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My invention relates to a current surge-respon 
sive apparatus and in particular, apparatus which 
responds to Such current Surges as occur on 
transmission lines or between such a line and 

5 ground due to an abnormal disturbance, such for 
example as a lightning stroke, for the operation 
of One or more relays, such as counting, record 
ing or protective relays. One object of my in 
vention is to provide surge-current-responsive 

10 apparatus which utilizes the surge current itself 
Without any other Source of energy for operating 
an ordinary relay. Generally, current surges 
caused by lightning are of such short duration 
that relays will not respond thereto and a fur 

5 ther object of my invention is to provide appa 
ratus responsive to Current Surges of Short dura 
tion for direct actuation of relays. Another ob 
ject of my invention is to provide apparatus of 
the character mentioned above that is effective 

20 over a wide range of current surge values and 
characteristics. 

In carrying my invention into effect I employ 
condenser means for accumulating and tempo 
rarily storing sufficient of the current surge ener 
gy to operate relay apparatus and provide means 
for by-passing any excessive Surge current energy 
through a discharge gap or gaps in shunt with 
the condenser. In Order properly to control the 
relative amount of Surge current energy which 

30 is received by and diverted around the condenser 
for a particular value of Surge current, I provide 
means having a negative resistance character 
istic in series with the condenser. 
The features of my invention which are be 

35 lieved to be novel and patentable will be pointed 
out in the claims appended hereto. For a better 
understanding of my invention reference is made 
in the following description to the accompanying 
drawings in which Fig. 1 represents a circuit dia 

40 gram of one form of my Surge-responsive appa 
ratus connected for recording Surges through a 
lightning arrester. Fig. 2 shows another modi 
fication of the invention embodying the features 
of Fig. 1 with additional surge current shunting 

45 equipment about the condenser, and suitable for 
recording current Surges of large magnitude and 
short duration. The apparatus of Fig. 2 is rep 
resented as connected for recording surges on 
transmission lines. Fig. 3 is a curve representa 

50 tive of the current-voltage characteristics of the 
control in pedance used. Fig. 4 shows current 
time curves representing the nature of current 
flow from the condenser after being charged by 
a Surge of Sufficient magnitude to operate the 

55 by-pass Spark gap. 
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Figs, 5 and 5a show Oscillograph curves of surge 
Current and Voltage across the condenser, ex 
planatory of the Operation of the form of the in 
vention shown in Fig. 2, and Fig. 6 represents 
one manner in which the surge counting appa- 5 
ratus may be constructed for commercial use. 

Referring first to Fig. 1, O represents a light 
ning arrester which is connected to a high volt 
age transmission line or other high voltage appa 
ratus to be protected thereby through a suitable 10 
arc gap f . My Surge-responsive device is con 
nected in the ground connection of the lightning 
arrester SO as to respond and, for example, count 
the number of Surges that flow through the air 
rester between the protected apparatus to ground 15 
indicated at 2. 
The fundamental elements of my invention, 

constitute the condenser 3, the impedance de 
Vice 4, the gap 5 and the relay circuit shown 
connected across the condenser containing one 20 
or more devices such as an electromagnetically 
operated counter 6, the electric recording in 
strument 7 and the electromagnetically operated 
signal device f8 which functions to operate both 
an audible signal 9 and relay control contacts 25 
20. 
The main function of condenser 3 is to tem 

porarily trap and store Sufficient of the surge 
current energy to effectively energize the relay 
circuit which is connected across the condenser. 30 
Oftentimes surges of the type contemplated last 
only a very Small fraction of a second but are of 
large current magnitude, and if the relay device 
such as 6 had its energizing winding connected 
directly in the surge discharge circuit, the surge 
current would likely destroy it or the surge might 
be over so quickly that the relay device would not 
have time to respond. As here used, the con 
denser is Suddenly charged When the Surge oc 
curs and then more slowly it discharges through 40 
the relay circuit to operate the relay devices after 
the surge itself has ended. 
The function of gap 5 connected in shunt to 

the condenser and impedance 4 is to divert ex 
cessive Surge Current energy around the con- 45 
denser. Surges of the character contemplated 
vary greatly in magnitude. Some surges may 
supply little more energy than is sufficient to 
charge the condenser to the desired voltage while 
others may be of such magnitude that they would so 
destroy or injure the condenser and associated 
relay circuit if not by-passed about the condenser 
through the gap 5. 
When a gap Such as 5 breaks down, its resist 

ance to the flow of current suddenly decreases sis 
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to a comparatively low value and if we simply 
connected the gap 5 in shunt to the condenser, 
it would tend to discharge the condenser also and 
thus deprive the relay circuit of the required 
operating energy. To prevent this the in 
pedance 4 having a negative Voltage resistance 
characteristic without time lag is provided in 
series with the condenser in the surge circuit be 
tween the surge terminal connected, in this case, 
to the lightning arrester 0, and ground 2, and 
the gap f 5 is connected in shunt to both in 
pedance 4 and condenser 3. The impedance 
f4 will have current voltage characteristics of 
the character pictured in the curve of Fig. 3. 
Thus, at voltage 2E across the impedance 4 it 
will pass a current equivalent to the distance 0A, 
but if the voltage is reduced to E the impedance 
will pass current only equivalent to the distance 
OB. Thus, the resistance of the impedance at E 
is, in this case, about seven times the resistance 
at voltage 2E, and the resistance increases Very 
rapidly for voltages below E. A material suitable 
for the impedance 4 is described in United States 
Patent No. 1822,742 to McEachron, September 8, 
1931. I, however, do not limit my invention to 
this material or to the exact characteristics rep 
resented in Fig. 3. 
The manner in which impedance 4 permits 

the condenser 3 to be charged to a proper Value 
and prevents its discharge through gap f 5 in case 
the gap breaks down may be explained as fol 
lows. Let us assume that a Surge flows down 
ward to the impedance 4 from the lightning 
arrester O of such character as to impreSS a 
voltage of 2E or above across impedance A. 
From Fig. 3 it is evident that a large current will 
flow through the impedance to charge the con 
denser 3 so long as the Surge Voltage lastS or 
until the condenser is charged up to a Voltage 
that will materially lower the Voltage across the 
impedance. Gaps 5 are set So as not to break 
down until the surge voltage is in excess of that 
required to properly charge the condenser. In 
case the gap does not break down, the condenser 
Will tend to be charged to a Voltage E2, Fig. 1, 
Such that E2, the voltage a CrOSS the condenser, 
plus E1, the voltage across the impedance equals 
the Surge voltage which We may designate E3 
and which is also the voltage acroSS gap 5. It 
will be understood that for a constant Voltage E3 
voltage E2 will increase and voltage E1 Will de 
crease as the condenser is charged and that the 
current flowing through the impedance to charge 
the condenser Will taper off not only because of 
this change in voltage relation but also because 
the resistance of 4 increases as the voltage acroSS 
it, decreases. When the surge stops, the voltage 
across 4 will disappear and the Voltage acroSS 
condenser 3, if sufficient, will send a current 
through the relay circuit to operate the devices 
therein. 

If the Surge voltage E3 is sufficient to break 
down gap 5, the condenser will be charged as 
before and this will ordinarily happen before 
gap f 5 breaks down. Now, when the Surge ceases, 
condenser 3 has a tendency to discharge through 
gap 5 to maintain the arc across it and to send 
a current in the reverse direction through in 
pedance 4. At this time, however, the only 
voltage available to send current through im 
pedance 4 is the voltage across condenser f3, 
and this is a comparatively low voltage, (Such as 
the voltage E, Fig. 3) as compared to the Voltage 
(in excess of 2E) that existed acroSS impedance 
4 during the initial charging of the condenser. 
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Hence, the resistance of the impedance is very 
high and the discharge current of the condenser 
therethrough is low and is not sufficient to main 
tain the arc across gap f 5. As a result, the dis 
charge of the condenser through gap 5 is neg- 5 
ligible and is not sufficient to prevent proper en 
ergization of the relay circuit. The manner of 
variation of the discharge current of the Con 
denser through the gap 5 and the relay circuit 
when a surge ceases is pictured in the curves of 10 
Fig. 4 where I15 is the current through gap 5 
and I16 is the current through the relay circuit. 
At time O Fig. 4, it is assumed that a Surge which 
has charged the condenser and broken doWn gap 
5 has just terminated. At this instant there is lij 

a flow of current from the condenser to the gap 
which almost instantly decreases to Zero as the 
arc is extinguished. The Voltage acroSS the con 
denser is not lowered materially. The current 
I16 in the relay circuit rises more slowly due to 
the inductance in Such circuit. It rises to a 
value determined by the resistance of such cir 
cuit and the voltage across the condenser and 
then decreases as the condenser is discharged. 
The curves of Fig. 4 are not drawn to the same 
Scale and are merely intended to give a chara C 
teristic comparison. 

It will be evident from the foregoing descrip 
tion that it is immaterial whether the impedance 
4 be connected in the Surge circuit above or be 

low the condenser f3 as pictured in Fig. 1. Also, 
it will be evident that the device will function 
whether the surge be positive or negative. Most 
Surges are either positive or negative. Occasion 
ally surges occur which are OScillatory but in 35 
such cases, if the Surges are of important mag 
nitude, they are uSually Sufficiently predominat 
ingly positive or negative to charge the condenser 
to a relay operating potential in One direction 
or the other. Minor surges may occur due to 40 
switching which will not charge the condenser 
to a relay operating potential but the System 
operator is not ordinarily interested in minor 
surges of this character. The only other type of 
surge that conceivably might not be counted by 45 
the device is a Surge of such a steep wave front 
and of Such short duration that the gap 5 Will 
break down and paSS the Surge before the con 
denser has time to charge to an operating po 
tential. When surges of Such character are ex- 50 
pected, the arrangement of Fig. 2 should be used. 
The recording instrument represented at 7, 
Fig. 1, may be of a type which will distinguish 
between positive and negative Surges. For this 
purpose we may use a polarized magnetic vane (35 
armature 2 for moving the pointer pen 22. A 
Stationary permanent magnet 23 Serves to re 
turn the armature to a Zero position with the pen 
at the Center line of chart 24. When the coil 
25 included in the relay circuit is energized from 60 
the condenser f3, its field turns the armature 
in one direction or the other, depending upon the 
polarity of the charge on the condenser. Thus, 
records of one polarity are recorded to one side 
of the center line of the chart as at 26 and those 65 
of the other polarity are recorded in the opposite 
direction, as at 27. The recorder Will record 
Surges that are too Small to charge the condenser 
to the full operating potential and in such cases 
Will indicate approximately the magnitude there 
of by the extent to Which the armature is turned. 
Also, Small Surges may be recorded even if not 
of Sufficient magnitude to operate the relay de 
vices G and 8. The relay equipment represented 
is merely illustrative and the invention is not 75 
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2,200,288 
intended to be limited to any particular number 
Or type of relay. 
The Surge current range, both as regards time 

and Current magnitude for effective operation of 
the device may be increased in the manner rep 
resented in Fig. 2. In this modification a gap 
28 in Series with an impedance 29 is connected in 
shunt to the impedance 4 and condenser 3 and 
a Second gap 30 is connected in shunt to im 
pedance 29. Impedance 29 will also have a nega 
tive voltage resistance characteristic. In the 
Operation of this modification gap 28 will break 
down. When the Surge voltage increases to its 
break-down voltage and a portion of the surge 
will pass through impedance 29. If the surge 
Current still increases So as to build up a voltage 
acroSS impedance 29 and gap 30, the latter will 
also break down and a greater part of the surge 
Will be passed around the condenser 13. The 
Switch 3 is included in the circuit of gap 30 to 
show how this Surge current range increasing 
expedient may be further extended if desired. 
If SWitch 3 is thrown to a contact 32 another 
impedance 33 shunted by a gap 34 will be in 
cluded in the excess Surge current shunt sys 
ten. It is seen that the equipment may thus be 
extended as desired to operate successfully even 
though the Surges vary over a very wide range 
in time duration and magnitude. 
The condenser f3 of Fig. 2 may be suitably 

charged by a relatively small surge that does not 
A larger Surge Will cause 

gap 28 to pass the excess not required to charge 
the condenser, a still greater surge will cause 
gap 30 to break down, in which case gaps 28 and 
30 will be in Series relation in the by-pass cir 
cuit and impedance 29 shunted by gap 30. The 
charge that remains on condenser 3 after a surge 
has Stopped will not be greatly different regardless 
of the Surge magnitude and regardless of the 
proportion of the Surge that is by-passed through 
Shunt gap System. 

In Fig. 2 the Surge responsive apparatus is 
shown connected to a transmission line 35 
through a suitable high resistance or a string of 
coupling capacitors 36 and an arc gap 37. Other 
Ways of connecting the surge-responsive equip 
ment in Surge current circuits so as to respond 
to Surges will occur to those skilled in the art. 

In further explanation of the operation of my 
invention, I have shown in Fig. 5 reproductions 
of OScillograph curves pertaining to the opera 
tion of the form of the invention shown in Fig. 
2. With Switch 3f closed. Curve i is an oscillo 
graph record of a relatively small current surge, 
the maximum value of which was 2440 amperes 
and which surge was passed through my surge 
responsive equipment. Curve e is an oscillo 
graph record, taken simultaneously with the cur 
rent record, of the voltage across parts 3 and 
4. The surge lasted approximately 7A, micro 

Seconds, i. e., the length of the base of curve i 
corresponds to 7% micro-seconds. During the 
first 14 micro-seconds measured from the right 
of point 0, the condenser f3 was being charged 
and gap 28 broke down at 3 kilovolts, at which 
time the Surge current was 1500 amperes and ris 
ing. This caused the voltage across parts 3 
and 4 to decrease to slightly below 2% kilovolts 
and then rise slightly to 2/2 kilovolts in a total of 
1.6 micro-seconds from time 0, at which time gap 
30 broke down. The voltage across the appa 
ratus then dropped Very rapidly. Substantially 
the remainder of the Surge was obviously by 
passed and there was little condenser charging 

after 1.6 Seconds. At about 6 micro-seconds 
after the Surge started, the Voltage across the 
apparatus became Zero. This would mean that 
the voltage acroSS impedance 3 and 4 became 
equal and opposite. Before the surge stops the 
Woltage across the apparatus has reversed the 
condenser Voltage now predominating but it is 
apparent that the reverse voltage across im 
pedance 3 is of a low value and that therefore 
the resistance of 3 is high and there is no ma 
terial discharge of the condenser through gaps 
28 and 30. When the surge stops the reverse 
Voltage of condenser appears across the appa 
ratus as the gaps cease passing current and the 
condenser then discharges through the relay cir 
cuit as eXplained in connection. With the curves of 
Fig. 4. The voltage across the condenser gradu 
ally drops to Zero as it is discharged. 

It is evident that in this example pictured in 
Fig. 5 the Voltage acroSS impedance 4 is several 
times higher during the charging period of the 
condenser than it is When the voltage of the 
condenser predominates at the end of the Surge. 
This change in Voltage across the non-linear re 
sistance impedance f4 allows the condenser to 
be charged through the impedance When its re 
sistance is low but prevents any material dis 
charge therethrough When its resistance is high. 
It is also apparent that this arrangement allows 
a greater charging of the condenser on Surges of 
very short duration than does the apparatus of 
Fig. 1 since in Fig. 2 the condenser may charge 
until the last gap in the Series breaks down. 
Except on Surges of extremely short duration, the 
condenser becomes sufficiently charged before 
the final gap breaks down and when SO charged, 
the remainder Of the SUrge is by-passed through 
the gaps. 
By proper adjustment, all gaps of Fig. 2 can 

be made to break down at approximately the same 
voltage above that of the common ground lead 
f2. This would produce a voltage curve corre 
sponding to the curve of Fig. 5, as shown in Fig. 
5a, where the points 28b, 30b and 34b correspond 
to the break down pointS and Voltages of gaps 
28, 30 and 34 respectively. It is seen that as the 
surge current in excess of that required for 
charging the condenser increases, the arc gap 
by-pass circuit progressively decreases in resist 
ance as the different gaps 28, 30 and 34 break 
down. However, this does not correspondingly 
decrease the condenser Charging Woltage With a 
rising surge current until the last gap breaks 
dOWn. 

Fig. 6 represents a Suitable Structure of the 
apparatus as adapted for commercial use. The 
apparatus of Fig. 6 is of the multiple gap type 
shown in Fig. 2 but with the Switch 3 replaced 
by a solid connection and elements 33 and 34 
Omitted. The cylindrical housing shown in Sec 
tion comprises a metal cup-shaped part 38 and a 
glass cover 39 secured to the housing 38 by a 
Weather-proof sealing arrangement which may 
include a gasket 40 and clamping ring 4f. The 
housing part 38 is provided With a mounting 
bracket 42 which also serves as the ground ter 
minal and Will be fastened to some metal struc 
ture connected to ground. 
The high voltage terminal which would be 

connected to the lower terminal of gap 37, Fig. 2 
Or the ground side of lightning arrester f0, Fig. 
1 is represented at 43. This terminal is sup 
ported on the rear Wall of the housing by insulator 
bushing 44 strung thereon. The terminal 43 is a 
bolt which is Surrounded by a tube 45 of insu 
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4. 
lating material and it extends through the rear 
Wall of housing 38 and central openings in an 
impedance disk 29, an insulating disk 46 and an 
impedance disk 4. Impedance disks 29 and f4 
correspond to the impedances of the same number 
in Fig. 2. The terminal bolt 43 is connected to 
the right hand side of impedance disk 4 through 
a metal facing plate 47 which has an extension 
48 bent toward a metal facing plate 49 on the 
right hand Side of impedance disk 29. The ad 
jacent parts of 48 and 49 form the gap 28 of 
Fig. 2. Plate 49 also has an extension 5 bent 
tOWards the grounded Wall of the housing 38 and 
these parts form the gap 30 of Fig. 2. It is noted 
that the left side of impedance disk 29 is clamped 
against the Wall of the housing and is therefore 
connected to ground. The left hand side of in 
pedance disk 4 is also faced with a metal plate 
52, which is connected by wire 53 to one side of 
condenser 3 and relay counter f6. These Wash 
er shaped face plates are also strung On the bolt 
43 and form terminals for the impedance disks 
and for the gaps. The other terminals of Irelay 
counter 6 and condenser i3 are connected to 
ground through the Wire 54 and ground bracket 
55 which bracket supports the parts 3 and 6 
to the side wall of housing 38. The relay Counter 
6 is supported in the front of the casing where 

its reading may be seen through the glass cover. 
It is seen that the high tension terminal bolt 43 

is used to clamp the bushing 44, insulating tube 
45, impedance disks 29 and 4, insulating disk 
46 and the gap parts into a rigid unit to the rear 
wall of the metal housing 38 at the same time 
establishing the necessary connections between 
the current conducting parts thereof and the 
ground connection thereto. The gaps may be 
finally adjusted after assembly by bending the 
extensions 48 and 5. 
This makes a relatively inexpensive but sturdy 

assembly structure Suitably housed for protection 
from the elements and adapted for mounting out 
doors on a transmission tower leg, should that be 
desirable. If one desired a single gap device as 
pictured in Fig. i., the parts 29, 49 and 46 Would 
be omitted and impedance disk 4 clamped direct 
ly against the rear Wall of the housing. If one 
desired to include the elements 33 and 34 of Fig. 
2, corresponding parts structurally similar to 
parts 29, 49 and 46 would be added and included 
in the bolted together unit in the nanner already 
indicated. The relay circuit may, of course, be 
carried out of the housing through a Suitable in 
Sulated bushing to remote relay devices as gen 
erally indicated in Fig. 1. 

In order to give One practical example of the 
parts that may be used to make up a satisfactory 
surge responsive unit of the structure shown in 
Fig. 6, but not with the intention of limiting my 
invention, I may state that Satisfactory results 
have been obtained by using disks for the imped 
ances 4 and 29 three-eighths of an inch thick 
and three inches in diameter of the material de 
scribed in the previously mentioned Patent 
1822,742. The counter or other relay device used 
had a resistance of 1000 ohms, When using a 600 
volt condenser 3 of 4 microfarads. The gaps 28 
and 30 should be about 0.13 cm. each for the 
above combination. Such a combination will suc 
cessfully record surges from 10 to 15,000 amperes 
impulse current. 
The characteristics of the elements employed 

in this device may be varied over a wide range, 
if the following relationships are obtained. (1) 
The primary relay equipment used should be such 
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as to respond to the condenser discharge, (2) 
The capacitance and voltage to which it is 
charged should be chosen for dependable opera 
tion of the relay equipment supplied thereby. (3) 
The cut-off voltage, that is the voltage of the 
COndenSer just Sufficient to Sustain a discharge 
through the impedance f4 and the shunt gap cir 
Cuit, should exceed the capacitor Voltage neces 
Sary for Successful operation of the relay equip 
ment. (4) The Volt-ampere characteristics and 
ultimate current capacity of the impedance device 
or devices and the setting of the gap or gaps 
Should be coordinated to give maximum con 
dense charging prior to final break down of 
the shunt gap circuit. 

In accordance with the provisions of the pat 
ent statutes, I have described the principle of op 
eration of my invention together with the appa 
ratus which I now consider to represent the best 
embodiment thereof, but I desire to have it under 
Stood that the apparatus ShOWin is only illustra 
tive and that the invention may be carried out by 
Other nean.S. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. Surge current responsive apparatus compris 

ing a condenser and an impedance having a nega 
tive voltage reactance characteristic Connected in 
series relation, a circuit including an arc gap con 
nected in shunt to the condenser and impedance, 
and a relay circuit connected acroSS the Con 
denser, the gap in the arc gap circuit being Set to 
break down at a Voltage not less than the Con 
denser voltage necessary for operative energiz 
ation of the relay circuit. 

2. Surge current responsive apparatus Com 
prising a condenser and an impedance connected 
in series relation, a circuit including an arc gap 
and a second impedance connected in Shunt to 
the condenser and first-mentioned impedance, a 
circuit including a second arc gap connected in 
shunt to the second mentioned impedance, and a 
relay circuit connected across the condenser, said 
impedances having negative Voltage resistance 
characteristics, said arc gap circuits being adjust 
ed to divert Surge current energy from the con 
dense circuit Which is in exceSS of that necessary 
to effectively charge the condenser. 

3. Surge current responsive apparatus compris 
ing terminals for connecting the apparatus in a 
Surge circuit, a condenser and an impedance in 
Series relation between said terminals, a circuit 
including a second impedance and an arc gap in 
shunt to said first-mentioned impedance and con 
denser, a circuit including a second arc gap con 
nected across the second mentioned impedance, 
relay means connected across said condenser, a 
cylindrical casing in which Said parts are con 
tained having a metal cup-shaped base part and 
a glass cup-shaped COVer part, the relay device 
and condenser being contained in the cover part 
of the casing but Supported to the metal part of 
the casing, Said metal base part of the casing 
forming One terminal of said apparatus, a bolt 
extending through the bottom Wall of the metal 
casing part and comprising the other terminal of 
said apparatus, a bushing insulator strung on 
Said bolt exterior of the casing, said impedances 
having negative Woltage resistance characteristics 
and comprising disks strung on said bolt within 
Said Casing, insulating means strung on said bolt 
for insulating the bolt from the metal casing part 
and from the impedance disks and the disks from 
each other, and Washer-shaped conductor face 
plate parts for Said disks strung on said bolt and 
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2,200,288 
forming impedance and gap terminals, all of the 
parts which are strung on said bolt being clamped 
by the bolt in fixed relation to the metal base part 
Of the casing and to each other. 

4. Surge current responsive apparatus compris 
ing a condenser, circuit connections for including 
said condenser in the surge current circuit so that 
the condenser can be charged by Surge current 
energy, an arc gap circuit connected to by-pass 

5 
excess Surge current energy around the condenser, 
negative resistance means connected in Series 
With Said condenser for preventing appreciable 
discharge of said condenser through the gap cir 
Cuit When the gap breaks down, and means con 
nected acroSS said condenser and responsive to 
the polarity of the charge thereon for recording 
current Surges and their direction. 

EDWINR, WHITEHEAD. 
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