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secpecipresenalon | » Following fundamental principles MUST |
be considered before studying hydraulics:

» PASCAIL’S LLAW: Pressure exerted on a confined
Muid is transmitted undiminished in all direction
and acts with equal force on equal areas & at
right angles to them.

Hydraulic principles |
Units

Definiions » Hydraulics is a means of power transmission.

» Work is force acting through a distance.

» WORK=TFORCFE x DISTANCE. W=FxD= Energy used.
» A pump does not pump pressure, its purposc is to
hd Force create flow. Pumps used to transmit power are
usually positive displacement types,

Pascal Law

amed > Abdo 107157201
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.~ Following fundamental principles MUST :

be considered before studying hydraulics:

» Pressure is caused by resistance to flow. A
pressure gauge indicates the work load at any
given moment,

» Fluids take the path of least resistance.

» There must be pressure drop (pressure
difference) across an orifice or restriction to cause
flow through it. Conversely, if there is no flow
there will be no pressure difference.

bdo 4 10/15/201
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Pundamental

" i Following fundamental principles MUST :

be considered before studying hydraulics:

» Flow velocity through a pipe varies through a
pipe varies inversely as the square of the inside
diameter. Reducing the diameter by half increases
the velocity by four times.

| » Friction losses (pressure drop) in a pipe are

directly proportional to velocity.

10/15/201
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Hydraulic principles

Units

Definitions
Pascal Law

Experiment - 2;
Pressure and Force

Thanks & Questions

Scope of presentation [ SR
bt - Principle onc

- » Movement depends on Flow

» For anything to move in a hydraulic
machine, the actuators must be
supplied with fluid flow. Nothing
moves without flow.

» This cylinder is retracted. It can
extend only if there is flow into port A.
If there is no flow into port A, the
piston will not move.

Or. Eng. /Mohamed |*Abdo 6 10/157201
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Fundamental principles

» Rate of Flow Determines Speed

» Actuator speed depends upon rate of flow.
The faster fluid fills the cylinder, the faster
the piston will move. The faster fluid fills the

expanding spaces in a hydraulic motor, the
faster the shaft will turn.

» What are the possible causes of slow
actuator speed? Anything which reduces

flow rate in or out of the cylinder. For
example: |

Abdo 7 10/15/201
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Fundamental principles

Eixample
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Hydraulic principles. | > The pressure developed in an actuator

Units

Definitions

depends on the load. That is, pressure will
rise until the force exerts on the piston in a
cylinder can move the load. The greater the
load, the higher the pressure will rise.

Pascal Law

~ Experiment - 2:
. Pressure and Force |

Thanks & Questions
Or. Eng: /Mohamed |. Abdo

) 10/15/201
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Pundamental pEine ples

» Load Determines Pressure
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Scope of presentation |

.~ US or English Units

llllll

Fundamental

----------------------------------------------------------------------------------------------------------------------------

principles >

Hydraulic principles

Definitions

Pascal Law

Experiment - 2:
Pressure and Force

English units of measurement, principal
system of weights and measures used in a
few nations, the only major industrial one
being the United States. It actually consists
of two related systems—the U.S. Customary
System of units, used in the United States
and dependencies, and the British Imperial
System. The names of the units and the
relationships between them are generally
the same in both systems, but the sizes of

the units differ, sometimes considerably.

Thanks & Questions
Dr. Eng. /Mohamed |- Abdo

1 10/15/201
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Scope of presentation

--------------------------------------------------------------------------------------------------------------------------------

Fundamental

~ principles > 1 kgfz().Sl N (practical 1kgf=10N)
amdlepichles| 1 litre=0.2642 gallon (US)
)‘>-1 bar=100 kPa=14.5 psi
Definitions »1 kwatt (kW)= 1.34 Hp
» 1 horse power (Hp) = 0.7457 kw

Pascal Law

Experiment -2:
Pressure and Force

Thanks & Questions

Or-Eng, /Mohamed | Abdo 12 10/157201
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Definitions

Spope_of presentation

»
-----
---------------------------------------------------------------------------------------------------------------------------

. “wnapes | > Energy may be defined as the ability

Hydraulie principles to do work.

» As we begin our study of basic hydraulics we
must first recognize that fluid power is another

Units . S —
method of transferring energy. This energy
transfer is from a prime mover, or input power
source, to an actuator or output device. This
Pascal Law

means of energy transfer, although not always the
PExperiment-Z: most efficient, where properly applied may
re . .
ssureandForee | hrovide optimum work control.

Thanks & Questions -
Or. Eng. /Mohamed . Abdo 13 107157201

Scanned by CamScanner



Definitions

.........
.......................................................................................................................

damental N . - v
incples. | > Work is defined as force through
lic principles diStanCe.
» If we move 1000pounds a dist~—-" ‘ﬂ‘_“ fomt 2
have accomplished work. \ 2
Units ; v
amount of work in foot-pound: ’
I we have moved 1000 pound; 180 '
accomplished 2000 foot pounds m
! . . . o
Roallaw » Work (in ° Ibs) = force (Ibs) x di
riment - 2:
:r:‘:t?d Force *
% Questions =

{ Mohamed |, Abdo

10/15/201
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Scope of presentation :

-------

Definitions

i~ Power

-
----------------------------------------------------------------------------------------------------------------------

»
-

Fundamental -
principles »>

Hydraulic principles

Power may be defined as the rate of

doing work, or work over time and

seconds. e = A
If we lift 1000 pounds 2 feet il \(b .

Units r
B s | accomplished 1000 units of p —
2 divided by 2 seconds. 'l m
T meaning for measuring powe | &3
this to horsepower which is : v——
Experiment - 2: ‘
Pressure and Force energy *
Thanks & Questions
Or. Eng. / Mohamed'l: Abdo 15 10/15/201
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Definitions

Scope of presentatlon ! or ‘l“ (.

r"' lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
Fundamental » Torque is twnstmg., force, is simply the product of |

principles
the force and the effective radius
Hydraulic principles » T=F xd.

» we are producing 10 foot-pounds of torque when |
Units we apply 10 pounds of force to a 1 foot-long
- wrench, This same theory applies to hydraulic
L motors. Hydraulic motors are actuators that are
rated in specific torque values at a given
~ pressure. The twisting force, or torque, is the
Pr'f}:g::‘;“:n";;tf;ce generated work. A motor’s rotations per minute
(rpm) at a given torque specifies our energy usage

or horsepower requirement,

Pascal Law

Thanks & Questions

Dr. Eng. / Mohamed |- Abdo 10/15/201
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T@@f‘f‘sﬁf

r Pressure

Scope of presentation

Fn;tm:‘m:al ~ Pressure OLcurs in a fluid when it is subjected to a 1
force. |

|

Hydraulic principles | - [n Figure a force F is applied to an enclosed fluid
via a piston of area A, |

Units » This results in a pressure P in the fluid.

“'r Obviously increasing the force increases the
pressure in direct proportion,
Pascal Law » Less obviously, though, decreasing piston area

- also increases pressurc.
Experiment - 2:

Pressure and Force - Pressure in the fluid can therefore be defined as

the force acting per unit area, or: P= FlA
Thanks & Questions B

Or; Eng. /Mohamed I Abdo 18 10/15/201
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Definttions

» of presentation | gy ... . :
P i~ Presswee :
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII LR R R R R L A R R R LA s e e R e e e e R R R A R A R R e A R AR AR A L b f

‘'undamental F 5
principles |
|

aulic principles

Units Piston area A

Pascal Law

(periment — 2:
ssure and Force |

Fluid at pressure P = F/A

ks & Questions -

ng. /Mohamed |- Abdo 10/15/201
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Scope of presentation yn l)l CSSUTE
: 1‘

F:':iﬁr‘rm:al » In metric systems, F is usually given in kgf and .A 1
in  square centimetres to give pressure In

Hydraulic principles kilogram/force per square centimetre (kg fem=2). |

» The SI system defines pressure as the force in

T newtons per square meter (Nm-2).

' » The SI unit of pressure is the pascal (with [ Pa =

— 1 Nm-2).

» One pascal is a very low pressure for practical
use, however, so the kilopascal (1 kPa=103pa) or
the megapascal (1 MPa 106 Pa) are more
commonly used.

Pascal Law

Experiment - 2;
Pressure and Force

Thanks & Questions -

Or. Eng: / Mohamed |yAbdo 10/15/201
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Scopeofpnuntation. ‘p, p. CSSUre
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Ft;r::'l‘acm:al » Pressure can also arise in a fluid from the weight |

o of a fluid, This is usually known as the head
Hydraulic principles | pressure and depends on the height of fluid. In
Figure the pressure at the bottom of the fluid is
directly proportional to height h.

Units

_ . -

Pascal Law

Experiment-2: h

Pres
sure and Force ——Pressura in {luid at base:

P = ph (psi or kg cm-2)
pnks & Questions SR N P = pgh pascal

Eng. /Mohamed |, Abdo 10/15/201
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ope olpnuntation. e Pl‘QSSlIl‘C

| » There are three distinct ways in which pressure is

Fundamental
princlples

ydraulic principles

Units

Pascal Law

Experiment - 2;

Pressure and Force

ks & Questions

™ 1 Zrns -
Detinitions

measured, shown in Figure.

» Almost all pressure transducers or transmitters
measure the pressure difference between two
input ports. This is known as differential
pressure, and the pressure transmitter in Figure
a indicates a pressure of P1-P2,

‘ng. / Mohamed |- Abdo 10/15/201
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Definitions

s_g._qp_o of_pmunmion )' P[ CSSUEe

AR LR R R L e R LRt R A L e A e AR A AR AR AL A b

! memw » There are three distinct ways in which pressure is
; 8

| measured, shown in Figure .

Hydraulic principles | - Almost all pressure transducers or transmitters

|

measure th — tween t\.vo |
; T input port transmitter differential
i - bressure, ar p p, N Figure
LB« indicates : —=——]Hi Lo
Pascal Law
- | |
| Pte:gfsrr:m:r?t: l_-':r:ce Indication (P = Py)

‘ (a) Oitferential pressure
ks & Questions -

ng. / Mohamed |- Abdo 10/15/201

Scanned by CamScanner



Definitions

; | §
SRR presentation) L Pressure

.
A L R L R L R R A AL L T e T e ‘

F:?iﬁmspeuﬁa' # In Figure b the low pressure input port is open to |

\" atmosphere, so the pressure transmitter indicates |

Hydraulic principles | pressure above atmospheric pressure. This is

known as gauge pressure, and is usually denoted

by a g suffix (e.g.psig).

» Figure ¢ shows the pressure transmitter
measuring pressure with respect to a vacuum,.
This is known as absolute pressure and is of
importance when the compression of gases is

Experiment — 2; considered.
Pressure and Force

Pascal Law

Thanks & Questions -

Or. Eng. / Mohamed'l; Abdo 10/15/201
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Prassure Presure

transmiltar transmndter
P1 — H. Lo Vatam
Scope of presentation . "'_"J‘Hi Lo F— wanad
g X Opento i
undamental atmospher
e principles l imosphere Indicaton Py
, (c) Absalute pressure

| Hydraulic principles Indication (P, = almosphera) LIIL pIudduin. 1y

and is usually denoted
(b) Gauge pressure

Units

' » Figure ¢ shows the pressure transmitter
- measuring pressure with respect to a vacuum.
This is known as absolute pressure and is of
importance when the compression of gases is

Experiment — 2: considered.
Pressure and Force

Pascal Law

Thanks & Questions

Dr. Eng, /Mohamed | Abdo 23 10/15/201
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Scope of scal's |
icope 0 pruentauon L l|'S |dW

Fundamental ~ Pressure in an enclosed fluid c.m be considered

principles .

- uniform throughout a practical system. There
Hydraullc principtes | may be small differences arising from head
pressures at different heights, but these will
generally be negligible compared with the system
operating pressure,

.
el

Units

Definitions

Experiment - 2;
Pressure and Force

Thanks & Questions =

Or. Eng. /Mohamed ['Abdo 10/15/201
o
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Scope of presentation » Pascal's law

;
;
----- 4
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Fa5kqg

y

Fundamental
principles

Hydraullc principles

Units

| Definitions

Applied o area
A=2 (:fll2

Tark area « 1.5 m?

Farce = 37500 kgt
7l Produces pressure 9

Pw25kglcm-2

S

in lluid

_

\

Experiment - 2;
Pressure and Force

Thanks & Questions

Or, Eng. /Mohamed | Abdo

Base area 100 cm?
Farce = 250 kgt

(a) Forces and pressure in closed tanks

25 10/15/201
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Esperiment — 23 Pressure and Foree

Scope of s - 2
weope ofpressntation : o [ntroduction o
Ft‘l’n't'l‘al;\elstal » By far the commonest way of converting
L Cp 8 . . - e
| hydraulic into mechanical effort is to apply
Hydraulic principles | hydraulic pressure to a piston in a cylinder.
l b'\‘.\;]‘: ‘\11‘\\.‘“‘
Units Y B cylinder
Definitions <8 r
Pascal Law .
- | = 4 - —0
» | - ’.1 motion
\
ASton
Thanks & Questions -
26 10/15/201
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Scope of presentation

» Preliminary procedure
Fundamental 1.  Connect the outlet of the hydraulic power supply to the |

principles 'supply' connection on the servo unit, and connect the

return connection to the transparent return hose of the B

RYSIEG pnciples ] hydraulic reservoir,
2. Plug the rectangular control unit plug into the servo unit
socket,
un]t' - - . . -
3. Plug the multi-pin plug of the electronic power unitinto
Definitions | the control unit socket.
4. Plug the clectronic power unit into the clectricity supply.
Pascal Law S, Plug the hydraulic power supply unit into the electricity

supply. DO NOT start the pump until told.
_ 6. Ensure that the setting of the Orilice Calibrator is fully

open.

Thanks & Questions -

Dr. Eng. /Mohamed |-Abdo
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Fundamental |
principles ) |

Hydraulic principles o

_ l
Units | f
|

DﬁﬁnlﬂOI\! el ttienl

‘P«}'lt'i«;‘hf ”p' .\.\ N fA ‘\“ [
Pascal Law 6 - (1)‘ 1{: 1 (L) . llt
4 |

Thanks & Questions -

Or. Eng. / Mohamed I Abdo 28 10/15/201
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