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ABSTRACT ARTICLE DETAILS

The differential is one of the most critical components of an automobile power transmission system, Published On:
responsible for transmitting torque from the driveshaft to the drive wheels while allowing them to 5 August, 2026
rotate at different speeds during cornering. Due to continuous exposure to varying loads, shock

impacts, inadequate lubrication, and harsh operating conditions, differential systems are susceptible

to several failure modes that can significantly affect vehicle performance, safety, and maintenance

costs. This study presents a comprehensive assessment of failure mechanisms in automobile

differential systems and evaluates suitable maintenance strategies for improving reliability and

service life. Common failures including gear tooth wear, pitting, scuffing, bearing failure, shaft

fatigue, seal leakage, overheating, and lubricant degradation are analyzed using Failure Mode and

Effects Analysis (FMEA). Maintenance approaches such as preventive, predictive, condition-based,

and reliability-centered maintenance are compared to determine their effectiveness in reducing

unexpected failures. The study concludes that regular lubricant monitoring, vibration analysis,

thermal inspection, and scheduled maintenance significantly improve differential reliability while

reducing downtime and maintenance expenditure. Available on:
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1. INTRODUCTION

The automobile power transmission system transfers engine power to the drive wheels through several mechanical components
including the clutch, gearbox, propeller shaft, differential, axle shafts, and wheels [1-2]. Among these components, the differential
plays a vital role in ensuring smooth vehicle operation by allowing the left and right wheels to rotate at different angular velocities
while maintaining torque transmission [1-3]. Modern differential systems operate under severe mechanical and thermal loading
conditions [2-4]. Continuous cyclic loading, poor lubrication, contamination, manufacturing defects, improper maintenance, and
driver behavior contribute significantly to differential failures [4-5]. Failure of differential components often leads to excessive
vibration, abnormal noise, loss of power transmission, increased fuel consumption, and, in severe cases, complete drivetrain failure
[2-6]. The engine is the primary power-producing unit of an automobile and serves as the starting point of the power transmission
system. It converts the chemical energy stored in fuel into mechanical energy through the process of internal combustion, and the
generated mechanical power is transmitted to the transmission system, which ultimately drives the vehicle's wheels [1-2].

1.1 Automobile Power Transmission System

The engine generates mechanical power by converting the chemical energy of fuel through internal combustion and supplies this
power to the transmission system [7-8]. The clutch connects and disconnects the engine from the gearbox, enabling smooth vehicle
starting, gear shifting, and stopping, while regular maintenance minimizes wear and improves service life [8-9]. The gearbox
provides different gear ratios to optimize engine performance, torque, and speed under varying driving conditions, with proper
lubrication and inspection essential for reliable operation [7-8], [10].

The propeller shaft transmits rotational power from the gearbox to the differential and accommodates suspension movement,
whereas the universal joint (U-joint) allows torque transmission between shafts operating at different angles. Regular lubrication,
balancing, and inspection of these components help prevent vibration, fatigue, and driveline failures [7-8], [11-12].

635  Volume 03 Issue 08 August 2026 Corresponding Author: T. M. S. A. Hossain


https://doi.org/10.58806/ijmir.2026.v3i8n01
https://ijmir.com/

Failure Analysis and Maintenance Assessment of Differential Systems in Automobile Power Transmission

The differential distributes engine torque to the drive wheels while allowing them to rotate at different speeds during cornering,
thereby improving vehicle stability, steering, and tire life. Preventive maintenance, including lubrication, condition monitoring, and
predictive diagnostics, enhances differential reliability and service life [7-8], [10], [13]. The axle shafts transfer torque from the
differential to the wheels while withstanding torsional and bending loads, whereas the wheels convert transmitted torque into tractive
force and support vehicle stability. Proper alignment, balancing, lubrication, and periodic inspection of these components are
essential for efficient power transmission, vehicle safety, and overall driving performance [8-9], [11-12], [14].

1.2 The differential performs three primary functions

The differential is a vital component of the automobile power transmission system that performs three key functions: transmitting
engine torque to the drive wheels, changing the direction of power transmission by 90°, and allowing the left and right wheels to
rotate at different speeds during cornering [14-15].

First, the differential transfers engine torque from the propeller shaft to the axle shafts through the pinion gear, ring gear, differential
carrier, and side gears, ensuring efficient power delivery under high torsional and cyclic loading conditions [14], [17]. Second, it
redirects rotational motion by 90° using a hypoid or spiral bevel gear set, enabling efficient power transmission from the longitudinal
propeller shaft to the transverse axle shafts in rear-wheel-drive vehicles [15], [20].

Finally, the differential allows the left and right drive wheels to rotate at different speeds during cornering. The spider gears and
side gears automatically accommodate speed differences while continuously transmitting torque to both wheels. This mechanism
minimizes tire wear, prevents wheel slip, reduces drivetrain stress, and improves vehicle stability, steering performance, traction,
and overall driving safety [14-15], [18], [20].

1.3 Construction and Components of an Automobile Differential System

The differential system consists of several interconnected components, including the ring gear, pinion gear, spider gears, side gears,
differential carrier, bearings, oil seals, differential housing, and axle shafts, all of which work together to transmit engine torque
efficiently while allowing the drive wheels to rotate at different speeds during cornering [21-22].

The ring and pinion gears transfer power and change the direction of torque by 90°, while the spider and side gears enable differential
action by accommodating differences in wheel speed during turning [21], [24-25]. The differential carrier supports the internal gear
assembly, and bearings ensure smooth, low-friction operation by maintaining proper alignment of rotating components [22], [29],
[35].

The oil seals prevent lubricant leakage and contamination, whereas the differential housing protects internal components and
dissipates heat generated during operation [23], [30], [34]. Finally, the axle shafts transmit torque from the differential to the drive
wheels while withstanding significant torsional and bending loads. Proper lubrication, alignment, condition monitoring, and periodic
maintenance of all differential components are essential for ensuring reliable power transmission, minimizing wear, and extending
the service life of the drivetrain [22], [26], [31], [37].

1.4 Construction and Components of an Automobile Differential System

The differential system is a vital component of the automobile power transmission system that transmits engine torque to the drive
wheels while allowing them to rotate at different speeds during cornering. It consists of several precision-engineered components
that work together to ensure smooth, efficient, and reliable power transmission [38-39].

The ring gear and pinion gear transfer torque from the propeller shaft and change the direction of power transmission by 90°, while
the spider gears and side gears enable differential action by allowing the drive wheels to rotate at different speeds during turns
without interrupting torque transmission [38-40].

The differential carrier supports the internal gears and transmits torque throughout the assembly, whereas tapered roller bearings
maintain proper alignment and minimize friction for smooth operation [35], [36], [38]. Oil seals prevent lubricant leakage and
protect the differential from contamination, while the differential housing encloses the assembly, provides structural support, stores
lubricant, and dissipates heat generated during operation [33-34], [39]. Finally, the axle shafts transmit torque from the differential
to the drive wheels while withstanding high torsional, bending, and fatigue loads. Proper lubrication, alignment, vibration
monitoring, failure analysis, and reliability-centered maintenance are essential for minimizing wear, preventing failures, and
extending the service life of the differential system and the entire drivetrain [38-40].

1.5 Working Principle of an Automobile Differential

The differential is a mechanical device that enables the transmission of engine torque to the drive wheels while allowing them to
rotate at different speeds when required. It operates through a combination of ring gear, pinion gear, spider gears (planet gears), side
gears (sun gears), and axle shafts. The working principle of the differential can be explained under two operating conditions: straight-
line driving and cornering (turning).

During straight-line driving, both drive wheels travel the same distance and rotate at the same angular speed. The engine torque is
transmitted through the propeller shaft, pinion gear, ring gear, and differential carrier to the axle shafts. Since both wheels experience
nearly equal resistance, the spider gears do not rotate about their own axes and both side gears rotate at the same speed, ensuring
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equal torque distribution to both wheels. This operating condition minimizes internal gear movement, reduces frictional losses, and
decreases wear on differential components [38-39].

During cornering, the outer wheel travels a longer distance than the inner wheel and therefore rotates at a higher speed. The
differential automatically compensates for this speed difference by allowing the spider gears to rotate about their own axes while
revolving with the differential carrier. This action enables the side gears and axle shafts to rotate at different speeds while
maintaining continuous torque transmission to both wheels. As a result, the differential prevents tire scrubbing, reduces drivetrain
stress, improves steering performance, enhances vehicle stability and traction, and minimizes tire wear, ensuring smooth and
efficient vehicle operation during turns [38-40].

2. METHODOLOGY

The automobile differential operates under heavy mechanical loads and continuous motion, making it susceptible to failures such
as gear tooth wear, pitting, bearing damage, fatigue, and lubrication failure. These failures are primarily caused by overloading,
misalignment, poor lubrication, material defects, contamination, and harsh operating conditions. Effective preventive measures
including proper lubrication, regular inspection, correct gear alignment, oil replacement, and condition-based maintenance help
improve differential reliability, reduce wear, and extend component service life. Modern condition monitoring and diagnostic
techniques use key condition indicators such as vibration, noise, temperature, and lubricant contamination to detect early signs of
deterioration. Combining these indicators enables accurate fault diagnosis, supports predictive maintenance, minimizes downtime,
reduces maintenance costs, and enhances vehicle reliability and safety [38-40].

Reliability-Centered Maintenance (RCM) integrates reliability analysis, condition monitoring, and risk assessment to optimize
maintenance strategies for differential systems. Recommended maintenance practices include using the manufacturer-recommended
gear oil, maintaining proper lubricant levels, replacing damaged seals, avoiding vehicle overloading, monitoring vibration, checking
gear backlash, ensuring correct gear alignment, and following scheduled maintenance intervals [39-40]. Future maintenance of
automobile differentials is increasingly driven by Industry 4.0 technologies, including Artificial Intelligence (AI), Machine Learning
(ML), the Internet of Things (IoT), Digital Twin technology, wireless vibration sensors, online lubricant monitoring, intelligent
maintenance scheduling, and cloud-based fleet health monitoring. These advanced technologies enable real-time condition
monitoring, accurate fault prediction, predictive maintenance, and improved operational reliability while reducing maintenance
costs and vehicle downtime [27], [38-40].

CONCLUSION

Differential systems are indispensable components of automobile power transmission systems, and their reliability directly
influences vehicle performance, safety, and operating costs. The most common failures gear wear, pitting, bearing fatigue,
lubrication degradation, shaft fracture, and seal leakage primarily result from inadequate lubrication, excessive loading,
contamination, and improper maintenance. A structured failure analysis using tools such as Failure Mode and Effects Analysis
(FMEA) enables engineers to identify critical failure mechanisms and prioritize corrective actions. Integrating preventive,
predictive, condition-based, and reliability-centered maintenance strategies, supported by vibration analysis, oil condition
monitoring, and thermal inspection, can substantially reduce unexpected failures, extend component service life, and lower
maintenance costs. Future developments in smart diagnostics, loT-enabled monitoring, artificial intelligence, and digital twin
technologies are expected to further improve the reliability and maintenance efficiency of automobile differential systems.
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