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volume = Volume =
_ 09.3
1 Litre Litres 100 Bar

100 Bar ;<
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Stationary hydraulics

Thefollowing application areas are important for stationary hydraulics:

- Production and assembly machines of all types
- Transfer lines

- Lifting and conveying devices

- Presses

- Injection moulding machines

- Rolling lines

- Lifts

Machinetool construction is a typical application area.

©FESTO DIDACTIC - Training & Consulting No. 1/18
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Mobile hydraulics

FESTO

Typical application fields for mobile hydraulics include:
- Construction machinery

- Tippers, excavators, elevating platforms
- Lifting and conveying devices

- Agricultural machinery

R
P
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PRESSURE

PRESSURE
IS a FORCE

acting on an AREA

/

These 3 variables are linked by the
formula

FORCE
PRESSURE = =———— (In Pounds, Newtons or Kg)

AREA (In square inches, metres
or cm)
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Pressure

LOW HIGH
PRESSURE PRESSURE
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Units of pressure

Pressure
BAR psSi Pascal
1 14.7 100,000
1 Newton
1 Pascal = =——
1 metre 2

www.cargeek.ir


http://www.cargeek.ir/
http://www.cargeek.ir/

www.cargeek.ir

www.cargeek.ir


http://www.cargeek.ir/
http://www.cargeek.ir/

www.cargeek.ir

Bourdon tube gauge FESTD

RESTIEY

k) @95t
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FLOW RATE

iIs a VOLUME
in a given TIME

These 3 variables are linked by the
formula

VOL! IME Cubic metres, litres
FLOW RATE or gallons

TIME Seconds, minutes or
hours
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Laminar flow

1. LOW VELOCITY FLOW IN A
STRAIGHT PIPE |5 STREAMLINED.
THE FLUID PARTICLES MOVE
PARALLEL TO FLOW DIRECTION.

3. NOR DOES A
GPRADUAL CHANGE
IN DIRECTION.

2. A GRADUAL CHANGE IN
CROSS-SECTION DOQES
NOT UPSET THE STREAMLINE
FLOW,

.w‘M‘JlSJmA éla.wb‘\.g)u}.é ] p'j LS"“ dl.g.).?)é
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Turbulent flow

1. THE FLOW MAY

START OUT
STREAMLINED.
3. SO DOES AN
ABRUPT CHANGE
IN DIRECTION,

2. AN ABRUPT CHANGE
IN CROSS-53ECTION
MAKES IT TURBULENT.

4. NON-PARALLEL PATHS
OF PARTICLES INCREASE
RESISTANCE TO FLOW
(FRICTION)

! b S ol alawlg 4 jLAS SOl pguio s L = 0
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N =
— . DG
E ra i

| Sl sy

The physical variable “kinematic viscosity” is also referred to simply as “viscosity”.
A value for Re calculated with this formula can be interpreted as follows:

e laminar flow: Re < 2300
s turbulent flow: Re = 2300
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Pascal’'s Law

Force = 2400 P =F/A
Newtons = 2400 /

20
Piston Area =
20 cm?

= 120 N/cm?2 =12
Bar

Pressure is applied in all directions and acts with
equal force on equal areas
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Hydrostatic force transmission
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Hydrostatic pressure transmission

/ A2=10
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Non-return valves  sbar & DIN /1SO 1219
@ O
A A
CHECK VALVE |
spring loaded unlioaded
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sl alw! gl Cooglin -1
Gl ) sla Ceaglio -2
1- THRESHOLD
2- PIPING
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SHUT-OFF VALVE
ON-OFF VALVE

Jog g adad
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Hydraulic machine

PUMP ACTUATOR
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Internal gear pumps
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Internal gear pumps

INTERMAL
OUTLET SEAL HERE
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vane pump

Sloy b ooy

Hotor .
Hﬂt&lliﬂ ;

Cam
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VAHE

LIJT
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Axial piston pump
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Axial piston pump
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Axial piston pump
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Axial piston pump
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Axial piston pump
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Axial piston pump
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Axial piston pump
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Axial piston pump
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Axial piston pump
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Axial piston pump

www.cargeek.ir


http://www.cargeek.ir/
http://www.cargeek.ir/

www.cargeek.ir

Axial piston pump
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Axial piston pump
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Axial piston pump
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Axial piston pump
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Axial piston pump
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Axial piston pump
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Axial piston pump
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Pumps

Fixed — One direction of Flow.
Displacemen Constant delivery for
t constant speed
Variable — One direction of flow.
Displacement Variable delivery for

constant speed

Directional ofF Flow
reversible. Variable
delivery for constant

speed.
l Hydraulic Energy
Source

(simplified
representation)
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2,95509,94 9 L5390 slos

Drive units

Motors

Fixed
Displacemen
T

Variable
Displacement

Electric Mc

Engine

One direction of
rotation.

Constant shaft

speed for
Ebthangérerdion of
Fagation, depending on
direction of fFlow.
Constant shaft speed for
EbHIQL eSO LRE,
rotation. Speed variable
for constant fFlow.
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POWER PACK
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Pressure relief valve
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Pressure relief valve

______
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Pressure relief valve

These have the job of influencing the e
pressure in a complete hydraulic system
or in part of the system.

r==AN P
Y

L

E

@m il

Pressure lin
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Pressure relief valve operating curve (directly actuated)

P

Full flow
pressure|

A

Over ride

Cracking
pressure
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1 bar
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Volumetric flow rate
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FESTO

Pilot stage
&

Wﬁ Fe.
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Pilot operated pressure relief
valve

Loadi
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Pilot operated pressure relief

valve

Ul

%

1
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Pressure
builds
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Pilot operated pressure relief
valve

Pressure
Y builds
! Pilot stage
A ‘ opens and
L W oil Flows to
tank
\ﬁ |
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Pilot operated pressure relief
valve

Pressure
builds
Pilot stage
opens and
oil Flows to
thekfFlow of
oil through
the control
orifice
creates a
pressure
difference
across the
piston
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Pilot operated pressure relief
valve

Pressure
builds
Pilot stage
opens and
oil Flows to
thekfFlow of
oil through
the control
orifice
creates a
pressure
dihff$erence
pcesssrehe
dis€tenenc

e lifts

the piston
and

opens the
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Pilot operated pressure relief
valve

Pressure

builds

/ Pilot stage
opens and

oil Flows to
thekfFilow of oil

$ through the
= control orific
Ccreates a
pressure
dhEEdeRsSure
G?Fﬂ.slseﬁbé
PIFESche
piston and
L__J] opens the

flow path

to tank.
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Pilot operated pressure relief
valve

e Pressure
L reduces
and valve
resets
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Pilot operated pressure relief
valve

e Pressure
L reduces
and valve
resets
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Pilot operated pressure relief

valve operating curve
P

A

Full flow

pressure i |
Cracking IOver ride
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Conventional hydraulic systems

{ E N > Actuation

Pressure li _
tion control element

Pressure control element

ctric motor

Hydraulic liquid

Tank — " Return line

\uction line
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> Slos
ACTUATORS

LINEAR ACTUATORS b5 gla Slee -1
ROTARY ACTUATORS i 50 sla Slec -2
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L;E}Lghbjilo.c

(°)l5 &-’) 43 ,b S -1
(0)159»)) 4.9).‘05&'2

1- SINGLE ACTING CYLINDER S.A.C
2- DOUBLE ACTING CYLINDER D.A.C
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Single-acting cylinder

Cylinder (reset by spring)
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DOUBLE ACTING CYLINDER (D.A.C) resto

Double Acting Cylinder (DAC)

— I/
I%E :

Bl
/

1 Piston

2 Piston rod

3 Piston rod bearing

4 Annular piston surface
5 Piston surface

Al [B

RHLA)
Extend S LS . 3
HO® |
| | !
L . _ |

Retract
t 3
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SPECIAL CYLINDERS
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TELESCOPIC CYLINDER

www.cargeek.ir



http://www.cargeek.ir/
http://www.cargeek.ir/

www.cargeek.ir

FLOAT CYLINDER
(a8,b ) o)l O jusdw
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Double-acting cylinders

BALLANCE

I
HI [
Ig Ej
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Hydraulic cylinders

Area ratio 2:1

(piston surface:
Differential | annular piston surface)
cylinder piston return stroke
twice as fast as
advance stroke

Pressurised area of

Synchronous | equal size.

cylinder Advance and return
speeds identical

Cylinder To moderate the speed
with in the case of
end-position | large masses and
cushioning | prevent a hard impact.
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Hydraulic cylinders
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Tellescopu: Longer strokes :
cylinder Eh |
Pressure
intensifier Increases pressure

When large forces

are required |
Tandem and only |
cylinder small cylinder T

dimensions are

possible.
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1- VANE TYPE
2- RACK & PINION
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Vane Types FESTO

PORTS — 37° JIC straight
thread or female NPT ports
HEAD - Cold drawn sleel can be provided.
with ground inner surface THRUST BEARING - Eronze

for maximum seal [ie. bearing maintains correct axial

position of shaft assembly.

STATOR - Keyed and
kolted to the body for
rigidity.

BEARING RETAINING NUT —
Allows for replacement of shaft seal
without disassembling the actuator.

SHAFT - High strength
steel, stress relisved to
provide greater durability

BALL BEARINGS — Provide
substantial shaft suport.

& strength.

VAMNE SEAL BACK UP —
Teflon back ups extend seal
life by prevention of seal BODY - Internally honed to a
extrusion. 10 micro inch finigh. Bodies

VAMNE — Keyed to the =

R G VANE SEAL - Cne piece molded are manufactured from high

etrength seal available in compounds to suit tensile seamless steel or

. most industrial flusds. DOM tubing.
- ini i No. 1/51
©FESTO DIDACTIC - Training & Consulting PRESENTATION
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Rack & Pinion Types
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FESTO

single acting cylinder,
return by external force

single acting cylinder,
with spring return

single acfing telescopic cylinder

dguzxo Sly90 s Slos olod

double-acting cylinder
with single piston rod

double-acting cylinder
with through piston rod

differential cylinder

double-acting telescopic cylinder

double-acting cylinder
with single end position cushioning

double-acting cylinder
with end position cushioning at both ends

double acting cylinder
with adjustable end position cushioning
at both ends

©FESTO DIDACTIC - Training & Consulting
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1- FUNCTION
2- METHOD OF ACTUATING
3- DESIGN

S Sos -1
Lg)‘gb‘ o‘) 09.76 '2

Sl b -3
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FUNCTION

DIRECTIONAL CON

ROL VALVES

-LOW CONTROL VALVES

PRESSURE CONTROL VALVES

Cgz 0usS S sla ol -1
Oz eaisS S slo s -2
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DIRECTIONAL CONTROL

VALVES

1- CHECK VALVES
2- SHUT - OFF VALVES
3- WAY VALVES
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oD o‘) 6[.@).»%:
WAY VALVES
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A,B,C 5,5 -2
R,S, T dds -3
X,Y,Z JuE -4

L,K ERARE
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Directional Control
Valves .,

Reset Valve
spring \ A /Body

4 L 1 P \ 2/2 way valve
End cap Spoo 2 ports
with seals i 2 control
Leakage positions
line push button

operation

spring return

normally
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Directional Control
Valves N

A L
< 4 T w/
|
PI L
L
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Directional Control
Valves N

A L
< 4 T w/
|
PI L
L
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Directional Control
Valves N

A L
< 4 T w/
|
PI L
L
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Directional Control
Valves N

A L
< 4 T w/
|
PI L
L
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Directional Control
Valves N

A L
< 4 T w/
|
PI L
L
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Directional Control
Valves N

A L
C 4 T w/
|
PI L
L
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Directional Control
Valves

up on the ends
spool

Leakage oil escapes
stopping pressure build

ofF the

C

\ \\
- |
Pressure is
contained within

the spool and
the valve body,

not applied to
the end caps.
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Directional Control
Valves

A
C TlT
I

L P br 3/2 way valve

Push button
operated

Spring return

Normally
closed
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Directional Control
Valves

A
C TlT
I

L P T 3/2 way valve

Push button
operated

Spring return

Normally
closed
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Directional Control

Valves N
ALl

L p i T 3/2 way valve

Push button
operated

Spring return

Normally
closed
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Directional Control Valves

of the return line to
tank. Care must be A

taken that this line is y 3
not pressurised <
otherwise damage may l

Spring chambej Is part

result
P
(¢
T

Tl AT PT Bl 4/2 way valve
Push button
operated

Spring return

Changeover
valve
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Directional Control Valves

GHISL

"8 i

T

T A P B 4/2 way valve

Push button
operated

Spring return

Changeover
valve
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Directional Control Valves

GHISL

pT B T 4/2 way valve

Push button
operated

Spring return

Changeover
valve
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Roller
operation
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THREE POSITIONS VALVES

5/2

4/3

4/3

4/3

4/3

4/3

5/3

PNEUMATIC VALVES

CENTER POSITIONS IS CLOSE

CENTER POSITIONS IS PUMP BY PASS

CENTER POSITIONS IS FLOAT (P CLOSE)

CENTER POSITIONS IS OPEN

CENTER POSITIONS IS BY PASS (T CLOSE)

PNEUMATIC VALVES
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Valves with centre positions
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DESIGN

1- POPPET DESIGN
2- SPOOL DESIGN

(o) (2985 (210 -2
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POPPET DESIGN

1- BALL
2- DISK
3- CONE
<! aoxlw -1
S d =2
b9 y5o =3
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Valve type Sectional diagram | Advantages and disadvantages/use
l|I simple manufacture; tendency for
ball to vibrate when flow i1s passing
Ball poppet | —= through producing noise;
valves
II|| Mon-return valves
i
| considerable precision is required
to manufacture the cones,
Cnﬁealﬁggpet = good sealing properties;
1. Directional control valves
A
I
_ only small stroke
Disk poppet | —= Poppet valves
valves I Shut-off valves
U
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el (=l b b s

Spool principle

flow leakage

sensitive to dirt

simple construction even in the case
of multi-position valves

pressure-compensated

long actuation stroke
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sharp control edge

chamfered control edge

control edge with axial notches

—C )
Y

Balancing groove on spool land ;

- to eliminate hydraulic lock caused by machining inaccuracies or by silts .

These grooves , mostly V - shaped , are circumferentially out on the spool lands with 1.5 to 3 mm
spacing between the grooves and mostly with groove depth of 0.375 to 0.5 mm .

The number of grooves to be cut depends on factors like frictional force , land length, etc.
Howeever with 3 grooves the frictional force due to hydraulic lock is reduced to 6% and with 5to 7
grooves the reduction may be much higher, say up to 3% .

O —=rings in valves ;

o-rings are very often used in the spool valves to stop leakage of oil . They are used both in the housing or
even in the spool lands . The o — ring should be fitted in such a way so as to seal , support and floatitin
the valve spool isolating it from possible damage and distortion .

Some spools are anodized and are impregnated with teflon and ride on specially designed buna — N seals .
The spool is cushioned at both ends . It must operate at zero pressure differential mid-position if the spool
is driven by full line pressure and may require only 1 —1.25 bar inlet pressure .

©FESTO DIDACTIC - Training & Consulting Advanced hydraulics presentation

www.cargeek.ir

No. 1/18


http://www.cargeek.ir/
http://www.cargeek.ir/

www.cargeek.ir

. R ‘5'.&)?‘;3

co> s ol -1
alas 3 SRR R R VE SURRN PVE= e -2
Lg)l.&.é Lch'b &.u Lg‘)‘a '3

Sl sl ol

. oae 6‘)“3 _1
b o eole sl -2

oS 51l ol (55505 -3

www.cargeek.ir


http://www.cargeek.ir/
http://www.cargeek.ir/

www.cargeek.ir

OVERLAP

1- POSITIVE OVER LAP
2- ZERO OVER LAP
3- NEGATIVE OVER LAP
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Piston Overlap

REE

Positive Negative Zero
overlap overlap overlap
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Switching Overlap

T

i
I
IT! T

—

\4

A

Bar

A

-4 50 Bar
I

Al
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PILOTED CHECK VALVE
DE-LOCKABLE VALVE FESTO

;|

Pressurized lines )
L
L2

By Pass Valve

©FESTO DIDACTIC - Training & Consulting presentation No. 1/18
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De-lockable double non-return

valves

B, B
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FESTO

Piloted non-return valve

In piloted non-return valves, flow can be released in the closed position
by pilot control of the valve poppet. This takes place according to the

following principle:
Flow is possible from A to B, flow is blocked from B to A.

I_.

[m

A B

Flow from Ato B

Flow blocked from B to A

Flow from B to A

©FESTO DIDACTIC - Training & Consulting Pre-fill valves presentation
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FLOW CONTROL VALVES

1- THROTTLE

2- ORIFICE

Mg (o0 odlawl by Ko G jw (40,5 J 58S (6l

THROTTLE ORIFICE

B A N/ B
cs'.’.s"f //\ el

L2d L < d
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FESTO

P1 P2
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ONE WAY FLOW CONTROL VALVES

FESTO

One-way flow control valve
Flow control valve with free flow check valve

g

©FESTO DIDACTIC - Training & Consulting PRESENTATION No. 2/51
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METER IN ARRANGEMENT

il

P1 (X— —) p2

H

PRV

By Pass Valve
.|
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METER IN

L e 9 95 e 2008 STl 84, 08 5o
L € S 0gms S pl o c s Xlee
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METER OUT ARRANGEMENT

I

P1 (»)—

PRV

—(#) P2

Y17

=X
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By Pass Valve
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METER OUT

4 e 9 A5 Heee Sloe llanl 29, 05 50
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CAVITATION
&
MICRO DIESEL
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FESTO

,Ps

Micro diesel
¢ ./
Pi> Po Po > Pi
Cavitation
©FESTO DIDACTIC - Training & Consulting PRESENTATION No. 2/51
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el 4w s METER IN Jlas o)

1- REFERENCE
2- BRACKING
3- TRACTIVE FORCE
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