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(57) Abstract: A probe head is disclosed that is detachable from a probe body containing electronics. The probe head including a
housing enclosing a sensor and at least part of an electrical connector electrically coupled to the sensor. The housing has a cou-
pling member positioned to detachably connect the housing to the probe body, and when the probe head and probe body are cou-

O pled, the electrical connector electrically couples the sensor to the electronics in the probe body.
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REPLACEABLE PROBE HEAD
TECHNICAL FIELD

{6061] The present application relates to a replaceable probe head, and more
particularly to a replaceable probe head having a sensor, such as an electrode, and

having a connector for sealably connecting the probe head to a probe body.

BACKGROUND

{0062] Probes having sensors are known, but tn the past once the sensor dies, in
particular when a fluid reservoir of an electrode type sensor is spent, the entire probe
was discarded. That may not have been too expensive prior to "smart probes,"” but
now that probes, like those disclosed herein, carry an on-board circuit board with
memory and numerous other functionalities, it is expensive to just throw away the

entire probe.

{0083] To solve this problem and address this long-feit need, Applicants have
developed a replaceable probe head that allows the body of the probe housing the
circuit board to be reused.  In the embodiment disclosed herein, only the probe head

18 discarded.

SUMMARY

{6004] Viewed from one aspect of the invention, there is provided a probe head that
is detachable from a probe body that contains electronics.  The probe head includes
a housing that encloses an electrode as a sensor, a reagent reservoir therefor, and an
clectrical member connecting the sensor to an electrical connector, wherein at least
part of the electrical connector protiudes from the housing. The housing includes a
coupling member positioned to detachably connect the housing to the probe body at
a junction where the electrical connector couples with the electronics in the probe
body to electrically couple the sensor to the electronics of the probe body, thereby
obviating such electronics from the probe head. Reagent within the reagent
reservoir is consumable and once exhausted, the probe head is detachable from the
probe body for replacernent with a probe head comprising an unexhausted reagent

reservoir while the probe body containing the electronics remains unchanged.
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{0004a] In somc embodiments, the coupling member includces a flexible, gencraily

C-shaped open ring.

{0064b] When the probe head is detachably connected to the probe body, the
electrical connector will electrically couple the sensor to the electronics in the probe

body.

{0004c] In some embodiments, the coupling member is the flexible, generally
C-shaped open ring having a snap-fit feature, for example, an annular ridge
protruding from the exterior surface of the open ring for coupling the probe head to
the probe body. The open ring may be compressible toward a closed ring position
to couple the probe head to the probe body, expands to interconnect the two, and

may be compressible again to uncouple the probe head.

{3004d] In some embodiments, the probe head is replaceable and/or disposable.

[0005] Viewed from another aspect of the invention, there is provided a probe for
monitoring a parameter of an environment, wherein the probe includes a probe body
enclosing electronics. The probe body has a first end and a second end, and a first
electrical connector proximal the first end and electrically coupled to the electronics
and a second electrical connector proximal to the second end and electrically
coupled to the electronics, wherein each of the first electrical connector and the
second electrical connector are at least partially enclosed by the probe body. The
probe also includes a probe head enclosing an electrode as a sensor, a reagent
reservoir therefor and at least part of a third electrical connector electrically coupled
to the sensor. The probe also includes a coupling member positioned to detachably
connect the probe head and the probe body to one another with the first electrical
connector connected to the third electrical connector, thereby electrically coupling
the sensor of the probe head with the electronics of the probe body and obviating
such electronics from the probe head. The second electrical connector of the probe
body connects the electronics in the probe body to a device capable of
communicating with the sensor, via the electronics in the probe body, to monitor an
environment surrounding the sensor. Reagent within the reagent reservoir is
consumable and once exhausted, the probe head is detachable from the probe body

for replacement with a probe head comprising an unexhausted reagent reservoir
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while the probe body containing the electronics remains unchanged.

[0006] The third electrical connector may be connectable to a monitoring device, for
example, a sonde, that can operate and/or communicate with the probe, in particular,
with the clectronics of the probe body and, hence, the sensor in the probe hcad.  The

third electrical connector may be a wet-mateable connector.

[0006a] Also described is a probe for connection to a sonde for monitoring a
parameter of an environment, the probe comprising: a probe body defining an
interior cavity and having a coupling member connectable to the sonde, the probe
body comprising a circuit board housed within the interior cavity of the probe body
in a water-tight sealed portion thereof, wherein the circuit board comprises a first
electrical connector electrically coupled thereto and having a portion of the first
electrical connector extending out of the water-tight sealed portion of the interior
cavity; and a probe head defining an interior cavity and comprising a sensor housed
within the interior cavity of the probe head in a water-tight sealed portion thereof,
wherein the sensor is electrically coupled to a second electrical connector having a
portion thereof extending out of the water-tight portion of the interior, wherein the
portion of the first electrical connector extending out of the water-tight sealed
portion of the probe body is mateable with the second electrical connector extending
out of the water-tight sealed portion of the probe head, and a connector portion of the
probe body proximate to the first electrical connector is mateable with a connector
portion of the probe head proximate to the second electrical connector with a
releasably attachable connection that provides a water-tight seal protecting the first

and second electrical connectors.

[0006b] Viewed from another aspect of the present invention, there is provided a
system for monitoring an cnvironment, the systcm comprising: a sonde comprising
at least one junction for coupling with a probe that monitors parameters of an
environment using a sensor; and a probe couplable with the sonde for electrical
communication therewith, the probe comprising: a probe body having a water-tight
housing enclosing a circuit board having memory, a first electrical connector
connccted to the circuit board and having a portion thercof protruding from the
water-tight housing, and a second electrical connector connected to the circuit board
and having a portion thereof protruding from the housing; and a probe head having a

_%a-

P4
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housing cnclosing clectrode, a recagent reservoir thercfor, and a third clectrical
connector connected to the electrode, wherein a portion of the third electrical
connector protrudes from the housing; wherein the third electrical connector of the
probe head is detachably couplable with one of the first or second electrical
connectors of the probe body and the other of the first or second electrical connectors
of the probe body is electrically couplable with the sonde; and wherein the reagent
within the reagent reservoir is consumable and once exhausted, the probe head is
detachable from the probe body for replacement with a probe head comprising an
unexhausted reagent reservoir while the probe body containing the circuit board

having memory remains unchanged.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a side view of one embodiment of a probe having a replaceable

probe head.

[0008] FIG. 2 is an exploded assembly view of the probe of FIG. 1.

[0009] FIG. 3 is a side view of the replaceable probe head without the retaining
clip.

[0010] FIG. 4 is a cross-scctional view of the replaccable probe head of FIG. 3
taken along line 4-4.

[0011] FIGS. 5-6 are connector end views of alternate embodiments of the

replaceable probe head.

[0012] FIG. 7 is a top view of the retaining clip of the replaceable probe head.
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[0013] FIG. 8 is a front view of the retaining clip of FIG. 7.
[0014] FIG. 9 is a cross-sectional view of the probe body.
[0015] FIG. 10 is a cross-sectional view of the probe of FIG. 1.

[0016] FIGS. 11-12 arc distal end views of altcrnate embodiments of the probe
body.

[0017] FIG. 13 1s a front view of another embodiment of the replaceable probe

head.

[0018] FIG. 14 is a top perspective view of a sonde that includes the probe of
FIG. 1.

[0019] FIG. 15is an exploded assembly view of one embodiment of a probe.
DETAILED DESCRIPTION

[0020] The following detailed description will illustrate the general principles of
the invention, examples of which are additionally illustrated in the accompanying
drawings. In the drawings, like reference numbers indicate identical or functionally

similar clements.

[0021] Referring to FIG. 1, a probe, generally designated 100, is shown that has a
distal end 130 and a proximal end 131 and may include a removable probe head

102 removeably coupled to a probe body 104 by a coupling member 110, a
connector 106, a connecting collar 108, and a guard 112 having one or more
windows 113. The probe 100 can monitor parameters of an environment using a
sensor 114 housed within the probe head 102, typically an environment surrounding
the distal end 130 of the probe, i.e., the probe head, when connected to another
device by connector 106 and, optionally, by the connecting collar 108. The
connccting collar 108 may be threaded for connecting the probe to a port in the
device. The connector 106 may include a stop ring 228 to retain the collar 108, i.c.,

to keep the collar from sliding off.
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[0022] Referring to FIG. 14, in one embodiment, the probe 100 may be
connected to a sonde 500, like the sonde described in U.S. Patent 6,779,383,
modified to include the probe discloscd herein. The sonde 500 includes a plurality
of probes having various sensing capabilities. For example, the sonde S00 may
include a turbidity sensor 510, a dissolved oxygen sensor 512, the probe 100 having
the replaceable probe head that in one embodiment includes a pH electrode and/or
an ORP clectrode, a temperature-conductivity sensor 516 and a sensor 518, which
can be a chlorophyll or rhodamine sensor. The sonde 500 may also include a wiper
element 520 about which a wiper media such as a foamed rubber wiper pad is
wrapped and extending therefrom beyond the diameter of the sensor it is mounted
on, the turbidity sensor 510 in FIG. 14 is a brush 524 for clcaning the surface of the
sensors. In another embodiment, the probe 100 may be connected to a sensor
adaptor, a datalogger, a computer, a handheld monitoring unit, or any other mobile
or fixed data collection platform capable of connecting to the probe and
communicating with the sensor therein to monitor the environment surrounding the

Sensor.

[0023] The probe 100 includes a sensor 114 housed within the housing 118 that
defines at least part of the replaceable probe head 102. The sensor 114 has access
to the environment surrounding the distal end 130 of the probe 100. In one
cmbodiment, like that in FIG. 1, the sensor 114 may protrude from housing 118 and
be surrounded by the guard 112. The replaceable probe head 102 may include a
housing 118, which may be a hollow, generally cylindrical tube, with a sleeve 117
fixedly attached to one end thereof. The replaceable probe head 102 may also
include a coupling member 110 positioned on the sleeve opposite the distal end
130. The coupling member removeably couples the replaceable probe head 102 to

the probe body 104, in particular to second housing 119.

[0024] The replaceable probe head 102, in particular its housing 118, sleeve 117,
and guard 112 may be a plastic material such as a suitable engineering
thermoplastic material with good material strength that lends itself to having the
windows 113, the tabs 129, 129", slots 182, 182" and/or annular grooves 116, 120,
122, described below, formed thercin. The thermoplastic may be water, corrosion,

and/or chemically resistant, and electrically insulating. The plastic material should
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also be suitable for forming a watertight housing, in particular, having watertight
bands between adjoining pieces. The watertight bond is important since the
replaceable probe head 102 is often used undcer water at significant depths and
experiences increased pressure as it descends. If a gap occurs, water may be able to

enter the replaceable probe head 102 and damage its components.

[0025] The thermoplastic material may be an acetal, acrylic, acrylonitrile-
butadiene-styrene terpolymer, a polyamide, a polyvcarbonate, a polyetherimide, a
polyphenylene ether, a polyphenylene sulfide, a polysulfone, polyvinyl alcohol, or a
thermoplastic polyester. In one embodiment, the thermoplastic material is an
imide; preferably a non-filled imide, such as a polyetherimide. Polyetherimides are
commercially available under the brand name Ultem® available from SABIC

Innovative Plastics.

[0026] As shown in the assembly view of FIG. 2, the replaceable probe head 102
may be inserted into the probe body 104, preferably using linear force, to couple the
replaceable probe head 102 to the probe body 104 with a watertight seal. The
replaceable probe head 102 may need to be partially inserted into the probe body
104 and rotated to align means to key the replaceable probe head 102 to the probe
body 104 for a proper connection before applying further force to push the
replaceable probe head 102 into the probe body 104. The replaceable probe head
102 is removeably coupled to the probe body 104 by the coupling member 110 and
may be removed by activating (e.g., compressing) the coupling member 110 and
pulling with a linear force opposite of the force used to insert the replaceable probe

head 102.

[0027] Now referring to FIGS. 1-4, the replaceable probe head 102 has a first end
184 and a second end 186, a housing 118 that houses a sensor 114 and at least part
of an clectrical conncctor 171 clectrically coupled to the sensor 114, a coupling
member 110 positioned to detachably connect the housing 118 to the probe body
104, and a guard 112 to protect the first end 184 where a portion of the sensor 114
may be positioned. In one embodiment, the housing 118 may be a monolithic body
having the coupling member 110 integrally formed therewith or as a separate

component. In another embodiment, the housing 118 may include a sleeve 117,
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which may have the coupling member, again, integrally formed therewith or as a

separate component.

[0028] The housing 118, best seen in FIGS. 3-4, has a first end 150 and a second
end 158 and may be a generally cylindrical, hollow housing. The first end 150
defines a first opening 152 that may include one or more ports 199 (FIG. 10) and
includes a first connecting means 156 on its exterior surface proximate to the first
opening. The first connecting means 156 may be continuous or discontinuous
protuberances such as clips, snap-fit feature(s), threading, or other connecting
features that can fixedly attach the guard 112 to the housing 118. The first end 150
may have a smaller outer diameter than the central section 153 of the housing,
which facilitates the guard 112 fitting over the first end 150. In an alternate
embodiment, the protuberances may be on the interior of the guard 112 and the first
end 150 will, instead, have appropriately positioned and shaped recesses proximate
to the first opening 152. The first end 150 may also have a smaller inner diameter
than the central section of the housing 118 such that an annular shoulder 154 is
formed where the first end 150 transitions to the central section of the housing. The
annular shoulder 154 may be used to mount one or more sensors 114 within the first
end 150 of the housing. In another embodiment, the guard 112 could fit inside the
first end 150 rather than over it, and both components would be shaped and

configured accordingly.

[0029] The guard 112, as described above, is fixedly attachable to the first end
150 of the housing 118 of the replaceable probe head. The guard includes one or
more windows 113 in the distal end of the guard 112. The guard 112 may be a
generally cylindrical, hollow sleeve that fits at least partially over the first end 150
of the housing 118 to position the one or more windows 113 where the environment
surrounding the guard 112 has access to the sensor 114 or electrode 114' of the

replaceable probe head 102,

[0030] The second end 158 of the first housing 118 defines an opening 159 in the
second end and includes a second connecting means 160 on its exterior surface
proximate to the opening 159. The second connecting means 160 may be any of the
same connecting means discussed above for the first connecting means 156 and

may be the same or different as the first connecting means 156 on the housing 118.

-6-
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The second end 158 may have a smaller outer diameter than the central section of
the housing 118, which facilitates the second end 158 receiving the sleeve 117. The
outer diameter of the second end 158 may be the same as the outer diameter of the
first end 150 of the housing, but is not limited thereto. In another embodiment, the
sleeve 117 could fit inside the second end 158, and both components would be

shaped and configured accordingly.

[0031] The sleeve 117 has a distal end 162 and a proximal end 164. The distal
end 162 defines a first opening 166 that has a larger inner diameter than the central
section 176 of the sleeve 117. A first annular step 178 is formed in the interior of
the sleeve 117 where the distal end 162 transitions to the central section 176. The
first annular step 178 acts as a stop or seat for the second end 158 of the housing
118 when it is inserted into the open first end 166 of the sleeve 117. The distal end
162 may include an annular groove or appropriately shaped and position recesses
just interior to the first end 166 indented into the wall thereof. The groove or
recesses are to receive the connecting means 160 of the second end 158 of the first
housing 118 for a watertight connection. The sleeve 117 and housing 118 are
preferably fixedly attached together. In an alternate embodiment, the sleeve 117
may be integral with the housing 118. If so, the second connecting means 160

would be absent.

[0032] The exterior of sleeve 117 may include one or more annular groves 116,
120, 122 indented therein. A first annular groove 116 may be positioned most
proximate to the housing 118 and may be wide enough to receive the coupling
member 110. The sleeve 117 may include a second annular groove 120 between
the first annular groove 116 and the proximal end 164 of the sleeve. The second
annular groove 120 may be shaped to receive a first sealing member 124, for
example, an O-ring or the like. In another embodiment, there may be a third
annular groove 122 between the second annular groove 120 and the proximal end
164 of the sleeve 117 that is shaped to receive a second sealing member 126. While
the embodiments herein have three annular grooves with two of the grooves for
receiving sealing members, one of skill in the art will appreciate that any number of

grooves and scaling members may be used. The scaling members 124, 126 (FIG. 2)
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provide a watertight seal between the replaceable probe head 102 and the probe
body 104.

[0033] The proximal end 164 of the sleeve 117 defines a second opening 168 that
has a smaller inner diameter than the central section 176 of the sleeve 117. As
such, a second annular step 179 is formed in the interior of the sleeve 117 at the
transition of the central section 176 to the second opening 168. The second annular
step 179 has seated thereon a circuit board 170, such as a printed circuit board , that
has a electrical connector 171 extending from the circuit board 170 into or through
the second opening 168. The electrical connector 171 may be a header with either
pins or sockets extending from the second opening 168, a card edge connector, a
printed circuit board connector, a USB connector, or any other known or later-
developed connector that can connect the sensor 114 or electrode 114" to the circuit
or circuit board 170 housed within the probe body 104. In the embodiment in
FIGS. 3-6, the electrical connector 171 is a male header with at least one active pin.
One of skill in the art will appreciate that not all the pins on a header need be
connected to the circuit board 170 on the opposite side of the header. While the

header shown has six pins, the electrical connector is not limited thereto.

[0034] The circuit board 170 may be adhered to the sleeve 117 to hold it in place
and to form a watertight seal. Filler 180 may be present between the electrical
connector 171 and the second opening 168. Suitable filler 180 seals the second
opening 168 of the sleeve 117 so that water cannot enter and damage the
components of the connector 171, the circuit board 170, or the sensor 114. The
filler 180 may be an adhesive, polymer, or other resin that provides a watertight
protective seal of the open second end 168. For example, filler 180 may be an
epoxy resin, silicone RTV, potting compound, or any other suitable filler for
forming a watertight seal. Connected to the circuit board 170 opposite the electrical
connector 171 is at least one lead 174 that extends through the sleeve 117 into
housing 118 and connects the sensor 114 and/or its components to the electrical

connector 171.

[0035] The proximal end 164 of the sleeve 117 may also include a means to key
the replaccable probe head 102 to the probe body 104. In the embodiment of FIGS.
3-5, the means to key the replaceable probe head 102 is one or more tabs 129, 129"

-8-
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extending longitudinally from the proximal end 164 of the sleeve 117. The first tab
129 and the second tab 129" may have different shapes as shown in FIG. 5, such
that therc i8 only one orientation for insertion of the replaceable probe head 102 into
the probe body 104 to correctly connect the electrical connector 171 to the circuit
board 170 in the probe body 104. Accordingly, as seen in FIG. 11, the first opening
136 of the probe body 104 receiving the electrical connector 171 has a first slot 214
configured to receive the first tab 129 and a second slot 215 configured to receive
the second tab 129'. In the embodiment of FIG. 6, the means to key the replaceable
probe head 102 may be one or more slots 182, 182' cut into the proximal end 164
of the sleeve 117, with the slots preferably having different shapes. Accordingly, as
scen in F1G. 12, the first opening 136 of the probe body 104 receiving the clectrical
connector 171 has a first tab 216 and a second tab 217 configured to be received in
the slots 182, 182", respectively, of the replaceable probe head 102. Many other
means to key two parts together are known and are equally applicable here. For
example, the proximal end 164 of the sleeve 117 may have a protrusion on the outer
surface thereof that fits into a slot indented and running longitudinally down the

interior wall of the end of the probe body 104 receiving the sleeve 117.

[0036] The sensor 114 housed within the replaceable probe head 102 may include
a plurality of components, including an electrode 114' (FIG. 10), window,
membrane, or other surface positioned in or extending from the first end 150 of the
housing 118, preferably in or extending from a port 199 in the first end 150. The
electrode 114" may be an ion-selective electrode. Any suitable ion-selective
electrode or a combination of such electrodes may be housed by the probe head
102. For example, a pH ¢lectrode, oxidation-reduction potential electrode, a
dissolved oxygen electrode, an electrode selective toward nitrite ions, nitrate ions,
ammonia, fluoride ions, sodium ions, chloride ions, potassium ions, calcium ions,
bromide ions, or manganese(Il) ions. In one embodiment, the probe head 102
houses a pH electrode. In another embodiment, the probe head 102 houses an
oxidation reduction potential electrode. In yet another embodiment, the probe head

102 houses both a pH electrode and an oxidation-reduction potential electrode.

[0037] An cmbodiment of a probe 100 having two scnsors, in particular two

electrodes 114" extending from the first end 150 of housing 118, is represented in
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FIG. 10. The clectrodes 114" have their sensor components 198 housed within
housing 118 and connected to electrical leads 174 by a sensor connector 200, for
example, or clectrical Icad. The sensor components 198 are those typically nceded
for the particular sensor or electrode chosen for the parameter to be monitored. For
a pH electrode, the sensor components 198 may include a sensor reservoir
containing a reagent that is consumed in making measurements with the sensor, for
cxample, an clectrolyte filling solution such as KCl, a pH glass electrode in fluid
communication with the reservoir, a wire such as a pure silver wire dipped in silver
chloride to pass the signal from the solution to the sensor connector 200, and a
reference electrode, either separate or built into the pH electrode itself. Foran
oxidation-reduction potential clectrode, the sensor components 198 may include
similar components to the pH electrode such as the pure silver wire dipped in silver
chloride surrounded by a reservoir containing an electrolyte filling solution such as
KCl, except that a nobel metal such as platinum, gold, or silver is used as the
measuring element rather than pH glass. The sensor components 198 for other

types of electrodes or sensors are known and may be housed within housing 118.

[0038] The coupling member 110 may be any connecting feature that allows the
mating of the probe head 102 and the probe body 104 and the mating of their

respective electrical connectors 171, 212 with a detachable, watertight connection.

[0039] Now referring to FIGS. 7-8, the coupling member 110 is a flexible open
ring 110 having a slot 111. In one embodiment, the open ring 110 is generally C-
shaped. The flexibility of the ring 110 and slot 111 render the open ring 110
compressible or pinchable at least to the extent that the slot 111 may be closed
when pressure is applied to the ring 110 on both sides of the slot 111 and will return
to its original position when the pressure is removed. Accordingly, the open ring
110 is compressible or pinchable toward a closed ring position as shown by arrows
A in FIG. 7. The open ring 110 may also be expandable such that it may be
expanded to widen slot 111, in particular, so that the open ring 110 may be slid over

the sleeve 117 and into the first annular groove 116.

[0040] The exterior of the coupling member 110, best seen in FIG. §, includes an
upper portion 192 defining an open distal end 190 and a lower portion 193 defining

an open proximal end 191. The upper portion 192 overall has a larger outer

-10-



WO 2011/139539 PCT/US2011/032943

diameter compared to the lower portion 193. An annular stop 196 is defined where
the upper portion 192 transitions to the lower portion 193. The lower portion 193
includes a snap fit feature 128. The snap fit featurc 128 is generally an annular
snap fit feature, as it extends around the outer circumference of the open ring 110.
The leading edge 194 of the snap fit feature 128 may be beveled at an angle less
than 90° to aide in pushing the snap fit feature 128 into the probe body 104. The
snap fit fcaturc 128 is preferably an annular protubcerance as shown in FIG. 8, but is
not limited thereto. Inside and outside snap fit features and/or other cantilevered

snap fit features are all well known and may be applicable here.

[0041] An advantage to the open ring 110 is that the replaceable probe head 102
can be removed and replaced easily by anyone. Such components are often referred
to as "field replaceable,” which eliminates sending the probe to the manufacturer for

replacement of the probe head.

[0042] The flexible open ring 110 detachably locks the probe head 102 and the
probe body 104 together upon insertion. The open ring 110 is compressed during
insertion into the probe body 104 and, due to its flexibility, expands outward into
engagement with the probe body 104 once inserted. In the embodiment of FIG. 10,
the snap-fit feature 128 of the open ring 110 expands into engagement with, for
example, an annular groove in the probe body 104. The user may make insertion of
the probe head 102 easier by pinching the open ring 110 toward a closed ring
position A while inserting or beginning to insert the probe head 102 into the probe
body 104.

[0043] When the probe head 102 is ready to be replaced (i.e., when an on-board
reservoir is used up, the probe head no longer works, etc.), the flexible open ring
110 is pinched toward a closed ring position A by the user to disengage the open
ring 110 from thc probe body 104. The uscr may pinch the open ring 110 between
the thumb and at lcast one finger of the same hand. While pinching the open ring
110, the user pulls the probe head 102 and the probe body 104 apart thereby
disengaging their respective electrical connectors 171, 212. Now the spent probe

head 102 may be discarded and replaced with a new probe head.

[0044] An alternate embodiment for the coupling member 110 is shown on the

replaceable probe head 302 in FIG. 13. The replaceable probe head 302 has an
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integral housing 318 that has a distal end 384 defining a first opening 352 and a
proximal end 386 defining a second opening 368. Here, the annular snap fit feature
328 is integrally formed on a coupling member 319 of the housing 318. The
coupling member 319, overall, has a smaller outer diameter than the rest of housing
318, such that an annular step 378 is defined at the transition from the coupling
portion 319 to the main body of housing 318. The exterior of coupling member 319
may also include one or more annular groves indented therein. A first annular
groove 320 may be between the snap fit feature 328 and the proximal end 386. The
first annular groove 320 may be shaped to receive a sealing member, for example,
an O-ring or the like. The coupling member 319 may also include a second annular
groove 322 between the first annular groove 320 and the proximal end 386 that is
also shaped to receive a sealing member. While FIG. 13 illustrates two annular
grooves in the coupling portion 319, the embodiment is not limited thereto. This
embodiment has an effective coupling mechanism, but the probe head 302 may

need to be replaced by the manufacturer or a traincd technician.

[0045] In another embodiment, the coupling member 110 may be a clip, a push
button-receiving aperture connection, threading, or other connecting features that
facilitate a detachable connection between the probe head 102 and the probe body
104. These alternate coupling members may be used alone or in combination with
the open ring 110 discussed above or with onc another. Any of these embodiments
may include an O-ring or other sealing member to provide a watertight seal

between the probe head 102 and the probe body 104.

[0046] Now referring to FIG. 9, the probe body 104 has a second housing 119 that
is preferably a hollow, generally cylindrical tube having a distal end 132 and a
proximal end 134. The distal end 132 defines a first opening 136 and the proximal
end 134 defines a second opening 137. The housing 119 has a substantially
uniform outer diameter, but has three internal segments with different inner
diameters. The interior of the housing 119 has a cavity 138 at the distal end 132, an

enlarged opening 146 at the proximal end 134, and a chamber 144 therebetween.

[0047] The cavity 138 has a smaller inner diameter than the chamber 144 such
that an annular shoulder 142 is defined at the transition between the cavity 138 and

the chamber 144. The cavity 138 is generally sized to receive the second end 186
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of the replaceable probe head 102 including the snap fit feature 128 of the coupling
member 110. Just interior to the first opening 136 is an annular groove 140
indented into the wall of the cavity and extending around its periphery. The annular
groove 140 is shaped and positioned so as to receive the snap fit feature 128
protruding from the coupling member 110 when the replaceable probe head 102 is
connected to the probe body 104. Tt is appreciated that, while an annular groove is
prefcrable, other indentation means are also possible. For example, the other
indentation means may include a plurality of recesses formed in the cavity's wall
arranged to coincide in alignment with a plurality of protuberances on the second

end 186 of the replaceable probe head 102.

[0048] The enlarged opening 146 at the proximal end 134 of the second housing
119 extends generally uniformly into the interior of the housing 119 and is
contiguous with the second opening 137 defined by the proximal end 134. The
enlarged opening 146 has a larger inner diameter compared to the chamber 144 and
may even have a larger inner diameter compared to the cavity 138. The benefits of
the enlarged opening 146, in particular, in relation to assembling and welding the
assembly, are explained in Applicants' U.S. Patent Application Serial No.
12/773,995 PROBE AND PROCESS OF ASSEMBLING SAID PROBE (the
"Assembly Process application"), filed the same day as this application, and

incorporated herein by reference in its entircty.

[0049] The second housing 119 may be a metal and/or an anti-biofouling
material. The metal may be water resistant and corrosive resistant. For example,
the second housing 119 may be titanium, stainless steel, nickel, copper, and alloys
thereof. In one embodiment, the second housing 119 is titanium. In another
embodiment, the second housing 119 is an antifouling copper-nickle alloy with a
high copper content. For example, the antifouling copper-nickle alloy may be a 90-
10 CuNi alloy or a 70-30 CuNi alloy. In another embodiment, the housing may be
an antifouling plastic, for example, a polyethylene, polypropylene, or nylon that
may include an anti-fouling compound such as capsaicin, capsicum, furan
compounds, copper compounds, lactones, alkyl-phenols, organotin compounds,

antibiotics, or mixturcs thercof.
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[0050] Now referring to FIG. 10, which is a cross-section of the embodiment in
FIG.1, the probe 100 includes the features of the replaceable probe head 102
discussed above including the open ring as the coupling member 110 and a probe
body 104 with housing 119 housing a circuit board 220, such as a printed circuit
board. The circuit board 220 is mainly housed in chamber 144 and is connected to
aplatform 210 having a second electrical connector 212 extending therethrough.
The platform 210 is scated on the annular shoulder 142, preferably the platform 210
is adhered thereto with a watertight seal, for example with an epoxy adhesive. The
platform 210 and the second connector 212 are also shown in the end views of
FIGS. 11-12 looking down into cavity 138 of the second housing 119 from the first
opening 136.

[0051] The second clectrical connector 212 may be the same as the first electrical
connector 171 described above, but of a configuration that will mate with the first
electrical connector 171. As shown in FIG. 10, the first connector 171 is a male
header with six pins and the second electrical connector 212 is a female header with

six receptacles receiving the pins.

[0052] Connector 106 is connected to the circuit board 220 at the end opposite of
the platform 210 by leads 222. The connector 106 includes at least one male pin
224 and at least one female receptacle 225. Preferably, the male pin 224 and
female receptacle 225 are wet mateable connectors. Connector 106 may also
include a casing 226 surrounding at least part thereof, preferably, surrounding the
part adjacent to the proximal end 134 of second housing 119 to provide a surface
for affixing the connector 106 to the proximal end 134 with a watertight seal. The
casing 226 may be a metal and/or an anti-biofouling material such as those
discussed above for the second housing 119. In one embodiment, the second
housing 119 and the casing 226 are composed of the same material and may be
fixedly attached to one another, for example by laser welding as disclosed in the
Weld Method application. To enhance the attachment between the second housing
119 and the casing 226, a reducing ring 148 may be inserted into the enlarged
opening 146 of the second housing 119 to provide increased surface area for the

weld.
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[0053] Connector 106 may include a collar 108 on the casing 226 that is retained
on the casing 226 by a stop ring 228 that fits within an annular groove indented into

the end of the casing 226 opposite the sccond housing 119.

[0054] Referring now to FIG. 15, in another embodiment, a probe, generally
designated 400, has a probe body 404 including an insertable male end 408 having
a first electrical connector therein and a coupling member 410 positioned to
detachably couple the probe body 404 to a probe head 402. The first electronic
connector may be similar to those described above for FIGS. 3-6. The insertable
male end 408 may be part of the probe body second housing 419', and, in one
embodiment, is integral with the second housing 419. In another embodiment, the
insertable male end 408 is a separate component attached to housing 419. The
insertable male end 408 may also include one or more sealing members, such as O-
rings 424 and an alignment tab 429. The coupling member 410, as shown, is an
open flexible ring having a slot 411 and a snap-fit feature 428. The open flexible
ring 410 may also have any of the features described above. The probe 400 may
also include a connector 106 and threaded collar 108, similar to those described
above. The probe body 404 also includes electronics, for example, a circuit board,
housed within the second housing 419 to communicate with the sensor in the probe
head 402.

[0055] The probe head 402 has a first housing 418 that houses a sensor and a
second electrical connector. The first housing 418 includes a female end 459 for
receiving the male end 408 of the probe body 404. The second electrical connector
is preferably positioned in the female end 459 so that the sensor in the probe head
402 can be clectrically coupled to the electronics in the probe body 404. The
female end 459 and the second electrical connector may be similar to those

described above for the probe body of FIGS. 10-12.

[0056] When comparing the cmbodiments of FIGS. 2 and 15, the embodiment of
FIG. 2 may be preferable because it may be easier to replace the probe head having
the coupling member and O-rings rather than replacing the O-rings on the probe
body. The O-rings may wear or break after a plurality of uses. Wear on the O-

rings may prevent the O-rings from providing a watertight scal. Accordingly, the
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O-rings may need to be changed each time the probe head is replaced in the

embodiment of FIG. 15.

[0057] In another embodiment, the probe may be mounted within a multi-probe
assembly or sonde as illustrated in U.S. Patent 6,779,383 and wiped with a wiper
element that cleans not only the disclosed probe 100, but other sensors in other

probes.

[0058] It will be appreciated that while the invention has been described in detail and
with reference to specific embodiments, numerous modifications and variations are
possible without departing from the spirit and scope of the invention as defined by

the following claims.

"o "o

{6059} Where the terms "comprise”, "comprises”, "comprised” or "comprising" are
used in this specification (including the claims) they are to be interpreted as
specifying the presence of the stated features, integers, steps or components, but not
precluding the presence of one or more other features, integers, steps or components,

or group thereof.
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The claims defining the invention are as follows:

1. A probe head that is detachable trom a probe body that contains electronics, the
probe head comprising:

a housing enclosing an electrode as a sensor, a reagent reservoir therefor, and an
electrical member connecting the sensor to an electrical connector, wherein at least part of
the electrical connector protrudes from the housing, the housing comprising a coupling
member positioned to detachably connect the housing to the probe body at a junction where
the electrical connector couples with the electronics in the probe body to electrically couple
the sensor to the electronics of the probe body, thereby obviating such electronics from the
probe head;

wherein reagent within the reagent reservoir is consumable and once exhausted,
the probe head is detachable from the probe body for replacement with a probe head
comprising an unexhausted reagent reservoir while the probe body containing the

electronics remains unchanged.

2. The probe head of claim 1 wherein the coupling member includes a flexible,
generally C-shaped open ring that is compressible to disengage the coupling member from

the probe body such that the probe head is detachable from the probe body.

3. The probe head of claim 2 wherein compressing the flexible, generally C-shaped

open ring reduces the ring's diameter.

4. The probe head of any onc of claims 1 to 3 whercin the housing further compriscs a

first seat with the flexible, generally C-shaped open ring seated thereon.

5. The probe head of claim 4 wherein the housing includes a second seat having a

scaling ring scatcd thercon.

6. The probe head of any one of claims 1 to 5 wherein the coupling member is

integral with the housing.

7. A probe for monitoring a parameter of an environment, the probe comprising:
a probe body that encloses electronics, the probe body having a first and a second
end, and having a first electrical connector proximal the first end and electrically coupled to
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the electronics and a second electrical connector proximal to the second end and
electrically coupled to the electronics, wherein each of the first electrical connector and the
second electrical connector are at least partially enclosed by the probe body; and

a probe head enclosing an electrode as a sensor, a reagent reservoir therefor and at
least part of a third electrical connector electrically coupled to the sensor,

a coupling member positioned to detachably connect the probe head and the probe
body to one another with the first electrical connector connected to the third electrical
connector, thereby electrically coupling the sensor of the probe head with the electronics of
the probe body and obviating such electronics from the probe head;

wherein the second electrical connector of the probe body connects the electronics
in the probe body to a device capable of communicating with the sensor, via the electronics
in the probe body, to monitor an environment surrounding the sensor; and

wherein reagent within the reagent reservoir is consumable and once exhausted,
the probe head is detachable from the probe body for replacement with a probe head
comprising an unexhausted reagent reservoir while the probe body containing the

electronics remains unchanged.

8. The probe of any one of claims 1 to 7 wherein the probe head is disposable.

9. The probe of any one of claims 1 to 8 wherein the probe head and probe body are

detachably connected with a watertight seal.

10. The probe of any one of claims 1 to 9 wherein the coupling member includes a
flexible open ring with a slot defining a discontinuous region therein, the open ring further

including a snap-fit feature.

11 The probe of claim 10 wherein the flexible open ring is pinchable to narrow the slot
and transition the ring toward a closed position to disengage the coupling member such that

the probe head is detachable from the probe body.

12. The probe of claim 10 or claim 11 wherein the probe head includes the flexible
open ring and the probe body includes an annular groove to receive the snap-fit feature of

the flexible open ring, and wherein the snap-fit feature is received in the annular groove.
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13. The probe of any one of claims 1 to 12 wherein the probe head further comprises a

sleeve having a first seat with the flexible open ring seated thereon.

14. The probe of any one of claims 7 to 13 wherein the second electrical connector is a

wet mateable connector connectable to a monitoring device.

15. The probe of any one of claims 7 to 14 wherein the probe head or the probe body
includes an alignment member for unidirectional connection of the first electrical

connector with the third electrical connector.

16. A system for monitoring an environment, the system comprising:
a sonde comprising at least one junction for coupling with a probe that monitors
parameters of an environment using a sensor; and
a probe couplable with the sonde for electrical communication therewith, the probe
comprising:
a probe body having a water-tight housing enclosing a circuit board having
memory, a first electrical connector connected to the circuit board and having a
portion thereof protruding from the water-tight housing, and a second electrical
connector connected to the circuit board and having a portion thereof protruding
from the housing; and
a probe head having a housing enclosing electrode, a reagent reservoir
therefor, and a third electrical connector connected to the electrode, wherein a
portion of the third electrical connector protrudes from the housing;
wherein the third electrical connector of the probe head is detachably
couplable with one of the first or second electrical connectors of the probe body
and the other of the first or second electrical connectors of the probe body is
electrically couplable with the sonde; and
wherein the reagent within the reagent reservoir is consumable and once
exhausted, the probe head is detachable from the probe body for replacement with a probe
head comprising an unexhausted reagent reservoir while the probe body containing the

circuit board having memory remains unchanged.

17. A probe head that is detachable from a probe body that contains electronics, the
probe head substantially as hereinbefore described with reference to any one of the

embodiments as illustrated in the accompanying drawings.
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18. A probe for monitoring a parameter of an environment, the probe substantially as
hereinbefore described with reference to any one of the embodiments as illustrated in the

accompanying drawings.
19. A system for monitoring an environment, the system substantially as hereinbefore

described with reference to any one of the embodiments as illustrated in the accompanying

drawings.
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