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The present invention relaies in general to cloud secd-
ing apparalus and more particularly to an airborne clond
seeding device adapied for the producing of gamma-type
sitver iodide crysials to be dispensed in clouds for induc-
ing rain.

Broadly stated, the present invention is directed {o ap-
paratus for producing nmucleating agents such as silver
iodide crystals and especially adaptable for airborne
operation mmcluding means for mouonting and driving a
pair of clectredes for production of ths arc and with the
clectrode mounting arms scemented and spring biased in
operational position so that the electrodes can convenisnt-
Jy be replaced when sebstantially consumed by moving the
soring blased segments of the arms to place the electrodes
in reachable position. With this constyuction 4L is pos-
sible casily to replace the arc clectrodzs in the cloud seed-
ing apparatus while airborne without utilizing an exces-
sive amount of flying time.

In accordance with another
tion, the arc elecirodes for producing the nucleating
agents are connected in direct circuil with {he positive bhs
bar of the aircralt elecirical system through a high wati-
age, low resistance bias resistor for supplying direct cur-
rent from the airerafi electrical system io the elecirodes of
the seeding apparatus. This construction avoids the prob-
lem of operating through a relatively inefficient inverter
and step vp transformer system which in the past has
required as much as 60 amps of curren: from the aircraft's
electrical syslem to operate the cloud sseding apparatus.
With the present invemtion fhe rcquircd current for
the ¢lowd sceding apparatus can be lowered by approxi-
mately 15 amps which cerrent is often requirsd when fiy-
ing under the hazardous weather conditions existant when
cloud seeding must fake nlace.

Another of the problems typically encouniered with
cloud seeding apparaips utilized in the past has been the
clogging and caking of the silver iodide material in the
feeding container to the arc generating assembly with fhe
result that practically it has only been possible to pro-
vide a small amcunt of silver iodide in the fezding con-
tainer which supply has had to be replenished at frequent
Intervals. Naturally, in order to replenish the sunply of
material fed into the machine, at frequent intervals it is
nceessary to shut off the seeding apparatus and have a
passenger in the aireraft open the containor and add a
small amount of crystals.

In accordance with znother aspact of the present inven-
tion, a feed mechanism I8 provided including a driven
shaft positioned within the container of mucleating ma-
terial and having at least a pair of wings projecting there-
from at an angle thereio 30 as 10 micet the base of the con-
tainer at an acufc angle whereby when the shaft is
driven in a direction of closing the acute angle, material?
is continuonsly forced into the feeding apesrinre in the
bottom of the container. Additionally, an agitating rod
is positioned on the top of cach of said wings for agitat-
ing material lying above the surfaces of the wings to con-
tinuously feed material to the wings and prevent eaking
of the material within the container,

Other objects and advantages of this invention will he-
come apparent when reading the following description
and relerring to the accompenaying drawines in which
similar characters of reference represent corresponding
parts in each of the several views,

In the drawings:
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FiG. 1is a side view schematically illustrating a cloud
seeding apparatus In accordance with the presant inven-
tion with the cover deor removed therefrom;

FiG. 2 is an elevations] view partizlly in section of a
portion of the structure shown in FIG, 1 taken along
ling 2—2 In the direction of the arrows;

FIG. 3 13 an elevational sectional view of another por-
tion of the apparatus illustrated jn FIG. 1 taken along
line 3—3 in the direction of the arrows; and

FIG, 4 1s a view schemutically illustrating the electrical
connection between the electrodes of the cloud seeding
apparatns and the aircrall electrical system.

Referring now to the drawiogs with particular reference
to Fid3. 1, 2 nucleating agent generator A in accordance
with the present invention fcr uiilization in an aircrait
includes a feeding assembly B for feeding the nucleating
agent to an are generating assembly € at which a high
temperatnie arc is established for releasing crysials of
the nucleatiag agent such as, for example, gamma-type
crystals of silver iodide. The generator is illustrated in
FiG. 1 with the cover door removed leaving an access
apermare 1% open for maintenance.

The apparaius includes a main housing 11 with an air
infet 32 for drawing airv through the housiag i3 t
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up the aucleating agents genoraicd therein and exhaust
through am air cutlet 1dg and a discharge tubc (aot
shown) through the fuselage of the aircraft. The air
strgam passing over the opem end of the discharge tube
elfectively draws the air through hounsing 11 irom ithe
iniet i3 to the ountlet 14a picking up the nucleating crys-
tals on ils passage therethrough. Inside the housing a
pair of arc gencrating rods 14 and 15 such as, for example,
cathon are positioned by a support and drive assembly
eenerally designated 18 for generailing the are which pro-
duces the desired nucleating agenls therein,

Wilh relerence to FIG. 2, the rod support and drive
sssembly 18 includes a forward and rear plate 17 and 18
held in spaced apart telation and cach slotted near its
top and boftom serface facing the other nlate to slidably
support ton and boitom rack members ZI and 22, re-
spectively. These rack members are driven by a pinion
23 rotatably mounted in the assemnbly 2§ and driven by
a drive shaft 24 by mecans of an actuating assembly shown
schesmatigally in FIG. 4.

The arc clectrodes 14 and 15 are respectively sup-
ported in axiz] zligmment with one another for casy re-
placement and fer movement toward and away from one
another during consumption of the electrodes by lower
and upper arm members 25 and 2§ and 25° and 2§,
respectively. One end of the members of each pair of
arms 25 and 26 and 25 and E§° are joined together by a
spring bizsed hinge 27 which normally holds the arms
rizid and coplenar, and 2 voke 28 provided with a set
serew 2% is conmecled to the other end of the upper arm
mambers 25 and 25" and adapted to rigidly hold the elec-
treds when the serew Is tightened,

The lower arm members 25 and 28 are respectively
connocted to the tuck members 22 and 2%, arm 23 pro-
jecting cut of the bottom of the drive assembly 16 and
upwardly in front of the forward plate 17 whils the arm
23" projects upwardly out of the drive assembly 15 and
angusiarly forwardly of the plate 17 so that the upper arms
26 and 28" are coplanzar to position the electrodes 14 and
158 coaxially.

The frec ends of the electrodes 34 and 15 project
through aperturss in the side walls of an ioner housing
member 33 so that the arc is produced therzinside and
an aye shield 32 is provided over the iront end of the
housing 31 so ihat the arc can be observed without
damage to the observer's eye. The rack and pinion as-
sembly drive the arc elecirodes toward one another as



3,313,487

-y

o3
the clectrodes are consumed and a hand adjustment knob
33 is provided in front of the drive assembly and con-
nected fo the pinion 23 so that the racks 21 and 22 co:
be manually operated to withdraw the clectrodes 14 and
15 from the inner housing 21, With the electrodes with-
drawn, the upper arms 25 and 25" cen be swung down
against the spring bias for locsening the thuomb screw 28
for convenient replacement of the electrodes.

When the arc is cstablished betwaen the electrodes 14
and 15, a nucleating agent such as, for example, silver
fodide s fed into the arc for burning and preduction of
crystals that will nucleate supercooled clouds.

With reference to FIG. 3, the feeding assemily B in-
cludes a hollow cvlindrical container 41 sepported above
the howsing 11 by means (not shown) and with a tube
42 providing communication {rom an aperture 432 in the

bottom of the container 41 through an aperture in the

top surface of the housing 13 directly above the gap be-
tween the arc clectrodes id and 15,

A rotating wheel 44 with a peripheral groove of desited
dimension is rotaiably positioned in (he aperiure 43 for
moving a desired amount of silver jodide from the con-
tainer 41 into the fube 42, Due to the stmospheric con-
ditions typically encouniered during seccding operations
in supercooled clouds, a cleaning wheel 46 with tecth 47
projecling from the periphzry thereof is rotatably mounted
below the wheel 46 for clearing the silver iodide from
the groove 45 whereby the siiver lodide material is then
dropped down the tube 42 into the airc region inside he
housing i1, The wheels 44 and 45 are driven at a de-
sired speed by a gear assembly (not shown) which is
adjustable for changing the amount of nucleating agent
fod into the arc region. -

A drive shaft 51 is rofatably mounted in the lower wall
of the container 41 axially thereof and driven by o gear
train inciuding gears 2 and 53. A pair of wings 54 and
55 are secured on lhe drive shalt 31 and positionsd at an
angle with respeet o the axis of the drive shafl 51 and
engaging the boliom surface of the coniainer 41 al an
acute angle D to force nucleating material into the aper-
ture 43 upon rolation of the drive shafl 5% in a direction
of closing the acute angle D between the wings 34 and
55 and the bottom surface of the conininer 41, An agitat-
ing rod 56 is provided on each of the wings 54 and 35,
respectively, and projecting upwardly therefrom lo stir
the nucleating maleriul contained in the container 41
above the rotating wings 54 and 55 so that the nucleating
material does not cake above the wings 84 and 55 and
thereby prevent feeding nucleating malerial to the wings
54 and 53 for compaction in the peripheral groove 43
of the rotating wheel 44, This construction assures 4
uniform flow of nucleating miaterial from a substantial
supply of such material to the arc gven in environmental
conditions conducive to clogging and caking of the nu-
¢leating material.

As still ancther aspect of the present invention as illus-
trated in FIG. 4, the arc electrodes 14 and 15 are con-
necied in direct circuit with the bus bar 81 of the air-
craft electrical system. As illusirated in FIG. 4, one of
are electrodes is cenmected via a couductor 62 through
a high wattage, low resistance element 63 to the aircraft
bus bar 61 and the other of the clecirodes is connected
via ground back to the aircraft electrical system. This
electrical copnectien avoids the inverier and step up
transducer uvtilized in previous systerus and ai the same
time reduces the current drawn by the cloud seeding ap-
paratus by on the order of 15 amps. Wiih reference to
FIG. 4, conventional means well-kanown in the arc gen-
erating art and shown as block 7¢ arc provided for ini-
tiation and maintenaace of the arc betwesn the ends of
the clectrodes.

Althouph the foregoing invention has been described
in some detail by way of dlustration and example for
purposes of clarity of understanding, it is understood
that certain changes and modificalions may be practiced
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within Lhe spirit of the inventicn as lmited only by the
scope of the appended claims.

Vhat Is claimed is:

3, Apparstus for producing nucleating agents for
nucicating clouds comprising: & housing; a pair of elec-
trodes; means for establishing and maintaining 8 high tem-
perature are betwesn said electrodes within said hous-
g, including means for supporting each of said elec-
trodes with an end of said electrode spaced from the end
of sald olker elecirode for establishing an arc therebe-
tween and driving at Jeast one of said electrodes toward
sald other clectrode; means for feeding a subsiance into
sald arc; means for conveying nucleating agents produced
in said arc out of said housing to the region to be nucle-
ated; szid supnort and driving means including a pair of
clectrode holding members, a pair of arm members
associaled with 2ach of said holding members, support
means associated with cach pair of arm members,
each pair of arm members being secured tozether at their
onc end in a spring biased mamnee with the other
end of one of said arm members secured to said support
means and the other end of the other of said arm
membaers szenred to one of said electrode holding mem-
vers; circuit means for gencreting an arc betwsen said
electrode members, and  electrical means associated
witk said ¢ircuit means for controlling the movement of
said onie of sald electrodes for initiation and maintenance
of the arc between the ends of sald electrodes.

2. Apparatus for preducing nucleating agents for ne-
cleating clouds comprising: a howsing: a pair of elec-
trodes; means for establishing and mainiaining a high
temperature arc between said electrodes within said hous-
ing including means for supporting each of said electrodzs
with an end of said electrode spaced from the end of said
other electrode for estzblishing an are therebetween and
for driving said elecirodes; means for feeding a substance
into said arc; means for convoying nucleating agents pro-
duced in said arc out of szid housing to the region to be
nuclzated; said driving means including a pair of electrode
holding memkbers, a pair of rack members, a pinion for
driving said rack members, a pair of arm members
associated with each of said racks; each pair of arm
menibers being sccured together at their one end.in a
spring biased manner with the other end of cne of said
arm members secured to one of said racks and the other
end of the other of said arm members securcd to one of
sald electrode holding members; circuit means for gen-
erating an arc between said electrode members; and elec-
trical means assoclated with said circuit means for
controlling the rotation of said pinion for Initiation and
meaintenance of the arc beiween the ends of said
clectrodes. .

3. Apparatus for producing nucleating agents for nt-
cleating clouds from an aircraft having an electrical
system with a bus bar comprising: a housing; a pair of
eleclrodes; means for establishing and maintaining o high
Iemperature arc between said electrodes within said hons-
ing including means for supporting each of said clecirodes
with an end of sald clectrode spaced from the cnd of said

-other electrode for establishing an arc therebetween and

driving at least one of said electrodes toward said other
electrode; means for feeding a substance into said are;
means for conveying nucleating agents produoced in said
arc out of said housing to the region to be nucleated; and
circult means for generating an arc hetween said electrode
members including a high wattage Jow resistance, a <on-
ductor connecting the bus bar of the aircraft electrical
system through said low resistance to one of said elec-
trodes, a second conductor connecting the other of said
electredes back to said aircraft electrical system, and
electrical means associaied with said circuit means for
controiling the movemeni of said one of said electrodes
for iniiiation and mainienance of the arc hetween the
ends of said clectrodes.

4. Apparatus for producing nucleating agents for nu-
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cleating clouds comprising: a housing; 2 pair of elec-
frodes; means for establishing and maintaining a high
temperature arc between said electrodss within said hous-
ing including means for supporting each of said electrodes
with an end of one of said electrodes spaced from the end
of the other of said clectrodes for establishing an arc
therebetween and driving at Ieast one of said elecirodes
toward said other electrode; means for feeding a sub-
stance into said arc including a container for holding a
supply of said substance, said container having an aper-
ture in the bottom for passing said substznce from said
container, means for controlling the amount of said sub-
stance passing through sald aperture; a drive shaft extend-
ing into said container, a pair of appositely directed wing
members secured on zaid drive shaft at an angle with
respect to the axis of said drive shaft and engaging the
bottom surface of said container at an acuts angle, and
means for rotating said drive shaft in a direclion of clos-
ing said acute angle whereby said substance is contin-
uously fed into said aperturc by said rotating wing
members; mecans for conveying nucleating agents pro-
duced in said arc out of said bousing to the Tegion to ba
nuclzated; circuit means for generating ar arc between
said electrode members; and electricul means associated
with said circuit means for controlling the movement of
said one of said electrodes for initiation and maintenance
of the arc between the ends of said electrodes.

5. Apparatus for producing nuclealing agents for nu-
cleating clouds from an aircraft having an electrical sys-
tem with a bus bar comprising: a housing; a pair of elzc-
trodes; means for establishing and maintaining a high
temparaiure arc between said electrodes within szid hous-
ing including means for supporting each of said electrodes
with zn end of one of said electrodes spaced from the
end of the other of each electrode for establishing an arc
therchetween and driving at least one of said electrodes
toward said other electrode: means for feeding a sub-
stance into said arc including a conteiner for holding a
supply of said substance, said container having an aper-
ture in the bofiom for passing said substance from said
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container, means for controlling the amount of said sub-
stance passing through said aperture, a drive shaft extend-
ing into said container, a pair of oppositely directed
wing members secured on said drive shaft at an angle with
respect to the axis of said drive shaft and engaging the
bottom surface of said container at an acute angie, and
means for rotating said drive shaft in a direction of clos-
Ing said acute angle whereby said substance is contin-
uomsly fed into said aperlure by said rotating wing
members; means for conveying nucleating agenis pro-
duced in said are out of sald housing to the region to he
nucleated: said support and driving means including a
pair of electrode holding members, a pair of arm ment-
bers associated with each of said holding members, sup-
port means associated with each pair of arm members,
each pair of arm members being secursd together at
their one end in a spring biased mannct with the other
end of one of said arm members secured to said support
means and the other cnd of the other of said members
secured to one of sald elecirode holding members; and
circlit means for generating an arc between said electrode
members including a high wattage low resistancs, a con-
ductor connecting the bus bar of the aircraft electrical
system through said low resistance to one of said elec-
trodes, a second conductor connecting the other of said
electrodes back to said aireraft electrical system, and
electrical means asscciated with said cireuit means for
controlling the movement of said one of said electrodes
for Initiation and maintenance of the arc between the ends
of said clectrodes. '
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