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3,360,902 
ELECTRODE RAPPING CONTROL FOR AN 

ELECTROSTATIC PRECIPITATOR 
Melvin L. Glaeser, Baltimore, Md., assignor to Koppers 

Company, Inc, a corporation of Delaware 
Filed Apr. 20, 1965, Ser. No. 449,569 

14 Claims. (CI. 55-13) 

This invention relates generally to electrostatic precipita 
tors and more particularly to the controlling of cyclic 
rapping of the electrodes within the precipitator. 

In conventional electrostatic precipitators having means 
for directing a flow of gas containing entrained particles of 
matter past a plurality of electrodes, a high voltage direct 
current is applied to the discharge electrodes which cur 
rent then ?ows to the collector electrodes in the form of a 
corona discharge. The corona discharges charges the parti 
cles of matter entrained in the gas ?owing past the elec 
trodes and the charged particles are attracted to and collect 
on the collector electrodes. Periodically the particles are 
dislodged and collected. Conventionally, the particles are 
dislodged by vibrating or, as it is called, rapping the elec 
trodes. 
Rapping of the electrodes causes the particles collected 

on the collector electrode to fall from the collector elec 
trode into a hopper or the like. A small amount of re 
entrainment of the particles tends to occur. So long as the 
voltage applied to the discharge electrodes remains at a 
high level, any of the particles tending to be re-entrained 
are recollected on the collector electrodes at a point below 
the location where they were originally dislodged. This 
occurs until the particles are ?nally collected in a hopper 
or the like. 
The foregoing procedure works well so long as a nor 

mal steady state condition exists in the precipitator. Con 
ditions in a precipitator vary widely and suddenly, how 
ever. Because of the high voltage level of the discharge 
electrodes, dust concentrations in the gas, gas composition, 
water vapor content and the like, the gaseous resistance 
between the electrodes sometimes breaks down complete 
ly and this condition is manifested as a spark. The result 
of this is a voltage loss in the discharge electrodes and 
no dust collection occurs at this time. It has been found 
that sparking can be tolerated ‘at the rate of about 100 
sparks per minute but exceeding this results in decreased 
percipitator e?‘iciency. Thus, controls have been developed 
which automatically ‘lower the voltage applied to the dis 
charge electrodes to maintain the spark rate within ac 
ceptable limits. One such control is described in J. B. 
Thomas et al. Patent No. 2,961,577, assigned to the as 
signee of the present invention. 
A lowering of the voltage, for example, to prevent 

sparking, results in the particles being charged to a lesser 
degree. If rapping occurs during a lowered voltage period, 
the particles dislodged during the period of reduced volt 
age tend to remain re-entrained in the gas so that the 
collection e?‘iciency is reduced. In addition, the re-en 
trained particles may cause even more sparking and en 
hance the dil?culty. 

conventionally, rapping of the electrodes has been car 
ried out independently of the control of electrode voltage. 
This is partly attributable to the fact that in numerous 
applications the operating conditions, within the precipia 
tor remain reasonably constant so that no great problem 
results from the conventional mode of operation. How 
ever, the application of precipitators to the treatment of 
gases where operating conditions ?uctuate widely, for ex 
ample, where particles are removed from gases produced 
by open hearth or basic oxygen furnaces and similar ap 
plications has made the problem more acute. The prac 
tice heretofore has been to provide a precipitator of a size 
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capable of e?iciently cleaning the gas under the worst pos 
sible operating conditions. This, of course, necessitates 
that the precipitator be unduly large and expensive. 

Accordingly, an object of the present invention is to 
provide a system for stopping the rapping of the electrodes 
during periods of severe sparking and consequent reduced 
voltage in the discharge electrodes. 

Another object of this invention is to provide rapping 
controls to increase the e?iciency of the precipitator dur 
ing adverse operating conditions thus permitting the 
precipitator to be designedto meet the requirements of 
less operating severity. 

This invention contemplates the provision of means 
actuated when the excitation to an electrode drops below a 
preselected value in response, ‘for example, to increased 
sparkings to render inelfective the rappers, for example, to 
de~energize the power supply for the electrode rappers 
should the excitation remain at a low level beyond a de 
sired length of the time. Should the excitation rise during 
the delay period, the rappers will not be rendered inef 
fective. Once rendered ineffective the rappers will not be 
rendered e?ective until the efficiency of the precipitator 
is increased to its normal condition for the desired time. 
The above and further objects and novel features of 

the invention will appear more fully from the following 
detailed description when the same is read in connec 
tion with the accompanying drawings. It is to be expressly 
understood, however, that the drawings are not intended 
as a de?nition of the invention but are for the purpose 
of illustration only. 

In the drawings wherein like parts are marked alike: 
FIGURE 1 schematically shows an elevation of the 

general arrangement of the electrode structure of an elec 
trostatic precipitator facing in the direction of gas ?ow; 
FIGURE 2 schematically illustrates the excitation and 

control for the precipitator of FIG. 1; 
FIGURE 3 illustrates schematically by block diagram 

‘an electrical ‘circuit in accordance with the invention for 
controlling the amount of rapping during periods of severe 
sparking of the precipitator of FIG. 1; 
FIGURE 4 illustrates by detailed circuit an embodi 

ment of the invention. 
Referring now to FIG. 1, there is illustrated an elec 

trostatic precipitator generally designated by the numeral 
20. An outer shell 28‘ directs the ?ow of gases past dis 
charge electrodes 31 and collector electrodes 35. The dis 
charge electrodes are supported by structural members 37 
which are themselves supported by hanger rods 39 extend— 
ing through insulators 41 which electrically isolate the 
electrodes 31 from the shell 28 and the collector elec 
trodes 35. 

Referring to FIG. 2, the electrical precipitator is rep 
resented schematically as having a source 40 for supply 
ing alternating current, a transformer 42 for raising the 
voltage level of the alternating current, a recti?er 43 for 
changing the alternating current to direct current, a dis 
charge electrode 31 for charging the particles, a collect 
ing electrode 35 for collecting the particles, a current con 
trol circuit generally designated as 44 for maintaining a 
constant current ?ow to the discharge electrode, and a 
spark-rate control system generally designated as 45 for 
regulating the voltage in accordance with a predetermined 
spark rate. . ' 

As the gas, bearing suspended particles of matter, 
passes through shell 28, the particles are charged by elec 
trode 31 and deposited principally on the surface of elec 
trode 35. The material collected on electrode 35 is re 
moved by rapping or vibration at selected intervals. 
The characteristics of the corona may vary with changes 

in the gas concentration and composition. These changes 
may greatly affect the power input to the precipitator. The 
power input is controlled to obtain maximum efliciency 
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by the current control circuit 44 which is operative to 
maintain the current ?ow at a preset value in the absence 
of sparking, and spark-rate control circuit 45 which is 
operative tov regulate the voltage at sparking. 
The changes in normal current ?ow and at spark-over 

are sensed by the current sensing device 49. The changes 
of current ?ow caused by normal variation in corona 
discharge are re?ected in gradual variations in the current 
?ow from the preset value. These gradual variations in 
current are in contrast to the transient surges of current 
occurring at sparkover which result in substantially in 
stantaneous increase in current ?ow usually of greater 
'magnitude than the current ?ow variation during corona 
discharge. 
The foregoing portion of the precipitator is conven 

tional, and is described in detail in the aforementioned 
Patent No. 2,961,577. 
A rapping source 56 is connected to the hanger rod 

39 so that vibratory motion is transmitted through the 
structural member 37 and into the electrode 31. A suit 
able rapping means is disclosed in the patent to John W. 
Pennington No. 3,030,753. The collector electrodes 35 are 
‘supported by structural members 38 which are an integral 
part of the shell 28. The collector electrodes 35 are also 
vrapped by a suitable vibrating source 59‘, similar to the 
rapping source 56, connected to the electrodes by a rod 
60. Thus, when the rappers are energized, the electrodes 
are vibrated thereby dislodging accumulated dust which 

1 falls into a hopper (not shown) or is otherwise suitably 
disposed of. 

' Referring now to FIG. 3, an automatic power control 
unit 61 embodies elements 44 and 45 of FIG. 2, and in 
cludes a primary voltage circuit 62, a primary current cir 
cuit 63, a secondary voltage circuit 64 and a secondary 
current circuit 65. These circuits have voltage and current 

' levels which are lowered in response to increased sparking 
between the electrodes. Any one of these voltage or cur 
rent levels may be used to develop a sensing signal in ac 
cordance with this invetnion. This signal then operates 
a time delay circuit 66 interposed between the signal 
source and a rapper timer control 67. The rapper timer 
control 67 as is conventional energizes the rappers 56, 59 
in a predetermined sequence for a predetermined time 
interval. Such controls are usually capable of being ad 
justed to vary the cycle and the time interval between 
rapping cycles as well as the time length of the cycles. Be 
cause control 67 is conventional, no further description 
is necessary for an understanding of this invention. 
As has been pointed out before, the rapping of elec 

trodes has heretofore taken place in a timed sequence 
and at intermittent time intervals. The disadvantage has 
been that the time intervals of rapping do not always 
coincide with the period of efficient operation of the 
precipitator. Consequently, there is a great tendency for 
the entrained particles to be carried out of the precipita 

‘ tor with the gas if the operating conditions during rapping 
are so adverse that sparking is occurring or that the volt 

' age or current levels have been lowered so that the pre 
cipitator is not operating at its optimum efficiency. In 
accordance with this invention, the rapping of the pre 
cipitator is carired out during the normal steady state op 
eration of the precipitator as it has heretofore, that is, by 
a cycle of operation which cycle of operation takes place 
over predetermined intervals of time; but inasmuch as 
adverse conditions are apt to occur at any time, pro 
vision is made for rendering the rapping system ineffec 
tive during the period that the precipitator is operating at 
a low level of e?iciency. Since the condition of low pre 
cipitator e?iciency may be transient, this low ef?ciency 
of operation must persist of a period of time before the 
the rapping system is rendered ineffective. Similarly, after 
the rapping has been rendered ineffective and the rapping 
cycle interrupted and after the precipitator regains its 
normal operating e?iciency, the rapping system is main 
tained ineffective until after the precipitator has operated 
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4 
at its normal efficiency for a predetermined period of time. 
This reduces or eliminates any tendency toward a “hunt 
ing” effect where the rapping system is rapidly shifting 
from an ineffective to effective condition over a short 
interval of time. The overall e?iciency of the precipitator 
is maintained or increased because the particles which 
would have escaped with the gases during the rapping 
period at low ef?ciency in the arrangements heretofore 
known are retained in the unit. The retention of the col 
lected particles during the period of time when adverse 
conditions are present and the precipitator is operated 
without its normal rapping period does not adversely 
affect the overall operation; the particles merely remain 
on the collector electrodes until such time as its normal 
operation is resumed and the particles are collected in 
the hopper by rapping. 

Turning now to FIG. 3, there is schematically illus 
trated a monitoring circuit 66 for rendering ineffective the 
operation of the rappers of the electrodes during the time 
that severe sparking is occurring within the precipitator. 
Such adverse condition is re?ected in parameters such as 
the voltage and current levels of the aforementioned cir 
cuits 63, 64 and 65 in the power control unit 61. At this 
adverse operating time, a level of a parameter will have 
changed from a normal level to a different level. 

There is illustrated in FIG. 4 the sensing of a parameter 
by providing a means responsive to the existence of a low 
level of current for a predetermined period :of time for 
rendering the rapping means ineffective to operate. For 
example, if the parameter is below a preset level for a 
period exceeding a preset time the power supply to the 
rapper timing control 67 will be ‘dc-energized. 
For purpose of simplicity, the novel monitoring sys 

tem is illustrated in FIG. 4 as being responsive to the 
current level supplied to the electrode. To this end, a cur 
rent sensitive transformer 70 is provided for sensing the 
current ?owing to the precipitator. The signal current in 
duced in circuit 70 is fed into the operating coil 71 of a 
conventional current sensitive time delay device 75. 

Conveniently, the delay device 75 may be current 
sensing relay such as the type COD sold by Westinghouse 
and described, for example, in US. Patent Nos. 2,697,187 
and 2,488,443 and in Westinghouse Bulletin 4l~l00B, 
published September 1961. 

Brie?y, the relay has an induction disc unit, which em 
bodies an E-type laminated magnetic structure. A main 
current coil (either tapped or untapped) is placed on the 
center leg of the magnetic structure. Flux produced by this 
coil returns through the two outer legs of the electro 
magnet. A shading coil on one of the outer legs creates an 
out of phase ?ux which reacts with the main coil flux to 
cause rotation of the disc in the air gap in the electro 
magnet, which rotation is opposed by a spiral spring ‘on 
the disc shaft, which also carries the moving contact. 
Torque created by the electromagnet is balanced by the 
opposing torque of the spiral spring, and the disc shaft 
assembly with the moving contact assumes a position cor 
responding to the current applied to the electromagnet, 
unless the travel is limited by the setting of the stationary 
contacts. Disc rotation is damped by a horseshoe shaped 
permanent magnet. 

In operation, when the magnitude of applied current is 
less than the setting of the low current stationary contact, 
the moving contact rests against this stationary contact. 
Applied current values between the high and low settings 
will cause the disc and moving contact to ?oat between the 
high and low stationary contacts. Current values above the 
high current setting will cause the moving contact to close 
the high current circuit. A small change in current 
magnitude will cause the disc to move slowly from its 
original position to the new position. Conversely, a large 
change in applied current will move the disc at a faster 
rate. The positions of the stationary contacts, of course, 
have an effect on the speed of response. A close setting 
of these contacts will produce faster contact operation for 
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the same change in current than does, a wide separation 
because the moving contact has farther to travel to make 
contact with a wide separation of the stationary contacts. 

In this invention, the signal from current transformer 
70 is applied to the operating coil of the relay and the 
adjustable high and low current closing contacts are ad 
justed to the desired time and current change to maintain 
the rappers in their normal cyclic and timed operation 
until the precipitator has operated at a lowered e?iciency 
for a sutticient length of time to justify the rappers being 
taken out of operation or rendered ineifective to operation. 
Once the rappers have been rendered inetfective to 

operate, they will not, in accordance with this invention, 
be rendered eifective to operate until after the precipitator 
has reached a desired range of efficient operation for a 
desired period of time. Thus, the contacts of the delay 
switch are provided with circuits which maintain the rap 
per system either effective to operate or ineffective to 
operate. To this end, the ?xed contacts 84 and 89 are con. 
nected in parallel circuits between the excitation lead 80 
and the ground lead 78 to energize respective relays 86 
and 87. A holding circuit is provided for each relay so 
that once energized the relay will remain energized even 
though the ?xed contact that originally energized the relay 
opens. Thus contact 84 is bridged by lead 90, normally 
open contact 91, lead 92, normally closed contact 93 
and lead 94. Contact 89 is bridged {by lead 95, normally 
closed contact 96, lead 97, normally open contact 98 
and lead 99. 
Upon energization of the system, excitation is ap 

plied through lead 80 normally closed contact 89 to relay 
87 and the ground 78. Relay 87, upon thus being ener 
gized, closes the normally open contact 98 and thereby 
provides a circuit for maintaining relay 75 energized even 
though the contacts 89 may later be separated. The ener 
gization of relay 87 also opens the normally closed con 
tact 93 thereby preventing de-energization of relay 86 
through any circuit other than by the closing of con 
tacts 84 so long as relay 87 is energized. The control sys 
tem for the precipitator tends to bring the precipitator to 
an optimum voltage or current condition as rapidly as 
possible. Consequently, the disc of the delay device 
moves to the high contacts. Upon the disc’s reaching the 
high closing contacts, contacts 84 are engaged thus ener— 
gizing relay 86. Upon the energization or relay 86, the 
normally closed contact 96 is disengaged. This opens the 
holding circuit ‘for relay 87 and de-energizes relay 87. 
Thereupon, contact 93 returns to its normally closed posi 
tion, as illustrated. The energization of relay 86 has closed 
the normally open contact 91 thereby rendering effective 
the holding circuit for relay 86 so relay 86 remains ener 
gized even though the contact 84 may be opened by sub 
sequent less ef?cient operation of the precipitator. Due 
to this holding circuit, the relay 84 remains energized 
until such time as the induction disc reaches the low ter 
minal at which time contacts 89 are closed and the hold 
ing circuit for relay 84 de-energized by the disengagement 
of contact 93. 
The relays 86 and 87 control the rappers by way of con 

tacts 110 and 1111.; relay solenoid 86 operating contact 110 
and relay solenoid 87 operating contact 111. These con 
tacts, as illustrated in FIG. 4, are connected in parallel 
between power lead 113 and connecting lead 115 to the 
rapper timer circuit 67 which operates rappers 56 and 59. 
When relay solenoid 87 is energized, contact 111 is open 
and when relay solenoid 84 is energized contact 110 is 
closed. 
When the magnitude of the signal current, as sensed 

by sensor 70, is less than desired, the induction disc of 
device 75 is caused to rotate until contacts 89 are closed 
to energize the low current circuit. When the magnitude 
of the signal current is at or exceeds the desired value, 
the induction disc will rotate until contact 84- closes to 
close the high current circuit. Signal current valves be 
tween the high and low valves will cause the moving con 

6 
tacts to ?oat between the high and low contacts 84 and 89. 
Relays 86 and 87 are provided to lock in either the high 
or low current circuits once the contacts 84 or 89 have 
been closed so that, for instance, if the high current circuit 

5 is locked in and the signal current valve is decreased, the 
high current circuit will not open until the moving contact 
has closed the low current circuit. Since the stationary 
contacts 84, 89 may be positioned relative to each other, 
the time required for the moving contacts to move from 

10 one to the other may be varied. Thus, the high current cir 
cuit will remain locked in unless the signal current falls 
below the low contact setting for a preselected time inter 
val. Conversely, the low current circuit will remain locked 
in until the signal current exceeds the high contact set 

15 ting for a preselected time. 
By way of contact 110, the high current circuit is inter 

posed in the power line permitting current to ?ow to the 
circuit 67 to operate the rappers in their programmed se 
quence. Should the signal current as rendered ‘by sensor 7 0 

20 decrease for a preselected time interval in response to oper 
ating conditions within the precipitator, then the high cur 
rent circuit will open contact 110 thus preventing current 
?ow' to the rapper timer control. This condition will be 
maintained until the signal current again reaches a satis 

25 factory level. 
In operation, the device 75 is adjusted to be responsive 

to a sensing signal corresponding to a level of voltage po 
tential in the discharge electrodes below which it is de 
sired that rapping of the electrodes should not occur. The 

30 relay is further adjusted for the time interval desired be 
fore which the rappers are deenergized after the sensing 
signal has dropped to the preset level. Thus, when the 
precipitator is operated in the conventional manner, if 
the operating characteristics change within the precipitator 

35 so that severe sparking occurs and the voltage potential is 
lowered by the automatic power control beyond the pre 
determined time interval, then the rappers will be de 
energized. Consequently, rapping of the electrodes will 
cease so that collected dust will not be dislodged and re 

40 entrained in the gas during the period of severe sparking. 
Even though the voltage potential on the electrodes may 
not be increased to the extent necessary to reactivate the 
rappers, precipitator e?iciency will ‘be increased because 
of reduced re~entrainment of dust. When the adverse op 

45 erating conditions pass, the voltage potential will conse 
quently be increased and when the sensing signal reaches 
the proper level and remains there for a desired time the 
rappers will be reactivated and the precipitator will oper 
ate in the conventional manner. In this way, overall pre 

50 cipitator e?iciency is maintained despite periodic intervals 
of adverse operating conditions. 

Having thus described my invention in its best embodi 
ment and mode of operation, what I desire to claim by 
Letters Patent is: 

55 I claim: 
1. In an electrostatic precipitator having a power supply 

which furnishes high voltage to the discharge electrodes 
responsive to operating conditions within the precipitator 
and a control means for sequencing rapper operation, the 

6 method comprising: 
directing the ?ow of gas to be cleaned through the 

precipitator, 
supplying high voltage to the discharge electrodes of 

a magnitude su?’icient to cause collection of charged 
65 particles on the collector electrodes, ' 

rapping the electrodes in a timed cycle to dislodge the 
collected particles, 

collecting the dislodged particles, and 
interrupting rapping cycle when adverse operating con 

70 ditions occur Within the precipitator to reduce rein 
trainment in the gas stream of collected particles 
during said occurrences. 

2. In an electrostatic precipitator having a power supply 
which furnishes high voltage to the discharge electrodes 

75 responsive to operating conditions within the precipitator 
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and a control means for cyclic rapper operation, the 
method comprising: 

directing the ?ow of gas to be cleaned through the pre 
cipitator, 

supplying high voltage to the discharge electrodes of 
a magnitude Sll?'lCi?l'lt to cause collection of charged 
particles on the collector electrodes, 

rapping the electrodes periodically to dislodge the col 
lected particles, 

collecting the dislodged particles, and 
monitoring the current level to the electrodes, and 
interrupting the rapping of the electrodes when said 

current level falls below a predetermined level so that 
reintrainment in the gas stream of collected particles 
is reduced during said low current levels. 

3. The method of claim 2 wherein the interrupting of 
rapping of the electrodes takes place after the current has 
remained at a reduced level for a predetermined time. 

4. The method of claim 2 wherein the rapping of elec 
trodes is resumed after a predetermined elapsed time fol 
lowing an increase in current level. 

5. In an electrostatic precipitator having discharge and 
collector electrodes whose differential current level is re 
sponsive to operating conditions within the precipitator, 
means for rapping the collector electrodes to dislodge 

collected particles, 
control means for said rapping means for operating said 

rapping means, 
means responsive to adverse operating conditions within 

the precipitator, and 
means operable by said responsive means for interrupt 

ing the cycle of rapping of the electrodes to prevent 
rapping of the electrodes during said adverse operat 
ing conditions. 

6. An electrostatic precipitator comprising: 
discharge and collector electrodes, 
means to direct the flow of gas to 

the precipitator, 
power supply means responsive to operating conditions 

within the precipitator to supply current to said dis 
charge electrode, 

means for rapping the collector electrode to dislodge 
collected particles, 

means for collecting the dislodged particles, and 
control means, interposed between and operably con 

nected to said power supply and said rapping con 
trol means,v and responsive to the current supply to 
the discharge electrodes for interrupting the rapping 
of the electrodes during a low level of current supply. 

7.'The apparatus of claim 6 including means opera 
tively connected with said control means for maintaining 
the rapping of the electrodes interrupted for a predeter 
mined elapsed time following a reduction in said cur 
cent supply. v 

8. The apparatus of claim 6 wherein the control means 
permits a resumption of electrode rapping after a prede 
termined elapsed time following an increase in said cur 
rent level. 

9. The apparatus of claim 7 wherein the control means 
is adjustable so as to vary the elapsed time after which 
rapping is prevented following a reduction in said cur 
rent level. 

be cleaned through 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

8 
10. The apparatus of claim 8 wherein the control 

means is adjustable so as to vary the elapsed time after 
which rapping is permitted following an increase in said 
current level. 

11. The apparatus of claim 6 wherein the “control 
means is adjustable so as to vary the current level to 
which the control means is responsive. 

12. The apparatus of claim 6 wherein the control 
means is a current-sensitive relay having a movable con 
tact which assumes a position corresponding to the cur 
rent applied and high current and low current closing 
contacts, independently adjustable in a manner to vary 
the elapsed time from a closed high contact position to 
a closed low contact position in response to a reduction 
in said current level. 

13. The apparatus of claim 12 wherein, in addition, 
relay means are operably connected to the control means 
in a manner to maintain either of the said closing con 
tacts closed until such time that the said movable contact 
closes the said closing contact not being maintained 
closed. 

14. An electrostatic precipitator comprising: 
a collector electrode, 
a discharge electrode, 
a source for energizing said electrodes whereby par 

ticles in gases passing in said electrode are charged 
by said discharge electrode and drift to and are de 
posited on said collector electrode, 

a receiver, 
a rapper for dislodging the particles deposited on said 

electrode whereby the particle falls to said receiver, 
rapper control means for cyclically operating said 

rapper, 
means responsive to the energization to said electrodes 

for rendering said rapper control means ineffective 
when the energization is below a normal level for a 
predetermined period of time, and 

means for rendering said rapper control means effective 
after the energization returns to a normal level for a 
predetermined period of time. 
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