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RESEARCH AND DEVELOPMENT OF Si3N4 CERAMIC VALVES
FOR AN AUDI 4 CYL. 5 VALVE-MOTOR

H. Bauer, H.G. Haldenwanger, K. Huber
Audi AG, 85045 Ingolstadt, Germany

The automotive industry’s challenge is not
only to produce cheaper but also to build fuel
consumption optimized vehicles. One
possible method is to decrease the weight of
the vehicles. Another way to go forward is to
look for better technical concepts or to check
existing concepts for their potential example
of the valve actuating system. The following
article gives an introduction to the efforts in
research and development which must be
overcome until mass production of an engine
with ceramic valves can be started.

TECHNICAL BACKGROUND

It is well known that the friction of the valve
actuating system in idle is very high especially
in engines with 4 or 5 valves per cylinder it
takes about 30% of the frictional work of the
whole engine (Ref.1). This means that only
for the operation of the valves in idle, the
motor “looses” or needs a torque of about 10
Nm.

Regarding the enormous speed in the research
and development of materials and their
properties especially in the field off ceramics,
it now seems possible to produce inlet valves
as well as outlet valves for the application in
vehicle engines. The material of the ceramic
valves which are running successfully in
several prototype vehicles is Si3N4. Ceramic
valves of Si4N4 with the density of 3.26
g/em3 are about 60% lighter of weight than
valves made of stee. Besides these Si3N4
valves have the advantage of a better
temperature, corrosion and wear resistance.

With the application of ceramic valves, it is
possible to reduce the valve-spring force
proportional to the oscillating masses. These
lower valve-spring forces lead to a reduction
of the frictional work of about 30% in idle.
The result of this effort is a reduction of fuel
consumption up to 10%. Further advantages
of Si3N4 valves are lower noice emission of
the engine and the possibility of optimizing
the gas exchange in case of adapting the cam
contour of the camshaft.

STEPS OF DEVELOPMENT

Before such a substitution of the valve

material can be realized,

it is necessary to initiate a very complex
testing procedure of the

valve actuating system for checking the
suitability of the suggested material. This
testing procedure starts with measuring stress,
strain  and  bending of the valves
simultaneously at several places on the valve
in relation to the engine speed and load.
Furthermore, it is necessary to check the
valve-seat contact and the valve acceleration at
critical engine rotation frequencies.

These investigations first are made with a
cylinder-head which is driven by an electric
motor. Based on these results, the efforts of
the valve were then simulated and calculated
in a generated FEM-model. To get a better
impression of the calculation results, it is very
helpful to compare the results of the Si2N4
valves efforts to those of the steel valves.

Additionally, the effects of several realistic
mechanical efforts on the valves are simulated,




	SDOC5926
	SDOC5927
	SDOC5928
	SDOC5929
	SDOC5930
	SDOC5931
	SDOC5932
	SDOC5933
	SDOC5934
	SDOC5935
	SDOC5936
	SDOC5937
	SDOC5938
	SDOC5939
	SDOC5940
	SDOC5941
	SDOC5942
	SDOC5943
	SDOC5944
	SDOC5945
	SDOC5946
	SDOC5947
	SDOC5948
	SDOC5949
	SDOC5950
	SDOC5951
	SDOC5952
	SDOC5953
	SDOC5954
	SDOC5955
	SDOC5956
	SDOC5957

