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In this study unit, you’ll learn about the schematic diagrams
that are used to represent industrial hydraulic circuits. These
diagrams contain a variety of standardized symbols that rep-
resent differ ent circuit components and functions. If you
understand what these different symbols represent, you’ll be
able to look at the schematics produced by manufacturers
and circuit designers and de termine how a particular circuit
works. So, in order to be able to service and troubleshoot
hydrau lic circuits, it’s important to be able to read schematics. 
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When you complete this study unit, you’ll be

able to 

•    Name the important parts of a hydraulic circuit 

•    Describe the different types of symbols that are used in

fluid power diagrams 

•    Identify various graphical symbols that are used on

schematic diagrams 

•    Explain the operation of valves and switches in a

hydraulic system 

•    Explain how Boolean algebra is used to diagram fluid

power control systems 

Remember to check your student portal regularly. Your instructor may

post additional resources that you can access to enhance your learn-

ing experience.
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1

INTRODUCTION

A Review of Hydraulic Systems 
In industrial settings, hydraulic power has many advantages
over other power sources. Some of the advantages of the
hydraulic power system include the ability to withstand
instant reversals without dam age to its components, the abil-
ity to deliver constant torque at variable speeds, and the
ability to vary its output simply by controlling the fluid’s flow
rate. A well-designed hydraulic system can tolerate greater
loads and transmit larger amounts of power than comparable
electro mechanical systems with components of the same
physical size. For all of these reasons, many industries today
depend on hydraulic power as a primary energy source. 

Before we begin our discussion about the reading and inter-
preting of hydraulic system schematics, let’s review some of
the basic compo nents that are found in typical installations.
The major components of a hydraulic system, as shown in
Figure 1, are the power source, pump, control devices, conduc-
tors, and output components. Most hydraulic systems also
include the following accessories: reservoirs, accumulators, fil-
ters and strainers, heat exchangers, and gages. When these
components are assembled to perform a specific function, the
assembly is called a hydraulic circuit. 

In hydraulic circuits, pumps produce pressurized fluid that’s
con ducted to other power output devices, such as motors
and actuators. During the process of conduction, the fluid

Hydraulic System Schematics
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flow is controlled by a series of valves, including pressure-
control, directional-control, and flow-control valves. The fluid
is conditioned by heat exchangers, filters, or other compo-
nents. Schematic drawings represent the related work ings of
these and other components and, when read correctly, can
tell you a lot about a system’s operation. 

Symbols in Fluid Power Diagrams 
Nearly all sciences and industrial fields use their own stan-
dardized symbol sets to represent specific components or
concepts. These symbols are used in schematic diagrams
that illustrate various systems or circuits, as well as in other
types of system documentation. Often, the same component
or concept may be represented by different symbols in differ-
ent areas of study. For example, Figure 2 shows how the
logical concept AND is represented differently in several dif-
ferent subject areas. 

M

MANUAL CONTROL

WORKING LINE

PUMP

RESERVOIR

FILTER

ELECTRIC MOTOR

RETURN TO RESERVOIR

RELIEF VALVE

PILOT LINE

DIRECTIONAL 
CONTROL

VALVE

DOUBLE-ACTING
CYLINDER

FIGURE 1—The hydraulic circuit is a complete path through which pres-

surized fluid flows to perform work. 
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Three types of images appear in fluid power documentation:
pictorial views, cutaway views, and graphic symbols. These
three types of images can be combined in the documentation
about a piece of equip ment or system to emphasize different
aspects of hydraulic circuitry. 

Pictorial views like the one shown in Figure 3 are used to
indicate the interconnection of components. However, these
images are difficult to standardize, as each manufacturer will
use different component pictorials. 

Cutaway views are used to show the construction of compo-
nents. These symbols aren’t always actual pictures of the
components, but as you can see in Figure 4, they do provide
a good representation of what the component looks like and

AND
a

b
y

LOGIC 
ELEMENT

LOGIC 
ELEMENT

FUNCTION

GRAPHIC SYMBOL
FLUID POWER

A

B

NEMA LOGIC
SYMBOL

BOOLEAN
ALGEBRA
SYMBOL

(A)¥(B)

ELECTRICAL 
RELAY LOGIC

SYMBOL

D

D
A B

FIGURE 2—Different symbols may be used in different subject areas to represent the same concept or

component. Here, the logical concept AND is shown as it’s symbolized in different areas of study. 

FIGURE 3—This pictorial view for a hydraulic pump shows how the parts of the pump work together. 
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how it works internally. Cutaway symbols, however, are com-
plex to draw and aren’t designed to emphasize the
component function. 

Graphic symbols are used to indicate the function and opera-
tion of a component in a simplified way without a lot of extra
detail. Graphic symbols are easier to draw than cutaway
symbols, but they may not look as much like the actual com-
ponents they represent. 

Graphic Symbols 
Graphic symbols are the most frequently used type of symbol
in fluid power diagrams. This is due to the fact that graphic
symbols have several advantages over other forms of docu-
mentation. For example, graphic symbols are simple to draw,
as you see in Figure 5. The compo nent functions and meth-
ods of operation are obvious. Graphic symbols are capable of
crossing language barriers, and can promote a universal
understanding of fluid power systems. Another advantage of
graphic symbols is that they’re standardized. That is, the
same standard symbols are used in a wide variety of
hydraulics applications. 

Complete graphic symbols are those which give symbolic rep-
resenta tion of the component and all of its features that are
pertinent to the circuit diagram. Simplified graphic symbols
are stylized versions of the complete symbols. Composite

FIGURE 4—This cutaway view of a hydraulic actuator shows several internal features. (Courtesy

Parker Hannifin Corp.) 
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graphic symbols are an organization of simplified or complete
symbols. Composite symbols are usually used to represent
complex components. 

When graphic symbols are used, there’s no confusion about
how a component works, since each aspect of its operation is
shown in the symbol. It’s also much easier to interpret the
function of more complex circuits, because graphic symbols
can be used to represent many com ponents at one time. 

Three classifications of graphic symbols are used in hydraulic
tech nology at this time: JIC, ANSI, and ISO. The JIC stan-
dards were provided by the Joint Industrial Conference and
are older than the other standards. JIC standards aren’t used
anymore with new equipment, but may still be seen with
older equipment. The JIC symbols were abandoned due to
their use of word information on the symbols. ANSI symbols
were adopted by the American National Standards Institute
and are the current standard in the United States. ISO sym-
bols were approved by the International Standards
Organization and are standard in most other parts of the
world. An increasing number of vendors are using symbols
that favor ISO standards rather than ANSI, in order to make
their components and equipment more acceptable to world -
wide consumers. 

Graphic symbols are used in fluid power diagrams to show
connec tions and flow paths between components as well as
the functions of the components themselves. Symbols can
also be used to indicate con ditions that exist during the tran-
sition from one flow path to another. Symbols aren’t used to
indicate construction, nor to indicate values such as pres-
sure, flow rate, or other component settings. (However, most
prints and diagrams will provide additional documentation
concerning pressures, flow settings, sizes, and other data

FIGURE 5—This graphic

symbol for a hydraulic

pump represents the com-

ponent parts and method

of operation for the unit. 



that are needed to under stand and adjust the system.)
Symbols also aren’t used to indicate the locations of ports,
the direction of the shifting of spools, or the positions of
actuators on a component. 

Most symbols are simplified, showing only the primary func-
tions of the component. The total symbol will be shown only
when it’s neces sary to understand the operation of the sys-
tem. For example, the circuit shown in Figure 6 can be
understood with fairly simple symbols, although a complete
symbolic representation shows other components and
 connections. 

Graphic Symbol Elements 

All the graphic symbols that are used to represent hydraulic
compo nents are composed of seven basic elements: lines, cir-
cles, squares, dots, arrows, triangles, and rectangles. A
symbol for any hydraulic component can be constructed by
using a combination of these seven basic elements. 

Lines are used to indicate all the connections in the system.
Figure 7 shows the four types of lines used in diagrams—solid
lines, dashed lines, dotted lines, and center lines. A solid line
is used to represent a main line conductor for the system. A
solid line may also be used to represent a component, part

Hydraulic System Schematics6

SIMPLIFIED

COMPLETE

FIGURE 6—The basic operation of this circuit is shown in the simplified

graphic symbol. The complete graphic symbol contains all components

and connections. 
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outline, or shaft. A dashed line is used to represent a pilot
line that’s used for control. A dotted line is used to represent
an exhaust line or a drain line. A center line is used to indi-
cate an outline and is commonly called an enclosure line.
When a sensing line is shown on a diagram, it’s represented
in the same way as the line that it connects to. 

Circles are generally used to indicate energy-conversion units
(pumps, motors) and measuring instruments. Figure 8 shows
that the size of the circle may be varied for emphasis, or to
indicate that one component is the “main” and another com-
ponent is the “auxiliary.” 

Figure 9 shows the symbols used to indicate control valves,
flow direc tion, and line connections. As shown in Figure 9A,
a square or a rectangle is generally used to indicate a control
valve (except for a non-return valve). A triangle is used to
indicate flow direction. In Figure 9B, the triangle is solidly
filled in, which indicates hydraulic flow. In Figure 9C, the tri-
angle is open to indicate a pneumatic line. The dot shown in
Figure 9D is used to indicate a line connection. If two inter-
secting lines meet in a T, then a connection is indicated.
Otherwise, a connection must be shown with a dot at the line
junction. A line that terminates in a dot (representing a ther-
mometer) is used as the symbol for temperature cause and
effect. 

FIGURE 7—Lines are used

to indicate connections in a

hydraulic system. MAIN LINE

PILOT LINE

DRAIN LINE

ENCLOSURE LINE

FIGURE 8—In schematic

drawings, circles are used

to indicate devices that

convert energy or those

used for measurements. 

CIRCLES
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External ports are located where the flow lines connect to the
basic sym bol, except where a component closure symbol is
used. External ports are located at the intersections of flow
lines and the component enclo sure symbol when enclosure is
used. (The component enclosure will be discussed later in
this study unit.) 

Arrows can have several different meanings on schematic
diagrams. In the symbol shown in Figure 10A, an arrow
through a symbol at approximately 45 degrees indicates that
the component can be adjusted or varied. When the arrow is
placed next to another symbol, it indicates the direction or
the direction of rotation (Figure 10B). In Figure 10C, an
arrow parallel to the short side of a symbol, within the sym-
bol, indicates that the component is pressure-compensated. 

FIGURE 9—In schemat-

ics, squares (or

rectangles) are used to

represent control

valves, triangles are

used to indicate flow

direction, and dots are

used to indicate line

connections. (A)
CONTROL VALVES

(B)
HYDRAULIC LINE
FLOW DIRECTION

(C)
PNEUMATIC LINE
FLOW DIRECTION

(D)
LINE CONNECTIONS
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Color in Fluid Power Diagrams 

In addition to the basic graphic symbol elements, different
colors may be used in a schematic diagram to indicate the
type and source of the various fluid conductors. For better
understanding, you can trace the lines on a diagram with
colored pencils to make their function more obvious. The
standard colors that are used in hydraulic drawings are as
follows: 

• Red—Indicates an operating system or pressure 

• Blue—Indicates exhaust flow 

• Green—Indicates an intake or drain 

• Yellow—Indicates measured or metered flow 

• Orange—Indicates reduced pressure, pilot pressure, or
charging pressure 

• Violet—Indicates intensified pressure 

• Blank—Indicates inactive fluid 

Now, take a few moments to review what you’ve learned by
completing Check Your Learning 1. 

(A)
ADJUSTABLE COMPONENTS

(B)
DIRECTIONAL COMPONENTS

(C)
PRESSURE-COMPENSATED

COMPONENTS

FIGURE 10—In a schematic diagram, an arrow can indicate variability,

direc tion, or pressure-compensated components. 
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Check Your
Learning 1

At the end of each section of Hydraulic System Schematics, you’ll be asked to pause and

check your understanding of what you’ve just read by completing a “Check Your Learning”

exercise. Writing the answers to these questions will help you to review what you’ve stud-

ied so far. Please complete Check Your Learning 1 now. 

  1.  In a hydraulic system schematic diagram, a(n) _______ is used to indicate flow direction. 

  2.  What’s the color green used to represent on a fluid power diagram?

        __________________________________________________________

  3.  A(n) _______ line is used to represent a main line conductor in a hydraulic system 

schematic diagram. 

  4.  Which of the three basic types of symbols are used to indicate the interconnection of 

components in hydraulic system schematics? 

        __________________________________________________________

        __________________________________________________________

        __________________________________________________________

  5.  In a hydraulic system schematic diagram, a(n) _______ or a(n) _______ is used to indicate

most control valves. 

  6.  A(n) _______ is used to indicate a line connection in a hydraulic system schematic diagram. 

  7.  In a hydraulic system schematic, which of the three basic types of symbols are used to 

indicate the function and operation of components in a simplified way?

        __________________________________________________________

(Continued)
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Check Your
Learning 1

  8.  What are the five major components of a hydraulic system? 

        __________________________________________________________

        __________________________________________________________

        __________________________________________________________

        __________________________________________________________

        __________________________________________________________

  9.  _______ symbols are the most frequently used type of symbol in fluid power diagrams. 

10.  True or False? JIC standards are the newest standards used in hydraulic technology. 

11.  What are the three classifications of graphic symbols that are used in hydraulic 

technology? 

        __________________________________________________________

        __________________________________________________________

        __________________________________________________________

12.  In a hydraulic system schematic diagram, a(n) _______ line is used to represent a pilot 

line that’s used for control. 

13.  _______ graphic symbols give a symbolic representation of the component and all of 

its features. 

14.  What are the three basic types of symbols that are used in fluid power diagrams? 

        __________________________________________________________

        __________________________________________________________

        __________________________________________________________

Check your answers with those on page 67.
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TYPES OF GRAPHIC SYMBOLS 

Graphic Symbols for Conductors 
Figure 11 shows the method that’s used to indicate intercon-
necting conductors in hydraulic diagrams. (Note that in fluid
power technol ogy, the words conductor, line, pipe, and tubing
are often used interchangeably to refer to the structure that
carries fluid from one device to another.) Working lines or
main lines carry pressurized fluid to the work area and direct
the exhaust fluid to a reservoir tank. Solid lines are used to
indicate working lines, as shown in Figure 11A. A flexible
connection between two terminal points in a system is shown
as a curved line. Pilot lines are used to conduct control flows
rather than the major power flow. Pilot lines are indicated by
dashed lines as shown in Figure 11B. Drain lines and air
exhaust lines are usually made of a lightweight material
that’s not intended to contain high fluid pressures. Drain
lines are indicated by dotted lines as shown in Figure 11C. 

Working lines that cross each other (but that aren’t intercon-
nected) are drawn with a small loop as shown in Figure 11D.
In contrast, when two working lines are joined, the joint is
indicated by a dot as shown in Figure 11E. (In an actual

(A)
WORKING LINE

(B)
PILOT LINE

(C)
DRAIN LINE

(G)
FLEXIBLE LINE

(F)
INTERSECTING 

WORKING LINES

(E)
JOINED 

WORKING LINES

(D)
CROSSING 

WORKING LINES

FIGURE 11—These line symbols are used on schematics to indicate how hydraulic fluid is moved

through a system. 
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circuit, the joint will usually be made with a pipe or a tubing
tee.) Figure 11F shows two working lines that inter sect, with
the dot indicating that the lines are connected. A fitting in
the form of a cross with four outlets is generally used for this
type of joint. Note that symbols don’t indicate what materials
the piping and fittings are made from. Instead, the symbols
represent the path of the fluid through the circuit. The sym-
bol shown in Figure 11G is used to indicate a flexible line
connection between two terminal points in a system. The
flexible connection will usually be made with some type
of hose. 

Graphic Symbols for Additional Line
Conditions 
At times, restrictions must be inserted in a line in order to
control the flow of the fluid for some specific reason. The gen-
eral symbol for a fixed-size, nonadjustable line restriction is
shown in Figure 12A. Figure 12B shows how the dimension
of the hole in the restriction device may be noted above the
symbol. The notation “0.025 DIA.” indicates that the hole in
this restriction has a diameter of 0.025 inch. Figure 12C is
the symbol that’s used to denote a fixed orifice or a restric-
tion for a nonviscous fluid. 

To allow for easy attachment and removal of lines between
elements in a hydraulic system, quick-disconnect couplings
are used. Tools aren’t usually needed to disconnect or recon-
nect this type of coupling. The couplings can be equipped
with integral check valves that close when the coupling is
disconnected, which prevents a loss of fluid from the unit
served by the coupling. 

Several quick-disconnect arrangements are shown in Figure 12.
The basic symbol for a quick-disconnect coupling with no
check valves is shown in Figure 12D. This symbol consists of
a short vertical line placed on the working line, with chevrons
pointing toward the vertical line. A quick-disconnect coupling
with one check valve is shown in Figure 12E. To depict an
integral check valve in the coupling half, a circle is added to
the chevron as shown. The check valve is built into the coupling
to prevent a loss of fluid when the coupling is disconnected.
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When each half of the quick-disconnect coupling is prevented
from the loss of fluid, two check valves are used, as shown in
Figure 12F. 

When a circuit is designed, consideration must be given to
future expansion and testing of the circuit. For this reason,
it’s necessary to provide a fitting (usually a plug) to permit

(A)
FIXED RESTRICTION

(.O25 DIA.)

(B)
FIXED RESTRICTION,

SIZE INDICATED˚

(C)
FIXED RESTRICTION,
NONVISCOUS FLUID

DISCONNECTEDCONNECTED

(E)
QUICK-DISCONNECT WITH 

ONE CHECK VALVE

DISCONNECTEDCONNECTED

(D)
QUICK-DISCONNECT WITH

NO CHECK VALVES

CONNECTED DISCONNECTED

(F)
QUICK-DISCONNECT WITH

TWO CHECK VALVES

(G) 
PLUGGED

CONNECTOR LINE

(H)
PLUGGED

END OF LINE

T

S

( I )
TEST STATION 

PLUG

P

O
T

(J)
POWER-TAKEOFF

 STATION

(K)
SINGLE FLOW 

PATH

(L)
MULTIPLE FLOW 

PATHS WITH DRAIN

FIGURE 12—These symbols are used along a line to indicate line restrictions, quick-disconnect cou-

plings, plugs, and rotating connections. 
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expansion or testing. A plug that’s inserted in a working line
to provide for a tap-off is indicated by an X over the working
line (Figure 12G). In Figure 12H, a plug is placed at the end
of the line as a terminal point to allow for the future expan -
sion of the system. The letters T and S placed between the
crossbars of the X plug symbol indicate that the connection
serves as a test station (Figure 12I). The test station can 
be used to connect a gage or any other testing device as
 necessary. Figure 12J shows the symbol for a power-takeoff
station. 

Hydraulic power transmission circuits can contain line con-
nections between a fixed and a rotating machine member.
Figure 12K shows the graphic symbol for a simple rotating
connection in a single flow path. The circle indicates that the
motion of the element is rotary, and the direction of rotation
is indicated by the arrowhead in the circle. The flow path is
graphically indicated by the straight line extending through
the symbol. When more than one flow path is possible
through the rotating connection, the symbol is altered to look
like the one shown in Figure 12L. In this symbol, the number
of lines through the circle indicates the number of flow paths
through the component. Thus, the symbol shown in Figure
12L indicates that the rotating connection has two working
lines, one pilot line, and a drain line. Connections called
swing joints normally have only single working lines running
through them. On the other hand, rotating components or
connections that use a single shaft may have many working
paths running through them. 

Graphic Symbols for Reservoirs 
In a hydraulic system, a reservoir or tank is generally used to
receive or store a portion of the fluid during some part of the
operating cycle. A U-shaped symbol is used to indicate a
hydraulic fluid reservoir or tank (Figure 13A). 

The pipes connected to a reservoir can affect the operation of
an entire hydraulic system, so the symbols must indicate the
end of the connect ing pipe relative to the surface level of the
liquid in the tank. The symbol shown in Figure 13B repre-
sents a submerged terminating working line. That is, the
symbol indicates that the main fluid supply line terminates
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below the fluid level in the tank. The symbol shown in Figure
13C is used to represent an open terminating working line—a
main line that terminates above the fluid level in the tank. 

The symbol shown in Figure 13D indicates a submerged ter-
minating drain line. The pipe emptying into the tank is a
drain line, and the end of the pipe is located below the sur-
face of the liquid in the reservoir. Drain lines from pumps
and fluid motors generally terminate below the fluid level of
the reservoir so that air won’t enter the device through the
drain connection. 

In pneumatic-actuated control systems, a storage tank is
needed to store the compressed air or gas. Since the system
requires the contain ment of a quantity of pressurized fluid,
the pneumatic storage tank is sometimes called a surge tank.
The basic graphic symbol for a surge tank is shown in Figure
13E. This same symbol is also used in hydraulic circuits to
indicate a pressurized-liquid reservoir. 

At times, a line that’s used to return fluid to a reservoir must
be vented to the atmosphere. The purpose of venting is to

(A)
FLUID RESERVOIR

(B)
SUBMERGED

TERMINATING 
WORK LINE

(C)
OPEN 

TERMINATING
WORK LINE

(D) 
SUBMERGED
TERMINATING
DRAIN LINE

(E)
PNEUMATIC

STORAGE TANK (F)
VENTED

MANIFOLD

FIGURE 13—Reservoirs are used to hold some of a system’s hydraulic fluid during the cycle of

 operation. 
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permit a free flow of fluid back to the reservoir. The symbol
shown in Figure 13F is used to indicate such a vent. The por-
tion of the symbol that indicates a venting condition is the
vertical line that extends above the connection with the hori-
zontal line, plus the arc that’s located above the end of the
vertical line. 

Graphic Symbols for Linear Actuators 
Figure 14 shows examples of the symbols used to represent
linear actuators using piston-and-cylinder arrangements. The
schematics in this figure, unlike those that are found in actual
use, contain identifying numbers on each of their features. 

The symbol for a single-acting cylinder is shown in Figure
14A. The fluid enters cylinder 1 through fluid connection 2,
and then forces piston 3 to the right. The fluid continues to
fill the cavity created by the movement of the piston until an
external force that’s connected to piston rod 4 produces a

FLUID 
CONNECTION (2)

CYLINDER (1)

PISTON ROD (4)

PISTON (3)

(A)
SINGLE-ACTING

CYLINDER

CYLINDER (1)

FLUID 
CONNECTION (2)

(B)
DOUBLE-ACTING

CYLINDER

FLUID 
CONNECTION (5)

PISTON ROD (4)

PISTON (3)

CYLINDER (1)

FLUID 
CONNECTION (2)

(C)
DOUBLE END ROD

FLUID 
CONNECTION (5)

PISTON ROD (4)

PISTON (3)

CYLINDER (1)

FLUID 
CONNECTION (2)

(D)
MODIFIED CYLINDER

PISTON ROD (4)
PISTON

INTERNAL 
SPRING (6)

EXTERNAL DRAIN (7) 

RESERVOIR (8)

(3)

FIGURE 14—The symbols shown here are used to represent piston-and-cylinder arrangements used for

actuation. 
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reverse movement. This reverse movement forces the fluid
back into the hydraulic circuit. The external force can be
exerted by a moving machine member or by gravity. 

The symbol for a double-acting cylinder is shown in Figure
14B. In a double-acting cylinder, the second fluid connection
5 is made to the cylinder so that fluid enters on both sides of
the piston. As the piston moves back and forth in the cylin-
der, fluid is drawn into and forced out of the appropriate
sides. The symbol indicates that the piston rod exits from one
end of the cylinder. Therefore, the cylinder is termed a double-
acting, single-end rod. Occasionally, it’s desirable to use both
ends of the piston rod in a cylinder; when it is, the piston rod
is extended through the cylinder and both ends of the cylin-
der. The symbol in Figure 14C is used to represent this
arrangement, which is called a double-acting, double-end rod.
This type of arrangement can be acted on by fluid power in
either direction and contains two rod end connections. 

A symbol for a modified single-acting cylinder is shown in
Figure 14D. In the figure, the cylinder is fitted with internal
spring 6. This spring is used to return the piston to its origi-
nal position. Included in this arrangement is an external
drain 7 for the spring cavity of the cylinder. The drain line is
terminated above the fluid level in reservoir 8 so that it will
perform its draining function properly. If the drain line were
terminated below the fluid level in the reservoir, the spring-
actuated return motion of the piston could act as a pump
and draw fluid from the reservoir. The same basic symbol
(with suitable modifications) is used for diaphragms and
other linear actuators as well as for cylinders. 

Several modifications of the basic cylinder symbols are used
to describe particular types of cylinders. The symbol in
Figure 15A indicates a cylinder with a fixed cushion that’s
used to buffer the end stop of the piston rod in both stroke
directions. The symbol in Figure 15B indicates a piston rod
that has an adjustable cushion on the advance stroke only. 

In some cases, a large-diameter rod is used to reduce the
effective area of the piston acted on by pressurized fluid.
When the diameter of the rod (as compared to the diameter of
the cylinder bore) is significant to the circuit function, a sym-
bol like the ones shown in Figure 15C are used. Figure 15D
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illustrates a cylinder with a pressure intensifier. A cylinder
that uses a servo-controlled positioner is shown in Figure 15E.
A cylinder configuration with discrete positioning, as shown
in Figure 15F, is used to indicate a combination of two or
more basic cylinder symbols. Servos are sophisticated sys-
tems that will be discussed in detail in later study units. 

Graphic Symbols for Pumps 
On a schematic drawing, to properly illustrate a pump in a
hydraulic circuit, it’s necessary to show both the type of
pump and the method of pump control used in the circuit.

(A)
FIXED CUSHION,

ADVANCE AND RETRACT

(B)
ADJUSTABLE CUSHION,

ADVANCE ONLY

NON CUSHION

(C) 
LOW PISTON-TO-ROD DIAMETER RATIO

CUSHION, ADVANCE AND RETRACT

(D)
PRESSURE INTENSIFIER

(E)
SERVO-CONTROLLED

 POSITIONER

(F)
DISCRETE POSITIONER 

FIGURE 15—The symbols used to represent various types of cylinders are

shown here. 
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The basic symbols for a fixed-displacement pump, both unidi-
rectional and bidirectional, are shown in Figure 16A. Note
that in all pump schematics, the flow direc tion arrow is
shown pointing outwards to represent the flow of pressur-
ized fluid out of the pump. The symbol for a unidirectional
 variable-displacement pump is shown in Figure 16B, with its

UNIDIRECTIONAL BIDIRECTIONAL SIMPLIFIED COMPLETE

(B)
VARIABLE, DISPLACEMENT

UNIDIRECTIONAL

COMPLETE

(D)
VARIABLE, DISPLACEMENT,
PRESSURE-COMPENSATED,

BIDIRECTIONAL 

SIMPLIFIEDCOMPLETESIMPLIFIED

(C)
VARIABLE, DISPLACEMENT,
PRESSURE-COMPENSATED, 

UNIDIRECTIONAL

PVMAN

(E)
COMPLETE SYMBOL

WITH STANDARD
ABREVIATIONS

(A)
FIXED, DISPLACEMENT

FIGURE 16—The symbols shown here are used to represent pumps and pump controls. 
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variability feature indicated by the diagonal arrow. A pump’s
control unit is symbolized by a rectangular box attached to
the circle (the pump). This rectangular addition to the symbol
also indicates the type of control used (solenoid, mechanical,
manual, and so on). 

The symbol shown in Figure 16C indicates a unidirectional
variable-displacement pump with a pressure-compensated
control unit, and the symbol in Figure 16D indicates a bidi-
rectional version of the same variable-displacement pump. 

On some schematics drawn to older standards, you may see
different symbols used to identify the pump and the control
unit. In one method, standard abbreviations for specific com-
ponents are placed inside the pump and the control unit
symbols. A list of these abbreviations and their meanings is
shown in Table 1. Figure 16E shows a complete symbol for a
variable-displacement pump with a clockwise shaft rotation.
This pump’s control is manual, and there’s a drain line from
the pump to the reservoir. 

Graphic Symbols for Motors 
The basic symbol for a rotary fluid motor (as for a fluid pump)
is a circle inserted in the line. However, the motor symbol
also includes designations of the piping connections, shaft
rotation, method of control, and any other features needed to
describe the installation. The main difference between the cir-
cular pump and motor symbols is a triangle that indicates
the direction of flow into the motor (Figure 17A). Older stan-
dards called for a letter abbreviation to indicate the type of
fluid motor being used. These letters may be MF for a fixed-
displacement motor, MO for an oscillating motor, or MV for a
variable-displacement motor. 

The symbol in Figure 17B indicates a variable-displacement
fluid motor that’s controlled by a thermal unit. This schematic
includes a drain line, the clockwise motor shaft rotation, and
the motor connections to the working lines. The control action
exerted by the thermal control on the variable-displacement
motor adjusts the internal mechanism that affects the dis-
placement capability of the motor. With the exception of the
opposing flow arrows, the symbols for the various motor fea-
tures are the same as those identified for pumps. 
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Table 1

Common AbbrEviATionS for PUmPS And 
PUmP ConTroLS

Pump Abbreviations 

Abbreviation meaning 

PF Fixed-displacement 

PK Kinetic-centrifugal 

PV Variable-displacement 

Pump Control Unit Abbreviations 

Abbreviation meaning 

AIR Pilot air control 

AIR MOT Air motor (rotary) control 

CENT Centrifugal motor 

COMP Compensator control 

CYL Cylinder motor 

DET Detent control 

ELEC MTR Electric motor control 

HYD Pilot hydraulic control 

HYD DIFF Differential area, pilot hydraulic control 

HYD MTR Hydraulic motor control 

MAN Manual control 

MECH Mechanical control 

PR COMP Pressure compensator control 

SERV Servo control 

SOL Solenoid control 

SOL AIR Air-pilot-operated control 

SOL HYD Hydraulic-pilot-operated 

SOL PLT Pilot-operated solenoid control 

TEMP COMP Temperature compensator control 

THERM Thermal control 
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Unique symbols are used to illustrate hydraulic units that
can operate both as a pump and as a motor. The symbol in
Figure 17C indicates a unit that operates as a pump in one
direction and as a motor in the other direction. The symbol in
Figure 17D indicates a unit that operates as either a pump or
a motor in only one direction. 

Now, take a few moments to review what you’ve learned by
completing Check Your Learning 2. 

MV

(A)
FIXED, DISPLACEMENT

THERM

(B)
COMPLETE SYMBOL WITH

STANDARD ABBREVIATIONS

COMPLETE SYMBOL SIMPLIFIED SYMBOL

(D) 
UNIT IS UNIDIRECTIONAL

AS EITHER A PUMP OR MOTOR

COMPLETE SYMBOL SIMPLIFIED SYMBOL

(C) 
UNIT OPERATES AS A PUMP

IN ONE DIRECTION AND AS A MOTOR
IN THE OTHER

UNIDIRECTIONAL BIDIRECTIONAL 

FIGURE 17—The symbols shown here are used to represent motors and pump/motor units. 
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Check Your
Learning 2

Answer each of the following questions in the spaces provided. 

  1.  What’s the most important piece of information shown in a graphic symbol for a reservoir?

        __________________________________________________________

  2.  Look at the quick-disconnect arrangement shown below. Can this arrangement be discon -

nected without a loss of hydraulic fluid?

      

        __________________________________________________________

  3.  Look at the line symbol shown below. What does this line symbol represent? 

      

        __________________________________________________________

  4.  Look at the graphic symbol shown below. What does this graphic symbol represent? 

      

        __________________________________________________________

  5.  What type of symbol is difficult to draw, but will best show how a component works and what

it looks like inside? 

        __________________________________________________________

  6.  Look at the graphic symbol shown below. What does this graphic symbol represent? 

      

        __________________________________________________________

(Continued)
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Check Your
Learning 2

  7.  In a hydraulic system schematic, what does a letter X over the working line indicate?

        __________________________________________________________

  8.  Look at the quick-disconnect arrangement shown below. Will this arrangement prevent a loss

of fluid when the coupling is disconnected?

      

        __________________________________________________________

  9.  Look at the graphic symbol shown below. What does the symbol represent?

      

        __________________________________________________________

10.  Look at the graphic symbol shown below. What does this symbol represent?

      

        __________________________________________________________

Check your answers with those on pages 67–68.
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Graphic Symbols for Valves 
The basic graphic symbol for a valve is a rectangle, as shown
in Figure 18A. This represents the valve enclosure, or body,
and is called the valve envelope. Since valves are designed to
accommodate either a single flow path or multiple flow paths,
variations in the graphic symbol are used. When the valve
has more than one flow path, a multipath envelope symbol
like the one in Figure 18B is used. (This symbol also indi-
cates the connecting conductors that are attached to the
valve ports.) Note that a string of boxes is used in the multi-
path symbol, with each box representing one of the valve’s
flow paths. These boxes are called elements. 

When lines are drawn within the basic valve schematic sym-
bol, they indicate the flow direction between the valve’s inlet
and outlet ports. To indicate the changes in the flow condi-
tions that occur when the valve is actuated, the internal flow
pattern of the valve is drawn as a part of the schematic sym-
bol. Figure 18C shows the symbol for a single-path valve in
the closed position. When the port is closed, there’s no flow
through the valve. In Figure 18D, the internal mechanism of
the single-path valve is open, and the flow path between the
inlet and outlet ports is open. The multipath valve shown in
Figure 18E is in the closed position, since the port connec-
tions don’t provide a completed flow path through the valve.
The actuation of this valve to the left or right would open the
flow paths. In Figure 18F, the valve is actuated to the left,
and the external port line is connected to one of the two out-
er most valve position options. 

Additional information included in a valve graphic symbol is
the direction of flow that the fluid will take through the valve.
The flow direction is indicated by an arrowhead placed at the
exit side of the internal path that the fluid will follow. In
Figure 18G, the arrows on the left-hand side of the envelope
indicate a straight flow pattern, while the arrows on the
right-hand side of the envelope indicate a crossover pattern.
When the valve’s element is shifted to the position repre-
sented by the left-hand side of the envelope, the straight flow
pattern results. The valve may then shift back through the
closed position to the cross over flow position represented by
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the right-hand side of the envelope. In a motor, this type of
shift would result in a change in the direction of rotation. 

Single-path valves operate in either a normally-open or
 normally-closed condition. The symbol for a single-path valve
in the normally-open position is shown in Figure 18H, and
the symbol for a single-path valve in the normally-closed
position is shown in Figure 18I. When the valve is actuated,
the resulting position is the opposite of the normal position.
So, for example, when a normally-open valve is actuated, it
moves to the closed position. When a normally-closed valve is
actuated, it moves to the open position. When either type of
valve is deactivated, it returns to its original (normal) position. 

(A) 
SINGLE-PATH VALVE

WITH PORT CONNECTIONS

(B)
MULTIPATH VALVE

WITH PORT CONNECTIONS

(C)
SINGLE-PATH VALVE,
CLOSED POSITION

FLOW PATHS

(E) 
MULTIPATH VALVE,
CLOSED POSITION

(F)˚
MULTIPATH VALVE,

ACTUATED TO THE LEFT

(G)
FLOW DIRECTION

IN MULTIPATH VALVES

(H)
SINGLE-PATH VALVE, 
NORMALLY OPEN 

POSITION

( I )
SINGLE-PATH VALVE,
NORMALLY CLOSED

 POSITION

(D) 
SINGLE-PATH VALVE,

OPEN POSITION

FIGURE 18—Valve schematics, called envelopes, combine a series of rectangles to describe the flow

paths at one or more valve positions. They also identify the normal or rest position, call out the num-

ber of ports connected to the valve, and indicate what method is used to actuate the valve. 
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Pressure-Control Valve Symbols 

Valve-envelope symbols may be drawn to indicate the flow
path line as horizontal instead of vertical. Examples of valves
that have both types of flow paths are shown in Figure 19.
The symbol in Figure 19A represents a spring-loaded, nor-
mally-closed relief valve. Conductors are connected to the
valve’s exit port to allow discharged fluid to return to the
reservoir. The flow path shown is horizontal, with fluid enter-
ing at the side of the valve envelope. The symbol in Figure
19B indicates a remotely-controlled relief valve with fully
adjustable posi tioning. This valve operates in much the same
way as the relief valve in Figure 19A. However, the dashed
line in Figure 19B represents a pilot pressure signal that
remotely controls the valve’s actuation. These symbols also
indicate that the control is variable by using an arrow drawn
through the spring. 

(A) 
RELIEF VALVE

VERTICAL

(B)
REMOTELY CONTROLLED

RELIEF VALVES WITH
FULLY ADJUSTABLE POSITIONING

HORIZONTAL

(C)
UNLOADING VALVE 

WITH DRAIN LINE

MECH

(D)
DECELERARTION

VALVE

SIGNAL 
SOURCE

(E)
NONRELIEVING

REDUCING VALVE

SIGNAL 
SOURCE

R

OLDER NEWER

(F)
RELIEVING REDUCING VALVES DRAWN 

TO OLDER AND NEWER
STANDARDS

FIGURE 19—Pressure-control valve schematics contain some or all the information described in Figure

18, as well as information on relief flow draining from the valve’s compartments. Note that the sym-

bols identify the valves’ operating characteristics, not just the valve types. 
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The symbol in Figure 19C indicates an unloading valve that’s
used to divert hydraulic fluid to a reservoir when a pilot sig-
nal is received through the dashed pilot line. The spring is
loaded so that the valve remains in a normally-closed posi-
tion until the pilot signal is received. The pilot signal
overcomes the spring load and forces the valve ele ment to the
open flow path position. This allows fluid to drain to the
reservoir. 

The symbol in Figure 19D indicates a normally-open deceler-
ation valve. To activate the valve, a signal must be received
through the attached mechanical operating mechanism. The
mechanical signal closes the valve when the signal force over-
comes the spring load. The dashed line represents an
external drain of the spring enclosure to the reservoir. 

Another type of single-envelope valve is the pressure-reducing
valve. The symbol for a nonrelieving pressure-reducing valve
is shown in Figure 19E, and the symbols for two relieving-
type pressure-reducing valves are shown in Figure 19F. With
this type of valve, the signal source to activate (close) the
valve is located at the valve outlet side, which is called the
low-pressure secondary port. The valve is spring-loaded and
will remain in the normally-open position until the pilot sig-
nal is sufficient to overcome the spring pressure. When this
occurs, the valve element moves to the valve-closed position.
The spring closure of the relieving-type valve, Figure 19F, has
an external drain to a reservoir. In schematics that are drawn
to older standards, the letter R is placed inside the valve
envelope to indicate that a relief valve is built into the reduc-
ing valve. (This is shown in the symbol on the left-hand side
of Figure 19F.) Newer standards require the additional drain
or reducing function to be indicated as shown in the symbol
on the right-hand side of Figure 19F. 

Flow-Control Valve Symbols 

Valves are sometimes used to control the rate of flow of the
fluid in a hydraulic power transmission system. The symbol
shown in Figure 20A represents a basic, variable flow-control
valve. The symbol is similar to that of a fixed restriction or
orifice, except that the restriction symbol is contained within
the valve envelope and, in this case, an arrow is added to
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indicate adjustability. The symbol shown in Figure 20B indi-
cates a pressure-compensated flow-control valve that
incorpo rates a mechanism to compensate for changes in sys-
tem pressure. 

The symbol in Figure 20C indicates a pressure-compensated
flow-control valve that has an adjustable orifice size. In this
case, flow is regulated in one direction (from left to right in
the schematic), but moves unregulated through the check
valve represented at the bottom of Figure 20C. Older forms of
this symbol would contain the same basic schematic with the
letter V inside the envelope to indicate the variable flow rate
and the letters PC to indicate pressure compensation. 

(A)
ADJUSTABLE

FLOW CONTROL
VAVLE

(B)
PRESSURE-COMPENSATED

FLOW CONTROL VALVE

V

PC

OLDER� NEWER

(C)
VARIABLE PRESSURE-COMPENSATED FLOW 
CONTROL VALVES DRAWN TO OLDER AND 

NEWER STANDARD

(D)
MANUAL SHUTOFF VALVES

(E)
COMPLETE SYMBOLS FOR

ON/OFF LOGIC 

ON OFF

FIGURE 20—Flow-control valve symbols identify the valves’ operating characteristics.
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Manual shutoff valves are usually of the gate or globe type.
The symbol in Figure 20D represents a manual shutoff valve.
The symbol contains two open arrows that are positioned in a
butterfly configuration. Sometimes, the arrows are contained
in a rectangular box that’s inserted in the line. Or, the valve’s
function may be shown in a two-position, on-and-off configu-
ration (Figure 20E). 

Directional-Control Valve Symbols 

The basic symbol for a check valve is shown in Figure 21A.
The arrow above the symbol shows the direction in which
fluid flows through the circuit. The check valve symbol is
made by inserting a circle in the flow line to represent the
valve’s poppet, or ball, and includes slanted lines on the
upstream (front) side of the ball. Note that the slanted lines
point in the direction of the fluid flow, just as the upper
arrow does. 

These slanted lines represent the seat of the valve that the
ball is pressed against when the valve is closed. 

The symbol in Figure 21B represents a check valve with an
orifice. Since a second device has been added to the simple
check valve, the envelope is drawn around the full symbol. As
with a standard check valve, the fluid flows freely through
the valve when the flow is in the direction of the arrow above
the symbol. When the direction of flow is reversed, the valve’s
ball meets the seat and blocks reverse flow. This reverse flow
must slowly bypass the check valve through the orifice. 

A basic check valve can be modified to remain forcibly open
or closed. This can be accomplished by adding a pilot pres-
sure signal and an internal piston mechanism. The symbol in
Figure 21C represents a pilot-operated check valve that
requires pressure to open. Pilot pressure, indicated by the
dashed line, pushes against the internal piston mecha nism to
hold the check valve open. If pressure was applied to the
“ball” shown in this figure (from the dashed line), the ball
would move away from the slanted lines or seat and open the
valve. As long as the pilot line pressure is applied to the pis-
ton mechanism of the check valve in Figure 21C, fluid can
pass directly through the valve in either direction. 
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Figure 21D illustrates a pilot-operated check valve that
requires pressure to close. In the figure, the dashed pilot
line is positioned to actuate the piston mechanism. The ball
is in contact with the seat and the valve remains closed.
With this arrangement, removal of the pilot line pressure will
cause the valve to open, letting fluid pass through in either
direction. 

Double check valves are built in two general configurations.
These valves are usually found with two poppets, or balls, to
prevent pressurized fluid from momentarily “cross-bleeding”
or flowing from one pressure source to another during transi-
tion. When one ball is used, some cross-bleeding occurs

(A)
CHECK VALVE (B)

CHECK VALVE
WITH ORIFICE

(C)
PILOT-OPERATED 

CHECK VALVE,
PRESSURE TO OPEN

(D)
PILOT-OPERATED
CHECK VALVE,

PRESSURE TO CLOSE

(E) 
DOUBLE CHECK 
VALVE WITHOUT
CROSS-BLEED

(F)
DOUBLE CHECK

VALVE WITH
CROSS-BLEED

(G)
TWO-POSITION, THREE-
CONNECTION VALVE IN

NEUTRAL POSITION

(J)
TWO-POSITION,

FOUR-CONNECTION
VALVE IN ACTUATED POSITION

(H)
TWO-POSITION, THREE

 CONNECTION VALVE IN 
ACTUATED POSITION

(I)
TWO-POSITION, FOUR

CONNECTION VALVE IN
NEUTRAL POSITION

FIGURE 21—Several control valve symbols are shown here. 
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while the ball moves from one blocking position to another.
Figure 21E shows a double check valve without a cross-
bleed, and Figure 21F shows a double check valve with a
cross-bleed. 

Multiple-element directional valve symbols require two or
more valve envelopes to represent the workings of the valve.
For this type of valve, the symbol must have these four
 features: 

  1. A valve envelope for each operating position of the valve 

  2. Internal flow paths for each valve position 

  3. Arrows that indicate the flow direction through the valve 

  4. External ports at the normal or neutral valve position 

Figure 21G shows a two-position, three-connection direc-
tional-control valve in its neutral (resting) position. The
lines extending beyond the valve envelope indicate the
valve’s external ports, and the arrowhead placed on the
internal flow path lines shows the direction of fluid flow
through the valve. 

Figure 21H shows a two-position, three-connection valve in
its actuated position. In the figure, the valve has been actu-
ated so that the ports at the second (right-hand) position are
now connected to the system. The initial position ports have
been disconnected from the circuit. If you compare the flow
path through the valve in Figure 21G to the flow path in
Figure 21H, you can see that the fluid is now traveling in the
opposite direction. 

A two-position, four-connection directional-control valve in
the rest position is shown in Figure 21I. Compare this two-
position symbol to the one shown in of Figure 21A. You can
see why this is called a four-connection valve, since there are
inlet and outlet ports for both lines in the element of the
valve position. The valve symbol in Figure 21I is in the neu-
tral (resting) position, where the flow is straight through the
valve in the flow directions indicated. When the valve is in its
actuated position (Figure 21J), the valve element shifts so
that the flow through the valve is crossed. This usually allows
some other component (such as the linear actuator) to
reverse its direction of travel. 
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Three-Position Directional-Control Valve Symbols 

A three-position, four-connection directional-control valve has
three working positions. The symbol shown in Figure 22A
represents this type of control valve in the neutral position.
When the valve is actu ated as shown in Figure 22B, the fluid
flows through the left-hand envelope. In an actual schematic,
the valve symbol’s envelopes would be shifted to the right so
that the flow lines connect to the leftmost envelope. When the
valve is actuated as shown in Figure 22C, the envelopes are
shifted to the left and a cross-flow pattern results. 

In hydraulic circuits, various flow patterns are found in the
neutral position of a three-position, four-connection valve.
Figures 22D to 22M show a series of symbols that represent
the various neutral valve posi tions. (Note that the identifying
letters used on the symbol ports aren’t a classified standard,
so they may vary from one valve manufacturer to another.)
It’s important to understand these symbols and be able to
interpret the small differences between them. These skills will
allow you to successfully interpret more complicated real-life
diagrams. 

The neutral (center) envelope consists of four ports that are
designated A, B, P, and T. The P stands for pressure, and the
T stands for tank (reservoir). The three-position, four-connec-
tion control valve symbol shown in Figure 22D indicates that
the valve is completely closed in the neutral position. The
symbol in Figure 22E indicates that the valve is normally
open in the neutral position. In Figure 22F, the control valve
is open and ports A and B blocked. This indicates that the
valve is open between the pressure supply port (P) and the
tank or reservoir port (T ). In this condition, the pressurized
fluid circulates back to the reservoir until the valve is actu-
ated to either of the other two envelope flow paths. 

In Figure 22G, the control valve is open and in the neutral
position. Ports A, P, and T are interconnected and port B is
blocked. A similar condition is shown by the symbol in Figure
22H, except that ports A and B are interchanged. When pres-
sure is supplied to both ports A and B so that the valve
remains normally open, the symbol in Figure 22I is used.
This configuration is used in the pilot of pressure-centered
valves. 
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(A)
CONTROL VALVE,

NEUTRAL POSITION

(B)
ACTUATED CONTROL VALVE,

SHIFTED RIGHT

(C)
ACTUATED CONTROL 
VALVE, SHIFTED LEFT

P T

A B

(F)
OPEN CONTROL VALVE,

PORTS A AND B BLOCKED

A B

P T
(E) 

CONTROL VALVE,
 OPEN

A B

P T

(D)
CONTROL VALVE IN 

THE NEUTRAL POSITION,
CLOSED

A B

P T
(G)

OPEN CONTROL VALVE,
PORT B BLOCKED

A B

P T

(H)
OPEN CONTROL VALVE,

PORT A BLOCKED

A B

P T
( I )

 CONTROL VALVE,
PRESSURE TO PORTS 

A AND B

A B

P T

(L)
CLOSED CONTROL 
VALVE, A DRAINS 

TO THE TANK

A B

P T

(K)
CLOSED CONTROL VALVE,

B DRAINS TO THE TANK

A B

P T

(J)
CLOSED CONTROL 

VALVE, A AND B DRAIN
TO THE TANK

A B

P T
(M) 

OPEN CONTROL VALVE,
 ALL PARTS DRAIN TO THE TANK

FIGURE 22—Several complex directional-control valves with three or more flow paths are shown here.

Note that the configuration of the neutral or center position is different from the configuration used in

the symbols shown in Figure 21. 
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At times, the neutral-position circuit holds the valve in a
closed position because the pressure port P is blocked from
the internal circuit. As shown in Figure 22J, the valve is
closed because port P is blocked. At the same time, ports A
and B drain to the reservoir or tank through port T. The sym-
bol shown in Figure 22K indicates that ports A and P are
blocked, but port B drains through port T to the tank. In
Figure 22L, Port A drains to the tank and ports B and P are
blocked. In Figure 22M, the symbol indicates that the valve is
partially open in the neutral position, and all ports drain to
the tank. 

Component and Valve Control Symbols 

Controls or actuation devices are used to position the internal
elements of valves, pumps, and other components to create a
desired configuration. The exact mechanism that’s used to
actuate a valve or pump must be included in the graphic
symbol of the component. The most straightfor ward method
of actuation, manual positioning, occurs in many forms.
Figure 23A shows a general symbol for a manual actuator.
Figure 23B shows the symbol for a pushbutton; 23C shows
the symbol for a lever; 23D shows the symbol for a pedal;
23E shows the symbol for a mechanical actuator; and 23F
shows the symbol for a detent where the number of stops
and the specific stop in use are indicated. 

Several indirect means of controlling or actuating a hydraulic
system are shown in Figure 24. When a spring is used in a
control valve function, it’s indicated by a zigzag line attached
to the valve envelope as shown in Figure 24A. A pilot signal
control system (Figure 24B) uses a dashed line to indicate
the pilot line. 

The difference between two pilot signal pressures can be used
to con trol valve actuation. The difference is obtained by using
pilot pistons with different areas. The symbol in Figure 24C
represents a differential pilot signal control with a drain fea-
ture (drawn to old standards). This symbol indicates that a
differential pressure arrangement is being used, with the area
between the two signals drained to a tank. The terminal point
of the drain line is located above the fluid level in the tank.
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This design prevents a pumping action that would force fluid
in and out of the chamber between the pilot pistons. (A newer
version of the same symbol is shown in Figure 24D.) 

Figure 24E shows a variation of a differential pilot signal con-
trol that has both inputs at the same valve end. In this
arrangement, both pilot signals enter the same side of the
valve envelope so that they can actuate a single spool or valve
element, normally acting in opposite directions. 

A solenoid may also be used to actuate a valve element,
sometimes together with spring control, or both spring con-
trol and a pilot signal. Figure 24F shows the symbol for a
spring-offset solenoid-controlled valve. When the solenoid is
deenergized, the spring forces the valve mechanism into the
normal position (which is the position shown). The dual-sole-
noid control valve shown in Figure 24G doesn’t have a
neutral position. As indicated by the symbol, the right-hand
envelope is the normal valve position. This means that the

(A)
GENERAL MANUAL

(B)
PUSH BUTTON

(C)
LEVER

(D)
PEDAL OR
TREADLE

(E)
MECHANICAL

(F)
DETENT

FIGURE 23—This illustration shows a variety of manual controls used to

actuate and control hydraulic systems. 
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(A)
SPRING CONTROL

(B)
PILOT SIGNAL

CONTROL

(C)
DIFFERENTIAL

PILOT SIGNAL CONTROL
WITH DRAIN 

(OLD STANDARDS)

(D)
DIFFERENTIAL

PILOT SIGNAL CONTROL
WITH DRAIN 

(NEWER STANDARDS)

(H)
PILOT AND SPRING 

CONTROL

(G)
DUAL, SOLENOID

CONTROL

(F)
SPRING AND 

SOLENOID CONTROL

(E)
DIFFERENTIAL
PILOT SIGNAL 

CONTROL WITH 
BOTH INPUTS

 AT SAME 
VALVE END

( I )
PILOT SIGNAL
RELYING ON 

INTERNAL FLUID 
PRESSURE SUPPLY

(J)
PILOT SIGNAL,
ACTUATION BY

RELEASED PRESSURE
(REMOTE EXHAUST)

(K)
PILOT SIGNAL,
ACTUATION BY

RELEASED PRESSURE
(INTERNAL RETURN)

MECH

(L)
SPRING-OFFSET

MECHANICAL CONTROL,
ONE PORT PLUGGED

(P)
COMPOUND

"AND/OR" LOGIC

(O)
"OR" CONTROL
LOGIC, EITHER

CONTROL MAY ACTUATE

(N)
"AND" CONTROL LOGIC,

BOTH SIGNALS
NEEDED TO ACTUATE

(M)
BASIC CONTROL

LOGIC, ONE
SIGNAL NEEDED 

TO ACTUATE

(Q)
COMPOUND

SERVO CONTROL

FIGURE 24—Shown here are several indirect means of controlling or actuating a hydraulic system. 
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solenoid attached to this envelope is normally energized.
Athough not shown in Figures 24F and 24G, the solenoid
symbol may be indicated by a box with the letters SOL. 

Figure 24H shows the symbol for a two-position, four-connec-
tion directional-control valve. This valve is spring-offset and
pilot-operated. This type of valve usually has a drain line
included (as shown) so that the end cap containing the
spring mechanism can be drained. If the pilot signal is sup-
plied by internal or working fluid pressure (rather than an
external pilot signal), the symbol in Figure 24I is used. When
the actua tion of a valve is accomplished by releasing con-
tained fluid rather than by applying pressure, the symbols
shown in Figures 24J and 24K are used. Figure 24J is the
symbol for a valve that’s actuated by a release of pressure in
the form of remote exhaust. Figure 24K is the symbol for a
valve that’s actuated by a release of pressure in the form of
an internal return. 

Figure 24 also shows several symbols for three-position
valves and the methods of actuating them. The symbol shown
in Figure 24L indicates a spring-offset, mechanically-con-
trolled directional-control valve that has one external port
plugged. In this symbol, the center or neutral position (where
all ports will be blocked) is illustrated, even though the unit
doesn’t stay in the neutral position for any fixed length of
time. At the full stroke of the mechanical actuator, the spring
force is overcome and the valve element travels from the
right-hand envelope position through the center envelope
position to the left-hand envelope position. 

Finally, more than one valve actuator can work together or in
opposite directions to control the ultimate valve position.
Figure 24M shows the symbol for a valve that’s actuated by
one external pilot signal. Figure 24N shows the symbol for a
valve that’s actuated by two signals. In the system repre-
sented by Figure 24O, either a manual override or a sole noid
can activate the valve element. These two methods of control
are shown in a parallel configuration as compared to the
series (“and”) arrangement shown in Figure 24N. 

The symbol shown in Figure 24P represents compound AND/
OR control logic. The solenoid and external pilot symbols are
combined in series, in a path that’s parallel to a manual
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override symbol. Either of the two options shown in parallel
can command actuation. So, the system will respond to either
the manual override alone, or to the solenoid and external
pilot. However, for the upper option to function, both the
solenoid and the pilot signals must command the actuation. 

The symbol shown in Figure 24Q is a compound servo con-
trol. Either this servo or the solenoid control depicted below it
can actuate the valve. However, at least one of the two (the
servo or the solenoid) must command valve actuation
together with the pilot signal. 

Switches
Electrical switches are used extensively as controls in mod-
ern fluid power systems. These switches are generally favored
over manual controls in automatic operations because electri-
cal signals from com puters can be used to activate them. A
fluid power system can be controlled with greater accuracy
by using computers and electrical switches than by using
manual controls. 

The following are several popular types of electrical switches
that are used to control fluid power systems: 

  1. Pushbutton switches 

  2. Limit switches 

  3. Temperature switches 

  4. Pressure switches 

  5. Relays 

Let’s take a closer look at each of these switches. 

Pushbutton Switches 

Pushbutton switches can be used to control complex func-
tions in fluid power systems. Most pushbutton switches are
used to start, stop, and manually override system operations
in emergencies. Figure 25 shows four typical pushbutton
switches. Figure 25A shows the symbol for a normally open
single-pole, single-throw switch (abbreviated SPST-NO).
Figure 25B shows the symbol for a normally closed single-pole,
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single-throw switch (SPST-NC). Figure 25C shows the symbol
for a double-pole, single-throw switch. This switch has one
pair of normally open and one pair of normally closed con-
tacts. The name of this switch is abbreviated DPST-NO/NC.
Figure 25D shows the symbol for a double-pole, double-throw
switch. This switch has two pairs of normally open and two
pairs of normally closed contacts. The name of this switch is
abbreviated DPDT-NO/NC. 

Limit Switches 

Limit switches are used to perform the same functions as
pushbutton switches, but limit switches are operated
mechanically instead of manually. A limit switch is actuated
at the end of a hydraulic or pneumatic cylinder stroke. Limit
switches may be designed as either normally open or nor-
mally closed. Figure 26A shows the symbol for a normally
open limit switch (abbreviated LS-NO), and Figure 26B shows
the symbol for a normally closed limit switch (LS-NC). A

FIGURE 25—Several

electrical pushbutton

symbols are shown

here. 

(A)
SPST - NO

(B)
SPST - NC

(C)
DPST - NO/NC

(D)
DPDT - NO/NC

FIGURE 26—This illus-

tra tion shows the

symbols for two types

of limit switches. 

(A)
LS - NO

(B)
LS - NC
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number of different operators can be used with limit switches
(such as plungers, levers, cams, and rollers), but the opera-
tors aren’t indicated in the symbols. 

Temperature Switches 

A temperature switch is used to sense changes in fluid tem-
perature. When a preset temperature is detected, the device
opens or closes an electrical switch. A temperature switch
may be used to turn off a system when an excessive tempera-
ture is detected, thus preventing damage to the system.
Figure 27A shows a normally-open temperature switch
(abbreviated TS-NO), and Figure 27B shows a normally-
closed switch (TS-NC). 

Pressure Switches 

Pressure switches use system pressure to open and close
their contacts. Often, these switches will have a low-pressure
setting and a high-pressure setting. These two pressure set-
tings can be used to control the start and stop of the switch.
Pressure switches are sometimes used to control other sys-
tem devices, such as pumps. Figure 28 shows a
normally-open pressure switch (abbreviated PS-NO), and
Figure 28 shows a normally-closed switch (PS-NC). 

FIGURE 27—This illustra -

tion shows the symbols for

two types of tempera ture

switches. 

(B)
TS - NC

(A)
TS - NO

FIGURE 28—This illus-

tra tion shows the

symbols for two types

of pressure switches. 

(A)
PS - NO

(B)
PS - NC
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Relays 

Relays are electrically actuated switches with contacts that
open or close when energy is applied to their coils. Relays are
often used with solenoids to operate fluid power valves. A
solenoid is a switching device that opens and closes through
the movement of a plunger inside an energized coil. Figure
29A shows the symbol for a relay coil, and Figures 29B and
29C show the symbols for normally-open and normally-closed
relay contacts. Figure 29D shows the symbol for a solenoid. 

Representing Control Systems Using
Boolean Algebra 
All sorts of control systems can be simplified and dia-
grammed by using a form of logic called Boolean algebra.
Boolean algebra is a special type of algebra that involves
true-false statements. Boolean algebra is based on the
assumption that any statement has only two possible condi-
tions: true or false. A statement can’t be both true and false,
and it can’t be neither. Because of this fact, we can assign
the number values of 1 and 0 to the true and false conditions
of a statement. 

(A)
RELAY COIL

(C)
NORMALLY CLOSED CONTACTS

(B)
NORMALLY OPEN CONTACTS

(D)
SOLENOID

FIGURE 29—(A) shows the symbol for a relay coil. (B) and (C) show the

sym bols for normally-open and normally-closed relay contacts. (D) shows

the symbol for a solenoid. 
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So, for example, consider the statement “The fluid power sys-
tem is turned ON.” By using Boolean algebra, we can assign
a value of 1 to the statement if it’s true, and a 0 to the state-
ment if it’s false. These number values can then be read and
interpreted by a computer to con trol conditions inside the
system. 

So, in a fluid power system, a variety of different conditions
can be identified with 1’s and 0’s. Usually, the 1 (often
referred to as a “logic high”) is used to represent the flow of
fluid while the 0 (a logic low) is used to represent a state of
no fluid flow. 

Boolean algebra allows us to control existing systems or
design new systems that will perform desired logic functions.
It also allows system designers to explain how complex con-
trol systems work in rather sim ple terms. This information is
very important to the people who must maintain such sys-
tems. For this reason, it’s useful for you to recognize common
Boolean symbols and understand what they mean. 

A very complex fluid power control system will contain many
different circuits and components. However, when a designer
makes a schematic diagram of the circuit, all of the compo-
nents may not be shown on the diagram. Instead, for
simplicity, certain parts or circuits may be repre sented on
the schematic diagram by logic gates. A logic gate is a series
of interconnected functional blocks that represents a logical
function. Logic gates are drawn using standardized symbols
that signify their functions. In the following sections, we’ll
examine some of the most common types of logic gates. 

The AND Gate 

A given input to a gate will always result in a predictable out-
put. When you’re working entirely with two-state logic, you
need to represent only a binary 1 or 0. You can do this with
logic gates by designating a binary 1 as a “logic high” and a
binary 0 as a “logic low.” 

The AND gate is one of the most fundamental logic gate
building blocks. With only two logical states to contend with,
the function of the AND gate can be completely described in a



list of all the possible states. A table that lists all of the possi-
ble states of a gate is called a truth table (Figure 30). 

In the truth table shown in Figure 30B, the columns headed
A and B represent the inputs to the gate. The C column rep-
resents the output the gate will produce when given the
specified A and B inputs. Note that you get an output of 1
only when both input A and input B are 1. 

All other combinations of A and B produce an output of 0.
The output is a 1 if and only if both A and B are 1, which is
how the AND gate gets its name.

The switch-equivalent circuit of the AND gate is also shown
in the figure. Switches A and B must both be closed in order
to produce an output. 

AND gates aren’t limited to just two inputs as shown in
Figure 30. There can be as many inputs to the AND gate as
the designer wishes. Adding inputs to the gate is the same as
adding additional switches in series. However, regardless of
the number of inputs, each and every input must be a 1
before the output is a 1. All other combinations of input
result in an output of 0. A rule for AND gates is that input 
1 AND input 2 AND input 3 AND . . . input n must all be 1
in order for the output to be 1. 
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FIGURE 30—(A) shows

the AND gate, (B)

shows its truth table,

and (C) shows the

switch-equivalent cir-

cuit of the AND gate. 
A

B
C

0
0
1
1

0 0
01

1 1
0 0

A B C

INPUT OUTPUT

AND

(A) (B)

(C)

A B
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Remember that the terms logic high and logic low can also
be used to refer to binary 1 and binary 0, as shown in the
following: 

Binary 1 = A logic high = On (fluid flowing) 

Binary 0 = A logic low = Off (fluid not flowing) 

The OR Gate 

Another common logic gate is the OR gate (Figure 31). As its
truth table shows, the output of this gate is a 1 when either
the A input or the B input is a 1. The only time that the out-
put isn’t a 1 is when both the A input and the B input are 0.
Just like AND gates, OR gates can have more than two inputs.
The general rule for OR gates is that the output is 1 if input
1 OR input 2 OR input 3 OR … input n is a 1. The output is
0 only when none of the inputs are 1. 

Figure 31C also shows the equivalent circuit of the OR gate
using switches. With the OR gate, the switches are connected
in parallel, and the circuit is completed as soon as any of the
switches are closed. 

FIGURE 31—(A)

shows the OR gate,

(B) shows its truth

table, and (C) shows

the switch-equivalent

circuit of the OR gate. A

B
C 0

0
1
1

0 0
1

1 1
0

A B C

1
1

INPUT OUTPUT

OR

(A) (B)

(C)
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The Inverter 

The gate shown in Figure 32 is called an inverter. The gate
“inverts” (reverses) whatever input is supplied to it. Thus, an
input of a logic high becomes a logic low, and an input of a
binary 1 becomes a binary 0. The inverter is sometimes
called a NOT gate. 

On a schematic diagram, an inverter is sometimes shown
simply as a small circle. This is especially likely when an
inverter is included on a logic diagram with other gates.
Thus, an AND gate with an inverter might look like the gate
shown in Figure 33. 

FIGURE 32—An inverter

and its truth table are

shown here. 

A B

0
0

A B

1
1

NOT

FIGURE 33—The NAND

gate and its truth table are

shown here. 

0
0
1
1

0 1
11

1 0
0 1

A B C

A

B
C

NAND
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The NAND Gate 

The NAND gate (also called the NOT-AND gate) is a combina-
tion of an AND gate and an inverter. The NAND gate is often
used in digital logic circuits that make up the internal logic of
a computer. Figure 33 shows the logic symbol for a NAND
gate and its truth table. 

The NOR Gate 

Like AND gates, OR gates are often used with inverters con-
nected to their outputs. An OR gate combined with an
inverter is called a NOR gate or a NOT OR gate. Figure 34
shows a NOR gate and its truth table. 

The Exclusive OR Gate 

An exclusive OR gate will produce a logic high output only when
its two inputs are at different levels. If both inputs are high,
the output is a 0, as shown in the truth table in Figure 35. 

FIGURE 34—The NOR gate

and its truth table are

shown here. 

0
0
1
1

0 1
01

1 0
0 0

A B C

A

B
C

NOR

FIGURE 35—The exclusive

OR gate and its truth table

are shown here. 

0
0
1
1

0 0
11

1 0
0 1

A B C

A

B

C

XOR
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The Exclusive NOR Gate 

An exclusive NOR gate is shown in Figure 36, along with its
truth table. The exclusive NOR gate’s truth table is the
inverse of the exclusive OR gate’s truth table, just as you
might expect. 

Graphic Symbols for Fluid Conditioners 
Controlling the physical characteristics of the hydraulic fluid
in a system is called fluid conditioning. Fluid conditioning
changes the physical characteristics of the fluid to improve
system operation. There are a variety of fluid conditioning
methods, including temperature control and filtering. The
basic graphic symbol that’s used to represent a fluid condi-
tioning device is a diamond shape with lines extending from
the horizontal corners (Figure 37A). 

If heat is introduced to the system at some point, the symbol
for the fluid conditioner will look like one of those shown in
Figure 37B. In these symbols, vertical lines are drawn inward
from the corners of the diamonds, and two solid arrowheads
are used in each to point to the center of the schematic.
Flow-supply arrows are also used to indicate the heating
medium that’s being used. If the arrows are solid, the heat ing
medium is liquid. If the arrows are open, the medium is
gaseous. 

FIGURE 36—The exclusive

NOR gate and its truth

table are shown here. 

0
0
1
1

0 1
01

1 1
0 0

A B C

A

B

C

XNOR
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(A)
FLUID CONDITIONER

(C)
BASIC COOLER  SYMBOLS

OR

(D)
TEMPERATURE CONTROLLER  SYMBOLS

OR

(E)
FILTER-STRAINER

(F)
SEPARATOR WITH 
MANUAL DRAIN

(G)
FILTER/SEPARATOR

WITH MANUAL 
DRAIN

(H)
FILTER/SEPARATOR
WITH AUTOMATIC 

DRAIN

(K) 
LUBRICATOR

WITH MANUAL
DRAIN

(J)
LUBRICATOR 

WITH NO DRAIN

( I )
DESSICATOR

(B)
BASIC HEATER SYMBOLS

FIGURE 37—Shown here are the symbols for various types of fluid conditioning devices. 
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Figure 37C shows several basic cooler symbols used to indi-
cate heat dissipation. The cooling or heat dissipation is
indicated by the interior arrows that point outward to the
vertical corners. Outside the main body of the symbol, solid
arrowheads may be used to indicate that the cooling medium
is liquid. Open arrowheads indicate that the cooling medium
is gaseous. 

Figure 37D shows a temperature controller. This is a device
that’s used to regulate temperatures between two predeter-
mined limits. As you can see in Figure 37D, the temperature
controller symbol is a combination of the heater and cooler
symbols. 

Filters and strainers condition fluids by trapping small con-
taminants. Figure 37E is the symbol for a filter-strainer. The
filter is indicated by a dashed line running through the sym-
bol. Figure 37F represents a separator, which is used to
remove larger contaminants from the fluid. 

The small vertical line at the lowest point of the symbol indi-
cates a manual drain. A combination filter-separator with a
manual drain is shown in Figure 37G, and a filter-separator
with an automatic drain is shown in Figure 37H. 

A dessicator (a chemical dryer) is used to condition fluids.
Figure 37I shows the symbol for a dessicator. Figure 37J rep-
resents a lubricator that’s added to the system to help reduce
heating of the fluid. This symbol is the basic fluid conditioner
symbol with the addition of a small vertical line that points
inward from the top corner of the diamond. Figure 37K is the
symbol for a lubricator with a manual drain. 

Graphic Symbols for Measuring
Instruments 
In various portions of a hydraulic power transmission sys-
tem, you’ll need to check the pressure, temperature, or flow
indicators. The sym bols shown in Figure 38 are used to indi-
cate the location of these checkpoints in schematic diagrams.
Figure 38A shows pressure gages, Figure 38B shows temper-
ature gages, and Figure 38C shows a flow meter. The totalizing
flow meter shown in Figure 38D is used to nor malize flow
measurement to local fluid temperature and pressure. 
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Graphic Symbols for Component
Assembly 
The assembly of various components within a housing or
enclosure must be represented on a hydraulic power trans-
mission circuit diagram. Figure 39A shows how a basic
enclosure symbol, with two dashed lines surrounded by
longer ones, is used to indicate such an enclosure. Note that
flow lines cross the enclosure outline without loops or dots
being inserted in the flow lines. Also, any external ports for
the assembly are assumed to be on the enclosure line and
will indi cate the external connections to the assembled
 components. 

Figure 39B shows a pump enclosure symbol. In this figure,
the pump enclosure symbol indicates that a double fixed-dis-
placement motor with one suction (inlet) line and separate
discharge lines is contained within the housing. It also indi-
cates that the assembly has a drain line to the reservoir. This
type of assembly is used as a flow divider in a fluid circuit. 

Figure 39C shows a circuit components enclosure symbol.
The assem bly of components within the enclosure includes
a pump, control valves, and orifices that are interconnected
in a specific manner to produce a predetermined control

(A)
PRESSURE GAGES

(B)
TEMPERATURE 

GAGES

(D)
TOTALIZING

FLOW METER

(C)
FLOW METER

FIGURE 38—The symbols shown here are used to represent the location

of certain measuring instruments in hydraulic system schematics. 
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function. Basically, the overall symbol indicates a single
fixed-displacement pump with integral variable-flow-rate
 control and an overload relief valve contained within the
housing. 

Using Graphic Symbols in Hydraulic
Circuit Schematics 
As we discussed earlier in this study unit, a graphical diagram
uses approved standard symbols to show each component in
a fluid power circuit, and includes all interconnecting lines.

(A)
BASIC ENCLOSURE SYMBOL

(B)
PUMP ENCLOSURE

(C)
CIRCUIT COMPONENTS ENCLOSURE

FIGURE 39—Enclosure or assembly symbols indicate components within a

housing.
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The graphical diagram provides a simple way to show both
the function and the control of each component. 

A typical graphical diagram is shown in Figure 40. Starting
from the reservoir symbol at the bottom of the diagram, the
diagram shows that a strainer is located in the reservoir and
that the fluid medium must pass through the strainer before
it arrives at the variable-displacement pump. The pump is
driven by an electric motor. 

M

FIGURE 40—Graphical diagrams indicate the inner workings of a group of components. The ability to

inter pret them is a critical skill for a fluid power technician.
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From the pump, fluid is delivered to the two-position, four-
connection directional-control valve. The control action for
the directional-control valve from the pump (which has a
compensator control) is provided by a pressure signal applied
to the solenoid-operated directional-control valve in the signal
circuit. 

The working line from the main directional-control valve goes
directly to the hydraulic cylinder or ram on the one side,
while the other outlet connection from the envelope joins a
connection of two lines. One of the two resulting working
lines continues to the variable-orifice pressure-compensated
flow-control valve. The flow path of this valve is connected to
the opposite side of the ram. 

An enclosed circuit is used to control the position of the ram.
This circuit is made up of a deceleration valve and a check
valve in the component assembly enclosure. This subcircuit
either bypasses the flow-control valve or diverts all flow
through it, limiting the forward movement of the ram by
restricting the fluid’s escape from the left-hand side of the
cylinder. The check valve within the enclosure allows for free
flow to the right (through the check) and permits free cylinder
return regardless of the deceleration or flow-control valve
position. 

A true circuit diagram is an expanded graphical diagram,
since additional information is placed on it. The diagram uses
approved standard hydraulic and pneumatic symbols to iden-
tify the components of the system. Included on the drawing is
a title box and a component list that indicates the quantity,
name, model number, and manufac turer for each component.
Also listed are the types and sizes of piping required in the
various parts of the circuit, as well as data on the sequence
of operations. The overall system circuit diagram shown in
Figure 41 includes complete information for component pro-
curement, assembly, testing, and operation of the power
transmission system. These diagrams are a necessity when
you’re troubleshooting or working on a circuit. They’re also
helpful when you’re ordering replacement component parts. 

Now, take a few moments to review what you’ve learned by
completing Check Your Learning 3. 
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FIGURE 41—A system’s overall circuit diagram contains important component operation and specifica-

tion data. 
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Check Your
Learning 3

  1.  True or False? Valve symbols seldom indicate the flow path through the valve itself but often

include information on external port position and size. 

  2.  Look at the symbol shown below. What does this symbol represent?

      

        __________________________________________________________

  3.  Controlling the physical characteristics of the hydraulic fluid in a system is called _______. 

  4.  True or False? When two control actuators must both command movement of the internal

mechanism of a pump before it responds, the symbols are placed together in parallel, with

one symbol next to the other. 

  5.  In Boolean algebra, a gate that reverses whatever input is supplied to it is called a(n)

_______ gate. 

  6.  Look at the symbol shown below. What type of fluid conditioner does this symbol represent? 

      

        __________________________________________________________

  7.  True or False? The symbol for a filter is the same as the symbol for a separator, because both

filters and separators perform the same function. 

  8.  A group of symbols is contained within a continuous line. The continuous line consists of two

dashed lines followed by a long line. On a schematic diagram, what does this entire symbol

represent? 

        __________________________________________________________

(Continued)
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Check Your
Learning 3

  9.  True or False? In addition to standard graphic symbols that identify the components, a circuit

diagram also includes a component list with quantity, name, model number, and manufacturer

for each part. 

10.  Look at the symbol shown below. What does the arrow in the upper portion of the symbol

indicate? 

      

        __________________________________________________________

11.  True or False? Fluid conditioning can be accomplished only by regulating the temperature of

the hydraulic fluid. 

12.  In Boolean algebra, an OR gate combined with an inverter is called a(n) _______ gate or 

a(n) _______ gate. 

Check your answers with those on page 68.
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accumulator A chamber in which a fluid can be stored
under pressure and from which it can be withdrawn on
demand. 

actuator A device that’s used to convert fluid energy into
mechanical motion. 

additive A chemical compound or mixture of compounds
added to a fluid to change its properties. 

advance The portion of a machine’s work cycle in which the
tools or workpiece approach the feed position. 

aeration The presence of air in hydraulic fluid. (Excessive
aeration causes the fluid to appear milky and the system
components to operate erratically, due to the compressibil-
ity of the air trapped in the fluid.) 

aftercooler A cooling device that operates on the medium of
a system after it has been pressurized. 

air bleeder A device that’s used to remove air from the high
point in a circuit, such as a needle valve, bleed plug, or
capillary tube to a tank. 

amplifier A device that’s used to amplify a signal to a point
at which the signal will cause actuation of the stroke control. 

automatic cycle A cycle of operation that, once started, is
repeated indefinitely in a predetermined sequence until
stopped. 

back-connected A condition in which pipe connections are
on normally unexposed surfaces of components. 

back pressure The pressure that exists on the discharge
side of a load. Back pressure adds to the pressure required
to move the load. 

bleed off To divert a specific, controllable portion of pump
delivery directly to the reservoir. 

bypass A secondary passage for fluid flow. 

cavitation A condition, usually associated with pump inlet,
in which the liquid doesn’t entirely fill the existing space. 

chamber A compartment within a fluid device. 

channel A passage whose length is long with respect to its
cross-sectional dimension. 
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check valve A valve that permits the flow of fluid in one
direction only. 

cleaner A device that’s used to remove solids from a fluid
wherein the resistance to the motion of these solids is in a
straight line. 

closed-center valve A valve in which all ports are closed in
the center position. 

closed circuit A piping arrangement in which the pump
delivery passes through the other system components and
returns directly to the pump inlet by bypassing the reservoir. 

closed loop A control system in which the output of one or
more elements is compared with a command signal to pro-
vide an actuating signal that will control the output of the
loop. 

command signal An external signal that acts as an input
signal to which a component must respond. 

compensator control A displacement control for variable
pumps and motors that alters displacement in response to
pressure changes in the system as related to its adjusted
pressure setting. 

compressor A device by which mechanical energy is con-
verted into pneumatic energy. 

counterbalance valve A valve that maintains back pressure
to prevent a load from falling; that is, a valve that resists
flow in one direction and permits free flow in the opposite
direction. 

cylinder A linear-motion device in which the thrust or force
is propor tional to the effective cross-sectional area and the
fluid pressure acting on it. 

damper A device that’s used to restrict the amplitude of a
shock wave. 

deceleration valve A valve that gradually reduces the flow
rate to provide fluid deceleration. 

detent-positioned valve A valve that uses a device to hold
the valve in position until it’s actuated by an external force. 
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differential cylinder A cylinder in which the two opposed
piston areas aren’t equal. 

directional-control valve A valve that directs or prevents
fluid flow through selected channels. 

displacement The quantity of fluid that can pass through a
pump, motor, or cylinder in a single revolution or stroke. 

double-acting cylinder A cylinder in which fluid force can
be applied in either direction. 

drain A line from or passage in a fluid component that
returns the fluid to the reservoir or to a vented manifold. 

dwell The portion of a machine’s work cycle in which the
feed rate or pressure stroke is stopped. 

elastomer An elastic, rubberlike material. 

enclosure A housing for fluid apparatus. 

feed The portion of a machine’s work cycle in which work is
performed on the workpiece. 

filter A device that’s used to remove solids from a fluid
wherein the re sistance to the motion of these solids is in a
torturous path. 

flow-control valve A valve whose primary function is to con-
trol the flow rate of a fluid. 

flow-dividing valve A valve that divides the flow from a sin-
gle source into two separate circuit branches at a constant
ratio, regardless of the difference in pressure between the
two branches. 

fluid oxidation A chemical breakdown of a fluid that causes
the formation of oxidation products that produce fluid
foaming, sludge, and so on. 

four-way valve A directional valve that has four controlled
flow paths. 

front-connected A condition in which pipe connections are
on normally exposed surfaces of components. 

heat exchanger A device in which heat is added to or
removed from the fluid. 
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inhibitor A substance that slows or prevents the chemical
reaction of a fluid that causes corrosion or oxidation. 

intensifier A device that increases the working pressure of a
fluid to a level that’s greater than that delivered by a pri-
mary source. 

line A tube, pipe, or hose that acts as a fluid conductor. 

linear actuator A device, usually a cylinder or ram, that
converts fluid energy into linear motion. 

manifold A conductor that provides multiple fluid paths and
connec tion ports. 

manual control Any control that’s actuated by an operator
(such as a lever or foot-pedal control for directional-control
valves) regardless of the means of actuation. 

mechanical control Any control that’s actuated by gears,
cams, link ages, or other mechanical elements. 

meter in To regulate the amount of fluid flow into an actua-
tor or system. 

meter out To regulate the discharge flow of a fluid from an
actuator or system. 

motor A rotary actuator that changes fluid energy into
mechanical energy. 

muffler A device that’s used to reduce exhaust noises in a
pneumatic system. 

needle valve A valve that has an externally adjustable
tapered closure that regulates the flow passage. 

open-center valve A valve in which all ports are intercon-
nected in the center position. 

orifice A restriction whose length is short in comparison to
its cross-sectional dimensions. 

packing A sealing device consisting of bulk deformable
material or deformable elements that can be reshaped by
adjusting compression on them to obtain and maintain
effectiveness. 

passage A machined or cored connection that lies within or
passes through a fluid component and acts as a fluid con-
ductor, as in a manifold. 
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pilot pressure An auxiliary fluid pressure that’s used to
actuate or control a fluid component. 

pilot-operated valve A valve in which the operating parts
are actuated by a pilot fluid. 

pilot valve A valve that’s used to operate another valve or
control device. 

piston A cylindrical part that fits within a cylinder and
receives or transmits motion. 

port The open end of a passage at the surface of a compo-
nent or within the housing of a component. 

power pack An integral power supply unit that usually con-
tains a pump, a reservoir, a relief valve, and a directional
control. 

prefill valve A valve that permits full fluid flow from a tank
to the working cylinder during the advance portion of a
machine cycle, permits operating pressure to be applied to
the cylinder during the feed or work portion of the machine
cycle, and then permits free flow of the fluid from the cylin-
der back to the tank during the return portion of the
machine cycle. 

pressure drop The reduction in pressure between two points
in a line or passage due to the energy required to maintain
flow, or due to a restriction that’s deliberately placed in
the line. 

pressure gage A device that indicates the amount of pres-
sure in the system to which it’s connected. 

pressure-reducing valve A valve whose primary function is
to limit or regulate outlet pressure, regardless of inlet pres-
sure. 

pressure seal A seal that increases its sealing action with
increasing fluid pressure. 

pressure switch A switch that’s operated by a rise or fall in
fluid pressure. 

pump A device that converts mechanical energy into fluid
transmis sion of the energy. 

receiver A vessel that’s used to store a pneumatic medium. 
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relief valve A valve whose primary function is to limit the
pressure in a system. 

reservoir A chamber that’s used to store hydraulic fluid, and
that’s usually equipped with baffles, an air breather, and a
liquid-level gage. 

semiautomatic cycle A cycle that, when started, proceeds
through a predetermined sequence and then stops as the
components return to their initial positions. 

sealing device A part or an assembly of parts that’s used to
prevent fluid leakage between two or more other parts. 

separator A device that’s used to keep water or other materi-
als of different specific gravities separated from the
actuating medium. 

sequence valve A valve whose primary function is to direct
the flow of fluid in a predetermined sequence. 

servo mechanism A mechanism that’s subjected to the
action of a controlling device, and that will operate as if it
were directly actuated by the controlling device. A servo
mechanism is able to supply a power output many times
that of the controlling device, with the power being derived
from an external and independent source. 

servo valve A valve that controls the direction and quantity
of fluid flow in proportion to an input signal. 

shutoff valve A valve that actuates only to “fully open” or
“fully closed.” 

solenoid-operated valve A valve that’s positioned by one or
more solenoids. 

subplate An auxiliary mounting for a fluid component that
provides a means to connect piping to the component. 

surge A transient rise in fluid pressure in a circuit. 

three-position valve A valve that has three working posi-
tions to allow three separate choices of flow distribution. 

three-way valve A directional valve that has three controlled
flow paths. 

two-position valve A valve that has two working positions to
allow two separate choices of flow distribution. 
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two-way valve A directional valve that has two controlled
flow paths. 

unloading valve A valve that bypasses the flow of fluid back
to the tank when a set pressure is maintained at its pilot
port. 

vent A device that allows the release of excess or undesir-
able gases. 
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Power Check Answers 1
  1. triangle 

  2. The color green is used to indicate an in take or drain on
a fluid power diagram. 

  3. solid 

  4. Pictorial symbols 

  5. square, rectangle 

  6. dot 

  7. Graphic symbols 

  8. The five major components of a hydraulic system are the
power source, the pump, the control devices, the con-
ductors, and the output components. 

  9. Graphic 

10. False 

11. The three classifications of graphic sym bols that are
used in hydraulic technology are the JIC, ANSI, and ISO
standards. 

12. dashed 

13. Complete 

14. The three types of symbols that are used in fluid power
diagrams are pictorial symbols, cutaway symbols, and
graphic symbols. 

Power Check Answers 2
  1. The relative position of the line termina tion in the tank

with respect to the surface level of reservoir fluid 

  2. Yes, if the right side is the only pressur ized port. 

  3. The symbol represents two working lines that cross but
aren’t interconnected. 

  4. The symbol represents a bidirectional, fixed-displace-
ment pump. 

  5. A cutaway symbol 



  6. A pneumatic storage tank 

  7. A letter X over the working line indicates a plug that’s
inserted in a working line to provide for a tap-off. 

  8. No 

  9. A double-acting cylinder 

10. A cylinder with a pressure intensifier 

Power Check Answers 3
  1. False 

  2. The symbol represents a relief valve. 

  3. fluid conditioning 

  4. False 

  5. NOT (or inverter) 

  6. The symbol represents a heater that uses a liquid
medium. 

  7. False 

  8. The entire symbol represents a group of components
within the same housing or enclosure. 

  9. False 

10. The arrow indicates that fluid will flow freely through the
check valve in the direction shown. 

11. False 

12. NOR, NOT OR

Power Check Answers68
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Hydraulic System Schematics

When you feel confident that you have mastered the material 

in Title, go to http://www.pennfoster.edu and submit your

answers online. Submit your answers for this examination as

soon as you complete it. Do not wait until another examination is

ready.

Questions 1–20: Select the one best answer to each question.

EXAminATion nUmbEr:

28606400

1. Which of the following positions will a solenoid-controlled,

normally closed, two-position valve return to when it’s

deactivated?

A. The closed position                       

B. The bypass position

C. The open position

D. The energized position

2. In order to find the location of a control valve on a circuit

diagram, which of the following graphic symbols would you

need to look for?

A. A rectangle                                  C. A triangle

B. A circle                                        D. A dot

3. Which of the following is indicated by a dashed line coming

from a valve symbol?

A. An existing but capped pressure line

B. An activation path for the valve

C. A path that supplies an AC electrical signal to the valve’s

solenoid control

D. A drain path for the valve
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4. Look at the symbol that’s shown in Figure A-1. How would you modify this symbol to

show a rotating connection with one working line and one pilot line?

A. Add one dashed line through the circle parallel to the working line.

B. Add one dotted line through the circle parallel to the working line.

C. Add one dashed line intersecting the working line.

D. Add another rotating connection symbol touching the existing symbol.

5. On hydraulic diagrams, color is often used to

A. show line connections. 

B. show control valves. 

C. indicate the function of various fluid conductors.

D. identify various components.

6. The graphic symbols for pumps and motors are similar in that they both consist of a 

circle inserted along a line. Which of the following parts of a symbol would indicate a

pump?

A. A letter P inside the circle

B. A triangle inside the circle that points outward

C. A rectangular shape added to the circle

D. An arrow inside the circle that points inward

7. A type of switch that’s actuated at the end of a hydraulic or pneumatic cylinder stroke 

is a

A. limit switch.                                                     C. relay.

B. temperature switch.                                          D. pushbutton switch.

8. In a hydraulic system schematic diagram, circles are used to indicate

A. fluid flow direction.                                           C. reservoirs and tanks.

B. pumps, motors, and measuring instruments.      D. control valves.

70

Figure A-1—Use this illustration to answer Question 4



14. One of your coworkers wrote to OSHA complaining that your

employer, Dr. Jones, isn’t complying with OSHA regulations

regarding the storage of nitrous oxide cylinders in the dental

office. The cylinders are stored in the hallway that leads to

the restroom and aren’t individually chained. Although OSHA

sent Dr. Jones a letter asking for an explanation, your

employer didn’t respond. This afternoon, while you’re at the 

Examination 71

9. Look at the symbol that’s shown in Figure A-2. This piston-and-cylinder symbol shows a

A. fixed cushion on the advance stroke only.

B. non-cushion on both the advance and retract strokes.

C. adjustable cushion on both the advance and retract strokes.

D. fixed cushion on both the advance and retract strokes.

10. The correct way to identify a pump graphically is to include symbols for the

A. type of pump and the method of control.

B. type of pump and its construction.

C. type of pump and its drain line.

D. direction of shaft rotation and the presence or absence of a drain line.

11. Which of the following is one advantage of using a hydraulic system?

A. A hydraulic system can’t be made to reverse its direction.

B. A hydraulic system will deliver variable torque at constant speed.

C. A hydraulic system’s output is always constant regardless of flow rate.

D. A hydraulic system will deliver constant torque at variable speed.

12. In a schematic diagram, a three-position valve is represented by a string of three

boxes called _______, with each box identifying one of the valve’s flow paths.

A. enclosures                                                        C. elements

B. pilots                                                               D. ports

13. Look at the schematic symbol that’s shown in Figure A-3. This symbol represents a

A. check valve with an overflow line that allows excess flow to return the tank.

B. check valve with pilot-operated directional positioning.

C. double check that allows some crossbleed to occur during translation.

D. Y fitting with an internal ball for flow direction indication.

Figure A-2—Use this illustration to answer Question 9

Figure A-3—Use this illustration to answer Question 13
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14. In a fluid power diagram, the color violet is used to represent

A. exhaust flow.                                                    C. intensified pressure.

B. an intake or drain.                                            D. reduced pressure.

15. A graphic symbol that shows a condensed and stylized version of a component is called

a _______ symbol.

A. simplified                                                         C. cutaway

B. composite                                                        D. complete

16. In a fluid conditioning schematic diagram, the state of the medium being used is sym-

bolized by solid flow arrows

A. (liquid) or open flow arrows (gaseous) inside the diamond symbol.

B. (gaseous) or open flow arrows (liquid) inside the diamond symbol.

C. (liquid) or open flow arrows (gaseous) outside the diamond symbol.

D. (gaseous) or open flow arrows (liquid) outside the diamond symbol.

17. Look at the separator symbol that’s shown in Figure A-4. In order to show a manual

drain on this symbol, you would add a(n)

A. solid arrow from the bottom corner of the diamond.

B. open arrow from the bottom corner of the diamond.

C. dashed line to the inside of the diamond.

D. vertical line extending from the bottom corner of the diamond.

18. In Boolean algebra, a list of all the possible states of a gate is called a(n)

A. AND gate.                                                        C. logic high.

B. truth table.                                                      D. NOR gate.

19. A piston-and-cylinder arrangement with two fluid connections is called a

A. modified cylinder.                                             C. pressure intensifier.

B. double-acting cylinder.                                      D. discrete positioner.

20. Which of the following statements about hydraulic schematic diagrams is correct?

A. Pilot lines are shown as dotted lines.

B. Drain lines are shown as dotted lines.

C. Main lines are shown as dashed lines.

D. Both drain lines and pilot lines are shown as dashed lines.

Figure A-4—Use this illustration to answer Question 17
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