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(57) Abstract: A sensor guard (28) and method of using the sensor guard to protect a sensor element (16B) of a fire sensor (10B).
The sensor guard includes one or more legs (30) that extend in a direction that is oblique to a central axis (CA) of the fire sensor.
The fire sensor includes a housing (12) and the sensor element, extending from the housing, for detecting an indication of fire. The
sensor guard is mounted on the housing for protecting the sensor element.
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FIRE SENSOR HAVING A SENSOR GUARD FOR HEAT AND SMOKE DETECTION
APPLICATIONS

RELATED APPLICATIONS

r0001]  This application claims priority to U.S. Patent Application No. 14/728,373,

filed on June 2, 2015, which application claims the benefit under 3S US.C. § 119(e) of

U.S. Provisional Application Serial No. 62/116,004, tiled on February 13, 2015, both of

which are incorporated herein by reference in ther entirety.

BACKGROUND OF THE INVENTION

100023 Farly fire detection 13 important to the safety of occupants 1o a building In

particular, fire detection allows for building occupants to evacuate the building and first

responders to be summoned.

(00031 Fire sensors are installed in butldings to provide fire detection. Fire sensors can
be instalied as standalone devices. Alternatively, fire sensors can be part of an emergency
system, which includes a control panel and a data network that connects the control panel

o the fire sensors.

(00041 One type of tire sensor is a heat fire sensor which detects fire by measuring the
ambient temperature.  Heat fire sensors can trigger an alarm when the ambient temperature
exceeds a threshold temperature and/or when the rate of temperature rise is indicative of

fire.

100051 Heat fire sensors comprise a number of components. Their electronics are
typically located within a housing. A sensor clement, such as a thernustor sensor element
or other temperature sensor element, usually projects from the housing. Finally, a sensor

guard is often used to protect the sensor element from mechanical impact.

100061 Another type of fire sensor is a smoke fire sensor that detects fire by measuring
smoke. Two common technologies for measuring smoke are optical detection and

ionization detection.

(00071 Both ionization and optical smoke fire sensors comprise a number of
components. Both types of fire sensors include housings. lonization smoke fire sensors
include an ionization chamber sensor element in which the smoke 1s measured, whereas
optical smoke fire sensors have an optical chamber sensor element. In both sensors, a

sensor guard is often used to protect the chamber sensor elements from mechanical impact.
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[0008] The sensor elements of fire sensors need to be in communication with the
ambient environment. Air needs to flow inio the chamber sensor elements in the case of
smoke fire sensors. The thermistor sensor elements of heat fire sensors need 1o be

sensitive to changes in ambient temperatures.

rco091  The sensor guards need to protect sensor elements from being damaged by
toreign objects in the ambient epvironment yet not undermine their cormnmunication with
the ambient environment. Thus, their designs need to optimize these two competing

requirenents.

icoror  The present invention sensor guard 1s designed to improve the airflow to the
sensor element while still providing protection against mechanical impact. The present
invention sensor guard permits airflow around the sensor elernent to allow the sensor
element to detect environmental changes {e.g., ambient temperature changes) with minimal

time delay.

fcoriy In general, according to one aspect, the invention features a sensor guard for
protecting a sensor element of a fire sensor. The sensor guard includes one or more legs
that extend 1o a direction that 1s oblique to a central axis of the fire sensor. The legs funnel
and re-direct airflow towards the sensor element. This results in improved airflow near the

sensor element.

fco12y In general, according to another aspect, the invention features a fire sensor
having a housing. The fire sensor includes a sensor element, extending from the housing,
for detecting an indication of fire. The fire sensor has a sensor guard, mounted on the
housing, for protecting the sensor element. The sensor guard comprises one or more legs

that extend in a direction that is obligue to a central axis of the housing.

100131 In embodiments, the legs converge toward each other moving along the central
axis away from the housing. Each of the legs is preferably arcuate when viewed along the
central axis. Each of the fegs can trace a helical path, roore particularly a corucal helical
path, and more particularly a frusto conical helical path.  Each of the legs can trace a spiral
shape when viewed along the central axis. The one or more legs preferably comprise six

legs.
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feco14y Typically, the sensor guard wncludes a guard ring. Fach of the legs terminate at
the guard ring. In particular, each of the legs terminate at the guard ring forming an acute
angle between each of the legs and the guard ring. The acute angle 13 between about 35

degrees and about 55 degrees. The guard ring can have an annular shape.

r00151  Typically, the sensor guard inchudes a guard base. Each of the legs extend from
the guard base forming an acute angle between each of the fegs and the guard base. The
acute angle is between about 10 degrees and about 30 degrees.

100161 The sensor guard has a height defining an area of the sensor guard exposed to
horizontal airflow. This height 18 between about 1.3 centimeters (0.5 wch) and about 2.5
centimeters {1 inch).

100177 Preferably, the sensor element projects from the housing into a volumetric
region defined by the legs of the sensor guard. The sensor element can be a thermistor

sensor element or a chamber sensor element.

100191 The sensor guard can include bosses for mounting the sensor guard on the
housing,
100191 In general, according to anocther aspect, the invention features a method for

protecting a sensor element of a fire sensor. The method wchades configuring the firve
sensor with the sensor element extending frony a housing of the fire sensor. A sensor guard
protects the sensor element. The sensor guard has one or more legs that extend in a
direction that is oblique to a central axis of the housing. The sensor element can detect an

indication of fire based on heat or smoke.

100201 The legs direct aurflow towards the sensor element and reduce airflow
deflection towards the sensor element. Further, the legs minimize a drag force (e.g.,

material interference) surrounding the sensor element.

ro0211  The above and other features of the wvention inclading various novel details of
construction and combinations of parts, and other advantages, will now be more
particularly described with reference to the accompanying drawings and pointed out in the
claims. It will be understood that the particular method and device embodying the
invention are shown by way of illustration and not as a limitation of the invention. The
principles and features of this invention may be employed in various and numerous

embodiments without departing from the scope of the invention.
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(00221 Inthe accompanying drawings, reference characters refer to the same parts
throughout the different views. The drawings are not necessarily to scale; emphasis has
instead been placed upon lustrating the principles of the invention. Of the drawings:
i00z31  Fig 1isaside view of a prior ant heat fire sensor,

foozay  Fig 23 a stde view of a fire sensor inchading a sensor guard according to an

emthodiment of the present invention;

(00251 Fig. 318 a bottom view of the fire sensor of Fig. 2;
roo26r Fig. 419 a diagram of different shapes and their corresponding asrodynamic
performance;

100271 Fig 5A 18 a perspective view of the sensor guard of Fig. 2;

icozer  Fig SB s a side view of the sensor guard of Fig. 2;

foozer  Fig 5C is a bottom view of the sensor guard of Fig. 2, and

rco20t Fig 5D is a top view of the sensor guard of Fig. 2.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
(00311 The invention now will be described more fully hereinafter with reference to
the accompanying drawings, in which illustrative embodiments of the invention are shown,
This tnvention may, bowever, be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein; rather, these embodiments are
provided so that this disclosure will be thorough and complete, and will fully convey the

scope of the invention to those skilled in the art.

100327 As used herein, the term "and/or" includes any and all combinations of one or
more of the associated listed ttems. Further, the singular forms and the articles "3", "an”
and "the" are intended to include the plural forms as well, unless expressly stated
otherwise. It will be further understood that the terms: wncludes, comprises, including
and/or comprising, when used in this specification, specify the presence of stated features
and/or components, but do not preclude the presence or addition of one or more other
features components, and/or groups thereof. Further, 1t will be understood that when an

clement, including component or subsystem, is referred to and/or shown as being
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connected or coupled to another element, i can be directly connected or coupled to the

other element or intervening elements may be present.

100231 Fig 1illustrates a prior art heat fire sensor [0A that comprises a housing 12, 2
heat sensor element 16A extending from the housing 12, and a sensor guard 18 mounted on

the housing 12 for protecting the heat sensor element 16A from mechanical impact.

100347 The housing 12 has a number of parts. The parts include a housing base 14A
that 1s generally evlindrically shaped and typically mates with a cetling-installed mounting
base. A housing shoulder 14B is somewhat cylindrical to conical and terminates in a
proximal housing surface 15, The proxiral housing surface 18 curves inward towards a
central axis CA of the heat fire sensor 10A. The housing 12 and its related parts can be
made of a single molded piece of plastic. For example, the housing 12 can be made by an
injection molding process in which powdered plastic and molding pigments are mixed,

heated, and forced into a mold under pressure and then cooled to form the housing 12

10035]  The prior art sensor guard 18 1s mounted to the proximal housing surface 15, In
particular, the proximal housing surface 15 has an annular groove 27 for accepting a guard

base 24 of the seunsor guard 18,

100361 The bousing 12 functions to protect the inner electronics of the heat fire sensor
10A. The mnner electronics often includes a printed circuit board (PCB) with a controller,
wired and/or wireless communication interfaces, main battery, and/or backup battery, for

example.

1003717 The heat sensor element 16A extends downward from the housing 12, usually
along the central axis CA of the heat fire sensor 10A. In more detatl, the heat sensor
element 16A 1s mounted to a sensor base 17 which projects away from the proximal

housing surface 15

100381 The heat sensor element 16A functions to detect an ambient temperature. In
implementations, the heat sensor element 16A 15 a thermistor sensor element,
thermocouple sensor element, or other temperature sensor element that 1 responsive to
changes in the ambient temperature. Thus, the prior art heat fire sensor 10A can use these
responses to detect when the ambient temperature exceeds a threshold temperature or the

rate of temperature rise, indicating fire.
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[0c0391  Fue sensors are typically installed on walls or ceilings of buildings. This
enables the heat sensor element 16A to be in communication with the ambient
environment. Since heat generated by fire tends to rise towards the ceiling, the five sensors

are preferably mounted to the ceiling.

roo4ct  The illustrated prior art sensor guard 18 comprises vertical legs 20, a horizontal
annwlar rib 22, the guard base 24, and a guard ning 26, 1o particular, the prior art sensor
guard 18 has five vertical legs 20 that extend between the guard base 24 and the guard ring
26. The five vertical legs 20 are interconnected by the horizontal annular rib 22 that runs

along the inner sides of the legs 20.

ro0411  Each vertical leg 20 has a general vane shape in a plane that extends through the
leg and the central axis CA. To particular, each vertical leg 20 has a vane shape with a
width, in the radial direction with respect to the central axis CA. This width is greatest
near the guard base 24 and then generally decreases moving in the direction of the central

axis CA away from the guard base 24

r00421  Fig 2 shows a fire sensor 10B having a sensor guard 28 that that has been
constructed according to the principles of the present invention. The present invention
sensor guard 28 provides improved airflow compared to the prior art sensor guard 18 while
st providing protection from mechanical impact. To particular, the sensor guard 28 18

designed to timprove airflow by funneling/re~directing atrflow to a seusor element 168,

100431 The fire sensor 108 1s either a heat fire sensor or smoke fire sensor generally
having the same components as the prior art heat five sensor 10A. The components include
the housing 12 having the housing base 14A, housing shoulder 148, and proximal housing
surface 15 for protecting inner electronics. The components also include the sensor
element 16B extending from the housing 12 and the present invention sensor guard 18
mounted on the housing 12 for protecting the sensor element 16B. Similar to the prior art
heat fire sensor 10A, the annular groove 27 of the proximal housing surface 15 accepts a

guard base 24 of the present invention sensor guard 28,

(o)

(00441 The sensor element 16B can either be a heat sensor element or a chamber sensor
element. In the ilfustrated example, the sensor element 10B is the heat sensor element
particularly the thermistor sensor element as described above. Alternatively, the sensor
element 168 can be a chamber sensor element such as an {onization chamber sensor

element or optical chamber sensor element used to measure smoke. As described above,
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the sensor elemnent 168 15 moounted to the sensor base 17 projecting away from the housing

100451 The sensor guard 28 includes six legs 30 extending between a guard base 24
and a guard ring 26, As illustrated, the guard base 24 and the guard ring 26 have an
annular shape. The sensor element 168 projects from the housing 12 into a volumetric

region defined by the legs 30, guard base 24, and guard ring 26.

(00467 Figs. 2, 3, and SA-5D are different views {e.g., side, top, bottom, and
perspective) of the inventive sensor guard 28 mounted to the housing 12 of the fire sensor
10B (Figs. 2 and 3) as well as by itselt prior to installation (Figs. 5A-5D)). These views
iHustrate an improved design for the sensor guard 28, This improved design particularly

relates to the arrangement of the legs 30 and shape of each leg 30,

100471 Thelegs 30 are arranged to improve airflow near the sensor element 168, The
legs 30 are arranged to extend in a direction that is obligue to the central axis CA of the
housing 12, The legs 30 converge toward each other moving along the central axis CA
away from the housing 12. The legs 30 can trace a helical path and more particularly a
concal belical path. In the illustrated embodiment, the legs 30 trace a frusto conical
helical path. This arrangement of the legs 30 spreads out the leg material laterally (Fig. 2)
wnstead of concentrating the leg matenal vertically (Fig 13, This allows for better airflow
running across the sensor element 16B and decreases the area of airflow deflection

surrounding the sensor element 168,

rco481  One international standard examines a fire sensor with respect to “worst case
orientation” which is defined as the angle at which a fire sensor is most obstructed and/or
provides the highest time response to environment change such as changing ambient
temperature. The arrangement of the legs 30 eliminates concentrated airflow obstacles.
When compared to the prior art sensor guard 18, the present invention sensor guard 28 has
less area of leg material blocking the sensor element 16B. Thus, the presest jnvention
sensor guard 28 provides an improvement with respect to the “worst case orientation”

mternational standard.

100491 As shown in Figs. 3, 53C, and 5D, each of the legs 30 trace a spiral shape when
viewed along the central axis CA. The legs 30 of the sensor guard 28 particularly trace the
sparal up a height H of the sensor guard 28 from the guard base 24 to the guard ring 26,

This height H relates to an area of the sensor guard 28 exposed to airflow {e.¢, horizontal
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atrflow). The height H is between about 1.3 centimeters (0.5 inch) and about 2.5
centimeters {1 inch), for example. The spiral shape of the legs 30 up to the guard ring 26
provides minimal feg material in the legs 30 that could negatively deflect air away from the
sensor element 168, This spiral shape improves the amount of airflow capable of reaching
the sensor element 168 when airtlow is directed at the sensor guard 28, In an example,
each leg 30 has a pitch angle between about 1.5 degrees and about 4 degrees with respect
to the spiral shape. In particular, each leg 30 has a pitch angle of about 2.75 degrees.
(00501 Asillustrated w0 Fig 3, the guard ring 26 has a main hole 32 for further
enhancing atrflow to the senor element 16B. This main hole 32 is aligned with the sensor
element 16B allowing airflow to be directed by the main hole 32 towards the sensor
element 16B. The combination of the main hole 32 with the legs 30 being tapered into the
center (i.¢, legs tracing the spiral shape) induces and pulls airflow inwards and towards a

head portion of the sensor element 16B.

ro0511 Asillustrated o Fig. 5B, each of the legs 30 form an acute angle 81, 682 with the
guard base 24 and the guard ring 26, respectively. In particular, each leg 30 extends from
the guard base 24 forming the acute angle 61 between the leg 30 and the guard base 24,
This acute angle 81 is between about 10 degrees and about 30 degrees. For the guard ring
26, each of the legs 30 terminate at the guard ring 26 forming the acute angle 82 between
each leg 30 and the guard ring 26. This acute angle 62 1s between about 35 degrees and

about 35 degrees.

feos2t Asillustrated in Figs. 54, 5B, and SD, the sensor guard 28 can include bosses
34 as part of the guard base 24, The bosses 34 are used for mounting the sensor guard 28

wito the annular groove 27 of the proximal housing surface 15,

100531 The atrflow or cross-sectional profile for each leg 30 is also important to
improving airflow near the sensor element 168 based on aerodynamic theory.
Aerodynamic theory states that a shape with a sharper leading edge and tapered body
provides a more laminar airflow than a shape with a thick leading edge and minimaliy
tapered body. As iHustrated 1o Fig 4, the awtlow profile improves for shapes ravked in the
foliowing order from least aerodynamic to most aerodynanic: flat plate 36 1o circle 38,
cirele 38 to circle with fairing 40, and then circle with fairing 40 to wing-shaped housing

42, Based on Fig. 4, it was determined that a leg shape providing minimal aurflow
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distortion allows less turbulent airflow to reach the sensor element 168, which in turn

helps provide improved fire detection accuracy and speed.

100541 Each of the legs 30 of the sensor guard 28 preferably has an aerodynamic cross-
sectional profile. Iun particular, Figs. 2 and 5B dlustrate the legs 30 having a generally
blade shaped geometry as the legs 30 spiral up to the guard ring 26. The cross-sectional
profile 1s generally counstant along the fength of each leg As shown 1n Fig. 3, each of the
legs 30 is preferably arcuate when viewed along the central axis CA. Hachleg 30 hasa
cross-sectional profile designed to incorporate a sharp leading edge with 4 tapered body.
This cross-sectional profile helps delay the point of air separation from the profile of the
leg 30 which in turn helps reduce airflow distortion and induced turbulence. In one
example, the cross-sectional profile bas a generally paralielogram shape. However, in other
emtbodiments, legs having a circle with fairing protile 40 or wing-shaped profile 42 are

used.

(00551 To quantify the improvements of the helical guard (i.e., present invention
sensor guard 28) compared with the current guard {(i.e, prior art sensor guard 18}, the two
foliowing tests were conducted. horizontal airflow test and axial airflow test. These two
tests were chosen to most closely replicate international standard tests that are conducted in
both China and Korea. The direction of atrflows used during the horizontal airflow test

and the axial airflow test are iHustrated in Figs. | and 2.

100567 The horizontal airflow test was conducted by mcreasing air temperature at a

,.
D

constant horizontal airflow rate across each respective sensor guard 18, 28 towards the
respective sensor element 16A, 16B. Each fire sensor 10A, 10B was initially tested at
various otientations with an aurflow temperature rate of rise of 10°C/minute to determine
the position of minimum and maximum response time (i.e., orientation settings). Once
these orientation settings were determned, the fire sensor 10A, 10B was tested at a rate of
rise of 5°C/minute. Oven temperatures were recorded when the fire sensor 104, 10B

alarim was generated at the best case orientation and worst case orientation.

ro0571 Table 1 shows a sumrvary and comparison of oven temperatures when alarms
were generated during testing of the prior art sensor guard 18 against the present invention
sensor guard 28, In particular, Table 1 shows oven temperatures required to instigate an

alarm for each fire sensor 10A, 10B at best and worst case orientations. For the prior art
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sensor guard 18, these orientations were 44 degrees and 89 degrees. For the present

invention sensor guard 28, these orientations were 88 degrees and 43 degrees.

100591 Table I shows the temperature difference between the best and worst case
orientations for each fire sensor 104, 10B. The oven temperature difference for the present
invention sensor guard 28 is less than the oven temperature difference for the prior art

sensor guard 18:

e
///f; o //,
/ // :

Table I: Horizontal airflow fest resuits.

100591 The results of the horizontal airflow test showed an improved accuracy of
detection when using the present invention sensor guard 28 as compared to the prior art
sensor guard 18, In particular, oven temperatures at alarm recorded for the prior art sensor
guard 18 generally have a higher average temperature than the average teroperature of the
oven temperatures at alarm for the present invention sensor guard 28, Also, as noted
above, the ditference between the recorded oven temperatures for best and worst case
orientations was higher for the prior art sensor guard 18 compared to present tnvention
sensor guard 28, As shown in Table 1, using the present invention sensor guard 28
fowered oven ternperatures at alarm and decreased the oven temperature difference
between the worst and best case orientation when compared fo using the prior art sensor
guard 18, This proves that the present invention sensor guard 28 creates more consistent

sensor readings regardless of orientation compared to the prior art sensor guard 18

rooect  The axial airflow test includes providing a constant axial airflow towards each
respective sensor guard 18, 28 particularly towards the respective sensor elements 164,
108 at a constant temperature. For this test, a heat tunnel was brought to a constant
temperature with a constant air flow rate while each fire sensor 10A, 108 was positioned
outside the tunnel in the ambient environment. Once the tunnel was set at the correct

temperature and flow rate, the fire sensor 10A, 10B was plunged into the ambient

10
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environment and was positioned at a constant location where the airflow ran directly into
the sensor guard 18, 28 as shown in Figs. 1 and 2. In this axial airflow test, the time
response of each fire sensor 10A, 10B was measured at a teroperature shightly lower than
the tunnel climate. The sensor guards 18, 28 were tested and compared at constant test

parameters.

icoe1t Resulis of the axial airflow test show an improved speed of detection when
using the present invention sensor guard 28 versus the prior art sensor guard 18, There was
a particular improvement in sensor response time when using the present invention sensor
guard 28 in the axial airflow test. In particular, as shown in Table 2 below, the average
sensor response time for the prior art sensor guard 18 was about 49 seconds compared to

about 32.2 seconds for the present invention sensor guard 28.

Table 2: Axial airflow test resulis.

(00621 Based on the results of the horizontal airflow test and the axaal airflow test,
using the present invention sensor guard 28 design improves fire sensor performance as
compared to using the prior art guard 18, Based on the results of these tests, the present
invention sensor guard 28 has iraproved airflow near the sensor element 16B compared to

the prior art sensor guard 18.

rc0631  The present invention sensor guard 28 can be used within a method for
protecting the sensor element 168, Tu a fivst step, the five sensor 10B is configured with
the sensor element 168 extending from the housing 12, The sensor guard 28 is employed
to protect the sensor element 16B. As described above, the sensor guard 28 has legs 30

extending in the divection that is oblique to the central axis CA of the housing 12, Further,

11
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this method 1ocludes the legs 30 directing airflow towards the sensor element 168 and
reducing airflow deflection. Alsg, this method tncludes the legs 30 minimizing a drag
torce (1.e., material wterference) surrounding the sensor element 30

ro0641  While this invention has been particularly shown and described with references
to preferred embodiments thereof, 1t will be understood by those skilled in the art that
various changes i form and details may be made therewn without departing from the scope

of the invention encompassed by the appended claims.

12
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CLAIMS

What is clatmed is:

L. A fire sensor, comprising:
a housing;
a sensor element, extending from the housing, for detecting an indication of fire;
and
a sensor guard, mounted on the housing, for protecting the sensor element,
wherein the sensor guard comprises one or more legs that extend in a

direction that is oblique to a central axis of the housing.

2. The fire sensor according to claim 1, wherein the legs converge toward each

other moving along the central axis away from the housing,

3. The fire sensor according to claim 1, wherein each of the legs 15 arcuate when

viewed along the central axis,

4. The fire sensor according to claim 1, wherein the sensor guard further comprises

a guard ring, each of the legs termunate at the guard ring.

S. The fire sensor according to claim 4, wherein the guard ring has an annular

shape.

6. The fire sensor according to claim 1, wherein each of the legs frace a helical

path.

7. The fire sensor according to claim 1, wherein each of the legs trace a conical

helical path.

8. The fire sensor according to claim 1, wherein each of the legs trace a frusto

conical helical path.

9. The fire sensor according to claim 1, wherein each of the egs trace a spiral

shape when viewed along the central axis.

10. The fire sensor according to claim 1, wherein the sensor guard further

comprises a guard base, each of the fegs extend from the guard base forming an

13
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acute angle between each of the fegs and the guard base, the acute angle 15 between

about 10 degrees and about 30 degrees.

11, The fire sensor according to claim 1, wherein the sensor guard further
comprises a guard ring, each of the legs terminate at the guard ring forming an
acute angle between each of the legs and the guard ring, the acute angle 18 between

about 35 degrees and about 55 degrees.

12, The fire sensor according to claim 1, wherein the sensor guard has a height tor
an area of the sensor guard exposed to horizontal airflow, the height is between

about 1.3 centimeters (0.5 inch) and about 2.5 centimeters (1 inch).

13, The fire sensor according to claim 1, wherein the sensor element is a thermistor

sensor element or a chamber sensor element,

14, The fire sensor according to claim 1, wherein the sensor element projects from

the housing into a volumetric region defined by the legs.

15. The fire sensor according to claim 1, wherein the sensor guard comprises a
guard base and a guard ring, wherein the legs extend between the guard base and

the guard ring.

16, The fire sensor according to claim 1, wherein the one or more legs comprise

six legs.

17. The fire sensor according to claim 1, wherein the sensor guard further

comprises bosses for mounting the sensor guard on the housing.

18, A sensor guard for protecting a sensor element of a five sensor, the sensor
guard comprising one or more legs that extend in a direction that 1s oblique to a

central axis of the fire sensor.

19. The sensor guard according to claira 18, wherein each ot the legs is arcuate

when viewed along the central axis.

20. The sensor guard according to claim 18§, wherein each of the legs trace a frusto

conical helical path.
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21. A method for protecting a sensor element of a fire sensor, the method
comprising
configuring the fire sensor with the sensor element exiending from a housing of
the fire sensor; and
protecting the sensor element with a sensor guard comprising one or more legs

that extend in a direction that is oblique to a central axis of the housing,

22. The method according to claim 21, further comprising the legs directing

airflow towards the sensor element,

23, The method according to claim 21, further comprising the sensor element

detecting an indication of fire based on heat or smoke.

24. The method according to claim 21, further comprising the legs reducing

airflow deflection towards the sensor element.

25. The method according to claim 21, further comprising the legs minimizing a

drag force surrounding the sensor element.

15



WO 2016/128845 PCT/IB2016/050026

14A ™ e 148

‘12"“\%

Horizonial
Alrflow
Test Axial
Airflow
Test
PRIOR ART

FiG. 1

1/6



WO 2016/128845 PCT/IB2016/050026

148

e

Y Y9 ¢%

Horizontal
Airflow
Test
A A4 L4
Axial
Airflow
Test

FIG. 2

2/6



PCT/IB2016/050026

WO 2016/128845

[ ]

15

108

rsseren

FIG. 3




PCT/IB2016/050026

WO 2016/128845

1016

N

FiG. 4

4/6



WO 2016/128845 PCT/IB2016/050026

34 73

FIiG. 5B

5/6



WO 2016/128845

28“1&

30

30

FiG. 8D

6/6

PCT/IB2016/050026

34



INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2016/050026
A. CLASSIFICATION OF SUBJECT MATTER
INV. GO8B17/06
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO8B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2003/058116 Al (MAYUSUMI KARI [JP] ET 1-25
AL) 27 March 2003 (2003-03-27)
abstract
paragraph [0040] - paragraph [0045];
figures 1-3
X US 2011/211614 Al (GMELIN CHRISTOPH [DE] 1-25
ET AL) 1 September 2011 (2011-09-01)
abstract
paragraph [0029] - paragraph [0044];
figures 1-9
A US 2004/001006 Al (MACPHERSON WILLIAM [US] 1,4,5,
ET AL) 1 January 2004 (2004-01-01) 10,11,
13-18,
21-25
abstract
paragraph [0025] - paragraph [0042];
figures 1-3

See patent family annex.

D Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international

- "X" document of particular relevance; the claimed invention cannot be
filing date

considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

14 April 2016

Date of mailing of the international search report

25/04/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

HeB, Riidiger

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/1B2016/050026
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2003058116 Al 27-03-2003 CN 1492385 A 28-04-2004
DE 60208135 T2 22-06-2006
EP 1298615 A2 02-04-2003
JP 3803047 B2 02-08-2006
JP 2003109142 A 11-04-2003
TW 567447 B 21-12-2003
US 2003058116 Al 27-03-2003
US 2011211614 Al 01-09-2011 CN 102207408 A 05-10-2011
DE 102010002480 Al 01-09-2011
US 2011211614 Al 01-09-2011
US 2004001006 Al 01-01-2004 CA 2432854 Al 27-12-2003
CN 1502986 A 09-06-2004
US 2004001006 Al 01-01-2004

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - wo-search-report
	Page 24 - wo-search-report

