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Abstract - The Indian textile industry is one the largest and oldest sectors in the country and among the most important in 
the economy. The jacquard drive system using chain drive is presently used in a Power loom textile machine; jacquard drive 
system in a power loom is affected by a chain drive system. The problems of chain failure are due to jerky power transfer, 
vibrations can be addressed to the long length of chain used for jacquard movement.  
In tune with these issues the objectives of the study is decided to study the failure of existing chain drive system and 
selection of suitable drive system. One of the solutions to the problem is use of Straight bevel gear as it has high strength & 
gives smooth teeth engagement which results in quiet operation. This paper also includes design of bevel gear and analysis 
of it. 
 
Index terms - Power loom, jacquard drive system, chain drive, bevel gear. 
 
I. INTRODUCTION 
 
The Indian textile industry consists of three distinct 
sectors representing broadly three levels of 
technology and Organization, namely, mills, power 
looms and handloom. The mill sector is over one 
hundred and fifty years old with about 1834 textile 
mills, installed capacity of 37.07 million spindles and 
4,89,718 rotors.. The last to appear on the scene is the 
power loom sector which over the last three decades 
has come to occupy a prominent position with a 22.05 
lakh power looms in the country. Solapur is known as 
city of textiles because of its manufacturing capacity 
and capabilities especially for towels and napkins. 
Solapur is the home of Handloom and Power loom 
industry which provides employment to a large 
number of workers (approximately 100000). 
According to the statistics by Bombay Textile 
Research Association (BTRA), more than 18,000 
thousand power looms are in existence at Solapur 
(BTRA, 2012).On the Jacquard power loom the main 
production is Chadders, Towels and Napkins. 
 
II. CLASSIFICATION BASED ON PRODUCTS 
MANUFACTURED 
 
The main products of Solapur Textile Cluster are 
towels and bed sheets. Out of the 600 units, 480 units 
are engaged in the production of terry towels, 100 
units produce bed sheets, and the remaining 20 units 
produce both bed sheets and towels. The 
classification of units based on products 
manufactured is furnished graphically in Figure 1. 
Power looms:- 
India manufactures 5% of cloth through organized 
sector, 20% through Handloom sector, 15% through 
knitting sector and 60% of Indian cloth is produced 
through decentralized power loom sector. The textile 

ministry’s estimation says that more than 60% of the 
country’s cloth exports originated from that sector. 
 

 
Figure 1: Classification of units based on products 

manufactured 
 
General Manufacturing Process followed in 
textiles:- 
The main process operations for production of towels 
and bed sheets in cluster units are as follows: 
Doubling: 
In the Doubling process thin single yarn is converted 
to double yarn for strengthening the yarn by using 
doubling machine. 
Yarn dyeing & Washing 
Initially, the yarn is soaked in soap water for 24 hours 
to remove the dirt and other foreign materials and 
then the yarn is taken for bleaching. Bleaching is 
carried out by soaking the yarn in tanks mixed with 
bleaching agents. After the completion of bleaching, 
the yarn is washed with normal water. 
Dyeing is the process of adding color to textile 
products like fibers, yarns, and fabrics. Dyeing is 
normally done in a special solution containing dyes 
and particular chemical material. The required colors 
are added to the yarn and the dyeing process takes 
about 90 to 120 minutes per batch.  After dyeing, the 
yarn is washed with normal water, and the yarn is 
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taken for soaping for color fixation in hot water for 
about 20 minutes in hank dyeing machines. The water 
is drained to the waste drainage lines.  
Drying: 
The wet yarn is taken to hydro extractors for 
removing water in the yarn and taken for drying in 
the natural sunlight. 
Winding 
The yarn after drying is taken for winding in which 
the yarn is wounded to bobbins and cones. The 
winded yarn is taken for further process 
Warping: 
In warping, the winded yarn is wound to beams 
according to designed pattern (customized designs). 
Then the beams are taken for Weaving. 
Weaving: 
The beams which are wound with yarn are taken and 
placed in power looms where the designed pattern is 
already set. In power looms the yarn is converted to 
final product (Towel or cheddar) by weaving. The 
product obtained from weaving is taken for stitching 
and packing. 

Figure 2: General Process of Textile 
 
III. PROBLEM IDENTIFICATION & 
OBJECTIVES OF CURRENT RESEARCH 
 
Problem Identification: 
The jacquard drive system in a power loom is 
affected by a chain drive system. This drive system is 
studied in detail. The jacquard drive system using 

chain drive is illustrated in figure 5 which is presently 
used in a Power loom textile machine. 
In the present system, following observations are 
noted: 
a) Frequent Chain Failure  
b) Jerky Power Transmission 
c) Effect of vibration on weaving process 
d) Sudden breakdown of machine 

Figure 3: Existing Model 
 
IV. LITERATURE REVIEW 
 
In the previous chapter, an overview of the power 
loom and the textile applications is covered. 
Srdan M. Bosnjak discussed on failure analysis of the 
stacker crawler chain link. The goal of the study was 
to diagnose the cause of chain link breakdown 
occurrence. Working stresses in the chain link are 
defined by applying FEM. Stackers as well as bucket 
wheel excavators are the key links of the system for 
overburden digging. In certain cases and in very hard 
working conditions, their mobility may lead to 
failures of traveling mechanisms and related 
structures. 
 

 
Figure 4: Macro crack length of about 0.9 mm 
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The microstructures shown in Fig. 1 are bainite - 
pearlite with carbide inclusions. Cracks of different 
lengths are observed as well. 
 
Based on the experiment it can be concluded that the 
chain link breakdown is predominantly caused by: 
1) Substantial deviation of the mechanical properties 
of the material with respect to those prescribed by the 
standard; 
2) The existence of macro and micro cracks in the 
material structure. 
Therefore, the presented failure of the chain link 
belongs to the class of failures caused by the so-
called ‘manufacturing-in’ defects. 
 
V. Kerremans in his review article presents wear of 
conveyor chain with polymer rollers. Roller conveyor 
chains are generally used in production or assembly 
lines where individual large objects need to be 
conveyed. In materials science, wear can be defined 
as a process where interaction of the surfaces or 
bounding faces of a solid with its working 
environment results in erosion of the material. 
Adhesive wear occurs when strong adhesive bonding 
between interacting asperities causes micro-welding 
 
Approach to Solution – 
As we have understood the problem in order to find 
solution to our problem we have gone through 
following stages. 
We modeled the system in CATIA V5. As shown 
below. 

Figure 5: Developed Power loom machine assembly 
 
BENDING STRESS IN BEVEL GEAR 
As per the AGMA the bending stress in bevel gear is 
calculated by the equation, and equation is as 
following. 

For 16-16 number of teeth, 

  =   

      =  

     

         = 39.88 MPA 
 
Where, 
 
T = Torque =21.52932 Nm, 
d = Diameter of gear = 80 mm, 
F = Face width = 18.856 mm, 
m = Module = 4.21 mm, 
Gear ratio = 1  
 
J = Geometry factor of gear = 0.17 
    Application factor = 1 
     Load distribution factor = 1 
     Size factor = 1 
     Dynamic factor = 1 
 
Gear geometry factor  
     = 1 for straight teeth bevel gear 
     = 1.15 for spiral bevel gear  
 
For 20-40 number of teeth, 
 

  =  

     

     = 

      

     = 58.74 MPA 
 
Where, 
 T = Torque =21.52932 Nm, 
d = Diameter of gear = 80 mm, 
F = Face width = 29.814 mm, 
m = Module = 3.91 mm, 
 Gear ratio = 2 
J = Geometry factor of gear = 0.2 
 Application factor = 1 
 Load distribution factor = 1.4 
 
BENDING STRESS ANALYSIS USING ANSYS: 
 
The boundary condition and loading condition should 
be specified. For the analysis first apply the mesh in 
gear. It is not necessary to take whole gear set for the 
analysis, at the starting condition the load is applied 
on the gear teeth and the amount of load transfer from 
pinion to gear. At the starting condition the amount of 
torque is high than at the running condition the 
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amount of torque is less. So for the analysis the only 
some part of the gear is taken. 
 

 
Figure 6: Application of Load for 16 no. of teeth bevel gear 

 

 
Figure 7: Application of  Load  for  40 no. of  teeth bevel gear 

 

 
Figure 8: Bending stress distribution for 16 no. of teeth bevel 

gear 

 
Figure 9: Bending stress distribution for 40 no. of teeth bevel 

gear 
 

As shown in above figure 8 the stress value is 40.433 
MPa at the root of the teeth and this value is derived 
by the software. The analytical value of the stress in 
straight bevel gear is 39.88 MPa. The difference is of 
1.01 % in both values. Here to validate the software 
result, analytical calculation is used. 
 
As shown in above figure 9 the stress value is 63.695 
MPa at the root of the teeth and this value is derived 

by the software. The analytical value of the stress in 
straight bevel gear is 58.74 MPa. The difference is of 
7.7 % in both values. Here to validate the software 
result, analytical calculation is used. 
 

 
Figure 10: Total deformation in 16 teeth bevel gear due to 

bending stress analysis 
 

 
Figure 3: Total deformation in 40 teeth bevel gear due to 

bending stress analysis 
 
Here as shown in figure 10. Total deformation in the 
straight teeth bevel gear is of 0.0014084 mm that is 
affordable in straight bevel gear teeth. 
Here as shown in figure 11 total deformation in the 
straight teeth bevel gear is of 0.0015097 mm that is 
affordable in straight bevel gear teeth. 
 
CONCLUSION 
 
Here in this chapter after doing analytical calculation 
& analysis in ANSYS of straight bevel gear, we can 
conclude that the designed bevel gears are perfectly 
suitable for the required application. Because the 
bending stress by analytical and ANSYS are within 
the permissible values and not exceed the prescribed 
conditions. The total deformation and Elastic strain 
are also found the negligible. 
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