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Abstract— It is important to analyze the reliability of a 

vertical broaching machine to identify the bottlenecks in the 

system and to find the components or subsystem with low 

reliability for a given designed performance. Also 

maintainability analysis is very useful for deciding 

maintenance intervals and also useful for planning and 

organizing maintenance. This paper provides a review on 

Reliability and maintainability analysis of Vertical Broaching 

Machine Based on Time to Failure and Time to Repair Data 

in order to improve the reliability of machine. 
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I. INTRODUCTION 

Today, with the increasing complexity and automation in 

systems, reliability and life cycle cost analysis have become 

the need of recent fast growing industries. Reliability analysis 

helps to manage the product / system failures while life cycle 

cost analysis deals with the cost implication over the 

operational life of the product / system. In an increasingly 

competitive market, organisation are challenged to run their 

plants more profitably and with greater efficiency. Therefore 

reliability analysis is required to identify the bottlenecks in 

the system and to find the components or subsystems with 

low reliability for a given desired performance .The 

reliability based design focuses on three terms such as 

reliability, maintainability and availability. Reliability is the 

probability that a component or system can perform its 

intended function for a specified interval under stated 

conditions. In simple words, reliability is the duration or 

probability of failure free performance under stated 

condition. Quality and reliability go hand in hand and are 

complementary of each other. Without quality there is no 

reliability, for a product or system to have higher reliability it 

must have good quality as well. Good reliability engineering 

is not the search for perfection but rather a search for effective 

business solution to failure problems. Maintainability is 

measure of how effectively and economically failures can be 

prevented through preventive maintenance and how quickly 

system operation can be restored following a failure through 

corrective maintenance. Availability is defined as the 

probability that a component or system is performing its 

required function at a given point in a time when used under 

stated operating condition.  

II. VERTICAL BROACHING MACHINE 

G.S.Engineers, Ichalkaranji are leading manufacturers of 

Vertical Broaching Machine . These machines are used in 

industries for internal and external broaching of components 

to produce keyways in pulleys and gears, grooves and splines. 

Almost any irregular cross section can be broached as long as 

all surfaces of the section remain parallel to the direction of 

broach travel. To increase the sales of product and compete 

their competitors, research work is carrying out. The main 

objective of this research is to study failure modes and failure 

phenomenon and to increase reliability of the broaching 

machine. Fig. and Table-1 depicts the specifications of 

vertical broaching  machine . 

 
Fig. 1: Vertical Broaching Machine 

The failure of this machine is not economical for 

customers. Due to this reason  this model is selected for 

reliability and maintainability analysis  on the basis of time 

to failure and time to repair data. Table 1 depicts the 

specification of   vertical broaching  machine.  

 

Parameters Specification 

Pulling capacity 6000 kg 

Cylinder Make Hydrotech 

Bore dia. 63 mm 

Piston rod dia. 45 mm 

Maximum stroke 1200 mm 

Cutting speed ( variable ) 1 to 5 mtrs/ min 

Return Speed 6 mtrs/min 

Face plate dimensions 325×680 mm 

Maximum shank dia. A or B as per 

DIN 1415/1417 
25 mm- 32mm 

Dia. of bore in false plate 200H7 mm 

Power of electric motor 
7.5 HP /1500 

rpm 

Power  of coolant motor 
0.37 kw (0.5 

H.P) 

Operating Pressure at full load 90 kg /cm.sq 

Hydraulic capacity 210 litres 

Coolant fluid  reservoir capacity 180 litres 

Table 1: Specification of Vertical Broaching Machine 
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III. RELEVANCE 

Reliability and maintainability analysis have become the 

need of recent fast growing industries. Reliability analysis is 

important because unreliability has a number of unfortunate 

consequences and therefore for many products and services 

poor reliability is serious threat. Reliability is estimated by 

analysing the failure data. Different reliability models are 

used to determine various measures of reliability such as 

mean time between failures (MTBF) and mean time to failure 

(MTTF). MTBF is affected by the known or predicted 

stresses, environmental factors, operating conditions, 

material properties and part geometries. The suitability of 

performing definite tasks is primarily determined by 

reliability and quality of the system. The growing awareness 

of reliability arises from the fact that there is a need for 

efficient, economic and continuous running of machine in 

any industry for achieving the targeted production at a 

minimum cost to face the present competitive world. 

For the fast growing industries low life cycle cost of 

their product will definitely provide a competitive edge over 

their competitors. LCC analysis helps engineers to justify 

equipment and process selection based on total costs rather 

than the initial purchase price as the cost of operation, 

maintenance and disposal costs exceeds all other costs many 

times over. The important aspect is considered in reliability 

based design, is that reliability should not increase too much 

cost of the product or system. Taking into consideration the 

importance of reliability, it is decided to carry out reliability 

and maintainability analysis of a vertical broaching machine 

manufactured by G.S.Engineers, (Yadrav) Ichalkaranji. 

IV. LITERATURE REVIEW 

Many studies of reliability analysis have been reported in the 

published literature. In this section, some of the reliability 

studies conducted over the years have been re-visited, 

highlighting the methodologies and applications used. 

Javad Barabady et al. [1]described reliability and 

availability analysis of the crushing plant number 3 at Jajarm 

Bauxite Mine in Iran. In this study, the crushing plant number 

3 is divided into six subsystems. The parameters of some 

probability distributions, such as Weibull, Exponential, and 

Lognormal distributions have been estimated by using 

Reliasoftsweibull ++6 software and the result of analysis 

show that the conveyer subsystem and secondary screen 

subsystem are critical from a reliability point of view, and the 

secondary crusher subsystem and conveyer subsystem are 

critical from an availability point of view. Thestudy also 

show that the reliability analysis is very useful for deciding 

preventive maintenance intervals. 

Abhijit S. Adadande et al. [2] presented reliability 

analysis of pressure relief valve manufacturing system. In this 

analysis pressure relief valve manufacturing system is 

selected which is used in two wheeler bikes having capacity 

150CC and above. It is found that fault tree analysis method 

is effective in such fault oriented analysis. Weibull++ 

software has been used for time to failure data analysis. 

Statistical data is analysed by normal distribution model. 

 L.Y.Waghmode et al. [3] used Fault Tree Analysis 

which directly focuses on the modes of failures. FTA is a 

graphical representation of the major faults or critical failures 

associated with a product and the causes for the faults and 

potential counter measures of lathe machine. Qualitative and 

quantitative analysis helps to identify critical design 

parameters, maintenance suggestion. It also shows that how 

reliability analysis is fruitful for life cycle cost management. 

 Mohammad Sadegh Javadi et al. [4] used fault tree 

analysis approach in reliability assessment of power system. 

FTA is a top down approach to failure analysis, starting with 

a potential undesirable event (accident) called a top event and 

then determining all the ways it can happen. The analysis 

proceeds by determining how the top event can be caused by 

individual or combined lower level failures or events. In 

power system analysis this approach could maintain the static  

analysis of the system. 

 Yao Hsu et al. [5] presented reliability analysis of 

wind turbine towers. The present research sets up a wind 

turbine model, wherein the loads of towers are calculated by 

their relation to wind speed. The finite element method and 

fatigue analysis method are used to analyze the stress 

distribution of towers under loads. In this it is concluded that 

it is a feasible and conservative method to analyze a wind 

turbine tower structure with the loads calculated by its 

relation to wind speed. 

   H. Paul Barringer et al. [6] describes the need of 

practical reliability details to define life cycle costs of 

product. Life cycle cost comparisons help to decide the 

lowest long-term cost of ownership driven by a single 

estimator called net present value. The net present values 

require decisions about when and how much maintenance or 

replacement costs will be incurred which is driven by the time 

and modes for component failures found by using reliability 

technology , developed during last many years. 

Sukhwinder Singh Jolly et al. [7] presents reliability, 

availability and maintainability study of high precision 

special purpose manufacturing machines. This includes a 

study of repairable systems for computing parameters such as 

availability, maintainability, reliability. The data was 

analysed and the performance of the machines complied 

based on the failure data clearly indicates that the machines 

have high availability and good reliability but poor 

maintainability.  

A. Z. Keller et al. [8] described a reliability and 

maintainability study of computer control machine tools. For 

this analysis field failure data collected over a period of three 

year on approximately 35 CNC machine tools during their 

warranty period were analysed. In order to apply quantitative 

reliability methods, a coding system was devised to code 

failure data which were then collected into a data bank. The 

Lognormal and Weibull distribution were found to be 

applicable to describe time between failures and the repair 

items. The Duane reliability growth model arising from the 

introduction of modifications to improve machine tool 

performance gave a good fit to the observed reliability growth 

for a CNC system.    

Wang Ji Ming et al. [9] studied the process 

reliability of aircraft engine. The purpose to study the process 

reliability is to cut down and eliminate the process defects or 

failures, which will improve the pass rate. This paper puts 

forward the concept, evaluations and the contents of process 

reliability and method to  analyse the process reliability. 

Yiqiang Wang et al. [10] presented the 

comprehensive reliability allocation method for design of 

CNC lathes. In the design and development of computerised 
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numerical control lathes, an effective reliability allocation 

method is needed to allocate system level reliability 

requirements into subsystem and component levels. During 

the allocation process, many factors have to be considered. 

Some of these factors can be measured quantitatively while 

others have to be assessed qualitatively. In this paper, we 

consider seven criteria for conducting reliability allocation. 

The above review of literature shows that reliability 

analysis technique has been applied to evaluate different 

types of systems. In this work it is proposed to apply this 

technique to analyse the reliability and maintainability of 

vertical broaching machine. The effect of reliability on the 

life cycle cost of the same machine will also be studied. 

V. METHODOLOGY 

The methodology which will be followed for the reliability 

and maintainability analysis of the vertical broaching 

machine comprises the following: 

1) Understanding the system, identification, coding of the 

subsystems and the faults therein; 

2) The collection, sorting and classification of the time 

between failure (TBF) and time to repair (TTR) data for 

each subsystem and their fault; 

3) Data analysis by Reliasoft Weibull ++9 for verification 

of the assumption of independent and identically 

distributed TBF, TTR data; 

4) Fitting the TBF and TTR data for the subsystems and 

faults with a theoretical probability distribution; 

5) The estimation of the reliability and maintainability 

parameters of each subsystem with a best-fit distribution; 

6) The identification of critical subsystems, faults and the 

formulation of a better maintenance policy to improve 

reliability. 

7) The improved life cycle cost of vertical broaching 

machine will be approximately estimated based on 

reliability analysis methods. 

VI. CONCLUSION  

From this review it is observed that Reliability and 

Maintainability Analysis of Vertical broaching Machine 

Based on Time to Failure and Time to Repair Data provide 

the opportunity to find out the bottlenecks in the machine 

system and to increase the reliability of machine.  

This review also shows that;  

 Many researchers agreed that by reliability analysis 

several modes of failures can be find out. and several 

improvements can be done in machine system to increase 

the reliability.  

 Many new effective reliability analysis tools available 

for researchers. 

 Life cycle cost analysis can provide the different costs 

associated with the machine tools throughout its life, this 

data will be helpful for the economic decision making.  
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