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stationary. This lock-in prevents the RLG from sensing rotation rates that are at or
below the lock-in rate. To reduce the lock-in rate, the RLG is mechanically
oscillated, dithered, about the its axis to establish rotation in one direction and then
the other. Such dithering provides a signal at the output terminals that is
2] substantially independent of the mechanical oscillation while maintaining an
apparent rotation in each direction, thus reducing the lock-in rotation rate.

-The dithering causes the structure on which the RLG is mounted to vibrate,
thereby generating structure-borne noise which adversely effects equipment
mechanically coupled to the mounting structure. One method of the prior art for

26 reduc‘ing structure-borne noise is disclosed in U.S. Patent 5,012,174 issued to
Charles M. Adkins, et al and assigned to the assignee of the present invention.

Adkins, et al teach a device which is attached directly to the RLG platform and
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SUMMARY OF THE INVENTION

In accordance with the principles of the present invention structure - borne

21 noise is suppressed, in a desired frequency band, by judiciously attaching an auxiliary
mass to the vibrating body, which may be the support frame of a vibrating apparatus

such as a ring laser gyro (RLG). The auxiliary mass is constructed with a flexibility
(stiffness) to provide spring like action and is attached to the support frame in a
manner to force a node (zero motion) at the maximum amplitude position of the

26 support frame's vibrations caused by its response to the undesired resonating
frequencies. This construction and method of attachment causes the auxiliary mass

to vibrate at the undesired forcing frequency of the RLG in a manner that minimizes

the vibration of the support structure. Thus, the natural frequencies of the combined

structure, support frame and auxiliary mass, is shifted away from the forcing
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vibrations of the assembly of Figure 1 without and with the invention, respectively.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Refer now to Figure 1. A vibrating device 11, such as a dithered RLG, may be

21 positioned in housing 13, which may be closed by a cover 15 containing the
electronics required for the RLG operation. External forces acting on a body cause

the body to vibrate at the forcing frequencies generated by the external forces.
Vibrations of the device 11, such as the dithering of an RLG, cause forced vibrations

of the housing-cover assembly 13,15, which act as a unit body. The forced vibrations

26 are at frequencies w, the forcing frequencies generated by the vibrating device 11.
To réduce the vibration amplitudes of the housing-cover assembly 13,15 response to

the forcing frequencies, the housing-cover assembly 13,15 is designed to have a
natural frequency w, that is lower than the lowest forcing frequency. It is well known

that the natural frequency of a body is determined from w,? = k/m, where k is the



wher e: Plerr] is the anplitude of the exciting force

kferr] = nferr] wWerr] 11 nerr] is the mass of the housi ng-cover
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Plerr]/Kk[err] is the static deflection of a theoretical spring.

The deflection anplitude x[err] nay be 4decreased by increasing the mass of
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when the auxiliary mass resonance frpquency Is tuned to the
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where:
P, is the amplitude of the exciting force
ko = mg 6’
11 m, is the mass of the housing-cover assembly 13,15
w is the forcing frequency
w, is the natural frequency of the housing -cover assembly 13,15
Py/k, is the static deflection of a theoretical spring.
The deflection amplitude x, may be decreased by increasing the mass of the
16 housing-cover assembly. This may be accomplished by coupling an auxiliary mass 17
to the housing-cover assembly 13,15. Coupling the auxiliary mass 17 to the housing-

cover assembly 13,15 adds a mass m,, to the overall system that is given by:

m

eq 0)2
b~ (—)

®

am

wher;,
m,, is the equivalent mass added by the auxiliary mass system
21 m,, is the actual mass of the auxiliary mass assembly 17

W, is the natural frequency of the auxiliary mass



forcing frequency, i.e. werr] =[err] or equivalently [err] = 1.
As previously stated, to-mnim ze vibrations, the housing-cover assenbly
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of the forcing frequency band of the vibrating device 11. It 1Is
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of 534 Hz is within the forcing frequency range of the RLG that is
bet ween 450 Hz and 650 Hz. Rel ative deflection anplitudes at 26
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fromFigure 2A that a nodal line, a |ine along which the deflection is
zero, efosfingdrequencyeheen, | +n® drdaquitalendyrfe=11. 1t is also evident from
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4A, and 5A whefein respectively are Shown

A mathematical model of the housing-cover assembly 13,15 was generated to

determine the natural frequencies of the system 13,15 and to minimize the number

of résonances within the forcing frequency range. The optimized mathematical
21  model of 13,15 resulted in a first resonant frequency of 405 Hz, which is below the

lowest forcing frequency of the RLG of 450 Hz. Relative deflection amplitudes at

locations on the housing-cover assembly 13,15 for this first resonance are shown in

Figure 2A. The second resonance of 534 Hz is within the forcing frequency range of

the RLG, that is between 450 Hz and 650 Hz. Relative deflection amplitudes at
26



frequenci es responses at a location 16 on the housing 13 of a
representative housing- 21 cover assenbly 13,15 al.ong the x, y, and z axes
indicated in Figure 1, for forcing frequenci es from near zerpo to 1600
Hz. Reson¥@¥F10 t he | ocation 16 appear at 350 Hz, SACTAISI9ARTT 960
Hz. O these resonances only the resonance at 548 Hz is wi thin the )
forcing frequency band. To réduce the vibration anplitudes
within the forcing frequency band an 26 auxiliary nmass 17 is added to the
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17 i 6 defrchiosvBzenp) bxistseoruthe centerdineoi 44 b€ Fipaeel. slaboadeo 2vhienZ flomand
27c and by seating the auxiliary nmass 17 on a 29 on the

housi ng Figire tisgsmaxinaym %ﬁﬂ?éﬂon exists pedy lppaw%@end & CofCQIItFquqsiéy
late 19, an |nrmt|o rcla Lty
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t he desi
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the forcing frequency band. A characteristic equation Tor tHe conbined

houdilngtoahecoti®rd 273 hnda2idc afith¢ hengingagbet7marimbm pibviidsduppression isg
t he denom

h
pr ecedi ﬁ@q@%ﬁt Teringere suppresgervafifbrations at the m}&rgLér]eﬁqu gfrﬁéxtetlfwsing-
?ﬁgo;nolnl Obr gése lyl la.% fl'ﬁrﬁ\t 'ﬁguﬂgry[&r rsl ma{f bt ]d’esi%?\%é]tp]vx%é?%{ﬁ tﬁ\esftg ah'gShes
char act ?féqgieh%yfiﬂltﬁé'r@eﬁ%m’;o&%d%@ﬂzSYSt em from which the conbi ned
u

system resonante fre [err] is conputed as
A Housmg-cover assembly with optimized wall thickness, selected material and
16 points of constraints deduced from the analytical model was subjected to an impulse
hammer test. As shown in Figures 3A, 4A, and 5A, the frequency response of this
device was in agreement with the computed first three resonant modes.
Refer again to Figures 3A, 4A, and 5A wherein respectively are shown
frequencies responses at a location 16 on the housing 13 of a representative housing-
21 cover assembly 13,15 along the x, y, and z axes indicated in Figure 1, for forcing
frequencies from near zero to 1600 Hz. Resonances at the location 16 appear at 350
Hz, 548 Hz, and 960 Hz. Of these resonances only the resonance at 548 Hz is
within the forcing frequency band.
To reduce the vibration amplitudes within the forcing frequency band an
26 auxiliary mass 17 is added to the housing-cover assembly 13,15. The auxiliary mass
17 cofnpn'ses a sectionalized base plate 19, which may have four sections, steel shots
(BBs) 21 positioned in each section, and a cover 23. Screws 25a, 25b, and 25c,

which extend through pass-through holes 24a, 24b, and 24c in the cover 23 and pass-
through holes 22a, 22b, and 22c in the base plate 19 to threaded holes below spacers
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tot g ma:ﬁﬁi ?ﬂa]z‘( Since the

ri g| ity O 2 ﬁlggﬁyﬁsalﬁﬂymna)sgéﬁag%géd%% éegutngﬁggieéé% romtéferr] = [err]

nmMerr] , the rigidity k[err] 1 Lire xi girpLy 2npss 17 may be

(534x2p)2 x .01295 = 145785 Ibs; rB V\Z(qchblg |Bt rsuj‘t otal spring stiffness.
of the preceding equation to zero. Settmg ®, = @ and rewriting the denominator as .

a function of w,, ®,, ®,, and u establishes the following equation
(C")n2 - O)nmz)(mnz - @, 2) = mnz maz n= 0
16 which is the characteristic equation of the combined system from which the

combined system resonance frequency ®, is computed as

2 2 2 2
WL e m) vl Wh(L e -0 |
w, = — 2 - = 2 P+ wp,00)”

This .equation determines the combined system resonant frequency for a selected
mass ratio. Computations for various mass ratios permits the selection of a resonant

21 frequency that is outside the forcing frequency band.
. Consider a housing-cover assembly 13,15 weight of 20 ]bs and selected mass
ratios of 0.1, 0.2, and 0.25. The combined system resonances for these ratios can be

determined for the undesired resonance of 534 Hz.
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The construction of the auxiliary mass 17 and the screws 25a, 25b, and 25c
establish a tuning nass-spring system which may be fine.tuned to the

undesi red forcing frequency by adjusting the torque on_the s?re , -to
count eracYQ YW 26 vibrations of the housing-cover assenbtl/UE%/06877
Attachnment points 27a, 27b, and 27c on the housing 13 for accepting
the coupling screws 25a, 25b, and 25c, 8 respectively, are selected to
maxi m ze the housi ng-cover 13,15 notion suppression and to enhance the,
st abi li t ook, t=h@®.huxi | i ary mass 17 during externally induced WO
99/51910

PCT/ US990Q68 148 o, = 630.1 Hz 9 1

si nusoi dal and_.random envi ctonnental vibration at the resonance frequency of
t he wﬂc"bﬁn‘ﬁ;ééﬁmﬁ ﬂ@@t%?& The reactive force performance of the

auxiliary.mass 1 7.is 1.Qnif tly increas by .triangul ar

posi ti on¥Hbcec(?n‘1 b? M%llsotﬁﬁtfg?égg,f%ﬂg%&ﬁx%f?g? thid I%géssly oowc%na%qéépeé 1.
Positi oni:gg‘}} geg_c@r(_)upl ing points in this manner enforces nodes at

| ocati ons a 27c for the forced vibration frequency. Optimal tuning is

6 achi eyge- bpsasl] vs6i6TYs He torque on the screws 25a and 25c¢ to drive

poi nts 24a and 24c to lie in a horizontal fixed pl ane. The
auxi | i arg,nes801d, s £dh&tHact ed and arranged to have a natural frequency
that is substantially equal to the undesired frequency in the forcing

Lally . )
f r equencyhirtnis still widha thetfpesing direquercysbardantial |y i dentical to that of
t he housj ng-c_g\tﬁésassenbly 11 13,15. The nmaterial of the base plate 19
and covet©2B =t wei ght of the BBs 21, and the torque on the screws

25a, 25b,  an c ar cted to provide a stiffness k[err] and a
mass n{ecro'i"] gcl)gt?q‘r‘at 6?F}Liaﬁr{gti o k[err]/merr] =[err] is approxi mately equal
to the ogcill #8199 = 416fyBguency of the housing-cover assenbly 13,15 as
excited by the forcing frequency. Consequently, the vibrations of the
assenbl ywhidh ik ddequeatecoupiner tht irgohdret fregidnanofltie carhbieel systérmnl hoysimgs s
17 causing a significant reduction in _the vibrations of the overall o
system cover and auxiligry g8assnk3 dReanddi7, icangidgads foscipgsfrequaneydpand dhdat'es

a zero nption zong . vi bration node) at. l.ocatians 24a _and 2
Feapect | U5 12000 SCOPHEM DR BirsEPNAlR Of (e BousiNgeicyer dsseanpiy 431
| ocati ng i 14 B Sss | 3d4 I laofa?hﬁ
nodal | i#esg‘iligeé'f 4&?1}1%5?%59 ??ﬁg?eir%e b?/édtcﬁgeﬁgxg&%{)?#&g fgé%%%g(? tl).eq'he
auxi | 6 ar yyseafsatithe akpenatfdneeasing hRe peerallveight pifehe Walit addahefstiffiRss of
housi ng 13 establ i shes contact with the auxiliary mass and with the
torque app ausilinonsnass tohmaintain thasamare,, 23his 26honattraddive. [Thehthd tbtad
recogni zed, that, the addition of the uxiliary mass assenbly |7 to the
housi ng Wei tﬂﬁéﬁ@ aygxIIGEYE Blash dBwats P dosat i?ﬁ?@, s)-z%mCFé@g tsisiegual §q,mass
sur face-}.0- supf t.ac I entire_up wals r 1
Thi ot oribeo A EHBRRG of PPk B Shbe dPr e o B LORE aBhee e
mass N eadlilihef mBsd P¥ 84 .01295 Ibs's¥in. Since the rigidity of the auxiliary mass may be

21 determined from k,,, = o,,” m_ , the rigidity k. of the auxiliary mass 17 may be

(534x2p)* x .01295 = 145785 Ibs/in, which is its total spring stiffness.

__ The construction of the auxiliary mass 17 and the screws 25a, 25b, and 25¢
establish a tuning mass-spring system, which may be fine tuned to the undesired
forcing frequency by adjusting the torque on the screws, to counteract forced

26 vibrations of the housing-cover assembly 13,15. Attachment points 27a, 27b, and
27c on the housing 13 for accepting the coupling screws 25a, 25b, and 25c,

respectively, are selected to maximize the housing-cover 13,15 motion suppression

and to enhance the stability of the auxiliary mass 17 during externally induced



conbi ned system mass of (nferr] n{err] - nferr]) with negligible k[err]

contribution such that [err] << [e aad-|-ert] O which yields an
undesi_redwapplisigat i on of vibration 5‘1@ SHullle HAS BEEN VECPRIS ok 07
PCT/ US99/ 06871 REPLACED 10 1

Refer now to Figures 3B, 4B, and 5B Th&pe Tlgures—snow t he frequency
responses at point 16 of the housi ng 13 al ong the X, Yy, and z axes,

respecti X r A co son
o Fro. 19 Biudhl ild andblf eRVibh Rl wiriB BHee IRl PB3Tes BrabeB e RE ek -

Fi gure 34 abgd Xtr'uﬁﬂh‘éat %eare%tﬁ%fﬂo‘i@é&erfonﬂa%@ﬂ%ﬂ He 9l 9%317%1
anplitudes along the x axis in frequ

i nt er estsigriifieandgrintreised byt trmngubardy positicating48uplinggioints 27a 37b and 27c
resonance occurs W thout the auxiliary nass 17, has been reduced by nore
than 20 as showm in Figuse B¢ Hashioning|the soupHagpaintnia this swsrarenfomes aodes

and 2 AT G0p b oE Tor i, RAcRa VRO SNy, Aagt g o
i e ifisig the torque on fficrEnt 225 ERICHN Ofve RETLEAF T

have beer7¢selicdnea WoFidsntdl fd&&lclbliaﬂbj on r at her t han limtation and that
changes may be made within the purview of the appended cl ai ns wi t hout

depart i ng f r olrhe hexiliage nsse ¢ iakndnsyiicted afd amanged/enbavma imatitad ftequadey
aspects. met hog for reducing
re

noi se geqt@.t aﬁ e&%@n%ﬂx BAUR tor &A'Lmh@e%tedafreﬂp%%%the forcing frequency bapd
0129, 19 BRRS Al MRl A B TR BRGS0 B
consy uci3 NG, arR@atickRaldfithd st PIAEIWLAE chberdR I the Wwaghes e BBE 98Sand
the torque on the screws 25a, 25b, and 25c are selected to provide a stiffness k,, and
a mass m,,, so that the ratio k,/m,, = w,, is approximately equal to the oscillating
frequency of the housing-cover assembly 13,15 as excited by the forcing frequency.
Consequently, the vibrations of the assembly 13,15 are countered by the addition
16 of the auxiliary mass 17 causing a significant reduction in the vibrations of the overall
system.
Attaching the auxiliary mass as described above creates a zero motion zone
(vibration node) at locations 24a and 24c respectively coupled to locations 27a and
27c. This is achieved by locating the auxiliary mass inherent nodal line 26 parallel
21 to the nodal line 14a of the housing 13 defined by the two points 29 and 27b. The
auxiliary mass is activated when the pad 29 on upper wall 13a of the housing 13
establishes contact with the auxiliary mass and with the torque applications on the
hardware 25a, 25b and 25c. It should be recognized that the addition of the
auxiliary mass assembly 17 to the housing 13 without a spacer pad at location 29,
26  results in a full surface-to-surface contact along the entire upper wall surface of 13a.
This tends to add the auxiliary mass m,,, directly to the housing-cover mass m, for a total
combined system mass of (m,,., = m, - m,,,) with negligible k. contribution such that ®,, <<®

and B, ~ O which yields an undesired application of vibration amplitude

X, = (PSKY[(1 - @ /(k/mypy)]
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and coupling said mass to said structure in a manner to

forma conposite structure wherein.said external
forces ar Vi ged by vi brations of said structure
such t-hat&’ggs{ggﬂél nposite structure vibrates at vibration 1FCT/US99/06877

frequencies within said forced vibration frequency band with

vi bration frequency anplitudes that ardQ ower than vibration

frequency anplitudes, within said forced vibration frequency band, of .
sai d Ist r uct urlkefer now to Figures 3By 4Bt hod 3B. atbesed figuresvshidw athai frequénayt her
i ncl udi ng the steps, of: I]:}15 ) construgti ng said structure to
have a HESRATHES At BRINENE obthe beusing 43 along the x, y, and z axes, respgeidvely. withd

adj acent | fy.firs YaToly . nstructing said
mabe 0 REVASGIHeRC e HRE St 89S 17 Acompagion of the TR ebfor fn
f reque”%g@%‘QBaﬂ'li@Pﬁfg ﬁ&ﬁhgné)ﬁ‘i ik nf Figgre 3A clear%y inéicatesof‘ sigifieshd N

accor danc | said mass constructing step 2

wth claim1l erel
i ncl udegedbetiohepf tié vibration amplitudes along theoxiastisnih thesdSi0 bimto 50 Hlzat e

having a plurality of sections; filing each section of

sai d Gsedrequency b@@dp:pfaig@emst.h'fbegngg@imdg, ofthe wityations at 548 Hz, at w}_\ich a

ol at o oCNATE QEFHBRAIhoMS the arsiliney moek 1 <hasespoisdugrdiy mdfe Han 0%,

A et oy Qyidh SABFRIGE agiftudle elldibHE tRESugHdt 4 Whdd® S3F rBlults are
evident for vibration amplitudes along the y axis and z axis when Figure 4B is
compared with Figure 4A and Figure 5B is compared with Figure 5A.

11 While the invention has been described in its preferred embodiments, it is to
understood that the words that have been used are words of description rather than
limitation and that changes may be made within the purview of the appended claims ;
without departing from the true scope and spirit of the invention in its broader
aspects. |
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creating tapped holes in said struc rm ned | ocations; S
est abl i shing pass-through hol es i al UFBIE !ﬁzed plate and said 5
plate at pueiswsme correspondi ng ned | ocatp®©RNE$99/06877

and passi ng screws through sai d pass-through holes into
sai d tapped hol es; ti ght eni ng
said screws to tune vibration frequenC| es of sai d nass. 10 5. A

met hod in accordance with claim4 fur M cludin fre—steps.of
arrangi ng said tapped hol es and said pass rough hof*é@ SHEET HAS aapnljar
pattern hamifg an apex on center lines of said str ctureREMGE@ d

nass. 6. A nethod in accordance with cla mb5 rorthrer~—r€l udi ng
the steplof prownetihng ifer reducmg fosqeak eilsraviorsaofl sthadyt wiehiro gﬁﬁim"gﬁbﬂ a
pr edet er gi ned di stapce bet said structure and sai d nass.
7. gé b@l&ggamgr?c rmbtaﬁdcqrwat anbaseeand bandgndiicognprising tthe stdps
provi d| nge. a pad on said center line of said structure that
activateS 'sai d nmass. An apparatus conpri sing: 20

a structure s YR o) . cie
i thin a vibr 5?‘.‘%%‘“?‘?“%8&%‘%%*@’3%‘ R S RO & Wik S M A BhE R
second band eoouplaiglsaid mass to said body to form a composite structure such that said

composite structure vibrates at frequencies within said vibration frequency band with
vibration amplitudes that are lower than vibration amplitudes of said body without

said coupling of said mass.

2. A method in accordance with claim 1 further including the steps of:
constructing said body to have a natural frequency out of said frequency band

adjacent said first band end; and |
causing said mass to have a natural frequency outside of said frequency Band

adjacent said second band end.

3. A method in accordance with claim 1 wherein said mass constructing step
includes the steps of:
providing a sectionalized plate having a plurality of sections;
filing each section of said sectionalized plate with steel shot; and
placing a plate on said sectionalized plate over said steel shot.
4. A method in accordance with claim 3 further including the steps of:
- creating tapped holes in said body at predetermined locations;
establishing pass-through holes in said sectionalized plate and said plate at
positions corresponding to said predetermined locations; and
> passing screws through said pass-through holes into said tapped holes; and

tightening said screws to tune vibration frequencies of said mass.
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13 a mass, coupl ed o forma conposite
structure, said ”aimllﬁu “" WH ﬂﬁo V' brate in

response tV9 g é rg ces. pr ovid sai d .
struct ur e, 234 rrposﬁ}HSsSHBEcrtmggggn truct ed and arranged’CT/US99/06877

to reduce vibration frequenggp;gm@utude% of vibration frequencies 5
within said vibration 2 9. An apparatus in
accordance with claim8 wherein said mass conpri ses: a
sect i onabi zed Aphredtholani aigord qrceraithtdaion 4sREth Ricluding the step

plurality of steel shots positioned in and filling each” of sal p[urallty
of arranging sai ggquoh@les and saldlp}ass-through holes in aariphgulr pattern
positiongd on said sectionalj.zed at ai d steel shots. 10
An appar 3ATE 3 ARED PRSRERERIRES BF ﬁ]el?? ci,saxdsg]aas -steel shots are

| movably positioned in said sections. 11. An apparatus in
accordance wth claim 10 wherein said steel shots are of

equal di et eA met&d in accdrdancéWvidR BB AL S'Ei‘ui‘dl'\ei‘(iﬁélﬁg ﬁoglcﬁ
wherein said structure contains a pl ur ta pe oges

sai d masspagsas anrsid bodyrtal imbyntain pgsedetermigbd distance between sdidlisdy and
correspondhgg?to sai d tapped holes, and wherein said nmass is

coupl ed ¥ t-structure by screws passed through said pass-through
holes into said tapped hol es. 20 - 13. An apparatus in accordance
with claim12 wherein: said tapped holes and said

pass-thrpugh Roleehdd $h abéAR9REE Wit claim 6 further %ncluttimrgethet gtefi“?)?uplr%\rndmg

pattern having an apex on center lines of sal
and sai da padon ssEgpetitey Bhy of said body that activates said mass.

8. An apparatus comprising a mass coupled to a body subjected to forced
vibrations within a vibration frequency band having a first band end and a second
band end, said mass constructed and arranged to reduce amplitudes of said forced

vibrations.

9. An apparatus in accordance with claim 8 wherein said mass comprises:
a sectionalized plate having a plurality of sections;
steel shot positioned in each of said sections; and
a plate positioned on said sectionalized plate over said steel shot.
10.  An apparatus in accordance with claim 9 wherein said steel shot are

immovably positioned in said sections

11  An apparatus in accordance with claim 10 wherein said steel shot are of equal

diameter.
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14 14. A nethod in accordance with claim1 wherein said coupling
step includes the step of attaching said mass to said

Focati ons i n sai d naull 1K A HWHI;II A e hqu,@“sggéﬁfﬁgig’gNﬁi?ﬁ‘°§T’Z?ﬁq )

wher ei n said coupling”stép indludes” 5 13 cating an

i nherent nodal line in said nass in parallel \M

i nherent jpodalad 'i}?éxﬂnﬁaiﬁ a%EéH!‘dﬂUeemth claim 8 whfereirfs4Ri My Bontains a
accordance with cl'aim 3 wherein sail filing step includes eth

step of pludabiyysefi thpptedehokebosaidtmats tonedins aeplorality obpassttasaghatiatield n
sai d plurality of sections. | O 17. An apparatus in
accor dan€errgspending tﬁ gaightapped beles, mvwl@r@mﬁalédnass is coupled by screwesi d

structure in.,a,manner .t.o est.ablish,node, zones ,at se cation
Shi U neBatsed thISUEH S paSsiRuER anRels TRl i taRbed R afioraa s Rane,

an i nher id said mass is positioned in

par al | el S{Hrflﬁ g‘ﬂi}rférmé;r?%%%bf sa(\i‘alm THe in said 15 structure.
19. An apparatus in accordance with claim9 wherein said plurality of

st eel shots are sized to fill and maintain notionless
contact i8.saiAh pppamitiis yn a{:cordance with claim $2ovhamin: 20. An
apparatus in accordanc th c erelg all d screws are_ torqued 20
to tune Vvibr ats?%éaﬂ?ecg holes an sal pass-t rough holes are arranged in a triangular

pattern having an apex on center lines of said body and said mass.
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