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UNITED STATES PATENT OFFICE 
2,494,822 

ELECTRICAL PRECIPITATOR, 

Kenneth. W. MacKenzie, Newton Highlands, 
Mass, assignor to Raytheon. Manufacturing. 
Company, Newton, Mass, a corporation of Del 
aWare, 

Application March 18, 1947, Seria: No. 35,403 

1. 
This invention relates to electrical precipitators. 

for separating particulate: matter from atmos. 
pheric: air, and more particularly to a system for 
controlling the operation of such precipitators. 

Claims (C.1. 83-7) 

Electrical dust. precipitators, of the type in 5 
which, the air to be cleaned is first ionized in an 
ionizing Zone, where the dust particles receive 
an electrical charge, and is then passed to a col 
lecting Zone where the charged particles are de 
posited upon suitables collecting electrodes, must 
be cleaned, at intervals, otherwise the: accumu 
lated desposits will interfere with the operation of 
the System. Where the precipitator is intended 
for use in a home or other place where...it would be 
impractical to; employ a skilled attendant for 
maintaining the System; it is desirable to limit the 
operations required of the user and to so.simplify, 
these that the possibility of mistakes and misuse. 
will be minimized. In my copending application, 
Serial No. 713,221, filed November 30, 1946, now, 
Patent. No. 2,476,248, dated July 12; 1949, there is 
shown an electrical: dust precipitator suitable: for." 
home use in which the collecting, electrodes may 
be Washed in situ by a fluid spraying means asso 
ciated: With the system. 
The present invention contemplates the pro 

vision of a control system. which will effect... the 
Washing operation at the will of the operator 
without requiring material attention or time on: 
the part of the operator: 
To these ends; it is an object. Of this invention, 

to provide a control system. for precipitators of 
the type-described, which may be set in operation 
to effect, the cleaning process: by the actuation of 
a Switch, and which will then effect: the required: 35. 
Operations in the desired sequence- and with the 
proper tinning. 

It is a further object of the invention to pro 
vide a control system of the type-described which 
Will insure that the power-supply to the ionizing 
and collecting electrodes' will be , discontinued: 
prior to the initiation of the supply of cleanings 
fluid to the electrodes: 

It is a further object of the invention to provide: 

O 

20, 

30 

a control system of the type described which will 45 
permit the static charge on the precipitator elec. 
trodes to be dissipated prior to the-spraying: of: 
such electrodes with cleaning fluid. 

It is a further object of the invention to pro 
vide a construction in which the power supply to : 
the motor of the fan" or equivalent means for 
forcing air through the precipitator is discon 
tinued during the period cleaning fluidis sprayed; 
on the precipitator electrodes, and in which, upon 

2. 
fan will force. air through the precipitator for a 
predetermined period. prior to the energization of 
the precipitator electrodes: to entirely dry said. 
electrodes before the appearance of high voltages. 
therebetWeen. 

In some domestic: systems it is desired. to pro 
vide a construction in which: the dust precipi-- 
tating means is associated with the furnace, to 
the end that the air to be purified, is first-forced. 
through the precipitating means and thence: 
passed in heat absorbing: relation to the furnace, 
thus providing a combined air purifying and 
heating System. 

It is a further object of the present. invention 
: to provide, in such: a, combined system, a control 
circuit in which the fuel: Supply to the furnace 
and the control means capable of effectingSuchfuel 
supply are deenergized during the periodin which: 
the electrodes of the precipitator are being Sprayed 
with cleaning fluid. 

It is a further object of the invention to provide 
a control system of the type described in which 
the entire cleaning: operation becomes automatic 
upon the actuation of a switch... by the: Operator, 
and in which the Washing...and drying proceSS Will 
proceed, be accurately timed, and the precipitator 
returned to its normal operation upon completion: 
of the process without... further attention. On the 
part of the operator. 
The foregoing and. Other: objects; and features: 

of the invention will be made fully apparent to 
those skilled in the art from a consideration of 
the following detailed description: taken in cons 
junction, with the accompanying: drawings in 
Which: 

Fig. 1 is a perspective view; with parts broken. 
away to show internal construction, of a combined 
air cleaning and heating System; and 

Fig. 2 is a Schematic view showing: an electrical 
control system for combined air cleaning and 
heating systems in accordance With the invention. 
Referring to the drawings, reference. numeral 
0 indicates generally a precipitator which may, 

for example, be of the type disclosed in my co 
pending application. previously mentioned. The 
air to be purified is forced through the precipitator. 
to by means of a fan fi and the air is then passed 
through a conduit 2 into heat absorbing relation. 
to a furnace 3 from which the air passes through, 
a hot air supply duct 4 to the air distributing 
system. 
The precipitator Oise of the type" in which the 

collecting electrodes may be. Washed in situ. In: 
this instances the cleaning fluid, which may be: 

the termination of the supply of cleaning fluid, the 555, water, with or without soap or other detergents, 
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is supplied by way of a supply pipe 5 controlled 
by a solenoid valve 6. Upon the opening of the 
solenoid valve f6, the Water is supplied under 
pressure to a manifold 7 positioned above the 
ionizing electrodes 8 and 8 and collecting elec 
trodes 9 and 9. Manifold 7 is provided with a 
plurality of spray nozzles 20 directed toward the 
electrodes 8, 8 and 9, 9 in a manner to cause 
the cleaning fluid to impinge upon all parts of 
Said electrodes. 
In Such a system, if the washing operation is 

left to the discretion of the operator, it is pos 
sible that the power supply for the energization 
of the electrodes will be left on at the time the 
Solenoid valve 6 is energized to the detriment 
of the System. Also the operator might fail to 
cut off the power supply to the fan prior to 
the initiation of the cleaning operation. In 
this event much of the spray from the nozzles 20 
Would be blown into the conduits of the heating 
and ventilating system, or be discharged from 
this system into the living quarters of the house, 
instead of falling to the collecting Sump at the 
bottom of the precipitator. Other errors could 
be made such as failing to let the electrodes 8, 
8 and 9, 9 dry after the spraying operation, 
before turning on the power Supply to energize 
the electrodes. Also it would be undesirable to 
continue the fuel Supply to the oil burner 2 of 
the furnace when the fan is not in Operation. 
Such errors are avoided and the operation made 
completely automatic by the control System 
shown in Fig. 2. 

Referring to Fig. 2, a motor 22 has its shaft 
connected to the driving Shaft of a Speed re 
duction gear 23 having a driven shaft 24. A pair 
of cams 25 and 26 are mounted upon the shaft 
24 to be driven at a very low speed through the 
reduction gear 23. For example, one revolution 
of the shaft 24 may require approximately 
twenty minutes. Cam 25 has an active portion 
27, which active portion extends for only a few 
degrees of the angular movement of the cam, for 
example about four degrees. The active portion 
27, actuates a rod 28 against the action of a 
spring 29. The cam 25 has an active portion 3, 
which active portion extends over Substantially 
270 degrees of the circumference can. The ac 
tive portion 3 of the can 26 is adapted to actu 
ate a rod 32 against the action of a spring 33. 
The rod 28 controls a pair of normally closed 
contacts 34 and two pairs of normally Open 
contacts 35 and 36. By the term “normally.' I 
refer to the position of the mechanisin aS shown 
in Fig. 2, which is the state of the System. When 
the precipitator and the furnace are performing 
their normal functions of cleaning and heating 
the air forced therethrough by the fan , rather 
than to the condition in which these functions 
are discontinued to permit the cleaning of the 
collecting electrodes of the precipitator. The rod 
32 controls a pair of normally closed contacts 37 
and a pair of normally open contacts 38. In the 
position shown, a circuit is provided across the 
terminals f and 2 of a source of power Supply, 
which circuit comprises the conductors 4 and 
42, the closed contacts 37, conductor 43, fan 
switch 44, conductor 45, closed contacts 34, con 
ductor 46, the primary Winding 47 of a trans 
former 48, and conductor 50 leading to termi 
nal 2. The secondary Winding 49 of the trans 
former 8 is connected across the energizing cir 
cuit of the electrodes 8 and 9. The fan motor 

is connected across the conductors 45 and 50. 
Thus, assuming that the fan switch 44, which 

0. 

4. 
is actuated by a thermostat in the bonnet or 
hot air reservoir of the furnace, is closed, the 
precipitator electrodes 8, 8 and 9, 9 will be 
energized, the heat control system of the furnace 
will be in operation, and a circuit will be closed 
thorugh the fan motor to force air through 
the system. 
The power Supply circuit for energizing the 

electrodes is more fully set forth in my copending 
application, Serial No. 692,893, filed August 24, 
1946, now Patent No. 2,476,247, dated July 12, 
1949. As shown, the system comprises a pair of 
rectifier tubes 52 and 53 connected in inverse 
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relation to one terminal of the secondary wind 
ing 49. The other terminal of the secondary 
Winding 49 is connected through a conductor 54 
to ground. The tube 52 has its cathode con 
nected by way of a conductor 55 to the fine Wire 
elect1?odes 8 of the ionizing means. The tube 
53 has its anode connected by a conductor 56 
to the Surface electrodes 8 of the ionizing means 
and to the charge electrodes 9 of the collecting 
System. The charge electrodes 9 are alternate 
plates of the collecting system, the intervening 
plates 9 of which are connected to ground. A 
Conden Ser 57 and a resistor 58 are connected 
between the conductor 54 and the conductor 55. 
A resistor 59 is connected between the conductor 
54 and the conductor 56. 
The Operation of the power supply system 

described in the foregoing is more fully set forth 
in my copending application, Serial No. 692,893, 
filed August 24, 1946. It is sufficient for the 
present purpose to note that the line 55 will be 
maintained at a predetermined positive potential 
of the order of 6 kV. Line 56 will be maintained 
at a negative potential of 6 kV and accordingly 
the potential difference between the fine wire 
electrodes 8 and the surface electrodes 8 which 
are connected to the line 56 will be of the order 
of 12 kV. The difference in potentia between the 
collecting plates 9 which are connected to line 
56 and intervening plates 9 which are connected 
to ground Will be 6 kV. 
When the parts are in the position shown, the 

circuit through the timing motor 22 is open and 
accordingly the cams 25 and 26 are at rest. The 
circuit for the notor 22 from the terminal of 
the Source of Supply includes the conductor 4, a 
conductor 65, the contacts 36, and a conductor 
66 connected to one terminal of the motor 22, 
the opposite terminal of which motor is con 
nected to the conductor 50 and accordingly to 
the terminal 2. This circuit is normally open 
at the contacts 36. A push button switch 67 
between the conductors 65 and 66 may be actu 
ated by the operator to close a circuit by-passing 
the open contacts 36. When the push button 
switch 6 is closed, the motor 22 then drives the 
cams 25 and 26 very slowly in a clockwise direc 
tion through the Speed reducing gear 23. Within 
a few seconds after the closure of the switch 67, 
for example for about ten seconds, the active 
portion 27 of the cam 25 will disengage the rod 
28, permitting the rod to move upwardly, open 
ing the contacts 34 and closing the contacts 35 
and 36. The closure of the contacts 36 parmits 
the operator to release the push button switch Si 
and the circuit through the motor 22 will remain 
closed through said contacts 36. Preferably a 
neon lamp 68, connected across the motor 22, is 
provided to visually indicate to the operator that 
the circuit through the motor 22 is closed. If the 
operator releases the push button 67 before the 
contacts 36 have been closed, the lamp 68 will be 
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extinguished. The operator will again depress 
the push button: 67 for a few seconds until the 
lamp 68 continues to glow upon the release' of 
the push button, , indicating that, the circuit 
...through the contacts 36 is closed. At the instant 
the contacts 36 are closed to maintain a circuit 
through the motor. 22, contacts 34.2 are opened 
cutting off the power supply to the ionizing and 
collecting, electrodes of the precipitator. Simuli 
taneously the contacts 35. are closed. These con 
tacts 35 close a circuit by-passing the switch. 44 
of the fan motor it. Thus at this instant the 
fan is driven to force air through the precipitator 
regardless of the position of the fans switch:44 
and while the power-supply to the precipitator is 
cut off. 
The contour of the active portion 31 of the cam 

26 is such that the rod 32 is held in the position 
shown for about twenty seconds after the con 
tacts 34 have been opened and the contacts 35 
and 36 closed by the upward movement of the 
rod 28. This period of approximately twenty 
seconds allows sufficient time for any energy 
stored in the power supply circuit of the precip 
itator, as for example in the condenser 57 or in the 
capacitance provided by the collector plates (9, to 
leak off or be dissipated through the resistors 58 
and 59 before the introduction of cleaning fluid 
into the precipitator. By the end of this period 
of twenty seconds the can 26 has rotated through 
a sufficient angle in a clockwise direction. So that 
the active portion 3 of the cam no longer holds 
the rod 32 in the position shown but permits, the 
rod to move upwardly, breaking... the contacts. 37 
and closing the contacts. 38. The opening of the 
contacts. 37 opens the circuit, which during, the 
previous twenty-seconds permitted the flow of 
energy to the fan motor through the conductor 
42, the contacts 37, the contacts 35, and the con 
ductor. 45. Thus the fan can no longer, force: air 
through the precipitator. The circuit, through 
the heat control system is also broken. It Will be 
understood that the heat control system will in 
clude the means for controlling the supply of fuel 
to the oil burner and any limit switches or ther 
mostatic devices capable of normally controlling 
the supply of fuel to the burner. 
The closure of the contacts 38, closes" a circuit 

from the conductor. 42 through a conductor 70 
leading to the energizing coil. Tf of the solenoid 
valve. 6 and thence by way of conductor. 2 and 
conductor 50 to the terminal 2 of the supply 
source. The energization of the coil 7 opens 
the valve 6, permitting cleaning fluid from the 
pipe 5 to be sprayed upon the ionizing and col 
lecting electrodes of the precipitator. 
The cleaning fluid will continue to be Sprayed 

upon the electrodes for a period of approxi 
mately five minutes, while the cam 26 rotates 
through an angle of approximately 90 degrees. 
At the end of this five-minute period, the active 
portion 3 of the cam 26 again engages the rod 
32 to actuate this rod downwardly, breaking the 
contacts 38 and again closing "the contacts 37. 
The circuit through the coil 7 being broken, the 
valve 6 closes, and cleaning fluid is no longer 
sprayed upon the collecting electrodes. The clo 
sure of the contacts 37 now closes a circuit 
through the fan motor by way of the contacts 
35 which are closed at this time so that the cir 
cuit through the fan is closed regardless of the 
position of the fan motor switch 44. A circuit 
also exists at this time from the terminal 
through the conductor 42, the contacts 37 and 
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iconductor:43: through the heat control system 
permitting the oil burner of the furnace to again 
be placed in operation under the control of the 
usual thermostatic devices. The fan motor thus 
iforces air through the precipitator while the 
power supply to the ionizing and collecting elec 
trodes remains broken at the contacts 34. This 
icondition continues while the cams 25 and 26 
rotate through an angle of approximately 265 

10 degrees, and requiring approximately fifteen 
rminutes. - At the end of this fifteen-minute pe 
riod," the active portion 27 of the cam 25 again 
contacts the rod 28 to effect the closure of the 
contacts 34 and the opening of the contacts 35 
"and 36. The parts are thus back in the posi 
tion shown in Fig 2 of the drawings. The cir 
cuit through the motor 22 being broken, the 
cams' 25 and 26 come to rest. Thus the system 
is again in its normal operative state, power be 
ing supplied to the transformer 48 of the pre 
cipitator power supply provided the fan switch 
44 is closed. 
From the foregoing, it will be apparent that 

the invention provides a control system in which 
the entire cleaning operation is conducted auto 
matically in a manner to assure that the sequence 
of operations will occur in the desired order. 
While there has been herein described a pre 

ferred embodiment of the invention, other em 
bodiments within the scope of the appended 
claims will be apparent to those skilled in the 
art from a consideration of the form: shown and 
the teachings hereof. 
What is claimed is: 
31. An air cleaning and heating system.com 

prising an electrical dust precipitator, a furnace, 
a heat, control System for said furnace, a fan for 
forcing air through said precipitator for sepa 
rating particulate matter therefrom, means con 
ducting said: air; from said precipitator in heat 
absorbing relation to said furnace, washing 
means to clean deposits of particulate matter 
from said precipitator, and means effective upon 
the operation of said washing means to stop the 
operation-of-said fan and render said heat con 
trol means inoperative to effect the supply of fuel 
to said furnace, and a motor-driven timing sys 
tem for deenergizing said, electrical dust pre 
cipitator a short fixed-time prior to the initiation 
of operation of the washing means. 
2. A control System for electrical dust pre 

cipitators of the type including a plurality of 
ionizing and collecting electrodes, a power supply 
circuit for energizing. Said electrodes, and means 
for. Washing said electrodes...in situ, comprising a 
timing, motor, a manually controlled switch for 
initiating the operation of Said motor, a nor 
mally . Open circuit by-passing . Said manually 
controlled-switch, -a, - first switching mechanism 
operated by said timing: motor: for opening said 
power Supply circuit and simultaneously closing 
said: normally open circuit to maintain said mo 
tor-in-operation regardless of the position of Said 
manually controlled switch, a second switching 
mechanism. operated by said timing motor after 
a predetermined time delay from the opening of 
said power supply, circuit, for supplying cleaning 
fluid...to said washing means for a predetermined 

to: time, said: first Switching mechanism being ef 
fective to again close said power Supply circuit 
and stop said motor after a predetermined in 
terval from the termination of said supply of 
cleaning fluid. 

3. In an air heating and cleaning system com 
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prising a dust precipitator, a furnace, a heat 
control System for said furnace, a fan for blow 
ing air through said precipitator for separating 
particulate matter therefrom, and into heat 
absorbing relation with said furnace, a heat 
control switch for controlling said fan, washing 
means to clean deposits of particulate natter 
from said precipitator, a motor-driven timing 
System for controlling the operation of Said 
washing means, a switch operated by said timing 
System for deenergizing said fan, and Said heat 
control during the operation of said washing 
means, and a Switch operated by Said tinning Sys 
tem for positively energizing said fan, regardless 
of the position of said heat controlled fan SWitch, 
for a predetermined time immediately following 
cessation of operation of Said Washing means. 

4. In an air heating and cleaning System com 
prising a dust precipitator, a furnace, a heat con 
trol system for said furnace, a fan for blowing 
air through said precipitator for separating par 
ticulate matter therefrom, and into heat-absorb 
ing relation with said furnace, a heat control 
switch for controlling said fan, Washing means 
to clean deposits of particulate matter from said 
precipitator, a motor-driven timing System for 
controlling the operation of said washing means, 
a switch operated by said timing System for de 
energizing said fan and said heat control during 
the operation of said washing means, and a 
switch operated by said timing system for posi 
tively energizing said fan, regardless of the posi 
tion of said heat controlled fan switch, for a 
predetermined time immediately following cessa 
tion of operation of said Washing means, and a 
power supply for application of voltage to the 
plates of said precipitator, and a Switch con 
trolled by said timing system for deenergizing 
said power supply a short fixed time previous 
to the initiation of said washing operation to al 
low the precipitator plates to discharge to a low 
Value. 

5. In an air heating and cleaning System com 
prising a dust precipitator, a furnace, a heat con 
trol System for said furnace, a fan for blowing 
air through said precipitator for separating par 
ticulate matter therefrom, and into heat-absorb 
ing relation with said furnace, a heat control 
switch for controlling said fan, Washing means 
to clean deposits of particulate matter from said 
precipitator, a motor-driven timing System for 
controlling the operation of said washing means, 
a Switch operated by said timing system for de 
energizing Said fan and said heat control during 
the operation of Said Washing means, and a 
switch operated by said timing system for posi 
tively energizing said fan, regardless of the posi 
tion of said heat controlled fan switch, for a pre 
determined time immediately following cessation 
of Operation of Said washing means, and a power 
Supply for application of voltage to the plates of 
Said precipitator, and a Switch controlled by said 
timing System for deemergizing said power sup 
ply a short fixed time previous to the initiation of 
said Washing operation to allow the precipitator 
plates to discharge to a low value, and said fan 
being energized during the period when said 
Source of voltage is being deenergized. 

6. In an air heating and cleaning system com 
prising a dust precipitator, a furnace, a heat con 
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8 
trol system for said furnace, a fan for blowing 
air through said precipitator for separating par 
ticulate matter therefrom, and into heat-absorb 
ing relation with said furnace, a heat control 
SWitch for controlling said fan, Washing means 
to clean deposits of particulate matter from said 
precipitator, a motor-driven timing System for 
controlling the operation of said washing means, 
a Switch operated by said timing system for de 
energizing said fan and said heat control dur 
ing the operation of Said Washing means, and a 
SWitch operated by said timing system for posi 
tively energizing said fan, regardless of the posi 
tion of said heat controlled fan Switch, for a pre 
determined time immediately following cessation 
of operation of said washing means, and a power 
Supply for application of voltage to the plates of 
Said precipitator, and a switch controlled by said 
timing System for deenergizing said power supply 
a short fixed time previous to the initiation of 
Said Washing operation to allow the precipitator 
plates to discharge to a low value, and said fan 
being energized during the period when said 
Source of voltage is being deemergized, and a 
manually operated "push button' switch for ini 
tiating the automatic sequencing of the entire 
cleaning Operation by the timing system. 

7. In an air heating and cleaning system com 
prising a dust precipitator, a furnace, a heat con 
trol System for said furnace, a fan for blowing air 
through Said precipitator for separating particu 
late matter therefrom, and into heat-absorbing 
relation with said furnace, a heat control switch 
for controlling said fan, washing means to clean 
deposits of particulate matter from said precipi 
tator, a motor-driven timing system for control 
ling the Operation of said washing means, a 
SWitch operated by said timing system for de 
energizing Said fan and said heat control during 
the operation of said washing means, and a 
Switch operated by said timing system for posi 
tively energizing said fan, regardless of the posi 
tion of Said heat controlled fan switch, for a 
predetermined time immediately following cessa 
tion of operation of said washing means, and a 
power Supply for application of voltage to the 
plates of Said precipitator, and a switch con 
trolled by Said timing system for deemergizing 
Said power supply a short fixed time previous to 
the initiation of said washing operation to allow 
the precipitator plates to discharge to a low value, 
and Said fan being energized during the period 
when said source of voltage is being deemergized, 
and a manually operated “push button' switch 
for initiating the automatic sequencing of the en 
tire cleaning operation by the timing system, and 
an indicating device associated with said timing 
System for indicating when said timing system is in operation. 
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