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ORIGINAL ARTICLE 

Contact Analysis and Static Load Carrying Capacity of Planetary 

Roller Screw Mechanism 

Nam Su Kim* Kyong Ho Kim and Sin Hyok Jong* 

Faculty of Mechanics, Kim Il Sung University, Taesong District, Pyongyang, Democratic People’s Republic of Korea 

Abstract 

This paper aims to investigate the contact characteristics and static load carrying capacity of planetary roller screw mechanism 

(PRSM). Compared to the ball screw mechanism, the advantages of the PRSM are high stiffness, high load capacity, long 

travel life and compact structure, etc., since the PRSM possesses more contact points than ball screws in a comparable size. 

The actuated load is carried through the threaded surface contacts of the screw, the rollers and the nut and the contact 

characteristics of these components are very important for studying the wear, transmission accuracy and efficiency of a 

PRSM. Prior work has neglected to take a fundamental approach towards understanding the elastic-plastic contact 

characteristics of threaded surfaces under high loads and it is closely related to the static load carrying capacity of PRSM. 

Accordingly, in this paper, the contact characteristics of PRSM under the different working loads are modeled based on Hertz 

contact theory and the calculation formulas between normal force of thread turns and the elastic-plastic contact stress and 

deformation are derived. Then, it goes further to derive a calculation method of static load carrying capacity of PRSM based 

on simplified model of static load distribution. Finally, a verification model is developed by finite element method (FEM) to 

perform contact stress and strain analysis of PRSM. Besides, through the comparison of the results between the theory model 

and ANSYS Workbench finite element model verify the reliability of the theory.  

Key words: Planetary roller screw, Contact analysis, Static load carrying capacity, FE model.

——— 
* Corresponding author e-mail: NS.KIM@star-co.net.kp. 

1. Introduction 

Planetary roller screw mechanism (PRSM) is a 

mechanical transmission device for converting 

rotational motion into linear motion or vice versa. 

Due to the more advanced design principles of the 

PRSM, it can withstand tens of thousands of hours of 

heavy loads in an extremely hard working 

environment. 

In recent years the PRSM has been established as 

a component for applications with high frequent work 

schedules, high carrying capacity, and high precision, 

such as the medical industry, optical equipment, 

robotics, precision machine tools, and aerospace 

industry [1]. 

Since their invention several designs with different 

characteristics have been developed and patented. 

Earlier work on PRSM has included research on 

the selection of structure parameters [2,3], kinematics 

and efficiency analysis [4-6], load distribution among 

https://doi.org/10.1186/s10033-018-0249-y
mailto:NS.KIM@star-co.net.kp


Nam Su et al. Chin. J. Mech. Eng.  (2020) xx: xx 

 

© The Author(s) 2020. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 

(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you 

give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were 

made. 

 

Page 2 of 10 

threads [7–9], static and dynamic stiffness [10-12], 

transmission accuracy [13–15], lubrication and wear 

behaviour [16-17], manufacturing [18], dynamics 

[19-20], and thermal characteristics [21]. 

Meanwhile, in the study of contact characteristics 

of threaded surfaces, only a limited number of 

contact models of the PRSM have been proposed. 

Blinov et al. [22] proposed a numerical method for 

determining the contact positions and axial clearance 

at the screw roller interface. 

Jones and Velinsky [23] introduced the principle 

of conjugate surfaces to establish a contact 

kinematical model at the screw-roller and nut-roller 

interfaces. 

Liu et al. [24] calculated the contact positions at 

the screw-roller and nut-roller interfaces in the 

PRSM, in which the helical angles of the screw, nut 

and rollers were identical, and derived the 

transmission ratio of the PRSM.  

Ryakhovskiy et al. [25] calculated the contact 

positions and axial clearance at the roller/nut 

interface in an inverted PRSM by using the same 

method as Reference [22]. 

Fu et al. [26] proposed a method to calculate both 

the contact positions and axial clearances in an 

idealized PRSM design. The existing researches 

provide a theoretical basis for the modelling and 

analysis of the contact characteristics. 

Besides, Auregan et al. [16–17] developed a 

specific apparatus to reproduce a simplified version 

of the contact features of a PRSM. They performed 

the tests in dry friction conditions, and two damage 

modes were identified for sufficiently low shear 

stresses: abrasion and fatigue.  

Sandu et al. [27] provided detailed information on 

how the shape, size and orientation of the contact 

areas between threads can be obtained. 

Ma et al. [28] investigated the nature of the 

contact with friction between the threaded surfaces in 

a PRSM. 

From the perspective of mechanics, Abevi et al. 

[12] studied the static behaviour of the inverted 

PRSM through 3D finite element method and 

experiment.  

The model described the static behaviour of the 

mechanism under a heavy load and showed the state 

of contacts and the stress zones in-depth. 

Hojjat et al. [29] analysed the capabilities and 

limitations of the PRSM and proved that both large 

leads and extremely small leads could be easily 

obtained in the PRSM. The slip phenomenon was 

also studied regarding the forces acting on the rollers 

during the rotation of the screw. 

Zu et al [30] studied the structural design method 

and load bearing characteristics of the PRSM in 

accordance with the requirements of the load and 

efficiency of aerospace conditions. 

The above references provide useful ideas for 

contact modelling and contact analysis, but the 

elastic-plastic contact characteristics of threaded 

surfaces under high loads are not mentioned.  

Also, the reasonable calculation method of static 

load carrying capacity is not mentioned in former-

mentioned references. 

Accordingly, due to the shortcomings mentioned 

above, current paper investigates the elastic-plastic 

contact characteristics of threaded surfaces and static 

load carrying capacity of PRSM. 

First, modelling of elastic-plastic analysis of 

contact characteristics among threads of the screw, 

roller and nut are implemented. 

Then, a calculation method of static load carrying 

capacity of PRSM based on simplified model of 

static load distribution is derived. 

Finally, the elastic-plastic deformation and stress 

of the contact ellipse of threaded surfaces are 

analysed in detail and the correctness of the 

analytical model presented in this paper is verified by 

FE analysis.  

 

2. Modelling of contact analysis of PRSM 

2.1. Static description of the contact characteristics 

As shown in Figure 1, the principal components of 

a standard PRSM are the screw, nut, rollers, ring 

gears and planetary carriers. 

Screw and nut have threaded profiles with straight 

flanks and multi-start threads. 

 The rollers have single-start threads with convex 

flanks which reduce the friction at the interfaces[2,3]. 
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Figure 1. Structure of the PRSM. 

The gear teeth mesh with the ring gear, which 

allows the roller to run smoothly in the axial direction. 

The planetary carrier is used to lock the flap. 

The power and motion are transmitted through the 

threaded surface contacts of these components. When 

a load is applied to a PRSM, the stress and 

deformation occurs between the contact surfaces, 

which introduces a normal force to the contact 

surface. In order to consider this contact 

characteristics conveniently, series of equivalent balls 

with radius R can be used to replace rollers as the 

profile of rollers are rounded. [3] 

And also it is assumed that the resulting contact 

area is an ellipse whose characteristics can be 

calculated using the Hertz theory. [32]  

For unique loading direction, only one side of the 

thread works because of axial backlash. 

The principal curvature parameters at contact 

point S between screw and roller can be written as 

follows (Figure 2): 




















cos2

cos2
,0

1

2221

1211

Rd

R

C                   

(1) 

Figure 2. Equivalent ball and contact mechanism of the PRSM. 

Similarly, the principal curvature parameters at 

contact point N between nut and roller are as follows. 
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where R denotes the radius of equivalent ball, as 

shown in Figure 2, and can be written as 
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Rd
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(3) 

where    is the contact angle.  )(F  is expressed 

as a function of curvature. 
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where   is the sum of principal curvatures of 

two contact objects. 

In addition, the relationship between the function 

of curvature )(F  and the eccentricity of contact 

ellipse e  can be described as follows [5]: 
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where )(eK  is the complete elliptic integral of the 

first kind and )(eL  is the complete elliptic integral of 

the second kind. 

The dimensionless coefficients am and bm are 

approximated as 
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where abk /  with a  and b being the half 

lengths of the major and minor axis of the elliptical 

contact surface as 

3
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where nF  is the force on the normal direction of 

the interface. 

For a specific solution of )(F , the parameters 

am , bm  and amek /)(2  can be obtained from the 

relevant table given in [3]. 
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 E  is the equivalent Young’s modulus, which can 
be explicitly shown as 

2

2
2

1

2
1 )1()1(2

EEE

 







                   

(9) 

where 1E  and 2E  are the elastic modulus and   

1  and 2  are the Poission’s ratio of two contact 
objects. 

2.2. Contact stress 

When the axial static load is applied to a PRSM, 

the contact stress and the elastic deformation occurs 

between the contact surfaces, which introduces a 

normal force to the contact surface at first. 

If the equivalent stress in the contact area has 

reached the yield stress of the material of a PRSM, 

the plastic deformation begins to occur as the 

external load increases. 

In general, the stress-strain relationship of the 

elastoplastic material follows in the idealized elastic-

plastic model or the linear strain-hardening elastic-

plastic model. 

Above them, the latter is more reasonable for the 

material of the main components of a PRSM than the 

former. 

The stress-strain relationship according to the 

linear strain-hardening elastic-plastic model can be 

written as 
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As shown in Figure 3, the stress distribution over 

the ellipse contact area is semi-elliptical sphere due 

to hertz theory of elastic contact. [32] 

The contact stress distribution of threaded surfaces 

can be written as 

2
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The total normal force nF  on the contact area 

under pressure is equal to 

max
3

2
),(  abdsyxFn  

              

(12) 

The maximum pressure max  in the center of the 

contact area can be calculated as a function of the 

total normal force nF . 
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Figure 3. Elastic contact stress over the ellipse contact area. 

In order to model the perfect plastic behaviour of 

the contact stress corresponding to the linear strain-

hardening elastic-plastic characteristics of the 

contacting materials, we make some simplified 

assumptions in this paper as follows: 

Assumption 1. During the plastic loading, the 

total contact stress of the threaded surface is sum of 

the elastic limit stress   and the additional contact 

stress   due to the hardening effect. 

PEL  

                          

(14) 

Assumption 2. The additional contact stress 

distribution is also semi-elliptical sphere due to hertz 

theory of elastic contact. (Figure 4) 
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Figure 4. Contact stress distribution for elastic-plastic spheres. 

2.3. Contact deformation and normal force 

According to the Hertzian contact theory, the 

elastic contact deformation of the threaded interfaces 

of the PRSM can be expressed as [32]: 

3 2
2
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Due to von Mises yield condition, the maximum 

contact pressure of the elastic limit can be written as 
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k3
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where S  is the yield stress of the material and 

stk  is the constant of the value of 0.3 to 0.35. 

Then, Eq. (16) can be expressed as 

2/3

2/1
2/3

1

)(3

1
E

a
n E

ek

m
F 





























          

(18) 

E
ba

ek

mm
ab 































1

)(

2

                    

(19) 

Substituting Eqs. (17), (18) and (19) into Eq. (13) 

yields the elastic limit stress   and the corresponding 

normal force   as follows: 
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If the stress-strain relationship of the elastoplastic 

material follows in the idealized elastic-plastic model, 

the normal force of the contact area is given as [33] 
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where Pk  is the modulus of the plastic contact 

strain as 
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The additional contact stress occurs at the contact 

interfaces during the plastic loading from the above 

assumptions. 
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where 1PE  and 2PE  are the hardening modulus of 

two contact objects. 

The additional normal force npF  due to the 

hardening effect can be derived as 

  2/3

3

1
ELPPnP EkF  

                 

(25) 

So the additional maximum contact stress can be 

written as 
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where Pa  and Pb  being the half lengths of the 

major and minor axis of the elliptical contact surface 

of the elastic limit. 

According to the linear strain-hardening elastic-

plastic model, the total normal force at the contact 

interface is sum of the normal force 1nF  due to 

idealized elastic-plastic model and the additional 

normal force nPF  due to the hardening effect. 
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3. Static load carrying capacity of PRSM. 

3.1. Simplified model of the static load distribution 

Figure 5 shows the force analysis of PRSM in 

contact with a single mechanism of threads under the 

loads of axial force aF , radial force rF , tangential 

force tF  between the roller and screw. 

Figure 5. Diagram of screw and roller contact force. 

The static load distribution across the thread turns 

can be obtained as follows: 
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where   is the helix angle of the roller thread,   

refers to the number of roller thread turns, Z is the 

roller number, SE  is the equivalent Young’s 
modulus of the screw and roller, NE  is the 

equivalent Young’s modulus of the nut and roller, 
SC  is the screw rigidity, NC  is the nut rigidity, p  is 

the pitch, and F  is the axial load of the PRSM. 
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 SA  and NA  are the effective contact area of the 

screw and the nut, respectively, which can be derived 

as 
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with ND  being the external diameter of the nut. 

3.2. Static load carrying capacity 

The roller screw mechanisms should be selected 

based on the basic static load carrying capacity oaC , 

when they are subjected to continuous or intermittent 

shock loads, while stationary or rotating at very low 

speed for short duration. 

The permissible load is determined by the 

permanent deformation caused by the load acting at 

the contact points. 

The static load carrying capacity oaC  is, according 

to IS0 standards, the purely axially and centrally 

applied static load which creates, by calculation, a 

total permanent deformation equal to 0.0001 of the 

diameter of curvature of the rolling element. 

Considering the static load fluctuation across the 

thread turns to have a uniform distribution that the 

static load carrying capacity oaC  can be derived as 
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4. Analysis and discussion 

4.1. Modelling of FE 

In this paper, the structural parameters of the 

PRSM are taken in Table 1 as an example. 

Table 1 

Structural parameters of the PRSM. 

Structural Parameters Screw Roller Nut 

Nominal radius r 15mm 5mm 25mm 

Flank angle   45°  45° 45° 
Helix angle   6.057°  3.643° 3.643° 

Number of starts n 5 1 5 

Pitch p 2mm 2mm 2mm 

Profile radius of  

roller thread R 
/ 7.071mm / 

According to the structural parameters of the 

PRSM listed in Table 1, the contact thread pairs at 

the screw/roller and roller/nut interfaces are 

developed, as shown in Figure 6. 

(a) 

(b) 
Figure 6. Contact model of (a) screw/roller interface and                   

(b) roller/nut interface. 

Meshing is based on the 4-node Tetrahedron non-

coordinated solid element CPS4I, and the local 

contact area is densified. 

The contact model of the screw thread and roller 

thread has 668,126 elements and 691,058 nodes. 

Similarly, the contact model of the roller thread and 

nut thread has 742,346 elements and 769,258nodes. 

In these numerical models, the material is GCr15, 

whose density is  =7810 3/ mkg  , elastic modulus is 

E=212GPa, and Poisson’s ratio is  =0.29. 

In the FE model, the axial loads and constraints 

are added to the PRSM model in the analysis to 

simulate the movements of the nut with only axial 

displacement, the roller with rotation and axial 

displacement, and the screw with only rotation 

displacement. The nut only has axial displacement 

degrees of freedom, and it has no degrees of freedom 

in other directions. 

The lead screw has a rotational degree of freedom 

around its central axis. 

The roller has rotational and axial displacement 

degrees of freedom and the axial concentrated force 

is defined on the left face of the nut. 
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(a)                                                                                              (b) 

Figure 7. The von Mises stress distribution of (a) screw and (b) nut contact interface. 

4.2. Contact stress and strain analysis of the PRSM. 

When the axial force applied on the contact thread 

pairs is 350N, the von Mises stress distribution across 

the thread turns is shown in Figure 7. 

From the simplified model of the static load 

distribution, the maximum value of contact normal 

force at the screw/roller and roller/nut interfaces is 

about 495.977N. 

As shown in Figure 7, the maximum value of von 

Mises stress at the screw interface is 1711.7MPa and 

the maximum value of von Mises stress at the nut 

interface is 1392.8MPa. 

Therefore, the maximum von Mises stress at the 

screw/roller interface is bigger than the roller/nut 

interface with the same axial load. 

And the FE calculation results of contact 

deformation at the screw/roller and roller/nut 

interfaces are as shown in Figures 8 and 9. 

As shown in Figures 8 and 9, the maximum elastic 

contact strain at the screw/roller interface of the 

PRSM is 5.4355 310 mm/mm and the maximum 

elastic contact strain at the roller/nut interface is 

5.0937 310 mm/mm. 

At this time, the plastic strain occurs at 

screw/roller interface but the plastic strain doesn’t 
occur at roller/nut interface because its maximum 

stress value is less than the yield stress of 1700MPa. 

As shown in Figure 8(b), the maximum contact 

equivalent plastic strain at the screw/roller interface 

is 6.2277 410 mm/mm. 

According to Hooke’s law, the total plastic 
deformation at the screw/roller interface is 

12.4454 410 mm, which is less than 0.0001 of the 

diameter of curvature of the rolling element 

14.1422mm. This means that the designed PRSM 

meets the requirements for the rated static load 

carrying capacity. And then the total contact strain 

can be calculated as sum of the elastic and plastic 

strain at the thread interface with the axial load. 

   

(a)                                                                        (b)                                                                       (c) 

Figure 8. Diagram of (a) elastic and (b) plastic and (c) total contact strain of screw. 

   
(a)                                                                        (b)                                                                        (c) 

Figure 9. Diagram of (a) elastic and (b) plastic and (c) total contact strain of nut. 
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The total contact strain at screw/roller interface is 

5.9572 410 mm/mm and the total contact strain at 

roller/nut interface is 5.0937 310 mm/mm. 

The FE calculation results about the contact 

characteristics of the designed PRSM are consistent 

with analytical results. 

The results also show that the equivalent finite 

element model of the PRSM proposed in this paper is 

reasonable. 

4.3. Comparison of the calculation results. 

4.3.1 Static load carrying capacity of the different 

PRSM. 

The static load carrying capacity of the PRSM can 

be obtained by substituting the screw mechanism 

parameters depending on the various elastic-plastic 

models (EPMs) of its material. 

The calculation results about static load carrying 

capacity of the different roller screw mechanisms, 

which have a screw pitch of 1mm, five-starts thread 

of screw and nut, 10 rollers, are listed in Table 2. 

Table 2 

Static load carrying capacity of the different PRSM. 

PRSM type 

Static load carrying capacity 

Coa, kN 

Idealized EPM 
Linear strain-

hardening EPM 

SRC 15×5 31.604 31.672 

SRC 21×5 65.565 65.705 

SRC 30×5 158.686 159.026 

SRC 39×5 250.444 250.98 

SRC 48×5 451.759 452.727 

As shown in Table 2, the calculation results about 

the static load carrying capacity of PRSM depending 

on various EPMs increase with increasing nominal 

diameter of the screw. 

And the linear strain-hardening EPM is bigger 

than the idealized EPM. 

Figure 10. The relationship between the contact normal force and 

contact deformation due to different EPMs. 

4.3.2 Contact stress and deformation of the PRSM. 

Figure 10 shows the relationship between normal 

force and contact deformation at the screw/roller 

interface of the typed “SRC 30×10” PRSM 
depending on various EPMs of the material. 

As can be seen from Figure 10, the plastic 

component of the linear strain-hardening elastic-

plastic loading curve is a straight line tangent to the 

elastic one in its point of intersection and the linear 

strain-hardening elastic-plastic loading curve is over 

the idealized elastic-plastic loading curve. 

The analytical solutions about the contact stress 

and deformation at the screw/roller interfaces of the 

PRSM due to linear strain-hardening EPM are shown 

in Table 3. 

At this time, the contact normal force 

corresponding to critical elastic deformation is 

413.3N at the screw/roller interface and 729.57N at 

the roller/nut interface. 

The maximum von Mises stress at the contact 

thread interface increases with the increase of the 

contact normal force as shown in Table 3. 

Table 3 

Contact characteristics of the PRSM. 

Contact normal 

force (N) 

Screw/roller interface Nut/roller interface 

Von Mises 

stress(MPa) 

Elastic contact 

deformation(mm) 

Plastic contact 

deformation(mm) 

Von Mises 

stress(MPa) 

Elastic contact 

deformation(mm) 

Plastic contact 

deformation(mm) 

200 1334.7 0.0063 - 1104.3 0.0055 - 

400 1681.6 0.0100 - 1319.4 0.0087 - 

600 1714.1 0.0102 0.0031 1592.7 0.0114 - 

800 1741.9 0.0102 0.0064 1714.2 0.0130 0.0008 

1000 1788.3 0.0102 0.0096 1738.2 0.0130 0.0032 
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Figure 11. The maximum von Mises stress at the contact thread 

interface of a PRSM. 

When the von Mises stress in the contact area has 

reached the yield stress of the material of a PRSM, 

the elastic deformation doesn’t occur anymore and 

the plastic deformation begins to occur as the 

external load increases. The von Mises stress at the 

screw/roller and nut/roller contact interface can be 

changed with the variation of the contact normal 

force as shown in Figure 11. 

Besides, it can be also seen from Figure 11 that 

the contact stress at the screw/roller interface is 

bigger than the roller/nut interface. 

Hence, the contact characteristics of screw/roller 

interfaces are mainly considered in the static design 

calculation of a PRSM and the total contact 

deformation is obtained by summing the elastic and 

plastic deformation. 

Figure 12. Contact deformation at the screw/roller interface with 

different contact normal force 

The diagram of the comparison between the 

analytical solution and numerical solution of FE 

about contact deformation with the variation of the 

contact normal force at the screw/roller interface is 

shown in Figure 12. 

Figure 12 shows that the relative error between the 

two result sets is less than or equal to 5%, and the 

range of the error is acceptable. 

Therefore, the analytical model proposed in this 

paper can be used to study the parametric sensitivity 

of the design. 

5. Conclusions 

(1) The static contact stress and strain in the 

contact area are very important for studying 

the wear, transmission accuracy and 

efficiency of a PRSM. So the contact analysis 

is performed due to linear strain-hardening 

elastic-plastic model and the analytical model 

presented in this paper is verified by the 

comparison of the results between the theory 

model and FE model. 

(2) The static load carrying capacity of a PRSM 

is calculated based on the simplified model of 

static load distribution among screw, rollers 

and nut. The results show that the contact 

stress at the roller/nut interface is far less than 

that of the screw side and the contact stress 

and strain at the screw/roller interface are the 

main contact characteristics in the static 

design calculation of a PRSM. 

(3)  The relative error between the analytical 

solution and numerical solution of FE about 

contact characteristics at the screw/roller 

interfaces are less than or equal to 5%, and 

the range of the error is acceptable. 
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Figures

Figure 1

Structure of the PRSM.

Figure 2



Structure of the PRSM.

Figure 3

Elastic contact stress over the ellipse contact area.

Figure 4

Contact stress distribution for elastic-plastic spheres.



Figure 5

Diagram of screw and roller contact force.



Figure 6

Contact model of (a) screw/roller interface and (b) roller/nut interface.

Figure 7

The von Mises stress distribution of (a) screw and (b) nut contact interface.



Figure 8

Diagram of (a) elastic and (b) plastic and (c) total contact strain of screw.

Figure 9

Diagram of (a) elastic and (b) plastic and (c) total contact strain of nut.

Figure 10



The relationship between the contact normal force and contact deformation due to different EPMs.

Figure 11

The maximum von Mises stress at the contact thread interface of a PRSM.



Figure 12

Contact deformation at the screw/roller interface with different contact normal force


