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1. ABSTRACT.,

The following is a preliminary report on the Naval Research Labe
oratory method for the detection of corona in solid dielectric cables.
It does not incorporate any information on the simplified method, still
in the research stage, of testing cable. In short, it describes the
method heretofore used at the Naval Research Laboratory for the measures
ment of type approval samples, bubt does not represent the laboratoryls
final word on the optimum equipment for corona detection.

24 INTRODUCT ION.

The primary purpose of this equipment is the detection of corcna
in solid dielectric cable at poewer line frequency., It is desirable that
the corcna test be made in such a wey that the cable manufacturers can
readily perform the test under the supervision of Naval Inspectors. It
is necessary, therefore, that the manner of preparing the specimen be
such that no great skill or time is required for the operation, while at
the same time none of the accuracy of the system in revealing the true
corona point is sacrificed. Mereover, the gear should not be of a comw
plicated design and should preferably be equipped with only those controls
necessary for adjusting test veltage, together, of course, with means for
observing the corona onset and an accurate measurement of the peak voltage
at the onset point.

It is also desirable that interference from an outside source
should not paralyze normal operation, Thus, it is of considerable ad-~
vantage tec use an oscilloscope as the means for indicating corona onset:
any source of steady interference synchronized with the power freguency
will then appear as a steady line or pulse on the trace, even with the
high voltage removed from the cable. Since most interference encountered
in these measurements is of a periodic nature, there should be no confusion
of this with the irregular pulses due to corcna.

3 METEQD.

1. Apparatus. The apparatus used in the corona test equipment
consists in its esscnce of a device for measuring the current through
the cable dielectric in excess of the displacement current arising from
the a~c potential difference between inner and outer conductors. The
means of obtaining this excess censists of cenneeting, in parallel with
the series combination of the cable (CS Plate 3), and a measuring resist-
ance (Rpp Plate 3), another condenserwrcsistor combination (BC and. Ro3
Plate 3). This second resistance is madec equal to thc rcsistance in
series with the cable, while the suxiliary condenser is variable. This
variable condenser is preferably sc constructecd that its corcona point is
higher than that of any cable to be tested by the set. If the capacitance
of the variable condenser is set equal tc that of the cable, it follows
that the potential difference between the high cnds of the two resistors
is zero, provided that both cable and condenser have the samc conductance
loss, This condition obtains, in theory, whenever there is no corena in
the cablej if, however, corona occurs, the current in the cable arm of
the bridge formed by the two circuits increascs, and the potential of



the high end of the rcsistor in serics with the variable condcnser. It
is net possible in practice to insure that the variable condenser has the
same conductance loss as the cable; thus, when both capacitances zand both
resistances are made equal, a balance cannot in gencral be obtained.
Usually, however, a satisfactory balance is available by adjustment of
the series resisters in the bridge ams.

The effect of the onds of the cable remains to be considered.
Normally, in cordinary preparation of a sample, there exist at the cnds
of the cable sharp ends of wire, inevitably produced by the preparing
operation. In order that corona from these cnds may not give erroneous
readings on the testing cquipment, guard rings are inserted under each
end of the cable. These rings arc thin slceves of brass, onc end of cach
of which is soldered into a brass disk of about 1% inchcs diamecter (See
Plate 5)s The rings are inscrted between the braid and the dielcetric,
with a nominally good low voltage insulation between the braid and the
ring. The sleeves themselves need be no mere than about a half inch in
lengthe The two guard rings arc tied together and to the high side of
the resistor in the condenscr (nct cable) arm of the bridge. Corona
from the guard rings is then of opposite direction from corcna in the
cable and can easily be distinguished from it.

The output from the bridge circuit is fed into & balanccd am-
plificr and thence into the input of a conventicnal oscillescopc. It is
important that in the balanced amplificr a well regulated scurce of
direct currcnt be available so that the tracc on the screen may be stcady
(Sec Plate 4). The oscilloscope should have ample gain available in its
own amplificr; the DulMiont type 208 is suitablc and is in use at this
laberatery.

2. Preparstion of the Spocimens It is desirable that thc sample
of cable under test should not be of toe great length, otherwisc the
amplitude of the cable corona spikes will suffer relatively to those pro-
duced by the guard rings. 4 satisfactory length is five fect. It is, of
coursec, necessary that the transformor be of satisfactory design so that
its current—carrying capacity is sufficicnt for beth cable and balancing
condenser.

The cablc itself, when cut to length as dctermined above, is
proeparcd by first cutting back the armor (if any) and outer jecket a
distance of some cight inches from the cnds of thc cable. The inncmmost
braid is then rolled back over the outer jacket and any cxcess length
over about two inches is cut away. Tho cnds of the braid arc thon held
down by a layer or two of friction tapc; cnocugh of the braid must be left
expesed so that connection can be made to it, but there arc nc other ro-
quirements. To separate the braid underncath the cuter jacket from tho
cable dielecctric it is generally found helpful te employ a toel, consist~
ing of a fairly thick sleeve (wall thicimess about 1/16 inch) whose inncr
diamcter is rather clesely equal to the dielectric outer diameter of the
cable, and so made that thc ocuter diameter of the toel gradually diminishes
to its inner diameter in a taper of abcut one-half inch. This should be
eased, not forced, under the braid for a distance cf abeut an inch. In
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some pulse cables, where the adhesion botween braid snd diclectric is
cxceedingly tight, a thick tool of this type cannot bo used. Under these
conditions guard rings with a smaller wall thickness must be cmploycd.

The guard rings have alrcady been desceribed, as has their method
of insertion under the cablo ends,

The testing procedure consists in first applying a small amount
ef voltage to the cablc in order to obtain an approximate balancc. Then
the voltage should be steadily inercased until fairly strong cablc corona
appears on the sceope. trace. In general, guard ring corona will appear
before cable cerona docs; the two coronas are, of coursec, in opposite
dircetion on the trace. In order to bec sure of which corcna belongs to
the guard rings and which to thc cable, it is desirable on the First
sample to tic the guard rings to the outer braid of the cables The
dircetion in which corona then shows on the trace will be that in which
cable corona will appear when the guard rings arc returncd to the balanc-
ing condenser, the observer will note deflection in twe dircctions on
the trace. Deflection in the opposite direcction to that noted when the
guard rings were returncd to the braid is due entircly to the guard rings
and should be neglected.

After the voltage has been raised to a point at which the cable
corona appecars as a rather appreciable deflection on the trace, it should
then be slowly lowered until the cable corona just persists. That peint
is rather well defined with respcect to any given cable: if the voltage
is reduced beyond this value, thc corona will no longer be sblc to sus—
tain itself and will drop out after a short time of observation. It is
reasonable then to say that if the appecarance of corona on the scope trace
does not vanish after thirty scconds of observation, but that at any lower
voltage the appecarance dees vanish after observation of this duration,
then this particular voltage repreosents the corona point of the cables
Actually this criterion is far tco rigerous, since for practically all
cables the range betweon no corona in less than five scconds of obscrva—
tion and continuous corcna is of thc order of only about two hundred
voltss This docs not hold in all cases, however, and the operator of the
equipment can easily tell vhen it will be necessary to observe the cable
for the longer period; thus, when there is any question, the lenger inter-
val (thirty scconds) should be used.

35« Calibrations The measurement of 2ll voltages involved in
coronz onset tests made at this laboratory is in terms of pcak voltage
applied to thc cablce Since it is the peak voltage that gives rise to
the corona, it is the opinion of thosc at this laboratory who hawve been
conducting the cable tests that the usc of r.m.s. voltage, by itseclf,
is susceptible of error, while if the further stipulation is made that
the applied voltage should be sinusoidal within two percent, the usc of
r.me.s. voltage is at best artificial. Surely it is an unnecessary require-
ment and one, moreover, not alwoys casily met to specify that a given
voltage shall be sinusoidal within two percent, when a measurement of the
peak voltage is so casily made and is the quantity in which the cngincor
is primarily interested.

b o
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The procedure followed at this laberatery is to use a meter
which measures r.m.s. volis. By adjusting thce scale on such & meter,
(which may be put in the primary of thc high-voltage transformer) so that
it reads 2 times the actual r.m.s. applied veltage, an approximation
to the true peak can be obtained, and this approximetion is sufficiently.
exact for scme purpeses. In order, however, to be certain of the peak
voltage, the observer should obtain or construct a small peal—reading
slide~back veoltmeter. A circuit of the calibration meter used by this
laborotory is appended (Plate 5). The only part of the circuit which is
at all critical is the voltmeter, V, which must, of course, have vhatever
accuracy is expeccted of the calibraticn. It is also necessary to know
accurately the ratio of the resistors, By and Rp. Actually the ratio is
(Rl + Rg)/Be, but Rp is sc small compared with Ry, that 31/32 is accurate
within the range of the meter. BRB; should be made rather large in order
that vhatever additional lcad is produced by thc voltmeter may be kept
as small as possible. The set should be calibrated with a load ceonsist-
ing of a typical length of cable and the balancing condenser sco that any
distorting cffect the lead may have on the waveform is taken intc account
in the celibration, Bl on the set at this laberatory is 125 megchms.

A questicn which cccasionally arises relates to the sceasitivity
of the detecting device. This laboratery has used as great emplification
as possible consistent with stability of operation, but the only reason
for this extreme sensitivity is to aid the observer in sceing the first
pulse of corona. That is, when the gain is increased above a certain
amount, no advantage can be gained from the increase; if ne cerona is
present, ne possible increase in goin can imdicate the existence of any.
It is thercfore sufficicnt to say that any oscilloscope which is the
equivalent in sensitivity of the Dulont typc 208 already menticncd is
satisfactory for the measurement; this oscilloscope has actually mere
than adequate sensitivity, but the excess makes the first pulse of corona
have quite sizable amplitude.

Y, COHCLUSIONS.

With the methed described it has been found possible to cbtain
with considerable accuracy thc corona points of polyethylenc cables;
pulse cables have been tested, with corona voltages above 30-kve p., by
the some method except that the cnds of the cable were immersed in oil
instead of being prepared by the guard ring method. The oil immersicn
technique requires morc time than the guard rings. but the latter tech-
nique is difficult tc employ with conducting rubber cables. Comparisons
between guard ring and corona suppression techniques, c.ge, cil immer-
sion, aquadag preparation, ctec., indicate that when the suppression
method is perfectly used, the corona points agree within calibration
accuracye. A poorly prepared samplc with the suppression technique
employed shows a lower corona point than when prepared with guard rings.

Phe final report, for which this is the preliminary, will show
a circuit vhich will be rclatively simply constructcd and which cen be
built by an outside manufacturer, for use in factories in vhich cables
arc being made., The equipment described in this paper is of high in-
herent accuracy and has great rcsolving power; it is preposed, however,
to simplify further the bridge balancc methed so that a relatively
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inexperienced person can make a ccmplete cable test, including prepara~
tion of sample and obtaining ccrona point, in about ten minutes.

Since it has been tentatively decided that the 60-cycle corona
peint is a criterion for the performance of cable at higher frequencies,
specifications have been set up for 60-cycle corcna point. As more data
is obtained with regard to corona point at higher frequency, it is hoped
that it will be found possible to correlate data so that the 60-cycle
Point will still furnish 211 the information required for knowing ac—
curately the voltage capacity of any cable, Thus, the use of a rapid
and accurate method for 60-cycle corona testing is a requisite, and it
is believed that the equipment described in this and the supplementary
report £ills the requirement.

5. A-PPEI'\!DIX.

1. Calibration of Metering Circuits. The purpose cof this cali-
bration is to establish the shunts used in the current metering circuit
so that when the unit is used in a field applicaticn, these resistors
can be used as standards for periodic calibration checks,

In order to obtain proper values for the shunts in the metering
circuits it is first necessary to calibrate the circuits with a precision
standard. Reference to Plate 2 shows the current and voltage metering
circuitss In order to calibrate the former the apparatus should be turned
on and allowed to warm up thoroughly; the high voltage primary should
not be energized. The input to the current metering circuit should be
connected to a source of low veltage alternating current (60 c.p.s,)e
Switch SW-6 should be set to position O, and BI-1 shorted out by setting
R-3 to zero resistance. To provide a current standard some form of pre—
cision meter for reading low values of alternating current should be con-
nected in series with the input to the apparatus. This standard should
be cepable of reading accuraicly alternating currents of the order of
100 microampercs r.mes. The contact of R-1 should be disconnected so
that the internal calibrating system is not in the circuit. Points O
and c2 of SW-0~1 should be tied together. Set B-12 so that l~1 has
zero reading and set SW-7 to the 1 milliampcre pesition. Now adjust the
calibrating current source so that the precision meter in the input cir-
cuit reads 1 ma r.m.s. Theon adjust B-7 so that M-1 reads one milliampere
on the 0-1 ma scale. Next sct SW-7 to the O.H5-ma position, and adjust
the calibrating current source to 0.5 ma as measured on the standard
current meter. Then adjust -0 so that -1 reads 0.5 ma on the 0.5 ma
scales Then set SW-T to the 0.1 ma positicn and the calibrating current
to 0.1 ma. Adjust B-5 so that M-1 reads 0.1l ma on the 0,1 ma scalc.
Return SW-7 to the 1 ma pesition and resct the calibrating current to
1 ma. Set SW-5 to position cl and adjust B-8 so that M-1 rcads 1 ma on
the 1 ma scale. The current shunts arc now set ond should not be changed;
it is preferablec that these shunts be wire wound resistors of the vari-
able or semi-variable type, so that after thoy are set by the described
procedure they may be fixed in position by comonting them or otherwise
fastening them so that they cannot be changed in valuc.
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In order to calibrate thc voltage measuring circuits a precision
peak vacuum tube volimeter is requirede Such a meter is shown on Plate
e TVoltmeter V is o precisicn instrument, rending 0-10 volts d.c. A
mere sensitive meter may be desired for calibration of the low voltage
rangcs. With potentiometer P contact returned to point A, so thot no
voltage is rcad on V, a certain curront is rend on meter M with no high
voltage opplicde If now the high veltage is comnccted, the reading of
the meter M is chongeds Potentiometer P is then adjusted so that i
again rcods its initial wvalues The voltage read on V is then the peal
voltage acreoss B-2, and the peak high voltage is, within limite of ac-
curacy, the roading of V multiplied by B-1/B-2. It is assumcd thot cir-
cuit input ecopacifive reactance is very large compared with B-2, This
is true for mcasurcments up to the voltages invelved in this cquipment
if B-1 is not made toc largec. R-1 in this gear is an IRC typc HVO resis—
tor with o nominal rcsistance of 135 megohmse This walue is not suf-
ficicntly accuratc to be uscd as a standard, nlthough thc resistor holds
its calibration quitec accurately. In order to be certain of the initiasl
resistance of the unit, it should be checked against o high resistance
standard, such as the Weston 15 mogohm precision multiplier, or a similorly
accurate standards BR-2 should be measured on a Wheatstone bridge.

In order to calibratc the voltmoter of the corona detecting
equipment, 2o lead of 2o nermnsl cable sample and the baloncing condenscr
should be connected across the transformer (i.c., across half of the
transformer, from one high-~voltage conncction to ground)e The primary
voltage should be increased until the slide-back voltmeter reads 10 kv
peak from secondary to ground withSW-8 (Platc 2) set to the 20 kv posi-
tion ond R-16 sct so that 1-2 rcnds full scalc. Now with the primory
voltage off sct B-17 sc that -2 reads zcro. Reset the primery volisge
to give 10 kv on the standard voltmeter and readjust R-16 for full-senlc
reading on M-2, Hext sct SW-& to the 50 kv positicn, bring the secondary
voltage to 25 kv on the slide~back mecter, and adjust R-15 to give full
scnle reading on M~2. Repeoat the proccdure for R-14 and R-13 for 100
and 150 kv respectively. The meter now reads the voltage across the
entire transformer so that cables can be tested for breakdown, in which
case the veoltage across half the tronsformer is not sufficicnt. When the
voltage for the corons mecasuring set is required, it is obtaincd by simply
dividing the indicated voltage by twoe

For setting the overload rclay, as well as for checking the cali-
bration of the cquipment agrninst the standard resistors in the current
metering circuit, an internsl celibroting circuit is incorporpted in
the mecasuring circuit. BSuch o reccalibration is occasionally necessary
to toke account of changes in tube characteristies, ctce The following
procedure is then employeds With ne high voltage applied to the primory
of the transformer, set calibrating switch SW-6 in the O position; also
set B-12 so that M-1 gives zcre reading. SW-6 is then set to pesition
cl and R-1 adjusted so that M-1 has 1 ma reading. SW-6 is then sct to
position ¢2 and R-9 set so that M-1 again has zcre reading. Now R-3,
the overload relay adjustmont, should be sct §o that the overlead rclay,
RL-1, opons when M~1 has 1 mo readinge The current moy be varied by
setting B-l, and the operation of the relay checked from the operation
of the red pilot lights The setting of B~3 is somowhot critical and should
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be checked several times to insure its proper functioning. After the final
adjustment of R-3 SW-6 should again be set to position cl snd -1 ad—
Justed to give 1 ma resding on M-l. 8U=6 should then be set to 02 and

B-9 readjusted, if necessary, to give 1 ma reading on li-ls SW=0 moy now
be returned to the operate pesition.

2. Adjustment of the Bridge Balance Circuit (Plate 3)., Since
the bias voltage produced by the combined plate currents of V-8 and V-9
through R-2l is sufficient to cut off V=5, it is necessary te provide a
positive bias on the grid of the latter. With the circuit in operation
R-26 is adjusted until V-8 has the preper bias for class A cperation (ap-
proximately -5 volts)s This value of bias is not critical.

The purpose of R~24 is to provide a certain amount of voltage
loss in the grid circuit of V-G to make up for the loss in the cathode
follower V=-9. In order to adjust R-2L the points on Plate 3 marked "to
cable specimen" and "to balance condenser" should be tied together and to
a source of two or three volts a.c., applied betwecn them and ground,
R-2L should then be adjusted to give minimum veltage at the oscillescope
terminals.

For measurement of corcna initiation point the cable specimen
and balancing condenser are connected te their respective circuits and
the balancing condenser adjusted (high voltage being applied) until the
output of the balanced amplifier is a minimum. It is frequently a matter
of some inccnvenience te adjust the balancing condenser since it is in
the cage housing the transformer and other high voltage equivment. Under
these conditions the balancing condenser may be pre-zdjusted to have a
capacity equal to that of the average dample cf cable, and an approximate
bridge balance obtained by shunting a variable resistor acress either
Roo or Roz, as the case requires, It is desirable to cut all samples
of cable %ested in order that they may present appreximately the same
capacitance tc the system.

3. Guard Rings. Plate 6 shows a guard ring such as is used
in testing samples of 3G 17/U cable. One of these guard rings is re-
quired at each end of the sample under test. Since the purposec of the
guard ring is to prevent end corcnes currents from flowingz in the braid,
it is necessary that the guard rings adcquately cover the ends of the
braids As shown in the sketch, the guard rings ore made so that they
extend under the sheath, between braid and dielectric, as well as extond-
ing cver the outside of the brsid for a short distance. The only criti-
cal dimension is therefore the inner diameter of the inside tube. This
dimension should be such that the guard ring just slides over the di-
electric; the diameter is thus determincd by the D.0.Ds of the cable
under test.

The guard rings and bresid must be insulated from each cther by

some low voltage insulating material since they are in different circuits
as regards the measuring part of the cquipmcnt.
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Parts List
Contrel Circuit
Part No. Description
*R 50 ohms, 200 watt
*BE "
*7Q- n
: ,,
*R5 175 ohns, /00 watt
Rg 30 X, 10 watt
B n
Rg IRC, Type liV0, 2253, 135 ndg.
n
)
S DPST Power Switch
St SPST micro~switch, normal closecd
SW n
ST, SPST micro-switch, nommal open
S, SPST, part of voltoge control switch SWg
SWig Section of voltage control switch SWg
RLy 2500 ohm overload rclay, SPST, normal closed
RLo A,C. relay, SPST, normal open
Py 110 v. pilot light, green
P 110 v. pilot light, red
b5 5 amp. fuse
T High voltage transformer, 50 kv peak to ground
i) 1-1 isolating transformer

*Ry to 35 inclusive are designed for use with a tronsformer drawing not
over 1 amp. primary curront.
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Parts List (Contld)

Moterinz Circuits

Part No. Description
Ry 25 ohm, 10 watt potentiometer
R 100 K, 1/2 watt
?3 5 K, 3 watt petentiometer
9L 5 K, 10 watt
s 52 K, 1/2 watt (100 ua shunt)
**Rb 10.4 X, 1/2 watt (500 ua shunt)
< 5«2 K, 1/2 watt (1 ma shunt)
w*he 2.9 K, 1 watt
Rg 100 X, 1 watt potentiomoter
R0 150 ohm, 10 watt
Ri1 50 Xy 3 watt potentiometer
Rio 10 X, 25 watt tapped resister
"in L70 ohm, 1/2 watt (75 kv shunt)
¥l 680 ohm, 1/2 watt (50 kv shunt)
"5 s 1800 ohm, 1/2 watt(25 kv shunt)
**R16 10 X, 1/2 watt (10 kv shunt)
Ry 3 K, 3 watt potentiometer
C1 0.001 ufd mica
Co 0 ufd, 50 volt slectrolytic
C3 ufd, 450 volt paper
ST 5 pole, 3 position gang switch
Swy 1 pole, 3 peosition switch (current range)
Svig Section of 3 pole 4 position switch (voltage ranze)
Ry Overload relay
My D.C., milliameter similar to Weston @43 with 1.5 na

movement. Scale worked tec give 0-1l.5 ma full scale,
0=0.75 ma, full scalc, and 0=0.15 ma full scalce

o) 0-40 ua D.C. meter - Triplett Type 726 Scale marked for
full scale, 20 kv. p3 55 kv. p; 100 kv. p; 150 kv. p.
1 6X56T/G Tube
V2 6AGT Tube
V3 6}16 Tube
*¥%Sec ~ "Calibration of Metering Circuits"
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Parts Ligt (cont'd)

Power Supply Circuit

Part No. Description

Rig 560 K, 1/2 watt
Rg 150 K, 1/2 watt
Rop 560 K, 1/2 watt
Hoq 220 K, 1/2 watt

Ol 16 ufd, 450 volt electrolytic

C 10 ufd,. "

cg 10 ufd, "

Y ura, .

Cg 1 ufd, 400 volt paper
Iy 16 henry, 75 ma choke
Ip 10 henry, 40 ma choke
L3 10 henry, 40 ma choke
T3 Plate and filement transformer 385 v, to C.T. @ 130 ma.

5ve @4 amp., 3 vo CuTe @ 5 amp, 6.3 v. G 2 amp.
)t 5ULG Tube
Ve 6V6 GT/G Tube
V2 6507 Tube
V7 1/4 watt neon bulb, bayonct base
~10-



Parts List (Cont'd)

Bridge Balance Circuit

Part Ho.

Ro2
%23
:’g]_l_

S

R
PQ?
Zog

Ry

CS

***BC

g ¥1R

Description

heb K, 1/2 watt

5.6 K, 1/2 watt

200 X, 1 watt potentiometer
220 K, 1/2 watt

10 X, 10 watt

50. K, 1 watt

50 K, 1 watt

35 K, 1 wati

0.1 ufd, 400 volt paper
0.1 ufd, Loo0 volt paper
0.02 ufd, 600 volt paper

6J5 Tube
6L6 Tube

Cable Specimen

Balancing Condenser

Guard Rings.

¥¥¥ Sec Sketch on Balancing Condenser and Guard Rings.
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