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Abstract: Outer shell is important structural element of one-way clutch and its stress-strain state was not researched enough before. 
Stresses and strains distribution in the eccentric one-way clutch outer shell is researched using computer simulation and finite-elements 
method calculation. Effect areas and change character of stresses and strains in the non-friction eccentric one-way clutch outer shell are 
determined. 
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1. Introduction 
One-way clutch is one of the important units used in machine 

and technological equipment transmissions. Issue of particular 
assemblies’ stressed condition analysis remains actual due to big 
variety of its design schemes, notwithstanding numerous researches 
of one-way clutch strength and load characteristics [1-7]. 

Structural model of outer shell (Fig. 1) can be represented as a 
short thin-walled cylindrical cover (ring), which is free at one edge 
and conjugated with thin ring plate, transforming into a thick-walled 
cylindrical cover (hub) at the other edge. A key slot is performed on 
a hub to transmit load from the hub to mechanical drive elements. 
Also there are other design solutions as girth gear, spline or profiled 
connection. 

Stress-strain state of eccentric one-way clutch outer shell is 
determined by complex of geometrical parameters [8] (Fig. 1 and 
Fig. 3): D  – inner diameter of the outer shell; 0β  – engagement 

angle area; Dh1  – ratio of cover thickness 1h  to the inner 

diameter of the shell D ; Dh2  – ratio of plate thickness 1h  to the 

diameter D ; Dl  – ratio of cover length l  to the diameter D ; 

ll1  – ratio of engagement area length 1l  to cover length l ; 

DDh  – ratio of hub outer diameter hD to the shell diameter D ; 

Ddh  – ratio of hub inner diameter hd  to the shell diameter D .  

 
 

Fig.1 Structural model of the outer shell. 

According to design experience [9] aforementioned parameters 
should be appointed within the following limits: D =40-240 mm; 

0β =50-90°; Dh1 =0,06-0,14; Dh2 =0,04-0,12; Dl =0,20-

0,50; ll1 =0,50-1,0; 12 hh =0,65-0,85; DDh =0,35-0,55; 

Ddh =0,55-0,75. 
Outer shell incurs action of normal and tangential forces acting 

on its inner working surface while the mechanism operates. Outer 
shell is in volume-stressed state under the influence of these forces. 

 
Significant number of cylindrical shells stress state calculation 

methods has been reviewed in modern scientific and technical 
literature. However, the proposed methods are pretty cumbersome 
and not suitable enough for practical use and generally can be 
applied in the simplest cases of loading shells. 

The most precise stress-strain state research of such details as 
outer shell can be accomplished using by the finite-elements 
method (MFE). 

2. Computer experiment  
Implementation of the finite-elements method was performed 

using software packages T-FLEX CAD 11 designed to solve 
problems of engineering design and constructing within CAD/CAE 
methodology [10].  

At the first stage of the research three-dimensional outer shell 
solid model was created within CAD design methodology using by 
software package T-FLEX CAD 11 (Fig. 1).  

At the second stage engineering analysis within CAE 
methodology was conducted using by T-FLEX CAD 11 Analysis 
software package. Created an outer shell solid model was integrated 
into the T-FLEX CAD 11 Analysis software environment, wherein 
finite element mesh (Fig. 2) was created based on the geometric 
model.  

The geometric model is a pattern of constant volumes, which 
allows to create a regular finite element mesh and to apply three-
dimensional element of eight units’ volume stress-strain state as a 
finite element, which allows to approximate calculation model more 
precisely and provides the best economic figures in terms of time 
saving.  

 
 

Fig.2 Finite-elements model of the outer shell. 

Since the forces are easily determinable at initial stage of 
research, interfacial conditions of outer shell and eccentric rings 
working surfaces’ interaction were set in loads. Uniformly 
distributed normal and tangential loads act on the inner working 
surface of outer shell from the eccentric rings while the mechanism 
operates. Outer shell is in volume stress-strain state under the 
influence of these loads.  
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Fig.3 Design model of the outer shell. 

Simulation of force interaction of outer shell and eccentric rings 
working surfaces was achieved by using a combination of force 
factors – normal nq  and tangential τq  loads. 

Normal and tangential loads (Fig. 3) were determined by the 
following formulas: 

β
=

S
Fq n

n  and 
β

τ
τ = S

Fq , 

wherein nF  – normal force; τF  – tangential force; βS  – square of 

outer shell engagement area, which is determined by the angle 0β . 
Normal and tangential forces were determined by the following 

formulas: 
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wherein T  – torque transmitted by eccentric one-way clutch; z  – 
number of eccentric rings, z =2; d  – diameter of eccentric, 

Dd 62,0= ; α  – jamming angle, α =11°30'; λ  – pressure angle, 
λ =14°; Wd  – pitch circle diameter, DdW ≈ . 

Value of the transmitted load is set according to durability of 
ratchet’s teeth limited by assumed bearing failure stress within 

][σ =10-20 MPa. 
Interfacial conditions of outer shell working surfaces’ 

interaction with drive elements are set in dispacements. Distributed 
movable support AB  was set on inner cylindrical surface of the 
hub and distributed fixed support CD  was set on the surfaces of a 
key slot (Fig. 3). 

According to the distortion hypothesis (The von Mises yield 
criterion [11]) equivalent stress eσ  and radial strain Rδ  of outer 
shell were accepted as researched factors during the computational 
experiment. Geometric parameters of the outer shell and a value of 
the transmitted load were accepted as independent factors.  

Researches were conducted for an outer shell with following 
geometrical parameters: the inner diameter of the shell D =140 
mm; the relative thickness of the cover Dh1 =0,10; the relative 

thickness of the plate Dh2 =0,08; the relative length of the cover 

Dl =0,35; the relative length of the engagement area ll1 =0,70; 

total shell length L =114 mm; engagement area angles 0β =50, 70 

и 90º; outer and inner hub diameters hD =90 mm and hd =60 mm 
correspondingly. 

Material of calculated model is ball bearing steel 100Cr6 
(elasticity modulus of the material E =2,11·105 MPa, Poisson's 
ratio ν =0,3). Value of torque transmitted by eccentric non-friction 
one-way clutch is T =700 N·m. 

The results of research are presented as graphs which obtained 
by using a cubic spline interpolation of data (operator «cspline» of 
MathCAD14 package). 

3. Stress distribution in the outer shell 
Analysis of the equivalent stress distribution along the length of 

the outer shell L  for different angles 0β  (Fig. 4) shows that the 
greatest stresses arise at the free edge of the cylindrical cover 
( eσ =60-82 MPa) and in areas of plate conjugation with the cover 

and with the hub ( eσ =105-124 MPa). Character of stress changes 

is similar for all values of the angle 0β .  

 

Fig. 4 Stress distribution in the axial section of the outer shell. 

In the first case, the greatest stresses arise in the areas of load 
application on the inner cylindrical surface of the outer shell from 
the eccentric rings. 

In the first case, the maximum stress occurs due to an increase 
of the applied load action arm and as a result due to increase the 
bending moment. This corresponds to the calculated scheme - one 
end of the cylindrical cover is free, the other is fixed (conjugated 
with a cylindrical plate). 

In the second case coverage area of maximum stress is 
determined by loading conditions of plate which is exposed action 
of bending moment unequally distributed over its outer edge, 
because of radial strains of cylindrical cover caused by normal 
loads. 

Because of the cover torsion caused by tangential loads, the 
plate is additionally exposed action of torque unequally distributed 
on its plane. 

Due to action of these force factors plate is in complex stress 
state, characterized by the combined action of both normal and 
tangential stresses. 

There is a decrease of stresses which have a value of about 15-
19 MPa along the length of the hub. 

Analysis of the equivalent stress distribution in the radial 
section of an outer shell depending on the polar angle ϕ  (Fig. 5) 
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shows that the maximum stresses ( eσ =105-124 MPa) arise at an 
angle ϕ =180 º. 

 

Fig. 5 Stress distribution in the radial section of the outer shell. 

In the rest areas stresses are considerably smaller and vary 
within the limits ( eσ =12-58 MPa). This is explained by the scheme 
of cylindrical cover loading from the eccentric rings of variable 
length. When ϕ =180º their engagement occurs closer to the free 
edge of the cover, when ϕ =0º – closer to its fastened edge. 

Selected section corresponds to the area of maximum stresses at 
the place of plate conjugation to the hub. It should be noted that 
when the angle 0β  is changing within the range of 50-90º 
equivalent stresses are reducing in 1,18-1,36 times due to increase 
of the load application area. 

4. Strain distribution in the outer shell 
Analysis of the radial strain distribution along the length of the 

outer shell for different angles 0β  (Fig. 6) shows that the greatest 

strains ( Rδ =72-101 microns) arise on the free edge of cylindrical 
cover. 

 

Fig.6 Strain distribution in the axial section of the outer shell. 

Then they are gradually decreasing along the length of 
cylindrical cover to the value ( Rδ =27-39 microns) and almost to 
zero in the area of the hub. Character of strain change is similar for 
all angle 0β  values. 

Such strain change character is explained by decreasing of load 
application arm along the length of the cylindrical cover from free 
edge to confirmative plate and as result by decreasing of bending 
moment value. Strain value is decreasing along the length of the 
cylindrical cover in 2,58-2,90 times in dependence close to linear. 

When the angle 0β  is changing within limits of 50-90º, radial 
strain is decreasing in 1,33-1,44 times due to increase of load 
application area.  

Analysis of the strain distribution in the radial section of outer 
shell depending on polar angle (Fig. 7) shows that outer shell has a 
radial strain ( Rδ =72-101 microns) for the angle ϕ =180º in 4,8-6,0 

times bigger than for angle ϕ =0º ( Rδ =12-21 microns).  
Negative values correspond to the strain of the cylindrical cover 

towards the center thereof. 

 

Fig.7 Strain distribution in the radial section of the outer shell. 

5. Conclusion 
Extreme stress and strain coverage areas in non-friction 

eccentric one-way clutch outer shell and its influence on 
engagement area angle values were determined by numerical 
calculations in the program T-FLEX CAD 11. 

It was found that the stresses arising in the outer shell have 
quite small value about eσ =105-124 MPa. 

However, in some cases, such as eccentric one-way clutch 
working in high-speed machine drives, failure of outer shell occurs 
as result of its fatigue failure under stresses significantly less than 
that is assumed. 

It was found that the outer shell is not strained symmetrically 
relative to a vertical axis, as it assumed before, but it has radial 
strain in 4,8-6,0 times bigger in engagement area located closer to 
the edge of the cylindrical cover. 
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