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A,

B.

JEWEL BEARING APPLICATION
TEST AND ANALYSIS

PINAL REPORT
April 9, 1902

SBJICT:

To evaluate the affect on the timer escapement
and gear train efficiency as a resu.t of substi-
tuting sapphire jewelled bearings for brass at
the pinion pivots. Investigate srock resistance
of jewselled bearings and determine udoQuuto |hook
mounting techniques. ’

SUMMARY :

The 225 goverrvyent-{irnished timers were checked
for rate on a Gibbs recorder using a.6—1/2 oz~-in
dead weight drive and were regulated, aslrequ;rod. |
to produce a two-minute run within the tolerance

requirement of the XM-7? Timer.

Concurrent with these preliminary tests, the design
was studied and the physical size and shape of the
Jewels wz3 determined. Final Jewsl designs =re

shown on Draw.ugs 21305; 21304, and 21305,
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As & bagis for comparison, the units 1o be lewelled
were first subjected to tei: (10) consecutive timing
tests (130 seconds each) and ten (10) consecutive
'minimun torque tests. The first group was Jewelled
on original locatvion at the four escapement pivots
only. After testing, the results when compared to
the control runs indicated no change in timing
repeatability, but the minimum driving torque had

increased.

Additional testing of jewelled units with the
jewels mounted in carefully Jjig-bored amd line-

reamed holee 2lso rroduced inconclusive results,

Sixteen (16) previously jewelled timers were fitted
. with new escape wheel ;nd pinion agsemblies and
new lever assemblies. These pivots were b ‘qhad
to an \9/’ finish and provided an increase in
diametral clearance cf .0006". The results from

the tests on these units were also negativa.

At this point. the data to date was roviswed with

-
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c.

the project officer, and it was decided that further
testing would be deiayed pending his evaluation of
this data and & proposal to jewel the lever pal.eta.

Due to a shift in personnel, a new project officer
was assigned and, after a review of the program,

1t was decided to study the effects of vibration

on ‘ewelled timers. Tests on twelve (12) timers
before and after transportation vibration indicated
that vibration had no adverse effect on timing,

minimum operating torque, or condition of the Jewels
and pivots.

FROCEDURE AND REJULTS:

Work on this contract started the last week of
March 1961 and a comprehensive study of the actual
mechaﬁics of jewelling was made. PFlate thickmess,
available space, endshake control, and standard-
jzation of Jewels were the most important parts

of thisg studv. layouts were mad: to get up the
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actunl perametera for the jewel design. The
number of different jewels required was found to
be four (4); however, by reducing the pivot
dlameier ¢ ¢ne of the pinions, the total was

reduced to three (3).

In keeping with the required olivc bombe' Jowel
dosign ard the necessity to contr ! sndshaks.

a modified olive bombe’ jewel was required. The
design of hese Jewels is shown on Drawings
21303, 21304, and 217305, These jJewels were mounted
in reverse to what is customary when used with an
endstone, i.e, the svherical surface serves as
the bearing surface for the pivot shoulder. The
Turtle Mountain Ordnance Plant zupplied sapphire
jewels to this design but could not supply jewels
in zlass. Requests to the following three

domestic companies were also "no bid*:
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Riohard H. Bird Company
1 Spruce Street
Waltham 54, Massachusetts

Weston Insgtrument Company
Newark, New Jersey

John Worley Jewel Company
North Falmouth, Massachusetts

Since glass Jewels of this désign were not availabdble, .

this requirement of the contract was deleted.

The 225 moveient assemblies used in these tests
were received on 15 May 1961. Prior to any
specific testing, all units were checked for regu-
lation and adjusted as required to produce a full
two-minute run in accordance with the requirements
of the XM-7 Timer. The tapes from the Gibbs
Recocder for these runs were identirfied with the

/

serial number and retained.

in a conference with the project officer, a plan

of testing was decided upon as follows:

1. mln;g Te_ﬁ& maw

a. Seleci ten (1C} units at random

5
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2.

b,

n

e

d.

Run ten (10) consecutive timing teste on
each unit, Timing period to be one full
rsvolution of an input drive wheel having
3" teeth. This results in three full

turns of the 10-tooth number 4 pinian.
Record the time (nominal is 130 seconds)

Calculate mean time, spread, and standard

devimtion for each unit.

Torqus Teat --

a,.

b,

C.

Use the ten timers firom the timing test.

Make ten (10) consecutive runs on each
timer to letermine minimum operating

torque.

Record torque valuus

Celculate mesn torque, smread, and

standard deviation for each unit,

6




Contract ORD-3411 RD April 1962
Final Repcrt

Tre test squipment uged for il.cne tests is show
in Pigureu 1 and 2. A mounting block 15 equippedl
with & shaft supported by two ball bearings. One
end of this ahaft is fitted with a Z0=-tooth gear
and the other end is fitted with & pulley whocse
effective diameter is two (2) jaches. A contact
button near the outer edge of the pulley actuates
a microswitch, thereby, starting the éleotrio
timer. Upun the complietion oI one full revolution,

the button again actuates the switch and stops the

electric timer. The elapsed time for one revolutlon

of the pulley zan th-n be read on the electric
timer. All timing tasts were run with a torque of
6-1/2 oz-in. For the torque test, the pulley is
replaced by a cam-shaped pulley ag,ahoun in !
Figure 2. Thie provides a uniformly decroessing
torque, ans the torque range can be variec by
changing the value of the weight "¥W*,

The lubricant used throughout these tests was

Hamiltcn Watcii Gompeny fuze oil #3358 which meets
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ths requiremsnis of Mil-1-11734,

Tan (1.0) standard timers were tested as descriheld
above, and the results of these tests are shown

aB cortrol tests in Tadble 1.

These ten {10) timers were fhen carefully dis-
agsemblad, marking each gear so that all elements
of the train could be reassembled in the same
relative position. ‘The two plates containing

the pivot holes for the escape arbor and the
escape pinioi were gsent to the model shop for
Jewelling. The hrles were reamed to size on
existing location, an® the jJewels were presesed in
rlace so that the surfase controlling endsﬁaka was

at the same elevation as the plate,

A1l parts were ultrasonically cleaned, and the
tlmers wWere reassembled, olled, and reguvlated to
81.77 cps.,

Thece Jewelled Vimers were thon given timing and

torque tests. The results are shown in labl~ 1
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whore they can be directly compared with the
resuits on thesge tiuers prior to lewelling. The
resulis show that mean minimua driving torque
increased ror &ll ten timers and the range of
minimum torques increased in nine out of ten
cases, Howaver, little or no change was noted in

mean time or rangns of times.

An additional ten timer movemonts were disaasembled
and were modified to inolude jewels in the respective
plates for upperr and lower pivots of the eaoapg lever
and oacape‘pinion. However, these Jewels were
mounted in acc srdance with drawing locations instesd
of matching the existing pivot hole location,

Timing and torque tests were conducted on these

Jewelled movements. Thesge movements were used as

| ; a control lot for svaluating the effect of standard
: pivots versus burnished pivets when jewelled on
drawing location. After twenty (20) new eacepe
levers and escape pinions had heen burnishea to
provide a higher surface finigh £nd a pilrot dia-

neter red:.:ced by .3006‘, these n:avemelts wura

-Q-
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reassembled, and the tests we—n fepeatod on nine

(9) timers, as shown on Table 3.

The a2bovr prncedure was repeatsd on seven (7)

of the initlally Jewelled movements and oomﬁared
with the original data, as shown on Table 2. Thus,
these sixteen (16) timer movements ylelded two sets
of dats, 1i.e., (1) the effect of burnished pivots
operating in Jewels on existing location versus
standard pivots, and (2) the effect of burnished
Pilvots operating in jewels an drawing location
versus standard pivots. Four (4) were left out

of these tests due tu rejection of reworked lever
assemblies. Tables 2 and 3 ghow the éomputatidn .
of the mean values and range cf the time and torque
tests. These data show trat there is no signifi-
cant difference between the standard pivots and the
burnished pivots uhethef Jewelled on exlisgting
location or on drawing location. The values for
mean time were all glightly less for the burnished
pviots than {':: the stardssd pivota. This, by

-]10~
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itself, 18 not significant sir2e no other patiem
wag established,

Table 2 sbows that movements utillzing burnished
pivots require less operating torqus than move-
ments which do not contain burnished pivotas,.

Algo, the mean time was reduced for six out of
seven movements. These}ﬁéta, in Table 2, would
indicate, then, that there may be a slight
reduction in torque_nith’hnéégllaf vaflﬁ?ion in
timing. This, however, ‘'is quéationablo, and so

it was decided by the Frankford Arganal Project
Officer tc exp:sc the above movements to the trans-
portation vibration test in accordance with
MI1-STD-303 to evaluate the, effect of this environ-
ment on the jeuelled movemeﬁxs. Table 4 spowa the
data pertaining to this test and indicates that
transportation wibration enwironnqptihgd no sig-
nificant effect on the timing and torqﬁe testé.
Following these tests, a visual inspection was per-
formed or each novamant to worify the ocriition of

the Jewels and pivots. The resuits of this

-11~
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inspection showed no adverse effects on ths jJewsl
nountings nor on the pivots. Thess Jewels were
friction fittsd or presasd directly into the
brass pluce: wits an interference fit of 0002 to

.0006, insh.

All the above testing involved jewels mounted at
the upper and lower pivots of the escape lever
arbor and the esscape wheel pinion., All subsgequent
testing was concerned with evaluating the results
of Jewelling thre upper and lower pivot holes of
pinions Nag, 1 thru 4. Prior to resssembly of
these movemenl., *the plates were vigually inspected
to verify that all jewels were flush with the pro-
per side of the p}ate. These lewels were mounted
on the existing pivot hole location., After these
ncvemencs were assembled and regulated, timing and
torque tests xere run before and after expocsure to

the transportation vibration environment.

Refsrenzs vo Table 5 ghows the aset of couaputed dnta

for each of the three tsat sonditions: (1) tr~
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control runs on the standard wovements; (2) the
test runs on the Jewelled movements before trans-
portation vibration; and (3) the test runs after
transportaivion vibration. Agair, there was no
significant development in data from cne test
candition to another, The values for mean time
geened to hold fairly consistent while the mean
torque values all decreased slightly for the
Jewelled units with the exception of one (#1188).
After transportation vibration, these mean torque
values experienced another slight decrease with
one exception (#1090) which would serve to indi-

cate that jewelling is .3t a significant factor.

CONCLUSIONS:

In the summary of work, it has already been indi-
cated that the results of jewelling all pivot
points had no significant effect on the perfarmance
of the timer wovements. Howsvor, since each of the

mean values recorded :nn the tables of data we-~

~13-
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based on only ten runs each, it 1s therefore
difficult to predict, on the bagis of these test
results, how much the operating life was increased.
It is reasunable to assume that pivot life and
pivot hole sizes could be malntalned over a
greater number of operating cycles, especially

the heavier loaded pivots.

This particular escapement was originally designed
as & "one-shot-and-done* device and as such was
not intended for repeated testing, RFurther, due
to the laminated design and the fact that sonme
latituds for > lative movement of plates exists.
when the assembly sorews are loose, makes "before
and after® test results somewhat unsatisfactory
for comparative purposes. This is especially so
in the small numbers 1n&olved in this series of
tests. Past experience with this same movement
hag shown that the simple act of loosening the
nuts on the assembly screws and ﬁhan tighteh¢ng'

themﬂagain will invariably requive g glight

—1lpee
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readjustmant to bring it back into time,

It is, therefore, cnrmcluded that in order to

materially improve this timer, one or more of the

following changes would have to be uade:

1.
2.

3.

Tighter controls on hole lucatiions.

Better finishes on holes and pivots.

Reduced friction betwsen escape wheal teeth

and pailet facves.

More positive location of plates relative

to sacn other at assombly.
Better finish on gear and pinicn teeth.

Closer control on gear and pinion

conceantricity.
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E,

RECOHMENDATIONS : |
Due to the high interest of the Hamilton Watoh
Company in the continued improvement and use of
the Jung.=n's Escapement, many peper studies,_

as well as hardware expsrimentation, hafe veen
made, Some of these, such as the beryllium copper
escape wheel, have resulted in improved life and
operation. The following analysis was mede to .
show that the pivot friction of the escape leier
arbor is a small percentage of the friction
between the =3 .pe wheel teeth and the pallet as
sach pallet face moves through the "lock" position.

Reference to Figure 3 shows the frictional foroesv
acting at the arbor pivot and the paliefé_uhun
each pallet is shown entering the ®lock® position.
These same frictional forces are also aoting, but
in the opposite direction, when the pallets ara
withdrawing from the "lock®™ position,

Following is an estimated value of the frictisnal

drag on the liwser ay the leuding corner of tha

~16-
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egocape wheel tooth comes in contact with the

lock surface of the sxit pallet *B*,
The torque TIH at the oscape wheel 1s:

'1‘“.’_’%,

where Ty is the mainspring tprque.'

R is the overall gear train ratio from
mairspring arbor gear to escape wheel

pinion.

E is the estimated gear train
| efficiency

then the force P required to resist the escape
w00l torque is:
T

-

where r, is the radial distance froa the escape

whesl pivot to the base circle of the tooth.and

=17=
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the rormal force 'n of the wheel tooth against the
rallet ig:

then F; - u ¥, where u is the coefficient of
friction betwaoen the wheel tooth and the pallet
OBI.

Therefore, the retarding torque T, acting on the
rallet 1im 'l‘r = Plp .

Followirg is an estimated value of the frictional

drag on the le.sr a8 o result of pivob fricticn,

Usc the sawme value for Pn as above,

Then the drag fcrce Fp at both upper and lower

lever pivois is:
Fp = 2,)Fn

where # 1s the <oefficient of friction uvetw- .a

whe aivor pivots and the brass plateas.

~18-




Contract CRD-3411 2 April 1962
Fingl Report

Therefore, the . =iarding torgue acting at the

lever pivots is:

If the coefficiant of friction m is ilhe same
between ths whael testh and the pallet as it is
betwasn the laver pivots and the plates, then the

frictional drag {oroces FL a: 2 Pp will be equal,

The the rartio of _ "L _ iw:

s =R o= 070 =3.78
e R o

This equation stetes that the lever drag at the
pallet as u result of fristion is 3.78 times
greater tnan the drag in ‘e lever as a regu?™ -+

pivot frictiion,

In line with the results o7 the above arwmlysis, a
degign ‘or jewelling the p«))sts of a Jungn..'e

Kgcapement wus laird nut st (e mmcesss v changes

-19.
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to exigting paris as well ag new paris were

deta.isi. Th's design is shown on SK 1228 and

It is highly recommended that any future work
directed toward improving this particular type

of timer inelude an investigation of this approach,
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