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2.
INTRODUCE LEARNING OBJECTIVE (S):

a.
TERMINAL LEARNING OBJECTIVE: Provided an item of engineer equipment, test equipment, special tools, and a General Mechanic's Tool Kit, with the aid of references, repair the hydraulic system in accordance with the appropriate technical manual.  (1341.3.15)


b.  ENABLING LEARNING OBJECTIVES:



(1) Provided a hydraulic system schematic, with the aid of references, trace the oil flow through the hydraulic system in accordance with the appropriate technical manual.  (1341.3.15a)



(2) Provided an item of engineer equipment, with the aid of references, time test the equipment hydraulic system in accordance with the appropriate technical manual.  (1341.3.15b)



(3) Provided a test-gauge and an item of engineer equipment, with the aid of references, perform a pressure test on the hydraulic system in accordance with the appropriate technical manual.  (1341.3.15d)




(4) Provided an item of engineer equipment with a simulated malfunction in the hydraulic system and test results, with the aid of references, identify the component causing the malfunction in accordance with the appropriate technical manual.  (1341.3.15e)



(5) Provided a malfunctioning hydraulic system component, special tools, and a General Mechanic's Tool Kit, with the aid of references, disassemble the component in accordance with the appropriate technical manual.  (1341.3.15f)



(6) Provided a malfunctioning hydraulic system component, special tools, repair parts, and a General Mechanic's Tool Kit, with the aid of references, repair the defective component in accordance with the appropriate technical manual.  (1341.3.15g)



(7) Provided a disassembled hydraulic system component, special tools, a General Mechanic's Tool Kit, and a gasket kit, with the aid of references, assemble the component in accordance with the appropriate technical manual.  (1341.3.15h)



(8) Provided an item of engineer equipment, special tools, a General Mechanic's Tool Kit, and appropriate technical manuals, with the aid of references, inspect the hydraulic system in accordance with the references.   (1341.3.15i)



(9) Provided an item of engineer equipment, special tools, a General Mechanic's Tool Kit, repair parts, and appropriate technical manuals, with the aid of references, replace any defective components in accordance with the references.  (1341.3.15j)



(10) Provided a hydraulic system, special tools, a General Mechanic's Tool Kit, and appropriate technical manuals, with the aid of references, test the system in accordance with the references.  (1341.3.15k)


1.
HYDRAULIC COMPONENTS:
  


a.
TANKS:



(1)
Hold fluid and the walls help to dissipate heat. __________ 
______________________________________________________________________ 



(2)
Baffles are used to prevent hot return oil from flowing directly to the outlet.  The location of the baffles and the inlet and outlet passages prevent turbulent flow at the top of the tank that would mix air with the oil and cause cavitation at the pump.  Air in the system is bad news.  It tears up the pump quickly and causes the system to work softly, like a sponge. ________________________________
______________________________________________________________________



(3)
The tank can house filters and magnets that can clean the oil.  It usually has a measuring device such as a dipstick, sight glass, or level plug. ________________________________________________  ______________________________________________________________________



(4)
There are two types of tanks:




(a)
Vented:  The vented tank has a filler cap, which is just a plain cap.  It also has a vent that allows the tank to breathe as the oil expands and contracts.  The vent also has a small filter to keep out dirt. _______________________________________________________
______________________________________________________________________




(b)
Pressurized:   A slightly pressurized tank, a few pounds above atmospheric pressure keeps out dirt and it forces oil in the tank toward the pump; kind of supercharging the pump. ____________
______________________________________________________________________





1.
As the oil in the tank becomes warm and expands, it compresses the air trapped between the surface of the oil and the top of the tank. _________________________________________________________
______________________________________________________________________ 





2.
There is no vent in a pressurized tank, but there are two valves in the cap that are important.  One is an atmospheric valve and the other is a pressure relief valve. ______________________
______________________________________________________________________






a.  The pressure relief valve opens if the tank pressure becomes too high. ___________________________________________
______________________________________________________________________






b.  The atmospheric valve opens when the oil cools and the air pressure outside of the tank becomes greater than that inside the tank. _____________________________________________________
______________________________________________________________________



(5)
There is usually a strainer in the oil fill tube to keep out large particles when adding oil to the system. _______________________ ______________________________________________________________________ 



b.
FILTERS:



(1)
Filters can be mounted inside or outside of the tank, or in both places.  They usually have a safety bypass valve that opens if the filter element becomes plugged. __________________________________
______________________________________________________________________  

______________________________________________________________________
______________________________________________________________________



(3)
Maintenance of filters is the most important factor in obtaining long hydraulic system life. ________________________________
______________________________________________________________________
______________________________________________________________________ 


c.
PUMPS:  Pumps create flow. There are several types of pumps in existence today.  The most commonly used are the gear, vane, and piston pumps. 



(1)
Gear Type pumps.




(a)
Oil travels around the periphery of the case, trapped around the gear teeth.  It does not travel through the middle of the meshing gears. _______________________________________________________
______________________________________________________________________




(b) 
The moving teeth are continually separating from each other.  This causes ever-increasing space as the teeth move farther apart.  Atmospheric pressure forces more fluid into this space. ______
______________________________________________________________________
______________________________________________________________________




(c)
As the teeth continue around, they trap the fluid against the pump case and carry it to the outlet side of the pump.

______________________________________________________________________
______________________________________________________________________
______________________________________________________________________




(d)
Some gear pumps are equipped with pressurized wear plates. As oil pressure increases in the discharge cavity, the plates are pushed harder against the side of the gears.  Causing the plates to seal tightly when the pump is loaded and relax when there is no load. ________________________________________________________________
______________________________________________________________________




(e)
Rotary Gear pump uses the same principles as the gear pump, but uses less gear teeth and larger oil chambers to move oil. __
______________________________________________________________________
______________________________________________________________________ 




(2) Vane pump. It is made up of a housing, rotor and vanes. ___
______________________________________________________________________




(a)
The vanes slide in and out of the grooves in the rotor.  The rotor fits inside the housing and is driven by a shaft. __________
______________________________________________________________________
______________________________________________________________________




(b)
The rotor is not centered in the housing, thus the vanes are forced in and out of the slots as the rotor rotates.  The increasing space at the inlet creates a low-pressure area, which is filled by oil flowing from the tank. _________________________________ ______________________________________________________________________There are two types of Vane pumps:





1.
Balanced: Balanced pumps are preferred because they allow an even load of oil around the circumference of the pump shaft, this reduces wear on the pump. _______________________________________
______________________________________________________________________ 





2.
Unbalanced: As the name implies only one side of the pump forces oil through, causing the oil load to shift to one side of the pump. ____________________________________________________________
______________________________________________________________________



(3)
Piston Pumps:  There are primarily two types, the Axial and Radial piston pump. __________________________________________________
______________________________________________________________________

 


(a)
Radial Piston Pump: A radial piston pump operates similar to a vane pump in that the action of the rotor causes the pistons to move in and out.  A piston moving outward receives oil from the intake cavity and a piston moving inward forces fluid through the discharge cavity. ____________________________________________________
______________________________________________________________________




(b)
Axial Piston Pump: The axial flow of the fluid provides a more compact design and is the second most widely used pump in the industry next to the gear pump.  The components that make up this pump:

1. Charging Pump: Primes the pump to prevent


cavitation. ________________________________________
_______________________________________________________





2.
Inlet/Outlet Ports: ________________________________ ______________________________________________________________________





3.
Pivot: Only found on variable displacement pumps. __
______________________________________________________________________ 





4.
Swash plate: 






a.
As an incline plane the swash plate sets the pistons at an inclined, the pistons will pickup fluid and force it out as they spin around. _________________________________________________
______________________________________________________________________






b.
A plate is used to direct intake and discharge flow. During half of a revolution, a piston draws fluid from the intake port. _________________________________________________________
______________________________________________________________________ 






c.During the other half of a revolution, it forces fluid out of the discharge port. ____________________________________
______________________________________________________________________

5. Servo Valve/Compensator: Used to change the displacement/output. ___________________________
________________________________________________





6.
Piston: Draws and discharges the fluid. ____________
______________________________________________________________________

7. Cylinder Block: Holds the pistons and rotates. _____
____________________________________________________




(c)
Changing displacement. This is accomplished by changing the angle of the swash plate.  _______________________________________
______________________________________________________________________
______________________________________________________________________





1.When the swashplate is at an angle, fluid is moved by the reciprocating pistons.  The greater the angle, the greater the flow or displacement. ________________________________________________
______________________________________________________________________





2.
When the swashplate is tilted in the opposite direction, the flow is reversed.  The inlet becomes the outlet and the outlet becomes the inlet. ____________________________________________
______________________________________________________________________





3.
The position of the swashplate can be controlled by a small hydraulic cylinder called a "Servo".  By directing oil to one side of the piston or to the other, the position of the swashplate is changed. _____________________________________________________________
______________________________________________________________________





4.
The swashplate angle can also be controlled with a spring loaded cylinder called a pressure compensator.  When pressure at the discharge port equals spring pressure, the swashplate is vertical and the pump does not move any fluid. _______________________
______________________________________________________________________





5.
When discharge pressure decreases, the compensator spring forces the swashplate to move to an angle that causes the pump to move fluid.  The pump has the ability to adjust itself to the flow requirements of the system. __________________________________________
______________________________________________________________________


d.
Advantages and Disadvantages.  



(1)
Gear pumps are the most widely used because they are easiest to manufacture.  They can produce large volumes of flow for their size and they are more tolerant to dirt than the vane and piston pumps.  Sometimes they are noisier than the other types because of fluid pulsation at the discharge port, caused by the shape of the gear teeth. _______________________________________________________________
______________________________________________________________________ 



(2)
Vane pumps are quiet because the vanes are small and close together.  They are self-compensating for wear because as they wear, the vanes simply move farther out in the slots.  Generally, vane pumps cannot tolerate as much dirt as gear pumps and are not used when high volumes of flow or high volumes of pressure are required. ____________
______________________________________________________________________
______________________________________________________________________



(3)
 Piston pumps can withstand very high pressures and have a feature which allows them to very their displacement.  They are critical of dirt and are a little more difficult to manufacture. _____
______________________________________________________________________
______________________________________________________________________


e.
ACCUMULATORS: 



(1)
Accumulators can be thought of as pressurized tanks.  They perform several functions:




(a) 
Stores energy to relieve the load on the pump. _______
____________________________________________________________________________________________________________________________________________




(b)
Act as a shock absorber. _____________________________
____________________________________________________________________________________________________________________________________________






(c)
Build pressure gradually. ____________________________
______________________________________________________________________
______________________________________________________________________




(d) 
Maintains system pressure under load. ________________
______________________________________________________________________
______________________________________________________________________




(e)
Act as a temporary supply of oil. ____________________
______________________________________________________________________
______________________________________________________________________



(2)
There are three types of accumulators in use today:




(a) 
Spring Loaded - can be mounted in any position but has a slight disadvantage in that it delivers flow back to the system, and can change system pressure, depending on the amount of the spring that is compressed.  This means that the pressure under which the fluid is delivered changes. ___________________________________________________
______________________________________________________________________




(b)
Weighted - The weighted version delivers fluid under a constant pressure, but to handle high pressure, the weight would have to be huge.  Also, it would have to be mounted vertically only. ______
______________________________________________________________________
______________________________________________________________________




(c) 
Pneumatic - Which is the most common, because it can be mounted in any position, uses an inert gas (DRY NITROGEN ONLY), the change in pressure during fluid delivery is not very great. __________
______________________________________________________________________
______________________________________________________________________

CAUTION:  Always read the service manual before disassembling an accumulator. Never charge a gas-pressurized accumulator with oxygen or acetylene or any other gas except dry nitrogen.  Dry nitrogen is used because it is an inert gas that will not support combustion, If you use anything else you could have an explosion.


f.
DIRECTIONAL CONTROL VALVES:  Control valves direct oil flow for application of systems, attachments, or tools.  There are three common types, Spool valve, Rotary valve, and Check valve.
  



(1)
Components: 




(a)
Body, Contains machined ports and guide ways. ________
____________________________________________________________________________________________________________________________________________




(b)
Spool Valve, A machined rod with lands that fit snugly, oil film seals the lands and ports. __________________________________
______________________________________________________________________
______________________________________________________________________




(c)
Actuator, A lever, pedal, spring, passageway, or solenoid to move the spool. __________________________________________
______________________________________________________________________



(2)
Types of Spool Valves - The most common type of spool valves are referred to as, Open center or Closed center. ____________________
______________________________________________________________________  




(a)
Open Center - Allows pump flow to pass through the center when the valve is in neutral. _________________________________
______________________________________________________________________ 




(b)
Closed Center - Stops pump flow when in neutral, oil cannot leave or enter either side of the cylinder.  There are other types depending on the application refer to the individual technical manual, if you are servicing the valve themselves. ___________________
______________________________________________________________________


g.
RELIEF VALVE.  The purpose of any relief valve is to protect the hydraulic system and its component parts from excessive pressure or damage.  There are several types for various applications:



(1)
Direct Acting Relief Valve: 




(a)
Pump flow passes the valve on its way to the load.  A spring pushes down on the spool and holds it in the closed position.  The spring pressure can be changed by adjusting the screw on the top of the valve. ________________________________________________________
______________________________________________________________________  





(b)
When the load becomes great enough oil pressure overcomes spring pressure and the spool opens.  This allows pump flow to vent to the tank, thus limiting maximum system pressure. __________
______________________________________________________________________




(c)
There are two problems with simple relief valves:





1.
As pump flow increases, maximum system pressure also increases.  The passage to the tank represents a restriction, the more flow that tries to pass through it, the higher the maximum system pressure.  ___________________________________________________________
______________________________________________________________________





2.
Another problem that often occurs is that the relief spool will vibrate.  Pressure increases until the spool opens.  The spool opens and the pressure drops.  As soon as the system pressure drops the spool closes again. ________________________________________
______________________________________________________________________



(2) Piston/Pilot Operated Relief Valve:  This type of relief valve eliminates problems found in a simple relief valve.  





1. There is a piston/pilot which is held closed by a spring. The spring tension can be changed by adjusting the screw on top of the valve. ____________________________________________________
______________________________________________________________________





2.
A second light spring holds the spool on its seat.  The spool has a passage right through the center of it.  Pump flow passes through the valve on its way to the load. _____________________
______________________________________________________________________





3.
The back-pressure created by the load acts against the bottom of the spool.  This pressure also passes through the center of the spool and pushes on the top of the spool, and on the bottom of the pilot. ___________________________________________________________
______________________________________________________________________





4.
As long as the pressure is not great enough to open the pilot, the spool will remain closed.  It will remain closed because there is exactly the same pressure pushing down on it as there is pushing on the bottom of it.  Plus, there is the light spring holding it closed. ___________________________________________________
______________________________________________________________________




(b)
OPEN





1.
When system pressure reaches maximum, the small pilot will open and reveal a passage to the tanks. ___________________
______________________________________________________________________





2.
When the pilot is open there is oil flowing through the passage in the center of the spool. ______________________________
______________________________________________________________________
  





3.
If pump flow is increased, there is more flow attempting to pass through the center of the spool, so the pressure drop across the spool is greater. ____________________________________
______________________________________________________________________
  





4.
The result is that the spool will open farther to let more oil flow to the tank.  The pilot always opens at the same pressure and the spool modulates up and down to maintain a constant maximum system pressure, regardless of pump flow. ____________________
______________________________________________________________________


h.
FLOW CONTROL VALVES: A flow control valve is required when a component within a system requires a lower operating pressure than other components. There are several types:



(1)
Simple type valve operation:




(a)
Pump flow enters the valve and flows to the load.  As the flow through the valve is increased, the pressure drop across the orifice is increased. ________________________________________________
______________________________________________________________________




(b)
When the flow becomes great enough, the space moves to the right against spring tension and reveals a passage to tank.  As pump flow is increased and decreased the spool in the valve will modulate back and forth to limit the amount of flow that is allowed to reach the load. ______________________________________________________
______________________________________________________________________



(2)
Check Valves:  A spring-loaded spool, which opens to allow flow in one direction and closes to block flow in the other direction.
______________________________________________________________________
______________________________________________________________________ 


i.
Hydraulic Actuators.  An actuator is a component that moves the device on a piece of equipment.  It can produce either linear or circular motion. _____________________________________________________
______________________________________________________________________  



(1) Cylinders.  A cylinder changes hydraulic energy back into mechanical energy. It is used for linear (Strait line) motion. _______
______________________________________________________________________
______________________________________________________________________
  




(a) Single Acting - Single-acting cylinders produce work in only one direction.  Gravity or weight will cause the cylinder to retract once fluid flow is allowed to leave the cylinder. ____________
______________________________________________________________________
______________________________________________________________________




(b) Double Acting - Double acting cylinders produce work in two directions.  Oil can enter ether side of the cylinder to produce work, or control a load. _____________________________________________  
______________________________________________________________________






1.
Unequal (Unbalanced) - The piston of an unequal cylinder will have less "push" area available on one (1) side, this is due to the rod end taking up some of the piston area. ________________
______________________________________________________________________
______________________________________________________________________ 






2.
Equal (Balanced) - The piston contains a rod on both ends. Speed of operation will be equal. ______________________________
______________________________________________________________________
______________________________________________________________________   





3.
Stroke Control - Some Cylinders contain a stroke or movement control device to limit the "bottoming" of the piston within the cylinder. ________________________________________________________
______________________________________________________________________
______________________________________________________________________





4.
Slave Cylinder - Some attachments may use an added cylinder, to supplement or control movement of the load. _____________
______________________________________________________________________





5.
Cushion Cylinder - To lesson shock loads the cylinder may have an added space past the inlet/outlet port to keep the cylinder from over extending. ____________________________________
______________________________________________________________________
______________________________________________________________________



(2)
Vane Type Cylinders: Vane cylinders produce circular motion. Vane actuators are used in the suspension system, to allow the body of the vehicle to be dropped to the ground while performing earth-moving functions. ___________________________________________________________
______________________________________________________________________
______________________________________________________________________
  


j.
MOTORS.  A motor is almost exactly the same in design as a pump except that it works in the opposite sense.  A pump converts mechanical energy to hydraulic energy whereas a motor converts hydraulic energy to mechanical energy and provides rotary motion.  There are several types of motors in use:



(1)
Gear Motors: ______________________________________________ ______________________________________________________________________



(2)
Vane motors: ______________________________________________
______________________________________________________________________



(3)
Piston motors: ____________________________________________
______________________________________________________________________
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