
Wave Electric Generator

Technical Field

[0001]	This invention relates to the conversion of sea wave motion into unidirectional rotation to drive electric generators to produce electricity.

Background

[0002]	Sea waves contains huge amounts of renewable energy that is both powerful and consistently available compared to other forms of renewable energy such as sunlight and wind.

[0003]	However, it is also more difficult and expensive to harness energy from sea waves as the motion of sea waves cannot directly spin unidirectional turbines commonly used in electric generators today. In addition, the harsher weather and corrosive nature of sea water also limits the lifespan and increases the maintenance costs of most system that harnesses sea wave energy.

[0004]	This invention, the Wave Electric Generator (will be referred to as WEG in this document) aims to solve the above by using widely available components to efficiently convert sea wave motion into unidirectional rotational force, able to generate more electricity compared to implementations using solar panels or wind turbines of similar scale or space used; and being easy to install and maintain.

Description of Drawings

[0005]	The following are the drawings referred to in this document.

[Figure 1]	Illustration the overall components of this invention. [1] indicates the floating device (e.g. a buoy), [2] indicates the gear system, [3] indicates the electric generator(s) and [4] illustrates sea wave peaks and troughs.

[Figure 2]	Illustrates the gear system based on using a pair of rack and pinion gears. [1] indicates the enclosure of the gear system, [2] indicates the rack and pinion gear enclosure, [3] indicates the left rack mounted on the inner back of the rack and pinion enclosure, [4] indicates the left pinion gear with freehub that engages only when rotated clockwise, [5] indicates the right rack gear on the inner front of the rack and pinion enclosure, [6] indicates the right pinion gear with freehub that engages only when rotated clockwise, [7] indicates the upward and downward movements of the racks gears, [8] indicates ball bearing wheel to secure the input shaft, [9] indicates the gearbox that contains a multistage gear multiplier and a gear splitter, [10] indicates the gearbox input shaft with slow rotational speed based on the wave height and frequency, [11] indicates the gearbox output shaft(s) with high rotation speed, [12] indicates a freehub attached to the input shaft of the electric generator and [13] indicates electric generator(s).

[Figure 3]	Illustrates the operation of the rack and pinion gears. [1] indicates the rack gear, [2] indicates the pinion gear, [3] indicates the freehub that engages only in the clockwise direction, [4] indicates the input shaft of the gearbox, [5] indicates the inner section of the rack and pinion enclosure, [6] indicates the rack and pinion enclosure, [7] indicates the upward and downward movements of the rack gear and [8] indicates the direction of the rotational force applied to the gearbox input shaft.

[Figure 4]	Illustrates the example of splitting into 4 output shafts to drive 4 electric generators simultaneously. [1] indicates the input shaft of the electric generator and [2] indicates output shaft of the multiplier gears.

Description of invention

[0006]	This invention, the Wave Electric Generator (WEG) comprises of a buoy [1], a gear system [2] and one or more electric generators [3] shown in Figure 1.

The Buoy

[0007]	The buoy captures both the up and down motion of the sea waves and transfers this force to the gear system.

[0008]	Appropriate buoy size and material is selected to provide suitable torque required by the electric generator. For example, using a larger buoy with heavier material will provide large downward as well as upward forces and will be suitable for driving a large high torque electric generator while a smaller buoy with low density material will provide greater upward force is suitable for driving a smaller high rpm electric generator. As sea waves contains large amounts of energy, the WEG can be easily scaled from very small to very large installations.

[0009]	The buoy is designed with smooth and rounded surface to minimize horizontal force exerted on the buoy as well as vertically elongated to increase the amount of water displaced to deliver stronger vertical force.

The Gear System

[0010]	The gear system [1] is at the heart of the WEG design to converts the upward and downward forces [7] delivered by the buoy into unidirectional rotational force to power the electric generator [13] shown Figure 2. 

[0011]	The gearbox [9] is used to increase rotational speed to achieve higher RPM with one or more output shafts capable of driving single or multiple electric generators.

The Gear System – Rack and Pinion System

Variation 1 – Capturing both upward and downward movements of the waves

[0012]	A pair of rack and pinion gears are used capture both the upward and downward motions of the sea wave as shown in Error! Reference source not found..

[0013]	The left rack [3] is attached to the inner back of the rack and pinion enclosure [2] while the right rack [5] is attached to the inner front of the rack and pinion enclosure [2].

[0014]	The left rack is paired with the left pinion gear while the right rack is paired with the right pinion gear.

[0015]	Each pinion gear [2] is fastened to a freehub [3] to provide unidirectional rotation force to the gearbox input axle [4] as shown in Figure 3.

[0016]	Error! Reference source not found. illustrates the operation of the left rack and pinion gears where only clockwise rotational force is applied to the gearbox input shaft. When the sea wave rises and pushes the buoy upwards, the left rack will rotate the left pinion clockwise. As the freehub engages in the clockwise direction, it will rotate the gearbox input shaft in the clockwise direction.

[0017]	When the sea wave falls, the left rack will rotate the left pinion in the counterclockwise direction. In this cycle, the freehub will not engage but instead rotates freely in the counterclockwise direction without applying any rotational force on the gearbox input shaft.

[0018] On the other hand, the right pinion will engage and rotate the gearbox input shaft in the clockwise direction when sea wave falls and likewise, rotates freely in the counterclockwise direction when the sea wave rises.

[0019]	This design allows the WEG to capture energy and rotates the gearbox input shaft in the clockwise direction continuously when the sea wave rises as well as when it falls.

[0020]	The rack and pinion system may be flipped horizontally (i.e. rotated 180 degrees along the vertical axis) to drive the gearbox input shaft in the counterclockwise direction instead as needed to match the drive direction of the electric generator.

Variation 2 – Capturing only upward motion of the waves

[0021]	A single rack and pinion may be used instead to capture only the upward motion of the sea wave. This will reduce the number of components needed as well as allow a smaller and lighter buoy to be used.

The Gear System – Gearbox (speed multiplier)

[0022]	The gearbox is used to increase the rotational speed of the electric generator. This is especially useful when the sea wave height is small. The gearbox may be omitted or bypassed if the sea wave height is large.

[0023]	Planetary or spur gearboxes may be used where planetary gears has the advantage of having higher efficiency and supports higher torque while spur gears costs less and are quieter.

[0024]	Multistage units may be used to reduce the size of the gearbox. For example, a 2-stage gear multiplier with the first stage gear ratio of 3:1 and second stage gear ratio of 4:1 will provide a speed multiplication of 12 times.

The Gear System – Gearbox (splitter/multiple output shafts)

[0025]	To increase the amount of electricity generated by each WEG unit, the gearbox may include multiple output shafts to drive multiple electric generators.

[0026]	Figure 4 shows an example of a WEG with 4 electric generators within each WEG unit.

[0027]	Alternatively, multiple gearboxes and electric generators units may be attached to the rack and pinion system stacked vertically instead.

Electric Generator

[0028]	The input shaft of the electric generator may include a freehub to allow the shaft to continue rotating making use of the angular momentum available in the electric generator when the gearbox output drive speed slows down during the peak and trough cycles of the sea waves. However, the freehub may be omitted when using low RPM and high torque electric generators where the rotational inertia is low.

Summary

[0029]	This invention uses readily available components such as rack and pinion gears, freehubs, gearboxes enabling the WEG to be highly cost effective and fast delivery times.

[0030]	The WEG is also installed above the sea level with the only exception of the buoy. This will minimize corrosion from sea water as well as being easier to install and maintain.

[0031]	The WEG is can be installed on existing jetties, seawalls, dikes, etc. that are near to or at the shore to allow easy access and maintenance of the WEG installation.


Claims

1. A system to convert wave energy into unidirectional rotation comprising of a flotation system (e.g. buoy), rack gear(s), pinion gear(s) with freehub to convert sea wave motion into unidirectional rotation force.

2. A system to harness upward motion of sea wave comprising of a single rack and pinion gear system.

3. A system to harness both upward and downward motions of sea wave comprising of a pair of rack and pinion gear system to generate rotation force in a single direction during the upward and downward movements of the sea wave.

4. A wave conversion system to increase rotational speed comprising of a multi-stage gearbox.

5. A wave conversion system that comprises of multiple output drive shafts to drive multiple electric generators.

6. A gearbox output shaft or input shaft of the electric generator that comprises of a freehub to make use of the available angular momentum within the electric generator.
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