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Chapter 2 | Hydraulic Circuits with Directional Control Valves

Symbols - Single-acting Hydraulic Cylinders and Control Components

The actual schematics of hydraulic components are difficult to draw and cannot easily be used in
hydraulic circuits. Symbols signify a simplified functional representation of hydraulic components.
Therefore, circuits can be drawn easily using symbols. The essential symbols of hydraulic components
especially for the control of single-acting hydraulic cylinders are highlighted in Figure 2.1.
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Fixed-displacement pump
Displaces a fixed amount of
fluid with each revolution of
its drive motor

Variable-displacement pump
The fluid displacement of the
pump can be varied using an
adjustment mechanism

Power Pack
Simplified representation

Heat exchanger / Cooler
Increases the heat dissipation
rate of the associated system

3/2-directional control valve
ot 3/2-way valve

W 4/2-directional control valve
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Power pack

Supplies a sufficient amount
of fluid to the associated
system with
components like a reservoir,
pump-motor unit, pressure
relief wvalve, and pressure

gauge
Reservoir / Tank

Stores and conditions a given
quantity of hydraulic fluid

essential

Single-acting cylinder
Provides the force for a
work operation in only one
direction of its motion

Pressure relief valve (PRV)
Limits the working pressure
of the associated system to a
safe value

Pressure gauge
Measures the pressure level in
a system

Figure 2.1 | Symbols of basic components in a hydraulic system



Control Task 2.5 | Control of a Double-acting Hydraulic Cylinder Using a 4/2-DC Valve

A double-acting hydraulic cylinder should extend and clamp a workpiece upon operating a lever-
actuated valve. The cylinder should remain in the clamping position, as long as the valve is pressed. If
the lever is released, the cylinder should retract. Develop a hydraulic circuit to implement the control
task. A fixed-displacement hydraulic pump is used as the power source. The system shall be able to set
a maximum pressure of 200 bar [2900 psi].

Solution
Control of aDouble-acting Hydraulic Cylinder Using a 4/2-DC Valve
Double-acting [—’E':I
cylinder
4/2-DC valve  A| |B
4
200 bar ,&ITl LM 200 bar ,& A
2900 psi PiT 2900 psi
L
ISl A, ; R B— ]
ol 1 ® ; =
r-. i i m i i
IEM - ! L - !
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i Poary i :
L i |} i ;
(a) The hydraulic circuit (b) When the pump is ON
—»
Extending Fully
extended
Valve is Valve is
actuated HA actuated
® 2 bar ’ |>:}M 200 bar > X W
29 psi III 2900 psi
A
e : : - : :
L e e | L 1= :
T Ne OF :
i i ) 4 i
Loy | L
(c) When the 4/2-DC valve is actuated and (d) When the 4/2-DC valve is actuated and the
the cylinder is in its mid position cylinder is fully extended



Control Task 2.10 | Control of a Hydraulic Motor Using a 4/3-DC, Float-center-position Valve
A 4/3-DC valve is used to run a hydraulic motor in clockwise and anti-clockwise directions, in a
hydraulic system with a fixed-displacement pump. The circuit should provide a soft stop of the motor.
The circuit should be designed in such a way as to support the independent control of multiple actuators
to be connected to the system. The system shall be able to set a maximum pressure of 100 bar (1450

psi). Develop a hydraulic circuit to implement the above control requirements.

Solution

Control of aHydraulic Motor Using a 4/3-DC Float-center Valve for its Bi-directional Rotation
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(a) When the DC valve is shifted to its
left envelope position
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(b) When the motor comes to a

smooth stop
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100 bar Iil
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(c) When the DC valve is shifted to its

right envelope position



Chapter 3 | Hydraulic Circuits with Check Valves

Control Task 3.4 | An alternative Circuit for the Load-holding Hydraulic System

A vertically-mounted double-acting cylinder in a hydraulic system is to move with a load. The extension
stroke of the cylinder should be controlled by a 4/2-DC valve and a pilot-operated check valve. The
retraction stroke should be controlled by pilot line control of the check valve through a 3/2-DC valve.
The motion of the cylinder should stop midway in either direction when the respective DC valve is
released. A fixed-displacement pump is used as the power source. The system shall be able to set a
maximum pressure of 200 bar (2900 psi). Develop a hydraulic circuit to implement the control scheme.

Solution
An Alternative Circuit for the Load Holding Hydraulic System
Load T
>
Cylinder Cylinder
Pilot- extends retracts
operated
B l cthk B Aﬂto B
valve -
1% Opens \d% o
X X
Pilot
4/3-DC 3/2-DC signal
valve v A VﬂlVC* A V2 V2
Pressed _ [4

—>

2 AR A N i 19

Pl (T 3barA

L 44 psi |I|

2900 psi
(a) Th€ hydraulic Circuit (b) When 4/3,DC VEI.IVC is pressed (C) \X/hen 3/2—DC ValVC iS pressed

Chapter 4 | Hydraulic Circuits with Flow Control Valves

The speed of hydraulic actuators (cylinders and motors) can be reduced conventionally by using flow
control valves. The speed of an actuator may be required to be controlled in one or both directions. An
essential function of a flow control valve is to offer hydraulic resistance to the flow of the system fluid
and hence to control the flow rate of the fluid.



.Control Task 4.2 | Speed Control of a Unidirectional Hydraulic Motor Using a Non-
compensated Throttle Valve for Meter-in Connection

A hydraulic motor is used as a rotary drive for a uni-directional machine operation with varying load
and speed requirements. Develop a circuit for the speed control of the motor using a non-compensated
throttle valve (Needle valve). A 3/2-DC valve can be used for the start-and-stop control of the motor.
A fixed displacement pump without a case drain port is used as the power source. A PRV is used to set

the maximum pressure to 70 bar (1000 psi).

Solution

Speed Control of a Unidirectional Hydraulic Motor Using a Throttle Valve for Meter-in Connection

®P2 Throttle

valve

Motor P3 ®

L

A 4 B
7~
Non-compensated
A
Q:ﬂ. 3/2-DC valve
P1 NEE
L
b

Ps

B
200 bar Flow meter
2900 psi
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L Pump

(a) The hydraulic circuit

70 bar
1015 psi

50%
restriction
A B

757 rpm
0.01 bar

0.79 bar
11.46 psi

No load

3.73 Ipm
1 gpm

(c) The position of the circuit when the 3/2DC valve is
actuated, under no load and 50% restriction

70 bar ® Minimum 1504 rpm
1015 pst restriction
A B

Meter-in 1.56 bar

. No load
22.62 psi
Flow into 6.2 lpm
® 70.1 bar .the motor 1.64 gpm
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19 Ipm
5 gpm

[

L

(b) The position of the citcuit when the 3/2DC valve is
actuated, under no-load and minimum restriction

50%
restriction

A

508 rpm

38.85 bar
563.18 psi

(d) The position of the circuit when the 3/2DC valve is
actuated, under full load and 50% restriction



Control Task 4.11 | Speed Control of a Double-acting Hydraulic Cylinder Using a By-pass Flow
Control (Bleed-off) Method

Develop a circuit for the speed control for the forward stroke of a double-acting cylinder with leak-
tight piston seals in a single pump single actuator hydraulic system using the bypass flow control
method. The speed of the return stroke is uncontrolled. A 4/3-DC tandem-centet-position valve is used
for directional control of the cylinder. A pressure-compensated flow control valve is preferred. A fixed
displacement pump is used as the power source with a fluid delivery of, say, 5 Ipm (1.32 gpm). A PRV
is used to set the maximum pressure to 200 bar (2900 psi).

Solution
Speed Control of a Double-acting Hydraulic Cylinder Using the By-pass Flow Control (Bleed-off) Method

2-port pressure-compensated :":I :":ll
2.451
flow control val\'e¢ 0.65 ggg 0.2m/s (7.9 in/s)
g Y
X
JJ V1

0.01 bar g “ iy Xﬂ 0.62 bar —>& 3 'T_Il Xg

0.145 psi 9 psi
© 4 )

3.17 Ipm
lr - 0.84 gpm
0 lpm
0 gpm
(a) The position of the circuit when the 4/3DC (b) The position of the circuit when the 4/3DC
valve is at its center position valve is actuated for its left envelope

Figure 4.12 | Speed control of a hydraulic cylinder using the bypass flow method (Control Task 4.11)

Hose Burst Check Valves

A hydraulic cylinder can be used for moving heavy loads downward using the pressurized fluid medium,
as in a crane or earthmoving equipment. The fluid will flow to the atmosphere in case the flexible hose
connected to the output port of the cylinder ruptures. This situation would bring the load downward
in a very dynamic and dangerous way causing damage to machinery and a possible injury to personnel.
Such a negative load application should have a provision, in case of a hose burst situation, to hold the
load in place without the development of dynamic pressure peaks.

Control Task 4.16 | A Hydraulic Cylinder Circuit with a Hose Burst Check Valve

A hydraulic cylinder is used in a crane for bringing a heavy load downward using a 4/2-DC valve. The
cylinder ports need to be connected to the DC valve using flexible hoses. It is also necessary to protect
the circuit against hose rapture due to the development of high shock pressures. Develop a hydraulic
circuit incorporating a hose burst valve.

Circuit Omitted



Chapter 5 | Hydraulic Circuits with Flow Dividers and Combiners

Flow Divider/Combiner

A flow divider is a hydraulic device that divides a single inlet flow from a source into two or more
prescribed outlet flows regardless of the load pressures at the outlet ports. A flow combiner is a
hydraulic device that combines flow from two sources into a single flow. A flow divider may not
combine two return flows in the prescribed proportion to form a single stream. A valve that can divide
and combine in prescribed proportions requires a special spool. There are two common types of flow
divider devices. They are: (1) rotary type and (2) sliding-spool type. Combiners are only of the sliding
spool types. The symbols of flow dividers and combiners are given in the following section.

Control Task 5.6 | Synchronized Movement of Two Bi-directional Hydraulic Motors attached
with Negative Loads Using a Sliding Spool Flow Combiner

Two hydraulic motors subjected to negative loading are to be operated synchronously. A spool-type
flow combiner is used to combine the fluid streams released from the motors. A constant-displacement
pump supplies a constant flow to the system. Incorporate an appropriate directional control valve and
pressure relief valves into the circuit. Develop a basic circuit for realizing the control Task.

Solution

A Basic Circuit for the Synchronised Movement of
Two Hydraulic Motors attached with Negative Loads
Using a Sliding Spool Flow Combiner

BN

| O

Bypass B - B Bypass

check cy1@ r—| ) CV2 check

valve A Pl Flow [A valve
Combiner

W
=\

Figure 5.10 | A circuit for the synchronized movement of two bi-directional hydraulic motors

Figure 5.10 shows a circuit for the synchronous movement of two bi-directional hydraulic motors
attached with negative loads. A fixed displacement pump supplies fluid to the system. A flow divider
combines the fluid streams released from the motors. A 4/3-DC valve is used for directional control of
the motors.
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Chapter 6 | Hydraulic Circuits with Pressure Control Valves
Pressure control valves are used in hydraulic systems for obtaining pressure-related control tasks.

Control Task 6.1 | Operational Parts with Different Set Pressures in a Single-pump System
Using a 2-way Pressure Reducing Valve

Develop a single pump hydraulic circuit that employs a high pressure in one section of the circuit, say,
for a high bending force, and a reduced pressure in another part of the circuit, say, for a low clamping
force.

Solution

A Hydraulic Circuit with a 2-way Pressure Reducing Valve

Bending :":| Clamping :":I A :::I B :i'ZI—V
Cylinder, A Cylinder, B

* Extending
1 Al |B Al [B
Vi __XN\,MZ_DXZMK X'V\, Ve X'V\, V2 ML “XN\,
,& wiT 1 ﬁ\ wiT 1 ﬂ\ ,& Y1 - ﬂ\ Pressed—h& vl 1 ﬂ\
valves
P||T P||T )
L Ly Setting L 1 bar
— 'A 50 bar 1 bar 14.5 psi
Pressure reducing [Ij 725 psi | 14.5 psi
@ valve, 2-way ®
P
pry| 100 bar.
r= 1450 psi_| Pump Pressure setting: o
l CD Ps(Higher) — 100 bar (1450 psi) ‘E:MW
Ps Ps(Lower) — 50 bar (725 psi)
L L
(a) The hydraulic circuit (b) The position of the circuit when valve V2 is pressed
== o e . )
Pmax_’ Fully Pmax. Fully Pmai’ Fully
50 bar' extended 100 bar extended S0 bar extended
(725 psi) (1450 psi) (725 psi)
W 0 - W W

W
11 Pressed, (A []1 L
rTTXﬁ\ eﬁ,& ‘TTXﬁ\

L 50bar§ L

AT ! ' L !
,& Yo T >: ﬂ\ Pressed—b,& e >: ﬂ Pressed—

50 barC!g L
100 bar 725 psi ) 100 bar

C
L

) - 725 psi -1
1450 psi [m 1450 psi [m
- -
[ L
(c) The position of the circuit when cylinder B is fully (d) The position of the circuit when valves V1 and V2 are
extended pressed and cylinders A and B are fully extended

Figure 6.2 | A hydraulic circuit with a 2-way pressure-reducing valve
(Control Task 6.1)
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Control Task 6.8 | Braking a Hydraulic Motor Using a Brake Valve

A braking arrangement using a hydraulic brake valve, with an internal pilot and external pilot, is to be
incorporated into a hydraulic motor driving a conveyor. It requires a pressure of 45 bar (653 psi) at the
motor inlet to keep the brake valve open. If the conveyor begins to run the motor faster than the pump
flow does and the pressure drops below 45 bar (652 psi), then the brake valve operates. It requires a
pressure of 180 bar (2610 psi) at the internal pilot to open the brake valve. Develop a suitable hydraulic

circuit.

Solution

A Circuit for the Braking Operation of a Hydraulic Motor Using a Brake Valve

255 rpm >255 rpm
50 bar ; 44bar | 5 bar P 180 bar
é ) 725 psi 638 psi | 73 psi 2610 psi
Q« Hydraulic @ Q. Under N;ﬂmal § Q« Tending to
motor . overrun
BM= P
i
[ A & WAL e SR &
Brake valve | | T 41 <45 bar (653 psi
: p
M Al |B m 51 bar W * i 6 bar N\I‘A* W
v ‘ [] X v 740 Si “ I_‘ X v 87 . “ I_‘ x v
(== =) P ] Wiy =) DY —» (| it =)
® P T 4/3-DC ®
 float-center
PRV|p valve
(et = r=
l \ W Hydraulic l y W L
T pump
L L
(b) The position of the circuit when () The circuit position when the cylinder
(a) The hydraulic circuit the cylinder is rotating under normal tends to overrun

operating condition
Chapter 7 | Hydraulic Circuits with Accumulators

An accumulator is a device used for absorbing shock pressures and storing energy in a hydraulic system.
It mainly consists of a vessel in which a hydraulic fluid is held under pressure by a raised weight, spring,
or volume of compressed gas. It is, thus, possible to store potential energy in the accumulator, when
the associated system pressure remains higher than that of the accumulator. The accumulator can release
the stored energy back into the system for performing some useful hydraulic task when the system
pressure falls below that of the accumulator.

12



Symbols — Hydraulic Accumulators
The symbols of different types of accumulators and their descriptions are given in Figure 7.1.

0
s

Weight-loaded accumulator

It consists of a vertically-mounted steel cylinder with a movable piston. A
series of dead weights is placed on the top of the piston. A fluid chamber is
formed on one side which is connected to the hydraulic side. The piston along
with the dead weight is raised when the fluid under pressure works against the
piston. The weight exerts a downward push on the piston as a result of the
force of gravity and thereby energizes the fluid.

Spring-loaded accumulator

It consists of a cylinder body and a piston preloaded with a spring. A fluid
chamber is formed on one side which is connected to the hydraulic side. The
spring is compressed when the pressurized fluid enters the chamber. The
compressed spring can act against the piston. As the system pressure reduces,
the fluid from the accumulator is forced out by the charged spring.

Gas-charged accumulator

It consists of a steel shell with a physical barrier, such as a diaphragm, bag, or
floating piston, which separates the shell into a gas chamber and a fluid
chamber. Accordingly, gas-charged accumulators can be classified into the
diaphragm, bag, and piston types. The gas chamber is pre-charged with pure
nitrogen gas. The fluid chamber is connected to the hydraulic system. A gas-
charged accumulator draws the fluid from the system when the system
pressure goes up, thus compressing the gas. When the system pressure drops,
the pressurized gas expands and forces the fluid back into the system

Figure 7.1 | Symbols and functions of different types of hydraulic accumulators
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Chapter 9 | Relay-based Electro-hydraulic Circuits

Control Task 9.9 | Semi-automatic Operation of a Double-acting Hydraulic Cylinder Using a
4/2-DC Single-solenoid Valve and a Proximity Sensor

A double-acting cylinder is to extend when a pushbutton is pressed. On reaching the end position, the
cylinder is to retract automatically. A 4/2-DC single-solenoid valve is used as the final control element.
Develop an electro-hydraulic control circuit to implement the control task using a proximity sensor for
the semi-automatic operation of the cylinder.

Solution

Semi-automatic Operation of aDouble-acting Hydraulic Cylinder Using a 4/2-DC Single-solenoid Valve
and a Proximity Sensor

= Y Eg g
Installation location v
of proximity sensor
V1 Vi
—>
v . vk 1)1
4/2DC single AY
solenoid valve N
r- M T
L A l A l A
A A A
124V . . Proximity Al =
| ' sensor n¥a ' l
PB1EY K1\ K1 o [+ PB1EY K1} K1 O |n pB1EY K1) K1\ o
S2|—— - S2|—— S
nm
K2 K K2
n n n
K1 Y X K2 K1 Y I%FX K2 K1 Y X K2
ov oV oV
o o o
(a) The electro-hydraulic circuit (b) When PB1 is pressed and released (c) When sensor S2 is just pressed

Figure 9.12 | Multiple positions of an electro-hydraulic circuit for the automatic return motion of a
double-acting cylinder using a 4/2-DC single-solenoid valve and proximity sensor (Control Task 9.9)

Figure 9.12(a) shows the circuit for the automatic return motion of a double-acting hydraulic cylinder
using a proximity sensor. A 4/2-DC single-solenoid, spring-return valve is used as the final control
element.

Figure 9.12(b) shows the circuit when pushbutton PB1 is momentarily pressed. The electrical circuit is
latched when pushbutton PB1 is pressed. Solenoid coil Y is energized and actuates valve V1. The valve
remains in the actuated position even when pushbutton PB1 is released. The cylinder starts moving
forward.
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A Complete Electro-hydraulic Circuit for the Fully-automatic Operation of the Cylinder

The Cyclic Operations of aDouble-acting Hydraulic Cylinder
ST S2 St S2

= ;

Sequence:
1-Pump isON
2-PB1 is pressed

V1 Al |B V1 3-K-coil is energized
4-K contacts operate
Y1 N\ ]y2 Y1 Y2 5K1 coil is energized
I@tchi.ng PLIT PB1 for latching
c+24V- clrculﬁ _ PB2 for unlatching
v
I3 T% E
pBIE\ K\ K A
4 4
1 13 3 3 3
1 S10-7 s2B0-\ K1 K2 s2f0-\ K1 K2
PB2E Reed' | 4 Reed! | 4 4 4
2 switch| switch
Al Al Al

K K1 K2 Y1 *Yzl__/_—l'*
ov A2 A2 A2

(a) The electrehydraulic circuit for the cyclic operation of a  (b) The position of the circuit when PB1 is pressed, the circuit is

hydraulic cylinder, Sensor S1 is initially activated latched through the K contact, Relay K1 picks up
St S2
| |
Sequence: T
1-K1 coil is energized L

Sequence:

2-K1 contact operates
1-S2is actuated

3-Y1 is energized

4-Valve V1 operates 2’1&:2 is energized
(V1 5-Cylinder extends Vi 3-K2 contact operates
N /T|7_|“ | x I—W T 4-Y2 is operated
Y1/,\ 4 Y2 Y1 v Y25v1 is operated
31, %7 6-Cylinder retracts

+24V

(c) The position of the circuit when solenoid coil Y1is | (d)The position of the circuit when Sensor S2 is activated, Relay
energized, 4/2DC valve is actuated, and cylinder extends K2 picks up, Solenoid coil Y2 is energized, and cylinder retracts
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Chapter 10 | Circuits for Closed-circuit Hydro-static Transmissions
(HSTs)

Control Task 10.4 | A Closed-circuit HST with Loop Flushing and Cooling

A Closed-circuit HST with a Charge Pump and Loop Flushing Circuit for Cooling

_|
flushing / Hydraulic
Shuttle valve

<
< T ; Low-pressure side |
Cv1 Hot oil ‘I

1

1

motor

Pump Pump

-
|
|
+ vMain Charge
|
|
1
\

>
1 pry 2
- .

High-pressure side
Hot oil flushing
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Summary of Progression of Closed-circuit HST's

A closed-circuit HST can be thought of as consisting of several circuits like a charge pump circuit,
flushing circuits, high-pressure PRVs, and accumulators. Table 10.1 gives the progression of closed-
circuit HST's and the functions of the circuit parts.

Table 10.1 | A typical progression of closed-circuit HST's

The pump delivers fluid to the
motor and the fluid discharged
from the motor outlet flows to
the inlet of the pump.

The charge pump circuit, with a
low-pressure pump, PRV, and
check wvalves, is added to the
basic HST to compensate for
the leakage flows

A flushing circuit is integrated
into the HST to direct the hot
fluid  purged from  the
transmission loop to the
reservoir preferably through the
series-connected case  drain
lines of the pump and motor for
flushing and lubricating and for
increased cooling and filtering.

High-pressure PRVs must be
added to an HST circuit to limit
the  maximum  operating
pressure of the entire system
and prevent an inadvertent
overload on the hydraulic

motoft.

An accumulator can be used in
a closed-circuit HST to absorb
shock pressures in the high-
pressure loop or to provide
instantaneous low-pressure
loop make-up flow.

The drawback is the leakage of
fluid through the case drains of
the pump and motor

-The flow rate of the charge
pump should be at least 20% of
the flow rate of the main pump.
-The PRV is set to 10 to 35 bar
(145 to 500 psi).

The flushing relief valve is
typically set at a pressure that is
2 bar (29 psi) less than the set
pressure of the charge pump
PRV.

High-pressure HSTs can be
added with a  cross-port
configuration or with a back-to-
back configuration linked to the
charge pump circuit.

-Accumulators can be placed on
the high-pressure side and low-
pressure side of the HST loop.
-An accumulator on the high-
pressure side dampens pressure
fluctuations.

-An accumulator on the low-
pressure  side reduces the
possibility of cavitation.



Chapter 11 | Hydraulic Circuits with Variable Displacement Pumps

q=0t0o QMax .

4 Pressure compensator

1
i
Ay
: )(TV_
1 -

- oo *----- '
1
1
1
1
1

Bias piston

* = MWV, min

Swash plate

L
VD, max
Control piston oji parambath

Figure 11.2 | A basic circuit of a servo-controlled variable displacement pump

Control Task 11.4 | Axial Piston Variable Displacement Pump with a Pressure Controller,
Hydraulically Remote Controlled

An Variable -displacement Pump with a Pressure Controller, Hydraulically Remote Controlled

350 b b .
:tzl SEba | :tz' L
P__150 bar | P
14 bar “
N\Tu |>: W Vp i Q@ VD MWt X W VD min @ VD, max
'& - ﬁ\ P —— | Sl '& a5 ﬂ\ Setting: ,__r B

1, I[EW T i 336 bar l[IL_‘W L [T

L 4800 psi 1 4
Q=0-QMax AP poi-mmooey Q=~0 AP oy dnlntey
350 bar /4 L = _II
5000 psi |[{5d 4

L VD, max L
(a) An axial piston variable-displacement pump with (b) The variable-displacement pump with a pressure
a pressure controller — Circuit diagram controller when set pressure is reached
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Chapter 12 | Hydraulic Circuits for Load-sensing Systems

A Load Sensing Hydraulic System — Low-pressure Standby Mode

Load sensing __
. . !
DC valve in its |

center position |

A

RIS

=
o

20 bar
300 psi g
Minimum

pressure
development

Q=~0

Minimum flow
output

Swash
plate

________ AR
AT
B: wy
T 1L/ 4
Y
1 T
L

Flow mainly directed

to the control piston

I L
d
1
1
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The pump flow acts on the
left-hand  side of the
pressure-flow compensator
spool and high-pressure
compensator spool when
the pump is switched on.

When the pressure reaches
slightly above 20 bar (300
psi), the pressure-flow
compensator spool moves
to the right against the
low-pressure spring, and
the flow is directed to the
control piston.

This the
control piston to extend

flow causes
and makes the swash plate
its minimum

the
deliver a

swing to

angle

pump

minimum flow

position and
to
at  low

pressure.

In the standby mode of
operation, the  pump
provides only enough flow
to make up for the internal
leakage in the system.



Chapter 13 | Hydraulic Circuits with Proportional and Servo Valves

Control Task 13.2 | A Closed-loop Electro-hydraulic Circuit for the Control of a Double-acting
Hydraulic Cylinder Using a 4/3-way Proportional Valve and an LVDT

A closed-loop control system is to be designed for the feed motion control of a double-acting hydraulic
cylinder, for a more accurate lathe drive, using a 4/3-way proportional solenoid valve and LVDT. The
direction of motion and the speed of the cylinder are to be controlled. A fixed-displacement pump
delivers the required flow to the system and a PRV can be used to set the pressure in the system.
Develop a control circuit.

Solution

A Closed-loop Circuit for the Control of a Double-acting Hydraulic Cylinder Using a 4/3-way
Proportional Valve and a LVDT

Cylinder

|
Electronic 4/3-way Q
+10V  control unit proportional +10V
Pot Amplifier lv valve
+ A 7V + I=1A
Wi W _l:>— WA T I W\
= - TN =9 —
I Y ‘TTXS. LVDT i ?Y ‘TTX
-10V L P 1 -10V L = 1
T R, ] e e [OF Ty pepapp—— J
® L 16 bar ® A
232 psi
r-JP r-
l PRV Pump [
I NG I
Setting
200 bar
2900 psi LU L
(a) The closed-loop circuit for the direction and (b) The position of the circuit when the
speed controls of a doubleacting cylinder using a potentiometer is set for a voltage, say 7V, and the
4/3-way proportional valve and a LVDT cylinder is extending
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Chapter 15 | Hydraulic Circuits with Cartridge Valves

The Position of the Circuit When Pushbutton PB1 is Pressed
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(a) The position of the circuit when pushbutton PB1 ispressed and the cylinder is extending

+24Vo0

Pressed

(b) The position of theelectric circuit when pushbutton PB1 is pressed
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Chapter 16 | Hydraulic Circuits with Pressure Intensifiers

Hydraulic pressure intensifiers (Pressure boosters) are devices used for obtaining very high pressures
from low-pressure power sources. Pressure intensifiers can typically provide intensification ratios up to
1:20.

Symbols - Pressure Intensifiers

Symbols of two types of hydraulic pressure intensifiers are given in Figure 16.1.

I I
Low-pressure side

High-pressure side

Suction line to High-
pressure side

High-pressure side

Low-pressure
side

High-pressure suction

Single-stroke (One-shot) Pressure Intensifier

It mainly consists of a larger cylinder A and a smaller cylinder
B. Let the larger cylinder A has a piston area of Aq and the
smaller cylinder B has a piston area of Ay (A1 > Ap. The ratio
of the larger piston area to the smaller piston area (A1/Ay is
the pressure intensification ratio. The pistons are connected by a
common rod. Check valves separate the suction and discharge
lines of the intensifier.

A low-pressure supply fluid is drawn into the fluid compression
chamber of cylinder B through the suction line when the piston
and piston-rod assembly retracts. When a high-flow-low-
pressure fluid is applied to the large piston of cylinder A, it
develops a force that is transferred mechanically to the smaller
piston of cylinder B and pushes it. The smaller piston generates
a higher-pressure fluid with each stroke and a low-flow-high-
pressure hydraulic fluid is forced out from cylinder B. The
output pressure increases by a factor equal to the pressure
intensification ratio. That is,

Output pressure = Inlet pressure x Intensification ratio
The larger piston can be retracted by spring, air or oil. In a
single-stroke intensifier, the high-pressure flow is intermittent.
Reciprocating Type Pressure Intensifier
It consists of a centrally mounted low-pressure piston on a
double-ended piston rod and high-pressure chambers at either
end of the low-pressure piston. The large piston on the low-
pressure side can be made to reciprocate with a suitable control
scheme.

A continuous high-pressure flow output can be obtained with
the use of two back-to-back single-stroke intensifiers feeding
the same system with staggered strokes.

Figure 16.1 | Symbols of pressure intensifiers

22



Control Task 16.3 | A High-pressure Circuit for a Plastic Injection Molding Machine

The mold parts of a molding machine require high clamping force and therefore these parts are supplied
with a higher pressure of, say, 700 bar (10000 psi) than that used for other normal operations in the
machine. The normal pressure employed is, say, 70 bar (1450 psi). A pressure intensifier (1:10 ratio) is
to be used for realizing the higher pressure requirement for the clamping operation. Develop a circuit
with a high-pressure-rated double-acting cylinder to clamp the mold parts.

Solution

A High-pressure Circuit for a Plastic Injection Molding Machine

700 bar
10000 psi

]
A L B Pressure | |,
(= X vW 70 bar intensifier HP
Pl |T 1450 psi B
¢ i
q < 1A

@{----------—1

L

Figure 16.5 | Reciprocating pressure intensifier, continuous delivery (Control Task 16.3)

Chapter 17 | Layouts of Hydraulic Reservoirs
Control Task 17.1 | Trace Power Pack - Layout 1

Typical Configuration of a Hydraulic Power Pack: Layout 1

¢ Return fluid

i

*Return-
line filter

Reservoir

Fluid delivery E Strainers i
Pumps : Y X X '

Shut-off

valves

% Drain plug

*Return-line filter with a bypass valve and

Check - Fllui'd level
\—p - valve indicator

clogging indicator electrical contact set

Suction

Figure 17.2 | A typical configuration of a hydraulic power pack (Layout 1)
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Control Task 17.6 | Trace Fluid Cooling System with an Auxiliary Pump and a Hydraulic-
motor-operated Heat Exchanger

Fluid Cooling System with an Auxiliary Pump and a Hydraulic-motor-operated Heat Exchanger

Cylinder

—=

4/3-way valve
W W

v1[Z] i o X N\vy2

Heat
exchanger
Hot
L fluid

T @

9,{, Radiator

-] PRV
L W Return-
3 line filter
Auxiliary pump
— for delivering
flow to the Cool
® heat exchanger fluid
- Main pump

i &= R o
A W p <> filter

Figure 17.7 | A typical configuration of a hydraulic power pack with a heat exchanger (Layout 6)
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Chapter 18 | Application-specific Hydraulic Circuits

Reservoir L >
Pre-fill A >
' Q bar
valve X 0 psi
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S A B C A )\
equence
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P ! A and C — Side cylinders
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(a) The hydraulic circuit of a press with the main cylinder

(b) The position of the circuit when the 4/3DC valve is
and two side cylinders

actuated for its left envelope and the cylinders are extending

)
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Y
25 TR LS
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(c) The position of the citcuit when the 4/3DC valve is

(d) The position of the circuit when the 4/3DC valve is
actuated for its left envelope and the cylinders are extended

actuated for its right envelope and the cylinders are retracting
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List of Control Tasks

Description

Hydraulic Circuits with Directional Control Valves

Control of a Single-acting Hydraulic Cylinder

Control of a Single-acting Cylinder with Filters and a Heat Exchanger

Control of a Single-acting Cylinder (Alternative Circuits with 4/2-DC Valves)

Control of a Hydraulic Motor for Unidirectional Operation

Control of a Double-acting Hydraulic Cylinder Using a 4/2-DC Valve

Control of a Double-acting Cylinder Using a 4/3-DC Tandem-center Valve

A Circuit for the Control of Multiple Hydraulic Cylinders with Parallel-connected Tandem-center-position
Valves

Develop a Circuit for the Control of Multiple Hydraulic Cylinders with Series-connected Tandem-center
Position Valves

Control of a Double-acting Cylinder Using a 4/3-DC All-closed-center Valve

Control of a Hydraulic Motor Using a 4/3-DC, Float-center-position Valve

Control of a Hydraulic Motor Using a 4/3-DC, All-open-center Valve

Control of a Semi-rotary Hydraulic Actuator

Hydraulic Circuits with Check Valves

Hydraulic Circuit for the Protection of a Pump against Pressure Spikes

Parallel Operation of Multiple Pumps

A Load-holding Circuit for a Vertically-mounted Hydraulic Cylinder

An alternative Circuit for the Load-holding Hydraulic System

Control of the Downward Movement of a Vertically-mounted Load-attached Hydraulic Cylinder for
Minimum Jerkiness

Hydraulic Circuits with Internally-drained and Externally-drained Pilot-operated Check Valves

Pressing Operation with a Constant Static Pressure

Control of a Double-acting Cylinder under Load Moving in Both Directions and Holding Intermediate
Positions Using a Double-pilot Check Valve

A Circuit for Braking a Winch Motor

Hydraulic Circuits with Flow Control Valves

Speed Control of a Single-acting Hydraulic Cylinder Using a Throttle Valve

Speed Control of a Unidirectional Hydraulic Motor Using a Non-compensated Throttle Valve for Meter-in
Connection

Speed Control of a Unidirectional Hydraulic Motor Using a Pressure-compensated Throttle Valve for Meter-
in Connection

Speed Control of a Unidirectional Hydraulic Motor Using a Pressure-compensated Throttle Valve for Meter-
out Connection

Speed Control of a Double-acting Hydraulic Cylinder Using the Meter-in method

Speed Control of a Double-acting Hydraulic Cylinder with an overrunning load during its Forward stroke
Using the Meter-out method

Speed Control of a Double-acting Hydraulic Cylinder for the feed motion of a cutting force Using the
Meter-out method

Speed Control of a Double-acting Hydraulic Cylinder Using the Meter-out method and the Avoidance of
Pressure Intensification

Speed Control of a Bi-directional Hydraulic Motor Using Non-compensated Throttle Valves for the Meter-
in Connection

Speed Control of a Bi-directional Hydraulic Motor Using Non-compensated Throttle Valves for the Meter-
out Connection

Speed Control of a Double-acting Hydraulic Cylinder Using a By-pass Flow Control (Bleed-off) Method

Speed Control of a Unidirectional Hydraulic Motor Using the By-pass Flow Control (Bleed-off) Method

Speed Control of a Unidirectional Hydraulic Motor Using a 3-port Pressure-compensated Flow Control
Valve
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Regenerative Feed Control for Rapid Feed, Controlled Feed, and Rapid Return Using a Double-acting
Hydraulic Cylinder, Throttle-check valve, and 2/2-way Valve

Regenerative Flow Control for Increasing the Extension Speed of a Double-acting Hydraulic Cylinder

A Hydraulic Cylinder Circuit with a Hose Burst Check Valve

Hydraulic Circuits with Flow Dividers and Combiners

Independent Control of Two Hydraulic Cylinders with Unequal Loads Using a Rotary Flow Divider

Synchronized Movement of Two Double-acting Hydraulic Cylinders Using Pressure-compensated Flow
Control Valves

Synchronized Movement of Two Single-acting Hydraulic Cylinders Using a Sliding Spool Proportional Flow
Divider

Synchronized Movement of Two Double-acting Hydraulic Cylinders Using a Sliding Spool Proportional
Flow Divider

Synchronized Movement of Two Unidirectional Hydraulic Motors Using a Sliding Spool Proportional Flow
Divider

Synchronized Movement of Two Bi-directional Hydraulic Motors attached with Negative Loads Using a
Sliding Spool Flow Combiner

Hydraulic Circuits with Pressure Control Valves

Operational Parts with Different Set Pressures in a Single-pump System Using a 2-way Pressure Reducing
Valve

A Hydraulic Circuit with a 3-way Pressure-reducing valve

Pump Unloading at the End of Cylinder Strokes

A Hi-lo Circuit for Controlling a Large-volume Cylinder

A Hi-lo Circuit for the Control of a Large-volume Hydraulic Cylinder for Rapid Feed and Slow Feed

Sequential Operations of Multi-cylinders using Pressure Sequence Valves

Counterbalancing of Overrunning Loads Using a Counterbalance Valve

Braking a Hydraulic Motor Using a Brake Valve

Hydraulic Circuits with Accumulators

An accumulator as a Hydraulic Shock Absorber

An accumulator as an Energy Storage Device

Accumulator Circuit with an Unloading and Dump valve

Circuits for the Series and Parallel Connections of Hydraulic Motors

Series Connection of Hydraulic Motors

Parallel Connection of Hydraulic Motors

Relay-based Electro-hydraulic Circuits

Direct Electro-hydraulic Control of a Single-acting Hydraulic Cylinder

Direct Electro-hydraulic Control of a Double-acting Hydraulic Cylinder

Indirect Electro-hydraulic Control of a Double-acting Hydraulic Cylinder Using a Relay

OR Logic Electro-hydraulic Control of a Double-acting Hydraulic Cylinder

Electro-hydraulic Control for the Two-hand Safety with AND Logic Control

Electro-hydraulic System with Electrical Latching Circuit

Memory Control of a Hydraulic Cylinder Using a Double Solenoid Valve

Semi-automatic Operation of a Double-acting Hydraulic Cylinder Using a 4/2-DC Single-solenoid Valve and
a Limit Switch

Semi-automatic Operation of a Double-acting Hydraulic Cylinder Using a 4/2-DC Single-solenoid Valve and
a Proximity Sensor

Semi-automatic Operation of a Double-acting Hydraulic Cylinder Using a 4/2-DC Double-solenoid Valve
and a Limit Switch

Semi-automatic Operation of a Double-acting Hydraulic Cylinder Using a 4/2-DC Double-solenoid Valve
and a Proximity Sensor

Delayed Return Motion of a Double-acting Hydraulic Cylinder Using a Limit Switch and a Timer

Delayed Return Motion of a Double-acting Hydraulic Cylinder Using a Proximity Sensor and a Timer

Electro-hydraulic Two-hand Safety Operation with Anti-tie-down Feature

Electro-hydraulic Stamping Operation Using a Pressure Switch
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The Cyclic Operation of a Double-acting Hydraulic Cylinder

An Electro-hydraulic Circuit for a Set Number of Cyclic Operations of a Cylinder Using a Preset Counter

Accumulator Circuit with an Automatic Solenoid-operated Bleed Valve

Circuits for Closed-circuit Hydro-static Transmissions (HST's)

A Basic Circuit of the Closed-circuit HST

A Closed-circuit HST with a Charge Pump

A Closed-circuit HST with a Charge Pump and Flushing Valve

A Closed-circuit HST with Loop Flushing and Cooling

A Closed-circuit HST with a Charge Pump, a Flushing Valve, and Cross-port High-pressure Relief Valves

A Closed-circuit HST with a Charge Pump, a Flushing Valve, and High-pressure Relief Valves (Alternative
Circuit)

A Closed-circuit HST with Accumulators

Hydraulic Circuits with Variable Displacement Pumps

Control of a Double-acting Hydraulic Cylinder Using a Servo-controlled Variable Displacement Pump

Variable Displacement Pump with Power Controller, Fixed Setting

Axial Piston Variable Displacement Pump with a Pressure Controller

Axial Piston Variable Displacement Pump with a Pressure Controller, Hydraulically Remote Controlled

Hydraulic Circuits for Load-sensing Systems

A Load Sensing Hydraulic System — A Circuit

A Load Sensing Hydraulic System — Low-pressure Standby Mode

A Load Sensing Hydraulic System — Load-sensing Mode

A Load Sensing Hydraulic System — High-pressure Standby Mode

Hydraulic Circuits with Proportional and Servo Valves

An Open-loop Citcuit for the Control of a Double-acting Hydraulic Cylinder Using a 4/3-way Proportional
Valve

A Closed-loop Electro-hydraulic Circuit for the Control of a Double-acting Hydraulic Cylinder Using a 4/3-
way Proportional Valve and an LVDT

An Electro-hydraulic Circuit for the Remote Pressure Setting of a Hydraulic System Using a Proportional
PRV

An Electro-hydraulic Circuit for the Remote Speed Control of a Hydraulic Cylinder Using a Proportional
Flow Control Valve

An Electro-hydraulic Servo Positioning System

An Electro-hydraulic Velocity Servo System

An Electro-hydraulic Pressure/Force Servo System

Electro-hydraulic Circuits, Wiring Diagrams, and Ladder Programs of PLC-based Systems

PLC-based Control of a Hydraulically-operated Lifting System

Continuous Back-and-forth Motion of a Hydraulic Cylinder Using a PL.C

Hydraulic Circuits with Cartridge Valves

A Circuit with an Opening Cartridge Valve Having Two Working Areas

Another Circuit with an Opening Cartridge Valve Having Two Working Areas

A Circuit with a Closing Cartridge Valve

Internal Piloting, Cartridge Valve

Cartridge Valve’s External Piloting Using 3/2-way Solenoid Valve

Directional Control of a D/A Hydraulic Cylinder Using Cartridge Valves in Bridge Circuit Arrangement and
3/2-way Solenoid-operated DC valves for Pilot Control

Directional Control of a D/A Hydraulic Cylinder Using Cartridge Valves in Bridge Circuit Atrrangement and
a 4/3-way Solenoid-operated DC valve for Pilot Control

Multifunction Cartridge Valve as a Check Valve

ON/OFF Control of a Hydraulic Motor Using a Cartridge Valve Dumping During the De-enetgized State

ON/OFF Control of a Hydraulic Motor Using a Cartridge Valve Dumping in the Energized State

ON/OFF Control of a Hydraulic Motor Using a Cartridge Valve having a Control Cover with a Shuttle
Valve
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Control of a Hydraulic Cylinder Using a Cartridge Valve Having a Control Cover with a Pressure Relief
Valve

A Cartridge Valve with a Stroke Limiter

Hydraulic Circuits with Pressure Intensifiers

A Hydraulic Circuit for the Operation of a High-pressure Lifting Cylinder

A Hydraulic Circuit for the Operation of a High-pressure Cutter

A High-pressure Circuit for a Plastic Injection Molding Machine

Layouts of Hydraulic Reservoirs

Trace Power Pack - Layout 1

Trace Power Pack - Layout 2

Trace Power Pack - Layout 3

Trace Power Pack - Layout 4

Trace Hydraulic Circuits Involving Heat Exchangers

Trace Fluid Cooling System with an Auxiliary Pump and a Hydraulic-motor-operated Heat Exchanger

Fluid Cooling System with an Auxiliary Pump and a Hydraulic-motor-operated Heat Exchanger

Application-specific Hydraulic Circuits

A Circuit for the Control of a Hydraulic Press

A Hydraulic Press Circuit with a Large Volume Cylinder with Prefill Arrangement

A Hydraulic Press Circuit with a Decompression Feature

Control of a Mold Cylinder in a Plastic Injection Molding Machine

A Typical Hydraulic Circuit for a Crane

A Typical Hydraulic Circuit for a Winch

A Typical Hydraulic Circuit for a Mobile Hydraulic System — Circuit #1

A Typical Circuit for a Mobile Hydraulic System - Circuit #2

A Typical Hydraulic Circuit for a Hydraulic Excavator

A Circuit of a Hydraulically-actuated Drill Rig

Hydraulic circuits in Wind Turbines
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