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FOREWORD

This report describes tests conducted by the University of
Rochester on anti-oscillation mounts for binoculars which were de-
veloped under the following contracts:

Contract ~ OSRD Report No.

University of Rochester OEMsr-160 1479 °

Eastman Kodak Company OkMsr-1090 4444

Eastaan Kodak Company OEMsr-392 3 6126

Technicolor Motion Picture OEMsr-6.7 ‘ 4183
Corporation

Those tests are not adequate to assess fully the relative
effectiveness of the various mounts. Additional laboratory and
service tests are much to be desired.

The gimbal mount dovelopid by the University of Rochester and
redesigned by thc Enstman Kodak Compcny (OEMsr-1090) for production
gives tho best overall performunce but is complex and oxpensive, ’
and requires carcful ndjustmant und servicing. The simpler mounts
developed by Enstmon (OEMsr-382) und by Tochnicolor should be de-

veloped further. Except for stutic boresighting, it scems likely

that these mounts would give satisfactory performance in aircraft
and on ships.

Theodore Dunham, Jr.
Chief, Section 16.1, NDRC
Opticul Instruments

22-241 R~diation Laboratory
dassachusetts Institute

of Technology
Cambridge 39, Massachusatts
June 7, 1946
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ANTI-OSCILLATION MOUNT TESTS

In the course of the development of the anti-oscillation mounts at
the Institute of Optics it was also necessary to develop and construct suitable
equipment for making accurate laboratory tests of their performance, The
most important of this equipment was a special sheke table for measuring the
effect of various types and amounts of mechanical vibration upon anti-oscille~
tion mountsd optical systems, Since this shake table was essentilally a pre-
cision instrument, not easily duplicated, the Institute of Optics was asked
on numerous occasions to tost other types of anti-oscillation mounts besidos
those doveloped in its own latoratory,

As a result of many shako tablo performanco teste on its own anti-
oscillation mounts, the Institute of Optics estatlished a standardized test~
ing procedurc, and a criterion for acceptadble porformanco, Thie critorion
was sct up after the rosults of the shuke table tcsts had been correlated with
a considerable amount of ficld experience with mountings in various types of
alreraft., The acceptablo performence so arrived at was chosen to gum:antcc
satisfactory perfornanco in flight under any conditions which might be en—
counterod in any typo of military aircraft, It is obvious that such a crit-
crion must necossarily be sovere, and not oasily met, Nevertheless, the ac—
coptable porformance specification finally established was ono which was met
by tho anti-oscillation mounts designed and built et the Institute of Optics,
not only before loaving tiic laboratory, but even upon their return from cx-

tonsive £10ld servico, e dosign of the testing equipment and the testing

proceduro ie deseribed in Appendix I, while tho acceptablo performance spec‘:l-

fications are given in Appendix II,
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Pho anti-oscillation mounts made by othors and submittod to the Instie
tuto of Optice for tests famll inte two groups. In the first group are tho ones
vhich ompley tho Institute ef Opties gimbal and air dash~-pet principles, dut
which depart in design detalls, This group includes tho mountings discussed
in Appendices III and IV, Here the testing proecduro and performance critor—
don ie diroctly eppliceble, The socond group cmploys a diffcrent principle
of anti-oscillation mounting and doparts radically irn design. Thoso mountings
are discusse;. ir Appendicos V and VI, Hero tho tosting precedurec serves as a
oomon ground for ovaluating rolative performance, The mounting discussed in
Appondix VII will be censidorod later,

0f thoso instruments in tho first group which have been tosted at tho
Institute of Optics, nonc cemplotoly meoots all the acceptable perfermance
requirements, In general, at the highor froquencies, which include those
frequencies oneo\mtorc.:d in normal flight, their performance is satisfactory,
4ll1 of them have natural froqucncies which arce higher than has boen found
dosirablo in the Institute of Optics mounts, and mest of them aro not sufficie
ently dampod. This deficiency is apt te ceuse troudble in planes which have a
tondonoy to yaw, or in the presonec; of low frequency vidbrations arising from
gm fire or dumpy air: Another sorious shortceming 1s tho poor boresighting
performanoce, since those instrumgntn are intended for use as gun sights,

It may bo that thoso aeceptadlc ,perfermence specifications have been
sado unnecossarily severo in an offert to iasure satisfactory perfermance ynder
all conditiens, If: so, tioy should be modifiecd for any particular application

in which oporating cenditions are found by experience to be more faveradlo,
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The final oriterion must, of ocourse, be satisfastory performance under actual
service use,

The inetrumonts in the second group utilisze a different prinoiplo and
are intended for a differont application, 8ince they are primarily for use
a8 visual aids in searching or observing, and not for sighting devices, tho
boresighting requirements are oonsiderably less sevore, This is fortunato,
for the principles employed in thoso instruments do not seom to lcnd thom=
selvos readily to good borosighting., Asfr as tho transmissability of theso
mount ings is concornod, the Sandvik-Chandler type compares favorably with the
glumbal mounts ovor part of the frequency range., It is inferior, however, at
frequoncios above 1800 rpn, and below 1000 rpm, The Technicolor mounts aro
inforior ovor the entiro range, and aro unussdlc at cortain frequoncies,

In evaluating tho performanco of those mounts, it should be borno in
nind that they aro a less preciso and consoquently less expensivo design,

There may be many applications, theroforc, in which some sacrifice in perform- '
snce can bo tolcrated in the interost of cconory. The Sandvik-Chandlor mount
appears to be a good corpronise in this direction,

Tho Xollsman mount discussed in Appendix VII omploys the gimbal prinoi-
ple, but differs from the rcst of the grow in many important ways. Tho air
dash~pot dnmpcr is not used, and no satisfactory substitution is made for it,
The gimbal principlo itself is not woll oxecutcd, as thc systom is not properly
dalancod., In fact, tho dcparturos from the Instituto of Optics design do not
appoar to havo greatly sirplified the construction, but unfortunately havo af-
foctod tho porformance so adversely that this mountiang docs not cvon coupare
favoradbly with the simplor types in group two, On tho basis of the shake table
tosts, tho applioability of tiis mounting would soom to bo cxtromely linited,
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App. 1
Tosting Procedures

The requirements of a ehake tgble for testing the performsnce of anti-
0s61llation mounts are as follows:

1. The shake table must provide bdoth linear and angular vidratione
- of known and controlled amplitude and frequency.

2., The amplitudes and fraquency must bs independently adjustadls so
that various condit_ ions of use may be simulated,

3. At any one time, vibrations of only ons frequency may be present,
The amplitude of harmonies, sub-harmonies or of any other frequenoles must
be negligidle,

4, The conditions of a test must be reproducible at any later time,
and must be essentially the same for any weight or sise of instrument likely
to De tested,

5. 3Both the linear and angular amplitudes ghould be sssentially oon-
estant over the range of frequencies tested,

Commercially avallable shake tables designed to test the meohanioal
effecte of linear vidration upon various types of instruments and equipment
@0 mot fulfill their roquirements, Neither did the spring suspension type
of table built and usod at the Institute of Optice in the early stagos of the

development of anti-osoillation mounts, (See report "Alds to Night Vision",

February 1, 1942, Appondix VII). Comsequsntly, a shake table was dovoloped

with theso spocial requirements in mind. Tho latest modification of this
oquipment is shown in Figures 1 and 2,
The vibration platform, upon whioh tho instrument undor test is mountod,
ie capadlo of both linear and angular motion, The rear of the platform is
RESTRICTXD
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Figure 1
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attached to the base through crossed axes lying in a plane perpendicular to
the longitudinal axis of the platform. Since tho instrument under test is
mountod with its optical axis parallol to the longitudinel axis of the plat—
form, this pivot permits rotation about any axis normal to the optical axis,
but does not permit rotation about the optical axis,

Tho front end of the platform is moved in a circle whoso planc is
normal to the optical axis, thus providing all components of angular vibration

vhich affecet optical performance. A poritive occentric drive insurcs a con~

stant angular amplitude, independent of frequeney. The corventional type of

doudble escentric permits an adjustabdle control of tle angular amplitude, The

three components of linoar vidration arc deternained dyr the position of the

instrument with respoct to the pivot point, The top of the vidbration plat-
form is provided with a serios of drilled and tapped holes, so that various
types of instrumerte may ve mounted, and in various positioms.

The occontric is driven dy a shunt wound 4, ¢, motor through a Jack
shaft and V-belt arrangcment shown in Figuro 2, Gross changes in frequency
are accomplirhed by changlng pulley ratios, whilo a fine centinuous control
is provided through a rheostat in serics with the armeture, The frequency is
measurcd by an oloetric tachometer beltod to the cccentric drive shaft,

The vidration platform in mudo of durnl, and designed to provide maximum

‘ stiffnoss with a minimum of cnertia, The pivot axes have heavy duty bdall dear-
ings properly pro-loaded to give freodom from shako with verv low friction,
4All othor parts of the equipmont arc of cast iron or stool, with large cross-
seotion, and table and drive arc mountcd on a heavy concrete base, Mass and
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stiffness are cssential in the prevention of flexures and resonances whioh
€ive rise to unwanted frequencies and variation in amplitude with frequency,
The performance specifications of this shake table are as followsg
1, Normal range of frequency - 50 to 2000 rpm, This range may be
extended in either direction b a change in the motor-jackshaft pulley ratio,

2, Angular amplitude about vertical and horizontal transverse axes -

0 to 2 mils (0 to #mus double amplitude), The angular amplitude is adjustadls

by means of the double eccentrio,

3+ Linear amplitudes depend upon angular amplitudes and upon distance
from intersection of pivot axes, Maximum linear amplitude at 10 inches from
pivot axes -~ ,020 of an inch (,0UO" doutle amplitude),

Y, With instrument weights up to 20 pounds, angular and linear am-
Plitudes are constant within 25% over the frequency range from 0 to 2000 rpm,

+ 5, Angulor and linear amplitudes having frequencies other than the

drive frequenty are negligible over the abovo ranges of amplitudes and frequencis

An opticnl lover is used to measure the angular amplitude of the vibras
ting platform as well as that of the instrument undoz tost, A plane galvano-
moter mirrer is waxod to the vibrating memdor. ILight from a point source is
collimated by a simple lens mounted indopendontly of the table, is reflected
by the mirror and then re~imaged by the same lens upon a screen adjaoont to
tho source, The scrocn 1s provided with a rectangular coordinate system so
that quantitative mcasurements of amplitudo oan bo made. Linear amplitudes

are moasurcd with s dial indicator,
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App, 11
Acteptadble Performance

The effeotiveness of an anti-oscillation mount is measured in terms

of Sransmissibility, The calculation of the theoretical transmiasibility

of such mounts has been previously reported ("Anti-oscillation Mounts",

Maroh 1, 1943), The experimental transmissibility 1s the ratic of the angular
amplitude of the optic axis of the instrument to the angular amplitude of the
outer frame of the mounting. The latter is also the angular amplitude of the
shake tadble, if flexure is negligidle,

In order to insura satinfactorr field performance, and to provide a
fair basis of comparison between various anti-oscillation mounts, a standnrdiszed
testing procedure has been set up, and certain minimum performence require-
ments have been established. The transmissidbility is measured with both
linear and angular vidbrations greater than are encountered in flight. The
oonditions of the tx.-anuminibuity tests are:

1, Constant angular vibration about two perpendicular axes normal to
the optical axis, with doudble amplitude between 1.5 and 3.0 mils,

2, Constant linear vibration in three porpendicular directions, with
double amplitudes at the instrumont center of gravity between ,010 and ,020
of an inch,

3. Measurcments mads at frequency intervals of 100 rpm or less, from
2000 rpm down to 50 rpm, or bolow the natural frequency of the mounting,

An "Acceptable Porformanco Curve™ of transmissibility has besn estabd-
lished to detormine whetiwr the instrument meets the minimum requirements for
field use, As a basis for this criterion, six tcsts of the Type II-b Anbi-
Osolllation Mounted Binoculars wero selocted., These tests were mado on three
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different instruments \m..ut at tho Institute of Optics, They were made

at different timos over a pt;riod of four months, by throe different odw
servsrs, Threo of the tests werc run of mountings bofore they werc sent
out for £light tests, and tho other three wore made on the mount ings

after they had roturned from 'ﬂight tests, Although a great many other
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f1ight tests. Although e greet meny other tests have been run, thess six

were selected es representative of good, but not exceptional, shake table
performence in moum.in; which gave good flipht performences.

The experimental valuea of transmissibility for these aix tests ere
represented by the points in Pirure 1. It will be noted thet these points,
with one or two exceptions, ell fs1l below the solid curve, The lstter is
a theoretical curve so computed as to include not only all of these experi-
mentelly messured pointas, but elsc the transmissibility o” other mountings
having equslly satisfectory per’ormanoe. chsracteriatics, In order to compute
such a curve, definite values of natursl freauency snd demping ratio have to
be selected. The natirsl frequencies of tho mounting tested were between
60 end 80 rpm, but to provide somewhat greater tolerance in this characteristic
. & value of 100 rpm wss chosen for the theoreticel naturel frequency. This
heas the effect of increaei g the trensmiassibility et higher frequencies, It
has been determined from flisht testa thst best results sre obteined 4f the
natural froquency is not hirher than 100 rpm, snd the damping ratio is
between 0.3 and 0.5 critical. Since the lover value rives a lerrer velue of
trensmissibility at low frequencies, it has boen used to compute the curve
between zero and 141 rpm. At highcr frequencics, tha larger velue of
damping retio gives higher trensmissibility, hence it hes been choasen for
the renge from 141 to 2000 rpm.

It should be noted that, althourh this comrcsite curve ie computed fron
theoreticsl consideretions, it represents an urper limit of treausmissibllity
versus frequency which flight testa have domonatrated es satisfactory. It is
therefore an experimentelly detcrained tolerance curve exrrcssed enalyticellys

It is not nccessary that any particuler mounting hevo these chosen velues of
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natursl frequency and damping ratio in order to be sstisfactory; it is merely
necessary that its experimontally determined transmissibility lic below this
ourve. The coordinstes of this curve are given in Table I.
Table I
TRAIS _REM TRATS
1.04 0.85
1.29 0.72
1,61 0.62
1.80 0.46
1.92 0.57
1.87 i 400 0.26
1.68 500 0.21
1.42 1000 * 0.10

1.00 2000 0.05

Since one of the important applications of the enti-oscillstion mount is

for optical gun sights, u second type of messuroment is included in the acceptable

performaence tests. This memsurement, ctlled boresighting, is the angulsr
relationship between the direction of the optical axis and s direction fixed
with respect to the outer “rrme o the mounting. The boresighting error or
devistion from the desired relationshio is usually specifiod in mils, or
thoussndths of a radian. It may be measured conveniently on the shake table with
the same sot-up usod to determino the anguler amplitude of the opticel axis.

The inner gimbal syatom comprising the orticsl instrument end inner gimbel
axis is pushed by hand against the stops which limit its anguler excursion and
then reloased. When the system hss come to rest, its direction is noted by the

position of the spot on tho screen. This rrocess is rerceted soversl times
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‘:) (ususlly 10) with the direction of the displecement different for esch

meesurement., The grestest difference between eny tvo messurements is the
boresighting error. Ths differencee ere usually resclved into verticel snd
horizomtal components , snd specified es verticel end horizontal boreeighting
errors.

If the meesurements sre made while the mounting is vibreting on the

shake teble, they are cslled "dynemic boresighting" errors, but if they ere
made with the sheke teble stationary, they sre called "ststic boresighting®

4 errors. A maximun error of not more then 2 nils, in beth. static end
dynemic boresighting, is considered ecceptsble,

Any chango in the mean direction of the optionl axis during e sheke
tsble test, not the rssult of en externsl force, is called "wandering®.
Any such changs is undesirable, but e change of greater thsn 2 wile in

s gun sight is not scceptable.

in the University o” Rochester Tyre 11-b mountings whose trensnisel-
bilities ere suown in Ficure 1, the stetic and dynemic boresighting snd

wendering errore sre all leess than 2 ails.
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App, 111
The 6 x 42 Night Binocular AOM

This clnssification includes soveral instrumonts, all based upon a

Qsign b J, Mikaiyl at Eastman Kodak Company, and intondod fer use in P-61
night fizlier planos, Tho Mihnlyl design empleys the ball-beering gimbal
and alr dreh-pot damper censtruction of the Inatitute of Optics type II-d
A0K (Sce £nti-Osciilation Mounts, Mafech 1, 1943), but 1is modificd to fit the
swiwol and bracket roquirements of the P-61 installaticn, Whilc these modi-
fications resull in an increase in size and wolght, and a change in physilcal
appearanco, no appreciable change in porformance characteristics is to bo ex-
pectcd,

' A fow of thoso instrumonts wore made in the model shops of the East-

man Kodak Camora Works, Although they wore brought to the Institute of Optios

on several occcasiens for quick visual checks of shnke table performance, only

one was submitted for a complote performance test. Ths horizental and vertical
transmissibility of this mount, Serial 02, shown in Figure 1, should bc com-
pared with the Accoptable Performance Curve in Appendix II, The performance
of this mount abeve 200 rpa is excellent, Below this froauency, hewever, the
transmissidbility 1s conslderably greatcr than the accoptable valuo, This is
. Gus primarily to insufficiont damping, but the somowhnt high natural frequency,
particularly in the vertical component (vibration about thc horizontal axis),
is a contriduting facter. It shoudd be noted that increasing the damping
cnough to bring the transmissibility within the acceptable perfermance eurve
Yelow 200 rpm will cause seme detorieration in performance abeve 200 rpm,
Desvoasing tho natural froquency will result in an overall gain in perfermance,
The vertical componcnts of tho static and dynamic boresighting orrors
RESTRICTED
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exooed the acooptable maximm by a large smount., The horisontal components
and the wahdering are woll within tolerance.

A sompio instrument manufacturod by Amorican Alreraft of Dayten, Ohilo
was dbrought to tho Institute of Optics for shako tadble tosts by Mr. C, R,
Wilson, This mounting was built from the Mihalyi dosign, but diffored in
somo small dotalils wiich had boen changed to facilitato production., In the
first tost, vory bad wandering was prosent, so tho instrument was takon apart,
sovoral adjustments made and then rc-assomblod, The work was dono by membors
of the Instituto of Optice staff, with Mr, Wilson of Amcrican Aircraft ob-
sorving, The objoctionablo wandering was absent in the sccond test, shown
in Figure 2. Tho performance of this mounting is satisfactory at high fre-
quencies, and the maximum at resonanco indicates proper damping, The natural
frequoncy of the horizontal componcnt (rotation sbout the vertical axis) is
somevhat high,

The dynamic borosighting error is above tolerance in both components,
and the static orror is high in the horizontal componont, The wandering is
well within toloranco,.

An instrumont manufacturcd by tho Robinson-Houchin Company of Colum-
bus, Ohio, undor contract with tho Univis Corporation of Dayrton, was subnitted
, for shake table tosts, This mounting was built from the same donign as the
Americen Alreraft unit. The performance curves, in Figure 3, show insuf-
ficiont dmiping, and too high a natural frequency about onc axis, In addi-
tion, the high froquency performenco is not quite acceptablo over most of the
range., The wandering is satisfactory, dut toth static cnd drnemic borosight-
ing in the horisontal direction are very poor,
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App, IV RESTRICTED
Ths 6 x 42 Night Monocular AOK

This instrument, dssignsd by Mr, J. Mihalyl of the Eastman Kodak
Company, end built in the Camera Works modsl shop, is a devslopment of the In-

stituts of Optics Typs III-b Monocular AOM (Sss "Anti-oscillation Mounts

March 1, 1943), It employs the'gimbal ring and air dash-pot damper principles,

but has an in-line Schmidt prism srecting system, This modificetion of the
optical system permits a corpact yst rugged mounting,

Ths shalke tabls performancs of this mounting is shown in Figure 1,
As in the Kodal: binocular instruments, the high frequency performence is good,
but the system has too high a natural frequency, and is not sufficicntly
damped. Hence the transmissibility below 300 or Y00 rpm is not within the
acccptable limits, The bohavior in the static boresighting test was vory

poor, so no dynamic bYoresighting tests wero mado, The wandering is witkin

accoptable limits,
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but the porformance at high frequencies is only fair, not acceptablo over

spplications, Tho dynamic boresighting in all casos but one is above toloxm-
anos, and the wandering is excossive,

static boresighting tosts oould Yo mado,

App. ¥
fechnicolor Mounts

Two dinocular mounts, ono for shipboard and tho other for aircraft

use, designod and built by the Tooknicolor Corporation, were submitted to

the Institute of Optics for shake table tests, These mounts differ radically

in principlo and construction from the gimbal and air dashepot type. The

binocular systom is supported at approximately its center of gravity on a

dall-gnd~sockot universal point, The restoring torque is provided by rubdor

washors which clamp on the bvall, ¥No intensivo invostigation of the function-

ing of this dosign was made, but sevoral shake tablo tosts wore run, with the
various belleand~-socket units furnished, Threo of these shown in Figures 1,
2, and 3 illustrate tho range and type of porformance obsorvoed.

It 1s evident from the data that this typo of mounting is not com-

parablo in porformance with the gimbal mounting, Although the porformance

varios widely in theso throe reprosentative tests, nono approaches tho ao-

coptablo performance curve,

In Piguro 1, tho transmissibility above 1200
Tpn is roasonablo good, but there is a bad rosonanco at 900 rpm in the vor-
tical component,

fioiont damping,

The amplitude at resonance is oxcossive, indicating insuf-

The porformance in Figure 2 is vory poor over practically
the entiro range of froquoncies,

In Figure '3, the systom is heavily damped,

most of the rango,

This mounting principle does not appear to be suitadlo for gunsight

Bocauso of tho frictional damping, no

The restoring torquo was insuf-
HESTRICTID
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-
fiolent to ovsrcome starting friction., It should bde pointed out that these

mountings waro intended for observation use, not as gunsights, They 4id not

contain graticlee,

The tests wore confinsd to ths shipboard unit which was designed for

pedestal mounting. Tho aircraft unit was designod for an overhead mounting,
vhich would require a oonsiderable modification of the shake table. The per-
formanco of the alircraft unit when mountcd upsido down on the shake table

was 80 poor no quantitative tests ware attompted,
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App, M1
The Sandvik - Chandler Mount

The binocular mounting designsd by Sandvik and Chandler at Kodak Park
was similar in prinoipls to the Technicolor mounte, but differed in dstails
of restoring torque and damping. One of these units was submitted for shake

tabls tests by Dr, Chandler, The performancs curvss ars shown in Figurs 1.

¥hile the transmissidility in the range from about 1200 to 1800 is acceptabdle,

at low frsquenciss it 1s noticeably poorer than that of the gimbal type.

The system is heavily dampsd, and has & high natural fresquency, about 200 rpm,

At the request of Dr, Chandler, who observed the test, no measurements were

mads abovs 1800 rpm, whers the accslsrations in the shaks table exceed gravity,
This mounting smploys frictional damping, hence static boresighting

tests were not apnlicabls, The dynamic boresighting errors were within tole

erance, but tie wandering about the horiszontal axis was greater than the ao-
osptabls maxionm,
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App. VII RESTRICTED

Tho Xollsman Mount

An Anti-Oscillation mounted binocular, manufactured dbr the Kollsman
Instrument Division was submitted by the Bureau of Aeronautics for shake
table tests at the Instituto of Optics, This mounting used the girdal prin-

ciple but deperted widely from the design of the Institute of Optics, Typo

II-b and the Eastmen Kodnk 6 x 42 Night Binocular, Figuro 1 shows the por-

formance of this mounting, A copy of the report submitted to the Bureauw of

Acronnutics is also included,

RESTRICTED




RESTRICTED
SHAKE TABLE TEST OF XOLLS!AIT AOM BINOCULAR

An anti-oscillistion mounted binocular, manufacturcd by Kollsman
Instrumont Division, has boon submitted by the Bureau of Acronautics, Navy
Dopartmont, to the Instituto of Optics, University of Rochester, for tost—
ing in accordanco with specifications submitted by tho Institute of Optics,
This test has beon carricd out, with tho following rosults:

1, The vertical and horizontal components of transmissibility of
this mounting, as measurcd on the shrnko tablo, aro plotted on tho accompeny-
ing greph, togetiwer with the Acceptablo Porformance Curve given in tho sprecie-
ficat ons,

2. According to tho spccifications, the transmissibility as measured
on the shako tablo shnll be less then or cqunl to that of the Acceptadle Per—
forzance Curve over the froguency range from 0 to 2000 rpm. Tho graph shows
wide departurc fron this specification,

3. Visurl observaztion through tho binoculars, during the shako tablo
test, shows vory poor performnco over practically tho ontire range of fre-—
quencles,

4, This shako table tost indicntes, in our opinion, that tho mounting
is wnsatiefactory for uso in alrernft,

An inspection of the design and construction of tils mounting leads
to the following conclusions:

1, Yo sultablo damping of the system has been provided,

2. Tho inner systoms aro not properly balanced, and no adoquato pro-

vielons havo been mado for doing so,

3. Tho restoring torquo 1s too groat, rcsulting in too high'a natursl

froquency,

4, Tho boarings aro not pro-loadoed to provont ond-play.

5. The construction 1s not sufficiently rigid and freco from plw,
RESTRICTED
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