20067100514 A1 | IV V-0 0O RO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
28 September 2006 (28.09.2006)

(10) International Publication Number

WO 2006/100514 A1l

(51) International Patent Classification:
GOIL 1/20 (2006.01)

(21) International Application Number:
PCT/GB2006/001109

(22) International Filing Date: 24 March 2006 (24.03.2006)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

0506081.9 24 March 2005 (24.03.2005) GB
(71) Applicant (for all designated States except US): Z1 MED-
ICAL PLC [GB/GB]; Unit 4 St Asaph Business Park, St

Asaph, Denbighshire L1.17 OLJ (GB).

(72) Inventor; and

(75) Inventor/Applicant (for US only): BLUNDRED, Neal
[GB/GB]; Zi Medical PL.C, Unit4, St Asaph Business Park,
St Asaph, Denbighshire L.1.17 OLJ (GB).

(74) Agent: LEES, Kate, Jane; Marks & Clerk, Tower Build-
ing, Water Street, Liverpool L3 1BA (GB).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: FORCE SENSORS

(57) Abstract: A management system for a force sensor, such as a QTC force sensor, comprising a first part (4) and a second part
(6), and at least one resiliently deformable member (12) for at least partially surrounding the QTC material provided between said

first and second parts.



WO 2006/100514 PCT/GB2006/001109

Title: Force Sensors

DESCRIPTION

The present invention relates to force sensors, in particular to quantum

tunnelling composite (QTC) force sensors.

Force or load sensors are used to measure loads/weights/forces.
Conventionally, such sensors have been strain gauge based sensors that measure the
change in resistivity of a slender foil in response to an applied load or piezo resistive
sensors that measure the change in resistance or current output of a piezoelectric
crystal in response to applied loads. However, such sensors are not always suitable
for applications such as robotics, medical equipment or car seat sensors due to their

poor flexibility.

QTC force sensors, such as that sold by Peratech, have been developed to
overcome some o‘f the problems encountered with the prior art force sensors. QTC is
a material that has semi-conductive particles disposed in a non-conductive matrix
with the spacing of the particles being sufficiently close that electron tunnelling can
occur when an electrical potential is applied across the material. Compression of the
material may cause the particles to move closer together, thereby increasing the
probability of electron tunnelling events (which is inversely dependent on the particle
spacing) and reducing the effective resistance of the material. Thus, when pressure is

applied to the material, its resistance starts to drop in a smooth, predictable way.
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Furthermore, its particular construction allows it to cycle over a million times

between the insulator and conductor state.

QTC sensors provide a number of advantages over the prior art sensors. They
are flexible and can be constructed in virtually any size and shape. They can also be
constructed with no air gap such that they can be provided in a totally sealed
environment. Furthermore, the sensors have improved reproducibility and an

enhanced sensing range.

However, one drawback associated with QTC sensors is that their high
sensitivity means that the material should not be exposed to too great a load.
Additionally, it is important to provide an environment whereby the material can

return to its normal, pre-compressed state.

It is an object of the present invention to provide a QTC force sensor that aims

to overcome or at least alleviate the abovementioned drawbacks.

A further object of the present invention is to provide a management system

for a QTC force sensor.

Accordingly, a first aspect of the present invention provides a QTC force
sensor comprising a first part and a second part, a QTC material positioned between
said first and second parts and at least one resiliently deformable member at least

partially surrounding the QTC material between said first and second parts.
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In this manner, force can be applied to the first or second part which
compresses the member surrounding the QTC material thereby reducing the load to
which the QTC material is exposed. Removal of the force allows the members to

YEeCcover.

In one embodiment, the member comprises one or more side walls extending
from the first or second part, the side walls being adopted to splay apart upon
application of force thereto. Preferably, the first part comprises a roof with side walls
extending therefrom for forming the resiliently deformable member and the second

part forms an abutment for the side walls.

To this end, a preferred embodiment of the invention comprises a QTC force
sensor comprising a housing having a first part and a second part, a QTC material
positioned between said first and second parts, the first part forming a roof with side
walls extending therefrom and the second part forming an abutment member for the
side walls, wherein the side walls are adapted to splay apart upon application of a

force thereto.

A second aspect of the present invention provides a management system for a
QTC force sensor, the system comprising a kit of parts having a first part, a second
part and a resiliently deformable member for locating between said first and second

parts.
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One management system according to the second aspect of the present
invention comprises a housing having a first part and a second part, the first part
forming a roof with side walls extending therefrom and the second part forming an
abutment member for the side walls, wherein the side walls are adapted to splay apart

upon application of a force thereto.

Preferably, the abutment member has a chamfered or bevelled edge over

which the side walls may splay apart.

In a preferred embodiment of the present invention, the housing is cylindrical
with the second part being in the form of a disc with a bevelled edge. More
preferably, the side walls of the first part are relieved of material at spaced apart

intervals to provide a plurality of legs extending from the roof of the first part.

It is preferable for the diameter of the roof section to be slightly less than that
of the disc whereby the end of the legs abut the inner edge of the bevelled edge in the
non-compressed or partially compressed state but splay apart to abut the outer edge of

the disc in the fully compressed state.

The housing may be made of any suitable material provided that the side walls
of the first part are able to splay apart upon application of a predetermined amount of

pressure thereto. Preferably, the housing is formed of an acetyl material.
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In an alternative embodiment of the first and second aspects of the present
invention, the first and second parts may be in the form of plates having a elastomeric
material (such as a rubber or elastomeric pad) provided therebetween that at least
partially surrounds the QTC material in the assembled system. The member may
comprise two pads for surrounding each half of the QTC material. More preferably,
the QTC material is in contact with at least one intermediate member between it and
the first or second part. The intermediate member may comprise, for example, a
rubber ring or disc. The ring or disc may be formed of the same material as the
resiliently deformable member or, more preferably, is more flexible (i.e. less rigid)

than the member.

1t is to be appreciated that at least one part is fixed in position. Preferably, the

second part is fixed in position.

Means for transmitting the signal from the sensor preferably provided between

the first and second parts, for example in the form of a flexible printed circuit board.

Tt is preferable to provide two discs of QTC material between the first and
second parts, more preferably being separated by a silicon wafer. Each QTC disc may
contact a flexible printed circuit board (PCB). Alternatively, the PCB may be
provided between the discs of QTC material. The flexible PCB is preferably provided
with limbs that extend therefrom, for example between the legs of the housing for

carrying connectors to a control unit.
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Further means may be provided on the inner or outer sides of the first and/or
second parts to aid the transfer of force from outside the management system to inside
the system, such as one or more rubber rings. The rings may or my not be of the same

material as the resiliently deformable member.

In a preferred embodiment of the present invention, the managed sensor is
used for sensing the linear stress in a drive shaft. In this embodiment, the first and
second parts, for example in the form of a housing, and the sensor should be mounted

with respect to the shaft.

To this end, a third aspect of the present invention provides a drive shaft
provided with a QTC force sensor comprising a first and second part mounted with
respect to the shaft, a QTC material positioned between said first and second parts and
at least one resiliently deformable member at least partially surrounding the QTC

material between said first and second parts.

Preferably, a bore is provided through the first and second parts for receiving
the shaft. Preferably, the first part is provided with a cylindrical coupling for mating
with a threaded coupling extending from the centre of the second part. The threaded

coupling may receive a nut for abutment against the sensor.

The opposing side of the second part is preferably provided with a hollow

cylindrical rod for its attachment to the shaft.
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It is to be appreciated that the shaft should be provided with a flange for
introducing force to the first part. Compensatory means may be provided between the

first part and the flange to compensate for any geometrical inaccuracy of the shaft.

In a preferred embodiment of the present invention, the drive shaft forms part

of a syringe driver assembly.

For a better understanding of the present invention and to show more clearly
how it may be carried into effect, reference will now be made by way of example

only, to the accompanying drawings in which:

Figure 1 is an exploded side perspective view of a force sensor management
system according to a first embodiment of the present invention;

Figure 2 is a side perspective view of the force sensor management system
shown in Figure 1;

Figure 3 is an exploded rear perspective view of the force sensor management
system shown in Figures 1 and 2;

Figure 4 is a rear perspective view of the force sensor management system
shown in Figures 1, 2 and 3;

Figure 5 is a perspective view of a sprung activator for a force sensor
management system according to a first embodiment of the present invention;

Figure 6 is an exploded view a QTC force sensor according to the first
embodiment of the present invention;

Figure 7 is a side perspective view of the QTC force sensor shown in Figure 6;
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Figure 8a is an exploded view of a QTC force sensor according to a second
embodiment of the present invention; and
Figure 8b is a perspective view of the force sensor of Figure 8a, shown fully

assembled.

Referring to the accompanying drawings, a force sensor management system
according to one embodiment of the present invention is illustrated. Figures 1to 5
illustrate the components of the management system of the invention and Figures 6
and 7 illustrate the incorporation of a QTC force sensor within the management

system.

In its most basic form, the system comprises a housing for receiving the
sensing means, the housing 2 having a first part 4 comprising a roof 10 with
depending side walls 12 extending substantially perpendicularly from the roof and a
second part 6 in the form of an abutment member 14 that contacts the edges of the
side walls to form a closed housing within which the sensing means is held (not
present in Figures 1 to 5). The edge of the abutment member has a bevelled or
chamfered surface 16 and the side walls of the first part are constructed such that they
may splay apart along the bevelled edge of the member upon application of force to

the housing (see Figure 5).

In the illustrated embodiments the management system is adapted for use in
relation to motor-driven shaft 50 to sense the linear stress in the drive shaft which will

be proportional to the force exerted by an exerting means driven by the shaft. For
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example, such an arrangement may be provided in a syringe driver assembly where
the exerting means may be a pad arranged to abut or press against a syringe plunger to

expel fluid from a syringe.

The first part 4 of the housing is comprised of an acetyl material and has a
cylindrical roof section 10 with a bore 20 running through the centre thereof, the bore
extending inwardly to form a cylindrical coupling flange 22. The side walls of the
first part are relieved of material at spaced apart intervals to form four legs 24. The
second part 6 of the housing is in the form of a disc 14 having a cylindrical threaded
coupling 30 extending from one side thereof and a cylindrical coupling flange 32 of
substantially the same diameter as the cylindrical coupling flange 22 of the first part
extending in the opposite direction. The diameter of the disc 14 is slightly larger than
the diameter of the roof 10 such that the leading edges of the legs 24 abut the inner
edge of the bevelled surface 16 of the disc in the non-compressed state. The
cylindrical flange coupling 22 of the first part 4 mates with the threaded coupiing 30
of the second part and the shaft 50 passes through the bore that extends through the
centre of the housing. A flange 52 is provided on the shaft for introducing force to the
roof 10 of the first part. The second part 6 is fixed in position on the shaft by suitable

means.

In this manner, force that is applied by the shaft 50 causes the first part 4 of
the housing to press against the disc 14 which results in the legs of the first part being
splayed apart over the bevelled surface 16 of the disc. This movement is detected by

the sensor placed within the housing which can be used determine the force applied.
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When force is removed, the first part of the housing acts as a spring and returns to its

original, non-compressed (or partially compressed) state.

Additionally, further components may be provided to compensate for any
geometrical inaccuracy in the shaft. In a preferred embodiment, a spherical pusher 60
and socket 62 are provided in contact with the flange 52 of the shaft and an X Y

compensator 64 is provided between the roof 10 and the socket 62.

Figures 6 and 7 of the accompanying drawings illustrate in detail the
installation of a QTC sensor 100 within the management system shown in Figures 1 to
5. Two discs of QTC material 100, such as the proprietary material Peratech™ switch
substrate material, are provided within the housing, having a silicon wafer 102
sandwiched therebetween. A flexible printed circuit board (flexi PCB) 104 is placed
next to each QTC disc, having limbs 106 carrying wires to a control circuit (not

shown), the limbs passing between the legs 24 of the first part 4 of the housing.

A nut 70 is threaded onto the threaded coupling 30 of the second part to act as
a back stop against which the QTC sandwich is compressed and to pre-compress the

material to a desirable condition (i.e. desired electronic output).

The management system of the present invention for housing a QTC sensor
acts to reduce the amount of load (i.e compression) to which it is exposed. As force is

applied, the housing reduces and controls how much the QTC material is compressed.
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The first part of the housing acts as a sprung activator with the force encountered by

the QTC material being proportional to the actual force transmitted by the shaft.

Whilst the management system has been shown in relation to a sensor for
detecting the force exerted by a motor driven shaft, it is to be appreciated that it could
be adapted for use with any sensor, in particular a QTC force sensor, for a wide range
of applications, such as robotics, Bathroom scales, fitness equipment and car seat

occupancy detection for airbag control.

A significant advantage of the present invention is that the management
system for the QTC sensor may be manufactured in bulk for a relatively small cost

(approximately 100 times cheaper than management systems developed prior hereto).

Figures 8a and 8b of the accompanying drawings illustrate an alternative
embodiment of the present invention wherein the housing is replaced with a front
plate 400 rubber pads 402 and a back plate 406, each having a central bore
therethrough for passage of a shaft (not shown) therethrough. A flexible printed
circuit board 504 is sandwiched between two rings or discs of QTC material 500
which are sandwiched between rubber rings 508 that contact the front and back plates.
The flexi-PCB has a limb 506 carrying wires to a control circuit (not shown). The
rubber rings, QTC discs and flexi PCB are surrounded by the rubber pads 402 that
contact the front and back plates 400, 406, thereby acting as a force sensor

management system for the QT'C force sensor contained therewithin. A conical
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pusher 600 and thrust bearing 602 are provided in contact with the shaft to

compensate for any geometrical inaccuracy in the shaft.

The second embodiment of the present invention may allow for reduced

manufacturing costs and a reduction in noise from the shaft.

The material of the rubber pads and ring may be the same or different. The
difference in pad and ring area is used to produce the force/pressure reduction to the
QTC material, increasing the range to 6kg. However, it may be appropriate to use
rubbers with different stiffhess properties to get the same effect, for example pad
rubber stiffness = X, ring rubber stiffness = X/2. This may allow for a reduction in

the size of the sensor.
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CLAIMS

1. A QTC force sensor comprising a first part and a second part, a QTC material
positioned between said first and second parts and at least one resiliently deformable
member at least partially surrounding the QTC material between said first and second

parts.

2. A QTC force sensor as claimed in claim 1 wherein the member comprises one
or more side walls extending from the first or second part, the side walls being

adopted to splay apart upon application of force thereto.

3. A QTC force sensor as claimed in claim 2 wherein the first part comprises a
roof with side walls extending therefrom for forming the resiliently deformable

member and the second part forms an abutment member for the side walls.

4. A QTC force sensor as claimed in claim 3 wherein the abutment member has a

chamfered or bevelled edge over which the side walls may splay apart.

5. A QTC force sensor as claimed in claim 1 wherein the first and second parts
are in the form of plates and the at least one resiliently deformable member an
elastomeric material provided between the plates, the elastomeric material at least

partially surrounding the QTC material.
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6. A QTC force sensor as claimed in claim 5 wherein the resiliently deformable

elastomeric material is in the form of at least one rubber pad.

7. A QTC force sensor as claimed in claim 5 or 6 wherein the QTC material is in

contact with at least one intermediate member between it and the first or second part.

8. A QTC force sensor as claimed in any one of claims 1 to 7 wherein at least

one patt is fixed in position.

9. A QTC force sensor as claimed in claim 8 wherein the second part is fixed in

position.

10. A QTC force sensor as claimed in claim 3 wherein the side walls of the first
part are relieved of material at spaced apart intervals to provide a plurality of legs

extending from the roof of the first part.

11. A QTC force sensor as claimed in claim 10 wherein the diameter of the roof
section is slightly less than that of the disc whereby the end of the legs abut the inner
edge of the bevelled edge in the non-compressed or partially compressed state but

splay apart to abut the outer edge of the disc in the fully compressed state.

12. A QTC force sensor as claimed in any one of the preceding claims wherein the

first and/or second parts comprise an acetyl material.
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13. A QTC force sensor as claimed in anyone of the preceding claims wherein
means for transmitting the signal from the QTC material is provided between the first

and second parts.

14. A QTC force sensor as claimed in claim 13 wherein the signal transmission

means is in the form of a flexible printed circuit board.

15. A QTC force sensor as claimed in any one of the preceding claims wherein

two discs of QTC material are provided between the first and second parts.

16. A QTC force sensor as claimed in claim 15 wherein each disc is separated by

a silicon wafer.

17. A QTC force sensor as claimed in claim 15 or 16 wherein each QTC disc

contacts a flexible printed circuit board (PCB).

18. A QTC force sensor as claimed in claim 17 when dependent from claim 10
wherein each flexible PCB is provided with limbs that extend between the legs of the

first part for carrying connectors to a control unit.

19. A QTC force sensor as claimed in any one of the preceding claims wherein
further means is provided on the inner or outer sides of the first or second parts to aid

transfer of force from outside the parts to inside the parts.
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20.  Theuse of a QTC force sensor as claimed in any one of the preceding claims

for sensing linear stress in a drive shaft.

21.  Theuse of a QTC force sensor as claimed in claim 20 wherein the first and

second parts and sensor are mounted with respect to the shaft.

22.  Theuse of a QTC force sensor as claimed in claim 21 wherein the first part is
provided with a cylindrical coupling for receiving the shaft and for mating with a

threaded coupling extending from the centre of the second part.

23, The use of a QTC force sensor as claimed in claim 22 wherein the threaded

coupling receives a nut for abutment against the sensor.

24.  The use of a QTC force sensor as claimed in claim 22 or claim 23 wherein the
opposing side of the second part is provided with a cylindrical rod for its attachment

to the shaft.

25.  The use of a QTC force sensor as claimed in any one of claims 21 to 24
wherein the shaft is provided with a flange for introducing force to the first or second

part.

26.  The use of a QTC force sensor as claimed in claim 25 wherein compensatory
means is provided between the first or second part and the flange to compensate for

any geometrical inaccuracy of the shaft.
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27. A management system for a QTC force sensor, the system comprising a kit of
parts having a first part, a second part and a resiliently deformable member for

locating between said first and second parts.

28. A management system as claimed in claim 27 comprising a housing having a
first part and a second part, the first part forming a roof with side walls extending
therefrom and the second part forming an abutment member for the side walls,

wherein the side walls are adapted to splay apart upon application of a force thereto.

29. A management system as claimed in claim 28 wherein the abutment member

has a chamfered or bevelled edge over which the side walls may splay apart.

30. A management system as claimed in claim 29 wherein the housing is

cylindrical with the second part being in the form of a disc with a bevelled edge.

31. A management system as claimed in claim 28 wherein the side walls of the
first part are relieved of material at spaced apart intervals to provide a plurality of legs

extending from the roof of the first part.

32. A management system as claimed in claim 31 wherein the diameter of the roof
section is slightly less than that of the disc whereby the end of the legs abut the inner
edge of the bevelled edge in the non-compressed or partially compressed state but

splay apart to abut the outer edge of the disc in the fully compressed state.
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33. A management system as claimed in claim 27 wherein the first and second
parts are in the form of plates having an elastomeric material provided therebetween

for at least partially surrounding a QTC material.

34. A drive shaft provided with a QTC force sensor comprising a first and second
part mounted with respect to the shaft, a QTC material positioned between said first
and second parts and at least one resiliently deformable member at least partially

surrounding the QTC material between said first and second parts.

35.  Adrive shaft as claimed in claim 34 wherein the first or second part is fixed to

the shaft and the other part abuts a flange provided on the shaft.

36. A drive shaft as claimed in claims 34 or 35 wherein the shaft forms part of a

syringe driver assembly.
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