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Abstract: The CARB bearing is a single row bearing with long, slightly crowned symmetrical rollers. It 

combines the self-aligning capability of the spherical roller bearing with the unconstrained axial displacement 

ability of the cylindrical roller bearing. The optimal combination of both raceway profiles provides a favorable 

load distribution in the bearing, as well as low frictional running. This paper emphasizes the functioning 

characteristics of the SKF CARB toroidal roller bearing by means of a multibody dynamics simulation. Different 

conditions like load direction, races relative position or angular misalignment, are taken into consideration. 
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1. Introduction 

The CARB toroidal roller bearing is a completely new type of radial roller bearing 

(Figure 1). This compact self-aligning roller bearing was developed by SKF and introduced 

on the market in 1995. In a unique design, it combines the self-aligning capability of the 

spherical roller bearing with the unconstrained axial displacement ability of the cylindrical 

roller bearing. It can also have the compact cross section normally associated with the needle 

roller bearing. 

The applicability of CARB bearings covers a wide range with regard to radial loads. 

They are intended exclusively as non-locating bearings and as such they are excellent with 

their combination of self-aligning and axial displacement properties, opening up completely 

new opportunities to save space, weight and production costs. By deliberately displacing the 

rings axially with respect to each other it is possible to accurately set the radial internal 

clearance in the bearing. 

CARB bearings permit smaller and lighter bearing arrangement designs offering the 

same or improved performance in a particularly impressive manner, e.g. in planetary 

gearboxes. They simplify the bearing arrangement design for long shafts that are subjected to 

temperature variations. When using CARB bearings, it has also been proven that vibration 

levels are reduced, e.g. in paper machines or fans. 

The CARB bearing is a single row bearing with long, slightly crowned symmetrical 

rollers. The raceways of both the inner and outer rings are concave and situated symmetrically 

about the bearing centre. The attained optimal combination of both raceway profiles provides 

a favorable load distribution in the bearing, as well as low frictional running. 

The rollers of the CARB bearing are self-guiding, i.e. they will always adopt the position 

where the load is evenly distributed over the roller length - irrespective of whether the inner 

ring is axially displaced and/or misaligned with respect to the outer ring. 

The goal of this article is to calculate the nonlinear, time-variant bearing reaction 

forces for the SKF CARB toroidal bearing in a number of position situations (neutral position, 

axial displacement and misalignment) and to emphasize the contact characteristics as a 

function of axial displacement. 
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Figure 1. SKF CARB toroidal bearing 

 

 

2. Methods 

A nonlinear dynamic model for the bearing reaction forces has been built in 

MSC/ADAMS. The model consists of several rigid bodies (a certain number of rollers, two 

rings and a cage) connected by constraints and forces. 

A multibody dynamics system is made of several components, which can be divided 

in two major groups, namely, bodies with a convenient geometry, and joints, which introduce 

some restrictions on the relative motion of the various bodies of the system. Usually, the 

bodies are modeled as rigid, while the joints are modeled through a set of kinematic 

constraints. 

The motion of each roller is constrained to the cage by a revolute joint. The impact 

between two bodies is treated as a continuous event, that is, the local deformations and the 

contact forces are continuous functions of time. The impact analysis of the system is 

performed by including the contact forces into the equations of motion during the contact 

period. The normal contact forces are evaluated as a function of the relative elastic 

deformation between the colliding bodies coupled with a non-linear viscous-elastic factor 

representing the energy dissipation during the impact. A modified Coulomb friction law is 

used to calculate the tangential friction forces. 

The contact is approximated by a Hertzian contact [1]. Furthermore, a velocity 

proportional damping force in contact normal direction is introduced. The damping 

coefficient represents the oil squeezing and a stiffness proportional material damping term. 

In order to reduce friction and thus permit easier relative motion between the moving parts of 

the bearing, a lubricant is introduced between them for any practical application. Lubricants 

are widely used in machine elements to reduce friction providing a thin fluid film of lubricant 

in order to avoid any direct contact between the surfaces. Moreover, the lubricants also 

prevent corrosion and dissipate heat, dirt and wear debris. The fluid pressure developed at the 

lubricated Hertzian contacts of a roller bearing arises from the resistance of a viscous fluid to 

being squeezed out from two approaching surfaces, which is known as the squeeze-film 

action. 

From practical point of view, clearance is always present in roller bearings in order to 

allow relative motion between the two rings of the bearing. When the contact between two 

bodies occurs the contact–impact forces are modeled according to a non-linear Hertz’s force 

law (normal force) together with the Coulomb’s friction law (tangential force). The impact 

analysis of the system is performed by including the normal and tangential contact forces into 

the force vector that appears in the system equations of motion [2]. 
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For two nonconformal contacting bodies, the stiffness parameter is defined by the Hertz 

equation system. The normal contact load can be expressed as [3] 

 DKFN  2

3

 

where K represents the contact stiffness,  the relative penetration depth, D the damping 

coefficient (material hysteresis and lubricant squeeze effect) and   the relative impact 

velocity. 

The generalized stiffness parameter K and damping parameter D depend on the 

geometry and physical properties of the contacting surfaces and rheological lubricant 

properties. For this study, the stiffness parameter was calculated as a function of contact 

geometry and axial position of the rolling elements relative to the races. This calculation 

involved the Hertz contact equations [1]. The damping coefficient was chosen to be 200 

N/(m/s) [4]. 

In the present study, the analysis applied to a C 2214 TN9 SKF CARB bearing. The 

bearing specifications including bearing geometry are listed in table 1. 
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Figure 2. Bearing model with its coordinate system and misalignment () and axial displacement (x) 

parameters. 

 

 

Table 1 Dimensions of the studied bearing (SKF C 2214 TN9) 

No. of 

rollers 

Inner 

diameter, d 

Outer 

diameter, D 
Width, B 

Dynamic load 

rating, C 

Max. axial 

displacement 

17 70mm 125mm 31mm 212kN 9.6mm 

 

The contact elasticity (inverse of the generalized stiffness parameter K) of this bearing is 

computed as a function of the axial displacement x of the toroidal rolling elements relative to 

the inner race and is shown in the figure 3.  
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Table 2 

Constraints type of constraint degrees of freedom 
no. of 

constraints 

Inner race - Ground revolute joint rotation along z 1 

Inner race - Rollers contact  17 

Rollers - Cage revolute joint rotation along z 17 

Rollers – Outer race contact  17 

Outer race - Ground translational joint translation along y 1 

    

Motions type of motion   

Inner ring rotation along z z=1500 rot/min  

    

Loads    

Outer ring vertical force Fy=(50KN, 100KN, 150KN)  

 

Table 3 Simulation conditions 

Axial 

position 
Neutral Axial displacement 

Misalignment No Yes No 

Load (KN) 50 100 150 100 100 

 

Table 2 shows the constraints, motion and load imposed to the model, while in table 3 

are presented the simulated functioning conditions. 

The analytical model developed in this work is a simple model to study the contact 

forces between the rollers and the races. This model does not take into account the influence 

of the assembly in which the bearing might be mounted. The governing equations of motion 

(Euler - Lagrange) are solved numerically using a time integration technique [2]. 

 

 

3. Results 

For the contact between the rolling elements and the outer race, the variation of the 

ellipticity factor (fraction between the lengths of ellipse contact axes) with respect to the axial 

position is negligible, this factor having a value of approximately 8.6410
-3

. This factor is 

shown in the figure 4, for roll-inner race contact.  

Figure 5 shows how the load is distributed over the rollers for three different loads. 

Figures 6 and 7 show the contact force variation among the rollers for the three loads 

employed in the study. As it can be seen the greater the loading, the larger the contact forces 

among the rollers. 

Figures 8-10 show the contact force variation for the same load but three different 

positions (neutral position, 0.5 misalignment and 9mm axial displacement). 
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Figure 3. Contact hertzian elasticity of CARB bearing vs. axial position of toroidal rolls. 
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Figure 4. Ellipticity factor of CARB bearing vs. axial position of toroidal rolls. 
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Figure 5. Contact force distribution on the rollers for three different loads 
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Figure 6. Component x of the contact force between a roller and the outer race for three bearing loads 

(50kN-curve 1, 100kN-curve 2, and 150kN-curve 3) 

 
 

Figure 7. Component y of the contact force between a roller and the outer race for three bearing loads 

(50kN-curve 1, 100kN-curve 2, and 150kN-curve 3) 
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Figure 8. Component x of the contact force between a roller and the outer race for three positions 

(neutral position - curve 1, 0.5 misalignment – curve 2, and 9mm axial displacement – curve 3) 

 
 

Figure 9. Component y of the contact force between a roller and the outer race for three positions 

(neutral position - curve 1, 0.5 misalignment – curve 2, and 9mm axial displacement – curve 3) 

 

 

4. Discussion and conclusion 

As expected, the contact angle grows when shifting the rollers in axial direction. This 

is emphasized by an important increase of the axial component (z component) of the contact 

forces. Even if the bearing encounters an increase of the contact forces between the rollers 

and the races when the two races are axially displaced, its functioning doesn’t suffer from the 

axial loads since the axial component is very small in comparison with the radial force (as it 

can be seen in figures 9 and 10). 
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Figure 10. Component z of the contact force between a roller and the outer race for three positions 

(neutral position - curve 1, 0.5 misalignment – curve 2, and 9mm axial displacement – curve 3). 

 

The load carrying capacity of the CARB bearing is very high even when it has to 

compensate for angular misalignment or axial displacement. This results in an operationally 

reliable bearing arrangement with long service life. 

The main advantages of the SKF toroidal roller bearing CARB can be summarized 

as: axial displacement without inducing thrust loads on the two bearings; decrease of 

vibration level; decrease of the operating temperature; elimination of rotating outer ring and 

wear in the bore of the free housing; increase bearing service life; reduction of the 

maintenance costs; large productivity improvement. 
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