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Frequency range expansion of pneumatic exciter by using dual-chamber

[e) .
B e A b

Young-woo Park and Kwang-joon Kim

Key Words : Pneumatic exciter(-$} 7F171), Frequency range(5-3H *8-9), Dual chamber(©] %3 H])

ABSTRACT

Pneumatic exciters can be good replacements of electrodynamic, piezoelectric and hydraulic
exciters owing to simple structure and large exciting force. One problem to be solved is a slow
response caused by compressibility of air. Desirable frequency response characteristics of exciter
are constant magnitude and zero degree phase, because users want no time delay between input
signal and output force. For this reason, frequency range of pneumatic exciters is limited about 0~1
Hz. Therefore, expansion of frequency range is an important issue when designing the pneumatic
exciter. In this paper, the pneumatic exciter which has same structure with active pneumatic isolator
is dealt with. The dynamic characteristics are presented, and its limitation of expanding frequency
range is shown based on analytical studies. Then the pneumatic exciter with dual-chamber is
suggested to overcome this problem. Based on simulation study, a design method is presented.
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Table 1 Experimental condition for measuring dynamic

pressure in chamber
Symbol Name Value
P Supply pressure 6.0x10° [Pa]
P. Atmospheric pressure 1.0x10° [Pa]
Py Chamber pressure 3.5x10° [Pa]
To Temperature 288 [K]
Vo Chamber volume 01,02 03 04,05
[liter]
L Length of air-tube 10, 20, 30, 40 [cm]
Dy Diameter of air-tube 2.0x107 [m]
u Viscous coefficient 1.8x10™° [N-s/m’]
k. |Ratio of effective areato| 2.13x10™ [m’/V]
ke voltage 3.45x10™ [m*/V]
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Fig. 11 Dynamic characteristics of pneumatic exciter with
dual chamber

Table 2 Specification of Simulation

Symbol Name Value
P Supply pressure 6.0x10° [Pa]
P. Atmospheric pressure 1.0x10° [Pal
Py Chamber pressure 3.5x10° [Pa]
To Temperature 288 [K]
Vo Total 0.3 [liter]
chamber volume
N volume ratio 100
L Length of air-tube 2 [cm]
Dy Diameter of air-tube 2.0x107 [m]
L. | Length of capillary-tube 1.0x10 [m]
D, Diameter 5.0x10°" [m]
of capillary-tube
Viscous coefficient 1.8x107 [N-s/m’]
s |Ratio of effective area to| 2.13X 10° [m?/V]
ke voltage 3.45x10™ [m*/V]
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-823-



H AE ke, ol & e 7717 9t
T RE UF PN F e T £
Ao g AgHT)

2 aFelAs 3% K1Y § 54 ek
LERESER

, THT h <}
.

A TEd TRANY S} e xS GdA
& &S 771l disl e REskE ekl
W, GRS RPS HPOE F 54 BHE £99
o 0 A% 39 AR)e) Fa waE )
A= AME DA wEolof e Fotegith
et A W R ol Asle] A% 24

El
SRR Al WA gl Adxdds A
Atk aglal 0.1 liter A&E9] 2 oM x
HARF77F 1 Hz olatell %= 21 7ketsl
S o, 3 Favrem T HelE sk A
o= AZF ASS A48
o5 A g WHoR oFY FxE
&g ot RIS ARSI, & F2E A
£ A4 EAH IAHEY C o AW F3 A
= o} F WA dHFae
o YINE AT & Ud5S Atk 714 g
al C o W} FAl
o N+19 wel H#Ags oz Hilrh A
S¥hre dATIe oA ARSI Alold)
A ARG 4715 HeER, AREAPE dte F
o 19 7F A4, ¢ o N & AAlsk olE
Fote ot RV E AATE & s Aot &

L o
T, o] B It 7RIZIE AAsksd e e
2 389 5 98 Jow Andr,

(1) Yun-Ho Shin and Kwang-Joon Kim, 2009,
Performance Enhancement of Pneumatic Vibration
Isolation Tables in Low Frequency Range by Time
Delay Control, phD thesis, DME KAIST.

(2) Jong-Oh Sun and Kwang-Joon Kim, 2012, 6-
DOF active pneumatic control of vibration isolation
table against ground and inertial force excitation
induced by horizontally moving mass, phD thesis,
DME KAIST.

(3) Blaine W.Andersen, 1967, The Analysis and
Design of Pneumatic Systems, JOHN WILEY &

SONS, INC.

(4) Jeung-Hoon Lee and Kwang-Joon Kim, 2008,
Amplitude-dependent Complex Stiffness Modeling of
Dual-Chamber Pneumatic Spring for Pneumatic
Vibration isolation Table, KSNVE, Vol.18, No.l,
ppl10~112.

(5) Jeong-Hoon Lee and Kwang-Joon Kim, 2007,
Modeling of dual-chamber pneumatic spring and
application to transmissibility design of vibration
isolation table, phD thesis, DME KAIST.

(6) Frank M. White, 2007, Fluid Mechanics, 6"
Edition, MCGraw-Hill Korea.

(7) Sonntag, Borgnakke and Van Wylen, 2003,
Fundamentals of Thermodynamics, 6" Edition,
JOHN WILEY & SONS, INC.

-824-





