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Fig. 1.1 Classification of driving technology 

Fig. 1.2 Conventional of pressure supply system using pressure regulator

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

Fig. 2.2 Structure of two staged ACA
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2.2

Fig. 2.3(a) (c) ACA (a) (c)

Table 2.1 2-2 1 2 1,2

1

1 2 A 1

B B
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(a)  Charge mode 

(b)  Standby mode 

(c) Release mode 

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

Fig. 2.4 Schematic diagram of xP, PP, and PL of an operation cycle for decompression process

x P
(m

)

Time (sec.)

P P
(P

a)
P L

(P
a) Pmax

Pmin

Cycle time TC

Release mode time TL

Standby mode time TS

Charge mode time TCh

(a)

(b)

(c)



14 

2.3

Fig. 2.5(a) (c) (a) (c)

Table 2.2 2-2 VL1 VL4 VL1 VL2 VL3 VL4
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(a) Charge mode

(b) Standby mode

(c) Release mode

Fig. 2.5 Working mode of ACA for boosting process
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Table 2.2 Valve conditions for boosting process

Mode VL1 VL2 VL3 VL4

Charge Open Close Open Close

Standby Close Close Close Close

Release Close Open Close Open
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3

3.1

1

10×106 Pa

2×106 Pa

3.2 

Fig. 3.1 ACA

Table 3.1 3.2 3.3
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Fig. 3.1 Experimental apparatus for decompression process using ACA 

 

Table 3.1 Specifications of ACA for decompression process 

Item Value 

Cylinder  

Piston dia. �150×10-3 m 

Rod dia. ��100×10-3 m 

Sroke 50×10-3 m 

Designed pressure reducing ratio RTP 5 

Accumulator volume   
Chamber C 6.3×10-3 m3 

Low pressure section 6.3×10-3 m3 
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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:1.6×106 Pa

Accumulator
High pressure section

NIPPON ACCUMULATOR CO., LTD
Type: HN-A11MP-6.3-PDL
Charged gas pressure:6.0×106 Pa

Accumulator
Low conversion section

NIPPON ACCUMULATOR CO., LTD
Type: HN-19.9-6.3-PDL
Charged gas pressure:1.4×106 Pa

Check valve Sweagelok Company
Type: SS-8CP2-1
Cracking pressure:0.007×106 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:14×106 Pa
Filter: MASUDA MANUFACTURING CO., LTD
Type: W-SPFs06-10S-SUS

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

Pressure sensor 
Chamber c

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 10-4 m3/s  
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Table 3.3 Specification of AD and DA converter 

Type
National Instrument

PCI-6024E

Analog input Range +/- 0.05 to 10 V

Resolution 12 bits

Max sampling rate 200×103 1/s

Analog output Range +/- 10 V

Resolution 16 bits

Output rate 10×103 1/s
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3.3

3.3.1 

Fig. 3.2(a) (c) Qout=5.2 10-6 8.0 10-6 13 10-6 m3/s

xP PP PL PL

Pmax=2.03 106 Pa Pmin=1.97 106 Pa �Pset (3.1)
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�Pset=0.04 Pa Pmax=2.02 Pa Pmin=1.98

Pa �Pset

�Pset

TL

�Pset 2 % 3 %

Table 3.5 TL (3.3)
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(a) Qout = 5.2×10-6 m3/s

(b) Qout = 8.0×10-6 m3/s

(c) Qout = 13×10-6 m3/s
Fig. 3.2 Experimental result of decompression process

(Pmax=2.03 Pa Pmin=1.97 Pa)
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Table 3.4 Number of cycles for decompression process

Qout (m3/s) Number of cycles for 200 sec.

5.2×10-6 7

8.0×10-6 12

13×10-6 16

Table 3.5 Comparison of release mode time TL

Qout

(m3/s)

TL (sec.) �TL

(%)Min. Max. Ave.

5.2×10-6 3.19 4.26 3.80 28.1

8.0×10-6 3.69 4.75 3.89 27.2

13×10-6 3.72 7.45 5.07 73.4

Fig. 3.3 Experimental result of decompression process 
(Qout=5.2×10-6 m3/s, Pmax=2.02×106 Pa, Pmin=1.98×106 Pa)
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Fig. 3.4 Definition of �xi and TCi

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 Pmin (Pa) Pmax (Pa) ΔPset (Pa) Control accuracy for ΔPset (%)

1 1.98×106 2.02×106 ±0.020×106 2.0

2 1.97×106 2.02×106 ±0.025×106 2.5

3 1.97×106 2.03×106 ±0.030×106 3.0

4 1.96×106 2.03×106 ±0.035×106 3.5

5 1.96×106 2.04×106 ±0.040×106 4.0
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3.3.2 

ACA PL

Table 3.7 Fig. 3.2 PL

PL

3

Pmin=1.97 106 Pa Pmax=2.03 106 Pa

Qout=5.2×10-6 m3/s 2.018 106 Pa 1.96 106 Pa 2.08

106 Pa 2 106 Pa 0.9

Pmin Pmax 99.7 1% 2.5 %

Qout=8.0×10-6 m3/s 2.01 106 Pa 1.96

106 Pa 2.05 106 Pa 0.25 %

Pmin Pmax 1 % 1 % Qout=13×10-6

2.00 106 Pa 1.96 106 Pa 2.05 106 Pa

0.15 % Pmin Pmax 0.5 %

0.7 % 1

1 2.5 % Qout

PL

0.2

Table 3.8 Qout=5.2×10-6 m3/s

PL

0.75 % Pmin Pmax 0.4%

1.8 % Table 3.7
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Fig. 3.7 PL

PL �P �Pset

2 106 Pa �Pset= 0.03 106 Pa

3 %

PL 1 % 2 %

Table 3.8

 

Fig. 3.8 PL

Qout=1.67 10-6 m3/s 5.17 10-6 m3/s

1 % 2 %

1 % 2 %

�Pset

  

 

Table 3.7  Variation in measurement for target pressure range on Qout 

Target pressure range  

106 (Pa) 

Pmin  Pave  Pmax   
Sample number 

1.97   2.00   2.03  

Qout (m3/s) 5.2×10-6  1.96  2.02  2.08   7 

8.0×10-6  1.96  2.01  2.05 12 

13×10-6 1.96  2.00  2.05 16 

 

Table 3.8 Variation in measurement for target pressure range 

Target pressure control range  

106 (Pa) 

Pmin  Pave  Pmax 
Sample number 

1.98  2.00  2.02 

Qout (m3/s) 5.2×10-6  1.97  2.02  2.06 15 
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Fig. 3.6 Relationship between load flow rate Qout and accuracy of pressure conversion PL

Fig. 3.7 Effect on PL stability of switching valve conditions
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QAP QBP QtB

Table 3.9

ACA

 

Qout=8×10-6 m3/s PL Pmax=2.03×106 Pa Pmin=1.97×106 Pa

Table 3.5

Fig. 3.9 PL TC

PL TC 17 sec 1 10-3 sec

Fig. 3.10

PL PP

PL  PL 5 %
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PP 4 3.5
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2 Q2

 

Fig. 3.11 Qout=5.2×10-3 m3/s PL
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Fig. 3.12 Q2 QAP Fig. 3.8
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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 Aout 1.96×10-7 m

C1 0.8 A1 2.83×10-5 m

C2 0.8 A2 2.84×10-6 m

CAP 0.8 AAP 2.84×10-6 m

CBP 0.8 ABP 7.85×10-5 m

CtB 0.8 AtB 7.85×10-5 m

Vgs 6.3 10-3 m3 Vgs 6.3 10-3 m3

Pgs 1.6 106 Pa Pgs 1.4 106 Pa

Ps 10 106 Pa MP 5 kg

DC 150 10-3 m DA 100 10-3 m-3

Ff 0 F�� 0

x

0

Chamber C
VC , PC
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Tank
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Pressure conversion 
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Fig. 3.9 Effect on analytical result of sampling time for simulation
(Qout=8.0×10-6 m3/s, Pmax=2.03×106 Pa, Pmin=1.97×106 Pa)

Fig. 3.10 Comparison of experimental and analytical results
(Qout=8.0×10-6 m3/s, Pmax=2.03×106 Pa, Pmin=1.97×106 Pa)

Fig. 3.11 Comparison of experimental and analytical results
(Qout=5.2×10-6 m3/s, Pmax=2.03×106 Pa, Pmin=1.97×106 Pa)
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Fig. 3.12 Effect of the pressure loss to Q2 and QAP

(Qout=8.0×10-6 m3/s, Pmax=2.03×106 Pa, Pmin= 1.97×106 Pa)

Time (sec.)

PL: Simulation
PL: Experiment

PP: Simulation

PP: Experiment

Pmin

Pmax

P L
(P

a)

P P
(P

a)

106 106



39 

3.4
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4

4.1 

4 ACA

ACA

ACA

ACA

4.2 

5×106 Pa

14×106 Pa

Fig. 4.1 Table 4.1 ACA Table 4.2

Table 4.3  

2

ACA 2 �250 10-3 m

�150 10-3 m 100 10-3 m 2.78

5 106 Pa 14 106 Pa

VL1 VL4

15 10-3

m3/rev 14 106 Pa, 6.7 10-4 m3/s

20 106 Pa ACA

A B VL1 VL3 6.7 10-4 m3/s 14 106 Pa

C VL6

C C

A ( 25 106 Pa) B C

2.5 106 Pa 20 10-3 m3

2 2 106
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xP=0 m VL7

C PC Pgs VL6  

VL1 VL4 VL5 VL7 Ps 5 106 Pa

VL1 VL3 A B

C PC

Pg (xP =100 10-3 m) VL1 VL3

A B VL4
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VL2 A VL5

VL5 PL

PL Pmin VL2 VL4 ,  VL5

VL1 VL3 A,B
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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

Cylinder 

Piston dia. �250×10-3 m

Rod dia. ��150×10-3 m

Stroke 100×10-3 m

Designed pressure boosting ratio RTP 2.78

Accumulator volume connected with 

Chamber C
20×10-3 m3

Pg

VL1

Ps

PC

PA

xP

PB

PL

VL2

VL3 VL4

VL5

VL6

Pt

M

High pressure
section 

Pressure conversion
section 

Low pressure
section 

VL7
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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 14×106 Pa, Rated flow rate 3.75×10-4 m3/s

Accumulator NIPPON ACCUMULATOR., LTD
Type HN , Gas volume 20×10-3 m3

ON-OFF valve
(Upper stream)

Hirose Valves Industry CO., Ltd
Type WSO-GO2-DO2C
Rated flow rate 6.67×10-4m3/s, Rated pressure 14×106 Pa

ON-OFF valve
(Downstream)

Keihin Co., Ltd.
Type SSAP 
Rated flow rate 6.67×10-4m3/s, Rated pressure 14×106 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 25×106 Pa, 10×106 Pa, 2.5×106 Pa, Analog output 
4-20mA

Pressure sensor KYOWA ELECTRONIC INSTRUMENT CO.,Ltd.
Type PAV, Pressure range 20×106Pa, Analog output 0-5V

Displacement sensor SANTEST Type GYMS-200, 200 10-3 m, Analog output 0-10V
Return filter SMC Corporation Filtering accuracy 10�m
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 W271×D307×H38 ×10-3 m
Program source Matlab/Simulink 2010SP1
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4.3  

4.3.1  

 

Fig. 4.2 1

10 10-3 

(a) ACA xP (b) PS A B PA PB

PL (c) C PC Pg

Pt  

xP=0 m Pg=3.3×106 Pa

C Pc VL1 VL3

Pg

xP=80×10-3 m Ps Pg

VL1 VL3 VL4 B

B A

VL2 PL

PL

Pg  

VL1 VL4

C Pg C PC

Pg C PC  

A PA Pg Rb

(4.1) ηb (4.2)

RTH(=2.78) Rb Fig. 4.2 Rb=2.69 
b =96.7 %

 

  (4.1) 
g

A
b P
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 (4.2)

Fig. 4.3 VL4 A B PA PB Pt

1 10-3 B

PB=3.5×106 Pa Pt=2×106 Pa

1 2 106 Pa

B

Fig. 4.4 PB=5.2×106 Pa 1.5×106 Pa

Fig. 4.3 PB=3.5×106 Pa Pt=2×106 Pa

50%

Table 4.4 A PA Fig. 4.4

PA VL4 0.05 sec. PA 10% 90%

0.22 sec. 50 % 0.026 sec.

0.048 sec. 14.4 106 Pa 2 % 0.097sec

8.2 %

14 106 Pa

25 106 Pa 1.78 8.2 %

1 sec.

ACA

VL1,VL3 VL2,VL4

VL7

xP=40×10-3 m xP=0 m

(%)100	�
TH

b
b R

R
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Pg ΔPg

Ff ΔPg AC

A B

Fig. 4.5 20

10-3 ACA 3 10-4 m/s

10 10-3

m/s [10]

ΔPs =0.12×106 Pa Ff=5.8×103 N

0.3 0.5×106 Pa[11]

ACA ACA

PA=10×106 Pa A 176 103 N

3.3

Fig. 4.6 A B C

10 10-3 30 10-3 m

0.03 106 Pa 1.4 103 N

0.2 

0.035 106 Pa

C

(1) (2)

(1)
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10 20 C

2.4×106 Pa

(2)

C Fig. 4.1 C VL6

VL6

C VL6

VL6 2.4×106 Pa

xP=50×10-3 m 100×10-3 m

Fig. 4.7 2 C PC PA

(1) (2)

(2) (1) 10 15

(1)

C PC

(2)

PC

C
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Fig. 4.2 Basic characteristics of ACA for boosting process
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Fig. 4.3 Characteristic of pressure in return line

Fig. 4.4 Effect on surge pressure in return line of bypass line and trancient characteristics of PA
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Table 4.4 Transient characteristic

Item Value

rise time (10-90%) � �� sec.

delay time 0.026 sec.

peak time 0.048 sec.

maximum overshoot 8.2 %

setting time ( 2 %) 0.097 sec.

Fig. 4.5 Measurement result of static friction and displacement

Fig. 4.6 Measurement result of dynamic friction

106
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es

su
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 (P
a)

Displacement (m) 10-3

0.12 106 Pa

Start StopPressure
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D
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t x
P

(m
)

106
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 P
t(

Pa
)

10-3

Time (sec.)
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Fig. 4.7 Variation of boosted pressure and pressure in chamber C by method (1) and (2)

Blue : Pressure adjustment by method (1) 
Red : Pressure adjustment by method (2)

PC (Pa)

P A
(P

a)
xP =100 10-3 m

xP =50 10-3 m
106

106
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4.3.2 

Fig. 4.8

ACA 4

Table 4.5 4 CL4

Cout CL1 CL3 Fig. 4.9

(a) (e)

A B

(a)

(b) 12.1×106 Pa 12.0×106 Pa

1 % 3

(d)

A B

15% QL1 QL3

QL1 QL3 CL1 CL3 0.72

0.049 0.076 Ps

PS

36 sec

80 sec

PS

10×10-3 m3 2

2

C

1

Vgs=15×10-3 m3

Pgs=2.6×106 Pa
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ACA A Pg

A

3

 

ACA

�t �P

Fig. 4.10

1 PA Table 4.6

Case1 Case2

Case1 15 10-3 m3 30 10-3 m3

ACA

Case 3 Case 2

2.6 106 Pa 3.4 106 Pa

PA

�t Case1 �tCase1=11.0 Case3 �tcase3=30.8

2.8

�Pcase �P=2 106 Pa Case1

�Pcase1/�P=2.4 Case 3 �PCase3/�P =1.3 Case1 Case3 1.8
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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

CL1 0.049 AL1 1.25 10-5 m2

CL3 0.079 AL2 1.25 10-5 m2

CL4 0.72 AL3 6.00 10-5 m2

Cout 0.72 Aout 4.48 10-7 m2

Vgs 15 10-3 m3 MP 80 kg

Pgs 2.6 106 Pa Ps 4.5 106 Pa

DC 250 10-3 m DA 150 10-3 m-3

Ff 1.4 103 N F�� 0

Accumulator, Vg, Pg

Pump, Ps

Chamber A, VA, PA

xP

Qout

QL4

QL1

QL3

Chamber B, VB, PB

Chamber C VC, PC
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Fig. 4.9 Comparison between experimental and analytical results for boosting process
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Table 4.6 List of parameters in Fig. 4.10

Parameter Case 1 Case 2 Case 3

Initial gas pressure Pgs 2.6×106 Pa 3.4×106 Pa

Gas volume Vgs 15×10-3 m3 30×10-3 m3

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

0 10 20 30 40        50 60 106

14
12
10

8
6
4
2
0

106

Case 1

Case 3

Case 2

Target  pressure:
ΔP=2 106 Pa ΔPCase1ΔPCase 3

Time (sec.)

ΔtCase1 Δtcase3

Pr
es

su
re

 P
A 

 (P
a)
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4.4

ACA ACA

2.78 2.69 96.7%

ACA 3 10-4 m/s

0.12 106 Pa 0.03 106 Pa

ACA

10 %

ACA

ACA

3
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5

5.1

5 ACA

ACA

ACA

5.2 

Fig. 5.1 ACA

Table 5.1

ACA

ACA

[12][13] F=10 103 N

dP=�40×10-3 m dR=�28×10-3 m ACA C

DC=�250×10-3 m A DA=�150×10-3 m xPmax=100×10-3 m

TRC=2.78 A B C VA=1.77×10-3 m3 VB=3.14×10-3 m3

VC=4.91×10-3 m3 xC=60×10-3 m 8

VCL=0.804×10-3 m3

Vgs=20×10-3 m3 Pgs=3.0 ×106 Pa

Pgmax=4.5×106 Pa PAmax=12.5×106 Pa

8 PAmin= 10.7×106 Pa PA=11±1×106 Pa

F=10 103 N

VL2 VC2 VB2 A VC4

VC1 VB1 VC3

VB1 VB2
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VC1 VC3 VC2 VC3

VC1 VC3

ACA

vC=0.03 m/s

kC=270×103 N/m

PA=10 106 Pa xC0=40

10-3 m F=10 103 N
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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. 40×10-3 m

Rod dia. 28×10-3 m

Stroke 100×10-3 m

Rated pressure 14×106 Pa

Thrust force 17.6×103 N

Mass 3 kg

Spring ratio 270×103 N/m

Ball valve BKH10-DN10-Rc3/8

Displacement 
sensor

SHINKO ELECTRIC CO., LTD.
LINEAR TRANSDUSER LT1-160R SADM 

output 5V

M

VL1

VL2

VL3

Pgs

PC

PL

VL4

Pt

VL6

PA

PB

VC1

VC2

VC3 VC4

PS

PCAPCB

Subsystem  of  loaded cylinder

Boosting system with ACA

VB1 VB2
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5.3

Fig. 5.2 (a) (d) (a)ACA

(b) (c) A B VL2 VC2 PL

(d)

(a)

ACA (b) F=10 103 N

(c) A PA

(d) PS

ACA

ACA

(a) 4

8

Fig. 5.3 ACA

Table 5.2

QCout Fig. 5.1

VL2 VC2 VB2 3

CCout QL5 QL7

Fig. 5.4 (a) (d) (a) ACA

(b) (c) ACA A B

(d)

(a)

xp=70×10-3 m

(b) F=14.5×103 N

xC=0m (a) (c)

ACA
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A

(a)

ACA

8 PA=10×106 Pa

Pgmax=4.4 106 Pa

Pgmin=3.7 106 Pa Pgmax=4.5 106 Pa

Pgmin=3.87 106 Pa

A B

Fig. 5.2 (c) A

B B B

VL4

CL4 0.72 0.08 Fig. 5.5

B A

8

(a) 4 58.3×10-3 m ACA

11.4 10-3 m 4

0.29×10-3 m3 A 0.81×10-3 m3

0.52×10-3 m3 A

2-2 4 Fig. 

5.1 VC2 VC3 VC1 VC4

A

Fig.

5.6 VC2 VC3 VC1 VC4

1

4 ACA
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64 

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

CL5 0.15 AL5 1.25 10-5 m2

CL6 0.04 AL7 3.85 10-5 m2

CL7 0.04 AL7 3.85 10-5 m2

CCout 0.052 AL6 1.25 10-5 m2

Vgs 20 10-3 m3 MP 3 kg

Pgs 3 106 Pa Ps 5 106 Pa

dCP 40 10-3 m dCR 28 10-3 m-3

kC 270 103 N/m xC0 18 10-3 m

Ff 0 F�� 0

Pump, PS Chamber A,  PA

QCoutQL5

QL6 QL7

PCA, VCA, ACA

PCB, VCB, ACB

xC

kC
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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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Fig. 5.6 Effect of switching conditon on cycle munber of cylinder
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5.4
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10 106 Pa 10 103 N

8 4
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