96 Journal of Engineering System (ISSN: 2959-0604) Vol. 3 No. 4, 2025

Efficiency Optimization and Friction Loss Control of Mechanical
Transmission Systems

Jiajun Chen
Taian No.2 High School of Shandong Province, Taian, China

Abstract: This article focuses on the
efficiency optimization and friction loss
control of mechanical transmission systems,
and elaborates on their significance. Analyze
the factors influencing the efficiency of
mechanical transmission systems, such as
transmission type, design and manufacturing
accuracy, lubrication and cooling, etc., and
explore the sources and hazards of friction
losses. Efficiency optimization strategies are
proposed from aspects such as design,
materials, lubrication management,
operation and maintenance, and friction loss
control is achieved through measures such as
reasonable design, material selection, surface
treatment, and operation control, aiming to
provide theoretical support for improving the
performance of mechanical transmission
systems.
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1. Introduction

As a core component of mechanical equipment,
the mechanical transmission system undertakes
the key task of transmitting power and motion.
Its performance directly affects the operational
efficiency, reliability and service life of the
entire mechanical system [1]. Against the
backdrop of increasingly tight energy supply
and intensifying global warming pressure today,
enhancing the efficiency of mechanical
transmission systems and controlling friction
losses have become one of the key technologies
for achieving sustainable development.
According to the International Energy Agency
[2], energy loss in the industrial sector due to
friction in transmission systems accounts for 8%
to 12% of global industrial energy consumption.
Within the European Union alone, the economic
loss caused by inefficient transmission systems
exceeds 15 billion euros annually. Meanwhile,
with the rapid development of emerging
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industries such as intelligent manufacturing and
new energy vehicles, higher requirements have
been put forward for the precision, efficiency
and reliability of mechanical transmission
systems.

At present, mechanical transmission systems are
developing towards high speed, heavy load
capacity and precision [3]. Take industrial
robots as an example. The rotational speed of
their joint transmission systems can reach
several thousand revolutions per minute, and the
load accuracy requirement is at the micrometer
level. This poses extremely high challenges to
the efficiency and friction control of the
transmission system [4]. Meanwhile, the
popularization of new energy vehicles has made
the electric transmission system a research
hotspot [5]. How to improve the matching
efficiency between the motor and the
transmission and reduce the friction loss during
high-speed operation has become a key
technical issue [6]. Efficiency optimization
enables mechanical transmission systems to
output more effective power under the same
input power, reducing energy waste during the
transmission process, thereby enhancing energy
utilization efficiency and lowering operating
costs. This not only conforms to the global
development trend of energy conservation and
emission reduction, but also brings significant
economic benefits to enterprises and users.
Frictional loss is one of the main sources of
energy loss in mechanical transmission systems
[7]. Excessive friction not only leads to
increased energy consumption but also causes
wear and heating of transmission components,
reduces the accuracy and reliability of the
system, and even triggers malfunctions,
affecting the normal operation of mechanical
equipment [8]. Therefore, in-depth research on
the efficiency optimization and friction loss
control of mechanical transmission systems is of
vital significance for enhancing the overall
performance of mechanical equipment and
promoting the development of the mechanical

Copyright @ STEMM Institute Press



Journal of Engineering System (ISSN: 2959-0604) Vol. 3 No. 4, 2025 97

industry.

2. Overview of Efficiency and Friction Loss in
Mechanical Transmission Systems

2.1 The Concept and Significance of
Mechanical Transmission System Efficiency
The efficiency of a mechanical transmission
system refers to the ratio of output power to
input power, which reflects the effectiveness of
energy utilization in the process of power
transmission by the transmission system. An
efficient mechanical transmission system can
minimize energy loss in the transmission
process, convert more input energy into useful
output power, and thereby enhance the energy
utilization efficiency of the entire mechanical
system.

In practical applications, the efficiency of
mechanical transmission systems directly affects
the operating costs and energy consumption of
equipment. For instance, in industrial production,
large-scale mechanical equipment operates
continuously for long periods of time. Even a
slight improvement in the efficiency of the
transmission system can bring about significant
energy savings and economic benefits.
Meanwhile, a highly efficient transmission
system can also reduce heat generation, lower
the requirements for the cooling system, extend
the service life of the equipment, and enhance
the reliability and stability of the equipment.
Therefore, enhancing the efficiency of
mechanical transmission systems is an important
goal in mechanical design and management.

2.2 Sources and Hazards of Friction Loss
Frictional loss is an inevitable phenomenon in
mechanical transmission systems. Its main
sources include relative motion friction between
transmission components, dry friction caused by
poor lubrication, and friction resulting from
microscopic unevenness of contact surfaces, etc.
In gear transmission, the meshing friction of
gear tooth surfaces is the main source of friction
loss. In belt drive, the sliding friction between
the belt and the pulley can cause energy loss. In
chain drive, the meshing of the chain and the
sprocket as well as the friction between each
link of the chain will also cause wear and tear.
Frictional loss not only leads to energy waste
and reduces the efficiency of the transmission
system, but also brings a series of hazards.
Excessive friction can cause the transmission
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components to heat up, leading to thermal
deformation and affecting the transmission
accuracy and stability. At the same time, the
wear caused by friction will gradually change
the size and shape of the transmission
components, leading to an increase in clearance,
noise, and even transmission failure. In addition,
frictional loss will also accelerate the
deterioration of lubricants, shorten their service
life and increase the maintenance cost of
equipment.

3. Analysis of Factors Affecting the Efficiency
of Mechanical Transmission Systems

3.1 The Influence of Transmission Type on
Efficiency

Different types of transmission have different
transmission efficiencies and application scopes.
Common types of mechanical transmission
include gear transmission, belt transmission,
chain transmission, worm gear and worm
transmission, etc. Gear transmission has the
advantages of accurate transmission ratio, high
efficiency and compact structure. Generally, its
efficiency can reach 94% to 99%, and it is
suitable for high-speed and heavy-load
transmission applications. Belt drive features a
simple structure, low cost, and the ability to
buffer and absorb vibration. However, its
transmission ratio is inaccurate and its
efficiency is relatively low, generally ranging
from 85% to 95%. It is mostly used in situations
where transmission accuracy is not highly
demanded and overload protection is required.
The efficiency of chain drive lies between that
of gear drive and belt drive, approximately 90%
to 95%. It is suitable for applications that
require an accurate transmission ratio, have a
large center distance, and where gear drive is
not advisable. Worm gear and worm
transmission has the advantages of large
transmission ratio, compact structure and
self-locking ability, but its efficiency is
relatively low, generally between 70% and 90%,
and it is often used in speed reduction devices.

3.2 The Impact of Design and Manufacturing
Accuracy on Efficiency

Design and manufacturing accuracy is one of
the important factors affecting the efficiency of
mechanical  transmission  systems.  The
geometric shape, dimensional accuracy, surface
roughness and other aspects of transmission
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components will all have an impact on
transmission efficiency. For instance, tooth
profile errors and tooth direction errors of gears
can lead to unstable meshing, increase friction
and impact, and reduce transmission efficiency.
If the fit accuracy between the shaft and the
bearing is not high, it will cause the shaft to
wobble during operation and increase additional
frictional resistance. In addition, assembly errors
during the manufacturing process can also affect
the efficiency of the transmission system. For
instance, a deviation in the center distance of
gears can lead to either excessive or insufficient
meshing clearance, which in turn impacts the
smoothness and efficiency of the transmission.

3.3 The Impact of Lubrication and Cooling
on Efficiency

Lubrication and cooling play a crucial role in
the efficiency of mechanical transmission
systems. Good lubrication can reduce the
friction between transmission components,
lower frictional losses and enhance transmission
efficiency. Different types of lubricants (such as
lubricating oil and grease) have different
lubricating properties and application scopes. It
is crucial to select the appropriate lubricant and
reasonably determine the Iubrication method
and lubrication cycle based on the working
conditions. Meanwhile, effective cooling can
promptly remove the heat generated during the
transmission process, preventing components
from deforming and wearing due to overheating,
maintaining the normal operating temperature of
the transmission system, and thereby enhancing
transmission efficiency and reliability.

3.4 The Influence of Load and Rotational
Speed on Efficiency

Load and rotational speed are external factors
that affect the efficiency of mechanical
transmission systems. Generally speaking,
within a certain range, as the load increases, the
efficiency of the transmission system will first
rise and then fall. When the load is small, the
friction between the transmission components is
relatively large and the efficiency is low. As the
load increases, the proportion of friction
gradually decreases and efficiency improves.
However, when the load exceeds a certain limit,
the deformation and wear of the transmission
components intensify, and the efficiency will
decline again. The impact of rotational speed on
efficiency is also rather complex. When
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operating at high speeds, factors such as poor
lubrication and centrifugal force may lead to
increased friction and a decrease in efficiency.
When operating at low speeds, the relative
influence of friction is significant and may also
affect efficiency.

4. Strategies for Optimizing Mechanical
Transmission System Efficiency

4.1 Optimizing Transmission System Design
During the transmission system design phase,
comprehensive consideration should be given to
factors such as transmission type, transmission
ratio, and structural layout to maximize
efficiency. The most appropriate transmission
type should be selected based on specific
operating requirements and usage conditions.
For example, gear transmission is preferred for
high-speed, heavy-load applications requiring
precise transmission ratios. Chain transmission
can be considered for applications with large
center distances and less demanding
transmission accuracy. The transmission ratio
should be appropriately determined to avoid
efficiency reduction due to excessively large
ratios. Furthermore, the transmission system's
structural layout should be optimized to reduce
unnecessary intermediate links and energy
losses, thereby  improving  transmission
compactness and efficiency.

4.2 Selecting High-Performance Materials
The material properties of transmission
components significantly impact the efficiency
of the transmission system. Selecting materials
with high strength, high hardness, and low
friction coefficient can reduce wear and friction
losses during transmission. For example, using
alloy steel for gears can improve tooth surface
hardness and wear resistance, thereby reducing
tooth surface friction. Using engineering plastics
for pulleys or chains can reduce weight, inertia,
and energy consumption. In addition, some new
materials, such as ceramics and composite
materials, offer excellent properties and, when
used in specific applications, can significantly
improve transmission system efficiency.

4.3 Strengthening Lubrication Management

Establishing a scientific and rational lubrication
management system is a key measure to
improve transmission system efficiency. Select
the appropriate lubricant type and brand based
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on the operating conditions and lubrication
requirements of transmission components.
Regularly test and analyze lubricants, and

promptly  replace any  deteriorated or
contaminated lubricants. Adopt advanced
lubrication methods, such as centralized

lubrication and automatic lubrication, to ensure
accurate and even distribution of lubricant to all
lubrication points, improving lubrication
effectiveness. At the same time, carefully
control lubricant dosage to avoid excessive or
insufficient lubrication. Excessive amounts
increase stirring resistance, while insufficient
amounts prevent effective lubrication.

4.4 Properly Control Operating Parameters
In actual operation, proper control of operating
parameters such as load and speed is crucial to
improving transmission system efficiency.
Avoid overloading according to the equipment's
rated load and operating requirements to prevent
excessive wear and loss of efficiency due to
excessive loads on transmission components.
Furthermore, properly adjust the speed to ensure
the transmission system operates within its
optimal efficiency range. By employing
technologies such as variable frequency speed
regulation, the speed can be flexibly adjusted
according to actual needs, achieving
energy-saving and efficient operation.

4.5 Regular Maintenance and Care

Regular maintenance and care of mechanical
transmission systems is crucial for maintaining
efficient operation. Regularly inspect
transmission components for wear and promptly
replace severely worn parts, such as gears,
chains, and pulleys. Check and adjust the
clearances between transmission components to
ensure they are within the appropriate range to
ensure smooth and accurate transmission. Clean
the transmission system to remove dust and
debris to prevent wear on transmission
components and reduce heat dissipation.
Additionally, perform regular maintenance on
the lubrication system to ensure unobstructed
lubrication channels and proper lubrication.

5. Friction Loss Control Measures for
Mechanical Transmission Systems

5.1 Rational Transmission Structure Design
During the transmission structure design phase,
factors that reduce friction loss should be fully
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considered. Optimizing the gear tooth profile
and tooth profile, and using modified gears, can
improve meshing performance and reduce
friction and impact during meshing. Properly
designing the pulley structure and belt
tensioning method for belt drives can reduce
belt slip and wear. For chain drives, optimizing
the chain structure and sprocket tooth profile
can improve the meshing quality between the
chain and sprocket and reduce friction loss.
Furthermore, rationally arranging the position
and orientation of transmission components can
reduce unnecessary bending and torsion, thereby
minimizing energy loss.

5.2 Selecting Low-Friction Materials
Selecting materials with low friction coefficients
for transmission components is an effective
method for controlling friction loss. For
example, using low-friction materials such as
polytetrafluoroethylene (PTFE) for the bushings
of sliding bearings can significantly reduce
friction between the shaft and bearing. In gear
transmissions, selecting materials with excellent
friction-reducing properties or applying special
surface treatments to the gears, such as
anti-friction coatings, can reduce tooth surface
friction. At the same time, pay attention to the
compatibility between materials to avoid
increased friction due to improper material
selection.

5.3 Surface Treatment Technology

Surface treatment technology can improve the
surface performance of  transmission
components and reduce friction losses. Common
surface treatment technologies include heat
treatment processes such as quenching,
carburizing, and nitriding, which can increase
the hardness and wear resistance of component
surfaces and reduce wear. In addition, surface
coating technologies such as physical vapor
deposition (PVD) and chemical vapor
deposition (CVD) can form a coating with a low
friction coefficient and high wear resistance on
component surfaces, effectively reducing
friction. Surface texturing technology improves
lubrication and reduces friction by creating
specific microscopic textures on the component
surface.

5.4 Optimizing Lubrication Methods and
Lubricant Selection
Selecting the appropriate lubrication method and
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lubricant is crucial for controlling friction losses.

Based on the operating conditions and friction
characteristics of the transmission components,
select a lubricant with excellent lubrication,
wear resistance, and thermal stability. For
high-speed,  high-temperature  transmission
components, a lubricant with low viscosity and
good heat dissipation should be used. For
low-speed, heavy-load applications, a grease
with higher viscosity and excellent extreme
pressure properties can be used. Optimizing
lubrication methods, such as oil spray
lubrication and oil mist lubrication, can improve
lubrication effectiveness and reduce friction
losses.

5.5 Control Operating Conditions to Reduce
Friction

During actual operation, properly controlling
operating conditions can effectively reduce
friction losses. Keep transmission components
clean to prevent dust and debris from entering
the transmission system, preventing surface
wear. Control the operating temperature and
humidity. Excessively high or low temperatures
and humidity can affect lubricant performance
and the dimensional stability of transmission
components, thereby increasing friction.
Additionally, properly control the starting and
stopping of the transmission system to avoid
sudden acceleration and deceleration, thereby
reducing transient frictional impacts.

6. Conclusion

Optimizing the efficiency and controlling
friction losses in mechanical transmission
systems is a complex problem involving
multiple disciplines and factors. By conducting
in-depth analysis of the factors affecting
mechanical transmission system efficiency and
implementing  corresponding  optimization
strategies and control measures, we can
effectively improve transmission system
efficiency, reduce friction losses, and enhance
the overall performance of mechanical
equipment.

In the future, with the continuous development

of disciplines such as materials science,
tribology, and mechanical design, new
high-efficiency  transmission  technologies,

low-friction materials, and advanced lubrication
technologies will continue to emerge. For
example, the application of nanomaterials in the
surface treatment of transmission components is
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expected to further improve surface friction and
wear resistance. Intelligent lubrication systems
can automatically adjust lubrication parameters
based on the real-time operating conditions of
transmission components to achieve optimal
lubrication. Furthermore, with the advancement
of computer simulation technology and artificial
intelligence, the optimization of mechanical
transmission system efficiency and the control
of friction losses will become more precise and
efficient.

In practical applications, we should further
strengthen industry-university-research
collaboration, closely integrating theoretical
research with engineering practice, and
continuously promote the development of
mechanical transmission system efficiency
optimization and friction loss  control
technologies, making greater contributions to
the sustainable development of the machinery
industry and efficient energy utilization.
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