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Summary

In recent years, there has been a strong demand for energy saving in
pneumatic systems. The objective of this study is to develop a basic
technology for inexpensive and low-loss energy consumption measurement of
pneumatic systems. A state estimation was investigated by fusing the
measured values and a one-dimensional numerical model of the flow in the
pipeline with a Kalman filter. First, as a candidate for a one-dimensional
numerical model that can handle the laminar flow region to the turbulent

flow region in a unified manner, the instantaneous acceleration-based model



was examined by comparison with experiments. Next, in order to investigate
the basic characteristics of state estimation by the Kalman filter, we
investigated the effect of boundary conditions and observation point selection
on the estimation accuracy in the laminar flow region, and based on that
finding, a study was conducted targeting the turbulent region.
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Fig. 2 Pressure response with AP = 2.89 kPa
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Fig. 3 Pressure response with AP = 4.92 kPa
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Fig. 4 Pressure response with AP = 6.99 kPa
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Table 1 Condition setting

Input Output Observation point
Case 1 Pressure Pressure P2
Case 2 Pressure Pressure Uz
Case 3 Pressure Velocity P2
Case 4 Pressure Velocity Uy
Case 5 Velocity Velocity P2
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Fig. 7 Comparison of us among the experimental value, calculation and the KF (Case 1)
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Fig. 9 Comparison of us among the experimental value, calculation and the KF (Case 3)
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Fig. 10 Comparison of u, among the experimental value, calculation and the KF (Case 4)
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Fig. 11 Comparison of u, among the experimental value, calculation and the KF (Case 5)
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Fig. 14 Comparison of us obtained with the UKF calculation and U3



4. KWL FER L= 7 V— 1@t b ERRE DKL - 4
R Ot ERERT IR L SR HEEER

5. HFFE SR
20144 (CERk264) 3 1HS 20184 (Fk304) 11H30H

6. ARBFFEICEDE L THE LI B2

(1] fEsE, FELE, ZRUEFEENOIREEEOFHEIZONT, k27 FHRET L
— RARU— AT LiEHE, 2015

[2] H)EJEfE, Unscented W/~ 7 4V HIZ K5 ZEKJEE BN OIRIEHEE, Rk 30
EHREFET L— FRT— 25 LS, 2018

(8] RN, BB~ T 4 VZI KD EREREOHEE, R 30 FkZFE 7 L— RRT
— VAT Nk, 2018

[4] )1 FHEE, R, Unscented /b~ > 7 ¢ L Z 1T X B RRE BN O E & B OHEE,
FHI B Bl R RIS AP RSy, 2018

7. WAMZIIT D BT DRI

BHO—WITTEMEE T /VICBET 2901E, FEFICHI M OIThbh T, KUEFEKOIRE
WEISEDOFFIZOWTIE, BHHEIC OV CTiE Brown OAFFEE MG & LT, 1960 FEN
DRSNS N TV, BLIRIERZ Z T L 5 G A OMsEsl E LTiE, F R HMER
JERICBT 2 b DB 50, HEFEDOMDIRY H—HIRET MIHF(E LRV, KIFJE TR
RENTCET ML, M—HIRET VLR S DETERLIDD.

£, I~ T 4 VFZIT L DIREHEEIZOW TR, MEEIC L D UURTOBFFEDMIZ,
KA ARERET N ERANTZ OO0 7 AV E EHCVTE LR ERS S, LaL,
WO 7R BE RSB R OB E, WA IOV TEH L MMIC o TV ieo Tz, K
e CTZENO N BN ENTZEIZONWT, BRIFEVERTHLEEZ TS,

8. A%DIBEIIHNT HAHLE
BEENIEN D —IRITTENEE T MIZHOWT, #EEREDm EE, =7 /VER O AFFEIC
DNWTORBDNETHD.



