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Abstract of Report
on a Study of the Non-Uniformity of tho
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 was found that the period varies some
6% above and below the most popular velue. The most important
reasons for this variation are (1) the differences in geometri-
cal dimensions of the verges, (2) tL. differences in the center
to center spacing of verge and starwheel shafts, (3) the friction
of Lhe gear train which tranamlfs the torque fram the spring to
the starwhosel.

It was shown that shape or condition’of shafts and bearing
hules is relatively unimportant. Less important effects weTa
a.80 noted. All work desoribed was carried out on the assumption

that the mechanism 18 not being accelerated as a whole.
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A Study ~r the Non-Uniformity of the Running Rates of
« Certain Type of Time Delay lischanism

I. INTRODUCTION.

A certain type of tiie delay mechanism is based upon the behaviour
of an untuned verge driven by a toothed whoel, this wheel being the final
elemsnt in a train of gears actuuted by a coil spring. In two previous
reports (these reports being on file in the library of Diamond Ordnance
Fuze Laboretory) will be found a complete theoretical discussion of the
effect of both dynamic and geometrical factors o. the operation of this
device.

The purpose ol the work discussed in this report was to ascertain
where possible, the reasons for the non-unifomaity in behaviour of supposedly
identical mechaniems, These studies refer only to the case where the
mechanism as a whole is not bLeing accelerated., The results reported in
most cases deal with the nominal 1 second mechanism; that is, a mechanism
whose running time is supposedly 1 sec. Approximmtely 300 such identical
mechanisms were used in the tests, all of them heretolore being unused.

These 300 mechanisms all came from the same factory run, as far es is
known, and appear to the eye to be exact replicas, one of the other,

In order to describe tho various observations accurately,
Figure 1 shows a purely schematic diegram of the essential jparts of the
mechanism with the names used in describing the parts, lie ewphasize the
fact that this i1s a schematic dieagran.

FIG. |

l. verge 5. starwheel shaft 9, drive gear

2. verge shaft 6. intermediate gear 10, cocking lever

3, starwheel 7. 4intermediate gear pinion 11, coil spring

4. starwheel pinion 8. intermediate shaft 12, drive gear shaft

13, inertia disc.

Elements 5, 4, €, 7, and 9 are all gears and are toothed, These teeth are
not indicated, i
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The operation of the muchunism i: as follows. Drive gear 9 is
rotated counterclockwise as far as ;.ossible by <:a cockin:; lever 10. This
winds the coil spring ll. During this operation, wull other elements of the
mechanism move. Then the cocking lever 10 is releasod, tle spring 1l drives
gear 9 in a clcockwise rotation, this motion being transmitted to starwheel
3. As the starwheel rotates ths two ends of verge 1 alternately collide
vith teeth on the starwheel 3, At each collision wnurgy is removed from
the system and a unifoma average velocity i{s attained. The disc 13 increases
the inertia of the verge, and helps determine the period, The period of
the mechanism i3 the time required for the cocking laver to move from the
"wound" position to tie position at which it comes free of gear 6 and
strikes a stop. The whole train shown schematically is cased between two
circular plates roughly one inch in diameter. Thess two plates make up
the case which provides the bearing holes for all shafts.
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II. VARIATIGH II. PIRICDS,

Tho actuel poriod or delay tiwe of a nechenism was meusured in
the following manner:

A scaler (llodel 165 of Nuclear Instrument and Chemical Corporation)
was modified by bringing out terwminala for an external Ycount" switch., A
pulse circuit consisting of a squarc wave gener:tor and difrerentiating cir-
cuit wes connected to the Geiger lauller input conncctor o' the scaler as
slown in Fiz. 2.

-
TiMER
| ;
J
SQUARE C=.0l UFD
WAVE o |
GENERATOR I SCALER
ﬁ--l—-]' free R I
i S0 K GM INPUT ,
-0 Q
f
SCALER COUNTS |
O ]
WHEN CIRCUIT IS - ~“COCKING LEVER ,
-~

OPEN
FIG. 2

Using the internsl count switclh of the scaler (external count switch
closed) tho frequency of thu u.,uure wave generator was ad justed until the
scalor wss registering 100 counts per sccond. Tho count raete wes checkod
from time to time during the serles of measurenents of the delay timeu or
the mechanisms. In getting the delay time of a mchunism, the cocking
lever acted as the blade of a single pole double pole switch, tle scaler
recording counts ouly while the "switch" was open, The delay ti.cs were
rocorded to the mcusured hundredth of e sucond but, obviously, a value
obtained by a single muasurement uny be off by one hundredthof u second
depending on the pliuse of tlhe pulse input at the instant of 1elease of
tho cocking lever of the mechunism. The cocking lever wus releesed
quickly by hand and it was found thet while using & count raute of 100

por second, varintions in release time did not appreciably affect
measured delay times.

In those tests a asample of somo 270 nominal one se~ond mechanisn
was usded. As tar us we know, these mochanisms had not previously boen rux.
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Each one in turn was run once and timed in tho process. .hen each was
run und timed agein, and then a third tinme., Xinally eech mechanisa vecs
run again and again until ite period became constant, this equilibrium
period being recorded. This gives four sets of data whickh were used to
v plot the curves shown as Figs, 3, 4, 5, and 6. The smooth curves were
obtained by fitting the data to & normal frecuency test relation curve,
using the method of least squares. Ordipary stutistical tests show that
< these distributions can legitirately be reprecented by normal frecuency
curves if the samples are large enough. In other words, if we bad usec
a semple of 1000 or 2000 mechenicms the points would be exmected to lie
rather closely on the normal Irequency cwrve.

The first conclusion we reach from Fig. 7 on which all thess curves
are plotted, is that generully speakipg we find e shift of about .07 ssconds
in the running times or periods of the mechanicms as they wear in. “his is
probably to be expected, although the magnitude ot this effect is scmewhat
surprising. Cne cannot ascribe this decrease in period to any paTrticuler
portion of the mechanism. Sunll burrs on all the contact surfaces are being
smoothed away, dust and dirt on these surfeces or perhaps in the coils of
tho spring is being loosened and throvm off.

A second striking observation * thua* the shape of the first and
fourth curves is alwost identical, particularly as to the maximum doviation
in period from what we 1ay call the mean timo at the veak of the curve. Tor
both cases, tlis maximum deviation is .07 sec. to .08 sec. on either side
of the mean., By actual count, however (see Tig. 6), the nuwber of

< mechanisms having & deviation of C,05 or greater .s only 39, or epproximately
145 of the total. It should be noted that four or five of the original
mechanisms were defective, and would have Leon rejected in a test insvection.

Some five weeks after the data discussed above wae obtained, the
poriods of one hundrea of the original mochanisms were wpsasured again with
results indicated on Fig. 8. This sample being nuer suuller then the
original, the resulting aorunl fregGuency curve iz nrobadbly nut us good a
reprosentution of the dala as before. Consideriiy, this, ena tne fact that
a ditforence of .0l sec. ir poricd is not physicully significant the curve
of Fig. 2 cun be said to agree clogely with that of Tig. 6, 'we conclude
trhat the .artods of these clock mechanizms doovs not vary with time, ct
loust during a few wecks. In otlier words, no rapid aging process is vresont,

Throughout our experimentation cne phonomenon was observed to bLe
present alvays, A uochanicw havipg been "run in" was leid uside for u
Tow hours or a few drys. en run ogoin and tived, tho first reading was
alwvuys high, with the socond and porhaps thie third decreasing t0 u constant
value. Exceptions tc this behaviour were very few in number, ccmparod to
tho hundrods of times such behuviour was obsorved. The decreusec irn timne
1 noted during this procoss varied from one meclianism to another but generally
di1d not excocd .02, althoupgh gome fow caces were noted in which a decrease
of .05 sec. occurred. No explanation for this phenomenon is knovm although
1) it could possibly be due in part to an eging procuss of the contact surfuces
of verge, gears, and spring.

e oy o = X i

.
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The result of these stetistical studies seemsto establish first
that some 85,% of all mechanisms will lie within & 55 of the nominal value
¢l the periocd of the mechanism. This statement is nade with the under-
stunding thut the meen value established by the ncimal frequency curve was
nearer .99 sec. than 1 sec,, but that an interval of .0l sec. is not
physicelly si;nificent. Upon this basis the above statement seems justified.
Secondly the running time of a mechanism is determined partially by the '
nw ver of times it has been run previously, and there is a decrease of some
.07 sec, as a mechanism is run in thoroughly. Finally, the period of even
a thoroughly run in mechanism usually increases some .02 sec. Or mare when
it is stored for even a short period of time, a day or so. Unfortunately
then, we find not only the expected spread or lack of uniformity in the
periods, but also a dependence of these periods upoa the past history of
the mechanism.
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III, EFFRCT OF LECHANISH POSITION ON PERIOD.

In the schematic diegram of Fig. 1, the position of the shafts is
perpendicular to the paper. The two supporting brass plates, which act
as a casing for the mechanism, would be parallel to the paper. Holes drilled
in these plates serve to support the shafts,

When the period of the mechanism is deterumined there are four
positions in which it may be placed. They can be described as follows:

. -1, Plates horizontal, inertia disc above verge.
2, Plates horizontal, inertia disc below verge.
3. Plates vertical, verge points down.

4. Flates vertical, verge points up.

Periods were determined for 50 mechanisms, each taken in all four
positions. In some 35 cases, the time associuted with positions 1 or 2 1is
larger than the time measured in positions 3 or 4. However, the periods
for positions 1 and 2 are not necessarily equal, nor are those for positions
3 and 4, One must not infer that there is a clear and well defined differ~
ence in these data. One does no%e hewever, that in a horizontal position
the mechanism period is generally greater than that for a vertical position,

The maximum variation among the periods for all four positions
for one mechanism was .07 sec. occurring for hut one of the fifty mechanisms.
Yor at least 40 of the mechanisms the variation was .04 sec., or less., Except
for some extreme cases, then, the period did not change greatly with position
of mechanism., Such changes as did occur followed no particular pattern of
beliavicur from one position to another except for the general observation
notod above. This may be explained as follows. In position 1 or 2, the
plutus horizontal, all the elements of the mechanism, verge, gears etc,
would tend to run with the shoulder on the shafts rubbing on the plates,
In positions 3 end 4 the shafts are horizontal and when in motion these
shafts rest on the edge of the holes in the plate supporting them. In
the rirst cese a greater area of surface is in contact, so that there is
a preuter chance of frictional recsistance due %o burrs and irregularities
in tlhe greater surface area. Study of these shafts under a low nowver
microscope indicates clearly that the shoulders of the shafts, which are
the contuct arcas in the first case, are much less smooth then the
cylindrical surfaces of the shafts which are the contact areas in the
second case., Additionally, even though the frictional forces were the
same in either case, the sffective lever arm of the resistive torque in
the Tirst case is greater than for the second. This also would contribute
to the observed result,

It may be emphasized in closing this section that position iz a
Tactor to be recognized. The nominal delay time of a mechanism mny be
chanied by 200 to 5% according to the position in which it 1s run,
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IV. THE EFFECT OF INDIVIDUAL COMTFOIEITS.

It was considered advisable to attempt to determine how certain
individual components of the mechanism affected the delay time. A mechanism
was first disassembled and rebuilt in such a :ay that the spring, the star-
wheel, or the verge, any one, was removable. The photographs of Fig. 9
show this test mechanism. In this way a whole series of verges, for instance
could be tested under as nearly identical conditions as possible. Because
this data is of some importance it is included in a table on the following
page. Actually there are two sets of data included in the table. In the
first, the wheel, verge, and spring of mechanism 130 were used as reference
elemonts in the test mechanism. As they began to show wear, they were
replaced (in the second half of the table) by the elements of mechanism 92.
The mechanism numbers have no significance other than a means of identifi-
cation. ? ‘ .

No particular importance should be attached to any one value of
the period appearing in the table, but certain striking general con-
clusions are at once evident, lirst, the individual springs must dbe very
nearly the same in the torque they deliver to the starwheel, since the
variation in periods from one spring to another is very small, in genoral
about .03 sec. for either set of deta. It is to be remembered, of course,
that the whole mechanical system including drive wheel shaft, washers,
intermediate gears, starwheel and verge is identical for each svring. v
Hence all frictional effects (except the rubbing of one spring coil against
another) are, we hope, the same regardless of the spring used. We may
conclude with some assurance that the variation in individual springs may
indeed account for some of the observed variation in mechanisin time, but is
not, probably, the major factor,

Next consider the resulivs included in the column headed "Verge-
wheel periods”., For these data, the verge-wheel cambination was used,
that is, we placed in the test apparatus both the verge and wheel from the
same mechanism, Here we find a large variation in the periods, of magnitude
approximately .13 sec. This variation approaches in megnitude the variations
observed in the large sample of 275 mechanisms. Trying the verge and wheel
separately, it becomes evident that it is the verge which is primarily
responsible for this variation. The variation in period introduced by the
wheel is somes .03 sec., There is excellent correlation between verge
periods and verge-wheel periods.

It must be noted, however, that there is no correlation between
the periods recorded orginally for the various mechanisms before they were
disassembled and any of the times given in the data table under discussion.'
Cuite clearly, the friction present in the various rubbing surfaces of eny \
given mechanism is of utmost importance in determining the period, "

The end result of the observations recorded above is that it
would be worth examining a number of verges carefully with a view of
determninins the factor or factors which cause the great variations in
period, By tLe same token, it seems unnecessary to attempt to study
individual springs or starwheels, since their effect is so small,
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V. _DETENDENCE OF PERIOD UPON VERCE CHARACTERISTICS.

The most obvious characteristic of the verge which might account
for the time variations of the preceding paragraph might be the moment of
inertia. This is, of course, a small quantity, but it can be moasured. It
is small erough 8o that the measurewents one can make are not very precise.
Now 1f the moment of inertie veries from verge to verge, it does so because
of one of two things; either the mass changes, or the dimensions of the verge
change. Actually one would expect these to be mutually dependent.

Ten verges, chosen from emong those used in the experiment des-
cribed in section IV, were weighed on an analytical balance. Their masses
were found to vary about 3% from one extreme to the other. It does not
follow, of course, that there is the same variation in moment of inertia,
for nothing is known about the distribution of this maess variation. There
is no doudbt that individual verges do vary in prometrical dimensions from
ons to the other and this will most certainly affect the distribution of
mass, Unfortunately many geometricul measurements on the verge are diffi-
cult to make, because of the rounding of supposedly sharp corners and '
because ,the thickness of the verge is not uniform after stamping.

By using a smnll torsion pendulum the moments of nine different
verge~inertia disc combinations wero measured. These moments were found
to lie between the values ,0341 (,',m-cm2 and .,0367 gn-cm* as axtremes, a
difference of some 7). The method of] measurement itself is not too precise
when dealing with such small quantitigs, so that not all of this difference
is perheps real. Except for the two extreme values given above, the
variation did not exceed 3%. Since the period of the mechanism has been
shown theoretically to depend roughly upon the 0.5 power of the moment of
inertia of the verge, we may probably conclude that a variation in verge
moment 18 not among the more important causes of variation in period.

As a matter of interes} it was found that filing away scme of
the material at the end of the ipertia disc of the verge shaft did not
appreciably change the period. )

Since measurements of the various verge dimensions did vary from
one to the other, it is important to ascertain which of these dimensions is
eritical in the determination of the period. Reference to tho theory of
Reports 1 and 2 on this same problem sho/ that it is the leading collision
which always affects the motion of the vheel most strongly. It might be
expected that any geometrical variation which would vary the position cf
leading collision would affect the period. On the other hand changes in
the dimensions affecting the trailing pallet face would have a much smaller

result on the period, This is amply born out in experiment. If onc mills
off one to two mils (,002 inches) of surface A (trailing pallet) there is
no vbservable change in the period. lilling off one to two mils of surface



B (leading pallet), on the other hand, did affect the period radically in
every case tried. e then attempted to mesasure the distaunce X, (see Fip. 10),
' which should be an
indication, poor though
it probably is, of the
position of face B in
the 15 verges moasured,
A variation of X, from
'.,097 inches to .102
inches was found,
Svecifications call for
a distance of .097
inches in this dimension.
In all verges examined,

x°> Xo', and the sum

+ X' varied from
FIG. 10 .192 inches to .197

. __ __4nches as against a
speciried dimension of .194 inches, LEven under a low power microscope these
measurements are difficult to make, but we feel certain that a real variation
in X, does exist and that this in turn contributes groatly to the observed
spread of periods,

No other change in vsrye dimensions could be found which
effectively changed the peri.t, including a rounding off of the verge
corners.

Y,
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VI. CENRTER TO CENTER DISTAIICE,

A complete theoreticul discussion of the effect of k on the period
is given in our previous report, where k is the distance from center of verce
shaft to center of starwheel shaft, It has been established theoretically
that as k varies by a small amount on either side of the specified value,
the period will vary linearly. More precisely it is found that an increase
or decrease of k by 2 mils (.002 inches) results in a decrease or increase
of the period by some 8. Clearly this dimension will be important in
determining the period. Sixty mechunisms were studied and in each case
the static center to center distance was measured. By static distance
we mean the distance as determined by the shaft bearing holes drilled .in
the plates making up the case. In about 65% of these mochanisus a
correlation between period and center distance was found. Actually such
a correlation is not basically important, for in this as in all cases, so
many physical factors enter the problem at the same time that the perticular
factor being studied is probably well masked., That even a 65% correlation
exists, indicates the apparent importance of this effect of center to
center distance. The variation of k was a maximum of 2 mils above and
below the specified value of .222 inches.

Now examination shows thet the diameter of the holes in the plates
which carry the shafts of the verge and starwheel are considerably larger
than those of the shafts themsslves. When the mechanism is operating,
the position of the shafts change and each tends to ride over on ono side
of its hole. It hapoens that both shafts move in the same direction in
their respective holes so that the kinetic center to center distance is
not essentially different than that measured statically. This variation
in center to center distance does certainly affect the period, and is
probably one of the more important factors.

VII. TORQUE MEASUREMENTS,

Before tho results discussed in section IV were obtained, a
grect deel of effort had been put into an attempt to measure the torque
exeried on the starwheel. This torque is, of course, transmitted from
the spring through the driving and intermediate gears to the starwheel,
Despite some contradictory evidence, we feel that nearly all the friction
encountered in this upparatus is in this gear train and spring shaft
assembly, and that fricticn has little affect in the verge-starvheel
combination, Jor this reason, an accurate measurement of the dynamic
torque delivered to the starwheel would be very informative. Unfortunately
we have not been able to accouplish this, despite several different approaches
to the problem,

Some measurements of statiec torque were made but “hese were not
very informntive., ‘They simply showed that rll springs were nearly identical,
Qur later worl: described in section IV certainly corroborates this state~
ment. It is certain, finally, that there is friction in the apparatus,
Wthether its nagnitude remains essentially conctant or varies greatly from
one wechanism to another, we do not know, although the second alternative
is by Tar the most likely. .
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VIII. THE EFFECT OF SURFACE COiDILICHS.

As in any physical situation involving friction, the condition
of the contact surfaces can play an important role in the behaviour. The
following simple experimen®t wus perfom:ed on some 14 mechanisms, each
mechanism having been "run in" and tiied as descridbed in section II. On
the graph called Fig. 11, there is plotted a curve 1, vhich represents
these times., It is to be clearly understood that this curve has no physical
significance, nor does any other curve drawn on the graph. Their sole
purpose is to enable the reader to follow easily the array of points
representing thc mechanism periods .nder the various physical conditions
specified. The mechanism noubers use. as abscissas are as before simply
meens of identification.

Each mechanism was now thoroughly washed in carbon tetrachloride
end retimed. The results are given in curve 2. Before the periods of
curve 2 were measured the mechanisms were thoroughly dried. UWhatever
the physical effect prodused by the CClg, clearly frictional effects were
intensified. No serious work on this actual effect was done, but one can
imagine that either one of two things, or both, are cperative. There may
be a surface film of oil or grease which is removed by the CCly, or it may
be that CCl, reacts chemically with the surface or the plating on the
surface., L

Now by selective lubrication, we attempted to determine in what
parts of the mechanism, friction was most important. First the spring itself
was oiled with Nye Watch 0il. Curve 3 shows how the period decreased for
all mechanisms. In the oiling of the spring, it was not possible to keep
oil away from the drive gear shaft. Some 0il certainly found its way
onto the drive geer shaft bearings and up under the washers associated
with them. Next all other shafts were oiled with results shown in curve 4.
Such differences as do seem to exist are with one or two excepiions
negligibla, considering curves 3 and 4.

The verge surfaces were then oiled and of course, after one
running, tho sterwheoel surfaces had also become oiled. Although there is
here also some uncertainty, curve 5 seems to indicate that oiling those
surfeces makes a real difference in period. Tinally, the meshing teeth
of intermediate gear pinion and drive wheel were oilsd., The tightest
fit between teeth occurs at this point., Here again the differences in
period do not seem to be significant, for most mechanisns,

The evident conclusion from thesa data is that friction is most. -
important in the springs, and secondly thut oiling the verge surfaces
heavily decreasesthe period. As far as thoe spring is concerned, the
friction is most probably localized betwsen the turns and also at the
washor-case interfaces on the spring shaft, most probably the latter. To
test the validity of this assumption, the periods associated with rour
different springs were measured in the test mechanism described in
section IV, both before and after the springs themselves were dipped
in CCl,. This cleaning produces a marked effect in the cppearance of
the spring indicating a change in surface conditions. Her:, we found
the countradictory result that the periods dcoreased slightly as the
result of dipping. The basic reason for this unexpected result is not
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novmn. The friction betwveen turns of the spring itself may not be due
entirely to the surface condition but to dirt, dust, etec.

One last observation might be noted. Lsasuring the periods
(in the test mechanism) associated with several veryes before and after
cleaning in CCly revealed no significant change in tlese periods.



VIII. MISCELLANEOUS OESE!WV:'TIOCS.

(A) Separat.on of Casinz Flates.

An important factor in the free running or jamming of the mechanism
is the orientation and spacing of the two plates which make up the casing.
In mounting these mechanisms in the timer, some tlree of them jammed
because the plates were spread or rotated slightly. ‘‘hatever 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 this happen.
The shoulders on the starwheel shaft being caught botween plates, the
resulting frictional torque exerted on the starwheel easily stops its motion.

(B) Loose Cears and Verges.

In a few instances, it was found that after running the mechanism,
a gear or the verge had worked loose on its shaft. This always allows the
mechanism to "run away". In practically all cases, however, the gears and
verges are very tightly fastened to their respective shafts.

(C) Inaccurate Drive Gears.

There are some slight differences in the drive gear-intermediate
Pinion combination in the mechanisms. In scne cases, the drive gear, when
the spring is cocked, must turn through a quarter to a third of a tooth
spacing further than normal before slipping free. Since the angular travel
of the drive gear is about 15 tooth spaces this can meke a difference in
period of some 2%.

(D) Physical Smoothaess of Components.,

It was noted that specifications require that tlhie pallet faces
should be finished smooth, while the rest of the verge is loft us it comes
from the stamping process. Under a low power microscope, one can observe
the tool marks, which form little ridges running across the face, normal
to the flat sides of the verge. First, severul verges were ground until
the pallet faces were quite smooth. This produced no appreciable change
in period. Next, the pallet faces were deeyp’y scored and roughened. This
also ceused no significant change in period.

The shafts were observed to be remarkably smooth and free from
burrs. The shoulders on these shafts which bear on the casing plates
appeared to havo been filed or otherwise finished to remove any burrs
loft after turning. The diameters of the shafts are considerebly less than
tho: of the bearing holes in which they rest., Both shoulders and holes
Tfor verge and starwheel bearings were chamfered, with no appreciable change
in periods. Then shoulders, shafts, and bearing holes were deeply scored
and filed. As long as the shaft was a 1loose it in the holes, the periods
did not chengs. It does not appear that the physical smoothness of shafts,
shoulders, or bearing holes is of particular importance.



(E) Other Mechanisns.

e had availeble for experimentation, fifteen 1/2 sec. mechanisms.
Yo put these through mrny of the same tests described in the preceding
sections. The results for these 1/2 sec. mochanisms vore in general agree-
went with those recorded above.

In addition to these mechanisms, we experimented briefly with
one 5 sec. mechunism. Such results as were obtained were quite different
fron those found for the 1/2 sec. mechanisms., In frct, in some situations,
there were directly contradictory results. Of course, one should rememder
thet the 5 sec, mechanism hus one extra gear and pinion in the train but
otherwise is practically the same., It is clear on examination and com~
parison that the casing plates are also designed somewhat differently. Ve
offor no explanation for the 5 sec., mechanism behaviour, other than the
fact that friction has a relatively griater effect due to the decreased
torque on the starwheel.



I(, _COICLUSION.

"'e can state the most important facts derived from this study
as follows:

(1) All mechanisms approach a constant running rate or period
as they are run repeatedly. At any time, a mechanism has been allowed to
r=8t for some hours or days, its period is large when first rerun und then
decreases to the constant period above. Thore is an 8 variation above and
be..ow the most popular value of the period.

(2) The period of the mechanism changes with the position in
wiich it is held whon running.

(3) Of the individual components of the mechanism, the verge
introduces the greatost variation in period. This is mostly caused by
variations in certain zeometrical dimensions and very little by friction
or rough surfuces.

(4) The center-to-center distance, verge shaft to starwheel
shaft, is an important factor in the variations of period and can of itself
introduce a 7% variation.

(5) The torque delivered at tlie starwheel may vary greatly
bocause of different frictional effects Irom mechanisi 0 mechanism. The
torques produced by individual springs are very nearly uniform.

(6) Surtace roughness or shape of shafts and bearing holes, as
well ns pallet faces do not affect the periods significantly. The cleaning
or corrosion of the sliding surfaces does affect the period greatly.



