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Unit Information

As with other units in this series you will gain the greatest benefit if you complete it alongside your practical work.

You will need access to all the normal learning resources available to you at your centre, these should include workshops, the library and manufacturers catalogues.

Much of the information required for completion of the activities has been included in the general text. However, you will occasionally find it necessary to look up information elsewhere and to use British Standards.

You will find it helpful to have a calculator and notepaper available even though the package is designed to be written in and is your copy to keep.

Although the unit is intended for you to work alone, remember to make use of your Tutor whenever you feel necessary.

Objectives

On completion of this unit you will be able to:

· describe the operating principles of hydraulic systems

· describe hydraulically operated systems in terms of:



– 
fluid pressure acting on pistons of different areas to 



achieve a large output force compared to input force



– 
fluid pressure used to achieve smooth linear movement



– 
outline diagrams of simple hydraulic circuits showing 



essential components/symbols

You should allow about 8 hours for completion of this unit.

Introduction

Hello and welcome to this first unit on Fluid Power Transmission. It covers what you need to know about hydraulic transmission if you are studying for the C & G 214-2-27 maintenance competence in 'Mechanical Power Transmission Systems'. It does not cover sub-systems C & G 214-2-13 Hydraulic Systems. However, it will serve as a useful starter for that unit.

It will also be useful to you if your aim is to obtain a NVQ3 in Hydraulics Maintenance Competences.

Hydraulic Power Transmission

In hydraulic systems pressurised liquids are used to transmit movement and forces from one place to another.

In the hydraulic systems we will be looking at in this unit, the hydraulic liquid (fluid) is contained within the system’s components and pipework. At the input end of the system is a driven master-cylinder or a pump. These transfer the movement and force of the drive to the hydraulic fluid.

Activity 1

Let’s begin by seeing if you can think of THREE methods which could be used for driving a hydraulic pump. Write your answers in the box below.

1


2


3



Check your answers in the Review Pack

At the output end of a hydraulic system we will find an ACTUATOR which can support or clamp a load. It may also be used for reshaping components.

The term actuator is the common name for any device which applies the transmitted forces and movement to the load.

If a linear (straight line) output movement is required, a cylinder or ram would be used (see below).
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Hydraulic Cylinder 
Hydraulic Ram

If a rotational output is needed, then a hydraulic motor is employed as the actuator.

Hydraulic Motor
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Activity 2

For this activity, you should try to visit an engineering workshop. Hydraulic systems can be found in all kinds of situations such as civil engineering and building sites, aircraft hangers, farms, shipyards or heavy goods vehicle repair garages. Any of these will suit your purpose. During your visit complete the table below for any hydraulic systems you can find. If none of the above is easily available to you, look in any books on hydraulics in your library, or ask your tutor for help.

An example is provided to show you what to do.

Machine with Hydraulic System
Purpose of the Hydraulic System
Output Movement Needed
Actuator/s Used

Ship’s steering gear




















To turn the rudder against the resistance of the water
Rotary
Cylinders 
* see note

* Note - Only a part of a revolution is needed; cylinders with special mountings or linear to rotary convertor mechanisms connected to them are often used to give rotational movements.
Check your answers with the Review Pack

Let’s now review what we have learned about hydraulic systems so far, using the diagram below.
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Force Transmission in Hydraulic
Systems

In the summary we have shown a diagram of a simple hydraulic system.

This has:

a manual, or powered input

a pump or master cylinder

a connecting pipe

an actuator

Let’s now draw the same system in a different way(see below). Hydraulic systems are drawn like this in text books and examinations, to illustrate what is known as the 'hydraulic lever'.
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The Hydraulic Lever

Use of the hydraulic lever principle increases the force put into the system, so the force that we get out of it is much larger and better able to lift, hold, crush, or otherwise shape the load.

Activity 3

For this activity look in any hydraulic, engineering science, or elementary physics books available to you, your tutor may be able to provide some. See if there are any diagrams similar to mine. Read any explanations given. You may find that they call such a hydraulic lever system a Bramah press. See your tutor who may be able to provide you with a model hydraulic lever system and some weights. Experiment to see the difference between the input force and the output force.

If you have managed to carry out the investigations with a model hydraulic lever system, you are sure to have discovered that the change in force between input and output is related to the difference in size between the input master cylinder and the output ram.

In order to understand why this is so, we must first know a little about pressure and how liquids behave when they are in hydraulic systems.

pressure is a force acting on an area
Activity 4

Find out which units are used to measure pressure. Write them in the spaces below.









Check your answer with the Review Pack
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Whichever ones you found, apart from three specially named units; Pascals, bars and atmospheres, you should notice each has a unit of force and a unit of area combined to give the unit of pressure.

The diagram shows a Pin Punch being
used to drive a pin into a hole. The Pin
Punch is applying a PRESSURE to the
pin over an AREA equal to the area of the
end of the punch. 

The force of the hammer blow is being passed to the pin over this area. We therefore have a force acting on an area which puts a pressure on the pin.

In our hydraulic system the force being applied to the master cylinder is being passed to the liquid over the area of its piston. Therefore, a pressure is being applied to the liquid in our hydraulic system.

What happens to this force acting on an area or pressure when it is applied to the hydraulic liquid in a closed system like ours?

It is passed on through the liquid and acts with equal intensity in all directions. Every area of the system’s pipework and the ram which is equal to the area of the input piston has the same force applied to it.

You will sometimes see the above written more formally and called Pascal’s Law.
Activity 5

Have a look in a hydraulics or a physics text book for a formal definition of Pascal’s Law and write it down in the space provided.

Pascal’s Law states:









Check your answer with the Review Pack

In the drawing on the next page I have shown a slightly different view of our hydraulic lever system. Knowing as we now do, that hydraulic pressure acts with equal force on equal areas, how much greater than the input force A will be the output force B?
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Calculating the force input/output change for Hydraulic levers

In the C & G examination you may be asked to do calculations to find the size of this force change in a given hydraulic lever.
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In mathematical terms:
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So the pressure in the system 
=

This pressure acts on all the system’s internal surfaces including the surface of the ram’s piston.

To find the ram’s output force from pressure acting on it, the formula is rearranged to:

Force  =  Pressure  x  Area

so

Output Force  =  Pressure in System  x  Area of Ram
Let’s review this again using a diagram.

Finding the Force Output
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If you are mathematically minded this can, as the pressure on the input and output pistons is the same, be written as:
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Input Pressure 
= 
Output Pressure

and as 

Pressure 
=



Input Pressure 
= 

= 

= 
Output Pressure

This can be rearranged so the output force is





FOUT
=


Activity 6

Let’s see how we are getting on so far and try to answer these questions on hydraulic levers and their input and output forces.

1 The drawing shows a diagram of a hydraulic braking system.

a Calculate force applied to the brake drum.

b State why this force is larger than the input force.

The simple hydraulic system shown below is supporting a load. If the input force is 600 Newtons, what is the weight of the load?


2 In the hydraulic system shown in Question 2 how much larger is the force output from the larger supporting cylinder?

In any examination questions of this nature, remember the examiner will want to see all your working. Be sure to state the units of your answers, for example, N for Newtons.

Check your answers with the Review Pack

Hydraulic Power Transmissions in
Machines

In most machinery the ability of hydraulic systems to provide high forces is only one reason for their use. The other is to move the load. The loads moved may be heavy, or light, but hydraulically driven actuators will move them smoothly at easily controllable speeds.

Activity 7

See if you can list below THREE uses of hydraulic systems where this smooth controllable movement is important.

1


2


3


Check your answers in the Review Pack

Such hydraulic systems differ from the holding, clamping, and breaking hydraulic systems that we have seen so far. To give such movement, the liquid in the system must flow. In order to create flow as well as pressure in a system, we need to have a pump.

If you look at the hydraulic system illustrated on the next page, you will see that the master cylinder has been replaced by a pump. This gives the necessary flow to lift the car to the required height. You will also notice, I hope, that there are a number of other additional components in the diagram. These are needed to allow the system to work efficiently and safely when a pump is present.


Activity 8

List any components which are not present on the hydraulic lever diagram but are shown on the diagram above.

The components you have listed are found in hydraulic systems where a pump is used. Let’s look at each in turn and see why.

Reservoir

This holds enough hydraulic fluid to make sure the pump always has a plentiful supply. It also helps keep the fluid in good condition, by cooling it and allowing harmful contaminants to separate out.

Filter

This removes small solid particles from the fluid. Such particles are a great nuisance. If they are not removed, they can cause a system to fail through wear and blockages.

Relief Valve

The setting of the relief valve controls the highest pressure at which the system is allowed to work. If the pressure in the system starts to rise above the set maximum pressure, the relief valve automatically opens. It then allows hydraulic fluid to pass back through it to the reservoir. When the pressure falls below the set value again, it automatically shuts.

Control Valve

This can be set to allow hydraulic fluid to pass into, or out of, the actuator. Many also have a third position and are able to isolate the actuator completely from the rest of the system. If the control valve shown is set to raise the car platform, the pumps output is fed by it direct to the ram.

To lower the platform the control valve is set to allow fluid to pass out of the ram. It diverts the escaping flow into what is known as the ‘return line’. This carries it, as you can see on the diagram, back to the reservoir ready for re-use. To stop and hold the ram at any height the control valve is put into ‘neutral’. In this position it shuts off the pump from the ram and the ram from the return line.

Activity 9

a 
What effect do you think such complete isolation has on an 
actuator?

b 
Where do you think the pump’s output of fluid then goes?

Check your answers with your tutor or in the Review Pack

Throttle Valve

A throttle valve can be adjusted to control the rate at which the hydraulic fluid flows. The speed of an hydraulic actuator depends on the rate at which the fluid flows into or out of it. Throttle valves, therefore, control through the flow, the rate at which the actuator moves the load.

How The Car Lift Hydraulic System Works

This is how the car lift illustrated on page 18 works as a complete system.

3 The pump draws cleaned and cooled fluid from the reservoir.

4 Fine particles in the fluid are removed by the filter.

5 The fluid passes through the pump. At the pump’s outlet the fluid has both a pressure and flow.

6 If the control valve is open the fluid flows into the ram, filling it and raising the car.

7 If the valve is closed, (put into neutral)‚ to hold the car at a required height, then the pumps outlet is passed back to the reservoir via the return line. The control valve does this either by diverting the flow directly to the return line, or it shuts completely so the pump’s output has nowhere to go.


Pressure builds up as the pump tries to push more fluid into the 
system. The maximum pressure setting is soon reached. The relief 
valve then opens and diverts the unwanted flow back to the 
reservoir until the control valve is re-opened to continue filling, or to 
empty the actuator.

8 When the load needs to be lowered the control valve is positioned to connect the actuator with the return line. Fluid is forced by the weight of the load back through it to the reservoir.

9 On the way, the escaping fluid flow encounters the throttle valve and its rate is slowed so the load is lowered gently.

Block Diagram Car Lift Circuit


Hydraulic Machine Circuit For Plastic Injection Moulding Machine


Operation

The mould is closed and held shut under high pressure while the plastic is injected into it. It is then opened so that the plastic product can be removed. The diagram above shows a typical hydraulic circuit used to drive a machine where linear movements and high forces are required. In this case a plastic moulding machine.

Activity 10

10 Draw a block diagram of the plastic moulding machine circuit.

11 What part of the circuit is exactly the same as the car lift circuit?

What is the difference between the cylinder in this circuit and the ram in the car lift?

12 How are the control valves used in the two circuits different?

Check your answers in the Review Pack

Description of Control Valve Types

The control valve in our ram circuit has three ports to which connections can be made:


P 
for pump


A 
for connecting it to, in this case, the ram or actuator


T 
for a connection to the reservoir or tank

It also, I hope you remember, has three positions:


1 
to deliver fluid to the ram


2 
to let fluid out of the ram


3 
neutral to trap fluid in the ram for holding.

We therefore, can describe such a valve as a three port, three position valve. When talking about it we would say it was a THREE, THREE VALVE. When writing it down we would write 3/3 valve. We would also add that it is a manually controlled valve.

You may hear, or see the word DETENT used in connection with such valves. This simply means they will stop in any position the lever leaves them in, until the lever is operated again to put them into another position.

The valve used to control the cylinder has FOUR PORTS to which connections can be made:


P 
for connections to the pump


A 
for connecting one end of the cylinder


B 
for connection to the other end of the cylinder


T 
for connection to the reservoir

This valve however, only has TWO POSITIONS

13 Diverts pumped fluid to one end of the cylinder and at the same time lets used fluid pass back to the reservoir from the other end of the cylinder.

14 Reverses the above flows.

This valve is described as a four port, two position valve called a FOUR, TWO valve and written down as a 4/2 valve.

How the Hydraulic System of the
Plastic Moulding Machine Works

15 The pump draws cool, conditioned fluid from the reservoir.

16 Any fine particles in the fluid are removed by the filter.

17 The fluid passes through the pump. At the pump’s outlet it has flow and pressure.

18 The fluid then has its flow rate adjusted, by the throttle valve, to give the required opening and closing speed of the machine.

19 According to whether the machine needs to open or close the mould. The flow is diverted to one, or the other end, of the cylinder by the control valve.

The electrical signal moves the valve so that the flow to the cylinder closes the mould. As soon as the signal is removed the spring moves the valve back to its original position.

The flow is then directed to the other end of the cylinder, so it re-opens the mould.

An important function of the control valve is that as it allows flow to pass to one end of the cylinder it must let already used fluid freely escape from the other British standard 2917 symbols.

Activity 11

What would, or would not, happen if the valve did not do this?

Check your answer with your tutor or in the Review Pack

British Standards 2917 Symbols

Hydraulic machine circuits are usually drawn using special standard symbols. These symbols are to be found in BRITISH STANDARD 2917.

Activity 12

For this activity you will need to see a copy of BS2917. Ask your tutor if one is available or you may find one in the library.

From BS2917, copy into the table on the next page, the symbols for the hydraulic components listed.

Hydraulic Component
BS 2917 Symbol

4/2 Valve Electrical 
(solenoid control)
Spring Return





Reservoir Filter
Pump (fixed capacity)






Throttle Valve







Double Acting Cylinder
with Single Piston Rod






Pressure Relief Valve







Check your answers in the Review Pack or with your Tutor

Activity 13

Drawn below is a hydraulic system which operates a small press. Using the British Standard 2917 symbols write the name of each component on the line provided, then carefully read the notes beside the drawing.


Activity 14

The system below is drawn to BS2917. It is designed to drive a hydraulic winch or haulage.

In the boxes provided, tick any differences between this and the hydraulic press system and then read the following notes for the ticked letters.


Notes On Winch Circuit Symbols

A 
This is the symbol for the reversible hydraulic motor which drives 
the winch drum.


Like the pump (E) its basic shape is circular but notice the 
triangular arrows point inwards in the motor symbol and outwards in 
a pump symbol.


Two arrows like this are needed if the motor is reversible.

B 
Here we have a three position valve so we add an extra ‘box’ to 
represent the neutral (holding) position in the centre of the symbol. 
The T's in the box at the inlet and outlets shows that the valve shuts 
them off. This isolates the motor so it stops and holds the winch 
drum in a required position.


The method of operating the valve is by the solenoid responding to 
electrical signals from the controller. If the control wishes to stop 
the motor it simply switches off the signal and the two springs move 
and then hold the valve in the central neutral position.

C 
Directly after the throttle valve, the return line ends in a miniature 
reservoir symbol. This shows that the line ends in the system 
reservoir and it therefore saves having to draw in fully the return 
lines.

D 
Return to reservoir symbol as in ‘C’ above.

Activity 15

Describe briefly the operation of the winch circuit.

Check your answer with your Tutor

Activity 16

Draw the circuit below using the BS 2917 symbols.

Ask your tutor to mark your work

Summary

We have now reached the end of the unit about Fluid Power Transmission so here is a brief summary. Read through it very carefully to remind yourself of what we have covered and to help you revise if you are taking the C&G exam or preparing for NVQ assessments. If you have any problems with the points raised in the summary, go through them again.

· In hydraulic machines, power is transmitted by pressurised liquids

· The liquid is pressurised by being trapped between the pump or master cylinder and the load on the actuator

· Pressure is a FORCE acting on an area, or put mathematically


PRESSURE 
=

· Force output from a hydraulic actuator depends on the pressure of the fluid and the area of the actuator on which it can act

FORCE OUTPUT  =  PRESSURE  x  AREA

· The amount of force output to force input can be increased by making the actuator much larger in area than the input pump, or master cylinder area

· This increase can be calculated using the following formula:


FORCE OUTPUT (Fout)  =

· Hydraulic systems are made up of a number of components.



The Power Pack includes the:



Reservoir – to store and condition the fluid



Filter – cleans out solids



Pump – is the power input to the system.



Relief valve – protects the system from pressure damage

The Control Components


Throttle valve – controls the speed of the actuator 

Direction control valve – controls the measurements of the actuator.


The Actuators


Rams or cylinders when linear movement are needed 

Motors when rotation is required.


Different combinations of valves and actuators can be used to build 
different systems to suit the requirements of the machines.


Systems can be designed using BS 2917 symbols to represent the 
components needed. Such symbol diagrams are also a valuable 
aid when fault finding.

The main symbols we have seen are:


Where To Study Next

Check with your tutor which unit is best for you to study next or have a look at the MODULE MAP in the Introductory Unit.

GOOD LUCK !
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