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AUTHORIZATION

£y Tests asuthorized by reference (a) form the subject matter of this
report which specifically treats of an electronic device manufactured by tae
General Electric Company and designated by them as Kenotron type FP-153
"Time Delay Llectronic Relay". References (b}, (c¢) and (d) are informative
on matters relevant to the origin of the present problem.

a) BuBng.ltr.N0s-35693 (11-25-%8) of 11 Sept.1935.
b) BuEng.ltr.N0s-35693 (11-25-%8) of 10 Dec. 1934 to
INM., Schenectady, N.Y. i
(c) IN., Schenectady, N.Y.,ltr. C-35693(223), C-36484(132)
of 23 Nov. 1934 to BuEng.
(d) Generzl Flectric Co's. ltr. of Nov.13, 1934 to INi,
Schenectady, N.Y., on contructs NOs-35693 and NOs-36484.

Reference: (
(

OBJECT OF TEST

2 The object of this investigation is to study the operation of the
General Iklectric type FP-163 vacuum tube time delay reley with its associated
circuit, to ascertain its electrical performance in this circuit, to obtain
its mechenicel and electrical chsracteristics, and to determine its suitabllity
for use in Neval Service eqguipment.

ABSTRACT OF TESTS

2 One group of four samples of the subject type tube submitted by
the General Electric Company for suitability tests was employed to obtain the
data presented in this report.

4. The time delay characteristizs of the four samples were obtained
at ambient temperatures of 0°C, 25°C and 50°C before vibration and at 25°C
after vibration.

5 The volt-ampere characteristizs of the four samples, employing
direct voltages, were determined for an ambient temperzture of 25°C.
O. The subject tube is normally used in series with a suitasble copper
oxide rectifier. The tube's performance with and without the oxide rectifier
end itg tendency to "arc-back" were experimentally determined. The volt-
ampere characteristic of the copper oxide rectifier and its forward resistance
at normal current were obtained at ambient temperatures of 0°C, 25°C and 50°C.

7. The heater voltages used were those determined by the manufacturer
and displayed on the base of the tubes. The samples were subjected to
vibration for one minute and the resulting effect on the tube's performance
determined.
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be found useful in two importent recpects: (1) It tends to eliminate the
poscibility of ure-back due to the comprrctively high inverce resisteance
of the oxide rectifier. (2} It tends to increcse the rectification
efficiency of the rectifier tube proper.

(i) Tre forwerd &nd inverce recistences of the copper-oxide rectifier
vere found to be functiomsof the tempersture, decressing with incressing
temperature. The inverce resistance of the oxide rectifier was found to be
veryshigh, spproeching infirity,at 0°C, 46,000 ohuc at 25°C zné 5,800 obhms
&L LB 0.

(kj The identification of the subject tube, including the heater
voltage and serisl number decignations, e& displayed on the base, is subject
to erssure end feding end is thercfore wnsatisfactory.

(1) 1t will be noted in some graphs of the time delay charecteristics,
thet after the initisl time delay the current at t = O has an instantaneous
velue with & 90 degree slope, then in the next 3 to 4 seconds it decrecses to
¢ minimum volue, end thercafterit begins to rise exponentiegliy in a charecter-
istically normel fashion. The explenction of this breek in the characteristic
iz due to the Tundecmentcl design of the subject tube. Although the hecter
current commences its flow &t the instent of closing the supply switck the
oxide cogting fuils to receive any part of this heat energy until 3 to 4
seconds nave elapsed.

{m) The spece current for the period of 2.5 to 3.5 minutes of initicl
hesting is zero for the Initiel time deley of the subject tube. Referring to
NRL, Heport No. R-1233 it will bte noted that the spice current for the type
FP-1€/ tube, which i elso designed to have & time delay charzcteristic, is
grester than zero for the seme intervel of time. This result arises from the
fuet that in the cece of the type FP-163 tube, the barium oxide cocting is
heeted almoct entirely by conduction from the cethode, wherezs in the case of
the type FP-1€/ tube, the bsrium oxide costing is hested partly by direct
rediatiorn from the hester and partly by wetsllic conduction from the cathode
ress proper. Consecuently, in the FP-16/4, the coating receives almost
lrmedistely & quantity of hezt energy Ly direct radietion from the hetter
sufficient to reise the temperuture of the coating to & degrec that permits
& small emount of emlsslon thus providing the metns whercby some spsce current
flows &s shown by the grephs.

(n) The repeatability of the time delay of the subject tube under the
same conditions of tect before vibration wes found to be generally satiefuctory.

RECOMI{ENDATIONS

(a) It is recommended thut the subject tube be re-designed mechenicelly
in order that: (1) The axis of the helical heater remuin &t &ll times coineident
with the axic of the cylindricsl cathode. (2) The plete be more rigidly supported
so th&t vibration does not change its relative position with respect to the
cathode. E£uch an undesireble condition tends to diminish the time deley period to
an apprecisble extent becoming detrimental to the tube &nd destroying the
purpose for which it was designed.

\‘“;; T:Hv lcjuu.lu-.:.;.\.u lt.u-.'L\.lu UJ‘: :..l‘u(.'o uu:-!‘;h‘—.u UULG, in....lul:..n.u[_-, ;.;.‘UQ.'- .l-\ﬂﬂ‘btu'
voltage snd seritl number designations, should be stemped in & legible and
permenent menner with no possibility of erazure.
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DEGCRIPTION OF MATERIAL ANL APPARATUE UNDER TEST

- 8. Description of Tube. The subject tube ie & high vecuum tube
designed for & low internel drop. It is fundamentelly & diode or half-wave
rectifier, ite bagic elements consisting of & plete @énd @ cathode, the letter
being hected partly by radistion snd partly by conduction from & concentric
helical heater. The tube is primarily designed to provide a deleyed time
function of current. The time delay property of this tube is & result of the
unigue construction of ite cathode which consists of & solid mass of nickel
metul in the form of & hollow right circuler cylinder enclosing the hellcal
heater,ue mey be seen in Pletes 1 and 2. sttached to and surrounding the
cethode mees is a thin metellic sheet forming & concentric cylinder. On the
lower end of this sheet, on the outwerd surfece, is & layer of berium oxide
coating of 1/4 inch width. Surrounding this coatirg ond spaced & small
distence from it is & thin metailic sheet in the form of & circulaer band of
the seme width && the coating and concentric with the cathode mass. This
bend serves & the anode. The upper end of the heater is welded to the cuathode
mess, £ mey be geen by reference to Plates 1 end 2.

9. Principle of Operation. The manner in which the subject tube pro-
duces its time deley is as follows: The cethode mess is heated, indirectly
in lerge pert by radietion, and directly in small part by conduction from the
nester. The oxide coating which is the main source of electrons is heated
directly by conduction from the cathode mess. The size of the mass, and the
availeble heat energy, & determined by the heuter voltege &nd impressed
direct plate potentizl, provide & gradual heating of the coating znd, hence,
5 gredual increase in the emission of electrons from the cocting.

10. Plete 1 is & photograph showing the assemblad tube &nd its individual
parts. Plate 2 shows & vertical cross-section of the essentiel inper structural
arrengement of the elements of the subject tube.

11, Description of épparztus. Plate 3 is & photograph of' the experi-
mental set-up of the cpparatus for conducting the various tests. The essentiel
items consist of the following:

(a) A 110-6.5 volt, single-phase, 60 cycle per second, 500 watt
transformer, for supplying power to the tube.

(b) 4 suitable verieble resistor. An initial value of 750
ohme iz recommended by the menufecturer.

(¢) & control relay, menufecturer's type CR2810-1265H-1/3.
This reley is so sdjusted as to be enmergized by the
rcetified direct current when it reasches its normel value
of /0 milliemperes.

(¢) & copper oxide rectifier, manufacturer's type GRC3ELEL,
125 velt input, 39 volt, 65 milliemperes output. This
oxice rectifier is used in series with the subject tube,
the negative potentlel end of the rectifier being connected
to the eénode of the tube. The purpoce of the rectiflicr is,
presurcbly, to protect the subject tube from eny tendency
1 =h MR S W S § R O T TR I [ gy, 1 [ Tl Tt | - . 4, L i S
6 s hove fo wod Bielk. JOoULE GRGAS Lapdi LGl SaTEls

function is to incresse the rectification efticiency of the
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subject tube when needed.

(e) A varieble filament rheostat cupable of carrying the normzl
heater current of 3.5 emperes.

12. Diegren of Connections. Plate 4 shows the electrical circuit
connections employed in obteining the tire delay cheracteristics.

wpic0D OF TEST

13 The procedure employed in obteining the desired date wes as
follows: ¥With the tube cold &t room temperature the primery cupply voltuge
wes adjusted to exzctly 110.0 volte, the heater voltage to that marked on the
base of the tube, &nd the rise of the rectified current &geinst time noted.
The tine wae determined by means of & stop watch, indiceating minutes and
seconds, from the instant of closing the supply switch.

14. The time delsy characteristics at embient temperatures of 0°C
and 50°C were obteined by plecing the apperatus inside en automatic tempersture
controlled compartment.

15 The tendency of the subject tube to arc-back was determined by
operating the tube without the copper oxice rectifier in the circuit.

16. The subject tube wuas given & vibration test for one minute
with no voltagesapplied. The effect of the vibraétion on the opersting
performence of the tube wae determined by obteining its time delay character-
istic immediztely after the vibration.

17. The volt-amperec characteristic of the tube wus obteined by
applying direct potentiels.

18. Inasmuch as the copper oxide rectifier is required for the normsl
operation of the subject tube, the determinstion of the chezrscteristic
properties of the former sre evidently desireble. The volt-empere character-
istic of the oxide rectifier was obtained using direct voltzges and its for-
ward resistance at 40 milliemperes was determined from ite charecteristic st
embient temperatures of 0°C, 25°C and 50°C. The inverse rectifier resistance
wvas also determined «t these temperatures for voltages corresponding to the
normel circuit current of 40 millizmperes. The volt-ampere characteristic
for 0°C and 50°C was obtained with the rectifier enclosed within the
temperature controlled compartment.

DATE RECORDsD DURING TESTS

19. The dets obtained during the tests are plotted end shown as
graphe on Pletes 5 to 27 inclusive.

20. The date for the initiel time deley and the time deley &fter two
minutes off, with the values ol externcl recistaences used and the vsrying
conditions of embient temperature under which the tests were conducted are
given in Table 1.

~ ™ - L T L. AFY 7. in. . L T L e R e L L R .
PR s e e I L o

of the subject tube under the conditione indicated on the pletes.
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a2 Plates € to 11 inclusive show the volt-ampere characteristics of
the tubes &t ordinary room temperature.

23. Plutes 5 to 7 inclusive show the volt-ampere cheracterictics of
the copper oxide rectifier at three different tempersturec.

PROEABLE HRROR_IN RECULTS

2. The eccuracy of the date obtemined throughout the tests is well
within 1%.

RESULTS OF TEST

25. The results of the teste are given in Table 1, and the grephs are
shown on Pletese 5 to 27 inclusive.

26.(a) Tube Mo. 108, heater voltsge 4.45 volts and employing an external
resistence of 250 ohms, had initial time deley, before wvibraticn,of 9 minutes
and 50 seconds, 9 mirutes end L3 seconds, and 10 ninutes and 43 seconds for
enbient temperatures of 25°C, 0°C and 50°C respectively. After the vibration
the initial time deley et 25°C waz ¢ minutes and 32 seconds. The specification
requirement is that the initiel deley pericd fell within the range of from 9
to 13 minutes.

(b) The time delays after & 2 minute off period were, before vibraticn,
5 minutes and 30 seconds, 5 mirutes and 20 seconds, &nd 6 minutec &nd 25
seconds for embient temperatures of 25°C, 0°C and 50°C respectively. After
vibraticn the time deley &t 25°C wae 5 minutec end 45 seconds. The gpecifi-
cation requirement is that this delsy period fall within the time range of
from 4 to 7 minutes.

27.(z) Tube No. 109, hecter voltage 4.65 volts and employing an externsl
resistence of 450 ohms, had initial time delsys, before vibretion, of 10
minutes and zero seconds, 6 minutes and 30 seconds, &nd & minutes end zero
seconds for embient temperatures of 259G, 0°C end 5C°C respectively. After
vibtration the initial time deley et 25°C was 1l minutes znd 30 seconds.

(b) The time deleys after 2 2 minute off period were, before vibraticn,
¢ minutes and zero seconds, 3 minutes snd 21 seconde, and 4 minutes &nd 15
seconds for cmbient temperatures of 25°C, 0°C znd 5060 respectively. After
vibration the time deley st 25°C was 4 minutes and 20 seconde.

28.(a} Tube Ho. 110, hezter voltsge 4.10 volts and employing &n externul
recistance of 150 ohme, hed initial time deleys, before vibration of 7 minutes
and zero seconds, 12 minutes and 20 seconds, end 14 nminutes and 25 seconds for
embient temperatures of 25°C, 0°C &nd 50°C respectively. After vibration the
time delay at 25°C was 7 minutes and 7 seconds.

(b) The time delays after & 2 minute off period were, before vibration,
3 ninutes and € seconds, 7 minutes and 19 seconds, and 7 minutes and 32
seconds for ambient temperstures of 25°C, 0°C &nd 56°C respectively. £fter

vibration the time delsy at 25°C was 3 minutes end 9 seconds.

29.{z) Tube Mo. 111, heater voltege 4.35 volts und employing en externul
resistence of 50 ohme, had initisl time deleys, before vibreticon, of 9
minutes and 47 seconds, 8 minutes and 36 seconds, and 9 minutes and zero

-



seconds for embient temperatures of 25°C, 0°C &nd 50°C respectively. After
vibretion the time deley &t 25°C wae L minutesc and 52 seconds.

(b) The time delsys after & 2 minute off pericd were, before vibraticn,
. minutes and 35 seconds, 4 minutes end 54 seconds, and 4 minutes and 24
seconds for embient temperatures of 25°C, 0°C and 50°C respectively. After
vibration the time delcy at 25°C was 1 minute and 23 seconds.

30. Tubes Nos. 108, 110 and 111 show a definite bretk in the smooth-
ness of the volt-smpere characteristic, & rather sbrupt change in slope,
occurring at exectly 10.0 volts in each case. Tube No. 109 apparently is
an exception. OSee Plates & to 11 inclusive.

31, Tests on tke subject tube have shown thut employing 750 ohms for
the externzl resistance &nd incressing the heater voltzge proportionally no
substantial control of the initial time delay period is obtzined. The deley
is apparently lergely controlled by the magnitude of the applied direct plate
potential which in turn depends on the drop in the external resistence
employed.

32. The shupe of the rectified current wave,with and without the
copper oxide rectifier wes found to be satisfactory, one alternation being
completely suppressed,as viewed on the screen of an oscillogreph.

33. Viith the oxide rectifier removed from the circuit, no arc-back
occurred in any of the tubes.

34, The forward and inverse resistancesof the copper oxide rectifier
were found to be functiorsof the temperature and decreasing with increasing
temperatures. The inverse resistence wes found to be very high, approaching
infinity,at 0°C, 46,000 ohms at 25°C, &nd 5,800 ohms at 48.5°C.

CONCLUSIONS

35. The subject tube holds promise of meterial possibilities for
Nevy use but at its present stege of development it is not entirely sutis-
factory, particularly from @ mechanical design standpoint.

36 The tests of four samples indicate that the time deley period
is primarily s function of the effective direct voltage impressed on the
plate of the tube and, to a lesser extent, a function of the heating of the
cethode.

37. The externzl resistance required in order that the time delay
period fzll within z predetermined range of time is considerably different
for each sample submitted. This resistance was found to be considerably
smeller then the value recommended by the menufzcturer.

38. The method of suspension of the helical heater &t its upper end
ig not such &s to insure a ressonably satisfactory coincidence of the
txee of the hezter and the cylindricsl cathode mass as may be seen in plate
2. The fact that the hecters for &1l of the samples had their central
porticns displuced to such zn extent zs to almost touch the inner wall of
the cathode gave rise to the following undecirable effect: A few seconds
after power is applied to the tube Ifrom the "cold" conditicn, and regardless
of the smbient temperature, the temperature expansion of the hezter

g



4 The spuce current for the period of 2.5 to 3.5 minutes of
initisl hesting is zero for the initisl time delsy of the subject tube.
lieferring to HRL Report No. R-1233 it will be noted that the space current
for the type ¥P-164 tube, wnich is elso designed to huve u time deluy
churscteristic, is greeter than zero ior the sume intervel of time. This
result erises from the fect that in the case of the type FP-163 tube, the
beriun oxide-membéng is hezted slmost entirely by conduction from the cathods,
whereas in the case of the type iP-164 tube, tne burium oxide coating is
hested partly by direct redistion from the heater and partly uy metellic
conduction from the cuthode mass proper. Consequently,in the FP-104, tue
cozting recetves simost imnedistely a quantity of heat emergy by direct
rediztion from the hester sufficient to reise the tempercture of the
cocting to = degree thet permits & smell emount of emission thus providing
the means whereby some spece current flows wé shown by the grephs.

/8. . The repeztebility of the time deluy of the subject tube
under the seme conditions of test before vibrution was found to be generclly
sutisfactory.



TibLE 1

Gencral ziectric,Tire Deley,zlectronic Reley,Vacuum Tube
Device, Typc FP-163. Pertizl summery of churacteristies versus
tasperctvre, before and af'ter vibrstion teste on tubes. Time
given in minutes and seconds required to sctuate control
relay,General dlectric type CR 381C-1265H,et its reted current
of 40 millismperes, d.c.

Conditions: - Tempersture, 25° Centigrede, before vitrstion.

Reuster Bxternal initdal Time Delsay
Tube - Voltage * Recistance Time efter two
Ser. No. _ (Volts) (Ohms) Lelay minutes off.
1C6 L.A5 250 9-50 ' 5-30
109 4L.65 450 10-0 6-0
110 4.10 150 7-0 3-08
111 4.35 250 9-47 4=35

Conditions: Temperature, 0° Centlgrade, before vibratlion.

108 Lod5 250 9-43 5=-30
109 4.65 450 6-30 3-21
119 4.10 150 12-20 7-19
111 4.35 250 8-36 4=54
Conditions: Temperature, 50° Ceantigrade, before vibration.
1 4ed5 250 10-43 6-25
109 4,65 450 8-0 4-15
110 4.120 150 14-25 7-32
111 4.35 250 9-0 4=24
Conditions: Temperatura, 25° Centigrude, after vibration.
102 4ebd 250 9-32 5-45
109 4.65 450 11-30 4~20
110 4.10 150 7-07 3-09

111 4e35 250 4=~52 1-23
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