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INTRODUCTION







(1 MIN)

1.
GAIN ATTENTION:  Modern construction equipment frequently employs the principles of hydraulics to transmit and multiply force needed to operate blades, booms, buckets, forks, steering and brakes.  They also utilize the principles of hydraulics in cooling, lubricating and fuel systems of engines.  With this in mind we can see that knowledge of hydraulics will be of extreme value to the mechanic in maintaining high operating efficiency, and maintaining construction equipment.

2.
PURPOSE:  The purpose of this period of instruction is to provide you with the knowledge necessary to service, troubleshoot, and repair hydraulic systems.

3.
INTRODUCE LEARNING OBJECTIVE(S):                
(2 MIN)


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)

4.  METHOD/MEDIA:  I will present this material by lecture, demonstration, and practical application.

5.
EVALUATION:  There will be a written and performance examination at the end of this period of instruction.










(ON SLIDE NO. 1, FOS MANUAL)

TRANSITION: As NCO mechanics, you may or may not have had the opportunity to maintain, repair, or troubleshoot hydraulic systems.  We will first review the components of several different systems, before we move into hydraulic system schematics.




BODY      







(44 MIN)

1.
THE HOW AND WHY OF HYDRAULIC COMPONENTS:  We will first review the components and their function within a hydraulic system:


a.
TANKS:   
            
(ON SLIDE NO. 2, TANK)



(1)
In addition to the obvious job of holding fluids, the walls of the tank work like a radiator 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 which 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.  Of course they must have openings to change oil, clean the tank, and change filters.

(4) There are two types of tanks:    










(ON SLIDE NO. 3, CONTAMINATION)




(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, the problem with vented tanks is that some contamination can get by the vent filter.







 




(b)
Pressurized -  A slightly pressurized tank, a few pounds above atmospheric pressure is often desirable because it 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:





(ON SLIDE NO. 4 FILTER)


(1)
Filters can be mounted inside or outside of the tank, or in both places.  No matter where they are located, they usually have a safety bypass valve which opens if the filter element becomes plugged.  When the valve is open, there is no filtration, but no filtration is better than no oil.



(2)
Here is a typical, externally mounted filter.  On the left you see the normal flow and on the right you see what happens when the bypass valve opens.  This type of filter is mounted inside of the tank and submerged in the oil.  On the left is normal flow and on the right is bypass flow.










(ON SLIDE NO. 5, FILTER)



(3)Maintenance of filters is probably the most important factor in obtaining long hydraulic system life.  Neglect the filters and the system is doomed to a quick death.










(ON SLIDE NO. 6, PUMPS)


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. We will take gear pumps first.










(ON SLIDE NO. 7, GEAR PUMP)



(1)
Gear Type pumps.




(a)
A mistake many people make when they look at a gear pump is that they get the direction of flow backwards.  Oil travels around the periphery of the case, trapped around the gear teeth.  It does not travel through the middle of the meshing gears.













(ON SLIDE NO. 8, OIL TRAVEL)




(b) 
Here is why oil travels around the outside.  As you see here, the moving teeth on the left hand side are continually separating from each other.  This causes an ever-increasing space as the teeth move farther apart.  Nature has a thing about vacuums, and so the oil fills the void.  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 right side of the pump.




(d)
Now as the teeth begin to approach each other to mesh, the space between them constantly diminishes.  The fluid cannot get by the case or between the tightly meshing teeth, so it is forced through the discharge opening.




(e)
Some gear pumps are equipped with pressurized plates. One plate sits on each side of the gear set.  An internal passage leads from the discharge cavity to the outside of each plate.  As oil pressure increases in the discharge cavity, the plates are pushed harder against the side of the gears.  Thus, the plates seal tightly when the pump is loaded and relax when there is no load.










(ON SLIDE NO. 9, ROTARY GEAR PUMP)




(f)
Rotary Gear pump.  Uses the same principle as the gear pump, but uses less gear teeth and larger oil chambers to move oil. 










(ON SLIDE NO. 10, VANE PUMP)



(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)
Because the rotor is not centered in the housing, 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 that is filled by oil flowing from the tank.  The oil is carried by the vanes to the discharge side,  here the space decreases which causes the oil to be forced through the discharge passage.  There are two types of Vane pumps:









       









(ON SLIDE NO. 11, BALANCED/ UNBALABCED)





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. 







(ON SLIDE NO. 12, AXIAL, RADIAL PISTON PUMPS)



(3)
Piston Pumps.  The next group of pumps are the piston pumps.  There are primarily two types: the Axial piston, and the Radial piston pump.  The first one is the:
















(ON SLIDE NO. 13, RADIAL PUMP)

 


(a)
Radial Piston Pump - first type is called a radial piston pump because it has a radial configuration, like that of early aircraft engines.  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.  A piston moving inward forces fluid through the discharge cavity.








(ON SLIDE NO. 14, INLINE AXIAL PISTON PUMP)




(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 following components 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  
Swashplate, explained further: 






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. 













(ON SLIDE NO. 15, INTAKE)






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










(ON SLIDE NO. 16, DISCHARGE)






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





5 
Servo/Compensator, used change the displacement or output.





6
Piston, draw and discharge the fluid.





7
Cylinder Block, holds the pistons and rotates them from inlet to outlet ports.












(ON SLIDE NO. 17, DISPLACEMENT)




(c)
Changing displacement,  This is accomplished by changing the angle of the swashplate.  When the swashplate is straight up and down.  Although the cylinder assembly is rotating, there is no flow because the pistons are not moving back and forth in the cylinder.





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.






        









(ON SLIDE NO. #18 - PICTURE GEAR PUMP)


d.
Advantages and Disadvantages.  Each of the three pumps we have covered, the gear, vane and piston, has its own particular advantages.



(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.











(ON SLIDE NO. 19, VANE PUMP)



(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.










(ON SLIDE NO. 20, PISTON PUMP)



(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.










(SLIDE NO. 21, BLANK)

NOTE:  (Turn off Slide Projector)

OPPORTUNITY FOR QUESTIONS 



(2 MIN)

1.
QUESTIONS FROM THE CLASS:

2.
QUESTIONS TO THE CLASS:


Q.
What is the purpose of the baffles inside hydraulic tanks ?


A.
To stop hot oil from immediately reentering the system and to prevent turbulent flow at the top of the tank.


Q.
What type of valve is in hydraulic filters?


A.
Bypass valve.


Q.
What is the most common type of Pump used?


A.
Gear Type. 


Q.
What is the purpose of side plates in the Gear type pump?


A.
To seal the sides of the gears and prevent cavitation.

SUMMARY: (1 MIN) We have gone over the first three components in hydraulic systems, tanks and filters, and pumps.  Remember, knowing what the components are and what they do can make repairs on equipment much easier.

BREAK   







(10 MIN)

Note:  (Turn on Slide Projector)

TRANSITION:  We will now continue with hydraulic system components starting with Accumulators. 

BODY








(45 MIN)


e.
ACCUMULATORS            
(ON SLIDE NO. 22, ACCUMULATOR)


(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.

  








(ON SLIDE NO. 23, SPRING TYPE)



(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.










(ON SLIDE NO. 24, WEIGHT TYPE)




(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.       









(ON SLIDE NO. 25, PNEUMATIC TYPE)




(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.










(ON SLIDE NO. 26, CAUTION)

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 which will not support combustion, if you use anything else you could have an explosion.







TRANSITION:  We will now move on to hydraulic control valves and there use.

                   (ON SLIDE NO. 27, 28 VALVE BODY/VALVES HYDRAULIC)


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.  Construction of spool valves include:   













(ON SLIDE NO. 29, VALVE BODY)



(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

solnoid to move the spool.






(ON SLIDE NO. 30, OPEN/CLOSED CENTER)



(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.   











(ON SLIDE NO. 31, BLANK)

TRANSITION:  Next we have to control fluid pressure so as not to damage components or cause a failure in the system, this is accomplished by the use of relief/flow control valve.










(ON SLIDE NO. 32, RELIEF VALVE)


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.  This means that with a simple relief valve, maximum system pressure will change as pump flow changes.





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.  This cycle repeats itself very rapidly and not only is noisy but it damages the spool and spool seat.

TRANSITION:  There is a second type of relief valve that does not have the problems the simple relief valve. 







(ON SLIDE NO. 33, PISTON/PILOT RELIEF VALVE) 



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











(ON SLIDE NO. 34)




(a)  CLOSED 





1  There is a piston/pilot which is held closed by a spring.  The spring tension can be changed by adjusting the screw on the 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, that is the pressure at which the valve is set to open, 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.  This flow through the passage, which can be considered as a restriction, causes a pressure drop.  The pressure acting 

on the bottom of the spool is now greater than the pressure acting on the top of the spool so the spool moves upward against its spring and reveals a second passage to the tank.





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.  This means that there is a greater difference between the pressure acting on the top and bottom of the spool.





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.

TRANSITION: Our next component is called a flow control valve.  They have a wide variety of applications.  In general they are used to limit the amount of flow to a specific circuit.






(ON SLIDE NO. 35/36 VOLUME CONTROL VALVE TYPE)


h.
FLOW CONTROL VALVES.  The flow control 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: 








(ON SLIDE NO. 37, FLOW CONTROL VALVE)  




(a)
Pump flow enters the valve at the left and flows to the load at the right.  Note that there is a spring-loaded spool with an orifice, or restrictor, in the center of it.  As the flow through the valve is increased, the pressure drop across the orifice 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.









     (ON SLIDE NO. 38, CHECK VALVES) 



(2)
Check Valves.  A check valve is a very common component found in hydraulic systems.  It is nothing more than a spring loaded spool which opens to allow flow in one direction and closes to block flow in the other direction.

              



                  (ON SLIDE NO. 39)


TRANSITION: We will now review hydraulic cylinders, and their applications.









(ON SLIDE NO. 40, HYDRAULIC CYLINDER)


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.  The most common application is cylinders:








(ON SLIDE NO. 41, SINGLE ACTING CYLINDER)



(1)  Cylinders.  A cylinder changes hydraulic energy back into mechanical energy, it is used for linear (Strait line) motion.  There are several types of cylinders:




(a)  Single Acting - Single-acting cylinders produce work in only one direction.  Oil enters the inlet/outlet side of the cylinder causing the piston to move.  Gravity or weight will cause the cylinder to retract once fluid flow is allowed to leave the cylinder.




(ON SLIDE NO. 42, DOUBLE ACTIVE EQUAL HYDRAULIC 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.  There are several subtypes and features of the double acting cylinder also:







(ON SLIDE NO. 43, UNEQUAL HYDRAULIC CYLINDER)





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.  This causes the rod end to move faster, but with less force, the piston side will move slower, but with 
more force.





2
Equal (Balanced) - The piston contains a rod on both ends, thus equalizing the "push" on both sides,  speed of operation will be equal.   








(ON SLIDE NO. 44, ADDED FEATURES)





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

















(ON SLIDE NO. 45, SLAVE CYLINDER)





4
Slave Cylinder - Some attachments (Buckets, hoists, blades) may use an added cylinder,  to supplement or control movement of the load.








(ON SLIDE NO. 46, CUSHION CYLINDER)





5
Cushion Cylinder - Some system requirements may create shock loads that could damage the system lines or hoses, to lesson shock loads the cylinder may have an added space past the inlet/outlet port to keep the cylinder from over extending. 









(ON SLIDE NO. 47, VANE ACTUATORS)



(2)
Vane Type Cylinders - Vane cylinders produce circular motion, the only vehicle in the Marine Corps inventory that uses this cylinder is the M-9 ACE.  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.










(OFF SLIDE NO. 48)

TRANSITION:  The last component that we will cover is hydraulic motors.









(ON SLIDE NO. 49,types of MOTORS)


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.


(ON SLIDE NO. 50)
OPPORTUNITY FOR QUESTIONS                                     
(3 MIN)

1.
QUESTIONS FROM THE CLASS:

2.
QUESTIONS TO THE CLASS:


Q.
What controls internal system pressure ?


A.
Relief valve.


Q.
What controls the movement of hydraulic fluid ?


A.
Directional Control Valve.


Q.
What changes hydraulic energy into mechanical energy and provides linear movement?


A.
The cylinder.


Q.
What limits the amount of flow in a circuit?


A.
Flow control valve.

SUMMARY:







(1 MIN)

      We have covered all the basic components used in hydraulic systems; tanks, filters, pumps, accumulators, control valves, cylinders and motors.  The most complicated systems in the world are made up of these components.  If you understand these components, you will understand the systems.  But remember, it requires a constant effort to keep up with all the changes being made in the fluid power industry.


BREAK 








(10 MIN)

TRANSITION:  We have discussed the major components of hydraulic systems, we will now review getting hydraulic fluid to those components.  There are various ways of connecting these components together.  They are tubing, piping, and flexible hoses.

BODY                                                     
(30 MIN)

2.
HOSE SELECTION AND FABRICATION

NOTE(S):
1.
The following film will review the selection of hoses and fittings. Also how to fabricate the different types of hoses.

2.
Show ITV Film #1, Hose Selection and Fabrication)










         (ITV FILM TIME: 15 MIN)

3.
Controlled Discussion on ITV Film #1                 
(2 MIN)   

4.
SLIDE #51 through #58 will only be used to further cover hose fabrication after the ITV film #1.


(a)
(SLIDE NO. 51 HOSE TYPE)


(b)
(SLIDE NO. 52 PRESSURE SELECTION)


(c)
(SLIDE NO. 53 INSTALLING HOSES)


(d)
(SLIDE NO. 54 INSTALLING #2)


(e)
(SLIDE NO. 55 PERMANENT FITTINGS)


(f)
(SLIDE NO. 56 TUBING)


(g)
(SLIDE NO. 57 TUBE TIGHTENING)


(h)
(SLIDE NO. 58 QUICK DISCONNECT COUPLERS)










            (SLIDE NO. 59 BLANK)

OPPORTUNITY FOR QUESTIONS                                      
(3 MIN)

1.
QUESTIONS FROM THE CLASS:

2.
QUESTIONS TO THE CLASS:


Q.
When under pressure, how much can a hose shrink?


A.
Four percent.


Q.
What does a -32 hose inside diameter measure?


A.
2 inches.

TRANSITION:  Now that you all are familiar with the types of hoses, fittings and their fabrication, let's see how to fabricate these hose assemblies yourselves.




(15 MIN)

SUMMARY:  Hydraulic hose assemblies are just as important as pumps, cylinders, and the other components in hydraulic systems.  Properly fabricated and maintained hoses will ensure equipment readiness.

BREAK                                         
(10 MIN)  








      (ON SLIDE NO. 60, FLUID POWER SYMBOLS)

TRANSITION:  Learning the language of national fluid power symbols is important for anyone working with hydraulic systems.

BODY                                                          (47 MIN)









(ON SLIDE NO. 61, COMPONENT SYMBOLS)

3.
THE LANGUAGE OF FLUID POWER SYMBOLS.  All equipment manufacturers provide fluid power schematics and have proven to be an effective means of communication among engineers, manufacturers, salesmen and servicemen.  Hydraulic systems can be represented in simple, easy to read symbols.  Solving problems is simplified for the troubleshooter because he has a complete representation of a system he can use to think through the problem before beginning the actual repair work.  Let's take a look at the most commonly used symbols beginning with those for tanks and filters.

NOTE:  SHOW VTR FILM # VTR 8023, "HOW TO READ SYMBOLS IN HYDRAULIC SCHEMATICS" 










              
(20 MIN) 

OPPORTUNITY FOR QUESTIONS FOR VTR #8023                        (2 MIN)

  Questions from the class will be answered during the practical application portion on an individual basis.









   (ON SLIDE NO. 62, PICTORIAL DIAGRAMS)


a.
Types of Diagrams.  There are two principle types of diagrams used within the industry: 






(1)  PICTORIAL DIAGRAMS - Use line drawings and pictures to illustrate fluid power symbols, this type of diagram is not standardized and will vary from manufacturer to manufacturer.
(ON SLIDE NO. 63, SYMBOLIC DIAGRAM)



(2)  SYMBOLIC DIAGRAMS - Use standardized graphic symbols to identify fluid power symbols, the following symbols are in standardized use:




(a)  TANKS AND FILTERS:
(ON SLIDE NO. 64, VENTED TANK) 





1
Here is the symbol for a vented tank with an externally mounted filter.









(ON SLIDE NO. 65, PRESSURIZED TANK)





2
Here is the symbol for a pressurized tank with an internally mounted filter.












(ON SLIDE NO. 66, OIL PUMP)




(b)
PUMPS:





1
Usually the first item after the filter is the pump.  Or an oil pump, the triangle in the circle is solid.  Notice that the triangle points outward from the center of the circle.










(ON SLIDE NO. 67, AIR PUMP)





2
The symbol for an air pump is just the same except the triangle is left open.  A pump that pumps in one direction is known as a unidirectional pump.  With the symbol as it is this would indicate a fixed displacement pump as well.


(ON SLIDE NO. 68, DIRECTIONAL PUMPS)





3
A pump that can pump in either direction is indicated by a circle with two triangles.










(ON SLIDE NO. 69, DISPLACEMENT)





4
By adding an arrow, a fixed displacement pump is changed to a variable displacement pump.










(ON SLIDE NO. 70, TANDEM PUMPS)





5
Tandem pumps provide higher flow output, depending on the applications such as high or low speeds used on cranes, forklifts, etc.   

                             (ON SLIDE NO. 71, TWO POS. DIR. CON. VAL) 




(c)  DIRECTIONAL CONTROL VALVES: 





1
A directional control valve is symbolized with a series of squares. The number of squares indicates the number of positions a valve has.  A "two-position" valve could have a raise and lower position.









(ON SLIDE NO. #72 VALVE POSITIONS)





2
A "three-position" valve could have a neutral, raise and lower position.  A fourth position could be a float.



 





(ON SLIDE NO. #73 OPEN CENTER VALVE)





3
Here is the symbol for an open center directional control valve.  Pump flow passes through the valve and back to tank.







        (ON SLIDE NO. 74, CLOSED CENTER VALVE)

  



4
In a closed center valve, pump flow is blocked at the valve.










(ON SLIDE NO. 75, CLOSED PORT)






a  In a closed port valve, the oil contained in the actuator cannot leave the actuator when the valve is in its center position.

                         


(ON SLIDE NO. 76, OPEN PORT)






b  In the open port valve, the oil can leave the actuator when the valve is centered.  Both open and closed center valves come in open and closed port versions.









(ON SLIDE NO. 77, CENTERED VALVE)





5
When valves are illustrated in fluid power symbols, they are always shown in the center position.  The arrows in the adjacent squares show the direction of oil flow while operating the valve.  The arrows never move, you will have to imagine that they do.









(ON SLIDE NO. 78, EXTEND CYLINDER)






a  Imagine that the square on the right is in the center position.  You can see how the pump-flow is directed to extend the cylinder and the exhaust flow is directed to the tank.

NOTE:  CHANGE SLIDE TRAY #1, AND INSERT SLIDE TRAY #2 









(ON SLIDE NO. 1, RETRACT CYLINDER)






c  The square on the left indicates the position in which pump flow is directed to retract the cylinder.










(ON SLIDE NO. 2, ACTIVATORS)





6
By adding small symbols to the main symbol, we can show how the valve is actuated.  Here, for example, we have a solenoid activated, spring centered valve.










(ON SLIDE NO. 3, ACTIVATORS)






a  Here we have a pedal and lever.









(ON SLIDE NO. 4, ROLLER ACTIVATED)






b  Here is a roller activated valve.






 



(ON SLIDE NO. 5, LIMITER SWITCH)






c  Here is a roller activated valve with an electric limiter switch, which can be used to activate a warning buzzer, light, or to  cut out the spool to neutral.










(ON SLIDE NO. 6, MOTORS)




(d)  MOTORS:  Motors are easy to illustrate.  They are just the opposite of pumps.  For a motor, the triangle points inward.










(ON SLIDE NO. 7, TRIANGLE)





1
A way to keep it straight is to remember that a pump sends fluid out from itself and so the triangle points outward.  The motor receives fluid so the triangle points inward.










(ON SLIDE NO. 8, DIRECTION)





2
Both pumps and motors can be unidirectional or bi-directional.










(ON SLIDE NO. 9, DISPLACEMENT)





3
Pumps and motors can be variable or fixed displacement by adding an arrow through the symbol.










(ON SLIDE NO. 10, CYLINDERS)




(e)  CYLINDERS:





1
The symbol for a cylinder looks just like a cylinder.  Here is the symbol for a single-acting cylinder.









(ON SLIDE NO. 11, DOUBLE CYLINDERS)





2
Here are double-acting cylinders, those with equal piston areas and those with unequal piston areas.

                  




(ON SLIDE NO. 12, RELIEF VALVES)




(f)
RELIEF VALVE:  An essential part of any system is the relief valve.  It offers an alternative route from pump to tank.

                         


(ON SLIDE NO. 13, OPERATION)





1
Imagine that the arrow in the box is movable.  Spring pressure pushes it down to block oil flow to the tank and hydraulic oil pressure in the pilot line pushes it up to allow pump flow back to the tank.  A dotted line is always a representation of a pilot line and a solid line always represents a main line.  As pressure in the main line increases, it also increases in the pilot line.  When pilot pressure overcomes spring pressure, the valve opens. 










(ON SLIDE NO. #14 MOUNTING)





2
In this case, the one on the left indicates an externally mounted relief valve.  The control valve on the right has the relief valve incorporated in the same housing.  There are many ways to build a hydraulic system.  It could be made of a series of individual components such as the system illustrated on the left, or more than one component could be contained in the same housing as is illustrated on the right.  The dotted line square is placed around those items which are contained in the same housing.




  





(ON SLIDE NO. #15 ACCUMULATORS)




(g)  ACCUMULATORS:





1
The graphic symbol for an accumulator closely resembles the real object.  Here is the spring loaded type.










(ON SLIDE NO. #16 GAS/WEIGHTED)





2
Gas pressurized. 





3
Weighted accumulator.










(ON SLIDE NO. #17 LINES)




(h)  CONNECTIONS:  These are symbols for hoses, tubes, and pipes.  Those that connect with one another have a dot at the connection.  Those that do not, do not have a dot.



1
Lines 


(ON SLIDE NO. #18 CONNECTIONS)


2
Connections  
(ON SLIDE NO. #19 ARROWS)


3
Arrows       
(ON SLIDE NO. #20 PIPES/HOSES)


4
Pipes and Hoses
(ON SLIDE NO. #21,22,23 CHECK VALVES)



(i)
CHECK VALVES:  Check valves permit flow in one direction and block it in the opposite direction.  They are illustrated like this.









(ON SLIDE NO. #24 QUICK DISCONNECTS)




(j)
DISCONNECTS:  Quick disconnects are very similar to check valves.  There are two ways to show them, connected or disconnected.









(ON SLIDE NO. #25, 26 ORIFICES)




(k)
ORIFICES:  Orifices or restrictors are often used to control flow in various systems.  Some can be adjusted and others cannot.










(ON SLIDE NO. #27 FILTERS)




(l)
FILTERS:  Filters are found within the schematic as this.










(ON SLIDE NO. #28, 29 COOLERS) 




(m)
Coolers/Conditioners:  The symbol is similar to filters except that the diamond symbol has two black triangles at two corners.










(ON SLIDE NO. #30 TOOLS)




(n)
TOOLS:  These symbols represent tools that are used to measure the performance of systems.  The symbols bear a close resemblance to the real thing.             










(ON/OFF SLIDE NO. #31 END)

OPPORTUNITY FOR QUESTIONS



(3 MIN)

1.
QUESTIONS FROM THE CLASS:

2.
QUESTIONS TO THE CLASS:


Q.
What does the arrow stand for when it's shown with a pump symbol?


A.
Changes it from fixed displacement to variable displacement.


Q.
What does the dotted line around a group of valves represent?


A.
All valves are in the same housing.

SUMMARY:







(1 MIN)

1.
These are the symbols most often used.  There are others that you will encounter, but if you thoroughly understand the ones presented here, the rest will come easily.  There is a complete set of symbols in your SRT.

2.
Because of the rate of changes being made in the fluid power industry, it is a good idea to keep current with new symbols as they begin to be used.  This will help make troubleshooting hydraulic systems easier and more efficient.

BREAK                                                        
(10 MIN) 

TRANSITION: Now that the symbols for components are covered let's put them together on a schematic and trace the oil flow through a hydraulic system.  Knowing how the oil flows through a hydraulic system schematic is very important to you as an Engineer Equipment Mechanic.

BODY                                                        
(45 MIN)

4.
SCHEMATIC READING AND GENERAL HYDRAULIC SYSTEM IDENTIFICATION

a.
Turn to the fold out page of your student handout marked "Hydraulic Schematic Lower." We will use the hydraulic system of the High Speed High Mobility Crane (HSHMC) as the schematics for tracing the flow through several of the cranes subsystems.  The hydraulics for the crane consists of the following subsystems:









(SHOW - HYDRAULIC SCHEMATIC LOWER)



(1)
Starting over on the left of the page, is one-half of the outrigger circuit.  On the top, left is a vertical outrigger cylinder holding valve. Only the vertical cylinders require a holding valve.  To the right of vertical outrigger cylinder holding valve and still at the top of the page is a horizontal outrigger cylinder.  In the center along the left margin, you can see four outrigger cylinder control valves.  There is a dotted line around all four valves.  That means the four valves are contained in one single valve bank. 



(2)
To the right of the outrigger circuit is the suspension circuit.  At the top, you see two suspension cylinders and two at the bottom. There is one suspension cylinder for each wheel.  Below the suspension cylinders at the top, there are four suspension lock valves.  One lock valve for two suspension cylinders. 



(3)
At the center top of the page, you see a block marked hydraulic swivel.  The swivel provides a way for the hydraulic fluid to pass between the lower hydraulic circuits and the crane or upper hydraulic circuit, staying on line with the swivel and near the center of the page is the engine, the pump drive, and the pumps. 



(4)
Below the pumps at the bottom of the page, are two return filters and the tank.



(5)
Further to the right is the steering circuit.  There is steering control from both the crane cab and the carrier.  At the top and the bottom there are two front steering cylinders.  Go down just below the number 9 in the block representing the swivel.  The first thing you will see is the steering pressurization valve. Below the steering pressurization valve, there is a high-pressure filter with a bypass relief valve. To the right of the filter, is the steering flow divider.  The flow divider ensures a consistent 8 GPM flow to steering.  To the right of the flow divider is the steering valve and the steering float valve. 



(6)
Finally on the far right is the other half of the outrigger circuit.









(SHOW - HYDRAULIC SCHEMATIC UPPER)



(7)
The crane schematic is so big that there is one for the lower, and one for the upper.  The upper schematic is basically your crane, while the lower is the carrier. 



(8)
On the lower left hand side is the crane cab steering circuit. This circuit ties into the front steering cylinders that you saw on the lower hydraulic schematic.  The main parts of this circuit are a steering priority valve on the bottom and the steering valve on the top. 



(9)
Above the upper steering circuit is the hydraulic winch control.  Starting at the bottom, you see the main winch valve.  Above that is the winch counter balance valve and the main winch motor. Off to the left is the winch brake. 



(10)
 To the right of these two circuits is the clam shell circuit.  There are special plug-in components on the crane for the hydraulic system.



(11)
 In the center directly above the swivel, you can see the climate control circuit.  This circuit provides both the heating and the air conditioning.



(12)
 The next circuit is the boom hoist and telescope circuit.  The components for this circuit are spread out over the right side of the schematic.  Above the swivel and slightly to the right, you see the boom hoist/telescope valve.  The hydraulic flows branch after this valve.  The 

left branch goes to the boom hoist cylinder and holding valve.  The right branch goes to the telescope components. 



(13)
 Finally on the far right is the swing circuit with the swing valve, the swing motor, and brakes.









(OFF SH - HYDRAULIC SCHEMATIC UPPER)

TRANSITION:  Now that we have identified the general circuits lets take a look at the individual components.  The pictures that you'll see show you what each item looks like. 








(ON SH - COMPONENT IDENTIFICATION LOWER)


b.
COMPONENT IDENTIFICATION



(1)
Over on the left hand side, for example, is the outrigger control bank. You have four of these valves on the back of the machine and another four on the front of the machine. You can see from the symbol here that these valves have two functions - on and off.  They are solenoid operated, spring returned.  There are 4, in a valve body, indicated by the dotted line around them.  They control the outriggers.  That's what they look like.


(2)
The vertical outrigger cylinder is located up on the left side above the outrigger control bank.  This is the cylinder body.  Look at the rod that comes out the bottom., and then the top of the cylinder, you have this large valve next to it, which is the holding valve.  That block is welded on and the individual valves are mounted into that block.  You have a little relief valve, a check valve, and two pilot circuits.  This curve means that you have a hose loop going to the cylinder, another hose loop down. 



(3)
To the right of the vertical outrigger cylinder is the horizontal outrigger cylinder



(4)
Sticking with the hydraulics, (near the bottom of the page approximately one third of the way from the left margin) this is the outrigger extend/retract valve or outrigger mode valve.  It is a directional valve, it has three sections to it.  It is electrically operated and also has a manual control.  If you look very closely at the symbol (located to the right of the picture), the manual push button symbol is there too. 



(5)
Moving on, there are eight cylinders for suspension. Look directly above the outrigger mode valve on the top of the viewgraph and you will see a picture of one of the suspension cylinders.  The suspension cylinders are connected together in pairs.  For each pair of cylinders there is a lock valve and an accumulator.  On the front of the crane, you are going to see two lock valves and two accumulators, one on each side of the frame.  To the right of the suspension cylinder you can see a picture of the accumulator. 



(6)
Over here, in the middle near the top, there is a picture of the high-pressure filter with the outrigger relief valve, mounted right next to it.  The high-pressure filter is on the steering circuit that comes through a small solenoid valve.  This is the flow control valve. 



(7)
If you look at the symbol right under the hydraulic swivel, here, that's the steering valve.  Normally, you would find a little steering wheel hooked up. You can steer from both the upper and the lower, so the steering circuits have to be separated.  Over here we are looking at an engine.  Two squares, one inside the other. That is the formal symbol for a power plant.  In this case, it is diesel.



(8)
The box here represents the pump drive.  That pump is driven by the transmission.  You see two pumps in one housing.  These are two double pumps on the top of the transmission One double pump is for the steering/winch boost and swing/heater.  The other double pump is for the boom hoist telescope and the winch pump. 



(9)
For the winch we use a 56 GPM pump shown here. That gives us same speed. When you're operating the crane, the steering pump is still turning, so we can take the steering oil and add it to the flow from the winch pump.  This gives us an additional 32 GPMs of oil.  So we're putting 88 GPMs of oil into the winch motor. 



(10)
 This is the hydraulic swivel.



(11)
 The suspension cylinder is only a 7-inch stroke cylinder. The oil coming back to the tank is filtered through a 7-micron filter.







(ON SH - COMPONENT IDENTIFICATION UPPER)



(12)
 Turn to the next page.  The winch is on the upper left.  This is a two-speed motor.  Basically, it is two motors coupled together. Then on the back of the two motor section, there is a long slender valve mounted horizontally on the back end of the winch motor.  It looks like a great big "T." This is your two-speed selector valve, mounted crosswise on the back end of the motor.  Then on the back of that, piggybacked on the selector valve, there is a square block. That square block is the counterbalance valve, shown down here.  You notice how all of this is shown together – two-speed motor, speed shiftier, counterbalance valve.  The brake that you are looking at here is internal in the winch.  Coming down here is the main winch control valve. 



(13)
 Look at the steering system on the bottom left. It is at the bottom end of the steering column.  On the top, is the steering valve. Below the steering valve is a steering priority valve that is a pressure compensated flow divider.  We are going to go through that one in detail later on. 



(14)
 The clamshell solenoid valve is over to the left center. Directly above that are the cylinders.



(15)
 Moving up a little, this represents the motor for the 

air-conditioning - heater drive.  It is hydraulic motor driven with the swing system.  This is the flow divider.  The flow divider splits the oil flow between the air conditioning - heater motor and the swing valve. 



(16)
 Moving to the right, the boom hoist and telescope control valve is down here.  The lower control valve is the boom hoist control valve, which is a three-section valve.  Above the boom hoist control valve is the telescope control valve and it has four sections. 



(17)
 The circuit branches to the boom hoist cylinders and the telescope cylinders.  On the telescope circuit, there is a combination of a pressure compensated flow divider and crossover release.  The telescope holding valves are directly mounted to the two boom telescope cylinders. These cylinders are mounted upside down in the crane. 



(18)
 Look to the lower far right hand corner.  This is the swing unit, with the swing motor and brake.  There is a swing brake, over here, on the inside.  The swing control valve is located here. There are two brakes for swing.  A lever operates one brake, and the other is foot pedal controlled.  At the bottom right of the viewgraph, what you see is the master cylinder for the swing brake.  It uses hydraulic oil. 








(OFF SH - COMPONENT IDENTIFICATION UPPER)

TRANSITION:  Up to this point we have discussed the hydraulic system components in rather general terms.  From this point on, we will begin to provide the specifics.










(ON SH - PUMP IDENTIFICATION) 


c.
PUMP IDENTIFICATION


(1)
On the next page, we have pump identification.  There are two double pumps mounted on the transmission.  Look at the front double pump. On the left, we have the front pump, or shaft end pump, which is for the winch. This pump is capable of 56 GPMs.  On the cover end, there is a smaller pump for the boom hoist and telescope. That pump is only capable 40 GPMs. 



(2)
Look at the other double pump.  The front, or shaft end pump, is a dual-purpose pump providing pressure for the steering and winch boost circuits.  This pump is capable of 32 GPMs.  The housing end of the pump is for the swing circuit and is capable of 30 GPMs.  When the crane is at the job site and we're not steering the crane, but operating it as a crane, we take this 32 GPM pump and we add it's flow to the 56 GPMs from the winch pump to drive the winch.










(ON SH - PUMP CIRCUITS)



(3)
This is a little more detail on the pumps.  Starting with the G2020 Gear pump on the right side of the machine.  The shaft end pump, provides for several circuits: steering, upper and lower, the outrigger / suspension charging, and the winch boost.



(4)
The cover end pump, "B," provides for the swing and swing brake, the hydraulic heater and air conditioner, and the oil cooler.



(5)
Paragraph C on the viewgraph states that the G2020 Gear pump does not have a disconnect.  That's based on a Department of transportation requirement.  Of all the priorities on the crane, steering is top priority. You cannot put a mechanical disconnect on a steering pump.  It has to be direct drive. 



(6)
The bigger of the two pumps is the G3030 Gear pump.  The pump, labeled "X", provides for the winch circuit.  The cover end pump, labeled "Y" provides for the boom hoist circuit and the telescope circuit.



(7)
Z points to the disconnect lever.


         


 



(ON SH - HYDRAULIC DATA)



(8)
The hydraulic data plate is fixed on the crane.  The layout is: the relief setting is in the series of boxes beginning with the box marked "PSI RELIEF SETTING", The GPM maximum flows are provided in the next row down.  Below this line there are a number of notes.

NOTE:  (DISCUSS NOTES)


(OFF SH - HYDRAULIC DATA)

BREAK                                                        
(10 MIN) 

TRANSITION:  For the past hour We have covered component identification on the lower and upper section of the crane.  And the information found on the data plate of the equipment. (Turn off transparency projector).

BODY                                                         
(50 MIN)

BOOM HOIST CIRCUIT - LOWER COMPONENT IDENTIFICATION

TRANSITION: Now, we can take a look at the first hydraulic function. We will start with the boom hoist.(









(ON SH - BOOM HOIST CIRCUIT LOWER)


d.
BOOM HOIST CIRCUIT



(1)
To begin our discussion of the boom hoist circuit lets start at the carrier components.  You remember that the cover end of right double pump supplies oil for two circuits.  These are the boom hoist and the telescope circuits.  There is a line drain between the picture of this pump and the schematic showing which pump we are talking about.  This rectangular unit to the right of the pump is the drive.  On top is a picture of the hydraulic swivel. 



(2)
This hydraulic swivel is sometimes called a rotary joint.  Circuit number 1 is the winch circuit.  The circuit numbers are stamped on the swivel. You are looking for your winch circuit, look for number 1 stamped on the swivel body.  The number may have been painted over and you may have to scrap off some paint.  The number 2 circuit on the swivel is the return for boom hoist telescope.  Number 4 circuit is the pressure coming off of this pump. 



(3)
The outside part of the swivel is the housing.  It's bolted down to the crane.  As the crane starts to swing, the housing and the connected components swing with it.  The inside of the swivel is the spool.  Down at the bottom of the swivel, you can see the bottom of the spool sticking out. Immediately above that piece of the spool is an arm with a slot.  That arm locks the spool to the carrier.  The hoses come up to the spool and the spool stands still.  As the crane swings the body swings with the crane.  The numbers down here at the bottom of the spool match the numbers on top of the body. 









(ON SH - BOOM HOIST CIRCUIT UPPER)   

      
(4)
Let's look at the upper components of the boom hoist circuit.  The control valves are all in this valve bank shown as a picture in the middle of the left side of the viewgraph.  The schematic for this valve bank is at the right side of the page.  This is what the valve looks like. 



(5)
Look at the bottom of the schematic for the control valve bank. The main relief valve is at the bottom of the valve bank.  Up from the main relief valve is a standard 3-section spool for the boom hoist. This is a one-cylinder boom hoist. 



(6)
The spool valve above the boom hoist's spool has a fourth position on it" This is the telescope spool.  This is a pilot operated port relief valve.  You remember that the data plate did not have any port relief data for the boom hoist. This port relief valve is for the telescope function.  There is not any port relief for the boom hoist because, if there was one and we went on relief the boom would drop.  Obviously, we only want to lower the boom under operator control. 



(7)
Here is the main relief valve. The oil comes up from the carrier, through the swivel, to the boom hoist spool.  If the pressure is too high, the pilot line is going to sense that pressure and relieve the pressure by letting this oil out. This relief is on the pump side of the circuit. 




(8)
Look at the top.  At the end of the cylinder, you have this big block that is a holding valve.  On a schematic drawing like this, we are showing that this block is separate from the cylinder.  We are only doing that to clarify the circuits.  In reality, that block is bolted right on to that cylinder. 



(9)
The holding valve is a protection device.  If I break a line somewhere, I do not want that oil to come out of this cylinder and let the boom come down.  That is all the holding valve does, ensures that if there is a loss of pressure the boom stays in place. 




(10)
 Before we start working with the schematics, there is one more word of caution.  On all schematics in the manual, whether they are electric, hydraulic or air, when you see a symbol of something, it is shown exactly the way it comes out of the box.  These viewgraphs have been changed to better show the flows by shifting the spools and other components.  That means that these viewgraphs are not always going to look exactly as the schematics in the manual do.  Look at the center section of the spools in this viewgraph this is where you would expect to see them in the schematic.  Now turn the page. 

NOTE:  (PASS OUT COLORED PENS)








(ON SH - BOOM HOIST CIRCUIT RAISE BOOM)



(11)
 As we go over these circuits you will need to use the pens to color the flow.  Red is high pressure.  That is not relief pressure; it is just high pressure.  The highest pressure in the system when you're operating it, is operating pressure.  Blue is tank pressure. You may think that the oil going back to tank is at zero PSI.  It is not.  Oil coming back out of these functions can go as high as 40 PSI if filters or other obstructions restrict it.  What do I do for pressures in between?  Use either green or yellow for intermediate pressure.  Some manufactures have hydraulic circuits where they have four or five different pressures in the entire system.  They show a typical tank pressure and then they are going to show different intermediate pressures, so they will use more than one color.  Green or yellow can be used there.  Now I want you to draw those colors in your book.  When you have the power flow traced, we will go over the hydraulic circuit in detail. 






(12)
 The circle with the arrow is the swivel.  The pump is located below the swivel.  The tank is to the left of the swivel.



(13)
 Pressure is coming through the swivel into the control valve.  This oil is available to the main relief valve.  We did not color the main relief valve in because we wanted to simplify the circuit.  As shown, the valve is not going on relief. 



(14)
 Here we are raising the boom so the spool valve is shifted to the raise boom position.  Oil is coming through the spool valve.  Following the oil flow from the spool valve, we come to the holding valve.  You see that there are two holding valves in one valve body.  For small cylinders, you need only one holding valve.  On large cylinders, to get a larger flow, you need more space for the oil to go through, so there are two holding valve in parallel.  The oil cannot flow through the two spools in the holding valve. So the oil comes around to the check valves.  These check valves are actually doing the holding when it is required. 



(15)
 The oil is going to flow across the check valves, join, and then go into the piston side of the boom lift cylinder.  Red side oil, the blue line, goes down the line through the spool valve to the tank. 



(16)
 When I bring the control lever back to neutral, the oil in the piston side, along with the weight of the boom plus the load on the hook, creates the pressure in the rod side and that pressure pushes against these two check valves.  The pressure pushes the check balls into their seats once they are shut you have the holding action. 

TRANSITION:  There are a number of parts to the holding valve, also some times known depending on the manufacturer as counter balance valves that we have not talked about yet.  To understand the other functions of the holding valve we need to take about lowering the boom. 

                              (ON SH - BOOM HOIST CIRCUIT LOWER BOOM)



(17)
 What we have done here is to show green up in here.  That's because there is a short time between asking for motion and getting it that we create an intermediate pressure here. 



(18)
 The boom hoist control valve is shifted to the lower position. In the holding valve, are two spool valves.  You notice how we shifted those and the arrows are in line. 



(19)
 The pump is not shown here. The swivel is at the bottom of the page.  We are bringing the oil up into the double control valve.  The boom hoist control spool is in the lower boom position.  High pressure oil is going up to the holding valve and straight through the holding valve to the rod side of the cylinder. 



(20)
 At this particular moment, we are also bringing this oil across the two orifices in the center of the holding valve.  They are just dampening orifices and this now becomes pilot oil.  These spools are pilot operated. The green oil from the cylinder comes down to the spool, and momentarily these spools are blocked.  Look at the green oil that comes over here and there is a green pilot circuit over here.  Some pressure is in this cylinder.  The load of the hook and the weight of the boom is trying to open up these holding valves.  At first there will not be enough pressure.  So, as pressure increases on the rod side, that pressure is being spread to both of these actuating devices plus increasing the pressure you see in green.  There is a double pilot to open these holding valves.  One pilot is the operating pressure of the system, the other pilot is the intermediate pressure built up in here.  Finally, the combination of these two pressures will open the valve and the cylinder will lower. 



(21)
 As the boom starts to lower, what happens to the intermediate pressure (The green pressure).  The pilot pressure here is going to drop off because the oil flow is not restricted.  That means that only system pressure is available to keep the spool pushed over and allow the oil to flow through. That is not enough pressure.  The spool will shift back and stop the oil flow.  This action will stop the boom from free falling.  The spool is going to do a little bit of hunting.  The pressure drops off, the valve springs want to close the oil flow, as the flow starts to close the pressure builds up again, and the spool opens up.  So this spool in this valve is hunting.  This pressure change is known as pulsating.









(ON SH - SYSTEM SUMMARY BOOM HOIST)



(22)
 Pump flow is 40 GPM. You remember from the hydraulic data plate that flow rates are measured at 2840 RPM under no load conditions.  The flow rate is plus or minus 3 percent.  Main relief valve operating pressure is 3000 PSI measured at 2600 RPM and that is plus or minus 100 PSI. 



(23)
 The manufacturer states that raise time is 40 seconds and lowering time is 20 seconds.








(OFF SH - SYSTEM SUMMARY BOOM HOIST)  

BREAK                                           
(10 MIN)

TRANSITION:  The next circuit we will discuss is the telescope circuit.  This circuit uses oil regeneration for extending the telescope.  What this means is the exhaust oil from one cylinder is brought back to the control valve, added to pump oil before the oil flows to the remaining cylinder.  So we are using exhaust oil which is giving us an additional 15 - 20 GPM, just the same as using a boost. 

BODY   








(50 MIN)


e.
TELESCOPE COMPONENT IDENTIFICATION






(ON SH - TELESCOPE CIRCUIT COMPONENT IDENTIFICATION)



(1)
Starting at the bottom of the page, you can see the swivel. Immediately above the swivel and to the right is the control valve bank.  This is the same valve bank used by the boom hoist circuit.  This time we are going to use the upper spool to control the telescope circuit. 



(2)
The next component up is the telescope flow divider for full power boom.  This is a pressure compensated flow divider.  Even though the load on the cylinders are tremendously different, the flow divider directs the oil flow to each cylinder ensuring that the flow is equal. 



(3)
Above the flow divider are the two telescope cylinders and telescope holding valves.  Again, there are the same double holding valves that we had on boom hoist. 



(4)
Below the telescope holding valve on the far right, there is a curve in the line.  This curved line represents a hose loop.



(5)
There are a few items on interest we should look at before we start discussing the power flow.  These are the hose loop and the cylinder piping. We will start with the hose loop. 










(ON SH - P&H HOSE LOOP SYSTEM)



(6)
Here is a picture of the hose loop system.  The hose loop ensures the hydraulic hose does not kink.  When the telescope is retracted, there is a lot of hose compressed into the sections.  The hose loop system controls how the hose is placed in the sections.  The hose runs inside the boom on a pulley.  You notice the pulley has a light metal cable with a spring for tension.  One end of the cable is fixed to one section and the other end is fixed to the other section.  When the section is retracted, the pulley is in the middle of the section.  As the section is moved out, the pulley moves with it towards the top.  This action feeds the hose out. During retraction, the pulley moves in and the hose is pulled back.









(ON SH - TELESCOPE CYLINDER PINNING) 



(7)
I will show you how we connect the boom's telescope cylinders.  This connection is unique - - the cylinders are inverted.  This provides for a parallel operation between the cylinders and the valve.  Follow this very carefully.  Here's the rod.  The piston side is up on the top.  The rod is open at the bottom end. 



(8)
The rod side has piston oil in there.  As I extend the boom out, the volume in the rod side is getting smaller and smaller.  The oil in the rod end is being exhausted through a tube welded on the top cylinder.  The oil comes from the rod side, through the tube, and out into the piston area of the next cylinder to help extend it.  I am using one cylinder for oil storage to 
pass the oil to the other one.  The piston sides fill up at the same time, in parallel.  The fact that I have the cylinders partially in parallel means I can use one short hose between the cylinders.










(ON SH - TELESCOPE EXTEND BOOM)



(9)
Now that you are familiar with the various components, let us look at the actions that extend the boom.



(10)
 Remember the telescope control spool valve has been shifted to the extend position.



(11)
 Pump oil is coming through the spool valve, then goes into the flow divider.  The flow divider is a pressure compensated valve that divides the oil flow to the telescope cylinders evenly.  The oil comes up at the center and the main flow of oil is split between the left and right variable restrictive fittings.  The left pilot line controls the right fitting and right pilot line controls the left fitting.  From here going out straight through the orifice these should be colored in red.  At this point, the pressure oil is splitting the flow.  Now you have four relief valves in the flow divider. The top two relief valves are crossover relief.  The bottom two-relief valves are poppet, which is a variable resistance relief valve.  If pressure gets too high on one side, it allows oil flow to the low-pressure side. 



(12)
 After the flow divider, the oil is going straight across the holding valves into the piston side of both cylinders for extension, getting equal extension on the cylinders.  Here rod side oil is flowing back across the holding valve, flowing out the second cylinder, back to the valve, and back to the tank.










(ON SH - TELESCOPE RETRACT BOOM)



(13)
 In this viewgraph, we are going to retract the telescope cylinder.



(14)
 Don't forget we must shift this control valve spool.  Coming off the top of the control valve spool we are bringing oil up to the telescope holding valves.  The action of the telescope holding valves is the same as the action at the boom hoist holding valve.  The load of the boom on these cylinders and the oil, that you see here in blue is actually under pressure so our pilot oil is trying to open these spool valves.  It cannot open all the way, but the pressure oil coming up from the pump not only is going into the rod side of both cylinders, but the pressure that it builds up is also trying to open both of these spool valves outward to the point where they will allow oil to flow through. 



(15)
 The heavier the load on the boom, the less oil pressure you need from the pump.  The lighter the load on the boom, the more oil I need coming out of my control valve to build up the pressure. 



(16)
 The double pilot will operate the holding valves allowing oil to go through from one cylinder to the other and on the return oil side.  The system is using pressure compensated return oil. 







(ON SH - TELESCOPE REGENERATION - EXTEND ONLY)



(17)
 This is what we call a regenerative circuit.  Regeneration works with the extend function only.  The forth portion of the telescope spool, right here, is where we're joining pump oil and exhaust oil. 



(18)
 Normally, rod side oil comes back to the control valve and returns to the tank.  When the spool is in the forth position, oil from the rod side is diverted to join with the high-pressure oil before it gets to the flow divider.  In regeneration, the oil is pumped out to the piston side and the exhaust oil flows to the control valve, joining with the oil coming from the pump. You're getting an additional oil for added power. 



(19)
 Since the flows are joined in the control valve bank before the relief valve, if the pressure is too high, the relief valve will open and the oil is then going back to tank. 



(20)
 There is the possibility that because of the load on the boom that the pressure in the piston side and rod side could equalize.  The boom will not telescope.  While the load is at stall, bring the control lever back to normal extend.  This lowers the pressure on the rod side.  All that is left is the weight of the load and the boom will telescope out. 

                            (ON SH - SYSTEM SUMMARY TELESCOPE CIRCUIT)



(21)
 Here is a little summary for the telescope circuit.  We are using a 40 GPM pump.  The operating pressures are 2700 PSI for extending which is the maximum for the port relief valve.  When retracting, the main relief valve limits the pressure to a maximum of 3000 PSI.  The extend and retract times are the same at 75 seconds. 

   









(ON SH - WINCH CIRCUIT COMPONENTOWER)

TRANSITION:  The winch circuit on this crane is a little different from most other cranes, we will now discuss those differences.


f.
WINCH CIRCUIT



(1)
The winch circuit operates from the pressure provided by the cover end pump you see shaded in the viewgraph.  This pump is rated at 56 GPM. Remember that this is one of the pumps that can be disconnected by using the disconnect lever.  The pump next to it is also used for the winch.  This pump provides the pressure for the winch boost. 

                               (ON SH - WINCH CIRCUIT COMPONENT UPPER)



(2)
Coming out of the swivel, we are coming up to the main winch valve.  The main winch valve is a single control valve for the winch only.  You notice that down at the bottom of the main winch valve, the main relief valve and the poppet valve are shown in the same relationship as they were on the flow divider for the telescope circuit. 



(3)
Above the main winch valve, you see the winch counterbalance valve. This pressure compensated valve works with the winch brake to provide lowering control. 



(4)
Above the counterbalance valve is a spool and a two-speed winch motor.  The winch motor is two motor sections with a mechanical coupling between them that holds the motors together. 



(5)
Below the two-speed winch motor is the hi/Low speed control spool. This control is air actuated.



(6)
The winch brake is pictured to the left. The brake release pressure is between 450 to 475 PSI.










(ON SH - WINCH MOTOR SPEEDS)



(7)
This winch has two speeds.  For high torque to lift heavy loads, the gear type motors are mechanically connected and driven as one motor.  This is the low speed operation.  When you want high speed we get it at the expense of torque.  One of the motors is disconnected and merely circulates the oil. Marine Corps specified certain speeds on this winch.  Low speed is not 50 percent of high speed.  In fact, the slow speed is almost 1/4 of the high speed.









(SH - WINCH CIRCUIT HIGH SPEED RAISE)



(8)
Let's take a look at this circuit with the main winch valve control set for raise.  High-pressure oil moves from the pump through the main winch valve to the counter balance valve.  The high-pressure flow passes through the check valve in the counter balance valve to the hi/low speed spool.  At the same time, pilot pressure is also being directed to the left side of the counter balance valve.  This pilot pressure and the spring push the counterbalance valve to the closed position that you see on the viewgraph.



(9)
For high speed raise, we have taken one motor section and simply made a loop out of it to keep oil in there, and kept it lubricated so it doesn't burn out.  The one that is doing the job is on the top, 100 percent of the oil is going to one motor and we only have half the torque, but we have high speed. The exhaust oil comes out the top motor and goes to tank. 



(10)
 The winch brake is on the low-pressure side.  There is a one-way clutch inside of this brake that allows the motor shaft to turn without releasing the brake.  When the operator starts to pick up a load, nothing happens until the pressure reaches 3000 PSI. 



(11)
 When the control lever is brought back to neutral, if I go below the 3000 psi, the winch will not lower because the brake is set.








(ON SH - WINCH CIRCUIT LOWER SLOW SPEED)



(12)
 Lowering the winch is more complex.  When the control valve is shifted to the lower position, hydraulic oil from the winch pump goes through the main winch valve to the right side of the counter balance valve and the winch brake.  Two locations let's look at the brake first. 



(13)
 The brake must release when the winch is lowering.  Starting at zero pressure, the speed is zero.  When the pressure gets between 450 and 475 and the brake starts to open.  With the brake open, the load will start to lower.  The counter balance valve provides much of the braking power and most of the control over the speed. 



(14)
 In the counter balance valve, pressure is directed to the right side of the valve to shift it to the winch motors.  The counter balance valve does the majority of the braking.  All the brake has to do is catch the last part of the load.



(15)
 This is a dampening orifice here on the right, there the oil comes in, to slide up against the spool.  There is another orifice on the left of the spool, this is a cushion.  There is also a spring to help push the spool to the right along with the pressure.  This is a pressure compensated valve because it has oil pressure on both sides.  This valve's function in lowering is to release the exhaust oil from the main winch motor back to the tank and control the speed. 



(16)
 The oil from the motor that is above the counter balance valve is going to be under pump pressure (shown as intermediate pressure to assist in seeing the changes).  Once the oil comes out of the counter balance valve, it is going to be at tank pressure.  The oil can't get out of the counter balance valve until the spool in the counter balance valve shifts.  When the pump pressure finally builds up enough, the spool moves over and some oil passes through.  The oil comes out and becomes low-pressure oil below the counter balance valve. 



(17)
 There are two different pressures you will be concerned with.   The first is cracking pressure that is the minimum pressure necessary to open the valve.  The second pressure is the pressure necessary to fully open the valve. Until the counter balance valve shifts, at or above cracking pressure, the circuit will buildup pressure.  Pressure will continue to build causing the winch brake to release.  When the valve shifts over exhaust oil flows from the winch motors through the hi/low speed control back to the counter balance valve and back to the tank. 



(18)
 The winch is lowering, but it is drifting down, the counterbalance valve has not opened yet.  The motor has the oil in there and the motor gears are turning, slipping in the oil and you have the load lowering.  Finally when the control lever is forward enough, the full open pressure is attained and the counterbalance valve opens.  The minute this valve opens up there is a normal oil flow through the winch.  When this occurs the lowering control increases.  This motor could have gained too much speed, but the minute that counterbalance valve opens up, there is a normal circuit is created slowing down the winch. 



(19)
 When the control lever is returned to toward neutral the load starts to slow down.  When the pressure in the counterbalance valve drops to below cracking pressure, the counterbalance valve closes down.  The winch speed is reduced way down and the load is lowered on the oil sheer in the motor.  From that slow speed, when the control lever is back to neutral, the brake will set and the speed goes back to zero. 









(ON SH - WINCH CIRCUIT SLOW SPEED RAISE)



(20)
 Quickly, we are going to go over slow speed raise.  The only difference between high-speed raise and the slow speed raise is the position of the hi/low speed switch and the winch motors that are used.  Oil pressure is coming up from the pump through main winch valve to the counterbalance valve which is closed.  The oil flows across the check valve to the hi/low speed valve to both winch motors.  Oil comes back out of the winch motors, through the hi/low speed valve, the counterbalance valve and the main winch valve to the tank.









(OFF SH - WINCH CIRCUIT SLOW SPEED RAISE)

TRANSITION:  We have been talking about the main winch valve and the immediate winch circuits.  You remember that this crane uses a winch boost to gain additional power.  Let us discuss how the winch boost works. 









(ON SH - WINCH BOOST-CLAMSHELL-STEER) 



(21)
 Let's go over the component identification.  Starting at the bottom right of the page is the swivel oil is brought up through swivel port number 7.  While not steering or using the clamshell oil is transferred to the winch circuit. 



(22)
 Directly above the swivel, you see the clamshell circuit components that consist of the clamshell solenoid valve and to the clamshell cylinders.



(23)
 To the left of the swivel is the steering pressurization solenoid and the steering priority valve.  The steering priority is a pressure compensated valve ensuring that oil must first go to steering.  That's a Department of transportation requirement.  While not steering, back-pressure shifts the spool over to allow the oil to flow into the winch circuit. 



(24)
 Above the steering priority valve is a check valve and the steering valve.



(25)
 Above the steering valve, you see the components for the winch circuit. The same components that we have been talking about.










(ON SH - WINCH BOOST)



(26)
 At the top of the page, you see a picture of the carrier dash.   We put this picture in here to remind you that all of these circuits require that control be transferred from the carrier cab to the crane cab before these circuits will work. 



(27)
 Now that you know the components and are aware of where you are in the schematic, we will go over high-speed raise using the winch boost.



(28)
 Remember that when the winch boost is being used there are two sources of oil.  Using the 56 GPM pump to bring oil up to the winch control valve through swivel port number 5.  Also, oil from the steering pump, at 32 GPM, is available to the main winch control valve. 



(29)
 Following the oil flow coming from swivel port number 7, the oil is blocked at the clamshell circuit.  That circuit also comes over towards the upper steering circuit.  The oil must get across the steering pressurization solenoid allowing the oil to flow into the steering priority valve.  The steering priority valve has been shifted to the winch boost position.



(30)
 While not steering, the back-pressure immediately shifts the spool in the steering priority valve to the left and diverts the oil to the winch circuit.  Allowing 32 gallons of flow. 



(31)
 The two flows, the winch pump and the winch boost, join and there is 88 GPM going to the winch, running 88 gallons through one motor section or both motor sections. 



(32)
 Oil flows up the circuit to the main winch control is shifted to the raise position, and up to the counterbalance valve, which is closed, across the check valve in the counterbalance valve.  Oil from the counter balance valve flows to the two speed valve to the winch motors.  In this schematic only one motor section is being used.  Oil flows through the two speed valve back to tank.









(ON SH - SYSTEM SUMMARY WINCH CIRCUIT)



(33)
 Let us move on to the winch system summary. 




(a)
The winch gives you 10,000 pounds line pull.




(b)  The operating pressure for the winch circuit is 2700 PSI. The pump flow using the winch boost is 88 GPM under no load.  88 GPM is a combination of 56 GPM from the winch pump and 32 GPM from the winch boost. 




(c)  The winch boost is gained by taking excess flow from the upper steering priority valve and directing that flow to the inlet of the main winch valve.




(d)  The maximum flow for the winch boost is 32 GPM.  The operating pressure is 2700 PSI.










(ON SH - SWING SYSTEM LOWER)


g.
SWING SYSTEM



(1)
Here are the carrier swing components.  The swing circuit uses the cover end pump.  This pump provides pressure to the air conditioning, the heating circuit and the oil cooler.  The swivel ports are number 3 for the return and number 6 for the swing pressure.  The relief valve on the right is a 3000 PSI relief valve.










(ON SH - SWING CIRCUIT UPPER)  



(2)
Shifting up to the crane components and starting on the left bottom, the component you see is the swivel.



(3)
Moving up along the left margin is the A/C/Heater priority valve. This valve ensures that 15 GPM is directed to the swing valve.  The valve is receiving 30 GPM, from the swing pump, at this orifice.  The orifice causes a restriction to slow the flow.  The first 15 gallons goes to the swing valve. 



(4)
The swing valve is in the center of the page.  The flow control valve will guarantee that there is no less than 15 GPM.  The swing circuit has priority.  What's left over goes up to the motor, on the upper left corner, to drive the heater and air conditioner system.  While at idle, the swing will get a lot more oil than the air conditioner.  Because there is a combination circuit, and an extra large swing motor on the crane, the operator will have swing. 



(5)
The picture of the swing valve is in the center of the viewgraph. Let's look at the other assemblies. The swing motor is directly above the swing valve.  Going down the right margin from top to bottom, you see the swing brake.  There are two pistons in the swing brake. One of the pistons is controlled by the swing brake release valve that is just below and to the left of the swing brake. The swing brake release valve is hand operated.  The foot brake, the second piston in the swing brake, uses the swing master cylinder.  This swing master cylinder is converted to be used with hydraulic oil. You do not use brake fluid, it uses hydraulic oil. 










(ON SH - SWING CONTROL VALVE)  



(6)
This is the swing control valve at the top and on the bottom is the hydraulic schematic for that control valve.  Number 1 are the anti-cavitation check valves.  Number 2 is the main control spool valve.  Number 3 is a spool shuttle valve. 



(7)
The spool shuttle valve works in this manner.  Fluid is available from two sources to operate only one circuit you must find a way to separate the circuits and still operate the brake circuit from two different sources. So a spool shuttle valve is needed.  Oil enters from one side and pushes the check ball down.  Oil will come through that same port and the check ball blocks the flow from the other port.  To operate the brake from the other port, the flow pushes the check ball back in the opposite direction to block the first port allowing us to operate the brakes from the other source. 



(8)
The shuttle is made of a synthetic material, and because of the action, eventually, it's going to deform causing the crane to swing one way well and the other way poorly.  This type of action is caused by the shuttle valve allowing oil to leak into other circuits.  Number 4 is a pressure compensator valve.  Number 5 is the swing relief valve. 








(ON SH - SWING CIRCUIT HOSE CONNECTIONS)



(9)
On the swing valve, the hose connections are shown here.  Lines number 1 and number 2, are the two lines that go out to the swing motor. Excess oil is sent back to tank through number 3, the tank port.  Number 4 is the spool shuttle valve.  Number 5 is the pump inlet port. Number 6 is the brake port.









(ON SH - SWING CIRCUIT - CHECK VALVE)



(10)
 There are two check valves in the swing circuit.  Number 1 is the return check valve.  When there is a cavitation situation, the return check valve will compensate.  The brake circuit check valve is number 2.  The brake check valve allows the crane to continue to swing when the swing control valve is in the neutral position.








(ON SH - SWING CIRCUIT UNLOADING TO TANK)



(11)
 This is the swing circuit unloading to the tank. The engine is running and control is switched to the crane cab.  Other circuits are being used but, not the swing circuit.  The pump is sending oil to the first spool valve in the bottom of the swing valve which is the compensator spool valve shown in the shifted position.  Oil enters the pump valve port and passes through the compensator spool valve to the main control spool valve and stops at the closed center.  The pressure backs up to the pilot line.  When the pressure in the pilot line builds up to 175 PSI, it will overcome the spring and shift the compensator spool valve over to the position that is shown. Excess oil returns back to the tank with return pressure.  The pressure gauge should read 175 pounds because it takes that much pressure to keep the compensator spool valve shifted.  While not using the swing valve, the system is in neutral flow.








(ON SH - SWING CIRCUIT SWING ACTIVATED)



(12)
 Let's activate the swing.  Keep in mind the main control spool valve has been shifted.  Oil enters the valve from the pump inlet port.  Oil is flowing through the compensator spool valve to the main control spool valve.  The main control spool valve is in the swing right position and is providing oil to the swing motor.  Oil coming out of the motor flows through the low pressure check valve and back to the tank. 



(13)
 There are two brake pistons in the swing brake.  One of the pistons is larger than the other.  The swing brake release valve works with the larger of the two pistons which provides more braking power than the piston associated with the swing master cylinder.  Disengaging the swing brake release valve, the check valve in the swing brake release valve is in the closed position.  This check valve stops the flow of oil from returning to the tank.  Pressure builds in the circuit in the area starting from the shuttle valve through the brake check valve to the swing brake.  This pressure will overcome the spring holding the larger piston.  The brake will release about 300 psi.  The pressure will continue to build to between 1200 and 1300 psi to start the swing. 



(14)
 When the main control spool valve is returned to neutral, no oil flows to the motor.  The oil pressure is going to shift the compensator spool valve over and the oil will flow to the tank.  The swing brake release valve is in the disengaged position and there is still pressure frame the brake check valve to the swing brake because the check valve has trapped the oil. The crane will continue to swing until the swing master cylinder (foot brake) is used.  The swing master cylinder sends oil up to the smaller piston in the swing brake which stops the swing motion.  There is still pressure in the circuit.  To continue swing motion, release the foot brake and move the control spool valve to energize the swing motor.  To prevent the pressure from releasing the swing brake, the operator must engage swing brake release valve.  When the swing brake release valve is moved to the engaged position, the oil flows back to the tank and the larger piston in the swing brake stops the crane from swinging. 



(15)
 Look at the shuttle valve at the top of the swing valve body. When shifting the control valve spool to get swing motion in the other direction, the blue line coming out of the control spool valve becomes red and the red line becomes blue.  The shuttle would shift up and the bottom line would be the source of supply to release the brake.  The shuttle is there to release the brake from either swing motion direction. 



(16)
 When the control spool valve is returned to the neutral position while the crane is still in swing motion.  The crane's momentum continues to swing the machine.  The motor is still turning; it's being driven through the gear train.  The oil circulates from the motor, down to the valve, and back up to the motor.  The anti-cavitation check valve reduces pressure on the return side by allowing 10 to 15 PSI of oil pressure back into the motor.  This circuit provides anti-cavitation for each swing direction. 









(ON SH - SWING CIRCUIT RELIEF ON)



(17)
 This schematic shows the swing circuit during the relief cycle. The control spool valve is the swing to the right position.  For any reason, if the built up pressure in the swing circuit is too high.  From the shuttle spool valve, oil flows to the brake check valve and the relief valve.  When the pressure builds up too high, the relief valve will open sending excess oil to the tank. 



(18)
 The relief in this case is a port relief, rather than the main relief.  Lets take time for a quick summary.  The pump provides 32 GPM under no load with a regulated flow of 20 GPM into the system.  The system operates at 1600 PSI. the swing speed is 3.1 RPM with no load.





    (ON SH - SYSTEM SUMMARY SWING/SWING BRAKE CIRCUIT)

TRANSITION:  We are going to look at the clam shell circuit next. This is another one of the circuits interrelated to the steering circuit. 










(ON SH - CLAMSHELL)   


h.
CLAMSHELL AND CLIMATE CONTROL CIRCUITS



(1)
The clamshell works off of the steering winch boost circuit.   

Let's go through the crane components that affect the clamshell circuit. Starting at the bottom right of the schematic is the swivel.  The clamshell uses swivel ports 1 and 7.  Directly above the swivel is the clamshell control valve and the clamshell cylinders.  To the left of the swivel is the steering pressurization solenoid and immediately above the solenoid is the steering priority valve. 



(2)
Oil flows from the swivel to the clamshell valve and the steering pressurization solenoid.  When the solenoid is not energized the hydraulic lines go to the check valve in the steering pressurization solenoid and the check valve blocks the flow of oil.  Now there is pressure to the clamshell valve 



(3)
The clamshell control valve is an air actuated solenoid valve. The high-pressure oil flows through the clamshell control valve to the check valves.  High-pressure oil flows through the check valve to the clamshell cylinder.  When this high-pressure oil meets the resistance caused by the return oil in the other side of the clamshell cylinder, pressure then flows through the pilot line to the other check valve opening this check valve and allowing return oil to go back to the tank. 



(4)
The check valve for the clamshell allow the jaws to remain in the position you put them in.  Let's turn our attention to the A/C and Heater.










(ON SH - A/C AND HEATER UPPER)



(5)
This motor, on the upper left, is the power source for both the heating and air conditioning.  The motor drives the compressor with a belt drive through a magnetic clutch. 



(6)
Oil flows from the swivel through port 7 to the flow dividing A/C-Heater Priority Valve allowing 15 GPM to flow to the motor.  Excess oil is directed to the swing valve.  When the oil comes out of that A/C-Heater Motor, it goes to the swing valve also. 



(7)
All swing oil is directed through the oil cooler.  Not all of the oil circuits include an oil cooler but because of the excessive heat created in this circuit cooler is required.  The cooling characteristics of the tank is not enough. 



(8)
A lot of heated oil is flowing into this cooler.  The oil is not cooled that much only 10 percent.  What really does the cooling is the extra amount of fluid used.  The cool oil is heated a lot in at the A/C-Heater motor, it goes through the swing valve and gets hotter, then it goes down to the oil cooler and cools the oil some, then back to the tank to cool down further. 



(9)
These dotted lines you see off of the A/C heater motor are drain lines.  Drain lines are used to lubricate the bearings on hydraulic motors and hydraulic pumps.  The high-pressure side of the motor or the pump seeps oil down into the shaft area where the bearings are.  This seepage is allowed to flow back to the tank. 



(ON SH - A/C AND HEATER #2)



(10)
 This is a little better picture of what the A/C-Heater Motor looks like.  Starting from the top, on the upper left, is a 200 PSI relief valve. The relief valve on the right is a 1200 PSI.  Just to the right of the 1200 PSI relief valve, there is the high/low sensor switch.  Below at the left center is a mesh-type suction filter.  The pump draws oil from the reservoir that is the box in the center. 



(11)
 At the bottom of the page, you see the entire assembly.










(ON SH - HYDRAULIC HEATER)



(12)
 The box between the pump and the motor represents the magnetic clutch. Moving up and to the right, there is 1200 PSI relief valve.  It is this relief valve that creates the heat.  Above the 1200 PSI relief valve is the temperature control.  Electrical heat sensors work with the temperature control to operate the solenoid and magnetic clutch in unison.  To the right of the 1200 PSI relief valve, the 200 PSI relief valve is protection for the heater core.  If for any reason the system gets plugged or if there's a restriction in the line, the 200 PSI relief valve is going to shift and oil will flow back to the tank.  To the left of the 200 PSI relief valve is the heater core and shaft.  These components transfer the heat to the cab. The 10 PSI relief valve is to protect the heater from overfill and acts as an overflow.  It is important to remember that the filter and the tank are part of the heater and not the main tank.  The heater has its' own hydraulic supply only the drive motor uses the swing circuit oil. 



(13)
 If the oil were already hot and the temperature sensor had reached the preset temperature, temperature control solenoid shifts to the oil to flow around the 1200 PSI relief valve.  At the same time the magnetic clutch would disengage and no additional oil would be provided to the circuit. 



(ON SH - SYSTEM SUMMARY HYDRAULIC HEATER AND AIR CONDITIONER) 

SUMMARY:  The hydraulic heater and air conditioner is in series with the swing circuit.  The oil goes to the climate control units before it goes to the swing circuit.  




(a)
 The pump flow is 32 GPM under a no load condition with a 15 GPM regulated flow. 





(b)  Operating pressure is 2700 psi and the total sum of heater and swing pressure - 3000 PSI controlled by a relief valve mounted directly to the pump outlet. 




(c)
 The oil cooler is in the swing return line.




(d)
 The cooler bypass valve includes pressure and temperature bypasses.




(e)
 The clamshell circuit pump flow is 32 GPM (no load).  With an operating pressure of 2700 PSI.  The circuit is pressurized the same way as the outrigger circuit. 




(f)
 The clamshell valve uses a double pilot operated check valve to lock the clamshell into position.




(g)
 The clamshell is an SL-3 item. The clamshell valve, hose reel, and clamshell are not standard for all units.  Quick disconnects are included on the crane so the this option can be quickly added to any unit. 



(OFF SH - SYSTEM SUMMARY HYDRAULIC HEATER AND AIR CONDITIONER)

BREAK:                                               
(10 MIN)

TRANSITION:  Now we are getting into carrier hydraulics.  Before we begin with the next circuit, let's discuss the location of the various components on the carrier. 

BODY           



                                    (50 MIN)







(ON SH - HYDRAULIC COMPONENTS LOCATION CARRIER)


i.
CARRIER COMPONENT LOCATIONS: 



(1)
The front of the carrier is shown on the top of the viewgraph.   The steering wheel for carrier steering is at the top left.  There is a mechanical connection from the steering wheel to the steering gear box.  The steering gear box is the first component in the upper center.  The hydraulic suspension cylinder is at the top right.  Two thirds down in the center is the swivel in the center of the slewing rim. 



(2)
Above the swivel and slewing rim is the steering flow divider. The hydraulic tank is above and to the right of the swivel.  The two return filters are mounted to the hydraulic tank.  Below the return filters in the center is another hydraulic flow divider, it is the steering priority valve. On each axle, there is the suspension lock valve and the accumulator. 



(3)
Oil from the outrigger circuit will supply oil for the suspension. As oil enters the suspension circuit, pressure is limited to 350 PSI.  The suspension pressure adjusting valve will allow this.  This component is pictured just below the hydraulic flow divider on the right. 



(4)
Just in front of the suspension pressure adjusting valve is a manual needle valve.  Once the suspension system is bled out, and the system is charged to 350 PSI, you must shut this needle valve.  The needle valve separates the suspension oil circuit from the other hydraulic circuits.  It is the manual shut off. 



(5)
Below the needle valve on the right is a double solenoid valve.   It is called the outrigger mode selector valve.



(6)
To the left of the outrigger mode selector, there is a 

high-pressure filter.  Right next to the high-pressure filter, is the outrigger relief valve.  The picture shows these two components are mounted to the same plate. 



(7)
In the outrigger circuit, the outrigger individual cylinder solenoids are mounted in a valve bank.  There's one valve for each cylinder. This valve bank is pictured on the lower left of the viewgraph. 



(8)
On the right there is a picture of a vertical outrigger cylinder. This cylinder fits into the U-shaped cutouts of the carrier.  We retract the outrigger beam and vertical cylinder slides into this slot, so that the total width of the machine remains road legal. 



(9)
The picture does not show them, but there are two vertical cylinders and two horizontal cylinders in the rear of the carrier for a total of four.  There are four corresponding four valves in the back.  In the front of the carrier, you have the same thing. 






(OFF SH - HYDRAULIC COMPONENTS LOCATION CARRIER)

TRANSITION: Now that you have a feeling for the location of the basic carrier hydraulic components, we will discuss the steering circuit. 


j.
STEERING CIRCUIT:


(ON SH - STEERING LOWER)


(1)
Let's start with the steering pump on the lower left.  Remember that the steering pump is the one that feeds six different circuits.



(2)
From the steering pump oil flows to the 20-micron high pressure filter. The high-pressure filter has a bypass relief valve on it.  All high-pressure filters have a bypass relief valve.  If the filter should plug up, it has to have a bypass valve to prevent damage to the system. 



(3)
After the filter, the oil flows in three directions.  Oil goes to the lower steering circuit to the right.  It also goes to the outrigger circuit to the left, and up to the swivel to the crane cab.  Remember on the clamshell circuit, we had a solenoid next to the steering in the crane cab?  We showed you that when it was energized, it allowed the oil to go to the steering circuit.  But when it's not energized, the steering circuit is blocked off in the crane cab. 



(4)
We are interested in the lower steering circuit so we will take the right turn.  Oil is coming out of the filter and to a solenoid valve, the steering pressurization valve.  The solenoid is de-energized.  That's the way the solenoid remains until the operator activates upper steering. 



(5)
Oil flows through the solenoid to a flow divider.  An arrow at 90 degrees to this line means this is a pressure compensated flow divider.  There is also a temperature sensor, shown as a line with a ball in this flow divider. 



(6)
The flow divider ensures there is a consistent eight GPM to the steering system regardless of pump speed.  The excess oil is diverted to other circuits.



(7)
The oil flows through the right side of the flow divider to the steering valve.  The line going to the left allows the excess oil to go back to tank.



(8)
The steering valve, to the right of the flow divider, has been shifted so the oil can flow to the next valve.  This valve is a directional control valve for left and right steering.  The center position is the neutral steering position. 



(9)
Look at the valve on the far right.  This valve isolates the upper steering and the lower steering circuits and is called the lower steering float valve.  While it is the position that you see here, oil pressure is directed from the steering valve to the front steering cylinders.  We will talk about this valve a little more later and what it does when control is in the crane cab.










(ON SH - STEERING FROM LOWER)



(10)
 Still steering from the carrier.  But, because the upper and lower steering circuits are interconnected, we are showing the upper steering circuit.  Also, there are two solenoids on the picture.  The first is above the filter in the bypass relief valve.  The second is above and a little to the left of the first.  The second solenoid controls the upper steering pressurization.  This is the first time we could see these two solenoids together on the same picture.  These solenoid activated spool valves are called the steering pressurization valves.  I'll show you what we mean by pressurization valves. 



(11)
 To steer from the carrier, the bottom solenoid is de-energized creating a clear circuit through this pressurization valve.  Tracing the circuit to the crane cab, the upper solenoid blocks the flow of oil to the upper steering circuit by a check valve.  This ensures pressure can be created in the lower steering circuit.  One switch, the carrier/crane switch activates the solenoids.  We will discuss this action further in both the electrical and air systems lessons.








(ON SH - STEERING AND RELATED CIRCUIT) 



(12)
 Let's illustrate that just a little bit better.  This viewgraph shows all of the circuits that the steering pump provides pressure to.  To use any one of these circuits, you must stop the discharge flow to build pressure in the circuit that you want to use.  The solenoid activated spool valves perform this function for the steering circuit. 










(ON SH - STEERING FROM LOWER) 



(13)
 There is oil flow from the steering pump through the lower steering pressurization valve to the steering flow divider.  From the steering flow divider and the directional control valve, the oil flows to the lower steering float valve.  Let's explain why we have this type of a valve. when operating in a straight line and the wheels hit a rut and they start to turn, the directional control valve will turn the wheels back instantaneously. That's why your power steering is so easy.  The minute the wheels try to turn while not steering, the directional control valve senses this turning and it will put pressure the other way to turn them back.  While steering from the carrier, the steering oil is coming out to cylinders, goes to the crane cab where the oil flow is blocked. 



(14)
 While steering from the crane cab, the upper steering motor is being used. The steering oil must not get into that directional control valve in the lower steering circuit.  If the crane cab steering oil could get into the directional control valve and the wheels turn, the lower directional valve would turn it back.  When steering from the crane cab, the lower steering float valve is energized to block the oil flow from reaching the steering directional control valve. 



(15)
 Let's look at steering from the crane cab.  The oil flows from the steering pump through the swivel, and to the pressurization valve.  If this solenoid were energized the oil would flow to the steering priority valve.  The steering priority valve is a flow divider and a relief valve.  The primary function of this valve is to divert the oil away from steering when not steering.  That is where the winch boost originates.  When the option to steer is chosen, the priority for this valve has to go to steering.  Steering from the crane cab requires more oil that steering from the carrier. Therefore, 12 GPM is directed to steering.









(ON SH - STEERING PRIORITY VALVE) 



(16)
 The steering priority valve is on the right.  The schematic for that valve is on the left.  This schematic is upside down from the one on the full circuit schematic we just looked at.  We gave you both views so that you can associate the numbers on the schematic with the physical components on the valve. Number 1 is the inlet from the pump and is called the pump inlet port. Number 2 is the main spool valve. Number 3 is a restricted fitting.  Four is the winch boost port. Five is the steering circuit port.  The dotted line coming back out of the steering spool valve and going down is the steering pilot line.  It is connected to number 6 the steering pilot line port.  The relief valve is number 7. Number 8 is a dampening orifice. 



(17)
 The spool is shifted over so that the oil pressure can flow through the valve to the steering circuit.  The spring holds the spool in this position.  The oil pressure is provided to the winch boost when this spool shifts.  From pump supply, the oil flows from port number 4 to the winch boost. 







(ON SH - MODES OF STEERING PRIORITY VALVE)



(18)
 In the picture marked number 1, on the left the pump oil is available, but with the engine off the spring pressure leaves the valve open to the winch boost circuit port and the steering circuit ports due to a lack of pressure to compress the spring or to move the spool.



(19)
 Look at the picture to the right.  When the engine is running, oil flows to the steering circuit.  The pressure has built up and oil is allowed to flow into the port on the right end of the valve to the right end of the spool valve pushing the spool valve to the left.  While not steering, most of the oil is going to flow to winch boost.  And if it is not needed in the winch circuit, it's going to go to the tank through the winch control valve. 



(20)
 When the winch boost is being used, oil pressure holds the spool valve open as shown on the picture on the bottom left.  The winch boost is being used, pressure drops in the winch boost port and the spool will slide back.  The minute it slides back, pressure builds back up.  When oil pressure is up, the pressure pushes the spool back. 



(21)
 When the steering circuit is being used as in the picture on the lower right.  Remember that most of the time some of the flow will still be diverted to the winch boost.  The steering priority valve will be modulating. The valve is influenced by pilot pressure for steering. The position of the valve changes as pressure demands change.  The pilot line from the steering valve provides oil flow to the left side of the spool valve.  That increased pressure pushes that spool to the right and the oil goes into the steering circuit.  When the pressure from the pilot line is very low, the spool valve is pushed to the left by the oil pressure from the orifice on the right. 










(ON SH - STEERING FROM UPPER)     



(22)
 Looking at the crane steering, oil flows from the steering pump to the through the filter in the bypass relief valve in the carrier circuit and through the swivel.  The pressurization valve is engaged and oil is allowed through to the steering priority valve.  The oil flow in the carrier circuit is blocked by the lower pressurization valve.  The oil flows from the steering priority valve through the priority check valve to the steering valve and the orbital steering motor, at the top of the schematic and actually in one valve at the bottom of the steering column.  Notice how the oil is trying to go back into the lower steering circuit.  This is why we use this lower steering float valve.  The lower steering float valve blocks the flow of oil. 



(23)
 High pressure oil flows to the steering cylinders to steer at the axle.  The axle is also mechanically connected to the lower steering valve causing both steering wheels to move. 








(ON SH - SYSTEM SUMMARY STEERING CIRCUIT)

SUMMARY: Let's look at our steering circuit summary.




(a)
 Starting with the crane cab steering:



When steering from the crane cab, only the front wheels steer. The main pump will provide 32 GPM under a no load condition.  12 GPM is directed to steering.  The operating pressure at upper steering is 2500 psi. The steering cylinders limit the wheel turn.  The cylinders are hydrostatic (Char-Lynn).  Steering cylinders limit wheel cut.  Adjustment is by way of threaded rod ends.  Rod ends on both sides of the cylinder should be adjusted simultaneously to ensure equal thread engagement and adequate thread strength. 

Note:  The steering wheel in the lower is mechanically connected to the steered wheels.  The lower steering wheel will spin when the vehicle is steered from the upper. 




(b)  The steering summary for the carrier steering circuit is:



 When steering from the carrier, pump flow is 32 GPM (no load), but only 8 GPM goes to the steering gear.  The operating pressure is 2000 psi.  This system uses a TRW integral power steering gear.  There are three steering selector valves.  All of these valves are shift to carrier steering when de-energized.





1 The upper steering selector valve is located just before the steering priority valve. This valve blocks the flow of oil to the upper steering and the winch boost when it is de-energized. 





2 The lower steering selector valve is located just ahead of the hydraulic swivel.  It blocks the flow of oil to the lower steering when it is energized.





3 The lower steering float valve is located on the right side of the crane behind the front outrigger box.  This valve allows the lower steering to float when upper steering is engaged.








(OFF SH - SYSTEM SUMMARY STEERING CIRCUIT)

TRANSITION:  Now that we have completed the steering circuits,  I think this would be a good time to get some stability.  When you talk stability, it's time to talk about outriggers.


k.
OUTRIGGER CIRCUITS:            
(ON SH - OUTRIGGER CIRCUIT)



(1)
This is the outrigger system on the carrier.  This system uses the steering pump also receiving it's fluid from the steering circuit.  Moving up and left from the high-pressure filter, you see the outrigger relief valve.  On line with the filter and to the left, this is the outrigger mode valve.  The outrigger mode valve is on the same panel as the relief valve and the high-pressure filter.  The outrigger mode valve determines if the cylinders are going to extend or retract.  At each end of the crane, there is a outrigger control valve bank.  You can see a picture of one of the two valve banks to the left of the outrigger mode valve.  These are your individual cylinder control valves.  One valve per cylinder.  On the upper left, there is a picture of the cylinder.  To the right of the cylinder, and there is a holding valve.  Every vertical cylinder has a holding valve.  It's a safety feature.  The valve is piloted to open mechanically.



(2)
Remember that the outrigger controls are in the crane cab.  So, to operate the outrigger, control has to be transferred to the crane cab.







(ON SH - OUTRIGGER CIRCUIT EXTEND VERTICAL)



(3)
Let us look at extending the right front vertical cylinder.  Starting at the steering pump on the far right, oil flows through the high-pressure filter.  Above the filter the oil could flow in three directions.  The flow to the right is blocked by the carrier steering pressurization valve.  The flow up passes through the swivel and is blocked by the steering pressurization valve in the upper.  The oil flows to the outrigger mode valve.  The outrigger mode valve controls whether the outrigger cylinders will extend or retract.  The outrigger mode valve is shown in the extending position.  The oil flow to the outrigger control valve bank which is a group of four solenoid valves.  The second solenoid valve down is activated which allows oil to flow to the appropriate outrigger cylinder.  All the rest of these valves in the outrigger control valve are blocked off, so the oil can only go through this one valve, across the holding valve into the piston side and extend the vertical cylinder. 



(4)
The vertical outrigger holding valve must shift.  As oil enters the piston side, pressure is built up on the rod side.  There, turn oil is creating a pilot pressure to shift the spool valve.  The high-pressure oil is also flowing through a pilot line to the same side.  There are two pilot lines providing oil pressure for moving the spool and releasing the return oil.  All the rod oil is going to flow back to the tank.








(ON SH - OUTRIGGER CIRCUIT RETRACT VERTICAL)



(5)
To retract the outrigger, the oil flows from the steering pump through the high-pressure filter to the outrigger mode selector valve.  The mode selector has been energized and has shifted.  Oil flows through the mode selector to rod side of every outrigger cylinder.  The vertical outrigger holding valve keeps the cylinders extended.  To retract the outrigger, oil pressure must be released from the piston side of the cylinder.  Pilot oil opens the lower check valve in the holding valve.  Look at the outrigger cylinder control valve.  The second one down has been energized.  This allows the exhaust oil to return to the tank.  







(ON SH - SYSTEM SUMMARY OUTRIGGER CIRCUIT)

SUMMARY:  This is the summary for the outrigger circuit.




(a)
 The pump flow is 32 GPM with an operating pressure of 2700 psi.  The upper solenoid must be de-energized and the lower is energized to operate the outriggers.




(b)
 The rest of the summary is the parts list we discussed.  

They are:  The outrigger mode valve, Outrigger control valves (2), Outrigger relief valve, Vertical outrigger cylinder with integral holding valve, Horizontal outrigger cylinder, Pressure filter, Upper steering selector valve and the lower steering valve.








(OFF SH - SYSTEM SUMMARY OUTRIGGER CIRCUIT)

TRANSITION:  We have now reviewed the entire HSHMC 25 ton Cranes hydraulic system,  We will now review troubleshooting procedures for hydraulic systems.    

NOTE:  START TRANSPARENCY PACKAGE FOR TROUBLESHOOTING, TP#1 through #9. 

5.
TROUBLESHOOTING HYDRAULIC SYSTEMS                            


a.
OTC 200 GPM FLOW METER:  This flow meter is an in-line hydraulic flow tester, that is compact, self-contained and portable, for testing in the shop or in a field environment.











(ON TP #1 9 Volt BATTERY PACK)



(1)
Power Source:




(a)
Primary Source:  The flow meter has three sources of power, the primary source of power is a battery pack, located behind a panel on the back of the flow meter.  This battery pack consists of three small nine-volt transistorized batteries.










(ON TP #2 AUXILIARY POWER CORDS)




(b)
Auxiliary Sources:  To use the auxiliary sources without batteries, the battery contacts should be insulated with tape.  Auxiliary source cables will plug into the auxiliary power jack on the lower left corner of the flow meter.




(c)
Auxiliary power converter:  With the power converter the flow meter can be plugged into any 120 volt 60 cycle wall outlet for power.




(d)
Auxiliary power cord:  With the power cord the flow meter can draw power from either a 12 volt or 24 volt vehicle battery.  It will also automatically override the internal batteries without harming them.










(ON TP #3 FLOW METER FACE)



(2)
Component Description:




(a)  Calibration Jack:  Is provided for calibration instrument input when calibration is required.




(b)  Fuse:  This protects the meter from power surge due to incorrect hookup while using auxiliary sources.




(c)  On/Off Switch:  A two position switch to provide power to the meter from the power source.




(d)  Gauge Snubber Knob:  Used to dampen the pulsation in the gauge needles.  The knob must be turned clockwise during low pressure use.




(e)
High Pressure Gauge:  The high pressure gauge measures up to 6,000 PSI, and assumes pressure readings once the low pressure gauge reaches 500 PSI.




(f)
Flow Pressure Gauge:  The low pressure gauge measures up to 600 PSI.




(g)
Pressure Control Valve:  Regulates system pressure by restricting the flow to varying degrees, to develop back pressure in the system.  To increase pressure, turn the valve clockwise, counter clockwise to decrease pressure.  The valve will maintain pressure during and after a change in flow. When hooking up the meter, ensure the valve is fully decreased.




(h)
Low Battery Indicator Light:  This light comes on to let the mechanic know when battery power is low.  Low battery power will result in erroneous meter readings.




(i)
RPM Selector Knob:  A multi position switch allowing a choice of six RPM ratios.




(j)
On/Off Light Switch:  Light switch for the phototach light switch.




(k)
Input Jack: Provides a connection for input from the phototach light.




(l)
Hi/Low Range Switch:  This is a range selector for hi or low RPM's or hi or low GPM's, both of which are shown on the meter.




(m)
Flow/RPM Switch:  This is a two position switch allowing two different readings on the same meter scale.




(n)
Battery/Temperature Switch:  This is a two position switch that stays in the battery position to operate the low battery light, and must be held in the temperature position to read the temperature scale.




(o)
Meter Dial:  This meter has scales to read flow (GPM's), RPM's, and temperature, GPM and RPM scales both have hi/low ranges.










(ON TP #4 FLOW METER SIDES)




(p)
Inlet Port:  This is the inlet port of the meter for the hose connection from the system to be tested.




(q)
Outlet Port:  This is the outlet port of the meter for the hose connection from the meter back into the system being tested.




(r)
Hose connector:  This is provided so a hose may be clamped in place to allow excess fluid to return to the reservoir in the event of over pressure in the meter causing a ruptured disc.  The hose connector minimizes oil spray to one direction.




(s)
Safety Disc:  The safety disc is provided to protect the flow from over pressure that may cause damage if not relieved.










(ON TP #5 PHOTOTACH LIGHT)




(t)
Phototach Light and Stand:  The phototach light must be used with an auxiliary power source.  The jack plug of the cable is plugged into the input receptacle of the meter.  The light bulb is an infrared sensor that picks up reflected light.  The stand has a magnetic base to provide a means to fasten the light securely to the engine block or the frame.




(u)
Reflective Tape:  This tape is used to reflect light to the infrared sensor phototach light.



(3)
Safety Precautions:




(a) 
Hook Up and Operation:  The flow meter can be used to test any component in a hydraulic system and is not restricted to a particular application.  You perform several tests such as, Pump Tests, Relief Valve Tests, Directional Control Valve Tests and TEE Connection Tests.




(b)
The equipment must be shut off, the oil allowed to cool down and all hydraulic pressure relieved.  With all vehicle safety precautions used and the directional control valves in neutral.




(c)
All On/Off Switches on the meter should be in the off position.  The RPM/Flow switch should be in the flow position.  The Hi/Low switch should be in the Hi position.  The fuse should be checked and in place.  The pressure control valve should be in the fully decreased position and the snubber knob turned in the clockwise position.






 



(ON TP #6 PUMP TEST SCHEMATIC)



(4)  Hookup and Testing:




(a)  In-line Pump test:





1
Remove the pump outlet hose and set it aside.





2
Connect a separate hose to the pump outlet and the meter inlet.





3
Using the original pump outlet hose or another hose extension, connect a hose from the meter outlet to the hose disconnected from the pump outlet leading back to the system.





4
Clamp a hose in the safety disc hose connector and run the other end to the reservoir.





5
Place the magnetic phototach light base in such a position that the light is no more than 12 inches away from the place where the reflective tape is to be set and perpendicular to the tape, on a non-rotating component.





6
Place a one inch strip of reflective tape on the outer surface of the crankshaft pulley and ensure the RPM selector is in the phototach position.





7
Start the vehicle and allow the oil temperature to obtain manufacturer's specifications using the Low Battery/Temperature switch and observing the meter.  (After turning on the meter with the meter On/Off switch)





8
Put the Flow/RPM switch in the RPM position, select RPM range on the Hi/Low range switch in accordance with specifications and turn phototach light On/Off switch on.





9
Set RPM's using the vehicle hand throttle control while observing the GPM scale on the meter.





10
Shut off phototach light switch and meter switch.





11
Select GPM range on the Hi/Low range switch in accordance with specifications.





12
Put Flow/RPM switch in flow position.  Turn the meter on and observe the GPM scale for the amount of flow.





13
If the pressure gauges are showing an erratic or severe pulsation even after the Snubber Knob has been adjusted, cavitation of the pump is indicated.  Check the oil level, filter, and suction line.





14
Once a smooth reading is obtained, record the reading of both the pressure gauge and the flow meter.  Then increase the pressure using the Pressure Control Valve, to 50% of the pump's rating.  Record these pressure and GPM readings, then increase the pressure to the pump rating, record the pressure and GPM readings.





15
Shut down the meter then the vehicle after allowing the oil to cool to normal operating temperature.





16
Compare the results to the appropriate TM.  If the readings are low, the trouble is either in the pump, suction line, or filter.  If the results are good, the trouble is beyond the pump, perform the relief valve test.








(ON TP #7 RELIEF VALVE TEST SCHEMATIC)




(b)
Relief Valve Test:  Using the same safety precautions as previously discussed, set up the hose connections for the Relief Valve Test.





1
Disconnect the hose between the Directional Control Valve and the Relief Valve.





2
Connect a hose from the Relief Valve pressure port to the meter inlet, ensuring pump flow is to the meter when the Relief Valve is closed.





3
Connect a hose from the outlet side of the meter to the line leading to the Directional Control Valve inlet.





4
Once again obtain normal operating temperature, prescribed RPM's, and prescribed flow (GPM's).





5
Record pressure and GPM's at the low specification, at 50% of specifications, and at maximum specifications, using the same procedures as previously discussed.





6
Shut down meter and equipment as previously discussed and compare test results.





7
The pressure at which the GPM's fall to zero is the relief pressure.  If this pressure is below maximum operating pressure, the Relief Valve needs an adjustment to the pressure that is the same as the pump's maximum pressure rating.  If maximum pressure cannot be obtained, the Relief Valve is leaking.  If maximum pressure is too high and cannot be adjusted, either the Relief Valve is stuck, or the trouble is blockage elsewhere in the system.  If the Relief Valve readings are good, check the Directional Control Valve.                          







(ON TP #8 DIRECTIONAL CONTROL VALVE SCHEMATIC)




(c)  Directional Control Valve Test:  Using the same safety precautions as previously discussed, set up the hose connections for the Directional Control Valve Test.





1
Disconnect the hose from the outlet side of the Directional Control Valve.  Plug the hose leading to the actuator.





2
Connect a hose from the outlet of the Directional Control Valve to the inlet side of the meter





3
Connect a hose from the outlet of the meter and run it back to the reservoir.





4
Once again obtain normal operating temperature, prescribed RPM's and prescribed flow (GPM's).





5
Move Directional Control Valve to the extend or retract position for each reading taken.





6
Record pressure and GPM's at the prescribed low specifications, at 50% of specifications and at maximum specifications 





7
Using the same procedures as previously discussed, shut down the meter and the equipment, and then compare the results.





8
Both sides of the Directional Control Valve should be checked.





9
If full volume and pressure cannot be obtained, the Directional Control Valve is the cause of the problem.  If the results are in accordance with specifications, test the actuator using the TEE Test.










(ON TP #9 TEE TEST SCHEMATIC)




(d)
TEE Test:  Using the same safety precautions as previously discussed, set up the hose connections for the TEE Test.  This test can also be used to check overall circuit performance.  Again both lines to the actuator must be tested.





1
Disconnect a hose from the Directional Control Valve to the actuator.





2
Using a TEE fitting, reconnect the hose.  Then connect a hose from the inlet side of the meter to the same TEE fitting.





3
Connect a hose from the outlet of the meter and run it back to the reservoir.





4
Obtain normal operating temperature, RPM's and GPM's.





5
Shift Directional Control Valve to extend or retract position for each reading taken.





6
Increase the pressure using the Pressure Control Valve to allow the actuator to bottom out.  Oil will either flow to the reservoir or through the meter or through leaks in other components of the circuit.





7
Read the flow at a no load, then increase pressure to maximum slowly and read pressure slightly below Relief Pressure.





8
The difference between these readings and previous tests readings at these same points, indicates the amount of oil lost due to leaks elsewhere.  If you cannot obtain the pressures required to get the desired readings and all other system components check out, then the leak is inside the actuator










(OFF TP #9)




(e)  Pressure Checks:  There are three types of pressure checks that can be performed on almost any component.





1
Neutral Pressure:  This is the pressure and flow during the lowest prescribed RPM and GPM specifications with no load applied to the system.





2
Working Pressure:  This is the pressure and flow during the movement of the actuator between top end and bottom end.





3
Relief Pressure:  This is the pressure and flow when the actuator has reached top end or bottom end with the Directional Control Valve held in the extend or retract position, applying the maximum load to the circuit. 

OPPORTUNITY FOR QUESTIONS.



(3 MIN)

1.
QUESTIONS FROM THE CLASS:

2.
QUESTION TO THE CLASS:


Q.
What are the three types of pressures tested on any component?


A.
Neutral, working, and relief pressures.

SUMMARY: 







(1 MIN)

In the last 50 minutes we have discussed the safety precautions, hook up, operation and various tests to perform on hydraulic system's you should know. 

BREAK








(10 MIN)

SUMMARY:  Hydraulically operated construction equipment is constantly being improved and the systems are getting more and more complicated to work on.  Remembering the basic components, the theory behind them and the other supporting information that we covered will help you maintain the equipment in a readiness status no matter where you are assigned.

NOTE:  PERFORMANCE  EXAMINATION:  
                       (840 MIN)

III-56



