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ABSTRACT 

Indian tyre industry is adopting new technologies for improving its products to 

sustain in the global competition. The main focus is to develop efficient and durable 

tyres at affordable price by finding the most critical manufacturing process in tyre 

manufacturing. This paper concentrates on finding the most critical manufacturing 

process. The views of the experts of various fields have been considered for the same. 

The result shows that the curing of tyre is the most critical process followed by tyre 

building. The study proposes the process that can be optimized to enhance the quality 

of tyre manufacturing. 

Key words: AHP, Critical manufacturing process, Tyre manufacturing industry. 

Cite this Article: Hardeep Singh, Dr. Shakun Preet Kaur, Critical Manufacturing 

Process in Tyre Manufacturing Industry: A Case Study of the Indian SSES, 

International Journal of Advanced Research in Engineering and Technology, 10 (3), 

2019, pp 87-93. 

http://www.iaeme.com/ijaret/issues.asp?JType=IJARET&VType=10&IType=3 

1. INTRODUCTION 

Due to globalization of the economy, the Indian tyre industry is trying its best to improve the 

product affordability in world market. It is trying to adopt flexible international technologies to 

fit into the competition. Presently there are 40 registered companies in the tyre sector in India.  

The tyre industry is prime choice for private investors to invest their money which is 

approximately Rs 36000 crore. The main reason for the investors for their investment is that it 

is the faster growing industry in India with 3% of total GDP. This industry is the major 

consumer of the domestic rubber market and import about 45% of its share with high import 

tax [1]. The major factors that affects the demand of tyre as a product includes re-treading of 

tyres, transportation volumes, network of roads, execution of vehicle loading rules and exports. 

The main challenge for the tyre industry is to develop affordable, efficient and durable tyres at 

affordable price. To overcome this challenge companies need to closely look into its 

controllable internal processes used in the manufacturing of tyres. The most critical process 
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should be identified and optimized for achieving the goal of sustaining in the competitive 

market.   

The most critical process can be identified by using Analytical Hierarchy Process. 

Analytical Hierarchy Process is a decision making process used to solve complex decision 

problems which was introduced by Saaty [2]. It is always preferred by the researchers over 

other decision making processes as the input data required for the same is easy to collect. The 

pairwise comparison of relevant data is used for ranking of all input parameters.  

A typical tyre manufacturing unit uses the following processes for the manufacturing of 

tyres: 

• Mixing: Tyre manufacturing process starts with mixing the proper quantity of natural 

rubber, synthetic rubber and various chemicals in a mixture known as Banbury mixer. 

Rubber mix depends upon the desired properties of the product to be manufactured.  

• Milling: Milling is a process in which homogenous rubber mixture is passed through a mill 

which convert it into long strips. To maintain the temperature of these strips these are made 

to pass through the cooled air or water. To prevent their sticking during cooling these strips 

are coated with powder or anti-tack solution.  

• Extruding: Extruder are used to fabricate treads and sidewall components of tyre.  During 

this operation, the strips fabricated by milling process are passed through a die which 

convert it into various shapes.  

• Calendaring: Calendaring is a process in which thin rubber coated fiber sheets are produced 

by squeezing reinforcing fibre materials into rubber.  

• Building: All rubber components of tyre are assembled to make a raw tyre which is called 

green tyre. Sometimes it is necessary to use adhesives to increase their bonding capacity. 

This process includes fabrication, reinforcing   and bonding process.   

• Curing: The green tyre is cured in a metallic mould. There is a chance of sticking of this 

tyre to the inside of the mould due to high heat. To prevent its sicking into mould it is coated 

with a liquid. During curing of tyre is forced against the mould which results in formation 

of tread and side wall pattern of tyre. The time period for the curing process depends on the 

specification of the tyre being made.  

• Finishing: After curing tyres goes for inspection and finishing process. The final finishing 

includes printing, washing and buffing.  

2. LITERATURE REVIEW 

From the literature it is observed that automobile sector is one of the main area which is 

responsible for the generation of waste in developing countries [3,4] and in all of them the tyre 

waste more considerable.  In past researchers were more focused on studying the profitability 

of tyre remanufacturing units [5]. They worked on system design for tyre reworking as there is 

large number of used tyre available per year. They proposed a model for provides the decisions 

related to the number of facilities to open, their locations, and also the allocation of the 

corresponding product flows [6]. They also proposed that the scrap tyres can be used in other 

production processes to minimize the use of non-renewable materials. For the same they did 

the value analysis of scrap tyres in cement industry by replacing petroleum coke for scrap tires 

[7].  A few researchers tried to find out the most dominating factor for end of life in tyre usage. 

They proposed a framework for analysis of these factors and validate the same in Indian 

scenario [8].   

In addition to all this work which is on tyre remanufacturing a few researchers also proposed 

some methodologies to improve the processes in tyre manufacturing units.  Gupta V et al. [9] 

proposed to implement lean Six-Sigma methodology to reduce the defects in a radial tyre 
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manufacturing company. Lean Six-Sigma methodologies were merged to analyse the problem 

with the help of root-cause analysis.  During analysis it was observed that the presence of 

foreign particles in the manufacturing environment, under-ageing and over-ageing of tyre 

components, and inefficient bead winding process, are the factors responsible for rejection of 

tyres.  Gupta V et al. [10] also suggested that financial competency of any manufacturing unit 

is responsible for integrating lean manufacturing practices in their organization. They 

concluded that over-processing as well as excessive defects are the most damaging wastes in 

radial tyre manufacturing.  Visakh M J and Aravind S [11] tried to optimize the manufacturing 

process by implementation of Lean Manufacturing. Lean manufacturing is used to identify non-

value added processes in a tyre manufacturing industry and processes are optimised by using 

value stream mapping and Taguchi method.  Maciej WOJTASZAK [12] solved an industrial 

problem of tyre manufacturing plant which was producing pneumatic tyres for agricultural 

machinery named Trelleborg Wheel Systems, Sri Lanka by under of Lean Six Sigma program.  

It is also found that analytical hierarchy process can be used for decision making. Chatterjee 

et al. [13] used Multi criteria analysis for selection of martial in industries. The further research 

showed that the same process can also be used in environmental planning [14, 15]. A few 

researchers gives the application of AHP to find out the best alternate in water resource planning 

by comparing six water management decision problem [16]. They suggested that the initial 

structure of a problem is equally important as the selection of decision making process. 

Ustinovichius et al. [17] studied the investment required in construction and Jeffreys [18] for 

small-scale forestry by using AHP. Method for the selection of tool material was proposed by 

Chen [19]. Rao and Devim [20] used the same method for material selection by presenting a 

logical procedure. The proposed procedure helped them to estimate and rank the materials 

requirements for a particular design. Jayamani E et al. [4] proved that reinforced polymer matrix 

composites used in automobile industry for weight reduction of components results in 0.4% 

improvement in fuel efficiency.    

It is clear from the above mentioned applications of AHP, that the process can also be used 

in tyre manufacturing industries for finding out the most critical process which is need to be 

optimized. 

3. METHODOLOGY 

The profit of any industry depends upon the selection of material, selection of process for 

fabrication, type of machine used and skill of operator.  Selection of right type of process and 

its process parameters plays an important role in the profit of industry. As discussed in section 

1 all the processes for manufacturing entire i.e. mixing, milling, extruding, calendaring, 

building, curing and finishing are included in this study. 

3.1. STEP 1: Collection of Inputs  

The opinions of experts from various fields is thoroughly analyzed by AHP. Taking opinions 

from experts of various fields will minimize the error. Hence the opinions of various 

professionals from industry, academics and research is considered. The questionnaires were 

filled by using nominal-ratio scale of 1 to 9. The geometric mean of all the filled questioners is 

taken considered to form a square judgment matrix as shown in table: 
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Table 1 Opinion of Industrial expert 

Factors Mixing Building Extruding Calendaring Curing Finishing Milling 

Mixing 1 1/3 3 4 1/2 7 4 

Building 3 1 2 2 1 5 2 

Extruding 1/3 1/2 1 4 1/3 4 2 

Calendaring 1/4 1/2 1/4 1 1/4 2 1/2 

Curing 2 1 3 4 1 4 3 

Finishing 1/7 1/5 1/4 1/2 1/4 1 1/2 

Milling 1/4 1/2 1/2 2 1/3 2 1 

Table 2 Opinion of Academia expert 

Factors Mixing Building Extruding Calendaring Curing Finishing Milling 

Mixing 1 1/2 3 5 1/4 7 3 

Building 2 1 4 3 1/3 4 3 

Extruding 1/3 1/4 1 4 1/3 5 5 

Calendaring 1/5 1/3 1/4 1 1/5 3 1/3 

Curing 4 3 3 5 1 7 3 

Finishing 1/7 1/4 1/5 1/3 1/7 1 1/2 

Milling 1/3 1/3 1/5 3 1/3 2 1 

Table 3 Opinion of Researcher 

Factors Mixing Building Extruding Calendaring Curing Finishing Milling 

Mixing 1 1/3 4 5 1/3 6 4 

Building 3 1 3 3 1/2 6 3 

Extruding 1/4 1/3 1 6 1/4 5 3 

Calendaring 1/5 1/3 1/6 1 1/5 3 1/3 

Curing 3 2 4 5 1 5 4 

Finishing 1/6 1/6 1/5 1/3 1/5 1 1/3 

Milling 1/4 1/3 1/3 3 1/4 3 1 

Table 4 Geometric Mean Value for decision making 

Factors Mixing Building Extruding Calendaring Curing Finishing Milling 

Mixing 1.00 0.38 3.30 4.64 0.35 6.65 3.63 

Building 2.62 1.00 2.88 2.62 0.55 4.93 2.62 

Extruding 0.30 0.35 1.00 4.58 0.30 4.64 3.11 

Calendaring 0.22 0.38 0.22 1.00 0.22 2.62 0.38 

Curing 2.88 1.82 3.30 4.64 1.00 5.19 3.30 

Finishing 0.15 0.20 0.22 0.38 0.19 1.00 0.44 

Milling 0.28 0.38 0.32 2.62 0.30 2.29 1.00 

3.2. STEP 2: Consistency Test 

The consistency of the opinions is checked by calculating the consistency ratio (C.R.). The main 

objective to calculate consistency ratio is to ensure the preference rating. All the opinions are 

considered as consistent and accurate when the consistency index is greater than 0.10. In present 

study, the value of consistency ratio is 0.084 and consistency index is 0.11. 
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Table 5 Normalizing table 

 

Consistency Ratio = 
Consistency Index

Random Index 
 

 

Value of Consistency Index = 
λmax−n

n−1
  

λmax = 
ΣCi

n
 

Table 6 Value of Random index 

n 1 2 3 4 5 6 7 8 9 10 

RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.46 1.49 

3.3. STEPS 3&4: Calculation of Relative Weights & Ranking of Alternatives 

AHP method uses geometric mean method to reach on a single result in decision making when 

there are more than one expert. The various manufacturing processes are ranked by using final 

judgment sheet which is formed by taking geometric mean of individual opinions.  

4. RESULT AND DISCUSSION 

Manufacturing processes plays an important role in the economics of any tyre manufacturing 

company. The process of finding out a critical process always requires a lot of experience and 

literature survey.  The selected manufacturing processes were ranked by AHP. The results 

shows that curing is the most critical process in tyre manufacturing followed by building and 

mixing as shown in table 5 (Based on their average value) . The consistency of these results are 

also verified by calculating the value of consistency ratio, which is below 0.1. Hence, the 

judgement is consistent. 

Table 7 Ranking Table 

S.no. Processes Weights Rank 

1 Curing 0.30 1 

2 Building 0.22 2 

3 Mixing 0.19 3 

4 Extruding 0.13 4 

5 Milling 0.08 5 

6 Calendaring 0.05 6 

7 Finishing 0.03 7 

 

 

Factors Mixing Building Extruding Calendaring Curing Finishing Milling Avg. 

Mixing 0.13 0.08 0.29 0.23 0.12 0.24 0.25 1.35 

Building 0.35 0.22 0.26 0.13 0.19 0.18 0.18 1.51 

Extruding 0.04 0.08 0.09 0.22 0.10 0.17 0.21 0.92 

Calendaring 0.03 0.08 0.02 0.05 0.07 0.10 0.03 0.38 

Curing 0.39 0.40 0.29 0.23 0.34 0.19 0.23 2.07 

Finishing 0.02 0.04 0.02 0.02 0.07 0.04 0.03 0.24 

Milling 0.04 0.08 0.03 0.13 0.10 0.08 0.07 0.53 
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5. CONCLUSION 

According to the result obtained by AHP analysis and reviews of various experts curing of tyre 

is the most critical process followed building in tyre manufacturing industries. To enhance the 

quality of tyre and to sustain in global competition industry need to optimize these process. In 

future author will extend the work by optimizing the process parameters of this critical 

manufacturing process.  
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