DIRECTION 5872, DISTANCE 4350, VERTICAL ANGLE -11, FIRE FOR EFFECT, OVER.

If the angle at deviation is 100 mils or less and the supporting FDC does not have BCS or BUCS, the FO computes his own shift as follows (Figure 1):
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Figure 1. Use of G/VLLD for determination of subsequent corrections.







     •  Compute the observer-burst (OB=observer burst line) distance factor by expressing the OB distance to the nearest 1,000 meters.

        Distance to burst 3480       3(OB factor)

     •  Determine the horizontal shift by multiplying the angular deviation by the OB factor and expressing the answer to the nearest 10 meters using artillery expression.

        25 x 3 = 75  L80 meters

        (angular deviation) x (OB factor) = horizontal shift in meters

     •  Determine the range shift by finding the difference between the observer target (OT) range and the OB range and expressing it to the nearest 10 meters.

        Distance to target      3680 meters

        Distance to burst      -3480 meters

                    +200 meters = range shift

     •  Compute a vertical shift (only if it exceeds 30 meters) by determining the vertical angle difference between the burst and the target, multiplying by the OB factor, and expressing to the nearest 5 meters.

        Vertical shift + 3 x 3 = 9 = 10 meters (less than 30, not needed)

        (vertical angle) x (OB factor) = vertical shift in meters.

Correction sent to FDC:  LEFT 80, ADD 200, FIRE FOR EFFECT, OVER.

PRACTICE EXERCISE:

     5.  From the diagramed fire mission in Figure 2, determine the deviation, range, and vertical shift (if needed) to be sent to the FDC.
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Figure 2. Diagramed fire mission.







         Deviation correction (left or right) __________, range correction (+ or - ) __________, vertical shift (up or down) __________, correction to FDC _______________.

ANSWERS:
     5.  Deviation correction          OB distance = 3960         OB factor = 4       Left 120                      Direction to target        0320

Direction to burst         0350

Deviation                          30 mils

(4 x 30 mils = 120 meters )

Range correction + 160
Distance to target         4120

Distance to bust          -3960

  +160

Vertical shift None (0)
 Vertical angle to target   +2

Vertical angle to burst    +1

+ 1 x 4 = 4 meters = 0

Correction sent to FDC:  LEFT 120, ADD 160, FIRE FOR EFFECT, OVER.

6.   SUMMARY.  The G/VLLD gives the FO a superior capability to adjust fire for conventional munitions.  If the unit is equipped with the BCS or BUCS or if the angle of deviation exceeds 100 mils, the FO sends the laser plot to the FDC.  If the unit is not equipped with a computer system and the angle of deviation is less than 100 mils, the FO computes his own shift.  Target locations with the G/VLLD can only be as accurate as the initial orientation and location of the instrument.  Refinement of the location and orientation should be done as soon as possible.

LESSON 2

OBSERVE A HIGH-BURST REGISTRATION

WITH THE AN/TVQ-2 G/VLLD
OBJECTIVE

Upon completion of this lesson, you will be able to accurately observe a high-burst registration with the AN/TVQ-2 G/VLLD.

REFERENCES

This lesson is based on FM 6-30, and other materials approved for US Army field artillery instruction; however, development and progress render the text subject to change.  Therefore, base your examination answers on the material presented in the text, rather than on individual or unit experience.

7.   INTRODUCTION.

     a.  If all conditions of material, position, and weather are standard (never change), firing a cannon at a particular elevation would cause the projectile to travel the range shown in the FDC firing table (Figure 3).
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     b.  Inaccurate survey, firing charts, and target location and nonstandard conditions of material, position, and the atmosphere will contribute to errors.  The number of meters short or over and left or right of the target is a combination of these errors.  The magnitude of the cumulative errors and the corrections of those errors can be determined by registration.  Field artillery weapons normally are emplaced in defilade to conceal them from the enemy.  Usually, this emplacement precludes direct fire on the target.  Consequently, indirect fire must be used to attack targets.  The gunnery problem is indirect fire.  The solution to this problem requires weapon and ammunition settings which the FO helps to determine and which, when applied to the piece and ammunition, will cause the projectile to burst on or at a proper height above the target.  All of the accuracies needed are depicted in Figure 4.
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Figure 4. Needed accuracies.







PRACTICE EXERCISE:

     6.  T  F  A certain elevation will cause a round fired to travel a certain range if all conditions are nonstandard.

     7.  T  F  Accurate target location is one of the requirements for accurate fire.

     8.  T  F  Defilade means LAID ON THE TGT.

ANSWERS:

     6.  F

     7.  T

     8.  F

8.   HIGH-BURST REGISTRATION.  When it is necessary to register, clearly defined and accurately located registration points may be limited or not available.  Dense vegetation or ground fog may prevent the observers from seeing the ground.  At night, the adjustment of fire on a registration point is impossible without some sort of illumination.  The high-burst (HB) registration is one means of overcoming these problems.  The HB registration is fired by use of time-fuzed rounds and offers an advantage over impact registrations by allowing the FDC to determine fuze corrections for future missions.  If the unit can use G/VLLD equipped observers, the HB registration can be done with one observer during wartime or with two observers during peacetime.  Laser safety requirements for peacetime may prohibit G/VLLD live lasing above the skyline.  Two observers equipped with laser-safe G/VLLDs (inhibiter plug installed) could provide azimuth and vertical angle information to the FDC.

9.   MESSAGE TO OBSERVER.  A message to observer (MTO) is sent to both observers.  The MTO contains the information needed to tell the observers where to orient their instruments to see the bursts.  This MTO contains five parts (as listed below) and is sent from FDC.

     •  A warning order (OBSERVE HIGH-BURST REGISTRATION).

     •  Orienting data for observer 01 (01 DIRECTION 0383, VERTICAL ANGLE PLUS 17).

     •  A directive to 01 to measure the vertical angle (MEASURE THE VERTICAL ANGLE).

     •  Orienting data for observer 02 (02 DIRECTION 5985, VERTICAL ANGLE PLUS 11).

     •  A directive to the observers to report when ready to observe (REPORT WHEN READY TO OBSERVE).

This MTO, as it appears in Figure 5, is annotated to the FDC DA Form 4201 (High-Burst (Mean Point of Impact) Registration).
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10.  HIGH-BURST REGISTRATION PROCEDURE.  Orienting data are provided the G/VLLD operator or observer through a message to observer (Figure 5).  The observer uses the G/VLLD to determine laser polar plot data for the burst of each round fired during the registration and sends the data to FDC.

PRACTICE EXERCISES:

     9.  High-burst registrations offer an advantage over impact registrations by allowing __________ __________ to be determined.

    10.  T  F  Observer 02 measures the vertical angle (VA).

    11.  T  F  Two G/VLLD equipped observers are required to observe high-burst registrations at all times.

    12.  Laser safe G/VLLDs have __________ __________ installed.

ANSWERS:

     9.  fuze corrections

    10.  F

    11.  F

    12.  inhibiter plug
11.  MOVING TARGETS.  Using the G/VLLD to mark the location, artillery can now attack moving targets with first-round fire-for-effect.  The G/VLLD operator makes a series of measurements of the target range, azimuth, and vertical angle (Figure 6A).  On the basis of these target data, automated fire direction equipment (tactical fire direction system [TACFIRE], BCS) can accurately predict the future location of the target.  The artillery firing battery B can now place accurate and effective fire on this predicted point C and destroy or neutralize the moving target.

	[image: image6.png]Figure 6. G/VLLD and moving targets.







12.  AUXILIARY ADJUSTING POINT.  Adjust mission with an auxiliary adjusting point.  Though the G/VLLD has shown that it can locate targets to a degree of accuracy that will allow first-round FFE with conventional ammunition, some requirements for accurate FFE may be lacking at the firing battery.  If the G/VLLD operator is not sure he can achieve first-round FFE, he can request an adjust fire mission using an auxiliary aiming point.  The adjusting point can be predetermined based on the location of targets.  The adjusting point should be well away from the target to achieve surprise.  Once FDC has the accurate target and adjusting point location from the G/VLLD operator, the adjusting round is fired.  Using the RNG 1 MODE SELECT switch setting, the G/VLLD operator lases the adjusting round.  The operator then reports the range, azimuth, and vertical angle to the round, and the FDC computes the shift.  The next rounds will be FFE.  (See the following example.)

NOTE:  The observer may have to compute the shift when automated FDC equipment (TACFIRE, BCS, BUCS) is not available to the FDC and the deviation is less than 100 mils.  Only one adjusting round is needed.  (This procedure was discussed in Lesson 1 of this subcourse, and an example is shown below).

EXAMPLE:

An operator position is map-spotted, and the G/VLLD is oriented for direction using the M2 compass.  Registration corrections are not available.  The operator ranges the target and obtains the following data:

       Direction
220 mils
Distance     3680 meters
Vertical angle
+2 mils

The operator then selects an adjusting point at grid coordinates 633374, well removed from the vicinity of the target, and sends a call for fire for adjustment to that point:

       H24 THIS IS H58, ADJUST FIRE, SHIFT AUXILIARY ADJUSTING POINT, OVER.

       TARGET DIRECTION 220, DISTANCE 3680, VERTICAL ANGLE +2, OVER.

       ADJUSTING POINT GRID 633374, OVER.

       BATTALION ASSEMBLY AREA, ICM IN EFFECT, OVER.

NOTE:  When the adjusting round bursts, the operator lases the burst and

sends the data to the FDC:
       BURST DIRECTION 803, DISTANCE 5010, VERTICAL ANGLE +1, FIRE FOR EFFECT, OVER.

The FDC computes the shift and fires for effect on the original target.

NOTE:  To facilitate accurate fires on the target, the operator should select an auxiliary adjusting point whose range from the guns is close to the gun-target (GT) range and is within 400 mils left or right of the GT line.

13.  SUMMARY.  At times, the observer has limited visibility of points on the ground.  The HB registration is one way to overcome this problem.  Laser safety requirements for peacetime training may prohibit G/VLLD line lasing above the horizon.  The message to observer contains vital orientation data.  If two observers are used, 01 will measure the vertical angle.  Remember that any time you use the G/VLLD it must be properly oriented to provide FDC with valid data.

LESSON 3

CONSTRUCT A LASER RANGE DANGER FAN FOR THE G/VLLD
OBJECTIVE

Upon completion of this lesson, you will be able to construct a laser range danger fan (LRDF) for the AN/TVQ-2 G/VLLD.

REFERENCES

This lesson is based on FM 6-30 and other materials approved for US Army field artillery instruction; however, development and progress render the text continually subject to change.  Therefore, base your examination answers on material presented in this text rather than on individual or unit experience.

14.  INTRODUCTION.  Modern battles are fought and won by a combination of air, land, and naval forces working together.  As the complexity of the battlefield increases, we, as a nation, have turned to developing technology to help us meet the challenges we face.  One of the most promising of the new technologies has been the development of laser systems to increase our capability.  The use of laser technology on the battlefield has developed in three primary areas--laser target ranging and designation systems, laser acquisition systems, and laser-guided munitions (LGM).

15.  SAFETY.  Lasers have been used at a number of Army installations in training demonstrations and tests without injury to personnel.  However, use of the G/VLLD and other lasers requires strict safety controls.  (Installation range officers and training planners should follow the safety procedures in AR 385-63 when planning training with laser systems).  The G/VLLD should always be treated as a direct fire weapon such as a rifle.  Unless there is a "backstop" present, it can be hazardous as far as 80 kilometers.  *At this time, no standard laser protective goggles are available for general distribution.  Laser beams should terminate within the impact area of large-caliber ranges.  Laser targets should be emplaced below the horizon.  If this is not possible, backstops should be built to stop the beam.

*One pair of laser safety goggles (NSN 4240-00-258-2054) are issued with the G/VLLD test set to direct support and higher maintenance facilities.

PRACTICE EXERCISES:

    13.  T  F  The primary areas of laser development are laser designation and ranging systems, laser-guided munitions, and laser acquisition systems.

    14.  T  F  AR 385-63 cover troop safety in the impact area.

    15.  T  F  With a backstop, lasers are dangerous up to 100 kilometers.

ANSWERS:

    13.  T

    14.  F

    15.  F

16.  G/VLLD SAFETY FAN.  A laser range safety card similar to a range safety card is issued by the local range control authority for use by each laser OP.  The laser range safety officer or NCO must understand the terms "buffer zone" and "backstop" to correctly construct an LRDF.

17.  BUFFER ZONE.  The laser buffer zone is the distance left or right or up or down that may be exposed to direct laser beams.  The size of this area is measured in mils.  The size of this target area depends chiefly on the type of laser and the stability of the mount.  The horizontal as well as vertical buffer zones for either the tripod or FISTV-mounted laser is 2 mils.  This 2-mil buffer zone is included in the safety card computations.

18.  BACKSTOP.  Backstops are opaque structures or terrain in the controlled area, such as a dense tree line, a windowless building, or a hill, that completely obstructs any view beyond it and therefore completely terminates a laser beam that might miss the target (Figure 7).  Unless the nominal ocular hazard distance (NOHD) (see AR 385-63) has been exceeded, the hazard distance must be controlled.  The terrain profile from the laser device field of view is very important, since the laser presents only a line-of-sight hazard.  The optimal use of natural backstops is the key to minimizing laser range control problems.
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19.  MAXIMUM AND MINIMUM SAFE VERTICAL ANGLE COMPUTATION.  The safety card should specify the left and right azimuth limits for the laser range.  Maximum and minimum vertical angles (VAs) for lasing should also be listed.  If no maximum or minimum vertical angles are given and maximum and minimum ranges are listed, the maximum and minimum safe vertical angles for laser firing are computed as follows:

     •  Determine the altitude of the laser OP.

     •  Determine the altitude of the highest point on the minimum range line between the authorized azimuth limits.

     •  Determine the vertical interval (VI) (ñ), in meters, by subtracting the minimum (min) range (rg) altitude (alt) from the OP altitude.

     •  Divide the (ñ) VI by the minimum range (in thousands [2500 = 2.5]) on the safety card to get the minimum (ñ) VA.

     •  Add 2 mils to the VA to get the minimum safe G/VLLD VA.  (Here, pay attention to the signs of VA; for example, VA = -8 + 2 mils = -6; VA +8 + 2 mils = +10.)

     •  Determine the altitude of the lowest point on the maximum (max) range line (ln).

     •  Determine the (ñ) VI by subtracting the maximum range altitude from the OP altitude.

     •  Divide (ñ) VI by the maximum range in thousands (8400 = 8.4) to get the maximum (ñ) VA.

     •  Subtract 2 mils from the maximum VA to get the maximum safe G/VLLD VA; for example, VA + 10 - 2 mils = +8; VA -10 - 2 mils = -12.

PRACTICE EXERCISE:

    16.  T  F  A buffer zone is the distance in the range fan that may not be exposed to lasers.

    17.  T  F  An example of a backstop would be a building without windows.

    18.  T  F  NOHD stands for nominal ocular holding distance.

    19.  Given:  Laser OP alt = 316

                 Min rg ln alt = 325

                 Min rg = 2500

                 Lowest pt (max rg) = 298

                 Max rg = 8400

Determine:  Minimum safe VA for G/VLLD

Maximum safe VA for G/VLLD

ANSWERS:

    16.  F

    17.  T

    18.  F

    19.  Minimum safe VA for G/VLLD = -1, maximum safe VA for G/VLLD = 0

NOTE:  The maximum safe G/VLLD VA applies only if there is no backstop for the laser within the laser impact area that is higher than the maximum VA.  When there is a backstop, the operator may lase to within 2 mils of the top of the backstop.


Figure 8 shows a laser safety fan with natural backstops used in LRDF construction.
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Figure 8. Laser safety fan.







20.  CLEARED AREA.  For OP personnel safety, a 30-meter area (Figure 9) must be cleared in the direction the G/VLLD is used.  This area must be cleared of trees, bushes, or anything that could be hit accidentally by the laser beam.  The reflection of the laser beam from any surface at this range could be hazardous.  All personnel in the OP area must stay behind this cleared area.  To warn personnel of laser activation, the operator must call out loudly LASING.
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PRACTICE EXERCISE:

    20.  Given:  Direction = 1600

                 Target area size = 300 mils (150 mils either side)

                 Laser OP alt = 405

                 Min rg ln alt = 380

                 Min rg = 2600

                 Max rg (lowest pt) = 298

                 Max rg = 7500

         Determine:  Left azimuth limit.

                     Right azimuth limit.

                     Maximum vertical angle (safe) for G/VLLD.

                     Minimum vertical angle (safe) for G/VLLD.

    21.  T  F  A safety area is cleared out to 40 meters in the direction the G/VLLD is used.

ANSWERS:

    20.  Left azimuth limit = 1450

         Right azimuth limit = 1750

         Maximum VA (safe) for G/VLLD = +13 (round down in safety)

         Minimum VA (safe) for G/VLLD = +11 (round down in safety)

    21.  F

21.  SUMMARY.  Local range control should issue a laser range safety card.  The laser range safety officer or NCO must understand the terms buffer zone and backstop to construct an LRDF and compute left and right azimuth limits as well as maximum and minimum (safe) vertical angles.  In addition to long-range limits, do not forget the 30-meter cleared area.  Watch closely that personnel do not enter the danger area.  In all cases, you will have to warn personnel of laser activation.

LESSON 4

DESIGNATE A TARGET FOR LASER-GUIDED MUNITIONS

WITH THE AN/TVQ-2 G/VLLD
OBJECTIVE

Upon completion of this lesson, you will be able to designate a target for laser-guided munitions with the AN/TVQ-2 G/VLLD.

REFERENCES

This lesson is based on FM 6-30 and other materials approved for US Army field artillery instruction; however, development and progress render the text continually subject to change.  Therefore, base your examination answers on material presented in this text rather than on individual or unit experience.

22.  INTRODUCTION.  Modern battles will be fought and won by services used together in joint operations.  As the complexity of the battlefield increases, we turn to technology to meet the challenge.  One of the newest technologies is the development of laser systems.  In past G/VLLD lessons, you have seen how the G/VLLD and the G/VLLD operator can determine the exact measurements to terrain and the locations of targets.  In this lesson, you will learn one of the most important uses of the G/VLLD--the designation of a moving target for guided semiactive laser weapon systems.

23.  LASER WEAPON SYSTEMS.

     a.  Of these weapons, the M712 Copperhead, 155-mm, cannon-launched projectile will be extensively used on the battlefield.  Once fired, the Copperhead round seeks a laser beam reflection to guide it to a target.  As long as Copperhead has enough time in flight to acquire the laser beam reflection, it has a very high-hit probability.  This high-hit probability depends on several critical factors.  The most important of these being your accurate polar location.  From this accurately located point, all target locations are developed.  Accurate targeting is then a simple process of computing the direction and distance to the target relative to your position.  Other factors which determine the success or failure of a Copperhead mission include:  FO/FDC teamwork, close communications on target priorities, methods of engagement, and total mission effectiveness.  One more important fact!!  When designating (firing the laser), it must be kept on the target during the final phase of the Copperhead trajectory.  Any obstructions--heavy smoke, trees, hills, or buildings--that interfere with the laser beam will greatly effect that high-hit probability.

     b.  You must be able to determine where the Copperhead round should impact before the round is fired.  You must also become familiar with G/VLLD tracking techniques to keep the laser beam on target at all times during target designation.  Keeping the cross hairs on the target and the laser beam trained on the right part of your target are two more ways of increasing that hit probability.  The more accurate your targeting, the greater the enemy loss will be.

PRACTICE EXERCISE:

    22.  T  F  The M712 Copperhead cannon-launched projectile can be fired from 155-mm and 203-mm (8-inch) weapon systems.

    23.  T  F  High-hit probability is largely dependent on an accurately located OP.

    24.  T  F  Smoke will interfere with the effectiveness of a laser beam.

ANSWERS:

    22.  F

    23.  T

    24.  T

24.  TRIGGER POINT.  Once you have located your target, determined where you want the Copperhead to land, and transmitted this information to FDC, you must select a point at which the round must be fired.  To determine this trigger point, you must account for several important factors:  the target path, speed, Copperhead time of flight (TOF), and the radio transmission time.  This trigger point is the position on the target path which will allow a Copperhead round to be fired and impact at the target position (see Figure 10).
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25.  CALCULATE THE TRIGGER POINT.

     •  Determine target data (speed, path).

     •  Add the radio transmission time and Copperhead TOF.

EXAMPLE:
Copperhead TOF:  20 seconds

Radio transmission time (fire order):  5 seconds (normal)

Target speed:  5 m/s (meters per second)

          Calculate trigger point distance:

 (20 seconds + 5 seconds) x 5 m/s

= 30 seconds x 5 m/s

= 150 meters

     The trigger point distance is 150 meters before the Copperhead impact point along the target path.  (See Figure 11.)
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26.  COMMANDS.

     a.  The command SHOT is transmitted for each round fired unless--

         •  AT MY COMMAND is specified.

         •  No method of control is specified.

         •  Several rounds are fired at the same target.

NOTE:  In the above cases, the command SHOT would be transmitted only once.

     b.  The command LASER ON is transmitted to the FO 20 seconds before round impact.

         •  If (TOF) is 20 seconds or less, the command SHOT and LASER ON are sent at the same time.

         •  Once the command SHOT is received, begin countdown from the TOF given in the MTO.

         •  If the command LASER ON has not been sent by the time the countdown has reached 20 seconds, the FO must designate (pull the trigger) when the countdown reaches 13 seconds to impact.

         •  Ensure the target is designated for 13 seconds to provide an accurate hit.

         •  If several rounds are fired at the same target, the FO must continuously designate for all rounds.

         •  If the command SHOT is transmitted for each round, the command LASER ON will be transmitted for each round.

NOTE:  The above Copperhead engagement commands must be reviewed and completely understood.

27.  SPECIAL CONSIDERATIONS.  When your call for fire is not AT MY COMMAND or BY ROUND, AT MY COMMAND, the battery reaction time must be included in the trigger point formula.

EXAMPLE:

Priority targets           30 seconds

On-call targets            90 seconds

Targets of opportunity      3 minutes

     a.  When you have requested the launch of a Copperhead projectile, the

battery FDC will send you two transmissions:  SHOT and LASER ON.  The SHOT

command will be transmitted over your radio, the LASER ON command will

be sent through the FED/HTU (if the G/VLLD is so equipped) or through your radio.                                      It is very important that you begin a count-

down of the Copperhead TOF the moment you receive the SHOT command.  If

you do not receive the command LASER ON from FDC, you must designate the

target as soon as your countdown reaches 13 seconds.  (The Copperhead re-

quires at least 13 seconds of laser reflection from the target to acquire and

follow the laser beam to the target.  (See Figure 12.)
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     b.  The target is designated until the Copperhead impacts.  The command SHOT is transmitted to the FO from the battery FDC the moment the Copperhead round is fired.

PRACTICE EXERCISE:

    25.  T  F  A trigger point is the impact point for Copperhead.

    26.  Given:

Copperhead TOF:  25 seconds

Radio transmission time:  normal

Target speed:  7 m/s

Calculate the trigger point distance.

    27.  T  F  On-call target reaction time is 30 seconds.

    28.  T  F  When you (the FO) receive the command SHOT, you must immediately designate the target.

    29.  T  F  AT MY COMMAND means at the FDC's command.

    30.  T  F  If SHOT is transmitted for each round, the command LASER ON also is transmitted.

ANSWERS:

    25.  F

    26.  210 meters

    27.  F

    28.  F

    29.  F

    30.  T

28.  LASER TARGETING PROCEDURES.  The techniques used to maintain the laser designator-range finder (LD/R) cross hairs on a moving target must be practiced and perfected.  The G/VLLD traversing unit contains a fluid damping system which will prevent erratic G/VLLD movements.  If you happen to lose sight of the target during the last few seconds of the Copperhead flight, the round will try to fly toward the point where the laser beam is spotting (Figure 13).
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Figure 13. Laser beam spotting.







     a.  The below-listed aids are similar to those used by any marksman using a weapon.  Hopefully they will help you in performing your mission.

         •  Assume a comfortable sitting or kneeling position.

         •  Keep your eye in the same relative position over the eyepiece.

         •  Keep the LD/R cross hairs on a target point where the Copperhead round can "see" the laser spot.

         •  Track the target with smooth corrections.

         •  Control and steady your breathing.

         •  Squeeze the trigger switch.

     b.  Once you are in a comfortable position, track and lase your target with smooth motions.  Keep the cross hairs on a good target reflection point, and control your breathing.  Just use basic marksmanship principles.

29.  TARGET AIMING POINTS.  As Copperhead approaches the target area, the laser sensor is searching for a particular reflected laser light frequency.  If you are designating the base of the target, the laser pulses may be deflected into the ground or entirely absorbed.  If the laser beam is aimed slightly above the target, the Copperhead will seek that point.  When the laser beam is not reflected toward the approaching round, Copperhead cannot "lock-on," and will follow a normal trajectory.  Correct aiming points are shown in Figure 14.

     •  Lase the center-to-upper surfaces of targets to allow the incoming Copperhead round to see the laser spot.

     •  Do not go over or short of the target.  Apply the marksmanships principles and hit it.

	[image: image14.png]Figure 14. Correct aiming points.







You must select target aiming points which allow Copperhead to lock-on.  Do not overshoot or undershoot your target.  Remember, hit it.

PRACTICE EXERCISE:

	    31.  In Figure 15, which number represents the trigger point?

         a.  1

         b.  2

         c.  3                 

         d.  4
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    32.  In Figure 16, which number represents the moment the command LASER ON is sent to the FO?

         a.  1

         b.  2

         c.  3

         d.  4

	[image: image16.png]Figure 16. Command LASER ON is sent.







    33.  Why should you not aim the laser beam at the base of the target?

         a.  The laser beam will reflect toward the Copperhead.

         b.  The laser beam will reflect down or be absorbed.

         c.  The laser beam should be aimed at the base of the target.

         d.  The laser beam might injure the enemy.

ANSWERS:

    31.  c.

    32.  c.

    33.  b.

30.  G/VLLD SETTING.  As you are preparing to go to the field with a G/VLLD, you should receive your radio call sign and a paulse repetition frequency (PRF) code from your battalion FSO.  You must load this code into your G/VLLD as soon as possible, but no later than when you radio in your position to your FDC.

31.  CONCEPT.  Once your position is selected to lase a target for Copperhead, an MTO will be sent to you by FDC.  This message will confirm your PRF code which is also being transmitted to the firing battery.  The battery will then program Copperhead with that same PRF code.  Copperhead, once in flight, will only see the reflected laser light that has the same PRF.  In this way, several Copperhead rounds can be launched to different targets without becoming confused by several laser beam spots.  (See Figure 17.)

                     IMAGE: Figure 17.  PRF switches.

Your PRF code may be changed if the battalion FSO directs.  In this case, you would change the code on the G/VLLD and continue to operate.

32.  RECEIVE AN MTO.

     a.  This message will be sent only after you have provided targeting information (target type, location, call for fire) to the FDC.  Once you receive an MTO, the battery will begin to prepare laser-guided rounds.  This preparation includes setting the PRF code included in your MTO.  (See Figure 18.)

                     IMAGE: Figure 18.  Setting PRF codes.

     b.  The MTO will contain four elements that must be received, understood, and noted for later use.

             ELEMENT

EXAMPLE

Unit firing

B9Z41

Number of rounds
3 Rounds

Laser PRF code
Code 485

Time of flight

TOF 30

33.  SET THE G/VLLD TO THE DESIGNATE MODE.  After receiving your MTO, you must set the G/VLLD for designating your target.  The LD/R power switch must be set to ON.  The indicator light must be checked for proper operation, and the LD/R reticle must be focused.  The RNG1-RNG2-DES switch must be in the DES mode, and the protective window cover must be removed.  (See Figure

19.)
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Figure 19. Designate mode.







34.  SET THE G/VLLD PRF CODES.  Once electrical power has been applied to the LD/R, you will have to set the PRF code into the LD/R.  These code switches are located on the top left, forward corner of the LD/R.  The code switches are labeled A to C, and each code number is selected by aligning the correct number with the dot next to the switch.  Figure 20 shows the code 584 entered.  This code was sent to you in your MTO.

	[image: image18.png]LETTERS
SWITCH

Figure 20. Set PRF codes.

0 e—— ALIGNMENT MARK

CODE SWITCHES

ALIGNMENT MARK

© ¢ ALIGNMENT MARK







PRACTICE EXERCISE:

	    34.  Figure 21 shows an MTO you received.  Which element refers to the switch settings on your G/VLLD?

         a.  Y5A57

         b.  2 ROUNDS

         c.  CODE 265                    

         d.  TF 25
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Figure 21. MTO.





	    35.  In Figure 22 you are trying to focus the LD/R reticle.  Why can't you get a reticle image?

         a.  The focus ring on the LD/R eyepiece is not adjusted.                

         b.  The LD/R test knob is not set to TEST.

         c.  The LD/R power switch is off.  

         d.  The PRF codes have not been entered.
	[image: image20.png]Figure 22. LDIR reticle.






    36.  Which PRF codes are correctly entered in Figure 23 if you receive an MTO that contains B4Q14, 2 ROUNDS, CODE 521, TOF 27?

         a.  1

         b.  2

         c.  3 

         d.  4

	[image: image21.png]Figure 23. PRF codes.







ANSWERS:

    34.  c.

    35.  a.

    36.  b.

35.  DESIGNATE TARGET.

     a.  When the round is fired and you receive the command SHOT, you must begin your countdown.  As the round approaches, you will receive the command LASER ON and begin to lase the target.  You will have to keep the laser beam on target until the round impacts.  (See Figure 24.)

	[image: image22.png]Figure 24. Designate target.






     b.  Remember the TOF data you received from FDC?  You may not receive a laser on command and will have to be prepared to lase the target on your countdown.

36.  COUNTDOWN.  Once the command SHOT is received, you must begin your countdown.  Follow the target exactly.  (See Figure 25.)

     •  Receive the command shot from FDC.

     •  Begin your countdown from the TOF given in the MTO.

     •  Keep the target LD/R cross hairs on the upper surface of your target.

     •  Follow the target with smooth motions.
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At this point, the Copperhead projectile will begin a descent to the target.  You must continue your countdown in case the designate command is not received.  Keep the cross hairs on target, and designate the target until the round impacts.  The command LASER ON should be received 20 seconds before impact.  (See Figure 26.)
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37.  DESIGNATE TARGET UNTIL COPPERHEAD IMPACTS.

     •  Receive the command LASER ON from the FDC.

     •  If you do not receive the command LASER ON, squeeze the LD/R trigger switch when your countdown reaches 13 seconds until impact.

     •  Designate the target until the Copperhead impacts.

     •  Release the trigger switch.

     •  Transmit END OF MISSION and damage assessment to FDC.

PRACTICE EXERCISES:

    37.  What should be transmitted once the Copperhead round is fired?

    38.  Normally, when will the command LASER ON be transmitted?

    39.  When must you designate the target, even if you do not receive a laser on command?

ANSWERS:

    37.  shot command

    38.  20 seconds before impact

    39.  13 seconds before impact

37.  SUMMARY.  The M712 Copperhead 155-mm cannon-launched round seeks a laser beam reflection to guide it to the target.  PRF code will be given for you to load into your G/VLLD.  That same PRF code will be transmitted to the firing battery and programmed into the Copperhead.  Once you have located your target and given the information to FDC, you will receive an MTO.  You are then ready to guide the Copperhead into the target.  Remember, you may not receive a LASER ON command and will have to be prepared to lase the target on your countdown.

WARNING





LASING ABOVE THE SKYLINE IS FORBIDDEN EXCEPT WHEN SPECIFICALLY AUTHORIZED BY THE RANGE SAFETY CARD.





WARNING





IF THIS SUBCOURSE IS COMPLETED ON THE ACTUAL EQUIPMENT, THE LASER WILL BE FIRED IN PARAGRAPH 37.  THE LASER BEAM IS DANGEROUS AND MAY CAUSE BLINDNESS IF IT ENTERS THE EYE EITHER DIRECTLY OR INDIRECTLY (REFLECTED).








