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POWER TRAIN COMPONENTS

INTRODUCTION: 

(1 MIN)

1.
GAIN ATTENTION:  As NCO mechanics, you have become familiar with all the various components found on every item of engineer equipment?  In most cases no, are we familiar with all the different transmissions, brake systems, or suspension systems? "NO"

2.
PURPOSE:  During this period of instruction we will look at many of the components found in our engineer equipment.  We will follow power flow from the engine to the ground, and how to service, troubleshoot, and repair these components.

3.
INTRODUCE LEARNING OBJECTIVE(S):


a.
TERMINAL LEARNING OBJECTIVES:


(1)  Provided with an item of engineer equipment with simulated malfunctioning power train components, test equipment, and necessary tools, with the aid of notes and references, diagnose the power train components for the malfunction in accordance with the below listed references.  (1341.3.33)



(2)  Provided with an item of engineer equipment with a simulated malfunctioning power train components and necessary tools, with the aid of notes and references, rebuild the power train components in accordance with the below listed references.  (1341.3.32)


b.
ENABLING LEARNING OBJECTIVES:



(1)  Provided with an item of engineer equipment with a simulated malfunctioning transmission, a General Mechanics Tool Kit, and a pressure test kit, with the aid of references, perform a high speed stall test on the transmission in accordance with the appropriate technical manual.  (1341.3.33a)



(2)  Provided with an item of engineer equipment, General Mechanic's Tool Kit, special tools, and equipment, with the aid of references, remove the transmission in accordance with the technical manual.  (1341.3.32a)



(3)  Provided with a transmission, General Mechanic's Tool Kit, and special tools, with the aid of references, disassemble the transmission in accordance with the technical manual.  (1341.3.32b) 



(4)  Provided with a simulated malfunctioning transmission, General Mechanic's Tool Kit, special tools, and appropriate technical manuals, with the aid of notes and references, replace the defective components in accordance with the technical manual.  (1341 .3.32c) 



(5)  Provided with a disassembled transmission, General Mechanic's Tool Kit, and special tools, with aid of references, assemble the transmission in accordance with the technical manual.  (1341.3.32d)



(6)  Provided with an item of engineer equipment, General Mechanic's Tool Kit, special tools and equipment, with the aid of references install the transmission in accordance with technical manual.  (1341.3.32e) 



(7)  Provided with an item of engineer equipment, and pressure test kit, with the aid of references, test the transmission for proper operation in accordance with the technical manual.  (1341.3.32f) 



(8)  Given a list of final drive assembly components and a list of final drive assembly component functions, without the aid of notes and references, match each component to its function in accordance with the appropriate manual. (1341.3.33b)



(9)  Provided with a final drive assembly requiring adjustment, special tools, General Mechanic's Tool Kit an test equipment with the aid of notes and references:




a.
Set up dial indicator  (1341.3.32g)




b.
Loosen cap bolts  (1341.3.32h)

c. Adjust differential to proper measurement 


(1341.3.32i)




d.
Move ring nuts  (1341.3.32j)




e.
Tighten cap bolts  (1341.3.32k)




f.
Check for proper reading  (1341.3.32l)



(10)
Given a list of track assembly components and a list of track assembly component functions, match each component to its function in accordance with the appropriate service manual.  (1341.3.33c) 



(11)
Given a track assembly requiring repair, special tools, and General Mechanic's Tool Kit, with the aid of references, rebuild the assembly in accordance with the technical manual.  (1341.3.32m)



(12)
Given a track roller with a simulated malfunction, special tools, and a General Mechanic's Tool Kit, with the aid of references, rebuild the track roller in accordance with the technical manual.  (1341.3.32n)  



(13)
Given a carrier roller with a simulated malfunction, special tools, and a General Mechanic's Tool Kit, with the aid of references, rebuild the carrier roller in accordance with the technical manual.  (1341.3.32o)     



(14)
Provided with an idler with a simulated malfunction, special tools, and a General Mechanic's Tool Kit, with the aid of references, rebuild the idler in accordance with the appropriate service manual.  (1341.3.32p)

REFERENCES:


TM 9-8000


Case Service Manual


Caterpillar D7G Service Manual


Caterpillar D7G Parts Manual


Allison Power Shift Transmission Manual


Small Emplacement Excavator Service Manual


John Deere Fundamentals Of Service Manual, Power Trains

TRANSITION:  Now that we know what the learning objectives are, let's look at the different ways to send power to the wheels or tracks. 

BODY 








(35 MIN)  

(ON SLIDE #1, TORQUE CONVERTER)

1.
TORQUE CONVERTER  The hydraulic torque converter is used to reduce the amount of mechanical linkage found in a manual clutch.  The torque converter reduces engine lugging and provides a hydrodynamic drive mechanism.

(ON SLIDE #2, Direct Mounting)


a.
MOUNTING - The torque converter can be mounted in two ways:



(1)
Directly mounted - The torque converter can be directly mounted to the engine flywheel depending on the manufacturer.



(2)
Remotely mounted - The torque converter may be remotely mounted to a propeller shaft connected with the engine, or transfer gears such as in the Caterpillar 621b Scraper. The converter fits in a housing, which is filled with oil.  Normally the input-charging pump will be located somewhere on the housing.

(ON SLIDE #3, THE TORQUE CONVERTER)


b.
COMPONENTS - The following components make up a basic Torque converter:



(1)  Pump - To your right is the pump which is the input member to the torque converter.  Notice the vanes of the pump.  



(2)  Turbine - To your far left is the turbine.  The turbine is the input member to the power shift transmission.  Here you can see how the vanes match the vanes of the pump.    



(3)  Stator - The stator is the torque producing member of the torque converter.  Depending on manufacturer, you may find single or double stators. 


c.
The D7G - On the D7G dozer, the following components make up the torque divider:

(ON SLIDE #4, D7G TORQUE DIVIDER, COMPONENTS) 



(1)  Engine Ring Gear, is mounted directly to the engine, the internal gear teeth act as the Ring Gear for the planetary gear set.



(2)  Sun Gear, is splined into the engine ring gear.



(3)  Converter Housing, is splined into the engine ring gear.



(4)  Pump Ring Gear, is mounted in the converter housing and is driven by the engine.



(5)  Turbine Ring Gear, is mounted separately within the converter housing.



(6)  Planetary Gears, are driven by the turbine ring gear, and splined to the output shaft.



(7)  Output Shaft, is splined through the converter to the planetary gears, forming the sun gear.



(8)  Turbine Vanes, produce motion by picking up fluid coming from the pump ring gear vanes.



(9)  Stator, forms the hydrodynamic connection to transmit torque to the turbine vanes.



(10)
Bell housing, mounted directly to the engine housing and encloses the torque converter assembly.



(11)
Output Shaft Yoke, is splined to the output shaft to connect the propeller shaft to the transmission.


(ON SLIDE #5, OIL FLOW)


d.
OIL FLOW - Oil flow within the converter: 

NOTE:  From right to left.



(1)  The converter is always full of oil.  The oil coming off the pump strikes the turbine vanes.  



(2)  From the turbine vanes oil is then directed to the stator. 



(3)  From the stator oil returns to the pump assisting it in its rotation.  As the pump speed increases the turbine will start to rotate.

(ON SLIDE #6, THE STATOR)


e.
TORQUE - The stator is the torque producing member, it has two positions; Locked and Free-wheel:     



(1)  Locked position - In the locked position, oil strikes the front side of the stator vane.  This forces the stator roller into the shallow side of the roller pocket, locking it to the stator race.  In the locked position maximum torque occurs.



(2)  Free-Wheel - In the free-wheel position oil strikes the backside of the stator vane.  This forces the roller to compress the spring, allowing the roller to move into the deep side of the stator, giving us a freewheeling motion.  When the stator is freewheeling we have little or no torque.

(ON SLIDE #7 TYPES OF OIL FLOW)


f.
Types of Oil flow - There are two types of oil flow that produce work in the torque converter:



(1)  Vortex Flow - Vortex flow is the flow of oil from the torque converter pump to the turbine, to the stator, and back to the pump.  With vortex flow we have maximum torque multiplication. 



(2)  Rotary Flow - With rotary flow the oil in the converter is going around the inner-circumference of the converter.  Here the stator is in  free-wheel, giving us a fluid coupling.  In the fluid coupling phase the turbine is going as fast as the converter pump and we have minimum torque, example:


When the equipment is at a stand still or first starting to move we have maximum torque and low or no speed.  As the turbine starts to rotate and the equipment starts to move, torque slowly diminishes and speed increases.  The need for torque diminishes until I have a speed and torque ratio of 1 to 1.

(OFF SLIDE #7)
OPPORTUNITY FOR QUESTIONS                                      
(5 MIN)

1.
QUESTIONS FROM THE CLASS:

2.
QUESTIONS TO THE CLASS:  None

SUMMARY:








(5 MIN)

Over the past 50 minutes we have reviewed torque converter operation and its components.

INTRODUCTORY TRANSITION:  So far we have covered the torque converter.  Now we will look at still another transmission input.

(30 MIN)

(ON SLIDE #8, TRANSFER GEAR HOUSING)

2.
TRANSFER GEARS:  The transfer gear set is used in various items of equipment where design requires power flow to move directly below the engine. The Caterpillar 130G road grader uses such a system, as well as the Armored Combat Excavator (ACE).   


a.
Here we have a cutaway view of the transfer gear set and transmission as an assembly.

(ON SLIDE #9, TRANSFER GEARS)


a.
Components of the transfer gear set - 



(1)  Input Gear, In mesh from the engine flywheel.                   



(2)  Forward Clutch Gear, in mesh with the Idler gear.              



(3)  Reverse Clutch Gear, in mesh with the Idler gear turning in the opposite direction.                 



(4)  Idler Gear, in mesh with the forward and reverse gears. 



(5)  Planetary Input Gear, in mesh with the idler gear is the transmission input gear.  These are all spur cut gears.

(ON SLIDE #10 CASE 644E)


b.
On the TRAM 644E Loader, the torque converter is located within the transmission. This type of transmission is referred to as a Drop Box transmission.

(ON SLIDE #11 CAT 621B)


c.
On the Caterpillar 621B Scraper, the torque converter is mounted at the bottom of the transfer gear housing. An internal propeller shaft sends power to the transmission. 







(ON SLIDE #12 CAT D7G)

d.
On the Caterpillar D7G dozer, the torque converter is in line with the engine, so transfer gears are not required.  

(OFF SLIDE #13)

OPPORTUNITY FOR QUESTIONS                                      
(7 MIN)

1.
QUESTIONS FROM THE CLASS:

2.
QUESTIONS TO THE CLASS:  None

SUMMARY:  The past hour we have covered transfer gear sets and their operation.  Transfer gears are the final transmission input that we will cover.

BREAK 









(10 MIN)

INTRODUCTORY TRANSITION:  Now that we have covered the different types of transmission inputs, let's move on to the Power Shift Transmission.

















(40 MIN)

3.
POWER SHIFT TRANSMISSION:
(ON SLIDE #13 TRANSMISSION)

a.
The power shift transmission is widely used in all types of engineer equipment, It is used for both on and off road equipment.  Here we have a power shift transmission removed from its housing.  The basic make up of this transmission is a stack of wet multiple clutch packs.  Let's break one of these clutch packs down and identify its components.

(ON SLIDE #14 CLUTCH PACK BREAKDOWN)



(1)
CLUTCH PACK - The hydraulic Clutch pack consists of:         

NOTE:  Moving from left to right:




(a)  Anchor -  The first component in the multiple hydraulic clutch pack is the anchor (yellow).  Around the inner circumference is the clutch applied piston.  Around the inner and outer circumference of the piston we have piston seals.                                                       




(b)  Friction disc -  The friction disc is where the member of the clutch pack is internally splined.  Next to the friction disc and every other one is the reactionary plate or held member of the clutch pack.  Now we have the components.  We can see how each clutch pack functions.

(ON SLIDE #15 CLUTCH APPLIED)



(2)  CLUTCH PACK APPLIED - The clutch pack in a power shift is hydraulically applied and spring released:




(a)  Oil coming in the anchor through drilled passages strikes the back of the clutch applied piston (green).                             




(b)  This piston is forced into the first friction disc.  With constant pressure against the piston the entire clutch is sandwiched applying the clutch.  Notice the friction disc is splined to a gear.                  




(c)  Once the operator releases the clutch (selects a different speed or direction range), the heavy spring forces the clutch applied piston back into its housing, releasing the clutch.

(OFF SLIDE #15)

OPPORTUNITY FOR QUESTIONS                                  

(2 MIN)

1.
QUESTIONS FROM THE CLASS:

2.
QUESTIONS TO THE CLASS:  None

BREAK









(10 MIN)

TRANSITION:  In the past hour we have covered the multiple wet clutch and its components. We will now move on to the planetary gear set in a power shift transmission.







(40 MIN)

(ON SLIDE #16 PLANETARY GEARS)


b.
Planetary Gear Set - Planetary gear sets are used in the power shift transmission to achieve speed/torque advantage:



(1)  Sun Gear - The first component in the planetary gear set is the sun gear, meshed with the sun gear is planetary pinion gears.  



(2)  The planetary pinion gears - are bearing or bushing mounted and are able to revolve on their own axis.  The pinion gears are mounted to the planetary carrier which makes up the second component of the planetary gear set the planetary carrier.





(ON SLIDE #17 RING GEAR)



(3)  The next component we have in the planetary gear set is the ring gear.  The rings fit around the rest of the components in the planetary gear set.  In order to get power transmitted to the rear wheels we need three things:




(a)  An input gear.




(b)  An output gear.




(c)  A held member.



b.
With these three items we get five basic combinations to transmit power.

(ON SLIDE #18 HELD MEMBER)



(1)  When the carrier is the input, overdrive results. 



(2)  When the carrier is the output we have underdrive.



(3)  When the carrier is held we have reverse.



(4)  When we have two members held direct drive results.



(5)  When no member is held member we have neutral.

(OFF SLIDE #18)

OPPORTUNITY FOR QUESTIONS:





(3 MIN)

1.
QUESTIONS FROM THE CLASS:

2.
QUESTIONS TO THE CLASS:  None

SUMMARY:








(2 MIN)

In the past hour we have covered the planetary gear set used in the powershift transmission, and planetary gearing, and how different combinations are achieved.








(10 MIN)

INTRODUCTORY TRANSITION: Thus far we have covered the multiple wet clutch and the planetary gear set used in the power shift transmission.  Now let's take a look at how they work together to give us the power to move our engineer equipment.






(40 MIN)

(ON SLIDE #19 CROSS SECTION)

4.
TRANSMISSION OPERATION  This cross section of a transmission is the kind of view you find in service manuals.  At first glance this diagram looks complicated but you should be able to identify most of the components.

(ON SLIDE #20,21 CLUTCHES)


a.
The red line represents the power flow through the transmission.  The red circles designate the clutches that are engaged.  The No. 2 and No. 4 clutches (forward and first speed) are engaged.

(ON SLIDE #22,23 REVERSE)


b.
For first speed reverse operation: 



(1)  The carrier of the reverse planetary and the ring gear of the first gear planetary are held.  Remember that in reverse the carrier is held and the planet gears rotate, and drive the reverse ring gear.  



(2)  The reverse ring gear causes the center carrier to rotate and drive the second speed ring gear.  The second speed ring gear connects to the carrier of the first speed planetary set and the first speed planetary gears must revolve around the first speed sun gear.  



(3)  Because the first speed ring gear is held, the planetary gears revolve around the inside of the ring gear and drive the first speed sun gear and the output shaft.
(OFF SLIDE #23)

OPPORTUNITY FOR QUESTIONS                             

(5 MIN)

1.
QUESTIONS FROM THE CLASS:

2.
QUESTIONS TO THE CLASS:  None

SUMMARY:








(3 MIN)

Over the past hour we have covered how the clutch pack and planetary gears working together provides us different speeds and directions.

BREAK


                                 

(10 MIN)

INTRODUCTORY TRANSITION: Thus far we have covered transmission inputs and planetary gearing within the power shift transmission.  Now we are ready to see how we take the transmission torque and transmit it to the wheels.

5.
TRANSMISSION ARRANGEMENT           
(40 MIN)
(ON SLIDE #24 DROP BOX)


a.
The Drop Box Arrangement - The first transmission output we will cover is the drop box.  Drop box transmissions provide torque multiplication and are normally of a semi-power shift configuration.  The drop box transmission can be broken down into three sections:



(ON SLIDE #25 POWER FLOW)



(1)  Converter Section - Provides hydrodynamic link from the engine.



(2)  Range Gear Section - Contains direction and speed clutches.



(3)  Final Drive Section - Contains transfer gears and power flowshafts to direct power flow.



(4)  Power flow - 




(a)  Power from the engine comes into the drop box on the output shaft drive gear, through Speed and direction clutches.




(b)  The drive gear is in mesh with the idler gear,  the flow of power is transferred down to the driven gear and out to the drive wheels.  




(c)
These gears are in a housing which stores hydraulic oil, the drop box is commonly used to apply four wheel drive.

(ON SLIDE #26 STRAIGHT)


b.
The Straight through Drive - Straight through drive, allows for a compact design, and is commonly used for  two wheel drive applications. 

(ON SLIDE #27 TRANS, HYDR, SYSTEM)

6.
TROUBLESHOOTING  When troubleshooting the transmission, we first must know the transmission hydraulic system and its components.

(ON SLIDE #28 SYSTEM SCHEMATIC)


a.
The Hydraulic Control System consists of the following:



(1)  Oil flows from the Hydraulic Reservoir to the Oil charging pump and is pressurized. The oil pump is able to draw this oil due to its low volume, atmospheric pressure, and location of the reservoir (gravity).



(2)  From the pump, oil is directed to the Oil Filter, and then to the main pressure regulator valve, this valve may be mounted separately from the Selector Control Valve or within the selector control valve.  The pressure regulator valve is preset to open at a specified setting, measured in Pounds per Square Inch (PSI). 



(3)  Once this pressure reaches the proper PSI, oil is sent to the Converter-Pressure Regulator Valve, Torque Converter, and on to the Oil Cooler. Oil moves from the oil cooler to the Lubrication valve for return to the reservoir.



(4)  The Selector Control Valve directs flow of oil and regulates pressure, and maintains oil for the transmission clutches.

(ON SLIDE #29 SELECTOR CONTROL VALVE)


b.
The Selector Control Valve, directs flow of oil and regulates pressure.  The control valve distributes oil in the following manner:        



(1)  Hydraulic oil coming from the charging pump flows to the Load Piston which pressurizes oil within the control valve.



(2)  Pressurized oil is supplied through the valve by passageways in the valve body.  Once the valve is spooled example, Forward; Oil will move from the valve to the forward clutch, however in this example the Speed selector is in neutral so no motion occurs.



(3)  Excess oil moves through the  Differential and safety valve, through the Ratio Valve and returned to the reservoir.

(ON SLIDE #30, 31 CHECKLIST)


c.
Transmission Diagnosis, when problems occur start your preliminary checklist as follows:



(1)  Walk around Inspection.


(ON SLIDE #32 Look) 



(2)  Look, Listen, Analyze; is there oil in the transmission?

(ON SLIDE #33 TANK)



(3)  Inspect the Hydraulic tank.(ON SLIDE #34 PERFORMANCE CHECK)



(4)  If possible operate to find specific fault. If not continue checking.

(ON SLIDE #35 SERVICE MANUAL)



(5)  Check the Service Manual for hidden problems.

(ON SLIDE #36 LINKAGE)



(6)  Check control linkage for proper adjustment.

(ON SLIDE #37 TEST THE SYSTEM)



(7)  Test the Torque Converter and control Valve to ensure that proper hydraulic pressure is available.     

(ON SLIDE #38 FIND CAUSE)



(8)  Analyze the problem.     

(ON SLIDE #39 REPAIR)



(9)  Find the cause of problem and repair.

(ON SLIDE #40 RECHECK THE SYSTEM)



(10)
Recheck the system for proper operation and return to service. 

(ON SLIDE #41 BLANK)


d.
Torque Converter Stall Test. The following steps will be performed for the stall test:

NOTE(S):   

1.
The Instructor will cover the steps to the Torque Converter Stall Test.

2.
When doing this test, connect the pressure gauge to the converter sending unit is located on the piece of equipment.  Check the technical manual for its location.



(1)  Start engine and bring to operating temperature.



(2)  Shift transmission into highest range.

(ON SLIDE 42)



(3)  Apply parking brakes and foot brakes.



(4)  Gradually accelerate the engine to maximum RPM's.  Do not hold maximum RPM's for more than 30 seconds, and do not allow the converter oil temperature to exceed 250 degree Fahrenheit.



(5)  Read and record the tachometer reading.



(6)  If you do this test and you have low engine stall speed, one or two items will cause this: 




(a)  Low engine output torque.




(b)  Converter element interference.



(7)  Or, if you do this test and you have high engine stall speed, the probable cause could be:




(a)  Clutch slipping.




(b)  Low main pressure.

(ON SLIDE 43,44,45,46,47)


(8)  We have two pressure tests that we do on the transmission; a main pressure test and a converter pressure test.  Refer to the student handout number two for the procedures in doing these tests.

OPPORTUNITY FOR QUESTIONS                                    
(1 MIN)

1.
QUESTIONS FROM THE CLASS:

2.
QUESTIONS TO THE CLASS:


Q.
One simple test done on a transmission to determine whether the transmission is bad or the engine is properly tuned is?



A.
Stall speed test.


Q.
What component supplies oil for all transmission functions?



A.
Input charging pump.

SUMMARY:                                                       
(2 MIN)

Over the last 50 minutes I have covered transmission troubleshooting.

BREAK


                                    

(10 MIN)

TRANSITION:  At this time we will briefly review the manual transmission.

  

       







(50 MIN) 

(ON SLIDE #48 CHAPTER #2 FOS MAN)

7.
MANUAL TRANSMISSION:  Currently there is only one item of engineer equipment that has a manual transmission this is the Small Emplacement Excavator (SEE) Tractor.  This transmission allows a wide variety of gear ratios and speeds, with the additional benefit of a Power Take Off (PTO), for application of additional attachments.


a.
COMPONENTS:  The following components make up a manual transmission:



(1)  Flywheel,  The flywheel provides a machined surface for the clutch assembly. 



(2)
Disk Clutch (Heavy Duty) consisting of:

(ON SLIDE #49, 50 COMPONENTS)



(3)  Pressure Plate,  Engages and releases the clutch plate.



(4)  Intermediate Plate,  is added when more than one clutch plate is used. (Special Applications) 

(ON SLIDE #51 CLUTCH DISK)



(5)  Clutch Disk,  There are two types of clutch disks:  




(a)  Rigid Disk,  has solid center section. 




(b)  Flexible Disk,  has dampener springs added to absorb load shock.

(ON SLIDE #52 BLANK)

TRANSITION:  We have seen how the power flow moves through the clutch we will now review the Manual (Synchromesh) Transmission.

(ON SLIDE #53, 54 MANUAL TRANSMISSION)

8.
THE MANUAL SYNCHROMESH TRANSMISSION  is the most common type used, this transmission uses a device called synchronizers to equalize the mating speed between gears, all vehicles that require speed changes on the move use synchronizers.

(ON SLIDE #55,56 SYNCHRONIZERS)


a.
Types of Synchronizers - There are four (4) types of synchronizers: 



(1)  Block Synchronizer,  is the most common synchronizer and uses a blocking  ring to equalize the mating speed of the gear engaged and the new gear desired. 



(2)  Plain Synchronizers,  is similar to the Block type, but with less components. 
                        



(ON SLIDE #57 DISK TYPE)



(3)  Disk and Plate, Utilizes clutch disks to engage selected gear ratios.


(ON SLIDE #58 PIN TYPE)



(4)  Pin, The least common type used, due to lack of strength.  

(ON SLIDE #59 BLANK)

NOTE:  REVIEW FIGURE #13 PAGE 3-8 FOS MANUAL, FOR FURTHER GUIDANCE ON THE OPERATION OF THE SYNCHRONIZER.

TRANSITION:  We will briefly review the hydrostatic drive and it's application.

(ON SLIDE #60 FULL HYDRAULIC DRIVES)

9.
THE HYDRAULIC DRIVE  This type of power application is relatively new and may be used in future transmission applications. This drive uses fluid under pressure to transmit power to the wheels or track.

(ON SLIDE #61 TYPES)


a.
Types of Hydraulic drives,  there are two types currently in use:



(1)  Hydrodynamic Drive, Low pressure & High velocity requires large components and fluid under high speed motion to produce work.



(2)  Hydrostatic Drive, High pressure & Low velocity and is the most common used due to its compact size, and high pressure application.

(ON SLIDE #62 COMPONENTS)


b.
Hydrostatic drive components, the following components make up the heart of the basic system: 



(1)  Pump - Fixed or Variable displacement, depending on application. 



(2)  Hydraulic oil circuit - Hoses or lines to direct pressurized fluid.



(3)  Motor - Fixed or Variable displacement, depending on application. 

(ON SLIDE 63 SCHEMATIC)


c.
Hydraulic schematic.



(1)  Reservoir with filter.



(2)  Charge Pump.



(3)  Transmission Pump, for speed and direction.



(4)  Drive Motor, directly connected to road wheels or track.



(5)  Cooler.


(ON SLIDE #64 COMBINATIONS)


d.
Pump and motor combinations - Depending on the application four (4) different combinations can be used in a hydrostatic system: 



(1)  Fixed Displacement, Pump and Motor - provides direct power output of both torque and speed.



(2)  Variable Displacement, Pump and Fixed Displacement, Motor -

Provides variable speed and constant torque. 



(3)  Fixed Displacement, Pump and Variable Displacement, Motor -

Provides fixed power input speed but variable torque.



(4)  Variable Displacement, Pump and Variable Displacement, Motor -

Provides all of the above speed and torque advantages but requires additional control circuits and additional operator  experience.

NOTE:  The student may read Chapter 5 of the FOS manual for a complete understanding of the hydrostatic system.

OPPORTUNITY FOR QUESTIONS:                                    
(2 MIN)

1.
QUESTIONS FROM THE CLASS:

2.
QUESTIONS TO THE CLASS:


Q.
What are the four (4) types of gear synchronizers?



A.
Block, Disk, Plain, and Pin.


Q.
What are the two (2) types of clutch disks?                  



A.
Rigid, and Flexible.

BREAK


                           

(10 MIN)

NOTE:  Remove Slide Tray Number 1, and insert Slide Tray Number 2.

INTRODUCTORY TRANSITION:  We have reviewed several transmission applications, with power flow starting at the torque converter, through the transmission; we will now move on to Wheels Tracks and Final Drives.











(50 MIN)

                                                                                     (ON SLIDE #1 PROPELLER SHAFTS)

10.
PROPELLER SHAFTS  From the transmission, propeller shafts transmit power to our differentials or final drives.
(ON SLIDE #2 SOLID SHAFT)


a.
Propeller Shaft Types - The two (2) most common types are:



(1)  Solid Shaft - Has a fixed length and a universal joint at each end.  Used when transmitting power from fixed plane to another  

(ON SLIDE #3, 4 TELESCOPING SHAFT) 



(2)  Telescoping Shaft - Has sliding elements that may have 2 or 3 u-joints.  It allows flexibility while still able to transmit power.


b.
Cardan Universal Joint Types - The two (2) most common type are: 



(1)  Single - One needle bearing sealed assembly.



(2)  Double  - Two assemblies mounted on a flexible housing.

TRANSITION:  On wheeled vehicles power is then transmitted to the differentials.

(ON SLIDE #5, CHAPTER 7 FAS DIFFERENTIALS)

11.
DIFFERENTIALS - 


a.
Differentials do 2 basic jobs:



(1)
First, a differential transmits power around the corner to the drive axles, and 



(2)
second, it allows each drive wheel to rotate at different speeds when turning, and still propel its own load.


b.
Types of differentials:

(ON SLIDE #6 STANDARD DIFF)



(1)
Standard Differential - Transmits power from the pinion and ring gear, to the side gears and spider gears, and through the axle shaft that has the least resistance.  This can be a disadvantage on soft or slippery surfaces, as the tire with the least resistance will spin.

(ON SLIDE #7, 8 HD, Diff)



(2)
Heavy Duty Differential - Similar to the standard duty, but has multiple Worm cut spider gears for added strength and tooth contact.



(3)
Locking Differentials - Two (2) types of locking differentials may be found on heavy equipment:  

(ON SLIDE #9, 10, 11, 12 LOCKING DIFF)

     

(a)  Automatic (No Spin) - The "No Spin" locking differential uses internal cams to lock both wheels in straight forward movement. In a turn the 
outside wheel will begin to spin faster, causing the internal cam to disengage and allow the outside wheel to freely rotate.

(ON SLIDE #13 AIR LOCK)



(2)  Air or Hydraulic Lock - Air or hydraulic fluid may be used in applications such as: 




(a)  Air - Air pressure moves a sliding yoke over the free axle and locks it to the differential.

(ON SLIDE #14 HYDR LOCK)




(b)  Hydraulic - The NEW MC 4000, forklift uses  Hydraulic fluid pressure to engage a disk clutch and locks the side gears together within the differential.

TRANSITION:  Power is transmitted from the Differential through Axle Shafts to the wheels.

(ON SLIDE #15 FULL FLOATING AXLE)

12.  AXLE SHAFTS - The most common axle shaft used in heavy equipment is the Full Floating axle, the weight of the vehicle is transmitted through the wheel hub and tires, the wheel hub is supported by tapered roller bearings on each side, and the axle shaft passes through the wheel hub.  There are two (2) types of full floating axle shafts used on heavy equipment:


a.
Fixed Solid Axle - This type of axle is used on rear wheel applications, to increase strength and multiply torque, a planetary gear set may be attached.

(ON SLIDE #16 FLEXIBLE AXLE)


b.
Flexible Steering Axle - The flexible steering axle provides both steering and power application. The Rzeppa Constant Velocity (CV) universal joint and the Cardan universal joint are the most common application.

(ON SLIDE #17 PINION DRIVE)

TRANSITION:  Tracked vehicles use many of the components we have previously reviewed, in addition to the following.

13.  PINION DRIVE - Pinion drives are primarily found on tracked vehicles, however the Small Emplacement Excavator (SEE), also uses this type.  On tracked vehicles there are two (2) pinion drive arrangements:  

(ON SLIDE #18, 19 SINGLE REDUCTION, MC 1150E and M-9 ACE)


a.
Single Reduction - Light Tracked vehicles (Under 35,000 lb draw bar pull) use this type for final drive gear reduction.

                          (ON SLIDE #20, 21 DOUBLE REDUCTION, CAT D7G)


b.
Double Reduction - Medium to Heavy Tracked vehicles (Over 35,000 lb draw bar pull) use this type for final drive gear reduction.

TRANSITION:  The last final drive we will review is the Chain Drive.

(ON SLIDE #22, 23 CHAIN DRIVE)

14.
CHAIN DRIVE  Currently there is only One (1)  tractor that uses chain drive, and that is the Caterpillar 130G Road Grader.   

(SLIDE #24 BLANK)

OPPORTUNITY FOR QUESTIONS                                      
(2 MIN)

1.
QUESTIONS FROM THE CLASS:

2.
QUESTIONS TO THE CLASS:


Q.
What are the two (2) types of propeller shafts?



A.
Fixed, and Sliding Yoke.


Q.
What are the three (3) types axle shafts?                  



A.
Fixed, Flexible, and Pinion.

BREAK









(10 MIN)

INTRODUCTORY TRANSITION:  We will now move on to Steering and Brake systems.

                                                              
(45 MIN)

                                 (ON SLIDE #25, 26 WORM GEAR STEERING)

15.
STEERING SYSTEMS  Steering systems used on heavy equipment are of the Hydraulic assist type and contain the following components:

                                                                               (ON SLIDE #27 COMPONENTS)


a.
Wheeled Vehicles:    



(1)  Hydraulic Tank



(2)  Charging Pump



(3)  Steering Gear Box




(a)  Worm Gear Type

(ON SLIDE #28 FULL Hyd, Cat 130G)




(b)  Rotary Type, Steering Box  

(ON SLIDE #29 Hyd, Assist 621B)



(4)  Linkage and Lines

(ON SLIDE #30)



(5)  Steering Control Valve



(6)  Follow-up Cylinders



(7)  Steering Cylinders

(ON SLIDE #31, 32 STEERING CYL)

(ON SLIDE #33 REAR WHEEL STEERING NEW MC 4000)

(ON SLIDE #34 TRACKED VEHICLE STEERING)


b.
Tracked Vehicles: Tracked vehicles use steering brakes to change or stop power flow going to either track, the following components make up the system:


(ON SLIDE #35 Selector)



(1)  Selector Levers

(ON SLIDE #36 Steering Valve)



(2)  Steering Control Valve 


(ON SLIDE #37 STEERING BRAKE VALVE)



(3)  Steering Brake Valve

(ON SLIDE #38, 39 STEERING CLUTCH LOCATION)



(4)  Steering Clutch

(ON SLIDE #40 CLUTCH PACK)



(5)  Clutch Pack




(a)
Clutch Hub 

(ON SLIDE #41, 42 HUB)




(b)
Pack

(ON SLIDE #43, 44 PACK)




(c)
Drum

(ON SLIDE #45, 46, 47 DRUM)




(d)
Return Springs

(ON SLIDE #48 DRUM SPRINGS) 

(ON SLIDE #49 STEERING PISTON)



(6)  Steering Piston




(a)
Inner Seal




(b)
Outer Seal




(c)
Piston

(ON SLIDE #50, 51, 52 OPERATION)




(d)
Operation:  Hydraulic oil from the charging pump is directed through the control valve, and pushes the piston, Slowing or locking the clutch pack, thus changing the speed of the track on that side.   

(ON SLIDE #53, 54, 55 PEDAL/PARKING BRAKE)



(7)  Brake Band:  The Brake band works in conjunction with the steering clutch while the engine is running, a separate parking brake lever is connected in the linkage for parking purposes.




(a)  Control Valve

(ON SLIDE #56 BRAKE CONTROL VALVE)




(b)  Brake Cylinders

(ON SLIDE #57, 58, 59 BRAKE CYL)




(c) Cylinder Pistons

 
(ON SLIDE #60 CYL, PISTONS)




(d)  Mechanical Linkage


(ON SLIDE #61 MECH, LINK)



(e)  Linkage and Band


(ON SLIDE #62 LINK AND BAND)




(f)  Hub and Band




(ON SLIDE #63 HUB AND BAND)

 (SLIDE #64 BLANK)

BREAK                                                         
(1O MIN)

INTRODUCTORY TRANSITION:  We will now review brake systems on wheeled vehicles.

16.  BRAKES  Wheeled vehicle brake systems vary, the following applications are found on heavy equipment:


a.
Disk Brake - Air over hydraulics.


(ON SLIDE #65 DISK BRAKE)


b.
Expanding Shoe - Air or Air over hydraulics.                         

(ON SLIDE #66 SHOE)



(1)  Single Acting, (Front Axles of the HSHM Crane)



(2)  Double Acting, (Rear Axles of the HSHM Crane)


c.
Air Chambers -                   

(ON SLIDE #67, 68, 69 AIR CHAMBER)



(1)  Single - Applies brake on demand, spring released.



(2)  Double Acting - 




(a)  Applies brake on demand.




(b)  Locks brake when there is no air pressure present.



(3)  Slack adjuster

(ON SLIDE #70 SLACK ADJ,)




(a)  Cam Actuated Shoes

(ON SLIDE #71 Cat 621B)




(b)  Segmented Expanding Shoe                                    



(4)  Trailer Brakes -         

(ON SLIDE #72 CAT 621B SCRAPER BRAKES) 




(a)  Brake Pad and Retaining Clip                               


(ON SLIDE #73 PAD & CLIP)




(b)  Air Tube Assembly 


(ON SLIDE #74 AIR TUBE)

(ON #75 BLANK)

NOTE:  Change Slide Tray #2 and continue with Slide Tray #3.                 



(c)  Operation

 (ON SLIDE #1 OPERATION)





1
Control Lever                         

(ON SLIDE #2, 3 BRAKE APPLIED)




2
Brake Movement 
                                                                

(ON SLIDE #4 HYDR, RETARDER)





3
Hydraulic Retarder - Located directly behind the engine is the hydraulic retarder, the retarder works in conjunction with the Scraper brakes and performs the following functions:                

(ON SLIDE #5 OIL/POWER FLOW, NOT ENGAGED)






a  Lubricating oil moves through the housing, through ring  gear, and out the drive shaft too the transmission.

NOTE:  SLIDE #5 shows retarder not engaged, brakes are not engaged.






b  Power flow moves from the fly wheel, through the planetary gears, through the Sun gear spinning the stator, fluid coupling drives the rotor thus transmitting power out the drive shaft.   

(ON SLIDE #6 RETARDER ACTIVATED)






c  When the Scraper brakes are applied, a proportioning valve monitors the amount of fluid force applied to the internal clutch pack, the sun gear slows, and rotor/stator output is reduced.         

(ON SLIDE #7 TORQUE CONVERTER)






d  With power output reduced the torque converter output to the transmission drops to assist the Scraper brakes.


c.
Brake clutches 

(ON SLIDE #8 CAT 130G)


(1)  Brake Discs

 



(ON SLIDE #9 HUB CUTAWAY)


(2)  Air Piston






(ON SLIDE #10 AIR PISTON)
SUMMARY: We have now reviewed all of the most common power train systems found on engineer equipment. 
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