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ABSTRAK

Kajian in dilakukan untuk mencari pendekatan lain mengenai system
transmisi hidraulik dalam bidang automotif. Sistem transmisi yang dicadangkan
terdiri daripada komponen-komponen hidraulik yang akan direka dan akan
melakukan analisa bagi mengantikan system transmisi mekanikal yang sedia ada
digunakan dalam sesebuah kenderaan. lanya dibuat untuk meninjau potensi system
transmisi hidraulik yang mampu mengatasi system transmisi mekanikal yang ada
sedikit kekangan. lanya juga sebagai salah satu langkah untuk menjimatkan
penggunaan minyak melalui kajian terperinci. Kajian akan dilakukan untuk
mendapatkan suatu system transmisi hidraulik sebelum sebarang peningkatan akan
dilakukan terhadap system transmisi tersebut. Kemudian, pemilihan dan pengiraan
yang kritikal akan dilakukan untuk mencari dan mengenalpasti parameter —
parameter yang terlibat di dalam kajian ini.Hasil daripada analisa tersebut adalah

berdasarkan nilai parameter yang sesuai terhadaap sistem ini.
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ABSTRACT

This study is to investigate an alternative approach for full hydraulic
transmission system in automotive application. A transmission system, which
consists of hydraulic components, is to be analyzed by replacing the common
mechanical type transmission system of a vehicle to observe its potential on whether
the transmission system which is fully driven by the hydraulic components can cater
the currently available mechanical transmission system. It is also an alternative
approach to reduce the fuel consumption. By reducing the driving capacity, a
preliminary investigation was conducted to obtain the information regarding full
hydraulic transmission system before any enhancement can be carried out to improve
the system. Next, critical selection and calculation were done in order for the
hydraulic transmission to be working efficiently by identifying parameters involved
in this research. The result is based on the selection of parameters values which

appropriate to the system
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CHAPTER 1

INTRODUCTION

Hydraulics is a topic of science and engineering dealing with the mechanical
properties of liquids. Hydraulics is part of the more general discipline of fluid power.
Fluid mechanics provides the theoretical foundation for hydraulics, which focuses on
the engineering uses of fluid properties. Hydraulic topics range through most science
and engineering disciplines, and cover concepts such as pipe flow, dam design, fluid
control circuitry, pumps, turbines, hydropower, computational fluid dynamics, flow

measurement, river channel behavior and erosion.

Hydraulic system is defined as force that is applied at one point is transmitted
to another point using an incompressible fluid (Marshall Brain, 2000). Force that is
applied at one point is transmitted to another point using an incompressible fluid.
Hydraulic system use liquids such as petroleum oils, synthetic oils and water. The
first hydraulic fluid to be used was water because it is readily available. However,
water has many deficiencies. It freezes readily, is a relatively poor lubricant, and
tends to rust metal components. Hydraulic oils are far superior and hence are widely

used in lieu of water.

In hydraulic system, it is consists of hydraulic pump, hydraulic motor and
directional valves. These equipments are essential and provide the muscle to do the
desired work. The hydraulic pump exhibit the fluid to be transmitted to the hydraulic
motor where the motor will produces a torque resulting in a rotary motion. Hydraulic
can provide a huge forces and torque to drive loads with utmost accuracy and
precision. The interesting thing in hydraulic systems is the ability to apply force

multiplication.
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In a transmission system which is used in a car, there is a usage of hydraulic
system applied especially in an automatic transmission system. Using a fluid
coupling or torque converter and a set of planetary gearsets to provide a range of
torque multiplication, it operates the predominant form of the transmission system
(Wikipedia, 2006). The multitude of parts, along with the complex design of the
valve body, originally made hydraulic automatic transmissions much more
complicated and expensive to build and repair than manual transmissions. Mass
manufacturing and decades of improvements have reduced the cost. The automatic
transmission system also has high fuel consumption and high engine maintenance.
Furthermore, once the gearbox is damaged, the cost of repairing is very high due to

the expensive parts and service.

The purpose of this project is project is to create a transmission system which
only consists of hydraulic system. By removing the mechanical system in the
transmission system, we will only use the hydraulic system to provide movement

and speed to the car.

The application that will be used to design the hydraulic transmission system
will be fully hydraulic system. It is known that hydrostatic transmission has replaced
the mechanical transmission system but the application only being used in heavy
vehicles such as track type tractor and the transmission needs a larger engine to be
run. With the development of the hydraulic transmission system, maintenance cost
can be reduced and a smaller yet compact engine can be developed. Hence it can
reduce the cost of making an engine.

The selection of the hydraulic pump and motor will be studied and considered
very essential to this project because in order to find the suitable horsepower and
torque which are equivalent to the automatic transmission system, suitable
parameters are to be investigated and calculated. Furthermore, the fluid properties
used as a medium to transmit the power to the motor will also be studied and

included in this project.
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1.1 Problem Statement

Based on the problems occurs in a present hydraulic transmission system and

mechanical transmission of an automobile, there are few problems that contribute to

the implementation of this project. The problem statements are presented below:

a)

b)

d)

To create higher speed torque, greater engine capacity is required. For this,
new designs are being developed to increase the engine capacity in order to
meet the demand.

Bigger engine require more space and critical economic consideration to save
fuel consumption.

It incurs higher cost in engine and attachment production.

The mechanical transmission consist many mechanical associates which

produces louder noise and power loss.

1.2 Objectives

By simulating a transmission system circuit which is fully operated by
hydraulic system.

Observe and analyze the hydraulic capability in transmitting the power base
on the existing system.

To analyze the suitable parameters for the hydraulic transmission system.

Suggestion for development.

1.3 Scope of search

To design and simulate a new type of transmission system which will be

using the hydraulic fluid in order to replace the currently available mechanical

transmission system.
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1.4 Hydraulic history and principles

Fluid power technology came into its own in the 17th century with the
discovery of Pascal’s Law and in the 18th century with the discovery of Bernoulli’s
Principle. These two findings form the basic principles behind modern hydraulic

power.

Pascal’s Law - Pressure applied to a confined fluid is transmitted undiminished in all
directions. Pascal made this determination when he rammed a cork into a jug
completely full of wine and the bottom broke out. Pascal deduced the pressures were
equal at the top and bottom of the jug. However, since the jug had a small area at the
top and a large area at the bottom, the bottom experienced a greater total force due to

its larger area.

Bernoulli’s Principle (see Figure 1.1) - The total energy in a liquid remains

relatively undiminished over distance (M. Mitchell, 2003).

BERNOULLI'S
PRINCIPLE

100 poands per
squate ich applied
e

Felr
throughowt a
y closed spstam

Figure 1.1: Bernoulli’s Principle (Courtesy of the Warfighters Encyclopedia)

As Pascal noted, hydraulic force is a function of pressure and area. Generally,
hydraulic systems are designed such that relatively low pressures are applied to large
areas. This approach avoids the dangers and design requirements associated with
applying extremely large pressures to small areas to achieve the same effect (Figure
1.2).
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Force = Pressure x Area.

Rearranging the equation algebraically we get:

PRESSURE = FORCE / AREA

In English units, force is measured in pounds force (LBy); pressure is measured in
pounds per square inch (PSI), and area is measured in square feet (ft?) or square

inches (in?).

Force Acting Cn Pistons
g Tha Roculting Upward Forca

Fi=200LE;
The Downward Force
F1=20LE;
pistm2
pistom 1 . amea=Alin
amea=2mn

l

prRESSURE= FORCE _ 2OLE _ g o
AREZ | 2in

FORCE=PEEZEUERE x ARE A
s0.

(10psi) x { 20in®y =200 1b,

Figure 1.2: Figure example on how to calculate the force acting on pistons. (Courtesy of The
Warfighter Encyclopedia)

1.4a Basic hydraulic theory

The basis for all hydraulic systems is expressed by Pascal's law which states
the pressure exerted anywhere upon an enclosed liquid is transmitted undiminished,
in all directions, to the interior of the container (Filters Manufacturers Council,
1996). This principle allows large forces to be generated with relatively little effort.

A 5-pound force exerted against a 1-inch square area creates an internal pressure of 5
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psi. This pressure, acting against the 10 square inch area develops 50 pounds of

force.

In a basic hydraulic circuit, the force exerted by a cylinder is dependent upon
the cylinder bore size and the pump pressure. (There is no force generated unless
there is resistance to the movement of the piston). With 1000 psi pump pressure
exerted against a 12 square inch piston area (approximately 4" dia.), a force of
12,000 pounds is developed by the cylinder. The speed at which the piston will move
is dependent upon the flow rate (gpm) from the pump and the cylinder area. Hence,
if pump delivery is 1 gallon per minute (231 cu.in./min.) the cylinder piston will

move at a rate of 20 in.min. (231 cu.in./12 cu.in./min.).

The simplest hydraulic circuit consists of a reservoir, pump, relief valve, 3-
way directional control valve, single acting cylinder, connectors and lines. This
system is used where the cylinder piston is returned by mechanical force. With the
control valve in neutral, pump flow passes through the valve and back to the
reservoir. With the valve shifted, oil is directed to the piston side of the cylinder,
causing the piston to move, extending the rod. If the valve is returned to neutral, the
oil is trapped in the cylinder, holding it in a fixed position, while the pump flow is
returned to the reservoir. Shifting the valve in the opposite direction permits the oil
to pass through the valve back to the reservoir. The relief valve limits the system

pressure to a pre-set amount.

A hydraulic system using a double acting cylinder and a 4-way valve differs
from the single acting cylinder system in that the cylinder can exert force in both
directions. With the control valve in neutral, flow is returned to the reservoir. When
shifted in one direction, oil is directed to the piston side of the cylinder, causing the
cylinder to extend. Oil from the rod side passes through the valve back to the
reservoir. If the valve is shifted to neutral, oil in the cylinder is trapped, holding it in
a fixed position. When the valve is shifted in the opposite position, oil is directed to

the rod side of the cylinder, causing the cylinder to retract. Oil from the piston side
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passes through the valve back to the reservoir. Cylinder extend force is a result of the
pressure (psi) times the piston area. Retract force is a result of the pressure (psi)

times the area difference between the piston minus the rod diameter.

Rotary hydraulic motor circuits are basically the same as cylinder circuits.
Systems may be uni-directional or bi-directional. The amount of rotary force
(torque) available from the motor is a function of pressure (psi) and motor size.
Speed is a function of flow and motor size.

All the systems described above are open center systems due to the oil
flowing through the control valve back to tank. Most systems are this type. Closed
center systems use control valves with the inlet port blocked and variable
displacement pumps. With the control valve in neutral, the pump is “de-stroked” to

zero flow.

1.4b  The Basic Hydraulic Power System

All hydraulic power systems are composed of at least the following basic
components (Figure 1.3).

Senice
i Fudder
Ztock
Aaaal ton Aom ter T
mnp mﬁ Hhohiator |
éﬂsseni:- ljrg

[l
From Servo \
Combiol Cil :
Loop Servo Contol Hid ramlic
Valve Coylird er

Figure 1.3: Basic Hydraulic Power System (Courtesy of The Warfighter Encyclopedia)
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Tank/reservoir/sump - Used to store hydraulic fluid that is not currently in use due to

the system’s state or configuration.

Pump - Used to force the hydraulic fluid through the system. Acts as the pressure

source.

Prime mover - The power source for the pump. In hydraulic systems the prime

mover is usually an electric motor.
Valves - Installed to control liquid direction, pressure, and flow rates.

Actuator - Devices that convert the energy of the liquid into mechanical force or

torque. Typically, an actuator is either:

A single piston and cylinder arrangement that results in linear motion. A
ship’s steering system uses this design. A series of pistons and cylinders
arranged in such a way that they produce rotary motion. Called a hydraulic
motor, many of our gun mounts and missile launchers use these pumps to

train the gun or launcher.

Piping - Used to contain and direct hydraulic fluid from one point to another.

1.4c Hydraulic accessories

In addition to the basic hydraulic power system components discussed,

hydraulic systems may require additional control components:

Filters/strainers - Used to remove foreign particulate matter from hydraulic fluid
that could damage (by scratching close tolerance components) or clog the system.

Pressure regulator - A device that vents off or unloads hydraulic fluid from the high
pressure side (pump outlet) when the pressure in the system exceeds set point
(design pressure). The unloaded fluid usually is returned to the low pressure side of

the system or the sump. By unloading hydraulic fluid, pressure is reduced. When
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