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Development of a robust fuel circuit sealing 
system, defining the problem

• In future the ultimate goal for motor cars is zero emission
of environmentally harmful substances, among which are 
evaporated hydrocarbons generated by the fuel 
containment systems

• Conventional sealing systems in the fuel circuit ar e the 
major sources of such emissions.

• The reduction of emission from the seals requires a  
consideration of the seal design and material to achieve 
the best overall results.

• The results of this investigation have led to the 
development of a new seal in a low permeation mater ial.



Fuel Emissions by PERMEATION at 
Critical Sealing Area in the Automotive Fuel System

Potential sources for hydrocarbon emission in  fuel  systems.



Sealing Area II:

Quick Connectors

Sealing Area I:

Fuel Rail and Injector

Areas with high potential for hydrocarbon emission reduction.



Sealing Area I: 

Fuel-Rail / Injector 

Sealing Area II: 

Quick Connectors 

Areas with high potential for hydrocarbon emission reduction.



Sealing Area I: 

Fuel-Rail / Injector 

Sealing Area II: 

Quick Connectors 

Sealing face between Injector and Fuel Fuel Rail is  chosen as an example.



�� LeakageLeakage??

Dichtung am :...

Temperature Range to be sealed

- 40�r�r�r�rC bis 150 �r�r�r�rC-- 4040�r�r�r�r�r�r�r�rCC bis bis 150150�r�r�r�r�r�r�r�rCC

Fuel-Rail

Fuel CircuitFuel Circuit

� Fuel Injector / Fuel Rail�� Fuel Injector / Fuel RailFuel Injector / Fuel Rail



Injection Valve

Fuel Rail

Fuel RailFuel Rail

Injection ValveInjection Valve

Sealing Face (schematized)Sealing Face (schematized)
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Visualisation of O-Ring 
sealing at low temperatures

Injector with O-Ring was installed inside a glass  
tube having identical dimensions as injector 
assembly tube on the fuel rail. 

System was cooled down in a refrigerator.

The contact line of the O-Ring seen on the glass
wall was observed at different temperatures. 

Left side:-20°C, strong contact line

Middle: -30°C, contact line getting smaller

Right side: -42°C, no contact line

Material: FKM, Terpolymer, 66%F

Low temperature sealing test of O-Rings applied in the injector design 
using a glass tube.

-20°C -30°C -42°C

-20°C -30°C -42°C
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MasterCurve
ModelModel ((ShiftShift --FactorsFactors ))
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1)...before squeezing 3)... at  – 40 �r�r�r�rC2)... in housing at RT
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FEA calculations of the radial stress generated in O-Rings in a typical 
injector design configuration at different temperat ures.

Gap on outer diameter: 10-3 mm

O-Ring (before assembly)

Housing (outer diameter)

Housing (inner diameter)

Material: FKM 
Terpolymer, 68% F 



Investigation  on the OInvestigation  on the O --ring sealing at the Fuel ring sealing at the Fuel InjectorInjector Fuel Rail Fuel Rail NozzleNozzle

Simulation Results – O-Ring
Rubber Compound: N8557, V3736, V8618

Stress ss in radial direction1 -5

( MPa )

x
y

T=23°C

T=-40°C Gap Gap

2) ...V3736 Tg=-29°C 3) ...V8618 Tg=-17°C1) ...N8557 Tg=-48°C 
NozzleNozzle

InjectorInjector



TT11 = 20= 20°°CC

Injector

Fuel Rail

TT2  2  = = -- 4040°°CC

. . . leakage at low temperatures

O-Ring material shrinks and getting brittle by a ru bber-glass transition 
when cooling down;  reason for potential leakage at  low temperatures.



Fuel-Rail

. . . Sealing faces always on the inner side !

Invention: Invention: New Design PrincipalNew Design Principal

Sealing Face



TT11 = 20= 20°°CC

Injector

Fuel Rail

TT2  2  = = -- 4040°°CC

Old New

New system seals at low temperatures

Comparison: O-ring and LT&P design for fuel rail / injector sealing.



Stress Distribution in cross section of the 
LT-Ring in Dependence of Temperature

Stress Distribution in cross section of the 
LTLT-Ring in Dependence of Temperature

Gap ca. 3 mmmmm



Contact force at inner (left) and inner (right) mating 
surface during cooling down

FEM Simulation : LT-Ring
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LTLT- Ring

O-Ring System

Plastic fuel rails. Functional testing was passed !

Injector

Fuel Rail

Old New

Injector

Fuel Rail



Plastic fuel rail designed for LT&P-Rings. Blue inj ectors equipped with 
LT&P-Rings. Functional testing was passed.



A sealing system is required

which combines two features:

- Good Low Temperature Sealing

- Low Hydrocarbon Permeation!

Requirements for sealing systems in the fuel circui t!



New Sealing System for

Fuel-Rail / Injector

LT&PLT&P System: 

LLowow TTemperatureemperature &&
PPermeationermeation



LT&PLT&P Solution for

Fuel-Rail / Injector



PERMEATION 

of seals used in the 

fuel circuit ?

... a numerical calculation based on FEA

FEA can be used as a tool for simulation of permeat ion through seals.

A reminder of permeation mathematics 



Leakage by Permeation 

Permeation mechanism 

Mass transport through rubber materials, in contrast to mass transport through porous materials, 
occurs by activated diffusion. This takes place in three steps. 

• First the liquid ‘dissolves’ into the permeable material on the side where it has a high    
concentration.

• Then it diffusesthrough the barrier material towards the side of the lower concentration, a process
which depends on the formation of ‘holes’ in the rubbery network due to thermal agitation of the
molecular chain  segments.

• Finally, the liquid becomes desorbedon the side of the lower concentration. 

In contrast to this, when permeating through porous materials, the permeating molecule does not change
from un-dissolvedto dissolvedand does not form transient ‘holes’ in its passage.



A reminder of permeation mathematics 
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O-Ring

LT&PLT&P
-Ring

c(t)=C0

c(t)=0

Initial conditions for permeation simulation.
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Permeation simulation on O-Ring and LT&P-Ring using  the same material 
(click on O-Ring or LT&P-Ring to start animation).
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Click here!



Fuel 
concentration 
profile in 
O-Rings and 
LT&PLT&P --Rings 

O-Ring using  
65% fluorine 
FKM (GLT 
type),     

LT&PLT&P-Ring 
with 70% 
fluorine FKM
(GF type)

Permeation simulation on O-Ring and LT&P-Ring using  different materials 
(click on O-Ring or LT&P-Ring to start animation).
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Fuel mass flow for O-Rings and LT&PLT&P-Rings
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O-Ring
LT&P-Ring

Fuel mass flow vs. time for O-Rings and LT&P-Rings (logarithmic scale). 



Fuel Mass Flow with linear scale
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Fuel mass flow for O-Rings and LT&PLT&P-Rings

Fuel mass flow vs. time for O-Rings and LT&P-Rings (linear scale). 



... a rough estimate

for the expected fuel loss

through

O-Rings versus LT&PLT&P-Rings
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LT&PLT&P Solution for

Quick Connectors in 
the Fuel System



LT&P Ring, FKM, 
high fluorinated

Fuel

Spacer

FVMQ O-Ring with high permeation 
but seals well at low temperatures

LT&PLT&P-Ring seals at 
any temperature !!!

FKM O-Ring, high 
fluorinated, does not seal 
at low temperatures

Typical configuration in current quick connecters: inner O-Ring FKM 
Terpolymer or GF type, outer O-Ring FVMQ as back-up seal for low temp. 



Development of a robust fuel circuit sealing 
system, achieving a solution!

• The paper has described the problem of 
achieving a reliable seal in a vehicle fuel system 
fitting when using a conventional O-ring 
arrangement. 

• Then we described a seal design developed as a 
result of the O-ring investigation that offers 
reliable low temperature performance and the 
opportunity to use low permeation rubber 
compounds that would not normally be 
considered due to inferior low temperature 
properties.

Summary


