PC'I‘ WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTI‘EliNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 3:

GO01D 5/34 Al (43) International Publication Date:

(11) International Publication Number:

20 January 1983 (20.01.83)

WO 83/ 00218

(21) International Application Number: PCT/US81/00797

(22) International Filing Date: 12 June 1981 (12.06.81)

(71)(72) Applicant and Inventor: FUZZELL, Joe, E. [US/
US]; 2721 W. Gilbert, Peoria, IL 61604 (US).
1

(74) Agents: PHILLIPS, Richard F. et bal‘.; 100 Northeast
Adams Street, Peoria, IL 61629 (US).

(81) Designated State: US.

Published
With international search report.
With amended claims.
Upon request of the applicant under article 64(3)(c)(i).

(54) Title: MOTION RESPONSIVE SENSOR AND SWITCH

(57) Abstract

A motion responsive sensor (10) having a
housing (12) defining a chamber (14). A fluid sub-
stance (26) and a relatively more opaque second
substance (28) occupy the chamber (14). Means (16)
for emitting radiant energy and means (20) for de-
tecting radiant energy are placed adjacent first and
second portions (18, 22) of the chamber (14). Vibra-
tion of the sensor (10) serves to render the path in-
termediate the two means (16, 20) of lesser or grea-

ter opaqueness. This effect is used to advantage to 2 4'_

change the state of the means for detecting (20) in
response to preselected vibration of the sensor (10).
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Description

Motion Responsive Sensor and Switch

Technical Field
This invention relates generally to systems

for detecting motion and more specifically to motion
responsive sensors and switches.

Background Art
Sensors responsive to motion have long been in

existence and have come into wide use. In the typical
embodiment, such sensors includé a support frame and a
movable element pivotably attached to the support frame
sach that motion of the body to which the housing is
attached results in relative motion between the support
frame and the movable elemefit.

_ This relative motion can be detected in
numerous manners. U.S. Patent 4,214,238 issued to
Adams et al. on July 22, 1980, details a seismic
trigcer in which motion between a support frame and an
element suspended from the support frame serves to
interrupt a light beam. This interruption is detected
by an electrical circuit which activates an alarm in
response to ‘the detected motion.

U.S. Patent 4,131,020 issued to Hugli et al.
on December 26, 1978, details an accelerometer having a
support frame which includes a pair of capacftor
plates. An element supported by the support frame
bears a third capacitor plate intermediate the pair of
capacitor plates thereby forming a pair of capacitors.
In response to the support frame being subjected to
motion, the capacitance of the capacitors varies. This
variance is detected and may be utilized as a measure

of the motion. Other principles are utilized in other

.motion sensing devices for detecting this relative

notion.
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Existing motion responsive sensors suffer an
.inherent defect. Suspending the movable element from , -
the support frame requires the tUse of bearings. Often,
as in the invention of U.S. Patent 4,214,238, jeweled
pivoted bearings are required. This increases the
complexity of the motion responsive switch anéd renders
it somewhat prohe to damage if exposed to severe
shock. Similarly, deterioration of the bearings,
misalignment of the parﬁs, stacking'of tolerances and
the like can affect the‘sensitivity of the sensor.

The present invention is directed to
overcoming one.dgumore of the p;oblems as set forth

above.

Disclosure of the Invention

In one aspect of the present invention, a
motion responsive sensor has a housing which defines a
chamber. Means for emitting radiant energy is
positioned at one portion of said chamber. Means for
detecting said electromagnetic radiation is positioned
at a second portion of said chamber. A substance is
contained within said chamber which, in response to
motion of said sensor, alters the absorption
coefficient for szid radiant enercy intermediate said
means for emitting and said means for detecting.

Several types of sensors responsive to motion
are extant. Typically these include a support frame
and an element mechanically attached to ané pivotable
with respect to the support frams. The operation of
sensors of this type can be affected by imperfect
tolerancing, corrosion, bearing wear, extreme shock and -
the like.
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The present invention avoids these problems by
- decreasing the need for bearing or mechanical
connections. This provides an extremely rugged and

long lasting motion responsive sensor requiring little

maintenance.
\
Brief Description of the Drawings
Fig. 1 shows a diagrammatic cross-sectional
view of a first embodiment of the present invention;
Fig. 2 shows a diagrammatic cross-sectional
view of a second embodiment of the present invention;
Fig. 3 shows a diagrammatic cross-sectional

view of a third embodiment of the present invention; and

Fig. 4 shows a schematic use of one aspect of
the present invention;

Fig. .5 shows in greater detail an assembly
containigé a means for emitting and a means for
détecting as utilized in the embodiment shown in Fig. 2.

It is to be understood that the drawings are
not intended "as a definition of the invention but are

provided for the purpose of illustration only.

Best Mode for Carrvinc Out the Invention
Referring to the drawings, a motion responsive

sensor embodying certain of the principles of the
present invention is generélly inédicated by the

reference numeral 10.
The motion responsive sensor 10 has a housing

12 which defines a centr;l chamber 14. The housing 12
has a gravitationzl toz and bottom 13,15, the positions
of which vary, of course, with the orientation of said
sensor 10. Means 16 fcr emitting electromagnetic
radiation is positionec adjacént or abutting a first
portion 18 of the chamfer 14. This means for emitting
16 is, in the best mpode, & light emitting diode (LED)

providing a visible l1icht source. For most
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applications the sensor 10 can incorporate means for
.emitting 16 which emits either 'infrared, visible, or ' -
ultraviolet light; that is, electromagnetic radiation
having a frequency in the range of between about

lxlO12 and 5.5x1016 Hz. Alternatively, the means

for emitting 16 may be an infrared light source, an
ultraviolet light source, a klystron, or other source
of electromagnegﬁc radiation.

Means 20 for detecting electromagnetic
radiation is positioned adjacent or abutting a second
portion 22 of the chamber 14. The detecting means 20
is preferably a photodiode sensitive to electrémagnetic
radiation of the wavelength of that emitted by the
emitting means 16. Those skilled in the art will
recognize many electromagnetic radiation responsive
elements that can be successfully utilized for the
various possible means for emitting 16. It is the
function of the detecting means 20 to change states,
for example, to go from an "on" to an “off", or Jopen"
to "closed” condition in response to the reception of a
sufficient guantum of energy from the means for
emitting 16.

The chamber 14 contains -an assemblage of
material 24 which, in response to the chamber 14 being
exposed to vibration or other acceleration, causes at
least a portion of the chamber 14 to undergo an
alteration in opaqueness to that frequency of
electromagnetic radiation emitted by the emitting means
16. Specifically, this alteration in opaqueness'occurs
intermediate the first and second portions 18,22 of the
housing 12. Preferably, this assemblage of material 24
includes a first fluid substance 26 which is
substantially transparent to the specific
electromagnetic radiation and a second substance 28
which is relatively less transparent to the

electromagnetic radiation. For the purposes of the
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present application, a material of which a 1 millimeter

_thickness will attenuate at least 50% of the radiant

energy of interest, shall be spoken of as "opaque". A
material which is relatively less transparent than
another material will be spoken of as being more opaque
than said other material. The second substance 28 can
be either a sol&d or a liquid and is preferably neither
miscible nor soluble in the fluid substance 26.
Additionally, the second substance 28 should be of a
different density than that of the first fluid
substance 26 such that the second substance 28 w111

collect at the grav1tatlonal top or bottom of the

chamber 14 in response to the housing 12 being
maintained substantially free from acceleration.

The first and second portions 18,22 are
preferably located one at-the gravitational top 13 and
one at the gravitational bottom 15 of the chamber 14.
The relatively less transparent second substance 28
will then collect adjacent one of the means for .
emitting 16 and the means for collecting 20.

The chamber 14 has a non-uniform cross section
being, in the preferred embodiment, a sphere. As a
consequence, the effective absorption cross section of
the second substance 28 is smaller when vibration
induces a suspension of the second substance 28 into
the first fluid substance 26 than it is when lack of
vibration results in a settling of the second substance

+-28. This is in part a result of the fact that the

avérage cross-sectional area of that portion of the
chamber 14 into which the second substance 28 settles
is smaller than the average cross-sectional area of the
entire chamber 14. Hence, in response to vibration of
the motion responsive sensor 10, an increased amount of

electromagnetic radiation reaches the detecting means

20.
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Alternatively, the first and second housing
-portions 18,22 may be located at positions intermediate :
the top and bottom of the chamber 14. In this
embodiment, as best shown in Fig. 3, the second

[Oy ]

substance 28 will collect at a position, either the top

13 or bottom 15 of the chamber 14, removed from the

path intermediaie £he emitting means 16 and the

detecting means 20. Acceleration of the motion

responsive sensor 10 suspends the second substance 28

10 and causes a portion of it to occupy a position
intermediate the emitting means 16 and the detecting
means 20. This serves to decrease or eliminate the
transmitted electromagnetic radiation in response to
vibration of the sensor 10. The means for detecting 20

15 is selected to change states in response to this
decrease in transmitted electromagnetic radiation. The
chamber 14 of this embodiment can be of a constant
cross section, such as a cube or cylinder, or it_may be
of a non-constant cross section, such as a sphere.

20 The relative densities of the first fluid
substance 26 and the second substance 28 can be
selected to achieve z given decgree of suspension of the
second substance 28 in the fluid substance 26 for a
given degree of vibration of the sensor 10. Similarly,

25  the strength of the emitting means 16, the sensitivity
of the detecting mears 20, the opagueness of the second
substance 28, and the viscosity of the first fluid
sﬁbstance 26 may be selected to provide a change in the
output condition of the means for detecting 20 at a

30  preselected level of sensor 10 vibration. One skilled

in the art could select an approoriate combination of a :

first fluid substance 26, second substance 28, emitting

means 16, and detecting means 20 to achieve the

requisite change in cutput condition of the sensor 10

35 at a preselected level of wvibration.
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The housing 12 can be made of a substance
.substantially transparent to the electromagnetic
radiation. The sensor 10 may then be manufactured with
the chamber 14 totally sealed by the housing 12. The
emitting means 16 and the detecting means 20 can then
be set into the housing 12 adjacent, but not in
physical contaci_with the chamber 14. Leakage problems
are thereby avoided. . .

The housing 12 in this embodiment is coated

with a substance preventing external electromagnetic

~radiation of the critical wavelength from entering the

chamber 14 from a source externél to the sensor 10.
For example, in an embodiment having a source of
visible light as the emitting means 16, the housing
could be made of plexiglass externally coated with a
non-reflective opaque paint.

The configuration of the chamber 14 can, as
previously stated, take many forms. That shown in Fig.
1 is best suited for applications in which the sénsor
10 will remain substéntially level. That shown in Fig.
2 is relatively less sensitive to alterations in
orientation, being capable of functioning corresctly
even if oriented at an angle of about 40° from the
upright condition. The embodiment shown in Fid. 3, in
which a blockage rather than an establishment of the
electromagnetic path that serves as an indicztion of

the sensor 10 being in a vibrating condition, is quite

‘‘insensitive to orientation. If the two means 16,20 of

the embodiment shown in Fig. 3 project sufficiently far
from the walls of the chamber 14, the resulting sensor

10 will function correctly in any orientation.
Shown in Fig. 2 is an additional embodiment of

the present invention. The emitting means 16 and the
detectinc means 20 are positioned such that an
electromagnetic radiation emitting portion 34 of the

emitting means 16 is adjacent an electromagnetic
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radiation collecting portion 36 of the detecting means

-20. Preferably, this is accomplished by including. in

such means 16,20 a fiber-optic bundle 38 for
transmitting the electromagnetic radiation between the
chamber 14 and the active or electronic portion of each
means 16,20. The first and second portioﬁs of the
housing 18,22 aie, in this embodiment, adjacent one
another; the first and second portions 18,22
containing, resééctively, the emitting and collecting
portions 34,36 of the emitting and detecting means
16,20. The first and second portions of the housing .
18,22 are positioned, as shown in Fig. 2, at a locaﬁion
adjacent that portion of the chamber 14 where the
second substance 28 settles. The second substance 28
is preferably a plurality of small opague reflective
balls such that in response to vibration the balls 1lift
from the fiber-optic bundles and reflect
electromagnetic radiation from one to the other.

A circuit for detecting and indicating .
excessive vibration is shown in Fig. 4. A motion
responsive sensor 10, such as that of Fig. 1, utilizes
an LED as the emitting means 16 and utilizes a
photodiode as the detecting means 20. The photodiode
is placed in series with aﬁ"annunicator 30 and a

voltage source 32.

Industrial Applicability

In the operation thes enmbodiments described
heretofore, the assemblage of material 24 contained
within the chamber 14 contains a relatively opaque
second substance 28 which tends to settle toward the -
top or bottom of the chamber 14 in response to the
sensor 10 being free from sicnificant vibration.

Vibration of the sensor 10 tends to disperse the second
substance 28 more evenly throughout the chamber 14

rendering the assemblage of material 24 intermediate
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the two means 16,20 less opague. The resulting
.increase in the amount of electromagnetic radiation
reaching the detecting means 20'éerves to change the
state of the means for detecting 20. In the case of a
photodiode, vibration of the sensor serves to place the
photodiode in a state of conductance.

Alternétively, the emitting means and
detecting means'ZO can be positioned, as shown in Fig.
3, such that vibration of the sensor 10 effects a
decrease in the transmitted radiation. Suitable
electronics is provided to detect this decrease in
transmitted radiééion. . I

The motion responsive sensor 10 has numerous
applications. 1In Fig. 4 a use is diagrammed in which
sufficient vibration of the sensor 10 serves to
-activate the photodiode and close a power circuit
through an annunciator 30. This embodiment provides a
signal that the object to which the sensor 10 is
attached is undergoing a certain degree of vibration.
Alternatively., the motion responsive sensor 10 may be
utilized to activate an hourmeter and electrical
monitoring system of an engine in response to the
engine being in a running condition. Those skilled .in
the mechanical arts will recognize numerous other
applications for the motion responsive sensor 10 For
example, the sensor 10 could be utilized with the use
of suitable electronics, to deactivate a washing
machine in response to excessive vibration thereof. '~

Other aspects, objects, advantages and uses of
this invention can be obtained from a study of the
drawings, the disclosure and the appended claims. It
should be understood that the motion responsive sensor

10 can assume many other embodiments without departing

from the following claims.
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Claims

1. A motion responsive senéor (iO),
comprisings |

a housing (12), said housing (12) defining a
chamber (14) having first and second portions (18,22);

means 116) for emitting electromagnetic
radiation, said emitting means (16) belng positioned
adjacent said first portlon (18);

means (20) for detecting said electromagnetic

radiation, said detectlng means (20) being positioned

adjacent said second portion (22), and spaced from sald
emitting means 16;

a first fluid substance (26) contained within
said chamber (14); and

a second substance (28) contained within said
chamber (14), said second substance (28) being
immiscible ‘and-insoluble in said first f}uid substance
(26) and of a different opaqueness to said )
electromagnetic radiation than to said first fluid
substance (26).

2. The sensor (10), as set forth in claim 1,
wherein the second substance (28) is more opaque to
said electromagnetic radiation than is said fluid
substance (26).

3. The sensor (10), as set forth in claim 2,
wherein the second substance (26) is substantlally
opague to said electromagnetic radiation.

4. The senscor (10), as set forth in claim 2,
wherein said second substance’ (28) is a plurality of

solid elements.
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5. The sensor (10), as set forth in claim 1,
.wherein said detecting means (20) is a radiant energy

sensitive semiconductor.

5 6. The sensor (10), as set forth in claim 1,
wherein said detecting means (20) includes a switch
having an open énd a closed condition, said switch

being responsive to said electromagnetic radiation.

10 7. The sensor (10),. as set forth in claim 6,
wherein said switch is in said open condition in
response to being free from exposure to said

electromagnetic radiation.

15 8. The sensor (10), as set forth in claim 1,
wherein at least one of said emitting means (16) and
said detecting means (20) is free from abutment with
sai*d chamber (14), therg being at least a portion of
said housing (12) intermediate said one of said ﬁeans

20 (16,20) and said chamber (14)}.

9. The sensor (10), as set forth in claim 1,
wherein at least one of said emitting and detecting

means (16,20) includes a& fiber optic transmitter (38).

25
10. The sensor (10), as set forth in claim 9,
wherein the fiber-optic transmitter (38) abuts one of
the first and second portions (18,22) and is adjacent
the other of the first and second portions (18,25).
30

11. A motion responsive sensor (10),
comprising:

a housing (12), said housing (12) defining a
chamber (14) having first and second portions (18,22)

35 and a gravitational top and bottom (13,13);

LT WIPO v
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means (16) for continuously emitting radiant
-energy having a frequency in the range of between about
1x1012 and 5.5x1016
means (16) being positioned adjacent said first portion
(18);

Hz, said continuously emitting

means (20) for detecting said radiant energy,
said detecting heans (20) being positioned adjacent
said second por?ion (22);

a first f£luid substance (26) contained within
said chamber (14); and

a secoqgnsubstance (28) contained within said
chamber (14), said second substqncer(28) being’more”
opague than said first fluid substance (26) and of a
material adapted to settle adjacent one of said -
gravitational top and bottom (13,15) of the housing
(12) in response to said sensor (10) being maintained
substdntially free from vibration.

12. The sensor (10), as set forth in claim _
11, wherein said second substance (28) is a plurélity

of solid elements.

13. The sensor {10), as set forth in claim
12, wherein said second substance (28) is substantially
reflective of the radiant energy emitted by said

enitting means (16).
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- AMENDED CLAIMS
. (received by the International Bureau on 12 August 1981 (12.08.81))

(amended) 1. A motion responsive sensor (10),

comprising:

a housing (12), said housing (12) defining a
chamber (l14) having first and second portions (18,22);

means '(16) for emitting electromagnetic
radiation, saidzemitting means (16) being positioned
adjacent said first portion (18);

means (20) for detecting the presence of a
preselected quanta of said electromagnetic radiation,
said detecting means (20) being positioned adjacent
said second portion (22), and sbaced from said emitting

means 16; '
a first fluid substance (26) contained within

said chamber (14); and

a second substance (28) contained within said
chamber (14), said second substance (28)'beingr‘ )
immiscible and insoluble in said first fluid substance
(26) and being of a different opagueness to said
electromagnetic radiation than said first fluid

substance (26).

2. The sensor (10), as set forth in claim 1,
wherein the second substance (28) is more opagque to

said electromagnetic radiation than is said fluid

" substance (26).

3. The sensor (10), as set forth in claim 2,
wherein the second substance (26) is substantially

opaque to said electromagnetic radiation.

4. The sensor (10), as set forth in claim 2,
wherein said second substance (28) is a plurality of

solid elements.
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5. The sensor (10), as set forth in claim 1,

w

. wherein said detecting means (20) is a radiant energy

sensitive semiconductor.

5  (amended) 6. The sensor (10), as set forth in claim 1,
wherein said detecting means (20) includes a switch
. having an open‘and a closed condition, said switch
being respon51ve to said detection of said preselected
quanta of electromagnetlc radiation.

10
(amended) 7. The sensor (10), as set forth in clalm 6
wherein said switch 1s in said open condition in
response to being free from exposure to said
preselected quanta of said electromagnetic radiation.
15

8. The sensor (10), as set forth in clzim 1,
wherein at least one of said emitting means (16) and
said detecting means (20) is free from abutment with
said chamber (14), there being at least a portion of

20 said housing. (12) intermediate said one of said means
(16,20) and said chamber (14).

9. The sensor (10), as set forth in claim 1,
wherein at least one of said emitting and detecting
25 means (16,20) includes a fiber optic transmitter (38).

" 10. The sensor (10), as set forth in claim 9,
wherein the fiber-optic transmitter (38) abuts one of
the firet and second portions (18,22) and is adjzacent

30 the other of the first and second portions (18,22).

(amended) 11. A motion responsive senscor (10),
comprising:
a housing (12), said housing (12) defining a
35 chamber (14) having first and second portions (18,22)
and a gravitationalAtob and bottom (13,15);
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means (16) for emitting radiant energy having
a frequency in the range of between about lxlO12 and
5.5x1016 Hz, said continuoﬁsly emitting means (16)
being positioned adjacent said first portion (18);

means (20) for detecting said radiant energy,
said detecting means (20) being positioned adjacent
said second portion (22);

a firs% fluid substance (26) contained within
said chamber (14); and ' :

a second substance (28) contained within said
chamber (14), said second substance (28) being more
opague than said first fluid substance (26) and of a
material adapted to settle adjaéent one of said
gravitational top and bottom (13,15) of the housing
(12) in response to said sensor (10) being maintained
substantially free from vibration.

12. The sensor (10), as set forth in claim
11, wherein said second substance (28) is a.plurality

of solid elements.

13. The sensor (10), as set forth in claim
12, wherein said second substance (28) is substantially
reflective of the radiant energy emitted by said

emitting means (16).
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