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Abstract 

Wire bearings are becoming popular these days in applications such as defence, robotics, medical devices 

or shipping industry. They provide weight and inertia reductions, good shock load and vibration absorbing 

capacity, constant torque and low maintainance. Despite all the benefits of this kind of bearings, there are 

few wire race bearing manufacturers, which own the design and manufacturing know-how. This work is 

focused on providing some design guidelines for ball and crossed roller wire race bearings established upon 

different geometrical parameters, by means of a DoE performed with Finite Element simulations. The 

results of the simulations are carefully compared to obtain the effects of those geometrical parameters in 

several performance indicators. 
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1. Introduction 

Wire race slewing bearings are a special kind of bearings. On the one hand, their cross-section is 

characteristic for having a mean diameter far greater than the rolling element diameter. On the other hand, 

rolling elements run over wires with machined raceways placed between the rolling elements and the rings. 

There are several types of wire race bearings, being the four point contact ball bearings and crossed roller 

bearings two of the most popular ones; they are represented and labeled in Fig. 1. 

  
(a) (b) 

Fig. 1. Wire race bearing cross-section: (a) Ball (b) Roller 

Slewing bearings can face large axial and radial loads, as well as tilting moments, and they are mainly used 

for orientation purposes. Rolling elements and wires must be wear-resistant since they suffer rolling contact, 

for that reason, they are manufactured in hardened steel. Therefore, several possibilities arise when 

choosing the ring material, where aluminium, bronze, carbon fiber or plastic are available. According to 

manufacturers, aluminium can retrieve significant weight savings (up to 65% [1]) and improvements in 

some performance indicators. Lower mass and inertia make these bearings appropriate for applications as 

robotics and aerospace. A lower elastic modulus and the existence of more contact interfaces than in 

conventional bearings, provide a good shock load and travelling vibrations absorbing capacity, thus better 

at avoiding race damage [2]. For that reason, they are employed in medical devices, defence applications 

or shipping industry, where vibrations and shock loads are a common issue. Wires are not closed 

circumferencially; they have a cut with a gap, which eases the assembly process and acts as expansion gap; 

this means that friction torque remains constant with temperature variations [3].  

The manufacturing process is not straightforward due to the inherent difficulty of bending the hardened 

wires. For that reason, there are only a few manufacturers and almost all the know-how is in their hands. 

Nevertheless, some research in this area has been carried out in recent years to provide knowledge to 

customers and potential manufacturers. Regarding structural behaviour, Gunia and Smolnicki developed 
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two research works. The first one studied the influence of certain geometrical parameters in the ball-wire 

contact stress distribution [4]. In the second one they proposed a corrected wire-raceway geometry for ball 

wire race bearings that reduces the free edge stress concentration effect [5]. Martin et al. studied the 

behaviour and the influence of some design parameters in ball wire race bearings under axial load, 

explaining the wire-twisting phenomenon and comparing the results with equivalent conventional bearings 

[6]. In terms of analytical models, Shan et al. proposed an analytical method to obtain the preload in ball 

wire race bearings with non-conformal ball-wire contact [7]. Later, Aguirrebeitia et al. developed a formula 

to obtain the wire twisting stiffness of the race shaped wires [8]. Martin et al. developed two works related 

to analytical tools: in [9] they present an analytical model to estimate the stiffness and contact results of a 

ball wire race bearing under axial load, and in [10] they proposed a semi-analytical modelization of the 

roller-wire-ring submodel with the aim of implementing it in a Finite Element (FE) model and improving 

the computational efficiency in static structural analyses. 

Due to the recency of works regarding wire race bearings, some insight becomes necessary when an 

engineer faces the design problem. Therefore, knowing the influence of design parameters in the 

performance of the bearings is a neccesary step to optimize the design. In this sense, this work presents a 

study of the effects of several geometrical parameters on the performance under axial load. The results were 

obtained by means of FE simulations within a Design of Experiments (DoE) for both ball and roller wire 

race bearings. The most relevant results are graphically displayed with explanations about the main effects 

of the design parameters on different performance indicators. 

2. Methodology 

For this work, a deep study of several manufacturers’ catalogues of wire race ball bearings (ball bearings 

from now on) and crossed roller wire race bearings (roller bearings from now on) was carried out to identify 

the most representative geometrical parameters and define the design space of the DoEs. Finally, a FE 

simulation for each design point retrieves the main and crossed effects of the geometrical parameters in the 

performance indicators. 

2.1. Design parameters definition 

Fig. 2 shows the geometrical parameters for both bearing geometries. There appear many different 

parameters, but performing a DoE with all of them would lose significance; for that reason, only the most 

relevant design parameters related with the geometry of the contact areas were considered in this work. 

Bearing mean diameter (Dpw) and the initial contact angle (α0) remained constant because their effects are 

already known from studies in conventional bearings. Besides, Dpw is usually dependant on the application 

and cannot be modified. The length of the rollers was also not considered as design parameter, because in 

crossed roller wire race bearings, it is always larger than the raceway width; this means that roller length 

does not affect the roller-raceway contact area. 

In order to obtain general results, the DoE parameters were chosen non-dimensional or dependant on the 

rolling element diameter (Dw). This rolling element diameter is the first parameter to be considered, because 

it states the size of the cross section and the number of rolling elements (N). Besides, to study the influence 

of the wire diameter (λ), the non-dimensional parameter λr was defined, where λr=λ/Dw. Regarding the size 

of the raceway, another non-dimensional parameter called raceway factor (Rf) was created. Eq. 1 defines 

Rf  in terms of the parameters of the DoE, where Dcw is the diameter of the circumference that connects the 

center of the wires (see Fig. 2). This parameter indicates how much wire material is machined to create the 

raceway, in such a way that Rf=0 (Dw+ λ =Dcw) means that no material is machined (the contact between 

wire and rolling element becomes non-conformal) and Rf =1 means that half of the wire section is removed 

(Dw=Dcw). 

 𝑅𝑓 =
𝜆 + 𝐷𝑤 − 𝐷𝑐𝑤

𝜆
= 1 +

1

𝜆/𝐷𝑤
−

1

𝜆/𝐷𝑐𝑤
 (1) 

Apart from the three parameters defined above, the osculation ratio (s) in Eq. 2 is a relevant parameter for 

ball bearings since it expresses the conformity of the ball-wire contact: 
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 𝑠 =
𝐷𝑤
2 · 𝑅𝑐

 (2) 

where Rc is the raceway groove radius. Regarding the dimensions of the cross section of the ring, it was 

considered unaproppiate to keep it constant for all cases, since the size of the cross section of the ring is 

usually related to the rolling element diameter Dw for regular bearings. The work developed by Heras in 

[11], proposed a general crossed section geometry for conventional bearings, dependant on Dw and the 

coeficients RL, RH, RLg, which were obtained from a deep study of catalogue geometries (see Fig. 2). For 

the present study the same coefficients were used but dependant on the size of the housing (H) instead of 

doing it dependant on Dw. Table 1 shows ring coefficients together with the constant geometry parameters. 

R is the radius of the wire housing, and its value is the radius of the wire minus 0.1 [mm] [12]. A 100% fill 

factor [11] indicates that the maximum allowable number of rolling elements were considered. Constant 

fill factor and constant Dpw also mean that the number of rolling elements varies if Dw changes. 

Summarizing, the design parameters considered were s, Dw, λr and Rf for ball bearings, and Dw, λr and Rf 

for roller bearings. 

Table 1 

Ring coefficients and constant geometry parameters 

Dpw α0 Fill Factor RL RH RLg Hg 

420 [mm] 45 [deg] 100[%] 1.9 2.15 0.1 3 [mm] 

 

Fig. 2. Geometrical parameters: (a) Ball (b) Roller 

2.2. Design of Experiments 

A 2 level full factorial design was considered to assess overall main and crossed effects, from which pareto 

diagrams are built. In addition, some design points were added to account for nonlinearities and to simplify 

postprocessing, resulting in 25 design points for ball bearings and 15 for roller bearings. The ranges of the 

geometrical parameters that appear in the matrices of experiments were defined from values found in 

commercial catalogues. 

Fig. 3 shows the matrices of experiments for both bearing types with a color code to indicate the purpose 

of each design point. Green points are those regarding the 2 level full factorial design. Black point 

corresponds to the reference geometry for each bearing and it acts as midpoint to account for possible 

nonlinearities in main effects. And last, red design points represent geometries where the main effects can 

be independently analyzed and observed. 
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(a) 

 

 
(b) 

Fig. 3. Matrix of experiments: (a) Ball bearings (b) Roller bearings 

2.3. Finite Element Models 

The purpose of this work is to study the influence of some relevant geometrical parameters in the 

performance of wire race bearings under axial load. To obtain the results, two parametric FE models were 

created in Ansys®, represented with the reference geometry values in Fig. 4. Since load and geometry are 

cyclic symmetric, only one sector model with half a ball is enough for ball bearings, and one sector model 

with two roller halves is enough for roller bearings. Structural steel (E=200 [GPa]) was assigned for rolling 

elements and wires, and aluminium (E=71 [GPa]) for the rings, since it is a common layout in most 

applications. Both materials were assumed to be linear elastic, so local permanent deformations cannot be 

obtained. Moreover, chamfers or eventual roller crowning were not considered in the FE models, and 

neither were wire edge fillets, since there is no standard geometry for the wires so far. This can lead to non-

realistic results in local stress concentration areas and truncated pressure patches. Nevertheless, the effect 

in the stress distribution of wire edge geometry correction by the addition of a fillet was studied by Gunia 

in [5]. As a result of that study, they observed that the geometry correction reduced the stress concentrations 

due to edge effects, but the behaviour of the rest of the contact did not change significantly. This reduction 

of the stress concentration has important implications in bearing fatigue behavior, but does not affect the 

global behavior of the contact, and therefore neither does the response of the bearing in terms of load 

distribution or global deflections. Consequently, the FE model will predict when the contact reaches the 

limits of the raceway, but can not calculate the real stress peak. These areas are quite local and good results 

can be obtained at a certain distance from them. 

In order to obtain a proper mesh, some partitions were carried out in the geometry that allow to mesh 

different volumes of the same component with different mesh sizes or element types. Fig. 4 shows that the 

contact zones are meshed with second order hexaedrons with a small element size (0.3 [mm]), while zones 

far away of the contact are meshed with second order tethaedrons that retrieves faster size transitions to 

bigger elements preserving a good aspect ratio. The DoF of the model changes from one case to another 
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depending on the value of the geometrical paremeters, but the total number is always around 1,500,000 

DoF for both bearing types. 

Contacts are grease lubricated, so they were defined as frictional according to the Coulomb model, with a 

coefficient of friction of 0.1 [13–15]. An Augmented Lagrange formulation was used, letting the program 

automatically control the normal contact stiffness and updating it each iteration in order to achieve a 

maximum mesh penetration of 1 [μm] (penetration tolerance). 

While boundary conditions usually depend on the application or the surrounding structures, this work 

pretends to be generalistic and aims to study the local behaviour of the component. In this sense, rigid 

boundary conditions were imposed to the external faces of the rings and a external axial displacement was 

applied to those faces to reach the static load carrying capacity provided by the methodology developed in 

[16] for ball bearings and in [17] for roller bearings. Symmetry boundary conditions were also applied to 

the cyclic symmetric faces. 

  
(a) (b) 

Fig. 4. FE models: (a) Ball bearing (b) Roller bearing 

2.4. Performance Indicators 

In order to assess the influence of the geometrical design parameters in the performance of the bearing, 

some indicators must be used. Those indicators should properly represent the structural behaviour and the 

capability of the bearing to face external loads. 

- Axial static load capacity (C0a). The axial static load capacity can be analytically obtained [16,17] 

and retrieves the maximum axial load that the contact between rolling element and raceway can 

bear until a permanent deformation of  one 10,000th of the rolling element diameter arises, 

according to ISO-76 [18]; in that standard, the maximum allowable force is the one that generates 

a contact pressure of 4200 [MPa] for ball bearings and 4000 [MPa] for roller barings, calculated 

with Hertz’s elastic contact theory. Although this way for defining the capacity of a bearing to 

face external loads may be insufficient for some applications and operating modes (it does not 

account for fatigue, core crushing and other damage sources), it can be perfectly used as a load 

capacity indicator with comparative purposes. 

- Stiffness. Axial stiffness can be defined as the response of the bearing in terms of deformation 

under an applied axial force. It is usually represented with axial force/axial deformation curves. In 

order to define an “overall stiffness constant” to represent those curves, the force-to-deformation 

ratio is calculated for a given value of the force, common for all of them.  

- Wire twist. This phenomenon may not be considered directly as a performance indicator, but it 

has a significant contribution to the understanding of the performance of the bearing, as it will be 

observed in following sections. Wire twist arises when the bearing is loaded because the contact 
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force exerts a twisting moment [6]. This phenomenon turns beneficial since, this way, the ball-

wire contact tends to remain centered within the raceway thus preventing early contact patch 

truncation and allowing the wires-roller set behave as a single solid. The twist angle varies with 

the axial deformation and it can be represented by means of twist angle/axial deformation curves. 

In order to define an “overall wire twist” to represent those curves, the maximum twist angle 

variation may be reported for a given value of axial deformation, common for all of them. 

- Contact angle. It is the angle between the radial plane and the normal force vector sum of the 

rolling element-wire contact. The variation of this angle comes from phenomena such as ball 

climbing (only in ball bearings) and wire twisting [6], and it is an indicator of the position of the 

contact. The knowledge of the variation of this indicator retrieves valuable information of the 

behaviour of the bearing for its analytical modelling. Contact angle variation has also a significant 

contribution to the stiffness curve: it would be almost linear in case this variation does not exist. 

The contact angle varies with the axial deformation and it can be represented by means of contact 

angle/axial deformation curves. In order to define an “overall contact angle” to represent those 

curves, the maximum contact angle variation may be reported for a given value of axial 

deformation, common for all of them. 

- Contact pressure contours. Finally, the pressure lines are presented along the major axis of the 

ball-wire contact ellipse for ball bearings and the roller-wire contact rectangle for roller bearings 

during the loading process. Five load levels are represented equally spaced until the maximum 

applied load and the raceway limits are marked with vertical lines. The objective of these plots is 

twofold: assess whether the existing methodologies are able to correctly predict the axial static 

capacity, and detect the occurrence of contact patch truncation, which would involve a pressure 

increase above the theoretically calculated one, as well as dangerous overstresses. As it has been 

previously stated, the FE models used in this work are not able to predict the real behavior in the 

stress concentration areas, but they provide good results in the rest of the contact in order to 

achieve the aforementioned objectives. 

 

3. Results 

Once carried out the Finite Element analyses detailed in the DoE, the performance indicators for both ball 

and roller bearings are explained in separate sections as functions of the design parameters. Each section 

starts with explanations about the relative weight of the main effects of each design parameter and the 

crossed effects among them on the overall values of the performance indicators. Crossed effects can have 

a significative influence in the performance indicators; a study of those crossed effects is necessary to 

ensure whether the conclusions obtained from the analysis of the main effects are enough or not. Then, 

those main effects are analyzed for each performance indicator and finally, a brief summary of the main 

effects is presented. 

3.1. Ball Bearings 

Previous considerations 

Fig. 5 shows a summary of the main and crossed effects of the design parameters on the overall values of 

the performance indicators, where the summation of main and crossed effects equals 100%. It can be 

observed that crossed effects do not affect too much the axial static load capacity and the stiffness, with a 

cummulative effect of a 12% and a 20% respectively. The summation of the crossed effects for the wire 

twist reaches a 27%, which is also relatively low. Regarding the contact angle variation, the cumulative 

weight of the crossed effects rises up to 41%; this reveals that the influence of the design parameters is 

diffuse and this can be, in part, due to the inherent difficulty of establishing a proper overall value to 

represent the contact angle variation with an overall value. 
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Fig. 5. Ball bearing main and crossed effects 

Axial Static Load Capacity 

In this section, the axial static load capacity according to ISO-76 standard is compared. The effect of the 

contact ellipse truncation can not be evaluated with this method but will be observed later in this section. 

The axial static load capacity is a parameter that can be altered by changes in osculation ratio s or in ball 

diameter Dw as it can be observed in Fig. 6. A more conformal contact is able to bear more load before 

reaching the maximum allowable contact pressure; the same happens with a bigger ball diameter, but it 

must be taken into account that a bigger diameter involves a lower number of rolling elements. λr and Rf do 

not apparently affect to the capacity, because they do not modify the geometry of the contact. 

 
Fig. 6. Ball bearing axial static load capacity 

Axial Stiffness 

Axial Static Load Capacity

Crossed EffectsMain Effects

Axial Stifness

Crossed EffectsMain Effects

Wire Twist

Crossed EffectsMain Effects
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Fig. 7 shows the stiffness curves for the different cases. As it could be predicted, stiffness slightly increases 

with the osculation ratio, since a more conformal contact is stiffer. Rf does not affect the stiffness as it does 

not change the contact geometry. A higher λr involves a larger wire diameter, which makes the wire ring 

contact stiffer. Finally, an increase in ball diameter leads to a more flexible bearing. This effect comes from 

the reduction of the number of rolling elements; a contact with a larger ball is stiffer but fewer contacts 

have to face to higher contact forces for the same external applied force. 

  
(a) (b) 

  
(c) (d) 

Fig. 7. Ball bearing stiffness results: (a) Osculation ratio (b) Race Factor (c) λr (d) Ball diameter 

Wire Twist 

Fig. 8 shows that larger osculation ratios lead wire twist to start earlier, because in a less conformal contact 

the ball would not climb so much over the raceway. Race factor almost does not affect wire twist; however 

a slight difference can be seen near C0a. This phenomenon happens because larger Rf values involves larger 

raceways, favouring ball climbing and therefore more descentered contact ellipse that generates more wire 

twisting moment. The effect of increasing λr and Dw is the same since both of them modify the size of the 

housing (H). The smaller the size, the larger the wire twist for the same external applied displacement 

(∆𝑎𝑥𝑖𝑎𝑙) and vice versa, as it can be observed in Fig. 9, where (θ) is an angle related with the wire twist. 

Besides, it has been proved that the wire twist varies proportionally with the inverse of Dw. 

  
(a) (b) 

  
(c) (d) 

Fig. 8. Ball bearing wire twist results: (a) Osculation ratio (b) Race Factor (c) λr (d) Ball diameter 
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Fig. 9. Effect of an external applied displacement in wire twist 

Contact Angle 

Contact angle is related to wire twist and ball climbing phenomenon as it can be derived from plots in Fig. 

8 and Fig. 10. As mentioned before, larger osculation ratios make the ball start to climb over the raceway 

at an early time and stabilizes later because of the action of the wire twist. Lower osculation ratios are less 

likely to climb over the raceway, for that reason the evolution of the curves is not so aggressive. The 

variation with Rf is similar at the beginning and suffer a later deviation because of the wire twist. The 

increasing wire twist with the reduction of λr keeps the contact ellipse centered at the raceway, which results 

in a pretty constant contact angle. Dw seems not to have almost effect on the contact angle, nevertheless for 

smaller values the ball tends to start climbing faster and rise the contact angle, which is later 

counterbalanced by the wire twist. 

  
(a) (b) 

  
(c) (d) 

Fig. 10. Ball-wire contact angle results: (a) Osculation ratio (b) Race Factor (c) λr (d) Ball diameter 

Contact Pressure Contours 

These graphs are relevant since they indicate whether the maximum allowable load pressure has been 

exceeded or if the contact ellipse has reached the raceway boundaries causing truncation. Note that, in this 

case, truncation happens to be in the less loaded zone of the ellipse; for that reason, the pressure peaks are 

not as acute as it could be expected in the edges. Osculation ratio appears to generate the expected 

behaviour, that is, a more concentrated contact arises with lower values of the osculation ratio. The effect 

of reducing the raceway with large values of Rf or small values of λr increases the risk of suffering ellipse 

truncation as it can be observed in Fig. 11(b) and Fig. 11(c). As a result of varying the values of Dw, it can 

be stated that the behaviour of the contact ellipse is identical but scaled. Another conclusion that can be 

obtained from these graphs is that the static load capacity calculated in [16] seems to be a good estimate, 

and that truncation can be a problem with certain small values of s, Rf or λr. 

 𝑎𝑥𝑖𝑎𝑙

 θ

 𝑎𝑥𝑖𝑎𝑙

 θ
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(a) (b) 

  
(c) (d) 

Fig. 11. Ball bearing contact pressure results: (a) Osculation ratio (b) Race Factor (c) λr (d) Ball diameter 

3.2. Roller Bearings 

Previous considerations 

Fig. 12 shows a summary of the main and crossed effects of each geometrical parameter in the overall 

values of the performance indicators, where the summation of main and crossed effects equals 100%. The 

summation of crossed effects is equal or below 20% for all performance parameters, specifically 20% for 

axial static load capacity, 11% for stiffness, 14% for wire twist and 17% for contact angle. For that reason, 

it can be stated that the influence of crossed effects is low.  

  

Axial Static Load Capacity

Crossed EffectsMain Effects

Stiffness

Crossed EffectsMain Effects
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Fig. 12. Roller bearing main and crossed effects 

Axial Static Load Capacity 

This indicator depends on the contact geometry, and it is affected by all the studied parameters, because all 

of them modify the contact length. Rf and λr have fewer influence in C0a compared with Dw.  

 
Fig. 13. Roller bearing static load capacity 

Regarding the effect of varying Dw on the static load capacity, there is another important fact that must be 

pointed out. In the DoE arranged in this paper, the chosen design parameters are Dw, λr and Rf. But if the 

chosen parameters were Dw, λ and Rf, it is worth noting that if Dw varied maintaining λ and Rf constant, the 

axial capacity would be constant, and therefore an increment in Dw would not be a valid strategy to increase 

the load capacity. To prove this, consider the formula proposed in ISO-76 standard to obtain the static load 

capacity for conventional bearings (Eq. 3): 

 𝐶 𝑎 = 220 · (1 −
𝐷𝑤 · cos(𝛼)

𝐷 𝑤
) · 𝑍 · 𝐿𝑤 · 𝐷𝑤 · sin(𝛼) (3) 

In that case, if λ and Rf remained constant, so would do the contact length; additionally, for slewing bearings 

the term in parenthesis is close to one, and Dw is inversely proportional to the number of rollers (Z) with a 

constant fill ratio, which implies that an increment in one of them would cause a reduction in the other, 

maintaining the static load capacity constant. 

Axial Stiffness 

Axial stiffness is influenced by contact geometry: a roller raceway contact with larger contact length is 

stiffer than other with a smaller one, as it can be observed when Rf or λr increases. In terms of Rf, this 

phenomenon is non-linear since the relation between Rf and the raceway length is also non-linear. For that 

reason, the Rf=0.25 curve is more flexible than the other two, where the contact length is similar. Roller 

Wire Twist

Crossed EffectsMain Effects

Contact Angle

Crossed EffectsMain Effects
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λr

Rf
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16
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diameter seems to have little influence on axial stiffness; the effect of a more rigid contact with higher Dw 

is compensated with a fewer number of rollers. 

  
(a) (b) 

 
(c) 

Fig. 14. Roller bearing stiffness results: (a) Race Factor (b) λr (c) Roller diameter 

Wire Twist 

As it happened with ball bearings, if the wire-roller-wire set is smaller, for the same applied external 

displacement the set can twist more. This comes from the compatibility of deformations [10]. This 

phenomenon can be observed in Fig. 15, where in every graph wire twist is larger when the roller-wires set 

is smaller. 

  
(a) (b) 

 
(c) 

Fig. 15. Roller bearing wire twist results: (a) Race Factor (b) λr (c) Roller diameter 

Contact Angle 

Contact angle variation is so closely related to wire twist that the values of wire twist are almost the same 

values of contact angle variation. This small deviation comes from the deformation of the roller-wire 

contact. 
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(a) (b) 

 
(c) 

Fig. 16. Roller contact angle results: (a) Race Factor (b) λr (c) Roller diameter 

Contact Pressure Contours 

This section presents the pressure lines along the longitudinal axis of the contact patch during the loading 

process. In roller bearings the contact is always truncated in that axis; in this sense, even though very large 

non-realistic pressure peaks appear in Fig. 17 due to linear material assumption, this does not imply that 

those peaks do not exist. Indeed, the free edges of the wire exert some pressure peaks in the location of the 

wire edges. However, this pressure peaks can be avoided in a great extent with edge filleting and a slight 

crowning. Identical behaviour is observed in all cases, where friction generates a tangential force in roller-

wire contact that tilt the pressure lines, making them surpass the maximum pressure. It is something that 

could be predicted, since the analytical model used to obtain the theoretical C0a assumes that the contact 

angle remains constant at 45 [°].  

  
(a) (b) 
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(c) 

Fig. 17. Roller bearing contact pressure results: (a) Race Factor (b) λr (c) Roller diameter 

3.3. Results Summary 

All the results presented in this section are gathered in Fig. 18 for ball bearings and in Fig. 19 for roller 

bearings. These plots compare the overall performance indicators of the reference case with the ones where 

a single parameter was increased o decreased, providing a graphical idea of how much affects the variation 

of a geometrical parameter to the overall value of the performance indicator. 

Ball bearings 

Axial static load capacity is only affected by osculation ratio and ball diameter, with a significant variation. 

Overall stiffness constant retrieved a slight increase with high values of osculation ratio and λr and low 

values of ball diameter. Overall contact angle seems to increase with all studied parameters, especially with 

λr. Overall wire twist is not affected so much by studied parameters. Contact angle variation is not so closely 

related to wire twist since ball climbing phenomenon has a significant contribution. In addition, 

nonlinearities are observed for some design parameters on some performance indicators and the most 

evident ones are: the influence of the conformity on the axial load capacity, the influence of the 

nondimensional wire diameter on the stiffness, and the influence of the conformity and the race factor on 

the contact angle. 
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Fig. 18. Infuence of the design parameters in ball bearing performance 

Roller bearings 

Axial static load capacity suffer important variations with all geometrical parameters because of the contact 

length increment or decrement. On the one hand, stiffness does not change significantly with roller diameter 

because of the effect of increasing the contact length is compensated with the reduction in the roller number. 

On the other hand, λr and Rf affect directly to the geometry of the roller wire and wire-ring contacts which 

contribute to changes in stiffness. Variations in contact angle and wire twist are closely related with a little 

deviation caused by roller-wire contact deformation. In addition, nonlinearities are observed for some 

design parameters on some performance indicators and the most evident ones are: the influence of Rf on 

the axial load capacity and the stiffness, and the influence of the roller diameter on the wire twist. 

  

  
Fig. 19. Infuence of the design parameters in roller bearing performance 

4. Conclusions 

A study of the influence of the most important geometrical parameters in ball and crossed roller wire race 

bearings performance under axial load were carried out. The aim of this work was to provide some 

indications of how the structural behaviour varies with some design parameters such as rolling element 

diameter (Dw), osculation ratio (s), wire diameter to rolling element diameter ratio (λr) and raceway factor 
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(Rf). To achieve that, two Finite Element analysis campaings were performed and the results compared. 

The matrices of experiments were based on varying geometrical parameters from reference geometries 

obtained from commercial catalogues. Fig. 20 summarizes the influence of each design parameter on each 

performance indicator. The values in those figures are the variation percentages of the performance 

indicators when each design parameter increases from its minimum value to its maximum value in the DoE 

with respect to the minimum. 

Regarding wire race ball bearings results, static load capacity is only affected by contact geometry 

parameters such as s and Dw. Axial bearing stiffness does not change significantly, increasing with s and λr 

and decreasing with Dw. Contact angle variation increases with all parameters but abruptly with λr. Wire 

twist increases with s and Rf and decreases with Dw and λr. 

In the case of crossed roller wire race bearings, the static load capacity happens to increase with all design 

parameters. Axial bearing stiffness decreases slightly with Dw and rises with λr and Rf. Contact angle 

variation and wire twisting increase only with Rf and decrease with Dw and λr. 

 
(a) 

 
(b) 

Fig. 20. Relative influence of geometrical parameters in performance: (a) Ball wire race bearings (b) 

Roller wire race bearings 
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