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A gas sensor assembly having a chamber that can be open to allow a sensor to sample and monitor the air for gases and can be
passively closed to protect the sensor from water and contaminants. The assembly includes a tube having one end coupled to the
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chamber with an air passage and an opposite open end. When a level of water in the tube rises through the open end, air with
positive pressure in the chamber and tube prevents the water from reaching the gas sensor. Instead of using positive air pressure,
the tube can include a sealing member such as a float to close the air passage and protect the gas sensor.



w0 2017/0789:50 A1 I]0FI0H 0D N1 0 YRR 0 A

(43) International Publication Date

CA 03003402 2018-04-26

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

Organization
International Bureau

(10) International Publication Number

WO 2017/078950 Al

11 May 2017 (11.05.2017) WIPO I PCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
GOIN 1/22 (2006.01) GOIN 1/24 (2006.01) kind of national protection available). AE, AG, AL, AM,
, . AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ. CA, CH. CL. CN. CO. CR. CU. CZ. DE, DJ. DK, DM.
PCLAUSZ0164)38368 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT.
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
24 October 2016 (24.10.2016) KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ML,
. MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(25) Filing Language: English OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(26) Publication Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(30) Priority Data: YAYS

62/251,760 6 November 2015 (06.11.2015) US
(84) Designated States (unless otherwise indicated, for every
(71) Applicant: 3M INNOVATIVE PROPERTIES COM- kind of regional protection available). ARIPO (BW, GH,
PANY [US/US]; 3M Center, Post Office Box 33427, Saint GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
Paul, Minnesota 55133-3427 (US). TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(72) Imventors: HU, Jia; 3M Center, Post Office Box 33427, 1J, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
. . ] DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

Saint Paul, Minnesota 55133-3427 (US). TEMPLLE,
Daniel A.; 1310 Amna Court, Cedar Park, Texas 78613 LV, ML, MK, M1, NL; NU, tL, FL, RO, 55, BE, 5l 8K,
(US) ’ ’ ’ SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

' GW, KM, ML, MR, NE, SN, TD, TG).
(74) Agents: VIETZKE, Lance L. et al.; 3M Center, Office of

Intellectual Property Counsel Post Office Box 33427, Saint
Paul, Minnesota 55133-3427 (US).

[Continued on next page/

(54) Title: GAS SENSOR WITH A SEALABLE SAMPLING CHAMBER

(57) Abstract: A gas sensor assembly having a chamber that can be

open to allow a sensor to sample and monitor the air for gases and can
be passively closed to protect the sensor from water and contaminants.
The assembly includes a tube having one end coupled to the chamber
with an air passage and an opposite open end. When a level of water in
the tube rises through the open end, air with positive pressure in the
chamber and tube prevents the water from reaching the gas sensor. In-
stead of using positive air pressure, the tube can include a sealing
member such as a float to close the air passage and protect the gas
Sensor.
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GAS SENSOR WITH A SEALABLE SAMPLING CHAMBER

BACKGROUND
Most gas sensors require gas permeable membranes, such as Polytetratluorocthylenc
(PTFE), to prevent extreme moisture, water, or other elements from being 1in direct contact with
the sensors as that may cause a false reading or damage. However, the membranes themselves are
exposed to contamination and prone to degraded performance or damage 1f the water contains
dust, dirt, salt, debris, or other contaminants which are often present i flooded underground
spaces such as manholes. Accordingly, a need exists for a passive gas sensor assembly that can

protect the gas sensor from water, moisture, and contaminants.

SUMMARY

A first gas sensor assembly with a sealable chamber, consistent with the present invention,
includes an enclosed chamber having an air passage, a gas sensor located within the chamber, and
an air permeable membrane located within the chamber between the gas sensor and the air passage.
The assembly also includes a tube having a first open end coupled to the chamber at the air
passage and a second open end opposite the first end. The second end of the tube allows for air
flow 1nto the tube, and when a level of water 1n the tube rises to a particular level, air with positive
pressure 1 the chamber prevents the water from penetrating the membrane.

A second gas sensor assembly with a scalable chamber, consistent with the present
invention, includes a chamber having an air passage, a gas sensor located within the chamber, and
an air permeable membrane located within the chamber between the gas sensor and the air passage.
The assembly also includes a tube having a first open end coupled to the chamber at the air
passage and a second open end opposite the first end. A passive sealing member 1s located 1 the
tube adjacent the air passage. When the second end of the tube allows for air flow into the tube the
passive sealing member leaves the air passage open, and when a level of water 1n the tube rises to a

particular level, the passive sealing member closes the air passage.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are incorporated 1n and constitute a part of this specification
and, together with the description, explain the advantages and principles of the mvention. In the
drawings,

FIG. 1 1s a block diagram 1llustrating a gas sensor assembly used to monitor an

underground space;
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FIG. 2 1s a side view of a first embodiment of a gas sensor assembly with a sealable
chamber;

FIG. 3 15 a side view of the first embodiment with the chamber sealed:

FIG. 4 1s a side view of a second embodiment of a gas sensor assembly with a sealable
chamber;

FIG. 5 1s a side view of the second embodiment with the chamber sealed:

FIG. 6 1s a side view of a third embodiment of a gas sensor assembly with a secalable
chamber; and

FIG. 7 1s a side view of the third embodiment with the chamber sealed.

DETAILED DESCRIPTION

Embodiments of the invention include assemblies to package sensors that monitor gases,
for example methane, carbon monoxide, sulfide, and others, 1n underground infrastructures by
placing those sensors that are prone to water damage 1n a scalable sampling chamber. In those
systems, the chamber can be open to allow the sensors to sample and monitor the air for gases and
can be passively closed to protect the sensors from water and contaminants.

FI1G. 1 1s a block diagram 1llustrating a gas sensor assembly used to monitor an
underground space. A gas sensor assembly 10 1s located within an underground space 16 below
oground or grade level 18. Gas sensor assembly 16 can be electrically coupled to a processor 12,
which can provide power to gas sensor assembly 16 and receive sensor signals from 1t. A
communications module 14 within or associated with processor 12 can be used to send signals
related to the sensor signals received from gas sensor assembly 16. For example, communications
module 14 can send the signals via communications protocols, including wireless communications
protocols, for transmitting the signals over the Internet or other networks. An opening 19, such as
a manhole, can be used to physically access gas sensor assembly 16.

FIG. 2 1s a side view of a gas sensor assembly 20 with a sealable chamber, and FIG. 3 1s a
side view of gas sensor assembly 20 with the chamber sealed. Assembly 20 includes a chamber 29
having an air passage to a downward tube 28 and having a closed end opposite tube 28. Tube 28
has a first open end at chamber 29 and a second open end opposite the first open end. A gas sensor
22 1s located within chamber 29, and an air permeable membrane 24 1s located between gas sensor
22 and the air passage to tube 28. In use, air pressure 1nside tube 28 builds as the water level rises,
for example from level 21 to level 23. Positive air pressure 32 inside chamber 29 and tube 28
keeps the water level 1inside the tube lower than outside water level 23 and maintains an air pocket
at the top of tube 28 surrounding membrane 24 and gas sensor 22 1in chamber 29, thus preventing
the water from penetrating membrane 24 and reaching gas sensor 22. This pressure differential,

inside and outside, protects membrane 24 and gas sensor 22. Assembly 20 can optionally include
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a water level sensor 26 1n tube 28 to monitor and provide a signal related to a water level 1n tube
28.

FIG. 4 1s a side view of a gas sensor assembly 40 with a sealable chamber, and FIG. 51s a
side view of gas sensor assembly 40 with the chamber sealed. Assembly 40 includes a chamber 535
having an air passage to a downward tube 54 and having a closed end opposite tube 54. Tube 54
has a first open end at chamber 55 and a second open end opposite the first open end. A gas sensor
42 1s located within chamber 35, and an air permeable membrane 44 1s located between gas sensor
42 and the air passage to tube 54. A float 48 1s located within tube 54 between a seal 46 and a
float seat and air path 50. In use, tloat 48 1s raised by water level 56 nside tube 54 and seals oft
membrane 44 and gas sensor 42 as the water rises above a certain level outside assembly 40, for
example from level 41 to level 43. Assembly 40 can optionally include a water level sensor 52
adjacent tube 54 to monitor and provide a signal related to a water level outside and 1n contact with
tube 54.

FIG. 6 1s a side view of a gas sensor assembly 60 with a sealable chamber, and FIG. 7 1s a
side view of gas sensor assembly 60 with the chamber sealed. Assembly 60 includes a chamber 75
having an air passage to a downward tube 74 and having an open end opposite tube 74. Tube 74
has a first open end at chamber 75 and a second open end opposite the first open end. A gas sensor
62 1s located within chamber 75, and an air permeable membrane 64 1s located between gas sensor
62 and the air passage to tube 74. A float 68 1s located within tube 74 between a seal 66 and a
float seat and air path 70. In use, tloat 68 1s raised by water level 76 1nside tube 74 and seals oft
membrane 64 and gas sensor 62 as the water rises above a certain level outside assembly 60, for
example from level 61 to level 63. Assembly 60 can optionally include a water level sensor 72
adjacent tube 74 to monitor and provide a signal related to a water level outside and 1n contact with
tube 74. The open end at the top of chamber 75 allows gas sensor 62 to continue to monitor the
environment even when there 1s a certain level of water above gas sensor 62, for example level 63.

The following are exemplary materials, components, and configurations for the gas sensor
assemblies described herein.

The gas sensors can be implemented with the following: the Synkera Technologies, Inc.
UltraKera 729 and the Figaro USA Inc. TGS2611 products for detecting methane; the Synkera
Technologies, Inc. MikroKera 727 product for detecting hydrogen sulfide; and the Figaro USA
Inc. TGS3870 and the SGX Sensortech Mi1Cs-5524 products for detecting carbon monoxide.

The chamber and tube can be composed of solid metal or plastic sides, between the top of
the chamber and the second end of the tube, to prevent water from entering the assembly through
the sides. The chamber and tube can have a round, square, rectangular, or other cross-sectional

shape when viewed from the open end of the tube or the top of the chamber. The assemblies can
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be physically mounted within an underground space, such as a manhole or vault, to provide the
monitoring.

The gas sensors and water level sensors are electrically coupled to the processor to provide
sensor signals such as a signal relating to gas detected by the gas sensor and a signal relating to a
water level detected by the water level sensor. The processor can be configured to process those
recerved sensor signals. Based upon a signal from the gas sensor the processor via the
communications module can send an alert or warning signal. Based upon a signal from the water
level sensor, the processor can be configured to turn off power to the gas sensor. The processor

and communications module are shown remote from the gas sensor assemblies but can optionally

be located within the assemblies.
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CLAIMS

1. A gas sensor assembly with a sealable chamber, comprising:

a chamber having an air passage, wherein the chamber 1s enclosed around the air passage;

a gas sensor located within the chamber;

an air permeable membrane located within the chamber between the gas sensor and the air
passage; and

a tube having a first open end coupled to the chamber at the air passage and having a
second open end opposite the first end,

wherein the second end of the tube allows for air flow into the tube, and when a level of
water 1n the tube rises to a particular level, air with positive pressure 1n the chamber prevents the

water from penetrating the membrane.

2. The gas sensor assembly of claim 1, further comprising a water level sensor located
adjacent the tube.
3. A gas sensor assembly with a sealable chamber, comprising:

a chamber having an air passage:

a gas sensor located within the chamber;

an air permeable membrane located within the chamber between the gas sensor and the air
passage:

a tube having a first open end coupled to the chamber at the air passage and having a
second open end opposite the first end; and

a passive sealing member located 1n the tube adjacent the air passage,

wherein when the second end of the tube allows for air flow 1nto the tube the passive
sealing member leaves the air passage open, and when a level of water 1 the tube rises to a

particular level, the passive sealing member closes the air passage.

4. The gas sensor assembly of claim 3, wherein the sealing member comprises a float.

S. The gas sensor assembly of claim 3, wherein the chamber 1s enclosed around the air

PASSAZC.

6. The gas sensor assembly of claim 3, wherein the chamber has an open end opposite the air

passage.
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7. The gas sensor assembly of claim 3, further comprising a water level sensor located
adjacent the tube.
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