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  Mining is an industrial activity that extract rock from earth’s crust and processes it to attain valuable minerals for human 

needs to use them, but it is not a simple operation which involves risk in each and every aspect of work. For extraction of minerals 

in Open cast mines are extensively used. The machinery which used for extraction of mineral in opencast mine is dumpers. Dumper 

failure can lead to accidents and production loss in mines. In order to reduce those effects, it is necessary to conduct risk analysis 

to machinery and accompanying elements in the field. In this paper Failure Mode Effect Analysis (FMEA) is used to conduct risk 

analysis to dumpers. It is a quantitative risk analysis technique to calculate the Risk Priority Number (RPN) value, which gives 

information about which failure has to be prevented first and preventive measures to reduces the RPN value. Which make aware 

the company or maintenance in charge to concentrate on the failure which leads to more damage. So that to minimize the failures 

of machinery in open cast mines. 
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1. INTRODUCTION 

Mining is the process of extracting the mineral reserves 

from the earth crust when reserves are proved feasible to 

extract. In Mining the extraction is done in the orebody, 

vein, lode, seam. The main purpose of mining is to extract 

the mineral which are needed for human life and mining 

is considered to be second most important activity after 

agriculture. They are various types of mining: 

1. Open cast mining. 

2. Underground mining. 

3. Placer mining.  

4. In Situ mining. 

Open cast mining is defined as the extraction of minerals 

from the Quarry in the ground, by removing the 

overburden is called open cast mining 

 In the earlier days Conventional mining was practiced 

to extract the mineral deposit. But the improvement in the 

mechanization of the mining field with implementation of 

machinery in open cast mines during the last 50 years was 

a rapid growth which led to economic development of the 

country. 

 The mining machinery which are used in the open cast 

mining are mainly dumpers, shovels, dragline, bulldozer, 

road grader, surface miners, bucket wheel excavator, 

mechanical loaders etc. Each and every machine has its 
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own activity like a dumper used to carry the overburden 

or coal as shown in Fig 1 and shovel used for crowding of 

coal and all other machines are also useful for extraction 

and transportation of mineral. In case of open cast mining 

majorly used for transportation are dumpers. The 

machinery failure is mainly caused by inadequate 

maintenance, improper training to drivers, lack of 

awareness, and lack of design and maintenance of haul 

roads. 

 

Figure 1. The overburden or coal which is transported 

by dumpers. 

In open cast mining the main operations involved are 

drilling, blasting and transportation. Around 10% to 15% 

of production time is wasted by unscheduled maintaince 

in opencast mine [1] and maintaince cost is more than 

60% of the operation cost [2]. With the machinery failure, 

the productivity of the mine also decreased. So, machine 

failure should be reduced by regular maintenance 

operations as shown in Fig 2. 

Figure 2. Regular maintaince operations 

To reduce the expenditure for the machinery failure and 

maintenance cost is done by adopting the FMEA risk 

management tool for any operation which runs by 

machinery can be analyzed quantitatively and it improves 

the efficiency of the machinery or operation when FMEA 

method is used. With the FMEA application which gives 

the information about the Risk Priority Number (RPN) 

value for each failure. So, that we can deal with any 

particular operation, machine parts, human errors which 

have high RPN value. With this we can focus on the 

operation or part which causes major accidents. By this 

process we can avoid accidents and expenditure on 

machinery, which also increases productivity. So, that we 

can reduce the wastage of time and energy which makes 

the working operation efficient and effective. So, we have 

to use FMEA applications for the open cast machinery. 

 First FMEA is used by the US military at the end of the 

1940s [3]. US military developed the FMEA technique to 

reduce sources of vibration and corresponding potential 

failures in the production of munitions-and it proved a 

highly effective tool. The FMEA was used in 1960’s at the 

aerospace industry during Apollo missions [3] 

In 1970’s automotive industry was driven by liability costs 

to use FMEA [3]. In 1974, The US Navy developed 

MIL-STD-1629 regarding the use of FMEA [4] 

 In 1990 the chemical and gas industry used the FMEA 

[5]. Later on when days passed in the 2000's administrators 

and all authorities of mines searched for frameworks with 

least dangers, which brought on some issues for execution of 

the project undertaking. The greatest and the main 

dangers of working in mines can be related with safety, 

environmental failures. 

 FMEA is generally utilized method to distinguish the 

potential failure modes for estimating machinery 

reliability. In the mining industry FMEA is performed by 

estimating the Risk Priority Number (RPN) which is the 

result of Severity, Occurrence, Detection. FMEA 

recognizes design or process related failure modes before 

they occurred and decides the impact and seriousness of 

these failure modes. Distinguishes the reason and 

occurrence of event of the failures. FMEA evaluates and 

focuses on the risk related with the failure modes. Failure 

Mode Effect Analysis develops and records activity 

designs which reduces the risk level. 

 FMEA is more dominant than any other risk analysis 

techniques it works on the quality, reliability and safety of 

machinery, it also builds the organization picture and 

increases customers satisfaction. FMEA collect the 
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information to reduce failure by detection the damages 

priorly and reduce the potential for guarantee concerns 

 

2. LITERATURE REVIEW 

 N.L. Narayana and all (2013) presented the risk 

priority number for the LHD in an opencast mine and 

graphs are made about the RPN for each LHD. It also 

represents which specific part should be replaced for the 

machines to reduce the RPN value [6]. 

 M. Pradeep Kumar, Dr. NVS Raju and M. Navaneetha 

(2021) presented about using FMEA method to the 

dumpers and find out the RPN value and then find the 

rank of dumper failure by using the TOPSIS (Technique 

for order of preference by similarity to ideal solution) 

integration method and comparing with the RPN and 

TOPSIS values [7]. 

 Wangkum (2018) found out the potential weakness of 

the design before the completion of product (missile 

equipment) structure by using FMECA. The missile 

equipment Maintenance support uses 3 levels of 

maintenance. The main purpose of this paper is to design 

the maintenance system by using FMECA to decrease the 

unnecessary maintenance cost [8]. 

 Jigar Doshi and Darshak Desai (2017) represented the 

continuous Quality improvement in small and medium 

scale companies by using the FMEA method. Nowadays 

continuous improvement plays a major role in the 

competitive world. This paper deals with the small 4 

companies in Gujarat. The main objective is by studying 

multiple cases to know in depth and Quality data to 

improve the results [9]. 

 

3. METHODOLOGY 

The FMEA technique is mainly used to find out the 

failure modes of any operation or machinery. It 

predominately determines the failure effect/risk and 

causes of the failure mode. In this paper the FMEA 

technique is used to find out the risk and causes for the 

dumpers and also to find out the RPN value for each 

failure mode. The RPN value s calculated based on the 

following parameters such as Severity, Occurrence, 

Detection. The main process involved in application of 

FMEA on dumper is shown in Fig 3. 

 

 

 

 
 

RISK PRIORITY NUMBER (RPN): 

 The Risk Priority Number value which determines the 

risk related to the failure. In FMEA the RPN value plays a 

major role in evaluating the risk of the failure. The RPN 

values ranges from 1 to 1000. The RPN value which 

prioritizes the failure in the process of design [7]. The 

higher the RPN value, then risk will be higher. Based on 

the RPN value, the maintaince has to be done. The RPN 

value is calculated by below formula. 

RPN = Severity * Occurrence* Detection. 

The scales of Severity, Occurrence, Detection 

Ranking scale are explained below [7]. 

SEVERITY (S): 

Severity is the measurement of how serious the failure 

mode effects the operation or machinery etc. The severity 

ranking scale range from 1 to 10 as shown in Table 1. The 

scale should be changed according to the operation. The 

severity ranking is given to the failure mode based on the 

data collected and analyzed it to the ranking scale. 

Table 1. Severity Ranking Scale. 

Rank Severity Ranking Criteria 

1 Interruption is less than 3 hours. 

2 Interruption is more than 3 hours and less than 

5 hours. 

3 Interruption is more than 5 hours and less than 

10 hours 

4 Interruption is more than 10 hours and less 

than 20 hours. 

5 Interruption is more than 20 hours and less 

than 35 hours. 

6 Interruption is more than 35 hours and less 



  

 

 
99  International Journal for Modern Trends in Science and Technology 

 

 

than 55 hours. 

7 Interruption is more than 55 hours and less 

than 80 hours. 

8 Interruption is more than 80 hours and less 

than 110 hours. 

9 Interruption is more than 110 hours and less 

than 150 hours. 

10 Interruption more than 150 

 

OCCURRENCE (O): 

Which measures frequencies of the failure in the 

operation/process. Based on the how frequently the 

system failed. Assigning of the rank can be done based on 

the analysis of the data. In the Table 2 the rank is from 1 

to 10. Here 1 means the failure which has low chance of 

occurrence and 10 means high chance of occurrence. Here 

the scale is up to 2 years. 

Table 2. Occurrence Ranking Scale 

Probabilityof 

failure 

Occurrence Ranking 

Criteria 

Rank 

Almost never Once in 2 years 1 

Very rare Once in 18 months 2 

Rare Once in 1 year 3 

Very low Once in 6 months 4 

Low Once in 3 months 5 

Medium Once in 2 months 6 

Moderate high Once in a month 7 

High Once in fortnight 8 

Very high Once in week 9 

Extremely high Once in a day 10 

 

DETECTION (D): 

Detection is the measurement of failure mode before the 

breakdown of the operation. In detection ranking is based 

on the how the failure mode can be detected, whether it is 

detectable or not. As per Table 3 here 1 indicates failure 

which can be detected easily and 10 means it’s impossible 

to detect the failure 

Table 3. Detection Ranking Scale 

Probability of 

detection 

Detection ranking criteria Rank 

Extremely high 

chancesof 

detection 

Sound 1 

Very high chances 

of detection 

Vibration/hardness/feeling 

different from actual 

2 

High chances of 

detection 

Visual inspection/Smell 

detection 

3 

Moderately Driver physical inspection 4 

high chances of 

detection 

Moderately 

Chances of        

detection 

Instruments to detect 5 

Low chances of 

detection 

Maintenance and repairs 6 

Remote chances 

of detection 

Internal damage 7 

Very Remote 

chances of 

detection 

Internal damage 8 

Almost 

impossible to 

detection 

Sudden failures 9 

Impossible to 

detect 

No chance of detection 10 

 

4. MINE VISIT DATA COLLECTION: 

The data collected from mines for the analysis of the 

dumper by using FMEA technique. All failures data is 

collected from the maintaince workshop are shown in 

Table 4. The data irregularities and errors are removed 

from the data and processed and also arranged in order 

 

Table 4. Data is collected from maintaince workshop 

Component Failure 

mode 

Failure effect Failure 

causes 

 1-a Production Fuel with 

 Engine loss. impurities 

 replace  and also 

 d  when there 

   is no 

   periodical 

   maintenance 

   of 

Engine   engine. 

 1-b Engine Loose 

 Engine’ chassis fittings, 

 s damage, Improper 

 unwant chance of maintaince 

 ed whole-body . 

 sound/ vibrations.  

 vibration   

 n   

 1-c Chance of Overheatin 

 Engine engine failure g, Radiator 

 blow off  damage. 

 1-d Engine oil Improper 



  

 

 
100  International Journal for Modern Trends in Science and Technology 

 

 

 Engine leakage, fitting of 

 head Engine’s engine’s 

 failure performance head. 

  may  

  decrease.  

 2-a Oil Brake’s  Oil pads 

 leakage pressure is failure 

 in brake reduced   

 2-b Movement of Brake 

 Brake machinery calliper 

 jam can’t be adhesive. 

  stopped.  

Brake 
2-c 

Wear of 

Application 

of brake is 

Applying 

brakes 

 brake improper or unnecessar 

  won’t ily and also 

  applies. not 

   maintainin 

   g regular 

   maintaince 

   . 

 3-a Chance of Improper 

 Transmi reduction in maintaince 

 ssion oil machinery  and using 

 leakage. efficiency.  damaged 

Transmissio

n 

   parts. 

 3-b Minimised Rough 

 Tyres turning roads 

 toe in movement  

 and out   

 4-a Cooling of Improper 

 Radiato engine is maintenan 

 r fan reduced.  ce. 

 damage    

 d    

Radiator 4-b Leakage of When 

 Radiato water which water 

 r’s reduces pump is 

 water transfer of damaged. 

 pump water  

 leakage. radiator.  

 4-c Boiling 

of water in 

radiator 

Water pressure

 is increased

 in radiator. 

Improper 

function of 

thermostat. 

 

5. RESULT AND DISCUSSION: 

From FMEA analysis on the dumper, it is observed that 

the analyzed data which is collected from mine about 

dumper failure modes are analyzed and according to the 

Severity, Occurrence, Detection ranking scales, the values 

for the failure modes are allotted as per the data 

collected. By observing in Table 5 the failure mode which 

has more priority from RPN analysis are engine replaced 

and engine head failure, the next priority is for the brake 

jam for maintaince. From FMEA technique, the RPN 

values which are more than 150 are estimated as very 

serious/hazardous failures. So, for those failures the 

predictive maintaince have to be done. The RPN values 

range from 150 to 50 are serious failures, they require 

preventive maintaince. The RPN values less than 50 are 

regular failures, they require regular maintaince [7]. 

 

Table 5. The RPN values for each failure mode 

Failure 

mode 

Severity Occurrence Detection RPN 

values 

1-a 7 4 7 196 

1-b 4 4 2 32 

1-c 4 4 3 48 

1-d 7 4 7 196 

2-a 4 4 2 32 

2-b 5 4 5 100 

2-c 4 3 3 36 

3-a 4 5 4 80 

3-b 3 4 4 48 

4-a 4 3 6 72 

4-b 4 3 3 36 

4-c 4 4 5 80 

 

6. PROPOSED CONTROL MEASURES: 

In order to reduce the failures for the dumpers the 

reduction in the RPN values for the failure mode has to be 

done. The failure of dumper can be reduced by 

application of preventive measures for the failure modes, 

so that the RPN value decreases. The preventive measures 

for the failure modes for the collected data are shown in 

Table 6 
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Table 6. Proposed control measures for failure modes  

Component Failure 

mode 

Failure 

causes 

Preventive 

measures 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

Engine 

1-a Engine 

replace 

d 

Faulty fuel, 

Engine used

 for 

long time. 

The faulty 

fuel has to be 

prevented. 

1-b 

Engine’ s 

unwant ed 

sound/ 

vibratio 

n 

Loose 

fittings, 

Improper 

maintenance 

. 

Proper 

maintenance 

has to be    

done by 

skilled 

persons. 

1-c Engine 

blow off 

Overheating, 

Radiator 

damage. 

Regular 

maintaince of 

radiator. 

1-d Engine 

head 

failure 

Improper 

fitting of 

engine’s 

head. 

Proper 

Engine head 

has to be 

maintained 

and fitted 

properly. 

 

 

 

 

 

 

 

 

Brake 

2-a Oil 

leakage in 

brake 

Oil pads 

failure 

Oil pads 

have to be 

regularly 

maintained or 

changed. 

2-b Break 

jam 

Brake calliper 

adhesive. 

Regular Brake 

maintaince 

2-c Wear 

of brake 

Applying 

brakes 

unnecessar 

ily. 

The Brake are 

to be 

regularly 

monitored 

and 

changed. 

 

 

Transmission 

3-a 

Transmi 

ssion oil 

leakage. 

Damaged 

parts. 

Proper parts 

have to be 

maintained 

 3-b Tyres 

toe in 

and out 

Rough roads The hauls 

roads are 

to be 

properly 

maintained 

 4-a Improper The 

 Radiato maintaince maintaince 

 r fan . has to   be 

 damage  done 

 d  properly. 

 4-b When The water 

 Radiato water pipe 

 r’s pump is should be 

Radiator water damaged. replaced. 

 pump   
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 leakage.   

 Boiling Improper Checking 

 of water function of the 

 in thermostat. thermostat 

 radiator  and 

   keeping it 

   clean. 

 

7. CONCLUSION: 

The FMEA analysis on for the dumper failure modes, the 

RPN values are calculated. It is concluded that the highest 

risk is for the engine replaced and engine head failure 

from Table 5. So, they have to be maintained first and 

predtive maintaince have to be conducted because, they 

have RPN value of more than 150. The next failure modea 

which have high risk are the brake jam, tyres toe in and 

out, radiator fan damage and boiling of water in radiator. 

They have RPN value of 150 to 50 require preventive 

maintaince has to be conducted. The RPN values below 

50 are regulary mainatinced. From Table 5, it is clearly 

observed that the highest risk is for engine replaced, 

engine head failure and the lowest risk is for the engine 

vibration and oil leakage in brake. So, that which may 

reduce the failure rate by proposed control measures and 

also by regular monitoring and maintaince which may 

also improve the dumpers performance. 
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