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Abstract of Report 
on a Study of the Non-Unlforoity of the 

Running Rates of a Certain Type of 
Time Delay Mechanism 

From a study of nearly 300 samples of a certain type 

of clock mechanism It vao found that the period vcries some 

8^ above and below the most popular yalue.    The most important 

reasons for this variation are (1) the differences in geometri- 

cal dimenslona of the verges,  (2) ttö differences in the center 

to center spacing of verge and starwheal shafts,   (3) the friction 

of Lüa gear train which transmits the torque from the spring to 

the starv/hosl. 

It was shown that shape or condition*of shafts and bearing 

holes is relatively unimportant.    Less important effects were 

also noted.   All work described was carried out on the assumption 

that the mechanism la not being accelerated as a whole. 
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A Stud.r ~ t' the No:11-Un11'ort.11 ty of the Running Ro.tos of 
u Certain Type of Tirne Delay l.~chanism 

I. Un'ROD\X:TION. 

A certain type of ti1ae delay r.l8ChRn1m is bftsed upon the bohaYiOUJ' 
of an nntuned verge driven by a toothed wboel, this tthoel being the final 
element 1n a train of geors actuuted by a coil sprin~. In two previous 
reports (these reports being on file in the library of Diamond Ordnance 
i~ze Laboratory) tnll be found a complete theoretical diocusoion of the 
effect of both d~c ond geometrical ctor o_ tbe operation of this 
device. 

The purpose o/ the w~rk discuds d in th1a report wos to ascertain 
Where possible, the reasons for t non-unifo~ty in behaviour of suppoaedlJ 
identical mechaniama. Those studies refer only to thu cnse where the 
moohaniom as a whole is not being accoler \ted. 'rhe rasuit s reported in 
most cases deal with ttla no:nin.al 1 second machanisw; tb.ut is, a mecllan1• 
whose runninc time ia suppo edly l sse. ApproximHtaly 300 such identical 
macbanisms wertt used in the te ts, all of them heretol'oro being WlUsed. 
These 300 mechan1snw n-l oaoe from the same factor;y run, as far as is 
known, aDd appear to ha eye to be oxoot replicas, one or tho other. 

In order to doacribo tho various obsorvntiona accurately, 
Figure 1 shows a purel;y schematic diagrRm of the e~Hential ~rta of the 
mechanism W1 th the names used in deacribing the parts. lie e1opbaaize the 
fact that this is a schomntic diagram. 

1. verge 
2. verge abaft 
3. atarwhae:. 
4. starwheel pinion 

Fl G. I 

5. starwhoel shaft 
6. intermediate gear 
7. 1nte~dinte gear pinion 
e. intermediate ahatt 

9. drive gear 
10. cockina lever 
11. coil spring 
12. drive gear ahatt 
13. 1nert1a disc. 

Elements ~. 4, 6, 7• and 9 are all goara and nre toothed. Tbeae teeth nre 
not ind1oatad. 
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The operation of the müchnnlszn in.  as folloiva. Drive gear 9 Is 
rotated counterclockwise as far as i-ossible by t:^ cockln;: lever 10. This 
winds the coll spring 11, During this operation, ull other elements of the 
mechanism move. Then the cocking lever 10 is released, the spring 11 drives 
gear 9 in a clcckxvisa rotation, this motion being transmitted to atarwheel 
3. As the atarwheel rotates the two ends of verge 1 alternately collide 
v-lth teeth on the atarwheel 3. At each collision energy is removed from 
the system and a uniform average velocity is attainüd. The disc 13 increases 
the inertia of the verge, and helps determine the period. The period of 
the mechanism is the time required for the cocking lover to move from the 
"wound" position to the position at which it cones free of gear 6 and 
strikes a stop. The whole train shown schematically is cased between two 
circular plates roughly one inch in diameter. These two plates make up 
the case which provides the bearing holes for all shafts. 

- - - ■- 
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II.     V/^T-\TIGI.T 11. PILHIOKS. 

The actual porlod or delay time of n mechanism was noasured in 
tho following nannar: 

A flcaler (Model 165 of Nuclear Instrunent and Cheioical Corporation) 
WHS modified by bringing out  tenainala for an external "count" switch.    A 
pulse circuit consisting of a cquaro v/ave cenerntor and difforentiatinß cir- 
cuit was connected to the Geiger l.Iuller input connector of the dealer as 
shown in n«. 2. 

SQUARE 
WAVE 
GENERATOR 

TIMER 

SCALER 

MM INPUT 
c o 

SCALER   COUNTS       | 

WHEN    CIRCUIT  IS    ^^^QCKINIG LEVER 

OPEN ^ 

FIG. 2 

<■   i 

« 

Usinß tho  internal count switch of  the sealer (external count   switch 
cloaod)  tho  frequency of tho  a.aare wave generator was adjusted until the 
sealer was registering 100 counts  per accond.    Tho count rate waa chackod 
from time to time during the series of measureraents of the delay tlmou of 
the mechanisms.    In ßettin;; the delay time of a mechanism,   the  cockln,? 
lever acted as tho blade of a single pole double pole switch,   the sealer 
recording counts only while the  "switch" wns open,    Tne delay ti .us were 
recorded to the measured hundredth of a sucond but,   obvlouply,   a value 
obtained by a single measurement uuiy be off by one hundrodthof a second 
depending on the phase of the pulse  Input at the instant  of release of 
tho cocking lever of the mochanlaiu.  The cocking lever was released 
quickly by hand and it was found that while uslny a count rate of 100 
per second,   variations in release time did not appreciably affect 
measured delay times. 

In these testa a sample of aone 270 nominal  one second mechanism 
was used.    As far as we kno.v,   these noehanisms had not   previously been ruü. 
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Each one in turn was run once and timed In tho proceaj. -hen eoch v.as 
run und timed again, end then a third tia.o. Finally eich luöchanlsm v.-cs 
run oßain and again until its period became constant, this equilibrium 
period being recorded. This gives four sets of data which were uacd to 
plot the curves shown as Figs. 3, 4, 5, and 5. The smooth curves were 
obtained by fitting the data to a normal frequency test relation curve, 
using the method of least squares. Ordinary statistical tests show that 
these distributions can legitimately be represented by normal frequency 
curves if tho samples are large enough. In other words, if we had used 
a ßemple of 1000 or 2000 mechanisms the points would be expected to lie 
rather closely on the normal frequency curve. 

The first conclusion we reach from Fig. 7 on which all those curves 
are plotted, la that generally spea!cin£; we find a shift of about .07 seconds 
in the running times or periods of the mochonisma as they wear in. This Is 
probably to be expected, althtmyh the magnitude ol" this effect is somewhat 
surprising. One cannot ascribe this decrease in period to any particular 
portion of the mechanism. Small burrs on all the contact surfaces are being 
smoothed away, duat and dirt on these surfaces or perhaps in the colls of 
tho spring is being loosened and thrown off. 

A second striking observation '    tha* the shape of tho first and 
fourth curves is almost identical, particularly as to the maximum deviation 
in period from what we may call the mean time at the peak of the curve. For 
both cases, this maximum deviation is ,07 sec. to .08 sac. on either side 
of tho mean. By actual count, however (aee Fig. 6), the number of 
mechanisms having a deviation of 0,05 or greater -s only 39, or approximately 
lt$ of tha total. It should be noted that four or five of the original 
mechanisms were defective, and would have been rejected in a test inspection. 

Some five weeks after the data discussed above was obtained, tho 
periods of one hundred of the original raechaniKms were measured again with 
results indicated on Fig. 0. This sanplo being much smaller then ehe 
original, the result-ing lormal frequency curvo iv.  probably hut as good a 
roprosentution of cue daia as before. Considerln,'/, this, ana the fact thut 
a difference of ,01 see. in period is not physically significant the curve 
of Fig. D can be said to agrt-e closely with that of Fig. 6. '.Vo conclude 
that the y^rlods of these clock inochanicmc doos not vary with time, at 
least during a few weeks. In other worde, no rapid aging process is preaont, 

Throughout our experimentation one phenomenon was observed to be 
present always, A mochanicm having boon "run in" was laid aside for a 
few hours or a few dayü.  Kien run again und timed, tho first reading was 
always high, with tho second and perhaps tho third decreasing to a constant 
value. Exceptions to this behaviour were Vury few in number, compared to 
the hundreds of timo^ such behaviour was obsorvod. The docreaso In lime 
noted during this process varied from eno mechanism to another but yenGrally 
did not exceed .02, although some few cases were noted in ,vhich a decrease 
of .05 sec. occurred. No explanation for this phenomenon is known although 
it could possibly be due in part to an aging procoss of the contact surfaces 
of verge, gears, and spring. 
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The re:;-..: lt o! these ste.tistical studies see~to establish first 
t l:n t S O!."hS 85 . ~ of all roecr.E1ni~DlS \vill lie within .t ~5; ot the nominnl vnlue 

1' t he period of t he r.JeChanism. This statelllent i s mude with the under
stt1nding that the wean value established by t he llOl'llllll frequency curve was 
nearer .99 sec. than 1 sec., but that an interval ot .01 sec. is not 
physictlly si ·-ni!icant. Upon this basis the above atatemant seems justitied. 
Secondly the running time of a mechanism is determined partially by the · 
nw .uer ot· times it has been run previously, and there is a decrease ot some 
.07 sec. as a mechanism is run in thoroughly. Finally, the period ot even 
a thoroughly run in mechanism usually increases SOJil8 .02 sec. or mare when 
it is stored for even a short period ,ot time, a day or so. Untortunately 
t hen, we tind not only the expected spread or lack of un1tom1ty in tba 
periods, but hlso a dependence ot these periods upoA the past history ot 
t he mechanism. 
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III. r:nrtr OF J.:ECH/\lUSl! POSrriON OU PEIUOD. 

ID the schematic dlegrnm ot Fig. l, the post tlon of the shofts is 
perpencUcular to tbe paper. The two aupportiDg b1•ass plates, which net 
ns a caaiu.a tor the mechanism, would be parul.lel to the paper. Holes drilled 
in tbeae plates sern to aupport the ahatta. 

When the period ot the J118Cbanhm is dete1'Zililled there are four 
posltiona in which it may be placed. They can be described as tollowa: 

. 1. P1atea horizontal, inert~a disc above verge. 
2. PlGtee horizontal, inertia disc below verge. 
s. Plates vertical, verge points down. 
4. Plates vertical, verse points up. 

Periods were determined tor 50 mechanisms, each taken in all four 
positions. In some S5 cnsea, the time associated With positions l or 2 is 
larger than tbe ttmo measured in post Uons 3 or 4. However, the periods 
tor positions l and 2 are not necessarily equal, nor are those for positions 
3 and 4. One IIILlSt not inter thnt there is a clear and well defined differ
ence in these data. One ~ no~e hc~ver, that in a horizontal position 
tho meohaAia period 11 genero.lly sreater than tbat tor a vertical posi Uon. 

The JI8X1JUum variation aJDOD8 the periods tor all tour positions 
for one ruechaniSIIl wns .07 sec. occurring for but one ot the t1 tty 1nechanisma. 
~or at least 40 ot the mechanlwu.s the variation wos .04 sec. or less. Except 
for some extreme cases, then, the period did not change greatly with position 
of 1uechunisra. Such changes as did occur followed no particular pattern ot 
bo nviout• from one position · to anothor except for the general observation 
notod nbove. 'fhi s ma.y be explained as follows. In po.si ti on 1 or 2, the 
plut. s horizonta l, all the elements of the rooche.n1sm, verao , genrs etc. 
would tend to run with the shoulder on the shorts rubbing on the plate.o. 
In poa1t1ons 3 and 4 the shafts are hot•1zontal Alld vhen in motion these 
shnft• rost on the edge of thn holes in tl e plate aupport1nc them. In 
tlo fir3t cuse a greater area of surface is in contact. so that there is 
a g1·cmtor cl nnce ot tr1ctional reoistance due to burrs nnd irrecularitios 
in tl o greater surface area. Study of those shatta under a low }10VJer 
microscope indicates oleurly that the shoulders ot the shaft's, which are 
t o contuct areas in the first case, are much less smooth then the 
cyliudricul surfaces of the shafts which ftre t lle contact areas 1n the 
:;econd en o. Addit1onnlly, even thoue-..h the frictional torces wore tl o 
sum!.~ 1n o1ther case, tho effective lever arm ot the resistive torque in 
t o f il·st C!lse is greater than for the second. This also wo\Lld contribute 
t o l e observed result. 

It mny be emphe.nized in closing this section thnt position is o 
1'1 ct. r to bo 1·oco:;ni zed. he nomiool delay time of a rw chnn1 sm l/Jiay ho 
ch:· n1 ;od by 2;·~ to 5% according to the position in w icb it is run. 
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IV. TilE EFFECT OF niDIVIDUAL COl:FOl!!liTS. 

It was considered advisable to attempt to dete1'111ne hoYt certain 
individual components of the r.leChonism affected the delar tiM. A mechanism 
wns first disassembled and rebuilt in S!JCb a •.:ay that the spring, the star
wheel, or the verge, any one, vas removable. The photographs of Fig. t 
show this teat ~:~echaniam. In this way a whole series ot verges, tor iutnnoe 
could be tested under aH nearly identical cond1tiona as possible. Because 
this data is of some importance it is included in a table on the following 
pnge. Actually there are tl!IIO seta of data included in the table. In tbe 
first, the wheel, verge, and spring ot mecbani• 130 were uaecl as reference 
elernonta in the teat Mcban1•. M they began to ahart wear, they were 
replaced (in the HOond halt of the table) by the eleDnts ot •cban1• 12. 
The mechaniam llWibera have no significance other than a •ana or identifi
cation. 

No particular importance should be attached to any cme value of 
the period appearing in the table, but certain striking general con
clusiona are at once evident. l··irat, tbe individual epringa II&St be very 
nearlr the same in the torque they deliver to the starwbeel, since the 
variation in periods trcm one spring to another 1e very aall, in general 
about .03 sec. for either set of data. It ie to be remembered, ot oour .. , 
thnt the whole mechanical eyetem ·including drive wheel abaft, ••hera, 
inter.med1ate gears, atarwbeel and verge is identical tor each anri~. 
Hence all frictional effects ( xcept the rubbi~~g of ODI spring coil 888inat 
another} are, we hope, the 881118 regardless ot tbe epr1Dg used. We my 
conclude with acne assurance that the variation in iD4ivic!ual sprlnae ay 
indeed account tor some or the observed variation in 1118Cban1afa timl, but 1a 
not, probably, the major factor. 

Next consider tbe resul·.;a included in the colua1 beaded "Verge
wheel periods". For theae data, the verge-wheel ccmabiation •• used, 
thnt is, we placed in the teat apparatus both the verse aDd wheel ~ the 
same mechanism. Here we find a large variation in the ~riocla, ot .apttude 
approximately .13 sec. This variation approaches in .-p1tude the var1atiou · 
observed in the large 8811lple of 275 118Chan1-. Tryi~~g the verse aD4 wbeel 
separately, it becomes evident that it is the verse which is priarily 
responsible tor this variation. The variation in period introcluced bJ tbe 
whoel is soJQ8 .03 sec. There is excellent oorrel&Uon betwen verse 
periods and verge-wheel periods. 

It must be noted,· however, that there 1a no correlation between 
the periods recorded orginally tor the various machanhma before the;; were 
disnssembled and any of the · tin~es given in the data table under d1souaa1on. 
~ui'te clenrly, the friction present in the various rubbiDS surfaces of any 
given mechanism is of utmost importance in determilliD& the period. 

The end result of the obaenationa recorded above is that it 
would be wort b examinina a number or verges caret\Ll.l.T w1 th • view ot 
detennininr the factor or factors which cause the great variations 1n 
period. By t!Jd 88III8 token, it aeelll8 unnecesMrJ to att•pt" ~o at•&dy 
individual springs or starwheela, aince t)leir ettect is so small. 

.. __ 
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V. DEI'ENDlo:HCE OF P!IliOD uroN VERGE CUAJ1ACTKHISTICS. 

The moat obvious characteristic ot the verge which m eht account 
tor the Ume variations ot the preced1If; perat;raph mi{!ht be the moment of 
inertia. This is, ot coursa, a srrnll quantity, but it can be moasured. It 
is UJAll ennue:ll so tho.t the mansureiQents one can lll!lke nre not very preoise. 
iiOw it the moment of inortia varies from verge to verge, it does so because 
ot ODe o:r two things; either the mass changes, or the dimensions of the ver~e 
change. Actually ono would expect 1 these to be mutually dependent. 

Ten verges, chosen from aruone thoso used in the experiment des
cribed in aeot1on IV, were weiehed on an annlytical balance. Their mo.sees 
were tounc\ to vary about 3~& from one extreme to t he other. It does not 
follow, ot course, that there ia tho same variation in moment ot inertia, 
for nothing i• kuown about "the distribution of this ma~s VAriation. There 
is no doubt that. individual verges do vary in c:.,omatrical d.imensions from 
one to the otl~r and this Will most certainly Affect the distribution of 
Jlllss. Untortuootely many eeornotl'icul moa ure1nents on the verGe ore diffi
cult to make, because of the roundinp, of supposedly shnrp corners and 
because ,the thickness of tho ~:arge is not unifonn nftor stamping. 

By usine a omoll torsion pendulum the moments of nine different 
verse-inertia disc combinations wero monsured. These moments were found ., 
to lie between the values .0341 ~c nnd .03G7 ~emu as ~xtremes, a 
difference of some 7'}~ . '!'he method o measurement itself ia not too precise . 
when dealing wi th such smll quantiti s, so thnt not all of this diffe r ence 
is perhaps real. Except for the two xtreme values given above, the 
variation did not exceed 3%. Since t e period of the mechanism has been 
shown theoretically to deperu::. roughly! upon tllo 0.5 power of t l'v3 moment ot 
inertia of the verce, we may probably, conclude that a variation in verge· 
~nt 1a not among the more important onuses of variation in period. 

I ' 
' ' 

Aa a matter of 1ntere~t 1t lft18 found that filing away sane of 
the mnterial at the end of the 1*ertia disc of the verge shaft did not 
appreciably chance the period. : 

' I 
Sinco measurelllCnts of the Vflr i ous verr.e diruenoions did very from 

one to the other, it is importnnt to ascertain whic h of these dimensions is 
critical 1n t he determination of the period. neferonce to tho theory of 
Reports 1 end 2 on this same proLlem eho:1 that it i s the leading collision 
which always affects the JllOtion ot the v1heel moat strongly. It JD.ight be 
expected that any geometr ical variation which would vnry the position ot 
leadina colliaionwould affect the period. On the other hand changes in 
the d1rueD.3iona nftecting the trniling pali~t face would have a much smaller 
result on the period . This is nmply born out in experiment. It. ono mills 
ott one to two mils (.002 inobes) of surface A (trailing pallet) thore ia 
no lo)baenable cb&Dge in the period. r.:1ll1De ()ft one to tYIO mils of surface 
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B (leading pallet),  on the other hfind,  did affect the period radically In 
every case tried.    We then atteicpted to osasure the dlstnuce X0 (see Fi^. 10), 

which should be an 
indication,  poor though 
it probably is,  of the 
position of face B In 
the 15 verges ooasured* 
A variation of XQ from 
.097 inches to .108 
inches was found. 
Specifications call for 
a distance of .097 
Inches in this dimension. 
In all verges examined, 
XQ ^ ZQ*, and the sum 
XQ   ♦ XQ* varied from 
.192 inches to .197 

 ...   _   _    ._         . .._        inches as against a 
specified dimension of .194 inches.    Even under a low power microscope those 
measurements are difficult to make, but we feel certain that a real variation 
in XQ does exist and that this in turn contributes greatly to the observed 
spread of periods. 

No other change in var^e dimensions could be found which 
effectively changed the perloi,  including a rounding off of the verge 
corners. 
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VI. CEUl'ER TO CENTER DISTAliCE. 

A complete theoreticul d1scuosion ot the effect ot k on the period 
ia given in our previous report, where k is the diste.uce from cauter of ver~e 
shaft to ~enter of starwheel shaft. ~t he.s been established theoretically 
that as k varies by a small amount on either side ot the specified value, 
the period Will vary linearly. MOre precisely it ia found that an increase 
or decrease ot k by 2 mils (. 002 inches) results in a decrease or increase 
ot the period by 801118 a;!,. Clearly this dimension will be important in 
determining the period. Sixty meohunisma were studied and in oech case 
the statio center to center distance was measured. By static diotence 
we mean the distance as dotercdned by the shaft bearing holes drilled 4n 
the plates making up the case. In about 6~~ ot these mochanisuw a 
correlation between period and center distance was found. Actually such 
a correlation is not basically important, tor in this as in all cases, so 
J11anY physical factors enter the problem at the same time that the pnl'tfcular 
factor being studied is probably well masked. That even a 65% correlation 
exists, indicates the apparent importance of this effect ot center to 
center dietanoe. '!'be variation ot k was a maximum ot 2 mils above an4 
below the specified value of .222 inches. 

Now examination shows tlwt the diameter ot the holes i~ the plates 
which carry the shafts ot the verge and starWheel are considerably larger 
thnn those of the she.t'ts theruMelvas. When the mechanism 1s operatill8, 
the position of the shat'ts change and each tends to ride over on ono side 
of its hole. It happono that both shafts move in the same direction in 
their respective holes so that the kinetic center to center distnnoe is 
not essentially ditter ant than that measured statically. This variation 
in center to center di 11 t ance does certainly affect the period, and is 
probably one ot the more important factors. 

Before tllo rewlts discussed in section rJ wera obtrsiMd, n 
grout deel of effort bud been put into an attempt to meaeuro the torque 
ex&r ;;e<i on tha starwheel. This torque is, ot cont"se, transmitted from 
tbe spring through the driving and intermediate gears to the starwhool. 
Despite some contradictory evidence, we feel thnt nearly all the friction 
encouutered in this upparntus is in this geer train and spring shaft 
a!;sembly, and that frict1Gn has little affect in t he verge-atarwheel 
combination. Jt'or this rehson, an accurate measurement .of the dyruarlio 
torque delivered to tho st&rwheel would be very 1nfo~tive. UnfortunAtely 
we hnve not been able to uccotuplish thia, despite several different approaches 
to 'the problem. 

Some meaourerooat.s of static torque l'lere lllAdo but +: heoe were not 
very informHtive. They simply ohov1ed that 1".11 springs wore nearly identical. 

ur later worl.: described in section IV certainly corroborates this state
n:out. It is certr\1n, finally, that there is friction in the apparatus. 
\fue thcr its nticnitude remains essentially conztant or varios greatly !rom 
one ~chanism to another, we do not know,· although the second altern&tive 
is by far the most likely. 
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VI·II. THE EFFECT o;:.· Stnu:'ACE COi::.iniC! 1S. 

As in any phys ical si tuation involvins friction, the condition 
of the contac"; surfaces can play an important role in tho behaviour. The 
followill3 simple expe!'inen~ wus perto:rr .. ed on some 14 mechaniflms, ench 
mechanism haTiJlB been "run in" and ti: .• ed as described in section II. On 
the graph called Fig. 11, there is plotted n curve 1, Ymich represents 
these times. It is to be clearly understood that this curv~ has no physical 
significnnce, nor does any other curve drawn on the graph. Their sole 
purpose is to enable the rMder to follow easily the array of points 
reprosontin~ the nechnnism periods ·~nder the various physical conditions 
speci fie d. The mechnnistl nv·.uoers use;-. as abscissas are as before simply 
means of identification. 

Each IOOChanism was now thoroughly washed in carbon tetrachloride 
nnd ret imed. . The results are given in curve 2. Before the periods of 
curve 2 were measured the :mecbe.nisma were thoroughly dried. Whatever 
the physical effect produ~ed by the CCl4, .clearly frictional effects ware 
intensified. No serious work on this actual effect was done, but one can 
imagine that e:t ther one of two things', or both, are operative. There JII3Y 
be a surface film ot oil or grease which is removed by the CCl4, or it may 
be that CC14 reacts chemically with the surface or the plating on the 
surface. · 

Now by selective lubrication, we attempted to determine in \'lhat 
parts of the mechanism, friction was 100st important. Firat ;tho spring i taelt 
wus oiled W1 t h Nye Watch Oil. Curve 3 shows how the period decreased for 
all mec!lanislll3. In tho oiling of the spring, it · was not possible to keep 
oil a wny from the drive gear shaft. · Some oil certainly found its way 
onto the drive eear shaft bearings and up under the washers associated 
With them. Next all other shafts wero oiled with results sho\·m in curve 4. 
Such differences as do seom t o e:xist are with one or two exceptions 
negl1gibl:~ , considering curves 3 and 4. 

The verge surfE\Cea were then oiled nnd of course, attar ono 
runninG, tho starwhool surfaces had nlso bocome oiled. Althougli there is· 
here also some uncertainty, curve 5 seems ·to indicate that oili~ those 
surf~ces makes a real difference in period. Finally, the meshing tooth 
of i nten nedi 11.te gear pinion and drive wheel were oilsd. Tho tightest 
fit bet '· een teeth occurs n this point. Here again the differences in 
period do not seem to be significant, tor most ~mchanisms. 

Tho evident conclusion from tho s e data is that friction i3 most · 
important in the springD, and secondly thut oiliDB tho verge ~nrfnce.3 

heavily decreo.sw t e period. As far as tho spring is concerned, the 
fri ction is most probnbl y localized bctweon the turns e.nd aleo at tha 
washer-case interfaces on tt e spring shaft , most probably the l atte r. •ro 
test the validity of t his nssumption, the periodo associnted with l'our 
different springs were meanured in tle test mechanism described in 
section rv, both before nncl atter the springs thet'l.selves were dipped · 
in CC14 • Tll i f.l cleaning produc.es a. marked effect in the appearance ot 
t he spring 1ndicnt1ng a change in surface conditions. Her·:, we found 
the cout1~dictory ronult that tl~ periods d~creased slightly ns the 
result of dipping. The basic reason for this unexpected result is not 
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known . The friction betvreen turns of the spri Il(; 1 tself lllllY not be due 
entirely to the surface condition but to di rt, dust, etc. 

One last obserYotion mie;ht be noted. Z.~oaur1Dg the periods 
(in the test mechanism) associated W1 t h several vert~•• betore and otter 
cleanina 111 CCl~ revealed no aianitioant chana• 111 t l eae periods. 
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VIII. l.a5CE~IEOUS OBSE~ Ni.'!:'IOllS. 

(A) Sepe.rat ·~on or CnsinPa Plntes. 

An important factor 1n the free runnill8 or jammine or · tl e mecht.mism 
is the orientation ond spacing or the two plates 'Hhich make up the cos1Dg. 
In mounting these mechanisms in the timer, some t hree or them jammed 
because the plates Ytere spread or rotated slightly. Whatever method of 
mounting is used, a slight binding is enough to jam the gears. One can 
pinch the casing plates between his fingers slightly and see t his happen. 
The shoulders on the sta~vheel shntt being cnucht botween plates, the 
resulting frictional torque exerted on tho stnrwheel easily stops its motion. 

(B) Loose Gears and Verges. 

In a tew instances, it wns tow d that otter running the mechcuiism, 
a gear or the verge had worked loose on 1 ts shaft. · This always allovts the 
mechanism to "run away". In practically all cases, however, the gears nnd 
verges are very tightly tast~ned to their respective shatts. 

(C) Inaccurat Drive Gears. 

'rhere are soma ali ht d1tfereuces in t he drive gear-intermediate 
pinion combination in the mecba.nisms . In some cases, the drive geaT, when 
the spring is cocked, must turn through o quarter to a third of a tooth 
spaeine turther than normnl betoro slipping free. Since t he angular travel 
ot the drive genr is about 15 tooth spaces th1 CJ can make a ditterance in 
period ot some ~. 

(D) Physical Smoot~ess ot Components. 

It was noted that spoc I fications requi r e thnt tho pallet faces 
should be fini shed smooth, while t he rest of t he verge is lott ti S it comes 
from the st~ping process. Unrler a l ow p~ver microscope, one can observe 
the tool marks, which torrn little ridges running across t ho face, normnl 
to the flat sides of t he· verge. First, severul verges were gr ound until 
the pellet taces were qui te smooth. Thi s p1·on uced no appreoiabl ehnnge 
in period. Next, the pallet faces were deepJ 'I scored and rough ened. This 
also ccused no significant change in period. 

The shafts were observed to be remarkably smo~th and free from 
burrs . The shoulders on these shntta vnich bear on the casing plates 
appeared to hav~ been filod or otherwise finished to remove any burrs 
loft after turning . Tho diameters of tho shafts ure considerebly less tLon 
tho:.•• of the bearing holes in vtlich they rest. Bo shoulders and holes 
for verge and starwheel bearings were chamtered, with no appreciable change 
in pe iods . Then shoulders, shatts, and bearing holes were deeply scored 
ond filed. As long ·as the shaft was a loose fit in tle holes, the periodo 
did not changa. It does not appear that the physical smoothness or shafts. 
shoulders, or bearing holes 18 ot particular i rnporte.nce. 
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(E) Other J.!echanis~D.S. 

~'le ho.d e.ve.i~ble for expel'imentation, fifteen 1/2 sec. mech.'lnisms. 
\'!o put these through mnny of the sQJ'Qit tests described in the precediDC 
sections. The results for these 1/2 sec. mochaniams \'lore 1n eenernl e.gree
n:.ent with those recorded abov-e. 

In addition to these mechanisms, we experimented briefly With 
one 5 sec. mechttnism. Such results as were obtained were quite different 
1":-cJn those found for the 1/2 sec. mechanisms. In t'F..ct, in soJ'Il8 ai t 'untions, 
thel·e were directly contradictory results. or course, one should remamoor 
tha t too 5 sec. mechanism hv.s one extra gear and pinion in the train but 
ot herwise ia practically the some. It is oleo.r on e~nat1on and com-· 
psrison tha.t tho casing plates ore also designed somel'lha.t differently. t\'e 
of!or no explo.no.tion :tor the 5 sec. mechanism beluiv1our, other thftn the 
t a.ct that friction has a relatively grnater et:teot due to the decreased . 
~orque on the starwheel. 
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IX. co::CLUSION. 

·::e can state the moat important facts derived !roo t hi !i s t u rly 
as toll0\'1S: 

(l) All me chanisms approach a cons tant running rnte or poriod 
as they are ru.n repeatedly. l .. t any timo, a roechanif:m bas been allowed to 
r Hst tor some hours or days, its period is lar ~e when first rerun und thon 
decreases to the constant period above. Thore is an &,~ variation above and 
be:·.ow the JJlOst popular value of the period. 

(2} The period of the Jklechanism c anges with t he position in 
vtlich it io held whon I'WUline. 

(3) or tho individual component s of the me chanism, the verge 
introduces the greatost variation in period. '!'his i s mos tly caused by 
variations in certain ::;eor.1etrical dimensions and very l i t t l e by friction 
or rough eurtt\Ces •. 

(4) The conter-to-center distance, verge shntt to starwheel 
short, i& nn importnnt fac tor in t he variations or period and can or itaelt 
introduce a ?~ variation. 

(5 ) The t orque del ive red at t he s t nrwheel moy va ry gr eatly 
because of di f ferent f r 1ct1onnl e f fec t s 'ran roo chnni sJot .. o mocho.nism. The 
torques produced by indi vidunl s prines nre very nenrly unifo.rm. 

(6) Sur face roughnons or shape or shlltts a nd bearing holos, as 
well as pallet faces do not o.f!oct the ·periods aigni!icantly. Tho cleaning 
or corrosion of the sliding surfaces does affect the period greatly. 


