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ABSTRACT 

 

ARTICLE INFO 

In this Paper an attempt is made in applying the gyroscopic principle, that the ball 

spinning in the bearing in any plane if dislocated in the downward direction due to 

any defect on the outer ring under a constant axial load, then a gyroscopic reactive 

couple tends to turn the ball in left direction. Thus there will be more impact of the 

ball with the left side of the bearing thus result in more vibration on that side. 

Further using the Euler’s equation from calculus of variation, the mechanism and 

path of propagation of the crack in bearings is converted into an equation and 

proved experimentally. Using Finite element software transient analysis is carried out 

to plot the time domain graph for defect on the inner and outer race along with stress 

analysis. An experimental test rig is designed and fabricated along with defective 

bearings to test the gyroscopic and transient analysis done using a Computer (PC) 

based FFT (Fast Fourier transform) analyzer. 
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I. INTRODUCTION 

In this paper Condition monitoring of bearing is carried out 

by throwing light on different parameters related to the 

defects in the inner and outer ring of the bearing 

respectively. An experiment test rig is developed to study 

the vibration effect due to defect on the inner and outer race 

and comparing it with the transient analysis done in time 

domain in Finite element computational software. Stress 

analysis is also carried out to identify the stress 

concentration is more in the defect in inner race or outer 

race under dynamic conditions. For the gyroscopic effect, 

from the time domain analysis we can clearly distinguish 

between the increase in vibrations of the bearing from the 

change in the position of the probe attached on the either 

side. Basically in bearings when there is a surface contact 

between the balls and the inner or outer ring for a long 

period of time, Due to fatigue a crack is developed and as 

the bearing is operated for more period of time this crack 

grows and moves in a particular selected path. We cannot 

exactly predict this path but we can derive some equations 

which can give an approximate path of motion for that crack. 

In simple words these equations can give a solution for the 

path of the crack which can be a straight line or it can be 

curve, a circle, a parabola, ellipse, hyperbola etc. 

II. GYROSCOPIC ANALYSIS OF BEARING 

A.  Theoretical analysis of gyroscopic effect 

For the gyroscopic effect to take place first is the rotating 

body and the other is the force or the couple trying to 

change the orientation of axis of rotation of a rotating body 
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respectively. The detailed mechanism of gyroscopic effect 

on the ball of bearing is explained in the figure-1, Suppose 

there is a defect on the outer race of the bearing at inner 

surface, when the ball of the bearing rotating about X-axis 

(spin vector) collides with the defect it gets deflected or 

pressed downward, i.e. the front part of the ball coming in 

contact with the defect starts pitching downward. Now 

according to the gyroscopic principle we turn the spin vector 

(X-axis) downward at 90 degrees we get the Active 

gyroscopic couple and the rotation is along the active 

gyroscopic couple vector (Z axis) along clockwise direction. 

Then the reactive gyroscopic couple according to the 

gyroscopic rule will be on the same axis on upper side 

rotating in direction opposite to the active gyroscopic couple, 

thus this direction of reactive couple will be in 

anticlockwise direction making the ball to turn to the left 

side. 

 

 
Figure-1 gyroscopic mechanism on ball of the bearing. 

B. Finite element analysis of gyroscopic effect 

In finite element analysis a assembly of the bearing 6202 

as shown in fig-2 with its dimensions and material 

properties given in the below table I, IIIII is imported to the 

finite element analysis software, were the outer ring is fixed 

and rotational speed of 1200 rpm is assigned to the inner 

ring. Maximum load of 15N is applied on inner surface of 

inner ring. Stress analysis is carried out when the ball will 

pass towards the defect it must turn left and so the vibrations 

on the left side must be greater, which means that the stress 

on the left side must be greater than the right side. The 

results obtained from the finite element analysis are shown 

in fig-3, which shows that stress at contact between the ball 

and the inner race under the defect of the outer race on right 

side.  

 

 
Figure-2 Outer ring defective assembly model 

 

TABLE IV 

MATERIAL PROPERTY 

Density 7800 kg/m³ 

Young’s modulus 2.06E+11 Pascal’s 

Poisson’s ratio 0.3 

 

TABLE VI 

DIMENSION OF BEARING 

No. of balls 8 

Ball diameter 6 mm 

Pitch diameter 25 mm 

Outer & inner ring width 11 mm 

Outer bore diameter 35 mm 

inner bore diameter 15 mm 

Ring thickness 2 mm 

Outer ring groove radius 3.24 mm 

Inner ring groove radius 3.07 mm 

Figure-3 Stress on inner ring on the right side 

 

Similarly in fig-4 the stress on the left hand side of the 

bearing is shown. From the comparison of both the result it 

is seen that the stress on the left hand side is greater than 

right hand side, as the impact of ball on left hand side is 

greater than that on the  right hand side, which indirectly 

proves the gyroscopic effect.  

 

 
Figure-4 Stress on inner ring on the left side 

C. Experimental validation of gyroscopic effect. 

For the experiment validation of the gyroscopic effect of 

the ball bearing, an experimental test rig as shown in fig -5 

is developed consisting of test bearing of 6202 model. Load 

of 3 Kg is attached at the disk in between the two bearings 

providing axial load on the bearings of about 1.5 kg or 15 
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Newton. On one end a defect free bearing is attached and on 

the other a bearing with defect on outer race is attached.   

 

 

 

 

 

 

 

 

 

 

 
Figure-5 Bearing test rig 

 

On the outer race a defect is made of circular hole of 0.4 cm 

in diameter and through out the outer ring is made as shown 

in fig-6. 

 
 

Figure-6 Bearing with defect on outer race. 

 

The bearing is rotated with 1100 rpm and FFT analyser 

probe is attached on the right and left side of the defective 

bearing housing. Time domain graphs are plotted which are 

good at condition monitoring. The time domain graph for 

right side of bearing is shown in fig-7 and that for left side is 

shown in fig-8.  From the comparison of both the readings it 

can be seen that the vibrations on left side are greater than 

that on the right side respectively. 

 

 
Figure-7 Time domain plot for RHS vibration 

 

 
Figure-8 Time domain plot for LHS vibration 

 

III. VARIATION CALCULUS APPROACH FOR CRACK 

ANALYSIS 

A. Euler’s equation for crack path propagation 

 

According to the hertz contact theory for an elliptical 

contact between the ball and the bearing as shown in fig-10. 

The major and the minor axis for a quadrant is given by (a) 

and (b) on the x and y axis respectively. The crack is 

developed at the centre. The average pressure on the area is 

given by, 

Po = F/πab,  

Were F= axial load on the bearing. 

The maximum pressure is given by  

P = (3/2) × F/πab.                                             (1) 

In the variation equation the minimum functional time (dt) 

is represented by. 

∫dt = ∫ds/v                                                   (2) 

We will later see the limits within which it is integrated. 

Here ds represent the minimum distance in a straight line 

from the centre to nearest point. 

ds = √ (dx² + dy²) 

The velocity (v) can be represented as ρv’n/F 

Were, ρ = density (kg/m³) 

          v’ = Volume (m³) 

          n = frequency or strokes per second 

          F = Load on bearing (Newton) 

From equation (1)  

F = 2/3Pπab 

Substituting in equation (2) the value of F and,  

ρv’n/ (2/3)Pπ = A,  

We get equation (2) in the form 

A∫ds/ab                                                  (3) 

According to ellipse formula, 

x²/a² + y²/b² =1 

Therefore     ab = (a²√ (b²-y²))/x                  (4)  

 And also,       x = a/b√ (b²-y²)                      (5) 

The term ds/ab = functional (f) and after  

Substituting value of ab and x from equation (4) and (5) in 

equation (3) we get ds/ab  

 = √ (xy²+1) x/ (√1-(y²/b²)) × (A/ba²) 

Were Xy = dx/dy 

Then by Euler’s principle df/dXy =0 
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As the functional is equal to zero it must be a constant, and 

shifting the term A/ba² on constant side we get a new 

constant =C1. 

(Xy) x/ (√Xy²+1) (√1-(y²/b²)) =c/ A/ba² =C1 

Xy=C1 (√Xy²+1) (√1-(y²/b²))/x 

Squaring both the sides,  

(Xy) ² = 1/(x²-c1² (1-(y²/b²)))/C1² (1-(y²/b²)) 

Taking Xy on LHS, 

(Xy) ² = (1/ (x²/ C1² (1-(y²/b²)))-1) 

 Xy= (1/ √(x²/ C1² (1-(y²/b²)))-1) 

Dx/dy = (1/ √(x²/ C1² (1-(y²/b²)))-1) 

dx=dy (1/ √(x²/ C1² (1-(y²/b²)))-1) 

Solving by variable separable method, 

dx/C1√ (1-(y²/b²) = dy/ √x²-C1² (1-(y²/b²)) 

dx/C1√ (1-(y²/b²) = dy/ (√x²-(C1 (√ (1-(y²/b²))) ² 

Dividing numerator and denominator by x 

dx/C1 √ (1-(y²/b²) x =dy/ (√1²-(C1/x (√ (1-(y²/b²))) ²   (6)                                                       

Substituting equation (5) in equation (6) 

dx/C1√ (1-(y²/b²) x = dy/√1²-(C1/a) ² 

Integrating on both sides 

Logx = C1/ (√1²-(C1/a) ²) [y/2b (√ (1-(y²/b²) + 

´(Sinˉ¹(y/b))] 

Rearranging the terms, 

Sinˉ ¹(y/b) = (2log(x) (√1²-(C1/a) ²)/C1) – ((y/b) 

√(1(y²/b²)) 

Therefore, the solution is 

y = bsin ((2log(x) (√1²-(C1/a) ²)/C1) + ((-y/b) √ (1-(y²/b²))     

Using Euler’s equation an equation is obtained 

whose solution is of the form of a sin curve. 

Y = a sin (bx+c) 

Here a = the amplitude of vibration, comparing this equation 

with the Crack equation, we see that the amplitude of 

vibration is b, which is the length of minor axis in the 

elliptical area. From the analysis of the cracks it is seen that 

the crack when propagates from a circular point the width of 

the crack is equal to the diameter of the point from were it 

starts propagating. Therefore the crack mechanism consists 

of strains occurring in a diagonal manner. From the fig-10 it 

can be seen that when force is applied at the centre of an 

elliptical area, strains are developed that move in a zigzag 

manner like a sin curve. The area with defect experiences a 

pull on one side and then on the other side, and similar 

process continues along the vertical direction until the 

energy of impact gets over. The crack develops along the 

symmetric line of the curve.  

 
Figure-10 Crack propagation through symmetry of sin curve strains 

 

B. Experimental validation of Euler’s equation. 

 

For the experiment a disk of metal was taken on its 

surface at centre a crack was made.  Later on it was 

hammered by point or circular contact tool while the disc 

was rotating to develop the crack as shown in fig-11. Then 

the edges of the crack were widened and if carefully 

observed the edges had a zigzag path. The another purpose 

of the experiment was to see that if the disc is like the 

bearing’s inner and outer ring surface in contact with ball 

then how does the crack occurs. Using this path of crack 

then transient analysis is carried out in the further chapters. 

Also if the disc is suppose to be like a ball of the bearing 

spinning on X-axis as shown in fig-1 then on getting hit by 

the circular tool it must turn left and more impact of the tool 

must be on the left side of the disc. As seen from the fig-11 

the crack moves in the left side instead of right side which 

proves the gyroscopic effect. 

 

 
Fig-10 Experimental Crack formation and propagation 

 

IV. TRANSIENT ANALYSIS FOR DEFECTIVE 

BEARING 

A. Finite element analysis. 

 

Transient analysis as the word suggest is an analysis 

carried out with respect to different intervals of time. It 

includes the monitoring of a particular parameter as it 

changes with time. In case of bearing we are going to find 

the time domain plot of the defect in the inner and the outer 

race respectively. First of all the bearing selected for the 

purpose of analysis is the 6202 model which finds 

application in the houseold appliance like the table fans and 

the ceiling fans respectively.  the defective bearings 

assembly is made as shown in fig-11 and analysed on a 

FEM software under transient analysis using material 

property and dimension from table VI, VIIVIII. 

 

(a)  

(b)                 

 
Figure-11 Bearing model with inner (a) & outer (b) race defects. 

 



www.ierjournal.org                  International Engineering Research Journal (IERJ) Special Issue 2 Page 2631-2637, 2015, ISSN 2395-1621 

  

 

For a sample analysis, at 600 rpm & maximum load of 15N 

applied on the both bearings with defect on inner and outer 

race. With the outer ring fixed time domain graphs are 

plotted with stress analysis. Fig-12 shows time domain 

graph for inner race defect bearing and fig-13 for outer race 

defect bearing. Fig-14 and 15 shows the stress concentration 

in the bearing with inner and outer race defect. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure-12 Time domain plot for 600 rpm for inner race defect. 

 

 
Figure-13 Time domain plot for 600 rpm for outer race defect 

Fig-14 600rpm, 15 Newton inner race defect 

 

 
Fig-15 600rpm, 15 Newton outer race defect 

 

From the time domain and stress analysis it is seen that 

the vibrations and stress concentration in bearing with outer 

race  

defect is greater than the bearing with inner race defect. 

B. Experimental validation. 

Using the same test rig as shown in fig-5 defect are made 

On  outer inner race of length 3mm, width 0.5 mm and 

depth 1mm as shown in fig-16.. This defect is a replica of 

the actual cracks occurring on the bearings as verified from 

the Euler’s equation. Experiment is carried out for 600 rpm 

at 15N load. The experimental set up for vibrations 

recording using FFT analyser is shown in fig-17. From fig-

18 and 19, it can be seen that vibrations for outer race defect 

bearing are greater than the inner race defect bearing. 

 

 
Figure-16 bearings with defect on inner and outer race 

 

 

 

 

 

 
Fig-17 Experimental testing set up 

 

 
Fig-18 600rpm, 15 Newton inner race defect 
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Fig-19 600rpm, 15 Newton outer race defect 

 

If we compare the interval of time for which the transient 

analysis was carried out in software and the same time 

period in time domain we will see that the amplitude of 

vibration in both software and experimental in that time 

interval are very close which justifies the use of analysis 

softwares in predicting the amplitude of vibrations. 

 

V. CONCLUSION. 

From the Gyroscopic effect on the ball of the bearing it was 

seen that the ball of the bearing changes its direction. The 

theoretical, analytical and experimental results proved it. 

Using Euler’s equation the path of propagation of crack was 

converted to a mathematical equation by variation calculus 

principle. From the experimental results gyroscopic effect 

was seen as well as the nature of crack was understood. 

Using the results from the Euler’s equation similar defects 

was made on inner and outer race of the bearing and the 

intensity of vibration for which bearing is higher was found 

out. From the transient analysis done on the software and 

the experimental results it was shown that the vibrations due 

to the outer race defect are more than the inner race defect. 
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