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A Study on Noise Characteristics of Radial Flow between Two Parallel Disks with Guide Structure

Yoichi OKAWA, Hisami MURAMATSU, Chongho YOUN, Toshiharu KAGAWA

In this research, we propose to install a guidance structure to an element with radial flow between two parallel disks
named a radial slit, and investigate its influence on the noise characteristics experimentally. Even if the radial slit is applied
to pneumatic components with casing cover, the guide structure is expected to preserve advantage of silence ability. The
noise characteristics of the radial slit without the guidance structure and with the guidance structure, which has a sudden-
expansion of flow area, are compared experimentally. It is observed that high frequency noise is generated and the
silencing ability of the radial slit gets worse by installing the guidance structure. In order to obtain the angle of the
guidance structure for minimizing the noise level, the angle varies from 3 degrees to 60 degrees and these noise
characteristics are measured under the same differential pressure. As a consequence, it is found that the noise level has a
minimum value when the angle of the guidance structure is in the range from 10 degrees to 20 degrees. The flow pattern
on the surface of the guidance structure is visualized by the oil film technique. The observed flow patterns change with
increasing the angle, and the features of these flow patterns are described as follows; (i) when the degree of the guidance
angle is small, a triangular shaped sediment accumulation of an oil film is observed on the surface of the guidance structure,
(ii) the flow in the radially inward direction occurs on the surface with increasing the angle, and (iii) when the angle is more
than 30 degrees, the flow begins to separate from the surface of the guidance structure. By combining the results of the
noise characteristics and visualization, it is found that the noise level is minimized during transition between (i) and (ii).

Key words : Pneumatics, Noise, Radial slit, Valve
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Control of Blown Air for a Soprano-recorder-playing Robot
using Quick Response Laminar Flow Sensor

Tomonori KATO, Hiromi MASUDA, Yoshiyuki KAWAMURA,
Tatsuya FUNAKI, Kenji KAWASHIMA, Toshiharu KAGAWA

The purpose of this study is to construct a robot that plays a soprano recorder with realistic sound. Recent years have
seen the development of robots that entertain by playing a variety of musical instruments. There have been many reports
describing the musical expression of such robots, for example, of robots with artificial lips for playing wind instruments.
However, robots playing wind instruments often produce artificial sounds that differ considerably from those produced by
their human counterparts, particularly when performing special musical effects, such as vibrato, tremolo, and tonguing.

To build a robot that produces natural soprano recorder sounds matching those produced by a human player, the
following procedure was followed. First, the static and dynamic characteristics of the flow sensor measuring blown air were
calibrated with an unsteady flow generator to judge whether the sensor’s performance was sufficiently accurate. Second,
the blown air flow rates were measured when human players performed vibrato with a soprano recorder. Finally, the
identified flow rate model was applied to the robot’s air flow rate control system. The flow rate was controlled by a spool
type servo valve. The sounds produced by the human player and those produced by the robot player were compared
using a sound analyzer. The experiment showed that the results obtained for the human player and for the robot agreed
very well.

Key words : Pneumatics, Breath control, Recorder playing robot, Unsteady flow generator, Quick response laminar flow
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Table 1 Comparison of correlation coefficients
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Methods for Higher Casting of a Tethered Child Machine Using a Pneumatic Cylinder
Eyri WATARI Hideyuki TSUKAGOSHI, Ato KITAGAWA

This research discusses novel methods of enhancing the casting height of a tethered payload by efficiently using the
casting motion generated by a pneumatic cylinder. Generally, the tether is stored into a case fixed near the actuator. The
difference in casting heights depends on the method with which the tether is set. The authors propose two methods relying
on applying kinetic energy to the tether along with the payload : the unified type and the discharge type. In addition, in
order to generate high-speed motion in a light structure, the authors propose a novel cylinder termed the MB Cylinder.
The selection of casting method is based on analysis of the velocity provided by this cylinder. In order to approximate to

the ideal situation, a structure that mitigates friction between the tether and its storage case is also proposed. Experimental

results show the efficiency of the proposed methods.

Key words : Casting motion, Pneumatic cylinder, Tethered payload casting, Pneumatically driven robot
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Table 1 Parameters for obtaining theoretical casting heights.

Parameter Value
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v, for unified type (m/s) 105
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WTHRI6) &7z SR VIEEIE, 7 — ADOBEHIMTIZ X 57,
L EUN D T3 3w BB EE & T 5 2 & 2 BIRL T
Wa.

4. EHEBDO-HDT— ANDIEE

T =& RO EOM EEZ RS9 2T, T —
WAL AEEOGHEDFHRTE V. RETIE, F—AD
MEEIC T RS EICLY, 7= S h B0
IR 5 R KT 5.

41 FT—IN—FhZEr—ZDEA

LI, BRI BIT 2 7 —oRIL - #) 1L
HiEEHT 5. 7Y —EEROME L LT — Va2
THE, BYBLBDY —VOREEEIIC L ST AL F—
DO, BLOBEW- 727 =20 0iET % 720128
LAFH—0X LN, &EICE)BABREOEE) T AL F—
AT B, Fi, F—ANIT - MEEICANS 72
T, MY LERIC T =2 WIENRA W IR
HELRT.

ZZT, i) THY—2RIAHOF E T2 IS
N, i) TH—ICKUhEELSET, S5 79—
HHWZTFHLE) 2 L% CHRMISE NSRS LT,
TN — A REAT D, Fo, TH—IL, HF

20124E11H CPI%244E)



T B A R ) AR T &R R IS 5 U5 153

F TR L /NS {5 LB EICIAE U % Felkni
AT INE DT A, ¥, FH—ILETi ORI
KBTI, 7= — ADEFRTHEEZIR ) &
ICERBEINTVE, ZORENDS, F— AT L D IE
Wi TFHF—2MLATL L, TH 127 — ADNEE
Wi THERIRZ R 5 NI NG, ZoL X, B
FECRRINEAE LS, 7HF—BAfICE b Aonewn,. —
i, M0 B URRCIE, 7 — Ak U OB FERARIIAE O F
¥, TH—OLEPOIHICHY HEN D720, 79—k
OFEBIERIIA LY, T2 — AT 57— 080
LAKPUE B A K& STz 5 5.

g, TN —RAA LB AEDOBRTH Y,
MRy — 212i3A 5N v, ZOREIZITO X 5123
WTE 5. r— ANTERIEIRICE N7 — Ok st
WMEGORIHNERT 5. TH—0FEIchwid, r—20
AR LT T — O KR 72 B 72 F7 TN A

BERS X9 19 5. MR —2 (Fig 7a) O,

WD WEEJ T DK W,sing 5, # F DT T & (/B
L CHBEIRDRFE S MR 3 KEHT 2 b 0o, #ix iU
T EME AT 5 720N T e b, 2RI
LT, Hubili SEF G, (72720 > &3 5) 720
i 727 —8—— 2 (Fig. 7b)) #7234, & FED
TR Wsin(g,+¢,), wEHUTEWsin(p,—¢) A% W5
DT —ADWNEEZ > CTFAEIEHT 5720, 7—AN
D 5D % 15 TEEILIRDR 2R T L BETH 5.

kD X912, 79— 0y i LIRGUA B3 5 160
RELTTF ==y =R THY, B2
T  BWIHRIZB W T L IPHRRORED D 2 & WifE
TE&5. WHEOELAIZIE, MBYY ¥ &L —20duldl
PHENFATIC 5 X ICEE L (Fig 82), BEOEE
WIEWHE OS5 5 X ) I2F — 83—l E T &
ICRET 222X Figdb), 7H—%r—AnH 2R
L—R\ZHRY) g2 LS REE 72 5.

42 BRI —X

BIEICEA L7727 — /38— — AL, 7H =25
He 0 BN D IR R BRI 720 2 £, Bi7z ek
REOMINC LY, BREERIc B 2L 2T 5 9 2
THRRETNET 5.

MAT ARG, TV N7 2y 7 I2HE SN2 BBk
xRy —ATHsb (Fig9). T4bb, 7—5—
thzesr — 2 2 ULl it o T2 D20 EL, Thb & —1k
IBL7zT7 L —2%, TV K727 7372 EXRY &
HOICZBIMCREB T2 ETHh L —H, YUV
Fa—TREEENT — 20, SHo—F—%
BFTWA, UKD, Ty PRI L7zBREIC
7 L— 20RO — T —Ziish, T 3—Er—
ADERT S, 20X HREFKEL BIBOBEHICH T
LH7W—Lr— Ao I LIBOBRZ T2, 7

HEA3%: 6T

Tether siored Tether sored
disorderedly witiformly amd
grodually
(a) Cylindrical case (b) Tapered case

Fig. 7 Storing the tether into a cylindrical form case and into
a tapered form case.
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Fig. 8 Tether stored into a tapered form case.
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Fig. 9 Structure of a tapered case with opening function.
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Fig. 10 Casting device used in the experiment.
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Fig. 11 Developed taper case for the fixed storage, the
unified, and the gradual discharge type (), and the
one for the instantaneous discharge type (b).
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Fig. 13 Experiment using gradual discharge type casting
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Fig. 14 Simulated and experimental results of the trajectories
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Fig. 15 Instantaneous discharge type casting using the tapered
case with opening function.
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Table 2 Parameters for the trajectory simulation.
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