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Abstract
The objective of this study is to clarify how different thicknesses affected a revolving 

composite disk made of AlSiCp with different particle sizes. Using mathematical modeling, 
the impact of different particle sizes and thicknesses on a revolving composite disk is 
calculated in terms of both tangential and radial stress. In comparison to various particle 
sizes with varied thickness long term deformation occurs. The results are displayed visually 
demonstrating how creep deformation decreases with changing particle size and thickness.
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1. Introduction 
Creep is a deformation process in which a solid material slowly deforms 

with time and permanently, sometimes it called cold flow because the material 
deforms slowly under the influence of stresses. The creep deformation increases 
with increases in temperature and contact to heat for a long time. Strong stresses 
are applied for the extended period, which produces deformation which is 
significantly less than the strength that material yields [1]. As shown in the 
research, increasing the temperature reduces the material's strength. The creep 
rate increases when a material is subject to heat for an extended time. The 
temperature when approaching the melting point, the creep rates climbed 
steadily. Creep rates are primarily increased by the migration of atoms at high 
temperatures. Under the influence of stresses, a solid material has a tendency to 
move slowly or deform permanently. It is developing while having long-term 
disclosure of stress levels below the material's yield strength. Creep occurs when 
a material is heated to a temperature close to the melting point over a long 
period of time. Different materials have different temperature ranges where 
creep deformation can occur [2-3]. Composite material rotating disks are used in 
a variety of mechanical and electronic equipment. Because rotating disks are so 
widely used in rotating machinery such as compressors, pumps, flywheels, gas 
turbine rotors, computer disk drives, and automotive baking systems, they 
provide a vast area of research [4-8]. In current study the stable state rotating 
disk made from AlSiCp can be taken for different particle size at constant 
temperature with varying thickness. Consider case first taken particle size P = 
1.7μm, second case P = 14.6μm and for third case P = 45.4 μm with constant 
temperature 638K having thickness hinner = 2.52mm and houter = 0.52mm with 
volume content 10% where Vmaximum= 22% and Vminimum = 12% with angular 
speed ω = 15000. Also, inner and outer radius is c = 30 mm and d = 160 mm. 

2. Mathematical Modeling 
2.1 linearly varying thickness 

Consider the composite disk thickness h, which varies linearly in the form 
[9] 
   ( )           (   ) (1) 
where        is thickness at inner also        is thickness at outer radii, 
respectively, and   (             )

 (   )  is the disk’s slope. 
The disk's moment of inertia at inner radius c is  , and at outer radius   and 

 , it is        moment of inertia. Assume that area of the disk cross-section is   
by inner radius   and    by outer radius   respectively.” 

    ∫       
 ,        ∫       

   (2) 

and     ∫     
 ,        ∫     

    (3) 
Average tangential stress is, 

        
 

      
∫      
 
   (4) 
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2.2 Distribution of reinforcement in the disk 
In the following, the volume percent of SiC shows a change in composition 

with radial distance, the V(r), 
“  ( )            ”  (5) 
Where,                 (6) 

                       
       (7) 

where          represents the maximum particle content and 
         represents the minimum particle content at disk's inner & outer radii. 

 
“According to rule of mixture, density variation  ( ) in a composite disk 

can be represented as” 

   ( )     (      )
 ( )
     (8) 

“Where density of the aluminum matrix is               , while 
density of the dispersed silicon carbide particles is                 .” 

 
By substituting value of  ( ) from eqn (5) into eqn (8), we get, 

   ( )     (     ) (    
   )         (9) 

Where,        ((     ) 
   )  (10) 

      (     )
     (11) 

2.3 Creep Law 
A composite with a stable state creep response has been described by the 

Sherby's law [10] 
   ̇    ( ̅    )    (12) 

With n = 5,  ̅  represents effective stress,    threshold stress, and  ̇ 
represents effective strain rates.  

The creep specification is known through: 

     
 [

     

| ⃗   |
]
   

  (13) 

where    is lattice diffusivity,   Young's modulus, |  ⃗⃗  ⃗|  is the magnitude of 
Burger's vector,   is constant,   is material creep constant. As a function of 
particle size, the following regression equation fixes   and   , the values of 
creep requirements that have been acquired from the creep findings report for Al 
− SiCp composite [11]. P = 14.6μm, P = 45.4μm, and P = 1.7µm V is the 
volume, while T is the temperature [12].  
  “ln(M(r)) = ( −34.91) + 0.2112lnP + 4.89lnT − 0.5891lnV (r)”  (14) 
  “σ0(r) = −0.02050P + 0.0378T + 1.033V (r) − 4.9695”  (15) 
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3. Mathematical Formulation 
Analyze a disk of Al − SiCp with an external radius of d and an internal 

radius of c that rotates at an angular speed with different particle sizes. 
For an isotropic revolving disk, the generalized constitutive equations are 

as follows: 

     ̇ ( )   ̇̅
  ̅

    ( )  (  ( )    ( ))    (16) 

     ̇( )   ̇̅
  ̅

    ( )  (  ( )    ( ))    (17) 

     ̇( )   ̇̅
  ̅

    ( )  (  ( )    ( ))    (18) 

where the strain rates are   ̇,   ̇,   ̇ and the subscripts show that the strain rates 
   ,    and    correspond in the directions      . Regarding the biaxial stress 
situation (     ). For the biaxial condition of stress, effective stress  ̅  is 
provided below, where it is assumed that the effective stress depends on von 
Mises' criterion [13-15]. 

    ̅   
√    

 ( )     ( )  (  ( )    ( ))  
 
    (19) 

Equations (18) & (13) are used in equations (16) and (17) to obtain, 

  “  ̇( )  
  ( )( ̅   ( ))   (  ( )  )

    ( )  ( )   
 
 

”  (20) 

  “   ̇( )    ( )( ̅   ( ))   (   ( ))

    ( )  ( )   
 
 

”  (21) 

  “  ̇( )   (  ̇( )    ̇( ))”  (22) 

Where,   ( )    ( )
  ( )

  (23) 

Radial stress & tangential stress ratios by any radius r  
Solving eqn (18) & eqn (19) we develop, 

     ( )   ̇ 
 
 

 ( )   ( )    ( )   (24) 

Where, 

  “  ( )   ( )
   ( )  ( )      ”  (25) 

  “  ( )    ( )
   ( )  ( )      ”  (26) 

  “ ( )  * ( 
 ( )  ( )  )   

 (   ( ))    (∫  ( )
    

 )+
   

”  (27) 

Where, 

   ( )    ( )  
   ( )   (28) 

The equation for forces equilibrium could be expressed as, 

   
  

     ( )   ( )    ( )     ( )     (29) 
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Equation (29) can be integrated to obtain the limit between c and d with 
boundary conditions “      at    ,      at    .” 

∫  ( )       *            (
(          )(     )

    (     )
 )+ 

   (30) 

By finding limits between c and d and multiplying the equation (24) by 
h(r)dr, then integrating the resultant eqn, we find 

   ̇ 
 
    

∫  ( )  ( )  
 ( )

  
 

*            ∫  ( )  ( )  
 
 +  (31) 

Equation (4) is obtained by dividing equation (30) by       , 

      
 

      
∫      
 
    

      
*        (

(          )(     )
    (     )

 )+  
   (32) 

By substituting value of  ̇ 
 
  from equ (31) into equ (24) after knowing 

     , tangential stresses (  ) are calculated as follows: 

    ( )  
  ( )*             ∫  ( )  ( )  

 
 +

 ( ) ∫  ( )  ( )  
 ( )

  
 

      ( )  (33) 

Radial stresses between the limits c and r, are integrated using equation 
(29) as follows: 

 
Equation (29) for the integration of radial stresses between limits c and r is, 

  ( )  
 

  ( ) *∫  ( )    
 
            (

(          )(     )
    (     )

 )+  
  (34) 

4. The graphical representation and discussion 
Figures below illustrate effect of different sizes of particles on a revolving 

composite disk varying in thicknesses:  

 
Figure 1  

Variation of radial stresses in rotating composite at different particle with variable 
thickness at constant temperature. 
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Figure 2  

Variation of tangential stresses in rotating composite at different particle with 
variable thickness at constant temperature. 

 

 
Figure 3 

Variation of radial strain rates in rotating composite at different particle with 
variable thickness at constant temperature. 

 

 
Figure 4  

Variation of tangential strain rates in rotating composite at different particle with 
variable thickness at constant temperature. 
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The analysis has been carried out for effect different particle sizes on 
rotating composite disk with variable thickness and constant temperature as 
shown in Figures 1, 2, 3 and 4. In Figures 1, 2 increase particle size with 
increases radial distance the radial and tangential stresses start increases but 
particle size “P=1.7µm”, “P = 14.6 µm” gives almost similar results as compare 
to particle size “P = 45.4 µm”. In Figure 3 increase particle size with increases 
radial distance the radial strain rates decreases as presented in Figure but 
tangential strain rates increase with particles size in Figure 4.”  

5. Conclusion 
Particle size P=1.7µm, P = 14.6 µm with varying thickness and constant 

temperature on rotating composite disk gives almost same results, hence use 
particle sizes P=1.7µm and P = 14.6 µm to decrease distortion in rotating 
composite disks. The proposed mathematical model can be extended to more 
complex rotating systems governed by nonlinear differential equations. Such 
extensions are supported by the mathematical framework [16]. Also the 
developed mathematical model provides a systematic approach for evaluating 
the creep behaviour of rotating composite disks and can be further integrated 
with optimization techniques for improved structural design [17].  
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