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7) ABSTRACT

The invention involves a variable valve timing actuator that
allows the opening and closing of engine valves to be
variably and individually controlled without using a cam-
shaft. The invention utilizes energy regeneration so energy
delivered to a valve while accelerating it is recovered while
it is decelerating. Regeneration is preferably provided by
potential energy storage devices such as springs. Energy
losses are made up by adding energy to the actuator while
the valve is stationary (or nearly so) in an open or closed
state. This is done by (1) moving the spring seats in relation
to the valve, thereby “charging” the springs in relation to the
valve, and/or by (2) moving the valve with respect to the
spring seats to “charge” the springs with respect to the valve.
This energy addition is extremely efficient because it is
performed after the potential energy within the springs has
already been expended and the valve is sitting stationary in
its open and closed positions. To hold the valve stationary
when desired, a latch (e.g., a one-way clutch) is used to
releasably fix the valve in place.

21 Claims, 17 Drawing Sheets
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