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INTRODUCTION
• A hydraulic circuit is a group of
components such as pumps, actuators,
control valves, and conductors arranged
so that they will perform a useful task
• There are three important considerations
when analyzing or designing hydraulic
circuits:
1) Safety of operation
2) Performance of desired function
3) Efficiency of operation

2-position, 3 way directional control valve

2-position, 4 way, directional control valve

Manually actuated, spring centered, 3position, 4 way, directional control valve

Mechanically actuated, spring offset, 2position, 4 way, directional control valve

Simple pressure relief valve

Fluid power symbols or
hydraulic symbols
Hydraulic circuits are developed using graphic symbols for
all components.

Fluid power symbols or
hydraulic symbols

Fluid power symbols or
hydraulic symbols

Fluid power symbols or
hydraulic symbols

Control of a single acting hydraulic cylinder
C = Single acting cylinder
P = Pump
E = Electric Motor
T = Tank
F = Filter
R = Relief Valve
D =2-position, 3 way DCV Manually operated and
spring Return

In the spring offset mode, full pump flow goes to
the tank via the pressure relief valve. The spring in
the rod end of the cylinder retracts the piston as
oil from the blank end ‘A’ drains back to the tank.
When the valve is manually actuated, the pump flow goes to the
cylinder blank end ‘A’ via DCV 1 position. This extends the cylinder. At
full extension, pump flow goes through the relief valve.
Deactivation of the DCV allows the cylinder to retract as the DCV
shift into its spring – offset mode.

Control of a Double acting hydraulic cylinder
D =3-position, 4 way, Manually operated and
Spring Centered DCV
When the four way valve is actuated into the 1st
position, the cylinder is extended against its load
force Fload as oil flows to the blank end of the
cylinder from port P through port A. Also, oil in
the rod end of the cylinder is free to flow back to
the tank via the four way valve from port B
through port T
When the four way valve is actuated into the 2st
position , the cylinder is retracts against as oil
flows to the rod end of the cylinder from port P
through port B. Oil in the blank end of the cylinder
is returned to the tank from port A to port T
At the end of the stroke, there is no system demand for oil. Thus, the
pump flow goes through the relief valve at its pressure- level setting
unless the four- way valve is deactivated. In any event the system is
protected from any cylinder overloads

Regenerative circuit:

Regenerative center in Drilling Machine
F LOAD

Figure shows an application of
regenerative circuit in a drilling
machine
1. The spring-centered position gives
rapid spindle advance (extension).
2. The left envelope mode gives slow
feed (extension) when the drill starts
to cut into the work piece.
3. The right envelope mode retracts
the piston.

Pump – unloading circuit
Figure shows a circuit using an unloading
valve to unload a pump

The unloading valve opens when the
cylinder reaches the end of its
extension stroke because the check
valve keeps high-pressure oil in the
pilot line of the unloading valve.
When the DCV is shifted to retract
the cylinder, the motion of the
piston reduces the pressure in the
pilot line of the unloading valve.
This resets the unloading valve until
the cylinder is fully retracted, at which point the unloading valve unloads
the pump.
Thus, the unloading valve unloads the pump at the ends of the
extending and retraction strokes as well as in the spring-centered
position of the DCV

Double Pump Hydraulic system ( Hi-Lo circuit )

Figure shows a circuit that uses two
pumps, one high-pressure, low-flow
pump and the other low-pressure,
high-flow pump
One can find application in a punch press in which the hydraulic ram must
extend rapidly over a large distance with very low pressure but high flow
requirements. However, during the short motion portion when the punching
operation occurs, the pressure requirements are high due to the punching
load. Since the cylinder travel is small during the punching operation, the flowrate requirements are also low.
…… continued

Double Pump Hydraulic system ( Hi-Lo circuit )
The circuit shown eliminates the
necessity of having a very expensive
high-pressure, high-flow pump. When
the punching operation begins, the
increased
pressure
opens
the
unloading valve to unload the lowpressure pump.
The purpose of the relief valve is to
protect the high-pressure pump from
overpressure at the end of the cylinder
stroke.
The check valve protects the lowpressure pump from high pressure,
which occurs during the punching
operation, at the ends of the cylinder
stroke, and when the DCV is in its
spring-centered mode

Counterbalance Valve

Counterbalance Valve
The purpose of a counterbalance
valve is to maintain control of a
vertical hydraulic cylinder to
prevent it from descending due to
the weight of its external load.
The primary port of this valve is
connected to the bottom of the
cylinder, and the secondary port is
connected to a directional control
valve (DCV).
The pressure setting of the counterbalance valve is somewhat
higher than is necessary to prevent the cylinder load from falling
due to its weight.
When pump flow is directed (via the DCV) to the top of the cylinder, the cylinder
piston is pushed downward. This causes pressure at the primary port to
increase to a value above the pressure setting of the counterbalance valve and
thus raise the spool of the CBV. This then opens a flow path through the
counterbalance valve for discharge through the secondary port to the DCV and
back to the tank.
When raising the cylinder, an integral check valve opens to allow free flow for
retracting the cylinder.

Counterbalance Valve Application

P = Pump
CB = Counter Balance Valve
CV = Check Valve
T = Tank
F = Filter
R = Relief Valve
D =3-position, 4 way, solenoid operated, spring centered,
open center DCV

Counterbalance Valve Application
Figure
illustrates
the
use
of
a
counterbalance or back-pressure valve to
keep a vertically mounted hydraulic
cylinder in the upward position while the
pump is idling.
The counterbalance valve is set to
open at somewhat above the
pressure requires to prevent the
vertical cylinder from descending
due to the weight of its load.
This permits the cylinder to be forced
downward when pressure is applied on
the top The open-center directional
control valve unloads the pump. The DCV
is a solenoid actuated, spring-centered
valve with an open-center flow path
configuration.

Sequence Valve

Spring loaded cone

Port to drain spring cavity
Externally to tank

High flow poppet

Main poppet

Control piston

Sequence valve remotely controlled through this port X

Sequence Valve
 Designed to cause a hydraulic
system to operate in a pressure
sequence.
The high-flow poppet of the sequence
valve is controlled by the spring-loaded
cone. Flow entering at port A is blocked
by the poppet at low pressures.
The pressure signal at A passes through
orifices to the topside of the poppet and
to the cone. There is no flow through
these sections until the pressure rises
at A to the maximum permitted by the
adjustably set spring-loaded cone.
When the pressure at A reaches that value, the main poppet lifts, passing flow to port B. It
maintains the adjusted pressure at port A until the pressure at B rises to the same value.
A small pilot flow goes through the control piston and past the pilot cone to the external
drain at this time. When the pressure at B rises to the pressure at A, the control piston seats
and prevents further pilot flow loss
The main poppet opens fully and allows the pressure at A and B to rise to higher values
together
This sequence valve may be remotely controlled from vent port X

Hydraulic Cylinder Sequencing Circuit

0- spring centered

Hydraulic Cylinder Sequencing Circuit

1- DCV is in Left envelope

Hydraulic Cylinder Sequencing Circuit

2- DCV is in Right envelope

Hydraulic Cylinder Sequencing Circuit
A sequence valve causes operations in a
hydraulic circuit sequentially.
When the DCV is shifted into its 1st position, the
left cylinder extends completely, and only when the
left cylinder pressure reaches the pressure setting
of sequence valve, the valve opens and then the
right cylinder extends.
If the DCV is then shifted into its 2nd position, the right
cylinder retracts fully, and then the left cylinder retracts.
Hence this sequence of cylinder operation is controlled
by the sequence valves.
The spring centered position of the DCV locks both
cylinders in place.
For example, the left cylinder - the clamping cylinder C1 - could extend and
clamp a work piece. Then the right cylinder - C2 the punching cylinder- extends
to punch a hole in the work piece. The right cylinder then retracts the punch,
and then the left cylinder retracts to de-clamp the work piece for removal.
Obviously these machining operations must occur in the proper sequence as
established by the sequence valves in the circuit.

Locked cylinder using pilot check valves
C = Double acting cylinder
P = Pump
PCV1 & PCV2 = Pilot Check Valve
R = Relief Valve
T = Tank; F = Filter
D =3-position, 4 way, closed center,
manually operated DCV
The pilot operated check valve always
permits free flow in one direction but
permits flow in the normally blocked
opposite direction only if pilot pressure
is applied at the pilot pressure port of
the valve.

0-spring centered position

Locked cylinder using pilot check valves
In many cylinder applications, it is
necessary to lock the cylinder so that its
piston cannot be moved due to external
force acting on the piston rod. One method
for locking a cylinder in this fashion is by
using pilot check valves, as shown in Fig.
The cylinder can be extended and
retracted as normally done by the
action of the directional control valve. If
regular check valves were used, the
cylinder could not be extended or
retracted by the action of the DCV.

1-left envelop-

Locked cylinder using pilot check valves

An external force, acting on the piston
rod, will not move the piston in either
direction because reverse flow through
either pilot check valve is not permitted
under these conditions.

2-DCV is in left envelop-

Cylinder connected in parallel

Figure shows how two identical cylinders can be
synchronized by piping them in parallel.
However, even if the two cylinders are identical,
it would be necessary for the loads on the
cylinders to be identical in order for them to
extend in exact synchronization.

Cylinder connected in parallel

If the loads are not exactly identical (as is
always the case), the cylinder with the smaller
load would extend first because it would move
at a lower pressure level. After this cylinder has
fully completed its stroke, the system pressure
will increase to the higher level required to
extend the cylinder with the greater load.

Cylinder connected in parallel

It should be pointed out that no two cylinders
are really identical. For example, differences in
packing friction will vary from cylinder to
cylinder. This alone would prevent cylinder
synchronization.

Cylinders connected in Series

The circuit shows a simple
synchronize two cylinders.

way

to

Cylinders connected in Series
Fluid from the pump is delivered
to the blank end of cylinder 1,
and fluid from the rod end of
cylinder 1 is delivered to the
blank end of cylinder 2. Fluid
returns to the tank from the rod
end of cylinder 2 via the DCV.
Thus, the cylinders are hooked
in series.
For the two cylinders to be synchronized,
the piston area of cylinder 2 must equal
to the difference between the areas of the
piston and rod for cylinder 1.
It should also be noted that the pump must be capable
of delivering a pressure equal to that required for the
piston of cylinder 1 by itself to overcome the loads
acting on both cylinders.

Cylinders connected in Series
AR1
Ap1

Ap2

AR2

It should be noted that the
pressure at the blank end of
cylinder 1 and the rod end of
cylinder 2 are equal as per
Pascal’s law.
P1Ap1 - P2(Ap1 – AR1) = F1
And
P2Ap2 - P3(Ap2-AR2) = F2
Adding both equations and noting that
AP2 = Ap1 – AR1
and that
P3 = 0 (due to the drain line to the tank), we
obtain the desired result
P1Ap1= F1 + F2

