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GENERAL

The purpose of this course is to introduce you to the armament system of the M1 Abrams tank.

The scope of this subcourse broadly covers the armament system of the M1 tank, including: the manuals used for armament maintenance; the purpose and basic function of turret components; the operation of the turret; special tools and their use at the unit; intermediate direct support, and intermediate general support levels; and the components of the M1 tank fire control system.

Nine credit hours are awarded for successful completion of this subcourse.  It consists of four lessons divided into tasks as follows:

Lesson 1: 
SKILL PERFORMANCE AIDS (SPAS) MANUALS FOR ARMAMENT MAINTENANCE

TASK 1:  Describe the skill performance aids (SPAS) manual numbering system.

TASK 2:  Describe the purpose of the different types of skill performance aids (SPAS) manuals and their use for armament maintenance.

Lesson 2:
THE PURPOSE AND FUNCTION OF TURRET COMPONENTS AND THE OPERATION OF THE TURRET
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TASK 1:  Describe the general characteristics of the M1 tank.

TASK 2:  Describe the purpose and basic functions of armament and turret components.

TASK 3:  Describe the controls and safety precautions to be observed for the operation of the turret.

Lesson 3: 
THE M1 SPECIAL TOOLS AND THEIR USE AT UNIT, INTERMEDIATE DIRECT SUPPORT (IDS), AND INTERMEDIATE GENERAL SUPPORT (IGS) LEVELS

TASK 1:  Describe the M1 special tools used at the unit level.

TASK 2:  Describe the special tools used at the intermediate direct support (IDS) and intermediate general support (IGS) levels.

Lesson 4: 
COMPONENTS OF THE M1 TANK FIRE CONTROL SYSTEM

TASK 1:  Describe the fire control system's configuration and the fire control modes.

TASK 2:  Describe the components of the sighting system, the laser rangefinder, and the thermal imaging system.

TASK 3:  Describe the components of the computer system and the muzzle reference system.

TASK 4:  Describe the components of the gun/turret drive and stabilization systems.
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LESSON 1

SKILL PERFORMANCE AIDS (SPAS) MANUALS

FOR ARMAMENT MAINTENANCE

TASK 1.
Describe the skill performance aids (SPAS) manual numbering system.

CONDITIONS

Within a self-study environment and given the subcourse text, without assistance.

STANDARDS

Within one hour

REFERENCES

No supplementary references are needed for this task.

1.  Introduction

A noncommissioned officer must understand how to select and use the technical manuals (TMs) that describe the maintenance and operation of ordnance equipment.  When dealing with a vehicle as complex as the M1 Abrams tank, this knowledge is even more important.  To select the correct manual from the large number of manuals relating to various areas and levels of maintenance and operation of the M1 Abrams tank, it is necessary to understand the skill performance aids (SPAS) manual numbering system.  This task describes the SPAS manual numbering system that identifies each manual.

2.  The SPAS Numbering System

Each digit or letter contained in a SPAS manual identifying number has a meaning that helps to identify the purpose of that particular manual.

Figure 1 shows how a typical manual number is structured.
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FIGURE 1.  THE SPAS MANUAL IDENTIFYING NUMBER.

a.  Type of Publication.  The first part of the identifying number generally consists of two letters of the alphabet.  These two letters indicate the type of publication.  TM, for example, stands for technical manual.  The letters FM represent a field manual.  Likewise, a TB is a technical bulletin, and a TC is a training circular.

b.  Type of Equipment/Commodity Manager.  Just as the first two letters have a special meaning, the first number to appear after the letters has a specific identifying purpose.  This number identifies the commodity manager who is responsible for the equipment and, therefore, provides a general idea of the type of equipment involved.

If the number is 9, for example, the equipment covered by the manual is the responsibility of ordnance.

A 5 in this position indicates that the manual covers equipment for which engineers would be responsible.
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An 11 means that signal has the responsibility for the equipment in the manual.

Thus, if the beginning of the identifying number is TM 9-, the manual is a technical manual for an item of equipment for which ordnance has responsibility.

c.  Supply Group and Class in Group.  The two letters and the first number (TM 9-) in the manual identification number are followed by a dash and a four-digit identifier.  This four-digit identifier contains two different classifications of identification.

(1)  Supply Group.  The first two of the four digits classify items of supply under the federal program.  In the example, TM 9-2350, the 23 stands for ground effect vehicles, motor vehicles, trailers and cycles.

(2)  Class in Group.  The second two of the four digits identify the classes within each group.  In the example, TM 9-2350, the 50 stands for track vehicles.  If the number were TM 9-2320, the 20 would stand for a wheeled vehicle.

d.  Manuals on Equipment Covered by the Series.  Following the four digit identifier of supply group and class is a dash followed by a three digit identifying number.  An example would be TM 9-2350-255.  In this case, the manual is a technical manual (TM) for ordnance equipment (9-) covering a ground effect vehicle with track laying vehicle class (2350-).  The three digits following the second dash, which in this case are 255, stand for the number of manuals prepared on equipment covered by the particular series within the same federal supply code in numerical sequence.  The M1 Abrams tank is number 255 in its series within the federal supply code 2350.

e.  Maintenance Level.  Next in the manual identifying number is a two digit identifier that represents the level of maintenance responsible for performing the procedures in the manual.  The first of these two digits indicates the lowest level of maintenance responsible for performing the manual procedures.  The second of the two digits, unless it is a zero, stands for the highest level of maintenance responsible for the procedures in the manual.
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Take, for example, the identifying number TM 9-2350-255-34.  As was already described, this is a technical manual (TM) under ordnance responsibility (9-), covering a ground effect, track laying vehicle (2350-), specifically the M1 Abrams tank (255).  The next two digits are 3 and 4.  Therefore, the lowest level of maintenance authorized to perform the procedures in the manual is level 3, intermediate direct support.  The highest level of maintenance covered in the manual is level 4, intermediate general support.

If the second of these two digits is zero, then the maintenance level is determined only by the first digit.  Using this system, it is possible to determine that TM 9-2350-255-20 is aimed at the unit mechanic; TM 9-2350-255-10 contains procedures to be performed by the operator.  If the two-digit number were 12, the procedures would be performed either by the operator, at the lowest level, or by the unit mechanic, at the highest level.

f.  Additional Identification Digits.  All identifying digits that are added to the manual identifying number are defined by the maintenance level of the manual.

(1)  Operator/Crew Level.  At the operator/crew level of manuals, only a single digit follows the -10 level identifier.  This digit, when present, represents the volume number of the manual.  Whenever a manual exceeds one thousand pages, it is divided into three volumes, with each volume containing some of the chapters of the manual.

(2)  Unit Maintenance Level.  The unit maintenance level -20 identifier can be followed by as many as three individual digits, each separated by a dash.

(a)  The first of these digits designates the portion of the vehicle covered by the manual.  The number 1 in this position stands for the hull; a 2 in this position stands for the turret.

(b)  The second of these digits designates the volume.  At the unit level of maintenance, volume 1 contains the preventive maintenance checks and services (PMCS), volume 2 contains the troubleshooting procedures, and volume 3 contains the maintenance procedures.
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(c)  The third of these digits, when present, indicates a part number.  Whenever a volume exceeds one thousand pages, for example, it is divided into three parts, each containing some of the volume chapters.  Thus, TM 9-2350-255-20-2-2-3 represents the unit level manual covering the turret, volume 2 (troubleshooting), part three.

(3)  Intermediate Direct Support/Intermediate General Support levels (IDS/IGS).  At the intermediate direct support (IDS) and intermediate general support (IGS) maintenance levels, the numbering system is similar to the breakdown at the unit level].  Three individual digits separated by dashes can follow the -34 level designator.

(a)  The first of these digits again represents the type of vehicle system covered.  The number 1 stands for the hull; a 2 stands for the turret.

(b)  The second of these digits represents the volume number.  However, at this maintenance level, no PMCS are performed.  Therefore, volume 1 contains troubleshooting procedures, and volume 2 covers the maintenance tasks.

(c)  The third digit, when present, designates the part number.  Again, lengthy volumes are divided into parts with each part containing some chapters of the volume.  Thus, TM 9-2350-255-34-2-2-1 is the complete identifying number for turret maintenance (volume 2), part 1 at the IDS/IGS maintenance levels.

3.  Conclusion

A familiarity with the numbering system of the SPAS manuals is essential to correct manual selection.  Knowing how to work with the manual identifying system will save time and frustration in locating the specific manual needed to operate or perform a maintenance task on the M1 tank.
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LESSON 1

SKILL PERFORMANCE AIDS (SPAS) MANUALS

FOR ARMAMENT MAINTENANCE

TASK 2.
Describe the purpose of the different types of skill performance aids (SPAS) manuals and their use for armament maintenance.

CONDITIONS
Within a self-study environment and given the subcourse text, without assistance.

STANDARDS

Within one hour

REFERENCES
No supplementary references are needed for this task.

1.  Introduction
The knowledge of the SPAS numbering system gained in task 1 will help to select the correct manual for each specific maintenance procedure.  A genera] knowledge of the contents of these manuals and of how to use the manuals properly will also be an indispensable tool.  SPAS manuals are, in general, very similar in their content and presentation form no matter what equipment is being covered.  The SPAS manuals for the M1 tank will serve as good representatives of typical manuals throughout the SPAS system.

This task will describe the contents of the SPAS technical manuals that apply to the M1 Abrams tank and their use for armament maintenance.

6

INTRO.  TO M1 ABRAMS ARMAMENT - OD0468 - LESSON 1/TASK 1

2.  Contents of the M1 SPAS Manuals
As we saw in task 1, any manual beginning with the numbers TM 9-2350-255 will be a technical manual pertaining to the M1 tank.  The next two-digit number represents the maintenance level for which the manual was prepared.  Therefore, TM 9-2350-255-10 will be the operator's manual; TM 9-2350-255-20 will contain procedures for the unit maintenance level; and TM 9-2350-255-34 pertains to the intermediate direct support (IDS) and intermediate general support (IGS) levels of maintenance.

a.  Operator's Manuals 10.  The operator's manuals are not divided by the type of system covered.  Therefore, the single digit following the maintenance level designator (10) is the volume number.  The M1 operator's manual is divided into three volumes.

(1)  Volume 1.  TM 9-2350-255-10-1 is the first volume in the operator's manual.  Volume 1 provides the operator of the M1 tank with information about the principles of operation, controls and indicators, and preventive maintenance checks and services (PMCS) for which the operator or crew is responsible.

(2)  Volume 2.  Volume 2 of the M1 Abrams operator's manual is TM 9-2350-255-10-2.  In this volume, the operator can find the procedures for operating the tank under both usual and unusual conditions.

(3)  Volume 3.  The third volume of the operator's manual is TM 9-2350-255-10-3.  It contains sections on troubleshooting and maintenance procedures that can be performed by the operator or crew.  It also contains a section devoted to ammunition and an index which applies to all three volumes.

b.  Unit Maintenance Manuals 20.  All manuals with the identifying numbers TM 9-2350-255-20 apply to the M1 tank unit level of maintenance.  These unit maintenance manuals are further divided into the system being covered (hull = 1, turret = 2).

(1)  Hull Maintenance at the Unit Level (20-1).  The manuals that contain procedures to be performed by unit maintenance on the M1 hull all have the identifying number TM 9-2350-255-20-1.  These 
7
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manuals are further divided into volumes for the type of maintenance operation being performed, and, if the manuals are lengthy, into parts.

(a)  Volume 1 - PMCS.  TM 9-2350-255-20-1-1 contains the PMCS to be performed at the unit level, along with alignment and adjustment procedures and lubrication instructions.

(b)  Volume 2 - Troubleshooting.  The troubleshooting procedures for the unit maintenance level on the M1 hull are described in volume 2.  Volume 2 is divided into three parts.

o  TM 9-2350-255-20-1-2-1 contains an acronym and abbreviation index, troubleshooting data, fault symptom indexes, and specific troubleshooting procedures for the engine system, the fuel supply system, the transmission and final drive, and the steering and brake systems.

o  TM 9-2350-255-20-1-2-2 contains troubleshooting procedures for the auxiliary systems, the fire extinguisher system, the hull electrical system, and the inflatable seal system.  It also includes test equipment procedures and checkout and adjustment procedures.

o  TM 9-2350-255-20-1-2-3 contains procedures for troubleshooting the hull circuit breaker system and alternate troubleshooting procedures for the many hull systems.

(c)  Volume 3 - Maintenance Procedures.  For this volume, there are six volume parts to cover the maintenance procedures at the unit level.

o  TM 9-2350-255-20-1-3-1 contains general maintenance information and procedures for power train maintenance.

o  TM 9-2350-255-20-1-3-2 has the maintenance procedures for the air induction system and the fuel system.

o  TM 9-2350-255-20-1-3-3 contains oil system maintenance and operating control maintenance.

o  TM 9-2350-255-20-1-3-4 contains maintenance procedures for the hull assembly and the hull hydraulic system.
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o  TM 9-2350-255-20-1-3-5 describes the procedures for maintenance on the fire extinguisher system and the suspension system.

o  TM 9-2350-255-20-1-3-6 contains maintenance procedures for the hull electrical system, the powerpack electrical system, and the nuclear, biological, and chemical system.

(2)  Turret Maintenance at the Unit Level (20-2).  All unit level technical manuals for the M1 turret have the identifying number TM 9-2350-255-20-2.  These manuals are also broken down into volumes by the type of operation being performed, and into parts when necessary.

(a)  Volume 1 - PMCS.  TM 9-2350-255-20-2-1 covers the unit level PMCS, alignment and adjustment procedures, and lubrication information.

(b)  Volume 2 - Troubleshooting.  The information for unit level troubleshooting on the M1 turret is contained in the three volumes of TM 9-2350-255-20-2-2.

o  TM 9-2350-255-20-2-2-1 contains an index of acronyms and abbreviations, troubleshooting data and fault indexes followed by troubleshooting procedures for the turret electrical system and the hydraulic and gun/turret drive system.
o  TM 9-2350-255-20-2-2-2 contains the procedures for troubleshooting the fire control system, the commander's weapon station, the smoke grenade system, the nuclear, biological and chemical system, and the communications system.  It also contains test equipment procedures and checkout procedures.

o  TM 9-2350-255-20-2-2-3 outlines the procedures for troubleshooting the turret circuit breaker system.  It also contains alternate troubleshooting methods and procedures.

(c)  Volume 3  - Maintenance Procedures.  The maintenance procedures for the M1 turret are contained in manuals with the identifying number TM 9-2350-255-20-2-3.  As is the case with the troubleshooting manuals, this volume also has three parts.
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o  TM 9-2350-255-20-2-3-1 contains general maintenance information and the procedures for maintenance of the turret electrical system.

o  TM 9-2350-255-20-2-3-2 outlines the maintenance procedures for the turret assembly, the turret hydraulic system, and the communications system.

o  TM 9-2350-255-20-2-3-3 includes the procedures for maintenance of the armament system, the fire control system, and the nuclear, biological and chemical system.  Also in this part are sections covering the maintenance of materiel used in conjunction with major items, an expendable supplies and materiel list, and a list of fabricated tools.

c.  IDS/IGS Maintenance Manuals (34).  The primary technical manuals which apply to the IDS/IGS maintenance for the M1 tank begin with the identifying number TM 9-2350-255-34.  As with the unit maintenance manuals, the IDS/IGS manuals are divided into the hull and turret systems.

(1)  Hull Maintenance at the IDS/IGS Level (34-1).  Since PMCS does not apply at this maintenance level, the digit specifying system (1 = hull, 2 = turret) is followed by a volume number, with 1 standing for troubleshooting and 2 standing for maintenance.

(a)  Volume 1 - Troubleshooting.  The IDS/IGS technical manual volume for troubleshooting the M1 hull is divided into two parts.

o  TM 9-2350-255-34-1-1-1 contains a general information section followed by troubleshooting data, a troubleshooting index, a test equipment procedures index, troubleshooting roadmaps, and a fault symptom index.  Sample troubleshooting charts are followed by the detailed troubleshooting procedures for the engine, the transmission and final drive, and the electrical system.

o  TM 9-2350-255-34-1-1-2 contains a single chapter on alternate troubleshooting procedures and an appendix dealing with schematic diagram electronic symbols.
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(b)  Volume 2 - Maintenance.  The hull maintenance manuals at this level are all numbered TM 9-2350-255-34-1-2.  There are two parts to this volume.

o  TM 9-2350-255-34-1-2-1 contains general information and the procedures for the power train, the fuel system, the oil system, the operating controls system, and the hull assembly maintenance.  Procedures that apply to swaged tubing and fitting repair are followed by the procedures for the suspension system.

o  TM 9-2350-255-34-1-2-2 contains the maintenance procedures for the hull electrical system and the fire extinguisher system.  It also contains the expendable supplies and materiels list and a listing of fabricated tools.

(2)  Turret Maintenance at the IDS/IGS levels (34-2).  The IDS/IGS M1 turret manuals, all numbered 9-2350-255-34-2, are also divided into volumes (1 = troubleshooting, 2 = maintenance) and, when needed, into parts.

(a)  Volume 1 - Turret Troubleshooting.  ML turret troubleshooting at the IDS/IGS level is covered in TM 9-2350-255-34-2-1.  This volume has not been divided into parts.  Some of the contents of the troubleshooting volume are:

o  a general information section 

o  troubleshooting data 

o  a troubleshooting index 

o  the test equipment procedures index 

o  troubleshooting roadmaps 

o  fault symptom indexes 

o  sample troubleshooting charts o test equipment procedures 

o  schematic diagrams 

o  detailed troubleshooting procedures for the turret electrical system, the commander's weapon 
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station azimuth drive, the gun/turret -drive, the electronic unit, and the hydraulic system.

o  alternate troubleshooting procedures 

(b)  Volume 2 - Turret Maintenance.  The M1 turret maintenance manuals are divided into two parts.

o  TM 9-2350-255-34-2-2-1 contains general maintenance information along with detailed maintenance procedures for the turret electrical system and the turret hydraulic system.

o  TM 9-2350-255-34-2-2-2 contains the detailed maintenance procedures on the turret assembly and the armament system.  Also included are the procedures for maintenance of materiels used in conjunction with major items, an expendable supplies and materiels list, and a fabricated tools list.

3.  The Use of SPAS in Armament Maintenance 

The SPAS manuals are organized in such a way as to make the maintenance procedures easy to find and easy to perform.  Each volume of a manual has a table of contents, and the final part of each volume contains an alphabetical index.

a.  Locating a Task Procedure.  Each major subsystem of the M1 Abrams tank normally has a chapter devoted to maintenance.  At the beginning of each chapter is a table in block form that lists the equipment items covered for that system in that chapter.  In this table, each equipment item is associated with a paragraph number.  At the beginning of each paragraph is another table in block form.  This block lists the tasks that can be performed on that equipment item.  Each task is assigned a task number, and the frame (usage) numbers that apply to that task are identified.

b.  Preparing to Perform a Task.  Once the procedures for performing a task have been located, detailed instructions are provided for completing that task.  At the beginning of each task procedure is a list of information needed in preparing to perform the task.  The categories on this list have the following purposes:
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(1)  Applicability.  The information listed under applicability identifies the models of the equipment or tank to which the detailed maintenance instructions apply.

(2)  Common Tools.  Listed under the category of common tools are the tools commonly found in a maintenance unit that will be needed to perform the task.  This list should be checked before beginning a task because the task cannot be completed unless all of the listed tools are on hand.

(3)  Special Tools.  If any special tools will be needed for task completion, they will be listed here.  Special tools are those needed to work on a specific item, and that are not standard issue.  They can only be ordered by units that have maintenance responsibility for that item.  If any special tools are listed at the beginning of a task description, be sure that those tools are on hand before beginning the task.  The task cannot be completed without these tools.

(4)  Supplies.  A list of all of the supplies that will be needed to perform the task appears under this heading.

(5)  Personnel.  The information listed under this heading tells how many people will be needed to perform the task.  It also defines what each person should be doing to accomplish the task.

(6)  Equipment Condition.  The initial equipment conditions are listed under this category.  These conditions must be satisfied before the task is begun.  Items such as switch positions and tank placement will be listed here.

(7)  Preliminary Procedures.  This is a listing of the other maintenance procedures that must be completed before beginning the task at hand.  Reference is often made in this listing to other tasks in the manuals that must be completed before this task can start.

c.  Performing the Task.  The listing of preliminary information about a task is followed by one or more illustrated frames.  Within these frames, each step of the task is described in detail.
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d.  Follow-On Procedures.  At the end-of the last frame for each task is a list of follow-on procedures that must be performed before this maintenance task can be called complete.  This list usually refers to other tasks that must be performed before the tank can be considered operational.
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PRACTICAL EXERCISE 1

1.  Instructions

Read the scenario and respond to the requirements that follow the scenario.

2.  Scenario

You are assigned to temporary duty at a maintenance shop that has just received its first M1 Abrams tank.  You find that you are the only one present who has had previous experience with an M1 tank.  You are suddenly the resident expert.  Everyone is asking you questions about the maintenance procedures for the M1.  Since it is obvious that no one could commit all of this information to memory, you show the mechanics how to find the answers to their questions in the SPAS manuals.

First Requirement

To help with the problem, you explain how the SPAS numbering system works.  Using the example of TM 9- 2350-255-20-2-3-1, tell which digits stand for the following areas:

a.  Federal supply code and class in group.

b.  Type of equipment (commodity manager).
c.  Maintenance level.

d.  Type of system covered.

Second Requirement

To elaborate, you explain the system by answering the following questions.

a.  What manual contains the procedures for troubleshooting the M1 turret electrical system at the IDS/IGS level?

b.  What manual will give the operator and crew instructions on how to operate the M1 tank under usual conditions?
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c.  How can you determine how many soldiers will be needed to remove the elevating mechanism on the M1 tank?
d.  Where can you find out which tools will be needed to perform a task?
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LESSON 1.  PRACTICAL EXERCISE - ANSWERS

First Requirement

a.  2350.
b.  9.

c.  20.
d.  2.

Second Requirement

a.  TM 9-2350-255-34-2-1.

b.  TM 9-2350-255-10-2.

c.  Check the Personnel Required section at the beginning of the task description in TM 9-2350-255-34-2-2-1.

d.  Check the tools list at the beginning of the specific task.
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LESSON 2

THE PURPOSE AND FUNCTION OF TURRET COMPONENTS

AND THE OPERATION OF THE TURRET

TASK 1.  
Describe the general characteristics of the M1 tank.

CONDITIONS

Within a self-study environment and given the subcourse text, without assistance.

STANDARDS
Within one-half hour

REFERENCES

No supplementary references are needed for this task.

1.  Introduction

The use of the technical manuals, as described in lesson 1, can only be effective if one is also familiar with the equipment to which the manuals apply.  This lesson introduces the M1 Abrams tank, its armament and turret components, and the controls and safety precautions necessary for operation of the turret.  This task gives a general description of the M1 tank and its performance capabilities.

2.  General Description

The M1 Abrams tank is a high speed combat vehicle (figure 2).  The tank consists of the hull and turret assemblies.  The turret can rotate a full 360 degrees.  All system connections between the hull and the turret are made through a slipring assembly.  Each crew has four members: the commander, the gunner, the loader, and the driver.
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Included in the tank's armament capabilities-are several weapons designed to attack and destroy enemy tanks, equipment, and forces while protecting the crew from enemy fire.

When it is fully loaded for combat, the tank weighs 60 tons.  The overall length of the M1 tank, with the main gun forward, is 32.5 feet.  The overall height is 9.5 feet, and the overall width is 12 feet.
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FIGURE 2.  THE M1 ABRAMS TANK.

a.  Engine.  The M1 Abrams tank is equipped with a 1500 horsepower turbine dual-compressor engine, model AGT-1500C.  The engine has three governed speeds.  At the low governed speed, it runs from 870 to 950 revolutions per minute (rpm).  At the tactical idle governed speed, the engine runs between 1250 and 1350 rpm.  At high governed speed, it turns at 3000 to 3100 rpm.
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WARNING

Stay clear of the engine area when the engine is running.  Intense heat is created by the turbine at the rear grille and surrounding area.  The engine must be off for one hour before it is repaired to allow for cool-down of the rear grille and engine components.

b.  Transmission.  The turbine engine is coupled to an automatic transmission.  The transmission has four forward speeds and two reverse speeds, as well as a pivot and a neutral selection.  The transmission controls three tank functions:  driving, steering, and braking.

c.  Electrical System.  The tank uses a 24 volt direct current (vdc) electrical system.  The operating range is from 18 to 30 vdc.  When the engine is not running, power is supplied by six 12-volt batteries that are connected to provide 24 vdc of power.  When the engine is running, power is supplied by an alternator on the powerpack.

d.  Hydraulic System.  Hydraulic pressure is used to move the main gun in elevation and the turret in azimuth.  Hydraulic pressure also opens and closes the ready ammunition bustle door.  A hydraulic pump on the powerpack provides this power when the engine is running.  Normal pressure is between 1500 and 1700 psi.  An electrically driven auxiliary pump provides hull hydraulic pressure when the main pump is not operating (engine is not running).

e.  Fuel System.  Engine fuel is stored in three tanks: the right front, the left front, and the rear.  The rear tank is divided into four connected fuel cells.  The engine runs on fuel from the rear tank only.  When fuel in the rear tank runs low, fuel can be transferred from one of the front tanks to the rear tank.

f.  Fire Extinguisher System.  Seven fire sensors in the tank detect and trip the automatic fire extinguishing system.  Three of the sensors are mounted in the turret, one in the driver's compartment, and three in the engine compartment.  The fire detection system uses dual spectrum infrared optical sensors.  These sensors detect the 
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heat radiation and the light or flicker of a flame.  The sensors are located so that the infrared optical field of view encompasses and continually monitors all crew member areas and the engine compartment.  Fire suppression is accomplished with Halon 1301 agent dispensed by a fast-acting solenoid valve.  The suppression subsystem has three nonshatterable receiver bottles, each containing seven pounds of Halon 1301 fire extinguishing agent.

CAUTION
When performing maintenance on the fire extinguisher sensors, DO NOT disconnect a wiring harness from a sensor unless the vehicle power is OFF.  Disconnecting a wiring harness from a sensor with the power on will cause the fire extinguisher to discharge.

(1)  Crew Compartment Protection.  The crew compartment fire detection system will respond to an explosive type fire within 2 milliseconds.  The fire suppression system will extinguish the flame within 100 milliseconds.  The crewmembers will know that the crew compartment fire extinguisher has fired automatically by the loud noise and cloud of gas in the crew compartment.  When the crew compartment fire extinguisher(s) has fired, the tank must be evacuated and aired out within five minutes after the release of the fire extinguisher gas into the compartment.  Halon 1301 agent is irritating to the eyes and throat.  Large amounts of the gas over a long period of time are hazardous for crewmembers.  However, the distribution of the Halon 1301 agent in the crew compartment after discharge does not exceed the guideline of 6 percent mean concentration for five minutes established by the Army Surgeon General.  If the automatic system fails, the fire extinguishing system can be manually fired by the driver.

(2)  Engine Compartment Protection.  Crew safety is enhanced by a fire detection and suppression system for the engine compartment.  The engine compartment has a two-shot system.  It includes automatic detection and suppression discharging of one bottle assembly for the first shot.  If a fire 
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rekindles, the driver can release the-second shot by actuating the 2ND SHOT switch on the driver's instrument panel.  When this happens, the engine will shut down and, after a built-in time delay of 18 seconds, the second bottle will discharge.  The driver is also able to discharge the first shot manually from the driver's station when needed.  A vehicle external handle, mounted on the left side of the hull, will discharge the second shot without shutting down the engine.

g.  Main Armament.  The main armament of the M1 tank is the M68E1, 105mm main gun.  The ammunition used for the main gun is the M68 fixed cartridge.

NOTE
The operator's manual lists the main armament as the M68 gun.  However, the M68 gun cannot be used on the M1 tank because it does not have the flat surface needed to mount the muzzle reference sensor.  Therefore, the M68E1 gun tube must be used on the M1 tank.

3.  Performance Capabilities
The turbine engine and automatic transmission combine to provide high vehicle speed and quick response to throttle movement.  The tank has a maximum forward governed speed of 45 miles per hour (mph) on a paved, level surface.  Its maximum governed reverse speed on a paved, level surface is 25 mph.

When moving forward, the tank has the capability of climbing a vertical obstacle of 49 inches (approximately 4 feet).  The maximum ditch width that the vehicle will cross when moving forward is 9 feet.  At a sustained speed of 5 mph, the tank is able to climb or descend a grade of 60% (31 degrees).  Running at a constant 25 mph on dry, level, secondary roads, the vehicle has a range of 279-310 miles without refueling.
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LESSON 2

THE PURPOSE AND FUNCTION OF TURRET COMPONENTS t

AND THE OPERATION OF THE TURRET

TASK 2.  
Describe the purpose and basic functions of armament and turret components.

CONDITIONS

Within a self-study environment and given the subcourse text, without assistance.

STANDARDS

Within one hour

REFERENCES

No supplementary references are needed for this task.

1.  Introduction

The M1 Abrams tank features a number of weapons designed to attack and destroy the enemy.  The principal armament feature of the M1 tank is the M68E1, 105mm main gun.  In addition to the main gun, the tank is equipped with three machineguns, an M16 rifle, and two M250 grenade launchers.  A variety of turret components are closely associated with the tank armament.  These turret components, located in or on the turret, assist the crew in performing armament related operations (such as aiming, ranging, elevating and traversing).

This task describes the purpose and basic function of the M1 Abrams armament components and the turret components related to the armament system.

2.  M1 Abrams Tank Armament Components

The M68E1, 105mm main gun, the primary armament component, is supplemented by three machineguns and a grenade launcher on each side of the turret (figure 3 on the following page).
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FIGURE 3.   M1 ABRAMS TANK - ARMAMENT

COMPONENTS.

a.  Main Gun.  The M68E1 is a 105mm gun and is the main armament feature of the M1 tank.  It fires fixed, complete ammunition (total stowage capacity:  55 rounds).  The main gun is equipped with an M68E1 gun tube that has a flat surface to accommodate a muzzle reference sensor.  The main gun tube has a thermal shroud, a two-part aluminum cover designed to reduce tube bend.  The main gun is also equipped with a bore evacuator that prevents gun gasses from entering the turret when the breech is opened.

(1)  Muzzle Reference Sensor.  The muzzle reference sensor (MRS) is externally mounted on the end of the gun tube (figure 4 on the following page).  It is designed to determine the amount of change, or bend, in the main gun tube resulting from uneven heating and cooling.  When in use, the MRS determines the angle between the gunner's primary sight and the end of the main gun tube.  With the gun tube in a level position, the gunner aligns the fire control reticle red aiming dot over the center of the black MRS reticle cross.  Once the reticle is properly aligned, the gunner presses 
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the ENTER button on the computer.  This entry directs the computer to compensate for the tube bend and thereby correct the lay of the main gun.  A radioactive element in the MRS will glow in the dark and thereby allow the alignment to take place at night.
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FIGURE 4.  THE MUZZLE REFERENCE SENSOR.

(2)  Thermal Shroud.  The thermal shroud is a two-part aluminum cover around the main gun tube.  It is designed to reduce tube bend of the main gun by evenly dissipating heat along the entire gun tube.

b.  Machineguns.  The M1 tank is equipped with three machineguns.  The M240 coaxial machinegun and the M240 loader's machinegun are both 7.62mm weapons with a maximum range of 3725 meters, and a maximum effective range of 900 meters.  The M2, caliber .50 commander's machinegun is located on a mount on top of the commander's weapon station.  Its maximum range is 6700 meters, with a maximum effective range of 1200-1600 meters.

c.  Grenade Launchers.  The M250 smoke grenade launchers are mounted on either side of the turret.  Six UKL8A1 smoke grenades are mounted in each mount.  Smoke grenades are fired from the control panel at the commander's weapon station.
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3.  Turret Components
A variety of components to aid in the use of the M1 armament are located in or on the turret.

a.  Triggers.  Three triggering devices in the turret fire the main gun or coaxial machinegun.  They are the gunner's triggers, the commander's triggers, and the manual elevation handle trigger.  The tank is also equipped with a manual firing handle, also known as a blasting machine.  The blasting machine, however, will fire only the main gun.

(1)  Gunner's and Commander's Handles.  The gunner's and commander's handles are used whenever the gunner's primary sight is being used as the sighting device, either in the normal or the emergency mode.  When the gunner's and commander's handles are used, the fire control system's fire inhibit feature automatically checks to be sure that the sight and gun are aligned before it will allow the gun to fire.  Since this is a major factor in the accuracy of the system, the gunner's and commander's handles should always be used for the best firing accuracy.

(2)  Manual Elevation Crank Handle Trigger.  The manual elevation crank handle trigger provides an emergency way to fire the main gun or the coaxial machinegun when electrical power is still available in the turret.  The manual elevation crank handle trigger may be used when sighting with the gunner's auxiliary sight in situations where the vehicle is stationary.  The manual elevation handle can also be used when sighting with the gunner's primary sight, but one of the power control handle palm switches must be energized to insert ballistic offset into the gun.

(3)  Blasting Machine.  The blasting machine (manual firing handle) is primarily to be used when there is no turret power; it is normally used with the gunner's auxiliary sight as the sighting device.  If the blasting machine is used when the turret power is on, it bypasses most of the trigger circuits and all of the five inhibit functions.  If the blasting machine is used while sighting through the gunner's primary sight, a palm switch must be squeezed while firing to be sure that a ballistic solution is present in the fire control system.
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b.  Loader's Station.  Components located at the loader's station perform a variety of functions (figure 5).
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FIGURE 5.  THE LOADER'S STATION.

(1)  Slipring.  The slipring (figure 6 on the following page) is mounted to the hull through the center of the turret platform.  It provides all electrical power from the hull to the turret.  It also passes electrical signals and provides for hydraulic flow from the reservoir to the turret hydraulic power distribution valve assembly and back again.  It also allows filtered air from the gas particulate system canisters to flow to the individual crew stations.

(2)  Turret Networks Box.  The turret networks box contains manual reset circuit breakers for 
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turret electrical circuits.  It distributes electrical power from the slipring to all electrical turret components through the turret wiring harnesses.  The cover of the turret networks box lists each circuit breaker and the circuit it controls.
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FIGURE 6.  THE SLIPRING

(3)  Loader's Panel.  The loader's panel on the M1 tank includes status lights for the main gun, a TURRET BLOWER switch, and GUN/TURRET DRIVE lights and switch (figure 7 on the following page).  The MAIN GUN STATUS lights show the ARMED or SAFE status of the main gun firing circuits.  The TURRET BLOWER switch turns the turret vent blower ON and OFF.  The GUN/TURRET DRIVE switch sets the gun and turret drive system to POWERED, MANUAL, or EL UNCPL (elevation uncoupled) mode.  The GUN/TURRET DRIVE lights show the operating mode of the gun/turret drive system as selected by the switch.

(4)  Turret Traverse Lock Lever.  The turret traverse lock lever mechanically locks the turret to prevent traversing.
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(5)  Bustle Ammunition Compartment.  The 105mm bustle ammunition compartment permits the stowage of forty-four rounds of 105mm ammunition for the main gun.  Twenty-two rounds are in the ready ammunition compartment behind the loader, and twenty-two rounds are in the semi-ready ammunition compartment behind the commander.  Blowoff panels on the turret roof will direct any explosions away from the crew if an enemy round should penetrate the compartment.  A loader's knee switch opens and closes the ready ammunition bustle door.
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FIGURE 7.  THE LOADER'S PANEL.

The bustle door opens in .95 seconds by sliding to the loader's left.  If the knee switch is accidentally released during the round removal, a full length rubber-faced safety switch on the door edge provides protection by instantly stopping the door if it touches an obstruction.  When the pressure is relieved on the knee switch, the bustle door automatically closes after a two second delay.
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WARNING
Keep hands, equipment, and small objects away from the ammunition door track.  The safety switch in the leading edge of the door stops the movement of the door if it meets an obstruction.  The ammunition door will not stop in the last 1/2 inch of closing.  The ammunition door may injure hands or damage equipment or small objects when opening and closing.

(6)  Main Gun Breech.  The main gun breech provides the loader with an opening for loading the main gun.  The breech operating handle opens and closes the main gun breechblock.

(7)  Ejection Guard.  The MAIN GUN STATUS lights are controlled by the position of the main gun spent case ejection guard.  When the ejection guard is extended, it arms the main gun firing circuit and deflects the spent case to the floor.  The ARMED MAIN GUN STATUS light illuminates.  When the ejection guard is folded forward for.  gun loading, it disarms the main gun firing circuit, causing the SAFE MAIN GUN STATUS light to illuminate.

c.  Commander's Weapon Station.  The commander's weapon station (CWS) can be compared to the commander's cupola on other tanks.  The commander's hatch provides the commander with 360 degree protected viewing from the closed, protected open, and full-open positions.

(1)  Commander's Power Control Handle.  The commander's power control handle controls main gun elevation and traverses the turret during powered operation.  A button on the handle controls the laser rangefinder; a trigger fires the main gun or the coaxial machinegun.  The palm switch on the control handle must be squeezed for the handle, button, and trigger to operate.  Squeezing the palm switch on the control handle removes control of the turret from the gunner's handle and gives control to the commander.  This action also starts the stabilization system if the gunner's primary sight (GPS) FIRE CONTROL MODE switch is in the NORMAL position.
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(2)  Commander's Weapon Station Power Control Handle.  The CWS power control handle is used to traverse the commander's weapon station during power operation.

(3)  Commander's Weapon Sight.  The commander's weapon sight allows the commander to aim the commander's weapon from inside the turret.  The sight contains a ballistic reticle for the caliber .50 machinegun.

(4)  Commander's GPS Extension.  The commander's GPS extension provides the commander with optics for aiming the main gun and coaxial machinegun during the day, or at night, by observing exactly what the gunner sees through the gunner's primary sight (GPS).

(5)  Commander's Control Panel.  The commander's control panel contains all of the commander's control switches and indicator lights (figure 8).

o  The PANEL LIGHTS TEST button provides for the testing of all the commander's and loader's panel lights by turning them on to maximum brightness.
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FIGURE 8.  COMMANDER'S CONTROL PANEL.
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o  The PANEL LIGHTS knob controls the brightness of the commander's and loader's panel lights.

o  The VEHICLE MASTER POWER switch turns the vehicle electrical power ON and OFF.

o  The VEHICLE MASTER POWER light lights green when the power is on in the tank electrical system.

o  The TURRET POWER switch turns the turret's electrical power ON and OFF.  The TURRET POWER automatically resets to OFF if vehicle power is lost.

o  The TURRET POWER light lights green when the turret electrical power is on.

o  The MANUAL RANGE BATTLESGT (battlesight) pushbutton directs the computer to use a preset range value for the selected ammunition instead of using automatic range inputs.

o  The MANUAL RANGE ADD-DROP switch manually adjusts the range input to the computer after the BATTLESGT pushbutton is depressed.

o  The AUX HYDR (auxiliary hydraulic) POWER light lights green when the auxiliary hydraulic power system is on.

o  The AUX HYDR POWER switch is used to turn ON or shut OFF the auxiliary hydraulic system when the VEHICLE MASTER POWER is ON and the vehicle engine is not running.

o  The GRENADE READY/SAFE switch arms or disarms the smoke grenade firing circuit.

o  The SALVO 1 pushbutton fires six grenades, three from each side.

o  The SALVO 2 pushbutton also fires six grenades, three from each side.  If pushed simultaneously with the SALVO 1 button, all twelve grenades are launched.

o  To fire the grenades, move and hold the GRENADES/SAFE switch to the READY position.  Then push either (or both) of the GRENADE SALVO pushbuttons.
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o  The ENGINE FIRE light flashes red to warn that there is a fire in the engine compartment.

o  The CKT BKR (circuit breaker) OPEN light lights yellow if any manually reset turret circuit breaker is open.

o  The FIRE CONTROL MALF (malfunction) light lights red if a malfunction occurs in the fire control system, or if an electrical cable is disconnected.

o  The LOW BAT CHG (battery charge) light lights yellow when the battery charge -is low.

d.  Gunner's Station.  Many of the armament related components are located at the gunner's station.

(1)  Gunner's Primary Sight.  The gunner's primary sight (GPS) is the normal sighting instrument for the main and coaxial guns (figure 9 on the following page).  The eyepiece for the GPS periscope sight is at the gunner's station.  An optical relay extension to a second eyepiece at the commander's station allows both crewmembers to see the same view through the sight.  A range of daylight vision choices is offered by the GPS.  The unity window is used for unmagnified, close-in viewing.  Magnification powers of 3X and 10X may be selected when sighting through the eyepieces.  The GPS is electrically linked in elevation to the main gun.  The laser rangefinder transceiver and the thermal night vision subsystem are both included in the GPS.

(2)  Laser Rangefinder.  The laser rangefinder (LRF) provides range information to the GPS and to the computer system.  The LRF can range on targets located 200 to 7990 meters (±10 meters) from the tank.  The LRF finds the range to a target by sending out a pulse of light and then measuring the time until that light returns to the receiver.  Special care should be exercised when using the LRF.  Looking into a laser beam can cause blindness if safety goggles are not worn.  The laser rangefinder should be treated with the same cautions that apply to a direct fire weapon.  TM 9-2350-255-10-2 should be examined for proper procedures and safety precautions before firing the laser.
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FIGURE 9.  GUNNER'S PRIMARY SIGHT.

(3)  Thermal Imaging System.  The thermal imaging system provides the M1 fire control system with night vision capability.  It does this by showing a thermal scene in the GPS eyepiece.  The thermal picture can be viewed at 3X or 10X magnification.

(4)  Gunner's Auxiliary Sight.  The gunner's auxiliary sight (GAS) is a simple gun mounted articulated telescope which operates independent of the primary fire control system.  It allows the gunner to aim the main gun if the GPS is not working.  It is intended as an unsophisticated, reliable backup system.  The GAS has an 8X magnification which results in a field of view of eight degrees with a clear eye distance of 22mm.  It has a diopter adjustment capability and ballistic reticles for APDS and HEAT ammunitions.

(5)  Computer and Computer Control Panel.  The computer uses stored and manual inputs to improve gun aiming accuracy.  The stored (automatic) inputs include: CANT, CROSSWIND, RANGE, and LEAD.  The AUTO INPUTS, which are entered from sensors, can be 
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manually overridden.  The MANUAL INPUTS to the computer include: air temperature (AIR TEMP), ammunition temperature (AMMO TEMP), ammunition type, barometric pressure (BARO PRESS), tube wear, muzzle reference system (MRS), and gun/turret position control.  The computer has the ability to perform a self-test and to test components of the fire control system.  The computer control panel is mounted to the gunner's right.  It has a protective cover that automatically turns off the display when closed.

(6)  Manual Elevation Crank.  The manual elevation crank manually elevates and depresses the main and coaxial guns.  It contains an emergency manual firing device that allows the gunner to fire the main gun or coaxial machinegun.

(7)  Manual Traverse Crank.  The manual traverse crank allows for manual traversing of the turret.  In order for the crank handle to operate, the palm switch on the handle must be squeezed.  If the palm switch is not fully closed during tank operation, the loss of turret control and the possible injury of personnel could result.  When the handle is released after manual traversing operations, it is important to be sure that the palm switch is released.  If the switch stays engaged and the turret is traversed, the handle can rotate and injure the operator's leg.

e.  Crosswind Sensor.  The crosswind sensor is mounted at the top rear of the turret.  It measures the crosswind speed at the tank.  This measurement is used by the computer to make aiming corrections to compensate for crosswind speed.
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LESSON 2

THE PURPOSE AND FUNCTION OF TURRET COMPONENTS

AND THE OPERATION OF THE TURRET

TASK 3.  
Describe the controls and safety precautions to be observed for the operation of the turret.
CONDITIONS

Within a self-study environment and given the subcourse text, without assistance.

STANDARDS
Within one-half hour

REFERENCES
No supplementary references are needed for this task.

1.  Introduction

It is important, when operating any equipment, to thoroughly understand the controls and safety precautions that apply to that equipment.  This is especially true of equipment as complex as the M1 Abrams tank.  It is necessary, therefore, to become acquainted with the controls used to operate the M1 turret and to be aware of the safety precautions that must be observed in the use of these controls.

This task describes use of the controls for operating the M1 turret and the safety precautions that must be observed during turret operation.

2.  Turret Operation

The main source of power for operating the M1 turret is the hydraulic system.  Hydraulic pressure is used to elevate and depress the main gun and to traverse the turret.  Hydraulic pressure also opens and closes the ready ammunition bustle door.  The hydraulic system on the M1 tank has a capacity of 20 gallons of hydraulic fluid.  In addition, the 
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recoil mechanism holds 6.5 gallons of hydraulic fluid(including the replenisher).  The normal operating pressure for the system is between 1500 and 1700 psi.  A pressure gage is located to the left of the gunner's primary sight at the gunner's station.  A separate pressure gage indicates hydraulic system pressure for the driver.

WARNING
The fluid in the hydraulic system can be hazardous to your health.  It contains toxic and irritating chemicals that can be inhaled or absorbed through the skin and can cause paralysis.  Wear a respirator, gloves, and protective or disposable clothing when using hydraulic fluid.

a.  Turret Operation in the Manual Mode.  When electrical and hydraulic power are lost, the turret can be operated in the manual mode.

(1)  Manual Elevation.  To manually elevate the main gun, first set the FIRE CONTROL MODE switch on the gunner's primary sight (GPS) to MANUAL.

(a)  Before operating the manual elevation crank, it is necessary to unlock the main gun elevation travel lock.  This is accomplished manually.  Refer to figure 10, on the following page, and follow these steps:

o  Press and hold the button on the end of the lock pin.

o  Take out the lock pin from the main gun bracket.

o  Swing the main gun elevation travel lock up into the roof bracket.

o  Align the holes in the gun elevation travel lock and the roof bracket.

o  Put the lock pin in the roof bracket.

(b)  Grasp and squeeze the handle and palm switch to move the main gun.  Cranking clockwise will elevate the main gun and coaxial machinegun.

37

INTRO.  TO M1 ABRAMS ARMAMENT - OD0468 - LESSON 2/TASK 3
To lower (depress) the main gun and coaxial machinegun, crank counterclockwise.

(c)  Stow the crank handle by releasing the palm switch and rotating the handle until the stowed lock latches.

(2)  Manual Traversing.  The turret can be manually traversed by following this procedure.

(a)  Unlock the turret traverse lock by lifting up the handle and turning it toward the loader's station (counterclockwise) to the UNLOCKED position.  Make sure the handle locks in place and the word UNLOCKED is showing.

WARNING
In the following step, make sure the palm switch is fully closed when operating the manual traverse handle.  If the palm switch is not squeezed, the handle will rotate freely.  Holding the palm switch partially closed during tank operation may cause loss of turret control and possible injury to personnel.
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FIGURE 10.  UNLOCKING THE MAIN GUN

  TRAVEL LOCK.
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(b)  Grasp and squeeze the handle and the palm switch (figure 11).  To traverse the turret right, crank clockwise.  To traverse the turret left, crank counterclockwise.  Squeezing the palm switch releases the magnetic brake.  The palm switch must be squeezed for the handle to operate.  If the switch is not squeezed, the handle rotates freely.

WARNING
Make sure the palm switch releases when the handle is released.  If the switch stays engaged and the turret is traversed in the power mode, the handle can rotate, which may cause leg injury.
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FIGURE 11.  GUNNER'S MANUAL TRAVERSE CRANK.

(c)  Release the handle and palm switch to stop traversing the turret.

b.  Operating the Commander's Weapon Station in the Manual Mode.  The commander's weapon station (CWS) weapon can be elevated or depressed by rotating the crank on the weapon's elevating mechanism.  To traverse the CWS in the manual mode, move the mode selector lever to MANUAL.  Then, grasp the manual 
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traverse ring and rotate it in the direction desired to traverse the CWS.  When manual traversing of the CWS is complete, move the mode selector to POWER to engage the magnetic brake and place the CWS in a locked posit-ion.

c.  Turret Operation in the Power Mode.  To operate the turret in the power mode, the VEHICLE MASTER POWER and the TURRET POWER must both be ON.  The vehicle electrical power is controlled by the VEHICLE MASTER POWER switch.  The turret electrical power is turned ON and OFF by the TURRET POWER switch.  If vehicle power is lost, the TURRET POWER switch automatically resets to OFF.  If the vehicle electrical power is off, it can be turned ON with the TURRET POWER switch.

When TURRET POWER is turned ON, lights on the commander's control panel will illuminate if any of the following conditions exist: a fire in the engine compartment, a malfunction in the fire control system, a disconnected electrical cable, or a low vehicle battery charge.

(1)  Power Operation from the Gunner's Station.  Power traversing of the turret and elevation of the main gun from the gunner's station is accomplished through use of the gunner's power control handles (figure 12 on the following page).

(a)  Traversing.  To traverse the turret using the gunner's control handles, power up the gunner's station and set the FIRE CONTROL MODE switch on the GPS to NORMAL or EMERGENCY.  Squeezing the palm switches on the gunner's control handles starts the stabilization system if the FIRE CONTROL MODE switch is set to NORMAL only.  Either palm switch on the gunner's control handles must be squeezed for the handles, buttons, and triggers to operate.

o  Grasp the power control handles and squeeze either or both palm switches.

o  Turn the handles clockwise to traverse the turret right and counterclockwise to traverse the turret left.  The further the handles are turned, the faster the turret traverses.

(b)  Elevating.  Elevation of the main gun and coaxial machinegun is also accomplished by use of the gunner's power control handles.  Rotate the handles back to elevate the weapons, or rotate the 
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handles forward to depress the weapons.  The further forward or backward you move the handles, the faster the weapons will elevate or depress.
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FIGURE 12.  GUNNER'S POWER CONTROL HANDLES.

(c)  Laser Rangefinder Operation.  The RANGE switch on the laser rangefinder must be set to ARM 1ST RTN or ARM LAST RTN.  To operate the laser rangefinder using the gunner's control handles, press either or both buttons on top of the power control handles.

(d)  Firing the Main Weapons.  Fire the main gun or coaxial machinegun by squeezing either or both triggers on the power control handles.  The GUN SELECT switch on the GPS must be set to either MAIN or COAX as needed.

(2)  Power Operation of the Turret from the (CWS).  The main gun and coaxial machinegun can be elevated or depressed and the turret can be traversed from the CWS by using the commander's power control handle (figure 13 on the following page).
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Squeezing the palm switch on the commander's control handle overrides operations at the gunner's control handles and gives control of the turret and main weapons to the commander.
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FIGURE 13.  COMMANDER'S POWER CONTROL HANDLE.

(a)  Traversing.  To traverse the turret.  from the CWS, the commander's station and the turret must be powered up, and the turret traverse lock and the main gun elevation travel lock must be unlocked.  Set the GUN/TURRET DRIVE switch on the loader's panel to POWERED, and the FIRE CONTROL MODE switch on the GPS upper panel to NORMAL or EMERGENCY.

o  Grasp the commander's power control handle with the right hand and squeeze the palm switch.

o  Move the control handle to the left to traverse the turret to the left.  Move it to the right to traverse the turret to the right.  The further left or right the control handle is moved, the faster the turret will traverse.

(b)  Elevating.  Move the power control handle forward to depress the main weapons, or pull it back to elevate the weapons.  The further forward or backward the control handle is moved, the faster the weapons will elevate or depress.
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(c)  Laser Rangefinder Operation.  Operate the laser rangefinder by pressing the button on top of the power control handle.  The RANGE switch on the laser rangefinder panel of the GPS must be set to ARM 1ST RTN or ARM LAST RTN.

(d)  Firing the Main Weapons.  Fire the main gun or coaxial machinegun by squeezing the trigger on the front of the power control handle.

(3)  Power Operation of the CWS.  When the CWS and the turret are powered up, the commander's weapon can be traversed and elevated in the power mode.

WARNING
Make sure the area around the CWS is clear of crewmembers and loose equipment before traversing.  When traversing the commander's weapon, be careful not to hit the loader's weapon, the loader's hatch or the loader.  Damage to equipment or injury to the loader could result.

(a)  Move the POWER/MANUAL lever to the POWER position.  It may be necessary to move the traverse ring to engage the POWER position.

WARNING
Make sure that the eye guard is mounted on the same stud as the CWS power control handle.  Tank motion during operations could cause facial or eye injury if the CWS operator is thrown forward.

(b)  The CWS power control handle must be installed in the desired position and the eye guard mounted before elevating or traversing the commander's weapon.  There are three stud positions for mounting the CWS handle, one for closed hatch operation and two for open hatch operation.  To remove the CWS control handle from one stud and mount it on another, push in and turn the handle clockwise one quarter turn and pull the handle from the stud.  Then mount it on the desired stud by 
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pushing the handle in and turning it one quarter turn counterclockwise on the stud.  The eyeguard is removed by pushing it in and turning it one quarter turn on the stud.  The eyeguard can then be mounted on the desired stud by pushing it in and rotating it counterclockwise one quarter turn on the desired stud.

(c)  Grasp the CWS power control handle with the right hand and sight through the CWS sight or forward unity periscope as required.

(d)  Traverse the CWS by squeezing the palm switch on the CWS power control handle and pushing the thumb control left to go left, or right to go right.

WARNING
The elevation crank knob is used to fire the commander's weapon.  Before operation, make sure that the safety is positioned so that the word SAFE is showing.-This will prevent accidental firing of the weapon.  Do not use excessive force to move the elevation crank knob, since this could result in accidental firing of the weapon and injury to personnel.

(e)  Grasp the CWS elevation crank knob with the left hand, and elevate the commander's weapon by pushing the knob in and turning it counterclockwise.  This action will make large corrections in elevation.  The final fine corrections in the lay of the weapon can be made by pulling down on the knob.

(f)  The commander's weapon can be depressed by pushing the elevation crank knob in and turning it clockwise for large corrections.  Pull down on the knob to make the final fine lay of the weapon.

(g)  To fire the commander's weapon, set the safety switch to the FIRE position to arm the weapon.  Fire it by pulling down on the elevation crank knob.  Release the knob to stop firing.  When firing operations are complete, set the safety switch to the SAFE position.
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PRACTICAL EXERCISE 2

1.  Instructions

On a plain sheet of paper, respond to the following questions.  After answering all questions, turn the page to check responses.

Requirement

a.  Describe the thermal shroud and explain its purpose.

b.  What is the function of the turret networks box?

c.  What range of daylight vision choices is offered by the gunner's primary sight (GPS) ?

d.  Define the main function of the computer and identify the manual inputs and the automatic inputs.

e.  Describe the procedure for power traversing the turret to the right from the gunner's station.
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LESSON 2.  PRACTICAL EXERCISE - ANSWERS

Requirement

a.  The thermal shroud is a two-part aluminum cover around the main gun tube.  It is designed to reduce tube bend of the main gun by evenly dissipating heat along the entire gun tube.

b.  The turret networks box contains manual reset circuit breakers for the turret electrical circuits.  Its function is to distribute electrical power from the slipring to all electrical turret components through the turret wiring harnesses.

c.  The GPS has a unity window for unmagnified, close-in viewing and magnification powers of 3X and 10X when sighting through the eyepiece.

d.  The computer uses stored and manual inputs to improve gun aiming accuracy.  The automatic inputs are:  CANT, CROSSWIND, RANGE, and LEAD.  The manual inputs include: air temperature (AIR TEMP), ammunition temperature (AMMO TEMP), ammunition type, barometric pressure (BARO PRESS), tube wear, muzzle reference system (MRS), and gun/turret position control.

e.  Turn on the VEHICLE MASTER POWER switch and the TURRET POWER switch.  Power up the gunner's station and set the FIRE CONTROL MODE switch on the GPS to NORMAL or EMERGENCY.  Grasp the power control handles and squeeze either or both palm switches.  Turn the handles clockwise to traverse the turret to the right.
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LESSON 3

THE M1 SPECIAL TOOLS AND THEIR USE AT UNIT,

INTERMEDIATE DIRECT SUPPORT (IDS), AND INTERMEDIATE

GENERAL SUPPORT (IGS) LEVELS

TASK 1.  
Describe the M1 special tools used at the unit level.

CONDITIONS

Within a self-study environment and given the subcourse text, without assistance.

STANDARDS
Within one-half hour

REFERENCES

No supplementary references are needed for this task.

1.  Introduction

Most of the tools needed to complete maintenance on a vehicle are considered to be common tools and are standard issue to a unit.  However, some vehicles, like the M1 Abrams tank, require special tools that are used to assist in some specific maintenance tasks.  These M1 special tools are only to be requisitioned by and supplied to maintenance shops that have the responsibility for an M1 Abrams tank.

This task introduces some of the M1 special tools needed to complete maintenance tasks on the M1 Abrams tank at the unit maintenance level.

2.  M1 Abrams Tank Special Tools at the Unit Level

Whether or not a special tool is needed depends upon the maintenance task being performed.  To determine whether a task requires special tools, check the listing at the beginning of that task in the appropriate TM.  Several unit level maintenance tasks on the M1 tank require special tools.
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a.  Purging Kit.  In turret maintenance, the primary use of the purging kit occurs in fire control system maintenance tasks.  It is used, for example, in servicing the gunner's primary sight (GPS) body assembly and the image control unit.  It is also used for purging the commander's sight and the gunner's auxiliary sight.  Use of the purging kit also helps when checking the pressure in the laser rangefinder.  The purging kit contains five items: a gage kit, a hose assembly, a gage-to-bottle adapter, a hose-to-sight adapter, and a dry nitrogen tank (figure 14).
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FIGURE 14.  THE M1 PURGING KIT.

b.  Gunner's Primary Sight (GPS).  Maintenance on the gunner's primary sight (GPS) requires three special tools.

(1)  Multiple Leg Lifting Sling.  The multiple leg GPS lifting sling is used when removing and installing the GPS.  It helps to lift the GPS in or out of the vehicle.  Figure 15, on the following page, shows the sling in use.

(2)  Stand.  A shipping container is used as a stand to hold the GPS when it has been removed from the vehicle.
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FIGURE 15.  THE MULTIPLE LEG LIFTING SLING.

(3)  Cover.  A GPS cover is used to cover the opening on the GPS when the thermal receiver unit has been removed.  Covering the GPS opening in this way is done to protect personnel in case the laser is accidentally fired (figure 16).
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FIGURE 16.  USE OF THE GPS COVER.
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c.  The Laser Rangefinder Lens Cover.-The laser rangefinder (LRF) lens cover is used to cover the LRF lens when the LRF has been removed from the vehicle.  Covering the lens in this manner protects personnel in case of accidental firing (figure 17).
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FIGURE 17.  USE OF THE LRF LENS COVER.

d.  Special Test Equipment.  Three items of special test equipment are frequently used on the M1 tank, especially during troubleshooting procedures.  The simplified test equipment (STE-M1/FVS) test set is normally used when required to perform the primary troubleshooting procedures for a malfunction.  It has a built-in self testing capability, and gets its operating power from the vehicle.  When the STE is not available, alternate troubleshooting procedures can be performed using the breakout box in conjunction with a multimeter.

(1)  The STE-M1/FVS Test Set.  The STE-M1/FVS test set combines common and peculiar hardware.  The common hardware items are used for testing all the vehicles that the test set supports.  The peculiar hardware items are those designed specifically to meet the needs of the particular vehicle being tested.  Thus, the common hardware items and the M1 peculiar hardware are used 
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together when testing and troubleshooting the M1 tank subsystems.  The common hardware items (figure 18) include a vehicle test meter (VTM), a controllable interface box (CIB), a set communicator (SETCOM), and associated adapters and cable assemblies.

[image: image19.png]



FIGURE 18.  STE-M1/FVS COMMON HARDWARE ITEMS.

(a)  Vehicle Test Meter (VTM).  The VTM is the basic test set unit to which the CIB and the SETCOM are connected.  Receiving its input power from the CIB, the VTM contains a microprocessor to control its internal operation and the data inputs and outputs.

(b)  Controllable Interface Box (CIB).  The CIB is connected by cables to both the VTM and to the vehicle being tested.  The CIB has two identical 128-pin connectors.  When these connectors are used with the test cables and peculiar hardware items, they connect to the M1 vehicle test connectors and active junctions.  The CIB also contains a microprocessor for multiplexing, communication, and power control.
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(c)  Set Communicator (SETCOM).  The SETCOM is the means by which the test set communicates information to the operator.  A keyboard on the SETCOM allows the operator to communicate with the test set.  These communications include the input of test data, test numbers, responses to observations, and commands to control the test progress.  Thirty nine characters of an alphanumeric display are used by the operator to give instructions and request information.

(d)  Test Cables and Adapters.  The test cables and adapters assembly consists of a shorting plug, cable assemblies, and an adapter for vehicle testing.

(2)  Breakout Box and Multimeter.  The breakout box, with its adapters and test accessories, provides access to electrical connector contacts that would otherwise be inaccessible for test measurements.  When used in conjunction with the multimeter, the breakout box is an important tool for performing alternate troubleshooting procedures on the M1 tank systems.

e.  Miscellaneous Special Tools.  A variety of other special tools exist for turret maintenance on the M1 tank at the unit level.  Typical examples are: a crowfoot tool kit; a 3/4 inch square drive socket; and a 5/32 inch hexagon T-wrench.  Remember, checking the listing at the beginning of the specific task in the TM will always indicate whether a special tool is required to perform a task.
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LESSON 3

THE M1 SPECIAL TOOLS AND THEIR USE AT UNIT, DIRECT SUPPORT,

AND GENERAL SUPPORT LEVELS

TASK 2.   
Describe the special tools used at the direct support (DS) and general support (GS) levels.

CONDITIONS

Within a self-study environment and given the subcourse text, without assistance.

STANDARDS

Within one-half hour

REFERENCES

No supplementary references are needed for this task.

1.  Introduction
A number of special tools are required for tasks that apply to the direct support (DS) and general support (GS) maintenance levels.  A complete listing of these tools can be found in TM-2350-255-34P-2.  However, since the specific task itself determines whether a special tool is needed, always check the maintenance TM containing the task description to determine the need for special tools.

This task introduces some of the special tools required to complete turret and armament maintenance tasks on the M1 tank at the DS and GS levels.

2.  Direct Support Special Tools
The special tools needed at the Direct Support maintenance level depend upon the specific task that is to be
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performed.  To get a general idea about the types of M1 special tools, we will look at the special tools needed for maintenance on a couple of turret system tasks.

a.  Removing the Elevating Mechanism.  The special tools listed in TM 9-2350-255-34-2-2-1 for this task include the gun service rail kit, the drive C service kit, and the gun and main gun service kit.  Since not all of the items included in the drive C service kit and the gun and main gun service kit are needed to complete this task, the special tools list in the TM specifies which tools from these kits will be required.
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FIGURE 19.  THE RAIL ASSEMBLY.

(1)  Rail Assembly.  The gun service rail kit is a rail assembly that is often used to help support heavy components during removal operations.  For this task, the rail assembly is installed between the strut block on the turret ceiling and the loader's hatch opening.  It provides a track to support and move the elevating mechanism during removal (figure 19).

(2)  Drive C Service Kit.  The special tools from the drive C service kit are grouped together according to their use in the task.

54

INTRO.  TO M1 ABRAMS ARMAMENT - OD0468 - LESSON 3/TASK 2
(a)  Bracket.  A bracket, two screws, and two washers from the drive C service kit are installed on a strut block in the turret.  Once in place, it will serve as an attachment point for the rail assembly.

(b)  Bracket and Clamp.  A clamp and another bracket from the drive C service kit are installed on the front of the loader's hatch opening using a screw, a washer, and a nut (also from the kit).  This bracket and clamp also help to support the rail assembly.

(c)  I-beam Trolley.  The I-beam trolley is installed on the rail assembly to help slide the elevating mechanism to the loader's hatch opening for removal from the turret (figure 20).
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FIGURE 20.  THE I-BEAM TROLLEY.

(d)  Multiple Leg Sling.  The multiple leg sling is attached to the trolley.  It is then attached to the elevating mechanism head assembly using three screws from the service kit.  The sling lifts and supports the elevating mechanism during removal.

(3)  Gun and Main Gun Service Kit.  The two items required from the gun and main gun service kit for this task are the fabric gun tube sling and the endless sling.
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(a)  Fabric Gun Tube Sling.  This sling is used in conjunction with a hoist to support the main gun while the elevating mechanism is being removed.

(b)  Endless Sling.  The endless sling is used in conjunction with a hoist to lift the elevating mechanism through the loader's hatch and out of the turret (figure 21).
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FIGURE 21.  THE ENDLESS SLING.

b.  Removing the Traversing Mechanism.  The special tools needed to remove the traversing mechanism are listed at the beginning of the task description in TM 9-2350-255-34-2-2-1.  These are: the gun service rail kit, the drive C service kit, and the gun and main gun service kit.

(1)  Rail Assembly.  For this task, the rail assembly is installed on the turret ceiling at the commander's weapon station (CWS).  As during the removal of the elevating mechanism, it will be used as a slide to help support and move the traversing mechanism during removal.
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(2)  Drive C Service Kit.  Almost all of the tools in the drive C service kit will be required for this task.  As with the elevating mechanism, the brackets and clamp are used to install the rail; the I-beam trolley is installed on the rail assembly to help slide the traversing mechanism.  In this task, instead of using the multiple leg sling to lift and support the mechanism on the rail, the hanger and trolley frame from the drive C kit are used (figure 22).

[image: image23.png]



FIGURE 22.  HANGER AND TROLLEY FRAME.

(3)  Gun and Main Gun Service Kit.  The two tools needed from this service kit to remove the traversing mechanism are a shackle and a comealong (mechanical puller).  These are used together when hoisting the traversing mechanism out of the turret (figure 23 on the following page).
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FIGURE 23.  A COMEALONG.

c.  Removing the Recoil Mechanism and Gun Mount.  The gun service rail kit and some items from the gun and main gun service kit will be needed to perform this task.

(1)  Rail Assembly.  Again, the rail assembly attaches to the turret ceiling to help move and support the gun mount.  when it has been removed.

(2)  Gun and Main Gun Service Kit.  Several special tools from this service kit are required to complete this task.  Two of them are described below.

(a)  Angle Bracket.  An angle bracket is attached to the upper gun mount block and then to the trolley to help support the gun mount during removal.

(b)  Comealong.  The mechanical puller, commonly called a comealong, is used to help pull the gun mount from the rotor, along the rail, and through the loader's hatch (figure 24, on the following page).
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FIGURE 24.  REMOVING THE GUN MOUNT.

d.  Miscellaneous Special Tools.  In addition to the special tools used in the tasks shown above, a wide variety of M1 special tools applies to other DS maintenance a wide variety of M1 special tools applies to other DS maintenance tasks.  Among these are: a tool kit for working on the laser rangefinder; a compression tool assembly used to push the piston down for removal and to remove seals; and two different lifting kits.  Remember, to determine the need for a special tool, always check the list at the beginning of the task description in the appropriate TM.

3.  General Support Special Tools
As at the other maintenance levels, a variety of special tools help in maintenance tasks at the GS level.  A typical GS task is to remove the commander's weapon station (CWS).  The special tool needed to complete this task is a lifting sling designed specifically to lift the CWS (figure 25 on the following page).
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FIGURE 25.  THE CWS LIFTING SLING.

4.  Conclusion

The M1 requires a great number of special tools, far too many to be listed in one lesson.  This task has described a representative group of M1 special tools.  A list of the special tools needed to perform a specific task can be found at the beginning of that task description in the appropriate TM.
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PRACTICAL  EXERCISE  3

1.  Instructions
Answer these questions concerning the M1 special tools.
a.  Name the five components of the M1 purging kit.

b.  The laser rangefinder (LRF) lens cover is used to cover the LRF lens when the LRF has been removed.  Why is this done?

c.  What is the procedure for determining which special tools are needed to remove the elevating mechanism at the direct support level?

d.  The comealong and the angle bracket from the gun and main gun service kit are both used during the removal of the gun mount.  Describe how each is used to assist in the gun removal procedure.

e.   Name a special tool used at the general support level to remove the commander's weapon station (CWS).
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LESSON 3.  PRACTICAL EXERCISE - ANSWERS

1.  
a.
Gage kit.

Hose assembly.


Gage-to-bottle adapter.


Hose-to-sight adapter.

Dry nitrogen tank.

b.
It prevents injury to personnel from accidental firing.

c.
Check the tool list at the beginning of that task in the appropriate TM.
d.
The angle bracket is attached to the upper gun mount block and then to the trolley to help support the gun mount during removal.  The comealong is used to help pull the gun mount from the rotor, along the rail, and through the loader's hatch.


Comealong.

e.
The CWS lifting sling.
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LESSON 4
COMPONENTS OF THE M1 TANK FIRE CONTROL SYSTEM

TASK 1.  
Describe the fire control system's configuration and the fire control modes.

CONDITIONS

Within a self-study environment and given the subcourse text, without assistance.

STANDARDS

Within one-half hour

REFERENCES

No supplementary references are needed for this task.

1.  Introduction

The purpose of the fire control system on the M1 tank is to enable the tank crew to accurately aim and fire the main gun and coaxial machinegun.  The components of seven subsystems work together to accomplish this purpose.  The fire control system collects data from a number of input sources regarding such things as target range, relative speed, environmental conditions, type of ammunition, status of the tank (moving or stationary), etc.  It processes these data in accordance with a set of instructions that is built into its computer.  It then feeds the solution to its output devices, which in turn move the turret and/or gun into the proper position for the round to strike the target when the gun is fired.

The fire control system has three modes of operation: normal, emergency, and manual.  This task provides a general description of the major subsystems that make up the fire control system and discusses the three possible modes of operation.  Tasks 2, 3, and 4 of this lesson will 
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provide a more detailed description of the components of each subsystem.

2.  The Configuration of the Fire Control System 

Seven subsystems combine to make up the fire control system.  These are: the sighting system; the laser rangefinder (LRF); the thermal imaging system; the computer system; the muzzle reference system; the gun/turret drive system; and the stabilization system line of sight.

a.  General.  The automatic lead in the fire control system aims the gun in front of a moving target.  The lead angle points the gun where the target will be when the round arrives.  Also, the gun elevation is adjusted to aim the gun above the target because the round will fall on its way to the target.

The gunner's primary sight (GPS) magnifies the target scene and displays the reticle.  The gunner's control is used to move the reticle over the target.  The fire control system computer calculates the aim point and moves the gun through the necessary offsets to maintain an accurate aim.  The GPS has a mirror that is held on the line of sight in elevation.  This keeps the reticle steady on the target.

The fire control system senses the angle of this mirror (line of sight elevation), and also senses the gun elevation angle.  The system then drives the gun so that the gun elevation angle falls on the gun aim line.  When the M1 is moving, the fire control system holds the sight display steady by correcting the turret/gun azimuth angle and the GPS elevation angle.  The system also holds the gun steady in elevation.  This allows the gunner to track the target smoothly and keeps the gun on the aiming point, even when the hull is moving.

b.  Sighting System.  The main component of the sighting system is the gunner's primary sight (GPS).  The GPS is an electro-optical device that works together with the laser rangefinder (LRF) and the thermal imaging systems (figure 26 on the following page).  Other sighting system components include the gunner's auxiliary sight and the commander's GPS extension.
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FIGURE 26.   THE GUNNER'S PRIMARY SIGHT,

           THE LASER RANGEFINDER AND

           THE THERMAL IMAGING UNIT.

c.  Laser Rangefinder.  The laser rangefinder (LRF) is mounted on the GPS.  The LRF can find the range for targets located from 200 to 7990 meters from the tank.  it finds the range to a target by sending out a pulse of light and then measuring the time it takes that light to return to the receiver.

d.  Thermal Imaging System.  The thermal imaging system is also mounted on the GPS.  This system looks along a line of sight and displays the target scene on a small screen built into the sight.  This display gives a picture of the temperature differences using infrared radiation.  The gunner sees targets that are warm standing out from things that are cool.  This allows the gunner to find a target at night, or to locate a target that is under cover.  Components of the thermal imaging system include an electronics unit, a power control unit, a thermal receiver unit, and an image control unit.

e.  Computer System.  The fire control system computer uses automatic and manual input data to improve the aiming accuracy of the main gun and
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coaxial machinegun.  Automatic inputs come from the cant sensor, the laser rangefinder, the crosswind sensor, and the lead mechanism.  Automatic inputs can be overridden by manual inputs, if desired.  Manual inputs include data concerning air temperature, ammunition temperature, ammunition type, barometric pressure, tube wear, tube bend (data from the muzzle reference sensor), and the gun/turret position control inputs.  The two main components of the computer system are the computer electronics unit and the computer control panel.

f.  Muzzle Reference System.  The muzzle reference sensor is attached to the muzzle of the main gun tube.  It is used to measure gun tube bend, which is one of the factors used by the computer to calculate azimuth and elevation corrections for the main gun.

g.  Gun/Turret Drive System.  The gun/turret drive electronics unit is mounted in a rack directly below the main gun.  The gun/turret drive provides the power output signals needed to energize the servos that move the turret in azimuth and the gun in elevation.  The gun/turret drive receives input from several sources and applies them to the gun elevation servomechanism and the traversing mechanism.  The gun/turret drive also stabilizes the gun using gyros on the gun and the turret wall for sensors.

h.  Stabilization System Line of Sight.  The line of sight (LOS) electronics unit is mounted in the same rack as the gun/turret drive electronics unit.  It is used in the elevation channel of the fire control system.  The LOS controls the head mirror on top of the GPS to stabilize the scene relative to the earth.  This keeps the head mirror steady while the M1 tank and the sight move up and down.  The LOS receives angle data from two resolvers; it then compares these data with the superelevation angle from the fire control system computer.  If there is too much difference, the computer sends a fire inhibit signal to stop the gun from firing.

3.  Fire Control Modes

The gun and turret can be operated in three modes: NORMAL, EMERGENCY, and MANUAL.  The FIRE CONTROL MODE switch on the GPS selects the mode of
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operation.  Indicator lights show which mode is being used.

a.  NORMAL Mode.  The NORMAL mode should be used under all conditions unless a malfunction makes it impossible to use the NORMAL mode.  The normal mode provides for the following functions to occur: azimuth and elevation stabilization; automatic lead; azimuth fire inhibit; GPS reticle stabilization In azimuth; turret counter-rotation; and the computer self-test.  Only the NORMAL mode should be used when firing on the move.

(1)  Controls.  In the NORMAL mode, gun and turret travel are electrically controlled and hydraulically powered.  Either of the gunner's handles or the commander's handle control the direction and rate of travel; The handles produce fire control signals only when a palm switch on one of the handles is depressed.  When the commander's palm switch is depressed, the commander's handle takes the control away from the gunner's handles.

(2)  Operation.  In the NORMAL mode, the gunner's and commander's control signals go to the computer.  The computer receives sensor inputs from the gyroscopes, cant sensor, crosswind sensor, lead sensor, and from the LRF at the same time.  Correction factors generated by the computer in this mode cause movement of the gun and turret.  Both the handle signals and the various sensors produce control signals that hold the gun and turret steady and the reticle on target even when the hull is moving.  The stabilizing control signals drive valves that send hydraulic pressure to the gun and turret actuators.  Even when the control handle is held still, the gyroscopes will continue to stabilize the gun and turret, provided that one of the palm switches is depressed.  Stabilization of the sight mirror on the GPS is performed by the line of sight (LOS) system.  The gun/turret drive system controls the gun so that it follows the mirror.  The gun/turret drive system also performs the turret stabilization in azimuth when operating in the NORMAL mode.

b.  EMERGENCY Mode.  The EMERGENCY mode is a backup for the NORMAL mode.  In the EMERGENCY mode, the power control handles will still control the gun and turret.  The gun can be fired using the GPS from a stationary vehicle.  The signals produced by the control handles go to hydraulic valves; these 
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valves control the hydraulic pressure-to the actuators.  However, since the computer has been bypassed, the gun and turret are no longer stabilized in this mode.

c.  MANUAL Mode.  If all hydraulic pressure is lost, the turret can be traversed and the gun can be elevated using hand cranks.  In this mode, the power control handles are disabled.  Traversing in the MANUAL mode is done by use of the gunner's manual traverse crank.  A palm switch on the manual traverse handcrank is squeezed when the handle is grasped.  When the palm switch is squeezed, hydraulic pressure to the turret drive assembly is cut off.  The handcrank will slip if the gun hits a solid object.  The gun can be manually elevated in this mode by operating the gunner's manual elevation crank.
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LESSON 4

COMPONENTS OF THE M1 TANK FIRE CONTROL SYSTEM

TASK 2.  
Describe the components of the sighting system, the laser rangefinder, and the thermal imaging systems.

CONDITIONS

Within a self-study environment and given the subcourse text, without assistance.

STANDARDS

Within one hour

REFERENCES

No supplementary references are needed for this task.

1.  Introduction

The sighting system, the laser rangefinder (LRF), and the thermal imaging system work closely together to improve the accuracy of main gun targeting.  This task describes the components of these three subsystems and explains how they work within the fire control system.

2.  Sighting System

The normal sighting instrument in the M1 fire control system is the gunner's primary sight (GPS).

The eyepiece for the GPS periscope sight is at the gunner's station.  The GPS contains a second eyepiece so that the commander can see the same view that the gunner sees.  This second eyepiece is known as the commander's GPS extension.  The gunner's auxiliary sight is present as a backup in case the GPS fails.

a.  Gunner's Primary Sight.  The GPS plays a key role in target acquisition.  Target acquisition is
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the act of finding a target, tracking it, and obtaining a range (distance) from the tank to the target.  The GPS views the scene in front through an opening on the right front top of the turret.  The scene is presented to the gunner through an eyepiece on the front of the GPS (figure 27).  A reticle is generated by the laser rangefinder even when the rangefinder is not being used.
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FIGURE 27.  THE GUNNER'S PRIMARY SIGHT.

(1)  Daylight Viewing Choices.  The gunner is provided with three choices for daylight viewing.

(a)  Unity Window.  The unity window is not considered a part of the GPS.  It.  is a window that provides the gunner with.  an unmagnified view of what is happening near the tank.  It.  is used for close-up surveillance and during slewing operations.  The unity window field of view is 6 degrees vertically and 18 degrees (30 degrees with head movement) horizontally.

(b)  Wide Field of View.  A wide field of view is provided by the selection of 3X magnification when viewing through the GPS eyepiece.  This 3X magnification provides a 22 degree wide field of view for area surveillance.
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(c)  Narrow Field of View.  When sighting through the GPS eyepiece, selection of the 10X magnification setting provides a 6.5 degree field of view for target identification and gun laying.

(d)  Commander's GPS Extension.  The commander's field of view is optically coupled to the gunner's field of view.  Whichever magnification has been selected by the gunner will also be viewed by the commander.  The commander is not provided with a unity window because vision blocks in the commander's weapon station provide the commander with a 360 degree unmagnified field of view.

(2)  Nightime Viewing.  The thermal imaging system provides the gunner with nightime viewing capabilities using infrared radiation.  The thermal imaging control unit takes the infrared image and electronically converts it to a visual display on a cathode ray tube.  The visible image produced on the tube is optically coupled into the field of view of the GPS, allowing the gunner to find a target at night.

(3)  GPS Symbology.  The thermal imaging system produces three symbols that are displayed in the GPS eyepiece: the ready-to-fire symbol, the multiple return symbol, and the malfunction symbol (figure 28 on the following page).  The lines or marks in the reticle are called stadia lines.  The stadia lines running up and down are for range.  The stadia lines running across the reticle are used to determine target lead in the EMERGENCY mode.

(a)  Ready-to-Fire Symbol.  The ready-to-fire symbol is a circle in the lower left part of the view.  The symbol will appear when a number of conditions exist all at the same time.  First, a ballistic solution (correction factors) must have been calculated by the computer, and the GPS reticle must be in the position required by the ballistic solution.  The spent case ejection guard must be in the armed position, and the gunner's or commander's palm switch must be depressed.  When all of these conditions are met, the circle will appear in the gunner's view.  The ready-to-fire symbol does not indicate that the correct ammunition type has been selected or that the range display shows the correct range.  These decisions must be made by the operator.
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(b)  Multiple Return Symbol.  The multiple return symbol is a bar that appears above the range display.  The symbol will appear when the laser rangefinder receives more than one return.  The range value displayed will be either the first or the last return, depending on the position of the laser RANGE switch.  When the multiple return symbol appears, the operator must decide whether the displayed range appears valid.  If it does not, the operator should lase on the target again.  If the range value is flashing when the multiple return symbol appears, the operator should lase again.
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FIGURE 28.  GPS SYMBOLOGY.

(c)  Malfunction Symbol.  The malfunction symbol appears as an F in the lower right part of the view.  The malfunction symbol indicates that one or more of the following fire control system malfunctions exist:

o  The computer is in the self-test operation.

o  The last computer manual test failed.

o  There is no laser rangefinder power.

o  The laser RANGE switch is not in the SAFE position when the TURRET POWER was turned ON.

o  There is no thermal imaging system power.

o  The cant unit has failed.
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o  There is a line of sight electronics failure.

o  There is a failure in the gun/turret drive system.

b.  Gunner's Auxiliary Sight.  The gunner's auxiliary sight is a simple 8X telescopic devices designed to be used as a backup in case the GPS fails.  The gunner's auxiliary sight is located below the coaxial machinegun on the turret.  The controls on the gunner's auxiliary sight consist of a reticle and a filter selection of the proper reticle for the type of ammunition being used.  A filter switch allows the gunner to reduce scene brightness.  The azimuth and elevation adjust knobs are used for boresighting.

3.  The Laser Rangefinder
The laser Rangefinder (LRF) produces both the daysight reticle and the laser pulse.  The daysight reticle is a visible red light and is routed in the direction of the gunner's eyepiece.  The laser pulse is an infrared lase light and is routed toward the outer window of the GPS.

a.  Characteristics.  The LRF uses a neodymium yttrium aluminum garnet laser.  It is dry-nitrogen-purged unit and is easily purged.  The unit is bolted to the left side of the GPS.  The only controls needed to operate the LRF are the lasing button on the control handles and an armed safe-last-first return logic switch.  Eye protection is built into the GPS.  It is of modular construction and calculates its own range data.

b.  Ranging Capabilities.  The LRF can range on targets located between 200 and 7990 meters from the tank, with an accuracy of +10 meters.  It the range to the target is between 200 meters and 4000 meters, the range is automatically placed in the computer.  The range will appear in the range display of the GPS.  If the target is between 4010 and 7990 meters, the range is not automatically placed in the computer.  The actual range will appear in the range display of the UPS as flashing numbers.  There are four occasions when the range display will show a flashing '0000':

o  When all returns are less than 200 meters away.
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o  When insufficient light is return-ed to the receiver to calculate the range.

o  When the target is farther than 8000 meters away.

o  When the laser RANGE switch is set to SAFE and the LRF power circuit breaker in the turret networks box is set to OFF.

c.  Multiple Returns.  The LRF is used to measure the distance between the tank and its target.  The LRF sends out a pulse of light that strikes an object down range.  The time it takes that pulse to return determines the distance from the tank to the target.  Multiple returns will be received whenever the laser pulse strikes more than one object.  When this happens, the multiple return bar will appear above the range display in the GPS.  The range displayed will be either the first or last return, depending on the position of the RANGE switch.  Dense fog, dust clouds, or smoke between the LRF and the target can cause false returns.  Crewmembers should use range estimation or battlesight procedures when there are conditions that might result in false returns.

(1)  Last Returns.  The gunner will use the ARM LAST RTN position in most combat situations.  The ARM LAST RTN will provide the correct range to the target if the laser beam in the field of' view is stopped by the target.  Usually, the target is larger than the laser beam.  Therefore, the laser will be reflected from the target and the last return will be the correct range regardless of the number of multiple returns.  The last return will be correct over 90% of the time in a combat environment.

(2)  First Returns.  The ARM 1ST RTN should be used when there are no obstacles between the ranging tank and the intended target.  ARM 1ST RTN can also be used for training targets such as panels or cloth type silhouettes.  These targets may get holes in them that will allow the laser to pass through and produce multiple returns.

4.  The Thermal Imaging System

The thermal imaging system provides the M1 fire control system with night vision capabilities by
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presenting a thermal scene in the GPS eyepiece.  This scene can be viewed at 3X or 10X magnification.

WARNING
The antireflective coating on all infrared optics contains thorium fluoride, which is slightly radioactive.  The only potential hazard involves ingestion (swallowing or inhaling) of this material.  Dispose of broken lenses properly.

The major components of the thermal imaging unit are the electronics unit, the power control unit, the thermal receiver unit, and the image control unit.

a.  Electronic Control Unit.  The electronics unit controls the circuitry for viewing and testing.  It also generates the symbols for the GPS.  The electronics unit is on whenever the TURRET POWER is ON.  Since the power control unit is also on whenever the TURRET POWER is ON, the eyepiece symbols are generated whenever TURRET POWER is ON.

b.  Power Control Unit.  The power control unit supplies the needed filtered voltage for the thermal imaging system.  It also provides protection against too much current or too little voltage.

c.  Thermal Receiver Unit.  Target scene information is detected by heat sensors in the thermal receiver unit.  The thermal receiver unit converts the scene information to electrical signals that are processed by the electronics unit..

d.  Image Control Unit.  The scene information, gathered by the thermal receiver unit and processed by the electronics unit, are sent to the image control unit.  The image control unit displays the scene on a cathode ray tube, much like a television picture.  The image from the cathode ray tube is then optically projected into the GPS eyepiece for viewing by the gunner and commander.
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LESSON 4

COMPONENTS OF THE M1 TANK FIRE CONTROL SYSTEM

TASK 3.  
Describe the components of the computer system and the muzzle reference system.

CONDITIONS

Within a self-study environment and given the subcourse text, without assistance.

STANDARDS

Within one-half hour

REFERENCES

No supplementary references are needed for this task.

1.  Introduction

The fire control system computer is a focal point in the operation of the fire control system.  The computer receives information automatically from other system components and manually from the crew.  One of the manual inputs to the computer comes from the muzzle reference system.  The computer then processes the information from all inputs and generates a ballistic solution.  This solution is then sent to other components to move the turret and gun and improve the gun aiming accuracy.  This task describes the computer system and muzzle reference system components.

2.  The M1 Computer System

The major components of the computer system are the computer electronics unit and the computer control panel.  However, since the cant sensor, the crosswind sensor and the control handles are associated with the computer system, they will also be discussed here.

76

INTRO.  TO M1 ABRAMS ARMAMENT - OD0468 - LESSON 4/TASK 2
a.  Computer Electronics Unit.  The computer electronics unit calculates the proper lead and superelevation angles on the basis of data received from the various components of the fire control system and from the gunner's manual input.  It performs the testing to detect a malfunction in the other components of the fire control system and also contains a self-test function.  The solutions generated by the computer electronics unit provide extreme aiming accuracy for ranges between 200 and 4000 meters.

(1)  Automatic Inputs.  The automatic inputs to the computer unit include CANT information from the cant sensor, CROSSWIND from the crosswind sensor, RANGE from the laser rangefinder, and LEAD from the automatic lead system.

(2)  Manual Inputs.  The automatic inputs entered from the sensors may be manually overridden if desired.  The manual inputs to the computer include: AIR TEMP (air temperature), AMMO SUBDES (ammunition type), BARO PRESS (barometric pressure), TUBE WEAR, tube bend, and gun/turret position control inputs.

b.  Computer Control Panel.  The computer control panel is the main interface between the gunner and the computer (figure 29 on the following page).  It is mounted to the gunner's right and has a protective cover that automatically turns off the display when it is closed.  Boresighting and zeroing the fire control system (GPS) is done through the computer control-panel.  The gunner uses the control panel to manually input the information listed in paragraph 2a(2) above.

c.  Cant Sensor.  The cant unit is mounted in the top of the turret.  Its purpose is to detect any side-to-side tilt in the turret.  When the turret is canted, a change in the azimuth deflection angle causes a change in the superelevation angle.  The computer uses the output signal from the cant unit to compensate for this.  The computer contains automatic logic to ignore the cant input when the vehicle is moving.

d.  Crosswind Sensor.  The crosswind sensor measures the velocity of the wind perpendicular to the gun tube.  This information is used by the computer electronics unit in determining a solution to correct for crosswind factors.
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FIGURE 29.  THE COMPUTER CONTROL PANEL.

e.  Control Handles.  The control handles provide a means for the gunner or commander to send commands to the system to move the gun or turret, fire the laser rangefinder, and fire the main gun or coaxial machinegun.  When one of the control palm switches is depressed, the computer receives target 'lead information.  The lead is removed when the palm switch on the handle is released.

3.  Muzzle Reference System

The muzzle reference sensor (collimator) is used to determine the amount of change in the main gun tube resulting from uneven heating and cooling.  This change is known as tube bend.  The muzzle reference sensor is attached to the muzzle of the main gun tube.  It provides the computer with a relationship between the GPS and the end of the main gun tube.  This is established at the time of boresighting and refined during the zeroing process.  Additional heating and cooling will cause the gun to deviate from the established boresight.  The muzzle 
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reference sensor allows the gunner to quickly enter changed information into the computer and correct the lay of the main gun.

The muzzle reference sensor should be checked before resuming fire after a period of nonfiring and updated as necessary.  It should also be frequently checked during firing operations to be sure the alignment remains correct.  Normally, daylight provides adequate illumination for MRS use.  However, the MRS contains the radioactive isotope "tritium" (H-3) which causes the MRS to glow in the dark like a compass needle.  This allows the alignment to take place at night, if needed.

WARNING
The radioactive material is completely encased within the unit and poses no external radiation threat unless the radioactive vial is damaged.  Care should be taken not to damage the vial during handling.
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LESSON 4

COMPONENTS OF THE M1 TANK FIRE CONTROL SYSTEM

TASK 4.  
Describe the components of the gun/turret drive and stabilization systems.

CONDITIONS

Within a self-study environment and given the subcourse text, without assistance.

STANDARDS

Within one hour

REFERENCES

No supplementary references are needed for this task.

1.  Introduction

The gun/turret drive system and the stabilization system line of sight (LOS) work together to make adjustments in elevation and azimuth to improve the aiming of the main gun and coaxial machinegun.  Both the gun/turret drive and LOS electronics units are used for gun/turret drive stabilization.  Since the operations performed by these two subsystems are interrelated, they will be jointly described in this task.

2.  Gun/Turret.  Drive and Stabilization Systems

The gun/turret drive maintains the gun on target during stabilized mode operation and provides a way to move the gun during emergency and manual mode operation.  The gun/turret drive stabilization system uses gyros and resolvers as sensors in both the azimuth channel and the elevation channel.  Input from these sensors is applied by the gun/turret drive electronics unit and the LOS electronics unit to servos in the azimuth channel and the elevation channel to accurately place and hold the main gun on target.
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a.  Azimuth Channel.  The azimuth channel allows the gunner to track the target smoothly by driving the gun to the proper aim line.  As the reticle moves to one side in the sight display, the turret, gun, and GPS also move to stay on the aim line.  The distance between the reticle and the center of the sight display is called the lead angle.

(1)  Gyros.  Azimuth stabilization signals are obtained from two gyros: the hull gyro and the azimuth axis of the sight gyro.  The hull gyro provides the information necessary to maintain the turret stabilization when the hull moves beneath the turret.  The azimuth gyro is located in the LOS head assembly.  It reports any azimuth motion in the turret and thereby refines the correction in azimuth.

(2)  Operation.  The reticle image is generated in the laser rangefinder.  The image passes through one side of the azimuth mirror, bounces off the reticle reflector, and then off the other side of the azimuth mirror to the sight display.  The azimuth mirror servo rotates the mirror to move the reticle.  It does not move the target display.

The azimuth servomechanism controls the traversing mechanism; the traversing mechanism drives the turret.  It is controlled by the gun/turret drive electronics unit.  The sight gyroscope in the GPS senses turret azimuth motion.  The hull gyroscope senses hull azimuth motion as the M1 moves.  The gun/turret drive electronic unit takes the azimuth tracking rate, the azimuth reticle rate, and the turret azimuth rate and commands the azimuth servomechanism to drive the turret.  The hull azimuth is used by the gun/turret drive electronic unit to correct for hull motion as the M1 moves.  The azimuth servomechanism causes the turret to stop on the correct line of sight and lets the hull move left and right beneath it.  

Since the turret can aim in any direction, the system does not know the turret azimuth position.  It does, however, know the azimuth reticle position and the lead angle.  The gun/turret drive electronic unit calculates the turret azimuth derived position by processing the rate inputs.  This signal goes to the GPS azimuth servo electronics.  The GPS adds the turret azimuth derived position signal and the azimuth mirror position and sends the result to the computer.
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The computer compares this signal with the azimuth reticle position and the azimuth offset.  If the computer finds that the gun is not aimed close enough, a fire inhibit signal prevents the gun from firing.

(3)  Azimuth Offsets.  The position of the reticle in azimuth is controlled by two servos in the GPS.  These two servos receive their signals from the computer.  Based on inputs concerning azimuth tracking rate, reticle position, reticle rate and other component functions, the computer calculates the lead angle and causes the two servos to move the photosensor carriage to the line of sight angle.  The light source from the GPS bounces off the azimuth mirror onto the photosensors.  If the light beam does not fall on the middle of the photosensors, a signal is sent to the azimuth servo electronics.  This signal moves the azimuth mirror so that the light beam falls in the middle and the azimuth mirror position error goes to zero.  At this point, the azimuth mirror will be turned to the line of sight angle, the reticle will be on target, and the turret and gun will be on the lead angle to hit the target.

b.  Elevation Channel.  The elevation channel has two main functions.  It tracks the line of sight to the target, and it keeps the gun pointed at the target regardless of hull and turret movement.  In this capacity, the elevation channel stabilizes the GPS field of view in elevation, and, at the same time, stabilizes the gun in elevation.  It elevates the gun and field of view in accordance with control handle commands.  In conjunction with the computer, it calculates the correct superelevation angle and inserts the angle between the reticle position and the gun position.

(1)  Operation.  The sight display shows the target and the reticle.  The head mirror reflects the target into the GPS.  Moving either control handle forward or backward turns the head mirror, keeping the reticle on target.  The sight elevation servomechanism and the LOS electronics unit.  drive the head mirror motor with the elevation tracking rate signal.  The sight gyroscope senses movement of the sight head mirror and sends the sight elevation to the LOS electronics unit.  This keeps the head mirror steady while the M1 and the sight move up and down.
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The gun/turret drive electronic unit uses a-number of inputs to position the gun.  It uses the gun elevation gyroscope to sense the gun elevation rate and the up and down motion of the gun barrel.  This information helps to keep the gun tube stabilized in relation to the target.  The turret elevation gyroscope senses the up and down motion of the turret.  The gunner's or commander's control handles send signals to the gun/turret drive electronic unit concerning the elevation tracking rate.  Feedback from the gun elevation servomechanism is taken into account along with the elevation position offset and error signal from the LOS electronics unit.  The gun drive signal that results is supplied to the gun elevation servomechanism, which moves the gun to the correct aim line and tracks the target smoothly.

The head mirror resolver senses the head mirror angle.  The gun trunnion resolver senses the gun elevation angle.  These angles are added and sent to the LOS electronics unit.  The LOS electronics unit compares this angle with the superelevation angle from the computer.  If there is too much difference, the computer sends a fire inhibit signal to stop the gun from firing.

(2)  Elevation Offsets.  The computer calculates the elevation offset using inputs from the computer control panel, the laser rangefinder, and the GPS control pane].  The amount of elevation offset depends on the tracking rate, the range to the target, the ammunition type, the wind speed and direction, the air pressure and temperature, and the ammunition temperature.  When any one of these changes, the elevation offset is changed to correct the gun aim.  The elevation offset is fed to the LOS electronics unit where any position error is added.  This offset plus error signal is one of the signals used by the gun/turret drive electronic unit to position the gun.
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PRACTICAL EXERCISE 4

1.  Instructions

Read the scenario and respond to the requirements that follow the scenario.

2.  Scenario

Because of your outstanding performance as a noncommissioned officer in your unit, your sister unit has requested you to assist in its training program on the M1 Abrams tank.  They particularly

need your expertise on the M1 fire control system.  You are, therefore, sent TDY to participate in this training program.

First Requirement

Below is the beginning of a training outline you intend to use as an introduction to the M1 fire control system.  Fill in the blanks in this outline.

M1 Fire Control System

a.  Purpose - to accurately ________ and ______
the main gun and coaxial machinegun.

b.  Three Modes of Operation

1.
__________ mode - used under all


conditions unless a malfunction makes


it impossible.

2.
__________ mode - used as a backup;


power control handles still control gun


and turret.

3.
__________ mode - used when all


hydraulic power is lost.

c.  The Seven Subsystems of the Fire Control System

1.
_____________
2.
_____________
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3.
_____________
4.
_____________
5.
_____________
6.
_____________
7.
_____________
Second Requirement

You are asked the following questions during the training session.  Answer them.  in writing here.

a.  Which component allows the commander to see the same view as the gunner?

b.  Which system uses infrared radiation to allow the gunner to find a target at night?

c.  All of the following are inputs to the computer.  Identify which are manual inputs and which are automatic by placing an M (for manual) or an A (for automatic) in the space provided.

(1)
____ barometric pressure

(2)
____ cant

(3)
____ ammunition type

(4)
____ range

(5)
____ crosswind velocity
d.  What is the purpose of the radioactive element in the muzzle reference sensor?

e.  Which system provides the power output signals needed to move the turret and gun?
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LESSON 4.  PRACTICAL EXERCISE- ANSWERS

First Requirement

a.  - aim and fire

b.  
1.  - normal

2.  - emergency

3.  - manual

c.  
1.  - sighting

2.  - laser rangefinder

3.  - thermal imaging

4.  - computer

5.  - muzzle reference

6.  - gun/turret drive

7.  - stabilization line of sight

Second Requirement

a.
Commander's GPS extension

b.
Thermal imaging system

c.
(1) M

(2) A

(3) M

(4) A

(5) A

d.  To allow alignment to take place at night

e.  Gun/turret drive system
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