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ABSTRACT OF THE DISCLOSURE 

A force sensor system includes a housing assembly, a sensor, an actuator, and an 

actuator travel stop. The sensor is disposed within the housing assembly, and is configured 

to generate a sensor signal representative of a force supplied to the sensor. The actuator is 

disposed at least partially within, and is movable relative to, the housing assembly. The 

actuator extends from the housing assembly and is adapted to receive an input force. The 

actuator is configured, upon receipt of the input force, to move toward, and transfer the 

input force to, the sensor. The actuator travel stop is disposed within the housing assembly, 

and between the housing assembly and a portion of the actuator. The actuator travel stop is 

configured to be selectively engaged by the actuator and, upon engagement by the actuator, 

to limit movement of the actuator toward, and the input force transferred to, the sensor.
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Australian Patents Act 1990 - Regulation 3.2 

ORIGINAL COMPLETE SPECIFICATION 
STANDARD PATENT 

Invention Title 

Force sensor with mechanical over-force transfer mechanism 

The following statement is a full description of this invention, including the best method 
of performing it known to me/us:-
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100011 The present invention generally relates to force sensors, and more particularly relates 

to a force sensor with a mechanical over-force transfer mechanism.  

[00021 Force sensors are used in myriad systems and environments. For some environments 

and systems, force sensors may need to provide relatively high resolution at relatively low force 

levels. To meet this need, some force sensors are configured to enhance the output signals by 

either increasing sensor sensitivity or by increasing the gain in the amplification stages of the 

signal processing circuitry. This latter approach can expose the design to potential noise issues, 

which can influence stability and accuracy. The former approach can make the sensor vulnerable 

to over-force events. While there are approaches that meet the need for higher resolution at low 

force levels, these approaches do not provide a force sensor that is both protected against an over

force event and compactly packaged.  

[00031 Hence, there is a need for package level over-force protection for a force sensor that 

exhibits relatively high resolution at low force levels. Embodiments of the present invention 

desirably meet at least this need.  

[00041 According to a first aspect of the present invention, there is provided a force sensor 

system, comprising a housing assembly comprising a sensor case and a cover; a sensor disposed 

within the housing assembly, the sensor having an active range and configured to generate a sensor 

signal representative of a force supplied to the sensor; an actuator disposed at least partially within, 

and movable relative to, the housing assembly, the actuator extending through the cover and 

adapted to receive an input force, the actuator configured, upon receipt of the input force, to move 

toward, and transfer the input force to, the sensor; and an actuator travel stop disposed within the 

housing assembly, and between the housing assembly and a portion of the actuator, the actuator 

travel stop configured to be selectively engaged by the actuator and, upon engagement by the 

actuator, (i) limits movement of the actuator toward, and the input force transferred to, the sensor, 

and (ii) transfers at least a portion of the input force to the housing assembly, wherein the actuator 

travel stop is sized so as to limit the input force transferred to the sensor to a maximum of two 

times the active range of the sensor, and comprises a shim that is disposed between and contacts 

both the sensor case and the cover.  
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[00051 According to a second aspect of the present invention, there is provided a force sensor 

system, comprising a housing assembly comprising a sensor case and a cover, the housing 

assembly defining at least a sensor cavity; a sensor disposed within the sensor cavity, the sensor 

having an active range and configured to generate a sensor signal representative of a force 

supplied to the sensor; an actuator disposed at least partially within, and movable relative to, the 

housing assembly, the actuator extending through the cover and from the housing assembly and 

adapted to receive an input force, the actuator configured, upon receipt of the input force, to move 

toward, and transfer the input force to, the sensor; a force transfer gel disposed within the sensor 

cavity between the actuator and the sensor to transfer the input force to the sensor; and an actuator 

travel stop disposed within the housing assembly, and between the housing assembly and a portion 

of the actuator, the actuator travel stop configured to be selectively engaged by the actuator and, 

upon engagement by the actuator, to (i) transfer at least a portion of the input force to the housing 

assembly and (ii) limit movement of the actuator toward, and the input force transferred to, the 

sensor; wherein the actuator travel stop is sized so as to limit the input force transferred to the 

sensor to a maximum of two times the active range of the sensor, and comprises a shim disposed 

between the sensor case and the cover.  

10006] According to a third aspect of the present invention, there is provided a force sensor 

system, comprising a housing assembly having a sensor case and a cover coupled to the sensor 

case, the cover having an actuator opening formed therein; a sensor disposed within the sensor 

section, the sensor having an active range and configured to generate a sensor signal representative 

of a force supplied to the sensor; an actuator disposed at least partially within, and movable 

relative to, the housing assembly, the actuator extending through the actuator opening and adapted 

to receive an input force, the actuator configured, upon receipt of the input force, to engage, and 

transfer the input force to, the sensor; and an actuator travel stop disposed between the actuator 

and the cover, the actuator travel stop configured to be selectively engaged by the actuator and, 

upon engagement by the actuator, to (i) transfer at least a portion of the input force to the housing 

assembly and (ii) limit movement of the actuator toward, and the input force transferred to, the 

sensor, wherein the actuator travel stop is sized so as to limit the input force transferred to the 

sensor to a maximum of two times the active range of the sensor, and comprises a shim disposed 

between the sensor case and the cover.  
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[00071 Furthermore, other desirable features and characteristics of the force sensor will 

become apparent from the subsequent detailed description and the appended claims, taken in 

conjunction with the accompanying drawings and the preceding background.  

[0008] The present invention will now be described, by way of non-limiting example only, 

with reference to the accompanying drawings as briefly described below: 

[0009] FIG. I depicts a cross section view of one embodiment of a force sensor; and 

[00101 FIG. 2 depicts an exploded plan view of another embodiment of a force sensor.  

[0011] The following detailed description is merely exemplary in nature and is not intended 

to limit the invention or the application and uses of the invention. As used herein, the word 

"exemplary" means "serving as an example, instance, or illustration." Thus, any embodiment 

described herein as "exemplary" is not necessarily to be construed as preferred or advantageous 

over other embodiments. All of the embodiments described herein are exemplary embodiments 

provided to enable persons skilled in the art to make or use the invention and not to limit the scope 

of the invention which is defined by the claims. Furthermore, there is no intention to be bound by 

any expressed or implied theory presented in the preceding technical field, background, brief 

summary, or the following detailed description.  

[0012] Referring first to FIG. 1, a cross section view of one embodiment of a force sensor 

system 100 is depicted and includes a housing assembly 102, a sensor assembly 104, an actuator 

106, and an actuator travel stop 108. The housing assembly 102 includes a sensor case 112 and a 

cover 114. The sensor case 112 includes a first opening 113, a second opening 115, and an inner 

surface 116 that defines a cavity 118 between the first and second openings 113, 115. The cover 

114, which has an opening 117 formed therethrough, is coupled to the sensor case 112. The sensor 

assembly 104 is coupled to the sensor case 112 and spans the first opening 113, and a transfer 

mechanism 122 is coupled to the sensor case 112 and spans the second opening 115. Thus, the 

cavity 118 is enclosed. In the depicted embodiment, a force transfer medium 124 is disposed 

within the cavity 118. The force transfer medium 124 transfers an input force applied to the 

transfer mechanism 122, via the actuator 106, to the sensor assembly 104. In the depicted 

embodiment, the force transfer medium 124 is a suitable gel, but in other embodiments it may be a 

liquid, such as oil, or, as 
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will be described further below, the actuator 106 may directly contact the sensor assembly 

104.  

[0013] The sensor assembly 104 includes a substrate 126 and a sensor 128. The 

substrate 126 is disposed over the first opening 113 of the sensor case 112, and is coupled to 

one or more output connector pins 132. The substrate 126 may have suitable circuit traces 

thereon, or other suitable means, for electrically coupling the sensor 128 to the output 

connector pin(s) 132. The sensor 128 is mounted on the substrate 126 via an adhesive, 

solder, or other suitable means and, at least in the depicted embodiment, includes a mount 

portion 134 and a diaphragm 136. The mount portion 134 is used to mount the sensor 128 

to the substrate 126. The diaphragm 136 is formed in the mount portion 134, and has one or 

more sensing elements formed thereon that sense deflections of the diaphragm 136. The 

sensing elements may be piezoresistors, and may include signal conditioning circuitry. No 

matter its specific implementation, the sensor 128 is configured to generate a sensor signal 

representative of a force supplied thereto.  

[0014] The actuator 106 is disposed at least partially within, and is movable relative to, 

the housing assembly 102. More specifically, at least in the depicted embodiment, the 

actuator 106 is extends through the opening 117 in the cover 114, and is movably captured 

between the sensor case 112 and the cover 114. The actuator 106 is adapted to receive an 

input force and is configured, upon receipt of the input force, to move toward, and transfer 

the input force to, the sensor 128. The actuator 106 depicted in FIG. 1 is a substantially 

round, button-shaped device. It will be appreciated, however, that this is merely exemplary 

of one configuration, and that the actuator 106 could be variously configured and 

implemented.  

[0015] The actuator travel stop 108 is also disposed within the housing assembly 102, 

and, at least in the depicted embodiment, is disposed between the housing assembly 102 and 

a portion of the actuator 106. The actuator travel stop 108 is configured be selectively 

engaged by the actuator 106 and, upon engagement by the actuator 106, limits the 

movement of the actuator 106 toward the sensor 128, and thus also limits the input force 

transferred to the sensor 128. Although the configuration and implementation of the 

actuator travel stop 108 may vary, in the depicted embodiment the actuator travel stop 108 is 

implemented using a shim. It will be appreciated that in other embodiments, the actuator 

travel stop 108 could be formed integral with housing assembly 102. For example, it could 

be formed as an integral lip or as a raised bead that collapses slightly upon application of a 
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predetermined force. In other embodiments, the actuator travel stop 108 could be formed on 

the actuator 106.  

[0016] It was noted above that in some embodiments, the actuator 106 may directly 

contact the sensor assembly 104. One such embodiment is depicted in FIG. 2, and will now 

be described. In doing so, it is noted that like reference numerals in FIGS. 1 and 2 refer to 

like components. The depicted force sensor system 200 includes a housing assembly 102, a 

sensor assembly 104, an actuator 106, and an actuator travel stop 108. The housing 

assembly 102 includes a sensor case 112 and a cover 114. The sensor case 112 includes a 

first opening 113, and an inner surface 116 that defines a cavity 118. The cover 114, which 

has an opening 117 formed therethrough, is coupled to the sensor case 112 and covers the 

first opening 113. The sensor assembly 104 is disposed within the cavity 118, and is 

coupled to the sensor case 112.  

[0017] The sensor assembly 104 includes an upper seal 202, a lower seal 204, and a 

sensor 128. The upper seal 202 is disposed between the cover and the sensor 128. The 

lower seal 204, which is preferably a conductive seal, is disposed between the sensor 128 

and the sensor case 112, and electrically couples the sensor to one or more output connector 

pins 132. The sensor 128 may be mounted on the lower seal 204 via any one of numerous 

suitable means and, at least in the depicted embodiment, is implemented similar to the 

sensor 128 depicted in FIG. 1. No matter its specific implementation, the sensor 128 is 

configured to generate a sensor signal representative of a force supplied thereto.  

[0018] The actuator 106 is disposed at least partially within, and is movable relative to, 

the housing assembly 102. More specifically, at least in the depicted embodiment, the 

actuator 106 extends through the opening 117 in the cover 114, and is movably captured 

therein. The actuator 106 is adapted to receive an input force and is configured, upon 

receipt of the input force, to move toward, and transfer the input force to, the sensor 128.  

The actuator 106 depicted in FIG. 2 includes a substantially round, button-shaped input 

device 206 having a force transfer pin 208 coupled thereto. It will be appreciated, however, 

that this is merely exemplary of one configuration, and that the actuator 106 could be 

variously configured and implemented.  

[0019] The actuator travel stop 108 is disposed between the housing assembly 102 and a 

portion of the actuator 106. In particular, it is disposed between the input device 206 and 

the cover 114. As with the previous embodiment, the actuator travel stop 108 is configured 
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be selectively engaged by the actuator 106 and, upon engagement by the actuator 106, limits 

the movement of the actuator 106 toward the sensor 128, and thus also limits the input force 

transferred to the sensor 128. Although the configuration and implementation of the 

actuator travel stop 108 may vary, in the depicted embodiment the actuator travel stop 108 is 

implemented using a shim. It will be appreciated that in other embodiments, the actuator 

travel stop 108 could be formed integral with housing assembly 102. For example, it could 

be formed as an integral lip or as a raised bead that collapses slightly upon application of a 

predetermined force. In other embodiments, the actuator travel stop 108 could be formed on 

the input device 206.  

[0020] In all of the embodiments described herein, the actuator travel stop 108 is sized 

so that the sensor 128 can supply its full-scale output, yet limit the movement of the actuator 

106 to an amount that is well below the burst force of the sensor 128. Placing a properly 

sized actuator travel stop 108 between the actuator 106 and the housing assembly 102 limits 

the amount of actuator over-travel, and concomitantly limits the force transferred to the 

sensor 128. In one particular embodiment, the force is limited to two times the active range 

of the sensor 128. Any forces greater than this are transferred to the actuator travel stop and 

then to the housing assembly 102 and the external environment.  

[0021] Those of skill in the art will appreciate that the various illustrative logical blocks, 

modules, circuits, and algorithm steps described in connection with the embodiments 

disclosed herein may be implemented as electronic hardware, computer software, or 

combinations of both. Some of the embodiments and implementations are described above 

in terms of functional and/or logical block components (or modules) and various processing 

steps. However, it should be appreciated that such block components (or modules) may be 

realized by any number of hardware, software, and/or firmware components configured to 

perform the specified functions. To clearly illustrate this interchangeability of hardware and 

software, various illustrative components, blocks, modules, circuits, and steps have been 

described above generally in terms of their functionality. Whether such functionality is 

implemented as hardware or software depends upon the particular application and design 

constraints imposed on the overall system. Skilled artisans may implement the described 

functionality in varying ways for each particular application, but such implementation 

decisions should not be interpreted as causing a departure from the scope of the present 

invention. For example, an embodiment of a system or a component may employ various 

integrated circuit components, e.g., memory elements, digital signal processing elements, 
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logic elements, look-up tables, or the like, which may carry out a variety of functions under 

the control of one or more microprocessors or other control devices. In addition, those 

skilled in the art will appreciate that embodiments described herein are merely exemplary 

implementations.  

[0022] The various illustrative logical blocks, modules, and circuits described in 

connection with the embodiments disclosed herein may be implemented or performed with a 

general purpose processor, a digital signal processor (DSP), an application specific 

integrated circuit (ASIC), a field programmable gate array (FPGA) or other programmable 

logic device, discrete gate or transistor logic, discrete hardware components, or any 

combination thereof designed to perform the functions described herein. A general-purpose 

processor may be a microprocessor, but in the alternative, the processor may be any 

conventional processor, controller, microcontroller, or state machine. A processor may also 

be implemented as a combination of computing devices, e.g., a combination of a DSP and a 

microprocessor, a plurality of microprocessors, one or more microprocessors in conjunction 

with a DSP core, or any other such configuration.  

[0023] The steps of a method or algorithm described in connection with the 

embodiments disclosed herein may be embodied directly in hardware, in a software module 

executed by a processor, or in a combination of the two. A software module may reside in 

RAM memory, flash memory, ROM memory, EPROM memory, EEPROM memory, 

registers, hard disk, a removable disk, a CD-ROM, or any other form of storage medium 

known in the art. An exemplary storage medium is coupled to the processor such the 

processor can read information from, and write information to, the storage medium. In the 

alternative, the storage medium may be integral to the processor. The processor and the 

storage medium may reside in an ASIC. The ASIC may reside in a user terminal. In the 

alternative, the processor and the storage medium may reside as discrete components in a 

user terminal 

[0024] In this document, relational terms such as first and second, and the like may be 

used solely to distinguish one entity or action from another entity or action without 

necessarily requiring or implying any actual such relationship or order between such entities 

or actions. Numerical ordinals such as "first," "second," "third," etc. simply denote 

different singles of a plurality and do not imply any order or sequence unless specifically 

defined by the claim language. The sequence of the text in any of the claims does not imply 

that process steps must be performed in a temporal or logical order according to such 
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sequence unless it is specifically defined by the language of the claim. The process steps 

may be interchanged in any order without departing from the scope of the invention as long 

as such an interchange does not contradict the claim language and is not logically 

nonsensical.  

[0025] Furthermore, depending on the context, words such as "connect" or "coupled to" 

used in describing a relationship between different elements do not imply that a direct 

physical connection must be made between these elements. For example, two elements may 

be connected to each other physically, electronically, logically, or in any other manner, 

through one or more additional elements.  

[0026] While at least one exemplary embodiment has been presented in the foregoing 

detailed description of the invention, it should be appreciated that a vast number of 

variations exist. It should also be appreciated that the exemplary embodiment or exemplary 

embodiments are only examples, and are not intended to limit the scope, applicability, or 

configuration of the invention in any way. Rather, the foregoing detailed description will 

provide those skilled in the art with a convenient road map for implementing an exemplary 

embodiment of the invention. It being understood that various changes may be made in the 

function and arrangement of elements described in an exemplary embodiment without 

departing from the scope of the invention as set forth in the appended claims.  

[0027] Throughout this specification and the claims which follow, unless the context 

requires otherwise, the word "comprise", and variations such as "comprises" and 

"comprising", will be understood to imply the inclusion of a stated integer or step or group of 

integers or steps but not the exclusion of any other integer or step or group of integers or 

steps.  

[0028] The reference in this specification to any prior publication (or information derived 

from it), or to any matter which is known, is not, and should not be taken as an acknowledgment 

or admission or any form of suggestion that that prior publication (or information derived from 

it) or known matter forms part of the common general knowledge in the field of endeavor to 

which this specification relates.  
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A force sensor system, comprising: 

a housing assembly comprising a sensor case and a cover; 

a sensor disposed within the housing assembly, the sensor having an active range and 

configured to generate a sensor signal representative of a force supplied to the sensor; 

an actuator disposed at least partially within, and movable relative to, the housing 

assembly, the actuator extending through the cover and adapted to receive an input force, the 

actuator configured, upon receipt of the input force, to move toward, and transfer the input force 

to, the sensor; and 

an actuator travel stop disposed within the housing assembly, and between the housing 

assembly and a portion of the actuator, the actuator travel stop configured to be selectively 

engaged by the actuator and, upon engagement by the actuator, (i) limits movement of the actuator 

toward, and the input force transferred to, the sensor, and (ii) transfers at least a portion of the 

input force to the housing assembly, 

wherein the actuator travel stop is sized so as to limit the input force transferred to the 

sensor to a maximum of two times the active range of the sensor, and comprises a shim that is 

disposed between and contacts both the sensor case and the cover.  

2. The force sensor system of claim 1, wherein: 

the housing assembly defines a sensor cavity within which the sensor is disposed; and 

the sensor system further comprises a force transfer medium disposed within the sensor 

cavity between the actuator and the sensor to transfer the input force to the sensor.  

3. The force sensor system of claim 2, wherein the force transfer medium comprises a gel.  

4. The force sensor system of any of the preceding claims, wherein the sensor case has the 

sensor disposed therein; and wherein the cover is coupled to the sensor case, the cover having an 

actuator opening formed therein, the actuator extending through the actuator opening.  

5. The force sensor system of claim 4, wherein the shim is disposed between the actuator and 

the cover.  

6. The force sensor system of any of the preceding claims, further comprising: 

a substrate disposed at least partially within the housing assembly, the sensor coupled to 
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the substrate.  

7. The force sensor system of any of the preceding claims, further comprising: 

a plurality of leads coupled to the substrate and extending from the housing assembly, the 

leads configured to electrically couple the sensor to an external system.  

8. The force sensor system of any of the preceding claims, wherein the actuator travel stop is 

formed integral to the housing assembly.  

9. The force sensor system of any one of claims I to 7, wherein the actuator travel stop is 

formed integral to the actuator.  

10. A force sensor system, comprising: 

a housing assembly comprising a sensor case and a cover, the housing assembly defining at 

least a sensor cavity; 

a sensor disposed within the sensor cavity, the sensor having an active range and 

configured to generate a sensor signal representative of a force supplied to the sensor; 

an actuator disposed at least partially within, and movable relative to, the housing 

assembly, the actuator extending through the cover and from the housing assembly and adapted to 

receive an input force, the actuator configured, upon receipt of the input force, to move toward, 

and transfer the input force to, the sensor; 

a force transfer gel disposed within the sensor cavity between the actuator and the sensor to 

transfer the input force to the sensor; and 

an actuator travel stop disposed within the housing assembly, and between the housing 

assembly and a portion of the actuator, the actuator travel stop configured to be selectively 

engaged by the actuator and, upon engagement by the actuator, to (i) transfer at least a portion of 

the input force to the housing assembly and (ii) limit movement of the actuator toward, and the 

input force transferred to, the sensor; 

wherein the actuator travel stop is sized so as to limit the input force transferred to the 

sensor to a maximum of two times the active range of the sensor, and comprises a shim disposed 

between the sensor case and the cover.  

11. The force sensor system of claim 10, wherein the sensor case has the sensor disposed 

therein; and wherein the cover is coupled to the sensor case, the cover having an actuator opening 

formed therein, the actuator extending through the actuator opening.  
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12. The force sensor system of claim 11, wherein the actuator travel stop is disposed between 

the sensor section and the cover.  

13. The force sensor system of any one of claims 10 to 12, further comprising: 

a substrate disposed at least partially within the housing assembly, the sensor coupled to 

the substrate.  

14. The force sensor system of any one of claims 10 to 13, further comprising: 

a plurality of leads coupled to the substrate and extending from the housing assembly, the 

leads configured to electrically couple the sensor to an external system.  

15. A force sensor system, comprising: 

a housing assembly having a sensor case and a cover coupled to the sensor case, the cover 

having an actuator opening formed therein; 

a sensor disposed within the sensor section, the sensor having an active range and 

configured to generate a sensor signal representative of a force supplied to the sensor; 

an actuator disposed at least partially within, and movable relative to, the housing 

assembly, the actuator extending through the actuator opening and adapted to receive an input 

force, the actuator configured, upon receipt of the input force, to engage, and transfer the input 

force to, the sensor; and 

an actuator travel stop disposed between the actuator and the cover, the actuator travel stop 

configured to be selectively engaged by the actuator and, upon engagement by the actuator, to (i) 

transfer at least a portion of the input force to the housing assembly and (ii) limit movement of the 

actuator toward, and the input force transferred to, the sensor, 

wherein the actuator travel stop is sized so as to limit the input force transferred to the 

sensor to a maximum of two times the active range of the sensor, and comprises a shim disposed 

between the sensor case and the cover.  

16. The force sensor system of claim 15, further comprising: 

a plurality of leads coupled to the sensor and extending from the housing assembly, the 

leads configured to electrically couple the sensor to an external system.  

17. The force sensor system of claim 15 or claim 16, wherein the actuator travel stop is formed 

integral to one of the housing assembly or the actuator.  
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