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2,473,819 
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MULTIPLE GAP ARCNTERRUPTER 
Ralph R. Pittman, North Little Rock, Ark. 
Application July 12, 1946, Serial No. 682,989 : 

8. Claims. 
1. 

This invention relates to excess. voltage protec 
tive devices, for use in limiting the voltage, which 
may be Superimposed on an electrical circuit and, 
extinguishing a power arc, which may follow an 
impulse discharge caused by the superimposed 
voltage. 
Among the objects of the: invention, may be 

noted. (a). the provision of a sparkover, or, dis-, 
charge path, which includes in series, circuit, ar 
rangement, a plurality, of spark-gaps so cooperat-, 
ing. With other elements of the constructions that 
under-voltage stress the sum of the voltages ap-. 
pearing across the individual gaps greatly, exceeds 
the voltage impressed across; the device; (b) thes, 
provision of a construction in which the division 
of voltage between the serially, arranged gaps. 
remains substantially constant regardless of, rate 
of, change in applied voltage; (c) the provision. 
of a construction in which sparkover of a suffic 
cient number of gaps to effect arc extinguishment 
is accomplished at a protective voltage level much 
leSS than is possible With a simple series arrange 
ment of gaps, without...more, connected to bridge 
the circuit; (e) the provision of a multiple gap 
arc interrupter having spark gaps in series in 
which as definite-voltage may be made to appear 
concurrently, across, each of the multiple-gaps 
when a predetermined voltage is impressed across 
the terminals of the device, the definite voltage 
across each gap being only slightly less than the. 
terminal voltage; (f) - the provision of a device 
embodying, a series of Spark-gaps in which spark 
over: of all gaps-occurs concurrently as;a, opposed 
to the cascade type of flashover common in mul-, 
tiple series gap devices; (g) a device embodying 
a plate condenser with serially, arranged plates 
in which the respective plates of the condenser 
are formed to provide a series of spark gaps from 
one end, plate of the condenser, to the other, the 
gaps so cooperating with the condenser plates 
that the latter are serially connected in response 
to sparkover in a manners differing from the 
seriatim order of plates from One end of the con 
denser to the other; and (h) the provision of a 
Construction requiring only simple and inexpen 
sive parts and assembly, . Other objects and ad 
vantages will appear from the following descrip 
tion. 
The invention is exemplified by the form, com 

bination and relationship of the parts shown in 
the accompanying drawing, and described in the 
specification, and the scope of the invention is 
particularly pointed out in the appended claims. 

In its broadest aspect; the circuit arrangement 
of the invention is similar in some respects to the 

(C. 175-30). 
2 

construction shown in my copending application 
Serial No. 666,902, filed May 3, 1946, which has 
matured into Patent No. 2,427,975, September 23, 
1947. 

Fig. 1 of the drawing, is an elevation, shown 
partly insection of an embodiment of the inven 
tion; Figs. 2 and 3 are respectively sectional views 
taken along...the lines: 2-2, and 3-3. of Fig. 1; 
Fig. 4 is a fragmentary sectional view showing: 
the relationship of the conducting members to 
the insulating members; and Figs. 5, 6 and 7 show 
diagrammatically, the circuit arrangement or 
equivalent circuit arrangement of...the structure. 
Ass the drawing: shows, the embodiment pre 

sented here is particularly adapted for limiting 
excessvoltage, such as might be caused by light 
ning, of low or so-called, utilization voltage cir 
cuits, e.g. 120-240-480-650 volts, but it will 
appears that, the range of application may be 
extended to higher circuit voltages by simply add 
ing additional elements in quantities greater than 
illustrated. 

Currently low-voltage. lightning. arresters or 
by-pass devices-designed for application to power, 

25; circuits include...one spark gap, functioning. to: 
prevent, leakage current under normal conditions, 
and an arc. extinguishing element having resist 
ance for limiting the power follow current to a 
sufficiently small value. to prevent sustained arc 

30::ing...following sparkover. The impedance drop, . 
attending the passage of the surge current through, 
the resistance is impressed upon the connected . 
apparatus, in some cases resulting-in connected 
apparatus flashing. over, or puncturing of insula 

35ition if the resistance:is too great...or the thermal. 
destruction of the resistance, element if the re- . 
sistance is too low. 
The present, invention provides a construction 

embodying no resistance element, Substituting 
40 therefor a novel arrangement of elements includ-, 

ing a series arrangement of arcing. gaps to causer. 
arc: extinguishment,without practical sacrifice of 
protective level, It is... well known that a series 
of short, arcs.requires-much more voltage to sus 

45 itain than, a single-arc of much greater length 
and this principle of arc extinguishment is utilized 
in-the-present invention. However, in construc-. 
tions; heretofore embodying a series. of short arc. 
gaps, the initial sparkover, voltage has been 

50, largely, determined by, the number. of Such gaps, 
lowered to some degree by capacity, and resistance. 
elements, but, lacking the novel, features of the 
present, invention which, enables. an actual total. 
voltages applied to the gaps, greater than the. 

55, impressed, voltage--a condition, entirely distin 
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guished from that of simply unbalancing the volt 
age applied to the individual gaps without any 
increase in Sun. 

Referring to Figs. 1, 2, 3, and 4, the embodiment 
of the invention shown includes a plate condenser 
comprising a stack of six plates of conducting 
material, consisting of the end or terminal plates 
f5 and 20, the centrally positioned pair of plates 
fT and 8, and the intermediate plates 6 and 9. 
Each plate is insulated from every other by means 
of a disk of insulating material, the insulating 

10 

disk 23 being interposed between the first and 
second plates, the disk 24 between the second and 
third plates, the disk 25 between the third and 
fourth plates, the disk 26 between the fourth 
and fifth plates, and the disk 27 between the 
fifth and sixth plates. The conducting plates and 
insulating disks are rigidly held in parallel abut 
ting stacked relationship by means of the bolt 3 
and cooperating nut 32, the bolt 3 extending 
coaxially through the stack, and being insulated 
from the conducting plates by means of the Sleeve 
of insulating material 35. 
The terminal plates 5 and 20 are provided with 

upwardly extending portions to which the termi 
nal conductors 2 and 22 are respectively con 
nected, as by soldering at 28 and 29, and the block 
of insulating material 30 spans the terminal con 
ductors. 
The assembly just described is contained in a 

housing of conducting material, including the hol 
low body portion 36 and the cover 37, the conduc 
tors 2 and 22 extending outwardly through the 
threaded nipple 38. For holding the assembly 
in spaced relationship with the wall of the hollow 
body portion 36, a plate of insulating material 
34 is clamped between the head of the bolt 3 and 
the end plate f 5, the plate extending outwardly 
beyond the plate assembly and being contoured 
to fit the inner surface of the body portion 36. 
A spring 33, of conducting material, is clamped 
between the terminal plate 20 and the nut 32, 
extending laterally on each side thereof and out 
Wardly to engagement with one flat wall of the 
body portion 36, resiliently holding the head of 
the bolt 3 against the other flat wall of the body 
portion, thereby electrically connecting the ter 
minal plate 20 to the body portion. 
By means of Suitably formed outwardly ex 

tending integral portions of the conducting plates, 
peripherally Spaced Spark gaps, positioned out 
wardly beyond the edge of the insulating disks, 
are provided. The plate 9 is provided with dia 
metrically opposed outwardly and laterally ex 
tending portions, the respective ends of which 
extend near and in Spaced relationship with out 
wardly extending portions of the plates 5 and 
7, to provide the spark gap 10 between the plate 

f9 and the plate 5, and the spark gap 3 be 
tween the plate 9 and the plate f7. Similarly, 
along a diameter 60 degrees displaced from that 
of the outwardly extending portions of the plate 
9, the plate 6 is formed with diametrically op 
posed outwardly and laterally extending portions, 
the respective ends of which extend near and in 
spaced relationship with outwardly extending 
portions of the plates 8 and 20, to provide the 
Spark gap f between the plate f6 and the plate 
20, and the spark gap 2 between the plates 6 
and 8. The plate 7 is provided with a single 
outwardly and laterally extending portion, the 
end of which extends near and in spaced relation 
ship with an outwardly extending portion of the 
plate 8, to provide the spark gap 4 therebetween. 

It may be noted that a construction as above 
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4. 
described will yield the circuit arrangement dia 
granned in Fig. 5. If the device is applied for 
the purpose of limiting the voltage of a conduc 
tor to ground, the terminal conductor 2 would 
normally be connected to the conductor the volt 
age of which it is desired to limit, and the termi 
nal conductor 22 grounded. The insulating ele 
ments of the structure must be so coordinated 
with the conducting elements that SparkOver oc 
curs only via the Spark gaps. 

In addition, for proper operation of the device, 
cascade sparkover should be avoided; i. e. all of 
the gapS should sparkover at the Same instant 
rather than an initial breakdown of one being 
relied upon to cause another to sparkover, which 
is a common occurrence in structures heretofore 
having capacitatively or otherwise unbalanced 
serial gaps. 

Reference is made to Fig. 6 for the purpose of 
illustrating the manner in which device functions 
to accomplish concurrent Sparkover of the serial 
arrangement of gaps. Fig. 6 is an equivalent cir 
cuit in which the condenser A may represent 
capacitance provided by the plates 5 and 6 and 
the insulating disk 23 therebetween; the con 
denser B the capacitance provided by plates 6 
and T and the insulating disk 24 therebetween; 
the condenser C the capacitance provided by the 
plates T and 8 and the insulating disk 25 there 
between; the condenser D the capacitance pro 
vided by the plates 8 and 9 and the insulating 
disk 26 therebetween; and the condenser E the 
capacitance provided by the plates 9 and 20 and 
the insulating disk 27 therebetween. 
The plates of the condenser and the thickness 

and character of the insulating material there 
between, may be as a convenient practical design, 
such that the equivalent capacitances of Fig. 6 
are: 

A-128 mm.f. 
B-128 mmf. 
C-8 mm.f. 
D-128 mm f. 
E-128 mm.f. 

When a voltage E is applied at the terminals, 
Ea plus Eb plus Ec plus Ed plus Ee=E (1) 

Since equal voltages appear across equal capac 
itances, 

Ed=Eb-Ed-Ee (2) 
And since voltage division across unequal ca 

pacitances in Series is an inverse function of the 
capacitances, 

Ee= E = 16E, (3) 

Solving for Ea in (1) 
Ea plus Ea plus 16Ea plus Ea plus Eas-E, or 

20Ed-E 

Ea-5, 
and 

Eb-f 
E=SE 
Ed=5 
Ee-f 
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Voltage across-gap 10= 
Ea plus Eb plus Ee plus Ed---SEE-95%. E. 

Voltage across-gap 11s r x * , 5. 

Eb'plus: Ec plus-Ed plus Ee. --=95% E. 

Woltage across gap 12= Eb plus Ec- = , =85 % E 
O; 

Voltage.acrossgap. 13= Ec plus Ed. =E-85 %. E. 

Voltage across gap. 14s Ec-------- e E. 80%-E." 

Total voltage on gaps------ = SE- 440%. Eil 
Assume it is desired to limit the voltage across 

the terminals to 3000 volts. To assure concurrent 
SparkOver of all five gaps in series, gaps for and 

should be set to sparkover at 95% of 3000 volts; 20. 
gaps 12, 3 should be set to sparkover at 85% of 
3000 volts and gap f should be set to sparkover 
at 80% of 300 bolts. These gap settings will be of 
the Order of 3' electrode spacing. Under this 
condition, all gaps will sparkover concurrently. 
Whena Voltage of 3000 volts appears at the termi 
nails of the device, and the current path taken 
following Sparkover will be through the entire se 
ries arrangement of gaps and condenser plates, 
in which series arrangement the grOlip, Consist- 30: 
ing of all of the odd-numbered condenser, plates 
are serially connected in. series, with the group; 
consisting of all...of the even numbered condenser. 
plates. 

It may be noted that the capacitance resulting 
from the. Cooperation of the centrally positioned 
plates: (f1, and 8), with the interposed insulating 
material (25) is common to all of the spark-gaps. 
If the dimensions of the structure, are such that. 
this capacitance is substantially smaller than that. 
of the condensers, on each: side of...the centrally. 
positioned plates, the increment in voltage, added. 
to each of the gaps, which span one or more of: 
the last-named condensers: will be small, and the 45. Sparkover. Voltage of the entire series of gaps ap-. 
proaches that of the sparkover voltage of, the 
centrally-positioned-gap. 

35. 

40. 

For certain low. Voltage, applications; the inter 
rupting, ability, of three spark, gaps is; all, that is 
required. For such-a-construction, it will be clear. 
that a four plate device, such as that shown di. 
agrammatically in Fig. 7, will result by simply 
utilizing the intermediate plates 6 and 9 as the 
terminal plates, and omitting, the plates 5 and 
20, along. With the insulating...disks. 23 and 27, 
This modification yields the circuit, of Fig. 7, in 
which the terminal conductors 39 and 40 are re 
Spectively connected. to the terminal plates 4 
and 44. ... The pair of centrally, positioned plates: 
are indicated at 42 and 43, and the voltage-re 
Sponsive serials arrangement of gaps and plates. 
is, as above indicated, from the terminal con 
ductor 39 through the plate 4, thence through 
the gap 45, thence through the plate 43, thence 
through the gap 46, thence through the plate 42, 
thence through the gap 47 to the plate 44, and 
through the latter to the other terminal con 
ductor 40. 

For best operation, it is desired that the volt 
age appearing across each gap reach the spark 
Over magnitude of all of the respective gaps con 
Currently, which is easily accomplished in the 
construction illustrated by simply regarding the 

55: 
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6. 
ments bridged thereby. It will be clear from the 
above description that this can be accomplished . 
With any even number of condenser plates greater 
than four, and that in such a construction, the 
number of spark, gaps. which can be effectively. 
used is: Ohe, less. than the number of plates of 
the structure. 

In View of the above: considerations, it is in 
tended that the embodiments here described will 
be regarded as illustrative rather than limiting 
constructions. . 
I claim as my invention: 
1. An aro interrupter comprising a plate con 

denser having an even; number of at least four. 
normally insulated conducting plates including a 
centrally-positioned: pair of plates and an ad 
ditional plate positioned adjacent to and at each 
side of Saidpair of plates, said plates being formed 
to provide a first spark gap between said cen 
trally-positioned pair of plates, a second spark 
gap between one: additional plate and that plate. 
of Said pair most remote therefrom, and a third 
Spark gap between the other additional plate and 
the other plate of said pair, the series arrange 
ment of Said Spark gaps and said centrally-posi 
tioned plates constituting a series circuit, includ 
ing the three spark'gaps from said one additional 
plate to the other, said spark gaps being dimen 
sioned to provide the weakest electrical path from 
said one additional plate to the other, and the 
capacitances as measured between each", addi- . 
tional plate and the respective centrally-posi 
tioned plate being substantially equal and each 
capacitance being substantially greater than the 
capacitance as measured between said centrally 
positioned plates. 

2. An arc interrupter comprising a stack of 
normally insulated, conducting plates including . 
a pair of end plates and two centrally-positioned 
plates, each of said plates having an outwardly 
extending portion formed to provide spark gaps 
between certain of said plates for establishing a 
circuit which includes said spark gaps in series 
arrangement from one end plate to the other, 
two of said gaps being positioned respectively. 
between the end plates and the respective 
remotest centrally positioned plate, and One gap 
being positioned between the centrally-positioned 
plates, the arrangement being such that the 
weakest electrical path from one end plate to the 
other" is via said dielectric circuit, and the ca 
pacitance between Said centrally-positioned plates 
is Small in comparison with the capacitance be 
tween each endplate. and the respective adjacent 
centrally-positioned plate. 

3...An arc. interrupter, comprising a stack in 
cluding...at least-four normally insulated plates . 
of conducting material consisting of a first plate, 
a Second-plate, a...third plate and a fourth plate, 
insulatingimaterial.interposed between the first 
plate and the second plate; insulating material 
interposed between the third plate and the fourth 
plate, and insulating;material-interposed between. 

65; the second plate. and the third plate, said last 
named insulating...material cooperating with said: 
Second and third-plate to provide a capacitance 
substantially less than that provided by the 
cooperation of the insulating material with either 
the first and second plates or the third and fourth 
plates, means holding said plates in substantial 
coaxial alignment, and integral portions of said 
plates extending outwardly beyond said insulating 
material and arranged to form a spark gap be 

coordination of the gaps with the condenser ele- 75 tween Said second and third plates, a spark gap 
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between said first and third plates, and a spark 
gap between said second and fourth plates, the ar 
rangement being such that sparkover between 
Said first and fourth plates occurs preferentially 
through the series of the three spark gaps. 

4. An arc interrupter comprising a stack of at 
least four normally insulated plates of conduct 
ing material including a serial arrangement of a 
first plate, a second plate, a third plate and a 
fourth plate, insulating material interposed be 
tween the first plate and the Second plate, insu 
lating material interposed between the second 
plate and the third plate, and insulating material 
interposed between the third plate and the 
fourth plate, said last-named insulating mate 
rial cooperating with said last-named plates to 
provide a capacitance substantially equal to that 
provided by the cooperation of said first-named 
insulating material with said first and second 
plates and Substantially greater than the capaci 
tance resulting from the interposition of said in 
sulating material between said second and third 
plates, means holding said plates in substantial 
coaxial alignment, and integral portions of said 
plates extending outwardly beyond said insulat 
ing material to form a series circuit arrangement 
which includes serially three spark gaps between 
said first plate and said fourth plate, said spark 
gaps being arranged to connect, in response to 
sparkover thereof, all of said plates in the series 
circuit arrangement in which said first plate con 
nects to said third plate, said third plate to said 
Second plate, and said second plate to said fourth 
plate. 

5. An arc interrupter comprising a container 
of conducting material, a plate condenser there 
in having an even number of at least four con 
ducting plates mounted in insulated relationship 
one to any other, said plates including a cen 
trally-positioned pair of plates providing a pre 
determined capacitance there-between and ter 
minal plates at the respective outer sides and 
adjacent to Said pair of plates providing respec 
tive capacitances substantially greater than said 
predetermined capacitance, said plates being 
provided with outwardly extending portions 
formed to provide a spark gap between said cen 
trally-positioned pair of plates, a spark gap be 
tween one terminal plate and that plate of said 
pair most remote therefrom, and a spark gap be 
tween the other terminal plate and the other 
plate of said pair, the series arrangement of Said 
gaps establishing the weakest electrical path 
through said plates from one terminal plate to 
the other, means holding said plates in spaced 
parallel relationship, insulating means isolating 
One terminal plate from said container, and con 
ducting means connecting the other terminal 
plate to said container. 

6. An arc interrupter comprising a series of 
parallel conducting plates including a first, sec 
Ond, third, fourth, fifth and sixth plate, insulat 
ing material spacing said plates apart in normal 
insulated relationship, means insulated from said 
plates holding said plates in fixed position, pe 
ripherally Spaced Spark gaps associated with said 
plates arranged to provide a series arrangement 
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8 
of Spark gaps consisting of a spark gap between 
the first plate and the fifth plate, a spark gap 
between the fifth plate and the third plate, a 
Spark gap between the third plate and the fourth . 
plate, a Spark gap between the fourth plate and 
the Second plate, and a spark gap between the 
Second plate and the sixth plate, said spark gaps 
being arranged to establish a preferential elec 
trical path between said first plate and said sixth 
plate which includes in series circuit relation all 
plates therebetween, the plates so co-operating 
With the interposed insulating material that the 
capacitances between the first and second plates, 
the second and third plates, the fourth and fifth 
plates, and the fifth and sixth plates are sub 
stantially equal and each substantially greater 
than the capacitance between the third and 
fourth plates. 

7. An arc interrupter comprising a stack of n 
parallel plates, 7 being an even number greater 
than two, said stack including a centrally-posi 
tioned pair of plates, insulating material spacing 
Said plates apart in normally insulated relation 
ship, means holding said plates in said insulated 
relationship, conducting means including said 
plates providing a preferential sparkover path 
from one end of said stack to the other, said 
Sparkover path including at least three spark 
gaps connected in series circuit relationship from 
One end of Said Stack to the other and so related 
to said conducting plates that the capacitance 
formed by the cooperation of said centrally-po 
sitioned plates with the insulating material there 
between is common to all three spark gaps, and 
Substantially less than the capacitance formed 
by any other adjacent plates in co-operation 
with the insulating material there-between. 

8. An arc interrupter comprising a stack of 
normally insulated plates of conducting material, 
One of Said plates co-operating with another ad 
jacent plate to provide a predetermined capaci 
tance therebetween and the remaining plates co 
operating with respective adjacent plates to pro 
vide a plurality of substantially equal capaci 
tances each substantially greater than said pre 
determined capacitance, and integral portions of 
Said plates extending outwardly to form a series 
circuit arrangement including all of said plates 
and a plurality of spark gaps there-between, the 
arrangement being such that at least said prede 
termined capacitance is connected across each 
Spark gap. 

RALPH. R. PITTMAN. 

REFERENCES CITED 
The following references are of record in the 

file of this patent: 
UNITED STATES PATENTS 

Number Name Date 
444,678 Thomson ---------- Jan. 13, 1891 

1,683,590 Atherton ---------- Sept. 11, 1928 
FOREIGN PATENTS 

Number Country Date 
40,108 Switzerland -------- Apr. 22, 1907 


