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Performance Enhancement of Pneumatic Vibration Isolator in Low Frequency
by Time Delay Control
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ABSTRACT

As environmental vibration requirements on precision equipment become more stringent, use of pneumatic isolators has
become more popular and their performance is subsequently required to be further improved. Performance of passive
pneumatic isolators is related to various design parameters in a complicated manner and, hence, is very limited especially in
low frequency range by chamber volume. In this study, transmissibility behavior of the pneumatic isolators depending on
frequency and dynamic amplitude are presented. Then, an active control technique, time delay control, which is adequate for a
low frequency nonlinear system, is applied. A procedure of applying the time delay control law to a pneumatic isolator is
presented and it’s effectiveness in the transmissibility performance is shown. Comparison between passive and active

pneumatic isolators is made based on simulation.
1. M B

HZ, A AxL 2HY, AxEn G, AL
7@7

=47 S92 247 AU A5H 7%
was gl A 4% HAUNHE st Ful
J

—

AAEHE 4 i #HAE Fsstn Aok &
3], AnlY A F FH FL Y] AN B
AEE e An A5 Aste dle] HE=
olof gt HHg =X7F Hastet

del A Aty Aol HE AFde A
T 7HAEA, A4t ZF(Ground vibration)3} #H]
T% % A3lE 2 F(Vibration on working) ©]
At A [ FAL BEHoz AlgHE Y
AR Aoz HE ADHeE AF dAd ¢
=0, &Rl 7F T YAHE JFol °E A
TEA A% At Ao g ALH= A PR
7] $18 FHo g ol gHlch F e Huje BA
W, HolojZPor FAHE T AddE A
HAEE & goll sAIZE Ao T F
Ao} 71l HE2, dA WAL T8 TG AR

lo o

t 2718 axaled A3 4as
E-mail : okyer-tearsO0(kaist.ac.kr
Tel : (042) 869-3064, Fax : (042) 869-8220

s BRI &Y AAEG WAL

o BRI R T AT

4 dd Ads e @AE S8
o Wy
o de]| Alg=]

o]F MY F7| AZHL Figl I} Lo], F
02l M (Chamber)9} =L Alo]e] It A H(Capillary
tube), A FH o FFE AAste HA2E
(Piston), H2=E 3 AHE d4sto T4 FAA
7l tho]o] LW (Diaphragm) & FAF o] th.
- et A W] 3= dEAE ol&sto A
4 84 9Ee 3, F9Y 2AES 3719
o] wpA g o] &ale] 7 Q49 AYE 3}
o F7] FAS $AE7] ¢ AHEE tolox
He 0T AFEA Frre AAF Sax9 4TS
ghoi1].

NEe By ANy BHAE HAE0 A
o] ¢ i ZHAS AN EAT fE5 Y
W &7 frE5e A¥E Ao, AEE golo
The) B A gk 2ystee #dE Ve
olx] i Aok fEo F AN FF A
o] A Zol #|F AdFNAE o] T AW

A F2 tholojxyo ZAel o

ol
ot



FRaogNEELE 20060d EAGE A =2

ax
olo
ol
o
=
N
)
&
A
o
£
ol
2
2
28
=
o X
offl
-3

o

2. & M ZIcH (pneumatic isolator)
@t 1efshr| k& tholof

TP A F A FF Ao} o] 9 AR FEH 2y =357 938
g AIZE A Al e =Ystaar o AMe 9By &5S AdYsty] 93 AA 59
N9 S5 =z 7]‘?3%% Ao}l o]& H& - ah AW U9 "‘7]-4 4= FFE Vst
of Qlof i Al wigh &gt RyYE P 3 7] Yot s, 2AE He 7] 5 #HE
= WHE, AZE A Ao 7]‘14:% A Al ek o A ool H4HH, o]F A WAE =
539 H]’ﬂﬁé"é, EIHY & HdS 5% A et tholoj AL mE k] Z2 FY AAY
o o]&9] o] sttt ey AlZE A A A of ¥4 A A4 (Complex stiffness)”} (1)} Z
of W AlY] A" ARE a7k, Al A o] % #YH3].
& ol &R wmE $FHS KT7IAY, A Al
o g¥o] 38 Azt (A T+ 9|2 ylojupd A K (x 5)=k s+5,(X,,8) )
o] o]& A go] BrlFait) v’ "s+s,(x,,s)(N+1)

Aol o] = Wo] AL EE PID Ao 7w}
Azt A Ao} 7|¥L wmahd, pID Ao} 7

o Ut g5 FHRTE A0 AN FAd A7 k=0 g9

AABF st olggol dou, Az A Ao ) T

Ade 7% BYe wA 7@9]5‘}.7’_ 9 BDe  n=Ve o ,S)z(Lc fix ,SHKJ@MOM

ol g3l BP9 QaE Fo7te waFF ¢l HHY Vo ! D, 7 3mA,

S AMEEtEZ Ao]7)e] AA 7} Lolsi). Fig2[3]+ 3¢ Azde Hi FAE H4de
T A *3_741 MAS T8 A5 Hd A ot A Ao, A1)} Fig.2 & T3 T

T FAE AV 3, T AAY 2Ee A= Aol HA el Fag of&A] A HE 9

BEVS I c}omw‘ z; 3¢ meskx] dam gle], S4¢ dEhde #2 & £ g oy gAE

Akl Ao) 7|Ee HE & AL EFHs= A o] AZo] ¢ Fthes A ENA T AAGY

o] A% wyo] oAtk A AA Ao riEe  EA[ol A ()¢ Zol AstEr).

g Aol g Rt ddH ez HE Ao o

3“ _1 Z:]l'g_o] 7} O]'D:L ’%‘"—H’ﬂ-‘li ‘?“Zl:—‘:ﬂ' 7"“01 k'(s)=k _i"'SO_ 2)

s Bt agEz B AFfdqis Azt A Ts+s(N+1)

A Aol 71EE FY Aol Hgso, ¥ Al

Agel A%F Ad A5e AMdstnz s AN c =12k o _KRT

Payload Exc.

Payload T

Ground Vib.

G

Fig.1 Dual chamber pneumatic spring P, 4

{b) Loss Factor
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