Hydraulics

What is hydraulics?

Hydraulics is the study of fluid motion and its applications.
A fluid is a liquid or a gas that flows. Recall that there are
three major states of matter: solid, liquid, an s. Two
additional states are plasma and Bose-Einstein candengates,

but they are less common in our daily liyes. as Jare
Hydraulics is the study of fluid motionand Uncommon on Earth and Bose-Einsteing co es were
its applications.
created by humans.
In solids, molecules are tightly packed together and don’t mov ] ch. As such,

N
solids retain their shape and do not flow. In liquids, molecul e cle ogether, but not
packed. Liquids have a fixed volume, but
do not have a fixed shape. Rather, they
take on the shape of their container. In
gases, molecules are spread out and move
around freely. Gases have no fixed volume |,

and no fixed shape. Instead, they take gn
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the shape and volume of their containe

_ _ Ry Liquid Gas
As mentloned preVlOUSIY, bOth hqu % ' The three major phases of matter are solid, liquid, and gas.
gases, not having packed molecules, canflow. Some fluids (mainly liquids, but few gasses)
are incompressible, meani e be mashed together into smaller spaces. Most

ecause their molecules are already very close
at is used in hydraulic applications.

together. It is this propert
Pascal
ain principle of hydraulics is Pascal’s Law, developed by French

t ist Blaise Pascal in the mid-1600s. Pascal’s Law states that pressure in
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liquids are essentially ingomp
y id

is transmitted equally throughout the liquid. This means that in a
l l closed system, any force exerted on a point in a liquid is felt at all points

‘ within the liquid. Pressure is calculated as P = g, where F is force, and A is

——————  the cross-sectional area over which the force is applied. Pascal’s Law

Pressure in a liquid

is tf‘;ls;““i;ted depends upon the incompressibility of liquids. So, how does this translate to

throughout. hydraulic applications?

Applications of hydraulics

Think about an open water bottle filled with water. If you squeeze that bottle, what
happens? Because the water is incompressible, it doesn’t just bunch together more within



the bottle; instead, it squirts out the top. This is a simple example of
Pascal’s Law in practice. We are surrounded by more complex
examples. From brakes in our cars to heavy construction machinery,
hydraulics applications are ubiquitous.

Within a hydraulic system, an initial effort force puts pressure on a
liquid over a given area. This pressure is transmitted throughout the

If you squeeze a water bottle,

liquid, reaching a second area (in some systems, a third or a fourth, the water squirts out.
too), in which it exerts a load force. If the second area is larger than the fi
multiplied such that the load force exceeds the effort force, though it a

distance. There are five elements common to most hydraulic systems: \
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edwithilPautomobiles as well, in the form of brakes. The relatively small

t when pressing down on the brake pedal is translated into a great
to"stop the vehicle. There is a small piston (the master cylinder) at the
larger pistons adjacent to the brake discs or brake drums on each of the four
e two rear wheels, depending on the vehicle). When you depress the pedal,
id in the small piston is pushed, exerting a force on the brake pads at the other
end, which contact the brake discs to slow and/or stop the car.

Hydraulics




ters have a two-stage hydraulic oil
e e works with high pressure and low
eaning that less oil is pumped into the cylinder,
at high pressure. The piston is punched into the
this stage because great force is required to split a
Jn the second stage, the oil is at a lower pressure, but
there is a higher volume, so that the piston can be pulled
out of the log quickly. Less force is required in this stage.
The hydraulj fa l@splitter is usually powered by a gas engine.

Some log splitters use hydraulics.

Excavato to'move large masses of dirt similarly
rely s. Hydraulics control both the arm

adjacent to0 the hydraulic pumps. Small hydraulic lines
branch out from the valves and connect to pistons on
the arm. These pistons work to extend and shorten,
rotate, and lift and lower the arm, depending on the
line through which the oil is pumped and thus the
direction it is pushed. The pistons act as the excavator’s muscles, helping it to move its arm

Excavators rely on hydraulics.



much like a human appendage. The cab is controlled by a separate system that causes it to
rotate.

Loaders generally have three pairs of pistons, each
performing a different task. One pair is used to lift
and lower the bucket of the loader. A second pair
rotates the bucket to dump a load. The third pair
opens the bucket for use in grabbing andfpicking up
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Loaders often have three paul's of plStOI;SH - large Ob] ects.
Dump trucks often have hydraulic-powered telescoping cylinders tq Ii wer the
bed.
Additional applications include aircraft landing gears, brake sy s; missiles;

automobile transmissions and steering; trash compactors an

Advantages of hydraulics
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Reading Comprehension Questions:

What

What is a fluid?

What s

What is meant by the term “incompressible”? What makes liquids incompressible?
What is Pascal’s Law?

Describe

What are

Explain how a hydraulic jack works.

Why is

10.How do the pistons in an excavator act like muscles?
11.List \

Extension Questions:;
12.What is another simple example of hydraulic actice aside from water bottles?
13.Research

14.Choose an %
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Reading Comprehension Questions: Answer Key
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