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TECHNI CAL FI ELD The present invention relates to an air danper
to prevent extraneous vibration and shock fromtransm ssion to a B
preci sion el ectronic and nechani cal conpgnent incorporated in a body of
equi pnent . BACKGROUND ART In recent
years, a precision electronic and pESURIPIEAN conponent including a
magnetic disc device, a DV/D (digital versatile disc) or CD (conpact disc)
drive is intended to reduce in size and weight and to configure as one
unit so as to be suitable for portable use. In the precision electronic
and mechani cal conponent, in order tAIRNPAMBER a vi brati on- proof

characteristic or a shock-proof characteristic, the conponent i's comonly
suspended in a body of equi pnment by using a shock absor bi ng nenber such
as an air danper. An air danper in the prior art is disclosed

in the Japanese published unexanFREINISALeRIERD| i cati on Hei 5- 159552,
for exanple. The air danper in the prior art conprises an outer casi ng of
whi ch two tire-shaped nmERBePEesanE §E“é%’k*éd’“| Fedatehicr an i dapabote the

other in the axial direction. The ou ﬂgck é ncl udes a conpressi on
coi | spring tRYSVERT SXARGONG SHEAt ﬂn and s Tom transmission to a

precision electronic and mechanical component incorporated in

a body of equipment.

BACKGROUND ART

In recent years, a precision electronic and
mechanical component including a magnetic disc device, a DVD
(digital versatile disc) or CD (compact disc) drive is intended
to reduce in size and weight and to configure as one unit so
as to be suitable for portable use. In the precision electronic
and mechanical component, in order to improve a vibration-pxroof
characteristic or a shock-proof characteristic, the component
is commonly suspended in a body of equipment by using a shock
absorbing member such as an air damper.

An air damper in the prior art is disclosed in the
Japanese published unexamined patent application Hel 5-159552,
for example. The air damper in the prior art comprises an outer
casing of which two tire-shaped members are stacked in a manner
of one above the other in the axial direction. The outer casing

includes a compression coil spring therein. A driving section
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-2- housing provided with the precision electronic and nechani cal
conponent to be supported is inserted in a constricted part fornmed between
two tire-shapealossssirer s, thereby hol ding. The upper face gafnidggishower
face of the outer casing are in contact wth a subfranme and a support
frame which are fixed to the body of equipnent, respectively, and thé
outer casing is nounted between the supfrane and the support frane with a
shank having threads. The outer casing has a projection on the inner wall
to confi gur ehans dugiddoxigedaipbnthe pracisian eheofrandci and mechamigdlon with
t he shank. In the prior art, when extraneous vibration is
transmtted COmMPeRent; rtoghpperprardeit he We@ @ grestridiedugartt he
subframe and the support frane, the outer casing and_the conpression coil
spring deforﬁPrPﬁ%rWeQEsW%Fhﬁetﬂ@P@ﬁﬁF%me&ﬁ theredyi idimg- tHhe outer
casing i s nade ai I’tl%ht b¥ht he subfrane t he. sup gort frame and t he shank,

and the vi br PPBR fageAnd a&gaﬁraé&cwfat%gﬁraw SLR9 BFed GPRtagt the

SI rtlght out er {%%le‘q ﬁﬂ‘gebr&fe" Y{é th gbove |oneg E%%‘b% on def orns in
ependence %‘?ﬁk

In th b t f t th il
spring ?S"Yﬁe AL Eelp RS el 43‘% &ké%%%r‘ Fraaane C°”§ ?%%"”
X1y ancous VhREGOInk e iliane! dhd Bfie APPUER EAREYACY & ression

coi | spring, the extraneous atlon resonance and
transmtted %8rbf@s. The outer casing has a projection on the inner wall

to configure an auxiliary damping structure in operative
connection with the shank. |

In the prior art, when extraneous vibration is
transmitted to the air damper from the body of equipment through
the subframe and the support frame, the outer casing and the
compression coil spring deform, thereby absorbing the vibration.
Additionally, the outer casing is made airtight by the subframe,
the support frame and the shank, and the vibration is also
absorbed by a cushiony action of air in the airtight outexr casing.
Moreover, the above-mentioned projection deforms in dependence
on the moving of the sha-nk, and absorbs the vibration.

In the above-mentioned air damper of the prior art,
‘the compression coil spring is included in the outer casing.
When the frequency of the extraneous vibration is equal to the
natural frequency of the compression coil spring, the extraneous
vibration is amplituded by resconance and transmitted to the
precision electronic and mechanical component to be supported.

Once vibration occurs on the compression coil spring, the



preci sion el ectronic and nechani cal conponent to be supported. Once

vi bration occ he conpression coil spring, the 2

PCTI P00/ 0151 40 vAske? 5 “Uibrati on CUAIORRREY
while. It is difficult to absorb the vibration within a short period ef
time. Wen the anplitude of the extranegus vibration or shock exceeds a
predeterm ned val ue, the conpression coil spring is conpressed to the

conpressi on  Ligidtic o hut! tGPSOMALIRY PR ifdiahi©Ro absorb the It
is difficult to reduce in size and in weight and to sinplify the structure

of the outer gasidgidieeattst af sHdi® pendicd eénaamal  then COBDARSE tAideCsX |
spring therein. Since the subfranme nust be provided in the body of

equi pnent i n ghéektianedmkeimrdtioghir slekoetanedsasprefetelmised walus e of the
body of equi pnent can not be sinplified. The outer casing of

t he air danpethefcdnpression coil spsimgtislicompréssdd tedthe ddmpressivn
Therefore, a positional displacenent is |iable to occur between the outer
casing and thimthadaddgent sotirabserchr ary norec¥ibrrtioas vi bration or shock,
and thereby the shank is liable to tilts relative to the outer casing.
Consequent |y, the outerT%dsi AfLiamdtcboedysSeoin Sdre andhin wpighy ande
projection are pressed bt}éﬁt he tilted shank and result in deforned states.

I n the above- ¥ensidfYsEhe cstrugtare o% the futet £25188 Baranss PRethA bration

and shock. An

DI SCLOSURE OF_ | NVENTI <
obj ect of the®piEEHfi® i°ﬁv§lf’l?i%W??sfgg‘br%%ﬁdgpﬁ%ng hereln. since the

subframe must be provided in the body of equipment in order to
make airtight the outer casing, the structure of the body of
equipment can not be simplified.

The outer casing of the air. damper of the prior art
is not directly fixed to the shank. Therefore, a positional
displacement is liable to occur between the outer casing and
the shank due to an external force such as vibration or shock,
and thereby the shank is liable to tilts relative to the outer
casing. Consequently, the outer casing, the compression coil
spring and the projection are pressed by the tilted shank and
result in deformed states. In the above-l;tentioned states, the

ailr damper can not absorb the vibration and shock.

DISCLOSURE OF INVENTION
An object of the present invention is to provide an
air damper which can damp and absorb vibration and shpck having
large amplitudes, and is reduced in size and in weight.

An air damper of the present invention to be mounted



ai r danper which can danp and absorb vibration and shock having |arge

anplitudes, and is reduced in size and in weight. An ai r danper
of the present invention to be nounted WO 00/ 55522
PCT/ JPOO/ 01548 pors5522 -4-  betweepcqpieRpast board

havi ng an object to be supported and a frame fixed to a body of equi pnent
conprises a casing including at |least two holl ow nenbers which are made of
an elastic material and stacked vertically, and a fastening nmenber. The
support board is held between two hol |l ow nmenbers of the casing, and the
hol | ow menbebetoieea kRosmpporst bpard haviobodr wuiecicto i lsuppertedaad

The fastening nenber is inserted into the casing in “the axial direction of
both the st asKoamediked teehbeds of squipmenis compelaess? Aasing imelydinge so as
to make airtight. According to this configuration, vibration
and shock hat/ilﬁgﬂWgél%%ﬁwmaae%sv%gfbéraaw&éd’fa%e BEoYpBREaR adt i | i zi ng
t he defornmation of the casing_and an air spri actjon of the air enclosed
in the casi ngPd ﬁ%&eﬁhﬁeﬁft‘t"%ﬁﬁ fpd & Sf"???‘iﬁ& mepRer »i PR FHRRCTEs easily
reduced in sjze er of. anoth aspect of

d [ . .air d
the present o9 gfi%dgg‘%&’ﬁeé‘e?%wgiﬁvﬁ@gﬂs%ﬁo | o8t FRSHE of P Irthei ncl udi ng

:t Cl)(ran?raﬁli L‘Qﬁx%ﬁo&:ﬁr\é\lﬁ? negrb gé% &.%%29@ g&:?g iWihhch%ei ﬁnq{ab@%q}ighechesﬁ‘é“eon havi ng

Supporti ng "a suppo oard having an obj ect

to be supported at they)nterimdlalfnecis dsalBea Ahrbhhd1BhLsy TRIDEr S
udes a thin walle portion Of a predeterm ned dianeter at an end
portion thereQf axial direction of both the stacked hollow members, and fixes

the casing to the frame so as to make airtight.

' According to this configuration, vibration and shock
having large amplitudes can be dampet;.l and absorbed by utilizing
the deformation of the casing and an air spring action of the
alr enclosed in the casing. Since the air spring is utilized,
the air damper is easily reduced in size and weight.

An air damper of another aspect of the present
invention comprises a casing of an elastic material, including
at least two hollow members connected with an intermediate
sect_:‘.on having a communication opéning . and supporting a support
board having an object to be supported at the intermediate
section. One of the hollow members includes a thin walled
portion of a predetermined dlameter at an end portion thereof,
and an upper opening having a diameter smaller than the diameter
of the thin walled portion, formed at a central portion of the
thin walled portion. The other hollow member includes a lower
opening having a diameter smaller than the predetermined

diameter at an end. Furthermore, the alr damper comprises a



and an upper opening having a dianmeter smaller than the dianmeter of the

thin wal | ed pRelbssse fornmed at a central portion of the thdyeddise
portion. The other holl ow nmenber includes a | ower opening having a

di aneter smaller than the predetermined dianmeter at an end. Furthernore,
the air danper conprises a WD 00/ 55522

PCT/ JPO0/ 01519 -5-  fasteni ng nenber

i ncl udi ng a shastemihgt hemaapriaxioadie p shank of ahet apprsximaeebytsmedi amet er
of the thin walled portion, a shoulder of a dianeter |arger than the

di amet er of tdaneheer asopteniougeandianetendst atiteadhéd waltelde pshtldrier, havi ng
a dianeter snmaller than the dianeter of the | ower opening. When
t he fasteni ngsheniger p§ atdiamesertiandes thamethesdiahaten o€ thanlowel t he
fast eni ng nmenber passes through the upper opening, the conmmuni cation

openi ng and t¢reningeandShneads astaghed €%§hﬁg€hqq4ée§h(§m’éleg af @i@me tefre

peri phery of the lower opening to the frane in an airtight manner. Since
the di ameter SwAlkexe thapcthe fdampter o5 dhe LoHET OPeRNBS:- t he di aneter of the

shank and the thin walled portion is, disposed jn the periphery of the
upper opening, the thi BR8P S3SEERAP | SFd"zeﬂ aitﬁﬁﬁﬁ%ﬂ toRee fiaeght ness

' I ntained b th ' d th hank. Si t he di t
of the I ower SRCMAtgtRe THATE SErEA GROERAMY MEAEraEt oot R PRS 1081 dor of
t he fasteni h h | ti f th
| over _openi ng Rea gPar s o KR Souths AR el SR Eld RRE 30nRP SR8 i ng
and  the fastgpiyig GREBES, the shoulder Plxdh trfABREIpMry oEUELDAcuAEPECT Of

t he present
opening to the frame in an airtight manner. Since the diameter

of the upper opening is made smaller than the diameter of the
shank and the thin walled portion is disposed in the periphery
of the upper opening, the thin walled portion is folded inward,
and airtightness is maintained between the upper opening and
the shank. Since the diameter of the lower opening is made
smaller than the diameter of the shoulder of the fasteningmember,
the shoulder presses the periphery portion of the lower opening,
and airtightness is maintained between the lower opening and
the fastening member.

An alr damper of a further aspect of the present
invention comprises an air passage to communicate the interior

- of the casing with ihe outside in addition to the elements in

the above-mentioned configuration.

According to this configuration, in addition to the
above-mentioned deformation of the casing and the air spring

action, an air-resistance action of the air passing through the




I nvention conprises an air passage to conmunicate the interior of the
casing wwth the outside in addition to the elenents in the above-nenti oned
configuration. According to this configuration, in addition to
the above-nenti oned deformation of the casing and the air _sprin action,
an air-resi sY¥&%ction of the air passing through the PCTJ"mm%%b

00/ 55522 : PCT/ JPOO/ 01519 -

-6- air passage inproves the absorbin% characteristic of the vibration
and shock, and the vibration and shock®are absorbed w thin a short period

of tinme. . I gyr_,gd: {%3% FI G
1Ais a cro;%jix:s@gtsls%ﬁglmsqrggggié% (%ggﬁggé?anp e co \zﬁa\‘cg!g%/foﬁ‘heequi pment
| ncl uding ai g, Amehsat hBEkDEICREe ViBYEMAPANG shock are absbkfed 1B IS 8

pl an vi ew of a suppor oar shown in G 2Ais a
si de view, p?{{ﬂj)ﬁ aNsK6OS G386l S tigb. an air danper 1 in a first
ol

enbodi nent the present “i nventi on. FIG 2B is a side view,
partly in cross-section, of the air danper 1 showing a depressed state
t her eof . FIG 2C is a cross-sectional side view of a casing 2
in FIG 2A FIBRIEYADESCRIPIION OF ORAWENGS|y in cross-section, of

an air danper 4 in a second enbodi nent of the present invention.
FIG. 1A is a cross-sectional side view of an example

of a body of equipment including air dalﬁpers of the present
invention.

FIG. 1B is a plan view of a support board 20 shown
in FIG. 1A.

FIG. 2A is a side view, partly in cross-section, of
an air damper 1 in a first embodiment of the present invention.

FIG. 2B is a side view, partly in cross-section, of
the air damper 1 showing a depressed state thereof.

FIG. 2C is a cross-sectional side view of a casing
2 in FIG. 2A.

FIG. 3A is a side view, partly in cross-section, of
an air damper 4 in a second embodiment of the present invention.

PIG. 3B is a side view, partly in cross-section, of
'the air damper 4 showing a depressed state thereof.

FIG. 3C is a cross-sectional side view of a casing
5 in FIG. 3A.

FIG. 4A is a side view, partly in cross-section, of
an air damper 6 in a third embodiment of the present invention.

FIG. 4B is an enlarged cross-sectional side view of

a region encircled by a chain line A in FIG. 4A.



FIG 3B is a side view, partly in cross-section, of the air danper 4

showi ng a deprggegsksst at e thereof . FIG 3Cis agdos tional
side view of a casing 5in FIG 3A FIG 4Ais amgpé(ﬁ%l?ew
partly in cross-section, of an air danper 6 in a third enbodi nent of the
present invention. FIG 4B isyan enlarged cross-sectional side
view of a region encircled by a chain line Ain FIG A4A WO 00/ 55522
PCT/ JPOO/ 01519 FIG. 5A is a plan view of a7plain washer 7 shdvm iBA is a
pl an view of a plain washer 7 shown in FIG 4B. FIG 5Bis a
plan view of F¥¢.ndB8 shown in FIG 4B. FIG 5Cis a
cross-sectional side view of the ring 8 of FIG 5B taken along the |line
VC- VC. FI G H8. |%Bé-sc¢@§-§ns‘é¥ﬁw 6faA Tinded vhewn din FRe. Bag 8 of
FI G 5B taken alongthellne VD- VD. FIG 6A is a side view,
partly in cross-sectionFI&k 5‘éri'-saﬁr°€i%ﬁﬁp'§ﬁ"§1‘?f#?1asﬂéﬁr‘ﬁ?‘éﬁﬁoﬂimgof t he
present invention. 6B i s an enl arged cross-sectional side
view of a redg® f EXGi-r ¢B tAMRR élE’PﬁltH‘el thee ¢TVE G 6A. FI G

TA i | f h i ) ' 7B
si diasv?e\?v g? ;”hgwbgsealﬁae 80 £ O\Agmlsf—sl ée%%?rf%l éié?o?sews@&?%&#ng. 112 2

view of the b | ong,the Jin I CinFIG TA
BEST MODE FOR BAR %& %?‘ ?&R]ﬁhﬂ”ﬁ\lﬁ"é V-4

FIG. 6A is a side view, partly in cross-section, of
an air damper 9 in a fourth embodiment of the present' invention.

FIG. 6B 1s an enlarged cross-sectional side view of
a regiori encircled by a chain line B in FIG. 6A.

FIG. 7A is a plan view of a base 11 shown in FIG. 6B.

FPIG. 7B is a side view of the base 11.

FIG. 7C is a crogs-sectional side view of the base

11 taken along the line VIC-VIC in FIG. 7A.

BEST MODE FOR CARRYING OUT THE INVENTION
Hereinafter, preferred embodiments of the air damper
of the present invention are described with reference to FIG.

1 to FIG. 7.

FIRST EMBODIMENT
FIG. 1A is a cross-sectional elevation view of an
example of a body of equipment 23 using air dampers 1 in a first
embodiment of the present invention. FIG. 1B is a plan view of

a support board 20 shown in FIG. 1A. FIG. 2A is a side view,



Hereinafter, preferred enbodi nents of the air danper of the present
invention are described with reference to FIG 1to FIG 7. '

FI RST EMODI MENT FIG 1A is a cross-sectional elevation view of
an exanpl e vob omsskrady of equi pnent 23 using air danpers 1pCwieooisst

enbodi ment of the present invention. FIG 1B is a plan view of a support
board 20 shown in FIG 1A FIG 2A is a side view, WO 00/ 55522
PCT/ JPO0/ 01519 -8 - -8- partly in cross-section,
of the air danper 1. FIG 2B is a side view partly in cross-section,
showi ng t he BREEY iRArosHssestiPoret EB%F&Q‘%F“?P«%E edFoR- LRSS 8mper 1 is
depressed in  the direction shown by an arrow A.  Fl C,is.a

cross- sect | oRL®Y. RAFELYi T FFOSE-EASHRY 2 SBPYHHE RSy gﬁ% P2t theie casing 2

one above { NESBEYRY poald 20 mounted bh Hherbl s hapla Yo FlpkBs TN
' t 23 . | Sl t | d hayd : to b
Cuppor tea 1 PESRPEELS Sl B OBRRT P57 1 UIROBRR LY, o

mount ed on ig&ﬁéggg&@%eaégﬁdgoggf%?%%]éiﬁbegiﬁ_ dﬁ{g)@gsgg&zﬁmud%gnnect ed

to a frane 2 rough respective cy al nmenbers he support board

20, the frangyPen@idahRediRidls 0f LAUPWRAEL 222 3t&cEEIRARbYndREe Of a
metal or a resin. The precision electronic and nechani cal conponent 21 is

fixed to theggdpitidvie the other.

As shown in FIG. 1A, in the body of equipment 23, a
precision electronic and mechanical component 21 to be supported
is mounted on the support board 20. The support board 20 is
mounted on intermediate sections 2f of four air dampers 1, and
connected to a frame 22 through respective cylindrical members
2b. The support board 20, the £rame 22 and the body of equipment
23 are preferably made of a metal or a resin. The precision
electronic and mechanical component 21 is fixed to the support
board 20 at a central portion with screws (not shown), for example.
.The frame 22 is fixed to the body of equipment 23 with screws
22a. The precision electronic and mechanical component 21 in
the embodiment includes a magnetic disc device and DVD or CD
disc drive or the like which are made in one unit and enclosed
in a box.

As shown in FIG. 1B, U-shaped mounting holes 20a are
formed at four corner portions of the support board 20. Four
air damper 1 are mounted in the respective mounting holes 20a.

As shown in FIG. 2A through FIG. 2C, the_ air damper

1 comprises the cylindrical and hollow casing 2 made of an elastic



board 20 at a central portion with screws (not shown), for exanple. The
frame 22 is fipga@stzt he body of equipment 23 with screws gegspodbBie

preci sion el ectronic and nechani cal conponent 21 in the enbodi nment

i ncl udes a magnetic disc device and DVD or CD disc drive or the |ike which
are made in one unit and enclosed in a §ox. As shown in FIG
1B, U shaped nounting holes 20a are fornmed at four corner portions of the
support boar dm3ferfalumndaa rshdabfer bolardk: whibahtisdai festieaingspabervEomount i ng

hol es 20a. As shown in FIG 2A through FIG 2C, the air danper
1 conpri ses t figéxtyg ithdrdasahgante hibe fyame 22i iya napndt tofmake theasasing WO
00/ 55522 PCT/ JPOO/ 01519

-9- materi al 2aatickighttoul Ther mpberidgdl wii the icgsingadtienbrngfenadigr bdyl fi xi ng
the casing 2 to the frame 22 in a manner to nake the casi ngmz airtight.
The naterial ohbber, dusiurgthane rppber 28| Siligep Tuhbgsase absa uaaklehane

rubber and silicon rubber are also usable. - . The deformation of
these cylindrical nenbefie dgfarmptiog o dhree G¥11a9rpcat meRbesha3aland ven to

t he body of equipnent 23 and absorption of vibratjion. The constricted
i nt er nedi at e %Eeﬁﬁﬁ%*?sz?n RPNRE Heothask ggY%fthe%h%MVe?f AP se of

h l'i ndrigal 2 1S .f b h | i ndcj cal
menber & 26 and 2B bR ERER LRl R GbRaHoRy THECHIIA A WSTERHI® hol e
20a of "th | | ' :
ronber s 2a andSIbLaY ocfiafhs B oML RyMATE, Bk fo (ABn, GGdT P G

precision el © fiyt 041 AN Bha DO REBkea BLewdH tBE Gylinkicdiange Of
10 to 20 mm for exanple. The outer .
members 2a and 2b of the casing 2, and is inserted in the mounting
hole 20a of the support board 20. The outer diameters of the
cylindrical members 2a and 2b are changed in accordance w:i.th
the weight of the precision elgctronic and mechanical component
21, and are in the range of 10 to 20 mm, for example. The outer
diameter of the intermediate section 2f is in the range of 6
to 13 mm, for example.

The shoulder bolt 3 is preferably made of stainless
steel, and is inserted in the casing 2 in the axial direction
of the stacked cylindrical members 2a and 2b. The shoulder bolt
3 includes threads 3a at an end portion and a head 3h at the
other end. A shank 3b having an outer diameter larger than the
outer diameter of the threads 3a connects between the head 3h
and the threads 3a. The outer diameter of the shank 3b is made
smaller than the inner diameter 2d of the intermediate section

2f. A shoulder 3c is formed between the shank 3b and the threads

3a.



di ameter of the internmediate section 2f is in the range of 6 to 13 mm for
exanpl e. The shoul der bolt 3 is preferably nmade of stainless
steel, and is inserted in the casing 2 in the axial direction of the
stacked cyl iwdpassad; nenbers 2a and 2b. The shoul der bolt pgrigplotsdes
threads 3a at an end portion and a head 3h at the other end. A shank 3b
havi ng an outer diameter larger than the outer dianmeter of the threads 3a
connects between the head 3h and theiphreads 3a. The outer dianmeter of the
shank 3b is nmade snaller than the inner diameter 2d of the internmediate

section 2f. A shoul dBie Zylisdtigalenenherdehashe aapdaRl Nradddtdte t hr eads
3a. WD 00/ 55522
PCT/ JP0O/ 01%nd the cylindrical member 2b has a cenmfyal opening 2h. ffhe

cylindrical nenber 2a has a central _openin and the cylindrical nenber
2b has a ce¥r&ndBiea Rember 25dacledey addy a‘faiﬁf‘é‘ﬁﬁé‘?r tion; eredeedy thin

round | he. donERAPASSORT EPTBELI0 VERR YRS SHEE o AEaPnd R RERETRN | el

vl i nri cal RERLER V@n%éaaeﬂgﬁ&d'a %ﬁ%nﬁméﬂiﬁ B RERar B The shank
W th the shod BERenaeros, i Sip{iescet B Pebfral MBhEa F bEGRd STE T
openi ndS 29 AAdadhicdl nblthés A 96 508e gxgalte@&l o s ot s ol ded

i nward and t cont acts e outer ce of he shoul der
bol t of the shank 3b of the shoulder bolt 3. When the casing 2 is

mounted on the frame 22 with the shoulder bolt 3, the shoulder
bolt .3 is inserted into the central openings 2g and 2h. At t‘his
process, the thin walled portion 2c is folded inward and tightly
contacts the outer face of the shank 3b of the shoulder bolt
3. In order to reduce a friction between the outer face of the
shank 3b and the thin walled portion 2c, the outer face of the
shank 3b may be coated with polytetrafluorcethylene, for example.
The thickness of the thin walled portion 2c is 0.4 to 0.8 mm,
for example, and is preferable one half of that of other portion
of the casing 2. The inner diameter of the'thin walled portion
2c is in the range of 3 to 6 mm, and the outer diameter of the
shank 3b is in the range of 5 to 10 mm, for example.
The cylindrical member 2b is mounted on the frame 22
with the shoulder bolt 3 in a manner that the puter surface
' closely contacts the surface of the frame 22. The cylindrical
member 2b ;:losely contacts the shoulder 3c of the shoulder bolt
3 at the inner surface adjacent to the central opening 2h, because

the outer diameter of the shank 3b is larger than that of the



3. In order to reduce a friction between the outer face of the shank 3b
and the thin I ortion 2c, the outer face of the sha be
coated with po &i”gss%’;ﬂ uor oet hyl ene, for exanple. The thi C’%ﬁc@g@ﬁé{l% he
thin wall ed portion 2c is 0.4 to 0.8 nm for exanple, and is preferabte
one half of that of other portion of .the casing 2. The inner dianeter of
the thin walled portion 2c is in the range of 3.to 6 mm and the outer

di anet er of tdentreflaogeBing 2hi n Cohsequanfdyofirs the dlxr dappénl ek dimise.

The cylindrical menmber 2b is nounted on the frame 22 w th the shoul der
bolt 3 in a nembwiimehst ashehouwnein FEft atfe whebskiey casimuict éstmundeff ace of
the frame 22. The cylindrical nenber 2b closely contacts the shoul der 3c

of the shoul der bl frame 32 vhih ithacthasddeE ROdF addit caplnhe b meds

openi ng 2h, because the_outer dianeter, of. the shank 3b is |arger than that
of the aimyights5apd therefore the air does not leak from the casing

PCT/ JP0O0/ 01519 - 11 - central opening 2h.
Consequently,zi n the air danper 1 of this enbodinment, as shown in FIG 2A,

when the casing 2 is nt ed n th 2 ] { olt 3, the
casing 2 is nade ai r%ﬁ s%?\%‘ tqrt’n"e% %%g'% _ gs\g%%&d‘preig ﬁ%?%oce&g{(‘)?rom t he
casing 2. Ement 23/ tﬁbgs_? %gxfarﬂg Plkdi%redl a&p&é%nfaﬂ%&%@y of

equi pnent 23 %%%i_ e alr danpe ~received an external force, the
casing 2 def oxd chBiAde &dsirdsOin Kﬁ@&'&:&ﬂe%Eﬁéé%hg_ﬁ&ﬁigﬁﬁpéndtd%ﬁp§h0Ck and

absorbs the vibration. \Wen the support board I's tenporarily depressed
in the direct{ge shbepmndyalbdurbar tiwibration. When the support board 20
| ié temporarily deéressed in the direct.ion shown by the arrow
A in FIG. 2B, for example, the cylindrical member 2b is pressed
between the support board 20 and the frame 22 and deforms. When
the cylindrical member 2b has deformed as shown in FIG. 2B, the
upper face of the cylindrical member 2a comes out of contact
with the lower face of the head 3h of the shoulder bolt 3. Since
the cylindrical member 2a is depressed with tight contact
between the thin walled portion 2¢ and the shank 3b, the casing
2 maintains the airtightness. Consequently, the casing 2
deforms in the state keeping airtight, and can damp the shock
and can absorb the vibration caused by an extemai force.
When the air damper 1 of the first embodiment has
received the vibration and shock due to an external force, the
casing 2 deforms based on its intrinsic viscoelasticity, and
damps the shock énd absorbs the vibration. Additionally., the

vibration or the shock having a large amplitude is also absorbed

by the spring action of the air enclosed in the casing 2.




S S T T e e et Simid o

Ain FIG 2B, for exanple, the cylindrical nenber 2b is pressed between
the support board 20 and the frane 22 and deforns. Wien the cylindrical
menber 2b has deformed as shown in FIG 2B, the upper face of the

cylindrical Regbgssda cones out of contact wth the |ower 5%0@{515 he head
3h of the shoulder bolt 3. Since the cylindrical, menber 2a 1's depressed

with tight contact between the thin walled portion 2c and the shank 3b,
the casing 2 mamintains the airtightnesgz Consequently, the casing 2
deforns in the state keeping airtight, and can danp the shock and can
absorb the vibration cagsesding sa tbrtadrrdampesr kof the embodiment \Wwbent he air
danper 1 of the first enbodi nent has received the vibration and shock due
to an exter nafher SREENG 2hés mumted on §he JiTpehad &b thnthe shpuldembpit

vi scoel ast|C|ty, and danps_the shock and .absorbs the vibration

Addi tional | y,3¢ R SVP‘B‘F aith gﬁGorzﬁhé‘%hBI&W YRHLAE BOTEOFe 26 T ifodBedi s al so
absorbed by the sprin actlog a{ |111clugsed I n the casing 2.

WO 00/ 55522 :anard ong the s ank 3b Of he sho é/@t}_q-,ﬁ.osely

Ehézc:ﬁm ng 2 ‘f?%ﬁﬁt Ffteo'f”%%ﬁ?alﬁé tﬁ%n Of thgﬁrrbbaglc‘i:{ogegé a\é\hgﬂown
RS 0 e ‘%‘*%‘weﬁe%' ﬁbgéﬁgr“ﬁ@fﬁ%enﬁ%{ ke PR 8 bpgs S
e BTl SBRASES b Lo
conpressed  afith def Bl enkMGet@Xhal 'R'rcECH;&ﬁi@EFHd eﬂetsapw& suRRert board

20, the airtightness is maintained between the thin walled

portion 2c and the shoulder bolt 3, and the casing 2 is prevented

from alr leakage. As a result, the air damper 1 is capable of

keeping the effect of a damper based on the above-mentioned air

spring action.

In the air damper 1 of the first embodiment, anelastic

member such as the compression coil spring in the prior art is

not disposed in the casing 2. The air damper 1 d@mps the shock

and absorbs the vibration by means of the deformation of the

casing 2 .and the spring action of the air enclosed therein.

Therefore, the air damper 1 escapes from the occurrence of

resonance due to the elastic member at reception of the vibration

and shock. A resonance caused by the spring action of air is

weaker than that of the elastic member, and the resonance

frequency is relatively low. Therefore, the casing 2 can

satisfactorily absorb the resonance with deformation thereof

responding to the vibration and the shock. Since the coil spring

or the like is not used, the casing 2 can be reduced in size,



20, the airtightness is maintained between the thin walled portion 2c and
the shoul der QeJdosy, and the casing 2 is prevented from aipchaRkage As a
result, the air danper 1 is capable of Kkeeping the effect ? a danper
based on the above-nentioned air spring action. In the air
danmper 1 of the first enbodinent, an elagtic nenber such as the
conpression coil spring in the prior art is not disposed in the casing 2.
The air danpesndltiaaps dalpeslosdn bardshbs vedescadiin thirstzecmdoye ighans of t he
deformation of the casing 2 and the spring action of the air encl osed
therein. Therefore, tiSéneertigampeindg 2etsmads dimimdhtteby dher slenddenf
resonance due to the elastic nenber at reception of the vibration. and
shock. A resdmaitcé, cehisidabyidshahepneed) fact & ovemdferate make wbakmsingan t hat
of the elastic nenber, and the resonance frequency is relatively |ow.
Theref ore, theadztight.2 censeqgntiyathestrypctpee rf thecairdamparck cant h
deformation thereof responding to the vibration and the shock. Since the
coil spring Uug sinplified.i foaerdingdo threatrsepge? afatheerkeidentin si ze,
WO 00/ 55522 . PCT/ JP0O0O/ 01519

- 13 - and tHre speimgPpean PecHade @1E5ighY, withant fherroeisdeaehithewei ght .

Since the casing 2 is nade airtight by the shoul der .bolt .3, which avoids

the need for ¥WHrERBErte Fhien Ped R‘_@en”z_ 1 gt Fhwﬁgﬁu%’fﬁ'l y, the
Ganper of ¢ hi RERLGHP e, COTFBALIARS SiHhe B aHB £t bl e
provi si on of éfeequig}ﬂéﬁé‘% tcgmtgg migj_e@gui pnment shown in the prior art.
The strﬁcture of the casing 2 is not limited to two

cylindrical members which are stacked in a manner of one above -

the other. The casing preferably has a structure that the casing

is closed tightly with a fastening member such as a shoulder

bolt. For example, the casingmay be configured in a manner that

three or more hollow members having rectangular cross-section

are stacked to three or more stages and closed tightly by the

fastening member for mounting on the frame of the body of

equipment.

SECOND EMBODIMENT
FIG. 3A is a side view, partly in cross-section, of
an air damper 4 of a second embodiment in the present invention.
FIG. 3B is a side view, partly in cross-section, showing the
state that the support board 20 mounted on the air damper 4 is
depressed in the direction .of an arrow A. FIG. 3C is a

cross-sectional side view of a casing 5 of the air camper 4.



Therefore, the configurations of the air danper 1 and the body of

equi pnent 23 can be sinplified. The structure of the casing 2 is
not limted to two cylindrical mnmenbers which are stacked in a manner of
one above t . The casi ngpreferabl yhas a structuret ing is
cl osed tight%%\{é}?% a fasteni ng nmenber such as a shoul der?églgﬁt%%;%r

exanpl e, the casing may be configured in a nmanner that three or nore

hol | ow nenbers havi ng rectangul ar cr_oii-gection are stacked to three or
nore stages and closed tightly by the "fastening nenber for nounting on the
frame of thenhhoghr @bmp&fll RABNides bellows 5a capable of expan8E&NRAENMBODI MENT
FIG 3Ais a side view, partly in cross-section, of an air danper 4 of a
second enbodioAepictihg hf fHesONhli dimnttion, adix@plaBementa foirdehei ew, partly
i n cross-section, show ng the state that the support board 20 nounted on
the air danpgiliddricaldembesacf the ke dampent ]l dn tbe fixsiembodimwery.G 3C is a

cross-sectional side view of a casing 5 of the air canper 4. WO
00/ 55522 The other configurations are the same as thpse j9HbhegEinst
- 14 - The air danper 4 includes bellows 5a capabl e of expanding and

contracting emhoﬁh%e_%ci al direction, as replacenment for the cylindrical
Conf i gur at fons ar e ¢ HAS SRRER 28 THbeard THE PLr ot CTEMMS irfpenbes
5b is disposed at the lower stage of the bellows 5a. The bellows
5a includes a thin walled portion 5¢ closely contacting the shank
3b of the shoulder bolt 3, in a manner similar to that of the
first exﬁbodiment. ‘

In the air damper 4 of this embodiment, when the casing
5 is mounted on the frame 22 in a manner tha‘t{ the casing 5 is
clo;ed tightly by the shoulder bolt 3, the bellows 5a is in the
state compressed and deformed. In other words, the casing S is
mounted on the frame 22 in a manner that the mounting height
H1l of the casing 5 in FIG. 3A is smaller than the natural height
H2 of the casing 5 in FIG. 3C.

When the support board 20 has been temporarily
depressed by an external force in the direction shown by the
arrow A in FIG. 3B, and the cylindrical member 5b has been
temporarily compressed, the bellows 5a expands in the axial
direction due- to restoration to the original height H2.
Therefore, even when the cylindrical member 5b is compressed,
the thin walled portion 5c does not move along the shank 3b,
and the upper face of the casing 5 maintains the contact to the

lower face of the head 3h of the shoulder bolt 3. Consequently,



As shown in FIG 3Ato FIG 3C, a cylindrical nenber 5b is disposed at the
| oner stage of the bellows 5a. The bellows 5a includes a thin walled
portion 5¢c cl S¥&Y%S¥dnt acting the shank 3b of the shoul der PEHIR00AISIY h 5
manner simlar to that of the first enbodi nent. In the air
danper 4 of this enbodi nent, when the c %itng 5 is nounted on the frane 22
in a manner that the casing 5 is close ightly by the shoul der bolt 3,

the bel | ows SQhLSCAﬂnEQQS %ﬁ*ﬁ%ﬁt@féﬁﬁéﬂ‘éﬂdigeéﬁe@% ve #1 ﬁggpgﬁté/&)r ds,

the casing 5 i's  noun me 22 in a manner t e nounti ng

hei ght H of I i3 ddriPar8éod Wi BhALHE ithAE it biifdnthel ght
H2 of the casfﬁgﬁgg?rsite%igaée%%f : When t he Sl}g%grét%boar dngo has

been tenporarizhy +KleRee3sws S 13cpabls et nhOAELINIhd BBe HsBEbh O &hOWN by
the arrow Ain FIG 3B, and the cylindrical nenber 5b has been

tenporarily ceyReesSEGE bhe Reldywgihés expands in the axial direction due-
to restoration to the original height H2. Therefore, even when the

cylindrical menber 5b ismncidentesised, thet pesitionalalkebator beewedic tthees not
nove al ong the shank 3b, and the upper face of the casing 5 maintains the
contact to theellowesal @k thé dfldnfechechallhemntiert Fe mayoue devebsed ifi.the
Consequent |y, WO 00/ 55522

PCT/ JPO0O/ 01519p and down direction and stacked in.a mgnner tdfcoreigibgyeSthef t he
third enbodinment is effectively prevented fromair |eakage in conparison

with that of whBeF;r Fhecrf AavR menbers of dhg gasing Smay be cophbywrest

mai nt ai ni ng the cushion-1ike
by the bellows 5a.

THIRD EMBODIMENT

FIG. 4A is a side view, partly in cross-section, of
an air damper 6 of a third embodiment in the present invention.
FIG. 4B is an enlarged cross-sectional side view of the region
encircled by a chain line A in FIG. 4A. The air damper 6 of the
third embodiment includes an air passage (herelnafter 'is
referred to as orifice) to communicate between the interior and
the outside of the casing 5 as described bellow in detail. The
other 6onfigurations are similar to those of the second
embodiment.

In the third embodiment, the casing 5 is configured
in a manner that when the support board 20  moves as shown by
an arrow B due to extraneous vibration, the capacity of the 6asing
5 increases or decreases co::responding to a moving direction
of the support board 20. In other words, the bellows 5a and the

cylindrical member 5b of the casing 5 are configured in a manner



function of air at all tines. I ncidental ly, the positional

rel ati on between the bellows 5a and the cylindrical nenber 5b nmay be
reversed in the up and down direction and stacked in a manner of one above
the other. Womosgszand down nenbers of the casing 5 may bep&opbisidioed by
t he bell ows 5a. TH RD EMBODI MENT FI G
4A is a side view, partly in cross-section, of an air danper 6 of a third
enbodi ment in the present invention. - EEG- 4B is an enl arged
cross-sectional side view of the region encircled by a chain line Ain
FIG 4A Thethat WWenpapasiier chaege ofi the deBdavedia bYnz predstemmized passage
(hereinafter is referred to as orifice) to conmuni cate between the
interior anddistancspiinpyegentiet ¢heisVGPSThPaFedct? Bada simestiom ofet ai | .
The ot her configurations are simlar to those of the second enbodi nent.

In the thirdt® PHENS Sd e dhaRFhs GRaELhY FRAPRIOT Fhe syiinddcatnat when

t he support bo%d ;,'8) noves as shown by an arrow B due to extraneous
vibration, tHe"R¥Hpa&i'ty of the casing 5 increases or decreases

corresponding to a m)vAsn hcé%rgeg%i;% ?é' t@%n%#gg%l%ggrgﬁgt. I n ot her

wor ds, the bell ows Sa an% yI'i'Adrica sing 5 are

Cont |, B, g snciudos « WaTRVEAREE 7 ostypen e tpnes toce gz
change of thepfeldepSen oYtie RYyEHdAIcEN NGhber 5b and the shoulder 3c
of the shoulder bolt 3. Furthermore, a ring 8 is disposed
between a frame 22 and the outer face of the lower end of the
cylindrical member 5b. Configurations of the plain washer 7 and
the ring 8 are described in detail with reference to FIG. 5A
to FIG. 5D. '

PIG. 5A is a plan view of the plain washer 7. fIG.
5B is a plan view of the ring 8. FIG. 5C is a cross-seétional
view of the ring 8 taken along the line VC-VC in FIG. 5B. FIG.
5D is a cross-sectional view of the ring 8 taken along the line
VD-VD in FIG. 5B. |

As shown in FIG. 5A, the plain' washer 7 is configured
to a C-shape having a cut part 7a, and the inner diameter thereof
is made larger than the outer diameter of the thread éortion
3a of the shoulder bolt 3. The plain washer 7 is preferably made
of ametal such as stainless steel.. The p:_l.ain washer 7 is placed
in the cylindrical member 5b prior to assembly of the casing
5 as shown in FIG. 4A. The diameter of the lower opening 54 of
the cylindrical member 5b is larger than the outer diameter of

the thread portion 3a of the shoulder bolt 3.



di stance of novenent of the support board 20 in a direction of the arrow B
Is smaller t capacity change of the cylindrical negbesreak

: 2 . . JP00/01519
As shown in B?(go&!%% the air danper 6 of this enbodi nent includes a plain
washer 7 between the inner face of the lower end of the cylindrical nenber
5b and the shoul der 3c of the shoul der 7bolt 3. Furthernore, aring 8 is
di sposed between a frame 22 and the oult er face of the |lower end of the

cylindrical nmenber 5b.0aRbi9Yhaic0ns «f ridiesp) 8he A8 8als dor@idursdie ring 8
are described in detail with reference to FIG 5A to FIG 5D.

FIG 5Ais a anci/f&ﬂa%f thig-Plaienhdfsiea éentt&d opeBih§ £a RhaBuyh ew of

the ring 8. FIG 5Cis a cross-sectional view of the ring 8 taken al ong
the line VC ¥aicR tHeGthfdhad pbEtriobBaidE Bhéshaalses bonal i¥igweetedhe ring 8
taken along the line VD-VDin FIG 5B. As shown in FIG B5A,

t he pl ai n waghehough stikOingus eis preferdblyhmadehaf i angnexatusuginals 7a, and
the inner dianmeter thereof is nmade |larger than the outer dianmeter of the
thread porti gtaifbesd stéel stivelkiing 8 maytbednadtaf b enginestiayg plassiqe ef er abl y
made of a nmetal such as stainless steel. The plain washer 7 is placed in
the cylindri caichrsnbpelrehalaresio ferseari nedycting puxposes - SThsrsdmwn in
FIG 4A. The dianeter of the | ower opening 5d of the cylindrical nenber 5b
i s |arger thdéninnkudnag eroxnaweefbranss 2 SRRCUIAF ARRYHBRFT Gi¢ 9B e £aee shoul der

bolt 3. VO 00/ 55522 ,
PCT/ JP0O/ 015 #¥ich closely contacts the lower face of fhe cylindrical member

5b. The dent part 8¢ may be formed by denting a circular region
encircling. the central opening 8a. The groove 8b communicates
with the dent part 8c at one end and reaches the periphery of
the ring 8 at the other end.

When the air damper 6 of this embodiment is assembled,
the cut part 7a of the plain washer 7 and the groove 8b and the
dent part 8c of the ring 8 communicate with the space between
the central opening 5d and the thread portion 3a, thereby forming
an orifice. The interior of the casing 5 communicates with the
outside through the orifice. When the support board 20 moves
as shown by the arrow B, the capacity of the casing 5 decerases
or increases corresponding to the moving direction of the
supi:ort board 20, and the air in the casing 5 is discharged
outward or outside air flows into the casing 5 through the orifice.
Consequently, the vibration and shock are braked, softened and
absorbed by a resistance of air passing through the orifice.

The performance of absorbing the vibration and shock can be

jmproved.




As shown in FIG 5B to FIG 5D, the ring 8 is configured by a circular
thin-plate having a central opening 8a through which the thread portion 3a
of the shoulder bolt 3 is inserted. Although the ring 8 is preferably nade
of a metal syey ? ,stainless steel, the ring 8 maybe ”adem9@n@ 1519

engi neering plastics such as a polyacetal resin for cost reduction
purposes. The ring 8 includes a groove 8b and a circular dent part 8c on
the face which closely contacts the Ig yer face of the cylindrical nmenber
Sb. The dent part 8c may be forned by denting a circular region encircling

the central opening 8aneTher Wi Slof AMIENeRbd@ENenti 14 ddpabdenst part 8c
at one end and reaches the periphery of the ring 8 at the other end.

When t he ai r aaagipry afid absbhbing the diheektarid vaisssmisnedi thirhe shoctpart 7a of
the plain washer 7 and the groove 8b and the dent part 8c of the ring 8
comuni cat e petind b ipacin benpesisont wicthc timesenlof dfenEigst5dndsdcohd t hr ead
portion 3a, thereby formng an orifice. The interior of the casing 5
conmmuni cat esempedimenss . odnsthe fihs eghodinentyy,i the @irgngilased upgbert board
20 noves as shown by the arrow B, the capacity of the casing 5 decerases
or i ncreasescéﬂ%%ﬁén@?quéeﬂ%’ ‘Fﬁﬁﬂrﬁﬁtg‘i"? é’@t%cﬁi&ﬁhé insg$hOFt board
20, and the air in the casi 5 is discharged _outward or outside air flows
into the casPHE-es ek bifsr ﬁ‘i’g 5???‘?%’8“1&0‘%?@&85&? yrestegey FerdE on and

hrough the BHTTED =tatie. BN BHEAIEERT R COMRRTLoRE ) BrfdRand ohock
can be i mpr g q{oves in the casing 2. Therefore, 1t requires a relatively
long period of time to absorb the vibration and the shock.

According to the air damper 6 of t.his embodiment, the
air in the casi;xg 5 is @ischarged outward or outside air is sucked
into the casing 5 responding ?o deformation of the casing 5
through the orifice. Consegquently, vibration due to
alternating compression and expansion is suppressed, and the
shock is damped within a short period of time and the vibration
can be rapidly absorbed.

A flow rate of the air passing through the orifice
can be varied by changing the width or the depth of the groove
8b. The alr spring action is easily varied dy adjusting the fiow
rate of the air. The lower end of the cylindrical member 5b is
clamped between the plain washer 7 and the ring 8. Therefore,
when the casing 5 defo'rms responding to the vibration or the
shock, the lower face of the cylindrical member 5b does not
dislocate on the ring 8. The air passage of the orifice does

not change, and a stable air resistance effect is maintained

by means of the orifice.
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- 18 - air danper 6 of this enbodi nent is ca f
danpi ng and aﬁgﬁ?ﬁ%ﬁg the shock and vibration within a shorﬁgﬁh%%@?de of
time in conparison with those of the first and second enbodinents. In-the
first enbodi ment, the air encl osed in_t?g _casing 2 is conpressed by
deformation of the casing 2 in a short “period of time, and subsequently
expands to restore to tiaRident&iRal 16t abbhe-mddtidnkRr 8ed &S pe@BR! €SSi on
and expansion, and noves in the casing 2. Therefore, it requires a
relatively |gnghoughi elle Gfegaraket 1P S0LH ridumrtedbsmtiten feade t33e gheck.
According to the air danper 6 of this enbodinent, the air in the casing 5
i s di schar gedring samdy obe ditrmedeori tthei ramelax ini ohe vda@y.casi ng 5
responding to deformation of the casing 5 through the orifice.
Consequently, vibration due to alternating conpression and expansion is
suppressed, and the shock is danped within a short period of tine and the
vibration can be rapidly absor bEQURTH EMBODIMENM\ f| ow rate of the air
passi ng through the orifice can be varied by changing the width or the
depth of the groove 8EFIGCTHEA disra SAApTeNet PHFELYs 1B R05¢-seetian.botf
adjusting the flow_rate of the air. The,lower end of the cylindrical

menber 5b is 2R PARFEBPEEIIRE R FHETY epbediment Anthe pregent inwengiother ef or e,
wh h [ 5 f di Lb ' hock, th
over face of i SEAS A SR SRE RE =S R Haee ot s Prg of Bie, 738060 i ng 5.
The air passa éi?:fclEH% o %ﬂéﬁ?hﬂQ aﬁin?e&.%aanglﬁr e ol i A Aifbht,

SCMRi ntarned | the OF I T

resi stance effec by “neans of I CE.
a casing 10 includes a cylindrical member 10a and a cylindrical

member 10b, and the support board 20 is suspended between the
cylindrical members 10a and 10b. A base member 11 is placed
between' the cylindrical member 10b and the frame 22. The base
member 11 includes a flange lla and a boss 11b as shown in FIG.
7A to FIG. 7C.

As shown in FIG. 6A and FIG. 6B, the cylindrical member
10b of the air damper 9 includes a thin walled portion 104
encircling a central opening 10e thereof. When the cylindrical
member‘lt)b is assembled to the base member 11, the thin walled
portion 104 makes airtight contact with the outer surface of
a2 boss 11b of the base member 11. The respective inner diameters
of the cylindrical member 10a and the cylindrical mgmber 10b
are made different with each other. Consequently, when the
support board 20 moves as sl;own' by the arrow B, the capacity
of the casing 10 increases or decreases corresponding to the

moving direction of the support board 20. In FIG. 6A, the inner
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- 19 - I ncidentally, in the above-nentioned description,

al t hough the separate ring 8 is nounted on the frame 22, the ring 8 nay be
formed on t hwofoosss® 22 i n one body. PCT/IP 601l

EVMBODI MENT FIG 6Ais a side view, partly in cross-section, of

an air danper 9 of a fourth enbodinent in the present invention. FIG 6B
is an enlarged cross-sectional side vjegy of the region encircledby a

chai nl i neBi nFI G 6A. In thefourthenbodi ment, a-casing 10 includes a
cylindrical desheterdof tedcyl imidricsl) nesber h@atiemababsmaindritanstatort board
20 i s suspended between the cylindrical nenbers 10a and 10b. A base nenber
11 i s pl acedofbehevesylinideicyl immhber al Obve nPeeraifidreandherhdhier supp®R®2. The base
menber 11 includes a flange 1la and a boss | 1b as shown in FIG 7Ato FIG
7C. boar@ds2& imowesi wpwax@ is A FEHhd SRl GFheEapepdty \df fbei easingenber

10b of the air danper 9 includes a thin walled portion 10d encircling a
central openilfgloareaspss &t wigrthe SEPROTE REAFE A0 MoKesHAPWRINIEd; dhessenbl ed
to the base nenber 11, the thin walled ortiaon 10d nmakes airtight contact

with the out SRP3GHACE Bhe casipgsiO f8CHIaSee TR IRERSSFONE1IT He Mespect i ve
10D are madaSRIRABRAY HASRE oDk HOED (ks 6 dR FIo= S ABROtHE s uppor
Dot 4 20 oY PuRte ek IR 1§ ISRC! e, Bl P,
support  boar q.szzg)reflegagi?magé’ oft leeitgfgﬁch as stainless steel. The base

member 11 may be made of an engineering plastics such as a

polyacetal resin for cost reduction purposes. When the casing

10 has been mounted on the frame 22 with the shoulder bolt 3,

the base member 11 makes airtight contact with the shoulder 3c

and the shank 3b of the shoulder bolt 3.

The structure of the base member 11 is described in
detail with reference to FIG. 7A to FIG. 7C. FIG. 7A is a plan
view of fhe base member 11. FIG. 7B is a side view of the base
member 11. FIG. 7C is a cross-sectional view of the base member
11 taken along the line VIC-VIC in FIG. 7A. The outer diameter
of the boss 11b is made larger than the diameter of the central

'open:l.ng 10e of the cylindrical member 10b, namely the inner
diameter of the thin walled portion 10d4. When the boss 11lb is
inserted into the central opening 10e, the thin walled portion
104 is folded inside of the casing 10 as shown in FIG. 6B, and
the folded thin walled portion 104 makes airtight cqntact with
the outer surface of the boss 1lb.

A small groove 1lc is formed on the surfaces of the._
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- 20 - dia the cylindrical nenber 10a is made smal t hat
of the cyli H‘(}{r' éoésggzr%enber 10b. Therefore, when the support l)lc‘g"{.);lgrn@?%% noves
upward in FIG 6A, the capacity of the casing 10 increases, and when the
support board 20 noves downward, the G pacity of the casing 10 decreases.
Remai ning configuration is substantial“y identical with that of the first

embodi ment . ¢ 306d 19CLA EnklBodlPSehi gt kBB Saudfibhber 11ThomRAssodRDer 11

is preferably a netal such as stainless steel. The baSe nenber 11

may be made ¢f.ah8R@kESRdREsPL AL bRS 13¥eh AheAgrosity/atel als £esidu for cost
reducti on purposes. Wien the casing 10 has been nounted on the frame 22

with the shogjdege b%'p%r3facéhﬁ kaserTmigeen 14 linrades radidl @dhkesO¥aACt W th
the shoul der 3c and the shank 3b of the shoul der bolt 3. The
structure of rhherhase 1TeIbEY fdimddoni@hardurad fate oeithklbosstb £ldigence to
FIG 7Ato FIG 7C. FIG 7A is a plan view of the base nenber 11. FIG 7B
is a side Vi epealxikkher khacbosIhe) atd .commGniddtess watk thesgrseeki xial Vi ew of
t he base nmenber 11 taken along the line VIIGVIICin FIG 7A The outer

di aneter of aththédowetlénd.s Amdshowar ieFliGhahAt Hehedbasetmembet thelscent r al
openi ng 10e of the cylindrical nenber 10b, nanely the inner dianeter of
the thin wal hedephkad ta thed cavtes 1I0hand sbe gmasvieslle seaveed@s ar@ithe
central opening 10e, the thin walled portion 10d is folded inside of the
casi ng 10 asPalsege i(erifre bgomgpaicatindrbsinaem khe SRFtredGHarti®¢ 10d

makes airtight contact with _the outer ,sur e of t boss 11b.
goutside thereof. When the casing {6;[ %eforms tB%e to ex%raneous

vibration or shock, the air in the casing 10 is discharged out
or the air flows into the casing 10 through the groove llc.
Consequently, the vibration and the shock are braked, softened
and absorbed by a resistance of air flowing through the orifice,
and the performance for absorbiﬁg the wvibration and shock can
be improved. The air damper 9 of the fourth embodiment is
capable of absorbing the vibration and the shock within a shorter
period of time in comparison with those of the first and second
embodiments. | '

| A flow rate of the air f£lowing through the orifice
is adjustable by changing the width or the depth of the groove
llc. Consequently, the air spring action is easily varied. The
thin walled portion 10d of the cylindrical member 10b of the
casing 10 closely contacts the boss 1lb of the base member 11.
Therefore, even when the casing 10 has deformed due to vibration
or shock, the lower surface of the cylindrical member 10b does

not dislocate on the base member 11. Consequently, a stable



A smal|l groove 11c is formed on the surfaces of the WD 00/ 55522
PCT/ JPO0O/ 01519 - 21 - flange 1la and the
boss 11b of the base nenber 11. The groove 11c includes grooves 1lcl and

11c2. The grwgvgsskkc! is formed on the upper face of the pdrap@misida in the
radial direction. The groove 11c2 is formed on the outer face of the boss

11b along the axis of the boss 11b, and communicates with the groove 1licl
at the lower end. As shown in FIG 6A,4he base nmenber 11 is assenbled to
the casing 10 and the groove 1lc serves as an ai-r passage (orifice)

communi cat i ngedrghyREFetb®agasoidheQiafbdikitanst §irdal1t P ROby mibes t he
casing 10 deforms due to extraneous vibration or shock, the air in the

casing 10 i softlithehgromee duk. or the air flows into the casing 10 through

t he groove 1llc. Oonsequently, the vibration and the shock are braked,
softened and absor bednbthe aiesdanperce of this émmadimgnt hrieghumber or i fi ce,
and the performance for absorbing the vibration and shock can be inproved.
The air danpst pargs derredasest in ciopparheon width thawisife tbe oy bi ng t he

vi bration and the shock within a shorter period of tinme in conparison wth
t hose of thestthodimentdbeeawsrithe PAadp ¥ashar 7 1s not used. Aherefioxrat e of the

alrflovmngthroughthe orifice adj ust abl e anging the width or the
depth of thett 355e™ :ﬁ?i(‘fmrﬁo?lf'séﬁ‘ﬁem?‘#ﬂme ’é’&?‘f" @’?%d'ﬁ chanicaleasi|y

varied. The thin

ti d f th d | Ob of th
casing 10 clm"yeﬁmg 58'3‘ é)tr'eﬁl'-fi?tr)]o %ﬁe&e%ib%ft}g s ﬁgrﬁ?é"'f“na o fe © ©

surface of the frame 22 in one body.

INDUSTRIAL AP-PLICABILITY

In the air daxnéer of the present invention, when the
casing is mounted on the frame of a body of equipment with the
shoulder bolt as a fastening member, the casing is made airtight
and air is enclosed the:;‘ein. When the air damper has received
an external force due to extraneous vibration and shock, the
casing deforms according to intrinsic viscoelasticity of the
material, and damps the shock and absorbs the vibration. When
the air damper receives the vibration or shock having a large
amplitude, a cushion-like effect of the air e.nclose_d.in the
casing is cooperated with the above-mentioned vibration
absorption based on the viscoelasticity, and damping effect is
further improved.

The air damper of other aspect of the invention, in
addition to the configuration of the above-mentioned invention,
comprises the orifice which communicates the interior of the

casing with the outside and gives a resistance to air flowing



Therefore, even when the casing 10 has defornmed due to vibration or shock,
the | ower sur the cylindrical nenmber 10b does not djshaeabi8ieon the
base nenber %% @bnsequently, a stable WO 00/ 55522 bt

PCT/ JPO0O/ 01519 - 22 - braking effect based

on the air resistance is realizable by ans of the groove 11.

In the air danper 9 of this enbodi ment, “Che nunber of parts decreases in

conpari son w ttﬂé ihta cidl bla (RERARITREL . BRCAGRwPkaaasher 7
i's not used. ore, e assenbly work of the precisSion electronic and

mechani cal ¢ Bl{%@eﬁ J@%@H‘Ei @@éxfféle bas®seepbesn Lhar@otdrasteersrd on the
surface of the franecbz In on% body. | NDUSTRI AL

APPLI CABI LI TY¢he vibration ahd thB&hck idaimafovel thBraxareeffddveanided, when
the casing is nounted on the frame of a body of equipnment with the

shoul der bol t ygstra f@siannes SEabeEloiiiey ¢hsioxg filee ranhd e Vighiticand air
is enclosed therein. Wien the air danper has received an external force
due to extranggasthd lhatkofarnnd absmtbed withiras sporefpemmdaototidieng t o
intrinsic viscaoelasticity of the material, and danps the shock and absorbs
the vibration. When the air danper receives the vibration or shock having
a large anplitude, a cushion-like effect of the air enclosed in the

casing is cooperated with the above-nentioned vibration absorption based
on the viscoelasticity, and danping effect is .



further inproved. The air danper of other aspect of the

I nvention, in addition to the configuration of the above-nenti oned

i nvention, conprises the orifice which conmunicates the interior of the
casing W th amosssesi de and gives a resistance to air fl owd@speomsie WO

00/ 55522 PCT/ JPOO/ 01519

- 23 - between the interior and the outside - And thereby, in additidn to
t he above-nentioned effect, an absorptygn. char Ml bration

and the shock is inproved by braking effect causeﬂ“‘ummmuﬂﬂ lui“ nce of
air flowmng the orifice, and the vi bcaaIMsh and t bsorbed
within a short period of tine.

24 - CLAI M5 . In an

air danper to be nounted between a support board haV| ng an obj ect
to be supported and alrekBemn ﬁF—Ré’@mPer to betppunteddietiecaqsigwppart the air

danper corrprl SI dg casi ng _nade of an elastic material,
i ncl udi ng havipg An abdgchde §ﬁa§'é??°&§tefisa%ﬁﬁmﬁm’%vﬁéﬁﬁéc§€ st acked
such that at_le WO x shaped part are vertlc one above
the other, s® t|% 3‘9? RPelinpbie 36a %ee’{\ﬁgg‘ﬁ S ’H;/ at | east two

box shaped parts V\/nerel n t{un Im%ﬁ/e fl%gxeﬂ'u lC ?‘35? {al gg { g&kes cl ose

contact with a frame, “aff 9 BF nmount i ng
0 o R g B bl £
di sposed at mdhrfddaPOidds®Ntwd voRARaped bABt fe@ui 8411y one above the
other, supporting said support board between said at least two
box shaped parts wherein the lowest box shaped part makes close
contact with said frame, and
a fastening member for mounting said casing on said
frame with airtightness, inserted vertically into said casing.
2. An air damper in 'accordance with claim 1, wherein
-said fastening member is a shoulder bolt having a
thread section disposed at an end portion, a shank having an
outer diameter laréer than the outer diameter of said thread
section, and a shoulder which is an end face of the shank in
the thread section side, and
when said thread section is attached to said frame
through the interior of said casing, said shoulder makes contact
with airtightness with the inner surface of the box shaped parts
bf the lowest step, and said shank makes contact wifh
alrtightness with the hollow member .of the highest step, and
thereby closing said casing with airtightness.

3. An air damper in accordance with claim 2, wherein
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di anmeter |arger than the outer diameter—ef—said thread section, and
a shoul der an end facﬁ,m in the thread section
si de, and "W tukstas Mm, EH?!H ction is at tpﬁﬁ%@’mf‘%’gsai d

frame through the interior of shid casing,s shoul der makes-
contact with airtightness wth the inner surface of t he box shaped
parts of a | ower step, and sai d shank rf&kés cont act wth

airtightness with the Q’? gmggggpeo QI; &’fn"ﬂﬁ of gyd_%hgg)g %Q& t her eby

cl osing said casing ai anper 55 ance with

claim1, W“eB?'%id c}lig es@bﬁ%% h whiteH said shou der b%lt is inserted
met e an opening of said

25 ox shaped part of said

hi ghest stepy Eh»h *l-niﬁ'ii@? S tRBOsLEG" aBohitdsS dfn§8i& S fhge smal | er

than the outer dianeter of said shank, and a thin walled portion reduced

in thi Ck”essthﬂncx%m%rd $8Bt Vbt MLedBbBET 1D P bRAS 10 EBREA QMG BRI
opening so as to closely contact to the outer face of said shank.

3. An air dagpgér GsufRiioh! 0§ formed around @afadSépEhindChydGoat1dfagt two box
shaped parts with holl ow spaces nade of an elastic material and connected

through an iceheadedicattheseatdd Fabavofigaddcehanti cati on opening, for
supporting a support nenber having an object to be supported at said

i nternedi ate section, -4arth air damper comprisimg:upper box shaped part with
hol | ow space in said at |east two box shaped parts including: a thin

wal | ed portion of a pacdsirginndadidicableasttwarboxnshapedipagttsselit® upper

hollow spaces made of an elastic material and connected through
an intermediate section having a communication opening, for
supporting a support member having an object to be supported
at said intermediate section, and

an upper box shaped part with hollow space in
said at least two box shaped parts including: a thin walled
portion of a predetermined dlameter at an end part of said upper
box shaped part, and an upper opening having a smaller diameter
than that of said thin walled portion, at the central part of
said thin walled portion, and

a lower box shaped part in said at least two
box shaped parts mcludinéz a lower.opening being smaller than
said predetermined diameter at end part thereof,

a fastening member including:

a shank having a diameter substantially
jidentical with the diameter of said thin walled portion,

a shoulder having a diameter larger than the

diameter of said lower opening and

‘This Sheet Has Been Replaced
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box shaped part, and an upper opening having a snaller dianeter than that
of said thin walled portion, entral part of said thin walled
portion, and lﬂ aped part in said at |east two

box shaped pedbgssszac! udi ng: bel ng smal | epchipyinisiai d
predeterm ned di aneter at end part thereof a fastening menber

I ncl udi ng: a shank having a dianeter substantially
identical with the diameter of said:_t 'bn_vval | ed portion,
shoul der having a dianeter larger than the dianeter of said | ower openin

and _ _ threads having a diameter smallé@ than the _
t hreads having a dianeter smaller than the di aneter of said

| ower openi dfamétarmed 813 diotkeshopdmimg, fHowned on said shofddelr slamd der
fixing the periphery of said | ower opening on said frame with
ai rti ght nessabg shoudddr fitixiey the pbankphertyoof saifld lower opening opmaidopeni ng,
t he comruni cati on opening and the | ower opening of said casin
and att achi fgasaiwtthhabutightnessf bpninserting said shank into sadd An air
danper in accordance with claim1l, wherein at | east
one of sai dUBBET ORERbRDe the|aomysnieakion opening ang &hgi kawergorendagsi on and
contraction in said verti cal di recti_on,

An air daRfeFait caEdng ant athpeing gsaidothrgadsctn a frame.

at |east one of said box shaped arS|sbIIows ermtting
expansi on and contra ﬁﬂqiﬁpg ?‘?a'“ce with claim 1, wierein

at least one of said hollow members is bellows
permitting expansion and@ contraction in said vertical
direction. .

6. An air damper in accordance with claim 3, wherein

at least one of sald box shaped parts 1s bellows
permitting expansion and contraction in said vertical
direction.

7. An air damper in accordance with claim 4, wherein

at least one of said box shaped paits is bellows
permitting expansion and contraction in said vertical
direction.

8. An air damper in accordance with claim 1, wherein

said casing is configured so that when the support
board moves in the axial direction of the casing, the capacity
of the casing increases or decreases corresponding to the moving
direction of the support board, and an air passage is included
to compunicate the interior of said casing with the outside .

9. An air damper in accordance with claim 4, wherein

said casing is configured so that when the support
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di rection. in accordance with claim
3, wherein U 5"“61 sald box sha ed @@rts S
bel | ows w°°°’555f)2er mtting tract ion in F¥i cal

direction. : An air danper in accordance with claim
1, wherein sald casing is configured so that when the
support board noves in the-aklal direction of the casing, the

capacity e_casi n%)fl ncreases decreases corresponding to
S%t 4%

f th
the moving board m°‘(’)esd%'Pe13f g BF-3F LRBCEHHOF ¢ D SAA g P& RS S Essage i s
i ncl uded of the cakfnd QHEPQA%Q% 3@&4%% réo‘}rre(r%ggiécOr%gﬁscé”aﬂo"‘}"ﬁhgl ;hﬁg

out si de anper i

wherein sai d:ashignice £A0'dBULLH AN AUnd BE L BaBLBROUL 4ncinaed

- 27 - board noves e axi irection he TCapacity of

the casing ing ﬁa&eﬁﬁgmiﬁrﬁsggﬂ@'éﬁih@ b TR Bk syer eCtion of -

the support boar and an alr passage Is Incl to communi cate fhe

interior of said caS| ngOW&xhaif‘éaﬂErsiﬂﬁccordance with cPaim 'ﬁ‘n ﬁ%x'thg?”per in
accordance with claim7, further conprising: a plain washer

having a cut dyuplriking: radr al direction, and disposed between said
shoul der and an inside face of the |owest holl ow nenber, and a
ring placed between saiagplaiawashadhatvingatcatgpartdne radidlndideat®sn, hol | ow
menber havi ng a central opening for inserting said
shoul der and disposed between sald shoulder and an inside face of the

lowest hollow member, and

a ring placed between said frame and. the outside face

of the lowest hollow member having

a central opening for inserting said shoulder
bolt,

a circular dent part formed around said central
opening on the surface of the ring being in close contact with
the outer face of said box shaped part, and

a groove communicating w:L.th said dent part at
one end, and reaching the peripheral face of said ring at another
end,

whereby said air passage is formed by said cut part,
the gap between said end portion and said central opening, said
dent part and said groove.
| 11. An air damper in accordance with claim 9, further
comprising:
aplainwasher having a cut part in aradial direction,

and disposed between said shoulder and an inside face of the

W




bol t, a circular dent part fornmed around said central
opening on the surface of the ring being in close contact with the outer

face of said box shaped part, and a groove comuni cating
with said dembogsasz at one end, and reaching the peri phepatufosiof said
ring at another end, whereby said air passage is forned by

said cut part, the gap between said end porfion and sai d central opening,

sccordance wiih craime, fortner corp?tsing: N IATAPEAN: & wesner

having a cut1pasdt boxashasidipadi| emid on, and di*spbseld bkt teer said

shoul der and an inside face of the -
28 - lowest box shapefipaplacedbetween said £rame andghplonteddbdareen sai d
frame and the outside face of the | owest. box shaped part having

a central opefiithe floweshsoxt ishgpediphrshbavies bol t, a
circular dent part formed around said central opening on the surface of
the ring being in close conaxsantwal lppenhpg fgreingextdngfsaddi shavddeshaped
part, and a groove comunicating with said dent part at
one end, andbeXtching the peripheral face of said ring at another end,

a circular dent part formed around said central
opening on the surface of the ring being in close contact with
the outer face of said box shaped part, and

| a groove communicating with s;.id dent part at
one end, and reaching the peripheral face of said ring at another
end,

whereby said air passage is formed by said cut part,
the gap between said end portion and said central opening, said
dent part and said groove.

12. Anair damper in accordance with claim 8, further
comprising:

a base member having a cylindrical portion inserted
into said lowest box shaped part so as to clos_ely contact with
the opening of saild box shaped part, and a disc-shaped portion
contacting closely with said box shaped part and said frame,
vhereby

sald air passage is configured by a first groove
formed on. an outer face of said cylindrical portion along the
central axis of said cylindrical portion and a second groove
formed on said disc-shaped portion, communicated with said first
groove at one end and reaches the peripheral face of said

/,/
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whereby said air passage is fornmed by said cut part, the gap between said
end portion anpd saisg central opening, said dent part and said _groove.
11 . An air d&'rﬂf&ss h accordance with claim 7, further conf)?T’ |W&1.519

a base nenber having a cylindrical portion inserted—into said | owest box

shaped part so as to closely contact with the o ' | d box shaped

part, and a di sc-shaped portion contacg?ny cl osg ”mi’a ”M shaped
nhfigured by

part and said Y er : id air pas

a first gr oov%fgﬁag?‘%ga%gq%}énoﬁfe@?tggg 3 &l’sai d cylindrical portion along

the central axis of sgisd cyl indgl ﬁ?é&é&%ﬁ;’&@@,@% I QMG OF Med
i W th sai TS

on sai d di sc-shaped portion, conmum cate dgroove at one

end and reac ti pheral face of said
REPLACEMENT s%ﬁ?l S185°

0 8 MAY 2001 J a base member having a cylindrical pordon iffle3¢zghaped
portion at another end. 12. An air danperinaccordancewth claim

8,further coffiXd a8 lowest box shapéi pase seeabeto kavkaty 2oayhéndhtsal
portion inserted into said |lowest box shaped part so as to closely contact

with the opeticgpehisgiod £ard sbfR@Apparjartanand aldsse sdhaped getibon
contacting closely with said box shaped part and said frane,

contacting closely with said box shaped part and said frame,
whereby

said air passage is configured by a first groove
formed on an outer face of said cylindrical portion along the
central axis of said cylindrical portion and a second groove
formed on said disc-shaped portion, conmunicated with said fir.st
groove at one end and reaches the peripheral face of said
disc-shaped portion at another end.

14. An air dampexr in accordance with claim 12, wherein

said lowest box shaped part includes an opening for
ingserting the cylindrical portion of said base member, having
a diameter smaller than the outer diameter of said cylindrical
member, and a thin walled portion having a thickness thinner
than other portion, formed around said opening so as to closely
contact the shank of said £ixing member. | '

15. An air damper in accordance with claim 13, wherein

said lowest box shaped part includes an opening for
inserting the cylindrical portion of sald base member, having

a diameter smaller than the outer diameter of said cylindrical

member, and a thin walled portion having a thickness thinner
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wher eby said air passage is configured by a first groove
formed on an outer face of said cylindrical portion along the central axis
of said cylindrical portion and a second groove forned on said disc-

shaped porti nicated with said first groove at o 0 nd reaches
t he peri pher@&oq@%«?ﬁ:f said disc-shaped portion at anot hEET’ZWg’P%"

13 . An air danper in accordance with claim1l, wherein sai d
| owest box shaped part includes an opening for inserting the cylindrical
portion of said base menber, having ~a@%i-aneter smaller than the outer

i ¢ d . coal . I . .
t;]?gﬁ;g;soth Rher At#]g%%f%érf%%:%&leon? !Fo?%ie%ggg%%@dsggﬁsgg%%éﬁ?#f\s%ngsato
closely COMdifthcknend NakiObe SaLY kil A wiRBEE! - 14. An air

danper.in accordance with claim 12, wherein said | onest box
shaped part includes an opening for inserting the cylindrical portion of
sai d base nenber, having a dianeter smaller than the outer dianeter of
said cylindrical mnenber, and a thin walled portion having a thickness

t hi nner - 30 - than other portion,
formed around said opening so as to closely contact the shaNk of said
fixing nmenber.

oy




