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Sealux – Oring 

 
General Overview 

For several years, we have developed strong expertise in the design and development 

of O-rings. This rubber component is an efficient and cost-effective sealing element for 

many applications. 

Our O-rings are manufactured in accordance with standards such as AS568, BS 1806, 

and BS ISO 3601-1, as well as in custom designs. Thanks to our extensive stock and 

wide range of tooling, we are able to supply a large number of O-rings within very short 

lead times. 

For more specific requirements, we are also able to provide custom-made O-rings or 

molded parts. 

Operating Principle of the O-Ring 

The O-ring is installed in a groove with a depth smaller than the cross-section of 

the O-ring in order to create an initial compression. The deformation of the 

elastomer generates a force, due to its elasticity, against the groove walls, 

thereby ensuring fluid sealing at low pressure. O-rings are used in two types of 

applications: static applications and dynamic applications, which are more 

demanding.  
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In general, for static applications, an initial compression rate of 15 to 30% is 

recommended, whereas for dynamic applications (hydraulic, pneumatic) it 

typically ranges from 6 to 20%. As the groove depth is determined by this 

compression rate, the groove width must be adapted to accommodate the 

elliptical shape of the O-ring after compression and to allow the fluid to enter the 

groove so that uniform pressure can be applied to the O-ring. The main effect to 

be avoided is overfilling of the groove. It is therefore commonly accepted that a 

groove fill of less than 85% is optimal, leaving sufficient space to accommodate 

thermal expansion or swelling caused by contact with the medium. 

 

 
The table below summarizes some groove dimensions for static and dynamic 

applications. 
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Below is the table showing standard compression values according to O-ring 

cross-sections: 

 
 

 

Static Application (flange 

groove) 

Dynamic Application 

(Hydraulic) 

O-ring 

cross-

section 

Groove 

depth 

Groove 
width 
(without 
BAE) 

O-ring 

cross-

section 

Grooce 

depth 

Groove 
width 
(without 
BAE) 

1.5 1.15 2.1 1.5 1.3 2.1 

1.78 1.4 2.4 1.78 1.55 2.4 

2 1.65 2.8 2 1.75 2.8 

2.4 1.75 3.2 2.4 2.05 3.2 

2.5 2.05 3.3 2.5 2.2 3.3 

2.62 2.2 3.6 2.62 2.35 3.6 

3 2.3 4.1 3 2.6 4.1 

3.5 2.9 4.8 3.5 3.15 4.8 

3.53 2.9 4.8 3.5 3.15 4.8 

4 3.4 4.8 4 3.5 4.8 

4.5 3.8 6 4.5 4 5.9 

5 4.2 6.7 5 4.5 6.5 

5.33 4.4 7.1 5.33 4.7 7.1 

5.7 4.45 7.6 5.7 5.05 7.6 

6 5.1 7.9 6 5.4 7.9 

6.99 6 9.4 6.99 6.3 9.5 

8 6.8 10.6 8 7.15 10.8 

http://www.sealuxsa.eu/
mailto:info@sealuxsa.eu


Rue de Lonnoux, 3 

6880 Bertrix 

+32 (0) 61 41 50 52 

www.sealuxsa.eu 

info@sealuxsa.eu 

4 

 

 

 

8.4 6.65 11 8.4 7.6 11.2 

9 7.6 12.1 9 8.1 12.4 

10 8.5 13.3 10 9 13.9 

 
 

 
Groove top radius : 0.3mm (tore < 3mm), 0.6mm (3mm ≤ tore < 5.5mm), 1mm ( 5.5mm ≤ tore)  

Groove top radius : 0.2mm 

 
 
 
 
 
 
 
 
 

 

Selection of O-Ring Diameter 
Static application 

 
For installations with internal pressure, an O-ring with an outside diameter equal 

to or slightly larger (0 to 3%) than the groove diameter should be selected, so 

that the O-ring is slightly compressed on its diameter. 

For installations with external pressure, an O-ring with an inside diameter equal 

to or slightly smaller (0 to 3%) than the groove diameter should be selected, so 

that the O-ring is slightly stretched. For a given inside diameter, increasing the 

cross-section results in longer seal service life, improved resistance to twisting, 

and reduced sensitivity to tolerances during tightening. The table below shows 

indicative limits of inside diameter as a function of standard O-ring cross-

sections. 

O-ring 
cross-
section 
(mm) 

1.87 2.62 3.53 5.33 6.99 

Inside 
diameter 

(mm) 

<20 <40 <200 <400 >400 
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Dynamic application 

 
 

 
For use of the O-ring as a piston seal, an O-ring with an inside diameter slightly 

smaller (1–6%) than the inside diameter of the groove on the rod should be 

selected, so that the O-ring is installed under slight tension. 

 
 

 
For use of the O-ring as a rod seal, an O-ring with an outside diameter slightly 

larger (1–3%) than the outside diameter of the groove should be selected, so 

that the O-ring is installed under slight compression. 
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High-pressure application 
When the pressure is too high, the seal may be damaged by it (extrusion 

phenomenon) and no longer perform its sealing function. To prevent this issue, 

two solutions can be considered. First, the hardness of the O-ring, which is 

generally 70 Shore A, can be increased to 90 Shore A (recommended when the 

pressure exceeds 63 bar). Second, one or two anti-extrusion back-up rings 

(BAE) with a higher hardness than the O-ring can be installed. These rings, 

generally made of PTFE or PEEK, have very precise dimensions and act as a 

barrier between the O-ring and the mechanical gap/clearance. They are strongly 

recommended when the pressure exceeds 100 bar (up to 400 bar).  
 

O-ring cross-section (mm) Back-up ring thickness (mm) 

1.87 1.5 

2.62 1.5 

3.53 1.5 

5.33 1.8 

6.99 2.6 
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O-ring 
cross-
section 
(mm) 

< 2 2 -> 3 3 -> 5 5 -> 7 ➢ 7 

O-ring hardness 70 shore A 

Pressure 

(bar) 

Mechanical clearance (mm) 

≤ 35 0.08 0.09 0.1 0.13 0.15 

≤ 70 0.05 0.07 0.08 0.09 0.1 

≤ 100 0.03 0.04 0.05 0.07 0.08 

O-ring hardness 90 shore A 

http://www.sealuxsa.eu/
mailto:info@sealuxsa.eu


Rue de Lonnoux, 3 

6880 Bertrix 

+32 (0) 61 41 50 52 

www.sealuxsa.eu 

info@sealuxsa.eu 

8 

 

 

 

Pressure 

(bar) 

Mechanical clearance (mm) 

≤ 35 0.13 0.15 0.2 0.23 0.25 

≤ 70 0.1 0.13 0.15 0.18 0.2 

≤ 100 0.07 0.09 0.1 0.13 0.15 

≤ 140 0.05 0.07 0.08 0.09 0.1 

≤ 175 0.04 0.06 0.07 0.08 0.09 

≤ 210 0.03 0.04 0.05 0.07 0.08 

≤ 350 0.020 0.03 0.03 0.04 0.04 

 

Elastomers 
Below is a non-exhaustive list of the different elastomers available. Each material 

has its own specific characteristics (temperature resistance, chemical resistance, 

mechanical properties).  

Temperature : 

Three types of temperature limits must be considered when selecting the 

material: 

 

Minimum temperature : 

The temperature at which the elastomer loses its elasticity and mechanical 

properties (tensile strength, etc.), known as the glass transition temperature. 

This process is reversible if the temperature increases again. 
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Maximum temperature : 

The temperature at which the elastomer breaks 

down or cracks if it is exposed for too long. This 

process is irreversible. 

 

 
Peak temperature : 

The maximum temperature to which an elastomer can be exposed for a short 

period without being damaged and while retaining its physical properties. 

 
Important note: Exposure temperature limits depend on the type of medium 

(air, water, oil, etc.). 
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 : 
 

In addition to temperature, the chemical 
compatibility of the elastomer must be 
considered when selecting materials. 
Chemical incompatibility can lead to two 
types of changes in the seal. First, physical 
changes, causing the seal to swell or shrink 
and thus no longer be able to perform its 

sealing function—either because it is mechanically damaged by its housing (for 
example, cracking due to over-compression) as a result of swelling, or because 
it no longer provides sufficient pressure against the sealing surfaces due to 
shrinkage. Second, chemical changes in the elastomer’s structure itself (for 
example, the breaking of covalent bonds between polymer chains) can cause 
the elastomer to become rigid or brittle, lead to the appearance of cracks, and 
result in a loss of elasticity. 
 

 

 
To ensure optimal sealing performance, the correct material must be selected 

based on elastomer chemical compatibility charts (see below). 
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Other phenomena likely to damage the O-ring 

Rapid gas decompression : 

The extrusion phenomenon illustrated above is not the only 

pressure-related mechanism that can damage a seal. When 

pressure decreases rapidly, a significant pressure 

differential is created between the gas contained inside the 

seal (due to gas diffusion into the seal / permeability) and 

the pressure outside the seal (ambient pressure). This 

pressure differential causes the gas trapped inside the seal 

to expand rapidly out of the O-ring. If the physical strength 

of the seal is not sufficient to withstand this rapid expansion, cracks and/or 

blisters may appear in the O-ring. The severity of this phenomenon is 

influenced by the type of elastomer (permeability), the magnitude of 

decompression, the type of gas, temperature, and the O-ring cross-section. 

 

Failure due to over-compression 

In the event of excessive tightening, swelling, or excessive thermal expansion, 

cracking may occur in the seal. This crack appears in a plane parallel to the 

clamping force and renders the seal ineffective. 

Shaving (shearing) effect (Dynamic application): 

This phenomenon occurs when the O-ring is subjected to continuous pressure in 

a sharp-edged groove (see groove top radius). If the O-ring rotates within the 

groove, the outer layer of the O-ring may be cut in the mechanical clearance, 

resulting in a shaving (shearing) effect. 

Diesel effect (dynamic): 

This phenomenon occurs when air is trapped in a double-acting piston and 

mixes with the oil. During high-frequency cycles and rapid pressure increases, 

this air/oil mixture can self-ignite (rapid pressure increase → rapid temperature 

rise). If this phenomenon occurs near the seal, the O-ring may be damaged by 

melting of the elastomer. 
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Lack of lubrication (dynamic) : 

This phenomenon occurs when the rod stroke is too short relative to the seal 

contact surface (a minimum stroke with a ratio of 2.5 times the friction surface 

is recommended). In this case, part of the seal (on the non-pressurized side) 

operates dry, and abrasion in this area can damage the seal. In addition, 

abrasion residues are pushed to the bottom of the groove and may cause the 

seal to stick and/or create a non-uniform contact surface, thereby 

compromising sealing performance. For cylinders with short strokes, it is 

important to select a seal with a small contact surface.  

Pumping effect (dynamic) 

This phenomenon occurs when, in a double-acting cylinder, pressure is 

trapped in the cavity located between the two piston seals. This trapped 

pressure creates a constant load on both seals, increasing wear and the risk of 

extrusion. To prevent this effect, it is recommended to use at least one single-

acting seal (≠ O-ring) to allow pressure to be relieved. 

Mechanical wear : 

Wear and abrasion can be caused by dynamic 

movement or by an external environment in contact with 

the seal that is abrasive. Wear resulting from movement 

is characterized by markings in the direction of motion 

(axial for piston and rod seals, circumferential for rotary 

movements). Abrasion can also generate heat on the O-

ring and cause cracking on the contact surface. One 

solution to this problem is a PTFE coating.   
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Ǫuad ring 
 

 

 
In dynamic applications, the O-ring is sometimes replaced by a 

Quad-Ring. The Quad-Ring features an “X”-shaped profile, with 

its four rounded lobes acting as sealing lips. The main 

advantages of the Quad-Ring are:  

 

 
- It can be installed in narrow grooves where space is limited.  

 
- It provides improved lubrication by retaining a lubricant 

reservoir between the two sealing lips. 

 
- It also helps prevent the twisting problem that can occur 

during the installation of certain O-rings.  
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These four lobes provide superior sealing performance and make it possible to 

locate the seal’s “parting line” not on the sealing surface (as in the case of an 

O-ring) but in the groove between the lobes. 

Like the O-ring, the Quad-Ring can also be used as a rotary seal when space is 

limited. In this case, in order to maintain acceptable friction forces and thus 

maximize seal service life, good lubrication, a hardness greater than 70 Shore A, 

and low compression (±5%) are essential (seal outer diameter > groove outer 

diameter). The maximum acceptable rotational speed for this type of seal is 4 m/s 

(depending on pressure, up to 150 bar with back-up rings). 

 

FEP O-rings 
These O-rings consist of an elastomer core and a Teflon (PTFE) jacket (≠ PTFE 

coating). They are used when the chemical medium is too aggressive for 

elastomers (⇒ Teflon jacket) and when the seal must retain a certain elasticity 

to seal the fluid (⇒ elastomer core). 

 
Comparaison of encapsulated O-rings versus other alternatives: 

 

 

Alternatives Advantages of the encapsulated O-ring 

compared to the alternative 

PTFE massif Similar chemical resistance, no creep, and 

can be used with cold fluids 

Enveloppe PTFE Complete PTFE encapsulation of the 

elastomer prevents chemical attack on the 

elastomer 

Perfluoroelastomer 

(FFKM) 

Comparable sealing performance with 

lower chemical and temperature 

resistance than FFKM, offering a more 

economical solution 
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Materials: 

 
Elastomer core : 

Viton® (FKM) : The most commonly used, as it offers the best compression set 

performance and good chemical resistance.  

Silicone (VMQ) : Less expensive than FKM and capable of ensuring sealing 

performance at low temperatures.  

Teflon jacket: 

FEP (Fluoroethylene Propylene): Standard material. 

PFA (perfluoroalkoxy) : Better abrasion resistance than FEP, used with silicone 

cores for high-temperature applications (up to 260°C). 

 

 
Jacket thickness: 

 

 

O-ring 
cross-
section 

1.78 2.62 3.53 5.33 6.99 

Jacket 

thickness 

(mm) 

0.12 0.15 0.2 0.3 0.35 

 

Certification 
 

Most materials are available in food-grade quality (FDA approval). 

 
Some materials such as PTFE, FEP, and PFA are also approved to USP Class VI 

for pharmaceutical processes. 
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