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2 The objest of this investigste s operstion of the
General Electric Type Fp-164 vacuw rube time deluy relay with 18 geoocinted
cireuit, to ascertain 1U8 ~1eotrical performense in this circuit, 1o obtain
itg mechenical end electrical characteristi,s, «nd to determine ibs cultebiiily
for use in Heval service equipment.

T S

ABSTRACT OF TESTS

3. The bime del&y characteristics of four samples of the subject tube
were obtained at embient temperatures af 0°0; 253¢ &nd 50°¢. The canject, tube
is normully used in series with & suiteble copper oxide rectifier. The subjes
tubels performance with wié without the oxide_rectifier, end its tendency o
napo-buck', Were determined. The volt-Lmpere characteristic of the copper
oxide rectifier end its forvurd recictance &t normol currenv were Ge bigmained

for temperatures at 0°C, 259¢C end £0°C. Gscillog'aphie records shoiting
cupplied voltage end outpub current, &t the oxide rectifier in series with

o~
el

the subject tube, WsIre obtained &t ~=0g, [Ihe neater voltuges uped werc thooe
determined by the penufacturer cnd djcplayed on the bace of the Lubet. Ay, the
conclusion of the eseentinl LeTids the neater VOllEgs {for one tubte WoE chrnoed
on purpcfe, zn@ & new sharseterictic obtoinsd. The czmples were U
vibration for one minute end the resulting effect on the tube's perf
determined.
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ke holds promice of materisl po ibilities iov
SVy ctope of developuint it is nob entirely
E or thipboard use. The t=slo of foup spmpic
il ey periecd ir « funection of the houting of the
cethode. However, once the honter volirge is determined for & certaln
tine deley period falling within & predetermined rings ol time, there i
no positive easurwnce thet the delay will be repected Tor the cime tine.
One tube which hed & time delay of 32 minutes onc day &t & certain
temperature, showed a delay of 55 pinutes the next day ut nearly the same
temperzture. This, however, 15 not true for £11 tubes investignted. Ome
tube hud very nearly the cazme celey of 33 ninutes for temperatures of

0°c, 25°¢, =na 50°cC.

(b) One of the four samples wes entirely wnrelisble frem the
beginning of the tests. 1t uppesre thet the chort spseing between anode wnd
crthode is such that in the case of this tube &n intermittent short circuit’
occurs &5 soon us the csthode is heated sufficiently, within & few minutes, to
emit electrons. The subject tube iz ¢ high. vacuum. tube. In &ll spuch tubes the
drop within the tube is normelly high. The desire to make a low drop tube
mey have influenced the design to the extent of having the cnode very aeir

the cathode. In such ceses & strong vibration mey short-circuit the tube.

(e} No tendency to "arc-back" wae experienced in 3 of the 4 samples.
The fourth semple was & bad tube end was nob tested.

(d) Of the three good tubes, two cen be used without:the copper oxide
rectifier. The third tube yields & compuratively snall averdge current due
to its incomplete rectificaztion. With the oxide rectifier the erficiency of
rectification is increzced.

(e) The oxide rectifier is useful in the operation of ihc rubjest
tube in two respectss (1) It elininctes the sossibility of are-tack due to the
! P i,
comperatively high inveree resistence of the oxide rectifier.. (%) It increaces
the rectification efficiency of the subject tube. The inverse resistonce of
the oxide rectifier wee fownd to ke perticulerly high ut 0°¢.

dentification ol the subjeect tube, including the hester
.1 number desimations, o displuyed on the bate, 1o &
ding wnd i therefore unsatisfactory.

f X, L3 = [ } PR = 2

La) It iz recommended thet the subject tube be re-deai ned sl i
inererzed epacing between enode cud sothode in order thal seler Lna BOUo
relicrkble operation be insured.
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nuss, and extending on the 1

i ght of the RBess, ic o
thin metullic cheet forming & concentric cylinder, neuar thie border of vhich,
on the inner surfacs, je a layer of turiun oxids costing of empll width. X
sdditional thin Ainder of melel Cury wids the eonthode and

. ; is sepsrated from
it by cpacers sonsisting of jndentstions on the external ecylinder, the purpose
peing to mezke this eylinaer perforn the function of & heat reflecior. On top

of the cathode mass sna welded thereto isg & double ecep on vwhich one gnd of the
heliczl healter terminctes. his cap provides & return eircuit for the heater

to the base pin and slso wets &8 & heut reflector. Thus one end of the

heater snd ne cathode ere electricelly sonnected together inside the tube,

(p) The wnode consists of a circuler disc of mwetsl with & center hole,
permitiing the lower end of the heeter to pees through on its way to the

proper tese oin. Surrounding this disc end electrically connected thereto

i u necrow, thin, circular rivbon of metzl which is concentric with and ie
enclosed by the layer of barium oxide coating %o which previcus reference W&
mide. The separation of the enode wnd the oxide coating 1is emall, thereby

e

i
cubjecting the tube to the posegibilivy of en electricul short oir

cult between
. node ‘cnd cathode, in the caEe of wviolent vitrotion of ine tube clemenis.

(c) The menner in which the subject tube produces its vime delay 1: oE
3 L 3 L ekt 5 = - Yoas 5 G

follone: Ihe cuthode maEgs 16 heateds inairectly in large pt?t by rhqimt;? 5
vné directly in emall pert by sonduction frem the heater The oxide conlillgs

shich ie the muin source of electrons, it nested indirectly in ;mall pETT by
rediction i'rom the heater, and in larger volume directly by conduction from
Liie ~atiioune RMEES. The size of the m&bis cnd the availazble heat cnergy, as
determined by the healer voltace applicd, provide L.gr;dgul nouting qf tuc
conuing aha, nCHCE, & gradunl jasretse in Lue eminsion of electrons from the
conting.

rtrond assenbly.

(¢ Plute 1 i & photogruph of the )
t structural

dih i P 4
Azl erofu-genilon Yo

5 Bet
ihe elemen-e of the cubject tube.
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i
o {s] 4 veriazble filrment rheostat capt.ble of COrTy ihgG the normel
heober culrent of 12 emperes.
: & 11&“1ah of LCKT”Fi1Chh Plate 4 shows the circulit com
3 : the time « 7 charzcteristics snd the ci}pl'
farms of the gubject tube.

whe &0

edure employed in obteining the dessired duata
ube cold &t TooR renpert.ture the primary S upply
eu to exectly 220.0 9 Oitu, the Leater voltage to thet
surked on the LS ¢ the tube, and the rise of the rectified current &L gl
time noted. ln this coge time wes deternined by the use of a glop xubca,
{adicating minutes and genonds, from the inetant of closing the uunply gwitche

.‘)
o

LQJGCU tube wes given & vitrotion test for one rinute witl

(b} The
were obitzined «fter this tect.

no voltages applied. Hore dati

{¢) To obtzin the time deley cht crgoteristics st emblen nt temperttures
of f°C fi EQOC 1+ was necessary to plece the appurutus incide wn oubo mdtlu

gubject tube Lo #e ro-back® woE deternined Ly

(aj The tendency of the
er oxide rectifier in the circuit.

opere ting the tube without the copp

(27 Inusm copper oxiuac reatifier & T recuirea for ihe ol
ntion of ihe Su jw- - the determination of the yropﬁztle, of the
ey tre avide: e¢. The volt-ampere “har?ctprlﬁbxc of the oxide
rectifier wid Jo 4 using direct voltages end ite forwerd rezistanes nt

i eristic ab sibient Lempersturs:
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1 The re-utis of the teste &re <hown in tuble form on rFlate £

g =
¥ 2 . Th g i N i E T T T
snd in greph foxrn on Fistes 7 to &3 Inoiusive.

er volteye 5.1 volts, had &n $aitial bime deluy,
cgoonds vefore the one minute vibruilon tect.
eme tube reguirvea 55 minutes to reach &

ut the relay closing. The

es
er the vibretion test
7 s
thaet the initial deley period fzll witnin the

(b} ifter = s.minute-off period the time required for the reliy
to pick up wze 15 ainutes ang 20 seconds toth vefore and ufter the Vvitr
test. The spesification requires thet this time be from 8 to 15 minutes.

{c} titer the vibration test end at 0°C, the same tube reguired 45
ainutes and 23 sec nde to resch o eoturation current of 3/ millirmpered
(fter & S-ninute-off period the time was 56 minutes for the € &
in either cese the reley did not clog since itg zdjustaent ¥
surrent of 40 millienperes.

\d; At L8.5°C the time wal (5 minutes snd 30 cecont
7y g, &fter @ g.minute-off pericd u

144 Tube No.o 112, 4 < 5.0 volts hEd, tefore Lhe.vi%r-tiuu 9 cn
inttial delay pericd of 74 niautes &b 25 0. t{tff “ i-ﬂ}ruzﬁ-jff poriocd
the delay wWLe 14 minutes “nd 30 seconds. the uﬁty for U e were trhen
frer piny trisls in the rajority of which the tubve pr E
snralisbie., Kt wes found that cfter o heuting of 2 O '

chorts itoelf with the surrent inctintly rising to sbout 77 mils

The control ; 4 ropidly, indizsehing ¢

aentaste opened end algeed T
Ll LTave agntiot 2}‘&&131" sith the suae

pnode nnd

T M3 e
hpo = T i 5 l‘t__v;-1\5_;[1'.‘.1.}.:\".3‘_? - 4 B
i : i k: ) % i m =
thig jer of fome sort mad 19 0L inst
‘
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At 070 the initiczl dqeley W&

J ab 3
G—Minutﬁ~01f pericd the delsy wab 14 minutes A4 seconds,

S

175 Tobe Bo. 113, BY 7 L.6 volts wes cpert ted on purpese &t £ = 5.1
‘volts end & new tize deluey sharacteristic obtuined ot 28.5°C. Under this
operuting condition the initicl time deley wes 23 minutes #=nd A8 teconds to
moke relay pick up et L0 millicmperes. Lfter & S-minute-off period it required

9 minutes ond 18 ceoonds to actunle the relev. This test shows that the sune
tube which failed to meetl requirements with & heater voltege of 4.6 volls wW&s ;
catisfectory when the healer voltege WeS inereased to 5.1 voltls. i

18. Plate 5 chows the oscillogrems of supply voltege end rectified
~ current with the subject tube end oxide rectifier in series. The current wave
 form for tubes No. 11l end 112 is & normal half-weve rectified current with
the negative half-cycle conpletely suppreseed. The wave form for the
~ rectified cwrrent of tube No.112 chows that the rectification is not complete.
. Ho oscillographic record wag mude for Tube Ho. 112 due to ite instability and
 the danger of burning out the oscillogrepﬁic element. However, the
rectified current weveform for this tube w8 viewed under favorable conditions
in & cuthode ruy oscillograph end found to be VEry similar to that of tvbe
No.118, thut is, the rectification was jncomplete.

39. The copper oxide rectifier wee removed from the circuit end the

tubes opestted &b 259( gmbient temperaiurce. Tube Ho. 113 required 52 minutee to

resch & suturation curreat of 36 milliemperes. Tube No. 111 required 40 minuies

to recch z current of 32 milliumperce. Dn the other hend the current for

tube No.118 remained constent at 12.4 millicmperes 2t the end of 34 minutes

of operstion. incidentully tiis is.the tube the. osoillogrea of whiih showe facosplete
rectification, However, c1thoughn with ths copper oxide rectifier in ceriec this

tube functions the best relative to the other tubes, without the oxide

rectifier it is the least cutisfactory. Inis proves that the copper oxide
rectifier pluys &n fmportent aireuit function, nemely, to increste the recti~
ficstion effl i tybe in sddition to the protection 1t
Bllords > 3 cra back, inosmuch tg the inverse
rectifie ifier it Ligh. It has been caloulated 0
be &5 io srosching infin i, € his
8C 28, 5~ wera ond o lnve
Copper o the fempel

fCreas geourred in B0
Wi o 1i1 ine sontrel reding pl .j§.vt:

=t NG to ohistLely alTer LR t he




of thosze tubes showing inconplste rectifiicatlion. Thic indiesten il b
sliernaving components oi tne current flow through the relsr wiadi fud
B T T B et .- _— s 2 -
= s v - .= - Lo

premuturely. For this rosson suech & relsy cznnot be uced on chitplo
mey be uscd on shore stutions.

21, The current inerezzec stezdily with bime for tubeps No. 111 wnd 113
Tube No. 118 produces & dip in current, smell but definite, duriag the [irct

- e, o (=] b
11 minutes of heating. The current becomes unsteady betweesn 2.5 end 6.0

millizmperes after which it continues normally.

CONCLUSIONS
22. The subject tube holde promise of mtterizl possibilities for Hevy

use, but at its present stagc of development it is not entirely satisfectory,
perticulerly for shipboard uce. The tects of four semples indi-ate that the
time delay period is & function of the heatlng of the cathode. Howsver, once
thie Lecter voltege 1s determined for &« certein time delsy period felilng
within & predetermined reange of time, theres io neo pocitive ctsurince thed the
deley will bte repested for the seme time. One tube which had ¢ time deley of
33 minutes one dey &t & certain temperature, showed & delsy of 55 minutce the
next dsy &t near the seme tempercture. Thie, however, 1is not true for all
tubes investigated. One tube had very nearly the seme deley of 33 minutes [lor
temperstures of 0°C, 25°C and 50°C.

5

23. One of the four semples wes entircly unrelleble from the
beginning of the tests. It appeers thet the short speeing between wnode end
cathode is such that in the case of.this tube en intermittent short circuit
oceurs & goon &s the cathode is heated sufficiently, within a few minutes, to
emit clecirons. The subject tute is & vecuum tube. In 2ll cuch tulec the
drop within the tube iz normelly high. The desire to meke & iow drop tube
may have influenced the design to the extent of having the enode very near the
cuthode. 1n such csses & strong vibration mey short-circuit the tute.

#perienced 3 of the /4 swumples.

2L. ‘Ho tendency to M"erc-back® wae €
¢ not tested.

Vi
The fourth semple wes & bed tube &nd ve

25. Of the three good tubes, two cin be used without the copper oxlide
reetifier. The third tube yields & comperetively emell everzge current dve to

its Incomplete rectificstion. With the oxide rectifier the cefficloncy of
rectification is increuced.

26, The oxide rectifier is useful in the operstion of the subject
tute in two respects: (¢) 1t eliminatec the poszibility of tre-boel due to the
comperetively high inverse resistence of the oxide rectifier. (b} It irncreoice:
tlhe rectification efficiency of the subject tube. The inverse refittince of
the oxide rectifier wes found to te prrticularly high &t 0°C.

-

AL The identifirttion of the tubject tube, Ireluding the Loiler wvollire
end seriel nunber designetions, ee gispleyed on the bese, ig culblecl Lo
erssure end feding end ie therefore wneetistfoctory.

.
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