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Abstract - This study presents the evaluation of overall equipment effectiveness (OEE) at an enterprise crank shaft 

manufacturing in developing country of Iran. OEE is a measuring tool of equipment in the factories in order to reduce 
machinery problems and optimize the productivity of production equipment. This study analyzed the failure and repair data 
of the production line over the period of 1 year. The components availability (A), performance efficiency (PE), and quality 
rate (QR) of the OEE have been computed. The critical conditions have been identified by failure and repairing data to 
improve production line. The result shows that OEE is a reliable tool to eliminate the root causes of breakdown losses and 
speed losses. It can also be used in automobile manufacturing sector and other industrial manufacturers to improve the 
operation of the production line. 
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I. INTRODUCTION 

 

OEE is very close to concept of Total productivity 

management (TPM). TPM was identified in 1971 in 

Japan and its concept is widely used around the world 

to reduce the systematic scrap parts by using 

continuous improvement methods. TPM meant to the 

maximum level of productivity and a strategy for 

improvement of effectiveness of organization. This 
strategy emphasizes on methods that can be used to 

increase the number of the product with the same 

machines and equipment.  

OEE is a performance- measurement tool that 

measures production losses and shows areas of 

process improvement[1].  

The main propose of OEE is to determine the scrap 

component related to equipment in different sector 

and perform interactive features to eliminate scrap 

and waste component and utilization of the capacity 

of the equipment. In other words, OEE is a "best 
practices" way to monitor and improve the 

effectiveness of your manufacturing processes (i.e. 

machines, manufacturing cells, assembly lines). 

One of the advantages of OEE is that It takes the 

most common and important sources of 

manufacturing productivity loss, places them into 

three primary categories and distills them into metrics 

that provide an excellent gauge for measuring where 

you are - and how you can improve! 

There are plenty of literatures that have been released 

regarding to OEE identification and its several 

usages.For example, Tsarouhas (2013)[2] presented 
overall equipment effectiveness of a production line 

to evaluate the line performance and reported OEE as 

a powerful tool to avoid the inconvenient impact of 

failures on the production process. Costa, et.al (2002) 

[3] described the use of OEE intended for capability 

operations in addition to bottleneck detection[4, 5]. 

Xiaoping ZHU (2011)[6] reported OEE as the 

evaluating indicator of equipment efficiency by 

proceeded systematic analysis and improvement 

about equipment efficiency through the evaluating 

indicators[7]. Wudhikarn, R (2011)[8] noted that 

OEE is a simple indicator for analysing the efficiency 

of a single machine as well as integrated machinery 

and as an important factor for managing business 

organization.  

 In this study, the repair and failure data of crank 
shaft production has been analysed over a period 1 

year. All of components of the OEE have been 

calculated. This statistical information helps 

managers to improve their process more efficiently 

and effectively and make better decision about it. 

 

II. CRANKSHAFT 

 

A crankshaft (i.e. a shaft with a crank) is used to 

convert reciprocating motion of the piston 

intorotatory motion or vice versa. The crankshaft 
consists of the shaft parts which revolve in the 

mainbearings, the crankpins to which the big ends of 

theconnecting rod are connected, the crank arms 

orwebs (also called cheeks) which connect the 

crankpins and the shaft parts.  

The crankshafts are subjected to shock and fatigue 

loads. Thus material of the crankshaft shouldbe tough 

and fatigue resistant. The crankshafts are generally 

made of carbon steel, special steel orspecial cast iron. 

The crankshafts are made by drop forging or casting 

process but the former method is morecommon. The 

surface of the crankpin is hardened by case 
carburizing, nitriding or induction hardening. 

The following procedure may be adopted for 

designing a crankshaft. 

1. First of all, find the magnitude of the various 

loads on the crankshaft. 

2. Determine the distances between the supports 

and their position with respect to the loads. 
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3. For the sake of simplicity and also for safety, the 

shaft is considered to be supported at the centres 
of the bearings and all the forces and reactions to 

be acting at these points. The distances between 

the supports depend on the length of the 

bearings, which in turn depend on the diameter 

of the shaft because of the allowable bearing 

pressures. 

4. The thickness of the cheeks or webs is assumed 

to be from 0.4 ds to 0.6 ds, where ds is the 

diameter of the shaft. It may also be taken as 

0.22D to 0.32 D, where D is the bore of cylinder 

in mm. 

5. Now calculate the distances between the 
supports. 

6. Assuming the allowable bending and shear 

stresses, determine the main dimensions of the 

crankshaft.  

Table.1 presents the initial sizing values of the 

crankshaft. 

 

 
Table.1 Initial sizing value [9] 

 

III. OVERALL EQUIPMENT EFFECTIVENESS 

(OEE) 

 

OEE was first presented in 1988 by Nakajima in the 

concept of total productivity maintenance (TPM) 

[8]and they are described as “six big losses” as 

follows: 

1. Equipment failure/ breakdown losses, when 

productivity is reduced we face to time losses 

and equipment failure or breakdown quality 

losses will happen by defective products. 

2. Set-up and adjustment losses occur when the 
system produces nothing, this refers to downtime 

and equipment is aligned to fulfil the needful of 

another item. 

3. Useless and small stoppage losses occur when 

production is interrupted by a short-term flaws or 

when a machine is stopping. 

4. Decrease speed losses as regarded to the gap 

between the equipment planned speed and the 

actual speed of its operation. 

5. Decreased yield happens in the meantime of 

early phases of manufacturing from machine 

setup stabilization.  
6. Malfunctioning production equipment results in 

low quality of the manufactured products.  

The first two losses are referred to downtime losses 

that are utilized to measure the availability(A)of the 

machines which can be defined as the following:  
 

Availability (A) = (Loading time – Downtime)/ 

Loading time 
Loading time is the working time and downtime is 

the stoppage time loss due to breakdown [10]. 

Availability is the amount of the time in which some 

equipment are available to work compare with the 

time in which was programmed to work [10].  

 

The third and fourth losses are speed losses, which 

determine the performance efficiency(PE) of the 

equipment that can be calculated as: 

 

Performance Efficiency (PE) = Net operating time / 

operating time 
 

Where, net operating time is producing time at the 

standard production rate. It can be calculated with 

processed amount multiplied by the actual cycle time 

[8]. The final two losses are considered as losses due 

to quality defects. Quality rate is elaborated as the 

manufacturing input into the process minus the 

number of quality flaws and divided by the number of 

production input [11]. QR can be expressed in 

formula as: 

Quality rate (QR) = (production input – quality 
defects)/ (production input) *100 

 

The three main factors are used to calculate an OEE 

that are defined as the following: 

 

OEE = Availability * Performance efficiency * 

Quality rate 

 = A * PE * QR 

 

Total productive maintenance (TPM) first evolved in 

Japan in 1971 as a pattern to excel machine 

accessibility through better use of repair and 
production resource [12].The target of TPM activities 

is to increase the OEE indicator and labour 

productivity, and also to ensure the zero defects and 

rework, zero equipment failure and zero industrial 

accident. TPM has the standards of 90% availability, 

95% performance efficiency and 99% rate of quality 

[13]. An overall 85% measure of OEE is considered 

as world-class performance [2]. OEE is usually 

calculated with regard to six major losses. The 

relationship between equipment timing and the six 

big losses is shown in Fig.1 and Table.2 describes the 
classification of the losses. Fig.2 depicts the 

relationship between six major losses and OEE.  

 
Fig.1 Relationship between equipment timing and six major 

losses 
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Table.2 Classification of six major losses [14] 

 

 
Fig.2 Six major losses and Calculation of OEE [14] 

 

IV. DESCRIPTION OF THE PRODUCTION 

LINE PERFORMANCE AND PRODUCTION 

PROCESS 

 

The crank shaft production line consists of thirty five 

dependent machines in series with a common transfer 
mechanism and control system. Failure modes in 

machines are varied. In production line, some similar 

machines were supposed for different purposes. For 

example some grinding machines are used for rough 

cutting and the others forsoft cutting. The technical 

department responsibilities were to collect and record 

the failure and repair data of the machines and 

maintenance staff report the failure date and time for 

each machine with failure mode, the name of the 

failed machine, repair time and the amount of time 

repairing. All the data is stored in the PC. 

The schematic of crank shaft production line is shown 

in Fig.3. They can be described as the following: 

 

 
Fig. 3 schematic presentation of the crank shaft production line 

 

L. is meaning Lathe. Some kind of lathe step such as 

lathing main journals, lathing on counterweight, and 

lathing on flywheel is done on raw crank shaft to be 

in standard measuring for using in the car. 
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D. is drilling. In production line there are some 

drilling steps by drill machines on crank shaft. For 
example drilling for making crank pin oil holes and 

main bearing journals and for flywheel mounting 

flange. 

 

G. is meaning grinding. Grinding is a machine that 

is used for different type of machining. In this 

production line some grinding machines are used for 

purpose of rough cutting and some are working in 

soft cutting on main journals and crank pin journals. 

 

B. means balance. In this line there is one step for 

dynamic balance weights. 

 

AS.is assembly. In the production line there is one 

step for doing pins assembly. 

M. is abbreviation of milling. There are milling 

machines in production line to do milling for oil 

pumps, and on crank nose for pulley and or vibration 

damper mounting.  

At the end of the line, they do polishing, final 

inspection and controlling and packing. Then they put 

the products on the pallets and send them to 

warehouse. 
 

Crank pins, main journals, balance weights, webs and 

flywheel flange can be defined as main parts of the 

crank shaft. It also has oil passages with regard to for 

lubrication requirements as shown in the Fig.4. The 

material used for the crankshaft can be described as 

copper chromium with high carbon and some silicon. 

A thrust collar provided on one of the main bearings 

in an attempt to sustain the axial loads along the axis 

of the crankshaft. 

 

 
Fig.4 Crank shaft[9] 

 

The crank shaft production line works in two eight-

hour-shifts during working days, and at weekend, 

they usually implement maintenance of the line. The 

maintenance policy that they use is breakdown 

maintenance, preventive maintenance and predictive 

maintenance. Maintenance staffs are responsible for 

the proper operation of the production line when 

failure occurs. The company tries to do maintenance 

to improve availability and reliability of the 

production line, but generally was unable fully 

prevent failures when it happened during production 

process. Preventive maintenance (PM) is a kind of 
physical check-up of the equipment in order to avoid 

equipment breakdown along with extend equipment 

service lifetime[2]. PM includes repair actions which 

have been performed after a particular period of time 
or amount of machineutilize. Predictive servicing is 

premised about the same process as preventive 

maintenance, although it has a new qualifying 

criterion with regard to identifying the requirement 

for identifying servicing activities[15]. The additional 

gain originates from the requirement to execute 

maintenance only if the requirement is certain, not 

after passing of time period. In this strategy, 

maintenance is usually caused with respond to 

specific equipment condition as well as performance 

deterioration[16].  

 

V. FAILURE AND PRODUCTION LINE DATA 

 

The failure data of production line is a hand-written 

record which is kept by maintenance staff. These 

records were covered for over the course of the1 year 

(The first six month of the year). During this period, 

the line operated for two eight-hours-shifts. The 

record included the amount of production, failure 

mode and repairing hours. The time to repair (TTR) is 

the time that spends from the moment equipment stop 

until start again.  
 

5.1 descriptive statistics of failure data and 

production line data 

Descriptive statistics of the basic feature of 

production line data and failure data for TTR are 

presented in Fig.5. Production line data describe the 

amount of products in different months which are 

produced. This chart shows the maximum and 

minimum number of production during 12 months in 

two eight-hour-shifts. The descriptive statistics have 

been done by using the software package Minitab; it 

is also possible to do by Excel. 
 

 
 

 
Fig.5 Histograms for time-to-repair (TTR) and Production line 

of the crank shaft production 
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According to the charts, in the first month, the 

company has the least amount of products because of 
their New Year holiday. The company has 15 days 

holidays because of the New Year so then there are 

less failure time in this month as well. There were 

electric disconnections in production line in second 

month about 2 hours, in forth month about 1 hour, in 

fifth month about 6 hours and half and in the latest 

month around 4 hour and half from the central power. 

The maintenance staffs implement preventive 

maintenance in every other month for all machines in 

production line. There were two CNC machines and 

three grinding machines in production line which take 

the most time of repairing in all of the months and 
they are as critical points in production line. 

Table.3 shows the data collection of the operational 

performance.  

 
Table.3 Operational performance data 

 

Facilities down time were included as: 

 Down time of machine and its accessories 

 Non-availability of gauges and instruments tools, 

jigs and fixtures. 

 

VI. CALCULATION OF OEE 

 

The main indicator to measure the overall equipment 

efficiency (OEE) consists of the three components, 
Availability, Performance efficiency and Quality rate; 

where Availability (A) related to downtimes and 

equipment failure and wastes due to adjustment and 

setup, Performance efficiency (PE) wastes due to 

lowered speed, and idling and minor stoppage i.e. 

adjustment losses, and Quality (QR) is affected by 

quality defects and wastes of process. To be able to 

start the OEE measurement procedure, the data 

collection of the three OEE variable; availability, 

performance and quality, were fulfilled during a 

period of 12 months. The data required for the OEE 

measure was collected by maintenance staff 
responsible for the continuous and correct operation 

of the crank shaft production line.  The actual OEE 

values computed with the availability (A), 

Performance Efficiency (PE) and Quality Rate (QR) 

for each month and for 12 month period of operation 
(Fig.6). 

 

The average of OEE and other parameters over the 

periods of the 12 month are as the following: 

A= 96.54% 

P= 63.41% 

Q= 99.12% 

OEE= 61.43% 

 

The Global value of OEE indicator has been defined 

as following:  

Availability = 90% 
Performance = 95% 

Quality = 99.9% 

OEE = 85% 

 

In addition, the following findings can be created:  

a. The availability of the line is 96% which is 

higher than the target’s availability (90%) of the 

production line.  

b. The actual performance efficiency of the line is 

63.41% which abstains enough from the target 

(95%) of the production line. These losses are 
usually related to the minor stoppages due to the 

lathe and drilling machines during period of 

operation which is less than the others.  

c. The actual quality rate of the line is 99.12% 

which is coincided with the target’s quality rate 

(99.9%). The number of crank shafts rejected due 

to unbalance defects in production line.  

d. The overall OEE performance of the line is low 

(61.43%), considering the target of 85%. the 

main causes are speed losses, excessive 

breakdown.  

 

VII. RESULT 

 

The proposed method provides the complete 

information on various losses additionally in a 

stratified way to initiate appropriate action for 

improvement. The trends of various factors of OEE 

are shown in the dash board of OEE (Fig.6), these 

parameters are so useful to monitor the losses and 

improve the production line and machinery.   
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Fig.6 Dash board of overall equipment efficiency (OEE) 

 

 

 
Fig.6 Dash board of overall equipment efficiency (OEE) 

 

VIII. CONCLUSIONS 
 
This study presents the overall equipment efficiency 

methodology for performance measurement. The 

main analysis results can be summarized as follow: 

a) The OEE calculated number seems low; 

therefore they need to improve the current 

maintenance. 

b) The crank shaft production line has 14 hours 

stoppage because of the electricity disconnection.  

c) The most failure and minor stoppage is related to 

lathe machines. 

An important factor for managing business 

organization is key performance indicator. Factories 
are not able to improve their particular effectiveness, 

without being aware of their particular existing 

performance. Therefore, the organizations should 

decide proper measurement methods to fit their 

particular condition. In addition, in order to avoid the 
inconvenient effect of the failure on production 

process, it is highly recommended to be able to 

improve operation management, i.e. 

Parts replacement decisions; there are some old 

machines in the production line which has the most 

failure and losses. Training programs for technicians, 

TPM Program and etc. 

The operation of crank shaft line is not anticipated; 

therefore the component of PE should be improved. 

The following steps are recommended for 

implementation of Overall Equipment Effectiveness 

in factory: 
a) Determine team working for collecting data, 

basic data and coordination between various 

departments (the team is recommended to be 

consist of the production management, quality 

management, maintenance management and 

planning management) 

b) Determination of a team responsible for 

following affairs. 

c) Collecting data such as determination of standard 

times and etc. 

d) Specified of forms for data recorded. 
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