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Abstract 

 

There are many different spark plug designs available in the market now a day. Understanding the differences between them is 

beneficial in helping the engine to run properly and efficiently. Spark plug and mode failure is a systematic tool for identifying 

the effects or consequences of a potential product or process failure and to eliminate or reduce the change of failure occurring, 

Detection rating and risk priority number (RPN) are some parameters, which are to be determine. These are the steps taken 

during design phase of equipment to ensure that the reliability requirements have been properly allocated and that a   process for 

continuous improvement exists. Here the spark plug and mode failure (SPMF) technique is applied on the spark plug operation 

and defects are found. This work serves as a failure prevention guide and also would improve the reliability of   spark plug 

operation and thus ensuring the effective vehicle performance. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Today there is a wide variety of spark plug designs available in   the market. Understanding the differences between them is 

beneficial in helping the engine to run properly and efficiently [1].cylinder pressure directly gives work production in the 

combustion chamber, and thus gives an important insight into the control and tuning of the engine [2]. 

Most modifications introduced later related to the materials and to the configuration of the electrodes, presently, the insulator 

is produced from sintered alumina. The cathode has a copper core to increase thermal conductivity; the surface may be alloyed 

with silver, gold and platinum to increase the resistance to high temperature corrosion. The anode is subject to high temperature 

corrosion by combustion gases and electro-erosion by the spark is transports metal ions in a plasma state. Nickel allows are 

mainly used, although platinum alloys are found in high-performance spark plug [3-4]. 

Spark plug and mode failure (SPMF) is used to identify potential failure modes, determine their effect on the operation of the 

product , and identify action to mitigate the failure. This project is about the Spark plug and mode failure by using (SPMF) 

technique which identifies how the product will fail and how to eliminate or reduce risk of failure (4)  
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Fig. 1: cross section of spark plug [5] 

II. SPARK PLUG 

Most modification introduced later relate to the material and to the configuration of the electrodes. Presently, the insulator is 

produced from sintered alumina. The cathode has a copper core to increase the resistance thermal conductivity. The surface 

may be alloyed with silver, gold, and platinum to increase the resistance to high temperature corrosion. The anode is subject to 

high Temperature corrosion by combustion gases and electro-erosion by the spark which transports metal ions in a plasma 

state. Nickel alloys are mainly used, although platinum alloys are found in high performances spark plug. [3], [6] the cross 

section view and schematics of a general spark plug is shown in fig 1 & fig 2 respectively. 

Most modification introduced later relate to the material and to the configuration of the electrodes. Presently, the insulator is 

produced from sintered alumina. The cathode has a copper core to increase the resistance thermal conductivity. The surface 

may be alloyed with silver, gold, and platinum to increase the resistance to high temperature corrosion. The anode is subject to 

high Temperature corrosion by combustion gases and electro-erosion by the spark which transports metal ions in a plasma 

state. Nickel alloys are mainly used, although platinum alloys are found in high performances spark plug. [3], [6] the cross 

section view and schematics of a general spark plug is shown in fig 1 & fig 2 respectively. 

In general spark plug design with high firing efficiency results in a limited lifetime. It is therefore desirable to reduced initial 

efficiency in favor of improved lifetime efficiency. Hence in order to improve its design and functioning qualitatively, SPMF is 

carried out .The major failures occurring in spark plug. Shown in fig. 2 how different parts interact to each other to verify the 

critical path. It is easy to understand relations of the parts and thus the block diagram provides the principal focus for the critical 

study. 

 
Fig. 2: schematics of spark plug [5] 
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Fig. 3: Spark plug block diagram [5] 

III. CAUSES OF FAILURE OF SPARK PLUG   

Based on the trials conducted the failures are listed. In this, previously recorded failures are also added. The effects of these 

failure modes are also tabulated. This step must be thorough because this information will feed into the assignment of risk 

rankings for each of the failures. It is helpful to think of this step as an if-then process: If the failure occurs, then what are the 

consequences. Failure mode and effect study (FMES) was first developed as a formal design methodology in the 1990s by the 

aerospace industry with their obvious reliability and safety requirements. The purpose of FMES is to identify possible failure 

modes of the system, evaluate their influences on system behavior and propose proper countermeasures to suppress these 

effects. FMES enhances further improvisation of both the design and manufacturing processes in the future as it serves as a 

record of the current process in formations [7]. 

In FMES, failures are prioritized according to how serious their consequences are, how frequently they occur and how easily 

they can be detected. Ideally, FMES begins during the earliest conceptual stages of design and continues throughout the life of 

the product or service. Results can be used to identify high-vulnerability elements and to guide resource deployment for best 

benefit. An FMES can be done any time in the system lifetime, from initial design onwards. The various steps in  

A.  Processes Failure and Effect Analysis are as Follows. 

 Reviewing the process 1)

 List the potential effects and modes of failure 2)

 Assign an occurrence rating 3)

 Assign a detection rating  4)

 Calculate the risk priority number (RPN) for each model of failure. 5)

 Take action to eliminate or reduce the high-risk failure mode.  6)

 Calculate the resulting RPN as the failure modes are reduces or eliminated [7]. 7)

IV. STUDY AND CASE DESCRIPTION 

Nonetheless, a large number of complaints about engine efficiency loss were recorder from clients in Mexico. Failures started to 

occur between 1000 and 5000 km. similar failures were not reported in the rest of North-America. Evidence was collected from 

30 initial combustion engines used in the same vehicle model, comparing the performance to substitute plugs with classical 

design. Comparing was also made between engines which is used to standard fuel and engines using exclusively premium fuel, 

which did not suffer failure. [7]    
From the above FMEA table it is studied that the damage in    spark plug mainly occurs due to fouling and the overheating of 

spark plug. The former is of two types, namely dry deposition (due to exhaust gas) and wet deposition (due to lubricating oil). 

The carbon deposition can be controlled by means of checking spark plug and fuel filter periodically and maintaining a spark 

plug air and fuel mixture.[9] 

After Use In An Engine Run On Standard Fuel, The High-Performance Plugs Showed A Homogeneous Black Coating On 

Anode, Cathode And Insulator, Together With Significant Degradation Of The Platinum Inserts. These Contrasts Strongly With 

the ‘‘Coffee with Milk’’ Colour (Indicating Satisfactory Operation) Found In Spark Plugs Of   Other Designs Used With The 
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same type of fuel. Where extreme erosion and corrosion is associated to an irregular deposit on the surface of the insulator. The 

damage at the anode is even more pronounced. Only a small stub is left of the platinum insert and strong erosion of the support is 

evident presents a transverse section of a failed plug. Two conductive deposit layers are distinguished. The composition of the 

inner layer Fe, Mn and Ca with lesser amounts of Pt. The outer layer consists mainly of carbon. The anode consists of a Ni–Cr–

Fe alloy, but the amount of Fe in this material is small and cannot explain the predominance of this element in the deposits 

(which also do not contain Ni and Cr). The final observation is presented in (Fig. 5). The measurements showed that the 

magnetic field close to the electrodes in the single anode design (Fig. 5a) is three times weaker than in the high-performance 

design (Fig. 5b). Using some basic knowledge on magnetic fields around a conductor, one can propose the field lines drawn. [6] 

 
Fig (5): qualitative assessment of the magnetic field lines during spark discharge, based on measured field intensities and electrode geometry. 

(a) Single electrode configuration (b) high-performance plug. [8] 

V. RESULT AND DISCUSSION 

Spark plug and mode failure it is studied that the damage in spark plug mainly occurs due to fouling and the overheating of spark 

plugs. The former is of two types, namely dry deposition (due to exhaust gas) and wet deposition (due to lubricating oil). The 

carbon deposition can be controlled by mean of checking spark plug and fuel filter periodically and maintaining a constant air 

fuel mixture. The indicated mean effective pressure represents the work done by the combustion on the piston. Hence, the 

cylinder pressure variation can be identified by IMEP is a good indicator to evaluate the effects of variation spark plug design. 

[9] 

Therefore only the work delivered to the piston over the compression and expansion stokes has been considered to obtain the 

effect of cyclic variation in combustion. The reason for the replacement is given as cracks in the spark plug insulator tip causing 

pre-ignition leading to severe engine damage. The Service Bulletins say that cracked insulators have been found in naturally 

aspirated engines too. Other causes of pre-ignition are combustion chamber deposits, mist-installed. [7] 

VI. CONCLUSION 

The present work deals with the process failure mode and spark plug study. Thus the spark plugs used in various automotive 

have been analysed and the expected failure modes have been duly observed and tabulated. Did the damaged pistons occur as the 

result of an impact, or from a plastic sack covering the water intake? The plastic sack theory is the subject of a whole other 

discussion. Nearly always, particularly in 2 cycle motors, piston damage is caused by a combination of the above discussed 

oil/fuel/carbon problems. The case presented here is economically important because early engine failure has a nefarious effect 

on brand reputation. [3] 

Helicoids, sharp edges left in manufacture, installation damage and incorrect ignition timing. It is well known that detonation 

can crack spark plug insulators and the spark plug may be among the first victims in a chain of damaging events. [9] 
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