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Abstract：Against the backdrop of rapid advancements in automotive technology, engine fault detection and repair 
have become a critical topic in vehicle maintenance. As engine designs grow increasingly complex and environmental 
and efficiency requirements continue to rise, automotive repair businesses are facing growing demands for advanced 
diagnostic and repair techniques. This paper analyzes common types and characteristics of engine faults, explores 
strategies for detecting and repairing issues in ignition systems, cooling systems, and fuel systems, and emphasizes the 
importance of using proper tools and technologies to ensure optimal engine performance. It also proposes preventive 
and long-term maintenance measures to extend engine lifespan, enhance safety, and improve reliability.
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1 Introduction

As the “heart” of a vehicle, the engine’s performance and reliability are crucial to ensuring operational efficiency 
and safety. The engine is not only one of the most complex and critical components of a car, but its failure can lead 
to reduced vehicle performance or even serious accidents. Moreover, with continuous technological advancements, 
engine designs and functions have become increasingly sophisticated, making fault detection and repair more 
challenging and specialized. When diagnosing engine faults, technicians must not only possess in-depth knowledge of 
engine structure and operating principles, but also be proficient in various modern diagnostic tools and techniques [1]. 
By conducting effective fault detection, technicians can promptly identify and prevent potential issues, reduce the risk 
of accidents, and extend the engine’s service life.

2 Automotive Engine Fault Detection

2.1 Common Fault Types and Characteristics
2.1.1 Ignition System Failure

Ignition system failure is one of the common issues in automotive engines, typically manifesting as difficulty 
starting the vehicle, engine misfiring, reduced power output, or poor acceleration. Such problems are usually caused 
by worn spark plugs, damaged ignition coils, or faulty distributors. In modern vehicles, electronic control units (ECUs) 
may trigger ignition system malfunctions due to software issues. To diagnose and resolve these problems, one can 
inspect the condition of the spark plugs, use specialized tools to measure the resistance of ignition coils, and check the 
functionality of the distributor.
2.1.2 Cooling System Failure

Cooling system malfunctions are significant factors affecting engine performance and service life, manifesting 
as engine overheating, coolant leakage, or abnormal temperature rise. These issues may be caused[2] by radiator 
clogging, water pump failure, or insufficient coolant levels. When diagnosing such problems, it is necessary to inspect 
the operational condition of various cooling system components, including the radiator, water pump, and coolant hoses.
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2.1.3 Fuel System Failure
Fuel system malfunctions can lead to reduced engine power, unstable idle, or excessive fuel consumption. Common 

fuel system issues include worn fuel pumps, clogged fuel filters, dirty or damaged injectors, and fuel line leaks. When 
diagnosing these problems, it is necessary to check fuel pressure, clean or replace the fuel filter, inspect injector spray 
patterns and cleanliness, and test the integrity of fuel lines for leaks.
2.1.4 Mechanical component wear or damage

Internal mechanical component wear or damage is a common engine failure. This includes piston ring wear, 
connecting rod bearing damage, or camshaft wear. Such failures typically manifest as abnormal engine noise, 
increased fuel consumption, reduced compression pressure, or excessive exhaust smoke. To diagnose these issues, 
partial disassembly of the engine is required to inspect the condition and clearance of internal components, along with 
conducting compression tests to evaluate the engine’s internal sealing integrity [3].
2.2 Fault Detection Tools and Equipment

In automotive engine fault diagnosis, using the right tools and equipment is crucial. These range from basic hand 
tools to sophisticated electronic diagnostic devices. For example, scanners are widely used to read and interpret 
fault codes from the engine control unit (ECU), enabling quick identification of specific fault areas. Additionally, 
compression testers assess cylinder compression pressure, which is essential for detecting sealing issues and internal 
wear. For electrical system faults, voltmeters and oscilloscopes can detect problems such as voltage fluctuations 
and open circuits. In fuel system diagnostics, fuel pressure gauges are indispensable, helping technicians accurately 
evaluate the performance of fuel pumps and injectors. Proper use of these diagnostic tools and equipment not only 
improves diagnostic accuracy but also significantly enhances repair efficiency.
2.3 Fault Detection Procedure

It is important to follow a series of systematic steps when diagnosing automotive engine failures, as this helps 
technicians accurately identify the root cause and perform precise repairs.

First, collect and analyze the symptoms of the malfunction. This involves gathering information from the driver 
about changes in vehicle performance, unusual noises, or warning light indications to narrow down the potential fault 
areas. Second, conduct a visual inspection. Check for obvious leaks, damage, or worn components in the engine. 
Also, verify oil level and coolant levels to ensure basic engine operating conditions are met [4]. Third, retrieve 
diagnostic trouble codes (DTCs). Use a scan tool to read codes from the engine control unit (ECU), which provides 
crucial clues regarding the root cause of the problem. Each code corresponds to a specific fault area or issue, guiding 
further detailed inspections. Fourth, perform specialized tests based on initial symptoms and retrieved codes. These 
may include compression testing, ignition system checks, fuel pressure testing, and other targeted procedures 
to pinpoint the exact source of the fault. After completing these tests, inspect and evaluate the suspected faulty 
components. This includes thorough examination of specific sensors, connectors, or other critical parts—for example, 
checking spark plug condition, testing fuel injector spray patterns, or assessing airflow sensor response. Fifth, carry 
out comprehensive analysis and verification. Synthesize all collected data to gain a complete understanding of the 
underlying cause. After replacing or repairing the faulty component, conduct a series of functional tests and road trials 
to confirm that the issue has been fully resolved.

3 Automotive Engine Fault Repair

3.1 Repair Tools and Materials
In automotive engine repair, using appropriate tools and materials is essential. This includes various hand tools 

such as socket wrenches, screwdrivers, and pliers, which are used to disassemble and reassemble engine components. 
Torque wrenches play a critical role in ensuring bolts and nuts are tightened to the correct specifications, which is vital 
for maintaining engine integrity and performance. Compression testers and electronic diagnostic equipment, such as 
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OBD-II scanners, can be used to detect and diagnose internal engine issues. Additionally, high-quality sealants and 
lubricants are indispensable, helping ensure smooth operation of engine parts after reassembly and minimizing wear. 
When replacing components, it’s important to select high-quality replacement parts that match the vehicle’s make and 
model. The proper use of these tools and materials not only facilitates efficient and effective engine repairs but also 
ensures the engine returns to optimal operating condition after servicing.
3.2 Fault Repair Strategy
3.2.1 Ignition System Fault Repair

Proper maintenance of the ignition system is crucial for maintaining optimal engine performance. As the core 
component of the ignition system, spark plugs directly affect combustion efficiency and overall engine performance. 
Before replacing spark plugs, it’s essential to disconnect the battery to prevent electrical faults or accidental damage. 
A specialized spark plug socket wrench should be used to carefully remove the old spark plugs, which should then be 
thoroughly inspected to assess the degree of wear. This not only provides valuable information about the condition of 
the combustion chamber but also helps diagnose potential combustion issues.

Before installing new spark plugs, it is crucial to inspect and adjust the electrode gap. This gap is essential for 
ensuring proper spark jump, so it must be precisely set according to the manufacturer’s specifications. When installing 
the spark plugs, first screw them in by hand to avoid damaging the threads. Then, use a torque wrench to tighten 
them to the manufacturer’s recommended torque, ensuring the spark plugs are neither over-tightened nor too loose. 
Proper spark plug installation is vital for optimizing fuel economy, improving engine efficiency, and reducing harmful 
emissions.
3.2.2 Cooling System Failure Repair

The cooling system is crucial for maintaining the engine at a safe operating temperature, and any failure in the 
cooling system can lead to serious engine damage. Repairing cooling system issues typically involves replacing the 
radiator or fixing leaks in the system. At the same time, it’s necessary to completely drain the old coolant from the 
system, usually by opening the drain plug at the bottom of the radiator. During the draining process, carefully inspect 
the color and consistency of the coolant to determine if there are signs of oil contamination or other impurities.

Before replacing any damaged components, thoroughly inspect the cooling system to locate the exact source of the 
leak and ensure all hoses and connections are securely fastened to prevent future leaks. After installing the new parts, 
refill the cooling system with the appropriate coolant for your vehicle model. While refilling, run the engine and allow 
it to warm up to normal operating temperature to purge air from the system. This step is crucial for ensuring proper 
cooling system operation, as trapped air can lead to engine overheating and unstable performance. Once these steps 
are completed, carefully check the coolant level and adjust it as needed to maintain optimal cooling efficiency under 
various temperatures and operating conditions.
3.2.3 Fuel System Fault Repair

The fuel system is a critical component of the engine, and its performance directly affects engine efficiency and 
power output. When performing fuel system repairs, it is essential to disconnect the power supply to ensure safety 
throughout the process. The fuel pump, as the core component of the fuel system, is responsible for delivering fuel 
from the tank to the engine. Therefore, checking the fuel pump’s operating condition is a crucial step; if performance 
degradation or damage  is detected,  the pump  should be replaced promptly. Additionally, cleaning and maintaining 
fuel injectors are vital, as clogged injectors can disrupt uniform fuel delivery, thereby impairing engine performance. 
Injectors should be cleaned or replaced according to their condition to ensure effective and even fuel injection into the 
combustion chamber. At the same time, replacing the fuel filter is another key step in maintaining proper fuel system 
operation, as it removes contaminants that could otherwise damage the engine.
3.2.4 Changing Engine Oil and Oil Filter

Regularly changing engine oil and the oil filter is essential for maintaining optimal engine performance. Before 
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changing the oil, park the vehicle on a level surface to ensure accurate oil level measurement and complete drainage 
of old oil. Draining the old oil when the engine is at an appropriate temperature helps remove more contaminants and 
sediment. When removing the old oil filter, handle it carefully as it may contain residual oil. Before installing the new 
filter, apply a thin layer of fresh oil to its sealing gasket to ensure a proper seal, then manually install the filter to avoid 
cross-threading or over-tightening. When adding new oil, follow the manufacturer’s recommendations for the correct 
amount, then check the oil level to confirm it falls within the safe range. This process not only reduces internal engine 
wear and carbon buildup but also plays a crucial role in maintaining stable engine operation.
3.2.5 Replacing the Air Filter

The air filter protects the engine from external dust and debris. Regular inspection and replacement of the air filter 
are essential steps in maintaining engine performance. When replacing the air filter, first open the air filter housing and 
remove the old filter. Before installing the new one, check inside the housing for any debris or accumulated dust and 
clean it thoroughly. Then, place the new air filter into the housing and ensure the housing is properly closed and sealed 
to prevent air leaks. Although this process is simple, it is crucial for maintaining optimal engine intake efficiency and 
minimizing internal contamination. Regularly replacing the air filter improves combustion efficiency, reduces fuel 
consumption, and lowers carbon emissions.

4 Automotive Engine Failure Maintenance Measures

4.1 Preventive Maintenance
Preventive maintenance plays a crucial role in automotive engine management, primarily aiming to prevent 

failures through regular and systematic maintenance tasks, thereby extending the engine’s lifespan and improving its 
operational efficiency. This involves periodic inspection and replacement of engine oil, coolant, fuel and air filters, 
spark plugs, and other wear-prone components. It also requires routine checks on key engine systems—such as the 
cooling, fuel, and ignition systems—to ensure they operate at optimal conditions. Preventive maintenance further 
includes inspecting and servicing belts, hoses, and seals to prevent leaks and breakages. Additionally, regularly using 
diagnostic tools to monitor electronic control systems, such as the engine control unit (ECU), is essential for early 
detection and resolution of potential issues. Implementing preventive maintenance not only reduces the need for 
unexpected breakdowns and emergency repairs but also enhances vehicle reliability and safety while lowering overall 
maintenance costs.
4.2 Long-term Maintenance

Long-term maintenance is essential for ensuring engine health and extending a vehicle’s lifespan. It requires 
comprehensive and ongoing attention to the engine, going beyond routine preventive care to include long-term 
planning and assessment of overall engine performance. This involves regular in-depth inspections, including 
detailed examinations of mechanical components and electronic systems, as well as evaluations of wear levels and 
potential upgrade needs. Routine cleaning and adjustments of critical systems—such as the fuel, cooling, and exhaust 
systems—are also necessary to maintain optimal operating conditions. Additionally, environmental factors such as 
climate changes and road conditions must be considered, as they significantly impact vehicle wear and maintenance 
requirements. By implementing long-term maintenance, engine performance and efficiency can be effectively 
enhanced, unexpected downtime minimized, and costs associated with part repairs and replacements reduced, 
ensuring the vehicle maintains peak performance throughout its entire lifecycle.

5 Conclusion

This paper analyzes common types and characteristics of automotive engine failures, discusses the use of various 
fault detection tools and equipment, and provides detailed descriptions of diagnostic and repair methods to improve 
engine failure repair effectiveness. With rapid technological advancement, automotive engine designs and functions 
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have become increasingly complex, requiring continuous innovation and upgrading of repair tools and techniques 
to meet new challenges. Moreover, modern automotive technicians must possess extensive knowledge in engine 
diagnosis and repair, along with strong technical skills, to effectively carry out engine fault detection and maintenance 
tasks.
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