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Fig. 1.3 Concept of pressure supply system using ACA
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Fig. 2.1 Basic concept of Active charge accumulator (ACA) for pressure conversion system
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g // .
Z_Z Two staged piston
| 7 x

e

|
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// /I/// Chamber A

Fig. 2.2 Structure of two staged ACA
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(a) Charge mode section
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Fig. 2.3 Working modes of ACA for decompression process
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Table 2.1 Working mode for decompression process

Mode Valve 1 Valve 2
Charge Open Close
Standby Close Close
Release Close Open

Charge mode time 7,

()

xp (m)
[

Cycle time T

Standby mode time 7

(b) \_]

Release mode time 7}

P P (Pa)

- © P
V) pa—
Q:] Pmin

Time (sec.)

Fig. 2.4 Schematic diagram of xp, Pp, and P, of an operation cycle for decompression process
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Fig. 2.5 Working mode of ACA for boosting process
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Table 2.2 Valve conditions for boosting process

Mode Vi1 Via Vis Vi
Charge Open Close Open Close
Standby Close Close Close Close
Release Close Open Close Open
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Valve 1 PP
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O-l

Load)|(

High pressure section

Pressure conversion section

Low pressure section

Fig. 3.1 Experimental apparatus for decompression process using ACA

Table 3.1 Specifications of ACA for decompression process

Item Value

Piston dia. #150%10° m
Cylinder Rod dia. $#100x10° m

Sroke 50x10~ m
Designed pressure reducing ratio Ryp 5

Chamber C 6.3x107 m’
Accumulator volume

Low pressure section 6.3x107 m’
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Table 3.2 Detail of experimental appatus for decompression process

Accumulator

Pressure conversion section

NIPPON ACCUMULATOR CO., LTD
Type: HN-19.9-6.3-PDL
Charged gas pressure:1.6x10° Pa

Accumulator

High pressure section

NIPPON ACCUMULATOR CO., LTD
Type: HN-A11MP-6.3-PDL
Charged gas pressure:6.0x10° Pa

Accumulator

Low conversion section

NIPPON ACCUMULATOR CO., LTD
Type: HN-19.9-6.3-PDL
Charged gas pressure:1.4x10° Pa

Check valve

Sweagelok Company
Type: SS-8CP2-1
Cracking pressure:0.007x10° Pa

Water hydraulic unit

Motor: Mitsubishi electric Corporation

Type: SF-JR, Capacity: 15kW, 4Pole

Pump: Axiail piston pump, 15cc/rev

Relief valve: Hirose Valves Industry Co., Ltd
Type WRV-G02-14-11,Rated pressure:14x10° Pa
Filter: MASUDA MANUFACTURING CO., LTD
Type: W-SPFs06-10S-SUS

Potentiometer

Midori Precisions Co., Ltd.
Type: LP-100F-C

Pressure sensor

Chamber ¢

KYOWA ELECTRONIC INSTRUMENTS CO.,
LTD
TYPE: PVL-50KU

Pressure sensor

Low pressure section

KYOWA ELECTRONIC INSTRUMENTS CO.,
LTD
TYPE: PAL-50KU

Pressure sensor

Pressure coversion section

KYOWA ELECTRONIC INSTRUMENTS CO.,
LTD
TYPE: PAV-200KU

Conrol valve

Special ordered HSSV(High Speed solenoid
Valve), Rated flow rate 1.5 X 10 m’/s
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Table 3.3 Specification of AD and DA converter

National Instrument

Type
PCI-6024E
Analog input Range +/-0.05t0o 10 V
Resolution 12 bits
Max sampling rate 200x10° 1/s
Analog output Range +/-10V
Resolution 16 bits
Output rate 10x10° 1/s
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Table 3.4 Number of cycles for decompression process

Qout (m'/s) Number of cycles for 200 sec.
5.2x10°° 7
8.0x10°° 12
13x10°° 16

Table 3.5 Comparison of release mode time 77

Oout Ty (sec.) AT,
(m’/s) Min. Max. Ave. (%)
5.2x107° 3.19 4.26 3.80 28.1
8.0x10°° 3.69 4.75 3.89 27.2
13x107° 3.72 7.45 5.07 73.4
x 102
30
—~ 20 T f U
£ VY Y ﬁ / v
‘; 10
=
0
x 106
SN S G U UUUY SO S
g L0 |
S I I A I J
Q~ N)
~
X 106
2.1
£ 20 ::’? T “’W’{'”m i e 1@%’%@@ LT
R P g T il RO i o il
1.9
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Time (sec.)

Fig. 3.3 Experimental result ot decompression process
(Qou=5.2x10°m’/s, Ppax=2.02x10° Pa, Ppi,=1.98x10° Pa)
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Fig. 3.5 Comparison of decompression method using reducing valve valve and ACA under
switching condition
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Table 3.6 Switching valve conditions in Fig. 3.6

Case Poin (Pa) Prax (Pa) AP (Pa) Control accuracy for 4P, (%)
1 1.98x10° 2.02x10° +0.020%10° 2.0
2 1.97x10° 2.02x10° +0.025%10° 2.5
3 1.97x10° 2.03x10° +0.030x10° 3.0
4 1.96x10° 2.03x10° +0.035%10° 3.5
5 1.96x10° 2.04%10° +0.040%10° 4.0
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LE, AEQENRANRRRDGEDO PLOIELSXEZ R LTINS, ZORE, FHMEIZS
WTIE, 075 %DAETIEIE L, JENEH Phin, Prax (2% L, FRANE 0.4%K<, &
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% ERUTBAEORIE S 2X10° Pa k4 5 L/ #iFH AP =+0.03X 10° Pa DIFEH D LT
B53%% L, OFNTXERBERTH L. AMIREORMFICE S THRIZIZFE-ETHY,
P BEDENHFANS 1 %05 2 BRERE 22 ZRL TS, BBENPRKELR
HPLMIE, Table3.8 TELRLI-LBY, BEICEGEL THO 0T OINEDEN, B
TV TEMORBETHD.

Fig. 3.8 1%, UGN RRDGED PLOKK « F/IMED O HIBEEE 2R LR T
b5, WMESRMEIIARELE LT 0w=1.67X10°m’s, 5.17X10° m’/s D& %273, Ul
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Table 3.7  Variation in measurement for target pressure range on Oy,

Target pressure range Puin Pave  Prax
Sample number
X 10° (Pa) 1.97 2.00 2.03
Oou (M/3) 5.2x10°° 1.96 2.02 2.08 7
8.0x10° 1.96 2.01 2.05 12
13x10°° 1.96 2.00 2.05 16

Table 3.8 Variation in measurement for target pressure range

Target pressure control range Puin Pave  Prax
Sample number
X 10° (Pa) 1.98 2.00 2.02
Qo (M°/5) 5.2x10° 1.97 2.02 2.06 15
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Fig. 3.8 Analytical model and parameters of ACA for decompression process

Table 3.9 Main parameters for simulation of decompression process

Parameter Value Parameter Value
Cout 0.8 Aot 1.96x107 m
C, 0.8 A, 2.83x10° m
C, 0.8 A, 2.84x10° m
Cup 0.8 Ayp 2.84x10° m
Csp 0.8 Agp 7.85%x107° m
Cis 0.8 A 7.85%x10° m
Vs 6.3x10° m’ Vs 6.3X10° m’
Py, 1.6 X10° Pa Py, 1.4X10° Pa
P, 10X 10°Pa Mp 5kg
Dc 150X 107 m D, 100X 102 m™
Fy 0 F, 0
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Fig. 3.9 Effect on analytical result of sampling time for simulation
(00u=8.0x10° m’/s, Ppax=2.03x10° Pa, Ppnin=1.97x10°Pa)
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Fig. 3.11 Comparison of experimental and analytical results
(Oou=5.2x10°m’/s, Ppnax=2.03x10°Pa, P,;,=1.97x10° Pa)
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Fig. 4.1 Experimental apparatus for boosting process using ACA

Table 4.1 Specifications of ACA for boosting process
Item Value
Piston dia. #250x107° m
Cylinder Rod dia. #150x107 m
Stroke 100x10° m
Designed pressure boosting ratio Ryp 2.78
20x107 m’

Accumulator volume connected with

Chamber C
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Table 4.2 Detail of experimental apparatus for boostuig process

Water hydraulic unit

KYB Corporation (Custom order)
Output power 7.5kW
Rated pressure 14x10° Pa, Rated flow rate 3.75x10™* m?/s

Accumulator

NIPPON ACCUMULATOR., LTD
Type HN , Gas volume 20x10~ m?

ON-OFF valve
(Upper stream)

Hirose Valves Industry CO., Ltd
Type WSO-GO2-DO2C
Rated flow rate 6.67x10*m’/s, Rated pressure 14x10° Pa

ON-OFF valve

(Downstream)

Keihin Co., Ltd.
Type SSAP
Rated flow rate 6.67x10*m’/s, Rated pressure 14x10° Pa

Solenoid driver

KYB Corporation (Custom order)
Input signal 0-5 V, Output signal DC 24V, 1A

Cannel number 8

Pressure sensor

KEYENCE Corporation

Type GP-M-250, 100, 020

Pressure range 25x10° Pa, 10x10° Pa, 2.5x10° Pa, Analog output
4-20mA

Pressure sensor

KYOWA ELECTRONIC INSTRUMENT CO.,Ltd.
Type PAV, Pressure range 20x% 10°Pa, Analog output 0-5V

Displacement sensor

SANTEST Type GYMS-200, 200 X 10~ m, Analog output 0-10V

Return filter

SMC Corporation Filtering accuracy 10um

Date logger

KEYENCE Corporation, NR-500, HA-08

Table 4.3 Specification of controller

Model

A and D Corporation AD7011-EVA

LCD

5.7 Inch TFT Color Liquid crystal display (LTA057A347)
Touch panel

A/D Convertor

Channel number A/D 8ch +/-10V
Resolution 12 bits

D/A Convertor

Channel number A/D 8ch +/-5V
Resolution 12 bits

Operating temperature

0 — 70 degrees

Supply voltage

DC 12V

Size

W271xD307xH38 x10° m

Program source

Matlab/Simulink 2010SP1

43



43 ERFERLER
4.3.1 EXEFMHORKEE

PR IZ B EA M A LR O BB RICOW TR 2. (XU DI EEfREO A
Fiftk & L TR0 ) O RERFNEIE OFHAIFE RICHOWT, ZORIS, KRAT A —2 )
BARRFEIC R ETHEICO N TERD.

Fig. 42 IZHWERFEICH T 2 KEE— RO HBIBE— RETO 1Y A 7 VGO DES
EYRANVENMORRIIEEEZ R, ZORBRTOF T Y AT 10X10° B L L.
(A)lX ACA D E A b VN xp, (DIFHEFRIE Py, [TESIR A, B DIES Py, Py, B I OEME
TPy, (IENECDES Pey, THRabLb—FDHAEP, BLOX LI T4 DET

DFEFRTH D .

FHEIBALEEE, © A N ALE L T xp=0 mIZH Y, Z ORFOH AL P,=3.3x10°Pa T,
JEN=E C DET) P& —BLTWD. ZOWRENS FENHE AL L7z, Vi, Vi 2B<
EREE—FNRBED, EXA M BEMLBEDDE LT X2 b L—FOFET) P8 EFT
H. EABRYD xp=80x10" m OALEIZET 5 & HHEIE P, & T AL Py 3% LU PR &
B0, Vi, Vs U THEET—FICT 5. RICVLZRAZET, ENEBRZ Y
74 EBEL, ENEBOENNTNRD ERKIZENEADENN EFT5H. 61T
Vi, 2B < EHEN A~ G SnAMES P ERTOBHE—FE D, 2D,
BMES] P Y Z K@ 5 2 & THRAIZIKRTT 5. EX FALENMES 2D A
P, b FioTnL.

UEOFERNS, Via~Vi 282 52 L THENRARETH DL Z LI, £,
JENECIHR L TWAET Fa AL —FDHAJE PAXEE C DIES) Pe & HIC—F LT
WD END, BT RO T AEPAZIENNECOIET P TRATEDL Z EnbroTe.

FBHE— NICBITOENEADES P, ET F 2 b L —F DI AEP, DR, Z LT D
FEN R L L TRM@ ) TR, H{ESOFESEHRSE p, 1Z@2)IT LY, EARK OGH
JE S Ryp(=2.78) & R, DL TEFE L7, Fig. 4.2 OFERICEB W TIX, Ry=2.69, 1, =96.7 %
Eipolo. BREMEE EREOET, BEOORELEZLND.

P

R =-—*2
b Pg 4.1)

44



R
My = R—”X 100 (%) (4.2)

TH

Fig. 431X Vi, 2BV EDIENE A, BOIES Py, PeBXOX 774 DIES P,
DWHEFR LTS, ZOERTOY L F U ZAMIT 1X10° L L. EHEBDOE
S0 Pp=3.5x10°Pa 205 % » 7 JEL CTIK T4 5/IS, #4227 74 2 DIEFC P=2x10° Pa f2
EOYV—VERBEELTWDLZERNDND. —RICHE I T4V EHERT OERERS T 1V
5, BATHAER T 8 O ER OMEIL 1~2X10°Pa FRE TH D2, X7 F4 L DET
FERWIES NEFE LW, £, AMSER2ND ZEBBEShD. 22T, ARND
DRV IALETENEBNODH T TANINANRRT A EBIIL, ZORR % HGEE
L7-. f%% Fig. 4.4 277, Pg=5.2x10°Pa DWFIZ % o 27 T A 12 1.5x10° Pa F2E D —
PHEMNFEAELTWAD. Fig. 4.3 TIE, P=3.5x10°Pa DIFIC P=2x10°Pa TH - 7=7-%, FI%f
BT S0%RED T — VP ERPBN R E 20, NARRTAUVBEHTHLEEXD.

FHEE— RO E— R~DU 0 B 0 I LTE M ORATITON D120, ZOERDE
NEELETNEN S AT DB 2 5252 EPBESN5.

Table 4.4 [ZJE /)2 A O] P, 2w JERFME D RFHI 2285 R 2 7”77, £ 801 Fig. 4.4
D Py DIETGITKE L, Vig Z B2 HRES] 0.05 sec. Z B YEIZHEH L7z, Py 7Y 10%50 5 90%I2 72
T2 ETONLE LD REHIT 0.22 sec., [AIAEIZ 50 %ICHET 2 £ TOEIVKRHIZ 0.026 sec.,
1T E WD 1T 0.048 sec., HARME 14.4X10° Pa Tk % £2 %O ERRIIL 0.097sec, & 72
o, A== a—F R 82 %ThHDH. A—"—a— MIVAT AME~FEET L7
W, INEWEIN IV AEBRTHWZ YU VU ORI T8 ) 14X 10°Pa %) L,
25X10°Pa T L7815 & LTWVWBHT0, 82%DA— "=y a— NI THDHFRTES. #E-T
ALEED, WENCR LTI EREZAG L TWD LB CE 5. £, BERFHIT 1 sec.
PURTHLZ b, ARETLELTHEENEZRBESELILNAETHL L L BHIC
T X2 DAL= D AELEE LKEDENEB O AZEIZ L HRENIFEEL TR
EMFEBRMITR I NI,

ACA DOHEBBOENNCHELRIEFT NI A—Z2L LTV Y VX OEBER1EH 5.
FEBRIU DN N S WIE D BSE S OEBMERPRm <R D, - T, BEREENOEEREITIEETH
O, LFOFMETEEERZHE L. 1T UHIC VL, Vi3 2B E, Vi,V 20 U7RED
bV, TIEAZD LTS EF TN, HEAELVES QDL EA MU BREHESET D
40107 m B EBN 2L 2 AT, JENELV LT OTFTFTCEA R % xp=0m £ TRT. =

45



DEFD T AJE Py DR RINE I 2 NGRS 5. B A b OEE 4R LAF IR D T AP, H3EE#R
ThLL 20, BT FAIEE AP, L A M UXEHME Ac DFETRED. 0k, ZOFER
TRONDEREIIL, JEN=EA L BOBMFICENZMGT D70, A Ry —L L
2y Ry — U OBEERIIOGFH & L TRIESRD.

Fig. 4.5 |T{RE#MERE & BEEERTIOMER/R R E2 T, ZOERTOS 7Y o ZJEENE 20
X107 B & L7z, ACA DEA L OBEEERN 3X107 m/s DK EDOHAICHB N TH A
TA v I AUy TRFEAELRNI ERHRTE D —RIRMEY ) v & TIEE 10X107
ms U FCTIEAT 4 v 7 Ay TPRAELST VWD EENLEL SN THnH!L KEY
VU ABNHEY ) A LD b ENTAKEMERE A RO Z LIE, LE LTS ORAITHF]
THb.

FREEBEIL AP, =0.12x10° Pa L 7g o 7o, BEERJICH S5 & F=5.8x10° NBRETH L. =
DI, — #7222 U v F OEEBIKHT 0.3~0.5x10° Pa" IZ b RT3 FTH Y, KIEH
ACA B+ EMMREEREZA L THWL LB TES. 22T, ACA DOERRET,
BAE S % P=10x10°Pa & 972 L ENE A TRAETHHEINT 176 X10° N TH D05, #HES
Zxf U CEEB N E D 33%RE LS.

Fig. 4.6 IZBEBEASEOWEHBRTHY, ENEA, B, CDIEHLZEHEEN S DD
DEVWEEZ, TONOEEENHRE L THEI L. 242 10X10°~30X107° m O —E

X I 3B U TEEEER T 0.03X10° Pa Tho7-. EEJICHE T 5 L 1.4X10° N &

n

ETHDH., ZOBBITHEESNIENCHLTO02 %EATTHY, BEHAECH L TOR
BTSN EEZBND. 72d, ZAICK LT 0.035X10° Pa O TZEB) L TUW 5 28,
FORKEELT, ERXMrbry ROY—VEMOERIZ X 2MD R BRBEICES £
EEPELTVWDHIEREZLND.

AREEICBWNT, ENECITIE, KERESELLEND L. TO72), WEN
THHELELT (DTFXa2a b b—FDHARICEIDHEEL, QFRKIZEDFENEZEZBN
D, x OFBEITENEERMEIC G 2 282 FBRNICHEE L. T2 o Tik%
LUTIZRT.

FENDT F o b L—FDOHAEIC X DHES i
oML, FBREMELV OEEREZRT AR RNZMEHL, 7Ha2 bl —X
WHIC T A2 BHET 5. ZoeE, ERFMFDODENIV D LEDICANTEE,
BOEEE CHMAARET S, W ABABERITIEE FFICLY, EABARLEICRDH DT,

46



10 25 20 3IE i L T OREEICHEST 5. 20 L EDENE C DOFAKET
2.4x10°Pa Z HIHIREE & L 72,
FEQR Y T b DOFKIZ L DT TR

JEJ)9E C ~DFEAKIE, Fig. 41 RLTIER T EENEC ZEIUHSR Vi 2
LTITH. RT2ERFJMELD D LEDICHREL T D, Vi ZBAWTHRK
T5. EHECHRELEUEIZRSoTZEZAT Ve 2B LTS, R 7 %25,
ZO% Vig ZBOWTHAE TS, Z0LEDTF 2 5L —FOHAEIL 2.4x10° Pa
AR AEE & LTz,

FRROFNETHERSGEM LT HENITHRE LR, WMENEZBEIET, EX N ONE
23 xp=50x10"m & 100x10° m DA THIE S 2 JE L.

Fig. 47122 2O HEIZ X DIEIIE C DIET) Pe TS P, ORBGRZRT. KT & L
FEWD AT AL DIENFE, R ERFTIEQOKIZEDENFHEOK I THD. Z R
RD, HEQTREITEDEID B 10~15 NREGWIEEDBHTELOND 2 L BHL MR
o, ZTOEOHEE LT, HFEOOELEIE, TAEZ EIFTHT F 2 b5 —Z DR
BOERINDLT, JEHE COFRAKDENLDENRAEL, FEE— FIZBWT Pc bW
AELRICICRDETER M REIRBEIT L2 LERY, DA Mu—r 2 NIZE
L7cBEDEDN B A48 EF L. FiEQ)O AR, FIHREBOR L FEAKIZE - TH A
JER ERDZ e ThHEREBLERDED, AN OBBIBME RRFIZ PcDETIN ERY,
Abhv—7 2y NICERELIRFICIIEECLERIENE T EASEL2ERTES. 20
CLERNMTLE, ENECORKENZFTEST L Z LICKVEENORRIELZESITH
S5 LERARRICR D

47



Release mode,
-" Vi, : Open
——a,
)5)
g

— p
X
A\

||||| S U A T Gy Iy R JRREY: R RpURPISH SR DU S

AN i N1 AR

~ =
o O
£e , \
m o
&~ ~~ ~~
GG = ©
CV N p—_—
S i el TTTTTTUTE T 4u I At e it el el
= = =
o o o o © Xgdcancwotaofo i+ N — o
(=T =T | — ) —
—

(w)

dx yuowoeoeldsi(] (eg) omsso1g (ed) omssaIg

100

80

60

Time (sec.)
48

40

20
Fig. 4.2 Basic characteristics of ACA for boosting process



X 10°

16 |

14 — V4 : Open

12
£.10
=8 N
56 / Fs
-9 ~ S

4

P
2 \/ i
0 Pt \*J-\\/Q%__
0 0.05 0.1 0.15 0.2
Time (sec.)
Fig. 4.3 Characteristic of pressure in return line
16 x 106
| /N
4 V., : Open / N T
12

/
/

/P,
\
NP

0 0.05 0.1 0.15 0.2

Time (sec.)

[
)

Pressure (Pa)

S R N

Fig. 4.4 Effect on surge pressure in return line of bypass line and trancient characteristics of P4

49



Pressure (Pa)

Table 4.4 Transient characteristic

Item Value
rise time (10-90%) 0.22 sec.
delay time 0.026 sec.
peak time 0.048 sec.
maximum overshoot 8.2 %
setting time (=2 %) 0.097 sec.
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Fig. 4.5 Measurement result of static friction and displacement
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Blue : Pressure adjustment by method (1)
Red : Pressure adjustment by method (2)
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Fig. 4.7 Variation of boosted pressure and pressure in chamber C by method (1) and (2)
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Fig. 4.8 Analytical model and parameters of ACA for boosting process

Table 4.5 Main parameters for simulation of boosting process

Parameter Value Parameter Value
CL 0.049 Ay 1.25X 107 m?
Cis 0.079 AL, 1.25X 107 m?
Crs 0.72 ALs 6.00 X 10 m?
Cout 0.72 Aout 4.48x107 m?
Vis 15X107° m’ Mp 80 kg
P, 2.6 X10° Pa P, 4.5%10°Pa
D¢ 250%X10° m D, 150107 m™
Fy 1.4X10°N F, 0
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Table 4.6 List of parameters in Fig. 4.10

Parameter Case 1 Case 2 Case 3
Initial gas pressure Py 2.6x10°Pa &~ 3.4x10° Pa
Gas volume V, 15107 m’ 30x10° m’ «

Target pressure:

AP=2%10°Pa AP
%X 106 APCase 3 —oasel
14 Case 2
'ase
E 12 : s s
= 10 Case 1|~ N
) 8 Case2 T ‘ 3 a
2 6 | ‘ I
£y N
AtCésel y \;
2 cd;beS
0 i i i i i
0 10 20 30 40 50 60 x10°
Time (sec.)

Fig. 4.10 Influence of accumulator volume and initial gas pressure, supply pressure on ACA
characteristics

56



44 EhHhYIc

HERROEBRBAETIE, ACA OFHENZEMCHE L7z, ZORE, ACA THE
SNTENE, BEDRW EAGE Lo FHEEL 278 128 LT 2.69 &7, 96.7%DJE
EWMERE LN, ACA DEA N OBELEER 3X107 m/s OMEEDOHAITHB N TH
AT A4 v I AV y TRREAE LR b, FREEEA 0.12X10° Pa, BIEEEAS 0.03X10°Pa TH
HZEEMR LI, ZOX ) REEE, BELEMEIORAELZEELE 5. ACA DEE
FEOENFEFTECOWTER TR, T2 AL —FDOHAETENREET D

WZxt L, FEEOKIETHET D E, K10 %EWVHEENEZRESEDL T EBAETH D
ZENbhoTo. ACA DIREENEMNGIENRD Z 7 B SHENO T E5A- %2 30+
H10%, 77 Faz—FBIMREENED FROBLE Z RS CTHRT 52 ERXA2T
HHZEERLEZ. U EDOZ LinD, ACA OAJEBFEIC I TEH LRI OB E RV
BondZ RPN ER ST

PBEIBFE & [FARICHERRIC O OWTHER L EA L, BERED 2170 EREERBG R &
g U7o. ZORER, BIESNTENERICOWTIREI%BU FT—HT 52 LRrani.
Flo, HEBIZERT DT X2 L b —FOFEMEENA~OE AT AL P EFEICRIE

WELHEREY TR, TXa2 b —FOTAELRBEBIOHBELZHET L
CHEOME ) 2R/ EFRERFMZEX D ZENARETH Y, ZORRE, HEEREOR
FHZBWTEHTHDL Z L EZRLTVD.

57



B5E BEXENEREEDORLHA
51 [FLHIC

# 5 HTIX, ACA DKERRE L AT A~DIEHDTZDIZ, WEBBEOARMIZL ) V¥4
A LEGAICBIT 2 ERERLEFEBRICONTERSD. ZLHIC ACA LV U U &%
MABDEIZ Y AT LOERN R DBEZ T ZEH L, ACA LV UV FDENETNDERE
FREEDS B i ATRE 2R U A 7 VB O W TR 5. RICV Y X2 BES ¥ 5720 DOER
il L FIEIZOWTHHAT 5. 20%, ¥ U FOEBRBERICONVTES, HPEET VIS
LBREMBEOBLEEZIMNZ 5.

52 RRREBLREBHIE

Fig. 5.1 I ACA OHIEREE TV v X EMAADET VAT L EROKERIKKZ,
Table 5.1 123 U U X DERGEITLERT .

TUDIT, ACA LV U UV EEMARDLEILV AT AOERNREZFOEZ T2 EHL,
ACA L2 ) EDXENENDOREL ) MM G YA 7 MV BIZHOWTIHRET 5. v U &~
HHERIE, EBEOEEEM OO L S ThLBRMLERD 7 v Iy Z LIRS F %8
I B HbR A AR E LR o B Sh oS F=10X10° N 28E LT, B A
B dp=g40x107° m, Ty FEE dp=g28x10° m ZEEL7-. ACA DJES=E C OWE
D=@250x10° m, FEHE A DRE D=¢150x10° m, A FHE—7 xppa=100x10"m &% &
ARG T Tre=2.78, [TEJJE A, B, C OEBIZENLI, V,=1.77x10" m’, V3=3.14x10" m’,
Ve=4.91x10° m’ £ 705, WIZT Y U X OMFEO A ha—27 % x=60x10"° m, {H#ERX%E 8
BlEHETDE, VU EMIET DI BLERERIL Ve=0.804x107m’> & 72 5. WIZT
Fa AL —HIZHERL, TARMEE V=20x10° m’, EAJEZ P,=3.0x10°Pa &+ 5% & i
% DA AN Pyax=4.5%10°Pa 1272 5 T2 D e KIIE S Pyax=12.5%10°Pa, ZL TV U &
3 8 [ O DHIE SI1E Pymin= 10.7x10°Pa & 725, ft> T, #E % P=11£1x10° Pa
DHIPITHEFF T, YU U HOHENE LTIEFEI0XI0° N 2 RBAESEDLZENTE D,

U EORFHERAZ BB LT, EFEBEAMELL. Y U FOER N AIDOE)ET
Vo & VaBE O Ve ML THENE A &, Va2 LTENFRO X v 7 ICHER STV 5.
YU HEOry MUIOENEIL, VaBL OV 20 LTENRE, VaBEDE 7 ~¥
NoTWDH., ZIZT, Ve, VR lZTFHOR—ILHT, VI U XOMHEREZRETDH-D

58



WY T 72. Vo~V 137 U » PRI AR L, & U X O OEIETIX Ve, Ves 258,

Ver, Vos 20, fABMETIIZ oML s, ZORIBHERICEY, U X OMOEEC

X ACA DHIET], MEAHEEIZIIR S FEAP S ND 720, WENZAHIHHT D
TEMTED. VY U OMET, EEROEMEMFEZERL T ve=0.03m/s FREIZ/R D KD
ICHREE LT, v U v F vy RESICIZET IS IEREL k=270x10° N/m O XA T % B
DA T2 OBV ERICEEE /) P,=10X10° Pa LI EZ A L7223 &, 1E220D 72> & x(=40
X107 m BL BT F=10X10° NLL EOHEN 2 HAETH L 2 HIRE Lz, v U U X OEMIT

RTFrvarA—FZEZHWTCHELE. £7-, YU X OBEYHIZFEIA A v FIT L VLT

> 7.

59



-1

/"m\%\\\\

Fig. 5.1 Water hydraulic circuit of loaded cylinder control system with ACA

Table 5.1 Specification of loaded cylinder

Item Specification
Type Single rod cylinder
Piston dia. 40x10° m
Rod dia. 28x10° m
Stroke 100x107 m
Rated pressure 14x10° Pa
Thrust force 17.6x10°N
Mass 3 kg
Spring ratio 270x10° N/m

Ball valve BKH10-DN10-Rc3/8
Displacement SHINKO ELECTRIC CO., LTD.
sensor LINEAR TRANSDUSER LT1-160R SADM

output =5V
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Fig. 5.2 Experimental result of loaded cylinder control system with ACA
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Fig. 5.3 Parameters definition of loaded cylinder

Table 5.2 Main parameters for simulation of loaded cylinder

Parameter Value Parameter Value

Cis 0.15 Ays 1.25%10”° m*
Cre 0.04 As 3.85X 107 m’
Cry 0.04 ALs 3.85X 107 m’

Ceout 0.052 Ars 1.25%10”° m*
Vs 20%107 m’ Mp 3 kg

P, 3% 10° Pa P, 5% 10°Pa
dep 40%10° m der 28%10° m™
ke 270X 10° N/m Xco 18X10° m
Fy 0 F, 0
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Fig. 5.4 Analytical results of loaded cylinder control system with ACA
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Fig. 5.5 Effect of pressure variation in ACA on cylinder motion
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