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(57) ABSTRACT 

A device including: a housing; a powered element disposed 
on or in the housing; and an impact power producing element 
housed on or in the housing and operatively connected to the 
powered element, the impact power producing element pro 
ducing power upon an impact of at least a portion of the 
housing with another surface; wherein the impact power pro 
ducing element comprises a mass and one or more spring 
elements connected at a ?rst end to the mass and at a second 
end directly or indirectly to the housing and the impact power 
producing element further comprises one or more magnet 
elements and a coil, wherein the impact causes a relative 
motion between the one or more magnet elements and the 
coil. 
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IMPACT POWERED DEVICES 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a Divisional Application of US. 
application Ser. No. 11/447,788 ?led on Jun. 6, 2006, now 
US. Pat. No. 7,_, , the entire contents of Which is incor 
porated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates generally to devices 
poWered by energy generated by impacts and, more particu 
larly, to consumer devices, such as a ?ashlight poWered by an 
impact. 
[0004] 2. Prior Art 
[0005] In general, all chemical batteries contain hazardous 
and/ or corrosive chemicals, have a relatively short shelf life, 
are relatively expensive and introduce Waste disposal prob 
lems, With the latter being particularly the case for lithium 
based batteries and most rechargeable batteries. To satisfy the 
need for alternative poWer source solutions for various 
devices in general and for ?ashlights in particular, products 
have been developed that utiliZe coil and magnets to generate 
electrical energy. Bicycle dynamo and cranking type of dyna 
mos have long been used to generate electrical energy. Simi 
lar coil and magnet generators have also been used in ?ash 
lights in the form of rotary crank type and sliding shaking type 
generators. The crank type generators are relatively heavy 
and bulky and When designed to be small as is needed for 
?ashlights, they are cumbersome and tiring to crank. The 
shake type linear motion generators generate very small 
amounts of electrical energy during each shaking cycle, and 
are also relatively heavy. Each of such cranking and shaking 
devices are limited by the physical ability of the person pro 
viding the energy to crank or shake the device. In addition, the 
availability of loW cost LED (Light Emitting Diode) lights 
that consume signi?cantly less electrical energy than conven 
tional light bulbs have made ?ashlights that harvest energy 
from the environment, including the user induced actions, 
much more practical. This is particularly the case for ?ash 
lights that are to be used in emergency situations and/or for 
use in locations Where electricity is not available such as in the 
beach, during hiking, and the like, Where ?ashlights With 
rechargeable batteries are not practical. 
[0006] The only source of energy that is available to 
humans that could be harvested is mechanical energy. The 
energy to be harvested by any energy harvesting poWer source 
is mechanical in nature. The difference betWeen any such 
energy harvesting poWer sources is: l) in the method of trans 
ferring mechanical energy to the energy harvesting device; 
and 2) in the method of transforming mechanical energy to 
electrical energy. 
[0007] A superior method of transferring mechanical 
energy to the energy harvesting device is ergonomic and does 
not put undue stress on the user limbs and joints. The method 
must also be ef?cient in making available the Work done by 
the human subject to mechanical energy that can be har 
vested. In addition, the transferred mechanical energy is pref 
erably stored in an intermediate medium to lengthen the 
period of time available for its conversion to electrical energy 
since it is generally easier and more ef?cient to convert 
mechanical energy to electrical energy and store it in electri 
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cal storage devices such as capacitors and rechargeable bat 
teries. The means of transforming mechanical energy to elec 
trical energy is also desired to produce high enough voltage to 
make the process of charging rechargeable batteries and/or 
capacitors more e?icient. 
[0008] A need therefore exists for methods and related 
devices for e?icient transfer of the Work done by human 
muscles to mechanical energy that can be harvested e?i 
ciently and transformed into electrical energy. 

SUMMARY OF THE INVENTION 

[0009] Accordingly, a device is provided. The device com 
prising: a housing; a poWered element disposed on or in the 
housing; and an impact poWer producing element housed on 
or in the housing and operatively connected to the poWered 
element, the impact poWer producing element producing 
poWer upon an impact of at least a portion of the housing With 
another surface; Wherein the impact poWer producing ele 
ment comprises a mass and one or more spring elements 
connected at a ?rst end to the mass and at a second end 
directly or indirectly to the housing and the impact poWer 
producing element further comprises one or more magnet 
elements and a coil, Wherein the impact causes a relative 
motion betWeen the one or more magnet elements and the 
coil. 
[0010] The one or more magnet elements can be at least the 
mass. 

[0011] The one or more spring elements can comprise one 
or more cantilever beams and the impact poWer producing 
element can comprise a pieZoelectric element disposed on 
one or more surfaces of the one or more cantilever beams. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] These and other features, aspects, and advantages of 
the apparatus of the present invention Will become better 
understood With regard to the folloWing description, 
appended claims, and accompanying draWings Where: 
[0013] FIG. 1 illustrates a cross sectional schematic vieW of 
a ?rst embodiment of an impact poWered ?ashlight. 
[0014] FIG. 2 illustrates a variation of the mass-spring unit 
of the embodiment of FIG. 1. 
[0015] FIG. 3 illustrates a cross sectional schematic vieW of 
a second embodiment of an impact poWered ?ashlight. 
[0016] FIG. 4 illustrates a cross sectional schematic vieW of 
a third embodiment of an impact poWered ?ashlight. 
[0017] FIG. 5 illustrates a cross sectional schematic vieW of 
a fourth embodiment of an impact poWered ?ashlight. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0018] Although the present invention is applicable to 
numerous types of devices, it is particularly useful in the 
environment of a ?ashlight. Therefore, Without limiting the 
applicability of the present invention to a ?ashlight, it Will be 
described in such environment. Those skilled in the art Will 
appreciate that the methods of the present invention can be 
utiliZed for other devices, such as cell phones, PDA’s, cam 
eras, laptop computers and the like. Where the device 
includes interior electronics, such as circuit substrates, Which 
may be prone to breakage, the device can also be designed 
such that the interior electronics are less prone to breakage 
from impacts. Designing electronic devices to be impact 
resistant, such as from dropping, are Well knoWn in the art. 
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[0019] The primary method of mechanical energy transfer 
to the generator mechanism described herein is an impulsive 
motion, such as an impact force. The user is intended to 
provide the impact (impulsive) force to the device by hitting 
it on some relatively hard object, hitting it on some relatively 
hard surface, dropping it repeatedly onto some relatively hard 
surface, or through other impact inducing actions. The user 
action results in the storage of certain amount of mechanical 
energy in the device in the form of potential energy, or kinetic 
energy, or their combination. The stored potential energy is 
then transformed into electrical energy through the vibration 
of the system, Which generates varying force on at least one 
pieZoelectric element or the like, Which in turn generates 
varying charges (an AC voltage), Which is then harvested by 
the system electronics using Well knoWn techniques, and used 
to charge a capacitor and/or rechargeable battery and/or 
directly to provide poWer, such as to provide light, preferably 
through an LED or other loW poWer light source. The induced 
vibration may be axial, in bending, in torsion, or their com 
bination. 

[0020] Referring noW to FIG. 1, there is shoWn a ?rst 
embodiment of a device using such an impact (or other impul 
sive motion) to provide poWer for at least one poWered ele 
ment associated With the device, in the form of a ?ashlight 
shoWn schematically in FIG. 1. The ?ashlight 10 has a poW 
ered element in the form of a light source 11, Which canbe one 
or a plurality of LEDs or other loW poWer light source (col 
lectively referred to as the light source 11). The light source 
11 can be mounted in a housing 12 that contains the energy 
harvesting electronics and the electrical energy storage 
device(s), collectively indicated as element 25. Such energy 
storage devices are Well knoWn in the art, such as loW leakage 
capacitors and/or rechargeable batteries and a detailed 
description thereof Will be omitted for the sake of brevity. The 
impact force or vibration motion to mechanical energy stor 
age mechanism is preferably positioned in a handle 13, aWay 
from the more sensitive electronics 25 and light source 11. 
The impact force or vibration motion to mechanical energy 
storage mechanism can comprise an impact poWer producing 
element, such as at least one mass-spring unit 20, With at least 
one relatively rigid mass 14 and at least one transition ele 
ments, such as one or more spring elements 15. As discussed 
beloW, the impact poWer producing element also functions 
With the application of other impulsive motions, such as shak 
ing, either directly or incidental. The housing 21 of the handle 
and preferably the light source housing 12 are constructed 
strong enough to resist moderate impact and drops, such as 
With plastic. A bottom surface 22 of the ?ashlight can be 
constructed of a durable material that can Withstand repeated 
impacts, such as one or more hi gh- strength plastics. When the 
user hits the bottom surface 22 of the handle housing on a 
relatively rigid surface, the mass 14 is accelerated doWnWards 
in the direction of arroW 23 during the duration of the impact. 
Simply, this occurs since once the handle housing is stopped 
suddenly during a small period of time At (usually a feW 
milliseconds depending on the physical characteristics of the 
impacting surfaces and on hoW rigid the impacted structure 
behaves), then the mass 14, Which is free to accelerate, begins 
to accelerate and continues to accelerate during nearly the 
same period of time At. At the completion of this acceleration 
period, the mass 14 has reached a certain velocity V0 and has 
traveled a certain distance DO. If the effective mass 14 of the 
mass-spring unit 20 is m and the effective spring rate of the 
mass-spring unit 20 is K, then the total mechanical energy Em 
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stored in the mass-spring unit 20 as a result of the aforemen 
tioned impact (impulse) force is: 

Em:0.5 m VO2+0.5 M902 (1) 

[0021] Following the impact, the mass-spring unit 20 Will 
begin to vibrate. The spring element(s) 15 Will then exert a 
varying force on the pieZoelectric elements 24 positioned on 
at least one end of the spring elements 15, Which in turn 
generate a varying charge With a certain voltage that is har 
vested by the harvesting and storage electronics 25 and made 
available to poWer the light source 11 or other poWered ele 
ment associated With the device. As is knoWn in the art, the 
pieZoelectric elements can be made in stacked form, Which 
are Widely available commercially, for loW voltage applica 
tions. As shoWn in FIG. 1, the mass 14 can be positioned in 
betWeen tWo spring elements 15, each of Which can exert a 
varying force on a corresponding pieZoelectric element 24 
positioned at tWo ends of the handle 13. The pieZoelectric 
elements 24 can be electrically connected to the storage elec 
tronics 25 or directly to the light source 11 through appropri 
ate Wiring in the housing 12. 
[0022] The mass 14 can be an integral part of the spring 
element(s) 15 as shoWn in FIG. 2. In this con?guration, the 
entire mass-spring unit 20 can be constructed With a single 
spring Wire helically Wound With at least one compressed coil 
section 26, Which acts as the relatively rigid mass 14 of the 
mass-spring unit 20. 
[0023] It Will be appreciated by those skilled in the art that 
coil and magnet type of mechanical to electrical energy gen 
erators may also be used instead of the aforementioned pieZo 
electric elements With the above method of storing mechani 
cal energy due to impact (impulsive) forces for relatively sloW 
transformation into electrical energy. The schematics of one 
such embodiment is shoWn in FIG. 3. All elements of this 
embodiment may be identical to that of the embodiment 
shoWn in FIG. 1 With the difference that the pieZoelectric 
elements 24 are replaced With the coil 27 and magnet 28 
elements. The magnet 28 can be the mass 14 of the mass 
spring unit 20 (and not the coil 27), to eliminate the need to 
attach Wires to the vibrating mass 14. FolloWing the impact or 
other impulsive motion, the magnet 28 vibrates inside the 
coil, therefore causing it to generate an AC current, Which is 
then harvested by the harvesting and storage electronics 25. 
[0024] It is appreciated by those familiar With the art that 
one or more mass-spring elements can also be mounted per 
pendicular to the long axis of the ?ashlight handle to be 
responsive mostly to an impact or other impulsive motion to 
the side of the ?ashlight. The schematic of such an embodi 
ment is shoWn in FIG. 4. The at least one mass-spring unit 40 
(in the schematic of FIG. 4, tWo of the mass-spring units 
shoWn in FIG. 1 or 2 are used) is similarly attached to pieZo 
electric elements 41 to harvest the stored mechanical energy 
during vibration of the mass-spring unit 40 as previously 
described by the harvesting and storage electronics 25. The 
lateral impact can be to the more rigid end 22 of the handle 13 
in the direction of arroW 43. HoWever, any lateral and/or axial 
impact or their combination Will accelerate the mass 26 of the 
mass-spring unit 40. It is appreciated by those skilled in the 
art that the mass-spring unit 40 Would similarly respond to an 
axial impact in the direction of the arroW 42 by vibrating in the 
axial direction, and the lateral component of the spring force 
on the pieZoelectric element Would similarly produce charges 
that can be harvested by the harvesting and storage electron 
ics 25. 
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[0025] As Was previously described, the impact or other 
impulsive motion induced vibration may be axial (i.e., in the 
direction of the length of the ?ashlight), in bending, in tor 
sion, or their combination. When the impact is essentially in 
the axial direction 35 and generated by hitting the bottom 
surface of the ?ashlight on a relatively hard surface, bending 
de?ection can be readily induced as shoWn schematically in 
FIG. 5 by at least one cantilever beam generator assembly 30, 
consisting of a beam 34 that is attached to the housing 21 of 
the handle 13 of the ?ashlight, preferably aided by at least one 
tip mounted mass 31 (the mass can be an integral part of the 
beam).At least one pieZoelectric element 33 is attached to the 
surface of the beam 34, preferably close to its base (the end 
attached to the ?ashlight) so that it is subjected to high tensile 
strain on one side of the beam 34 and compressive strain on 
the other side of the beam 34. The varying charge generated 
due to the applied compressive and tensile strains on the 
pieZoelectric elements is then supplied to and harvested by 
the harvesting and storage electronics 25. It is appreciated by 
those familiar With the art that the pieZoelectric elements 33 
can be pre-stressed in compression so that during the afore 
mentioned vibration they are not subjected to tensile stress 
since pieZoelectric elements can be very brittle and can With 
stand only small tensile strains. 
[0026] It is noted that since the disclosed methods and 
embodiments rely on vibration of mass-spring units, 
mechanical energy is transferred to the mass-spring units 
during other ?ashlight acceleration and deceleration cycles 
other than those due to impact (impulsive) forces imparted 
someWhere on the ?ashlight body. For example, if the ?ash 
light is placed inside a car, the vibration of the car Will induce 
vibration of the ?ashlight mass-spring unit and thereby gen 
erate electrical energy that is stored, preferably in recharge 
able batteries, for later use. The same process occurs if a 
person carries the ?ashlight in his/her pocket or purse or 
briefcase, etc., While Walking or otherWise moving and Would 
have a charged ?ashlight for use When needed. 

[0027] Although the embodiments disclosed herein are dis 
cussed as providing electrical energy upon an impact of the 
device against a surface, then can also provide electrical 
poWer upon the application of any other impulsive motion, 
such as by shaking, Which can be directly applied (such as by 
a person shaking the device With his or her hand) or inciden 
tally applied (such as due to movement While being stored in 
a car, pocketbook etc.). HoWever, unlike the shaking appara 
tus of the prior art, transition elements, such as the spring 
elements are provided for storing potential energy, Which is in 
turn converted to electrical poWer, such as by the pieZoelectric 
elements or magnet/coil arrangements. A shaking impulsive 
motion Working solely on a movable mass, has limitations as 
to the frequency by Which the mass can vibrate (less than 10 
HZ), While the addition of the transition elements, such as the 
spring elements, can produce much higher frequencies, such 
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as betWeen 10-300 HZ and possibly higher, With the impact 
impulsive motion generally providing the higher frequencies 
in the range. 
[0028] While there has been shoWn and described What is 
considered to be preferred embodiments of the invention, it 
Will, of course, be understood that various modi?cations and 
changes in form or detail could readily be made Without 
departing from the spirit of the invention. It is therefore 
intended that the invention be not limited to the exact forms 
described and illustrated, but should be constructed to cover 
all modi?cations that may fall Within the scope of the 
appended claims. 
What is claimed is: 
1. A device comprising: 
a housing; 
a poWered element disposed on or in the housing; and 
an impact poWer producing element housed on or in the 

housing and operatively connected to the poWered ele 
ment, the impact poWer producing element producing 
poWer upon an impact of at least a portion of the housing 
With another surface; 

Wherein the impact poWer producing element comprises a 
mass and one or more spring elements connected at a 
?rst end to the mass and at a second end directly or 
indirectly to the housing and the impact poWer produc 
ing element further comprises one or more magnet ele 
ments and a coil, Wherein the impact causes a relative 
motion betWeen the one or more magnet elements and 
the coil. 

2. The device of claim 1, Wherein the one or more magnet 
elements is at least the mass. 

3. The device of claim 1, Wherein the one or more spring 
elements comprises one or more cantilever beams and the 
impact poWer producing element comprises a pieZoelectric 
element disposed on one or more surfaces of the one or more 

cantilever beams. 
4. A device comprising: 
a housing; 
a poWered element disposed on or in the housing; and 
an impulsive motion producing element housed on or in the 

housing and operatively connected to the poWered ele 
ment, the impulsive motion producing element produc 
ing poWer upon an application of an impulsive motion to 
the housing; 

Wherein the impulsive motion producing element com 
prises one or more masses operatively connected to one 

or more transition elements for storing potential energy 
from the impulsive motion; 

Wherein the impulsive motion producing element further 
comprises a poWer producing element operatively con 
nected to the one or more transition elements for con 

verting the stored potential energy to electrical energy 
and the poWer producing element comprises a magnet 
and coil. 


