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ABSTRACT

With an emphasis on hydraulic leaks, this article discussesta number of hydraulic system topics. The
standards underlying the desiccant hydraulic system's opération are examined in this study, along with
some truly creative uses for them. The purpose of hydraulic cemponents is to supply the control function
needed to run a variety of systems and applicationsalhe fundamental kinds ofshydraulic components, their
working principles, and an assessment of their performance in many,applications arexall provided by this
study on hydraulic system design. The design‘of hydraulic components such as reserveirs, pumps, motors,
cylinders (actuators), and control valves is.aided by the analytical technigues employed. We will talk about
it in this paper. Both hydraulic leaks and hydraulic systems:
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INTRODUCTION

The study of wateror other fluids at restfor m motion, particularly in relation to engineering
applications, is knownhas hydraulics. There are hydraulics and hydraulic systems practically
everywhere. You can find hydraulicsion any building site. Cranes, forklifts, and bulldozers are a
few examples of equipment that use hydraulics. Cars are raised by hydraulics so that mechanics
can operate underneath them.”A cemmon operating method is employed by many elevators. [1]

Because it produees strong forces or torques with low inertia, quick responses, less shock, smooth
movement, and simple automatic<«ontrol, the hydraulic-driven system has been widely employed
in industrial production, eonstruction, and other mechanical equipment. However, it would
unavoidably result in a number of failures due to the subjectively applied and maintained
incorrectly, the objectively unstable quality of the components and accessories, and the hydraulic
system's design defects. To avoid catastrophic collapse, hydraulic system flaws should be
identified and fixed as soon as possible while the system is still functional. Faults in hydraulic
systems can range widely, from material degradation and leaks in the system to component failure.
One of the main reasons for malfunctions is hydraulic fluid leaks, which can be classified as either
internal or external depending on where they occur in the system. Leakage in hydraulic systems
affects both the system'’s performance and its financial viability. [2]
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Power transmission via hydraulic oil is accomplished by hydraulic systems. Pascal's law, which
states that "the pressure in a fluid at rest is transmitted uniformly in all directions," is the foundation
upon which the hydraulic system operates. Hydraulic oil, which might be mineral oil, water, or a
combination of the two, is the fluid medium utilized. Another name for this field is oil hydraulics.

The power transferred is
Power = Pressure x flow rate in the tubes or hoses.

Hydraulic systems have become increasingly popular forgsetting, controlling, and operating
machine tools. Electronic controls and/or feedback control systems are connected to hydraulic
mechanisms. Hydraulic systems in machine tools have the benefit of stepless and vibrationless
power transfer. They work especially well with linear tables and slideways that can be directly
linked to a hydraulic piston.

A viscosity/temperature relationship thatprovides the optimunrbalance betweenlow viscosity (for
simple cold starting) and little viscosity loss at high temperatures (to, prevent back-leakage and
pumping losses) is one of the most crucial characteristics of hydraulic 0il. For hydraulic systems
to endure high temperatures and aeration, a high level of oxidation stability is necessary. [3]

HYDRAULIC LEAKAGES

Hydraulics works on the premise of usingsnon-compressiblecfluids to generate power. Because
liquids cannot be,squashed, applying pressure tosthem generates force that can be used to create
motion. You can also increase the \amount of force produced by transferring pressure from a
smaller hydraulic eylinder to many larger ones. This increases the available force, allowing
hydraulie, systems to“operate extremely heavy items, but it also increases the number of
componentsiin the system:.

Leaks are more likely to develop when there are more components in a hydraulic system. At the
very least, such asystem will contain five basic components, which include:

A reservoir contaiing,hydraulic fluid

A hydraulic pump to propel that fluid and create flow

A motor to drive the pump and create hydraulic pressure
An actuator or cylinder for the output force and motion
Valves and hoses to regulate and facilitate fluid flow

General Consideration for Leakage in Hydraulic System

Damage to the seal, a progressive failure, is the primary cause of hydraulic cylinder leaks in real-
world applications. This progressive process, in which system performance decreases as the defect
develops, might be characterized as a possible failure mode. If the leak's characteristics can be
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identified, it can be promptly detected to prevent more serious system failures. Generally speaking,
identified and unrepaired hydraulic system leaks have an economic impact on the business as well
as on system performance. Leaks are not detected until the system performance deteriorates since
there is no visible sign of the leak. Unplanned repairs or heuristics for breakdown maintenance are
made to the component that caused the leak. In order to control and diagnose the hydraulic system
leak, a comprehensive and detailed strategy is needed to monitor and record the overseer leak.
Resolving the root causes of the leaks and monitoring the system improves system performance
and guarantees that the equipment has been renovated effectively.

A. Internal leakage: Nowadays, most hydraulic systems have intended leaks. Under typical
operating conditions, the equipment manufacturer frames the system's equipment with a specific
function and a manageable quantity of leakage. In order tolubricate, clean, or cool a specific piece
of equipment or a section of the system, the planned internal leakage Is typically made up of tiny
openings or channels that allow high-pressure liquid to flow to a low-pressure zone., Internal leaks
are not evident because the fluids in internal planned leaks do notileave the hydraulic system's
equipment.

External leaks are the most noticeable type ofhydraulic system leaks. It'appears as a geyser to the
unaided eye. To keep the system functioning, the exterior leaks must be fixed right away. The
system or production performanceris. unaffected by the continueus droplets that leak from the
hydraulic system's equipment. The location and rate of the equipment's external leaks must be
known in order to refurbish it."In'the worst situation, it is‘challenging to determine the extent of
leaks and their underlying cause on equipment. [4]

Advantages and Disadvantages of Hydraulic system
Advantages

The hydraulie system is maore efficient since it employs incompressible fluid.

It provides steady power production, which is challenging for mechanical or pneumatic drive
systems.

High density incompressible fluids are used in hydraulic systems. Compared to pneumatic
systems, hydraulic systems,have a lower chance of leaks. The expense of maintenance is lower.
These systems function effectively in hot environments.

Disadvantages

« The hydraulic fluid has the potential to erode the materials of the storage tank, cylinder, piston,
and pipework. As a result, choosing materials and hydraulic fluid requires caution.
The system's larger dimensions and greater structural weight render it inappropriate for smaller
instruments.
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One should exercise caution and install an appropriate filter because even minor contaminants
in the hydraulic fluid have the potential to permanently harm the entire system.

Another serious problem is hydraulic fluid leakage, which calls for the use of appropriate
preventative measures and seals.

The hydraulic fluids may be hazardous to the environment if improperly disposed of.

The Effects of Leaks:
1. High Oil Consumption

Mobil Oil Corporation conducted a study in the United Statesa number of years ago that examined
the relationship between hydraulic reservoir oil capagity and real oil use.

2. Inefficient Machinery Operation

Many managers of industrial facilities anddmanufacturing plants make the error of,assuming that
if hydraulic machinery is available andfunctional, it is functioning well.

3. Environmental Damage

In Canada alone, some 15 million gallons of hydraulic fluids are utilizedfor industrial purposes
each year. According to recent environmental studiesysome of thistlest fluid winds up in rivers,
lakes, ground water, and the soil itself, harming fish, wildlife, and the environment to an enormous
extent.

4. Safety and Accident Liability:

A machine operator-or technician in North America trips and falls on the remains of a leaky
hydraulic system every days The average cost of lost pay from this fall is $200.00 per incidence.
The cost per event rises significantly whenwe factor in production delays, workers' compensation
expenses, medical bills, and potential legal fees.

5. Premature Machinery Component Failure

According to statistics, centaminated lubricants are the reason behind 80% of machine and
equipment stoppages and component failures. Fluid leaks from hydraulic equipment are the direct
cause of many of these tainted fluids. To put it simply, impurities such as dust, dirt, water, and
chemicals can enter the lubrication system if the oil can leak past the seal. This can lead to
increased rates of wear due to abrasion, scoring of moving parts, adhesion, fatigue, and corrosion.

[5]
REVIEW OF LITERATURE

Condition monitoring of fluid power systems is becoming more and more popular as a way to
lower maintenance costs and stop system faults from getting worse by identifying them early.
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Leaks across the seals that permit relative motion between mechanical components or hydraulic
fluid leaking from fittings and lines connecting the system’'s components are frequent issues with
fluid power systems (Skormin et al., 1994). Leakage will result in a hydraulic system operating
inefficiently. Eventually, the system would fail due to the deteriorating leak. A unexpected leak is
always a big risk to machine operators and can have huge repercussions when the system is
operating under stress. Leakage can be categorized as either internal or external, depending on
whether the hydraulic fluid is dissipated to another area within the hydraulic circuit or lost to the
atmosphere. [6]

This research focuses on detecting leakage faults in hydraulic actuators. There were two kinds of
leaks taken into account. The initial kind involves fluid leaking internally (cross-port) through the
actuator piston seal, which seals the space between the eylinder wall and the moving piston. The
dynamic performance of the system is impacted because a portion of the,flow supplied to the
actuator is unable to push the piston against the load, even theugh no fluid 1s-lest from the circuit.
As the degree of leakage grows, cross-port leakage has the overall effect of making the actuator's
damping characteristic higher (Karpenke and Sepehri, 2004). Should the piston seal entirely fail,
the actuator will no longer be able to control the load efficiently. Hydraulic fluid leaks into the
atmosphere when the seals between the cylinder and the actuator rods deteriorate. A slow reaction
is the outcome of this kind of external leakage. Failure ef a hydraulieSupply line or the connections
between the valve and the chambers ofithe actuator may also bedhe cause of an external leak. [7]

Objectives:

e To Study the Hydraulic Systems
e To Study Hydraulic Leakages
e To'Study the Components of Hydraulic Systems

RESEARCH METHODOLOGY

The overall design ofithis study was exploratory. The research paper is an effort that is based on
secondary data that wasigathereddrom credible publications, the internet, articles, textbooks, and
newspapers. The study's researchdesign is primarily descriptive in nature.

RESULT AND DISCUSSION

One common requirement in the industries is the controlled application of force or the controlled
movement of pieces. Electrical equipment or prime movers like diesel, gasoline, and steam engines
are primarily used for these processes. Through the use of mechanical attachments such as screw
jacks, levers, rack and pinions, etc., these prime movers can deliver a variety of movements to the
objects. These prime movers are not the only ones, though. To give the objects or substances
regulated motion and force, the contained fluids (gases and liquids) can also be utilized as prime
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movers. The enclosed fluid systems that have been carefully built are capable of producing both
rotary and linear motion. These systems can also be used to apply the high magnitude-controlled
force. Hydraulic systems are enclosed fluid-based systems that use pressurized incompressible
liquids as the transmission medium. Pascal's law, which states that the pressure in an enclosed
fluid is constant in all directions, provides the basis for how the hydraulic system operates. Figure
1 is an illustration of Pascal's law. The fluid's force can be calculated by multiplying the cross-
sectional area by the pressure. Because the pressure is constant in all directions, a larger piston
experiences a greater force than a smaller piston. Thus, hydraulic systems can be used to generate
a big force with a lesser force input. [8]

F, x A, =F %A,

F,=Fx 2
Y

1

Figure 1: Principle of hydraulic system

For the hydraulic system to operate properly, it needs a lot of components. Leak-proof fluid flow
pipelines, storage tanks, filters, hydraulic pumps, pressure regulators, control valves, hydraulic
cylinders, and pistons are a few examples. Figure 2 displays the schematic of a basic hydraulic
system. It includes: ¢ a moving piston attached to the output shaft in an enclosed cylinder; * an
electric pump; ¢ a filter; * a storage tank; ¢ a control valve; ¢ a pressure regulator; ¢ a leak-proof
closed-loop pipe system.

100
International Journal of Advances in Engineering Research



http://www.ijaer.com/

International Journal of Advances in Engineering Research http://www.ijaer.com

(NAER) 2012, VVol. No. 4, Issue No. Il, August ISSN:2231-5152

All other components aid in system control, but the output shaft transmits motion or force. The
liquid utilized as a transmission medium is kept in reserve in the storage/fluid tank. Usually, high-
density incompressible oil is the liquid used. After being filtered to get rid of dust and other
undesirable particles, the hydraulic pump pumps it. The hydraulic system design determines the
pump's capacity. Typically, these pumps provide a consistent volume with each pump shaft spin.
To raise or lower the piston, the fluid pressure line is linked to port B, and to port A, the opposite
is true. Additionally, the valve has the ability to halt fluid flow in any port. Safety, environmental
risks, and cost considerations all make leak-proof pipe crucial. The hydraulic systems not depicted
in figure 2 may additionally use certain accessories, such as@an electric motor starter, a flow control
system, a travel limit control, and overload protection.[9]

Fluid Tank

Cylinder

Figure 2: Schematic of Hydraulic System
COMPONENTS, IN HYDRAULIC SYSTEM

There are numerous parts,that go Into running a hydraulic system. Pressurized liquid is used as a
fluid in hydraulic systems, which are power-transmitting assemblies that transfer energy from an
energy-generating source to-an energy-using point in order to do meaningful work. A basic
hydraulic system circuit with fundamental parts is depicted in Figure 3. Fluid for the system
reservoir, filter, pump, motor, pressure regulator, direction control valve, cylinder (actuator), and
gripper are the primary components of a hydraulic system.
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Figure 3: Components in Hydraulic System

Knowing the characteristics of hydraulic fluids and how they.affect system performance is crucial
since hydraulic fluid serves as thesmedium of power transfer'in hydraulic equipment. Fluids are
classified according:to their availability, function, etc»A hydraulic system's fluid serves as its
transmission medium. As a result; Itds a crucial component of the system, and we need to
understand it well enoughyto guarantee the hydraulic system operates effectively. Mineral oil
derived fromypetroleum is the most often utilized liquid as a medium in fluid power systems.

B. RESERVIOR

The fluid needed to supply the system, as well as a reserve to compensate any losses from small
leaks and evaporation,arestored in the hydraulic reservoir. The reservoir can be made to allow air
entrained in the fluid to escape, allow space for fluid expansion, and aid in fluid cooling.

C. FILTERS

One of the most frequent reasons for hydraulic system issues is contaminated hydraulic fluid. In a
hydraulic system, pollution can be eliminated from the fluid before it reaches the different
functioning components by installing filter units in the pressure and return lines. These kinds of
filters are called line filters.
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D. PUMP

The central component of a hydraulic system is a hydraulic pump. By forcing the hydraulic fluid
into the system, it transforms mechanical energy into hydraulic energy. A prime mover's (engine
or electric motor) mechanical energy is transformed into hydraulic (pressure) energy by hydraulic
pumps. An actuator is then operated using the pressure energy. Pumps generate flow by pushing
on a hydraulic fluid. Pump for gears

In this system, a fixed positive displacement external gear pump with a maximum flow rate of 36
liters per minute and a volume displacement of 24 cm3/rev'has been chosen. Table No. 1 provides
a summary of this pump's technical information.

Table No.1: Technical Data of Hydraulic Pump

Sr. No. Name of Specification
Component
Maximum flow 36 lit/min
rate at speed 1500
rpm
Displacement 24 cm3/rev
Continuous 220 bar
maximum
pressure

Maximum Speed 3000 rpm

E. MOTOR

Installed in hydraulic systems, hydraulic motors use hydraulic pressure to generate powered
rotation. The reverse of, what_adpower-driven pump accomplishes is what a hydraulic motor
performs. An engine or-other driving unit provides relative force to a pump, which transforms it
into hydraulic pressure. Pressure from hydraulic fluid is converted into relative force by a hydraulic
motor.
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Figure4: Motor

F. CYLINDER (ACTUATOR): A simpled@ctuating cylinderis made up of‘one or, more pistons
and piston rods, a cylinder casing, and gne or more seals. The pistoniruns in a polished bore in the
cylinder housing, which also has one or more ports for fluid to enter.and exit.

G. CONTROL VALVES: In hydraulic systems, valves are utilized to regulate how the actuators
operate. By establishing unique,pressure conditions and regulating the amount and direction of oil
flow in certain circuit segments, valves control pressure. Pressure-eontrol, flow- (volume-) control,
and directional control are the three typesiof hydraulic'valves: Because of its many uses, valves
fall under several different categories. Size, pressure capacity, and pressure drop per flow are the
factors used to ratewvalves. [10]

Hydraulic Leakages:
Hydraulic leakages generallyroccupied due to,

e O-ring: This kind of leak happened because the O-ring was not the right size and was of poor
quality. To stop this kind of leak, we use leaks that are the right size and of good quality.

00O

Figure 5: O-ring
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e DC Wall: Variations in the hydraulic system cause this kind of leakage, which must be fixed
with constant pressure unhydraulic in accordance with system requirements.
Oil Contamination: This type of spill occurred as a result of neat and watery oil. To properly
dispose of this type of spill, the oil must be dry and clean.

A. Eliminate Leaks to Dispense with Breaks The downtime needed to settle holes can be a
problem, as acknowledged by the authorities. Anyway, this has been used a lot lately as an excuse
for indifference. Furthermore, there are currently several methods for avoiding spills. A water-
powered framework is incapable of spilling and lacksseoennectors. A few connectors are
unavoidable in a framework, but the quantity can be significantly xeduced by using manifolds,
cartridge valves, and stack valves—collectively known as coordinated pressure-driven circuits.

B. Use Reliable Connectors Because the string itself gives way, decreased string connections,
such as NPT and BSPT, are the least dependable type of connector for heavy hydraulic systems.
Since threads become twisted when they are fixed, any subsequent fixing or releasing of the
association increases the likelihood of spills.

C. Tighten Correctly Off-base torque is a common cause of spills“from 37° flare joints and
pressure sort tube fittings. In.the case of flare joints, excessive torque can cause damage to the tube
and connector through ice functiening, whereas “insufficient torgue, results in inadequate seat
contact. Incorrect torque can resultin either too much-ortoo little *crush™ on the ferrule because
of pressure joints. To fix unshakable quality;,refer to the torque requirements provided by the
connector manufacturer and followitheir instructions.

D. Laminate Vibratien can influence connector torque, fatigue hydraulic conductors, and
producesstress. If there'is noticeable vibration, the underlying cause needs to be fixed. To remove
vibration “bridges"” between the hydraulic\power unit, reservoir, and valves, hoses and additional
elastic mounting squares mayhsbe installed. Additionally, consistently make sure that all
conductors—especially pipes and tubes—are sufficiently reinforced with clips. The problem is
important enoughto deserve being mentioned in the important principles: 1ISO 4413, ANSI-NFPA-
JIC T2.24,

E. Keep Machine Cool Aftenoutlining the benefits of water-powered connectors that include an
elastomeric seal, it's critical to remember that maintaining hydraulic fluid temperature within
appropriate breaking points is necessary to ensure their consistent quality. The service life of the
majority of seal compounds decreases rapidly as running oil temperatures rise above 85° C (185°
F). Furthermore, in a water-driven system, a single overheated event of sufficient magnitude can
damage most seals, resulting in several holes. This serves as an additional reminder that a hydraulic
machine that runs hot is unreliable.
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F. Preventing component leakage It is not an extraordinary test to find a component that ensures
release-free execution. For reduced spillage, all legitimate segment manufacturers provide
products that adhere to SAE and ISO standards. In any case, it becomes challenging to find
segments that all communicate release-free execution for an entire system.

H. Maintaining zero leakage Preventive actions that keep a system leak-free are the second
method for reaching zero leakage. Preventing issues can be greatly aided by routine inspection.
For instance, adding a scraped spot-safe sleeve can postpone the hose's release-free existence in
the unlikely event that hose cover wear is observed where,a hose rubs against a machine
component. [11]

CONCLUSION

To generate fluid power, hydraulic systems use a pump to farce hydraulic fluid,through the system.
The fluid travels to the cylinder, where thethydraulic energy 1s transformed back into mechanical
energy, after passing through the valyes. The valves aid in contrelling the liquid's flow and
releasing pressure when necessary. The mechanical function of hydraulics is driven by the force
of liquid pressure. The enclosed, pumped liquid in hydraulics-based systems, usually via hydraulic
cylinders moving pistons, generates mechanicalmovement.
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