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Abstract: In the present study, we have investigated effect of varying reinforcement profile on creep rates in a Functionally 
Graded (FG) Rotating Disc. The disc under observation is made of Al-SiCp composite. The SiCp particle content is decreasing 
radially for negative value of reinforcement gradation index (n) while it is increasing for the positive value of n. It is concluded 
that the creep rates in the FGM disc reduces significantly with decreasing value of reinforcement gradation index.  
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I. INTRODUCTION 
FGMs are heterogeneous composite materials with variation of volume content continuously from one side to the other [1-2]. 
Rotating disc is very important due to its extensive use in engineering applications [3].  
Singh and Ray [4] investigated steady state creep in a rotating isotropic FGM disc of constant thickness by using Norton’s power 
law. Gupta et al. [3] extended the work to investigate the creep rates for a constant thickness rotating FGM disc operating under 
thermal gradient. Several authors investigated creep response in rotating FGM disc but using linear thickness profile [3, 5]. In the 
present study we have investigated effect of reinforcement profile on creep rates in rotating FGM disc.  

II. DISC PROFILE AND DISTRIBUTION OF REINFORCEMENT 
Let us consider a rotating disc (a =31.75 mm and b =152.4 mm) rotating at 15000 rpm. The thickness of the disc is varying along 
radius (r) as given by,  
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where k (= -0.5) and bh (= 20.13 mm) are the gradation index and outer thickness respectively.     

The SiCp content in the FGM disc is assumed to vary with radial distance as,  
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where n  is gradation index.  
On equating equal SiCp content in constant thickness and variable thickness FGM disc, we get the SiCp content at the outer radius (

oV ),  
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The density of disc material is assumed to vary as given by,   
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The effective strain rate ( ) of the disc material is described by the threshold stress )( o  based law [5] as given by,   

  5)}({)( rrM o         (4) 

where  
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The constitutive equations between stresses (  ,r ) and strain rates (   ,r ) for an isotropic disc under plane stress condition 

are given by [3],         
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According to von Mises yield criterion, the effective stress ( ) is given by, 
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Considering the equilibrium of forces acting on an element of a variable thickness disc, one may get the following equilibrium 
equation [6], 

0)()()(])([ 22    rhrrrhrhr
dr
d
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where )(r is the density of FGM disc at any radius r.  
The disc is assumed to be operate under free-free boundary conditions [3], 

0r   at ar   and 0r   at br   
The equilibrium eq. (9) is solved along with set of constitutive eqs. (7) by following the procedure given in [5] to obtain the 
distribution of stresses and strain rates in the FGM disc. 

III. RESULTS AND DISCUSSION 
A code has been developed for the calculations. The effect of varying reinforcement gradation index (n) has been investigated on the 
creep response (Refer Table 1).  

Table 1: Description of FGM discs  
n SiCp Content (vol %) 

aV  bV  

0.5 11.51 25.22 

0 20 20 

-0.5 33.39 15.24 
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Fig. 1: Effect of particle gradient on creep rates radial and tangential strains.  

 
It is clear above from Fig. 1 that radial strains in the FGM disc are lowest in FGM disc with lowest gradation index (n= -0.5) as 
compare FGM disc (n= 0.5) and composite disc (n= 0). The effect of increasing PG on the tangential strain in the FGM disc is 
similar to radial strain. 

IV. CONCLUSIONS 
The study has led to the following conclusions: 

A. The creep response of the FGM disc with decreasing SiCp content along the radius is superior to a similar FGM disc with 
decreasing SiCp content along the radius.  

B. The creep life can be significantly improved with decreasing SiCp content along the radius. 

REFERENCES 
[1] Neubrand A. and Rodel J. (1997) ‘Gradient materials: An overview of a novel concept’, Zeitschrift für Metallkunde, Vol. 88 No. 5, pp.358–371.  
[2] Bayat M.N., Saleem M., Sahari B.B., Hamouda A.M.S. and Mahdi E. (2007) ‘Thermo elastic analysis of a functionally graded rotating disk with small and 

large deflections’, Thin-Walled Structures, Vol. 45 Nos. 7-8, pp.677-691. 
[3] Gupta V.K., Singh S.B., Chandrawat H.N. and Ray S. (2005) ‘Modeling of creep behavior of a rotating disc in the presence of both composition and thermal 

gradients’, Journal of Engineering Materials and Technology, Vol. 127 No. 1, pp.97-105. 
[4] Singh S.B. and Ray S. (2001) ‘Steady state creep behavior in an isotropic functionally graded material rotating disc of Al-SiC composite’, Metallurgical and 

Materials Transactions A, Vol. 32 No. 7, pp.679-1685.  
[5] Garg M., Salaria B.S. and Gupta V.K. (2013) Effect of disc geometry on the steady state creep in a rotating disc made of functionally graded materials, 

Materials Science Forum,Vol. 736, pp. 183-191. 
[6] Timoshenko, S.P. and Goodier, J.N. (1970) Theory of Elasticity, McGraw-Hill, Singapore. 

 



 


