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11 Claims.

This invention relates to space discharge de-
vices and more especially to methods and means
of life testing electric space discharge devices.

In testing space discharge devices, especially

5 those of high power, if the energy dissipated is
large the cost thereof becomes an important item.

Heretofore, certain types of electrical apparatus
have been tested and the power which would
otherwise be dissipated as heat has been returned
to the power mains. This can be readily accom-
plished in testing transformers, motors, genera-
tors, etc., where in any case the load can be a
generator which produces current of the type and
voltage obtained from the power mains and with
other necessary apparatus, power can be returned
to the power lines.

In testing vacuum or gas or vapor-filled tubes
with the power return or “pump-back” method
considerable extra apparatus is usually required
especially so since such tubes are inherently uni-
directional and the power source ‘is generally
alternating current. A direct current motor and
an alternating current generator have heretoiore
been. used which together with phase adjusting
apparatus require considerable a,ttentlon and
maintenance.

The present invention has as an object a method
of testing multi-electrode gas or vapor-filled tuhes
in which the power dissipated is very small while
the tubes are tested at their rated current and
voltage.

Another object of the invention is a method
of life testing tubes of the type mentioned which
requires a minimum of attention and mainte-
nance since no moving parts are involved.

Two general methods are proposed which are
bascally similar but which attain their results
in slightly dissimilar fashion.

The first method is of the type known as the
power return or “pump-back” method and con-
sists of an arrangement by means of which the
testing current induces back into the power lines
energy of substantially the same value .as that
absorbed from the power lines, of which the
test current is a part.

Specifically, in one form, which this invention
may take, the transformer connecting the tubes
to be tested to the power lines may have a single
primary and two secondary windings. One sec-
ondary winding has its ends connected to the
anodes of two 2-electrode devices, the cathodes
of which are connected together and which may
be heated in any convenient manner. The sec-
ond secondary has its ends connected to the
anode of a pair of 3-electrode tubes the cathodes
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of which are also connected together and may be
heated in any convenient manner.

The mid-point of each secondary is connected
to the cathodes of the devices associated with the
other secondary. A control voltage for the grids
of the 3-electrode devices may bhe obtained from
o special low voltage winding or may be con-
nected to low voltage points adjacent the mid-
point of the secondary asscciated with the 2-elec~
trode devices.  With such connection at any given
instant, current will flow through the halves of
the secondaries in such a direction that the power
transferred to one half from the primary will be
veturned thereto with only a slight decrease from
the corresponding half of the other secondary. 70
The low voltage connections to the grids impress
on the grids alternate, positive and negative po-
tentials causing alternate action of the devices
as the power current alternates.

In the second method proposed the amount of
power dissipated is kept simall as compared to the
rated power of the tubes under test, by using test
current at low voltage and the high test voltage
with substantially no current. -The 2-electrode
and 3-clectrode devices are arranged in bridge
form, that is, the 2-clectrode devices arein oppo-
site arms and the 3-electrode devices are in the
remaining arms. - Across one diagonal of the
hridge, the high voltage is impressed while in the
second diagonal the low voltage current is intro-
duced in series with resistance which dissipates
the small amount of energy required. The grids
of the 3-electrode devices are cornected to op-
posite ends of the low voltage winding to con-
trol the passage of current through the devices.

Other features of the invention will be apparent
and the invention will be better understood from
the following description and the attached draw-
ing, forming a part thereof, in which Fig. 1 illus~-

trates schematically a form of “pump-back” test-

ing.  Fig. 2 illustrates schematically a form of
the second method and Fig, 3 shows the circuit
for a practical installation for the second method.
In all three figures the tubes are assumed to be of
the hot-cathode gas-filled type. .

Referring now particularly to Fig. 1 the power
is introduced from the usual commercial power
lines through leads 5 and 6 and a transformer
having a primary winding 7 and secondary wind-
ings 8 and 9. The relation of windings 8 and 9 10
is such that the voltage induced in winding 8 is
slightly higher than that induced -in winding 9
and is of opposite polarity. Windings 10 serve
only to heat the cathodes of the tubes under tesb
and need not be further considered. .
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The ends of transformer winding 8 are con-
nected to anodes 13 and 14 of the 2-electrode
tubes 11 and 12 respectively and the ends of wind-
ing 9 are connected to the anodes 17 and 18 of
the 3-electrode tubes 15 and 16 respectively.

The mid-point of winding 8 is connected by
lead 26, which includes a variable resistance 27,
to cathodes 21 and 22 of tukes 15 and 18. Also
the mid-point of winding 9 is connected by lead
25 to cathodes 19 and 20 of tubes 11 and 12. Grids
23 and 24 of tubses 15 and 16 are connected by
leads 30 and 31, which includes resistances 28
and 29 respectively, to points in winding 8 ad-
jacent the mid-point to impress a potential on
the grids of a value and for a purpose which will
appear hereinafter. A condenser 32 is connected
across winding 9.

Assume for the purposes of description that at
a particular instant the voltage across the upper
half of winding 8 is a maximum with the upper
terminal positive. At the same time, since wind-
ing 9 is wound opposite to that of winding & and
of slightly less turns, the voltage of the upper
terminal of winding 9 will be negative at a slightly
less value numerically than the uppsr terminal
of winding 8. For the present the action of con-
denser 32 is disregarded.

Under the assumed conditions current will flow
through tube 11 to the mid-point of winding 9,
the upper half of this winding to anode 17 of tube
15 through the tube, lead 26, resistance 27 and
upper -half of winding 8. It will be noted thst
anode 17 of tube 15, while connected to the nega-
tive end of winding 9, is at a positive potential
with respect to its cathode and that grid 23 is
positive so that tuke 15 is in a conducting condi-
tion. Also anode 18 of tube 16 is positive but
its grid 24 is negative and hence no current will
flow through tube 16.

The voltage acting on this closed circuit will
be the difference between that at the upper ter-
minal of winding 8 and that due to induction
from primary winding 7 at the upper terminal
of winding 9. This voltage raust equal the drop
through tubes 11 and 15 and resistance 27. ¥or
example, if the voltage at the mid-point of wind-
ing 8 is zero, that at the upper terminal is 10,090
volts, that at the upper terminal of winding 9 is
8,980 volts, the drop through each tubs is 10 volts
and resistance 27 is 1,000 ohms the current flow
through the circuit will be:

10,000—8,980— 20_1 am
L0000 & pere.

With the numercial values given it will be seen
that there is an inverse voltage of approximately
20,000 volts across the terminals of tube 12 and a
direct voltage of approximately 18,000 volts across
the terminals of tube 16. However, as previously
noted the grid of tube 16 is negative so that no
current will flow therethrough.

As the induced voltages in the secondary de-
crease sinusoidally the voltage differences and
the current will also decrease sinusoidally untit a
quarter of a cycle later the induced voltages pass
through zero and start to build up in the Gppo-
site direction.

In order that tube 15 be rendered non-con-
ducting the potential on its grid must increase
at a rate proportionally larger than the rate at
which the anode potential increases and the
anode potential must remain below some low
value for a certain period of time or go negative
for a short time to permit the tube to become
completely de-ionized. The first condition can
be met by making the value of the impressed
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grid potential from the transformer a sufficiently
large value. The second condition may be met
by causing the impressed voltage in the upper
half of winding 9 to lag behind the voltage in
the upper half of winding 8 by some definite
amount. This is done in the present case by
connecting condenser 32 across the terminals of
the winding 9. The leading current drawn by
this capacity flowing through the leakage re-
actance of the transformer will ecause this ter-
minal voltage to lag in phase with the induced
voltage, which in phase with the induced volt-
age in winding 8.

Consider the condition when the voltage m
the upper half of winding 8 is passing through
zero and assume that the voltage in the upper
half of winding 9 is still negative by scme small
amount. It should be noted as previously men-
tioned that the drop through the tubes is abouf
10 volts.

When the potential of anode 18 is approxi-
mately 100 voits positive as compared to cathode
22 and is becoming less positive the lower plate
of condenser 32 is at the same potential or ap-
proximately 160 volts positive. Anode 17 of tube
15 is 10 volts more positive than its cathode
(drop through tube) since current still flows
through this tube. At about this instant grid
24 of tube 16 becomes positive and current starts
to flow through this tube. The potential of an~
ode 18 will therefors suddenly drop from 100
volts to 10 volts more positive than cathode 22
due te its tube drop. As anode 18 drops in po-
tential the lower plate of condenser 32 must also
drop and the upper plate of condenser 32 must 110
drop an egual amount. Since ancde 17 was
only 10 volts more positive than cathode 21,
which is at the same potential as cathode 22, the
sudden falling of the potential of the upper
plate of condenser 32 by approximately 98 volts 115
will carry the potential of anode 17 to a poten-
tial more negative than the cathode 22.  This
condition will hold until the voltage induced in
winding 9 causes anode 17 and upper plate of
condenser 32 to go positive. This interval is long
enotigh to de-ionize tube 15 and as grid 23 will
now have become negative relative to cathode 21
no current will flow through tube 15.

It is to be understood that any or all of the
tubes 11, 12, 15 and 18 may be under test, the 125
only requirement being that they all have the
same rating as to anode pctential and current
carrying capacity. Also it will readily bs seen
that for one half cycle tubes 11 and 15 pass
rated maximum current while tubes 12 and 16 130
have inversely impressed upon them rated max-
imum voltage and that on ths succeeding half
cycle the opposite condition wiil- hoid.

Taking the numerical values for voltages, etc.,
assumed earlier, which valiles correspond substan-
tially with those required-for certain tubes, it will
be seen that there is transferred to winding 8 at
peak voltage 10,000 volts at a-load of one ampere
or 10 kw. Most of this power is returned to
winding 7 by the upper half of winding 9 through
which one ampere flows with a drop of substan-
tially - 8,980 volts. There is, therefore, trans-
ferred back to winding 7 approximately 9 kw.
The system, therefore, dissipates approximate-
ly 10% of the power required for testing tubes Zdc
at rated voltage and current.- .

Alsc the phase of the voltages and currents
are such as to permit the return of powsr since
there is a slight lag of current in winding 8 re-
ferred to that in winding 7 and this lag is com-
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-pensated -for by the lead introduced by condenser
32,0 . .

The second method of life testing tubes is il-
lustrated in its simplest form in Fig. 2. Tubes
40, 41, 42 and 43 are arranged in bridge form.
Primary winding 44 of a multi-winding trans-
former is connected to the ordinary commercial
power mains, The terminals of high voltage

‘winding 45 are connected to points 46 -and 47

of the bridge arrangsment while the terminals
of low voltage winding 48 are connected through
resistances 49 and 50 to points 51 and 52 of the
bridge. Leads from the terminals of winding
48 are connected to the grids of tubes 40 and 42

-so that the grid of tube 40 has impressed upon

it the potential of one end of winding 48, while
the grid of tube 42 has impressed upon it the
potential of the other end of the winding. A
condenser 53 is connected across the high voltage
winding 45.

The principle of this arrangement will be best

understood by tracing the paths of the current
from the low voltage source on one half the cycle
and ohserving the simultaneous application of
the high voltage to the tubes. With the polarity
of the windings as indicated cn the drawing, that
is, the upper terminals of both windings 45 and
48 being positive, tubes 43 and 42 are passing
normal load current, the voltage being supplied by
the low voltage winding 48 and the current lim-
ited by the series resistances 49 and 59. The nega-
tive terminal of the high voltage winding differs
in potential from that of the positive terminal of
the low voltage winding 48 by the drop through
resistance 50 and the drop through tube 43. The
potential of the cathode of tube 40 differs from
that of the negative terminal of the high voltage
winding 45 only by the drop through tube 43 and
its anode is at the potential of the positive ter-
minal of the high voltage winding. Tube 40

-would, therefore, conduct except that its grid is

negative, since it is connected to the negative ter-
minal of the low voltage winding., Tube 41 has
the full high voltage of winding 45 plus the drop
through tube 42 applied across its terminals in
the inverse direction.. It is, of course, understood
that on the succeeding half cycle the conditions
are exactly reversed. :

It is to be noted that as in the case of the ar-
rangement of Fig. 1, the high voltage should lag
the low voltage a slight amount, that is, the anode
of tube 42, for example, at the end of its con-
ducting half cycle should go to zers or slightly
negative for a sufficient interval to permit the
grid to go megative and to allow the ions to be
removed from the space within the tube. If this

does not occur the tube will remain conducting

during the half eyele when it should be non-con-
ducting. Also, this lag in high voltage means that
unless the proper adjustment is made the grid
bias of tube 40 will be removed before the anode
voltage has been reduced to zero on its non-con-
ducting half cycle so that the high voltage will he
momentarily short-circuited through tubes 490
and 43, This is avoided and the proper phase
relationship established by condenser 53 con-
nected across the high voltage winding. The
proper adjustment causes the grid bias to pass
through zero at that time when the voltage of
the high voltage winding is equal to the normal
tube drop and is decreasing. Condenser 53 draws
a leading current through a portion of the series
resistances and through the leakage reactance of
the transformer to produce the desired lag in the
phase of the high voltage.

3

As is readily apparent the number of tubes
which may be tested at the saine time may be. in-
creased by connecting the additional tubes in par-
allel to those illustrated. - For example, in Fig. 1
it is apparent that 2-electrode tubes may he
added in parallel with tubes il and 12 and that
3-electrode tubes may be added in parallel with
tubes 15 and 16.

In the same way parallel tubes may be added

to the arrangement of Fig. 2. A practical ar-
rangement which has proven very efficient is
shown schematically in Fig. 3, where six 2-elec-
trode and six 3-clectrode tubes are shown. . This
arrangement has been utilized in testing twleve
tubes of each type at the same time so that the

number of tubes to be tested is limited only by
-practical considerations, such as space, etc.

In Fig. 3 the reference numerals used in Fig.
2 have been used with primes to make more ap-
parent the similarity to Fig. 2. The primary
winding 44’ of the transformer is shown as in in-
ductive relation with high voltage winding 45’
and low voltage load current winding 48’. Con-
denser 53’ is connected across the high voltage
winding in the same manner and for the same
purpose ‘as condenser 53 of Fig. 2. It will also
ke seen that with the polarity of the windings as
indicated in Fig. 3 current flows through tubes
43’ and then through tubes 42’ from winding 48°.
Also the negative potential of the high voltage
windings assumes the potential of the positive
terminal of the low voltage winding less the drop
through resistances 50’ and tubes 43", The grids
of the tubes 42’ are positive, while those of tubes
40’ are negative. The anodes of tubes 41’ are
negative as related to their cathodes and with the
grids of tubes 40’ also negative no current can
flow through these tubes as pointed out in con-
nection with Fig. 2.

The mid-point of low voltage winding 48’ is
connected to the cathodes of the 3-electrode tubes
40’ and 42’ by lead 56°. ‘This lead may also be
connacted to ground whereby all the cathodes of
the 3-electrode tubes are at the same ground
potential which, of course, is advantageous from
a practical standpoint. This, in effect, causes
winding 48’ to be a two-winding secondary in-
stead of a single winding secondary as in Fig. 2.
The operation of the system, however, is in no
way affected as far as the alternate action of the
groups cf parallel connected 2-electrode and 3-
electrode tubes. Resistances 54’ and 55’ in the
leads from high voltage winding 45’ to the anodes
of tubes 40’ and 42’ are inserted merely for pro-
tective purposes and serve no purpose in the nor-
mal operation of a circuit since no current flows
from winding 45’. :

It is obvious from the description just given
of Figs. 2-and 3 that the only power dissipated
is that due to the maximum tube load current at
a low voltage passing through the tubes and re-
sistances 50’ or 49’ on alternating half cycles.
Also, that where as maximum tube voltage is ap-
plied to the tubes no current flows at this high
voltage and hence no power is used. The tubes,
therefore, are life-tested at their normal maxi-
mum currant and voltage, but with dissipation of
power much less than the normal maximum
power rating of the tubes.

The invention, as herein disclosed, is not to be
limited to the specific disclosure but only within
the scope of the appended claims.

What is claimed is:

1. The method of testing space discharge de-
vices which comprises passing through certain
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4

of said devices, a current and impressing on cer-
tain others of said devices a voltage from the
same primary alternating current source during
a half cycle of said source and similarly pass-
ing a current through and impressing a voltage
on the others of said device during the second
half cycle of said source.

2. The method according to claim 1 which
comprises supplying, alternately, to the devices
under test the maximum rated values of current
and voltage of said devices. :

3. The method of testing space discharge de-
vices in pairs comprising, supplying, from a uni-
tary primary source, the maximum rated current
and maximum rated voltage to one device of each
of said pairs during a half cycle of said primary
source, and similarly supplying the maximum
rated current and voltage to the other of said
pairs of devices during the second half cycle of
said source.

4. In a system for testing space discharge de-
vices, a multi-winding transformer, connections
between one of said windings and an alternating
current power source, space discharge devices to
be tested, arranged in sets of pairs, leads con-
necting the ends of the second of said trans-
former windings with the anodes of one set of
pairs of devices, leads connecting the ends of
the third of said transformer windings with the
anodes of the other set of said pairs of devices,
leads connecting the mid-points of the second
and third windings to the cathodes of the dis-
sociated sets of pairs of devices, respectively,
leads connecting points on either side of, but

- adjacent to the mid-point of said second winding

to the control electrodes of said set of pairs of
devices the anodes of which are connected to
said third winding, and a condenser connected
across said third winding.

5. In a system for testing space discharge de-
vices, a plurality of said devices arranged in sets
of pairs, means for applying to the anodes of
one group of each of said sets of pairs of devices,
a- positive potential and to the anodes of the

" other group, a negative potential, means for im-

pressing on the cathodes of each of said sets of
pairs, a potential substantially intermediate that
applied to the ancdes of the other of said sets of
pairs, and means for impressing upon the con-

- trol electrodes of one of said sets of pairs poten-

tials slightly more positive and more negative, re-
spectively, than the potential of their cathodes.

6. In a system for testing space discharge de-
vices, a plurality of said devices arranged in sets
of pairs, means for applying to the anodes of
certain of said devices a positive potential, meéans
for applying to the anodes of certain others of
said devices a potential of relatively lower value
than said first mentioned potential, and means
associated with certain of said devices to pre-
vent current flow through said- devices due to
said higher positive potential. ‘

7. In a system for testing space discharge de-
vices, a plurality of said devices, means for ap-
plying to the anodes of certain of said devices,
a positive potential from one source, means for
applying to the anodes of certain others of said

1,981,877

devices a positive potential of relatively lower
value from a second source, and means to pre-
vent a flow of current from said high potential
source.

8. In a system for testing space discharge de- "~
vices, & plurality of said devices arranged in bridge
form, devices of one type arranged in opposite
arms of said bridge, devices of the second type
arranged in the other arms of said bridge, a low
voltage source applied to one diagonal of said
bridge and a high voltage source applied to the
other diagonal of said bridge.

9. In a system for testing space discharge de-
vices, a plurality of said devices, a multi-winding
transformer, connections from one of said wind-
ings to a source of alternating current power, a
second winding in which there is induced a high
voltage from said first winding, a third winding
in which there is induced a relatively lower volt-
age than that induced in said second winding,
connections from the ends of said low voltage
winding to the anodes of certain of said devices,
connections from the ends of said high voltage
winding to the anodes of said others of said de-
vices, means which prevent flow of current from
said high voltage winding, and means which per-
mit flow of current from said low voltage wind-
ing. .

10. In a system for testing space discharge de-
vices, a plurality of said devices, an alternating ig5
current power source, means for supplying to a
firat group of said devices rated maximum voltage
and to a second group of said devices rated maxi-
mum current during a half cycle of said power
source, means to supply to said first group maxi-
mum rated current and to said second group
maximum rated voltage during the other half
cycle of said power source.

11. In combination, a plurality of space dis-
charge devices, an alternating current power
source, a multi-winding transformer, one wind-
ing of which is connected to said power source,
a second winding having induced therein a high
voltage, a third winding having induced therein
a relatively low voltage, a group of one type of {20
said devices arranged in parallel in one arm of
a bridge, a second group of the same type of
devices arranged in parallel in the opposite arm
of said bridge, a group of a.second type of said
devices arranged in parallel in a third arm of {35
said bridge, a second group of said second type
of devices arranged in parallel in the fourth arm
of said bridge, connections between the ends of
said high voltage winding and one diagonal of
said bridge, leads including resistances connect- 130
ing the ends of said low voltage winding to the
other diagonal of said bridge, and connections
from points on the low voltage diagonal to the
control electrodes of each of said groups of one
type of said devices wherehy maximum rated 135
current of said devices at low voltage flows
through certain- of said groups of devices and
maximum rated voltage of said devices but no
current is impressed on the others of said devices
alternately during each half cycle of said power 140
source.
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