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ABSTRACT 
Many steel Industry’s has a terminal process in making steel. Basically,has two major units such as Hot Rolling Mill (HRM) and 

Cold Rolling Mill (CRM). The Hot Rolling Mill equipped with Walking Beam Conveyor type Re-heating furnace ,Roughing mill, 

Steckel mill, Down coiler and Roll shop. Our project deals with the Designing of synchronized drive system for table roll. In Hot 

Rolling Mill, the steel slab is transported by the rollers into the Roughing mill in order to reduce its thickness. In the roller table, 

each roller is rotated by individual motors. These roller table motors trips frequently because of the uneven distribution of the 

load because of the change in slab`s shape as it is heated in the furnace. To overcome this motor tripping, we design a chain and 

sprocket set that can be used to couple adjacent motors so that those adjacent motor with rollers can be rotated at same speed. So 

the load that has to be acted on a single roller is distributed to the adjacent roller. Because of the distribution of the load, the 

motors are not tripping and hence the tripping problem can be avoided. 
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INTRODUCTION 
 

In Hot Rolling mill, the steel slab is transported by the rollers into the Roughing mill in order to reduce its 
thickness. In the roller table, each roller is rotated by individual motors. These roller table motors trips 
frequently because of the uneven distribution of the load that is acting on the rollers because of the change in 
slab`s shape as it is heated in the furnace. To overcome this motor tripping, the adjacent motors are coupled. 
Coupling can be done by following three ways. 

1.Chain drive  
2.Belt drive 
3.Gear drive  
 

1.1. Chain Drive: 
Chain drive is a way of transmitting mechanical power from one place to another. It is often used to convey 

power to the wheels of a vehicle, particularly bicycles and motorcycles. It is also used in a wide variety of 
machines besides vehicles. Most often, the power is conveyed by a roller chain, Known as drive chain or 
transmission chain, passing over a sprocket gear, with the teeth of the gear meshing with the holes in the links of 
the chain. The gears is turned, and this pulls the chain putting mechanical force into the system. By varying the 
diameter of the input and output gears with respect to each other, the gear ratio can be altered, so that, for 
example, the pedals of a bicycle can spin all the way around more than once for every rotation of the gear that 
drives the wheels.          
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Fig. 1: Chain drive image 
 
1.2. Belt Drive: 

A belt is a loop of flexible material used to link two or more rotating shafts mechanically. Belts may be 
used as a source of motion, to transmit power efficiently, or to track relative movement. Belts are looped over 
pulleys. In a two way pulley system, the belt can either drive the pulleys in the same direction, or the belt may 
be crossed, so that the direction of the shaft is opposite . As a source of motion, a conveyor belt is one 
application where the belt is adapted to continuously carry a load between two points. Belts are the cheapest 
utility for power transmission between shafts that may not be axially aligned. Power transmission is achieved by 
specially designed belts and pulleys. 

The demands on a belt drive transmission system are large and this has led to many variations on the theme. 
They run smoothly and with little noise, and cushion motor and bearing against load changes, albeit with legs 
strength than gears or chains. However, improvements in belt engineering allow use of belts in systems that only 
formerly allowed chains or gears 

There are many types of belt drives such as, 
� Flat belt  
� V- belts 
� Round belts 
� Multi-Groove belts 
� Timing belts          

 
 

Fig. 2: Belt drive image 
 
1.3. Gear Drive: 

A gear is a rotating machine part having cut teeth, or cogs, which mesh with another tooth part in order to 
transmit torque. Two or more gears working in tandem are called a transmission and can be produce a 
mechanical advantage through a gear ratio and thus may be considered a simple machine. Geared devices can 
change the speed, torque, and direction of a power source. The most common situation is for a gear to mesh with 
another gear, however a gear can also mesh a non-rotating toothed part, called a rack, there by producing 
translation instead of rotation. An advantage of gears is that the teeth of a gear prevent slipping. When two gears 
of unequal number of teeth are combined a mechanical advantage is produced, with both the rotational speeds 
and the torques of the two gear differing in a simple relationship. The definite velocity ratio which results from 
having teeth gives gears an advantage over other drives (such as traction drives and v-belts) in precision 
machines such as watches that depend upon an exact velocity ratio. They are classified mainly as external and 
internal gears. An external gear is one with the teeth formed on the outer surface of a cylinder or cone. 
Conversely, an internal gear is one with the teeth formed on the inner surface of a cylinder or cone. The types of 
gears are 

� Spur gear 
� Helical gear 
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� Skew gear 
� Double helical gear 
� Bevel gear 
� gear 
� Crown gear 
� Non circular gear 
� Rack and Pinion gear 
� Sun and planet gear 
 

 
 

Fig. 3: Gear drive image 
 
Of these transmission systems, chain drive is chosen for the following reasons 
� The power to be transmitted is very high so that the belt drives cannot be used. 
� As the center distance is high, gears cannot be used to couple the motor shafts. 
� The operating temperature is also high which burns the belt and the lubrication oil or grease in gears, so 

that the belt and gear drives are not advisable.    
 
2. Area Of Our Project: 

Our project is in the area of manufacturing. It is employed in industry at Table roll drive near furnace exit 
area in Hot Roll Mill (HRM).  

In Hot Rolling Mill, the steel slab is transported by the rollers into the Roughing mill in order to reduce its 
thickness. In the roller table, each roller is rotated by individual motors. These roller table motors trips 
frequently because of the uneven distribution of the load that is acting on the rollers because of the change in 
slab`s shape as it is heated in the furnace. To overcome this motor tripping, we design a chain and sprocket set 
that can be used to couple adjacent motors so that those adjacent motor with rollers can be rotated at same 
speed. 

 
3. Problem Identified: 

 In roller conveyor, each roller is rotated by individual motors in order to move the heated iron slab. These 
iron slabs have uneven dimension across its length as it is heated in the furnace. So the load that has to be acted 
on 2 or 3 rollers acts on a single roller. The load that has to be moved by 2 or 3 rollers cannot be moved by a 
single roller. So these roller conveyor motors trips because of the heavy load on a single roller. If the motor 
trips, the steel slab cannot be moved further and it has to be heated again. 36.6kg of LPG is required to heat 1ton 
of steel to 1400 C. For heating the whole slab (15 tons), 549 kg of LPG is required which costs about Rs.27450. 

 
4. Solution: 

In order to avoid this motor tripping we decided to couple adjacent motors. Coupling can be done using belt 
drive, Chain drive or Gears. The temperature in the working area is around 400C. It is not advisable to use Belt 
drives at such high temperatures. Gear drives also cannot be used as the centre distance is more and also the 
lubricating grease catches fire. So we opt for chain drives for coupling adjacent motors. By coupling adjacent 
motor and the motor tripping can be avoided. The chain drive should be designed in such a way that both the 
motors rotate at same speed without slipping. 
 
5. Material Selection: 

Normally the sprocket wheel is made of Stainless steel, Cast iron, Steel C45. We have selected the material 
Steel C45 as it is more economical than Stainless steel and withstands heavy load. 
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5.1properties Of Steel C45: 
C45 is a medium carbon steel with greater strength, hardness, extreme size accuracy, straightness and 

concentricity combined to minimize wear in high speed applications. 
 
5.2 Chemical Composition: 

Carbon (C) 0.42-0.50, Silicon (Si) 0.17-0.37, Manganese (Mn) 0.50-0.80, Chromium (Cr) <0.40, Nickel 
(Ni) <0.40, Molybdenum (Mo) <0.10, Sulphur (S) <0.040, Phosphorous (P) <0.040, Ferro (Fe) rest. (wt.%) 
 
5.3 Physical Properties (Average Values) At Ambient Temperature: 

� Modulus of elasticity: 210000 MPa 
� Tensile strength: 700 MPa 
� Yield strength: 370 MPa   
� Density: 7850 kg/cm3 
� Melting Temperature: 1540C 
 

6. Design Calculatoins: 
Step: 1: 
 
Table 1: Moderate Shock Load On Conveyors, Uneven Loa 

 
 
 
STEP: 2: 
Service Factor: 
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Table 2: For Moderate Shock Load and Electric Motor, Service Factor = 1.3 

 
 

Step: 3: 
Normal operating horse power = 100 HP 
Design Horse Power = Service factor × Normal operating Horse power 
 = 1.3 × 100 =130 HP 
 

Table 3:  Sprocket Data Selection Chart 

 
For RPM = 600(575) and design horse power = 130HP 



164           P. Karthikeyan et al., 2016/ Advances in Natural and Applied Sciences. 10(9) Special 2016, Pages: 159-168 

 

 

ANSIS Chain Number is 100 
 

Table 4: For RPM  = 600,Sprocket size 100 and Design HP = 130(Standard = 103) No of Teeth = 17 

 
STEP: 4: 
From Martin catalog: 
 
Table 5: Given Data 

 
 



165           P. Karthikeyan et al., 2016/ Advances in Natural and Applied Sciences. 10(9) Special 2016, Pages: 159-168 

 

 

Roller Chain sprocket diameters 
The standard dimensions are 
Pitch circle diameter = 172.8mm 
Outside diameter = 188.9mm 
Caliper diameter = 153mm  
Sprocket pitch = 31.75mm (For size 100 Duplex Roller chain) 
 

Formula: 
Pitch circle diameter = Chain Pitch / Sin (180/ No. of teeth) 
= 31.75 / Sin (180/17) 
= 172.8 mm 
  Outside diameter = Pitch × (0.6 + Cot (180/ No. of teeth)) 
  = 1.25 × (0.6 + Cot (180/17)) 
 = 188.9mm 
Roller Chain dimensions: 
From the following chart, 
 
Table 6: Dimensions Are Across Pins 
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For 100-2 chain,  
Roller width = 19.05mm 
Roller diameter = 19.05mm 
Inside link plate height = 30.1498mm 
 

7. Modeling – Pro-E: 
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Fig.4: 8. Analysis 
 

Fig. 5: Given Data From Standard Data
 
From PSG data book pg.7.23 
For steel C45, Standard shaft diameter =
Standard Torque = 3000 Nm   
Standard Allowable stress = 37.5 N/mm2
Standard Bending stress = 62.5 N/mm2
Standard Bending movement = 8500000 N mm

 
Manual Calculation: 

� Power , P = 2πNT/60 (N= 600 rpm, power = 74000 watts)
Torque, T = (74000×60) / (2π×6

Advances in Natural and Applied Sciences. 10(9) Special 2016, Pages: 

 

 

 
Given Data From Standard Data 

For steel C45, Standard shaft diameter = 80mm 

Standard Allowable stress = 37.5 N/mm2 
Standard Bending stress = 62.5 N/mm2 
Standard Bending movement = 8500000 N mm 

NT/60 (N= 600 rpm, power = 74000 watts) 
×600) 

, Pages: 159-168 
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              T = 1180 Nm 
The calculated torque value is lower than the standard torque value. 
Hence the design is safe. 
� From calculated torque, we can calculate the shear stress 
Allowable stress, T=( π/16) ×d3×Fs 
 Fs = (16×1180000) / (π×80ʒ ) 
Fs = 11.737 N/mm2 
� The calculated shear stress value is lower than the standard shear stress         
value. Hence the design is safe. 
� For solid shaft diameter of 80mm, 
Moment Of Inertia = (π×d4) / 64 
                               = (π×804) / 64 
  I = 2010619.2 mm4 

� Bending moment  M= WL/8 
=(14*103×450)/8 
  M =787500 Nmm 
� The calculated bending moment is lower than the standard bending moment. Hence the design is safe. 
� Bending stress = (M×R)/I 
   = (787500×40)/ 2010619.2 
= 35.30 N/mm2 
The calculated bending stress is lower than the standard bending stress. 
Hence the design is safe. 

 
Conclusion: 

In this project we have identified the problem with the table roll drive motors in transferring the iron slab 
and found a solution by coupling the adjacent motors. The coupling is done using chain and sprocket set with a 
gear ratio 1:1 so that both the motors rotate at same speed. The design and analysis for the chain and sprocket 
set is made using Pro-E and ANSYS software. The design is found to be safe for the working conditions 
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