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AbstractAbstractAbstractAbstract 

With the demanding of recording density of hard disk drives HDD historically growing at 
an average of 60  per year[1], it is difficult to maintain required positioning accuracy of R/W 

heads to read and write data. Any unexpected vibration will cause the data being written to 
wrong data tracks, even the amplitude of vibration is very small. Therefore, the dynamic 
behaviors of HDD spindle systems must be investigated clearly. This paper is to apply Finite 
Element Analysis software, Pro/Mechanica, to predict the dynamic characteristics of HDD 
ball-bearing spindle systems. In the study, the following topics are to be studied 1 To study the 

static and dynamic responses of HDD ball-bearing spindle systems due to the impact of an 
impulsive concentrated transverse loads. 2 To employed the time-varying force model to study 

the influence caused by the ball bearing inherently defects to the dynamic response of HDD 
spindle systems. 
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1 Quantum 3.5     

    

2 Quantum 3.5 3D     

 

3 Quantum 3.5  

1 Quantum 3.5 Fireball 20.4GB

 

Disk Ed 7.2e10 N/m2, �d 2700 

kg/m3, �d 0.3 

Hub 

Top_Ring 

Middle_Ring 

E 7.2e10 N/m2, � 2700 kg/m3, 

� 0.3 

Shaft ES 2.1e11 N/m2, �S 7850 

kg/m3,�s 0.3 

Ball bearings Kx Ky 3.0e4 N/  

Kz 2.5e4 N/  

Cx Cy Cz Neglected[3] 

Disk T 0.8 , Di 25 , Do 95  

Top_Ring T 3 , Di 25 , Do 32  

Middle_Ring T 2.2 , Di 25 , Do 32  

Shaft Do 5 , L 22  

Ball 

bearings 

S 10 , Z 10, db 1.4  

D 8.716 ,� 23.650 
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 Kx N/  Ky N/  Kz N/  

Spring1 1500 1500 1250 

Spring2 3000 3000 2500 

Spring3 30000 30000 25000 

Spring4 300000 300000 250000  
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3 Spring1  

 Aluminum Disk 

1 5.450668e+02 

2 5.459734e+02 

3 5.474736e+02  

4 Spring2  

 Aluminum Disk 

1 5.882781e+02 

2 5.893206e+02 

3 6.470546e+02  
 

5 Spring3  

 Aluminum Disk 

1 6.343514e+02 

2 6.357381e+02 

3 6.467889e+02 
 

 

6 Spring4  

 Aluminum Disk 

1 6.407869e+02 

2 6.415306e+02 

3 6.477933e+02 
 

 

7 Spring3

 

 955 RPM  2866 RPM 

1 6.362895e+02 1 6.386674e+02 

2 6.378287e+02 2 6.400273e+02 

3 6.480625e+02 3 6.501814e+02  

 

8 Spring3

 

 4777 RPM  6687 RPM 

1 6.438898e+02 1 6.514827e+02 

2 6.453867e+02 2 6.532160e+02 

3 6.547516e+02 3 6.611263e+02  
 

 

5 Spring3

- TOPP Z

 

 

 
6 Spring3

- MIDD Z
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7 Spring3

- BOTTOM Z

 

9 HDD Spring3

-  

 TOPP Z  

955  RPM 0.0403526 0.00421622s  

2866 RPM 0.0400054 0.00419355s  

4777 RPM 0.038987 0.00576s  

6687 RPM 0.0381139 0.00569921s  

8598 RPM 0.0374427 0.00561039s   

 

8 Spring3 5400RPM

50Hz TOPP

Z  

 

10 Spring4 5400RPM

50Hz

TOPP Z  

 

9 Spring3 5400RPM

50Hz TOPP

R  

 

11 Spring4 5400RPM

50Hz TOPP

R  

 


