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1. Introduction 

The three-row roller slewing bearing is one of the 

core components of large-scale rotating equipment, which 

plays a role in relative rotational movement and load trans-

fer. It comprises of inner and outer rings and three rows of 

rollers with different diameters, as shown in Fig. 1. It is 

widely used in large and heavy equipment such as the shield 

machine, the wind turbine, and the crane. The axial load and 

the overturning moment are mainly carried by the rollers 

with a larger diameter in the horizontal raceway arrange-

ment, and the rollers mainly carry the radial load with a 

smaller diameter in the vertical raceway arrangement. The 

harsh working conditions, heavy load conditions, and sub-

stantial structure sizes of the three-row roller slewing bear-

ing require extremely high carrying capacity. The calcula-

tion accuracy of the carrying capacity of the three-row roller 

slewing bearing is not only conducive to the structural opti-

mization of the three-row roller slewing bearing but also 

conducive to the safety and reliability of the three-row roller 

slewing bearing structure. 

 

Fig. 1 Structure type of the three-row roller slewing bearing 

[1] 

 

Hertz contact theory is often used for analytical 

analysis in the research on the carrying capacity of three-

row roller slewing bearings, which studies the local stress 

distribution and strain distribution of the contact area of two 

objects. The disadvantage is that it can only solve some sim-

ple and uncomplicated contact problems. Much simplifica-

tion is required before the calculation. The plastic defor-

mation, friction, and heat treatment of the raceway surface 

at the contact point are not considered [1, 2]. These factors 

have a significant impact on the carrying capacity of the 

slewing bearing [3]. Moreover, the Hertz contact theory can 

only obtain the shape and contact stress of the contact sur-

face between the rolling element and the raceway, and the 

equivalent stress cannot be obtained. Finite element analysis 

can solve the above problems, and the influence of ferrule 

deformation, upper and lower support structures, and high-

strength bolts on the carrying capacity of the three-row 

roller slewing bearing can also be considered [4]. 

Finite element models of the carrying capacity 

analysis of the three-row roller slewing bearing are divided 

into the solid finite element model and the simplified finite 

element model. The rings and rollers of the solid finite ele-

ment model are established as solid models. The three-row 

roller slewing bearing has a substantial structural size, the 

number of internal rollers can reach thousands, the contact 

area between the rollers and the raceway is small, and the 

contact stress is enormous. The disadvantages of the solid 

finite element model are that the model is huge, the model-

ing and calculation time is long, the highly nonlinear analy-

sis requires massive computing equipment, and is prone to 

non-convergence [5, 6]. The simplified finite element model 

uses a nonlinear structure to replace the solid roller for the 

carrying capacity analysis, which significantly simplifies 

the model scale and effectively improves calculation effi-

ciency. The disadvantages of this method are that it can only 

obtain the load distribution and the entire circle deformation 

of the three-row roller slewing bearing and cannot obtain the 

stress and strain distribution in the contact area between the 

roller and the raceway [7, 8]. Josu et al use nonlinear struc-

tures instead of solid rollers to calculate the carrying capac-

ity to solve these problems, and the maximum contact load 

obtained is applied to the local contact finite element model 

to obtain the stress and strain distribution between the roller 

and the raceway [9]. The local contact finite element model 

in this method can obtain relatively accurate results by re-

fining the finite element mesh, but the influence of the sur-

rounding raceways cannot be considered. There are errors in 

the calculation results [10, 11]. 

The new model of partial rollers and nonlinear 

springs instead of solid rollers is used to analyze the carry-

ing capacity of the three-row roller slewing bearing in this 

paper. The new model not only obtains the load distribution, 

deformation, stress, and strain distribution of the slewing 

bearing but also reduces the size of the finite element model, 

avoids the problems of large solid finite element scale and 

calculation difficulties, and avoids the nonlinear structure 

replacing the roller finite element model with low calcula-

tion accuracy. The new model in this paper provides engi-

neering designers with new methods for analyzing the car-

rying capacity of three-row roller slewing bearings. 
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2. Local contact model of three-row roller slewing bear-

ing 

2.1. Structure size of the three-row roller slewing bearing  

The three-row roller slewing bearing model 

130.20.1005 is selected in this paper, and the structural di-

mensions are shown in Fig. 2. The diameter and length of 

the upper and lower rollers of the three-row roller slewing 

bearing are 20 mm, and the number is 120. The center di-

ameter of the upper and lower raceways is 1005 mm. The 

radial force is not included in the applied load, and the mid-

dle row rollers are ignored in the model. According to the 

carrying capacity of the three-row roller slewing bearing, 

the axial load is 59,650 N and the overturning moment is 

418,000,000 N.mm [12]. The three-row roller slewing bear-

ing uses 42CrMo as the ring material, the elastic model is 

21,000 MPa, and the Poisson's ratio is 0.3. The rolling ele-

ment material is GCr15, the elastic model is 212,000 MPa, 

and the Poisson's ratio is 0.3 [13]. 

 

Fig. 2 Dimension of 130.20.1005 model, three-row roller 

slewing bearing 

 

Fig. 3 Schematic diagram of the axial load under individual 

action 

 

Fig. 3 is a schematic diagram of the contact be-

tween the roller and the raceway. When the axial load acts 

alone, the load of each rolling element is the same, and the 

external load on the raceway is evenly distributed. Therefore, 

the contact load between the roller and the raceway is: 

,a
a

F
Q

n
=  (1) 

where: Fa is the axial load; Qa is the contact load under the 

action of the axial load; n is the roller number. 

Fig. 4 is a schematic diagram of the slewing bear-

ing only subject to the overturning moment. The load on the 

unit arc length at the φ angle is: 
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where: D is the raceway diameter; M is the overturning mo-

ment; QM is the maximum contact load under the action of 

the overturning moment. 
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Fig. 4 Schematic diagram of the raceway circumferential 

pressure distribution 

 

The maximum contact load of the upper row of the 

three-row roller slewing bearing is obtained by the calcula-

tion formula [6]: 

4
,a

max Mmax n

FM
Q Q Q

nD n
= + = +  (3) 

where: D is the raceway center diameter; Fa is the axial load; 

M is the overturning moment; n is the number of rollers; Q 

is the contact load; Qa is the contact load under the action of 

the axial load; QM is the contact load under the action of the 

overturning moment. 

 

2.2. Local finite element model 

 

The new local contact model can obtain the stress 

and strain distribution of the solid roller finite element 

model and obtain the load of the simplified finite element 

model. To verify the new model, the local contact finite el-

ement model of the three-row roller slewing bearing for ver-

ification and analysis is established in this section. The ver-

ified model is used for the overall finite element model anal-

ysis of the three-row roller slewing bearing. 

 

a 

 

b 

Fig. 5 Local contact finite element of slewing bearing: a) lo-

cal solid model; b) new model 2; c) model 3 
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c 

Fig. 5 Continuation 

 

The cylindrical roller chamfer in the local model is 

0.7 mm [14]. Model 1 is a finite element model of solid roll-

ers and raceways. Model 2 is a new model of partial contact. 

Two half rollers and two nonlinear springs are used instead 

of solid rollers. Both ends of the spring are connected to the 

end faces of part of the rollers. The assembly of the model 

is the same as that of model 1. The influence of contact de-

formation of cylindrical rollers with different diameters is 

different. To consider the influence of roller diameter on the 

contact deformation, the load-deformation curve of the 

roller adopts the following formula [15]: 
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where: Dw is the roller diameter; K is the spring stiffness; l 

is the roller length; Q is the contact load; δ is the defor-

mation. 

 

Fig. 6 Local finite element model 

The load-deformation curve of the nonlinear spring 

instead of the solid roller is obtained by Eq. (4). The solid 

roller is replaced by two nonlinear springs, so the stiffness 

of a single spring in the model is half the stiffness (K/2) in 

Eq. (5). The local finite element model is shown in Fig. 6. 

The lower surface of the lower raceway in the three partial 

models is fully constrained. The reference point RP-1 is set 

on the upper part of the upper surface of the upper raceway 

and is coupled with the upper surface. The Y-direction de-

grees of freedom of the reference point and the roller is re-

leased, and the other degrees of freedom are restricted. The 

load is applied to the reference point. The hexahedral mesh 

element and the C3D8I element type are selected. The 

sweep meshing technology and medial axis meshing algo-

rithm are adopted. The roller and the raceway contact pair is 

set as surface to surface, the roller is set as the contact main 

surface, and the raceway is set as the contact slave surface. 

The friction formula is the Penalty. The friction coefficient 

is 0.05. The normal behavior is the “Hard contact”. 

 

2.3. Verification of the local model  

 

The overall applied load of the three-row roller 

slewing bearing is substituted into Eq. (6) to obtain the max-

imum contact load of the upper row of rollers. To consider 

the possible error in Eq. 1, loads of 10,000 N, 14,361 N, and 

18,722 N are applied to the local contact finite element 

model. Based on the Hertz contact theory, the maximum 

contact stress between the roller and the raceway is obtained 

by Eq. 6 [4]: 
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where: E1 is the elastic modulus of the contact object 1; E2 

is the elastic modulus of the contact object 2; l is the roller 

length; Q is the contact load; u1 is the Poisson's ratio of con-

tact object 1; u2 is the Poisson's ratio of contact object 2; σmax 

is the maximum contact stress; ρ1 is the curvature radius 1; 

ρ2 is the curvature radius 2. 

The distribution of the contact stress of the roller 

and the raceway surface is roughly the same, and the contact 

area between the two ends of the roller and the raceway is a 

high contact stress area, which is caused by the edge effect 

of the roller, as shown in Fig. 7. When the applied load is 

14,361 N, the maximum contact stress of model 1 and model 

2 with the maximum contact theoretical error obtained by 

the Hertz contact theory is 5.97 % and 6.77 %, as shown in 

Table 1. The error between the new model and the solid 

roller model is 0.75 % based on the solid roller model, as 

shown in Table 2. When the load increases to 18,722 N, the 

error increases. The Hertz contact theory is based on the in-

finite body and does not consider the plastic deformation 

and friction of the contact area. Therefore, the applied load 

increases, and the edge effect of the roller increases. The re-

sult of the finite element model is larger than the result of 

the Hertz contact theory. The above errors are all within the 

allowable range [16], indicating that the new model has the 

same effect as the solid roller model in calculating the stress 

distribution and can be used in the subsequent overall finite 

element model analysis. 

The sum of the loads transmitted by the springs in 

model 2 and model 3 is the same as the applied load, and the 

loads transmitted on spring 1 and spring 2 are the same un-

der different loads, as shown in Table 3. This partial model 

effectively illustrates the feasibility of replacing solid rollers 

with new models and springs instead of solid rollers in the 

overall finite element model, which can be used to obtain 

the load distribution of the entire circle. 

Comprehensive analysis shows that the new model 

2 can get the same stress and strain distribution as the solid 

model 1 and can get the load distribution as model 3. The 

new model 2 has been compared and verified, which can be 

used in the load capacity analysis of the overall finite ele-

ment model of three-row roller slewing bearings. 
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a b 

Fig. 7 Contact stress of the raceway with a load of 14,361 N: a) model 1; b) model 2 

Table 1 

Comparison of contact stress results based on the Hertz contact theory 

Load, N  Hertz theory Model 1 Model 2 

10,000 
Maximum contact stress, MPa 1,355 1,198 1,207 

Error Benchmark 11.6% 10.9% 

14,361 
Maximum contact stress, MPa 1,624 1,721 1,734 

Error Benchmark 5.97% 6.77% 

18,722 
Maximum contact stress, MPa 1,855 2,244 2,263 

Error Benchmark 20.9% 21.9% 

Table 2 

Comparison of contact stress results based on model 1 

Load, N  Model 1 Model 2 

10,000 
Maximum contact stress, MPa 1,198 1,207 

Error Benchmark 0.75% 

14,361 
Maximum contact stress, MPa 1,721 1,734 

Error Benchmark 0.75% 

18,722 
Maximum contact stress, MPa) 2,244 2,263 

Error Benchmark 0.84% 

Table 3  

Comparison of contact stress results based on model 1 

Load, N  Spring 1 Spring 2 Sum Spring 1 Spring 2 Sum 

10,000 
Model 2 5,000 5,000 10,000 5,000 5,000 10,000 

Model 3 5,000 5,000 10,000 5,000 5,000 10,000 

14,361 
Model 2 7,180.5 7,180.5 14,361 7,180.5 7,180.5 14,361 

Model 3 7,180.5 7,180.5 14,361 7,180.5 7,180.5 14,361 

18,722 
Model 2 9,361 9,361 18,722 9,361 9,361 18,722 

Model 3 9,361 9,361 18,722 9,361 9,361 18,722 

3. Overall model of three-row roller slewing bearing 

3.1. Overall finite element model 

 

The three-row roller slewing bearing is a large ring 

structure. To reduce the scale of the calculation model, a half 

model of the slewing bearing is established. The RP-1 (ref-

erence point) is set on the center axis of the three-row roller 

slewing bearing. The RP-1 is coupled with the upper-end 

face of the outer ring, and loads and boundary conditions are 

applied to the RP-1. The Y-axis movement degrees of free-

dom and Z-axis rotation degrees of freedom of the RP-1 is 

released, and other degrees of freedom are restricted. The 

lower surface of the inner raceway is fully constrained. 

Symmetrical constraints are imposed on the end faces of the 

inner and outer ring sections. The finite element mesh type 

of three-row roller slewing bearing is C3D8I and hexagonal 

mesh [17]. The rollers of the overall model 1 are replaced 

by two partial rollers and two springs. The rollers of the 

overall model 2 are replaced by two springs, as shown in 

Fig. 8. The load deformation curve of the two springs is half 

of the roller load deformation curve. 

RP-1 RP-1

 

             a                   b 

Fig. 8 Overall model: a) model 1; b) model 2 
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3.2. Test verification of the overall model  

 

The overall test verification of 130.20.1005 type 

three-row roller slewing bearing is carried out on the slew-

ing bearing test bench. The slewing bearing test bench com-

prises a loading system, a driving system, and a measure-

ment and control system. Fig. 9 is the structure diagram of 

the test bench. The axial load and overturning moment are 

applied by hydraulic cylinders. Strain gauges are installed 

on the inner circumference of the slewing bearing to obtain 

the strain of the ring. The location and number of the strain 

gauges are shown in Fig. 10. 

 

Fig. 9 Schematic diagram of the slewing bearing test stand 

structure  

 

a 

No.1No.1

No.36No.36 No.18No.18

 

b 

Fig. 10 Three-row roller slewing bearing strain gauge meas-

uring point position layout: a) strain gauge setting; 

b) strain gauge distribution 

 

The strain at the same position where the new 

model is attached to the strain gauge is extracted. The test 

data is averaged after three measurements. The load distri-

bution obtained in the experiment is different from the re-

sults of the new model, but the distribution areas of light and 

heavy loads and the changing trend of the load distribution 

are relatively consistent, as shown in Fig. 11, which can 

prove the reliability of the analysis results of the new model. 
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Fig. 11 Comparison of the inner ring strain and test strain of 

the overall new model 

4. Results discussion and analysis 

4.1. Discussion and analysis of the overall model 

 

The load distribution trends of the overall model 1 

and the overall model 2 are roughly the same. The high load 

area is slightly different, as shown in Fig. 12. The main rea-

son is that part of the rollers in the overall model 1 are in 

contact with the raceway. The rollers are in contact with the 

raceway when loaded, and the rollers are separated from the 

raceway when not loaded. The position of the spring relative 

to the upper and lower raceways changes. The spring of the 

overall model 2 is fixed on the upper and lower raceways at 

both ends during modeling, and the position of the spring 

relative to the upper and lower raceways is fixed. Compre-

hensive analysis shows that the overall new model 1 and the 

overall model 2 have the same effect on obtaining the load 

distribution of the slewing bearing.  
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Fig. 12 Comparison of the load distribution between the 

overall model 1 and the overall model 2 

 

The overall model 1 and the overall model 2 of 

Fig. 13 have the same deformation distribution under the 

same load, which shows that model 1 and model 2 have the 

same effect in analyzing the deformation of the slewing 

bearing. The entire circle deformation distribution of the 

overall model 1 and the overall model 2 are consistent, as 

shown in Fig. 13. The deformation is most significant where 

the axial load and the overturning moment are superimposed. 
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4.2. Discussion and analysis of local model 

 

The maximum contact load obtained by the finite 

element model is significantly greater than Eq. (3), as shown 

in Table 4. The empirical formula is based on the rigid fer-

rule, which only deforms locally in the contact between the 

roller and the raceway, and does not consider the influence 

of the uneven deformation of the ferrule and the supporting 

structure on the load distribution. The slewing bearing ring 

and supporting structure are large in size, complicated in 

load, the ring stiffness is relatively small, and the bending 

and torsion deformation cannot be ignored. The model 

based on this assumption has insufficient accuracy in the 

calculation results in some cases. 

Table 4 

Comparison of the maximum contact load in the model 

with the empirical formula 

 Eq. (3) 
Overall 

model 1 

Overall 

model 2 

Maximum contact load, N 14,361 17,216 15,807 

 

The high contact stress area of the three-row roller 

slewing bearing is located at both ends of the direction in 

which the overturning moment is applied, as shown in 

Fig. 14. The contact stress distribution of a single roller and 

race- 

  

a b 

Fig. 13 Deformation comparison: a) the overall model 1; b) the overall model 2 

 

a 

 

b 

Fig. 14 Contact stress of the new model: a-outer ring, b- inner ring 

 

way is the same as that of the local contact finite element 

model. The maximum contact stress obtained by the new 

overall finite element model is greater than the contact stress 

obtained by bringing the maximum contact load into the lo-

cal finite element model through the empirical formula, as 

shown in Fig. 7 and Fig. 14. 

 

5. Conclusions 

A new calculation model for the carrying capacity 

of three-row roller slewing bearing is presented in this paper. 

The new model obtains the same stress and strain analysis 

as the solid model and obtains the load distribution and full 

circle deformation as the simplified model, which improves 

the efficiency and accuracy of the calculation of the carrying 

capacity of the three-row roller slewing bearing. The con-

clusions reached are as follows: 

1.The result obtained by the empirical formula for 

the maximum contact load is less than the result obtained by 

the overall finite element model. The maximum contact load 

obtained by the overall finite element model is brought into 

the local contact finite element, and the maximum contact 

stress value obtained is less than the maximum contact stress 

value obtained by the overall finite element model. 

2. The maximum contact load obtained by replac-

ing the solid roller finite element model with two nonlinear 

springs is smaller than the overall finite element model ob-

tained by the new model; the load distribution trend ob-

tained by replacing the solid roller finite element model with 

two nonlinear springs is consistent with the new model.  

The calculation method of carrying capacity of 

three-row roller slewing bearing proposed in this paper pro-

vides a new idea and new method for engineering designers, 

which has significant practical application value. 
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P. Y. He, Y. Ding, Y. Wang, F. Z Li, W. L. Liu, H. Wang 

A NEW ANALYSIS METHOD FOR THE CARRYING 

CAPACITY OF THREE-ROW ROLLER SLEWING 

BEARING 

S u m m a r y 

Three-row roller slewing bearings are one of the 

critical core components of large rotating equipment. 

Heavy-duty conditions have extremely high requirements 

for the carrying capacity. The new load capacity analysis 

method proposed in this paper can effectively improve the 

accuracy and efficiency of the carrying capacity analysis of 

three-row roller slewing bearings. The three-row roller 

slewing bearing solid rollers are replaced in the model by 

the upper and lower halves of the rollers and two springs. 

The local contact model of the three-row roller slewing 

bearing was established and verified by the Hertz contact 

theory. The overall finite element model of the three-row 

roller slewing bearing was verified by strain tests. The new 

method can calculate the stress and strain distribution, load 

distribution, and deformation of the entire circle of the 

three-row roller slewing bearing and reduce the mesh num-

ber of the finite element of the overall model. Roller cham-

fer can also be considered closer to the actual working con-

ditions and improves calculation efficiency and accuracy.  

Keywords: three-row roller slewing bearing, carrying ca-

pacity, load distribution, stress distribution, new finite ele-

ment model. 
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