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Section 2

Selecting the Proper Bearing
The following work sheet will prove to be very valuable in assisting you in the selection of the correct ball bearing  
for your application.

Application Conditions
Loads:
	 Fr		  N	 F1r		  N
	 Fa		  N	 F1a		  N
	 Fi		  N	 F2r		  N
	 a		  mm	 F2a		  N
	 b		  mm
	 c		  mm

Load Type:	 Fitting - Shaft:	 Fitting - Housing
	 Continuous:				    Diameter:			   Diameter:
	 Shock:					    Tolerance:			   Tolerance:
	 Preload Force:		    N		  Material:				   Material:
	 Applied to:	  Inner Ring		  Roundness:			   Roundness:	
			    Outer Ring		  Surface Finish: Ra		     µm	 Surface Finish: Ra		     µm

Rotation:
	 Speed in RPM:			   Reverse:			  Other Rotational Details:
	 Inner Ring Rotation:		  Oscillating:
	 Outer Ring Rotation:		  Oscillating Angle:
	 Continuous:					   

Environment:
	 Ambient Temp. Range:	        C˚ to            C˚ 	 Dust:	 	 Autoclave:
	 Working Temp:	 	        C˚ 		 	 Humidity:	 Other Details:
	 Shaft Temp:      		        C˚	 	 	 Water:	
	 Housing Temp:	 	        C˚	 	 	 Chemicals:

Torque:
	 Torque Sensitive:	 Yes      No    	 Max Torque Increase Allowed:		  N-mm	
		            		  Output Torque of Motor:			   N-mm    
Misalignment:
	 Shaft Alignment Tolerance:		  mm
	 Bearing Concentricity:				   mm

Test Plan:
	 Type of Test (life, salt spray, etc.):
	 Run time of test:			        hours.	 Duration of test:			   weeks.
	 Additional Details:	
		

Other Information:
	 Plastic Compatibility Concerns:	    Yes      No	 Type of Plastic:
	 Life Expectancy:	 	 	 Hours
	 Current Supplier:				    Current Part Number:
	 Issues with Current Bearing:

	 Additional Application Details:
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Clearance Symbols Clearance (µm)

P13 2.5 ~ 7.5

P24 5.0 ~ 10.0

 P25* 5.0 ~ 12.5

P58 12.5 ~ 20.0

Clearance Symbols Clearance (µm)

M2 3 ~ 8

 M3* 5 ~ 10

M4 8 ~ 13

M5 13 ~ 20

Moment Clearance (  )

Figure 2-13
The angular displacement generated by tilting the inner 
ring in the axial direction while securing the outer ring.

 						    

						      *Standard		

	

Internal Clearance 
The radial internal clearance of a ball bearing affects life, 
noise, vibration, and heat generation. It is important to 
select the appropriate internal clearance for each application.

The three types of internal clearance of a ball bearing are 
radial clearance, axial clearance, and moment clearance.

Radial internal clearance decreases when a ball bear-
ing is fitted to either a shaft or housing with interfer-
ence. Radial internal clearance is a specified value in 
the NMB or JIS part number, as shown in the follow-
ing tables.  

The fits and temperature affect the radial internal 
clearance. Therefore, actual application conditions need 
to be reviewed when radial internal clearance is selected.

Radial Clearance (Gr)

Figure 2-11
The displacement generated by moving the outer ring in 
the radial direction while securing the inner ring. 

Axial Clearance (Gt)

Figure 2-12
The displacement generated by moving the inner ring in 
the axial direction while securing the outer ring. 

Radial Clearance of NMB Part Number

Radial Internal Clearance

   O

Load

Load

Radial Clearance of JIS Part Number
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Fits
When a ball bearing is used, it is not used only by itself. It is always fitted to either a shaft or a housing bore.  
Fit is the value of tightness between the shaft and bearing bore when the bearing is installed. Fit can also be the 
tightness between the housing bore and the bearing outside diameter. Fits are classified into clearance fit, intermediate  
fit, and transition fit.

Fits 
Fits prevent bearings from having unfavorable slip called “Creep” by firmly securing the inner ring and outer ring  
on the shaft and in the housing, respectively. Fits also minimize vibration during rotation. When creep happens, 
abnormal heat and wear particles can be generated. Abnormal heat hastens the degradation of grease and retainers. 
Wear particles could migrate inside the bearing, and cause vibration and surface degradation. It is necessary to  
choose a proper fit for each application because improper fits can not only degrade the bearing performance, but  
also they could cause seizure due to heat generation and premature failure. In the case of interference fits, the  
interference causes a change in radial internal clearance. The change in radial clearance generated by interference  
can be calculated as shown below. 

Decrease in Internal Clearance Due to Fits
 
Interference Fit of the Inner Ring to the Shaft

The sketches drawn in solid lines and dotted lines are the bearing prior to fit, and the bearing after fit, respectively. 
When press fit with an interference ( i ) the inner ring groove diameter (d2) increases by an amount (δ). This value 
(δ) is also equal to the decrease in radial internal clearance.

Press fits of the inner ring to the shaft:

d:	 Nominal Bore Diameter
	 Nominal Outside Diameter of the Shaft
d1:	 Shaft Bore

(In the case of Solid Shafts:		         = 1)

d2:	 Inner Ring Groove Diameter
i:	 Interference (i/2 in radial direction)
Eb:	 Young’s Modulus of Inner Ring (outer ring)
Es:	 Young’s Modulus of Shaft Material
mb: 	 Poisson’s Ratio of Inner Ring (outer ring)
ms:	 Poisson’s Ratio of Shaft Material

(d/d1)2+1

(d/d1)2-1

δ =

   (d2/d)2−1
(d2/d)2-1

(d2/d)2+1
+ mb

1
 (d/d1)2-1

 (d/d1)2+1
− ms

1
ES

Eb+

2i(d2/d)
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Interference Fit of the Outer Ring to the Housing 

The sketches drawn in solid lines and dotted lines are the bearing prior to fit, and the bearing after fit, respectively. 
When it is press fit with an interference ( I ) the outer ring groove diameter D1 decreases by an amount (∆).  
This amount (∆) is also equal to the decrease in radial clearance.

Press fits of the inner ring to the housing:

Securing with Adhesive
When the bearing is fit to the shaft and housing with adhesive without interference, it is necessary to select the  
proper clearance to enhance the effectiveness of the adhesive. It is recommended to consult with the adhesive  
manufacturer because the proper clearance depends on the type of adhesive. Please be aware that the roundness  
of the ring raceways could deteriorate due to the curing stress of the adhesive.

Referenced from JIS B 0401-1
Deviation of Holes for Common Fits

												          

Nominal Dimensions (mm) G H JS K M N P
Over Incl. G7 H5 H6 H7 JS5 JS6 JS7 K5 K6 K7 M5 M6 M7 N6 N7 P7

- 3
+12 +4 +6 +10

±2 ±3 ±5
0 0 0 -2 -2 -2 -4 -4 -6

+2 0 0 0 -4 -6 -10 -6 -8 -12 -10 -14 -16

3 6
+16 +5 +8 +12

±2.5 ±4 ±6
0 +2 +3 -3 -1 0 -5 -4 -8

+4 0 0 0 -5 -6 -9 -8 -9 -12 -13 -16 -20

6 10
+20 +6 +9 +15

±3 ±4.5 ±7.5
+1 +2 +5 -4 -3 0 -7 -4 -9

+5 0 0 0 -5 -7 -10 -10 -12 -15 -16 -19 -24

10 18
+24 +8 +11 +18

±4 ±5.5 ±9
+2 +2 +6 -4 -4 0 -9 -5 -11

+6 0 0 0 -6 -9 -12 -12 -15 -18 -20 -23 -29

18 30
+28 +9 +13 +21

±4.5 ±6.5 ±10.5
+1 +2 +6 -5 -4 0 -11 -7 -14

+7 0 0 0 -8 -11 -15 -14 -17 -21 -24 -28 -35

Δ =
  (D/D1)2−1

(D/D1)2−1

(D/D1)2+1
− mb

1
(D2/D)2 −1

(D2/D)2 +1
++ mh

1
Eh

Eb

2 I (D/D1)

        

D:	 Nominal outside fiameter of outer ring, 
	 Nominal housing bore
D1:	 Outer ring groove diameter
D2:	 Housing outer diameter
I:	 Interference (I/2 in radial direction)
Eh:	 Young’s Modulus of housing material
mh: 	 Poisson’s Ratio of housing material

	 Unit: µm

Housing
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	 Unit: µmDeviation of Shafts for Common Fits

 

Nominal Dimensions (mm) f g h js k m n p r
Over Incl. f6 g5 g6 h4 h5 h6 js4 js5 js6 k4 k5 k6 m5 m6 n6 p6 r6

- 3
-6 -2 -2 0 0 0

±1.5 ±2 ±3
+3 +4 +6 +6 +8 +10 +12 +16

-12 -6 -8 -3 -4 -6 0 0 0 +2 +2 +4 +6 +10

3 6
-10 -4 -4 0 0 0

±2 ±2.5 ±4
+5 +6 +9 +9 +12 +16 +20 +23

-18 -9 -12 -4 -5 -8 +1 +1 +1 +4 +4 +8 +12 +15

6 10
-13 -5 -5 0 0 0

±2 ±3 ±4.5
+5 +7 +10 +12 +15 +19 +24 +28

-22 -11 -14 -4 -6 -9 +1 +1 +1 +6 +6 +10 +15 +19

	 Unit: µm

	 Unit: µm

Stationary Outer Ring Load
The line of action of the load does not rotate in  
relation to the outer ring of the bearing

Rotating Outer Ring Load
The line of action of the load is rotating in relation  
to the outer ring of the bearing

Indeterminate Direction Load
The direction of the load cannot be determined 

Referenced from JIS B 1566
Fits of Inner Ring in Radial Bearings*

Fits of Outer Ring in Radial Bearings*

*Tolerance of Bearing Bore is based on JIS B 1514-1. 

**Symbol of Tolerance Zone Class is based on JIS B 0401. 

***Tolerance of Outer Diameter of Bearings is based on JIS B1514-1. 

Definitions

Rotating Inner Ring Load 
The line of action of the load is rotating in relation  
to the inner ring of the bearing

Stationary Inner Ring Load
The line of action of the load does not rotate in  
relation to the inner ring of the bearing

Bearing ABEC  
Rating

Rotating inner ring load or indeterminate direction load Stationary inner ring load
Tolerance zone class of shaft**

ABEC 1 r6 p6 n6 m6 k6 js6 h5 h6 g6 f6

ABEC 3 r6 p6 n6 m5 k5 js5 h5 h5 g5 f6

ABEC 5 - - - m5 k4 js4 h4 h5 - -

Fits Interference Intermediate Clearance

Bearing ABEC  
Rating

Stationary outer ring load Indeterminate direction load or rotating outer ring load
Tolerance zone class of hole**

ABEC 1 G7 H7 JS7 - JS7 K7 M7 N7 P7

ABEC 3 G7 H6 JS6 - JS6 K6 M6 N6 P7

ABEC 5 - H5 JS5 K5 - K5 M5 - -

Fits Interference fit Intermediate fit Clearance fit
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Shaft and Housing

Finish Precision of Shaft & Housing
When the bearings are installed, roundness of the bearings 
is degraded if the precision and surface roughness of the 
shaft and housing are not at satisfactory levels.

Fillet Radii of Corners of Shaft & Housing
The side faces of the shafts and housing (areas contact-
ing the bearing’s side face) should be at right angles 
to the shaft center line and fit surfaces. The maximum 
permissible radius (ras max) of the fillet radii of the 
shaft and housing corners is smaller than or equal to 
the minimum permissible chamfer dimensions of the 
bearings.

	 Unit: µm

Height of Shoulder
The height of the shaft and housing shoulders must be 
taller than the minimum permissible chamfer dimensions.  
They also need to contact the side faces of the bearing 
inner and outer rings. 

The minimum height of the housing shoulder (h), must  
be four times the chamfer dimension (ras). Please refer  
to the table below and Figure 2-14 for dimensions.

Designs of Shaft and Housing

Referenced from JIS B 1566

The shaft and housing dimensions and precision should be carefully designed to optimize the performance of the  
bearing in the application.

Figure 2-14

 s min

  s min

 as max

 as max

h

h

The height of outer 
ring shoulder

The height of outer 
ring shoulder

Housing

Shaft

*The shoulder height needs to be greater than this when axial load applied is significant.
**This is used when axial load applied is insignificant.
***This is not specified in JIS B 1566.

Chamfer Dimensions of  
Inner and Outer Ring

Shaft and Housing
Radii of Rounding Corners General Case * Particular Case **

r s min ras max h (min)
0.05*** 0.05 0.2 0.2

0.08*** 0.08 0.3 0.3

0.1 0.1 0.4 0.4

0.15 0.15 0.6 0.6

0.2 0.2 0.8 0.8

0.3 0.3 1.25 1
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Shaft and Housing IT Grades

***Tolerances according to ISO 286
 

Bearing Tolerance Class Shaft Housing

Roundness
ABEC 1-3 IT3/2 to IT4/2 IT4/2 to IT5/2
ABEC 5-7 IT2/2 to IT3/2

Cylindricality ABEC 1-3 IT3/2 to IT4/2 IT4/2 to IT5/2
ABEC 5-7 IT2/2 to IT3/2 IT2/2 to IT3/2

Shoulder Runout
ABEC 1-3

IT3
IT3 to IT4

ABEC 5-7 IT3
Roughness of fitting  

surfaces (Ra)
ALL 0.8 1.6

Nominal (Basic) 
Sizes (mm) International Tolerance Grades

OVER UP TO 
INCL. IT01 IT0 IT1 IT2 IT3 IT4 IT5 IT6 IT7

0 3 0.30 0.50 0.80 1.20 2.00 3.00 4.00 6.00 10.00
3 6 0.40 0.60 1.00 1.50 2.50 4.00 5.00 8.00 12.00
6 10 0.40 0.60 1.00 1.50 2.50 4.00 6.00 9.00 15.00

10 18 0.50 0.80 1.20 2.00 3.00 5.00 8.00 11.00 18.00
18 30 0.60 1.00 1.50 2.50 4.00 6.00 9.00 13.00 21.00
30 50 0.80 1.00 1.50 2.50 4.00 7.00 11.00 16.00 25.00
50 80 0.80 1.20 2.00 3.00 5.00 8.00 13.00 19.00 30.00
80 120 1.00 1.50 2.50 4.00 6.00 10.00 15.00 22.00 35.00

120 180 1.20 2.00 3.50 5.00 8.00 12.00 18.00 25.00 40.00
180 250 2.00 3.00 4.50 7.00 10.00 14.00 20.00 29.00 46.00
250 315 2.50 4.00 6.00 8.00 12.00 16.00 23.00 32.00 52.00
315 400 3.00 5.00 7.00 9.00 13.00 18.00 25.00 36.00 57.00
400 500 4.00 6.00 8.00 10.00 15.00 20.00 27.00 40.00 63.00
500 630 9.00 11.00 16.00 22.00 32.00 44.00 70.00
630 800 10.00 13.00 18.00 25.00 36.00 50.00 80.00
800 1000 11.00 15.00 21.00 28.00 40.00 56.00 90.00

1000 1250 13.00 18.00 24.00 33.00 47.00 66.00 105.00
1250 1600 15.00 21.00 29.00 39.00 55.00 78.00 125.00
1600 2000 18.00 25.00 35.00 46.00 65.00 92.00 150.00
2000 2500 22.00 30.00 41.00 55.00 78.00 110.00 175.00
2500 3150 26.00 36.00 50.00 68.00 96.00 135.00 210.00
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Preload
The purpose of applying preload to a bearing is to improve 
the runout precision of the rotating axis, and to reduce 
vibration and noise. It is important to select the proper 
amount of preload and method for each application. 
Otherwise, bearing performance such as life, noise, and 
vibration will be degraded. Excessive heat could  also 
be generated.

The Purpose of Preload
The necessary radial internal clearance in an assembled 
ball bearing may increase noise and rotational vibration in 
an application due to the movement of the balls inside the 
bearings. To combat the relative movement of the balls, an 
axial “preload” should be applied to the bearing, as shown 
in the diagram below. Preload increases the stiffness of the 
bearing and reduces potential noise and vibration.

The appropriate preload force depends on the size of the 
ball bearing. Higher preload will increase the bearing stiff-
ness but excessive preload may result in premature failures. 
If insufficient preload is applied, vibration and fretting wear 
may occur inside of the bearing.

Optimum Preload
Minebea recommends an optimum preload based on the  
calculation of the optimum surface stress. When the preload 
is applied to the ball bearing, a contact ellipse is generated as  
a result of elastic deformation of the contact areas between 
the balls and raceways. The surface stress is given by dividing 
the loads, Q (ball loads), which are generated in the perpen-
dicular direction at the contacts between the balls and race-
ways, by the surface areas of the contact ellipses.

In Figure 2-15, the contact ellipse area (S) between the 
balls and raceways is formulated as:  S = πab (a: the major 
axis of the contact ellipse area, b: the minor axis of the 
contact ellipse area). P represents the average surface 

Q

Q

stress, and Q represents the loads generated in the perpen-
dicular direction at the contact areas between the balls and 
raceways.

	 P = Q / S [MPa]

If the preload is the dominant load applied to the bearing, the 
guideline to meet the noise life is as follows.

• Over 10,000 hours noise life requirement.
	 The specific preload should not generate an average 	
	 surface contact stress (P) higher than 800MPa.

• 5,000 - 10,000 hours noise life requirement (general products)
	 The specific preload should be generating an average 	
	 surface contact stress (P) of roughly 1,000MPa.

• Less than 5,000 hours noise life requirement (critical  
	 stiffness application)
	 The specific preload should be generating an average 	
	 surface contact stress (P) of roughly 1,500MPa. 

Simple calculation of preload using dynamic load rating (Cr)

• Over 10,000 hours noise life requirement: 
	 0.5/100Cr - 1/100Cr
• 5,000 - 10,000 hours noise life requirement: 
	 1/100Cr - 1.5/100Cr
• Less than 5,000 hours noise life requirement: 		
	 1.5/100Cr - 2/100Cr

Maximum Permissible Load
In general, a permanent deformation will occur if the average 
surface stress generated on high carbon chromium steel is 
greater than 2,700 MPa. So, even for a very short period of 
time, the loads should not generate greater than 2,700 MPa 
of average surface stress. Based on our experience, the loads 
applied to the bearing should not generate more than 1,600 
MPa of average surface stress. Besides preload, other types of 
loads should also be considered because they could generate 
surface stress.

Preload and Stiffness
There are two basic methods of preloading: Solid Preload 
(Figure 2-16) and Spring Preload (Figure 2-17) shown on the 
following pages.

Solid Preload can be obtained by mechanically locking all of 
the rings in position. The advantages of this type of design 
are simplicity and high stiffness. However, expansion and 
shrinkage of the components due to temperature change 
can cause changes in preload. 

Figure 2-15
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Displacement
When the loads are applied to the bearings, the dis-
placement takes place at the contact points between 
the balls and raceways.

Radial Displacement
When the loads are applied in radial directions as shown in 
Figure 2-20, Q is expressed as:

(Fr, Q, and Z represent a radial load, the maximum load 
applied to the balls, and the number of balls, respectively.) 
Radial displacement at the contact points between balls and 
raceways is expressed below.

eδ :	 Coefficient based on the relationship between 		
	 balls and raceways
Σρ : 	 Total major curvature

In order to determine the total displacement, the displace-
ment between the balls inner ring and outer ring needs to 
be summed because the balls are contacting both the inner 
ring and outer rings.

δr : 	 Total radial displacement
δi : 	 Radial displacement between balls and inner ring raceway
δe : 	 Radial displacement between balls and outer ring raceway

Total displacement is represented as follows:
	 δr = δi + δe

Figure 2-20

Axial Displacement

Axial displacement (Fa) can be calculated in the following  
series of calculations:

Initial Contact Angle (α0)

For a bearing with the radial internal clearance (Gr) 
eliminated from an axial load, the initial contact angle  
can be calculated as follows.

Q =       Fr
5_
Z

The components could also wear, and eventually the 
preloads could be reduced.

Spring Preload (constant pressure preload) can be 
applied by using a coil spring, wave spring, etc. An 
advantage of spring preload is stability despite tem-
perature variation. The disadvantages are complexity 
and low stiffness.

The preload can be applied in two directions: Duplex Face 
to Face (DF) (Figure 2-18) and duplex Back to Back (DB) 
(Figure 2-19). The stiffness is higher in DB.

Preload Method
Solid Preload

		  Figure 2-16	

Spring Preload 

		  Figure 2-17	

Preload Direction
Duplex Face to Face (DF)

		  Figure 2-18

Duplex Back to Back (DB)

		  Figure 2-19

（Σρ）Q2δ＝eδ　3
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Gr : 	 Radial Internal Clearance
ri : 	 Inner Ring Groove Radius
re : 	 Outer Ring Groove Radius
Dw : 	 Ball Diameter 

Relationship between Initial Contact Angle 
(α0) and Contact Angle (α)

The relationship between the initial contact angle and 
the contact angle generated by applying an axial load 
(Fa) is expressed below. (Figure 2-21)

Figure 2-21

Displacement in the axial direction is calculated with 
the formula below:

c: Coefficient of Elastic Contact

The torque in ball bearings depends on assembly, 
preload, enclosures and lubricants. These need to be 
selected based on the required specification.

Torque
There are two kinds of torque: starting torque and 
running torque. Starting torque is the initial torque 
required to rotate a bearing in the static state. A 
ball bearing in the static state has the elastic contact 
deformation generated between the raceways and 
balls if the loads, like preload, are applied to the shaft. 
A force to overcome the elastic contact deformation 

Torque

is required to rotate the bearings. Also, a force to 
overcome the lubricant fill between the balls and 
raceways is required. The total torque required to 
overcome these is called “starting torque.”

In addition, running torque includes friction between 
the balls and retainer and balls and the raceways.

The running torque has an impact on heat genera-
tion. In a motor application, bearing torque has an 
influence on the startup current, current rating,  
speed rating, current fluctuation, and speed fluctua-
tion. The following are some of the factors and 
solutions.

Failure to Reach Speed
Some motors fail to reach the designed nominal 
speed. This could be caused by an excessive amount 
of grease, excessive interference fit, excessive pre-
load, and use of churning type grease.

Excessive Startup Current
The possible factors to be considered for excessive 
startup current are: grease fill amount, high viscosity 
greases, preload, and fit conditions.

Speed Fluctuation
Speed fluctuation is the phenomenon where the 
rotation speed fluctuates unexpectedly and goes 
back to stable rotation speed after a while. This can 
be seen when grease loses its channel (wall) and is 
caught between the balls and raceways changing run-
ning resistance momentarily. Decreasing the grease 
fill amount, changing the grease to higher channeling 
grease, or non churning type are options to prevent 
having this issue.

Speed and Running Torque
Generally, torque increases as speed increases. 
Preload and grease are selected based on the speed.

Grease Fill Amount & Running Torque
Generally, torque increases as the grease fill amount 
increases. Life could be adversely affected if the 
grease fill amount is reduced for the purpose of 
lowering the torque.

Temperature & Running Torque
Generally, running torque increases as the temperature 
decreases. The reason for this is that the temperature 
reduction increases the viscosity of the base oil in 
the grease.
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2
Fa = 1 1-

10.5
2.778 ×1  × 30 = 11 

Vibration caused by Outer Ring Raceway Dents or Bumps (fr) 	
						      nZfa
Vibration caused by Ball Surface Dents or Bumps (fg)
	 Vibration in Axial direction (fgt)		 2nfc
	 Vibration in Radial direction (fgr)	 fgt ± fa

Formula for Outer Ring Rotation

Vibration caused by Ball Revolution (Fa)

Vibration caused by Retainer Rotation (Fb)  

   

Vibration caused by Ball Rotation (Fc)

Vibration caused by Ball Pass (Fd)		  ZFa

					     Z (Fr-Fa)
Vibration caused by Inner Ring Raceway Dents or Bumps (Fe) 	
					     nZFa

Vibration caused by Outer Ring Raceway Dents or Bumps (Ff)
	 Vibration in Axial Direction (Fft)		  nZ (Fr-Fa)
	 Vibration in Radial Direction (Ffr)		  Fft ± Fr

Vibration caused by Ball Surface Dents or Bumps  (Fg) 
	  Vibration in Axial Direction (Fgt)		 2nFc

	  Vibration in Radial Direction (Fgr) 	 Fgt ± Fa

Dw: 	 Ball Diameter (mm)
Dpw: 	 Pitch Circle Diameter (mm)
α0: 	 Nominal Contact Angle (°)
Z : 	 Number of Balls
n:	 Integer Number from table on page 19
fr:	 Inner Ring Rotation Speed (Hz)
Fr : 	 Outer Ring Rotation Speed (Hz)

To simplify,          = 1 could be used. The calculations 
below are examples.

Example 1: 
When the inner ring of an R-1560X2ZZ bearing is 
rotated at 1,800 RPM, vibration caused by ball revolution 
(rotation about the bearing axis of rotation) is calculated 
as follows:

Grease Fill Position & Running Torque
Running torque may vary based on the grease fill posi-
tion. Especially with viscous greases, the shear force of the 
grease can affect torque.

Load and Running Torque
Load affects both the starting and running torque.  
The torque is higher if preload is applied.

Vibration by Forced Rotation
Although the function of ball bearings is rotation,  
they also generate vibration during the rotation. The 
vibration that is changed by the frequency depending 
on the speed is called “vibration by forced rotation.”

Calculation of  Vibration by  
Forced Rotation
The vibration is generated in the axial, radial, and rotat-
ing directions. The vibration can be critical in some  
applications. 

This vibration sometimes causes other parts of the 
assemblies to resonate as vibration energy is emitted. 
It is necessary to fully understand the application char-
acteristics in order to select a suitable bearing and its 
specification.

Formula for Inner Ring Rotation

Vibration caused by Ball Revolution (fa)

Vibration caused by Retainer Rotation (fb) 

Vibration caused by Ball Rotation (fc)

Vibration caused by Ball Pass (fd)		  Zfa
						      Z (fr-fa)
Vibration caused by Inner Ring Raceway Dents or Bumps (fe)
	  Vibration in Axial Direction (fet)		  nZ(fr-fa)
	 Vibration in Radial Direction (fer)		  fet ± fr

cos α 02
Fr

1
1+
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