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Principles of Hydraulics

The word “hydraulics” generally refers to power produced by moving liquids.  Modern hydraulics
is defined as the use of confined liquid to transmit power, multiply force, or produce motion.

Though hydraulic power in the form of water wheels and other simple devices has been in use
for centuries, the principles of hydraulics weren’t formulated into scientific law until the 17th
century. It was then that French philosopher Blaise Pascal discovered that liquids cannot be
compressed. He discovered a law which states: Pressure applied on a confined fluid is
transmitted in all directions with equal force on equal areas.

To better understand Pascal’s Law; let’s use a bottle full of liquid as an example. Let’s say the
bottle has a 1 square inch opening. If we were to apply 10 pounds of force on a cork at the
opening, 10 pounds of force would be applied equally to all sides of the bottle. This is expressed
as 10 psi or 10 pounds of force per square inch. 10 psi represents the fluid pressure of the
system.

Though impressive on paper, Pascal’s Law wasn’t put into practical application until the
Industrial Revolution when Joseph Bramah, a British mechanic, built a hydraulic press using
pressure, force and confined fluid in a lever-like system. 

Bramah discovered that in a closed fluid system a small force exerted on a small cylinder could
balance a large force on a large cylinder. For example, 1 pound of force applied to a 1 square
inch cylinder can balance 100 pounds of force on a 100 square inch cylinder. This is how we
can move a 100 pound weight using only 1 pound of force. The distance the 100 pounds will
travel is inversely proportional to the distance the applied force travels. That means if we move
a 1 square inch cylinder a distance of one inch, we only move the 100 square inch cylinder
1/100th of an inch.
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A closed hydraulic system such as the one diagrammed here provides a mechanical advantage
similar to that of a simple lever.

http://science.howstuffworks.com/hydraulic1.htm

Hydraulic multiplication.  The piston on the right has a surface area nine times greater than the
piston on the left.  When force is applied to the left piston, it will move nine units for every one
unit that the right piston moves, and the force is multiplied by nine on the right-hand piston.

To determine the multiplication factor, start by looking at the size of the pistons.  Assume the
piston on the left is 2 inches in diameter (1 inch radius), while the piston on the right is 6 inches
in diameter (3 inch radius).  The area of the two pistons is Pi *( r x r) or r squared.

The area of the left piston is therefore 3.14, while the area of the piston on the right is 28.36.
The piston of the right is 9 times larger than the piston on the left.  What that means is that any
force applied to the left hand piston will appear 9 times greater on the right hand piston.  So if
you apply a 100 pound downward force to the left piston, a 900 pound upward force will appear
on the right.  The only catch is that you will have to depress the left piston 9 inches to raise the
right piston 1 inch.

http://science.howstuffworks.com/hydraulic1.htm
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Hydraulic systems contain the following key components:

Fluid - can be almost any liquid. The most common hydraulic fluids contain specially
compounded petroleum oils that lubricate and protect the system from corrosion.

Reservoir - acts as a storehouse for the fluid and a heat dissipater.

Hydraulic pump - converts the mechanical energy into hydraulic energy by forcing hydraulic
fluid, under pressure, from the reservoir into the system.

Fluid lines - transport the fluid to and from the pump through the hydraulic system. These lines
can be rigid metal tubes, or flexible hose assemblies. Fluid lines can transport fluid under
pressure or vacuum (suction).

Hydraulic valves - control pressure, direction and flow rate of the hydraulic fluid.

Actuator - converts hydraulic energy into mechanical energy to do work. Actuators usually take
the form of hydraulic cylinders. Hydraulic cylinders are used on agricultural, construction,
industrial and a large assortment of mobile equipment.

While there are different kinds of pumps, actuators, valves, etc., the basic design of the
hydraulic system is essentially the same for all machinery.
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Why hydraulic hose?

Why hydraulic hose? The use of hydraulic machinery gained acceptance in the early 1940s.
Around this time, engineers discovered that hydraulic systems needed only minimal space and
weight requirements to produce high power output, and these self-lubricating systems protected
the metal pipe and tube conductors from rusting.

Eventually, hydraulic hose replaced the metal pipe and tube conductors of these early systems.
The rust resistant hoses were easier to route and install and they added flexibility to moving
parts. The hoses were also able to absorb the shock and vibration that typically broke metal
tube conductors and could withstand the constant pulsating of hydraulic pumps pushing fluid
throughout the system many times per second.

Today, hydraulic hose is the most widely used means of power transmission in the world and
can be found almost anywhere. Farm machinery, trucks, buses and virtually all types of earth
moving equipment use hydraulic hoses.

Oil and Gas Drilling   Agricultural Equipment

             

Construction Equipment

Mining Equipment Manufacturing (Maintenance/Road Repair)

            



5

Where hydraulic hose is used

Fleets

Hydraulic hoses are not exclusive to hydraulic systems. Because of their superior resistance to
heat, oil and abrasion, hydraulic hoses are used extensively on trucks, buses and large diesel-
powered vehicles. These non-hydraulic applications include connections to turbo chargers,
engine and
transmission oil
coolant lines,
diesel fuel,
gasoline, air and
water lines, plus
any other under-
the-hood
application where
a hose is
subjected to
severe heat,
weathering and
abrasion.

http://www.hankstruckpictures.com/pix/trucks/len_rogers/july7b/man_goodyear.jpg

http://www.hankstruckpictures.com/pix/trucks/len_rogers/july7b/man_goodyear.jpg
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Where hydraulic hose is sold

Replacement hydraulic hose and fittings are available from Goodyear through several
distribution channels. These channels are: 

 Automotive Warehouse Distributors

 Fleet and Heavy-Duty Distributors

 Industrial Hydraulic Specialists

 Original Equipment Dealers. 

The Automotive Sales Division serves the Automotive Warehouse Distributor and Fleet and
Heavy-Duty distribution channels for hydraulic hose and couplings.

Distributors may fabricate hydraulic assemblies by attaching couplings to hose or they may
resell hydraulic hose and couplings for assembly by dealers or end-users. A dealer sells and/or
services equipment using hydraulic hose assemblies. End-users may also fabricate assemblies
themselves but usually install a pre-made hose assembly onto their equipment.
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Coupling Thread Types
Thread configurations on couplings come in two types:

 male (threads outside) and 

 female (threads inside). 

To establish conformity in the industry, thread ends were standardized. Today there are three
principle types of hydraulic seals that thread end designs can conform to: 

 pipe thread seals, 

 mated angle seals and 

 “O”ring seals. 

The first two use metal-to-metal contact to seal and the latter, “O”rings; use a rubber-to-metal
seal.
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Pipe Thread Seals
There are two types of pipe threads. The first is the National Pipe Tapered for Fuel (NPTF)
which features a tapered thread. When male and female components are threaded together, the
tapered threads deform and apply pressure on one another which creates the seal. The second
is the National Pipe Straight Thread Mechanical Joint (NPSM) which features a straight thread
that brings two 30° tapered seats together to form the seal.

NPTF
Identification: National Pipe Tapered Fuel. Tapered thread.

Seal: The thread is tapered and sealing takes place with the deformation of the threads. The
NPTF male has a 30-degree seat and will mate with the NPTF female, also with tapered
threads, but no seat. A thread sealant is commonly used. A NPTF male with 30-degree seat will
mate with a NPSM female, which has straight threads and a 30 degree inverted seat. The
sealing takes place on the 30-degree seat.

Application: The NPTF fitting is a dry-seal thread, commonly used in fluid power systems but not
recommended by the National Fluid Power Association for hydraulic applications.

NPSM
In the SAE system, the solid male pipe thread fitting has tapered threads and a 30° seat. The
tapered threads are used to create an interference seal when screwed into a solid female port.
The 30° seat is used to create the seal with a swivel female pipe's 30° seat.

Identification: National pipe Straight Mechanical. Straight thread.

Seal: Both male and female have a straight thread and 30-degree seat and chamfer. The seal
takes place by compression of the 30-degree seat on the chamfer. The threads hold the
connection mechanically.

Application: Used in fluid power systems.

Sealing Surface
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Mated Angle Seals
With this design, the hydraulic seal is created when two mated angle surfaces are brought
together by the threads. There are two basic types: the SAE 45° and the SAE 37°. SAE 45°
couplings were designed so hose assemblies could be joined to the copper tubing found on
early model trucks. Engineers found they could attach a piece of hose by putting a fitting on the
tube and then flaring the end of the tube to a 45° angle.

Generally, SAE 45° flare fittings are found on lower pressure applications such as fuel lines, hot
oil lines or refrigerant lines. As a rule of thumb, the 45° angle seat is used in “under the hood”
and marine applications.

As hydraulic equipment became more powerful and used higher pressures, steel tubing was
used instead of copper. A 37° seat angle was adopted because steel tubing could not be flared
to an angle greater than 37° without weakening it. Today, 37° angle seats are commonly used
on medium and high-pressure lines on heavy equipment to join hydraulic hose assemblies to
hydraulic system components.

JIC 37 Degree (SAE J514)
Identification: Straight threads. Both male and female have 37 degree seat.

Seal: The seal is made on the 37-degree flare seat. The threads hold the connection
mechanically. Only connect male, SAE 37 with female SAE 37. 

Application: SAE specifies use with high pressure hydraulic tubing.

Comments: Commonly known as JIC fittings and found in fluid power systems. Use caution
when identifying this fitting, as the threads are the same as SAE J512 45 degree in –2, -3, -4, -
5, -8 and –10 sizes. The sealing surface angles are different however.
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SAE 45 Degree (SAE J512)
Identification: Straight threads. Both male and female have 45 degree seat.

Seal: The seal is made on the 45-degree flare seat. The threads hold the connection
mechanically. Only connect male, SAE 45 with female SAE 45. 

Application: Commonly used in low pressure, refrigeration and automotive piping systems.
Frequently constructed of brass and connected to copper tubing.
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“0” Ring Seals
There are three basic designs in this family - the “O” Ring Boss, the Flat Face “O” Ring Seal,
and the “O” Ring Flange.

In the Boss design, straight threads make the connection while a rubber “O” ring makes the
seal. The threads pull the fitting against the port which flattens the ring and forms a seal that is
excellent for high-pressure applications.

In the Flat Face “O” Ring Seal (FFOR) a seal is made when the O-ring in the male contacts the
flat face on the female. The solid male O-ring face seal fitting will mate with a swivel female O-
ring face seal fitting only. The O-ring sits in the O-ring grove in the male.

“O” Ring Flanges solved the problem of making large diameter, high-pressure connections
without having to use an extremely large wrench. The port is bored with a center outlet
surrounded by a smooth flat face that has four tapped holes and four mounting bolts that tighten
down onto flange clamps. There are no threads on the coupling.

O-Ring Boss Straight Thread (J514)
Identification: Male fitting has a straight thread and an o-ring. The female port has a straight
thread, and a chamfer to accept the o-ring.

Seal: Seal takes place by compressing the o-ring into the chamfer. The threads hold the
connection mechanically. Only connect o-ring boss male with o-ring boss female.

Application: Recommended by the National Fluid Power Association for optional leakage control
in medium and high pressure hydraulic systems.
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O-Ring Face Seal (SAE J1453 ORS/ORFS)

Identification: Male fitting has a straight thread and an o-ring. Female has a straight thread and
a machined flat face. 

Seal: The seal takes place by compressing the o-ring onto the flat face of the female. The
threads hold the connection mechanically. 

Application: Fittings are intended for hydraulic systems where elastomeric seals are accepted to
overcome leakage and leak resistance. This connection offers the very best leakage control.
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Code 61/Code 62/Caterpillar Flange (SAE J518)

                    

Identification:  The female port is an unthreaded hole surrounded with 4 bolt holes in a
rectangular pattern. The male consists of a flanged head, grooved for an o-ring and a flange
with holes to match the port. 

Seal: The seal takes place on the o-ring, which is compressed between the flanged head and
the flat surface surrounding the port. The threaded bolts hold the connection mechanically. 

Application: Commonly used in fluid power systems, worldwide, and usually in connection on
pumps and motors. The fitting is available in two pressure ratings. Code 61, Form R, PN 35/350
bar, Type I is referred to as the “standard” series and can withstand an operating pressure of
3000-5000 psi depending on size. Code 62, Form S, PN 415 bar Type II, is the heavy duty,
6000 psi series. While the design is the same, bolt hole spacing and flanged head diameters are
larger for the higher pressure. Code 62 fitting.  

Comments: SAE J518, DIN 20066, ISO/DIS 6162 and JIS B 8363 are interchangeable except
for the bolt sizes. The –10 is not available as an SAE standard size. Caterpillar flanges, which
have the same flange OD as SAE Code 62, have a thicker flange head, which is the “C”,
dimension in the table. 

How to Measure: Measure port hole diameter using calipers. Measure the longest bolt hole
spacing from center to center, which is Dimension “A”. 












