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Basic Hydraulic Systems and ComponentsThis course is designed to provide instruction on the

concept and operation of the basic components of the hydraulic system. It also describes the

various components of a typical hydraulic system, their construction and functions, and their

relationship to each other.When the term hydraulics is applied to aircraft, it means a method of

transmitting power from one location to another through the use of a confined fluid.This course

is part of our Mechanics and Hydraulics series.Full illustrations and diagrams

included.Lessons:- Hydraulic Reservoirs, Filters, Pumps, Accumulators and Motors- Basic

Construction and Operation- Hydraulic Pressure-Limiting, Controlling and Sensing Devices



Published by TSD Training© 2013 Powerhouse Publishing LtdPowerhouse Publishing is a

registered trademark of Powerhouse Publishing LtdNoteThe contents of this book are intended

to provide helpful information, reference and understanding on the subjects discussed and

should not be relied upon as recommending or promoting a specific method. This type of

activity can be dangerous. Failure to follow all the safety procedures may result in serious

injury or death. For safety, you should use caution, care and good judgment. Consider your

own skill level and the instructions and safety precautions associated with the tools and

materials that you are using. The publisher cannot assume responsibility for any damage to

property or injury as a result of using the information provided.The publisher makes no

representations or warranties with respect to the accuracy or completeness of the contents of

this work and specifically disclaim all warranties, including without limitation any implied

warranties of fitness for a particular purpose. The publisher does not assume and hereby

disclaims any liability to any party for any loss, damage, or disruption caused by errors or

omissions, whether such errors or omissions result from negligence, accident, or any other

cause. Any references used are provided for informational purposes only and do not constitute

endorsement.Table of ContentsLesson 1 - Hydraulic Reservoirs, Filters, Pumps, Accumulators,

and MotorsPractice ExerciseAnswer Key and FeedbackLesson 2 - Basic Construction and

Operation of Hydraulic Actuating Devices, Flow Control, and Directional DevicesPractice
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1HYDRAULIC RESERVOIRS, FILTERS, PUMPS, ACCUMULATORS, AND

MOTORSOVERVIEWIn this lesson you will learn the basic operation of the hydraulic

reservoirs, filters, pumps, accumulators, and motors.After this lesson you will demonstrate

knowledge of hydraulic reservoirs, filters, pumps, accumulators, and motors.INTRODUCTIONA

means of storing hydraulic fluid and minimizing contamination is necessary to any aircraft

hydraulic system. These functions are performed by reservoirs and filters. The component

which causes fluid flow in a hydraulic system–the heart of any hydraulic system–can be a hand

pump, power-driven pump, accumulator, or any combination of the three. Finally, a means of

converting hydraulic pressure to mechanical rotation is sometimes necessary, and this is

accomplished by a hydraulic motor. HYDRAULIC RESERVOIRSThe hydraulic reservoir is a

container for holding the fluid required to supply the system, including a reserve to cover any

losses from minor leakage and evaporation. The reservoir can be designed to provide space

for fluid expansion, permit air entrained in the fluid to escape, and to help cool the fluid. Figure

1-1 shows two typical reservoirs. Compare the two reservoirs item by item and, except for the

filters and bypass valve, notice the similarities. Filling reservoirs to the top during servicing

leaves no space for expansion. Most reservoirs are designed with the rim at the filler neck

below the top of the reservoir to prevent overfilling. Some means of checking the fluid level is

usually provided on a reservoir. This may be a glass or plastic sight gage, a tube, or a dipstick.

Hydraulic reservoirs are either vented to the atmosphere or closed to the atmosphere and

pressurized. A description of each type follows. Vented Reservoir. A vented reservoir is one that

is open to atmospheric pressure through a vent line. Because atmospheric pressure and

gravity are the forces which cause the fluid to flow to the pump, a vented reservoir is mounted

at the highest point in the hydraulic system. Air is drawn into and exhausted from the reservoir

through a vent line. A filter is usually installed in the vent line to prevent foreign material from

being taken into the system. Pressurized Reservoir. A pressurized reservoir is sealed from the



atmosphere. This reservoir is pressurized either by engine bleed air or by hydraulic pressure

produced within the hydraulic system itself. Pressurized reservoirs are used on aircraft

intended for high altitude flight, where atmospheric pressure is not enough to cause fluid flow

to the pump. In reservoirs pressurized by engine bleed air, the amount of air pressure is

determined by an air pressure regulator–usually 10 to 15 pounds per square inch (psi) gage.

An example of a hydraulically pressurized reservoir used in the CH-47 hydraulic system is

shown in Figure 1-2. This reservoir, or tank as it is referred to by Boeing-Vertol, is constructed

of a metal housing with two internal pistons, one fixed and the other a floating piston which

slides along a central tube. Attached to the floating piston is a larger tube that projects through

the forward end of the tank and is calibrated to indicate FULL and REFILL fluid levels for ramp-

up and ramp-down positions. Figure 1-1. Typical Hydraulic Reservoirs.Hydraulic fluid at 3,000

psi flows into the central tube as shown in Figure 1-2, passes through two outlet holes, and

applies pressure at the piston area between the two tubes. Because the smaller piston has a .5-

square-inch (sq in) exposed surface and the floating piston has a 30-sq-in exposed surface,

the 3,000-psi pressure acting upon the smaller forward area produces an opposing pressure of

50 psi on the return fluid stored at the rear of the piston. Additional Reservoir Components.

Many reservoirs, as shown in Figure 1-1, are constructed with baffles or fins to keep the fluid

from swirling and foaming. Foaming can cause air to become entrained in the system. Filters

are incorporated in some reservoirs to filter the fluid before it leaves the reservoir. A bypass

valve is used to ensure that the pump does not starve if the filter becomes clogged. A

standpipe is used in a reservoir which supplies a normal and an emergency system. The main

system draws its fluid from the standpipe, which is located at a higher elevation. This ensures

an adequate fluid supply to the secondary system if the main system fails. Figure 1-2.

Hydraulic Reservoir Pressurized With Hydraulic Fluid.HYDRAULIC FILTERContamination of

hydraulic fluid is one of the common causes of hydraulic system troubles. Installing filter units

in the pressure and return lines of a hydraulic system allows contamination to be removed from

the fluid before it reaches the various operating components. Filters of this type are referred to

as line filters. Line Filter Construction. A typical line filter is shown in Figure 1-3. It has two

major parts–the filter case, or bowl, and the filter head. The bowl holds the head that screws

into it. The head has an inlet port, outlet port, and relief valve. Normal fluid flow is through the

inlet port, around the outside of the element, through the element to the inner chamber, and

out through the outlet port. The bypass valve lets the fluid bypass the filter element if it

becomes clogged. Figure 1-3. Typical Line Filter Assembly.Types of Filter Elements. One of the

most common filtering elements used is the micronic type. It is a disposable unit made of

treated cellulose and is formed into accordion pleats, as shown in Figure 1-3. Most filter

elements are capable of removing all contaminants larger than 10 to 25 microns (1 micron

equals 0.00004 inch). Another type is the cuno filter element. It has a stack of closely spaced

disks shaped like spoked wheels. The hydraulic fluid is filtered as it passes between the

disks. HAND-OPERATED HYDRAULIC PUMPThe heart of any hydraulic system is the pump

which converts mechanical energy into hydraulic energy. The source of mechanical energy

may be an electric motor, the engine, or the operator's muscle. Pumps powered by muscle are

called hand pumps. They are used in emergencies as backups for power pumps and for

ground checks of the hydraulic system. The double-action hand pump produces fluid flow with

every stroke. Handle to the Right. The double-action hand pump, shown in Figure 1-4, consists

of a cylinder piston with built-in check valve, piston rod, operating handle, and a check valve

built into the inlet port. As the handle is moved to the right, the piston and rod also move to the

right. On this stroke, the inlet check valve opens as a result of the partial vacuum caused by



the movement of the piston, allowing fluid to be drawn into the left chamber. At the same time,

the inner check valve closes. As the piston moves to the right, the fluid in the right chamber is

forced out into the system. Figure 1-4. Double-Action Hand Pump.Handle to the Left. When the

handle is moved to the left, the piston and rod assembly also move to the left. The inlet check

valve now closes, preventing the fluid in the left chamber from returning to the reservoir. At the

same time, the piston-head check valve opens, allowing the fluid to enter the right

chamber. Fluid Into the System. The pump produces pressure on both strokes because of the

difference in volume between the right and left chambers. The piston rod takes up a good

share of the space in the right chamber. Therefore, the excess fluid is forced out of the pump

and into the hydraulic system, creating fluid pressure. PUMP-DRIVEN HYDRAULIC

PUMPSPower-driven pumps receive their driving force from an external power source, such as

the aircraft engine. This force is converted into energy in the form of fluid pressure. The four

basic types of power-driven hydraulic pumps are gear, vane, diaphragm, and piston. Of these,

the piston type is one of the most commonly found in aircraft. The reason for this is that it

operates more efficiently at higher pressures and has a longer life than any of the others.

Piston pumps are further categorized as either constant delivery or variable delivery. Pumps

are coupled to their driving units by a short, splined coupling shaft, commonly called a drive

coupling. As shown in Figure 1-5, the shaft is designed with a weakened center section called

a shear section, with just enough strength to run the pump under normal circumstances.

Should some trouble develop within the pump causing it to turn unusually hard, the shear

section will break. This prevents damage to the pump or driving unit. Figure 1-5. Pump Drive

Coupling.Constant-delivery piston pumps deliver a given quantity of fluid per revolution of the

drive coupling, regardless of pressure demands. The quantity of fluid delivered per minute

depends on pump revolutions per minute (rpm). In a system requiring constant pressure, this

type of pump must be used with a pressure regulator. Angular Piston Pump Construction. The

basic components of an angular piston pump are shown in Figure 1-6. They are– 
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Agm, “This is a good quick read.. This book gave a great overview of hydraulics. it explained

many components and was easy to understand. I liked the quizzes at the end of each chapter,

they helped me focus on important ideas. I would recommend this book to someone that

wanted to improve their basic knowledge of hydraulics.”

jnorthern, “hyd reference. This is a basic breakdown of components that make up a hydraulic

system and put in simple terms.It is a good book to read for a refresher course on hydraulic

breakdown in case you haven't worked on a system for a while.”

KD4VLF, “A big help.. I wanted to learn more about hydraulics for work. This book covered all

the basics for me to be able to find my way through hydraulic schematics and troubleshoot

systems.”

The book by Central Intelligence Agency has a rating of 5 out of 4.0. 12 people have provided

feedback.
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