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[bookmark: _Toc133147726][bookmark: _Toc133237881][image: C:\Users\User\Desktop\Pictures\rabbit.jpg]Introduction
[bookmark: _GoBack]Hydraulic systems are power-transmitting assemblies employing pressurized liquid as a fluid for transmitting energy from an energy-generating source to an energy-using point to accomplish useful work. The figure shows a simple circuit of a hydraulic system with basic components. Hydraulic systems are used for transmission of power through the medium of hydraulic oil. The hydraulic system works on the principle of Pascal’s law which says that “ the pressure in a fluid at rest is transmitted uniformly in all directions”.
The fluid medium used is hydraulic oil, which may be mineral oil or water or combinations. This area is also known as oil hydraulics.
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Module Code and Title: ATCHM501: HYDRAULIC SYSTEM MAINTENANCE

Learning Units:
1. Identify hydraulic system
2. Dismount hydraulic components
3. Maintain, remount and test hydraulic circuits 
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[bookmark: _Toc133147727][bookmark: _Toc133237882]Learning Unit 1: Identify hydraulic system
  
	
Picture/s reflecting the Learning unit 1
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STRUCTURE OF LEARNING UNIT       

	
Learning outcomes:
1.1 Identify hydraulic fluid types and describe hydraulic system applications
1.2 Describe hydraulic system components 
1.3 Classify hydraulic system


[bookmark: _Toc133147728][bookmark: _Toc133237883][bookmark: _heading=h.k8juna6b73xi]Learning outcome 1.1 Identify hydraulic fluid types and hydraulic system application
	[image: ]Duration: 6 hrs

	[bookmark: _Toc133147729][bookmark: _Toc133233838][bookmark: _Toc133237884][image: ]Learning outcome 1 objectives :  
By the end of the learning outcome, the trainees will be able to:
1. Define correctly fluid
2. Describe appropriately the function of fluid
3. Classify properly hydraulic fluid types
4. Compare correctly the fluid used in hydraulic system
5. Describe correctly the application of hydraulic system
6. Identify the properties of hydraulic fluid 

	[image: ]Resources

	Equipment 
	Tools
	Materials 

	· PPE
· White board
· Vehicle with hydraulic system components. 
	· Spanners








	· Different types of hydraulic fluid
· Soap solution
· Solvent
· Clothes rugs
· Spray bottle 
· Soft brushes
· Scrubber sponge
· Marker pen
· Chalks.

	[image: ]Advance preparation:
· Prepare workplace
· Gathering required resources  
· Trainees roll call


[bookmark: _Toc133147730]

Indicative content 1.1.1:  Definition of fluid
[image: ] Summary for the trainer related to the indicative content (key notes using bullets such as ticks etc)
	[bookmark: _Toc133147731][bookmark: _Hlk130238353]DEFINITION OF FLUID
1. Fluid is a substance (such as a liquid or gas) tending to flow or conform to the outline of its container
2. A fluid is also substance which has no definite shape of its own. it takes the shape of the container in which it is kept. gases and liquids are termed as fluids.
What is the difference between a fluid and a liquid?
All liquids are fluids but not all fluids are liquids. Fluids basically describe anything that can flow as a result of a difference in pressure between two points. Liquids on the other hand are a subset of fluids. Liquids are the incompressible fluids. These are the fluids whose density does not change sharply with pressure.
Gases are also fluids; they form the compressible fluids. They do flow as a result of difference in pressure between two points but at the same time they can be compressed or expanded. Their density fluctuates with pressure.




Indicative content 1.1.2:  function of fluid
[image: ] Summary for the trainer related to the indicative content (key notes using bullets such as ticks etc)
	FUNCTIONS OF HYDRAULIC FLUID
1. Heat transfer
Hydraulic machines produce a lot of excess heat in normal operation, often caused by inefficiencies within the components themselves.
2. Contaminant removal
Hydraulic fluid can suspend and carry solid particles and water away from sensitive components. Filters and other conditioning devices perform the critical job of stripping and trapping the contaminants, allowing clean fluid to be returned to the circuit. 
3. Sealing
While seals and O-rings close the major clearance between some parts, the hydraulic oil finishes the job in the fine clearances where the solid material of an undersized shaft seal might cause damage.
4. Lubrication
Lubrication is required in most hydraulic components to protect internal parts from friction wear.
5. Corrosion Control
6. Oxidation Stability
7. Thermal Stability




Indicative content 1.1.3:  Classification of fluid
[image: ] Summary for the trainer related to the indicative content (key notes using bullets such as ticks etc)
	CLASSIFICATION OF FLUIDS
Fluids can be classified into four basic types. They are:
1. Real fluid: which are compressible, cohesive and have some viscosity 
2. Ideal fluid: fluids having idealized properties like in compressive, non-viscous (they do not exist in real use) 
3. Newtonian fluids: which obey newton law of viscosity 
4. Non-Newtonian: which do not obey newton’s law of viscosity
[image: ]





Indicative content 1.1.4:  Comparison of fluids/oil
[image: ] Summary for the trainer related to the indicative content (key notes using bullets such as ticks etc)

	COMPARISON BETWEEN HYDRAULIC OIL AND FLUID
Hydraulic Oil
Hydraulic oil consists of oils and additives designed to transmit power while acting as a lubricant and coolant. The oil is effective in a wide range of temperatures and reduces wear, rust and corrosion in equipment used in industries like agriculture, mining and construction.
Hydraulic Fluid
Hydraulic fluid is used for many of the same reasons as oil but has wider use in automobile systems like automatic transmissions, as well as power brakes and steering. Aircraft systems also require hydraulic fluids. Viscosity is of paramount importance in choosing a fluid.
 Gas: is used for a substance which is in gas state at normal room temperature and pressure. For example, nitrogen, oxygen, hydrogen, carbon dioxide. Although these 'gases' can be liquefied but in normal room temperature and pressure these are in gaseous states
Steam: is used for water vapors which are at or greater than the saturation temperature at a given pressure. For example, water vapor at 100 Celsius or higher, at atmospheric pressure is called steam. 
Vapor: has two uses. In general, it is used for any substance in gaseous phase which is close to its liquid phase. This means that vapors can be converted back to its liquid state by removing very little energy from them. For example, assume that a substance X boils at 60 Celsius at atmospheric pressure, if its gaseous state is at or slightly higher than 60 degrees Celsius.




Indicative content 1.1.5:  Properties of fluids/oil
[image: ] Summary for the trainer related to the indicative content (key notes using bullets such as ticks etc)

	PROPERTIES OF FLUIDS
The following are some of the important basic properties of fluids:
· Density.
· Viscosity.
· Temperature.
· Pressure.
· Specific Volume.
· Specific Weight.
· Specific Gravity.
An ideal hydraulic fluid would have these characteristics:
· Thermal stability
· Hydrolytic stability
· Low chemical corrosiveness
· High anti-wear characteristics
· Low tendency to cavitate
· Long life
· Total water rejection
· Constant viscosity, regardless of temperature, and
· Low cost.




Indicative content 1.1.6:  Types of hydraulic fluid
[image: ] Summary for the trainer related to the indicative content (key notes using bullets such as ticks etc)
	Different Types of Hydraulic Fluids
1.	Mineral oils: mineral oils are created as a result of refining crude oil and then improving their quality by adding certain substances.
2.	Fire resistant fluid: is a hydraulic fluid that are more difficult to ignite and do not propagate a flame from an ignition source. 
3.	Water / emulsion soil: this is when the predominant substance (around 60%) is the oil.




Indicative content 1.1.7:  Application of hydraulic system
[image: ] Summary for the trainer related to the indicative content (key notes using bullets such as ticks etc)
	APPLICATIONS OF HYDRAULIC SYSTEMS
The hydraulic systems are mainly used for precise control of larger forces. The main applications of the hydraulic system can be classified into five categories:
1. Industrial: Plastic processing machinery, steel making and primary metal extraction applications, automated production lines, machine tool industries, paper industries, loaders, crushes, textile machinery, R & D equipment and robotic systems etc.
2. Mobile hydraulics: Tractors, irrigation system, earthmoving equipment, material handling equipment, commercial vehicles, tunnel boring equipment, rail equipment, building, and construction machinery and drilling rigs etc.
3. Automobiles: It is used in the systems like breaks, shock absorbers, steering system, wind shield, lift, and cleaning etc.
4. Marine applications: It mostly covers ocean-going vessels, fishing boats, and navel equipment.
5. Aerospace equipment: There are equipment and systems used for rudder control, landing gear, breaks, flight control and transmission etc. which are used in airplanes, rockets, and spaceships.


[bookmark: _Toc133147738][bookmark: _Toc133233839][bookmark: _Toc133237885][image: ]Theoretical learning Activity 
· Ask trainees to brainstorm about definition, function and classification of fluid
· Ask trainees to discuss in group the application of hydraulic system.

[bookmark: _heading=h.widm8cvmsf9j][bookmark: _heading=h.rymsc1h56060][bookmark: _Toc133147739][bookmark: _Toc133233840][bookmark: _Toc133237886][image: ]Practical learning Activity 
· Ask Trainees in pair compare the different types of hydraulic fluid available in your store.
[bookmark: _heading=h.dwopvwbkfjwj][image: ]Points to Remember (Take home message)
	· Function of fluid
· Classification of fluid:
· Comparison of fluids/oil
· Properties of fluids/oil
· Types of hydraulic fluids
· Application of hydraulic system






[bookmark: _Toc133233841][bookmark: _Toc133237887][image: ]Learning outcome 1 formative assessment
Written assessment 
1. List at least five function of hydraulic fluid?
Answer 
· Heat transfer
· Contaminant removal
· Sealing
· Lubrication
· Corrosion Control
· Oxidation Stability
· Thermal Stability
2. What are the basic important Properties of fluids?
Answer
· Density.
· Viscosity.
· Temperature.
· Pressure.
· Specific Volume.
· Specific Weight.
· Specific Gravity.
3. Discuss on five categories of the hydraulic system applications.
· Industrial application
· Mobile hydraulics application
· Automobiles application: It is used in the systems like breaks, shock absorbers and steering system etc.
· Marine applications application: It mostly covers ocean-going vessels, fishing boats, and navel equipment.
· Aerospace equipment application


[bookmark: _Toc133237888]Learning Outcome 1.2: Describe hydraulic system components.
	[image: ]Duration: 8 hrs

	[bookmark: _Toc133233843][bookmark: _Toc133237889][image: ]Learning outcome 2 objectives:  
By the end of the learning outcome, the trainees will be able to:
1. Understand correctly hydraulic system.
2. Describe appropriately the f hydraulic system components.

	[image: ]Resources

	Equipment 
	Tools
	Materials 

	· PPE
· White board
· Vehicle with hydraulic system components. 
· Computer
· Projector
· Flip charts
	· Tool box








	· Complete hydraulic
· User manual
· Marker pen
· Internet access
· Books
· Video aids
· Tank
· Pump
· Prime mover
· Valves
· Actuators
· Fluid pipes
· Teaching aid panels

	[image: ]Advance preparation:
· Prepare workplace
· Gathering required resources  
· Trainees roll call



Indicative content 1.2.1:  Understanding hydraulic system
[bookmark: _Toc133233845][bookmark: _Toc133237891][image: ] Summary for the trainer related to the indicative content (key notes using bullets such as ticks etc)
	[bookmark: _Toc133233846][bookmark: _Toc133237892]UNDERSTANDING HYDRAULIC SYSTEM
· Basic components
All hydraulic circuits are essentially the same regardless of the application. There are six basic components required for setting up a hydraulic system:
1. A reservoir to hold the liquid (usually hydraulic oil)
2. A pump to force the liquid through the system
3. An electric motor or other power source to drive the pump
4. Valves to control the  liquid direction, pressure and flow rate.
5. An actuator to convert the hydraulic energy into mechanical force or torque, to do useful work. Actuators can either be cylinders which provide linear motion or motors which provide rotary motion and
6. Piping to convey the liquid from one location to another.
[image: ]
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Indicative content 1.2.2: Description of hydraulic system component
[image: ] Summary for the trainer related to the indicative content (key notes using bullets such as ticks etc)
	[bookmark: _Hlk130238385]
DESCRIPTION OF HYDRAULIC SYSTEM COMPONENT

Hydraulic Cylinder:
A Hydraulic cylinder (also called a linear hydraulic motor) is a mechanical actuator that is used to give a unidirectional force through a unidirectional stroke. It has many applications, notably in construction equipment (engineering vehicles), manufacturing machinery, and civil engineering. Hydraulic cylinders get their power from pressurized hydraulic fluid, which is typically oil. The hydraulic cylinder consists of a cylinder barrel, in which a piston connected to a piston rod moves back and forth. The barrel is closed on one end by the cylinder bottom (also called the cap) and the other end by the cylinder head (also called the gland) where the piston rod comes out of the cylinder. The piston has sliding rings and seals. The piston divides the inside of the cylinder into two chambers, the bottom chamber (cap end) and the piston rod side chamber (rod end / head end). Flanges, trunnions, clevises, Lugs are common cylinder mounting options. The piston rod also has mounting attachments to connect the cylinder to the object or machine component that it is pushing / pulling.
Telescopic cylinders:
Telescopic cylinders are a special design of a hydraulic cylinder or pneumatic cylinder which provides an exceptionally long output travel from a very compact retracted length. Typically, the collapsed length of a telescopic cylinder is 20% to 40% of the fully extended length depending on the number of stages. Some pneumatic telescoping units are manufactured with retracted lengths of under 15% of overall extended unit length. This feature is very attractive to machine design engineers when a conventional single stage rod style actuator will not fit in an application to produce the required output stroke. Heavy duty telescopic cylinders are usually powered by hydraulics, whereas some lighter duty units could also be powered by compressed air. Telescopic cylinders are also referred to as telescoping cylinders and multi-stage telescopic cylinders. An application for telescopic cylinders commonly seen is that of the dump body on a dump truck used in a construction site. In order to empty the load of gravel completely, the dump body must be raised to an angle of about 60 degrees. To accomplish this long travel with a conventional hydraulic cylinder is very difficult considering that the collapsed length of a single stage rod cylinder is approximately 110% of its output stroke. It would be very challenging for the design engineer to fit the single stage cylinder into the chassis of the dump truck with the dump body in the horizontal rest position. This task is easily accomplished, however, using a telescopic style multi-stage cylinder.
Control valves
Directional control valves route the fluid to the desired actuator. They usually consist of a spool inside a cast iron or steel housing. The spool slides to different positions in the housing, and intersecting grooves and channels route the fluid based on the spool’s position.
The spool has a central (neutral) position maintained with springs; in this position the supply fluid is blocked, or returned to tank. Sliding the spool to one side routes the hydraulic fluid to an actuator and provides a return path from the actuator to tank. When the spool is moved to the opposite direction the supply and return paths are switched. When the spool is allowed to return to neutral (centre) position the actuator fluid paths are blocked, locking it in position.
Directional control valves are usually designed to be stackable, with one valve for each hydraulic cylinder, and one fluid input supplying all the valves in the stack.
Tolerances are very tight in order to handle the high pressure and avoid leaking, spools typically have a clearance with the housing of less than a thousandth of an inch (25 µm). The valve block will be mounted to the machine’s frame with a three point pattern to avoid distorting the valve block and jamming the valve’s sensitive components.
The spool position may be actuated by mechanical levers, hydraulic pilot pressure, or solenoids which push the spool left or right. A seal allows part of the spool to protrude outside the housing, where it is accessible to the actuator.
The main valve block is usually a stack of off the shelf directional control valves chosen by flow capacity and performance. Some valves are designed to be proportional (flow rate proportional to valve position), while others may be simply on-off. The control valve is one of the most expensive and sensitive parts of a hydraulic circuit.
· Pressure relief valves are used in several places in hydraulic machinery; on the return circuit to maintain a small amount of pressure for brakes, pilot lines, etc… On hydraulic cylinders, to prevent overloading and hydraulic line/seal rupture. On the hydraulic reservoir, to maintain a small positive pressure which excludes moisture and contamination.
[image: hydraulic systems diagram]

· Pressure regulators reduce the supply pressure of hydraulic fluids as needed for various circuits.
[image: ]
· Sequence valves control the sequence of hydraulic circuits; to ensure that one hydraulic cylinder is fully extended before another starts its stroke, for example.
· Shuttle valves provide a logical or function.
· Check valves are one-way valves, allowing an accumulator to charge and maintain its pressure after the machine is turned off, for example.
· Pilot controlled Check valves are one-way valve that can be opened (for both directions) by a foreign pressure signal. For instance if the load should not be held by the check valve anymore. Often the foreign pressure comes from the other pipe that is connected to the motor or cylinder.
· Counterbalance valves are in fact a special type of pilot controlled check valve. Whereas the check valve is open or closed, the counterbalance valve acts a bit like a pilot controlled flow control.
· Cartridge valves are in fact the inner part of a check valve; they are off the shelf components with a standardized envelope, making them easy to populate a proprietary valve block. They are available in many configurations; on/off, proportional, pressure relief, etc. They generally screw into a valve block and are electrically controlled to provide logic and automated functions.
· Hydraulic fuses are in-line safety devices designed to automatically seal off a hydraulic line if pressure becomes too low, or safely vent fluid if pressure becomes too high.
· Auxiliary valves in complex hydraulic systems may have auxiliary valve blocks to handle various duties unseen to the operator, such as accumulator charging, cooling fan operation, air conditioning power, etc. They are usually custom valves designed for the particular machine, and may consist of a metal block with ports and channels drilled. Cartridge valves are threaded into the ports and may be electrically controlled by switches or a microprocessor to route fluid power as needed.
Hydraulic motor
A hydraulic motor is a mechanical actuator that converts hydraulic pressure and flow into torque and angular displacement (rotation). The hydraulic motor is the rotary counterpart of the hydraulic cylinder.
Conceptually, a hydraulic motor should be interchangeable with a hydraulic pump because it performs the opposite function – similar to the way a DC electric motor is theoretically interchangeable with a DC electrical generator. However, most hydraulic pumps cannot be used as hydraulic motors because they cannot be backdriven. Also, a hydraulic motor is usually designed for working pressure at both sides of the motor.
Hydraulic pumps, motors, and cylinders can be combined into hydraulic drive systems. One or more hydraulic pumps, coupled to one or more hydraulic motors, constitute a hydraulic transmission.
Reservoir
The hydraulic fluid reservoir holds excess hydraulic fluid to accommodate volume changes from: cylinder extension and contraction, temperature driven expansion and contraction, and leaks. The reservoir is also designed to aid in separation of air from the fluid and also work as a heat accumulator to cover losses in the system when peak power is used. Design engineers are always pressured to reduce the size of hydraulic reservoirs, while equipment operators always appreciate larger reservoirs. Reservoirs can also help separate dirt and other particulate from the oil, as the particulate will generally settle to the bottom of the tank. Some designs include dynamic flow channels on the fluids’ return path that allow for a smaller reservoir.
[image: ]
Filters
Filters are an important part of hydraulic systems. Metal particles are continually produced by mechanical components and need to be removed along with other contaminants.
Filters may be positioned in many locations. The filter may be located between the reservoir and the pump intake. Blockage of the filter will cause cavitation and possibly failure of the pump. Sometimes the filter is located between the pump and the control valves. This arrangement is more expensive, since the filter housing is pressurized, but eliminates cavitation problems and protects the control valve from pump failures. The third common filter location is just before the return line enters the reservoir. This location is relatively insensitive to blockage and does not require a pressurized housing, but contaminants that enter the reservoir from external sources are not filtered until passing through the system at least once.
[image: Hydraulic filter]
Hydraulic accumulator
A hydraulic accumulator is a pressure storage reservoir in which a non-compressible hydraulic fluid is held under pressure by an external source. The external source can be a spring, a raised weight, or a compressed gas. An accumulator enables a hydraulic system to cope with extremes of demand using a less powerful pump, to respond more quickly to a temporary demand, and to smooth out pulsations. It is a type of energy storage device.
Compressed gas accumulators, also called hydro-pneumatic accumulators, are by far the most common type.




[bookmark: _Toc133147741][bookmark: _Toc133233848][bookmark: _Toc133237894][image: ]Theoretical learning Activity 
· Ask trainees to brainstorm about basic components of hydraulic system within groups 
· Ask trainees to brainstorm about components symbols within groups 
[bookmark: _Toc133147742][bookmark: _Toc133233849][bookmark: _Toc133237895][image: ]Practical learning Activity 
· Ask trainees in group to interpret and discuss on hydraulic system components based on your workshop vehicle or didactical aids. 
[image: ]Points to Remember (Take home message)

	
· Basic components of hydraulic system 
· Hydraulic components symbols
· Description of hydraulic system components







[bookmark: _Toc133233850][bookmark: _Toc133237896][image: ]Learning outcome 1 formative assessment
Written assessment 
1. Name the six main components that make up a basic hydraulic system.
Answer.
· A reservoir 
· A pump 
· An electric motor or other power source 
· Valves 
· An actuator 
· Piping 
2. Explain the function of each of the components listed in Question 1.
Answer  
· A reservoir to hold the liquid (usually hydraulic oil)
· A pump to force the liquid through the system
· An electric motor or other power source to drive the pump
· Valves to control the  liquid direction, pressure and flow rate.
· An actuator to convert the hydraulic energy into mechanical force or torque, to do useful work. Actuators can either be cylinders which provide linear motion or motors which provide rotary motion and
· Piping to convey the liquid from one location to another.














[bookmark: _Toc133237897]Learning Outcome 1.3: Classify hydraulic system
	[image: ]Duration: 6 hrs

	[bookmark: _Toc133233852][bookmark: _Toc133237898][image: ]Learning outcome 3 objectives :  
By the end of the learning outcome, the trainees will be able to:
1. Classify correctly hydraulic system.
2. Describe appropriately the operating principle of hydraulic system.
3. Identify properly advantages and disadvantages of hydraulic system. 

	[image: ]Resources

	Equipment 
	Tools
	Materials 

	· PPE
· White board
· Vehicle with hydraulic system components. 
· Computer
· Projector
· Flip charts
	· Complete Tool box








	· User manual
· Marker pen
· Internet access
· Books
· Video aids
· Handout note

	[image: ]Advance preparation:
· Prepare workplace
· Gathering required resources  
· Trainees roll call


Indicative content 1.3.1:  Classification of hydraulic system
[bookmark: _Toc133233854][bookmark: _Toc133237900][image: ] Summary for the trainer related to the indicative content (key notes using bullets such as ticks etc)
	[bookmark: _Toc133233855][bookmark: _Toc133237901]CLASSIFICATION OF HYDRAULIC SYSTEM
There are two types of hydraulic systems used in support equipment. A system may be either an OPEN CENTRE or CLOSED CENTRE, or in some cases, both.
What is the difference between closed centre and open centre hydraulics?
An open-loop system is a one-way system in which the control instructions are
transmitted in one direction only, from the controller to the actuator via the control
valve. There is no feedback loop from the actuator for checking that its movement
complies with control instructions. The accuracy of the open-loop control system
depends on the reliability of the equipment employed and the ‘external system
disturbances’.
[image: ]
Closed-loop control systems
An automatic closed-loop system is one in which the controlled variable is continuously
measured and compared with a command variable. The machine’s controlled action
is adjusted according to any deviation or error signal generated. An error signal is
generated when comparison shows a difference between the output position and
the input control signal. This type of control is used in fluid power systems to operate
servo-controlled hydraulic valves.
The closed-loop system illustrated below has a mechanical feedback. In this system,
the body of the directional control valve (DCV) is mechanically linked to the actuator.
Deflection of the lever will move the spool and allow fluid to move the actuator and
hence the load. As the load moves, constant positional feedback is provided to the
directional control valve.
[image: ]
Advantages of a closed-centre system 
· It does not require relief valves because the pump simply shuts off by itself when standby pressure is reached. 
· The size of the lines, valves, and cylinders can be tailored to the flow requirements of each function.
· Reserve flow is available, by using a larger pump, to ensure full hydraulic speed at low engine revolutions per minute (rpm). More functions can be served.
· It is more efficient on functions such as brakes, which require force but very little piston movement. 
Notice: Closed hydraulic systems have a close motion controlled loop. That is there is a sensor that measures the position of the hydraulic cylinder and provides a feedback to the controller to adjust the control so that the cylinder stops at the desired place and holds that position. Open hydraulic systems just have controls to move the cylinder, do not have a feedback loop and are used for less precise applications.




Indicative content 1.3.2: Operating principle of hydraulic system
[image: ] Summary for the trainer related to the indicative content (key notes using bullets such as ticks etc)
	
OPERATING PRINCIPLE OF HYDRAULIC SYSTEM
The hydraulic system works on the principle of Pascal’s law which says that the pressure in an enclosed fluid is uniform in all the directions. The Pascal’s law is illustrated in the figure.
[image: https://dcmep4q5dgnih.cloudfront.net/wp-content/uploads/2017/11/01141111/IMG_20171101_021935-300x183.jpg]
The force given by fluid is given by the multiplication of pressure and area of cross-section. As the pressure is same in all the direction, the smaller piston feels a smaller force and a large piston feels a large force. Therefore, a large force can be generated with smaller force input by using hydraulic systems.




Indicative content 1.3.3: Advantages and disadvantages of hydraulic
[bookmark: _Toc133233858][bookmark: _Toc133237904]system
[image: ] Summary for the trainer related to the indicative content (key notes using bullets such as ticks etc)
	
Advantages and disadvantages of Hydraulic Systems
Advantages
· The hydraulic system uses incompressible fluid which results in higher efficiency.
· It delivers consistent power output which is difficult in pneumatic or mechanical drive systems.
· Hydraulic systems employ high-density incompressible fluid. The possibility of leakage is less in a hydraulic system as compared to that in a pneumatic system. The maintenance cost is less.
· These systems perform well in hot environmental conditions.
Disadvantages
· The material of storage tank, piping, cylinder, and piston can be corroded with the hydraulic fluid. Therefore, one must be careful while selecting materials and hydraulic fluid.
· The structural weight and size of the system is more which makes it unsuitable for the smaller instruments.
· The small impurities in the hydraulic fluid can permanently damage the complete system, therefore one should be careful and suitable filter must be installed.
· The leakage of hydraulic fluid is also a critical issue and suitable prevention method and seals must be adopted.
· The hydraulic fluids, if not disposed of properly, can be harmful to the environment.


[bookmark: _Toc133233859][bookmark: _Toc133237905][image: ]Theoretical learning Activity 
· Ask trainees to brainstorm about Classification of hydraulic system within groups 
· Ask trainees to brainstorm about operating principle of hydraulic system within groups 
· Ask trainees to brainstorm about advantages and disadvantages of hydraulic system within groups 

[bookmark: _Toc133233860][bookmark: _Toc133237906][image: ]Practical learning Activity 
· Ask trainees in group to interpret and discuss on hydraulic system classification based on your workshop vehicle or didactical aids. 
[image: ]Points to Remember (Take home message)

	
· Classification of hydraulic system
· Operating principle of hydraulic system
· Advantages of hydraulic system
· Disadvantages of hydraulic system





[bookmark: _Toc133233861][bookmark: _Toc133237907][image: ]Learning outcome 3 formative assessment

1. Name the two major types of hydraulic system used in industry today.
· Open-loop control systems
· closed-loop control systems
2. list the advantages and disadvantages of hydraulic system.
Answer
ADVANTAGES:
· It has high efficient in power transmitting.
· Ease and accuracy of control
· Multiplication of force
· providing a constant torque or force regardless of speed changes.
· Simple, safe and economical: hydraulic systems use fewer moving parts 
· simpler and easier to maintain.
DISADVANTAGES:
· It is very difficult to eliminate leakage in a hydraulic system.
· Hydraulic lines can be causing serious human injuries
· Most hydraulic fluids have a tendency to catch fire in the event of leakage
· Hydraulic fluid is highly corrosive to most of the aircraft materials
· If disposed improperly space, a hydraulic fluid causing environmental risk.



[bookmark: _Toc133237908]Learning Unit 2: Dismount hydraulic component
  
	
Picture/s reflecting the Learning unit 2
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STRUCTURE OF LEARNING UNIT       

	
Learning outcomes:
2.1. Select tools, materials and equipment 
2.2. Drain and Clean hydraulic component
2.3. Dismantle and Inspect hydraulic components






[bookmark: _Toc133237909]Learning Outcome 2.1: Select tools materials and equipment
	[image: ]Duration:3hrs

	[bookmark: _Toc133233864][bookmark: _Toc133237910][image: ]Learning outcome 1 objectives:  
By the end of the learning outcome, the trainees will be able to:
1. Select properly tools used in hydraulic pump disassembling
2. select properly equipment used in hydraulic pump disassembling
3. Select accordingly materials needed when disassembling a hydraulic pump.

	[image: ]Resources

	Equipment 
	Tools
	Materials 

	· Jack stand 
· Bench vice 
· Work bench 
· PPE
· Drilling machine (portable) 
· Angle grinding machine

	· Spanners 
· Screw drivers 
· Hummers 
· Pliers 
· Punches 
· Chisels
	· Anti-rust 
· Water soap 
· Liquid soap
· Sand papers




        Indicative content 2.1.1: Selection of tools, materials and equipment
	
· In order to make a selection you have to examine the type of hydraulic pump and make sure you have the correct tools for the job. 
· Tools to be selected when repairing: 
· Punches 
· Chisels
· Hummers
· Cutters
· Scraper
· Brushes
· Hack saw
· Air impact spanners
· Air brow gun
· metal brush
· The materials to be used are: 
· Anti-rust
· Water
· Powder soap
· Liquid soap
· Sand papers
· The equipment to be used: 
· Jack stand 
· Bench vice 
· Work bench
· PPE



[bookmark: _Toc133233866][bookmark: _Toc133237912][image: ]Theoretical learning Activity 
· Ask trainees to brainstorm about tools, materials and equipment difference. 
· Ask trainees to brainstorm about workshop rules and regulations
· Ask every learner to make a list of tools, materials and equipment.
[bookmark: _Toc133233867][bookmark: _Toc133237913][image: ]Practical learning Activity 
· Trainees in pairs select tools, materials and equipment.
[image: ]Points to Remember (Take home message)
	· Tools: is any instrument or simple piece of equipment that you hold in your hands and use to do a particular kind of work.
· Materials: Material is a substance or mixture of substances that constitutes an object
· Equipment: means a movable or fixed unit of furniture or furnishings, an instrument, a machine, an apparatus.







[bookmark: _Toc133237914]Learning outcome 2.2 Drain and clean hydraulic component
	[image: ]Duration: 8 hrs

	[bookmark: _Toc133233869][bookmark: _Toc133237915][image: ]Learning outcome 2 objectives:  
By the end of the learning outcome, the trainees will be able to:
1. Drain properly hydraulic components
2. clean correctly hydraulic components

	[image: ]Resources

	Equipment 
	Tools
	Materials 

	· Jack stand
· Bench vice
· Work bench
·  PPE
	· Wrenches 
· Sockets 
· Allen keys 
· Pliers 
· Screwdrivers
· Hammers 
· Bolt extractors

	· Anti-rust
· Water
·  Powder soap
·  Liquid soap

	[image: ]Advance preparation:
· Prepare workplace
· Gathering required resources  
· Trainees roll call




Indicative content 2.2.1Drain procedures of hydraulic components
[image: ] Summary for the trainer related to the indicative content (key notes using bullets such as ticks etc)

	Draining procedures:
When changing out hydraulic oil in mobile hydraulic equipment such as an excavator, what is the best ways or process to follow:
· Selection of tools, materials and equipment
· To ensure the fluid is at operating temperature, before completely drain the system
· To ensure all of the hydraulic cylinders are in the closed position. little oil is left in the components.
· To ensure the fluid reservoir should have the largest drain port, which will facilitate the quickest draining of the system.
· To ensure some components may have individual drains to remove fluid from them or other low areas of the circuit.
· To pull any return-line filters these filters can hold a significant amount of oil, and by removing them
· Remove the drain plug and clean the reservoir of all sludge and deposits. 
· Replace the filters / inspect and refill with new oil.
· Run the pump for 15 seconds with the bypass or pressure relief open., then stop and let it sit for 45 seconds. Repeat this procedure a few times to prime the pump.
· Run the system for 30 minutes to bring it to normal operating temperature. frequency should be increased until you are confident that the system fluid is stable.
 




Indicative content 2.2.2 CLEANING OF HYDRAULIC COMPONENTS
[image: ] Summary for the trainer related to the indicative content (key notes using bullets such as ticks etc)
	Cleaning procedures of hydraulic components:
1.Place the components on properly space for clean.
2.Using the proper brush for cleaning.
3.Using the brush, place a clean rag over the components are cleaned 
4. Inspect the components, using a light, checking for metal chips,
5.Repeat steps if contamination is still present.
6.Move the components immediately to assembly when cleaning is completed
7.Make sure that all contamination is removed
8.Assembly.


[bookmark: _Toc133233872][bookmark: _Toc133237918][image: ]Theoretical learning Activity 
· Ask trainees to brainstorm about possible procedures for draining hydraulic components
· Ask trainees to discuss in group the cleaning procedures for hydraulic components.

[bookmark: _Toc133233873][bookmark: _Toc133237919][image: ]Practical learning Activity 
· Ask Trainees in pair to drain hydraulic system components.
[image: ]Points to Remember (Take home message)
	· Draining hydraulic components
· Cleaning procedures of hydraulic components





[bookmark: _Toc133237920]Learning outcome 2.3 Dismount And Inspect Hydraulic Components
	[image: ]Duration: 10 hrs

	[bookmark: _Toc133233875][bookmark: _Toc133237921][image: ]Learning outcome 2 objectives:  
By the end of the learning outcome, the trainees will be able to:
1. Verify and mark appropriately reference points
2. Unscrew correctly the fixing bolts
3. Remove properly the component from the system
4. Inspect correctly hydraulic component fault

	[image: ]Resources

	Equipment 
	Tools
	Materials 

	· Jack stand
· Bench vice
· Work bench
·  PPE
· White board
	· Wrenches 
· Sockets 
· Allen keys 
· Pliers 
· Screwdrivers
· Hammers 
· Bolt extractors

	· Anti-rust
· Water
·  Powder soap
·  Liquid soap
· Flip charts 
· Marker pen

	[image: ]Advance preparation:
· Prepare workplace
· Gathering required resources  
· Trainees roll call




Indicative content 2.3.1. Dismount and inspect hydraulic components
[image: ] Summary for the trainer related to the indicative content (key notes using bullets such as ticks etc)

	VERIFICATION AND MARKING OF REFERENCE POINTS
The Verification and marking of reference points on hydraulic components its best methods to helps trainees and trainer to unscrew and removing the hydraulic components. When unscrew and removing hydraulic components in the system, reference marks or points should be made by using marker of different colour of surface area or by using sharp object such as a scriber or compass. Thus, it will eliminate the problem of confusion when assembling.
UNSCREWING OF FIXING BOLTS
1. Identify the Problem. ...
2.  Relieve the pressure of the hydraulic system. ...
3. Remove other components from the hose. ...
4.  Remove the hose fitting. ...
5.  Clean and replace hydraulic fittings. ...
6.  Circulate fluid at low pressure to check for leaks.
10 POINT WEEKLY CHECKLIST FOR PROPER HYDRAULIC SYSTEM
1. Check fluid levels. Add hydraulic fluid as needed (if needed). 
2. Inspect breather caps, breather filters, and fill screens: DO NOT punch holes in screens in order to expedite adding oil as this may allow contaminants into your system.
3. Check filter indicators and/or pressure differential gauges. Immediately replace any that show signs of wear or other negative indications.
4. Visually inspect all system hoses, pipes, pipe connections: for leaks, frays, bubbling, 
5. Check system temperature via built-in thermometers or hand-held infrared detectors. Normal temperature range for most systems is 110-140ºF but may vary. If temperatures are high, check fluid quantity, cooler operation, and relief valve settings.
6. Visually inspect the inside of the reservoir: for signs of aeration (via the fill hole using a flashlight).
7. Listen to pumps for the signs of cavitation: Cavitation is slightly more complicated than aeration, 
8. Inspect a small sample of ﬂuid: for colour, debris, and odour. Keep in mind that visual inspection is limited in that it will only detect signs of excess contamination.
9. Scan electrically controlled servo valves: with an infrared thermometer, solenoid switch valves.
10. Scan the electric drive motor:  Any such finds on the system should be immediately tagged out of service.
A hydraulic system is easy to maintain, because the oil provides a very effective lubrication medium, while the system control valves protect the machine from mechanical overload. Like any other mechanism, however, it must be operated and maintained correctly. Hydraulic systems can be damaged by excessive speeds and pressures, by fluid contamination and by high operating temperatures. By using a regular maintenance program (preventative maintenance) to care for a hydraulic system, you can eliminate common problems and anticipate special ones.
Problems can be corrected or averted before a breakdown occurs. The following are the key problems that commonly need to be addressed in servicing hydraulic systems:
· Contaminated oil
· Poor fluid filtration
· Incorrect fluid selection
· Low fluid level
· High fluid temperature
· Loose supply lines
· Faulty seals.


[bookmark: _Toc133233877][bookmark: _Toc133237923][image: ]Theoretical learning Activity 
· Ask trainees to brainstorm about possible causes of hydraulic system malfunctions within groups 
[bookmark: _Toc133233878][bookmark: _Toc133237924][image: ]Practical learning Activity 
· Ask Trainees in pair to unscrew hydraulic system components.
· Ask Trainees in pair to inspect hydraulic system components.
[image: ]Points to Remember (Take home message)
	· Inspection done on hydraulic system
· Procedures of unscrew hydraulic system components 
· Weekly checklist of proper hydraulic system 





[bookmark: _Toc133237925]Learning Unit 3 Maintain hydraulic system circuit
  
	
Picture/s reflecting the Learning unit 3
[image: The basics of hydraulic circuitry]



                                             
STRUCTURE OF LEARNING UNIT       

	
Learning outcomes:
a. Select tools, materials and equipment 
b.  Disassemble and clean hydraulic circuit components
c.  Replace damaged parts and Reassemble Hydraulic circuit






[bookmark: _Toc133237926]Learning Outcome 3.1: Select tools materials and equipment
	[image: ]Duration:3hrs

	[bookmark: _Toc133233881][bookmark: _Toc133237927][image: ]Learning outcome 1 objectives:  
By the end of the learning outcome, the trainees will be able to:
1. Select properly tools used in hydraulic pump disassembling
2. select properly equipment used in hydraulic pump disassembling
3. Select accordingly materials needed when disassembling a hydraulic pump.

	[image: ]Resources

	Equipment 
	Tools
	Materials 

	· Jack stand 
· Bench vice 
· Work bench 
· PPE
· Drilling machine (portable) 
· Angle grinding machine

	· Spanners 
· Screw drivers 
· Hummers 
· Pliers 
· Punches 
· Chisels
	· Anti-rust 
· Water soap 
· Liquid soap
· Sand papers




 Indicative content 3.1.1: Selection of tools, materials and equipment

[image: ] Summary for the trainer related to the indicative content (key notes using bullets such as ticks etc)

	
· It is better to know the correct size and proper item required before selecting the tools materials and equipment to be used in maintaining  hydraulic system. 
· Tools to be selected when repairing: 
· Spanners
· Screw drivers
· Hummers
· Pliers
· Punches and chisels
· Cutters
· Scraper
· Bolts extractors
· Brushes
· Hack saw
· Air impact spanners
· Air brow gun
· Drilling machine (portable)
· Angle grinding machine
· The materials to be used are: 
· Anti-rust
· Water
· Powder soap
· Liquid soap
· Sand papers
· The equipment to be used: 
· Jack stand 
· Bench vice 
· Work bench
· PPE



[bookmark: _Toc133233882][bookmark: _Toc133237928][image: ]Theoretical learning Activity 
· Ask trainees to brainstorm about tools, materials and equipment difference. 
· Ask trainees to brainstorm about workshop rules and regulations
· Ask every learner to make a list of tools, materials and equipment.
[bookmark: _Toc133233883][bookmark: _Toc133237929][image: ]Practical learning Activity 
· Trainees in pairs select tools, materials and equipment.
[image: ]Points to Remember (Take home message)
	· Tools: is any instrument or simple piece of equipment that you hold in your hands and use to do a particular kind of work.
· Materials: Material is a substance or mixture of substances that constitutes an object
· Equipment: means a movable or fixed unit of furniture or furnishings, an instrument, a machine, an apparatus.


[bookmark: _Toc133233884][bookmark: _Toc133237930][image: ]Learning outcome 1 formative assessment
1. Identify tools, materials and equipment used when maintaining hydraulic system
	TOOLS
	MATERIALS
	EQUIPMENT

	Spanners 
	Anti-rust
	Jack stand

	Screw drivers 
	 Water
	Bench vice

	 Hummers 
	 Powder soap
	Work bench

	Pliers
	 Liquid soap
	PPE 

	Sand papers 
	
	

	Punches and chisels 
	
	

	 Cutters
	
	

	 Scraper
	
	

	 Bolts extractors 
	
	

	Brushes
	
	

	 Hack saw 
	
	

	Air impact spanners 
	
	

	Air brow gun 
	
	



[bookmark: _Toc133237931]Learning outcome 3.2 Disassemble and clean hydraulic circuit components

	[image: ]Duration: 9 hrs

	[bookmark: _Toc133233886][bookmark: _Toc133237932][image: ]Learning outcome 2 objectives:  
By the end of the learning outcome, the trainees will be able to:
3. Disassembling of hydraulic circuit components
4. Cleaning of hydraulic circuit components

	[image: ]Resources

	Equipment 
	Tools
	Materials 

	· Jack stand
· Bench vice
· Work bench
·  PPE
	· Wrenches 
· Sockets 
· Allen keys 
· Pliers 
· Screwdrivers
· Hammers 
· Bolt extractors

	· Anti-rust
· Water
·  Powder soap
·  Liquid soap

	[image: ]Advance preparation:
· Prepare workplace
· Gathering required resources  
· Trainees roll call



Indicative content 3.2.1. Disassembling of hydraulic circuit components
[image: ] Summary for the trainer related to the indicative content (key notes using bullets such as ticks etc)
	Disassembling of hydraulic circuit components:
1. Shut off the hydraulic system: Before beginning work on any hydraulic system, you need to shut off the power supply and relieve the pressure from the system.
2. Drain the fluid: Drain the hydraulic fluid from the pump and the surrounding area. Properly dispose of the old fluid.
3. Disconnect hoses: Disconnect any hoses or fittings that are attached to the pump. Label or mark them so you know where they need to be reconnected.
4. Remove the pump: Remove the mounting bolts that secure the pump to the machine. Gently pull the pump away from the mounting surface.
5. Disassemble the pump: Disassemble the pump into its individual parts, taking care to note the position and orientation of each part. Refer to the manufacturer's manual for guidance.
6. Inspect the parts: Inspect each part for wear, damage, or signs of failure. If any parts are damaged, replace them with new ones.
7. Clean the parts: Use a cleaning solution to thoroughly clean each part, paying attention to any crevices or hard-to-reach areas.
8. Replace any damaged parts: If any parts are damaged or worn beyond repair, replace them with new parts that match the specifications of the original parts.
9. Reassemble the pump: Reassemble the pump, making sure to follow the manufacturer's instructions and using any necessary gaskets, seals, or o-rings.
10. Reinstall the pump: Reinstall the pump in the mounting location and reconnect any hoses or fittings that were removed. Refill the hydraulic system with fresh fluid and test the pump to make sure it is functioning properly.




Indicative content 3.2.2 Cleaning of hydraulic circuit components
[image: ] Summary for the trainer related to the indicative content (key notes using bullets such as ticks etc)

	Why hydraulic system require cleaning
Fluid cleanliness is of primary importance to hydraulic systems because the risks associated with contaminants vary: from parts malfunction to wear and tear in components, to longer response times of your system's key parts, valves to cite an example, among many others.
There are several types of cleaning agents that can be used to clean hydraulic systems, including:
1. Solvent cleaners: Solvent cleaners are typically used to remove oil and grease from hydraulic system components. These cleaners are effective for cleaning metal parts, but can be harmful to some rubber and plastic components.
2. Water-based cleaners: Water-based cleaners are typically used to remove dirt, grime, and other contaminants from hydraulic systems. These cleaners are less harmful to rubber and plastic components, but may not be as effective at removing oil and grease.
3. Acidic cleaners: Acidic cleaners are used to remove rust and scale from hydraulic system components. These cleaners can be effective, but can also be corrosive and harmful to some metals.
4. Alkaline cleaners: Alkaline cleaners are used to remove heavy oil and grease from hydraulic system components. These cleaners are less harmful to metals, but can be harmful to some rubber and plastic components.
When selecting a cleaning agent for a hydraulic system, it is important to consider the type of components being cleaned, the type of contamination being removed, and any potential safety or environmental hazards associated with the cleaning agent. It is also important to follow the manufacturer's recommendations for cleaning and maintenance to ensure the safe and effective operation of the hydraulic system.
Hydraulic system components to be cleaned:
·  Pump
·  Valves
· Actuators
·  Pipes




[bookmark: _Toc133233889][bookmark: _Toc133237935][image: ]Learning outcome 2 formative assessment
1. Identify hydraulic cleaning agents?
Answer;
Solvent cleaners
Water-based cleaners
Acidic cleaners
Alkaline cleaners
2. What are the components to be clean?
Answer:
· Pump
·  Valves
· Actuators
·  Pipes
[bookmark: _Toc133237936]Learning outcome 3.3  Replace damaged parts and Reassemble Hydraulic circuit
	[image: ]Duration: 9 hrs

	[image: ]Learning outcome 3 objectives:  
By the end of the learning outcome, the trainees will be able to:
5. Disassembling of hydraulic circuit components
6. Cleaning of hydraulic circuit components

	[image: ]Resources

	Equipment 
	Tools
	Materials 

	· Jack stand
· Bench vice
· Work bench
·  PPE
	· Wrenches 
· Sockets 
· Allen keys 
· Pliers 
· Screwdrivers
· Hammers 
· Bolt extractors

	· Anti-rust
· Water
·  Powder soap
·  Liquid soap

	[image: ]Advance preparation:
· Prepare workplace
· Gathering required resources  
· Trainees roll call




Indicative content 3.3.1. Replacement of damaged parts 
[image: ] Summary for the trainer related to the indicative content (key notes using bullets such as ticks etc)
	Steps followed when replacing hydraulic valves:
1. Shut off the hydraulic system: Before beginning work on any hydraulic system, you need to shut off the power supply and relieve the pressure from the system.
2. Remove the old valve: Once the system is depressurized, remove the old valve. This will require disconnecting any attached hoses, cables, or wires.
3. Clean the area: Clean the area around the valve and inspect it for any damage or leaks.
4. Check the replacement valve: Before installing the new valve, make sure it is the correct replacement and that it matches the specifications of the old valve.
5. Install the new valve: Carefully install the new valve, making sure it is properly aligned and secured in place.
6. Reconnect hoses and cables: Reconnect any hoses, cables, or wires that were disconnected during the removal process. Make sure that all connections are secure and leak-free.
7. Test the new valve: Before restoring power to the system, test the new valve to make sure it is working properly.
8. Restore power: Once you have confirmed that the new valve is functioning correctly, restore power to the hydraulic system.
9. Monitor the system: Monitor the hydraulic system for any leaks or other issues that may arise.
10. Document the replacement: Document the replacement, including the date, the old and new valve specifications, and any other relevant details. This information will be helpful in the future if you need to replace any other valves in the system.
Steps followed when replacing hydraulic actuator

Replacing a hydraulic actuator can be a complex process, but if you follow these ten steps, you can complete the task safely and effectively:
· Shut off the hydraulic system: Before beginning work on any hydraulic system, you need to shut off the power supply and relieve the pressure from the system.
· Remove any attachments: Remove any attachments or fittings that are connected to the actuator, such as hoses or cables. Label or mark them so you know where they need to be reconnected.
· Remove the old actuator: Remove the mounting bolts that secure the actuator to the machine or structure. Gently pull the actuator away from the mounting surface.
· Inspect the mounting surface: Inspect the mounting surface to ensure that it is clean and free from any damage. If there is any damage, repair it before installing the new actuator.
· Check the replacement actuator: Before installing the new actuator, make sure it is the correct replacement and that it matches the specifications of the old actuator.
· Install the new actuator: Carefully install the new actuator, making sure it is properly aligned and secured in place.
· Reconnect hoses and cables: Reconnect any hoses, cables, or wires that were disconnected during the removal process. Make sure that all connections are secure and leak-free.
· Bleed the system: Bleed the hydraulic system to remove any air that may have entered during the replacement process. This will help to ensure proper operation of the system.
· Test the new actuator: Before restoring power to the system, test the new actuator to make sure it is working properly.
· Restore power: Once you have confirmed that the new actuator is functioning correctly, restore power to the hydraulic system. Monitor the system for any leaks or other issues that may arise.






Indicative content 3.2.2 Reassembling of hydraulic circuit
[image: ] Summary for the trainer related to the indicative content (key notes using bullets such as ticks etc)

	Reassembling a hydraulic circuit can be a complex process, but if you follow these ten steps, you can complete the task safely and effectively:
1.	Review the hydraulic circuit diagram: Review the hydraulic circuit diagram and familiarize yourself with the components and their connections.
2.	Gather necessary tools and components: Gather all necessary tools and components needed for the reassembly process.
3.	Clean the components: Clean all components thoroughly before reassembly, taking care to remove any debris or contaminants.
4.	Replace any damaged components: If any components are damaged, replace them with new ones that match the specifications of the original parts.
5.	Reconnect hoses and fittings: Reconnect all hoses and fittings in the correct orientation and tighten them securely. Use new seals or gaskets where necessary.
6.	Install valves and actuators: Install valves and actuators in their appropriate locations, ensuring proper orientation and secure mounting.
7.	Install filters and strainers: Install filters and strainers in their appropriate locations, ensuring proper orientation and secure mounting.
8.	Check fluid levels: Check the fluid levels in the system and add fluid as needed. Make sure the fluid is clean and free from contaminants.
9.	Test the system: Test the hydraulic circuit to ensure that it is functioning properly. Check for leaks, pressure drops, or other issues.
10.	Adjust and fine-tune the system: Make any necessary adjustments or fine-tuning to the system, such as adjusting pressure settings or flow rates. Once you have confirmed that the system is functioning properly, label all components and hoses for future reference.




[bookmark: _Toc133237937]Learning outcome 3.4 Remount, bleed,refill, Grease and test hydraulic system

	[image: ]Duration: 9hrs

	[image: ]Learning outcome 4 objectives:  
By the end of the learning outcome, the trainees will be able to:
1. Remount properly of hydraulic components
2. Bleed correctly hydraulic system 
3. Refill appropriately hydraulic system
4. Grease correctly hydraulic system parts
5. Test properly hydraulic system

	[image: ]Resources

	Equipment 
	Tools
	Materials 

	· Jack stand
· Bench vice
· Work bench
·  PPE
	· Wrenches 
· Sockets 
· Allen keys 
· Pliers 
· Screwdrivers
· Hammers 
· Bolt extractors

	· Anti-rust
· Water
·  Powder soap
·  Liquid soap

	[image: ]Advance preparation:
· Prepare workplace
· Gathering required resources  
· Trainees roll call




Indicative content 3.4.1. Remount properly of hydraulic components
[image: ] Summary for the trainer related to the indicative content (key notes using bullets such as ticks etc)
	Remounting hydraulic components can vary depending on the specific component, but the general process usually involves the following steps:
1. Shut off the hydraulic system: Before beginning work on any hydraulic system, you need to shut off the power supply and relieve the pressure from the system.
2. Remove the old component: Remove the mounting bolts that secure the component to the machine or structure. Gently pull the component away from the mounting surface.
3. Inspect the mounting surface: Inspect the mounting surface to ensure that it is clean and free from any damage. If there is any damage, repair it before installing the new component.
4. Check the replacement component: Before installing the new component, make sure it is the correct replacement and that it matches the specifications of the old component.
5. Install the new component: Carefully install the new component, making sure it is properly aligned and secured in place.
6. Reconnect hoses and cables: Reconnect any hoses, cables, or wires that were disconnected during the removal process. Make sure that all connections are secure and leak-free.
7. Bleed the system: Bleed the hydraulic system to remove any air that may have entered during the replacement process. This will help to ensure proper operation of the system.
8. Test the system: Before restoring power to the system, test the new component to make sure it is working properly.
9. Restore power: Once you have confirmed that the new component is functioning correctly, restore power to the hydraulic system. Monitor the system for any leaks or other issues that may arise.
10. Label the component: Label the new component for future reference, including any part numbers, model numbers, or other identifying information. This will help you to easily identify the component in the future and order replacement parts if necessary.






Indicative content 3.4.2 Bleed correctly hydraulic system
[image: ] Summary for the trainer related to the indicative content (key notes using bullets such as ticks etc)

	Bleeding of hydraulic system 
Things you'll need:
· Bottles
· Plastic tubing
· New hydraulic fluid
Step 1: Remove all components of the system that block your bleeding procedures.
Step 2 - Choose the Best Work Environment
Step 3 - Provide Access to Bleeder Valves.
Step 4 - Bleed Your Hydraulic Lines
Step 5 - Attach Plastic Tubing
Step 6 - Pump Fluid Out of the Lines
Step 7-Open the bleeder-outlet screw while keeping pressure
Step 8- Close the outlet screw once the valve level can be pressed all the way down and there is no more pressure.
Step 9- Bleed each line repeatedly until the hydraulic fluid comes out looking as much like good condition.
Step 10- Refill the reservoir as you bleed each line, 





Indicative content 3.4.3 Refilling of hydraulic system
[image: ] Summary for the trainer related to the indicative content (key notes using bullets such as ticks etc)

	REFILLING AND GREASE HYDRAULIC SYSTEM
Step 1. While the fluid is at operating temperature, completely drain the system, paying attention to the reservoir, all lines, cylinders, accumulators, filter housings or any area of fluid accumulation. Also, replace the filters.
Step 2. With a lint-free rag, clean the reservoir of all sludge and deposits. Make sure the entire reservoir is free of any soft or loosened paint.
Step 3. Flush the system with a lower viscosity fluid that is similar to the fluid to be used. A Reynolds number between 2,000 and 4,000 should be selected to achieve enough turbulence to remove particles from the lines. Stroke valves frequently to ensure they are thoroughly flushed.
Step 4. Drain the flushing fluid as hot and as quickly as possible. Replace the filters and inspect/clean the reservoir again.
Step 5. Fill the system to approximately 75 percent with the fluid to be used. Bleed/vent the pump. If the pump has a pressure relief or bypass, it should be wide open. Run the pump for 15 seconds, then stop and let it sit for 45 seconds. Repeat this procedure a few times to prime the pump.
Step 6. Run the pump for a minute with the bypass or pressure relief open. Stop the pump and let it sit for a minute. Close the bypass and permit the pump to operate loaded for no more than five minutes. Allow the relief valve to lift to confirm that it is flushed as well. 
Step 7. Start the pump and operate the actuators one at a time, allowing fluid to return to the reservoir before moving to the next actuator. After operating the final actuator, shut down the system. Keep an eye on the fluid level in the reservoir. If the level drops below 25 percent, add fluid and fill to 50 percent.
Step 9. Run the system for 30 minutes to bring it to normal operating temperature. Shut down the system and replace the filters. Inspect the reservoir for obvious signs of cross-contamination. If any indication of cross-contamination is present, drain and flush the system again.

Step 10. After six hours of operation, shut down the system, replace the filters and sample and test the fluid.
Step 11. The sampling frequency should be increased until you are confident that the system fluid is stable





Indicative content 3.4.4 Greasing of hydraulic system parts
[image: ] Summary for the trainer related to the indicative content (key notes using bullets such as ticks etc)
	Greasing of hydraulic system parts 
Greasing a hydraulic system is important for several reasons:
1. Reduces friction and wear: Grease helps to reduce friction between moving parts, which reduces wear and tear on the components. This can extend the lifespan of the system and reduce maintenance costs.
2. Prevents corrosion: Grease can help to prevent corrosion by creating a barrier between the metal surfaces and the environment. This is particularly important in humid or wet environments.
3. Protects against contamination: Grease can help to prevent contamination from entering the hydraulic system, which can damage the components and reduce performance.
4. Maintains performance: Regular greasing of a hydraulic system can help to maintain the performance of the system. This is particularly important in high-pressure systems where small changes in performance can have a significant impact on productivity and efficiency.
5. Reduces noise: Grease can help to reduce noise in the system by dampening vibrations and reducing metal-to-metal contact.
Overall, greasing a hydraulic system is an important maintenance task that can help to extend the lifespan of the components, improve performance, and reduce maintenance costs. It should be performed on a regular basis according to the manufacturer's recommendations.







Indicative content 3.4.5 Testing of hydraulic system
[image: ] Summary for the trainer related to the indicative content (key notes using bullets such as ticks etc)
	importance of Testing of hydraulic system 
Testing a hydraulic system is important for several reasons:
1. Ensures proper function: Testing a hydraulic system can help to ensure that all components are functioning properly and that the system is operating at the intended pressure and flow rate. This is important for the safe and efficient operation of the system.
2. Detects potential problems: Testing can help to detect potential problems before they become major issues. This can save time and money by allowing for repairs to be made before catastrophic failure occurs.
3. Verifies system performance: Testing can verify that the hydraulic system is performing as intended and meeting the required specifications. This is important for ensuring that the system is operating safely and efficiently.
4. Improves system efficiency: Testing can identify inefficiencies in the system and help to optimize performance. This can lead to reduced energy consumption and lower operating costs.
5. Maintains system safety: Testing can help to maintain system safety by identifying any leaks, pressure drops, or other issues that could pose a safety risk. This is particularly important in high-pressure systems where safety is a top priority.
Overall, testing a hydraulic system is an important maintenance task that can help to ensure the safe and efficient operation of the system. It should be performed on a regular basis according to the manufacturer's recommendations and any applicable safety regulations.
Steps of testing hydraulic system
The process of testing a hydraulic system can vary depending on the specific system and the type of test being performed, but the general steps may include:
1. Review the system specifications: Review the manufacturer's specifications for the hydraulic system to understand the design parameters, performance requirements, and any testing procedures recommended by the manufacturer.
2. Inspect the system: Inspect the hydraulic system for any leaks, damage, or wear and tear. Repair or replace any damaged or worn components before testing.
3. Install test equipment: Install the necessary test equipment, such as pressure gauges, flow meters, and temperature sensors, at the appropriate locations in the hydraulic system.
4. Purge air from the system: Purge any air from the hydraulic system by opening the appropriate valves and allowing the system to run until the air has been removed.
5. Conduct the test: Conduct the test according to the manufacturer's specifications or any applicable industry standards. This may involve measuring pressure, flow rate, temperature, or other parameters to verify that the system is performing as intended.
6. Analyze the results: Analyze the data collected during the test to determine if the system is meeting the required specifications. If any issues are identified, troubleshoot the system to identify the root cause of the problem and take appropriate corrective action.
7. Document the test results: Document the test results, including any issues identified, corrective actions taken, and any adjustments made to the system to optimize performance.
8. Repeat the test: If necessary, repeat the test after any repairs or adjustments have been made to verify that the system is operating as intended.
Overall, testing a hydraulic system is an important maintenance task that can help to ensure the safe and efficient operation of the system. It should be performed on a regular basis according to the manufacturer's recommendations and any applicable safety regulations.


[bookmark: _Toc133233892][bookmark: _Toc133237938][image: ]Theoretical learning Activity 
· Ask trainees to brainstorm about Remounting of hydraulic system based on the components  
· Ask trainees to discuss in group the cleaning and bleeding procedures for hydraulic system.

[bookmark: _Toc133233893][bookmark: _Toc133237939][image: ]Practical learning Activity 
· Ask trainees in group discussion about about greasing and testing of hydraulic system
[image: ]Points to Remember (Take home message)
	· Remounting of hydraulic components
· Bleeding and Refilling of hydraulic system 
· Greasing of hydraulic system parts
· Testing of hydraulic system
· Disassemble and clean hydraulic circuit components
· Replace damaged parts and Reassemble Hydraulic circuit



[bookmark: _Toc133237940]Integrated situation
KIRAMURUZI FARMS ltd located at GATSIBO District has the Agriculture machines known as tractors, the tractor operator of one of those machines reported to the farm manager that his tractor required general maintenance. The farm manager decided to call the NGARAMA Garage manager for intervention. The garage manager requested you as a Hydro-pneumatic technician to go to the farm to perform the maintenance of hydraulic system of the tractor within 4hours.
Assessment Criterion 1: Quality of Process 
	Checklist 
	Score 

	
	Yes 
	No 

	Indicator: Tools, equipment and materials are selected 
	

	Tools 
	

	 Spanners  
	 
	 

	 Screw drivers  
	 
	 

	 Hummers  
	 
	 

	 Pliers 
	 
	 

	 Scraper 
	 
	 

	 Bolts extractors  
	 
	 

	 Brushes 
	 
	 

	Materials:  
	 
	 

	 Anti-rust 
	 
	 

	 Water 
	 
	 

	 Powder soap  
	 
	 

	 Seals set 
	 
	 

	 Gaskets  
	 
	 

	 Silicon 
	 
	 

	 Liquid soap 
	 
	 

	 Sand papers 
	 
	 

	Equipment: 
	 
	 

	 Jack stand 
	 
	 

	 Hand gloves 
	 
	 

	 Safety boots  
	 
	 

	 Overall  
	 
	 

	Indicator: Hydraulic components has been dismounted  
	

	 Hydraulic system is well drained 
	

	 Hydraulic components are cleaned 
	 
	 

	 Reference  points are  verified  and marked 
	 
	 

	 Fixing bolts are  unscrewed 
	 
	 

	 Hydraulic components are removed 
	 
	 

	 Hydraulic components are well inspected 
	 
	 

	Indicator: Hydraulic circuits has been maintained 
	 
	 

	 Hydraulic circuits are well disassembled  
	 
	 

	 Hydraulic  components are well  cleaned  
	 
	 

	 Damaged parts are well replaced  
	

	 Hydraulic circuits are well re-assembled 
	 
	 

	 The bleeding of  hydraulic system is well done  

	 The greasing of  hydraulic system points is well done 
	 
	 

	 Hydraulic reservoir is well  refilled 
	 
	 

	Indicator: Hydraulic  components has been remounted 
 
	 
	 

	 Hydraulic components  are well remounted 
	 
	 

	Indicator: Hydraulic system has been  tested 
 
	 
	 

	 Leakage is checked 
	 
	 

	 Pressure is checked 
	 
	 

	 Performance is checked  
	 
	 

	Observation 
  


 Assesment Criterion 2: Quality of product 
	Checklist 
	Score 

	
	Yes 
	No 

	Indicator: Tractor with hydraulic system is well maintained   
	

	 The tractor is well greased  
	 
	 

	 The bleeding of hydraulic system is well done 
	

	 The tractor  abnormal noise is eliminated  
	 
	 

	 The tractor operates properly  
	 
	 

	Observation 
	


Assesment Criterion 3: Relevance 
	Checklist 
	Score 

	
	Yes 
	No 

	Indicator: time is respected  
	

	 4hours  
	 
	 

	Indicator: Efficient use of materials 
	

	 No materials are wasted 
	 
	 

	 Working environment is well protected 
	 
	 

	 
	 
	 

	Observation 
	


Assesment Criterion 4: Safety 
	Checklist 
	Score 

	
	Yes 
	No 

	Indicator: Personal protective equipment are well used  
	

	 No accident happened during the work  
	 
	 

	 No injury happened during the work 
	 
	 

	 The maintained vehicle is remaining clear after being repaired. 
	 
	 

	Indicator: Efficient use of materials  
	

	 No materials are wasted 
	 
	 

	 Working  environment is cleaned 
	 
	 

	 Tools, materials and equipment used  are well kept  
	 
	 

	 Tools, materials and equipment are properly cleaned 
	 
	 

	Observation 
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