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Abstract 
 
The carrying capability and the service life of a four-point-contact slewing bearing are influenced significantly by its raceway geome-

try parameters. In this paper, the carrying capability is characterized by the maximal contact stress in the paper. The usual industry prac-
tice is to specify the service life as the L10 life. The geometry parameters, cross section clearance, ratio of curvatures, rolling ball diameter, 
and initial contact angle, are also considered. The sensitivity of each parameter influencing the carrying capability and the service life is 
discussed as well. The results show an interesting phenomenon, indicating that the maximal contact load and the maximal stress do not 
always have the same varying trend when discussed parameters vary. The developed design can be utilized as a reference for an optimal 
slewing bearing design. If a slewing bearing of high static carrying capability is required, it can be designed with large ratio of curvatures 
and rolling ball diameter. In terms of service life, the cross section clearance and the initial contact load should also be considered.  
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1. Introduction 

Slewing bearing is a major element in a rotational connec-
tion. It is basically a large-sized bearing subjected to a com-
pound set of loads, including axial force Fa, radial force Fr, 
and turnover moment M. A slewing bearing can be found 
frequently in various machineries, such as cranes, civil engi-
neering machines, wind power turbines, radars, and tanks. 
Different types of slewing bearings, such as single or double 
row ball slewing bearings, double or three row roller slewing 
bearings and cross roller slewing bearings, are applied in dif-
ferent fields. Among the most commonly used are the single 
row four-point-contact slewing bearings. In this paper, a single 
row four-point-contact slewing bearing, hereafter referred to 
as a slewing bearing, is discussed. 

The carrying capability is characterized by the maximal 
contact stress with large maximal contact stress, indicating 
low carrying capability. The maximal contact stress depends 
on both the maximal contact load and area of contact surface. 
Thus, the maximal contact load should be determined first. 
Several models have been developed previously to calculate 
the maximal contact load. The previous models can be pre-

sented as: 
 

max sin sin cos
a r
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Z DZ Zα α α

= + + ,               (1) 

 
where αo is the initial contact angle, D is the average diame-
ter, Z is the number of rolling balls and H, I, J are coefficients 
modified by the users [1-3]. The previous models are based on 
an over simplified contact load distribution theory, which 
supposes that the actual contact angles are constant and al-
ways equal to the initial contact angles. Raceway geometry 
parameters are not all involved in the model. 

To determine the maximal contact load, load distribution 
over the raceways of a slewing bearing has to be calculated. 
Iterative models to calculate the load distribution have been 
established by previous researchers by taking actual contact 
angles into consideration [3-5]. Zupan, Daidié, and Smolnicki 
et al. [5-7] studied the effect of the support structure stiffness 
on the load distribution over raceways of a slewing bearing 
with FEM (Finite Element Method).  

Their works contributed mainly in the establishment of an 
exact load distribution model. However, their studies did not 
indicate any methods in optimizing the proposed slewing 
bearing designs. Therefore, the main objective of this paper is 
to create a method to optimize the slewing bearing design by 
discussing how each parameter influences its carrying capabil-
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ity and service life. The results of this paper could aid design-
ers in optimizing a slewing bearing design according to its 
requirements. 

The service life of a slewing bearing is specified by L10 life, 
which is life with a 10% probability of failure, and is pre-
sented as: 

 
3

10
CaL
Pa

⎛ ⎞= ⎜ ⎟
⎝ ⎠

,                                   (2) 

 
where Ca is the basic dynamic capability, and Pa is the dy-
namic equivalent thrust load. Eq. (2) is derived from the the-
ory of commonly used bearing, because a slewing bearing 
usually appears as a thrust type bearing that primarily endures 
thrust and turnover loads. Although the actual service life of a 
slewing bearing is usually two or more times longer than the 
L10 life for the crack propagation [8-10], L10 life still has great 
significance in the evaluation of the service life of a slewing 
bearing. 

The contact load and stress distribution model in this paper 
has been developed based on previous studies. The effect of 
raceway parameters on the carrying capability and service life 
for the optimization of a slewing bearing design are discussed, 
and results shown illustrations. 

 
2. Theories on contact load distribution and service 

life 

2.1 The load and stress distribution of a slewing bearing 

All analyses are based on the contact load and stress distri-
bution model. The contact load and stress distribution influ-
ences not only the carrying capability and the service life of a 
slewing bearing but also its reliability. This will be discussed 
in a future publication. 

Relations between geometry parameters under initial states 
(without loads) are shown in Fig. 1. A slewing bearing with 
positive clearance is commonly applied [Fig. 1(a)]. In some 
fields, zero or negative clearance is required [Fig. 1(b)]. Cid, 
Ciu, Ced, and Ceu are raceway curvature centers, and contact 
only occurs along diagonally opposed curvature centers. The 
initial distance between diagonally opposed curvature centers 
is: 

 
0 2 2id eu iu ed rA C C C C R d P= = = − − .              (3) 

 
If contact begins, the distance between diagonally opposed 

curvature centers is: 
 

2A R d= − .                                   (4) 
 
The ratio of curvatures which commonly varies from 1.02 

to 1.08 is defined as: 
 

2 /t R d= .                                     (5) 

There are three components for relative displacements (Fig. 
2) when a set of loads are applied to a slewing bearing: the 
radial relative displacement δr, the axial relative displace-
mentδZ, and the relative rotation θ. Actual contact angles 
vary at each contact point, thus, the elastic deformation at each 
contact point should be taken into account. In this work, the 
coordinates system (Fig. 3) was established to define the posi-
tion of each ball. 

Raceway curvature centers at each contact point under a 
compound set of loads were calculated using the following 
equation: 
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Fig. 1. (a) Cross section of a slewing bearing with positive clearance; 
(b) Cross section of a slewing bearing with zero or negative clearance.
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Fig. 2. Relative displacement between raceways. 
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Fig. 3. Position of each ball inside a slewing bearing. 
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where the subscript F  represents the final positions of the 
raceway curvature centers. It is not necessary to calculate the 
coordinates of each curvature center directly; instead relative 
displacements (δr,δZ,θ) can be used to illustrate their coor-
dinates. The equation used in this work was established from 
geometrical relations. An example is provided as Eq. (7) pre-
sented as: 

 

cos
2idF r
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⎝ ⎠
.                         (7) 

 
The final distances between diagonally opposed curvatures 
centers are represented by: 
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and 
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If 1 1 0FA A∆ = − > , contact works on the diagonal CidCeu. 
Thus, the contact load is: 

 
3
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,                                  (10) 

 
and the actual contact angle is: 
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If 2 2 0FA A∆ = − > , contact works on the diagonal CiuCed. 
Thus, the contact load is: 

 
3
2

2
2 2

Q K ∆⎛ ⎞= ⎜ ⎟
⎝ ⎠

,                                  (12) 

 
and the actual contact angle is: 
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Finally, a set of non-linear equations, linking the relative dis-
placements and the external loads, can be developed as the 
following expressions: 
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and 
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The contact load at each contact point can be calculated 

based on the above equations. Contact stress can be obtained 
using Eq. (17) presented as: 

 

max
1.5QS

abπ
= ,                                   (17) 

 
where Q is the contact load, and ( , , , )ab f Q D d tπ =  is a 
nonlinear equation presenting the area of contact surface.  

 
2.2 The L10 life of a slewing bearing 

Eq. (2) shows that the effect of raceway geometry parame-
ters on the basic dynamic capability (Ca) and the dynamic 
equivalent thrust load (Pa) should be determined first. Ca and 
Pa models are always established on the basis of ISO and 
AFBMA load rating and fatigue life standards [11,12], How-
ever, some modification should be made for the large size and 
complex loads of a slewing bearing. NREL (National Renew-
able Energy Laboratory of U.S.) has modified the models as: 

 
0.7 2 / 3 1.8(cos ) tano oCa fcm Z dα α=  ( 25.4d mm≤ ),   (18) 

0.7 2 / 3 1.43.647 (cos ) tano oCa fcm Z dα α=  ( 25.4d mm> ),  
 (19) 
 

and 
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The models are applicable for a slewing bearing with zero 

or negative clearance. The service life analysis used in this 
paper was based on these models. 

 
3. Discussion on the effect of the parameters 

It should be noted that there are two assumptions in the 
model developed in the paper. First, the bearing rings are ide-
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ally stiff, and second, the turnover moment and radial force act 
in the same plane. 

Fortunately, bearing rings are assembled in supporting 
(fixed) structures that are designed carefully with numerous 
preloaded blots. The structures and bearing rings can be as-
sumed practically to be stiff enough. On the other hand, in 
most machines, such as cranes, radars and tanks, turnover 
moment and radial force act in the same plane, which is in 
accordance with the assumption. On the other hand, in some 
special fields where the assumptions are not satisfied, the 
model may not be applicable. 

The calculation was based on a 0l3.50.1600 slewing bearing 
with the following parameters: average diameter D=1600mm, 
ball diameter d=50mm, initial contact angleαo =45o, number 
of balls Z=91, axial force Fa=123.3kN, radial force Fr=3kN, 
and the turnover moment M=555.3kNm. When the slewing 
bearing is applied in a construction or mine machine where 
the slewing bearing always has a positive clearance, calcula-
tion is carried out using Eq. (1) (H=1, I=5, J=2.5) [1] and the 
result is Qmax=29kN. The result Qmax=23kN is calculated using 
the equation established by NREL [2], where the clearance is 
zero or negative. 

 
3.1 Effect of the cross section clearance (Pr) 

The results of various cross section clearances (Pr), that 
have been calculated using the model developed in Section 2, 
are presented in Fig. 4, which shows the maximal contact load 
and stress with various clearances. The result of Eq. (1) and 
NREL models are also shown, verifying that the model dis-

cussed in Section 2 of this paper is correct to some extent. The 
least contact stress (largest carrying capability) and the longest 
service life appear when the slewing bearing has a very small 
interference [Figs. 4(a) and 4(b)]. In addition, both the carry-
ing capability and the service life decreased sharply as the 
interference magnitude grew larger. The carrying capability 
and the service life had a slower decrease as the cross section 
clearance increased in a positive clearance slewing bearing. 

In the positive clearance region [Fig. 4(a)], the maximal 
contact load is nearly proportional to the maximal contact 
stress, indicating that the area of contact surface ( abπ ) is 
independent of the cross section clearance. Thus, the large 
maximal contact load indicates low carrying capability, which 
is in accordance with the commonly known. Initial contact 
accrued when there was interference in the slewing bearing. 
The area of the initial contact region depends greatly on the 
magnitude of interference, which is a nonlinear relation. The 
cross section clearance has no effect on the basic dynamic 
capability, but the effect on the dynamic equivalent thrust load 
and the service life cannot be neglected [Fig. 4(b)]. 

 
3.2 Effect of ratio of curvatures (t) 

Most companies manufacture slewing bearings with t=1.04, 
however, there is no reasonable explanation for this fact. Fig. 
5(a) shows an interesting result, wherein the maximal contact 
load decreases while the maximal contact stress increases as 
the ratio of curvatures varies from t=1.02 to t=1.08. Thus, the 
larger the maximal contact load, the higher the carrying capa-
bility, a notion which does not agree with commonly known 

 
(a) 

 

 
(b) 

 
Fig. 4. (a) Effect of cross section clearance on the carrying capability;
(b) Effect of cross section clearance on the service life. 

 

 
(a) 
 

 
(b) 

 
Fig. 5. (a) Effect of ratio of curvatures on the carrying capability; (b) 
Effect of ratio of curvatures on the service life. 
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maximal contact loads. The result indicates that the contact 
area (πab) grew faster than maximal contact load as the ratio 
of curvatures increased. This interesting result can be ex-
plained qualitatively in Fig. 6. Surface contact occurs when 
t=1, while t=∞ leads to point contact (Fig. 6). The basic dy-
namic capability is independent of the ratio of curvatures [Eq. 
(19)], and little increase in the dynamic equivalent thrust load 
is found. Thus, the service life decreases slightly when the 
ratio of curvatures increases [Fig. 5(b)]. 

It should be noted that the contact between a rolling ball and 
a raceway is usually a conforming contact for the concave 
surface of the raceway (Fig. 6). The relation between contact 
load and stress can not be solved directly by Hertz’s theory. 
Thus, the improvement can be found in references [2,3], in 
which the curvature of the concave raceway is negative. 

 
3.3 Effect of the rolling ball diameter (d) 

The rolling ball diameter (d) is a significant parameter of a 
slewing bearing. A large ball diameter leads to a small number 
of rolling balls. When the number of rolling balls applied to 
bear the external loads is decreased, the maximal contact load 
grows sharply, while the maximal contact stress decreases [Fig. 
7(a)]. Less loaded balls would lead to a large contact load, 
large contact stress, and low carrying capability. However, the 
results obtained in this study indicate that the area of contact 
surface increased sharply and that there was an increase of the 
carrying capability. Similar to Fig. 6, if the ratio of curvatures 
is fixed, an infinitely large ball diameter means a surface con-
tact; on the contrary, a point contact occurs if the ball diameter 
becomes infinitely smaller. Both the basic dynamic capability 
and the dynamic equivalent thrust load increased as the rolling 
ball diameter grew, but the basic dynamic capability increased 
faster than the dynamic equivalent thrust load. Thus, large roll-
ing balls lead to long service life [Fig. 7(b)]. 

It should be noted that large rolling balls indicate less mate-
rial of bearing rings, which implies less rigidity. The contact 
load and stress distribution depends significantly on support-
ing structures for a less rigid slewing bearing, in which case, 
the model established in the paper may not be applicable, and 
FEM is usually available. On the other hand, an extremely 
uneven load distribution over raceways may occur if the rigid-
ity is not sufficient. Furthermore, an extremely uneven load 
distribution may lead to a sharp decrease in both carrying ca-
pability and service life of the slewing bearing. 
3.4 Effect of initial contact angle ( 0α ) 

The initial contact angle ( 0α ) is considered conventionally 
as an important parameter, which influences the carrying ca-
pability of a slewing bearing significantly, whereas the large 
initial contact angle brings high carrying capability and long 
service life. Results of various initial contact angles are shown 
in Fig. 8. Both the maximal contact load and maximal contact 
stress decreased as the initial contact angle increased, this in 
agreement with conventional results, however, the magnitude  
of such decrease is small [Fig. 8(a)] and the influence is not as 
great as conventionally believed. The basic dynamic capabil-
ity grows greatly as the initial contact angle increases, while a 
slight effect on the dynamic equivalent thrust load is observed.  
In addition, a sharp growth of the service life can also be ob-
served [Fig. 8(b)]. 

If a slewing bearing has large initial contact angle and cross 
section clearance, the contact surface at the position of the 
maximal contact load is likely to cross the edge of the raceway 
in operation; however, this must be avoided. 

 
4. Conclusion 

The results of the model developed in the paper are consis-
tent with the results of other empirical models (Eq. (1) and the 
NREL model), demonstrating the validity of the model. The 
model can be applied to check the carrying capability and the 
service life of a slewing bearing and provide a reference for a 
better design. 

The cross section clearance (Pr) has a significant effect on 
both the carrying capability and service life. Most slewing 

 
(a) 

 
(b) 

 
(c) 

 
Fig. 6. Different contact status of various ratios of curvature: (a) t=1, 
(b) 1<t<∞ and (c) t=∞. 

 
 

(a) 
 

 
(b) 

 
Fig. 7. (a) Effect of rolling ball diameter on the carrying capability; (b) 
Effect of rolling ball diameter on the service life. 
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bearings are positive clearance bearings; thus, a slewing bear-
ing clearance should be designed to be as small as machining 
accuracy and cost could allow. A negative clearance is re-
quired in some fields; in these instances, interference magni-
tude should be considered carefully because it could cause a 
sharp decrease in the carrying capability and service life of the 
bearing. The clearance also influences the load and stress dis-
tribution significantly, which has an important effect on the 
reliability of the slewing bearing. The results for the clearance 
will be published in our future works. 

Meanwhile, the ratio of curvatures (t) is always neglected in 
empirical models. The results of this paper showed that the 
ratio of curvatures had a great effect on the carrying capability 
of a slewing bearing, but had little effect on service life. To 
improve the load capability of a slewing bearing, the ratio of 
curvatures should be designed to be as small as machining 
accuracy would allow. 

A large rolling ball diameter (d) indicates large carrying ca-
pability and long service life, as well as decreases the rigidity 
of bearing rings. However, the rolling ball diameter of a slew-
ing bearing of a specified average diameter is always stan-
dardized. 

Compared with cross section clearance, the ratio of curva-
tures and rolling ball diameter, the initial contact angle (αo) 
had much less effect on the carrying capability and the great-
est effect on service life, which is quite different from the 
traditional view. If the contact surface does not cross the edge 
of the raceway, increasing the initial contact angle will signifi-
cantly increase the service life of a slewing bearing. 

The variations in carrying capability and service life with 
different geometry parameters is shown in Table 1, which also 
shows the sensitivity of each parameter influencing the carry-
ing capability and service life of a slewing bearing. 

As discussed above, carrying capability is influenced great-
ly by the area of contact surface. Therefore, the practice of 
checking or selecting a slewing bearing using the maximal 
contact load is not correct, although it is usually applied in 
some engineering fields. 

On the one hand, if a high carrying capability is the main 
requirement, the slewing bearing should be designed with 
large ratio of curvature and rolling ball diameter. From Table 
1 and the discussions above, there are certain differences in 
terms of the influences of the two parameters influence the 
carrying capability. The ratio of curvatures has a significant 
effect on the area of contact surface, but only a slight effect on 
the maximal contact load. The rolling ball diameter influenced 
both the maximal contact load and area of contact surface 
greatly. 

On the other hand, if service life is the main requirement, 
more focus should be given on the initial contact angle, the 
cross section clearance, and the rolling ball diameter. Large 
initial contact angle, large rolling ball diameter and small 
cross section clearance can all lead to long service life as long 
as contact surface does not cross the edge of the raceway and 
the rigidity of the bearing rings is sufficient. Both the initial 
contact angle and the rolling ball diameter mainly influence 
the basic dynamic capability, which is a natural characteristic 
of a slewing bearing, and does not vary with external load 
conditions. Finally, the cross section clearance has a signifi-
cant effect on the dynamic equivalent thrust load, which de-
pends greatly on the external loads applied on the slewing 
bearing, but had no effect on the basic dynamic capability.  
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Fig. 8. (a) Effect of the initial contact angle on the carrying capability;
(b) Effect of the initial contact angle on the service life. 

 

Table 1. Variation of carrying capability and service life. 
 

Geometry  
parameter 

maxQ∆
(kN)

maxS∆  
(MPa) 

maxCa∆  
(kN) 

maxPa∆
(kN) 

10maxL∆
(106r) 

0.03 0.1rP− < < 11 300 0 400 1.2 

1.02 1.08t< <  0.3 500 0 40 0.18 

30 60d< <  14 500 540 35 1.6 

40 60o oα< <  0.5 178 574 40 2.4 
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Nomenclature------------------------------------------------------------------------ 

A     : Distance between diagonally opposed curvature cen-
ters when contact begins 

A0    : Initial distance between diagonally opposed curvature 
centers 

A1F   : Final distance between CidCeu finally (under a set of 
loads) 

A2F : Final distance between CiuCed finally (under a set of 
loads) 

Ca    : Basic dynamic capability 
Ced  : Curvature center of lower raceway of the outer ring 
Ceu  : Curvature center of upper raceway of the outer ring 
Cid  : Curvature center of lower raceway of the inner ring 
Ciu  : Curvature center of upper raceway of the inner ring 
D  : Average diameter of a slewing bearing 
Fa    : Axial force 
Fr    : Radial force 
H   : Correction factor for the axial force 
I : Correction factor for the turnover moment 
J  : Correction factor for the radial force 
K : Contact stiffness factor 
L10  : Service life with 10% probability of failure 
M    : Turnover moment    
Pa    : Dynamic equivalent thrust load 
Pr   : Cross section clearance 
Q : Contact load 
Q1  : Contact load along CidCeu 

Q2 : Contact load along CiuCed 
Qmax : Maximal contact load 
R     : Radius of raceway curvature 
Smax   : Maximal contact stress 
Z     : Number of rolling balls in a slewing bearing 
d : Diameter of rolling balls 
fcm : Material factor 
t  : Ratio of curvatures 
αo  : Initial contact angle 
α1F  : Final (actual) contact angle when contact occurs along 

CidCeu 
α2F   : Final (actual) contact angle when contact occurs along 

CiuCed 
δr   : Radial relative displacement 
δZ : Axial relative displacement 
θ : Relative rotation 
φ : Position of rolling balls 
πab : Area of contact surface 
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