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Basics of Hydraulics:

Hydraulic systems are essential parts of many industrial /

practical engineering application. Designing of hydraulic
circuits and their components & their operation &

maintenance are one of the very important practices of many

engineers & technicians. Availability, efficiency and extended

reliable performance of power plants, pumping and fluid

handling stations & similar facilities are greatly influenced by

accurate design, selection, efficient operation and proper

maintenance of hydraulic systems & associated components.

Hydraulics is a branch of science& engineering concerned 
with the use of fluids to  perform mechanical tasks.
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to give participants skills & 
knowledge to:

1- Basic Components of Hydraulic Circuit and 

hydraulic system.

2- Fluid viscosity, Tanks and Hydraulic Fluids

3- Examination of Hydraulic Pumps (Types of PDP).

6- Examine various types of Hydraulic Accessories.

9- Examination of Maintenance and Troubleshooting

8- Practical Training for Basic System Design. 

Course 
Objectives

4- Types of Hydraulic Actuators (Motors & Cylinders)

5-Understand basic types of various control valves 
(pressure control, direction control, flow control). 

This include functions, materials, sizes, geometry 
considerations and essential flow characteristics .

7-Applications of  Reading hydraulic Schematics.

Each lecture will be followed by Important Note: 
a very comprehensive interactive and computer 

based virtual and multi-media training lab. Each 
lab will include also animations, 3-D models and 

on-line quizzes

Standard  

Symbols 
must be used
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Chapter # 1  Fluid Power Physics 
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1-Fluid 

Power 

Physics

Basics of Hydraulics
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Heatqtvr.mov

 

Note: Due to very high 

pressure used in  a 

Hydraulic system,  real 

Hydraulic fluids are 

slightly compressible. 

However, for simplicity 

we will consider them 

to be noncompressible
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End of Part (1) Fluid Power Physics –
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Chapter # 2- Pumps 
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Categories & Classifications of Pumps:                 All pumps fall into two main categories:

1.Dynamic (or kinetic) pumps which increase the fluid velocity to then create press.                                                             
2.Pumps that use positive displacement to create press.

Pumps classified per method of operation as:1. Reciprocating. 2.  Centrifugal.              3.  Rotary
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2-PumpsBasics of Hydraulics
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Internal Gear Pump

Internal Gear Pump

External Gear Pump

 

Pump shaft is side loaded

Ubvpqtvr.mov

Seg1.mov

Seg2.mov

 

stage 1.mov stage 2.mov Vpumpful.mov  
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Input in this animation is through the TOP two black holes near the center below 
the "Pintle" (shown in yellow). Output is through the BOTTOM two black holes, 

above the pintle. Higher pressure areas are indicated with a DARKER blue fluid 
color. The pistons are usually forced out by springs. They are forced back in, 

expelling liquid, by the casing. An odd number of pistons is always used to 
smooth the hydraulic balance.  

SWASH PLATE PUMPS:
Have rotating cylinder containing pistons. Spring pushes pistons against 

stationary swash plate, sits at angle to cylinder. The pistons suck in fluid 
during half a revolution and push fluid out during the other half. Shown 

on edge on the far right in the animation is a dark stationary disk. It 
contains two semi-circular ports. It is shown again in a head-on view 

below, right. These ports allow the pistons to draw in fluid as they move 
toward the swash plate (on the backside and not shown here) and 

discharge it as they move away. For a given speed swash plate pumps 
can be of fixed displacement like this one, or variable by having a variable 

swash plate angle. The greater the slant the further the pistons move and 
the more fluid they transfer. 

 

A10.mov

1seg.mov

2seg.mov

3seg.mov

4seg.mov
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Lobe Pump

Rotary lobe

Claw PDP

Claw-cutaway PDP
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Dry screw 

Three Rotor Screw Pump  
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Swinging Vane
These pumps have a series of hinged vanes 
which swing out as the rotor turns through 
the eccentric cavity. Liquid is trapped and 
forced to the discharge side of the pump.

Swinging Vane 

Shuttle Block
Shuttle block pumps have a cylindrical rotor 
turning in a concentric casing. The rotor 
includes a shuttle block and piston 
reciprocated by an eccentrically located idler 
pin, producing suction and discharge. 

Shuttle Block 

Universal Joint
This pump has a stub shaft in the free end of 
the rotor, supported in a bearing at about 30 
degrees to horizontal. Opposite end of rotor 
is fixed to drive shaft. When rotor revolves, 
four sets of flat surfaces open and close for a 
pumping action of 4 discharges/revolution. 

Universal JointCam and Piston

Eccentric In Flexible Chamber
Eccentric of these pumps produces pumping 
action by causing the flexible member to 
gyrate around pump cavity, trapping fluid. As 
flexible member is squeezed against  pump 
casing, fluid is forced around to discharge. 

Eccentric in Flexible 

Chamber 

Flexible Tube
As name implies, this pump has a flexible tube 
squeezed by a compression ring or a series of 
rollers. Rollers propel fluid along tube much 
as an intestine produces pumping action. For 
this reason, they are called a peristaltic pump.

Flexible Tube
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Prescomp.mov

 

Troubleshooting the positive displacement rotary pump
1-No liquid discharge:- Pump is not primed. Prime it from the outlet side 
by keeping outlet air vent open until liquid comes out the vent. The 
rotating unit is turning in the wrong direction. Valves are closed or there 
is an obstruction in the inlet or outlet line. Check that the flange gaskets 
have their center cut out. The end of the inlet pipe is not submerged. You 
can either increase the length of the inlet pipe into liquid level or raise the 
level in the tank. The foot valve is stuck. A strainer or filter is clogged. Net 
inlet pressure is too low. A bypass valve is open. There is air leak some 
where in the inlet line. Air can come in through gaskets or valves above 
the fluid line. Stuffing box is under negative pressure. Packing is allowing 
air to get into system. You should convert packing to mechanical seal 
.Pump is worn. Critical clearances have increased. Something is broken. 
Check shaft, coupling, internal parts, etc. There is no power to the pump.  
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2-The pump is putting out a low capacity:-.
Pump's internal clearances have increased. Time to change some parts. Net inlet 
pressure is too low; Pump is cavitating. A strainer or filter is partially clogged. The 
speed is too low. Check the voltage. The tank vent is partially frozen shut. A 
bypass line is partially open. A relief valve is stuck partially open. The inlet piping 

is damaged. Something ran over it . A corrosion resistant liner has collapsed in 
inlet piping. Air is leaking through packing. You should go to a mechanical seal. 

3-The pump looses its prime after it has been running for a while:-.
The liquid supply is exhausted. Check tank level; sometimes the float is stuck, 
giving an incorrect level reading. The liquid velocity has increased dramatically. 

The liquid is vaporizing at pump inlet. A bypass line is heating the incoming fluid. 
An air leak has developed in the suction piping. 

4-The pump is using too much power:-
Speed is too high. Liquid viscosity is higher than expected. Discharge pressure is 
higher than calculated. Packing has been over tightened. You should convert to a 
mechanical seal. A rotating element is binding. Misalignment be the problem or 
something is stuck in a close clearance and binding the rotating element. 

5-Excessive noise and vibration:-
Relief valve chatter. Foundation or anchor bolts come loose. Pump and driver are 
misaligned. Ppiping is not supported properly. Liquid viscosity too high. Pump is 

starving. Check temperature of the incoming liquid. Check if supply tank heater 
failed. Excessive noise or loss of capacity is caused by cavitation. Cavitations 
occurs with:Loss of suction pressure. increase in fluid velocity. increase in inlet 
temperature.  
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Basics of 

Hydraulics
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Cyliqtvr.mov
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finalgearmotor.mov

Gearloop.mov
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Axisqtvr.mov  
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 surfaceannula

 surfacepiston
ratio surfaces =

Double Acting/effect differential cylinder:
By alternatively feeding any of the two connections, the

cylinder rod exits/extends and re-enters/retracts.
Maximum forces depend on the working maximum

pressure and respective useful surfaces: at the exit on

piston side surface 8 and on rod side 9 at the re-enter
on annular surface. The cylinder is substantially

formed by a bottom 1, a cylinder body 2, a head 3, the

tie rods, the piston body 4, with rod 5, the drive
compass/sleeve 6 and the fixing flange 7. The bottom 1,

cylindrical body 2 and the head 3 are fixed through four

tie rods. The tight between piston side 8 and rod side 9
is obtained through piston packing 10.

The working without “blocking effect” is possible with

minimum speeds and low pressure thanks to adopted
packing kinds and to superficial quality of the

cylindrical body, rod and relative slide.

An important parameter for the differential cylinders is
the

where annular surface is equal to: (piston surface – rod surface)
The Maximum forces, developing during unthreading or re-entry are directly

proportional to this surfaces ratio, while the corresponding speeds are inversely

proportional.  
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Pressure  Control  Valves
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direct2QTVR.mov
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PilotQTVR.mov

Stage1.mov

Pcfull.mov

Stage 2.mov

stage 4.mov
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Directional  Control  Valves
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Sliding Plate Directional Control Valves
 :

Sliding Plate Valve: [1] Supply;  [2] Exhaust;

[3] Torque Motor; where C1 and C2 to load.

The design shown in figure, may be linked to an unwrapped spool (i.e.,
that is 2-D) or even to the original D-type steam valve. It overcomes
difficulties associated with the manufacturing of the process in spool
valves, and we can use the hole-and –plug porting techniques. However,
some manufacturers consider that difficulties associated with the flat and
parallel plates making are greater than those with making spools and
sleeves. Various methods are used to reduce friction force; in some
valves the sliding member is suspended on spring plates to prevent
metallic contact, and others achieve hydrostatic pressure balance.
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Rotary Spool directional Control Valves

The rotary valve is an obvious configuration, although not widely used. 

It can be classified as another type of spool valve where the ports run 

axially instead of circumferentially as shown in the figure. Sealing in 

the closed position, these valves are a close fir over a restricted 

contact area. Also friction can be high. In these respects,  rotary valves 

are inferior to conventional spool valves, or even plug valves.

Operation 
of a rotary  
Spool 

directional 
control 
valve 
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Rotary Plate Directional Control Valves
The somewhat better configuration is to employ a ‘solid’ spool with drilled through 

ports (one or many ports) as shown in the two figures below. Geometric design is 

simplified to a degree with these latter designs or types of valves, and both can 

readily be produced with over-lap or under-lap, as required, e.g., by enlarging the 

circumferential length of the rotating or stationary port, respectively. These types of 

valves are known as disc valves or rotary disc valves. Also the reaction forces can be 

compensated fairly easily by the use of deflector vanes which can add the advantage 

of being adjustable.

Rotary Plate Valve 

(one port in the plate)

Rotary Plate Valve : [1] Supply;
  [2]  Exhaust; [3] Torque Motor

C1 and C2 to load  
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direct2QTVR.mov
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PilotQTVR.mov
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Flow Control  Valves
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Flowqtvr.mov
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Fluid Conditioning
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Filter.mov
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Filtera.mov  
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Heatqtvr.mov
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Check Valves
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Accessory Components
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Accuqtvr.mov  
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Stage2.mov

fullsequence.mov
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Fluid Conductors
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Understanding Schematics
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Basic System Design
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