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Abstract 
  
The O-rings are the very commonly employed solution for creating sealing to prevent the loss of pressurized fluid or gases. 
In the present work the design of an O-ring with outer sided restrain is presented. 
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1. Introduction  
 
The requirement of sealing is a major concern in the fluid 
power systems. The sealing is generally provided by the 
use of O-rings. The O-rings are made up of elastomeric 
materials.  The sealing effect is obtained by the axial or 
radial compression of O-rings [1]–[7]. There are many 
designs of O-ring available for different applications. In the 
present work the design of an O-ring with inner sided 
restrain is presented. 

2. Design of Axially Outer-Sided Restrained O-Ring 

 
The arrangement for the axial outer-sided restrained 
compression is depicted in figure 1.  The groove’s nominal 
outside diameter (mm) is denoted by OD where Bptol and 
Bntol represent the positive and negative tolerances and 
ID represents the nominal inner diameter (mm) with 
positive and negative tolerances as Gptol and Gntol. The 
groove width (mm) and depth (mm) has been represented 
by ‘W’ and ‘H’ respectively while the clearance between 
the sealing faces (mm) is represented by ‘C’. The design 
and analysis of the O-ring has been divided into two 
categories: (i) Unlubricated Condition and (ii) Lubricated 
Condition depending on whether lubrication was provided 
to the O-ring prior to its installation within the groove 
assembly. 

3. Unlubricated Condition 
 

The unlubricated condition pertains to the installation of 
the O-ring inside the assembly without lubrication being 
provided to its surface. For static applications, where the 
movement between the sealing faces and the O-ring 
surface is negligible, unlubricated O-rings do not drastically 
affect the life of the O-ring. 
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The cross-sectional diameter plays a crucial role upon the 
sealing ability of the O-ring. Too small a cross-section 
makes the O-ring prone to twisting under load leading to 
leakage while increased cross-section increase the 
manufacturing costs as well. 
 

 
 
 

Fig. 1 Axially outer-sided restrained O-ring assembly 
 
 

In order to optimize the above situation, the handbooks on 
O-rings provides a range depending upon the range of 
compression ratio to which the O-ring will be subjected 
taking into due consideration the various tolerances 
involved. 

The minimum diameter (dmin) of the O-ring is decided 
based on the ratio of groove width to expected minimum 
compression and the maximum diameter (dmax) decided 
based on the ratio of groove depth (H) to maximum 
compression. In addition, the clearance and the tolerance 
are incorporated in estimating the diameter range of the 
O-ring. The (dmin) and (dmax) of the O-ring is given by 
equations (1) and (2) respectively. Where; ‘CSptol’ is the 
positive tolerance on O-ring cross section (mm), ‘CSntol’ is 
the negative tolerance on O-ring cross section (mm), ‘C’ is 
the clearance (mm), Cmin and Cmax is the minimum and 
maximum compression of the O-ring.  
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𝑑𝑚𝑖𝑛 =  
𝐻

1− 𝐶𝑚𝑖𝑛
+ 𝐶𝑆𝑛𝑡𝑜𝑙 + 𝐶       (1) 

𝑑𝑚𝑎𝑥 =  
𝐻

1− 𝐶𝑚𝑎𝑥
+ 𝐶𝑆𝑝𝑡𝑜𝑙 + 𝐶       (2) 

 
The inner diameter (ID) of O-ring should be equal to the 
groove inner diameter. However, the O-ring should be 
stretched 1 – 5% for proper sealing. By including the 
tolerances of the groove, the range of ID is estimated form 
the equation (3) and (4). Where Gntol is the negative 
tolerance on OD (mm) and IDN is the negative tolerance on 
O-ring bore (mm).  
 

( ) IDN.GntolGdID +−= 9501         (3) 

( ) IDN.GntolGdID +−= 9902          (4) 

 
Groove Width (GW): The groove width has been 
calculated taking into consideration the groove depth, the 
cross-sectional diameter of the O-ring and the inner 
diameter of the O-ring taking into consideration that the 
volume of the O-ring should be between 65 to 85 percent 
of the groove volume. This allows a range for the groove 
width using Eq. (5) and (6).  
 

𝐺𝑟𝑜𝑜𝑣𝑒𝑤𝑖𝑑𝑡ℎ1 =  
1

0.65
(

𝜋2𝑑2(𝐼𝐷+2𝑑)

4(π(
𝑂𝐷

2
− 

𝐼𝐷

2
)∗H)

) − 𝐺𝑛𝑡𝑜𝑙  (5) 

𝐺𝑟𝑜𝑜𝑣𝑒𝑤𝑖𝑑𝑡ℎ2 =  
1

0.80
(

𝜋2𝑑2(𝐼𝐷+2𝑑)

4((π (
𝑂𝐷

2
− 

𝐼𝐷

2
)∗H)

) + 𝐵𝑝𝑡𝑜𝑙  (6) 

 
Young’s Modulus (E): Two approaches have been 
suggested for the calculation of Young’s Modulus: (i) Using 
Hardness and (ii) Using Stress-Strain values. 

Using Hardness: The estimation for Young’s Modulus has 

been formulated using the value of hardness as a 

parameter using the empirical relation proposed: 

 

𝐸 = 0.256 ∗ 𝑒0.047∗(ℎ𝑎𝑟𝑑𝑛𝑒𝑠𝑠−ℎ𝑎𝑟𝑑𝑡𝑜𝑙)     (7) 

𝐸 = 0.256 ∗ 𝑒0.047∗(ℎ𝑎𝑟𝑑𝑛𝑒𝑠𝑠+ℎ𝑎𝑟𝑑𝑡𝑜𝑙)     (8) 

Using stress and strain values: The Mooney-Rivlin model 

has been used, it uses a linear combination of two 

invariants of the Cauchy-Green deformation tensor in the 

definition of the stress energy density function (W) which 

is defined as follows: 
 

𝑓 =  2 (𝐶2 + 𝐶1𝜆) (𝜆 −  
1

𝜆2)        (9) 

 
Where ‘f’ denotes the Cauchy stress and 𝐶2 𝑎𝑛𝑑 𝐶1 are 
material constants. The preference of Mooney-Rivlin 
model over other models is because it is considered to be 
the best method for the calculation of Young’s Modulus. 
 
Percentage Stretch Range: A limit has been imposed for 
the stretch of the O-ring for its satisfactory performance. 
The minimum (Sremin) and maximum (Sremax) stretch is 
denoted by one minus the ratio of inner diameter of the O-

ring to the nominal inner diameter of the groove with its 
tolerance.   

( )









−
−=

GptolGd

ID
Sre 1100min       (10) 

( )









+
−=

GntolGd

ID
Sre 1100max       (11) 

 
Groove Height: Groove height is the sum of the groove 
depth value and clearance and is given by equation (12). 
 

ClcDepthGrooveh +=         (12) 
 
Initial stress after installation of O-ring inside the 
assembly: The inner diameter of the O-ring being smaller 
than that of the groove results in the generation of an 
initial stretch on the O-ring while installation. If no 
compressive load is acting upon the ring, the shape of the 
O-ring has been shown in the figure 2 where the dashed 
circle represents the initial shape of the O-ring: 

 
Fig. 2 O-ring deformed shape for one-sided restraint 

Where b represents the contact width generated on the 
lateral wall as a result of initial stretch. 

Denoting the initial stretch by δ, the value of the initial 
stress (σ) is estimated by the following: 

 
𝜎𝑖𝑛𝑖𝑡𝑖𝑎𝑙 = 𝐸 ∗ 𝛿           (13) 
         
The load per unit length acting on the O-ring is evaluated 
as: 
 
𝐿

𝑑𝐸
= 1.25𝛿1.5 + 50 𝛿6         (14) 

        
The contact width (b), therefore, as a function of the 
compressive load is calculated using equation (15). 
 

 𝑏 =  √
6𝐿𝑑

𝜋𝐸
             (15) 

 

As can be seen in Figure 2, the shape of the O-ring changes 
to an elliptical shape. This can be divided into the 
deformed shape into two parts: (i) The left part is a semi-
circle having a radius of (r + b/2) while the righthand side 
can be divided into three parts: a rectangle of area (b*x) 
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and two quarter ellipses having half axes y and x. This leads 
to the following: 
 
𝜋𝑑2

2
= 𝑏 ∗ 𝑥 + 2 ∗ (2𝜋𝑥𝑦) +  𝜋 (𝑦 +  

𝑏

2
)

2

     (16) 

d− (𝑦 +
𝑏

2
+ 𝑥) =  𝛿         (17) 

 
Solving equation (16) and (17) while taking into 
consideration equation (15) yields the value of x and y 
respectively. 
 
Compression in x and y direction: The O-ring is being 
restrained during compression by one lateral wall of the 
groove resulting in deformation along the surfaces of the 
wall. In order to account for this, the compression imposed 
on the O-ring needs to be normalized taking into due 
consideration the restraining effects of the lateral walls. 

A parameter known as 𝛿𝑥𝑦 is defined which is known as 

the equivalent squeeze in the x direction associated in part 
due to the force directly applied in the x-direction and in 
part due to the constraint imposed by the walls which are 
perpendicular to the x direction i.e. in y direction, which is 
shown in figure 3. Alternately, for restrained axial loading, 
δyx is the equivalent normalized squeeze on the groove 
walls perpendicular to the top/bottom compressive 
surfaces as shown. 

 
(a) δxy  

 
(b) δyx 

 

Figure 3: Compressive load applied on O-ring 

By definition δyx is estimated as a ratio of difference 
between (i) a virtual deformed O-ring diameter along the 
y-axis caused by the compression (δxy); (ii) the deformed O-
ring thickness, h. The denominator is the un-deformed O-
ring diameter, ‘(2y + b)’. Hence, 
 

𝛿𝑦𝑥 =  
(2𝑦+𝑏)𝑓(𝛿𝑥𝑦)−ℎ

(2𝑦+𝑏)
=   𝑓(𝛿𝑥𝑦) −

ℎ

(2𝑦+𝑏)
          (18) 

Where; 

( ) 215.1415.01 yxyxf  ++=    (19) 

  
Applying similar reasoning in the perpendicular x-
direction, and using the groove width, (as the O-ring 
thickness), gives the equivalent squeeze 
 

𝛿𝑦𝑥 =  
(𝑦+

𝑏

2+𝑥)𝑓(𝛿𝑥𝑦)−𝐺𝑟𝑜𝑜𝑣𝑒 𝑊𝑖𝑑𝑡ℎ

(𝑦+
𝑏

2
+𝑥)

=  𝑓(𝛿𝑥𝑦) −

𝐺𝑟𝑜𝑜𝑣𝑒 𝑊𝑖𝑑𝑡ℎ

(𝑦+
𝑏

2
+𝑥)

             (20) 

 
Equations (18) and (20) are solved by iterations. 
 
Squeeze after loading: The effective squeeze induced 
upon the O-ring is calculated from the product of 
deformation (δxy) and O-ring diameter (d). The formulation 
is given in equation (21). 
 
𝑠𝑞𝑢𝑒𝑒𝑧𝑒 =  𝛿𝑦𝑥 ∗ (2𝑦 + 𝑏)        (21) 

 
Load per unit length: The compression load on the O-ring 
will result in further deformation of the O-ring as a result 
the compressive load per unit length acting on the O-ring 
in the y-direction is given by: 
 

𝐿𝑦

(2𝑦+𝑏)𝐸
= 1.25𝛿𝑦𝑥

1.5 + 50 𝛿𝑦𝑥
6                                        (22) 

          
Similarly, the compressive load acting along the x-direction 
is estimated as: 
 

𝐿𝑥

(𝑦+
𝑏

2
+𝑥)𝐸

= 1.25𝛿𝑥𝑦
1.5 + 50 𝛿𝑥𝑦

6                                      (23) 

 
Contact Width: The contact width generated between the 
O-ring and the groove top and bottom surfaces is given by 
the following expression: 

 

𝐶𝑜𝑛𝑡𝑎𝑐𝑡 𝑊𝑖𝑑𝑡ℎ =      √
6𝐿𝑦(2𝑦+𝑏)

𝜋𝐸
                                   (24) 

 
Where Ly is the load per unit length multiplied by the 
deformed chord diameter divided by the Young’s Modulus. 
         Similarly, the contact width generated over the one 
restrained lateral wall us given by equation (25). 
 

𝐶𝑜𝑛𝑡𝑎𝑐𝑡 𝑇𝑟𝑎𝑛𝑠 =    √6𝐿𝑥(𝑦+
𝑏

2
+𝑥)

𝜋𝐸
                    (25) 
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Total compressive Force: After evaluating the load per unit 
length, the total compressive force exerted by the O-ring 
will be the product of the load per unit length times the 
circumference of the O-ring i.e. (π*D). 
 
𝐶𝑜𝑚𝑝_𝐹𝑜𝑟𝑐𝑒 =  𝜋 ∗ 𝐿 ∗ 𝐷                                                (26) 
 
Contact Stress: The stress generated will be distributed 
over the contact width with its peak at the center and zero 
just after the edges. Therefore, we need to estimate the 
value of average stress exerted by the O-ring which is a 
function of the normalized compression times the Young's 
Modulus of the material. 
 
𝑀𝑎𝑥𝐶𝑜𝑛𝑡𝑆𝑡𝑟𝑒𝑠𝑠 =              (27) 

𝑀𝑎𝑥𝐶𝑜𝑛𝑡𝑆𝑡𝑟𝑒𝑠𝑠𝐿𝑎𝑡 = (
4𝐿𝑥

𝜋 (𝐶𝑜𝑛𝑡𝑎𝑐𝑡 𝑇𝑟𝑎𝑛𝑠)
)                        (28) 

 
The stress generated will be distributed over the contact 
width with its maximum at the center of the contact width. 
The stress generated will be a function of the normalized 
compression estimated using the least square method. 
The distribution of the stress is evaluated as follows: 
 

𝑃(𝑥) = 𝑃0√1 −  (
2𝑥

𝑐
)

2

                                                  (29) 

 
Where x represents the distance from the center of the 
contact width; c represents the contact width and P0 

represents the maximum stress. 
   The internal fluid sealed by the O-ring will exert pressure 
on the O-ring, thereby, deforming it further. This 
consequent deformation will result in increased contact 
pressure generation by the O-ring. This stress is known as 
hydro-stress and is expressed as the ratio of the Poisson’s 
ratio divided by one minus the Poisson’s ratio times the 
fluid pressure. 
 
𝐻𝑦𝑑𝑟𝑜𝑠𝑡𝑟𝑒𝑠𝑠 =  𝜐 ∗ 𝑃1                                           (30) 
 
Therefore, the maximum stress developed by the O-ring 
becomes: 

𝑀𝑎𝑥𝐶𝑜𝑛𝑡𝑆𝑡𝑟𝑒𝑠𝑠(𝑀𝑃𝑎) =
4𝐿𝑦

𝜋(𝑐𝑜𝑛𝑡𝑎𝑐𝑡 𝑤𝑖𝑑𝑡ℎ)
 + 𝜐 ∗ 𝑃1 (31) 

 
 𝑀𝑎𝑥𝐶𝑜𝑛𝑡𝑆𝑡𝑟𝑒𝑠𝑠𝐿𝑎𝑡(𝑀𝑃𝑎) = 𝜎𝑖𝑛𝑖𝑡𝑖𝑎𝑙 +

 (
4𝐿𝑥

𝜋 (𝐶𝑜𝑛𝑡𝑎𝑐𝑡 𝑇𝑟𝑎𝑛𝑠)
) +  𝜐 ∗ 𝑃1              (32) 

 
4. Lubricated Condition 
 

Lubrication is provided to the O-ring in order to increase 
the life of the O-ring and reduce the chances of the O-ring 
from wearing out in any case. But the lubrication provided 
to the O-ring will result in the increase of the cross-section 
diameter of the O-ring resulting from permeation of the 
fluid from the O-ring material. This increased diameter is 
denoted by d1 and is dependent on Sw, the percent of swell 
of the O-ring. 
 

 𝑑1 = 𝑑√1 + 0.01𝑆𝑤                                              (33) 

We proceed with the discussion of the parameters which 
change as a result of the increase in the cross-sectional 
radius. 
 
Squeeze for lubricated O-ring after compression 
 
Similar to earlier case of unlubricated condition, the 
compressed shape of the O-ring as calculated using Eq. (16) 
and (17) will change with the increase in the O-ring cross-
section diameter and therefore, becomes: 
 
𝜋𝑑1

2

2
= 𝑏 ∗ 𝑥 + 2 ∗ (2𝜋𝑥𝑦) +  𝜋 (𝑦 +  

𝑏

2
)

2

                                (34) 

𝑑1 −  (𝑦 +
𝑏

2
+ 𝑥) =  𝛿                                                            (35) 

            
The normalized squeeze into the O-ring can be calculated 
as: 
 
𝑠𝑞𝑢𝑒𝑒𝑧𝑒 =  𝛿𝑦𝑥 ∗ (2𝑦 + 𝑏)                                                (36) 

 
Thereafter, as was the case with unlubricated axially 
loaded O-rings, the steps involved are quite similar to 
those for the case with lubricated O-rings. 
 
Conclusion 
 
In the present work, the design of a one-sided restraint O-
ring with axial loading where the groove dimensions, 
hardness, fluid pressure, etc. were provided as inputs was 
carried out. The O-ring dimensions, contact width, contact 
stress, peak contact stress and hydro-stress were 
determined.  
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