	


CANNON CREW MEMBER

MOS 13B SKILL LEVEL 3
MAINTENANCE SUPERVISION OF THE M102 HOWITZER

SUBCOURSE FA 3147-A
US Army Field Artillery School

Fort Sill, Oklahoma

TEN CREDIT HOURS

GENERAL
This subcourse is designed to teach the knowledge necessary for performing tasks related to maintenance supervision of the M102 howitzer.  This subcourse is presented in two lessons, each lesson corresponding to a terminal objective supporting the following soldier's manual tasks:

LESSON 1:  The M102 Howitzer

    TASK NO:  061-268-1538

    TASK:  Perform preventive maintenance checks and services (PMCS) on the M102 howitzer.

    CONDITIONS:  You will be given an M102 howitzer in a maintenance location with section tools and equipment, section personnel, TM 9-1015-234-10, DA Pam 738-750, and a blank DA Form 2404

(Equipment Inspection and Maintenance Worksheet).

    STANDARDS:   Perform all checks and services listed in the preventive maintenance checks and services table IAW TM 9-1015-234-10.

LESSON 2:  Maintenance Services

    TASK NO:  061-268-3430
    TASK:  Perform prefire checks (M102).

    CONDITIONS:  You will be given an M102 howitzer, a section, and required section equipment.

    STANDARDS:   Perform prefire checks IAW TM 9-1015-234-10.

    TASK NO:  061-268-1410

    TASK:  Disassemble/assemble breech and firing mechanism (M102).

    CONDITIONS:  You will be given an M102 howitzer, section tools, a rope, rags, and one assistant.

    STANDARDS:   Disassemble the breech and firing mechanism within 8 minutes and assemble the breech and firing mechanism within 12 minutes.
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Lesson 1

THE M102 HOWITZER
OBJECTIVE

Upon completion of this lesson, you will be able to identify the various parts and controls of the M102 howitzer and describe the main systems and their functions.

REFERENCES

This lesson is based on TM 9-1015-234-10, TM 9-1015-234-12 with changes, and other materials approved for US Army field artillery instruction; however, development and progress render the text subject to continual changes.  Therefore, base your examination answers on material presented in this text rather than on individual or unit experience.

1.  INTRODUCTION.  Day-to-day preventive maintenance (PM) is the "heart and soul" of the Army's maintenance system.  The entire system assumes that the using personnel will care for their equipment to avoid unnecessary equipment failure.  The system fails if equipment is not properly operated, cleaned, lubricated, tightened, and adjusted by the user on a regular basis.  Everyone will agree that the first item of equipment in the firing battery that needs special user attention is the howitzer.  This subcourse deals with the 105-mm towed howitzer, M102, and the supervisor/user maintenance responsibilities.

2.  DESCRIPTION.  The 105-mm howitzer, M102 (Fig 1), is a lightweight, towed artillery piece that has a very low silhouette when in firing position.  The M102 howitzer has been adapted as the direct support howitzer for Infantry, Airborne, and Air Assault forces.  The howitzer employs a roller tire and a firing platform that permits a 6,400-mil on-carriage traverse capability.  A variable recoil system reduces the length of recoil and eliminates the need for a recoil pit.  The howitzer is serviced by a nine-man crew (including the prime mover driver).  The weapon can be towed by a ground vehicle, transported by fixed-wing or rotary-wing aircraft, and parachuted.  (See Table 1.)

	[image: image1.png]Figure 1. Howitzer, towed, 105-mm, M102.







· Weight with complete Basic Issue Items (BII)             3670 lbs

· Maximum range                                                          11500 meters

· Maximum rate of fire                                                        10 rounds per minute for 3 minutes

· Sustained rate of fire                                                           3 rounds per minute

· Maximum/minimum elevation                                   +1333 to -89 mils

· Recoil length at 0 mils elevation                                       50 inches

· Recoil length at 1250 mils elevation                                 30 inches

· Time to emplace                                                                  2 minutes

· Prime Mover                                                                HMMWV M998/M1038/M1097 series

· Air Assault                                                                   CH-47 (internal & external),                         






  UH-60 (external only)

· Airborne





  Parachute droppable
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M1097 (HMMWV)  series Prime Mover

3.  COMPONENTS AND CONTROLS.  To locate lubrication points and maintenance inspection points, you need to become familiar with the names of major components of the howitzer and the location of the main controls.  Study Figures 2 and 3 to become familiar with the name and location of the components and controls of the M102 howitzer.
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Figure 2. M102 howitzer--right rear view (travel position).
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Figure 3. M102 howitzer--left front view (firing position).







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 complete the rest of the subcourse successfully.  The answers follow the last exercise and are separated by a row of slashes (/////).  If any of your answers are incorrect, restudy the appropriate part of the subcourse before you continue.

Identify the components numbered in the figure below.

    1.  ______________________________  _______________________________.

    2.  ______________________________  _______________________________.

    3.  ______________________________  _______________________________.       

    4.  ________________  ____________________  _______________________.

    5.  ________________  ____________________  _______________________.

    6.  ______________________________  _______________________________.

    7.  ______________________________  _______________________________.
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Identify the components numbered in the figure below.

    8.  ______________________________  _______________________________.

    9.  ______________________________  _______________________________.

   10.  ________________  ____________________  _______________________.

   11.  ________________  ____________________  _______________________.

   12.  ________________  ____________________  _______________________.

   13.  ______________________________  _______________________________.

   14.  ________________  ___________________  ________________________.

   15.  _______________________________________________________________.
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ANSWERS:

    1.  Parking brake.

    2.  Firing platform.

    3.  Traversing handwheel.

    4.  Oil index indicator.

    5.  Panoramic telescope, M113A1.

    6.  Actuator assembly.

    7.  Travel lock.

    8.  Roller tire.

    9.  Breechblock assembly.

   10.  Ballscrew and equilibrator.

   11.  Breechblock operating handle.

   12.  Elbow telescope, M114A1.

   13.  Elevating handwheel.

   14.  Cannon tube, M137A1.

   15.  Lunette.

4.  ASSEMBLIES AND MECHANISMS.  Now that you are generally familiar with the location of the various assemblies, mechanisms, and their operating controls, the rest of Lesson 1 will consider these components of the M102 howitzer, in a general manner, to familiarize you with the howitzer and its operation.

    a.  Barrel assembly.  The barrel assembly, M137A1 (Fig 4), used on the later models of the M102 howitzer, consists of the tube and breech ring.  Earlier models of the M102 use the M137 barrel, which includes a flash suppressor.

	 [image: image7.png]Figure 4. Barrel assembly, M137A1.







          (1)  Tube.  The tube is 124.4 inches (30 calibers) in length.  Rifling is an increasing right-hand twist.  Four V-notches are cut in the muzzle face of the tube to attach boresight cross hairs.  The breech end of the tube is externally threaded so the tube can be screwed into the breech ring.

          (2)  Breech ring.  The breech ring holds the breech mechanism.  The breech ring screws into the rear yoke of the sleigh assembly and is held in place by the breech ring locking key.  This key lock keeps the tube and breech ring from rotating during firing.

    b.  Breech mechanism.  The breech mechanism (Fig 5) is housed in the breech ring and consists of the vertical sliding wedge breechblock and the percussion mechanism housed in the breechblock.  The breechblock is operated (opened) when the operating handle is unlatched and pulled to the rear.  This moves the breechblock down and opens the breech.  As the breechblock moves down, extractors move to the rear to eject the fired cartridge case.  The downward movement of the block also cocks the percussion mechanism.  The extractors remain in a rearward position and lock the breechblock down (breech open).  When a new round is inserted, the extractors are pushed forward and the breechblock is unlocked.  The operating handle can now be moved forward, the breech closed, and the handle locked in place.

	[image: image8.png]Figure 5. Breech mechanism.






    c.  Firing mechanism.  The firing mechanism (Fig 6) is composed principally of the inertial percussion firing mechanism, the cocking lever assembly housed in the breechblock, the firing pawl mechanism and lanyard mounted on the cradle, and the firing plunger assembly housed in the breech ring.
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Figure 6. Firing mechanism.







          (1)  Cocking the percussion mechanism.  As the breechblock is opened, the cocking lever is cammed rearward by the camming surface on the wall of the breech ring.  Rotation of the cocking lever is transmitted to the cocking mechanism.  The firing pin guide (Fig 7) is pushed rearward, compressing the firing spring.  This cocking of the firing pin guide permits the sear spring to rotate the sear (Fig 7) and hold the percussion mechanism in a cocked position.  When the breech is closed, the cocking mechanism (cocking lever and spring) return to their original position while the percussion mechanism remains cocked.

	[image: image10.png]FIRING
SPRING

COCKING LEVER

¢

m@ﬁm
«
PERCUSSION
MECHANISM

FIRING
TRIGGER

FIRING PIN GUIDE

Figure 7. Breech block group.







          (2)  Firing.  Pulling the lanyard causes the firing plunger (Fig 6) to rotate the firing trigger.  The rotation of the trigger, in turn, rotates the sear.  As the sear rotates, the sear is disengaged from the firing pin guide (Fig 7) and its compressed spring.  The release of tension on the spring drives the firing pin through the face of the breech block into the primer on the base of the round, causing the round to fire.

PRACTICE EXERCISES:

	16.
	T
	F
	The M37A1 barrel assembly used on the latest model of the M102 howitzer is equipped with a muzzle brake.

	17.
	T
	F
	The tube of the M102 howitzer is 30 calibers in length and rifled with an increasing right-hand twist.

	18.
	T
	F
	The breechblock used on the M102 howitzer can be described as a vertical sliding wedge breechblock.

	19.
	T
	F
	When opened, the breechblock is held in an open position by the cocked percussion mechanism.

	20.
	T
	F
	The percussion mechanism is cocked by the opening of the breechblock.


ANSWERS:

   16.  F

   17.  T

   18.  T

   19.  F

   20.  T

    d.  Recoil mechanism.  The recoil mechanism is a hydropneumatic, variable, dependent type with a floating piston.  Under normal operating conditions, the maximum length of recoil can vary from 30 to 50 inches.  The major parts of the recoil mechanism and the function of the recoil mechanism are discussed below.

          (1)  Sleigh assembly.  The recoil sleigh assembly mounts and supports the recuperator cylinder, the recoil cylinder, and the howitzer barrel.  The sleigh assembly consists of four yokes, which hold the parts together, and two rails, which slide on the cradle and guide and support the recoiling parts.

The breech ring of the barrel assembly is screwed into the rear yoke, and the tube is supported by the front yoke and the cannon ring in the second yoke.  The second yoke also contains the passageway for oil flow between the cylinders (Fig 8).

          (2)  Recuperator cylinder.  The recuperator cylinder, mounted on top of the barrel, contains compressed nitrogen gas between a floating piston and the rear head.  The front of the cylinder contains recoil oil (Fig 8).

          (3)  Recoil cylinder.  The recoil cylinder mounts below the barrel.  This cylinder is filled with recoil oil and air.  The recoil piston, which is secured to the cradle, separates the oil from the air (Fig 8).
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Figure 8. Recoil mechanism, M102 howitzer.







          (4)  Variable recoil actuator.  The variable recoil actuating mechanism is a series of cams, rollers, and pivots, which vary the length of the recoil as the tube is elevated and depressed (Fig 9).  As the howitzer is elevated or depressed, the movement of the control cam activates the mechanism.

This activated mechanism turns the regulator body inside the recuperator cylinder.  The turning changes the size of the orifices through which oil is forced in the recoil process, thus changing the length of the recoil.

	[image: image12.png]Figure 9. Variable recoil actuating mechanism.







          (5)  Function.

              (a)  Recoil.  When the howitzer is fired, the tube and sleigh recoil.  When the sleigh and tube recoil, the piston in the recoil cylinder moves, forcing the recoil oil out of the cylinder, through the yoke, and into the recuperator cylinder (Fig 8).  The pressure of the oil forces the floating piston to the rear, compressing the nitrogen gas.  The elevation angle and the action of the variable recoil actuator determine the relative position of the regulator body.  The control rod has tapered grooves that match with holes in the wall of the control sleeve of the regulator body.  The matching or mismatching of the grooves in the rod and the holes in sleeve when the regulator body is turned as the tube is elevated decreases the size and number of throttling orifices available for the flow of oil and decreases the length of the recoil.  The energy of the recoil is primarily dissipated by the throttling of the recoil oil as in any hydropneumatic recoil mechanism.

              (b)  Counterrecoil.  When the recoil has stopped, the compressed nitrogen gas in the recuperator cylinder (Fig 8) is now under maximum pressure.  The nitrogen expands against the piston forcing the recoil oil back through the regulator body into the recoil cylinder.  This throttling action permits the tube to return to battery without shock.

PRACTICE EXERCISES:

   21.  The two main components of the recoil system are the recoil cylinder and the ________________ cylinder.  The recoil cylinder is filled with recoil oil and ________________ ; the recuperator cylinder is filled with recoil oil and ________________ gas.

   22.  The length of recoil of the M102 howitzer can be varied from _______ to _______ inches.

   23.  The energy of the recoil is primarily dissipated by the ____________ of recoil oil.  This is the action of any __________________________ recoil mechanism.

   24.  The variable recoil actuator mechanism is a series of cams, rollers, and pivots.  The movement of the mechanism is controlled by the _________________  ________________________ mechanism.

ANSWERS:

   21.  recuperator, air, nitrogen

   22.  30, 50

   23.  throttling, hydropneumatic

   24.  control cam

    e.  Carriage.  The carriage is the group of components that support the barrel and recoil mechanism and move the howitzer.  The principal components of the carriage are the cradle (Fig 2 I), the welded aluminum box trail (shaped like a wishbone), the suspension assembly, the firing platform, the elevating mechanism, and the traversing mechanism.

          (1)  Cradle.  The cradle (Fig 2 I) is a trough-shaped mechanism that supports the recoiling parts of the howitzer.  Most of the parts are fabricated from aluminum alloy.  The cradle is pivoted on trunnions and, with  the elevating screws attached to it, provides a means of elevating and traversing the tube.  The left- and right-hand trunnion brackets are secured to the body assembly.  The sighting and fire control instruments are mounted on the ends of the trunnions with adapters.  The recoiling parts are connected to the front end of the cradle by the recoil piston rod outer locking nut (Fig 3 J).

During towing, the carriage is secured by the traveling lock (Fig 3 I) hinged to the underside of the cradle.

          (2)  Trail assembly.  The trail assembly (Fig 10) is composed of a pair of trunnion brackets secured to the top front of the box trail and the essential components of the trail assembly (towing connections, equipment box, helicopter lifting brackets, suspension locks, leveler assembly, pivot, and buffer).

	[image: image13.png]Figure 10. Trail assembly.






              (a)  Towing connections.  The drawbar (Fig 2 V) can be secured in a firing position (up) or in a towing position (down).  A lock plate permits the lunette to be fixed or free to rotate, depending on towing conditions.  A pair of lifting handles are welded to the rear of the box trail adjacent to the lunette bracket.

              (b)  Equipment box and mounting brackets.  Mounting brackets on the trail assembly mount the aiming posts and the rammer staff sections.  An equipment box is located on the box trail cross number.  The box provides storage space for the actuator crank, firing stakes, hammer, and other tools and accessories.

              (c)  Helicopter lifting brackets.  Three lifting brackets are provided for air lifting the M102 howitzer as an external helicopter load (sling load).  Two brackets are located on each side member of the trail, just forward of the equipment box and cross member.  The third bracket is located on the front yoke of the sleigh.

              (d)  Roller supports.  A pair of roller supports is mounted on the underside of the trail on each side of the pivot (Fig 11 A and B).  The rollers ride on the stiffening ring of the firing platform.

              (e)  Suspension locks.  A pair of locks located at the front corners of the trail (Fig 11 C) secures the wheel suspension assembly in a travel position.

	[image: image14.png]Figure 11. Support assembly and suspension locks.







              (f)  Leveler.  A spring-loaded leveler (Fig 12 A) has been added to the box trail directly behind the pivot (Fig 12 B).  The leveler roller bears on the firing platform stiffening ring and holds the platform level during travel.

	[image: image15.png]Figure 12. Pivot, leveler, and buffer.







              (g)  Pivot.  A ball pivot (Fig 12  B) is provided to engage the firing platform socket.  This pivot and the roller tire gives the howitzer its 6,400-mil on-carriage traverse capability.  (Also see paragraph 4h.)                     

              (h)  Buffer.  A hydraulic-type buffer assembly (Fig 12  C) is secured to the front of the box trail.  The buffer rides on the firing platform stiffening ring.  This buffer assembly prevents the carriage from tipping forward during firing when the recoiling parts return to battery.

              (i)  Travel lock.  The travel lock located on the underside of the cradle is locked in a travel (towing) position when it engages the bracket on the carriage (just above and behind the buffer).  A quick-release pin secures the cradle in the traveling position.

    f.  Suspension assembly.  The components of the suspension assembly (Fig 13) are a pair of wheel assemblies, a pair of support assemblies, the axle, and the actuator.  The wheel assemblies on the M102 howitzer are the same lightweight, magnesium wheels used on the jeep.  The mechanical actuator (Fig 13) provides the means for retracting and extending the wheels.  A hand crank is provided to manually raise or lower the carriage.  Locking devices engage the support assemblies to secure the suspension assembly in the traveling position.
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Figure 13. Suspension assembly.







    g.  Firing platform.  The firing platform (Fig 14) is an eight-sided welded aluminum platform, which serves as the supporting base when the weapon is firing.  In the center of the platform is the socket (Fig 14 A) for emplacing the ball-pivot.  A hole is provided at each of the eight corners for stakes, and each hole has a metal bushing to prevent damage to the firing platform.  Firing stakes are driven through the holes to stabilize the weapon during firing, much as the spades stabilize other towed howitzers.  The circular ring is the stiffening ring (Fig 14 B).  The stiffening ring provides the bearing surface for the rollers of the support stabilizer and the buffer assembly.  The platform can be removed for separate emplacement by disengaging the quick-release pin (Fig 14 C).

	[image: image17.png]Figure 14. Firing platform.







PRACTICE EXERCISES:

   25.  T   F  The cradle is that part of the M102 howitzer that supports

               the recoiling parts of the howitzer.

   26.  T   F  The lunette can be locked in the down position for towing.

   27.  T   F  The M102 howitzer is sling loaded for external helicopter

               lift by the three lifting brackets located on each side of

               the trail and on the front yoke.

   28.  T   F  During firing, the leveler prevents the carriage from

               tipping forward when the recoiling parts return to battery.

   29.  T   F  The wheels of the M102 howitzer are raised and lowered by

               means of a hydraulic-type buffer assembly.

   30.  T   F  The eight-sided firing platform provides a supporting base

               and stability when the M102 howitzer is being fired.

ANSWERS:

   25.  T

   26.  T

   27.  T

   28.  F

   29.  F

   30.  T

    h.  Traversing mechanism.  The M102 howitzer has a pivot ball and socket with roller tire.  The pivot (Fig 12 B) attached to the carriage fits in the socket of the firing platform (Fig 14 A).  When the weapon is in the firing position, the socket provides the bearing surface on which the pivot rotates

during traverse permitting a full 6,400-mil on-carriage traverse.  The traversing mechanism (Fig 15) is activated by turning the traversing handwheel on the left side of the carriage.  The handwheel transmits power to the roller  tire through a series of gears and pivots, thus moving the rear of the box trail left or right and pivoting the howitzer on the firing platform.  One full turn

of the traversing handwheel moves the tube 21 mils.  The tube moves to the right

when the handwheel is turned clockwise and to the left when rotated

counterclockwise.  When large azimuth changes are needed, one cannoneer can lift

the lunette and move the howitzer (pivoting on the firing platform) to the

desired azimuth.

	[image: image18.png]ure 15. Traversing mechanism.
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    i.  Elevating mechanism.  The elevating mechanism (Fig 16) is the ballscrew type.  The mechanism consists of the elevating handwheel (mounted on the right side of the trail), a drive shaft assembly, various clutches and gears, and the elevating cylinders.  The ball-screw assemblies are mounted inside the cylinders.  The equilibrators overcome the weight of the tube; keep the tube in balance at all angles of elevation; and reduce the amount of manual effort needed to elevate or depress the tube.  One turn of the elevation handwheel

moves the tube 10 mils.

	[image: image19.png]ure 16. Elevating mechanism.

Fig






    j.  Fire control instruments.  The M102 howitzer uses the M113A1 panoramic telescope (pantel) the M134A1 telescope mount, the M14A1 fire control quadrant, the M114A1 elbow telescope, the M1A2 gunner's quadrant, the M1 collimator, and aiming posts for fire control.

          (1)  Product improvement package.  The M102 howitzer has been modified with improved night lighting capabilities.  This product improvement package has incorporated radioactive tritium (H3) sealed in pyrex tubes to provide the necessary illumination of the fire control instruments.  These radioactive items are designed to preclude a health hazard.  Do not attempt to replace them.  If a light vial is broken, double bag the parts in plastic bags and evacuate to support maintenance.

          (2)  Panoramic telescope, M113A1.  The M113A1 panoramic telescope (pantel) (Fig 17) is the basic instrument used in laying the M102 howitzer for azimuth (direction) during direct or indirect firing.  The M113A1 pantel is a 4-power, fixed-focus telescope with a 170-mil field of view and is mounted directly on telescope mount, M134A1.  The elevation knob at the top of the rotating head raises or lowers the line of sight 300 mils when the knob is rotated through its limits.  Turning the azimuth knob turns the rotating head and the azimuth counter that indicates the true azimuth (deflection) on which the sight is set.  The azimuth counter will not indicate more than 6400.  After the weapon is laid, the azimuth counter cover is closed, and the azimuth knob is used to refer the sight to the aiming posts or collimator.  The reset knob is then used to set the reset counter to the common deflection.  Turning the reset counter knob moves the digits in the reset counter, but does not move the sight rotating head.  Turning the azimuth knob will move the azimuth counter numbers, the reset counter numbers, and the sight rotating head, all at the same time.  Gunner's aid counters, located below the azimuth knob, permit azimuth corrections for factors peculiar to the individual weapon and its employment.  The gunner's aid counters work with the azimuth reset counter.
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Figure 17. Panoramic telescope, M113A1.







          (3)  Telescope mount, M134A1.  The M134A1 telescope mount (Fig 18) provides the vertical support and mount for the M113A1 pantel.  Additionally, it provides an adjustable base for leveling the panoramic telescope.  The mount is installed on the left trunnion.  The mechanism of the M134A1 mount is essentially a universal joint, which permits adjustment of the vertical axis of the pantel to plumb, regardless of the pitch or cant of the weapon (up to 178 mils).
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Figure 18. Telescope mount, M134A1.







          (4)  Fire control quadrant, M14A1.  The M14A1 quadrant (Fig 19), which is mounted on the right-hand trunnion, is used for laying the weapon in elevation.  The M14A1 quadrant is equipped with a mechanical mil counter for elevation readings.  A correction counter is built in to permit quick, accurate insertion of elevation correction factors peculiar to the individual weapon and its emplacement.  Quadrant seats are also provided on the instrument to allow the use of a gunner's quadrant for checking elevation settings.
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          (5)  Elbow telescope, M114A1.  The M114A1 elbow telescope (Fig 19) is the basic instrument used for laying the weapon in elevation for direct fire.  The elbow telescope is mounted and boresighted in the fire control quadrant, M14A1.  The reticle presents multiple ballistic data and uses a moveable range gage line that can be set to range values for direct fire.  The elbow telescope has an 8-power lens and diopter, which can be rotated to change the focus of the telescope.

          (6)  Collimator, M1 or M1A1.  The M1 infinity collimator (Fig 20) is the primary aiming reference point for indirect laying operations.  Aiming posts serve as an alternative reference point.

          (7)  Gunner's quadrant, M1, M1A1, or M1A2.  The gunner's quadrant (Fig 20) is used for checking fire control instrument alignment and may be used to lay for elevation.  It has its own carrying case.
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Figure 20. Fire control instruments.







PRACTICE EXERCISES:

   31.  One turn of the traversing handwheel will move the tube _______________ mils.

   32.  One turn of the elevating handwheel will elevate or depress the tube ______________ mils.

   33.  To compensate for the weight of the tube and to reduce the amount of manual effort needed to move the tube, the elevating cylinders are encircled by _________________, ______________, ________________ _____________.

   34.  The panoramic telescope, M113A1, is the basic instrument used to lay the howitzer for _____________________ during ____________________ or ______________ fire.

   35.  The M113A1 pantel is a fixed-focus, ____-power telescope with a _________-mil field of view.

   36.  The mechanism in the telescope mount, M134A1, makes it possible to adjust for cant or pitch up to _____ mils.

   37.  The M14A1 fire control quadrant is mounted on the _______________ trunnion and serves as a mount for the ______________________ ______________ ________________________.   

   38.  The M114A1 elbow telescope has an _____ -power lens and is used to lay the M102 howitzer in ________________ for _______________ fire.

   39.  The instrument used as the primary aiming reference point for indirect laying operations is the _________________ ________________________ _____________________  _________________ _________________________. 

   40.  An alternative aiming reference point is available by using _______ _______________.   

ANSWERS:

   31.  21

   32.  10

   33.  large compression, helical springs.

   34.  direction (azimuth), direct , indirect

   35.  4, 170

   36.  178

   37.  right-hand M114 elbow telescope.

   38.  8, elevation, direct

   39.  collimator reference, aiming, infinity, M1.

   40.  aiming posts.

SELF-EVALUATION:

1.   The means of retracting and extending the wheels of the M102 howitzer is provided by the--

     a.  spring-loaded leveler.

     b.  mechanical actuator.

     c.  wheel assemblies.

     d.  roller supports.

2.   Stabilization of the M102 howitzer during firing is provided by the--

     a.  buffer assembly.

     b.  roller tire.

     c.  box trail.

     d.  firing stakes.

3.   The M102 howitzer incorporates a variable recoil system, which reduces the length of recoil and eliminates the need for a recoil pit.  The maximum length of recoil can vary from--

     a.  10 to 40 inches.

     b.  20 to 45 inches.

     c.  30 to 50 inches.

     d.  40 to 55 inches.

4.   The breechblock of the M102 howitzer is locked in an open position by the--

     a.  extractors.

     b.  helical spring.

     c.  pivot pin.

     d.  locking clamp.

5.   The assembly that prevents the carriage from tipping forward when the recoiling parts return to battery during firing is the--

     a.  respirator assembly.

     b.  buffer assembly.

     c.  regulator body assembly.

     d.  support assembly.

6.   The knob on the M113A1 panoramic telescope that will simultaneously turn the sight rotating head, the reset counter digits, and the azimuth counter digits is the--

     a.  reset counter knob.

     b.  gunner's aid counter knob.

     c.  elevation knob.

     d.  azimuth knob.

7.   One turn of the elevating handwheel will move the howitzer tube up or down the distance of--

     a.  5 mils.

     b.  10 mils.

     c.  15 mils.

     d.  20 mils.

8.   The recoiling parts of the howitzer are supported by the--

     a.  yoke assembly.

     b.  box trail.

     c.  cradle.

     d.  equilibrators.

9.   One turn of the traversing handwheel will move the howitzer tube laterally a distance of--

     a.  19 mils.

     b.  21 mils.

     c.  23 mils.

     d.  25 mils.

10.  The rifling in the tube of the M102 howitzer is described as a--

     a.  uniform left-hand twist.

     b.  uniform right-hand twist.

     c.  increasing left-hand twist.

     d.  increasing right-hand twist.

ANSWERS:

    1.  b.

    2.  d.

    3.  c.

    4.  a.

    5.  b.

    6.  d.

    7.  b.

    8.  c.

    9.  b.

   10.  d.

5.  SUMMARY.  The M102 howitzer is a lightweight, towed, 105-mm howitzer that has been adopted as the direct support howitzer for Infantry, Airborne, and Air Assault forces.  Some of the new features that make this weapon important to the field artillery are its light weight (3,180 pounds), making it both air droppable and transportable; a 6,400-mil on-carriage traverse capability furnished by a firing platform and a roller tire; a variable recoil system that reduces the length of recoil (30 to 50 inches); fire control instruments with improved night lighting capabilities; and the new M113A1 pantel with a 6,400-mil rotating head.

Lesson 2

MAINTENANCE SERVICES
OBJECTIVE

Upon completion of this lesson, you will be able to supervise the--

    •   Performance of the preventive maintenance checks and services on the M102 howitzer.

    •   Performance of the prefire checks on the M102 howitzer.

    •   Performance of the fire control tests and alignments on the M102 howitzer.

    •   Lubrication of the M102 towed howitzer.

REFERENCES

This lesson is based on TM 9-1015-234-10, TM 9-1015-234-12 with changes, 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 experiences.

6.  INTRODUCTION.  Preventive maintenance is the systematic care, inspection, and servicing of equipment to maintain it in serviceable condition, prevent breakdowns, and assure maximum operational readiness.  Preventive maintenance checks and services (PMCS) are listed before, during, and after operation checks.  The chief of section has overall responsibility for PMCS.  The chief of section must verify that the PMCS has been completed and all repairs finished or noted on DA Form 2404 and turned into maintenance for completion.  The operator's primary role in the performance of preventive maintenance is to:

    •   Perform the daily services when the equipment is operated.

    •   Assist organizational mechanics with other periodic scheduled services.

    •   Lubricate the equipment according to the lubrication order.

7.  BEFORE OPERATION PREVENTIVE MAINTENANCE CHECKS AND SERVICES.  Table 2-1, Preventive Maintenance Checks and Services (PMCS), in TM 9-1015-234-10 (reproduced as Appendix A) outlines the daily operational checks that should be performed by the crew before the howitzer is operated. They are:

    •   Tires.  Check the general condition of the tires; look for cuts, breaks, and bulges.  In the interest of fuel economy, check the tire pressure.  It should be 20 pounds per square inch (psi) for normal operation.  Remember, unserviceable tires place the howitzer in a not ready/available status.                          

    •   Hand brakes.  Brakes should hold and engage in the first two-thirds of the rack (Fig 21).  Check for noises that indicate loose parts and the need for adjustment or lubrication.                            

	[image: image24.png]Figure 21. Hand brake.







    •   The buffer assembly must be checked for serviceability (Fig 22).  Look for breaks, cuts, and dry rot.  If the rubber boot around the buffer is missing or leaking the howitzer is in a not ready/available status.

	[image: image25.png]Figure 22. Buffer assembly.







	[image: image26.png]Figure 23. Firing platform.







    •   Firing platform.  The platform should be properly locked in an up position.  The locking handle (Fig 23  A  ) must be in place, and the retaining pin and cotter key  B  ) must be installed.  If the firing platform will not lock to the carriage, the howitzer will be placed in a not ready/available status. 

	[image: image27.png]Figure 23. Firing platform.







    •   Breech.  Open and close the breech to ensure smooth operation.  Make sure the operating handle (Fig 24  A  ) locks to the stop assembly (Fig 24  B  ) each time the breech is closed.  If the handle will not lock in the closed position, the howitzer will be placed in a not ready/available status.  Also inspect the percussion mechanism and pin.                                  

	[image: image28.png]Figure 24. Breech.







    •   Cannon.  While the breech is open, inspect the chamber and bore for obstructions, dents, tripped lands, pitted lands and grooves, powder fouling, and corrosion.  Wipe the bore and chamber dry.  A cannon tube containing cracks, dents, or bulges will be placed in a not ready/available status.

    •  Firing mechanism.  While checking the operation of the breechblock, pull the lanyard and observe the clearance between the firing mechanism and the rear yoke.  There must be a minimum of 1/16-inch clearance between the firing mechanism pawl and the rear yoke of the recoil mechanism (Fig 25).  During actual firing, do not release the lanyard; hold the handle until the weapon returns to battery.  If released, the wooden handle may lodge between the breech ring and the carriage.  You may wish to shorten the lanyard to prevent this possible problem.

	[image: image29.png]1/16 INCH OR MORE

Figure 25. Firing mechanism.







    •   Recoil mechanism.  Check the recoil mechanism for possible oil leakage.  Check the oil index indicator for correct oil reserve (Fig 26).  The pin will be flush with the face of the control assembly (on the recuperator) when the oil level is normal.  As the oil level decreases, the pin will extend from the face of the control assembly.  When the oil index indicator pin extends 3/16 inch or more, the recoil oil level is too low to fire the howitzer safely.  Newer models of the howitzer will have a red line inscribed at the 3/16 inch point on the index indicator pin (Fig 27).
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Figure 26. Recoil mechanism.
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Figure 27. Index indicator
pin.







    •   Observe the operation of the recoil mechanism and the variable recoil control mechanism.  Watch for jerking or slamming.  Recoil length should decrease at high angles of fire.

	    •   M134A1 telescope mount.  Check level vials for illumination and free movement of vial covers.  Check the pitch and crosslevel knobs for smooth operation.  Knobs should move without binding, and      

stops must be positive.  Look closely for possible moisture buildup in the counters.  (Report moisture to the artillery mechanic.)(See Figure 28.)
	[image: image32.png]Figure 28. M134A1 telescope

mount.







    •   M14A1 fire control quadrant.  Check level vials and counters for illumination and free movement of vial covers.  Look closely for possible moisture buildup in the counters.  Check knobs for smooth operation.  Knobs should move without binding, and stops must be positive.  (See Figure 29.)

	    •   M14A1 fire control quadrant.  Check level vials and counters for illumination and free movement of vial covers.  Look closely for possible moisture buildup in the counters.  Check knobs for smooth operation.  Knobs should move without binding, and stops must be positive.  (See Figure 29.)
	[image: image33.png]Figure 29. M14A1 fire
control quadrant.







    •   Elevating mechanism.  Check to see that the elevating handwheel moves freely on the spindle (Fig 30).  The elevating mechanism should operate freely through its entire range with no evidence of binding, slippage, or unusual noise.  If the howitzer cannot be elevated or depressed, it is placed in a         

not ready/available status. 

	    •   Elevating mechanism.  Check to see that the elevating handwheel moves freely on the spindle (Fig 30).  The elevating mechanism should operate freely through its entire range with no evidence of binding, slippage, or unusual noise.  If the howitzer cannot be elevated or depressed, it is placed in a not ready/available status.
	[image: image34.png]Figure 30. Elevatin

mechanism.






	    •   Traversing mechanism.  Traverse the howitzer in both directions to ensure smooth operation.  Watch for vibration and binding and listen for unusual noises that might indicate loose parts or the need for lubrication.  If the howitzer will not traverse, it will be placed in a not ready/available status (see Fig 31).
	[image: image35.png]Figure 31. Traversin

mechanism.






    •   OVE.  Check to see that all on-vehicle equipment (OVE) is present, clean, and serviceable.  (Use TM 9-1015-123-10, Appendix B as inventory guide.)             

8.  EQUIPMENT AVAILABILITY.  The equipment availability checks are incorporated into the PMCS tables of the appropriate operator-level technical manuals.  Note that several items in the before operations checks in paragraph 2 consider conditions in which the howitzer is not ready/available.  These checks replace the equipment serviceability checks (ESC), which were used in the past.

    a.  Frequency.  Equipment not ready/available items are checked each time the howitzer is operated and/or each time the crew performs the PMCS on the howitzer.

    b.  Scoring.  As a result of the PMCS inspection, the howitzer is placed in either a ready or not ready condition.

          (1)  Ready.  The ready condition means that--

               •   All items passed the availability checks.

               •   It can perform its combat mission.

               •   Continued operation of the howitzer does not constitute a safety hazard.

               •   All organizational and support maintenance, modifications, calibrations, etc., are complete.

          (2)  Not ready.  Not ready equipment has failed to meet one or more of the availability checks and should not be operated.  Equipment that is not ready will be reported to organizational maintenance using DA Form 2404.

PRACTICE EXERCISES:

	41.
	T
	F
	The operator's primary role in preventive maintenance is to perform daily services when equipment is operated.

	42.
	T
	F
	Lubrication is an important part of an operator's PM duties.

	43.
	T
	F
	The level of recoil oil in the howitzer is too low to fire the weapon safely when the index indicator pin extends 1/16 inch beyond the face of the control assembly.

	44.
	T
	F
	If the howitzer cannot be elevated or traversed, it will be placed in a not ready status.

	45.
	T
	F
	A not ready condition will be reported to organizational maintenance using DA Form 2408-4.


ANSWERS:

   41.  T

   42.  T

   43.  F

   44.  T

   45.  F

9.  PREFIRE CHECKS.  There may be occasions when you will not have time to perform the entire PMCS before-operation checks (tactical or other urgent need to fire).  As a minimum, you must perform the prefire checks, those checks necessary to ensure that the howitzer will fire and fire safely.  Basically, the prefire checks consist of the following:

    •   A visual check of the recoil system.

    •   A visual check of the tube.

    •   A visual and operational check of the breechblock.

    •   A visual and operational check of the firing mechanism.

    a.  Visual check of the recoil system.

	          •   Check the oil indicator pin (Fig 32A).  It should not extend more than 3/16 inch from the face of the assembly.  (If it extends more than 3/16 inch, the oil reserve is too low to fire the howitzer safely.)                    

          •   Check to see that the piston rod lock nut (Fig 32B) is secured with a cotter pin.

          •   Check the actuator arm pivot points (Fig 32C).  These points must be lightly oiled.
	[image: image36.png]Figure 32. Recoil piston.






	[image: image37.png]Figure 33. Recoil rail and

link assembly.




	          •   Check to see that the recoil rail assembly links (Fig 33A) are securely fastened to the rotating shaft eye bracket B and the recoil rail C by two straight pins and cotter pins.   

          •   Check to see that the rotating shaft eye bracket (Fig 33B) is secured by two machine bolts and lock washers.


    b.  Visual check of the cradle, recoil rail, link assembly, and cam.

	          •   The control cam (Fig 34A) must be free of dents and dirt.

          •   The bottom end of the cam actuating lever (Fig 34B) must be secured to the cradle by a screw, shim, and hex nut.

          •   The control cam roller (Fig 34D) must be secured to the cam-actuating lever by means of a bolt, hex nut, and cotter pin.

          •   The cam lever tube (Fig 34E) must be secured to the cam-actuating lever with a capscrew, lock washer, and hex nut.

          •   The pivot points at (C, D, and F) must have a light coat of oil.
	[image: image38.png]Figure 34. Recoil control

cam and actuator lever.






          •   The cradle must be clean.  Foreign material on the cradle can be compressed during firing so the howitzer will not return to a full in-battery position.  When this happens, of course, the weapon cannot be fired.

    c.  Visual check of the recoil rail and plate assembly.

	[image: image39.png]Figure 35. Recoil rail and

late assembly.




	          •   Ensure that the rotating eye bracket (Fig 35A) is secured to the cradle by means of two machine bolts and lock washers.                           

          •   The rail assembly links (Fig 35B) must be securely fastened to the rotating shaft eye bracket and the recoil rail with two straight pins and cotter pins.

          •   Visually inspect the cam shaft tube (Fig 35C).  It must be secured to the recoil rail by means of a hex head cap screw D.


          •   There should be some play between the cam level tube and pivot points at F in both Figures 34 and 35.  Grasp the cam level rod with both hands and rotate the cam shaft tube to test for play.

          •   Visually check the recoil rails for cracks.  Remove any loose debris with wiping rags.

    d.  Visual inspection of the tube, breechblock, and firing mechanism.

	          •   With the breechblock (Fig 36A) closed, check to see that the operating handle B is locked into the stop assembly  C.

          •   Push down and pull back on the operating handle to open the breechblock.  Check the breechblock and the tube for obstructions, powder residue, dents, cracks, split lands, and chipped or pitted lands and grooves.

          •   Close the breech.  Ensure that the operating handle securely locks closed.
	[image: image40.png]Figure 36. Breech block.







    e.  Visual and operational checks of the firing and recoil mechanisms.

          •   Pull the lanyard (Fig 36D).  You should hear a loud click.                                                             

	          •   Remove the percussion mechanism from the breechblock to check the firing pin.  Push in on the retainer (Fig 37A), and turn 90° (¬ turn) in either direction.  Remove the retainer and spring B and C.  To release the percussion mechanism, push down on the cocking lever D (on the upper left side of the breech assembly).                                             

          •   Remove the percussion mechanism (Fig 37E), and inspect the firing pin F for a mushroomed 

head or broken point.  Replace if necessary.                                          

          •   Disengage the travel lock and elevate the tube.  Check the movement of the recoil mechanism and the variable recoil control mechanism.  Check for smooth operation without binding.
	[image: image41.png]





    f.  Complete the prefire checks.  These minimum checks will ensure that the howitzer will fire and that the recoil mechanism is working properly.  Replace the percussion mechanism, depress the tube, engage the travel lock, and the howitzer is ready to be towed and is safe to fire.

    g.  Breech mechanism.

          •   Clean and service according to lube instructions.

          •   Do not paint any operating surfaces.

          •   Remove rust with crocus cloth.

          •   Remove breech mechanism as directed.

    h.  Removal of breechblock from breech ring.

          •   For easy removal of the breechblock, place the weapon in the firing position.

          •   Inspect the chamber and bore to see that they are clear.

	          •   Close the breech and check to see that the breech operating handle (Fig 38A) is in the locked position
	[image: image42.png]





           •   Pull the lanyard to fire the weapon.                            

	[image: image43.png]



	          •   Press in on the spring retainer (Fig 39A) and rotate 90ø in either direction to remove the retainer and percussion spring  B.


	          •   Pull back the cocking lever.  (Figure 40A).  Remove the percussion mechanism B.
	[image: image44.png]Figure 40. Cocking lever

and percussion mechanism.







          •   Elevate the cannon to approximately 1,200 mils.

	          •   Facing the underside of the cradle, depress detent plunger (Figure 41A) and move the breechblock crank stop B to the right (unlocked) position.
	[image: image45.png]Figure 41. Detent plunger

crank stop.






          •   Lower the cannon to 600 mils.      


	          •   Release tension on the torsion helical spring by using a spanner wrench and screwdriver.  Apply leverage counter-clockwise on the closing spring adjuster (Fig 42A) with a wrench.  Then depress the closing mechanism plunger  B with screwdriver and allow closing spring adjuster  A  to rotate clockwise and relieve tension on the spring.
	[image: image46.png]Figure 42. Closing sprin:

adjuster.






	[image: image47.png]Figure 43. Eyebolt.




	          •   Screw the eyebolt (Fig 43A) into the top of the breechblock.

          •   Place a rag on the carriage to prevent chipping paint when you lower the breechblock.

NOTE:  Using a rope passed through the eyebolt may make lifting the breechblock easier.

          •   Grasp the eyebolt A or rope B with your left hand.  With your right hand, unlatch the breech operating handle and lower the breechblock until it rests on carriage


	          •   Remove the extractors (Fig 44).

NOTE:  If you cannot remove extractors, try elevating the cannon just enough to allow removal.
	[image: image48.png]Figure 44. Extractors.






	          •   Move the breechblock operating crank clockwise and allow the pivot pin (Fig 45) to disengage from the slot in the breechblock.  Remove pivot pin.
	[image: image49.png](o
UNDER
3

BREECHBLO!

Figure 45. Pivot pin.







	NOTE:  Using a rope passed through the eyebolt (Fig 46A) may make lifting the breechblock easier. 

          •   Grasp the eyebolt (Fig 46A) or rope, if attached, with your left hand and lift up on the breechblock.  With your right hand, move the breech operating handle B counterclockwise and lock into position. 

NOTE:  Make sure the handle remains in locked position.

          •   Using both hands, lift the breechblock completely out of the breech ring.
	[image: image50.png]Figure 46. Eyebolt and

operating handle.






    i.  Disassembly/assembly of breechblock.

          •   Remove the cocking lever (Fig 47A) and cocking lever spring B.

          •   Remove the bushing C.  Do not disassemble the bushing unless repair is required.

          •   Remove the firing trigger D, sear E, and sear spring F.

          •   Reverse the disassembly sequence to assemble.  Be careful not to confuse the sear spring with the cocking lever spring.  The cocking lever spring B is shorter in length than the sear spring F.            
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Figure 47. Breechblock disassembly.







    j.  Installation of breechblock into breech ring.                     

          •   Elevate the cannon to 600 mils.       

	          •   Release the breech operating handle (Fig 48A).

NOTE:  Using a rope passed through the eyebolt B may make lifting the breechblock easier.

          •   Using the eyebolt B, insert the breechblock into the breech ring from the top, and lower the breechblock until it rests on the carriage.                           
	[image: image52.png]





	          •   Install left and right extractors (Fig 49).
	[image: image53.png]





	          •   Install the operating crank pivot pin (Fig 50).
	[image: image54.png]





          •   Grasp the eyebolt with your left hand, raise the breechblock slightly, and with your right hand, turn the breechblock operating crank counter-clockwise until the operating crank pivot pin engages the slot in the breechblock. 

          •   Raise the breechblock until the extractors stop the breechblock.

          •   Trip the extractors by pushing them forward, and close the breechblock, making sure the latch is fully locked. 

          •   Remove the eyebolt. 

	          •   Slide the breechblock crank stop (Figure 51A) to the left until it is secured by the detent B.
	[image: image55.png]Figure 51. Crank stop
and detent.






	          •   With a spanner wrench (Fig 52A), turn the closing spring adjuster B counterclockwise until the closing mechanism plunger C engages the first, second, or third detent notch.  The proper notch engagement is determined by the spring tension required for easy closing of the breechblock.

          •   Pull the lanyard.
	[image: image56.png]Figure 52. Spring adjuster.







          •   Install the percussion mechanism (Fig 53A), spring B and retainer C).  Twist the retainer 90° in either direction to lock.

	[image: image57.png]Figure 53. Percussion mechanism spring

and retainer.






PRACTICE EXERCISE:

46. To ensure that the oil reserve in the recoil system is not too low, the oil indicator pin should not extend more than _______________ ________________ from the face of the control assembly.

47. During firing, the howitzer will not return to a full in-battery position if a buildup of dirt and foreign matter on the __________________ was compressed during firing.

48. To open the breechblock, push the operating handle __________ and pull it __________________. 

49. To inspect the firing pin, remove the percussion mechanism from the breechblock.  To remove the mechanism, you must push in on the ___________ and turn it ______________ degrees in ___________________ direction.

50. To release and remove the percussion mechanism, depress the _________________________  ________________________________________. 

ANSWERS:

   46.  3/16  inch.

   47.  cradle

   48.  down, back.

   49.  retainer, 90, either

   50.  cocking lever.

10.  DURING-OPERATION PMCS.  The during-operation PMCS checks are a logical follow-on to the before-operation checks and/or the prefire checks.  While the howitzer is being emplaced or being prepared for towing, the number 1 or 2 cannoneer usually checks the operation of the mechanical actuator (while raising or lowering the wheels).

    •   Only the two cannoneers working the actuator will be near the howitzer.  They will keep feet clear of the firing platform.

NOTE:  These actions are needed for the safety of the crew.  The firing platform and tube will fall if the actuator breaks.

    •   While raising or lowering the wheels with the actuator crank, watch for slippage or binding, and listen for unusual noise that could indicate loose parts or the need for lubrication.  Remember, if the wheels cannot be raised or lowered, the howitzer is placed in a not ready/available status.

    •   The chief of section or number 1 cannoneer is in the best position to observe the operation of the recoil and the variable recoil control mechanisms as the howitzer fires.

    •   The gunner and assistant gunner continually check the operation of the panoramic and elbow telescopes during firing.  Vial covers should move freely, all vials and counters should illuminate, and control knobs should move smoothly.

    •   The gunner and assistant gunner are continually alert for binding, slip-page, backlash, or unusual noise that would indicate the elevation and/or traversing mechanisms are in need of repair, servicing, or lubrication.

11.  AFTER-OPERATION PMCS.  After firing, the checks and services consist of cleaning and preparing the howitzer for continued operation.  After thoroughly cleaning the outside of the howitzer, carefully check for rust, dirt, and corrosion and clean and spot paint as required.  Carefully check all moving parts for smooth operation and tighten, adjust, or lubricate as required.  Clean

and repair all canvas items.  Special attention and extra care must be given to the firing platform and the cannon tube.

    a.  DA Form 2408-4.  While the crew is performing the after-operations checks and services on the howitzer, the chief of section will enter the results of the day's firing on DA Form 2408-4 (Weapon Record Data), update the equivalent full charge rounds fired, and recompute the remaining tube life.

This form is a permanent record that will remain with the howitzer.

NOTE:  Completion of DA Form 2408-4 will not be discussed in this subcourse.  For further information, see DA Pam 738-750.

    b.  Firing platform.  Use the actuator crank to lower the firing platform to the firing position (raise the wheels).

	          •   Unlock the platform by removing the cotter pin and straight pin (Fig 54A) and unlocking the locking handle B.      

          •   Lower wheels to the travel position (raise howitzer). 

          •   Remove platform. 

          •   Clean the area around the ball C and the firing platform socket D and wipe dry.   Spot paint if necessary.

          •   Clean the firing platform with dry wiping rags; spot paint as required. 

          •   To reattach the firing platform, reverse the procedure.  Lower the howitzer onto the firing platform, lock the platform to the howitzer; and then raise the howitzer to the travel position.
	[image: image58.png]Figure 54. Firin

latform and support.






    c.  Cleaning the bore.  On the first and second days after firing, thoroughly clean the tube and breech with rifle bore cleaner (RBC).  The tube is clean when you remove the bore brush and visual inspection reveals no residue in the tube.  Leave a coating of RBC in the tube overnight.  On the third day, again clean the tube with RBC.  Thoroughly dry the bore by pushing rags through the tube with the bell rammer.  Thoroughly dry the tube and breech; then, lubricate the tube and breech (check lubrication order for proper oil) making sure all surfaces are covered with oil.  After the third day, continually check the tube.  If moisture is condensing inside the tube, repeat the cleaning and lubricating procedure.

12.  LUBRICATION.  Periodic lubrication of the howitzer is a crew-performed duty, which is part of the overall PM program.  The lubrication (lube) instructions prescribe cleaning and lubricating procedures, proper lubricants to be used, and intervals.  Keep in mind that lubrication service intervals are for normal operation.  Lube more during periods of constant use and less during inactive periods.  The lubrication order (Fig 55) provides easy-to-follow pictures and instructions.
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Figure 55. Lubrication instructions, M102 howitzer.







    a.  Cannon bore.  Note 1 on the lube order prescribes cleaning and lubricating periods for the cannon bore and breech mechanism (Fig 56).  Insist that the crew uses the lubrication order each time lubrication service is performed.  Do not rely on memory; be sure all parts requiring lubrication are serviced at the correct interval.

	[image: image60.png]Figure 56. Breech

mechanism and bore.






          •   Immediately after firing, and for two consecutive days thereafter, thoroughly clean the bore and breech mechanism with RBC.  Leave a coat of RBC in the tube overnight. 

          •   On the third day after firing, again clean with RBC, wipe dry, and apply a light coat of PL-S. 

          •   When the weapon is not fired, clean weekly with RBC, wipe dry, and lubricate with PL-S.

    b.  Ball screw and equilibrator assembly.  The lube order indicates that the equilibrators will be drained and refilled with oil every month.  To accomplish this--

          •   Disengage the travel lock, set elevation counter to 1,200 mils, elevate the tube to 1,200 mils  (bubble centered in level vial). 

	          •   Locate the drain hole (Fig 57) at the bottom of each cylinder.  Clean out the drain hole (a wire will do). 

          •   This lube is performed by organizational maintenance.

          •   Use a 3/16 inch allen wrench to remove the filler plug at top of the cylinder (Fig 57).

          •   Refill the cylinder using 1 pint of PL-S.  Wait for the oil to stop seeping from drain holes; replace the filler plug.
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Figure 57. Equilibrator
assembly.







          •   Raise and lower the tube several times to lubricate the ball screws inside the cylinder.

          •   Use a grease gun to lubricate the grease fitting at the upper end

of the cylinder with GAA.

REMEMBER:  Service both cylinders.

          •   Use the grease gun to lubricate the traversing handwheel.  Attach the grease gun to the fitting at the center of the wheel.

    c.  Recoil mechanism.  Note 3 on the lube order states:  fill with OHT as required.  The indicator pin will show when oil is required.  (Check for 3/16-inch protrusion or scribe line on newer models).

          (1)  Drain the oil from the recoil.

               •   Disengage the travel lock, and set the elevation counter at 0 mils.  Depress tube to 0 mils (center bubble in level vial).

	               •   Clean the filler cap and the area around it.  Remove the cap and clean the filling cavity (Fig 58).
	[image: image62.png]Figure 58. Preparing
to remove the recoil oil.






	               •   Screw a liquid release tool (Fig 59) into the filling cavity.

               •   Connect a filling and draining hose to the liquid release tool.  Insert the tool into the filling cavity and hand tighten.  Use a wrench to slowly tighten the liquid release tool until oil flows into the can (turn clockwise) (Fig 59).                            
	[image: image63.png]Figure 59. Draining the

recoil.







               •   While the oil is flowing, watch the indicator pin (Fig 58); it should move out as the oil drains from the recoil mechanism. 

               •   When the oil stops flowing, tighten the liquid release tool.  Let the oil in the can stand for 2 or 3 minutes.  If there are bubbles in the oil, air or nitrogen is getting into the recoil mechanism.  Report this to the section chief.

          (2)  Refill the recoil mechanism.

               •   Remove the liquid release tool.

               •   Clean, service, and fill the recoil oil gun with hydraulic fluid (OHT).    

	               •   Screw the recoil oil gun onto the filler cavity; fill by turning the T-handle clockwise (Fig 60).

               •   Watch the indicator pin, it should recede toward the face of the housing as the recoil mechanism fills with oil.  When the pin is with the housing, the recoil mechanism is full. 

               •   Remove the gun, clean the filler cavity, and replace the filler cap.


	[image: image64.png]60. Filling the
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    d.  Recoil indicator.  Locate the recoil indicator on top of the right rail just in front of the recoil cylinder (Fig 61).  Check the mounting bolts.  All three bolts should be in place and tight.  Move the indicator pin handle in the slot to a down position.  (The pin should seat firmly on the rail.) Return the pin to an up position, and lubricate by placing two drops of PL-S in the top hole.

	[image: image65.png]Figure 61. Recoil indicator, on the right rail.







  e.  Rear roller.  Find the grease fitting and lubricate the rear roller with GAA (Fig 62).  If there is no grease fitting, have organizational maintenance lubricate the hub housing.
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Figure 62. Rear roller hub housing.







    f.  Variable recoil mechanism.  Note 6 on the lube order indicates there are 15 "oil can" points on the recoil mechanism that require a few drops of PL-S weekly (Fig 63).  Remember, these are the same parts and pivot points you checked in the prefire check.

	[image: image67.png]Figure 63. Variable recoil mechanism.






    g.  Support assembly.  The two grease fittings on the firing platform supports (Fig 64) will be lubricated monthly with GAA.  While servicing the supports, place a drop or two of PL-S on the firing platform release pin.

	[image: image68.png]Figure 64. Support assembly.







    h.  Wheel bearings.  Annually, more frequently if the howitzer has been forded, the crew will remove, clean, and repack the wheel bearings.

PRACTICE EXERCISES:

51. While performing after operation maintenance checks and services, special attention is given to the ____________  _______________ and the_________________  ______________.

52. After firing, the bore and breech will be cleaned for ________________ consecutive days with ____________________  __________________________ _________________________.  A coating of ________________________ will be left in the tube overnight.  After the last cleaning, the bore and breech will be coated with oil.

   53.  Equilibrators will be drained and refilled with oil every ____________.

   54.  Lubrication of the howitzer is a duty performed by the _______________.

   55.  Wheel bearings will be removed, cleaned, and repacked ______________.       

   56.  Define the following abbreviations.

        a.  PL-S -  __________________________________________________________.

__________________________________________________________.

        b.  GAA -   __________________________________________________________.

__________________________________________________________.

        c.  OHT -   __________________________________________________________.

__________________________________________________________.                                                          

        d.  RBC -   __________________________________________________________.

__________________________________________________________.

ANSWERS:

   51.  firing platform, cannon tube.

   52.  three, rifle bore cleaner, RBC.

   53.  month.

   54.  crew.

   55.  annually.

   56.  a.  PL-S - Lubricating oil, general purpose, special preservative.

        b.  GAA  - Grease, artillery and automotive.

        c.  OHT  - Hydraulic fluid, petroleum base, preservative.

        d.  RBC  - Rifle bore cleaner.

13.  FIRE CONTROL INSTRUMENT ALIGNMENT TESTS AND MEASURES.  One of the many factors that contributes to effective field artillery fires is the accurate setting of firing data--deflection and elevation--on the fire control equipment.  But, regardless of the crewman's accuracy in making the settings, unless the fire control equipment is accurately aligned, the fires will not be accurate.  The howitzer crew performs most of the necessary alignments and adjustments with guidance and help from the battery artillery mechanic.

    a.  Scheduling tests and alignments.  Fire control instrument tests and alignments are performed to ensure that on-carriage sighting equipment and the gunner's quadrant are in correct adjustment.  Suggested times to perform these tests are:

          •   Annually, if the weapon is used for only nonfire training.

          •   Quarterly, if the weapon is fired regularly.

          •   After fire control mounts have been replaced.

          •   After an accident or after extended travel over extremely rough terrain.

          •   Inaccurate fire occurs for no apparent reason.

    b.  Preparing for the tests and alignments.  Before starting the fire control alignment tests, be sure all routine maintenance has been performed and any deficiencies corrected.  Emplace the howitzer on firm, level ground (hardstand, if possible); lower the firing platform.  Next, install the fire control instruments (panoramic and elbow telescopes) securely in their mounts.  Before aligning and adjusting the fire control instruments, level the trunnions and the tube.  The first fire control instrument to be tested is the gunner's quadrant, M1A1.

14.  TEST OF THE GUNNER'S QUADRANT.  Inspect the M1A1 gunner's quadrant shoes for dirt, nicks, and burrs.  Clean the shoes with an oily rag.  First check the micrometer, then perform the end-for-end test.

    a.  Micrometer test.  Perform the micrometer test in the following step-by-step manner:

    Step 1.   Set the gunner's quadrant index arm to a reading of 10 mils (Fig 65A).

    Step 2.   Set the micrometer knob to 0 (Fig 65B).

    Step 3.   Place the gunner's quadrant on the M14 fire control quadrant, with the line-of-fire arrow on the quadrant pointing toward the muzzle of the howitzer (Fig 65C).

    Step 4.   Elevate or depress the tube until the bubble in the gunner's quadrant level vial is centered (Fig 65D).

    Step 5.   Set the gunner's quadrant index arm to 0 mils (Fig 65E).

    Step 6.   Set the micrometer knob to a reading of 10 mils (Fig 65F).

    Step 7.   Repeat step 3; the level vial bubble should center.

NOTE:  If the bubble centers (step 7), proceed to the end-for-end test.  If it does not center, the quadrant must be turned in to direct support maintenance for repair.
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Figure 65. Micrometer test.







    b.  End-for-end test.  Perform the end-for-end test in the following step-by-step manner:

    Step 1.   Set the gunner's quadrant index arm and micrometer scale at 0 mils (Fig 66A).

    Step 2.   Place the gunner's quadrant on the M14 quadrant seats with line-of-fire arrow pointing toward the muzzle (Fig 66B).

    Step 3.   Center the bubble in the gunner's quadrant level vial by elevating or depressing the tube (Fig 66C).

    Step 4.   Reverse the quadrant.  The bubble should return to a center position (Fig 66D).  If so, the quadrant is in adjustment, and the test is complete.

NOTE:  If the bubble does not center itself (step 4), the amount of error and its correction must be determined.

	[image: image70.png]Figure 66. End-for-end test.







          (1)  Positive error.  Attempt to center the bubble by turning the micrometer scale.  If the bubble centers, the error is positive.  Correct in the following manner:

    Step 1.   Read the figure on the micrometer scale opposite the index (with the bubble centered).  Divide this reading by 2 to determine the correction factor (Fig 67A).

    Step 2.   Place the test correction factor on the micrometer scale (Fig 67B).

    Step 3.   Place the gunner's quadrant on the quadrant mount.  Elevate or depress the tube until the bubble is centered (Fig 67C).

    Step 4.   Reverse the quadrant.  The bubble should return to center (Fig 67D).

    Step 5.   Record the end-for-end test correction on the plate on the gunner's quadrant carrying case (Fig 67E).

	[image: image71.png]Figure 67. Positive correction.







          (2)  Negative error.  If you attempt to center the bubble by turning the micrometer scale and the bubble will not center, the error is negative.  Correct in the following manner:

    Step 1.   Move the gunner' s quadrant index arm down one graduation (10 mils) (Fig 68A).

    Step 2.   Center the bubble by turning the micrometer scale (Fig 68B).

    Step 3.   Read the micrometer scale (9.8).  Add 10.0 to 9.8.  Divide the answer (19.8) by 2.  Subtract the answer (9.9) from 10.0.  This is your trial correction factor (Fig 68C).

    Step 4.   Subtract the trial correction (0.1 mil) from 10 mils.  Set this number (9.9) on the micrometer scale.  Leave the -10 mils on the index arm (Fig 68D).

    Step 5.   Place the gunner's quadrant on the quadrant mount with the line-of-fire arrow pointing toward the muzzle (Fig 68E).

    Step 6.   Elevate or depress the tube until the bubble in the quadrant level vial is centered (Fig 68F).

    Step 7.   Reverse the quadrant.  The bubble should recenter (Fig 68G).

    Step 8.   Subtract the micrometer reading (9.9) from the index arm reading of -10.  The result (-0.1 mil) is the correction (Fig 68H.

    Step 9.   Record the correction on the quadrant carrying case (Fig 68I).

	[image: image72.png]Figure 68. Negative correction.







NOTES:  1.  If the end-for-end test correction exceeds 0.4 mils, the quadrant must be evacuated to direct support maintenance for adjustment and/or repair.

        2.  Corrections determined during the end-for-end test will not be applied to fire missions.  The correction will be used only during sight tests and adjustments.

PRACTICE EXERCISES:

57. Fire control and alignment tests and measures are performed by the howitzer crew with guidance from the—

        a.  artillery mechanic.

        b.  executive officer.

        c.  gunnery sergeant.

        d.  chief of firing battery.

   58.  If the howitzer is fired regularly, the fire control instruments are tested and aligned--

        a.  monthly.

        b.  quarterly.

        c.  semiannually.

        d.  annually.

   59.  Two tests are performed on the gunner's quadrant.  One is the micrometer test, the other is the--

        a.  side-by-side test.

        b.  end-for-end test.

        c.  index arm accuracy test.

        d.  elevation verification test.

   60.  If the gunner's quadrant does not pass the micrometer test, it must be repaired and adjusted by--

        a.  the artillery mechanic.

        b.  the chief of firing battery.

        c.  direct support maintenance mechanics.

        d.  the chief of section.

61. A gunner's quadrant will be considered unserviceable and evacuated to direct support maintenance for repair and adjustment when the correction determined by the end-for-end test exceeds—

        a.  0.1 mils.

        b.  0.2 mils.

        c.  0.3 mils.

        d.  0.4 mils.

ANSWERS:

   57.  a.

   58.  b.

   59.  b.

   60.  c.

   61.  d.

15.  LEVEL THE TRUNNIONS.  The trunnions must be leveled to ensure that the fire control equipment mounts are parallel with the tube.  If the trunnions are canted, the fire control alignment tests will not be accurate.  There are two ways to level the trunnions; one way is by tracking the plumbline; the other is by using the lines scribed on the elevation (fire control) quadrant.

    a.  Plumb line.  Establish a plumb line in a location where the weapon can track through a 600-mil elevation range.  It is recommended that the line be weighted (« pound or more) and the weight suspended in a bucket of liquid.  (Oil is best because its consistency holds the weight steadier.)  If possible, have the plumb line shielded from wind so it will not move during the test.  To use the plumb line, the following is the step-by-step procedure:

    Step 1.   Emplace the weapon in firing position with the muzzle end of the tube within 12 inches of the plumb line.  Release the travel lock.

    Step 2.   Install mechanical jacks under the ends of the axle.

    Step 3.   Open the breech, and install the breech boresight disk (Fig 69A) and muzzle boresight cross hairs B.

    Step 4.   Look through the breech boresight; have an assistant manually traverse the tube until the vertical crosshair on the muzzle is aligned with the plumb line (Fig 69C).
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Figure 69. Plumb line procedure.







    Step 5.   Set the elevation counter of the elevation quadrant to 600 mils.   Have the tube slowly elevated to 600 mils.  Observe the relative position of the cross hairs and the plumb line.

    Step 6.   If the vertical cross hair crosses the plumb line, the jacks are raised or lowered to level the trunnions.

              •   If the cross hair moves to the right of the plumb line (Fig 69D), jack up the right side.

              •   If the cross hair moves to the left of the plumb line (Fig 69E), jack up the left side.

              •   Observe through the breech boresight until the plumb line and the cross hairs are parallel (Fig 69F); when they are, stop working the jacks.

              •   Continue to observe the cross hairs through the 600 mils of elevation.  Adjust jacks as necessary.

    Step 7.   Set the elevation counter of the elevation quadrant to 0 mils.  Depress the tube to 0 mils, observing the relation of the cross hairs to the plumb line.  Adjust jacks as necessary.

NOTE:  When the vertical cross hair on the muzzle boresight tracks parallel (in line) to the plumb line as the howitzer is elevated from 0 to 600 mils, the trunnions are level.

    b.  Using scribed lines.  In the field, or when lack of time negates using the plumb line method of leveling the trunnions, use the scribe lines engraved on the M14 fire control quadrant.  After emplacing the weapon in firing position and staking the firing platform, level the trunnions using scribe lines in the following step-by- step manner:

    Step 1.   Remove the M114A1 elbow telescope.

    Step 2.   Set the elevation counter (Fig 70A) and the correction counter  B  to zero.  Level the tube (the bubble in the elevation level vial is centered).

    Step 3.   Turn the cross level knob (Fig 70C), and carefully align two sets of scribe lines D.

    Step 4.   Traverse the weapon until the bubble in the elevation quadrant cross-level vial (Fig 70E) is centered.

NOTE:  It may be necessary to elevate or depress the tube to keep the elevation level bubble centered (step 2).  It may also be necessary to traverse the tube to keep the cross-level vial bubble centered (step 4).

    Step 5.   When both bubbles are centered, the weapon trunnions are level.
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16.  LEVEL THE TUBE.  Before testing the M14A1 fire control quadrant, it is necessary to level the tube as accurately as possible.  Leveling the tube is always done after leveling the trunnions.  There are two ways to level the tube:  using the breech leveling plates, or using the gun tube leveling fixture (bar).

NOTE:  You will need a tested and corrected gunner's quadrant to measure the accuracy of the tube level.

    a.  Using breech leveling plates.  Follow this step-by-step procedure:

    Step 1.   Determine the correction embedded in the longitudinal leveling plates and apply it to the gunner's quadrant (Fig 71).  Also apply any correction determined from tests shown in paragraph 13.
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Figure 71. Leveling plates.







EXAMPLE:  If the leveling plate correction value is -2.2 and you have a +0.4 error on the M1A1 quadrant, you should set -1.8 on the quadrant before leveling the tube.

    Step 2.   Place the corrected gunner's quadrant on the breech longitudinal leveling plates with the line-of-fire arrow pointing toward the muzzle.

    Step 3.   Elevate or depress the tube until the bubble in the gunner's quadrant level vial is centered.

    Step 4.   The tube is level.

    b.  Using the gun tube-leveling fixture.  Set the elevation counter of the elevation quadrant to 0 mils.  Depress the tube to 0 mils.

          (1)  Assemble the gun tube leveling fixture (bar) (Fig 72).

          •   Remove the screw (Fig 72A) from the movable shoe B, and move the shoe to the 105-mm position.

          •   Replace the screw and tighten it.

          •   Loosen the screw at the holder (Fig 72D) and insert the cross-level C under the holder.  Place the magnetic base stop E on the long screw protruding through the leveling bar from the cross-level holder.  Tighten the base stop securely.

	[image: image76.png]Figure 72. Gun tube leveling fixture (bar).







          (2)  Level the tube using the leveling fixture.  Follow this step-by-step procedure.

    Step 1.   Insert the leveling bar into the muzzle until the magnetic bar makes contact with the face of the tube (Fig 73).  (Be sure the magnet is flush with the face of the tube.)

    Step 2.   Rotate the leveling bar until the cross-level vial bubble is centered.

    Step 3.   Place the corrected gunner's quadrant in the groove of the leveling bar.  The line-of-fire arrow is pointed to the azimuth of fire, as pictured in Figure 73.

    Step 4.   Elevate or depress the tube until the bubble in the level vial of the gunner's quadrant is centered.

    Step 5.   Reverse the quadrant; the bubble should recenter.

    Step 6.   The tube is level.
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Figure 73. Leveling the tube with leveling bar.







NOTE:  Figure 73 shows the tube leveling fixture (bar) and gunner's quadrant in a tube without a flash suppressor.  Some earlier models of the M102 have a flash suppressor.

PRACTICE EXERCISES:

61. When leveling the trunnions using the plumb line, the weapon must properly track the plumb line through _______ mils of elevation.

62. When using the plumb line, if the vertical cross hair crosses to the left of the plumb line while elevating the tube, you must raise the jack on the __________ side of the howitzer to correct; if the cross hair moves to the right of the plumb line, raise the jack on the ________ side of the howitzer.

63. When using the scribe line on the M14A1 fire control quadrant to level the tube, you must align _________ sets of scribe lines.

64. In addition to a gun tube leveling fixture (bar), you will need a corrected _____________________ __________________________ to level the tube.

   65.  T   F  Leveling the tube is always performed before leveling the trunnions to ensure that alignment of the fire control instruments is accurate.

ANSWERS:

   61.  600

   62.  left, right

   63.  two

   64.  gunner's quadrant

   65.  F

17.  TESTING THE ALIGNMENT OF THE FIRE CONTROL INSTRUMENTS.  During the previous paragraphs, various measurements and adjustments to ensure that the howitzer was level relative to the fire control instruments were discussed.  It is now possible to test the fire control instruments and their alignment.  On the M102 howitzer, there are four alignments tests and checks to be performed: checking reliability of deflections, checking reliability of special corrections, the azimuth walk-off check (a special check of the M134A1 telescope mount), and the test of the M14A1 fire control quadrant.

NOTE:  The trunnions must be level before you check the pantel and the M134A1 telescope mount.
    a.  Checking reliability of deflections.  Have the assistant gunner set the elevation counter to 0 mils and level the tube (elevate or depress the tube until the elevation level vial bubble is centered).  Have the gunner (at the pantel center the bubbles in the cross-level vial (Fig 74A) and pitch-level vial B.

The gunner next sets the gunner's aid counters C to 0 by turning the gunner's aid knob D.  You are now ready to test the reliability of deflections.  Follow the step-by-step procedures.
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    Step 1.   Pick out a reference point at least 50 meters away.  (If the reference point is less than 50 meters, use the parallax shield [Figure 74E]).

    Step 2.   Record the reading on the azimuth counter (Fig 74F).  Use the knob G) to set 3,200 mils on the reset counter H.

    Step 3.   Turn the azimuth knob (Fig 74I) in a clockwise (CW) direction until you have rotated the telescope through a complete circle and returned to the reference point.

NOTE:  If you pass the reference point on the second circle, rotate the pantel at least 50 mils in the opposite direction (counterclockwise), then rotate back to the reference point, approaching the reference point from left to right.

     Step 4.   Read the azimuth counter (Fig 74F).  This reading should be the same, or within + 1 mil, of your previously recorded reading.

     Step 5.   Read the counter-reset counter (Fig 74H).  This reading should be 6,000 mils + 1 mil.

     Step 6.   Read the gunner's aid counters (Fig 74C).  They should still read zero.

NOTE:  If the readings are not as specified in steps 4, 5, and 6, the pantel is out of adjustment and should be evacuated to direct support maintenance for repair.

    b.  Checking the reliability of special corrections.  Preparations for this check of the pantel are almost the same as the deflection check.

    Step 1.   Ensure that the bubbles in the cross-level (Fig 74A) and pitch-level vials B are centered.  If not, center them.

    Step 2.   Look through the eyepiece, and sight back on the reference point.

    Step 3.   Record the reading on the azimuth counter (Fig 74F), and reset the counter-reset counter H to 3,200 mils.

    Step 4.   Turn the gunner's aid knob (Fig 74D), and insert 10 mils into the left (upper) gunner's aid counter C).

    Step 5.   The line-of-sight must still be the reference point.

    Step 6.   The reading on the azimuth counter (Fig 74F) should not have changed (within 1 mil).

    Step 7.   The counter-reset counter (Fig 74H) should have changed by 10 mils.

    Step 8.   Repeat step 4 for 20, 30, and 40 mils.  Make the checks in steps 5 through 7 after each setting change.

    Step 9.   Zero the left gunner's aid counter.  Using the right gunner's aid counter, repeat step 4 for 10, 20, 30 and 40 mils.  Make checks  (steps 5 through 7) for each 10-mil change.

NOTE:  If the readings do not appear as specified in steps 6 and 7, the telescope is out of adjustment and must be evacuated to direct support maintenance.

    c.  Azimuth walk-off check.  Recheck the trunnions; they must be absolutely level before performing this check.  Have assistant gunner level the tube.

    Step 1.   Center the bubbles in the cross-level vial (Fig 74A) and the pitch-level vial B.

    Step 2.   Turn the azimuth knob (Fig 74I) in a clockwise direction, and sight on a reference point.  (Always approach the reference point from left to right.  Use the parallax shield E if the reference point is less than 50 meters distant.)

    Step 3.   Record the reading on the azimuth counter (Fig 74F) to the nearest mil.

    Step 4.   Have the assistant gunner elevate the tube to 400 mils.  (Set 400 mils on the elevation counter, and center the bubble in the elevation level vial.)

NOTE:  If necessary, recenter all bubbles and realign the pantel vertical reticle on the reference point (approaching from left to right).
    Step 5.   Read the azimuth counter (Fig 74F); the reading must be within + 1 mil of the reading made in step 3.

    Step 6.   Have the assistant gunner elevate the tube to 800 mils, center all bubbles, realign the pantel on the reference point, and read the azimuth counter.  Reading must be within ñ 3 mils of the reading made in step 3.

NOTE:  If the readings are not as specified in steps 5 and 6, the mount is out of adjustment and must be removed and evacuated to direct support maintenance.
PRACTICE EXERCISES:

66.  Before making any checks on the alignment of the pantel and the telescope mount, the _________________ must be level.

67. When checking the reliability of deflections and/or special corrections, the section chief must select a reference point at least _____________ meters away.  If the reference point is closer, be sure the gunner uses the ________________________  ________________________ on the pantel.

68. When sighting on a reference point with the pantel, always approach the reference point from _________________ to ________________________.

69. If any of the checks in paragraph 16 are unsatisfactory, what is your action?  _____________________________________________________ ______________________________________________________________________.

ANSWERS:

   66.  trunnions

   67.  50, parallax shield

   68.  left, right.

   69.  Have defective part (panoramic telescope or telescope mount) evacuated

to direct support maintenance facilities.

    d.  Testing the M14A1 fire control quadrant.  To satisfactorily complete this test, you must have a checked and corrected gunner's quadrant, and both the howitzer tube and trunnions must be level.  After checking the trunnions and tube for level, follow this step-by-step procedure to test the accuracy of the fire control quadrant:

	[image: image79.png]Figure 75. M14A1 fire control quadrant with gunner's quadrant.







    Step 1.   Turn the cross-level knob (Fig 75A) to center the cross-level bubble B.

    Step 2.   Zero the correction counter (Fig 75C) with the correction knob D.

    Step 3.   Turn the elevation knob (Fig 75E), and center the bubble in the elevation level vial F).

    Step 4.   Check the reading on the elevation counter (Fig 75G).  This reading should be no less than 999 (-1 mil) and no more than 0001 (1 mil).  Record the reading.

    Step 5.   Place the corrected gunner's quadrant on the M14A1 fire control quadrant cross level pads (Fig 75).  Center the bubble in the gunner's quadrant using the micrometer knob.  The reading should not have changed by more than 0.5 mil.

NOTE:  Apply the quadrant corrections only; do not apply the corrections

embedded in the longitudinal leveling plates.
    Step 6.   On the fire control quadrant, zero all counters and center the bubble in the cross-level vial (Fig 75B).

    Step 7.   Recheck the tube level.  If necessary, use the elevating handwheel to elevate or depress the tube to center the bubble in the elevation level vial (Fig 75F).

    Step 8.   Set the gunner's quadrant on the elevation level pads (Fig 76) and center the bubble in the gunner's quadrant with the micrometer knob.  Record the value on the gunner's quadrant.

	[image: image80.png]Figure 76. M14A1 fire control quadrant with gunner's quadrant.







    Step 9.   Using the correction knob (Fig 76A), place a reading of +5 mils on the elevation correction counter B.  Check the reading on the elevation counter C.  It should not have changed more than 5 mils from the reading you noted in step 4 (zero + 1 mil).

    Step 10.  Zero the elevation counter (Fig 76C).  If necessary, relevel the tube with the elevation handwheel.  Be sure the elevation level vial D bubble is centered.

    Step 11.  Add 5 mils to the reading on the gunner's quadrant.  Set the 5 mils plus the recorded value (step 8) on the index arm.  Place the gunner's quadrant back on the cross level pads.  The bubble should center.

    Step 12.  Zero all counters.  Place a reading of -5 mils on the gunner's quadrant, and repeat steps 9 through 11 using a value of -5 mils on the elevation counter.

NOTE:  If the bubble on the gunner's quadrant does not center after either step 11 (+5 mils) or step 12 (-5 mils), the M14A1 fire control quadrant's correction counter (Fig 76  B  ) is inaccurate and the quadrant must be removed and evacuated to direct support maintenance for repair or adjustment.

    Step 13.  Return the gunner's quadrant reading to the corrected value (step 8), and check the cross-level vial and the elevation level vial.  Center the bubbles if necessary.

    Step 14.  Set the gunner's quadrant on the M14A1 quadrant elevation level pads (Fig 76).  Level the bubble in the gunner's quadrant using the micrometer knob.  Record the reading.

    Step 15.  Have the assistant gunner elevate the tube to 400 mils.  Set a reading of 400 mils on the corrected gunner' s quadrant.  With the tube at 400 mils, place the gunner's quadrant on the fire control quadrant elevation level pads.  The bubble in the gunner's quadrant should center.  If not, use the micrometer knob to center the bubble.  Check the reading, it should not vary from the corrected value by more than + 0.5 mil.

    Step 16.  Repeat step 15 at an elevation of 800 mils.

NOTE:  If the readings on the gunner's quadrant (steps 15 and 16) vary by more than + 0.5 mil from the corrected value, the M14A1 quadrant is in error and should be evacuated to direct support maintenance for repair.

NOTE:  The M140 alignment device and the M114A1 elbow telescope are checked during boresighting.  Boresighting will be taught in a separate FA subcourse.

SELF-EVALUATION:

11. The level of recoil oil is measured by the index indicator pin.  The oil level is too low to safely fire the weapon when the index pin extends beyond the face of the control assembly by—

a. 3/8 inch or more.

b. 3/16 inch or more.

c. 1/4 inch or more.

d. 5/8 inch or more.

12. In order to check the firing pin, close the breech and remove from  the breechblock the—

a. cocking lever.

b. lanyard.

c. percussion mechanism.

d. extractors.

13. The wheels on the M102 howitzer are raised or lowered using the—

a. actuator crank.

b. elevation handwheel.

c. roller tire.

d. lug wrench.

14. After firing, clean the M102 howitzer bore with rifle bore cleaner for _______________ consecutive days.

a. 2.

b. 3.

c. 4.

d. 5.

15. When the M102 howitzer is not fired for a long period of time, the cannon bore should be cleaned and lubricated at least—

a. monthly.

b. biweekly.

c. weekly.

d. semiweekly.

16. The equilibrators of the M102 will be drained and refilled with oil—

a. weekly.

b. monthly.

c. semiannually.

d. annually.

17. If the howitzer is fired regularly, the fire control instruments are tested and aligned—

a. monthly.

b. quarterly.

c. semiannually.

d. annually.

18. There are two ways to level the trunnions.  One is by using the scribed lines on the fire control quadrant; the other is—

a. the end-for-end test.

b. the cant correction method.

c. the pantel level method.

d. tracking the plumb line.

19. When leveling the tube by either the breech leveling plate method or by use of the tube level fixture, you must have a corrected—

a. collimator.

b. panoramic telescope.

c. gunner's quadrant.

d. elbow telescope.

20. There are four fire control instrument alignment checks performed on the M102 howitzer.  These include:  the check of reliability of deflections, the check of the reliability of special corrections, the test of the fire control quadrant, and the—

a. azimuth walk-off check.

b. end-for-end check.

c. level tube-trunnion check.

d. left-to-right check.

ANSWERS:

   11.  b.

   12.  c.

   13.  a.

   14.  b.

   15.  c.

   16.  b.

   17.  b.

   18.  d.

   19.  c.

   20.  a.

18.  SUMMARY.  To ensure the accuracy of fires, the M102 howitzer must be properly operated, cleaned, lubricated, tightened, and adjusted by the user (crew).  These operations must become a routine part of the crew's training.  To ensure that maintenance is timely, the appropriate PMCS tables set up periodic and routine maintenance services and lubrication orders prescribe the periods between lubrication services and the proper lubricants to use.  Certain maintenance operations should be performed before operating the howitzer.  If speed is necessary, the prefire checks should be made.  During and after operations checks and services ensure that the weapon is ready to fire when needed.

APPENDIX A

	[image: image81.png]Table 2-1. Preventive Maintenance Checks and Services

CS-~Chief of Section G--Gunner. AG--Assistant Gunner
No. 1, 2, or 4--Cannoneer Mo. 1, 2, or 4

B--Before D--During A--After W--Week] M--Monthl

- Done | ITEM TO BE INSPECTED | Equipment
. Interval by is NOT READY/
| B[O [ATWIM] Procedure AVAILABLE IF:

1 DA FORM 2408-4

. o CS a. Check to see if your weapon

has been borescoped within
the past 90 days.

Weapon has not been borescoped
within 90 days.

[} cs b. Enter the day's firing and
update the Equivalent Full
Charge (EFC) total.

Tot 1 cumulative round count
exceeds 10,000; unless extension
1s granted for additional 2,000
cumulative round count by depot
level personnel.

Extension cumulative round count
exceeds 2,000; unless additional
2,000 cumulative round count

extension {s granted by depot
personnel.

Total EFC round count exceeds
5,000.

2 BASIC ISSUE ITEMS

. [o] Make sure all basic issue items
are present (see appendix B) and
are in proper working order.







	[image: image82.png]Table 2-1. Preventive Maintenance Checks and Services (cont)
€S--Chief of Section G~-~Gunner AG--Assistant Gunner
No. 1, 2, or 4-~Cannoneer No. 1, 2, or &

B--Before D~-During A--After W--Heek] H--Honthl

- Done | ITEM TO BE INSPECTED | Equipment
. Interval by is NOT READY/
[ BIDJAJWIH] Procedure AVAILABLE IF:

3 WHEEL ASSEMBLY

. to, 2 a. Check the general condition of
the tires; look for cuts,
breaks, bulges.

One or both tires are unservice-
able.

e |No. 2 b. Check for correct air pressure
{20 psi nomally, 40 psi for
long movements on super
highways}.

¢|No, 2 c. Check the wheel capnuts; if

they are loose, have_ them
torqued to 50-35 ft-1b.

4 HANDBRAKES

= LA
. No. 1 Make sure that handbrakes hold

properly and engage in the first
1/3 of the brake rack.






	[image: image83.png]Table 2-1. Preventive Maintenance Checks and Services (cont)

CS--Chief of Section

G--Gunner

AG--Assistant Gunner

No. 1, 2, or 4--Cannoneer Mo, 1, 2, or 4

8--Before D--During

a.

b.

A--After

_ Done [ ITEM TO BE INSPECTED
. Interval by
[BIDJA[W[M] Procedure

M31 CARRIAGE

W--Weekly M- -Monthl

Equipment
is NOT READY/

Make sure firing platform
assambly is properly secured,
locking assembly handle (1) is
in place, and cotter pin (2)
is installed.

Firing platform assembly will not
Tock to the carriage.

Remove firing platform as-
sembly (p 2-83) and clean ball
stud (3), firing platform as-
sembly socket (4), ring (5),
and Tocking assembly plate
56), using cleaning compound
item 12, app D) and wiping
rags (item 22, app D).







	[image: image84.png]Table 2-1. Preventive Maintenance Checks and Services (cont)
CS--Chief of Section G--Gunner AG--Assistant Gunner
No. 1, 2, or 4--Cannoneer MNo. 1, 2, or 4

B--Before D--During A--After W--Heekly M- -Monthly

- Done | [TEM TO BE INSPECTED | Equipment
. Interval by {s NOT READY/
[BJOJAW]M] Procedure AVAILABLE IF:

6 M137A1 CANNON

. No. 1 a. Wipe the bore and chamber dry;
check for obstructions, dents,
stripped lands, and other
obvious defects.

M137A1 cannon contains cracks,
dents, or bulges.

. No. 1 b. Immediately after firing is
completed, apply CLP (item 9,
app 0) to artillery cleaning
brush and thoroughly wet-
punch cannon tube at least
six times, using scrubbing
action. Check that artillery
cleaning brush is still
soaked with CLP after every
two or three punches.

. No. | ¢. On the day after firing,
perform the following:

(1) Wrap wiping rag (item 22,
app D) around artillery
cleaning brush, soak with
CLP {item 9, app D), and
wet-punch cannon tube at
least six times.






	[image: image85.png]Table 2-1. Preventive Maintenance Checks and Services (cont)
CS--Chief of Section G~ -Gunner AG--Assistant Gunner
No. 1, 2, or 4--Cannoneer No. 1, 2, or 4

B--Before D--During A--After  W--Weekl M- -Monthl

_ Done [ ITEM TO BE INSPECTED | Equipment
. Interval by is NOT READY/
[ BJOJA[W]M] Procedure AVAILABLE TF:

6 M137A1 CANNON {cont)

(2) Wrap clean wiping rags
(item 22, app D) around
artillery cleaning brush
and dry-punch cannon
tube at least six times.

(3) Wrap clean wiping rags
(item 22, app D) around
artillery cleaning brush
soaked with CLP {item 9,
app D) and wet-punch
cannon tube at least
five times.

. No. 1 d. Immediately after firing,
remove and disassemble
breechblock (p 3-29). Clean
all parts with CL> (item 9,
app D). Coat breechblock
with CLP, let stand 5 to 10
minutes, wipe or brush clean,
and apply a 1ight coat of CLP.

. No. 1 e. During nonfiring periods,
clean and Tubricate cannon
tube and breechblock with
CLP (item 9, app D).






	[image: image86.png]Table 2-1. Preventive Maintenance Checks and Services (cont)
CS--Chief of Section G--Gunner  AG--Assistant Gunner
No. 1, 2, or 4--Cannoneer Mo. 1, 2, or 4

B--Before D--During A--After W--Weekly M--Monthly

Item - Done | ITEM TO BE INSPECTED | Equipment
no. Interval by is NOT READY/
[ BJDJAT W] H] Procedure AVAILABLE IF:

7 M37/M37A1 RECOIL MECHANISM

[} cs a. Check the indicator rod for
correct oil reserve.

Indicator rod Indicator rod

flush with extends 3/16
face of in- inch or more:
dicator and Low. Do not
control as- fire. Restore
sembly: 0il reserve.
Normal

NOTE
Some M37 models have a
red scribe line at 3/16
inch on indicator rod.






	[image: image87.png]Table 2-1. Preventive Maintenance Checks and Services (cont)

CS--Chief of Section G--Gunner AG--Assistant Gunner
No. 1, 2, or 4--Cannoneer Mo. I, 2, or 4

B--Before D--During A--After H--Heekl M--Honthl

Item - Done | 1TE TO BE INSPECTED | Equipment

no. Interval by is NOT READY/
[ B[DJA[W][M] Procedure AVAILARLF TF:

M37/M37A1 RECOIL MECHANISM (cont)

Indicator rod flush
with face of indicator
and control assembly.

Indicator rod ex-
tended to red tab.

Low oil reserve - DO NOT FIRE
Restore oil reserve.

(] No. 1, b. Observe operation of recofl
cs mechanism and variable recoil
mechanism. Watch for jerking

or slamming; recoil length

should decrease at high angles
of fire,






	[image: image88.png]Table 2-1. Preventive Maintenance Checks and Services (cont)

CS--Chief of Section G--Gunner AG--Assistant Gunner

No. 1, 2, or 4--Cannoneer No. 1, 2, or 4

B--Before D--During A--After W--Neekly M--Monthly

- Done | IT84 TO BE INSPECTED | Equipment
. Interval by {s NOT READY/
[ B]D JATW]IHM] Procedure AVAILABLE IF:

TAIL AND STOP BLACKOUT LIGHT

Check for proper operation of stop-
light-taillights and blackout
lights.

CONTROL ASSEMBLY

Watch for slippage, unusual noises,
or binding.

Control assembly will not raise or
lower the weapon.






	[image: image89.png]Table 2-1. Preventive Maintenance Checks and Services (cont)

CS--Chief of Section G- -Gunner AG--Assistant Gunner

10

11

B--Before

- Done | ITEM TO BE INSPECTED
. Interval by
[BIDJAW[M] Procedure

No. 1, 2, or 4--Cannoneer No. 1, 2, or 4

D--During A--After W--leekl M--Hontht

Equipment
is NOT READY/
AVAILABLE IF:

M134A1 MOUNT

Check level vials for illumination
(para 2-4k., p 2-12)and level vial
covers for free movement. Check

elevation and cross level knobs for
smooth operation. Check mounting
surface for nicks and burrs.

M134A1 mount is missing or
not operable.

No illumination.

MI13A1 PANTEL

Check counters for illumination
(para 2-4k., p 2-12). Check
knobs for smooth operation.
Watch for moisture buildup in
optics and counters,

M113A1 pantel is missing or
not operable,

No illumination.






	[image: image90.png]Table 2-1. Preventive Maintenance Checks and Services (cont)

CS-~Chief of Section G--Gunner  AG--Assistant Gunner
No. 1, 2, or 4--Cannoneer No. 1, 2, or 4

B--Before D--During A--After W--Weekl N--Monthl

- Done | ITEY TO BE INSPECTED | Equipment
. Interval by is NOT READY/
[ BIDJAJW]HM] Procedure AVAILABLE IF:

12 M14A1 QUADRANT

e AG Check counters and Tevel vials for
illumination (para 2-4k., p 2-12).
Check level vials for cracks,
breaks, and legibility. Check
knobs for smooth operation.
Watch for moisture buildup in
counters,

M14A1 quadrant 1s missing or
not operable,

No illumination.






	[image: image91.png]Table 2-1. Preventive Maintenance Checks and Services (cont)

CS-«Chief of Section G- -Gunner AG--Assistant Gunner

No. 1, 2, or 4--Cannoneer No. 1, 2, or 4

B--Before D--During A--After  W--Week] M--Monthl

- Done | ITEM TO BE INSPECTED | Equipment
. Interval by is NOT READY/
[BIDJA[WIM] Procedyre AVATLARLE IF:

| AG Check Tevel vial for cracks,
breaks, and Tegibility. Check
level vial for illumination (para
2-4k., p 2-12) and free cover
movement.

M1A2 gunner‘s quadrant is
missing or not operable.

No illuminaticn.
14 M114A1 TELESCOPE

M114A1

oo AG Check reticle for iltumination
(para 2-4k., p 2-12). Check
range knob for smooth operation.
Watch for moisture buildup in
optics.

M114A1 telescope 1s missing
or not operable.

No illumination.







	[image: image92.png]Table 2-1. Preventive Maintenance Checks and Services (cont)

CS--Chief of Section G--Gunner AG--Assistant Gunner
No. 1, 2, or 4--Cannoneer No. 1, 2, or 4

B--Before D--During A--After W--Heekly M--Monthly

- Done | ITEM T0 BE INSPECTED | Equipment
Interval by is NOT READY/
S0 [Al W] "] Procedure AVAILABLE IF:

15 M31 CARRIAGE ELEVATING MECHANISM

o]e o AG Check for free and easy opera-
tion through entire range with
no evidence of binding, slip-
page, or unusual noises.

| Will not elevate or depress.

15 M31 CARRIAGE TRAVERSING MECHANISH

oo . G Check for smooth operation, watch
for vibration, binding, or unusual
noises.

| Will not traverse.






	[image: image93.png]Table 2-1. Preventive Maintenance Checks and Services (cont)

CS--Chief of Section G--Gunner  AG--Assistant Gunner
No. 1, 2, or 4--Cannoneer Mo. 1, 2, or 4
B--Before 0--During A--After  W--Weekl N--Monthl
- Done | ITEM T0 BE INSPECTED | Equipment
. Interval by is NOT READY/
[ BIDJAIWIM] Procedure AVAILARLE TF:

17 BREECH OPERATING HANDLE

el o| AG Make sure breech operating
handle locks in closed posi-

tion each time breech mech-
anism assembly is closed.

8reech operating handle will not
lock.

18 FIRING MECHANISM ASSEMBLY

o|e AG Check that clearance between
firing mechanism assembly and
rear yoke is at teast 1/16 inch.

Firing mechanism assembly {s
broken or missing.







	[image: image94.png]Table 2-1. Preventive Maintenance Checks and Services (cont)

CS--Chief of Section G- -Gunner AG--Assistant Gunner
No. 1, 2, or 4--Cannoneer No. 1, 2, or 4

B--Before D--During A--After  W--Weekl H--Honthl

Item Done | ITEM TO BE INSPECTED | Equipment
no. Interval by {s NOT READY/
[ BID[A| W] M] Procedure AVAILABLE [F:

19 PERCUSSION MECHANISM
a. Check for weak or broken spring
(p 3-16).
b. Check for missing or broken
firing pin (p 3-16).
Spring is weak or broken,
Firing pin is missing or broken.







	


CAUTION





DO NOT TURN THE CLOSING SPRING ADJUSTER (FIG 42A) CLOCKWISE MORE THAN NECESSARY TO RELIEVE TENSION ON THE SPRING, OR YOU MAY DAMAGE THE SPRING.











