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Nomenclature 

fi – curvature coefficient of inner ring raceway; 

fe – curvature coefficient of outer ring raceway; Dw – ball 

diameter; α – contact angle after applying pre-tightening 

force; Δα – variation of contact angle; d – inner diameter; 

Fa – axial preload; i – number of rolling element columns; 

ωim – angular velocity of the inner ring relative to the cage; 
b

Av  – linear velocity of the ball relative to the cage (at point 

A); t

Av  – linear velocity of raceway surface relative to 

cage (at point A); ωi – angular velocity of the inner ring; 

nm – rotational speed of the ball with the cage; 

F1 – spin-roll ratio; Q – the force between a single ball and 

raceway under preload; Qn – the normal force between a 

single ball and the raceway under preload; Qe – contact 

force between the outer ring and the ball; Qea – the axial 

component of Qe; Qer – the radial component of Qe; 

Qi – Contact force between the inner ring and the ball; 

Qia – the axial component of Qi; Qir – the radial component 

of Qi; D – outer diameter; Kd – dynamic stiffness; 

δ1 – axial displacement caused by applying Fa; 

ωem – angular velocity of the outer ring relative to the cage; 

ωbi – angular velocity of the rotating shaft of the ball rela-

tive to the inner ring through the contact points A and O1; 

ωbe –  angular velocity of the rotating shaft of the ball 

relative to the outer ring through the contact points B and 

O1; dm – pitch circle diameter; αi – contact angle between 

ball and inner ring; β – space attitude angle of ball rotation 

axis; αe – contact angle between ball and outer ring; 

ωm – angular velocity of the ball with the cage; s

bi  – spin 

component of ball relative to inner raceway; R

bi  – rolling 

of ball relative to inner raceway; s

be  – spin component of 

ball relative to outer raceway; R

be  – rolling of ball relative 

to outer raceway; δ – normal deflection; α0 – initial contact 

angle; Kn – total load-deformation constant between the 

ball and the inner or outer rings; Ki(e) – load-deformation 

constant between the ball and the inner (outer) ring; 

η – elastic constant of the contact between the ring and the 

ball; E1, E2 – elastic modulus of the material of the parts in 

contact with each other; μ1, μ2 – Poisson’s ratio of the ma-

terial of the parts in contact with each other; 

Fc – centrifugal force of a ball; N – number of balls; 

Ks – static stiffness; δ2 – axial displacement caused by Fc; 

δa – axial displacement. 

1. Introduction 

High-speed ACBBs are widely used in aerospace 

engines, high-performance machine tools, and other preci-

sion equipment to ensure operational accuracy and stability. 

However, current design methodologies for ACBBs remain 

inadequate. This study focuses on existing optimization 

objectives by establishing a dynamic stiffness model and 

incorporating it as an additional optimization target. The 

research systematically analyzes the correlation be-tween 

variations in key ACBBs design parameters and the re-

spective optimization objective functions. 

The optimization design of rolling bearings is a 

multi-objective problem, and there is almost no design 

scheme that makes all targets optimal. The improvement of 

one target performance often needs to reduce the perfor-

mance of other targets. Deb proposed a non-dominated 

sorting genetic algorithm NSGA-II, which can better solve 

the multi-objective optimization design problem [1]. Choi 

et al. used genetic algorithm to optimize the bearing struc-

ture parameters with the longest life as the objective func-

tion [2]. Gupta et al. used the NSGA II genetic algorithm to 

carry out multi-objective optimization design of the rated 

dynamic load, rated static load and oil film thickness of the 

rolling bearing, and studied the sensitivity of the structural 

parameters such as the curvature radius coefficient of the 

inner ring raceway and the ball diameter [3]. 

In China, bearing optimization design has been 

paid great attention in recent decades. Li et al. used the 

NSGA II method to optimize the design with the goal of 

rated dynamic load and rated static load [4]. Cui et al. 

conducted multi-objective optimization design based on 

NSGA II genetic algorithm to analyze the influence of 

structural parameters on the dynamic performance of 

bearings with the goal of rated dynamic load, bearing 

stiffness and spin-roll ratio [5]. Wu transformed the analy-
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sis of rotation slip of high-speed angular contact ball bear-

ings into the analysis of spin-roll ratio, and obtained the 

variation law of spin-roll ratio of high-speed angular con-

tact ball bearings under different working conditions or 

different bearing parameters and the relationship between 

spin-roll ratio and various parameters [6]. Yang et al. es-

tablished a quasi-dynamic calculation model, and analyzed 

the relationship between the main parameters of the bear-

ing and the optimization objective with the spin-roll ratio, 

axial stiffness and rated dynamic load as the optimization 

objectives [7]. Liu et al. optimized the pitch diameter, ball 

diameter, ball number, inner ring raceway curvature coeffi-

cient and outer ring raceway curvature coefficient of bear-

ing ball set with the objective function of rotation-rolling 

ratio, basic rated dynamic load, friction torque and axial 

stiffness [8]. 

The variation law of bearing stiffness, especially 

dynamic stiffness, remains to be discussed. Due to the 

complexity of dynamic stiffness, the existing design 

method does not promote the optimization goal of dynamic 

stiffness. Yun et al. proposed a method to measure the 

dynamic support stiffness of spindle online by means of 

synchronous excitation. By studying the angle relationship 

between the residual vibration displacement and the exci-

tation response displacement, the dynamic support stiffness 

test principle is derived [9]. Luo et al. derived the expres-

sion of axial stiffness of angular contact ball bearings, 

established an objective function with bearing stiffness as 

the optimization objective, and optimized the design of 

angular contact ball bearings [10]. Wang et al. based on the 

5-degree-of-freedom quasi-static model of the channel 

control theory, theoretically solved the static stiffness and 

dynamic stiffness of the bearing using different stiffness 

analytical methods, and verified the correctness of the 

model by comparing with the reference value [11]. Based 

on the theory of elastic mechanics, rolling bearing dynam-

ics and channel control theory, Wang et al. calculated the 

radial displacement of the inner ring of angular contact ball 

bearing under centrifugal force, and gave the calculation 

method and corresponding program of the contact stiffness 

between the rolling element of high-speed angular contact 

ball bearing and the inner and outer rings and the overall 

radial stiffness, axial stiffness and angular stiffness of the 

bearing when considering the influence of the centrifugal 

displacement of the inner ring [12]. 

Recently, Singh et al. proposed a method that in-

tegrates genetic algorithm (GA) and grid search method 

(GSM) to design and optimize the internal geometry of 

angular contact ball bearings (ACBBs), with the dynamic 

capacity as the optimization objective [13]. Abbas intro-

duced a novel approach for optimizing rolling element 

bearings design and lubricant selection utilizing electrohy-

drodynamic lubrication (EHL) theory. First, a Mul-

ti-Objective Optimization (MOO) was formulated, using a 

Non-dominated Sorting Genetic Algorithm (NSGA-II), to 

generate Pareto front optimal designs, capturing the 

trade-off between the two objective functions, namely 

maximizing minimum film thickness and minimizing the 

total friction torque. Second, a machine learning model 

was trained using the results obtained from the NSGA-II 

model. The machine learning algorithm used in this article 

was Random Forest Regression (RFR), a supervised en-

semble learning method combining multiple decision trees 

to improve predictive accuracy [14]. Baklouti et al. deter-

mined the most efficient internal geometric parameters of 

the rolling bearing by introducing the uncertainty of the 

internal geometric parameters of the bearing and incorpo-

rating bearing reliability into the optimization algorithm 

[15]. 

Research on bearing design optimization remains 

inadequate. Based on the operating condition requirements 

of high-speed ACBBs, the optimization objectives are 

studied. The spin-roll ratio and rated dynamic load of 

ACBBs are usually optimization goals, and sometimes 

static stiffness is increased. This study comprehensively 

considers the spin-roll ratio, rated dynamic load, static 

stiffness and dynamic stiffness, analyzes the variation of 

the main design parameters and these indicators, and pro-

vides a basis for the optimization design of high-speed 

ACBBs. 

2. Methodology 

2.1. Kinematics analysis of high-speed ACBB 

When an ACBB operates at high speeds, the balls 

experience significant centrifugal force, causing them to be 

in an ‘outward-thrown’ state, pressing tightly against the 

outer ring. It is assumed that the balls are controlled by the 

outer raceway, meaning there is pure rolling (no sliding) 

between the balls and the outer raceway, and the linear 

velocities of the two surfaces at the contact point are equal. 

For kinematic analysis, the coordinate system established 

for the ball and its motion analysis are illustrated in Fig. 1, 

where the solid circular line represents the ball. Point A is 

in contact with the inner ring, and point B is in contact 

with the outer ring. 

 

Fig. 1 Analysis of ball motion about ACBB 

The outer ring is fixed, the inner ring rotating 

forward around the x-axis at a speed of ni, the cage rotating 

around the x-axis with the ball at a speed of nm, and the 

direction being the same as the inner ring. On the one hand, 

the ball rotates around the x-axis with the cage, and at the 

same time rotates around its own axis relative to the mov-

ing system. The angular velocity (rotational speed) is 

ωb(nb), and the direction of ωb is shown in Fig. 1. To obtain 

the linear velocity at point A, the geometric relationship 

with ωb is further analyzed, as shown in Fig. 2. 

Draw a straight line through point A parallel to ωb. 

With the center of the ball at O2, draw a horizontal line 

through O2 that intersects the line parallel to ωb through 

point A at point A4. Then, draw a vertical line through O2 

that intersects line A4A at point A1. Based on the geometric  
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Fig. 2 Geometric relationship at point A with respect to ωb 

conditions in the Fig. 2, we obtain ∠AO2A1= αi-β. At the 

contact point A, the linear velocities of the ball and the 

channel surface relative to the cage are 

( )2 10 5b

A b wv . D cos AO A=   (1) 

The distance from O2 to the x-axis is 0.5dm, and 
the distance from point A to line O2A4 is 0.5Dwcosαi. This 
leads to the following relation 

( )0 5 1t

A im m iv . d = −
 (2) 

When the ball does not slip, there is 

b t

A Av v=  (3) 

The equation can be obtained 

( )

( )

1m i

b im

w i

d

D cos


 

 

−
=

−
 (4) 

Similar to the analysis at point A, for point B, 

there exists 

( )

( )

1m e

b em

w e

d

D cos


 

 

+
=

−
, (5) 

where 

w i
i

m

D cos

d


 = , (6) 

w e
e

m

D cos

d


 = . (7) 

The inner ring rotates relative to the cage, and the 

speed vector is 

im i m  = − . (8) 

The direction is the same as ωi. The outer ring is 

stationary, and the speed vector relative to the cage is 

em m = − , (9) 

( )( )

( ) ( ) ( ) ( )

1 1

1 1

m
b i

w

i e

i e e i

d

D

cos cos

 

 

     

= 

− +


− − + + −
, (10) 

( )( )

( ) ( ) ( ) ( )

1 1

1 1

m
b i

w

i e

i e e i

d
n n

D

cos cos

 

     

= 

− +


− − + + −
. (11) 

The angular velocity and rotational speed of the 

ball revolution are 

( ) ( )

( ) ( ) ( ) ( )

1

1 1

i i e

m

e i i e

cos

cos cos

   


     

− −
=

+ − + − −
, (12) 

( ) ( )

( ) ( ) ( ) ( )

1

1 1

i i e

m

e i i e

n cos
n

cos cos

  

     

− −
=

+ − + − −
. (13) 

The spin component and the rolling component of 

the relative channel of the sphere are 

( )s

bi im i b isin sin     = + − , (14) 

( )R

bi im i b icos cos     = + − , (15) 

( )s

be em e b esin sin     = − − , (16) 

( )R

be em e b ecos cos     = − + − . (17) 

At high speed, the spin component between the 

ball and the outer raceway is 0, which is controlled by the 

outer raceway and satisfies the equation 

2

e e

e e

cos sin
tan

cos

 


 
=

+
. (18) 

The derivation process refers to Reference [16]. 

2.2. Spin-roll ratio analysis of high-speed ACBB 

Through the above analysis, when ACBB moves 

at high speed, it is appropriate to use the comparison be-

tween the spin component and the rolling component of the 

ball relative to the inner channel, which is also the main 

reason for friction and heating under high speed conditions. 

The spin-roll ratio is expressed as 

 ( ) ( )1 1
s

bi
i i i iR

bi

F tan tan


    


= = + − − . (19) 

2.3. Rated dynamic load analysis of high-speed ACBB 

There are two kinds of bearing life calculation 

methods in the world. One is the working capacity coeffi-

cient method based on the early bearing theory of A. 

Palmgen in Sweden. The other is based on the rated dy-
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namic load method proposed by A. Palmgren et al. in the 

later period. The International Organization for Standardi-

zation (ISO) began to use the rated dynamic load method 

to calculate the bearing life in 1959. According to the na-

tional standard, the rated dynamic load calculation formula
 

is 

( )
2

0 7 1 83 ,  25 4 mm
. .

r m c w wC b f i cos N D D .=  , (20) 

( )
2

0 7 1 433 647 , 25 4 mm.
. .

r m c w wC . b f i cos N D D .=  (21) 

The coefficient bm represents the type coefficient 

of the bearing. When there is a filling raceway, its value is 

1.1. The value of radial contact and angular contact ball 

bearings, as well as spherical ball bearings and outer 

spherical bearings, is 1.3. The coefficient fc is found ac-

cording to the standard [17]. 

The method of Reference [7] has been applied to 

the design file of Luoyang Bearing Research Institute Co., 

Ltd., the file name being represented by ZYB, and the 

rated dynamic load calculation formula is 

( )
2

0 73 .

r c wC f F D N cos = , (22) 

whereas 

( )

( )

0 411 390 3

1

3

0 3
1 375 73

37 9 1 2

2 1
1

2 11
1 1 14

1 2 1

...

m i
c

i

.
..

i e

e i

. b f
f

f

f f
.

f f

 







−

−  
=   

− +

  − −
  +    

+ −     

, (23) 

1 8

1 4

25 4
=

3 647 25 4

.

w w
w .

w w

D , D . ,
F( D )

. D , D . .

 



 (24) 

The difference between the two is mainly the 

calculation of fc. The former needs to calculate 

( )w mD cos d  and look up the table to determine the 

value; the latter is an analytical formula related to fi, fe and 

γ. 

2.4. Dynamic(static) stiffness analysis of high-speed 

ACBB 

ACBB-stiffness measurement generally only 

loads axial preload, and the contact angle increases when 

subjected to axial load. The contact deformation of the ball 

and the two rings at any position after the force is δ, which 

is equal to the deformation of the distance between the 

m-point and the n-point of the curvature center of the inner 

and outer raceways, as shown in Fig. 3. 

The normal contact load between the ball and the 

raceway satisfies 

1 5.

n nQ K =  (25) 

 

Fig. 3 Change in ACBB contact angle under axial load 

It can be seen from Fig. 2 

'

wnm nm BD = + = + , (26) 

where B is 

1i eB f f= + −  (27) 

0 'nc nmcos nm cos = =  (28) 

0
w

w

BDcos

cos BD





+
= . (29) 

Therefore,  

0

1w

cos
BD

cos






 
= − 

 
. (30) 

Substituting Eq. (30) into Eq. (25), we get 

( )
1 5

0
1 5

1

.

.

n n w

cos
Q K BD

cos





 
= − 

 
.
 (31) 

ACBB is only subjected to axial preload. The load 

of each rolling element is evenly distributed, and the re-

sultant force is 

aF
Q

N
= . 

(32) 

According to the parallelogram rule, it can be ob-

tained 

nQ Qsin=  (33) 

According to Eqs. (31)-(33), it can be derived that 
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( )

1 5
0

1 5

1

.

a

.

n w

cos

cosF

sinNK BD







 
− 

 
= . (34) 

Kn is denoted by 

1 1

1

1 1

n n

n n

e i

K

K K

=
 
    +    
     

, (35)  

Ki and Ke are denoted by 

0 5

3 2

39

9

.

i ,eK
n 

 
=  
 

, (36) 

where 

1Ι 1Π 2Ι 2Π    = + + + . (37) 

Here 1I, 1, 2I and 2 are expressed as: 

1Ι

2

wD
 = , (38) 

1Π

2

wD
 = , (39) 

2Ι

1

i wf D
 = − , (40) 

( )
2Π

2

1wD





=

−
. (41) 

γ is denoted by 

w

m

D cos

d


 = . (42) 

According to the calculation results of Eq. (43), 

the value of nδ is determined by referring to Table 6-1 in 

Reference [18]. 

( )
( ) ( )1Π 1Ι 2Π 2Ι

F
   




− + −
=


 (43) 

The elastic constant of the contact between the 

ring and the ball is expressed as 

2 2

1 2

1 2

1 1

E E

 


− −
= +  (44) 

After high-speed rotation of the bearing, the 

working state of ACBB is shown in Fig. 4. 

The centrifugal force of the ball is 

11 3 22 26 10c m w mF . d D n−=  . (45) 

 

Fig. 4 ACBB working status 

Qe and Qi can be decomposed into axial load and 

radial load. According to the force balance equation, the 

equation is satisfied 

ia eaQ Q= , (46) 

ir c erQ F Q+ = , (47) 

whereas 

a
ia

F
Q

N
= . (48) 

According to the equilibrium relationship, it can 

be obtained 

ia i c erQ cot F Q + = . (49) 

Furthermore, it is deduced that 

c
e i

ia

F
cot cot

Q
 = + . (50) 

It can be approximately considered that the varia-

tion of contact angle satisfies 

e  = − , (51) 

i  = + . (52) 

The outer ring is fixed. Under the action of Fa, the 

displacement of the inner ring of the bearing at high speed 

is divided into two parts. The first part is the axial compo-

nent of the normal displacement generated after applying 

Fa, that is 

1 sin  = . (53) 

After the inner ring rotates, due to the increase of 

centrifugal force, the axial displacement δ2 is 

2 i i e esin sin    = +  (54) 
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whereas 

2

3
i ,e

i ,e

i ,e

Q

K


 
=   
 

. (55) 

The total axial displacement is 

1 2a  = + . (56) 

The static stiffness Ks is 

1

a
s

dF

d



= . (57) 

The dynamic stiffness Kd is 

a
d

dF

d



= . (58) 

The calculation process is shown in Fig. 5, where 

α0 can be calculated according to the method in Reference 

[19]. 

Measurement of ACBB-

rings’accuracy parameters

Calculating the value of α0

The value of α being calculated 

according to Formula (34)

Solving the value of Δα

Calculating the value of αi and αe

By Qi and Qe，Calculating the 

value of δi and δe

Is Formula (51) tenable ?

Calculating the value of αi and αe

According to the formulas (58) and (59 ), the K 

being obtained

Stop

Yes

No

 

Fig. 5 Dynamic stiffness calculation flowchart of ACBB 

2.5. Constraint conditions of designing main parameters 

The design parameter constraint condition is de-

fined in the high-speed ACBB design method, and the Dw 

constraint condition is 

( ) ( )wmin w wmaxD d D D d −   − , (59) 

whereas 

0 22wmin . =  (60) 

0 32wmax . =  (61) 

The constraint condition of N is 

( )
2 z w

D d
N

K D

 +
 , (62) 

whereas 

2
1

z
z z

w

K
K K

D
= + . (63) 

Kz1 and Kz2 satisfy 

11 05 1 07z. K .  , (64) 

21 2 1 5z. K .  . (65) 

The constraint condition of dm is 

( ) ( )0 49 0 515m. D d d . D d+   + .
 (66) 

The constraints of fi and fe are 

0 515 0 54 0 53 0 58e i. f . , . f .    . (67) 

3. Case Analysis 

Taking the 7006-ACBB as an example, the varia-

tion patterns between the main design parameters and the 

spin-roll ratio, rated dynamic load and stiffness are ana-

lyzed. The design parameters of the drawing are shown in 

Table 1. 

Based on the constraint conditions and the 

high-speed ACBB design methodology, the possible 

 

Table 1 

Design parameters of 7006-ACBB, mm 

Design  

parameter 

Dw N dm Re Ri 

Value 5.556 18 42.501~ 

42.481 

2.94~ 

2.96 

3.11~ 

3.13 

Table 2 

Dw and N optional groups of 7006-ACBB unit, mm 

 Dw N 

1 5.5 18 

2 5.55625 18 

3 5.95312 17 

4 6 17 

5 6.35 16 

6 6.5 16 

7 6.74688 15 

8 7 15 

9 7.14375 14 

10 7.5 14 

11 7.54062 14 

12 7.9375 13 

13 8 13 
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selections for the ball diameter Dw and the number of balls 

N (according to the maximum number of balls that can be 

accommodated) for the 7006-ACBB are presented in Ta-

ble 2. 

3.1. Analysis of spin-roll ratio 

When calculating the spin-roll ratio, the preload 

Fa ∈ [100, 140], N, dm, Re and Ri are used as variables 
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Fig. 6 Variation curve of N-F1: * – N is 16, △ – N is 17,  

□ – N is 18 
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Fig. 7 Variation curve of Ri-F1: * – Ri is 3.11 mm, △ – Ri is 

3.12 mm, □ – Ri is 3.13 mm 
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Fig. 8 Variation curve of Re-F1: * – Re is 2.94 mm, △ – Re 

is 2.95 mm, □ – Re is 2.96 mm 

respectively, Dw is constant, and the variation law of the 

spin-roll ratio is analyzed. 

1. N is a variable. Re is 2.95 mm, Ri is 3.12 mm, 

dm is 42.491 mm, and the variation curve of spin-roll ratio 

is shown in Fig. 6. 

2. Ri is a variable. Re is 2.95 mm, N is 18, dm is 

42.491 mm, and the spin-roll ratio curve is shown in Fig. 7. 

3. Re is a variable. Ri is 3.12 mm, N is 18, dm is 

42.491 mm, and the spin-roll ratio curve is shown in Fig. 8. 
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Fig. 9 Variation curve of dm-F1: * – dm is 42.489 mm,  

△ – dm is 42.4935 mm 
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Fig. 10 Variation curve of N-Cr: a – ZYB, b – ISO; where: 

* – N is 16, △ – N is 17, □ – N is 18 
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Fig. 11 Variation curve of Ri-Cr: a – ZYB, b – ISO; where: * – Ri is 3.11 mm, △ – Ri is 3.12 mm, □ – Ri is 3.13 mm 
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Fig. 12 Variation curve of Re-Cr: a – ZYB, b – ISO; where: * – Re is 2.94 mm, △ – Re is 2.95 mm, □ – Re is 2.96 mm 
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Fig. 13 Variation curve of dm-Cr: a – ZYB, ISO; where: * – dm is 42.489 mm, △ – dm is 42.4935 mm 

4. dm is a variable. Ri is 3.12 mm, N is 18, Re is 

2.95 mm, and the spin-roll ratio curve is shown in Fig. 9. 

 

3.2. Analysis of rated dynamic load 

The rated dynamic load discussed is the radial 

basic rated dynamic load Cr, which is calculated by the 

methods in ZYB and ISO [17] respectively. N, dm, Re and 

Ri are still used as variables, and the preload Fa ∈ [100,140] 

is used to analyze the variation law. 

1. N is a variable. Re is 2.95 mm, Ri is 3.12 mm, 

dm is 42.491 mm, and the rated dynamic load change curve 
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is shown in Fig. 10. 

2. Ri is a variable. Re is 2.95 mm, N is 18, dm is 

42.491 mm, and the rated dynamic load change curve is 

shown in Fig. 11. 

3. Re is a variable. Ri is 3.12 mm, N is 18, dm is 

42.491 mm, and the rated dynamic load change curve is 

shown in Fig. 12. 

4. dm is a variable. Ri is 3.12 mm, N is 18, Re is 

2.95 mm, and the rated dynamic load is shown in Fig. 13. 
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Fig. 14 Variation curve of N-Ks,d: a – Ks, b – Kd; where * – N is 16, △ – N is 17, □ – N is 18 
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Fig. 15 Variation curve of Ri-Ks,d: a – Ks, b – Kd; where: * – Ri is 3.11 mm, △ – Ri is 3.12 mm, □ – Ri is 3.13 mm 
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Fig. 16 Variation curve of Re-Ks,d: a – Ks, b – Kd; where:* – Re is 2.94 mm, △ – Re is 2.95 mm, □ – Re is 2.96 mm 
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3.3. Analysis of stiffness 

Compared with the spin-roll ratio and the rated dynamic 

load, the stiffness calculation is more complex and has 

many influencing factors. The definition of rolling bearing 

stiffness is also different from that of general mechanical 

structure stiffness. It refers to the external load required for 

the relative elastic displacement of the unit in the load 

direction of the inner and outer rings. In this section, N, dm, 

Re and Ri are also used as variables, and the preload Fa ∈ 

[100,140] is used to analyze the variation law. 

1. N is a variable. Re is 2.95 mm, Ri is 3.12 mm, 

dm is 42.491 mm, and the stiffness is shown in Fig. 14. 

2. Ri is a variable. Re is 2.95 mm, N is 18, dm is 

42.491 mm, and the stiffness is shown in Fig. 15. 

3. Re is a variable. Ri is 3.12 mm, N is 18, dm is 

42.491 mm, and the stiffness is shown in Fig. 16. 

4. dm is a variable. Ri is 3.12 mm, N is 18, Re is 

2.95 mm, and the stiffness is shown in Fig. 17. 
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Fig. 17 Variation curve of dm-Ks,d: a – Ks, b – Kd; where:  

* – dm is 42.489 mm, △ – dm is 42.4935 mm 

4. Conclusions 

In this study, the spin-roll ratio, rated dynamic 

load and stiffness are taken as the optimization objectives, 

and 7006-ACBB is selected as the research object. The 

variation law between the design main parameters and the 

objective function is analyzed. The specific work and con-

clusions are as follows: 

1. According to the motion characteristics of 

ACBB at high speed, a formula for calculating the dynam-

ic stiffness of high-speed ACBB is derived. The model 

does not introduce the influence of lubrication and other 

conditions on the motion, and considers the friction be-

tween the ball and the channel. The form is simple and the 

results can be obtained quickly, which is convenient for 

application in engineering. 

2. The spin-roll ratio decreases with the increase 

of Fa; reducing the number of balls, appropriately increas-

ing Ri, Re or decreasing dm can reduce the value of the 

spin-roll ratio, where dm is determined by di and de. The 

decrease of the spin-roll ratio is beneficial to reduce the 

friction and heat between the ball and the ring. The stiff-

ness increases with the increase of Fa, increasing the N, 

appropriately increasing Ri, Re or decreasing dm can in-

crease the stiffness. According to the design method, more 

combinations of Dw and N can be selected, and the other 

four main parameters are related to Dw. It can be consid-

ered that selecting different Dw is equivalent to redesigning 

the bearing. When designing, the selection of Dw does not 

strictly follow the design method. Therefore, different Dw 

design schemes need to bring the design parameters into 

the objective function and determine the design scheme 

according to the calculated values. 

3. The rated dynamic load decreases with the in-

crease of Fa; increasing the N, appropriately increasing Ri 

or decreasing dm can increase the rated dynamic load. Ac-

cording to ISO calculation, increasing Re is beneficial to 

increase the rated dynamic load. In contrast, the ZYB cal-

culation method yields opposite results. This discrepancy 

occurs because: 

• The ISO method does not explicitly incorporate 

fi and fe. 

• The ZYB method directly includes fi and fe, re-

sulting in more comprehensive considerations. 

4. The static stiffness and dynamic stiffness val-

ues are quite different, but the variation law with the de-

sign parameters is consistent.  

It should be further clarified that the calculation 

results contain certain errors and should not be interpreted 

as absolute quantitative values. Instead, the focus should 

be placed on understanding the variation patterns between 

design parameter changes and optimization objectives. The 

research findings can provide valuable guidance for deter-

mining the main design parameters and controlling manu-

facturing process parameters. 
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Y. Ji, K. Huang, H. Zheng, Y. Li, D. Wang, C. Gao, D. Sun 

OPTIMIZATION DESIGN METHOD OF HIGH-SPEED 

ANGULAR CONTACT BALL BEARINGS 

S u m m a r y 

With the rapid development of high-speed rotat-

ing equipment technology, angular contact ball bearings 

(ACBBs) have been increasingly widely applied in indus-

try. However, there is still a lack of systematic design the-

ory support for their service performance under high-speed 

operating conditions. In existing engineering practices, the 

design of ACBBs often focuses only on a single perfor-

mance index, such as rated dynamic load, spin-roll ratio, or 

static stiffness, with little consideration of the dynamic 

behavior changes caused by the ball “outward-thrown” 

under high-speed operation. To fill the above research gaps, 

this paper innovatively introduces dynamic stiffness as a 

key design index and proposes a comprehensive design 

method integrating spin-roll ratio and rated dynamic load. 

By establishing the kinematic model of balls in the race-

way, the analytical relationship of the spin-roll ratio under 

high-speed steady-state conditions is derived; the applica-

bility of different dynamic load rating calculation models is 

systematically compared, and a mathematical model of 

dynamic stiffness is constructed along with a numerical 

solution strategy. On this basis, the intrinsic laws govern-

ing the evolution of rated dynamic load, spin-roll ratio, and 

dynamic (static) stiffness with key design parameters are 

revealed. This study clarifies the coupling mechanism of 

key design parameters under high-speed conditions and 

establishes a parameter design strategy based on collabora-

tive optimization. It provides a theoretical basis and meth-

odological support for solving problems in engineering 

applications of high-speed ACBBs, such as inaccurate 

parameter selection and difficulty in ensuring dynamic 

performance. The research results help to further improve 

the design system of high-speed ACBBs and have im-

portant guiding significance for enhancing the design qual-

ity and service reliability of bearing products. 

Keywords: angular contact ball bearing, stiffness, spin-roll 

ratio, rated dynamic load. 
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