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AUTHORIU,TION 

1. Tests authorized by reference (a) form the subject m&tter of this 
report v1hi ch speciffo&lly trecits of an electronic devi-::!e manufactured by the 
General Electric Company und designated by them as Kenotron type .FP-163 
"Tirne Delay l!J.ectronic Relay". References (b), (c) and (d) are informative 
on :natters relevant to the origin of the pre::;ent problem. 

Reference: (a) Bu£ng. l tr.NOs-35693 (11-25-W8) of 11 Scpt.1935. 
(b) Bu:Eng • .ltr.NOs-35693 (11-25-WS) of 10 Dec . 1934 to 

INl'.:i., Schenectady, N. Y. 
(c) INM., Schenect&dy,- N.Y.,ltr. C-35693(223), C-36484(1.32) 

of 23 Nov. 1934 to BuEng. 
(d) General Electric Co's . ltr. of Nov.13, 1934 to INit, 

Schenectady, N.Y. , on contrcJ.cts NOs-35693 and NOs-36484. 

OBJECT OF TEST 

2. The object of this investigation is to study the operation of the 
General 1:J.ectric type FP-163 vacuum tube tL~e delay relay with i ts associated 
circuit, to ascertain its electrice.l performance in this circuit, to obtain 
its mech&.ni~al and electrical charact eristics, and to determine its suitability 
for use in Naval Service equipment. 

ABSTRACT OF l'ESTS 

3. One group of four samples of the subject type tube submitted by 
the Gen~ral Electric Company for suitc,bility tests was employed to obtain the 
data presented in this report . 

l+. The time delay characteris t i ~s of the four srunples were obtai:ied 
at ai:ibien't temperatures of o0 c, 25°c and 50°c before vibration and at 25°C 
aft er vibretion. 

5. The volt- ampere characteristics of the fow· samples, employing 
direct voltages, were determined for an ambient temperature of 25°c. 

6. The subject tube is normally used in series with a suitable copper 
oxide rectlfler. The tube's performance with and wiU1out the oxide rectifier 
and its tendency to "arc-back" were experimentally determined . The volt­
ampere charact eristic of the copper oxide rectlf ier and its forward resistance 
at n9rmal current were obtained at ambi ent temperatures of o0 c, 25°c and 50°C. 

7 . The heater voltages used wer e 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 fou.'1d useful in tv;o iruportc.nt r e:::pect~;: (1) It tend~ to elil:inc:.te the 
pos::.ibility of lr.rc- tc.ck due t o the compiri:.tiYely r.igh invene r esiztm1~e 
of the oxide rectifier. (2j It tends to incr efase the r ectification 
efficiency of tbe r ectifier tube prope?' . 

(j) T'r. e for-wEJrcl Emd inver~!o? rc::.i1., t!,.acef, of the copper-oxide rectifier 
we1·e found to be function.:; of the tempen~ ture, decref\sing with incree.!Si!'\:i_ 
tempe!'c.ture~ The inverse resist&.nce of the oxide rectifier ,1/i::> f?t:nd to te 
very hi8h, &ppro~chir.6 infir.i ty ,n.t o0 c, /,6,000 ohm~ at 25°c und 5,800 ohmr, 
e. t 1..8 . 5 C. 

(k; 1he identification of the sub~ect tube, including the heater 
voltf,ge and i:er.if.ll number d.e:,ignz..tion::.,, cs di::.plnyed on the base, is subject 
to en.~ure f..nd fc.:.ding i::n<l i.s therefore un s.::. tl::,fa ctory. 

(lj lt vrill be noted i !1 s ome graphs of the time delay charl'.cteristics, 
th&t l'1fter t.rie ini ti[,l time delay the current «t t = 0 has u11 .ir..stcilltoneous 
value \'1i th & 90 degr ee slope, then in the nroct 3 to 4 seconds i t <.:lecrer.ses to 
iJ. mlni1".lU1!, Vlll 1;.e , i:,nd thereafter it begins to rif;e exponen tieJ.ly in a. charE~ter­
h: tically nomcl fashion. 'l'he explarn:~t.:.on of thif, creek ·in the chc.rncterfatic 
is due to the _fQid!:mentr.1 design of the subject t1,;be. Al though t he he~ter 
current commences its flow a t the inst"r.t of closing the supply swl tel: the 
oxide coating ft,ils to receive Ut)Y part of this hen t energy un tll 3 to /.,, 
seconds have el"psed. 

·(mj The spLce current for tr1e period of 2 .5 to 3. 5 r.:in,1tc~ of initi:::.l 
hcvting is zero for the lnitid t i me del£-.y of the subject tube. Referring to 
NRL Report No. R-1 23.3 it will be noted t h1;;.t the spi.:ce cur-rent for· the type 
f'P-16/~ t ube, v,hich h : f!lso de~igned to hr,ve a. time dell!Y cbo.rcctcristic, is 
grea.ter them zero for the s£Jme int erVbl of time. Thi~ ref:ult nri~es from the 
fuct that ir. the cbce of the type F'P-163 tube, the br..rlur.: oxide coc.ting 1.::. 
heE.ted nlruo~t entirely by conduction f r om t he c8thode, whtir•r:as in the c&se of 
the type F'P- 16.4 tube, the bs.riuz:i o:dde COG.ting i s hell ted pnrtly by dirent 
ri;diEttior. from the hentGr and po.r tly by n:ett,lJ.ic conduction from the cnthode 
r!![;c~f; proper. Consequently, in the FP-161., the co0.tine rtrneives clmor,,t 
l mncdiutely e. quantity of hel:.t enel"f::Y by cilrect r;Hli!..tion from the her,ter 
imfficient to raise the tempcrt:.tt;re of the coatlrig to ti degree the:.t pe1-mi ts 
C:. ~mull c.:.mount of emlr-sion tbvl3 rJrovi d.i nt; the liiet,n::; whereby some ~pc.;ce current 
f lciwi, 1:1s f,hown by the grv.phs. 

(n) The r€peu t obility of the tlme tlelc;y of the subject tube wider the 
uw,w condl t ion::; of test l,.;f or-£; vl br u tion ;;a::: fotmd t o be gene:·f!:l. ly su tid'f•cto!'y. 

(aj It i s ;recommended thut the t:ubject t ube be i·e-CletdJ;ned mechc:nic&.lly 
in o:r<kr t het: - (lj The wdh of the heHcul J-,eater rem&i n c,t &11 times coinci dent 
with tbe tLXl f; of the cylfodri ccil cathode . (2) The plE..te be more r i gidly Fupported 
so that vi brbtion does not chbnge jts relc-.tive po~ition with rei:.pcct to the 
ccithode. t:uch ~n undesi rr:ble condition tendr to dlmini~h the tir.,c delti.y period to 
an apprccie.ble exttint bocoming detrirr.ental to the tube c~nd de t:tr oying the 
purpose for v1hich it we.s designed • 

.' '· •, . .... . ~ . . 
\..,J .&.••"" ..,,, .. • '-'HI.I..&. ...... \,,,\.• ..., .... ,uu V.&. , •• ,,&,,&~ UL,0.IJ"" V U vu .... u, ...L.U, ........ , .. u .. ..LU(; VU\,;;, u~n\,,t:-.L" 

voltage and scrit,1 numb~!' designution&, should be s tcmpcd in r. legible l.n<.l 
p er1r.c,.1ien~ manner with no possi bjli ty of erumire. 
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DE:::CRIP1'J-9N O? MAT.i!.JUJL AND J..PPJ,.RJ1TU~ UND.ii.:P. TEST 

· 8 . DeEcription 0Lf'1ibe. 1'he ~ubjcct tube i& ~:.. high vecuum tube 
designed for· ct low intern&l drop. It is funck.mentdly c.:. diode or httlf-vmvc 
rectifier, it::., bade elements consistine; of ~ plc.te and t. cathode, the 11:.tter 
being heate6. partly by rD.cU..v.tion i,nd purtly by conduct.ion from .:. concentric 
helical heater. The tube i5 prir::arily designed to provide a del&yed time 
function of current. The tin~e delay property of this tube is s. re::.ul t of the 
unique construction of i te cathode ,,hich consi::;ts of a solid ffih$S of nickel 
metal in the form of &. hollow rit;h t circult.r cylinder endosing the helical 
heater, as mc.y be seen in PlE.tes 1 and 2. .,-.ttached to and f:urroundir:g the 
c&thode nw.s::, is a thin metc::.llic sheet forming f1 concentric cylinder. On the 
lower end of this Eheet, on the outwf.:.rd surfface, is a layer of bariur.\ oxide 
conting of 1/4 inch width. Surrounding tbi~ coatir.g nnd :::paced t. smal l 
dist&ncc from it is o. thin metallic sheet in the form of£. circular band of 
the BE.me ,ridth M• the eoatir~g and concentric with the cuthodE: mass . This 
band. serves c.~ the rrnode. ·Toe upper end of the heater is welded to the cathode 
ml.nr:, cs me.y be teen by reference to Flt, te::, l encl 2. 

9. Principle_of 0perEJ.tion. The munner in which the subject tube pro-
d..ice:::: its ti.rr:e delE.ty is as follows: The ce.thocie m&si, is heute:d, indirectly 
in lb.rge p&rt by rudfa.tion, and dlrectly in srr.a.11 part by conduction from the 
hectter-. 'The oxide co"tine which is the main source of electrons is hec::.ted 
clirectly by conduction fro!.1 trw ca tbode file:;.£::;. The size of the rr.ui;::,, and the 
e.vailftble heat energy, as determined by the heater vol te.ge .md impressed 
direct plate potentitl, provide e. grb.dual heating of the coating t.nd, hence, 
& gr,,.duci.l increase in the emission of electrons from the cor.tine;. 

10. Plate l is a photograph showing the l.i.SSembJed tube e.nd its indivic!uru. 
parts. Plt-tte 2 shows <- vertical cro~s-section of the essentiE.l inner structurti 
arrLngemcnt of the elements of the sub~ect tube. 

11. Description of P.ppn..r:utus. Plccte 3 is a photogruph of' the experi-
mental set-up of the appu-atus for conductir.g the various test~;. The es~entiEl 
iterr,s consif.:t of the following: 

(a) A 110-6. 5 volt, single-pho.se, 60 cycle per second, 500 \'s.::.tt 
transformer, for f,upplying po,,er to the tube. 

(b) A suitable V&l'it:.ble resistor. An initial value of 750 
ohrnr, is reco1mnended by the nm.nuf~ctU1·er. 

( c) A con tl'Ol relay, mi::.nufe.cturer' s type CR2810-1265H-ll.3. 
This relay is so :.,cljusted 1:-s to be energized by the 
r ectified di rect cur.rent when it re3che~; its normt;..l Vc!.lue 
of L;.G milliEJUpcres. 

(dj A copper oxide rectifier, mwuf~Lcturer' f, type 6RC3Bl6/,, 
125 volt input, .39 volt, 65 millit:mpere~ output. Thh. 
oxide rectifier is used in series with the subject tube, 
the negative potenthl end of the r ectifier being connected 
to the i.:.node of the t ube. The purpoce of the rectifier is, 
presUJr."'bl y, to protect the subject tube from t.ny tendency 

l. . l . _ • ·- . , . ! I .: I , • .• . I. ~ 1. , . - I ,. 
_. V tll"-'-.) 41.&'-- "''-' ........ '-' ..,,.._._~,_.,. • 

function if, to increo.se the rectificl..tion efficiency of the 

,· ... . ~ 1 - - . - . . ... "\ 
• ..,..,._ v ..... .............. '-:1.....u...-. .......... ., ......,..,.}"-..,..0. .... ~.._ V "-'•"- .._.._._ V 
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subject tube when needed. 

(e) A varia.b1e filament rheo~tat c~phble of carrying the norm:;l 
heater current of 3 -5 bnperes. 

12. Diagrs~ of Connections. Plli. te 4 sho,,~, the electrical circuit 
connections employed in obt&.ir.ing the tin:e delay chc.racteristic.:s. 

~i.E7h0IJ OF TI.ST 

13, 'TI1e procedure er.iployed in obtB.ining tbe desired dato. wo.s 11e 
follows: 1lith the tube cold cit room temperature the primary ~upply volt~ge 
Wbf. adjust ed to ex~ctly 110 . 0 volte., the heater voltage to that r.-.arked on the 
base of the t ube, 1:;..nci the rise of the rectified current e.gainst time noted . 
. The time \'/US determined by menns of a stop wbtch, indicatir.g minutes and 
::econds , f rom the ins tliO t of closing the supply switch . 

14. Tne tirr.e del~y characteristics at c.mbient temperatures of o0 c 
and 50°c were obtt.inec.1 by pl&ci:r.g the apparatus inside t:.n automatic t emper<:.ture 
controlled co~p~rtment. 

15. The tendency of the subject tube to arc-b&ck was determined by 
operating the tube without the copper oxide rectifier in the circuit. 

16. The subject tube wa~ given a vibr~tion test for one minute 
with no voltagesapplieu. The effect of the vibrstion on the oper~ting 
perfornu,nee of the tube wi.s determined by obtt:.ining its t ime delay chctrl.lcter­
istic immedie:tely after the vibrE,tion. 

17. The volt- ampere ch&r&cteris tic of the tube wus obtdr.ed by 
applying direct potenti~ls. 

18. ln~Sl!luch as the copper oxide rectifier i s required for tte normal 
operation of the subject tube, the determinr,.tion of the ch:src,.cte:ristic 
properties of' the former c--re evidently desirELble. The volt- ampere chc.:.r,1cter­
is tic of the oxide rectifier w,,s obtuined using direct voltages and i tf; for­
w&rd resistance at 40 millie.mperes v:E<s determir.ed from ik chure.cterhttic at 
~bient temperatures of o0 c, 25°c a.nd 50°c. The inverse rectifier resif,t&n:::c 
v:&.& alr-;o determined ut these temperatures for voltE:.ges corresponding to the 
n,J:::-mtl circuit current of 40 rr:illie_rnperes. The volt-&mpere chura~teristic 
for o0 c tl?ld 50°C was obtained with the rectifier enclosed vii thin the 
temperature contr·olleci compartment. 

DATA RECORDED DUBl.NG TE.ST~ 

19. The de.ta obt&ined during the teste are plotted end sho,•m e s 
grr1pht; on Plc tee 5 to 27 incl uni ve. 

20. The data. for the ir.ititl time dele.y und the time delo.y ~fter two • 
minutes off, wl th the ve.lues of externtl retist,mces used and tte varying 
conditions of aobien t temperature under wtich the tests \'iere conducted r~re 
given in Table 1. 

T'\, ,, 1. . -.- L. "'l:,-., ! . ,., , •• • • -! - -- - 1 - - .1. \.. .., \. ! .. '1 . '1 ... . - - l • .-. • .. ,L . _ ! •• \..! ... -
,._._..,,_._. .-- ..,,...., _, -•• - ----•- ...... ..., ............. '-"-..>•'-' ----J ._.....,_.., -•o1 v-~ ...... . .., ..... .., •• ,, 

of the s ubjec t tube under the condition::: indicated on the plt.tes. 
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22 . Platei: 8 to 11 incltwive shov1 the volt-ampere ch&.recteristics of 
the tubes s.t ordinary room tempert.ture. 

23, Plates 5 to 7 inclusive show the volt-a.T-.pere charHcteristics of 
the copper oxide rectifier e.t tl.".ree different temperatures . 

PROBABLE )JlROR IN RESULT_£i 

24. The c.ccurecy of the data obtcir1ed thro1;ghout the teets i~ well 
within 1%. 

RESULT::, OF TEST 

25. The results of tt.e test~ are given in Table l , and the gr~phs are 
sho,m on Plc.tes 5 to 27 inclusive . 

26.(aj Tube No. 108, heuter voltuge /4./4.5 voltE, und employing fill external 
resistc;nce of 250 ohms, had initial time deh.y , before vibraticn,of 9 minutes 
and 50 second~:, 9 minuter; c.nd LJ becond.s, and 10 minutes an<l 43 seconds for 
ai:ibient t emperuture~; of 25°c, o0 c c..nd 50°c respectively. After tt.e vibration 
the initial time delay &t .25°c was 9 minutes and 32 seconds. The spBcific;;.tion 
requirement if that tbe ini tic.l. del~-Y period f'E.+l within the range of from 9 
to 13 mimJtes. 

(b) The tirr.e delays after E:.. 2 minute of f period were, before vibr&.ticn, 
5 minutes and 30 seconds, 5 mir.utec und 30 seconds, and 6 minute:.: and 25 
seconds for wnbient temperEitures of 25°c, o0 c and 50°c respectively. After 
vi bra ticn the time delLy at 25°c W,if; 5 minutes end /1 5 second::;. The ,$pecifi-
cn tion requirement is that this deli,y period fall within the time range of 
from 4 to 7 minutes . 

27. (e.) Tube No. 109, hec.ter voltl:i.ge 4.65 vol~ and ei:iployir.g nn e:xterncl. 
resistance of 450 ohms, had initial til:le deh.ys, before vibration, of 10 
minutes and zero secondi,, 6 minutes and 30 seconds, end 8 I11inutes and zero 
seconds for enbient tcmpercitures of 25~C, o0 c and so0 c resl?ectively. After 
vibr ation the initial time d6lE,y ct 25 C w&s 11 minutes ~nu 30 seconds. 

(b) The time delc.ys after e. 2 minute off period were, before vibrCLtlc-n, 
6 minutes and zero seconds, 3 minutes and 21 seconds, and 4 minutes and 15 
seconds for ::.mbient., temperr~tures of 25°c, o0 c end 50°c respectively. .After 
vibrB.tion the tirr,e delf,y s.t 25°c ,vr.::: 4 minutes and 20 secondi: . 

28. (a) Tube No. ll0, hec.ter volts.ge 4.10 vol t4 and employine an extf:rne.l 
rer::istance of 150 ohms, had initial time delE,ys , before vibretion of 7 minutes 
and zero seconds, 12 minutes and 20 s econds, and 14 minutes und 25 second~; for 
cmbient temper atures of 25°c, o0 c a.'1d 50°c respectively. After vibrEition the 
time delay at 25°c wus 7 oinutes and 7 secondo. 

(b) The time delays t.fter e 2 minute off period were, before vltr&tion, 
3 r:iinutes and S seconds, 7 minutes and 19 secondE, and 7 minutes ;md 32 
seconds for ambient te,mperutur es of 25°c, o0 c and 50°c re~;pectively. 1.fter­
vibration the tlme del 0y at 25°G w&s J minute~ and 9 ~econds. 

29.(c.) Tube No. 111, heater volt<'-ge 1,.35 voli4 vnd employing ti1 extE.:rncJl 
resi[tan~e of :'.50 ohm::., hctd initiHl t i me dela.ys, before vibration, of 9 
minutes and 47 secondf., 8 minutes anG 36 seconds, and 9 mlriutcs and zero 
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seconds for c.mbient temperatures of 25°c, o0 c and 50°c respectively. After 
vit>r?-ticn the time del€.y at 25°c vms I., minutes and 52 seconds. 

(b) The time delC;.ys &fter b. 2 minute off period were, before vibrc.ticn, 
4 minutes and 35 seconds, L, minutes and 54 secondr-, and 4 minutes and 24 
seconds for 5mbient temperatures of 25°c, o0 c and 50°C respectively . After 
vibration the time deli:.y at 25°c was l minute [;.nd 23 seconds. 

30. Tubes Nos. 108, 110 and 111 sho>'I a definite brevk in the smooth-
nN;s of the vol t-amperc charucteristic, a rather E.brupt chc.nge in slope, 
occurring a.t exectly 10.0 volts in e&ch case. Tube No . 109 apparently is 
an excepti on. See Plates 8 to 11 inclusive. 

31. Tests on tt.e subject tube have shown tbut employing 750 olur.s for 
the external resistance and incre&sing the· heater voltc:..ge prepo1·tionally no 
~ubstantial control of the initial time delay period is obtD.ined. lbe dele.y 
is apparently lf.:.rgely controlled b:r tr.e m&gnitude of the applied direct plntc 
potential which in turn depends on the drop in the external resiste.nce 
employed. 

32. The shiipe of the rectified current wave, with and without the 
copper oxide rectifier,wes found to be satisfactory, one alternation being 
co~pletely suppressed,as viewed on the screen of an oscillograph. 

33. With 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 fu.'1ction:; of the temperature a.nd decreasing with increm:ine 
temperatures. The inverse resistsnce w&s found to be very high, approaching 
infinity,at o0 c, 46,000 ohms at 25°c, an<l 5,800 ohms at 4S.5°c. 

CONCLUSIONS 

35. The subject tube holds promi~e of n:eterial possibilities for 
Ne.V'J use but st its present sti.ge of development it is not entirely nuti~­
factory, particularly from a mech&nical design standpoint. 

36, The tests of four samples indicate thii.t the time delay period 
is primarily e function of the effective direct voltc.ge impressed on the 
pl.:te of ttc tube and, to o. lesser extent, a function of the heEiting of the 
Cl.thode. 

37. The extern::.l resistance required in order thti.t the time delay 
period fall within c.. predetermined'rt:.nge of time is conbiderably different 
for ea.ch sumple submitted. Ibis resistE.nce was found to be condcer&bly 
sm£.11er tl:an the value recor.:cendec.1 by the manufo.cturer. 

38 . The method of suspention of the helic,d he£1ter at its upper end 
if; not such us to insure a reasonably satisfactory coincidence of the 
[.xee of the he&ter and the cylindr.ical cathode mass as mE>.y be seen in pl&tc 
2. The fact that the bee:. tcrs for ell of the srunple~, had their central 
portions disph,ced to such U1 extent L.S to a.l rwst touch the inner wall of 
the cathode gave rise to the follo,,ing undesirable effect: A few secondE 
after power is &pplied to the tube from the "cold" condition, and regardless 
of the ambient temperature, the tempera ture exponsion of the bester 
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!ti. The space current for the period of 2. 5 to J. 5 minuteD of 
initial hee. ting is zero for the ini tfol tir.",e dela.y of ti!e subject tube. 
nererri:1g to NHL Report No. R-1233 it will be noted that the sphce current 
for the type fP-16/. t.u'o~, which is &lso designed to hl .. ve a time deh.y 
ch1:1r1-Jcterh,tic, is gret.ter than zero fer the name intcrvtl of ti.me. Thi~ 

. .resµ]. t:,_ t:.rit,e~ from the fl.ct thtit in the case of the type FP-163 tube, the 
bari ut:1 cxictc aeu biRg is heiteci .;lmo::.;t entirely by cond.;.ction from the catho<le, 
,•;be.1·t'!ab in the C6.$e of' tbe t:/Pd l'?-161, tuL1:;; , tne h.rit;m oxiue cof,ting is 
bec.te<.1 partly by direct ruiiution from the heatc:;r and partly by met&llic 
conduction frorr. the ci.tr~ode moss proper. Consequently,in the fP-161,, tirn 
coating reeeive& &~ ••imhecliG. tely a quwi tity of he~ t energy by direct 
rc.di£.tion from the heater ::ufficient to r1:.i~e the temperatc1re of the 
coc..ting to c. degree that perr:,,i ts ti s;;11, ll U?1ount of emi.s~~ion ttu.b providine 
the meckn3 v,hcreby some spice current flo•,vt. i;,;.f, sho·;m by the gJ'.·,.phr.. 

48. The repeatc.bilit.y of the time deluy of the subject tube 
under the sr;,ne conditions of test before vibr,;tion was found to be generc.lly 
satisfa.ctory. 
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Tube 

Th.EL£ 1 

Gene1·al .:J.ectric ,Tirr_e Dele.y,fil.cctn'.)hj_('. Rel1:.y, Vacuum Tube 
Device, Type fP-1 63. Pf..rtiril stu:unnr;y of chu1·&ctcristics versus 
tonipcrL..ture, before cn<l after vibrstior1 test~ on tube~. Tirr.e 
6iven in minute:s and seconds required to vctuc. te control 
reh 1.y,Gene!·;;.l l!J.ectric type GR 381C- 1~65H,c.t its rc.t.ed current 
of 40 milliernperes, d.c. 

Condi tionr, : - Temper.. ture, ~ 5:::> Cer. tigr~de, befor e vi bre. tlon . 

Hetiter External lnit.iol Time Delay 
Voltcgc f..eziftcmce Time 

Ser- •. _No. ____ (Vol ts) . ( Oh!!i&_ __ __ ___ 1.Jeley 
after tv.o 
minutes off. _ 

106 
109 
110 
111 

108 
109 
110 
111 

:!.08 
109 
110 
lll 

108 
109 
110 
1 l ~ 
~..1...1. 

4-45 250 
4.65 450 
4.10 150 
4.35 250 

9- 50 
10- 0 

7-0 
9-47 

5-30 
6-0 
3-0S 
4-.35 

Condjtion~: Ternperaturl?, oo Cen tlgrudc , before vibrutlon. 

4.,.5 250 9-4.3 5-30 
4.65 1.50 6-30 3-21 
4.10 150 12- 20 7-19 
4.35 250 8- 36 4- 51. 

Cor.clitbns: Tei?lper&t:.ire, 50° Ccn tigrutle, before vibration. 

4.45 250 10-43 6-25 
4.65 450 8-0 4-15 
4.10 150 14- 25 7- J?. 
4.35 250 9-0 4-44 

Condit, i::>ns: Tem})(:l~s t:1ra, 25° Centi grade, afte.r vib::--9.tion. 

4.1.5 250 9-32 5-1.5 
4.65 450 11-30 4- 20 
L,..10 150 7-07 '.3-09 
4.J5 250 4-52 1-23 
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