“DEVI CE FOR DAMPI NG VI BRATI ON OF ROTCR 5 Field of th8Bdvamadies Us

" -The present invention relates to a device for danpi ng vi bration of a

roter. 10 Background of the Invention A rotor is subjected to a
‘vibration during the rotational novenent, derived froma driving source
such as motors or due to the unbal ance inherent to the rotor 15 itself.
It i1s necessary to mtigate or preferably rapi dly danp such vibrations
so that the critical speed of the rotary system can be easily passed to
dd ni mi ze the risk of breakage of the system and suppress the

unf avor abl e i nfl uencé S d r n0| peri phera
structure such as a ho&éﬂﬁﬂcg F@?hggggfhg VfB Sﬁbsgtﬁaﬁgganplng devi ce
is discloseds in, e.g., = Japanese Unexani ned Patent Publ i'cati on (Kokai)
No. 51- 22979, in mhich a vibration generated during the rotation of

arotor is mtigated. This vibration 25 danpi ng devi ce suppresses a
- whirling mot | dtiedid tdfe the rorventdion he critical speed by a plurality of

el astic pr oj ect |.1q{% I_Déyf}g: r ©lastic
proj ections are broug [ﬁl nto cowéﬁé%rﬁh t eég]q;s%ﬁ gcgeevi%@ rot or

during the whidanpiqhotibratdon iof 30 yekary and def or ned, V\/nereby t he
anplitude ¢§ the mhlrllng notion is reduced. Al so,Japanese Unexam ned
Pat ent Publicatign (Kokai) No. 4-50529 discloses a vi brati on danpi ng
structure, in BaskarounghOf dhe Inyankdathg the vibration such as a

vi sco-el astic 35|n§<¥aﬁarifgiguggégggaiggnng{bfhgggﬁidukiﬁﬁ £Reat ably
rotational movement, derived from a driving.source such
as motors or due to the unbalance inherent to the rotor

15 itself. It is necessary to mitigate or preferably
rapidly damp such vibrations so that the critical speed
of the rotary system can be easily passed to minimize
the risk of breakage of the system and suppress the
unfavorable influence (such as a damage or a noise) on

20° a peripheral structure such as a housing or others.

A vibration damping device is disclosed in, e.q.,
Japanese Unexamined Patent Publication (Kokai) No. 51-
22979, in which a vibration generated during the
rotation of a rotor is mitigated. This vibration

25 damping device suppresses a whirling motion of the
rotor at the critical speed by a plurality of elastic
projections fixed annularly around the rotor. The
elastic projections are brought into contact with the
surface of the rotor during the whirling motion of the

30 latter and deformed, whereby the amplitude of the
whirling motion is reduced. Also, Japanese Unexamined
Patent Publication (Kokai) No. 4-50529 discloses a
vibration damping structure, in which means for
absorbing the vibration such as a visco-elastic

35 material is interposed betquﬂ_a bearing for rotatably
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-2- - supporting the rotor and a menber for supporting the beari ng.
Summary -of the Invention 5 - According to the structure in which the

vi bration of the rotor is mtigated by the contact of the rotor with
‘the el astic projections arranged around the rotor, since it is necessary
to provide a space for arranging the el astic prOJectlons and a support

for fixedlystfporeing the rotoz! and @ pembes! FforsS supportitigaithd zation
of the perlgheral structure around the rotor is prevented. Al so, since

it is neces §F§1Pg accurately position the elastic projections so that a
predeterm ned gap is formed between the respective 15 el astic projection

and the sur t hlghly preci sion assenbly technique is
requi red. I%ﬁﬁﬁa db?ethg g?ﬁggt ﬁé eflastic projections are slid on the

rotor dur¥ng theAmsording fet the, strucsurel dms whichedhe vidwedrdan on and
vear of el aglei ¢h fotol QESmMgﬁ'Ebae szhé congactthgfott'a@’ Ak according

to the structure. in whi bear | I'S supported via the vibration
absor bi ng n¥4&8, tQPn@éaﬁﬁéchSPﬂﬁgté9§Fl?rFPBH&§e§r°u NG ithe Fedorin

accordance wihbet i€ isbhatesgaely theprovideoh, spaeee fiox arrrla'iigﬂi‘ t he

I ncreased VI rat 25 t.he rotor e to the Sp%ent&hﬁ of the shaft.
Accor di ngl y & ?Iﬁé tﬁc ProdsGtiepFeand pr SYPROY, nt gap between
t he bearithgsapgoritdnige&hienglasticppeotectdonsn| thehaindatarizatfion

i nterposi ng thgye Egggpﬁgkg?hgg§ﬁﬁghgg g@%ﬂidb%ﬁg %%g ffICU|t but al so 30

there may be a pos e sufri cCrent t 6N suppr essi ng
effect is npre&entedablélsAb561nceth&rQS|negnsshew oo Blcemriatellyat t he

bear! 19,5 odbLon USkabaee pLaseetigy s e gL eaSi g (e nurer o
freedom predetermined gap is formed between the respective

15 elastic projection and the surface of the rotor, a
highly-precision assembly technique is required. In-
addition, since the elastic projections are slid on the
rotor during the whirling motion, the problems of heat
generation and wear of elastic projections may arise.

20 Oon the other hand, according to the structure in
which the bearing is supported via the vibration
absorbing means, since the bearing easily vibrates
(displaces) in accordance with the vibration of the
rotor, there is a risk of the increased vibration of

25 the rotor due to the eccentricity of the shaft.
Accordingly, since it is impossible to provide a
sufficient gap between the bearing and the bearing
support, not only the operation for interposing the
vibration absorbing means becomes difficult, but also

30 there may be a possibility that the sufficient
vibration suppressing effect is not achievable. Also
there is another problem in that the bearing structure
must be reinforced such as by increasing the number of
bearings, which results in the lowering of the degree

35 of the design freedom. . |
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-3- - The present invention is to provides a vibration danpi ng
device which is easily assenbl ed and capabl e of mtigating the vibration
of ‘the rotor during the rotation without being brought the rotary part
into 5 contact with the stationary part, preventing the m niaturization
of the peripheral structure of the ‘rotor and lowering the degree of the
design freedom The presentichorgitidn tie P Provides pi estbatiognt | on:

provi des a degvic 0 i.ng wi bration of a rot 10 i ch conprises a

first surfagcga@]ﬁ}érée‘gﬁé%o@g’f\h it s%ﬁﬁ‘?@%% sc%?a}éf?’o? r and

Supported bymitikgatingttire whikratiomtief rihey rotmnslwring ridssi ng angljef to

the axis of I s SLIT t e pace rom
2R withSRe ﬂ{?ﬁbéy:ﬁ%ghggﬁzéygﬁﬁ%ﬁt*ﬁfé

the first surface el enent and 15 di spose t e axis of the
)

rotor at 8 ConRak akth heistptinpary manko praverting ehe on danpi ng
o oEnt 5, A B e et due o a
el ements, and ,adapted to be, efornmed in a visco-e]astic nman

defl ection XA tafﬁe{‘;ﬁ"éelb’fnq & é?ﬁr%%tﬁfg(f%t‘g%ﬁﬂ‘? $24: and

second surface elPoradcomplish Bni?famb,r itHe qsrfsé%ﬁﬁei_ﬁmm g
FIGURE 1. A si ectional. vi of,.a vibrati.on anpi n evi ce accordi ng
to a first ogéﬁéma 0 eq{]hcee %rpr%?éﬁﬁnq mqgnqn of'a ¥o BURE 2. An

i || ust r alPorwhgichn campirfisas ifiofst swfiame te kewerds d&spo#@datign_danprngBo
menber in t | ' (yﬂng i SEEIL A | ' ing a
plan view ta ear{lsg{go%ﬁg Iqla?ne ] ){1% %&lﬁcgure 1; '%dl;)é:d&%%:én% éfp‘l:lg% vi ew of
anot her nodi%taR imglzeamrmwrw a qonatant |graogsimgangle ted (c) being

a Cross-sectim axisfof the YRR, "BHRoRE RhrFdte (&1 dndrt t her
nodi fication. 35 si de_sectional view of another

Fl GURE 3. A
appl i cat i on YRPAHESAY SRAGRY £han theifirat gunfagg element and

15 disposed transversely to the axis of the rotor at a
constant crossing angle thereto, and a vibration
damping member fixedly secured to and held between the
first and second surface elements, and adapted to be
deformed in a visco-elastic manner due to a deflection

20 of the axis of the rotor caused between the first and
second surface elements.

Brief Description of the Drawings .

FIGURE 1. A side sectional view of a vibration

25 damping device according to a first embodiment of the
present invention.

FIGURE 2. An illustration of a modification of
support member and vibration damping member in the
vibration damping device shown in Figure 1; (a) being a

30 plan view taken along a line II-II of Figure 1; (b)
being a plan view of another modification taken along a
line II-II of Figure 1; and (c) being a cross-section
of the support member according to a further
modification. |

35 FIGURE 3. A side sectional view of another
application of the vibration damping device of Figure
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-4- - 1; (a) showing a rotor held in a both-sides nanner and (b) .
show ng-that held in a cantilever nmanner. FIGURE 4. A schematic
vi-ew for expl aining the vi bration danpi ng action of the vibration _
‘danping 5 device of Figure 1; (a) showi ng the action on a rotor held in
a bot h-si des manner and(b) shomnng t hat held in a cantil ever manner.

FI GURE 5. Als da)sestowimsg allnmzdzf held Hiratd Goth-iatgs mgamieet cend or a

rot or accor dlne f i nventi on.

FI GURE 6. Adgﬂ}déh%e'ﬁt"iﬁ% Vi ew of %anot%é‘tqle%%p%a?%l%n of the vibration
danpi ng devi ce ofFIGURE . 26 schematic MiGuREOL exmmmmmm view of a
vi bration 1593445 ¢RfGd %rct'idiptdir &@Wﬂﬁﬂ:&?@% K\HSC etic view for

enbodi nent of the present | nvent | on.
expl ai ni ng QAfyice of,Figune ddnpialg shawigig dhe metion an ¢ m ng

devi ce of Fih@lie ih o Dot Aides infdhnt iaHd \Yb)2 SHEWIng &N thd1y @
bot h- si des nanner %#%Q shomﬁn t hat hel d in a cantil ever manner
FIGURE 9. AY} Q§§§ &r *a vibration danpi ng device for a

rotor according tRIGlIHE)le.t hA smd)mﬁd'bﬁmnalf vilew weentibrateivn on. 25

FI GURE 10. d%mii %% ?_J 'aEWOQO?%é%%di% I|c té§£ of the

vi bration danmp nmprng deV|ce o) ure ion on a rotor
hel d i n 30bempodimerityesf mimmrmt( Wnvendiiony that heI din a cantl | ever

TRNCT . 30 oy RGeS &3 deX RIS view of pritneld. 40

vi brati on danpi_ng devi ce = main mass 3 40a, 48a
- axi al end appdigation p¢ the vibnatrion damping device of Figure
5.

FIGURE 7. A side sectional view of a vibration
15 damping device for a rotor according to a further
embodiment of the present invention.

FIGURE 8. A schematic view for explaining the
vibration damping action of the vibration damping
device of Figure 4; (a) shbwinq the action on a rotor

20 held in a both-sides manner and (b) showing that held
in a cantilever manner. [

FIGURE 9. A side sectional view of a vibration
damping device for a rotor according to a fourth
embodiment of the present invention.

25 FIGURE 10. A side sectional view of another
application of the vibration damping device of Figure
9; (a) showing the action on a rotor held in a both-
sides manner and (b) showing that held in a cantilever
manner.

30

Reference Numeral Explanations

10, 30, 44, 46 = vibration damping device
12 = main mass

35 12a, 12b, 18a, 26a, 40a, 48a = axial end surface
14, 14’ = shaft

—_—
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-5 . 1
menber - 2
40 = flange
Descri ption
al ways C
to the pref

Wherein

6, 32 - bearing 18 = stationary frame 20, 34, 48 = support

2, 36, 50 = vibration danping nenber 5 24, 38 = sl|eeve 26,
29, 60 = end plate 42 = rod nenber 10 Detail ed

of the Invention ‘Preferably, the first surface el enent

rosses at a right angle to the axis of the rotor. =~ According

ae,edeab@dardmg the vibration danping device is applied to
a rotor havi g_as?gkggpass 35 and a shaft coaxially fixed to the main nass,
8

r

e T AR (8

support neni2®, Gdnndét ed suppord member t he _ second sgrfﬁce eLenent
conpri ses amp,axiaal =S s . Of _ p&Bss, and the vibration
22,7 3% §%ﬂelgr et%lon %ﬁgkgﬁgpo?% menber

danmpi ng menbér i's 2

as to %o
conprise an
of the roto
separated 2

ween t
24te 38 thslie@Vieotor. In this case, the support menber

and the main mass so

may

&"nent conprises an axial end surface of a

284l ¢hiameet fixedly secured to and surroundi ng the shaft
r. The Su§5%;%ﬂ3| menber al so nay conprise a plurality of parts

ggbyeﬂlﬁh tFy extendi ng through a central hol e of

annul ar el ed@nt=. rode memberar el enent nmay conpri se a sleeve for
ng the shaft of the rotor and a fl ange radially outwardly
romthe sl eeve. The support nenber al so may conprise a flange

Detadiledc Dedcrd piiidn afi £hiey Inveatdiong from t he shaft of the

accomodat i
extending f
30 integtal
rotor. The
Vi sco- el ast

e e

ﬁb t hé t of theTo

Vibrab&%%€%%¥a%$?

ic |layer e

t he

tis

preferred tgxosges adt g rdghty ahgdee touher exisacof &heshratar.proj ecting 35

fromthe ax

15

20

25

plcotad ngltr¢he Prelflerdd dmbRaineht,"®he vibration
damping device is applied to a rotor having a main mass
and a shaft coaxially fixed to the main mass, wherein
the first surface element comprises an axial end
surface of a support member connected to the shaft, the
second surface element comprises an axial end surface
of the main mass, and the vibration damping member is
held between the support member and the main mass so as
to rotate with the rotor. :In this case, the support
member may comprise an annular element fixedly secured
to and surrounding the shaft of .the rotor. The support
member also may comprise a plurality of parts separated
by planes axially extending through a central hole of

. the annular element. The annular element may comprise

30

35

a sleeve for accommodating the shaft of the rotor and a
flange radially outwardly extending from the sleeve.
The support member also may comprise a flange
integrally connected to and radially extending from the
shaft of the rotor. The vibration damping member may
comprise an annular visco-elastic layer encircling the
shaft of the rotor. Further, it is preferred that a
stationary frame supports each of shafts projecting
from the axial end surfaces of the main mass of the

- -
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L6- o rotor, and that the support nmenber is arranged opposite to each
of the axial end surfaces of the main nass. According to anot her
preferred enbodi nent, the first surface el enment conprises an axial end
surface of 5 a support menber connected to the rotor in a nutually
rotatabl e manner, the second surface el enent conprises  an axial end
surface of areteryoandythaentheomppbfy memBEppOst apgahgedr opposited t he

i b [ d th t nber and
the 10 stat| BRaPgoRr ahothonakiohcSHLPurFareRanh, FaocBoiBemRe®- "aopii ed to
a-rotor haV|ng a Aecording hqdaaothartprefenngdaémpodimedtuothhe mai n mass,
the stationagy,f agﬁrfac§a¥1éﬂgﬂer&oﬁﬁfiégﬁfSn Q?gaihSnauEH QCEEﬁQG nmay

conprise an annul ar el enent connected to t
r ot at abl e SreRnERPRPEL NMeNher seappectad: kpsthe kgter in ?smBFBﬁéﬂYed t hat

the stationagythtaBee maﬁﬁé??rtﬁeeééaoﬁa éﬁ?fébéféieﬂéﬁtEQBMP91Eé§"1the
axi al end surfa he _mai n nmass of e rotor

support menb®P # §1%frﬁﬂ ﬁuﬁﬁaﬁﬁcﬂfo? FF@tiﬂﬁ?F¥ f§6m9hEﬁ£Fﬁéb§Vbratlon
danpi ng devi seppertjngi thet poborpt and théovibgatiom danpingefkfbert he

i h d nb d th t nb
compr i s6 an MAntiERere REPECRRRuePR ERE PREPPEY REber andRRE uaily
r ot at abl d0rastetienanydftame: odWhenbthe QSbratibnsdampéngldeVscpréberred
that the Sta&bﬁfi‘éﬁ {:Eagerotofuﬂﬁgéﬂéhér\‘fiaiﬂtﬂését%%&Dapgﬁhﬂ:ons axial |y

spaced from each ot he and t e su I S arranged near
or at each ofoawialip §b%¢@|5ﬂstbﬁ vhéan@%$o the statieparyaframehe

support menbgay "BXpseFe’ the Shabrp! dhal tﬁa eﬁ?ﬁaffsméﬁséfahsg} by pl anes
axially extendln t hrough_a central  hol he annul ar el ement .

Further, theCORBFLEEANA ?%@rn%%ﬁ@?n539°nne65ﬁﬁrFgetBﬁ ghabtain a
vi sco- el ast|nutaamyaroaaﬂsﬂlemnannsﬁcarauﬁanané ShaPel NgTIAOthiB cont act

e G Bhen s, b PEEEEERA Lhnl ‘LS (RLELRLLG e et @
supports each of the shafts projecting from the axial
end surfaces of the main mass of the rotor, and that
the support member is arranged on each of the shafts.

20 When the vibration damping device is applied to a rotor
formed from a rod member,}the stationary frame'may
support the rod member, and the.support member may
comprise an annular member connected to the rod member
in a mutually rotatable manner around the rod member.

25 In this case, it is preferred that the stationary frame
supports the rotor at two positions axially spaced from
each other, and that the support member is arranged
near or at each of the two positions on the rotor. In
either case, the support member may comprise a

30 plurality of parts separated by planes axially
extending through a central hole of the annular
element. Further, the vibration damping member may
comprise an annular visco-elastic layer arranged in
such a manner as being not in contact with the rotor.

35 According to further preferred embodiment, a
vibration damping device is applied to a rotor

———— _'R\\
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L7- . conprising a main mass and a shaft coaxially fixed to t he main
mass, wherein the first surface el enent conpri ses axial end surfaces of
a plurality of support menbers connected to the shaft, the second
surface 5 el ement conprises an axial end surface of a statlonary frame
rotatably supporting the shaft and an"axial end surface of the main

mass, and tfubmpxﬂrsitdgora HNAN Mhss amﬂaersmﬁordo%sﬁdm Whiisdd ito f i xedl y
hel d bet wee he . ortl qﬁa he st |o$iehfrane and anot her
10 which is ’t ﬁ'@egl?dﬁ’o h eNfin mass so as
to rotate widdmpx‘msesota)ual end sur\fiades f a lpilainairih}ew auppaittr i ng Lhe
rotation r f rf ce t oget her
with the rot %Emb% ggﬁr‘g{erﬁttae%eta t?\ne glrd‘%'s’l H‘g‘el?&'} V\nra‘%q‘?%e rotor axis
at a cons? alepgnie compydses ame:x:taﬂeeml surdans a:feg dtationany
deflection @rahiee rotatily @(ipi)&iﬂ:tﬁ@e'tﬂeh%ﬂdftshrﬂ"ins%&m $Hd ace

el enments, the relative S|t|onal rel~ati onship ,varies between he first
and second SWEAGE Qfe dain mass, and the ‘ﬁ%qﬂ%tqatﬂ?%pl ng menber
fixed to thmembezesxwptm\sesswﬁami@mri@wtﬂd@dlmem Deatvish @St i C

manner . Con en vi br n en artlall converted to the
Vi sco- el ast %Sl g’é’F&r’%ﬁ Euceﬁnb[e&' a‘%dm & 5[ @qzyd‘r?a‘arré’pl (}'V‘ed PR ati on. 25
The prestét wivighntiisohedid Ibelt@rmsdnhd)sahpmnmm memberaianddihemy wit h
reference t Q\atﬁenﬁtstsagée%sd%""' te wilth q:th;eatfd%qnl he preferred

e re

enbodi nment s draw ngs sane erence nunerals are used for

desi gnating the hen Gh%l%hréttl@@mﬁsn durd ngD thes mahationir awi ngs.

Fig. 1 showuatweb&%oen mlﬂ&&ema& eleffert didpiladye preferred

enbodi nent pre invention. In this enbodirent, the vibration
danpi ng &Sﬁe&i} ﬁhaﬁﬂq £otex &’hrléieoﬂ“acimlé’tlﬂggt&e resSiNg ndri cal

mai N masss 1angeé madmafthelai-dt@&x ladilsy afti ‘a€¢onsthadt! Ral1W.N MAso,12. The
SN R %Pe | EPQJG%r displaces due to the deflection of the
rotor axis between the first and second surface
elements, the relative positional relationship varies
between he first and second surface elements. At that

20 time, the vibration damping member fixed to the
respective surface elemenfydeforms in a visco-elastic
manner. Consequently, the vibration energy is
partially converted to the visco-elastic deformation to
mitigate and rapidly damp the vibration.

25 The present invention will be described in more
detail below with reference to the attached drawings
illustrating the preferred embodiments. In the
drawings, the same reference numerals are used for
designating the same or similar components in the

30 respective drawings.

Fig. 1 shows a vibration damping device 10
according to one preferred embodiment of the present
invention. In this embodiment, the vibration damping
device 10 is applied to a rotor consisting of a

35 cylindrical main mass 12 and a shaft 14 coaxially fixed
to the main mass 12. The shaft 14 of the rotor is
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-8- - rotatably supported by a stationary franme 18 through beari ngs

16 on the axially opposite sides of the main mass 12. The
Vvibration danping device 10 is provided with a 5 support nenber 20 fixedly
secured to the shaft 14 and a vi bration danpi ng mermber 22 ni pped between
the main mass 12 and the support nmenber 20. The support menber 20 is

an annul ar efeﬁaﬁabmyoshﬂgdruéfahby &U_B?%ﬁloﬁhﬁyvﬁrfam?ﬁisaﬁﬂréu@hit e\-NL : léﬁ o
flange 26, radj extendi rom e center of the_s|eeve

mnun?ed ontogghgkhgssﬁéf?nlgﬁﬁya¥ﬁ§i£¥iﬂﬁp?ﬁggghﬁfﬁef4°Fn% €M@ ral hole
24a of the shaesel2d. The sleeve 24 i's coaxially secured to the shaft 14

preferably by an ¢hEeriprgesitn aalibing!adysel 16'5¥ plovifeal kiRHCa20 |

preferably 15 nol I ntegra é.mn €Eeve e connect ed
t her ewi t h SySWPReFt npeRkes 20 Eixedlyi agcured tadhhei shafhhad and support

menber 20 isyib¥g€ibR &&MpingShéhber422 OREpPEdbetitdenUthacCadfa of the
flange 26 is p §|t|§ngd generalgy gﬁégendlculgr to an a§IS of the 20
shaft 14. Iﬂafﬁig r 334, fhe FUPRRFE M EufPaceTDBaSBPPOXt: jembepport
nmenber 20 cozetisuansaantlast elidﬁtéﬁ?QprovﬁdiedPﬁitnf at babanaiesn_ee:oée ng i on.
Th | bratiog,d [ er.22 | Lxedly segqur 0 _Qrne axial en
susfggerﬁzg g? ?ﬁg ﬁng§ﬁ§§i1€§ tia?ﬂﬁ gé'rﬁ?g}agﬂ& ?ﬁteﬁaFHF gﬁamsurface
26a of tH® fthegeenbtenfof théeesiepper 24 jewhich 205 meuptedi oatyp. thee axi al
end surf agraf€a) #fp hgngafﬂiﬂ?sfhézsﬁgfftiﬂViﬁ?oaaségﬁﬁgal ngYk! ace

el enment al ways positiohed generally perpendi cul'ar to e axis of the
shaft 14. 305/% cof dthe| gleevie 24 pr aThenslieeyen4 nisbeeazdaldyat es

together w tSeéhifed OLOT tHe SHALE NEs ' PESELPAD DY BPCan ih€blPErehBe! Ni S
regard, SIan. he suppo fixedly secured to the nmain nmass

g t nmenber 20 IS
12 of the rotdt Fa? SeEhECXPBraRt onlRAnhl AYIResbet s 2BrefREaP¥er may not
be 35 al whysmélded intédwabiwiwitl tise deT6&voCHs BGE Bay beHowever, if it

i's not fiXedcoﬁﬂeéfegeeﬁgégﬁytﬁOgy other means such as welding or
adhesive. When the support member 20 is fixed to the
shaft 14, one axial end surface 26a of the flange 26 is
positioned generally perpendicular to an axis of the

20 shaft 14. In this regard; the axial end surface 26a of
the support member 20 conétitutes a first surface
element of the present invention.

. The vibration damping member 22 is fixedly secured
to one axial end surface 12a of the main mass 12 of the

25 rotor and the axial end surface 26a of the flange 26 of
the support member 20, respectively. The axial end
surface 12a of the main mass 12 constitutes a second
surface element always positioned generally
perpendicular to the axis of the shaft 14.

30 Accordingly, the vibration damping member 22 rotates
together with the rotor during the rotation of the
latter. 1In this regard, since the support member 20 is
fixedly secured to the main mass 12 of the rotor via
the vibration damping member 22, the former may not be

35 always fixed to the shaft 14 as described before.
However, if it is not fixed, it is necessary for

-8~
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-9- - excluding a gap between the inner surface of the sleeve 24 and
the outer surface of the shaft 14 to ensure the vi bration danpi ng action
of the support menber 20 and t he vi bration danpi ng nmenber 22 as
described later. 5 .The vi bration danping nenber 22 is nade by a

vi sco-el astic polymer di scl osed, for exanpl e, in Japanese Unexani ned

Pat ent Publ i eab'unaiag asgag Betfeen ‘th&CQnﬁbishquE&bethalthEO@I‘e%Qrea f oaned

- | e, 10
Dhexam ned PABCARAREHE: BRESE, #8r 235,62 tne' shath T B sbsberdtir
formi ng the vibration damping astiion of 2Be|suppeternbhpehasoaand
Self'adheSiVﬁhgoglgggﬂgﬁhnaahpﬁnﬁengﬁﬂggngzogsrﬁgggglphhhng%rna'n mass 12

of the rotor be 15 favorabl e
to use a ﬂ%latlvewbehxiéragéeb dpuping memharezzaﬂShaadsgbuoaself adhesi ve

and bond thevié&é-éﬂhgtlc goiYﬁhbeﬂlééﬁ3§éHe ?Brhéﬁkaiethgn”a'n mass 12

and t he ggort menb used under ‘th erature

condi ti on. anesﬁsUFFFﬁ§PP§9eBaFﬁnFlBubélFﬁEiQHpﬁarﬁsﬁﬁﬁbér 20 and
‘t he V|bratlovldeapemgsﬁﬁdbﬁ&taﬁlamyfbﬁmﬁnqaalQd&med phaBsareln general, as

I fl ange 26
and the vi br SefeheLveBaRERESh. aierTSaeE,  Epr! SxanBica, hnaPanestoco. 25
el astic |10yeYUnexamined. P&IheatePuchghd)m Bv-E7g30. 2hb) Klsbgn?lyaﬁee -
; cLOsszsha g
bnd the vi br SERstie a4ERE1A1 "RERRIPG sne VEKKRE 18  BRRRIPZRERBE. Soc | ons
of the flange22&s psefqnahIYnhESga gétf-adhesivecfor2énBancinghtheupport
menber 20 ”BBoﬁélﬁétSﬁQthiﬁﬂ”%iéﬁ the0ﬂ99ﬁ'ﬁ§séxi§|ogr §u£Bg§§S of th?

fl ange 26. Accord suc tructure ain a
suf fi ci ent a%PQItpﬁnﬁFHPBFttHENB?EeQQ 24HPS¢V¢¥vn#§ maysbeuring the support

menber ZQJIOfahershﬁétt62uséna35e19t§véfﬁahgrdavin6k8§§§tﬁé Iength in the
axi al d|rec n&loﬁa%gggvﬁgrgéig-aghgglvg and bondzthg 2%%2 with
a further adhesive or heat to the main mass 12 and the
support member 20, if used under the high temperature
condition.

20 As illustrated in Flg. 2 the support member 20 and
the vibration damping member 22 may have various
shapes. In general, as shown in Fig. 2(a), the support
member 20 having an annular flange 26 and the vibration
damping member 22 consisting of an annular visco-

25 elastic layer are used. However, as shown in Fig.
2(b), it may be possible to use the support member 20
having a cross-shaped flange 26 and the vibration
damping members 22 arranged in the respective sections
of the flange 26. As shown in Fig. 2(c), the sleeve 24

30 of the support member 20 may be extended from the
opposite axial end surfaces of the flange 26.

According such a structure, it is possible to obtain a
sufficient axial length of the sleeve 24 for firmly
securing the support member 20 to the shaft 12. 1In

35 this regard, a thickness (a length in the axial
direction) of the vibration damping member 22 is within

-Q=
This Sheet Has Been Rep

- [ i




- 10- - a range of 0.5 mmthrough 50 nm for ensuring the sufficient
vi hration danping effect due to the visco- el astic deformation and
.avoi ding the deformation from occurring due to its owm weight. 5

It is necessary for the sleeve 24 of the support menber 20 to have a
sufficient axial length to maintain ~ during the rotation of the rotor a
generally a \zﬁﬂg‘é:adﬁ Yo .5 Qﬁﬁlmcaxglﬁrmrmmtfdf érurmtndgl tiead surface

Fength of t AEHIGARRY MAorat ich iRl dheqdt dils S*EGS%% B b ough
100 cmon eXdstic ei&eﬂmm&tnin tamﬂ @pmiai:mg |they . defoxmatsion géran if the

support menqes Qﬁ%: gg%f &4 by an interference fit, it
is possible to excf[r@d 5'{‘% eeve and constitute the support menber
20 solelyS by &% I%g@%% P Hhepgleeve i 1] tHhe FRRRIT &

deII nted abovembet Eﬁ?rto }Kﬁé;&;@fffi&é@tﬁlﬁt%&gth pt:i@gxﬁéﬁb![:dlﬁl ;”h ded ]

into two sections a e in the al direction roug

a central d# d‘F %é"%‘? e%fvete}ﬁl %‘%M?W’f—? Y 2(b). According

to this struﬁnﬂmally4&m¢laﬁmmﬁfmf thdedmmmdattachrrent of

t he support nenber r | af.t e

danpi ng ment?el}rr%e 264 ?%eff cezﬂﬁpo edmel%dzr%\sﬁ)% 15'?%eé’g’t’] éplﬁ romthe

25 st ati dRarghdfitanet .18 Tlie)ramaahplenqmmf tthe vslzﬂme g isdanpi ng nmenber

22 is deteri _ BV r ded with
lg;l‘@f%b% HRRE B Garddle or ¢I¥ él@%tﬁ%ﬁdr?%@ &n DoR

each ot her hesive or € support nenber 20 may

be made of &he d{ke%@m%rqfalfél%eﬂnﬁﬁf@bﬁe% cain sﬁh%ﬁngﬁ%?ﬁi: easily

def ormabl e, SHIGhaSsuppsrt men zad WE NHEBurdditd a8fe shéf€els ByNC,
ceramc, fiber- Ielnforced ABS resjn, acrylic HfSIn or

pol ycar bonatah riert e‘@"‘f%e@ﬁt' itig m%%%ﬂ%%eee@.%x%l&? teriy favorable
on the vasw sifedfd N4 Gind tSomsCitutan it ISPt Mshlsé N NDE sollely

L trengf]hangeA lzgé) ﬁahvelnsgl'J e taxniear?efeng%hna%/thlckness) as
defined above. Further, the supporting member 20 is
preferably divided into two sections by a plane 27
extending in the axial direction through a central hole

20 24a of the sleeve 24 as shown in Fig. 2(b). According
to this structure, it is p0551b1e to ease the
detachment/attachment of the support member relative to
the shaft 14, so that the vibration damping member 22
is replaceable without removing the shaft 14 from the

25 stationary frame 18, for example, when the vibration
damping member 22 is deteriorated. 1In this case, the
divided sections are bonded with each other by an
adhesive or the like.

The support member 20 may be made of various

30 materials having a mechanical strength not easily
deformable, such as iron, copper, aluminum, stainless
steel, zinc, ceramic, fiber-reinforced glass, ABS
resin, acrylic resin or polycarbonate resin. Of thenm,
stainless steel is particularly favorable on the view

35 point of its excellent corrosion resistance and
mechanical strength. Also the support member 20 may be
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‘manuf actured by a casting process such as nol ding or di e-casting, or by
a pressing process such as punchi ng. I f the support nenber 20 is nol ded
:by resinous material, the injection nolding is preferably used. 5

Fig. 3 shows anot her appllcatlon of the vibration danpi ng device in Fig.
1. As shown in Fig. 3(a), it is possible to arrange a pair of vibration
danpi ng devimepufactugednbyhe Gpp&shgepanc&BSeﬁucbuﬂﬁa@@@ding @xd 12b of a

min mess 1g8UBRAkiAG, OByl BY GPBISEEEnY BPBckl’ 8AENIASY pArRLIHY.L 14. In

this application, 3 nmet al’, ABS resin,
acrylic resikh &he SuBPHEFsmﬁﬁb?FXBG ﬁt80ﬂﬁ§drb¥p€éﬁﬁ99“§X|al end surface

12a, 12b Ofmhbérﬁaﬂm Eﬁ&slﬁaeetlbhemeHth dadp&eferﬁhhyahsﬁﬂ danpi ng
menber 22_is fIX to thﬁ resg %bve 15 Iate 9, Accgiair to such a
structure it |s g *pdsSPOME &4r 88 &PH Pre Thpi ng

menber 22 bdhnpdngtueviaeninawiglz1andAbhshswppdntFlg.nemhen A% eween if the

main mass 1oLs;g8desa JpBhALEAh pailaKlend 80 E0RA RN feaghesi ve.
ogE1fid oF, 624183 1R ballp i dihisg

In this reg respe ve~en gene to the
axial end saﬂfauethgaoppgsity axgeﬂeﬁm@ngur§n6nﬁ)1Batand AP ®f @ xed by

ot her ”Eansmﬁﬂﬁhmﬁ§smﬁbde?PgEted éﬂh%ﬁbVQPPQQQQEdb&ﬂeEOth%&%oépp|'Cat'on

the vibration % I S apparen nore i nproved than the 25
case whéH’tNéasﬁrﬁbﬁﬁﬁe éhowﬂnlﬁhFPgaPP1ﬂ§aG§9&a an gpaularc@d ti ons are

i denti cal , ngqalaeaagdmaaaswnﬁe%lt haps r%'éﬁ.ﬂor hcwﬁw régifn@éyt he vibration
danpi ng ne Al sQ as, shown i IS p055|ble to arrange

n
a vi br at PEheggnmien§ixed opteoths §ESR§%§FVgn&x§Gﬂf&PQ L8t a main
mass 12 heldzao azbaaflkaéemaﬂhnﬂassblzaof theakbtbds, and a The operation

of e 1O ket SBP IRy Ganbly 2"k 5o Bt R LRl onoe L0,
during ti® emﬁapﬂaheoﬁstheAncbmdingheosbabh a4 sttrilctatre, itads | | ustrated,
wher eby thep@é@ib&% Egeagghgeg§§sr£%ain the vibration damping
member 22 between the main mass 12 and the support
member 20 even if the main mass 12 is made of material
having no compatibility with adhesive. In this regard,
20 the respective end plate 29 is generally fixed to the
axial end surface 12a, 12b}py a screw (not shown) but
may be fixed by other means such as welding or
adhesive. According to this application, the vibration
damping effect is apparently more improved than the
25 case when the structure shown in Fig. 1 is used, if the
conditions are identical, such as dimensions of the
support member 20 and the vibration damping member 22.
Also as shown in Fig. 3(b), it is possible to arrange a
vibration damping device 10 on an axial end surface 12a
30 of a main mass 12 held in a cantilever manner by a
shaft 14. | |
The operation of the vibration damping device 10
will be explained with reference to Fig. 4 If there is
a mass-unbalance, for example, in the main mass 12
35 during the rotation of the rotor, the shaft 14 deflects
as illustrated, whereby the axes of the main mass 12

—_—

—
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“12 - and the shaft 14 displace to cause the whirling notion of
the rotor. At that tinme, the support nenber 20 fixedly connected to the

shaft 14 di spl aces toget her with the shaft 14 while maintaining the
coaxial state 5 with,the shaft 14 due to the action of the sleeve 24,
wher eby t he axi al end surface 26a of the fl ange 26 of t he support nenber

20 is kept viend cthheishafents adiqplac@etqz)ethsellﬂnetmihhiagimobionhe shaft
14. On the of oberydE8,; SALCEndOS fiéal ﬁ{)dsmssﬁe%% Beflgphe nain 10

mass 12 of t%e rotor 1s al gs ar.rang ed' enerally
per pendi cul afixedlncepnectsd tve §M%f$hQﬂt 14 digp ] Eﬂgﬁtberbend

Cel At o bg e o ainerd 14 "”*““@"'Ef;h‘*‘iﬁ%ﬂ R OREEgy SLEe D e

rel ati onship n ho

fromthe "éﬁ'ﬁévﬁé‘? %P@E the ;ag rQk the FlLesret 24,

Consequent | whestpy ettsé caxial émssmasfl ma%f?ﬁlfﬁgrﬁl;%FZSggh ed to the
ib i e .

\s“ur;gzzlegnua g%@%%%ﬁ%ﬁ?%% g%ﬁgsﬂﬁgé%%ﬁ$ ﬁb%l% %?Q%Ba-l%fe'}ést i ¢ nmanner

(see Fig. 4(Eel)pend?emu1mlmlighe axis Q;ﬁetlg? shaft ol4hi rOnngheot i on of the
t whi ch ' ' t z V.

0007 nht oh QERdE MRS, EHAGURAG Bl | o SPARde RS 4P £6e “gh i

an energﬁﬁcau3|ng the d e V|brat|on

wher eby #Re %ﬂﬁﬁ i 2 RE he Heotor i ralvaysmarranged m’hﬂ-l\@ Zeing\ so, _
vi bration ){tﬁékﬁéﬂwié&tﬁ‘af”ﬁd S & of Ocﬁ@esﬂgfe e 12 via
t he shaft 14 and th transmtted fromthe main. mass

stationary fERfnShafy it oMisthend betieen bokh |the arial ae%‘im I ar action
and rapi dl y sienmases 32a and 264, WHErEH rtlf@%é‘ﬂ:f&ﬁépn of the vibration

d d [ 0, 1s rue tq t odlnents hown in_Figs. 3(a)
aﬁgpl?a?g) evieﬁ:"t‘e’r%"(ﬂ%?g{mt"ﬁ?é‘ %ot{}} b‘?%l%%l]arﬁﬁqigs%‘é%s 1H286 appl i ed
to the rasor26a khahwangedfrom(the a1t an‘ramgaﬁaml:ewrtmnner_ 35 the
d'reCt'on(ﬁtfgﬂéUéggé(Hhé%Bééﬁgﬁ@t”EEAﬁgbé§”H¥f§’ compres51§§,ls different

fromthat shownThn
tension and shearing force are applied to the vibration

damping member 22 nipped between both the axial end
surfaces l12a, 26a to cause the same to deform in a

20 visco-elastic manner (see Fig. 4(a)). Particularly, an
energy due to whirling motion of the rotor which
becomes maximum in a critical speed zone is converted
to an energy causing the deformation of the vibration
damping member 22, whereby the amplitude of the

25 whirling motion is minimized. Also, vibration
transmitted from the driving source to the main mass 12
via the shaft 14 and that transmitted from the main
mass 12 to the stationary frame 18 via the shaft 14 are
mitigated by a similar action and rapidly damped.

30 Such vibration damping action of the vibration
damping device 10 is also true to the embodiments shown
in Figs. 3(a) and 3(b). Particularly when the
vibration damping device 10 is applied to the rotor
shown in Fig. 3(b) supported in a cantilever manner,

35 the direction of deformation of the vibration damping
member 22 is different from that shown in Fig. 4(a), as

-]12-
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- 13- shown in Fig. 4(b). However, even in either cases, since the

vi bration danping device 10 is | ocated cl osely adjacent to the axial end
surface of the rotor, . it is unnecessary to increase an installation
space or 5 supports therefor, whereby the mniaturization of the

peri pheral structure is not disturbed. In this regard, to create the

ab(r)ﬂ\;e act i ongshdéwie ﬁximg.enﬂ(ls)}ufamg’m , dev)én t_-hedéim aﬁs@i, t he sup]E)orL
menber 20 is_not necgssar i Qsifion ern jcu ar_to.the axis of the
10 shaft 14 SRHEPDe '%’a?'ie‘garﬁﬁubg pffee‘ﬁﬁcfeerﬁn}e%i%%? €d" thereto.

Fig. 5 illuxtYagely adjdrait cro ddmpiaxiak\ent SirfacecedHrthagrobornpot her
enbodi nent of, t i ' V§ ' f@Wp. eyj.ce 30 is
provi ded 15 %&:t a%ﬁ??%ﬁa%p%ﬁnéé%%%ﬁfﬁﬁ%%nnec%é%c?oé‘% r ot or
shaft 14 5i surpects rthevefer, shenshly the niniaturization 2f okhehereto and

a pair of vihhaiidal S@REAG DSt Iisanded] PPEY Bidepdgarg! ationary
frame 18 and the S%Eport nmenber 34.,The_é@£por1 menber 20 34 iS_an annul ar

el enent si mi ¥R e Lhe ARAYE AFHEN, Btk end yrfacegéang a

sl eeve 38 argf alé AfEndd 26 of rthdi ilppdiet shembver 3P0 i fs aosi al |y fixed to
t he outer r et ai neys of %%gtbeaeraén BZ?ﬁl\he'@eat hessugg)ort menbfr 1’3‘4 S
secured to tIRCFRATILY P R FIAL; ko ENQaXHR P+ aH8 40 i s
posi ti onad gsheeftal14/ lpet peaylilbe | maintaimedmtva prddeternsinéd dvglén this
regard, the 'fgt , end surface 40a of the support member 34 constitutes a
first surface elenent of the present invention. . The vibration

danpi ng menber 36Fig. 1§ xEbHlusrates a sgibratinn (damping (devheeaxPal end

surface 18a flcorainy €6 UnSEKEY dhEOPinéh sk (thd orégest end surface
40a of the f]ange 40 of the suﬁgorl menpber, 34 arr anged g&g*te and -

. o]
paral | el to YNERGIORy TheyVv tien fAanping devife 93%64%98 ¢edrom at a
di st anceishajffietagsair & Thgpport meniberairifc ceddn ednhdéctédatooaary frane

18. constl it et FE PPN A5Gl ™Y £9° 41 PRFEhG' YRy S
relative rotation thereto and a pair of vibration
damping members 36, each nipped between a stationary
frame 18 and the support member 34. The support member

20 34 is an annular element similar to the support member
20 shown in Fig. 1, having a sleeve 38 and a flange 40,
in which the sleeve 38 is coaxially fixed to the outer
retainer of the bearing 32. When the support member 34
is secured to the shaft 14, one axial end surface 40a

25 of the flange 40 is positioned generally perpendicular
to an axis of the shaft 14. 1In this regard, the axial
end surface 40a of the support member 34 constitutes a
first surface element of the present invention.

The vibration damping member 36 is fixedly

30 secured, respectively, to one axial end surface 18a of
‘the stationary frame 18 and to the axial end surface
40a of the flange 40 of the support member 34 arranged
opposite and parallel to the former axial end surface
18a while being apart from at a distance therebetween.

35 The axial end surface 18a of the stationary frame 18
constitutes a second surface element positioned always

-13-
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-14- - general ly perpendicular to the axis of the shaft 14.

Accordingly, the vibration danping nenber 36 is fixedly hel d bet ween
the stationary frane 18 and the support menber 34 even when the rotor
is rotated. 5 Simlar to the vibration danping device 10 shown in
Fig. 1, the vibration danmping device 30 danps a vibration or a whirling

nmot i on generqendrdhlyngerhendlculatatoouhefaxhs oftthebghafti 240-el astic

def ormati on t] r pped et he 10
stationary f?%ﬁ%FQ§ﬁ€%% ﬁ%gstgﬁﬁggfﬁéng%ﬁggﬁs mgﬁbgflgge%gl %g%&her W th
the rotor shaé¢ldidetween|the stmblom@rﬁxfnmmqah®|ngddbheceupsorgre arr anged

at both oﬁeﬁﬁ@rswp&&éﬁdwﬁms%ﬂé tb€of 018" rybgEEql he rotor is  held on-
t he statlonary fr%ge 18 1n a manner , 15 via,the shaft 14 in Fig.

5 it is cour sLBRBLAY pF@ the Vl%?@%. exaping deviseafpFhgWhevi ce 30

at only one 1n Fﬂ@DOIIeﬂh@“ﬁlbﬁﬁﬁibﬁtdaﬁ%ﬂﬂ@|déﬁb&é 30 Qahpsoa hel d in a
cantil ever ner

Vi b devi ce 30
i s appllcabI%l 5??%t%ﬁ ﬁi“@ﬁrisﬁglﬁ??hﬁnd$e%9F% %Eaﬁﬁg tﬂ%g a const ant
Cross- secét@lﬂloxh nofi therretsrshy sa netstdeeYadbt bt i @defdrmatiion ofdevice

30 i . to t t at abl

el d the rotie YPSFai8R! SRRind pomer 38 BLEBEE KetefR, Be0r cpace or
25 suppodOs statidémarywicandylsd handi thatsuppoxt onenber ha4 peri pher al
structure 'Sdfgﬁlﬁgééﬂigegog?theﬂ WLfHQE%g f&f&ftéﬁﬁfé 74 Vi bR @n danpi ng

devi ce 44 according to a I nrent of sent i nventi on.
Thi s vi br at i e d&HRF €1€%v¢%@Pﬂﬂg|%e%;995c%ﬂb?ﬁ%t¢6ﬁaﬁge@h§tvbﬁﬁht|on

danpi ng devi&g ﬁﬂbs tfed ehdd of QW@ £ 6Bdr FhEPEVRE NrELEr Bs The
vi bration evi ce, 44 can a V|brat|on or awhirlin not i on
BT

gener ated d thestationary ? a bothvsides BRRN8Es derived
from t he 15esptattive ﬁ’iaﬂt bwtix@rw@npsnglﬂei/sm ddursd posssbleseoi bed

bef ore. F'Qarégnéeséﬁgl £§Efg§ dampfhgr é&hglgbo éé)only one

supported end. Also it is applicable to a rotor held
in a cantilever manner. As shown in Fig. 6, the
vibration damping device 30 is applicable to a rotor 42

20 consisting of a rod member having a constant cross-
section. In either cases}zsince the vibration damping
device 30 is arranged closely adjacent to the
stationary frame 18 rotatably held the rotor, it is
unnecessary to increase an installation space or

25 supports therefor, whereby the miniaturization of the
peripheral structure is not'disturbed.

Fig. 7 illustrates a vibration damping device 44
according to a further embodiment of the present
invention. This vibration damping device 44 is a

30 combination of the vibration damping device 10 shown in
Fig. 1 and that 30 shown in Fig. 5. The vibration
damping device 44 can damp a vibration or a whirling
motion generated during the rotation of the rotor by
individual actions derived from the respective

35 vibration damping devices 10 and 30 as described
before. Fig. 8 is similar to Fig. 4, wherein Fig. 8(a)
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illustrates the vibration danpi ng action of the vi bration danping device
44 when applied in a manner as shown in Fig. 7, while Fig. 8(b)

il-lustrates when applied in a cantilever manner. 5 Fig. 9
illustrates a vibration danpi ng device 46 according to a fourth
enbodi nent of the present ~ invention. The vibration danping device 46 is

provi ded i 1 strates othe mebbedt {i6n f @anpindg nAegioh| gfwehé a rotor :

shaft 14' ang. ' t ) b Qs r nj 0. be i.n nass
1500t a rotorBratPoR" Al L0 SETDE il WBBEHEd (0% \BEAS, (RED TRC0
of a pl at e- shownkin{Figige? exwhhtedFig. t b} atil lustratesi vhennd

integrally Q§§5m$g§diﬁﬁéhcéﬂ@iié$é§ fadhdr 14 . One axial end surface 48a
of the support nenper 48,is 15 gositioned geperally Eerpendlcular to the

shaft 14' %and  EiFst? tiilustrates a yibration Aamping Qevigecdbnt
invention. accordindeteshaffoddth pemvodibnent! & thé Ypreésénthe support

sy £ d ' 2 Whi 2 ' h f
e posi t1 onclrbERErdR Ty ThE pehfratfon g devide' £6 ot (Pra¥Idedn of "t he
mai n nass 12with conseppor€ mMember c4d df sxméd cintégralbly Wwhthvabretopn

danpi ng nmenh, | S, T Y, t | d ce 12a of the
mai N mass 1f9%%§9t%£'é§é§ﬁéé% éﬁgﬁhféééﬁigiﬁ%g*?%g %%p%%#%gﬁenber 48 and
rot at abl @0 betweemea maim mags rb2 0f aheobtmfandsthe ssippertto t he mai n

mass 12, fOmEigeP) £, DYTRE SUHEOLE tndifiodr {46 cBditli sts POE L4 P1ael el Of

with a threaded hole 54 forne ] the axjal end surface the main
mass 12, as Btke|flangeiextended intthe xadiak dipeetian ang be fixed to

the main MasfnddgPyl Df NESnHEGESA SWLth dEndeFGESE Shart PINesigRe(see Fig.
10(b)). y%i!gxthf ggﬁport nggber 48 |%ﬁgéeferﬁgliﬁéorned,together W th
shaft 14, i¥*43 RIS 155 rhathe ( SPRPLE (member (48 18 support 35
menber 435aspesibicned pyeneasablyl parpendiculer Vid htle@cghaft olderahg neans
of wel di ng quﬁE%%%ﬂﬂE% a first surface element of the present
invention.
The shaft 14’ provided integrally with the support
member 48 is fixedly secured to the main mass 12 while
20 an axis thereof is positioned generally perpendicular
to an axial end surface 12a of the main mass 12
constituting a second surface element. The vibration
damping member 50 is fixedly secured to the axial end
surface 12a of the main mass 12 and the axial end
25 surface 48a of the support member 48 and rotatable
together with the rotor. The shaft 14’ is fixed to the
main mass 12, for example, by screw-engaging a threaded
portion 52 thereof with a threaded hole 54 formed on
the axial end surface 12a of the main mass 12, as
30 illustrated. Alternatively, the shaft 14’/ may be fixed
to the main mass 12 by other means such as welding or
adhesive (see Fig. 10(b)). While the support member 48
is preferably formed together with shaft 14/, it is
possible to prepare the shaft 14’ and the support
35 member 48 as separate pieces and bond the two with each
other by means of welding or adhesive.
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“The wi bration danpi ng device 46 can danmp a vibration or a whirling

noti on generated during the rotation of the rotor in a simlar manner as
.t he vi brati on danping device 10 of Fig. 1, due to the 5 visco-elastic
deformation of the vibration danmping © nenber 50. In this case, since the
support nenber 48 is formed integrally with the rotor shaft 14', the
defl ecti on of theTmQtvibnattomamampimgowevdeéy46 canadamptaed to t he
support ne [ | hQus he vi bration
danpi ng de\rrlo&:{]m?l%tj“!’lql épaér%lﬁﬂ%d&% é;:g&%a)\(i?% endifslga%a%e of the

rotor held dnotﬁélenawfoﬁh@yr¢tQMEin8ﬂ|$ﬂ@ﬂ¥ﬁ%kﬂ%ﬂ@@§ as thener via the

shafts 14 a v 10058 Pig. t P, adhe@nes the Vvibration
danpi ng devpggéﬂa%l%ﬁ i n%q&é ﬁ%% axi al eﬁg sur f ces ésee Fig. 10(b)),

15
or to ébﬁY&s??W%lﬁﬁﬁ%Fr@ﬁ%ﬁrméﬁﬂ°?H°%.E%ﬁtY%%&%F PlRde Fig.
10(a)). membéi- S§0aS BFROYNis ncfss, dDhee thé esuppontu nenberpiag

devi ce 46 ave & ensi p onnected, w t sh The
ext ensi on 56¥§ ?ﬁmigcggéﬁﬂﬁﬁ Eh %F?ﬁehgﬂgft£84' Ebgneans of a
t hreaded pordepheSBion of théusetaredxns oan db@gaccur@hedyve. Further, as

shown i n §GhedfePda ?acagggég}sggpe ﬂé@é&f 68 Mgy {:ﬁ%s regaﬁapl e, of

nmetal, ABS resin or acr i xed ont ere ecflve axi al
end surf d®e wizhle 1Pig. 9a§ﬂ°¥ﬂeth¢br ¢ oviilbmabion ﬂ%ﬂBéFQSGeVgcﬁlﬁéd onto

the resPefé'é(fré’ﬂ&'e&'é&feﬁg thsﬁébaxiéllén&()éﬁfbaeetsf tnél rmy secure
the vibration da bet ween the maip nmass and the support

nmenber 48. |FOEPFsh %gdr%@aPHe statiopapy ofxane ﬁ%ylﬁeafP?EB'dePﬁe

respective mapnés! vf&'dtﬁé'réﬁ&ﬁté2§4 and od’ Ihﬁtnﬁsnofﬂiéﬁuizﬂe for
exanpl e, by sc adhesi ve, ft 14' and

sh
t he end plat%°%%fg}% B?e?E? gﬁoéhebﬁﬁﬁﬁﬂtb?? é%ﬂgﬁngtﬂﬁylﬁﬁsmgPdPﬂg,
adhesi ve 1%r botierof Ghei axisluendcsusfages o(ateafigbond{by)t hershaft 14",

W th the §881P'€ﬁfs690 QrP¥£g§dh£f& fnagtcééiiiévéfxﬁgLXer (see
Fig. 10(a)).
Also as shown in Fig. 10(a), the vibration damping
device 46 may have an extension 56 connected with the
20 shaft 14’. The extension*56 in this case may be fixed
to the shaft 14’ by means‘:of a threaded portion 58 as
illustrated or welding or adhesive. Further, as shown
in Fig. 10(b), an annular end plate 60 made, for
example, of metal, ABS resin or acrylic resin may be
25 fixed onto the respective axial end surface 12a, 12b
and the vibration damping member 50 'is fixed onto the
respective end plate 60. Thereby it is possible to
firmly secure the vibration damping member 50 between
the main mass 12 and the support member 48. In this
30 regard, the end plate 60 may be fixed to the respective
axial end surface 12a, 12b of the main mass 12, for
example, by screws 62, welding or adhesive. Although
the shaft 14’ and the end plate 60 are preferably
bonded with each other by welding, adhesive or others,
35 it is unnecessary to always bonding the shaft 14’ with
the end plate 60, provided the shaft 14’ is fixedly
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:17- ‘ connected to the main mass 12. Several enbodi nents of t he

present ‘i nventi on have been descri bed above, there are various

sel ections of shapes and nmaterials of the conponent s such as support
menber in the respective 5 enbodi nents as described with reference to the
first enbodi nment . As is apparent fromthe above descri ption,

accor di ng t o comnesttesktio ibhee mtaiion masisndR .t hesqve)id]eranbodﬁﬁnwfcbﬁ romthe
lid ont ac rt, 1 ary pant are

excl uded ana Thars grerts Ariviibier Have: pellf deleaindd e et 5

and/ or SuPFe tV§1Tj&usp|ﬁ9hQﬂﬁ4@ﬂﬁw@ﬁllmsommﬂammm of the s

ossibl e to Ricifioferts ShEH Ket SHYHYA q‘zrgga i ce wi t hout
(FZ)II st ur bi ng the m ni at tg |zat|on 15 and Iovverln egre éq%gﬁésll gn freedom

of the @& FesFribede wighyre R(?@@Ftﬁ rﬁ? fthe figst “vibration
danpi ng deV|embodumentp055|ble to effectlveby dgnp thﬁ V|bLat|on
generated during e 40 f or | e vibration energy
due to the 20 vi sl(-‘:% e as%&’a?%@?‘ rfﬁigtmi 3:&? 591% Petnpi ng menber .
- 18 - according to the presentl Mﬁventioh de'\i.m folve gargblegasyi brati on
of a rotor, aYFVeH ¥om the 31HESLodltaLE foemzfma,ngh@ WY gatsver sely
to an axis of a rotor and suppo ed by rotor

10 and the stationary part are excluded and there is no

need for increasing the installation space and/or
supports for providing the vibration damping device, it
is possible to provide an easily-assembled vibration
damping device without disturbing the miniaturization

15 and lowering the degree of design freedom of the
peripheral structure of the rotor. According to this
vibration ‘damping device, it is possible to effectively
damp the vibration generated during the rotation of
rotor by abéorbing the vibration energy due to the

20 visco-elastic deformatlon ‘of the vibration damping
member.
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‘mai ntaining a constant crossing angle to the axis of the +otor —a ;
second surface element axially oppositely spaced fromthe fj
.el ement and di sposed transversely to the axis of the rotor Hmnlﬂﬂmiﬁﬂl””(!ll
crossing angle thereto, and a vibration danpi ng nmenber ¥ Xedly secured .|
to and held between the first and second surface el enents, and adapted to ‘
be def or mred ywhat? 18 SECraBhe®i i ¢ manner due to a deflection of the axis of
the rotor caused between the first and second surface el enents. 2. A
device for danmping vibration as defined by claim1, wherein the first
surface el ement Zldeyicerimsatamping rvifratibon cof ca theterj s of the rotor.
3. A device éﬁr lhg vibration-as defined by claim1 or 2 which is

or ha

applied to aq ing a main nmass and a shaft coaxially fixed to the

mai n massB wher eid £iest isurface retenent RiSPeepH FEaRsEOre’l¥ tand surface

Of a suppor taTEPRs SOTMSSESK éhd NBuSPeEtell LBP Bif6 OPGL eI WRERe el ement
conprises an axial,6end surface of t$§§ég3r1lﬂass aﬂg t.he V|bratton danpi ng
menber is hdPiBeA IRENG (1 LAMBPLARE ing, APIIR TR theR¥18°%s to rotate

w th the rotfhke ro¥or A device for danping vibration as defined by claim 3,
wherein the support

Ther : : q
and surroundi ng t?ueséﬁ%ﬁ(fr%"&)f%téé f%f%}f&gn%ggigéﬁpeggaéé&eﬂgmsecur e_ tlg
- 5. AOdethecfiost dampface velenenbrand ditsposed tyransverselyhtecin the

support nmenbgie mﬁ,ggé igfsst‘g? p‘fﬂ%ﬁ‘?io Q/tﬁgfc&@é?ﬁ,@eﬁ%ﬁ%ﬁ%bgn@ignes axially

extendi ng througr centr e annul ar
thereto, and

a vibration damping member fixedly secured to and
held between the first and second surface elements, and
15 adapted to be deformed in a visco-elastic manner due to
a deflection of the axis of the rotor caused between
the first and second surface elements.

2. A device for damping vibration as defined by claim
20 1, wherein the first surface element always crosses at
a right angle to the axis 'of the rotor.

3. A device for damping vibration as defined by claim
1 or 2 which is applied to a rotor having a main mass

25 and a shaft coaxially fixed to the main mass, wherein
the first surface element comprises an axial end
surface of a support member connected to the shaft, the
second surface element comprises an axial end surface
of the main mass, and the vibration damping member is

30 held between the support member and the main mass so as
to rotate with the rotor.

4, A device for damping vibration as defined by claim
3, wherein the support member comprises an annular

35 element fixedly secured to and surrounding the shaft of
the rotor.

——
—_—
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6. A device for danpi ng vibration as defined by c or wherein t
annul ar* el ement conprises a sl eeve acconmodati ng the Shaft“mmﬂmwlmlﬁm
a flange radially outwardly extending fromthe sl eave

danping vibration as defined by claim3, wherein the support menber

conprises a flange integrally connected to and radially extending fromthe
shaft of theSkotoA.device forddampingovitimapioy asbdefinedabydefladied by any

one o1 CL oM VHEPHSR Zne'bapBbPL! HEnKLET BbhBP148E A B1IRARGEy P! | sCS an

annul ar viscolelastic er e |rc I'n
devi ce for dHﬂﬁFﬁgsﬂ’BFa eenbxspaeneﬁeaxwl&nye&ﬁenewm thxgught pr ough 8,

wherein a stgghepalynblanefstREOAhAutaphePbmbhe.shafts projecting fromthe
axi al end surfaces of the main mass of th. rotor, and the support nenber is

arranged 6bposite to each of the axial end surfaces of the main mass. 10.
A device for6danphngevibeafbrndampdﬂQivﬁﬂr&tlohahs1aeﬁ1néd bigercgadin he

comnected t 0%t FE Po BPSFRLE hisuAnrGieE: afdBeBt, RRErtoeR 8 BE8RY <L ace

el ement conpacsemmadaaxnglthadsbaftapﬁ thearetari andra flanger ot at ably
supporting tPQdiQi?{r’orﬁr-ggairafﬁvéﬁ{:é‘f\{ﬂﬁ?dmhn?h@ﬁ?ﬁévé? fixedly held
me the statfonary frane.

bet ween t he suppor er an - 20 -
11. A dewli®e for danping vibration as defined by claim 10, which is

applied to aziol oOh 4aViBE oFPUmPRA eﬂﬁraeiéhaag aesxnall by’ bilﬁ‘imt o the
mai n mass, wherein the stationar fape su e shaft, “and the
support 3, wherein the supporz member cggpr ses a flange
integrally connected to and radially extending from the
shaft of the rotor.
15 .
8. A device for damping vibration as defined by any
one of claim 4 through 7, wherein the vibration damping
member comprises an annular visco-elastic layer
encircling the shaft of the rotor.
20 , '
9. A device for dampinq}yibration as defined by any
one of claims 3 through 8, wherein a stationary frame
supports each of the shafts projecting from the axial
end surfaces of the main mass of the rotor, and the
25 support member is arranged opposite to each of the
axial end surfaces of the main mass.

10. A device for damping vibration as defined by claim
1 or 2, wherein the first surface element comprises an

30 axial end surface of a support member connected to the
rotor in a mutually rotatable manner, the second
surface element comprises an axial end surface of a
stationary frame rotatably supporting the rotor, and
the vibration damping member is fixedly held between

35 the support member and the stationary frame.
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‘menber conprises an annul ar el ement connected to the shaft—ima nutuatty
rot at abl e manner around the shaft. 12. A device for danp

.defined by claim 11, the stationary frame supports each of”lmmﬂmll mlDill
protecting fromthe axial end surfaces of the pain nass of thecrotom an

t he support nmenber i's arranged on each of the shafts. 13. A device for
danpi ng vi brd1i onAadeviéentdr bdamping vibrathonhassdefpheddbyocdadmt or

e o Pt i 08 P8 aplIFE8 o' Ry 5EAE! ARAEN,' A7HIB1AVARAE! Anln OO

;menber, and é Su 'SéS an ann er connected to
the rod nenbarshat 09§&§§1¥Y fixedatpctharmainanasad vheredn ¥hever.

14. A deviceg éaeigﬁa?%nﬁrafnﬁe hppOres éﬁélgﬁaféy §hal theldu %Q'i:e' n the

stationary frane at oslitions X|al B:;.si(paced from

each othe® W ﬁﬂb?ﬁe°°385 ges ﬂﬁnBBPu}§raP;8H BE fenpeg Sﬁ 5P the (wo

posi tions ongh&ftl $h04 - mutuddly Potiavabiel @andaprpapounibthe shagt.def i ned
by any one of clains 11 through 14, wherein the support nenber conprises

a plurality of parts separated by planes axially extending through a
central hol e12f tAedewboéaforl damping vibration as defined by claim

11, the'stationary frame supports each of the shafts

10 projecting from the axial end surfaces of the main mass
of the rotor, and the support member is arranged on
each of the shafts. '

13. A device for damping vibration as defined by claim

15 10, which is_applied to a rotor formed from a rod
member, wherein the stationary frame supports the rod
member, and the support member comprises an annular
member connected to the rod member in a mutually
rotatable manner around the rod member.

20 '
14. A device for damping‘vibration as defined by claim
13, wherein the stationary frame suppofts the rotor at
two positions axially spaced from each other, and the
SUpport member is arranged near each of the two

25 positions on the rotor.

15. A device for damping vibration as defined by any
one of claims 11 through 14, wherein the support member
comprises a plurality of parts separated by planes

30 axially extending through a central hole of the annular
elenment.
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