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Abstract---In this paper, an attempt has been made to 
determine the working stresses like thermal and rotating 
acted on the spinning wheel equipment made of S S 3 0 4  
used for making thermal ceramics which are used as thermal 
insulation in many industries.  In which the values are 
generated by the linear function of temperature and related 
centrifugal stresses for estimating the life of the component, 
and trying to increase the life of component by changing the 
material.  

I. .INTRODUCTION 
The spinning wheel equipment used in many industries who 
manufacture the ceramic materials [3]. These are basically 
thermal insulating material resist higher temperature up to 
1500

0
C, the melting range of these kinds of materials are 

around 1700
0
C to 1800

0
C. The refractory ceramics are 

basically wool type structure and made from Aluminum, 
silica and zirconia materials. combination of melted 
material tapped on the rotating wheel made of ss304 nearly 
at 1500

0
C at inner The combination of this material is used 

as thermal insulation. This side of the wheel the temperature 
is about 22

0
C and it is water cooled, hence the sensitized 

temperature difference is made on the equipment. In most 
of the thermal ceramic manufacturing industries used this 
kind of system. The wheel is rotated at very high speed so 
that the centrifugal forces acted on a system are very large 
and so the stresses due to centrifugal forces impact on the 
system. Due to the working condition the wheel should 
possess some width and it may manufacture as the thick 
cylinder. 

 In thick cylinder problems inside to outside 

cooling will take more time. Hence the use of the system 

cannot be satisfactory to the industry. For sorting out this 

problem the spinning wheels have threads or grooves up to 

depth which can increase the heat transfer properly and the 

system can be considered as a thin plate or thin wheel. 

 There should have some calculation based on the 

system and also the properties of material can also be 

considered as per the requirement. The thermal stresses on 

the system are also considered with the rotational stresses 

impact. The equations foe finding out life of the component 

based on Noll and Erickson formula with the help of the 

BHN no and S-N curve of the material. Here we can assume 

that the impact loading of the melt of insulating material is 

negligible.   

II. STANDARD MATERIAL PROPERTY 

 SS304[4] 

The existing material having following properties 
Density = 7.9 gm/cm

3
 

Young modulus of elasticity= 200 GPa 
Thermal conductivity at elevated temperature= 21.4 W/mK 
% elongation Yield strength = 205 MPa 
Ultimate strength = 515 MPa 
Brinnel hardness No.-201 
Co-efficient of thermal expansion- 16.6 /

0
C at elevated 

temperature 
 

Table. 1: Chemical composition of SS304 

Periodic 

element 

% weight of content 

Ss304 

Carbon 0.07- 0.030 

Manganese 2.00 max. 

Phosphorus 0.045 max 

Sulphur 0.03max. 

Silicon 0.75 

Chromium 17.5-19.5 

Nickel 8.0-10.5 

Molybdenum 2.00 - 3.00 

Nitrogen. 0.10 max 

Iron Balance 

In our basic working system we are not concerned 

about the corrosion because of the working system of 

manufacturing polymer or fiber of alumina zirconia material 

on ss304 will content the maximum life of the wheel up to 

around 150 hr. 

Inter granular corrosion[4] occurs due to highest no 

of halide ions presence in the SS304 because of lower 

Nickel content. Residual stresses also generated due to cold 

forming during welding of the material. This material can 

worked at sensitized temperature also but it will reduced its 

life and get ruptured during the operation totally due to 

Hence Corrosion is not the big problem for the system. All 

the failures occur due to its high speed and material 

sensitivity temperature effects. 

For finding out the life of the rotating wheel as per 

the rotating disc theory first need to consider the wheel is 

thick or thin. As per the machine design element theory 

relation [7]between the thickness t and the diameter d of the 

wheel is  

<     (1.1) 

By satisfying this relation it will prove that the 

wheel is thin and if not satisfy it will be the thick cylinder. 

We consider the wheel is the thincylinder by having the ratio 

is less than the value given above.If the wheel is thick and 

we need to use the thin cylinder theory wheel should have 

some threads or grooves on it so the thickness is reduced and 

we also reduce the radial stress on the wheel. If the radial 

stress is nearly zero the stress acted on the component is 

only hoop stress.  

Thermal stress applied on the system is only due to 

the temperature difference acted along the component. If the 

temperature difference is more the stresses acted may be 

more. As per the thermal stress theory the equation is 

σ = α*T*E     (1.2)where σ = thermal stress 

 α = coefficient of thermal expansion of material 

 T = temperature difference 

 E = young’s modulus of elasticity of material 

The strain contained due to the difference of 

temperature on the equipment and is depend upon the 
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young’s modulus of elasticity which is the constant value 

possessed by the particular material. The strain value is the 

product of coefficient of thermal expansion and the 

difference of temperature; which will give us the basic 

equation of the stress-strain. 

III. ROTATIONAL AND THERMAL STRESSES 

Any component if rotated at higher speeds will be under the 

rotational stresses, because the rotating object possesses 

centrifugal force and due to this force the component is 

under the rotating stress.  

If this exceeding stress value is above the 

maximum stress value the part to be damaged at that time 

instant. For the life of the object we need to consider the 

cycle of the operation in a given time period at the stress 

level and we can easily find out the life cycle of the 

specimen. 

Consider the rotational stress in the disc or thin 

cylinder we consider the mean radius as r, wheel angular 

rotational speed as ω and the thickness is t about the axis. 

If we consider ρ as a density of the existing material of the 

rotating object the centrifugal force acting on the element of 

unit length axially 

(ρ r δθ * t)r *ω
2
(1.3) 

If we resolved it radially we get 

ρ r
2
* ω

2
 * t δθ=2 σ t sin  δθ (1.4) 

Stress σ = ρ r
2
* ω

2
and sin  δθ =  δθ 

If θ is very small. 

Stress-strain equation combined with thermal stress is 

E  = σ2 – ν σ1+E α T   (1.5) 

E  = σ1– ν σ2+ E α T     (1.6) 

Where α is a coefficient of linear expansion and T 

be the temperature rise above that of unstressed state, the 

equation is as  

(σ1–σ2)(1+ ν)+r  - νr  + E α r (  = 0 (1.7) 

As we can understand the equilibrium equation is 

unchanged we get the equation in the form of  

σ2 = A-  -  – ( )  

 (1.8) 

And  

σ1 = A +  -  – E α T + ( )  

(1.9) 

As per above equation the thermal stresses are 

basically depend upon the value of relation of T and r. if the 

temperature is directly proportional to the radius we can 

calculate it by the straight line basic equation which is  

(T-T1) = ( ) (r-r1)   (1.10) 

As per the equation of the thin cylinder rotating 

component the inner and outer radius difference is very less 

means the thickness of the component is very less so the 

radial stresses cannot be applied on the system. Hence σ2 is 

zero. By this we get the values of constants like A and B. by 

putting these values we get the Hoop stress acting on the 

system. It will give us two different values one at inner side 

and the other at outer side of the wheel. The maximum 

stress at the inner side and the minimum stress at the outer 

side of the wheel. 

At the inner side of the wheel the temperature is 

nearly the atmospheric standard temperature so the 

temperature effect is negligible, hence in the calculation the 

thermal stresses are not considered inside. 

At the inner side the stress is calculated as 

σ1 = A+  – (1+3ν)*( )    (1.11) 

Without considering thermal stress effects. And at the 

outer surface the thermal stresses are acted because the 

wheel possesses higher temperature at outer side. So the 

equation apply is (1.9).  

IV. LIFE OF THE COMPONENT 

For finding out the life of the equipment we need to consider 

the maximum and minimum stresses applied on the system 

during the operation. [9]In melt stream technology spinner 

wheel is at different stresses at both the sides of it. Hence 

the stresses are known as alternating stresses. They are in 

the sinusoidal wave form manner with respect to time. It has 

some mean value as well as amplitude value. It fluctuates 

between two different values, maximum and minimum 

stress value. 

σm = (σmax+σmin) (1.12) 

σm= mean stress 

σa = (σmax-σmin)  (1.13) 

σa = stress amplitude 

The endurance limit or endurance stress is denoted 

as σe; associated with S-N curve. There is a relation 

between endurance limit and Brinnel hardness No. for a 

surface finish and tensile strength. The Palmgren-Miner and 

the Shanley both apply the S-N data for the three 

dimensional plot for the steel material and find the relation 

between the endurance and the Brinnel hardness number for 

the material. This is used for the high cycle fatigue stress. 

This relation is rather very useful for finding out the life of 

the component; the relation is 

σac =    (1.14) 

N =( )
a
(1.15) 

Where  

a =  log ( )  (1.16) 

b=(   (1.17) 

where N= No of stress cycles 

  Ultimate tensile strength 

 = Endurance limit. 

σac = equivalent alternating stress 

    =    (1.18) 

ν = 2 if the Gerber criterion is used 

Kf = q (k-1) +1     (1.19) 
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Where q is notch sensitivity factor and k is stress 

concentration factor.  

The values of a and b are based on the BHN no of 

the material, and the BHN no based on the ultimate and 

endurance stress values. Hence a and b values are 

different for the different material.   

The fatigue strength reduction factor Kf is also a 

constant value between 1.8 to 2.5 for stainless steel material 

depending upon notch sensitivity. By finding out the values 

we can get the nearly exact life of the component. 

The very common material used for the 

manufacturing in most industries is SS304 due to its less 

cost and ready availability. But if the life of the component 

is less and the problem is to increase the life of it we first 

need to think of changing the material which is like the 

existing and can have greater life.  

For this purpose we need to think about the 

property of the material which is very near to the existing 

the group of the material is of Arsenic. This group possesses 

materials like SS304L, SS310, SS311, SS316 and SS316L. 

They are having different Alloy composition. These all are 

less carbon material and having resistance to corrosion. The 

material which is very near to the SS304 is SS316L.    

 SS 316L 

The expected material having the following properties 

Density= 7.99 gm/cm3 

Young modulus of elasticity= 200 GPa 

Thermal conductivity at elevated temperature= 21.4 W/mK 

% elongation Yield strength = 290 MPa 

Ultimate strength = 558 MPa 

Brinnel hardness No.-217 

Table.2: Chemical composition of SS316L 

Periodic element % weight of content 

SS316L 

Carbon 0.03 max. 

Manganese 2.00 max. 

Phosphorus 0.045 max 

Sulphur 0.03 max. 

Silicon 0.75 max. 

Chromium 16.00 - 18.00 

Nickel 10.00 - 14.00 

Molybdenum 2.00 - 3.00 

Nitrogen. 0.10 max 

Iron Balance 

If we compare the properties of both these alloying 

materials, the main content which can be helpful to increase 

life is nickel. The percentage wise weight of content of 

nickel is nearly 10 to 14. This is around 4% greater than the 

content value in SS304. 

Nickel increases hardness, strength and toughness 

without losing its ductility means it promotes the stability in 

this group of alloys. It increases hardenability, impact 

resistance and thermal fatigue of steel. It increases 

toughness by limiting grain growth during heat treatment 

process. The ultimate strength and the endurance strength of 

SS316L are greater than the SS304. It may contain longer 

life then the existing one.  

As per some practical data heat transfer on surfaces 

is an important factor in the thermal behavior in different 

kinds of machines in various areas of technology. The 

thermal contact conductance is a parameter that quantifies 

heat flow repeats during loading and unloading.  

Nickel increases hardness, strength and toughness 

without losing its ductility means it promotes the stability in 

this group of alloys. It increases hardenability, impact 

resistance and thermal fatigue of steel. It increases 

toughness by limiting grain growth during heat treatment 

process. The ultimate strength and the endurance strength of 

SS316L are greater than the SS304. It may contain longer 

life then the existing one. 

V. CONCLUSION AND FUTURE SCOPE: 

The life prediction is very difficult task in any industry 

contain  different design and materials. For the designers it 

is important also. Hence,  an analytical solution for the thin 

rotating cylinder is presented in this paper for two different 

kind of material for comparing the life of the component 

based on the property of the material. By using these 

methods it is easy to determine the life without any practical 

consideration and can be helpful for the industrial purpose.  
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