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Basic

Hydraulics



Fluid Power System , E ‘I

4 Fluid Power Systems are power transmitting
assemblies employing pressurised liquid or gas
to transmit energy.

4 Fluid power can be divided into two basic
disciplines

> Hydraulics — Employing pressurised liquid

> Pneumatics - Employing compressed gas



What is Hydraulic? , E l _, ‘.

4 Hydraulics is derived from the Greek word
- Hydor meaning Water

- Aulos meaning Pipe



Definition of Hydraulic , E . ‘.

In simple language:

Confined liquids under pressure made to do work.
OR

Science of transmitting force / motion through the
medium of confined liquid



Definition of Hydraulic , E . ‘.

Hydraulics can be divided in to two Sciences :

7 Hydrodynamic : The science of moving liquid. The
kinetic energy of the moving fluid is
used to do work. Water wheel /
Turbine is the example.

7 Hydrostatics : The science of confined liquid under
pressure. The force generated due to
creation of pressure on confined liquid is
used to do work. Hydraulic cylinders is
the example.



Pascal Law m

Hydraulic system is based on Pascal’s law.

4 Pressure applied on a confined fluid is transmitted
in all directions and acts with equal force on all
equal areas and at right angles to them



Pascal’s Law - illustration

2. A 10 Ib. force
applied to a stopper
with a surface area
of one squarz inch. ..

). results in 10 ib.

of force on every square
inch (pressure) of the
container wall.

i

1. The bottle is filled
with a liquid, which _

is not compressible. ™

\ // . If the bottom has an area

of 20 sq. in. and each
square inch is pushed on
by 10 Ib. of force, the entire

bottom receives a 00 Ib. push.




Hydraulic Press — working principle

4 Realising that a small force on a small area
would create a proportionately larger force
on a larger area, a British mechanic named
Joseph Bramah applied Pascal’s Law in
developing an Hydraulic Press.



Hydraulic Press — working princig

1. An input force of 3. This pressure will

10 Ib. on a one su;_)port a 1.00.Ib.
square inch piston. . . weight if this is a
10 sq. in. piston.

. develops a pressure
of 10 pounds per square
inch (psi) throughout
the container.

/




Lo~ T

Advantages of oil in Hydraulics m “

4 Variable speed : Possible to control speed through valve.

4 Reversible : Instant reverse motion is possible. No need
to stop the system to change direction.

Over load protection : Protected through relief valve from over-
loading.

Small package : Components are smaller than other power
transmitting system.

Can be stalled : Not possible on direct drive system from
Electric motor / Diesel engine.

4 Simple design : Pre-engineered components available.
4 Self lubricated : Hydraulic oil lubricates the parts.

4 Flexible : Flexible hoses virtually eliminate the location
problem of the hydraulic components.

Smooth : Incompressible, no vibration.

Acts as coolant : It dissipates heat / cools the component,
Acts as seal ; It seals clearances between two mating parts.
Noise free : No noise.



Functions of Hydraulic Oil

4 It transmits power.
4 It lubricates moving parts

4 It seals clearances between
moving parts

4 It dissipates heat




Hydraulic System

4 Reservoir

4 Filter

4 Hydraulic Pump

4 Directional Control Valve
4 Pressure Control Valve

4 Actuator (Cylinder/Motor)



Reservoir

First a tank is needed to store the hydraulic oil

Tank / Reservoir




Reservoir m

4 Storing oil

4 Compensates difference in volume when
actuators are used

4 It dissipates heat
4 It allows foreign particles to settle down

4 Baffle separates inlet line with the return
line and allows the air bubbles to escape
to the surface of the oil



Reservoir m

4 It allows condensed water to settle at the
bottom of the tank

4 Breather on the top of the tank allows to
maintain atmospheric pressure and
avoid creation of vacuum

4 Sight glass will indicate the level of the
oil. Mercury bulb in it will indicate the oil
temperature

4 Qil filling inlet will have a filter for
avoiding contamination.



Pump

Now we need a pump to create flow

Tank




Pump Lo

4 Hydraulic Pump is the most important
component in the hydraulic system.

4 Function of the Hydraulic Pump is to convert
Mechanical Energy to Hydraulic Energy

4 Hydraulic Pump are classified in two catagories:
- Hydro-dynamic

- Hydro-static



Pump

4 Two types of hydraulic pumps are
most commonly used:

- Rotary Pumps

- Reciprocating Pumps



Rotary Pumps m

4 Common Pumps in Rotary type are:
- Gear Pumps

- Vane Pumps



Reciprocating Pumps , E 4 ‘.

4 Common Pumps in Reciprocating
type are:

- Axial Piston Pump

- Radial Piston Pump



4. Oil is carried in piston 3. Universal link maintains

bore to outlet and forced alignment so shaft and
out as piston is pushed cylinder block always
back in by shaft flange. turn together.

SHAFT

TO INLET

. Piston thrust on
drive shaft flange
results in torque
on shaft.

CYLINDER
BLOCK

5. Piston displacement and
torque capability depend

TO OUTLET on angle

1. Fluid pressure at inlet
causes a thrust on pistons.

Figure 7-37. Bent-axis piston motor.




Actuators m

The Actuator (Motor / Cylinder) to work

Actuator

[ H——

P
[ v | -




Actuators

4 There are mainly two types of
Actuators:

- Linear actuators (single acting
cylinders, double acting cylinders)

- Rotary actuators (vane motors,
gear motors, piston motors etc.)



5. As the piston passes the
inlet, it begins to return
into its bore because of
the swash plate angle.

Exhaust fluid is pushed 4. The pistons, shoe plate,
into the outlet port. and cylinder block rotate
together. The drive shaft :
is splined to the cylinder block. 2 thmﬂ:::&m';’:'th o

angled swash plate
causing rotation.

PISTON SUB-
ASSEMBLY

SWASH

“N

DRIVE SHAFT

OUTLETORT “\

INLET PORT

SHOE RETAINER PLATE

1. Oil under
pressure at inlet. . .

2. Exerts a force
on pistons, forcing
them out of the
cylinder block.




Hydraulic System

Actuator

Hoses to o
connect the Iston r:errset
components movement is no

possible

We need a direction
control valve to change
the direction of flow as

per requirement

Pump

‘ Tank




Hydraulic System

Actuator

Direction
Control Valvye




Valves m

4 Valves are components which guide
hydraulic oil delivered by the Pump to
the actuators.

4 Valves regulate the hydraulic oils
- Volume rate of flow
- Pressure

- Direction



Valves design

4 There are mainly two design
principles for valves

- Spool valves

- Poppet valves



Types of Valves

4 There are three main types of Valves:

- Pressure Control Valves (relief valves,
pressure regulating valve, pressure
reducing valve etc.)

- Directional Control Valves (check
valve, axial spool valve, ball valve etc.)

- Flow Control Valves (needle valve,
throttle check valve etc.)



Two way Spool valve

.and on Groove between

ralve spool lands completes

slocks passage A B flow passage between A B
& / two ports

P T

T P T T
PRESSURE TO “‘B”’ PRESSURE TO “A”
“A”’ BLOCKED A B “B”’ BLOCKED
1 8
Sliding spool to
left changes flow
GRAPHICAL SYMBOL 7 1 path
P 1

an-._‘ o - e — W



T P
PRESSURE TO “‘B” PRESSURE TO “‘A”
“A” TO TANK A B “B’”’ TO TANK




i 1
ke E

OPEN
TYPE

CLOSED
TYPE

CLOSED CENTER—ALL PORTS CLOSED



§T

FLOAT

TYPE

TANDEM
TYPE

Pressure Close - “A” & “B” open

to tank

“B” Close - Pressure open to
tank



Three position Valve




Variable restrictor type

Flow control valve




Simple Poppet type

Check valve



Pilot operated

check valve




Shuttle valve




Hydraulic System

Actuator

Direction
Control Valve .
>< T The control valve is at
| neutral position
Pump

‘ Tank ‘




Hydraulic System m

Actuator

‘ 1H - |
- |
comection Now the control valve
— is shifted to left
pEE

Pump @

‘ Tank ‘




Hydraulic System m

Actuator

[ =F

Direction
Control Valve

[

To change the piston
movement in opposite
direction the control
valve is now shifted to

Pump @ right

‘ Tank ‘

— -
H -




Hydraulic System

Actuator

==

Is it complete circuit ?

Control Valve :Q%
‘ ; 1 T

We need some thing more

Pump @
‘ Tank ‘




Hydraulic System

Actuator

Piston at end [JII
-No room to

move
Pressure
ye reases

We neédisame- Wun'ge more
control the
e O system

| - |  pressur




Hydraulic System

Actuator

1 ]

Direction
Control Valve

RN

> Pressure
relief valve




Hydraulic System

I

Direction
Control Valve

Pressure
relief valve | -

Y

‘ Tank ‘




Hydraulic System

Actuator

[m -

Direction
Control Valve

BNE

Pr.essure ] . .
relief valve 11— Stops pressure increasing

b d th T val
- @é eyond the preset value

H

‘ Tank ‘




ing

Direct act

Relief valve




Hydraulic System

Actuator

[m _

Direction
Control Valve

BNE

Pressure
relief valve I I e

s

‘ Tank ‘

H




Hydraulic System

Actuator

[m _

Direction
Control Valve

DNEE:
1 1

| I—

Pressure
relief valve I Ik

s

Filter ©

‘ Tank ‘




Is filtration necessary? , E 4 ‘.

4 Impurities in the Hydraulic system affect
the the components of the hydraulic
system and shorten the service life.

4 Reduction in service life of the
components occur in two ways

- Wear and Tear

- Breakdown of component



Filters m

4 There are basically three types of
Filters

- Suction line filters
- Pressure line filters

- Return line filters



Hydraulic System

Actuator

I

— Now we know :

Direction
Control Valve

BNE

H

Pressure
relief valve

Filter ‘e

s

—

| ey

Tank ‘

Tank contains oil

Filter cleans the system

Pump creates flow

Resistance creates pressure
Actuator to perform the work
Hoses to transmit the oil

D.C. Valve to change direction
of oil flow

Relief valve to control the
maximum system pressure.




Hydraulic System m

Actuator

Few more facts :

Pressure increases the system
Direction CGPGC“’Y
Control Valve .
Flow increases the system

R speed

Pressure
relief valve

Pump

Filter

‘ Tank ‘




Hydraulic System

LOAD

A 4

Hydraulic jack



1. This pipe is twice the diameter ' 2. It would take four pipes this
of the smaller pipe. size to equal the cross-sectional
‘ area of the large pipe.

) R




1. Ten pounds here. .. 2. will balance 100 Ib. here. . .

@

U

100 Ib.
10 Ib.
3. if this arm is 10 times /
aslong as. .. 4. this arm.

B. SIMPLE MECHANICAL LEVER

Figure 1-2. Hydraulic leverage.



2. Lines carry the liquid to
1. The pump pushes the hydraulic actuators which are pushed
liquid into lines. to cause a mechanical output
to move a load.

PUMP — LOAD

PISTON & ROD
TO RESERVOIR

3. Some actuators operate In
a straight line (linear actuators).
They are called cylinders or rams.
They are used to lift weight, exert
force, clamp, etc.

A. LINEAR ACTUATOR



4. Rotary actuators or motors
glve the system rotating output.
They can be connected to pulleys,
gears, rack-and-pinions, conveyors, etc.

ROTARY

DRIVE SHAFT
B. ROTARY ACTUATOR

Figure 1-4, Hydraulic power transmission.



1. In this position of 2. pump delivery is directed to the
the directional valve. . . cap end of the cylinder.

3. The piston rod extends.

RELIEF
VALVE

DIRECTIONAL
VALVE

4. Exhaust oll is pushed out
of the rod end and directed
to the tank.




5. In another position, oll
Is directed to the rod end of

the cylinder. . . 6. the piston rod retracts.

RELIEF VALVE

PUMP’

7. Exhaust oil from the cap
end is directed to tank.

/4
8. The relief valve protects the
system by momentarily diverting
flow to tank during reversing,
and when piston is stalled or
stops at end of stroke.

Figure 1-6. Hydraulic drives are reversible.



1. If the oll level is
10 ft. above the pump

inlet. ..
A
2. the pressure here is
10 x 0.4 psi or 4 psi. The
pump is ““charged’’ with
a positive pressure.
10 ft.

A. OIL LEVEL ABOVE PUMP CHARGES INLET



—

10

ft.

INLET OUTLET

3. If the oll level is
10 ft. below the pump
inlet. ..

\

4. there must be a vacuum
equivalent to 4 psi here
just to “‘lift”’ the oll. The
pump mechanism creates
the lower pressure condition.

B. OIL LEVEL BELOW REQUIRES VACUUM TO “‘LIFT” OIL

Figure 1-8. Pump inlet locations.



On its intake stroke,
the pump piston moves out

expanding the pumping 2. A partial vacuum or void
chamber space. is created here.
<o ") TOACTUATOR
PUMP ~

3. Atmospheric pressure here
pushes oil into the pumping
chamber to fill the void.

a4 KX

Figure 1-9. Pressure difference pushes oil into pump.



1. The oil can choose
three paths.

2. It first chooses Valve A because
only 100 psi is required. A
pressure gauge at the pump
will read 100 psi.

100 psi opens Valve A

OOOO¢

0O 00O

200 psi opens Valve B

O 00 OUCd

5 = OOOOq

300 psi opens Valve C

A. FLOW IS THROUGH 100 psi VALVE



3. If flow is blocked beyond Valve A. . .

00000Q

5. Gauge reads
200 psi.

A 0000O0Q

200 psi opens Valve B

O 00O

O O 0 0Q

300 psi opens Valve C

4. oll will flow through Valve B when
pressure at the pump reaches
200 psi.

B. FLOW IS THROUGH 200 psi VALVE

Figure 1-12. Parallel flow paths.



. There is no resistance to
flow here, so. ..

. this gauge reads zero.

. At this point, flow
is resisted by a spring
equivalent to 100 psi.

-4. Therefore, this gauge
reads 100 psi.

. Here, flow is resisted by
a 200 psi spring plus a 100 psi
backpressure from Valve A.

. The two pressures add
and this gauge reads 300 psi.

. With a 300 psi backpressure here. . .
. and a 300 psi spring here. . .

. there is 600 psi
pressure at the pump.

Figure 1-13. Series resistances add pressure.



1. If the pressure here. . .
2. Is equal to the pressure here. ..

3. therer no flow here.

ORIFICE ———

4. Anincrease in 5. causes oll to flow through
pressure here. . . the orifice.

6. The pressure drop is
500 psi to 100 psi
or 400 psi.

Figure 1-14B

7. Here, the pressure drop
Is only 10 psi, so flow is
much less.

Figure 1-14C

8. If flow is blocked
- beyond the orifice,
flow ceases.

9. Pressure then
equalizes on both
sides of the orifice.

Figure 1-14D

Figure 1-14. Pressure drop and flow through an orifice.



3. Exhaust oil from the rod
end is returned to reservoir
through the directional
valve.

2. In this position, the
directional vaive ports
oil under the piston to
raise it.

1. The relief valve protects
the system from overloads
by diverting pump delivery
to reservoir when pressure

reaches its setting.

4. In another position, the
directional valve reverses the
flow to lower the piston.

The rod end now is connected
to the pump and the cap end
to tank.

FROM PUMP
CAP END

TO TANK
ROD END

Figure 1-21. Valving to protect and control the system.



1. Liquid expelled
from a nozzle

at high velocity
contains kinetic
energy.

2. The energy in the
stream of liquid
is transferred to
rotary motion by
turbine.

NOZZLE

O

TURBINE

Figure 2-1. Hydrodynamic device uses kinetic energy rather than pressure.



. It takes two feet of 2. but only one

the small pipe to foot of the large
hold one gallon of pipe.
oil...

1ft. =

< 1gal i

2ft. =
1 gal.

1gpm

3. With a constant flow 5. but must travel

rate of one gpm. .. ‘ only one fpm in
this pipe.
4. the oll must pes
travel two fpm
in this pipe. ..

Figure 2-6. Flow is volume per unit of time; velocity is distance ber unit of time.



1. Pressure Is maximum 4. Succeedingly lower
here because of the level of liquid in

/ height of liquid. these pipes is a measure
of reduced pressure at
points downstream

[ from the source.

3. Friction In the pipe 2. Pressure Is zero here
drops pressure from as the liquid flows
maximum to zero out unrestricted.

Figure 2-7. Friction in pipes resulits in a pressure drop.



1. The liquid is subject to
atmospheric pressure at
all points, so it is at the
same level at all points.

A. NO DIFFERENCE IN PRESSURE



3. results in a higher
level at these points.

2. An increase of pressure here. . .

_J l_ 15 psia 15 psia 15 psia

HIGHER

B. PRESSURE INCREASED AT ONE POINT



1. Low velocity flow in a
straight pipe is streamlined.

The fluid particles move

parallel to flow direction. 3. nordoes a
gradual change
in direction.

2. A gradual change In
cross-section does
not upset the streamline
flow.. ..

Figure 2-9. Laminar flow is in parallel paths.



1. The flow may 3. So does an

start out abru
streamlined. in d";:tctt:ll:;:ge

2. An abrupt change

in cross-section
4. Nonparallel paths
makes It turbulent. of particles increase
' resistance to flow
(friction).

Figure 2-10. Turbulence results in flow resistance.



1. In the small section
pipe, velocity is maximum.
More energy is in the form
of motion, so pressure is
lower.

A

3. Ignoring friction

2. Velocity decreases In the losses, the pressure
larger pipe. The kinetic again becor‘r‘\e's' the
energy loss is made up by ::;n'? o?: :etl ot"ywhen
an increase In pressure. Bmcomes e s 5

at llA.’D

Figure 2-11. The sum of pressure and kinetic energy is constant with a constant flow rate.



1. Volume of air,

g:termlneg by 3. Pressure In fuel

utterfly’’ valve bowl is equal
opening, flows ) to pressure In
through carburetor ‘‘air horn’’ above
“barrel.” venturi.

JET

4. Pressure differential between

2. At venturi throat, fuel bowl and venturi throat

air speeds up and causes gasoline to flow Into

loses some of its air stream. Reduced pressure

pressure. in venturl helps gasoline to
vaporize.

Figure 2-12. Venturi effect in a gasoline engine carburetor is an application of Bernoulli’s principle.



1. Friction reduces the head
at succeeding points
downstream as in Figure 2-7
except where. ..

2. the larger pipe reduces
velocity of the flow.

Figure 2-13. Friction and velocity affect pressure.




5. A pilot line operates 4. A drain line returns

a valve or other leakage oil to the
control. reservoir.
> > > 3. The pressure line
< OIL FLOW V Is a working line.
F

RELIEF
| VALVE MOTOR
PUMP s

W |
/_J RESERVOIR

1. The pump
inlet line
is a working 2. Return lines are
line. working lines.

Figure 2-14. Three classifications of lines.



1. The energy triangle

points out, showing 3. The triangle points In.
-the pump as a source. The motor recelves energy.
PUMP MOTOR (UNI-DIRECTIONAL)
2. Two triangles Indicate 4. Two triangles denote
that the pump can reversibllity.

operate in reverse.

REVERSIBLE PUMP REVERSIBLE MOTOR

Figure 2-15. A circle with energy triangles symbolizes a pump or motor.



1. Denotes a piston

rod. \
2. Denotes a
piston.
V y
3. Port
SINGLE-ACTING fFennections. DOUBLE-ACTING
CYLINDER CYLINDER

Figure 2-16. Cylinder symbols are single acting or double acting.



1. Envelope is

basic symbol. 2. Pilot line
IN denotes operation
\ o by pressure.
|
4. Arrow Indicates — 3. Arrow shows flow

: path and direction
acsiabie ouT of flow.
A. RELIEF VALVE (INFINITE POSITIONING)
e S 3. Arrows show low
ths and direction
1. Three envelopes neutral position. e
mean the valve has P2 of flow.
three positions. /\
_’

B. DIRECTIONAL VALVE (FINITE POSITIONING)

Horizontal bars
indicate infinite
positioning ability.

e c— — — c— —

C. DIRECTIONAL VALVE (INFINITE POSITIONING)

Figure 2-17. An envelope is the basic valve symbol.



DIRECTIONAL VALVE

PUMP

1. The reservoir may
be drawn as many
times as convenience
dictates.

RELIEF
VALVE

—t

\
\
|
i
|
e

2. A line which terminates
below the fluid level is
drawn to the bottom
of the symbol.

Figure 2-18. Graphical diagram of motor-reversing circuit.



2. inside the valve body. ..

1. A typical sliding
valve spool moves
back and forth. . .

3. on a thin film of
hydraulic fluid (shown
greatly exaggerated).

4. If this passage is under
pressure, the fiuid film
seals it from adjacent
passages.

Figure 3-1. Fluid lubricates working parts.



FROM HYDRAULIC SYSTEM TO HYDRAULIC SYSTEM

3. heat generated in the
1. As the hydraulic fluid

system is given off into
circulates through lines. . . the atmosphere.

2. and the reservoir. . .

Figure 3-2. Circulation cools the system.



1. A measured quantity
of oll Is heated to the THERMOMETER

test temperature. . .

2. by a surrounding oll bath. . .

[ HEATING

ELEMENT

3. and then allowed to drain
through an orifice of a
particular size. L]

4. The elapsed time in
seconds equals the
viscosity in SUS.

Figure 3-3. Saybolt viscosimeter measures relative viscosity.



X 100

1. Microscopic imperfections
of the mating parts are
separated. . .

2. by a film of fluid. . .

3. where clearance between the

parts Is caused by dynamic forces
and fluid viscosity.

Figure 3-7. Full film lubrication prevents metal-to-metal contact.




1. In high-performance
equipment, clearances
are decreased.

2. The fluid film is not thick
enough to prevent the tips of
surface imperfections from
touching as the parts move
against each other.

3. The oil must have superior

& lubricating ability or the asperities

(rough points) will seize and tear
causing wear.

Figure 3-8. Boundary lubrication requires chemical additives.



Figure 3-9. Rust caused by moisture in the oil.



Figure 3-10. Corrosion caused by acid formation in the hydraulic oil.



2. Turbulence is avoided
by forcing the fluid to
take an indirect path to
the pump inlet.

RETURN
LINE
a2
3. Oilis cooled and \ 1. Return flow is directed

air separated out by FFLE PLATE
the time it reaches inlet. Bl outward to tank wall.

Figure 5-2. Baffle plate controls direction of flow in tank.



4. and to
outlet port.

5. Bypass valve opens
if filter Is too
clogged to pass

tull flow. /

CARTRIDGE

2.

| i BODY
\3_

1. Oll enters

inlet. ..

flows down
around cartridge. . .

through fiitering
medium to center
of housing. ..

Figure 6-28. Full-flow filter.




extension.

SRy

1. Exhaust flow
passes freely out
of cylinder until. . .

2. Plunger enters
cap...

3. Now flow must
take restricted path
causing the piston

4. Rate of deceleration to decelerate.
Is controlled by adjustable

opening.

Figure 7-11. Cylinder cushions—rod retracting.




CYLINDER
PORT

CUSHION NOTE: Closing of the
........ ADJUSTMENT cushion adjustment screw
= > SCREW should be done with care.

INTENSIFIED PRESSURE

Figure 7-12. Cylinder cushions—rod extending.




5. As the piston passes the
inlet, it begins to return
into its bore because of
the swash plate angle.
Exhaust fluid is pushed 4. The pistons, shoe plate,
into the outlet port. and cylinder block rotate
together. The drive shaft

is splined to the cylinder block. 3. Thes phstcl thiust

is transmitted to the
angled swash plate
causing rotation.

PISTON SUB-
ASSEMBLY

OUTLET PORT

INLET PORT
DRIVE SHAFT

SHOE RETAINER PLATE

1. Oil under
pressure at inlet. . .

2. Exerts a force
on pistons, forcing
them out of the
cylinder block.

Figure 7-29. In-line piston motor operation.




——»j |<~—— STROKE LENGTH
IS MAXIMUM

i 7
5 —

(MAXIMUM DISPLACEMENT)

MAXIMUM SWASH
PLATE ANGLE
AND
MAXIMUM TORQUE
CAPABILITY

| IS MININV
1
|

(MINIMUM DISPLACEMENT)

MINIMUM SWASH
PLATE ANGLE
AND
MINIMUM TORQUE
CAPABILITY

Figure 7-32. Motor displacement varies with swash plate angl _.



1. Yoke return spring

initially moves yoke 2. Adjustment spring

/ 4 YOKE e

to minimum displacement sets initial compensating
position for maximum pressure.

speed and minimum torque.

I o
Iy

=
3. Compensator spool is
forced open against spring
by system pressure and ports 5. Drain passage carries
oil to yoke piston at its control oil back to
pressure setting. motor case.
e =

4. Yoke actuating piston
responds to pressure to
increase displacement
and reduce speed and
increase torque.

Figure 7-42. Variable displacement control.



SEAT BALL (OR POPPET)

FREE FLOW ALLOWED
AS BALL UNSEATS

FLOW BLOCKED AS
VALVE SEATS

SIMPLE (BALL AND SEAT)

—> &=
FREE FLOW NO FLOW

Figure 8-2. A check valve is a one-way valve.




POPPET SPRING

/

BODY

FREE FLOW

Figure 8-3. In-line check valve operation.



IN
NO FLOW FREE FLOW

Figure 8-4. Typical right angle check valve.



RESTRICTION PLUG

---------------
---------------
---------------
...............
...............
...............
g

OouT ouT

IN IN

FREE FLOW RESTRICTED FLOW
Figure 8-5. Restriction check valve operation.




Decompression poppet
unseats allowing
/ pressure to drop

Pilot pressure moves piston When pressure behind poppet is
partially forward low enough the pilot piston
pushes the main poppet off of
the seat allowing full flow
in the reverse direction
A. B.

Figure 8-8. Operation of pilot-operated check valve with decompression poppet.



No pilot pressure

DRAIN

............ ——
"] PRESSURE

FREE FLOW

Pilot pressure

DRAIN

NO FLOW
EITHER DIRECTION

Figure 8-9. Pilot-to-close check valve operation.




To system

]

PILOT PRESSURE
HOLDS VALVE CLOSED
WHILE PUMP IS RUNNING

Orifice to

prevent accumulator
from discharging

( too rapidly

=

WHEN PUMP STOPS THE VALVE
OPENS ALLOWING ACCUMULATOR
TO DISCHARGE

Figure 8-10. Automatic accumulator discharge circuit.




Land on Groove between

valve spool lands completes
blocks passage A B flow passage between A
\ / two ports
>
T P T T P T
PRESSURE TO ““B”’ PRESSURE TO “A”
“A”’ BLOCKED A B “B’’ BLOCKED
L 1
Sliding
left
GRAPHICAL SYMBOL T T path
P T

Figure 8-11. Two-way spool valve slides in machined bore.



PRESSURE TO “B”’ PRESSURE TO “A”
“A”” TO TANK B “B’’ TO TANK

Figure 8-12. Spool type four-way valve.



OPEN
I YPE

OPEN CENTER
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Figure 8-24. Four-way valve center conditions.
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Figure 8-25. Special circuit spool configurations.
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Figure 8-30. Pilot choke controls spool movement.
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Figure 8-32. Pilot piston speeds valve shifting.
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Figure 8-34. Rotary four-way valve operation.
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Figure 8-37. Deceleration valve in feed control system.




