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What is Fluid Power ?

Fluid Power is the technical expertise of the generation, control
and transmission of Power with the pressurized fluids.

Fluid : A substance which has a definite mass and volume at a
specific temperature and pressure.

Fluids used in industrial applications are liquids and gases.

Keep in mind !!
Liquids can be considered as incompressible and have the shape
of the container.

Gases are compressible fluids, and spread throughout the
container.



What is Fluid Power ?

Fluid Power can be analysed in two (2) categories

1- HYDRAULICS

(Fluid Power transferred with incompressible fluids such as Oil or Water )

2- PNEUMATIC

(Fluid Power transferred with compressible fluids such as Air or Inert Gases )




Fluid Power

Hydrostatics, deals with the quasi
static fluids

Example: Hydraulics can be
considered as Hydrostatics

Hydrodynamics, Deals with the
moving fluids

Example : Hydroelectrical Power
Generation can be an example.




Power Transmission Types

Power

Types

Mechanical

Electrical

Fluid

Advantages Disadvantages
- Most Suitable when motion is -Limited Weed change
transferred in short distance -System Wear an Maintenance,

- Effective power transfer in long  -Sophisticated and expensive
distances, sgstems,
-Sensitive to working conditions;
i.e. Temperature, dust,

-Large power generation in small - Hydraulic fluid behavior, leakage
volumes, - Contamination sensitive,
-Flexible and easy to apply, - Pneumatics have low force

-Ease of Power generation and applications
Precise Control,
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ENERGY CONVERSION FLUID POWER SYSTEMS
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BASIC FLUID POWERED SYSTEM

Basic Components

-Energy Source (Motor)
-Hydraulic Pump
-Hydraulic Tank
-Hydraulic Relief Valve
-Hydraulic Cylinder
-Direction Control Valve
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Fluid Power Applications

Mobile Applications Machinery Applications Aul:t%(r:;gtlon Renewable Energies

Machine Tools

Agricultural and Architecture in Assembly and

Forestry Machinery Motion (fo'l',rpe"s‘gzag"d Rubber Processing Handllng Ocean Energy
Construction Machinery Cement Industry Marine Shipyard Equipment Automotive Wind Energy

Material Handling Chemical Industry  Materials Handling Stage Technology Machine Tools

(cutting)
Co%:]mil%?;\lla eﬂ?cclles Civil Engineering Metallurgy Sugar Industry P%ﬁ';%%g‘g:;d
Aviation Applications Energy Technology Pl!\c’)"cneesr:ilng Testing Technology Fg:)ngbr;%ﬂanngd
Marine Applications Engines Mining T-cl;::ahnnsggrgty Semggg#gg%g; and
Glass Making Motion Simulation Tunnel Boring Solar
Machinery Technology Machines
Horlzorgﬁlmar?éi Utility Offshore Woodworking
Hydrodynamic Oil and Gas land
Research based

Plastic Machinery
and Die Casting

Pulp and Paper
achinery

Recycling and
Waste Handling



Agricultural and
Forestry Machinery

Construction Machinery

Material Handling

On-Highway and
Commercial Vehicles

Aviation Applications

Marine Applications

Steering Gear

urse safely - with Rexroth
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Fluid Power A _Iications

Architecture in Machine Tools

: (forming) and Rubber Processing
Motion Presses
Cement Industry Marine Shipyard Equipment

Chemical Industry  Materials Handling  Stage Technology

Civil Engineering Metallurgy Sugar Industry
Dredging Mineral Processing Testing Technology
Energy Technology Mining T-It;tt':ahnnsglgrgty
Engines  MOCindlogy | Wachines
Gﬁgﬁh"i",?é‘ﬁ;‘ 9 Offshore Woodworking

Horizontal and Utility Oil and Gas land
Drilling based

Hydrodynamic Plastic Machinery
Research and Die Casting

Pulp and Paper
achinery

Recycling and
Waste Handling




Assembly and

Handling Ocean Energy

Automotive Wind Energy

Machine Tools
(cutting)

Packaging and
Processing

Printing and
Converting

Semiconductor and
Electronics
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Pascal LAW

Pressure within a fluid at rest acts 1- Conservation of Mass & Energy
equally in all directions and at right 2- Continuity
angles to any surface on which
it acts.
F.=PA
F=PA, ° >

PA,

1

p
E=PA——€|
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Units and Dimensions

Force
F=ma

where,

F =in N (Newtons)

m = mass in kg (kilograms)
a = acceleration (m/s?)

1 N=1kgm/s?
Cylinder Force Calculations

F=P*A
Where A is the area

Pressure _ _
Pressure is force exerted per unit area in a
direction that is normal to and towards the
area

P=F/A

where,

P = Pressure in Pa or (N/m?)
F =in N (Newtons)

A = Area (m?)

Pressure Head (meters)
P=pgh

p= dénsi_ty kg/m? _
ﬂ = dgrawtatlonal acceleration m/s?
= depth below free surface
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HYDRAULIC SYSTEM EQUIPMENTS

FLUIDS



Viscosity

Viscosity is a property of a fluid, which quantifies
how strongly that fluid resists relative motion.

A9 Thickness d
F_ H 7 Area A
Newtons Viscocity Equation f_ Velocity v
Uz ——
Where U is absolute viscocity e < 2
fluid property (unit_Pa s) \\\Y )M\ RO
Area A

Force F'
— & U
‘ - Yy = —
? Velocity v
Distance d p
k 4 ﬁ |Z| Fesim U an da gériintilenemiyor,

Y l N Stationary

L

Velocity profile




Pressure Losses in Pipes
Laminar & Turbulent Flow Definitions

Due to the friction and the viscosity property of the fluid causes
some flow patterns in the pipes

Uniform Laminar Turbulent
Flow Flow Flow

17



Pressure Losses in Pipes
Turbulent Flow

Reynolds Experiment

Dye injection Velocity 5
profile in pipe
e

7 Laminar flow at very low velocity

Dye injection Velocity
profile in pipe B
Ne,
4 Turbulent flow
at high velocity
after entry length
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Pressure Losses in Pipes

Reynolds Number

pvd Id —
Re —_— — —
U 14
Where,
Re , Reynolds Number, Unitles: Laminar Turbulent
p, Density in kg/m? Flow Flow
9, Velocity in m/s,
d, Diameterin m, Re <2000 Laminar Flow

u , Absolute Viscosity in Pa s 2000< Re<4000 Both flow types possible
y , Kinematic Viscosity in m?2/s Re> 4000 Turbulent Flow
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Pressure Losses in Pipes

Darcy-Weisbach Equation

LY 3
f= d 2g

Where,

hf, head loss due to friction in meters
f , Friction Factor

L , Length of pipe in meters

d , Diameter in meters

9 , mean fluid velocity in m/s

g >

k

aiy

acceleration due to gravity in m/s?
, Surface Roughness

20



FLUID FUNCTIONS

Fluids must have some properties according to the system going
to be used ,

-Correct Viscosity and High Viscosity Index,
-Suitable Chemical and Environmental properties, Non toxic,
-Should not react with the System Materials,
-Must Provide Lubrication,

-Fire Resistance,

-Foam Resistance,

-Low Density,

-Low Volatility,

-Large Bulk Modulus,

-Good Heat Transfer Capability,
-Inexpensible,

-Ease of supply,

21



FLUID SELECTION FOR APPLICATIONS

Applications Suitable Fluids * Max. Working Working Working
Pressure Temperature Environment
Vehicles 1+2+3 250 bar -40 to +60 °C open & closed
Construction Machinery 1+2+3 315 bar -40 to +60 °C open & closed
Special Vehicles 1-2+3-4 250 bar -40 to +60 °C open & closed
Forestry Machines 1223 250 bar -40 to +50 °C open & closed
Marine 1:-2-3 315 bar -60 to +60 °C open & closed
Aerospace 1+2+5 210 (280) bar -65 to +60 °C open & closed
Material Handling, Conveyors 1+2+3+4 315 bar -40 to +60 °C open & closed
Machine Tools 18 200 bar 1810 40°C o ik
Hydraulic Presses 1:2°3 630 bar 18to40°C generally open
(Casting & Steel Production 1:2-4 315 bar 1010 150 °C open
Steel & Dam Applications 1-2-3 220 bar -40 to +60 °C open & closed
Power Plant 1:2+3-4 250 bar -10to +60 °C generally open
Parforming Arts 12834 160 bar 181030 °C generally open
Simulation and Testing Machines 1.2-3+4 1000 bar 18to 150 °C generally open
Mining Vo234 1000 bar up to 60 °C Closed & u.ground
Special Applications 2+3+4-+5 250 (630) bar -65to 150 °C open & closed
*) 1= Mineral Oil , 2=!Syntetic Oils 3= Enviromantal Friendly 4=Water, HFA, HFB 5=Special Oils




WEN
Suya zarar verme ka

WEC
Suya zarar venme si

Agiklama

FLUID SELECTION

FOR APPLICATIONS

Mineral yag esash hidro- | WEC Yanmaz akigkanlar WEC Gevradostu WEC Ozel akigkanlar WEC
lik ya3 akigkanlar
OIN 51524, 1. boldam 2 Berrak su 0 Temel akigkan Senteatik yaj
Hidrolik yag HL
HFA tipleri Bitkisel yaglar (HTG) 01 (Brnegin Poli-u olefin ve
Mineral yag esash ko- (95/5) (Trigliserit) glikol)
rozyona ve yaslanmaya
karst katkn maddeleri HFA-E (emilsiyon) 3
igaren hidrolik akigkan Poli glikol (HPG) 0-1 Ugaklarda kullanilan
HFA-M 3 akigkan
DIM 51524, 2. bdlim (mikro-amisiyon)
Hidrolik yad HLP Sentetik ester (HE) 0-1 Hadde yag ile uyumiu
HFA-S (chzelti) 0-1 akigkanlar
HL tipi hidrolik yag ile
ayn dzellikte, ancak ilave HFA-V (kahnlagtinimig) ~1
olarak sirtiinme balgele- % 80 H,O + WS,
rinde aginmaya kars: aktit % 20 konsantre
katki maddel
HFB (yag emilsiyonu 3
DIM 51524, 2. boiim igeren su)
Hidralik yag HLP-D % 40 H.O +
%% 60 mineral yag
HLP fipi hidrolik yag ile
aym dzellikte, ancak HFC (su glikol) 0-1
ilave olarak her biri aktit % 40 H,O +
yayilma ve derterjan katk % 60 glikol
maddeli, HLP yadlardan
farkli olarak hava ve suyu HFD-R 1-(2)
ayrigtirmak gerexkmez. (fosfat ester)
DINS1524, 1. bolGm HFD-U (diger
Hidrelik yad HLP kombiasyonlar) -1
(genelde
HLP tipi yag ile aym Ozel- poliester)

likte, ancak ilave olarak
viskozite f sicakhk karak-
teristiginin iyilegtirimesi

igin aktif katki maddeli

———

verirlar




FLUID FUNCTIONS

Viscosity and High Viscosity Index,

If the viscosity of a hydraulic fluid used is above the permitted operating
viscosity, this will result in increased hydraulic-mechanical losses. In return,
there will be lower internal leakage losses.

If the pressure level is lower, lubrication gaps may not be filled up, which can
lead to increased wear. For hydraulic pumps, the permitted suction pressure
may not be reached, which may lead to cavitation damage.

If the viscosity of a hydraulic fluid is below the permitted operating viscosity,
increased leakage, wear, susceptibility to contamination and a shorter
component life cycle will result.
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FLUID FUNCTIONS

Viscosity — Temperature Effect

-40° -20° 0 20° 40° 60° 80°  100° sk B
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Use only oils listed below or equivalent.

Do not mix different brand oil.
F L U I D F U N CTI O N S i Ambient temperature “C(°F)
Sevicepaint | Kindoffud | TP . o b oo antado
(4) (14) (32 (50) (68) (BT) (104)
‘ | \
. . Engine TR TS
Viscosity — Temperature dlom i
. . Engine oil
Considerations s e
Gear oil 5.0(1.3)
e e e ——————
Ambient temperature “C( °F) 2
Service point Kind of fluid I (US gal) -20 10 0 10 20 30 40
(4) (14 (3 (50) (68) (86) (104)] °*°
! . E l l l[ ,l - 5x4)
Tank: L IJ :
Hydraulic tank | Hydraulic oil 180(47.6) SOvVe4e. . - 3
System: | [
270(71.3) A
1 [ A B
i NEGINOT . ‘
G re:£nngipple) Grease As required I hLGINO.iZ
Mixture of
(He?ea:';?t;nk) e 35(92) Efiyine ghyco byioe Lo ey
50: 50 \ | 1 | [

SAE : Society of Automotive Engineers
APl : American Petroleum Institute

ISO : International Organization for Standardization

NLGI : National Lubricating Grease Institute

ASTM : American

Society of Testing and Material
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FLUID FUNCTIONS

Viscosity — Temperature Effect

Technical data

Treoreaconricomans  IREXTOtH

(for applications outside these parameters, please consult us!)

Bosch Group

z general
irectional spool valves, direct operated
with solenoid actuation Weight Individual connection Central connection

) - Valve with one solenoid kg [Ibs] 3.6 [7.9] 3.5[7.7]
DpeE e - Valve with two solenoids ke [Ibs] 4.4 [9.7] 4.3[9.5]

- Installation position Any
Ambient temperature range °C [F]|-30...+50[-22... +122] (NBR seals)
—-20 ... +50 [-4... +122] (FKM seals)
C E MTTF4 values according to EN SO 13849 Years | 150 (for further details see data sheet 08012)

hydraulic

Foatures

Maximum operating pressure - PortA, B, P

bar [psi]

315[4569]

> 43,420

- Port T

bar [psi]

160 [2320]
With symbols A and B, port T has to be used as leakage oil con-
nection if the operating pressure exceeds the tank pressure.

Maximum flow

I/min [US gom]

120 [31.7]

mm2 [inch?]

11 [0.017] (A/B to T); 10.3 [0.016] (P to A/B)

mm2 [inch?]

2.5[0.004] (A/Bto T)

Flow cross-section - Symbol V
(spool position 0) ~ Symbol W
RE 73340, acition: 201306, Bosch Rexroth AG. _ Sym bol Q

mm2 [inch?]

5.5 [0.009] (A/Bto T)

Hydraulic fluid

See table below

Hydraulic fluid temperature range °C[F]|-30 ... +80 [-22...+176] (NBR seals)
(at the valve operating ports) -20 ... +80 [-4... +176] (FKM seals)
Viscosity range mmZ/s [SUS] | 2.8 ... 500 [35... 2320]

Maximum admissible degree of contamination of the hydraulic fluid -

cleanliness class according to ISO 4406 (c)

Class 20/18/15 1)




Selected fluids must be environmental
and application friendly,

NON-TOXIC,

FIRE RESISTANCE
APPLICATION
FRENDINESS
(FOOD INDUSTRY)
LOW DENSITY
LOW VOTALITY

INEXPENSIBLE,

FLUID FUNCTIONS

Hydraulic fluids

Hydraulic fluids based

Environmentally

Fire-resistant,

Fire-resistant,

Title on mineral oils and acceptable hydraulic water-free water-containing
related hydrocarbons fluids hydraulic fluids hydraulic fluids
Standard DIN 51524 ISO 15380 ISO 12922 ISO 12922
RE 90220 RE 90221 RE 90923
Data sheets RE 90220-01 RE 90221-01 RE 90222 (in preparation)
(Market overview) (Market overview)
HL
HEPG
HLP : HFDR HFC
e HLPD HEEIE’EFE?‘S”'E""? Satt”;ated HFDU (ester base) HFB
assiiication HVLP i HFDU (glycol base) HFAE
HEPR
HLPD and more HFAS
HETG
and more
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FLUID CONSIDERATIONS

Selected fluid must also be considered in application suitability,

Wear protection capability

Tested as described in DIN 51524-2,-3 via test procedures
"FZG gear test rig"” (ISO 14635-1) and "Mechanical test in
the vane pump"” (ISO 20763).

But Not applicable ISO VG 32.

Material compatibility

Classification

HLxx classifications

Incompatible with:
with EPDM seals

Aging Resistance

The way a hydraulic fluid ages depends on the
thermal, chemical and mechanical stress
to which it is subjected.

Reservoir temperature Fluid life cycle
BO °C 100 %

80 °C 50 %

100 °C 25 %

Zinc- and ash/free
hydraulic fluids

with bronze-filled PTFE seals

29



PUMPS

HYDRAULIC SYSTEM EQUIPMENTS

B-Non-Positive Displacement

A-POSITIVE DISPLACEMENT

(Hydrostatic)
i- Gear
1- External
2- Internal
3- External
ii- Screw
ii- Vane
1- Balanced
2-Unbalanced
iv-Piston
1- Radial
2- Axial
-Bent Axis
-Swash Plate

(Hydrodynamic)
- Centrfifugal (Impeller)
- Axial (Propeller)




HYDRAULIC SYSTEM EQUIPMENTS

PUMPS



PUMP GENERAL CHARACTERISTICS

Type Of Pump

External Gear Pump
Internal Gear Pumps
Lobe Gear Pump
Screw Pump

Vane Fixed
Pumps  Displacement

Variable
Displacement

Piston Radial
Pumps
Axial Bent
Axis
Swash
Plate

Eressq:e
apacity
(Ear)

100-300
150-300
30-50
50-200
100-200

40-160
Up to 700
Up to 400

150-400

Maximum
Flow Rate
(I/min)

200
200
300
200
300

125

125

200

200

500-6000
500-3000

1000-3500
500-3000

500-2000

1000-3000

500-3000

1000-3000

Viscosity

(cS)

40-80
40-80

80-200
20-160

20-160

10-200

20-50

30-50

ABRiciency -

% 80-90
% 80-90

% 70-80
% 70-80

% 70-80

% 85-90

% 85-90

% 85-90
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PUMP SELECTING CRITERIAS FOR APPLICATIONS

Type
alala

CRITERIA ala E_' & & t

Slalala|B|5|5|8|8]6

a|l2|o|5|F|O|lw|w|w|w
Quesablo 1]2]l2]2]|3|3]lz2|2]2]2
Speed
e IR ERERERERRRRRERE

ressure

Ll 1l2lslrls)alslalr}
i sfitalilaialsialaln
Level
Pioc slalal1|a]s]2]2a]2]2
Life
Price 1 2123|221 2)3})313}3
External Gear = DDP
Internal Gear Pump = [OP
Orbital Pump = OP
Screw Pump = WP
Unballanced Vane Pump = TOPP
Ballanced Vane Pump = COPP
Radial Piston Pump = ESRPP
Radial Eccentric Piston Pump = ESBRPP
Bent Axis Piston Pump = EEPEPP
Bent Axis Disk Piston Pump = EDPEPP




PUMPS

A-POSITIVE DISPLACEMENT
(Hydrostatic)
i- Gear
1- External
2- Internal
3- Lobe
ii- Screw
ii- Vane
1- Balanced
2-Unbalanced
iv-Piston
1- Radial
2- Axial
-Bent Axis
-Swash Plate
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HYDRAULIC SYSTEM EQUIPMENTS

PUMPS

A-POSITIVE DISPLACEMENT
(Hydrostatic)
i- Gear

1- External
2- Internal
3- Lobe \l
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PUMPS

A-POSITIVE DISPLACEMENT
(Hydrostatic)

i- Gear
1- External
2- Internal

3- Lobe

36



HYDRAULIC SYSTEM EQUIPMENTS

PUMPS

A-POSITIVE DISPLACEMENT
(Hydrostatic)
i- Gear
1- External
2- Internal
3- Lobe ‘

N

37



V=m*z*b*h*pi
m= gear module

z= tooth #

b= tooth width

h= tooth height

R
)

2

)

@);

(1) Gears

(z) Bearings

(z) Extruded aluminium body
(1) Covers

(&) Shaft seal

Plain-bearing

(7) Thrust pressure seal
Center coupling

‘
s
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PUMPS

A-POSITIVE DISPLACEMENT
(Hydrostatic)
i- Gear
1- External
2- Internal
3- Lobe
ii- Screw
lii- Vane
1- Balanced
2-Unbalanced
iv-Piston
1- Radial
2- Axial
-Bent Axis
-Swash Plate

V=

n 2, ot *S-D?I: o
: (DF - ) -

D+d
GOS 1= 2 D

o)

sin 2 )g
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PUMPS

A-POSITIVE DISPLACEMENT
(Hydrostatic)
i- Gear
1- External
2- Internal
3- Lobe
ii- Screw
lii- Vane a
1- Balanced
2-Unbalance
iv-Piston Y
1- Radial : V=( J’[,',([i,:,-dz) ) kb
2- Axial N I N
-Bent Axis b = width b= widn
_Swash Plate k = Displacement per /Stroke
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PUMPS

A-POSITIVE DISPLACEMENT
(Hydrostatic)
i- Gear
1- External
2- Internal
3- Lobe
ii- Screw
lii- Vane
1- Balanced 5 £
2-Unbalanc g
iv-Piston : dFak
1- Radia i N
2- Axia' 3 z = piston #
-Bent Axis =
-Swash Plate Lo ¥
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PUMPS

A-POSITIVE DISPLACEMENT

(Hydrostatic)
i- Gear

1- External

2- Internal

3- Lobe
ii- Screw
ii- Vane

1- Balanced

2-Unbalanced
iv-Piston

1- Radial

2- Axial

-Bent Axis

-Swash Plate

&
o N IR
—{= ~J /5
o \\‘
\ &
Ve —2X o ohezeging
Z = piston #
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PUMPS

A-POSITIVE DISPLACEMENT
(Hydrostatic)
i- Gear
1- External
2- Internal
3- Lobe
ii- Screw
ii- Vane
1- Balanced
2-Unbalanced
iv-Piston
1- Radial
2- Axial
-Bent Axis
-Swash Plate

Retaining plate

L e NS Wm

(using the EP as an
example here)

Control plate 10 Piston
Low-pressure side 11 Slipper pad
Auxiliary pump 12 Swashplate
High-pressure side

Cylinder

43



HYDRAULIC SYSTEM EQUIPMENTS

VALVES



HYDRAULIC SYSTEM EQUIPMENTS_VALVES

Valve Types

Pressure Direction Control Flow Control
Control

e T
: L -Ba
Relief Valve ‘w “Puppet
T -Spool

|
ot Er'_—l:l Center Type
\L}nlloading ' n | -COIpend
alve = -Close
T El !" -Tandem
|
Sequence
Valve
Pressure
Reducing
Valve

Counterbalance
Valve

Decompression

Valve > P

DRAIN

Wa
-2/
-4/3
-4/5

Actuation
-Manual
-Electric

-Mechanical
-Fluid (Pilot)

Uncompensated
-Fixed Orifice
-Variable Orifice,

Pressure Compensated
-Fixed Volume
-Variable Volume

Deceleration Valve

Flow Divider
-Adjustable

-Priority

-Demand Compensated
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HYDRAULIC SYSTEM EQUIPMENTS_VALVES
Directional Valve Types_ Pilot-Solenoid Operated

F_T_"F Solenoid is

de-energized

B

-~ R T A e
Stage
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HYDRAULIC SYSTEM EQUIPMENTS_VALVES
Directional Valve

Simple 4/ 2
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HYDRAULIC SYSTEM EQUIPMENTS_VALVES
Directional Valve Types_Open Center

Open Center

— =

¢ ™
Fn)

- ~
L‘/_ _I'_"\I_If_'\_
5NN
P e
A
-1543[‘ ! Open Center, Partial, All Ports
P

!"'\ ra" r"'\

. mfr\ _

“B" Closed - Pressure Open
to Tank through “A”

IIIIMJHHMJ[HH[D

AL P

“A” Closed, Pressure Open to
Tank through “B”



HYDRAULIC SYSTEM EQUIPMENTS

ACTUATORS



HYDRAULIC SYSTEM CIRCUIT
ELEMENTS
Actuators (Cylinders)

Actuators turns Hydraulic Power into Mechanical actuation,

Cylinders give L i n ea I' Hydraulic Motors gives ROtati O n a I
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HYDRAULIC SYSTEM CIRCUIT
ELEMENTS
Actuators (Cylinders)
CYLINDERS Hydraulic Symbols

Graphic symbol Item Description

D% Return stroke by external force

Single-acting cylinder

[j% Return stroke through a spring

DE_ Single rod
i Double-acting cylinder
_g- E E —}- s Double rod

Cushioni id
@%: Cylinder with fixed HERICRIRg O ORS6Ias

troke end cushioni
EE: SEHSEIROIENIR Cushioning on both sides

— _H . . -
- Cush d
] Cylinder with adjustable ERE G

troke end cushioni
EDE: SR SR Cushioning on both sides

Eg:. Single-acting

Telescopic cylinder

r:%: Double-acting
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HYDRAULIC SYSTEM CIRCUIT
ELEMENTS
Actuators (Cylinders)

Cylinder Definitions

Piston Piston Stroke
Side )

il

F\ [
)

T &

&
[l 7%

L
L_ Closed Lenght

sl || © e
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HYDRAULIC SYSTEM CIRCUIT

Assembly (symbolic representation)

ELEMENTS

Denomination /

omi: |

Actuators (Cylinders)
Cylinder Typical Mounting Examples

s ]

type Assembly (symbolic representation) Denomination /
type
Swivel head .
CGK Swivel head
1SO 12240-4 Q L) . CGKL
150 122404
Clevis bracket Swivel head
cLcC (clampable)
CGKD
150 8132
Fork clevis
CCKA Trunnion bracket

cLB
150 8132

Eye bracket
CLEA

Clevis bracket
(clampable)

Clevis bracket
(clampable)
CLCA
ISO 8132
form B

CLCB
150 8133
DIN 24556

~
CRE

Trunnion bracket

Clevis bracket
(clampable)
CLCD
150 8132
form A

CLTA

Swivel head
(clampable)
CGKA
150 8133
DIN 24555
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HYDRAULIC SYSTEM CIRCUIT
ELEMENTS
Actuators (Cylinders)
Cylinder Typical Foot Mounting Types

Cap Fixed Clevis

Double Rod Cylinders

54



HYDRAULIC SYSTEM CIRCUIT
ELEMENTS
Actuators (Cylinders)
Force Relations

Piston A'p "Ar rext Force Acts
L —fm=-
Side HQ)——— Rodside Alongthe
- | S Cylinder axis
Fret
qp qr
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HYDRAULIC SYSTEM Actuators

Hydraulic Motors (Like Pumps)

-+ Axial Piston Motors -+ External Gear Motors -+ Radial Piston Motors
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HYDRAULIC SYSTEM Actuators

Hydraulic Motors

Fig. 2: Assembly of the AGVM

1 Drive shaft 4 Port plate 7 Piston
2 Control piston 5 Lens plate
3 Stroke piston 6 Cylinder
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. Reservair
. Shut-off Valve
. Filter

. Variable Displacement
Pump
. Fixed Displacement Motor

. Inlet Line

. Pump Case Drain Line

10.
11.
12

14,

Motor Case Drain Line
High Pressure Lines
Heat Exchanger
Reservoir Return Line
Reservoir Fill Cap or
Breather

Heat Exchanger
By-pass Valve
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HYDRAULIC SYSTEM EQUIPMENTS

HOSES



HOSES

Insulation/ il
Separation layer #4

Steel wire braided
reinforcement

Inside tube

Hose

Typically a rubber hose is constructed of an extruded
inside synthetic rubber tube that has the sole
purpose to keep the conveyed fluid in the hose.

The elastomeric nature of rubber requires that a
reinforcement layer be wound or braided around the
tube in order to hold the internal pressure.

The reinforcement layer(s) are either textile or steel
(or both).

To protect these inner layers of the hose from the
ambient conditions, an outer synthetic rubber cover
is extruded around the reinforcement.
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HYDRAULIC SYSTEM CIRCUIT ELEMENTS
HOSES

Hose Size

The power transmitted by means of a pressurised fluid varies with pressure and rate of flow.
The size of the components must be adequate to keep pressure drops to a minimum and avoid

aging due to heat generation or excessive fluid velocity.
Parker uses the internationally recognised hose dash size as a measurement of the size of their hoses.

This size is a measurement of the inside tube of the hose — not the wall outer diameter.

Size Inch mm DN
I.D. v v v v
-6 3/8 95 10
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HYDRAULIC SYSTEM CIRCUIT ELEMENTS

HOSES
Hose Bending Radius

The minimum bend radius of a hose refers to the minimum radius that
the hose may be bent through whilst operating at the maximum allowable
published working pressure.

Bending radius is not a measurement or indicator of hose flexibility.

The catalogue specified values of bending radii are based on international
or Parker specifications and have been proven through rigorous impulse
testing of the hose assemblies.

Bending the hose below the minimum bending radius leads to loss

of mechanical strength and hence possible hose failure.

A minimum straight length of 1,5 times

the hose’s outside diameter (D) shall be

allowed between the hose fitting and the

point at which the bend starts. INCORRECT

N— A

Bending|Radius)

CORRECT
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HYDRAULIC SYSTEM CIRCUIT ELEMENTS
HOSES

QgSize

@

The power transmitted by means of a pressurised fluid varies with pressure and rate of flow.

The size of the components (hose and fittings) must be adequate to keep pressure drops to a
minimum and avoid damage due to heat generation or excessive fluid velocity.

If the required size of hose is not already known,
the Hose Capacity Nomogram , may assist.

Flow capacity nomogram

7
[l

The size of standard hoses is specified by the inside diameter of the tube.

I.D.

-8 L ] ® s spamsé @ ¥ | ]




Crimping

HYDRAULIC SYSTEM CIRCUIT ELEMENTS

HOSES

Angle setting

The displacement angle of a hose assembly is indicated
only when two elbow fittings are assembled in a
displaced way.

The angle always has to be indicated clockwise looking
from the elbow fitting at the back to the one in the front.
Please also consider the natural bending of the hose.

Cleaning

1SO 4406

NAS 1638

SAE 749

Cartridge

11/8

12/9

13/10

14/11

1612

16/13

17114

DW= O

18/15

19/16

2017

21/18

oo |a|e|oN oo sl w|n
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HOSES

1 [
= v
e = - i al{.,‘.. ,;,4?
) ‘ T s L =
. L Female Metric Series L
DKOL DKOL 45° DKOL 90° DKM or DKLL Swivel (Ball Nose)

DKL

DD 5D

Co

—

g ! T " 1 —
BEL BELSS BELS" ~ | okos DKOS 35 DKOS 90

BSP

Female BSP Parallel
Pipe - Swivel (Flat Seat) | Standpipe
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HYDRAULIC SYSTEM CIRCUIT ELEMENTS
FITTINGS-Pressure Drop

100 N A A
yrd TEST FLUID
— MOBL DTE 25 HYD. OIL)
- ZPECIHG GRAVITY = 0873
‘/2 = [
A /
/ 4
— il////g 9 /g )
w 10 // > Z }/!
o Z /
Y 7 727
= 0z v 5
£ WA T A 7
il o e i o g 2 S A
e AT 1
% 1 / r i 14 ’/ I/ 0
jo) 7 7 .
a y. .
e Z Z
' 7
A
i i 5 10 100

Flow Rate (GPM)

Examples:
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HYDRAULIC SYSTEM EQUIPMENTS

Accumulators



HYDRAULIC SYSTEM CIRCUIT ELEMENTS
Accumulator-Basic Accumulator Circuit

ACCUMULATOR. 1 T

(B
I

Accumulator = Hydraulic Batter

L

A hydraulic accumulator is a device which stores

hydraulic energy under pressure. There are three main types
- Dead Weight or Gravity Type

- Spring Loaded,

- Gas Loaded

AEREAA— DEAD WEIGHT
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Accumulators are used for ;

- Fluid supply,
- Standby or emergency power source,

- Leakage Compensation,

- Thermal Expansion Compensation,
- Pump delivery pulsation damping,
- Pressure Surge Damping,

- Counterbalancing,

Leakage Compensation

) s I
Emergency
Power

1, supply

HYDRAULIC SYSTEM CIRCUIT ELEMENTS
Accumulator-Accumulator Usage Purpose

>
|

| |Counterbalancing




Dead load

I

HYDRAULIC SYSTEM CIRCUIT ELEMENTS
Accumulator- Accumulator Principle

Fluid

:
:

;.

Rt

pressurc

O ———

Volume of fluid in accumulator

-
Spring
Preload
L
0 Full
Volume of fluid in accumulator
| Fluid
peessure ‘
|
'
' |
1
| .
0 Fuli

Volume of fluid in accumulztor

a) wilhow! B) with nitrogen, c) intet of fluid
nilregen charge charged to pre-charge for storage
pressura p,

d) charged 1o &) discharge 1) discharged to
maximum operating of fluid minimum operaling
pressure py pressure Py



HYDRAULIC SYSTEM EQUIPMENTS

Tank



HYDRAULIC SYSTEM CIRCUIT ELEMENTS
Hydraulic Reservoir

Approximate Volume = Pump Flow Rate X N
N= 1.5-2 for Mobile Application
N=3 for Industrial Applications

Pump inlet Air breather
line (option) and filler

Drain return

Temperature Return line

Also Consider,
1-Service Hole , Clean-out plate
2-Breather , (both ends)
3-Return line-Suction Line Distance,
4-Level Gauge and Sight glass,
5-Strainer and Suction Height,
6-Filter Location,

7-Mounting,

8-Sealing,

9-Foam Suction Prevention,

Baffle plate

Strainer

End plate

Drain plu
e extension

Thermometer
and sight glass Drain plug
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HYDRAULIC SYSTEM EQUIPMENTS

Filters



HYDRAULIC SYSTEM CIRCUIT ELEMENTS
Filtration

Filtration Fact

Filter media ratings
expressed as a Beta
Ratio indicate a
media’s particle
removal efficiency.

N particles upstream > x pm

The Beta Ratio (also known as
the filtration ratio) is a measure
of the particle capture efficiency
of a filter element. It is therefore
a performance rating.

As an example of how a

Beta Ratio is derived from a
Multipass Test. Assume that
50,000 particles, 10
micrometres and larger, were
counted upstream (before) of
the test filter and 25 particles at
that same size range were
counted downstream (after) of
the test filter. The corresponding
Beta Ratio would equal 200, as
seen in example 1.

N particles downstream = x um

Bxfc) = N particles upstream > x um / N particles downstream > x pm

The example would read “Beta
ten equal to 200." Now, a Beta
Ratio number alone means very

Beta Ratios / Efficiencies

Beta Ratio

Capture Efficiency

little. It is a preliminary step to ol e e et e et o)
find a filter's particle capture 1.01 1.0%
efficiency. This efficiency, i 9.0%
expressed as a percent, can be 1.5 33.3%
found by a simple equation. 2.0 50.0%
(Example 2) 50 80.0%
10.0 90.0%
Efficiency, = (1-—1—) 100 20.0 95.0%
B 75.0 98.7%
1 100 99.0%
Effici = {1-———) 100
clancya = { 200 ) 200 99.5%
- 995% 1000 99.9%
_ # of particles upstream Beta Ratlo
=g of particles downstream
Downstream
“X" is at a specific particle size Particles Beta Ratio (x)  Efficiency (x)
Upstream
Particles 100,000
50,000 2
50,000 A 50.0%
Buig=—p5 =200 50,000
s 100,000
5'000 5,000 20 95.0%
f
1,333 g 5 98.7%
100,000
1,000 1,000 100 99.0%
100,000
500 500 200 99.5%
100,000
100 A 1000 99.9%
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HYDRAULIC SYSTEM CIRCUIT ELEMENTS

Number of particles per ml
ISO code
- More than Up to and
including

22 20 000 40 000
21 10 000 20 000
20 5 000 10 000
19 2500 5 000
18 1300 2 500
17 640 1300
16 320 640

15 160 320

14 80 160

13 40 80

12 20 40

11 10 20

10 5 10

09 25 5

08 1.3 25

07 0.64 13

Particles
> 4 microns

Particles
> 6 microns.

ISOCODE 18/ 16/ 13

Particles
> 14 microns

1SO Classification & D

Range Micron

Actual Particle Count

number Range (per ml)
18 4+ 1,300 - 2,500

16 6+ 320 - 640

13 14+ 40 - 80

The ISO codes 4, B, 14 microns replace the 2 digit 5, 15 microns and

3 digit 2, 5, 15 microns In use prior
Their use continues and the results
14 micron ISO codes.

10 the introduction of ISO MTD.
femain comparable with the 4, 6.

ISO code
numbers

23/21/17
20/18/15

19/17/14

18/16/13

17/15/12

16/14/ 11

15/13/09

Filtration

Typical

Type of system Sensitivi
yp Y components Yy
Low pressure systems with large clearances Ram pumps Low
Typical cleanliness of new hydraulic oil straight Flow control valves Average
from the manufacturer. .
Cylinders
Low pressure heavy industrial systems or
applications where long-life is not critical
General machinery and mobile systems Gear pumps/motors Important
Medium pressure, medium capacity
World Wide Fuel Charter cleanliness standard for  Valve and piston Very important
diesel fuel delivered from the filling station nozzle. pumps/motors
High quality reliable systems Directional and
: ! pressure control valves
General machine requirements
Highly sophisticated systems and hydrostatic Proportional valves Critical
transmissions
Performance servo and high Pressure long-life Industrial servovalves  Critical
systems
e.g. Aircraft machine tools, etc.
Silt sensitive control system with very high High performance Super critical

reliability servovalves
Laboratory or aerospace

NOTE: The three figures of the ISO code numbers represent ISO level contamination grades for
particles of >4um(c), >6um(c) and >14um(c) respectively.
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Air Filter
Suction
Pressure
Return
Off-line

Filtration

HYDRAULIC SYSTEM CIRCUIT ELEMENTS

23 To System

Suction Filter

To System g

Pressure Filter

L

Cylindar has 2:1
ratio piston area
1o rod diametear.

. 125 lpm

Return line filter is sizad
for 250 lpm.

)

Return Line Filter

Alr Filter

i

Off-Line Filter

Existing i
Hyelraulie: |
or Lube

Syslam I
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