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GENERAL

This subcourse presents material describing the function of the commander's weapon station (CWS) on the M1 tank.  Both primary and alternate troubleshooting procedures (known respectively as PTPs and ATPs) for selected CWS malfunctions are also included in this subcourse.
Six credit hours are awarded for successful completion of this subcourse.
Lesson 1:  COMMANDER'S WEAPON STATION (CWS) AZIMUTH DRIVE SUBSYSTEM

TASK 1:  Describe the function of the commander's weapon station (CWS) azimuth drive subsystem.

TASK 2:  Troubleshooting malfunctions of the commander's weapon station (CWS) azimuth drive subsystem.
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LESSON 1
COMMANDER'S WEAPON STATION (CWS)

AZIMUTH DRIVE SUBSYSTEM
TASK 1.
Describe the function of the commander's weapon station (CWS) azimuth drive subsystem.
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 commander's weapon station (CWS) of the M1 Abrams tank serves basically the same function as the commander's cupola on the M60 series and earlier model tanks.  The CWS is capable of being traversed 360 degrees (a full circle), and the tank commander can fire his weapon (typically a caliber .50 machinegun) from within the tank.  The commander's weapon is elevated or depressed manually, using a crank.  The CWS, however, can be traversed either manually or under power; the power mode is the mode usually used.  When the power mode fails to traverse the turret, it falls to the 63E M1 Abrams tank systems mechanic to troubleshoot the azimuth drive subsystem.

First, however, it helps to have an understanding of how the azimuth drive subsystem operates.  This task describes the functioning of the CWS azimuth drive subsystem.
2.  M1 CWS Azimuth Drive Subsystem Function
In military terminology, the word azimuth refers to a direction expressed as a horizontal angle,
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usually in degrees and measured clockwise from a reference datum.  As it applies to the commander's weapon of the M1 tank, azimuth refers to the horizontal position of the weapon with respect to the tank turret.  The CWS azimuth drive subsystem gives the commander a means of traversing the CWS under power, rotating the CWS with respect to the turret, changing the horizontal position, and thereby the aiming, of the commander's weapon.
a.  Overview.  The block diagram in figure 1, on the next page, presents the basics of the CWS azimuth drive system.  With TURRET POWER (1) (figure 1) turned ON, a control relay (2) in the turret networks box (TNB) applies 28 volts direct current (vdc) to the azimuth drive power control unit (3).  This 28 vdc is applied to the azimuth drive gearbox switch (4), which is located at the CWS.  The gearbox switch, in turn, provides 28 vdc to the control relay (5) in the power control unit, and to the palm switch (6) in the commander's control assembly (7).
At the same time, with TURRET POWER turned ON, the gun/turret drive electronics unit (8) generates both +15 vdc and -15 vdc, which are fed to the thumb control (9) in the commander's control assembly (7) and to the shaping network (10) in the power control unit (3).  When the commander's control assembly palm switch (6) is closed, a control relay (11) in the power control unit closes a circuit from the shaping network to the servoamplifier (12), and from the vehicle power system at 28 vdc to release the brake (13) of the azimuth motor/brake assembly (14).
The first control relay (5) in the power control unit (3) completes a circuit to the servoamplifier (12), and the input to the servoamplifier comes from the shaping network (10), driven by the commander's control assembly thumb control (9).  The servoamplifier sends a signal to the power amplifier (15), which in turn drives the motor (16) of the azimuth motor/brake assembly (14), traversing the CWS.

The tachometer generator (17) of the azimuth motor/brake assembly (14) generates a signal which controls the motor speed.  This signal is sent to the servoamplifier (12).

2
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b.  Specifics.  The CWS azimuth drive subsystem control circuit diagram in figure 2, on the following pages, reveals the specifics of the power control.
Turret power must be on to operate the CWS azimuth drive subsystem.  Vehicle power, which will come on when the TURRET POWER switch is turned ON, or it can be turned on independently, provides a positive voltage to bus bar W1 (2) (figure 2A on page 5) in the turret networks box (TNB)(1).  Turret power powers up the gun/turret drive electronics unit (3) (figure 2B on page 6) providing both positive and negative 15 vdc to the CWS power control unit (PCU) (4) through the TNB.  The +15 vdc are used in the CWS PCU as amplifier bias voltages (to establish an operating point for the amplifiers) and for the thumb control (also called the joystick)(5) (figure 2A on page 5) in the commander's power control handle assembly (6).

TNB relay K7 (7)(figure 2A on page 5) is energized when turret power is activated.  Normally open (NO) relay contacts close, to provide the +28 vdc potential to the CWS PCU (4) (figure 2B on page 6).  When the POWER/MANUAL lever (8) (figure 2A on page 5) is placed to the POWER position, a circuit is completed which energizes CWS power control relay K1 on printed circuit card Al (A1K1)(9).  NO contacts of A1K1 (10) (figure 2B on page 6) close, to provide +28 vdc for power amplifier bias.

When the commander's power control handle palm switch (11) (figure 2A on page 5) is closed, the circuit is completed to energize CWS PCU relay A1K2 (12).  NO contacts A1K2 close, to complete the circuit to energize the brake (14)(figure 2B on page 6) of the azimuth motor/brake assembly (13).  The brake releases the motor (15) to allow rotation for power operation of the CWS.  Also, A1K2 contacts (17) change state, to remove the ground from the input to the second stage (18) of the servoamplifier, connecting the first stage (19) and second stage of the servoamplifier (20).
4
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Pushing the joystick (5) (figure 2A on page 5) on the commander's power control handle in one direction or the other provides the input to the shaping network (21) in the CWS PCU.  This provides an input to the servoamplifier (20)(figure 2B on page 6) which feeds the power amplifier (22), which then provides the input to rotate the motor (15).  A tachometer generator (16), mechanically connected to the motor, generates an input signal to the second stage (18) of the servoamplifier, of a polarity opposite to that of the original input.  This tachometer signal controls the speed of the motor during CWS traversing, and stops the motor when the joystick is centered again.
3.  Conclusion
The CWS azimuth drive subsystem is a fairly simple and straightforward system which enables the M1 tank commander to traverse the CWS under power.  An understanding of the power flow through the CWS azimuth drive subsystem circuitry enables the 63E30 M1 Abrams tank systems mechanic to trace problems in the CWS azimuth drive quickly.  This understanding is useful when troubleshooting the CWS azimuth drive subsystem, which will be discussed in the task which follows.
7
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LESSON 1
COMMANDER'S WEAPON STATION (CWS)

AZIMUTH DRIVE SUBSYSTEM
TASK 2.
Troubleshooting malfunctions of the commander's weapon station (CWS) azimuth drive subsystem.
CONDITIONS
Within a self-study environment and given the subcourse text, without assistance.
STANDARDS
Within four hours
REFERENCES
No supplementary references are needed for this task.
1.  Introduction
The M1 Abrams tank has an electrically-operated commander's weapon station (CWS).  The CWS azimuth drive subsystem allows the tank commander to traverse the CWS a full 360 degrees under power.  When the subsystem fails to traverse the CWS properly, it is the job of the M1 Abrams tank systems mechanic to troubleshoot the CWS azimuth drive subsystem to determine the fault.
This task will discuss both primary troubleshooting procedures (PTPs) and alternate troubleshooting procedures (ATPs) for the CWS azimuth drive subsystem.  Both the PTPs and ATPs will refer to symptoms by the fault symptom number and title given in the appropriate technical manuals.  The same fault symptoms discussed under PTPs will be discussed under ATPs as well, to give the reader a means of comparing PTPs and ATPs directly.
In the discussions which follow, the text will proceed through the flow charts as though actual
8
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indications are being observed through troubleshooting, and specific malfunctions are being isolated.  On the job, however, the mechanic would be guided through the flow charts by the indications observed from his own troubleshooting.
NOTE

No troubleshooting or repair procedures should be performed on any item of equipment without having the appropriate technical publications on hand before beginning work.
2.  CWS Primary Troubleshooting Procedures (PTPs)

The PTPs for the CWS azimuth drive subsystem all involve the use of the STE-M1/FVS test set (referred to here as STE) at some point in the procedure.  However, as will be noted in the text and the troubleshooting flow charts which follow, the STE is not brought into the procedure until instructed to do so by the flow chart.  It is entirely possible, as will be seen, that the problem in the CWS azimuth drive subsystem can be located and corrected without the use of STE, even in a PTP.
In describing the PTPs for the CWS azimuth drive subsystem, there are certain conditions which will be understood as having been fulfilled before the PTP begins.  Among these are that common tools, supplies, test equipment, and special tools have been obtained by the mechanic before starting, and that the equipment has been placed into a specified condition.  These conditions, which are explained fully in the PTP flow charts, will not be discussed at great length in this subcourse.  This will take the discussion straight to block 2 of the PTP flow charts, as will be seen later in this subcourse.
a.  CWS-1:  
COMMANDER'S WEAPON STATION DOES NOT TRAVERSE IN POWER MODE; MANUAL MODE OK.  After fulfilling all the initial conditions, the mechanic proceeds to block 2 (figure 3A on page 16) which asks the question "Is symptom CWS-7 being checked?"  In this discussion, the symptom being checked is CWS-1, so the answer to this question is NO.  This directs the mechanic to block 4, where an electrical connector inspection procedure is found.  After
9
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inspecting all the connectors listed in block 4, the mechanic is asked "Is a connector loose?"
The answer in this case is again NO.  This directs the mechanic to block 6 (figure 3A), which says simply "Go to block 9."  Block 9 (figure 3B on page 16) asks "Is symptom CWS-1 being checked?"  The answer to this question is YES, so the mechanic proceeds to block 10, (figure 3C on page 18).  Block 10 gives the mechanic instructions for attempting to operate the CWS.  After the mechanic tries to move the CWS, the flow chart asks if the CWS does indeed move.  Our answer will be YES.  This takes the mechanic to block 13.
In block 13 (figure 3D on page 19) the mechanic is told to remove a guard, and to look at the gearbox shaft while moving the POWER/MANUAL lever from the POWER position to the MANUAL position.  Seeing that the gearbox shaft does indeed turn when the lever is moved, the mechanic follows the YES branch from block 13 to block 15, installs the guard, and goes to block 16.  Block 16 merely asks if symptom CWS-7 is being checked.  This question was asked earlier; it was answered NO then, and it is answered NO now.  The NO branch from block 16 leads the mechanic to block 28.
Block 28 (figure 3F on page 21) directs the mechanic to look at the connecting link while the knob adjacent to it is rotated first clockwise, then counterclockwise.  Block 28 then asks, "Does connecting link move?"  Answering YES, the mechanic goes to block 30, which tells him to remove and check the gearbox.  "Are gearbox parts OK?" the flow chart asks.  YES, our mechanic answers, and goes to block 32.
Block 32 (figure 3G on page 22) then directs the mechanic to .turn the rollers on the gearbox assembly, and then asks the mechanic if the rollers turn smoothly.  A YES answer to that question takes the mechanic to block 34.  In block 34, the mechanic finds a direction to remove and inspect the linear-rotary rollers and the flat belt.  The chart then asks, "Are linear-rotary rollers and flat belt parts OK?"  Answering YES to that question, the mechanic finds, in block 36, that the CWS itself is faulty, and that support maintenance must be notified.
10
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This particular PTP illustrates that it is possible to proceed through a lengthy PTP without even once picking up the STE test set.  In later discussions, we will see how STE can be used in a PTP.
b.  CWS-4: 
COMMANDER'S WEAPON STATION DOES NOT TRACK SMOOTHLY AT LOW SPEEDS.  After the preliminary procedures have been executed and the standard initial test conditions established, the mechanic goes to block 2 (figure 3A on page 16), as before, and is asked the question "Is symptom CWS-7 being checked?"  In this case, it is not; the answer is NO.  This brings the mechanic through the loose-connector check in block 4.  To the question "Is a connector loose?", the answer, in this example, is again NO.  The NO branch directs the mechanic to block 6, which says, "Go to block 9." Block 9 asks, "Is symptom CWS-1 being checked?"  This time, the answer is NO, and the mechanic follows the NO line to block 11, which directs him to block 21.
In block 21 (figure 3E on page 20), the mechanic is asked "Is symptom CWS-4 being checked?"  The answer to this question is YES.  The YES branch leads the mechanic to block 22, which directs him to move the CWS one full turn in manual mode.  To the question "Does commander's weapon station move smoothly during one full turn of traverse ring?", our mechanic answers YES.  This leads to block 25, which says "Go to block 41."
Block 41 (figure 3I on page 24) tells the mechanic to make sure that vehicle master power is off in the M1 tank, and then to obtain a STE test set.  Note that block 41 asks the mechanic, "Do you have STE test set?"  In the event that the mechanic had to give a NO answer to this question, he would be directed to a table in the technical manual (TM) which would lead him to the ATP for this symptom.  In our example, the mechanic has a STE available, and proceeds down the YES line.
Block 42 (figure 3I) directs the mechanic to prepare the STE for operation, then directs him to block 44, which gives the sequence of keystrokes required on the STE set communicator (SETCOM) to initiate the automated CWS test.  To the prompt ENTER TEST NUMBER appearing on the SETCOM, the mechanic enters 1300 and presses the GO key.  The SETCOM responds with the display TEST 1300 COMMANDER'S WEAPON STATION.  The mechanic is then directed to block
11
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45, where he presses the GO key and waits for a display from the SETCOM.
The mechanic is asked "Does display show a general instruction message?"  General instruction messages tell the mechanic to do something to either the tank equipment or the test equipment.  A general instruction message is simple and does not need explaining, for example, TURN ON MASTER POWER, or SHIFT TRANSMISSION TO NEUTRAL (N).  If the mechanic sees a general instruction message, he follows the general instruction, as indicated in block 46 (figure 3I), then goes back to block 45.  After executing a general instruction, the mechanic presses the GO key, as directed in block 45, to tell the STE that the instruction has been executed and to resume the test.

If the answer to the question "Does display show a general instruction message?" is NO, the mechanic goes to block 47 (figure 3J on page 25), which asks "Does display show an assemble, connect, disconnect, remove, or reconnect message?"  These are all cable instruction messages, and appear somewhat cryptic when first viewed from the SETCOM.  This is why the troubleshooting TM gives the mechanic a cable instruction message index as part of the PTP.  For example, the SETCOM may display ASSEMBLE CX304, CX307, AND CA423.  This means that the mechanic must connect plug P1, on cable CA304 which connects to the STE controllable interface box (CIB), to P3 on diagnostic breakout assembly (DBA) cable CX307.  He must also connect P2 on adapter CA423 to P1 on DBA CX307.  The numbers CA423, CX304, and CX307 refer to items in the STE test set which have those numbers on them.

Similarly, the SETCOM could display DISCONNECT 1W105 <--> CWSMB J1.  This means that the mechanic must disconnect 1W105-P4 from J1 on the azimuth motor/brake assembly.  1W105 identifies the wiring harness, CWSMB J1 identifies connector J1 on the commander's weapon station motor/brake (hence CWSMB), and <--> is a symbol in the SETCOM display indicating the two points affected by the connection or disconnection instruction.  As with a general instruction message, the mechanic performs the instruction and presses the GO key to resume the test.  This takes the mechanic back to block 45 (figure 3I on page 24).
12
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The mechanic now gives NO answers to the questions in blocks 45 and 47 (figure 3J page 25), which brings him to block 48.  Block 48 only asks "Does display show a fault message?"  Fault messages, like cable instruction messages, appear rather cryptic and need to be interpreted from a message index.  The fault message index follows the cable instruction message index in the TM.  Possible fault messages include FAULTY CWSH 130016, FAULTY CWSPU 130044, and FAULTY CWSGB OR CWSH 130022.  The fault message index interprets these messages for the mechanic, and gives him the appropriate action to take.  In most cases this action is a direct corrective action.  In the case of the message FAULTY CWSH 130016, the action in the index is "Replace commander's power control handle"; the location of the repair procedure is then given.  Similarly, the action specified for the fault message FAULTY CWSPU 130044 is "Replace power control unit."  In the case of the message FAULTY CWSGB OR CWSH 130022, the STE cannot isolate the defective component.  It knows that either the gearbox (CWSGB) or the power control handle (CWSH) is bad, but it cannot specify which one.  The fault message index gives the action "Do follow-on procedure," and specifies where the follow-on procedure itself is located.  The mechanic would need to perform the follow-on procedure to determine whether the gearbox or the handle is malfunctioning.

After taking the action specified by the fault message index, the mechanic is referred back to block 45 (figure 3I on page 24), where he presses the GO key again.  This time, the mechanic should be able to answer NO to all the questions through block 48.  This leads the mechanic to block 50, where he is told that the SETCOM display should show NO FAULTS FOUND.  Block 50 then asks, "Has this test been repeated?"  If the mechanic answers NO, then the test must be repeated.  The STOP and CLEAR keys on the SETCOM must be pressed, then the mechanic is directed back to block 44.  Block 44, as we have seen, directs the mechanic to enter the test number 1300 into the SETCOM and to start the test by pressing the GO key.  Having performed the actions specified in earlier runs of the test, the STE should run the CWS test and find no faults in the subsystem.  This will take the mechanic directly to block 50, and the answer to the question "Has this test been repeated?" is now YES.  Following the YES branch from block 50, the
13
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mechanic is told that the problem is solved.  The previous procedure takes the mechanic about as deeply into the CWS PTPs as is possible.  The following PTP does not go quite as far, but it will take the mechanic through the use of STE, as described above.

c.  CWS-5:  
COMMANDER'S WEAPON STATION TRAVERSES IN ONLY ONE DIRECTION IN POWER MODE.  The initial setup is the same as for CWS-1 and CWS-4 discussed before.  Block 2 (figure 3A on page 16) asks "Is symptom CWS-7 being checked?"  The answer is NO.  The mechanic then proceeds through the loose connector steps in block 4.  This time, the mechanic finds a loose connector.  This takes him to block 5, where he takes off the loose connector and performs a connection inspection procedure specified in the TM.  The flow chart then asks "Are any connector parts faulty?"  Finding that no parts are faulty, the mechanic goes to block 8, where he is told to connect the loose connector, and to verify that the problem has been solved.  The question is asked:  "Does commander's weapon station system work?" 

Giving a NO answer to that question, the mechanic is led to block 9 (figure 3B on page 17), where the mechanic finds another question: "Is symptom CWS-1 being checked?"  The answer in this case is NO, so the mechanic follows the NO branch to block 11, which tells him to go to block 21.  In block 21 the mechanic finds another question:  "Is symptom CWS-4 being checked?"  The answer here is NO, so the mechanic goes to block 23, which says "Go to block 41."

Block 41 (figure 3I page 24) instructs the mechanic to make sure that vehicle master power is off, then to get the STE.  After answering YES to the question "Do you have STE test set?", the mechanic sets up the STE for operation; block 42 directs the mechanic to the location of the setup instructions.  Block 44 then instructs the mechanic to initiate the automated test, as described before in the discussion of CWS-4.  In this example, the SETCOM gives the mechanic the display FAULTY CWSH 130042.  This tells the mechanic that the commander's power control handle is faulty and must be replaced.  The location of the replacement instructions is given in the fault message index.
14

T/S CWS AZ DR SUBSYS, M1 TANK - OD0483 - LESSON 1/TASK 2
This concludes the discussion of PTPs for the CWS azimuth drive subsystem.  Following figure 3, which covers 10 pages, the reader will find the discussion of ATPs for the same three fault symptoms discussed above.
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3.  CWS Alternate Troubleshooting Procedures (ATPs)

The alternate troubleshooting procedures (ATPs) for the M1 tank commander's weapon station are all designed not to use the STE test set.  Consequently, ATPs rely on the use of breakout boxes and multimeters to diagnose problems in the CWS azimuth drive subsystem.
ATPs are organized into flow charts just like PTPs.  This section will examine the ATPs for the three fault symptoms discussed before in the section on PTPs.  As in the discussion of PTPs, the text will lead the reader through the flow charts as though actual troubleshooting was being performed and actual indications being observed from the test equipment, arriving at a specific malfunction.  However, in actual troubleshooting, the mechanic would be directed through the flow charts according to the indications he observed while testing; this may or may not lead to the same conclusions as presented in the subcourse text.

a.  CWS-1:  
COMMANDER'S WEAPON STATION DOES NOT TRAVERSE IN POWER MODE; MANUAL MODE OK.  It should be noted immediately that this fault symptom presents the mechanic with an ATP that branches in many, many places, far too many for all to be covered in this subcourse.  Therefore, this discussion will be limited to two particular branches.


(1)  After securing the required supplies, equipment, and special tools, and preparing the tank for testing, the mechanic connects the breakout box to power control unit TJ1, using CABLE NO. 1 and ADAPTER NO. 1 (block 1, figure 4A page 29).  TURRET POWER is turned ON, and the mechanic then checks for 18 to 30 vdc between points 8 and 16 on the breakout box.  Immediately, the mechanic is faced with a question: "Are there 18 to 30 vdc?"

Answering YES to this question, the mechanic is directed to block 2 (figure 4B page 30), which instructs him to check for 14 to 16 vdc between points 24 and 33 on the breakout box.  The flow chart then asks, "Are there 14 to 16 vdc?"  Answering YES to this question also leads the mechanic to block 4.  There, the mechanic sets the POWER/MANUAL lever to POWER and checks for 18 to 30 vdc between points 16 and 67 (henceforth, "on the
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breakout box" is to be understood).  To the question "Are there 18 to 30 vdc?", the mechanic this time answers NO.  This takes the mechanic to block 7, which gives the simple direction "Go to block 31."
In block 31 (figure 4E page 33) the mechanic is directed to turn OFF vehicle MASTER POWER, and to disconnect 1W105-P3 from power control unit J1.  Note the NOTE:  If the mechanic does not find continuity the first time, he is to leave the multimeter probes attached to the contacts of 1W105-P3 for further testing.  Initially, though, the mechanic must connect the probes to the plug, and the flow chart tells him to connect the probes to contacts M and V and check for continuity.

Finding that there is no continuity between contacts M and V, the mechanic follows the NO branch to block 33 (figure 4F on page 34), which tells him to disconnect 1W105-P6 from J1 of the gearbox connector switch, connect a jumper wire between contacts 1 and 2 on 1W105-P6, and check for continuity between contacts M and V of 1W105-P3.  Finding continuity with the jumper installed, the mechanic follows the YES branch to block 35, which tells him to connect 1W105-P3 to J1 on the power control unit, and to replace the gearbox connector switch.  The mechanic would then need to operate the CWS to make sure that it would traverse in power mode.


(2)  This time, we will notice that there could be more than one problem in the subsystem at any one time.  To begin, again the mechanic obtains the necessary supplies, equipment, and tools, and sets up the tank for the test (figure 4A on page 29).  He connects the breakout box to TJ1 of the power control unit, using CABLE NO. 1 and ADAPTER NO. 1, turns ON the TURRET POWER; and checks for 18 to 30 vdc between points 8 and 16.  Then he answers the question "Are there 18 to 30 vdc?"

Answering YES, the mechanic goes to block 2 (figure 4B on page 30), which directs him to check for 14 to 16 vdc between points 24 and 33, and then asks him "Are there 14 to 16 vdc?"  A YES answer leads the mechanic to block 4, where he sets the POWER/MANUAL lever to POWER and checks for 18 to 30 vdc between points 16 and 67.  The flow chart asks "Are there 18 to 30 vdc?", and the answer in this example is YES.
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The mechanic goes to block 6.  Here, the direction is to press and hold the palm switch on the commander's power control handle.  While holding the switch, the mechanic checks for 18 to 30 vdc between points 16 and 70.  "Are there 18 to 30 vdc?" the flow chart asks.  YES, the mechanic answers, and proceeds to block 8.

In block 8, the mechanic moves the commander's power control handle thumb control all the way to the right and holds it.  He then checks for a reading of more than one volt dc between points 33 and 78.  "Is there more than 1 vdc?", asks the flow chart.  The mechanic finds that there is, so he follows the YES branch to block 11 (figure 4C page 31).  There he is directed to press and hold the power control handle palm switch and to move the thumb control all the way to the right.  Then he looks for more than 12 vdc between points 71 and 72 on the breakout box.  "Are there more than 12 vdc?"

The mechanic finds that yes, there are more than 12 vdc between points 71 and 72, so he goes to block 13.  There, the mechanic turns OFF vehicle MASTER POWER, disconnects 1W105-P4 from motor/brake connector J1, connects a jumper wire between contacts A and G of 1W105-P4, and checks for continuity between points 16 and 70.  Following the YES branch from the question "Is there continuity?", the mechanic goes to block 14, where he disconnects 1W105-P3 from power control unit connector J1, connects a jumper between contacts K and M of 1W105-P4, and checks for continuity between contacts n and p of 1W105-P3.

Finding continuity, the mechanic pursues the YES branch to block 17 (figure 4D on page 32).  In block 17, he is directed to connect a jumper between contacts j and p of power control unit connector J1, and to check for continuity between points 70 and 71.  "Is there continuity?"  YES, the mechanic finds, which leads him to block 19.  There, the mechanic connects 1W105-P3 to power control unit J1.  The mechanic then learns that he must replace the azimuth motor/brake assembly.  When the mechanic replaces the motor/brake, he is instructed to verify that the problem has been solved.  There is another question to be answered:  "Does commander’s weapon station traverse in powered mode?"
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Answering NO, the mechanic goes to block 20, which then tells him to replace the power control unit.  Now, when the mechanic verifies that the problem is solved, it is indeed solved.
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b.  CWS-4:  
COMMANDER'S WEAPON STATION DOES NOT TRACK SMOOTHLY AT LOW SPEEDS.  There is not much to the ATP for this fault symptom.  This discussion will, therefore, examine both possibilities presented in the flow chart.
After obtaining the required supplies and test equipment, the mechanic sets the POWER/MANUAL lever to POWER, connects the breakout box to power control unit TJ1 using CABLE NO. 1 and ADAPTER NO. 1, turns ON the TURRET POWER, and presses and holds the commander's power control handle palm switch (block 1) (figure 5A on page 36).

The mechanic goes directly to block 2 (figure 5B on page 37), which lets him know that the multimeter will show slightly less than zero volts (in other words, a very small negative voltage) until the commander's power control handle thumb control is moved.  Armed with this information, the mechanic checks for zero vdc increasing to 15 to 19 vdc between points 71 and 72 as the thumb control is moved slowly from the center position all the way to the right.  The flow chart then asks the mechanic, "Did voltage increase smoothly from 0 vdc to 15 to 19 vdc?"

If the answer is NO, the mechanic goes to block 3, where he is directed to replace the power control unit.  If the voltage fails to increase smoothly, the problem is electrical, and it is in the power control unit.  If the answer is YES, the mechanic goes to block 4, where he is directed to replace the motor/brake.  If the voltage does increase smoothly, the tracking problem is mechanical, and it is in the motor/brake assembly.  In either case, after taking the specified corrective action, the mechanic must test the CWS to make sure that the problem has been corrected.

The next fault symptom is not quite so simple.  As before, the discussion will examine two possible malfunctions which could generate the same fault symptom.
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c.  CWS-5:  
COMMANDER'S WEAPON STATION TRAVERSES IN ONLY ONE DIRECTION IN POWER MODE.  As before, the flow chart sets up a series of preliminary conditions which must be met before beginning to troubleshoot.  Once those are fulfilled, the mechanic can proceed to test the system.


(1)  The mechanic begins by connecting the breakout box to power control unit TJ1 using CABLE NO. 1 and ADAPTER NO. 1 (block 1) (figure 6A on page 40).  The POWER/MANUAL lever is set to POWER and TURRET POWER is turned ON.  The mechanic then presses and holds the commander's power control
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handle palm switch and moves the thumb control all the way to the right.  Block 1 then instructs the mechanic to check for 1.0 to 1.5 vdc between points 33 and 78.  The flow chart then asks, "Is there 1.0 to 1.5 vdc?"
The mechanic answers YES in this example, which leads him to block 3 (figure 6B on page 41).  There, he turns OFF vehicle MASTER POWER and disconnects 1W105-P3 from power control unit J1.  Note the NOTE:  The mechanic is instructed to leave the multimeter probes connected and go immediately to block 5 if the multimeter shows less than five ohms for the following check.  Then, the mechanic is told to check for less than five ohms between contact p and the connector body, and between contact p and all other contacts except n on 1W105-P3.  The question is then asked:  
"Does multimeter show less than 5 ohms?"
In this situation, the very first reading of less than five ohms sends the mechanic to block 5.  It really does not matter which other contact and contact p showed less than five ohms, only that it happened just once.  In block 5, the mechanic disconnects 1W105-P4 from motor/brake J1, connects a jumper between contacts K and M on 1W105-P4, and repeats the continuity check performed in block 3--again, looking for less than five ohms from p to either the connector body or any other contact, except n.  Again, the flow chart asks, "Does multimeter show less than 5 ohms?"
Answering YES again, the mechanic goes to block 7 where he is instructed to replace wiring harness 1W105 and to verify that the problem has been solved.
Now we shall look at a situation that is a little more involved.

(2)  As before, the mechanic connects the breakout box to power control unit TJ1 using CABLE NO. 1 and ADAPTER NO. 1 (block 1) (figure 6A page 40).  The POWER/MANUAL lever is set to POWER, TURRET POWER is turned ON, and the mechanic presses and holds the commander's power control handle palm switch while moving the thumb control fully to the right.  He then checks for 1.0 to 1.5 vdc between 33 and 78 on the breakout box.  This time, though, the answer is NO to the question "Is there 1.0 to
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1.5 vdc?"  This leads the mechanic to block 2, which says "Go to block 8."
Block 8 (figure 6C on page 42) directs the mechanic to check for 14 to 16 vdc between 24 and 33, and between 33 and 35.  The question is then put to the mechanic:  "Are there 14 to 16 vdc between each pair of test points?"  Giving a YES answer to that question, the mechanic goes to block 9, which tells him to check for 6 to 6.5 vdc between test points 15 and 33, and 25 and 33.  The flow chart then asks, "Are there 6 to 6.5 vdc between each pair of test points?"  Answering NO, the mechanic is led to block 12, which says "Go to block 22."

Block 22 (figure 6D page 43) tells the mechanic to turn OFF vehicle MASTER POWER, disconnect (1A231)-P1 at the commander's power control handle from 1W105-P3, turn ON the TURRET POWER, and check for 28 to 32 vdc between points 15 and 25.  "Are there 28 to 32 vdc?"  YES, the mechanic answers, so he goes to block 24, which says "Go to block 27."  Block 27 (figure 6E page 44) directs the mechanic to turn OFF vehicle MASTER POWER, and to connect a jumper between contacts F and G on 1W105-J3.  Note the NOTE:  If the multimeter does not show continuity, the mechanic is directed to leave the jumper connected.  The mechanic then checks for continuity between 15 and 25.  "Is there continuity?"

NO, the mechanic answers, and goes to block 29. The mechanic disconnects 1W105-P3 from power control unit J1 and checks for continuity between contacts T and U on 1W105-P3.  "Is there continuity?"  YES, the mechanic notes, and follows the YES branch to block 31.  Block 31 tells the mechanic to connect commander's power control handle (1A231)-P1 to 1W105-J3, and to replace the power control unit.  The mechanic then verifies that the problem is corrected by traversing the CWS in both directions in POWER mode.
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o Commect jumper hatween contacts K and
M on TWI0S-P4.
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0d 15{ <+ oa hreakost box.
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NOTE
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para. 2-11.
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1W105-P3

o Raplace wiring harness sssembly 1W105.

o Refer to TM 3-2350.255-20-2-3-1,
pera. 2-13.
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4.  Conclusion
The M1 Abrams tank systems mechanic is responsible for a significant amount of troubleshooting of the CWS azimuth drive subsystem.  The PTPs and ATPs presented in this task cover three specific fault symptoms listed in the M1 troubleshooting TMs, comparing the PTP for each symptom to its corresponding ATP.  These symptoms were chosen to provide representative samples of PTPs and ATPs.
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PRACTICAL EXERCISE 1
Instructions
Read the scenario and respond to the requirements that follow the scenario.
Scenario
You have been asked to teach a lesson on troubleshooting the commander's weapon station (CWS) azimuth drive subsystem on the M1 Abrams tank.  Your lesson includes both the principles of operation of the azimuth drive circuit, and some particular problems which you plan to have the students troubleshoot, using both primary troubleshooting procedures (PTPs) and alternate troubleshooting procedures (ATPs).  When you finish writing the lesson, you hand it in to your supervisor, who has a very interesting way of validating it--he makes you take your own lesson.  The questions which follow came from your posttest to the lesson.
First Requirement
Using the circuit diagram in figure 7, describe the circuit flow through the CWS azimuth drive subsystem that allows the thumb control in the commander's power control handle to traverse the CWS.
Second Requirement
a.  When you wrote the section of the lesson on troubleshooting using PTPs, you intended the students to find a malfunctioning power control handle while troubleshooting fault symptom CWS-1.  The situation was designed so that the students would have to run a test using the STE-M1/FVS test set.  Using the flow chart in figure 8, beginning on page 49, describe the steps to the isolation of the problem.
b.  While troubleshooting fault symptom CWS-5 using ATPs, the students were supposed to find a faulty power control handle.  Using the flow chart
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in figure 9, beginning on page 55, describe the steps to the isolation of the problem.
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o For commander’s power control haadle,
refer ta TM 9-2350-255-20-2-3-1,
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LESSON 1.  PRACTICAL EXERCISE - ANSWERS
First Requirement
Turret power must be on to operate the CWS azimuth drive subsystem.  Vehicle power, which comes on with turret power or independently of turret power, provides a positive voltage to bus bar W1 in the turret networks box (TNB).  Turret power powers up the gun/turret drive electronics unit, providing 15 volts direct current (vdc), both positive and negative, to the CWS power control unit (PCU) through the TNB.  The +15vdc-are used in the CWS PCU as amplifier bias voltages, and for the thumb control in the commander's power control handle.
TNB relay K7 is energized when turret power is turned on.  Normally open (NO) relay contacts close, to provide +28vdc to the PCU.  When the POWER/MANUAL lever is set to POWER, a circuit is completed which energizes CWS power control relay A1K1.  NO contacts of A1K1 close, to provide +28vdc for power amplifier bias.
When the commander's power control handle palm switch is closed, the circuit is completed to energize PCU relay A1K2.  NO contacts A1K2 close, to complete the circuit to energize, and thereby release, the brake of the azimuth motor/brake assembly.  A1K2 contacts change state between the first and second stages of the servoamplifier, removing the second stage ground and coupling the first stage to the second.
Pushing the thumb control in one direction or the other provides an input to the shaping network in the PCU.  This provides an input to the servoamplifier, which feeds the power amplifier, which provides the signal that turns the traverse motor.  A tachometer generator is mechanically connected to the motor, generating a feedback signal to the second stage of the servoamplifier which is reversed in polarity to the original input signal.  This signal controls the motor speed and stops the motor when the thumb control is centered.
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Second Requirement
a.  After preparing the tank for standard initial test conditions, the mechanic would be directed to block 2, "Is symptom CWS-7 being checked?"  Answering NO, the mechanic proceeds to block 4 and performs the loose-connector check found there.  He answers NO to the question "Is a connector loose?", then goes to block 6, which says, "Go to block 9."
In block 9, he answers YES to the question "Is symptom CWS-1 being checked?", then goes to block 10.  With the POWER/MANUAL lever set to POWER, he tries to move the CWS by pushing on the weapon mount.  When it does not move, he goes to block 12, which says, "Go to block 37." There the mechanic removes the guard and checks the actuator pin to see if it is bent or broken.  Answering NO, the mechanic goes to block 39, where he checks the arm to see that it pushes and releases the switch button.  Finding that the arm does indeed push and release the button, the mechanic follows the YES branch to block 41.
Block 41 instructs the mechanic to get the STE test set; block 42 directs him to prepare it for use.  Block 44 gives the sequence of keystrokes necessary to begin the automated system test.  After pressing the GO key on the STE set communicator (SETCOM), the mechanic waits for the SETCOM to display a message.  When the mechanic sees the fault message FAULTY CWSH 130036, the mechanic has isolated the problem to the commander's power control handle.  The flow chart concludes by telling the mechanic that the test must be repeated, after taking corrective action, to verify that the problem has been corrected.
b.  After connecting the breakout box and setting up the tank as directed by the flow chart, the mechanic checks for 1.0 to 1.5 vdc at points 33 and 78 on the breakout box.  Not finding the voltage, the mechanic goes to block 2, which sends him to block 8.  Block 8 calls for a voltage check between two pairs of test points.  Finding the required 14 to 16 vdc between the specified pairs of points, the mechanic checks for 6-6.5 vdc between another two pairs of test points.
Finding the required voltage at both pairs of points, the mechanic looks for 0 to 0.1 vdc between 33 and 78 on the box.  Not finding 0-0.1 vdc as
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indicated, the mechanic turns OFF the vehicle MASTER POWER, disconnects (1A231)-P1 at the POWER control handle from 1W105-P3, turns ON the TURRET POWER, and checks for 0-0.1 vdc between 33 and 78 on the breakout box.  Finding 0-0.1 vdc, the mechanic replaces the power control handle.
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FIGURE 1.  CWS AZIMUTH DRIVE BLOCK DIAGRAM.








FIGURE 2A.  CWS AZIMUTH DRIVE SUBSYSTEM


	WIRING DIAGRAM.








FIGURE 2B.  CWS AZIMUTH DRIVE SUBSYSTEM


	WIRING DIAGRAM (CONTINUED).








FIGURE 3A.  CWS PTP FLOW CHART.








FIGURE 3B.  CWS PTP FLOW CHART (CONTINUED).








FIGURE 3C.  CWS PTP FLOW CHART (CONTINUED).








FIGURE 3D.  CWS PTP FLOW CHART (CONTINUED).








FIGURE 3E.  CWS PTP FLOW CHART (CONTINUED).








FIGURE 3F.  CWS PTP FLOW CHART (CONTINUED).





FIGURE 3G.  CWS PTP FLOW CHART (CONTINUED).








FIGURE 3H.  CWS PTP FLOW CHART (CONTINUED).








FIGURE 3I.  CWS PTP FLOW CHART (CONTINUED).





FIGURE 3J.  CWS PTP FLOW CHART (CONTINUED).





FIGURE 4A.  CWS-1 ATP FLOW CHART.





FIGURE 4B.  CWS-1 ATP FLOW CHART (CONTINUED).








FIGURE 4C.  CWS-1 ATP FLOW CHART (CONTINUED).





FIGURE 4D.  CWS-1 ATP FLOW CHART (CONTINUED).








FIGURE 4E.  CWS-1 ATP FLOW CHART (CONTINUED).





FIGURE 4F.  CWS-1 ATP FLOW CHART (CONTINUED).





FIGURE 5A.  CWS-4 ATP FLOW CHART.





FIGURE 5B.  CWS-4 ATP FLOW CHART (CONTINUED).





FIGURE 6A.  CWS-5 ATP FLOW CHART.





FIGURE 6B.  CWS-5 ATP FLOW CHART (CONTINUED).





FIGURE 6C.  CWS-5 ATP FLOW CHART (CONTINUED).





FIGURE 6D.  CWS-5 ATP FLOW CHART (CONTINUED).





FIGURE 6E.  CWS-5 ATP FLOW CHART (CONTINUED).





FIGURE 7A.  CWS AZIMUTH DRIVE SUBSYSTEM


	WIRING DIAGRAM.








FIGURE 7B.	CWS AZIMUTH DRIVE SUBSYSTEM WIRING


									DIAGRAM (CONTINUED).








FIGURE 8A.  CWS PTP FLOW CHART.





FIGURE 8B.  CWS PTP FLOW CHART (CONTINUED).





FIGURE 8C.  CWS PTP FLOW CHART (CONTINUED).





FIGURE 8D.  CWS PTP FLOW CHART (CONTINUED).





FIGURE 8E.  CWS PTP FLOW CHART (CONTINUED).





FIGURE 8F.  CWS PTP FLOW CHART (CONTINUED).





FIGURE 9A.  CWS-5 ATP FLOW CHART.





FIGURE 9B.  CWS-5 ATP FLOW CHART (CONTINUED).








