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SPA CHEMISTRY MONITOR UNIT 

BACKGROUND OF THE INVENTION 

[0001] This invention relates generally to devices and 
methods for monitoring and regulating the Water chemistry 
in a spa or hot tub or the like, to maintain the Water quality 
at a clean, clear, and substantially sanitary condition. More 
speci?cally, this invention relates to a self-contained and 
free ?oating monitor unit for checking selected Water chem 
istry parameters at programmable intervals, and for auto 
matically responding to the monitored parameters by deliv 
ering one or more chemical additives to the Water to 
maintain the spa Water in a clean and hygienic state. 

[0002] Therapeutic spas and hot tubs and the like are 
generally knoWn in the art, and typically comprise an 
upWardly open structure adapted to contain a selected vol 
ume of Water. Control means are normally provided for 
heating the Water, and for circulating the Water through 
air-Water hydrotherapeutic massage jets. One or more per 
sons can sit Within the spa, partially immersed Within the 
heated Water, in positions so that the spa jets can be directed 
against the body to provide a therapeutic massage action. To 
maintain the spa Water in a clean and sanitary condition, the 
circulating Water is normally passed through a ?lter Which 
removes and collects particulate matter. In addition, selected 
chemical agents such as chlorine are periodically added to 
the spa Water in prescribed amounts suitable for preventing 
groWth of bacterial organisms, to maintain the Water in a 
hygienic state. Other chemical agents such as a sanitiZer, 
e.g., an oxidiZer such as bromine, are also periodically added 
to the Water. 

[0003] In the past, periodic manual testing of the spa Water 
has been required to determine the actual concentration of 
chemical agents therein, in order to determine Whether one 
or more chemical agents should be added to the spa Water to 
maintain a desired sanitary condition. In this regard, the pH 
level (a logarithmic function of hydrogen ion concentration) 
is commonly checked by the spa oWner or by maintenance 
personnel at regular intervals, and chemical agents such as 
a selected base or acid are added to the Water in appropriate 
amounts for respectively adjusting the pH level up or doWn 
as may be required to maintain the pH reading Within a 
typical desired range of about 7.2-7.8. In addition, oxidation 
reduction potential (ORP) is also checked regularly, and a 
selected chemical sanitiZer such as bromine is added to the 
Water in an appropriate amount to maintain the ORP reading 
Within a typical desired range of about 650-750 millivolts 
When the pH reading is Within the above-stated desired 
range. Regular monitoring of the Water chemistry, and 
regular addition of these chemical agents in the appropriate 
amounts, is essential to maintain the spa Water in a clean and 
sanitary condition. HoWever, manually conducted Water 
chemistry testing and manual addition of the chemical 
agents has been highly subject to time interval variations and 
measurement inconsistencies Which can have an adverse 
impact upon Water quality. 

[0004] For some sWimming pool and spa installations, 
devices and systems have been developed for unattended 
delivery of certain chemical agents to the Water over an 
extended period of time. For example, ?oating dispensers 
have been Widely used in sWimming pool and spa applica 
tions, Wherein a quantity of a chemical such as chlorine or 
bromine is carried by a buoyant housing Which has a 
variably opened gate for controlled release of the chemical 
on a substantially continuous basis and for an extended 
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period of time. In such dispensers, the ?oating housing 
typically carries a supply of chemical-containing tablets in 
solid form, designed for rate-controlled dissolution accord 
ing to the degree to Which the gate is opened. While such 
dispensers bene?cially maintain the chemical concentration, 
the delivery rate is still predicated upon periodic manual 
Water chemistry testing and corresponding periodic gate 
adjustment to regulate the chemical delivery rate. Moreover, 
such ?oating dispensers have not been designed to accom 
modate delivery of other chemical agents, such as acids or 
the like When a reduction in pH level is indicated, or a 
sanitiZer or oxidiZer for regulating and maintaining the ORP 
level Within a prescribed reading range. The need for and the 
addition of such other chemical agents has still relied upon 
periodic manual Water chemistry testing and periodic 
manual addition of the chemical agents in selected amounts 
to the pool or spa Water. 

[0005] In other sWimming pool and spa installations, 
substantially automated systems have been designed for 
integration in-line into the Water ?ltration and circulation 
equipment for automatically analyZing the Water chemistry 
at periodic intervals, and for responding to the chemistry 
readings to automatically add chemical agents to the Water 
in prescribed amounts. See, for example, the automated pool 
Water chemistry marketed by Polaris Pool Systems of San 
Marcos, Calif. under the product designation Watermatic. 
See also US. Pat. No. 5,019,250. Such automated systems, 
hoWever, are relatively complex and are thus relatively 
costly, particularly With respect to the requisite plumbing 
modi?cations for installation into the ?ltration system of a 
preexisting pool or spa. Moreover, the complexity and 
resultant cost of such automated in-line chemical dispensers 
has been a signi?cant deterrent to use thereof in stand-alone 
spas Which do not share a Water ?ltration system With an 
associated sWimming pool. Accordingly, such automated 
chemical dispenser systems have not been Widely used. 

[0006] The present invention overcomes these problems 
and disadvantages by providing a compact and self-con 
tained ?oater device for automatically analyZing spa Water 
chemistry at regular programmable intervals, and for auto 
matically responding to the Water chemistry readings to add 
one or more chemical agents in appropriate amounts to 
maintain the spa Water in clean and highly sanitary state. 

SUMMARY OF THE INVENTION 

[0007] In accordance With the invention, a Water chemis 
try monitor unit is provided for automated monitoring and 
regulation of the Water chemistry in a spa tub or hot tub or 
the like, to maintain the Water in a clean and sanitary 
condition. The monitor unit comprises a relatively compact 
buoyant housing adapted to ?oat freely Within the spa Water. 
The monitor unit includes a programmable controller 
coupled to one or more sensor electrodes for monitoring 
selected Water chemistry parameters at timed intervals. The 
monitor unit responds to the parameter readings to deliver 
one or more chemical agents in appropriate amounts to 
maintain the monitored parameters Within prescribed ranges 
consistent With maintaining the Water in a clean and sanitary 
condition. 

[0008] In the preferred form, the controller is mounted 
on-board Within the housing of the monitor unit, and an 
exposed data entry panel is provided for programming the 
controller to activate the sensor electrodes at predetermined 
clock times to take readings of the Water chemistry param 
eters. In the preferred form, the sensor electrodes are 
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designed for reading the hydrogen ion concentration level 
(pH), and for reading oxidation reduction potential (ORP). 
The controller responds to the pH level reading to deliver an 
appropriate amount of a selected chemical agent such as a 
selected base, e.g., sodium carbonate to raise the pH level, 
or alternately to deliver an appropriate amount of a selected 
chemical agent such as muriatic acid or other selected acid 
solution to loWer the pH level, for the purpose of maintain 
ing the pH level of the spa Water Within a predetermined 
range typically on the order of about 7.2-7.8. In addition, the 
controller responds to the ORP reading to deliver a selected 
chemical agent such as a sanitiZer or oxidiZer, e.g., bromine, 
to maintain the ORP level of the spa Water Within a prede 
termined range typically on the order of about 650-750 
millivolts When the pH level is Within the above-stated 
prescribed range. 

[0009] The chemical agents are carried by the housing of 
the monitor unit and appropriate amounts thereof are deliv 
ered automatically under regulation by the controller, in 
response to the monitored parameter readings. More par 
ticularly, in the preferred form, separate chemical agents 
such as a base and an acid in liquid form for respectively 
adjusting the pH level up or doWn are contained Within 
individual and preferably prepackaged containers or bottles 
adapted for mounting in an inverted position Within indi 
vidual and uniquely matingly shaped sockets formed in the 
unit housing. In the preferred form, an additional or third 
chemical agent in liquid form such as a strong oxidiZer or 
shock agent or the like, typically a strong chlorine solution, 
may also be provided Within an individual bottle for inverted 
mounted into a matingly shaped socket on the unit housing. 
These bottles each include a metering assembly mounted in 
the neck thereof for engaging an associated plunger of a 
solenoid actuator mounted on the housing of the monitor 
unit. In operation, in programmed response to the Water 
chemistry readings, the controller actuates one or more of 
the solenoid actuators to displace the associated plungers 
through a selected number of advance and retract strokes, to 
deliver an appropriate number of discrete doses of the 
appropriate chemical agent or agents to the spa Water. 

[0010] In addition, in accordance With the preferred form, 
the chemical agent for regulating ORP level is provided in 
solid form such as soluble tablets or the like contained 
Within a cartridge suspended from the housing of the moni 
tor unit. The cartridge includes a perforated segment posi 
tioned in underlying relation to a rotary gate of perforated 
construction, Wherein the rotary gate is movably positioned 
by the one or more solenoid actuators in accordance With the 
detected ORP level to permit or prevent spa Water circula 
tion into contact With the soluble tablets in the cartridge. In 
this manner the perforated segment on the cartridge can be 
opened or closed to control tablet dissolution and thereby 
regulate delivery of the associated chemical agent to the spa 
Water. Alternately, the solenoid actuator may be movably 
positioned for variably opening and closing the perforated 
segment on the cartridge to variably adjust the rate of 
chemical addition in response to the ORP reading. 

[0011] Other features and advantages of the present inven 
tion Will become more apparent from the folloWing detailed 
description taken in conjunction With the accompanying 
draWings Which illustrate, by Way of example, the principles 
of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The accompanying draWings illustrate the inven 
tion. In such draWings: 

[0013] FIG. 1 is a schematic illustration depicting a typi 
cal spa or hot tub installation including a spa Water circu 
lation and ?ltration system, With a spa chemistry monitor 
unit embodying the novel features of the invention shoWn 
?oating in the spa Water; 

[0014] FIG. 2 is an enlarged perspective vieW, shoWn 
partially in exploded form, illustrating the top and one side 
of the spa chemistry monitor unit shoWn in FIG. 1; 

[0015] FIG. 3 is a bottom perspective vieW of the monitor 
unit; 

[0016] FIG. 4 is a schematic diagram illustrating pro 
grammable operation of the monitor unit; 

[0017] FIG. 5 is an exploded perspective vieW of the 
monitor unit; 

[0018] FIG. 6 is a top plan vieW of the monitor unit, With 
chemical agent containers removed therefrom to illustrate 
mounting sockets for receiving and supporting said contain 
ers; 

[0019] FIG. 7 is a perspective vieW of a portion of the 
monitor unit, With an upper portion of the monitor unit 
removed to reveal internal components thereof; 

[0020] FIG. 8 is an exploded and partially fragmented 
side elevational vieW of a portion of a chemical agent 
container, depicting components of a metering assembly 
mounted in a neck of the container; 

[0021] FIG. 9 is an exploded perspective vieW further 
illustrating components of the metering assembly from an 
inboard side thereof; 

[0022] FIG. 10 is an exploded perspective vieW further 
illustrating components of the metering assembly from an 
outboard side thereof; 

[0023] FIG. 11 is an enlarged fragmented vertical sec 
tional vieW taken generally on the line 11-11 of FIG. 2, 
shoWing the metering assembly in a normal closed position; 

[0024] FIG. 12 is an enlarged fragmented vertical sec 
tional vieW similar to a portion of FIG. 11, but illustrating 
metering assembly engagement With a solenoid actuator 
mounted Within the unit housing, With the solenoid actuator 
in an advanced position for dispensing a chemical agent 
from the container; 

[0025] FIG. 13 is an exploded perspective vieW shoWing 
an alternative chemical agent container in the form of a 
cartridge for supporting a supply of soluble tablets; 

[0026] FIG. 14 is an enlarged fragmented vertical sec 
tional vieW of a portion of the monitor unit, depicting 
installation of the soluble tablet cartridge into the monitor 
unit; and 

[0027] FIG. 15 is a perspective vieW similar to FIG. 7, 
and illustrating a movable gate in an open position for 
dissolution of the soluble tablets to dispense a chemical 
agent carried thereby to the spa Water. 



US 2001/0045380 A1 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0028] As shown in the exemplary drawings, a spa chem 
istry monitor unit referred to generally in FIG. 1 by the 
reference numeral 10 is provided for automatic or unat 
tended monitoring of Water chemistry parameters in a spa or 
hot tub 12 or the like, and for automatic or unattended 
dispensing of one or more chemical agents in appropriate 
amounts in response to parameter readings. The monitor unit 
10 generally comprises a compact and free ?oating device 
adapted for simple placement into the spa Water 14. The 
monitor unit 10 includes an on-board controller 16 (FIG. 4) 
Which is programmable to take speci?c Water chemistry 
parameter readings at predetermined regular times by elec 
tronic activation of a pair of sensor electrodes 18 and 20 
(FIGS. 4 and 5) disposed in direct contact With the spa 
Water 14. In response to these parameter readings, the 
controller 16 automatically dispenses one or more speci?c 
chemical agents carried by the monitor unit, in a dosage 
amount or rate of ?oW to maintain the spa Water in a 
substantially optimiZed condition of clarity and hygiene. 

[0029] The spa chemistry monitor unit 10 of the present 
invention is designed for substantially automated Water 
quality monitoring and maintenance in a body of Water such 
as a typical spa or hot tub 12 or the like. In this regard, the 
spa or hot tub 12 is depicted generally in FIG. 1 to comprise 
an upWardly open structure including a ?oor 22 joined to a 
surrounding and upstanding side Wall 24 for containing the 
spa Water 14. The spa 12 is typically siZed to accommodate 
one or more persons (not shoWn) in a partially immersed 
position, commonly to include a bench or seat 26 to alloW 
such person or persons to sit comfortably Within the Water. 
A ?ltration system 28 is also normally provided to include 
a pump 30 for draWing Water through a suction conduit 32 
from one or more drains 34, and for circulating such Water 
through a ?lter canister 36 and a heater 38 prior to return 
?oW to the spa 10 via one or more return conduits 40. As is 
knoWn in the art, the ?lter canister 36 includes a suitable 
?ltration medium (not shoWn) for capturing and separating 
particulate from the spa Water, Whereas the heater 38 is 
designed to elevate the Water temperature to a level typically 
in the range of about 95-105° F. The ?ltered and heated spa 
Water 12 is normally recycled to the spa 10 through one or 
more hydrotherapy massage jet noZZles 42 mounted at 
spaced locations on the side Wall 24 beneath the Water line, 
Wherein these massage jet noZZles 42 may also include 
means (not shoWn) for entraining air bubbles into the Water 
stream to provide a vigorous air-Water massage action. 

[0030] The spa chemistry monitor unit 10 comprises a 
compact and free ?oating device for simple drop-in place 
ment into the spa Water 14, as vieWed in FIG. 1. The monitor 
unit 10 is programmable for automatic or unattended opera 
tion to analyZe the spa Water chemistry on a regular basis, 
and to add speci?c chemical agents to the spa Water in 
response to the actual Water chemistry readings for the 
purpose of maintaining the Water in a clean, clear and 
hygienic state. These chemical agents are carried in pre 
packaged containers mounted directly on the monitor unit 10 
for appropriate engagement With actuator means to deliver 
the correct chemical agent or agents each in the correct 
dosage amount to maintain spa Water quality. 

[0031] As shoWn generally in FIGS. 2-3 and 5, the moni 
tor unit 10 comprises a main housing constructed from 
molded plastic or the like to include an upper housing plate 
46 attached by screWs or the like (not shoWn) to a loWer 
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housing base 48 in a manner capturing and retaining ther 
ebetWeen a buoyant ?oat ring 50 (FIG. 5) of expanded foam 
material or the like. The upper housing plate 46 carries an 
upWardly eXposed data entry panel or keyboard 52 to enable 
programming of the controller 16 (FIG. 4) for automated 
operation to take Water chemistry readings. The upper 
housing plate 46 also supports a plurality of pre-packaged 
chemical agent containers, three of Which are shoWn in the 
illustrative draWings in the form of inverted liquid-contain 
ing bottles 54, 55 and 56. Each of these chemical agent 
bottles 54-56 carries a metering assembly 78 (FIGS. 8-10) in 
the mouth-forming neck thereof for engagement by an 
associated solenoid actuator 60 (FIGS. 5, 7 and 11-12) 
mounted on the housing base 48 to dispense the chemical 
agent in metered doses, all under the control of the controller 
16. An additional chemical agent in solid soluble form is 
carried Within a cartridge 61 (FIGS. 7 and 13-15) mounted 
removably on the housing base 48 for engagement With a 
pair of solenoid actuators 62 to regulate contact of the 
soluble chemical agent With the spa Water. A battery poWer 
pack 63 (FIGS. 3 and 5) is removably suspended from a 
battery terminal ?Xture 67 on the housing base 48 to provide 
a safe source of electrical poWer to operate the monitor unit 
10. The loWer housing base 48 is perforated to permit spa 
Water circulatory ?oW into and through the interior of said 
loWer housing base. 

[0032] The monitor unit 10 is depicted in schematic form 
in FIG. 4. More particularly, the monitor unit 10 includes 
the controller 16 in the form of a microcontroller such as a 
small computer or computer chip poWered by the battery 
pack 63. The controller is coupled to the data entry panel 52 
Which includes appropriate keys (FIG. 2) for entering pro 
gramming information. Speci?cally, the data entry panel 52 
is utiliZed to enter information such as time of day, spa siZe 
in gallons of Water, and a schedule for taking Water chem 
istry readings. In addition, the data entry panel 52 may be 
used to program the target ranges for Water chemistry 
readings together With associated chemical agent dosages to 
be added to the spa Water in response to Water chemistry 
readings, although such information may be pre-pro 
grammed into the controller 16 in the form of a “read only” 
memory. Avisual display 64 such as a liquid crystal display 
(LCD) is associated With the data entry panel 52 and may 
include appropriate alpha-numeric characters for facilitated 
data entry. In the preferred form, the visual display 64 also 
includes indicators to indicate the operational state of the 
monitor unit 10, such as an indicator 65 re?ecting loW 
battery pack poWer, and an indicator 66 re?ecting that a 
Water chemistry reading test is in progress. 

[0033] Water chemistry readings are taken at programmed 
intervals by the monitor unit 10, by means of the pair of 
sensor electrodes 18 and 20. In the preferred form of the 
invention, the sensor electrode 18 is designed for reading the 
hydrogen ion concentration level of the spa Water, normally 
expressed as a logarithmic function in the form of pH level. 
By contrast, the second sensor electrode 20 is designed for 
reading the oxidation reduction potential (ORP) of the spa 
Water. These tWo sensor electrodes 18, 20 are coupled via a 
corresponding pair of ampli?ers 68 and 70 to the controller 
16. As described above, the controller 16 is programmed to 
activate the sensor electrodes 18, 20 at predetermined times 
to take these Water chemistry readings. 

[0034] The controller 16 responds automatically to the 
detected Water chemistry levels to deliver chemical agents in 
appropriate amounts to maintain the Water chemistry levels 
Within preselected reading ranges consistent With clear and 



US 2001/0045380 A1 

sanitary Water conditions. In this regard, a typical preferred 
pH level is in the range of about 7.2 to about 7.8. If the Water 
chemistry reading reveals an actual pH level beloW this 
range, one of the solenoid actuators 60 is activated by the 
controller 16 to dispense a chemical agent such as a base 
solution (e.g., sodium carbonate) from the ?rst bottle 54, in 
one or more metered doses suf?cient to adjust the pH level 
upWardly to Within the prescribed range. Alternately, if the 
chemistry reading indicates an actual pH level above the 
prescribed range, a second one of the solenoid actuators 60 
is activated by the controller 16 to dispense a second 
chemical agent such as a selected acid solution or the like 
(e.g., muriatic acid) from the second bottle 55, again in an 
amount appropriate to adjust the pH level back to Within the 
prescribed range. In the same general manner, if the ORP 
Water chemistry reading indicates that the actual ORP level 
is beloW a typical preferred range of about 650-750 milli 
volts Which is re?ective of the parts-per-million (ppm) 
concentration of the sanitiZing agent, the set of solenoid 
actuators 62 are appropriately activated by the controller 16 
to open the cartridge 61 for ingress of spa Water to dissolve 
the soluble chemical sanitiZing agent (e.g., bromine tablets) 
contained therein. Conversely, if the actual detected ORP 
level is Within or above the prescribed range, the solenoid 
actuators 62 are movably positioned by the controller 16 to 
close the cartridge 61 and thereby prevent further addition of 
the soluble chemical sanitiZing agent to the spa Water. In this 
regard, the ORP level reading is generally dependent upon 
the pH level Which needs to be Within the prescribed range 
as noted above, to obtain ORP readings Which reliably 
indicate the need to dispense the sanitiZing agent. 

[0035] In the illustrative preferred form of the invention, 
the third liquid-containing chemical agent bottle 56 may 
carry an oXidiZer or so-called shock chemical Which is added 
to the spa Water 14 in a selected amount at periodic, 
relatively long-term programmable intervals such as Weekly 
in accordance With spa usage. The controller 16 is pro 
grammed to activate the solenoid actuator 60 associated With 
the bottle 56 at the programmed time to deliver the shock 
agent in the prescribed dose to the spa Water. Atypical shock 
agent for this purpose comprises a strong chlorine solution. 
In addition, or in the alternative, the controller 16 may be 
programmed to accommodate manually initiated addition of 
the shock chemical to the Water upon appropriate manipu 
lation of the data entry panel 52. 

[0036] Since the monitor unit 10 of the present invention 
is normally intended to be removed from the spa 12 When 
the spa is being used by one or more persons, a Water sensor 
electrode 72 is also provided in the system. This Water 
sensor electrode 72 is designed to detect Whether the moni 
tor unit 10 is ?oating Within the spa Water 14, or Whether the 
monitor unit has been temporarily removed from the spa. If 
the monitor unit is in the spa, the Water sensor electrode 72 
signals the controller 16 to proceed With Water chemistry 
readings and appropriate additions of chemical agents in a 
normal manner. HoWever, if the Water sensor electrode 72 
detects that the monitor unit has been removed from the spa, 
the controller 16 is signaled to postpone Water chemistry 
readings and chemical agent additions until the monitor unit 
is again returned to the spa, as detected by the Water sensor 
electrode 72. 

[0037] As shoWn in FIGS. 2-3, and 5-6, the upper housing 
plate 46 of the monitor unit 10 includes a plurality of 
upWardly open and relatively shalloW cup-shaped sockets 74 
having a siZe and shape for respectively receiving and 
supporting the chemical agent bottles 54-56 in an inverted 
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orientation. In this regard, in the illustrative preferred 
embodiment of the invention, three of these sockets 74 are 
provided in the upper housing plate 46 in a generally 
triangular array for substantially mated ?t reception of the 
mouth-forming necks 76 of the chemical agent bottles 
54-56, Wherein each bottle neck 76 incorporates a metering 
assembly 78 (FIGS. 8-12) for dispensing the associated 
chemical agent in discrete doses of predetermined measured 
volume to the surrounding spa Water 14. The metering 
assembly 78 is operated by a solenoid plunger tip or pin 80 
forming a portion of the associated solenoid actuator 60 
mounted on the loWer housing base 48 (FIGS. 5, 7 and 
11-12), With the plunger tip 80 protruding upWardly through 
a central port 82 formed Within the bottom of the associated 
socket 74. 

[0038] In accordance With one aspect of the invention, 
each socket 74 further includes an array of ribs 84 in the 
bottom thereof (FIG. 6) for uniquely inter?tting With mat 
ingly shaped ribs 86 (FIG. 10) on the associated chemical 
agent bottle. With this construction, each of the three chemi 
cal agent bottles 54-56 is adapted for respective cooperative 
or complementary installation into a speci?c and unique one 
of the three sockets 74. In other Words, the ?rst bottle 54 
containing, for eXample, a base solution for use in raising the 
pH level of the spa Water, is adapted to ?t only Within a 
single one of the sockets 74, such as the socket associated in 
FIGS. 2 and 6 by the adjacent Roman numeral legend “I” 
on the upper housing plate 46. Similarly, the second bottle 
55 containing an acid solution for use in loWering Water pH 
level is adapted to ?t only Within a single one of the sockets, 
such as the socket associated in FIGS. 2 and 6 With the 
Roman numeral legend “II”. Finally, the third bottle 56 
containing, for eXample, a selected shock solution is adapted 
to ?t only Within the remaining socket 74 identi?ed in FIGS. 
2 and 6 With the Roman numeral legend “III”. The controller 
16 is pre-programmed to recogniZe the association of these 
individual sockets 74 With speci?c chemical agents to be 
dispensed to the spa Water. The uniquely and matingly 
shaped inter?t betWeen the ribs 86 of the bottle necks 76 and 
the associated ribs 84 Within the sockets 74 prevents unde 
sirable loading of a socket 74 With a bottle containing the 
incorrect chemical agent. 

[0039] The solenoid actuators 60 associated With the 
chemical agent bottles 54-56 are shoWn best in FIGS. 5, 7 
and 11-12. As shoWn, three such solenoid actuators 60 are 
provided on a mounting bracket 88 (FIG. 5) secured in a 
suitable manner to the loWer housing base 48. Each solenoid 
actuator comprises an armature 90 actuatable by the con 
troller 16 to advance and retract a doWnWardly projecting 
core pin 92. More particularly, When the armature 90 is 
energiZed, the core pin 92 is retracted upWardly into the 
armature 90, Whereas upon armature de-energiZation the 
core pin 92 returns to a normal doWnWardly extending 
position. The core pin 92 carries a plunger arm 94 Which 
projects upWardly around the associated armature 90 and 
terminates at its upper end in the plunger tip 80 received 
through the central port 82 in the associated socket 74, as 
previously described. Reciprocal motion of the core pin 92 
Within the armature 90 serves to reciprocate the plunger tip 
80 through advance and retract strokes to operate the meter 
ing assembly 78 on a chemical agent bottle installed into the 
socket 74. 

[0040] The metering assembly 78 is shoWn in detail in 
FIGS. 8-12 With respect to the chemical agent bottle 54, With 
the understanding that each chemical agent bottle 54-56 is 
equipped With a metering assembly 78 of the same or 










