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A Study on N-level Pressure Power Supply and its Application in
High Response and High Efficiency Hydraulic Servo System
(2st Report: Experiments on the System Response and Power Consumption)

Jinshi LU, Canghai LIU, Michihito SAITO
Kazuhito OSAKA, Kouichi OBA, Ato KITAGAWA

In a traditional 1-level pressure valve-controlled hydraulic servo system, the response is good, but the efficiency is

deteriorated. In a load-sensing pump-controlled hydraulic servo system, the efficiency is good, but it is desired that the

response be improved. Therefore, an N-level pressure hybrid power supply has been proposed to realize high efficiency and

high response simultaneously in the 1st report, and its high efficiency has been verified by experiments of a 2-level

pressure valve-controlled hydraulic servo system. In this paper, a separated type N-level pressure hybrid power supply is

described in detail. A 2-level pressure valve-controlled hydraulic servo system using separated type power supply is used

to conduct the experiments. Power consumption of the system is also measured. It is verified that the efficiency of the

system using a separated type power supply is not only higher than the traditional system, but also the response of the

system is as good as the traditional system under the frequency of 20Hz.

Key words : High efficiency, High response, Hybrid power supply, Accumulator
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(b) Separated type

Fig.1 N-level pressure valve-controlled servo system
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(b) Experimental setup

(a) Basic circuit

Fig.2 2-level pressure valve-controlled servo system
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Table 1 Specification of the experimental setup

piston diameter: 14mm
cylinder stroke: 10mm

piston mass: bkg

low pressure

volume: 4L
accumulator
high pressure
gL p volume: 4L
accumulator
type: swash plate type piston pump
pump displacement volume: 10cm®/rev

rotational speed: 1,500rpm

Table 2 Low and high mode of the power supply

mode | input of SV 4 port of servo valve
Low | SV 10V A—T B—P
High | SV, :-10V A—P B—T
23 HY—RKRADEHEE
Fig 2(bIZR L7z ESWARYIE S| 0)’&‘—‘71':7'?‘5\//\\/1 IZIXA, B,
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AV 5
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(AR
Table 3 Delay time of mode change
mode change delay time ¢, pressure. rise ot
drop time ¢,
Low — High 5ms 2ms
High — Low 5ms 2ms
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Fig.3 Target of the cylinder position
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Table 4 Charging state of accumulators
symbol valve position
HL Viear: OFF Unload valve: Load
LL Voar: ON Unload valve: Load
UN — Unload valve: Unload
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Fig.4 Illustration of oil charging (7=0.26s (3.85Hz))
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(b) Supplied pressure to the servo valve
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(¢) Pressure of pump and two accumulators

Fig.5 Experimental results (7=0.26s (3.85Hz))
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(b) Supplied pressure to the servo valve
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Fig.6 Experimental results (7=0.05s (20Hz))
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(b) Supplied pressure to the servo valve

Fig.7 Experimental results (7=0.04s (25Hz))
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Table 5 Power consumption

flow rate UN LL HL

15 L/min 0.961kW 1.512kW 2.654kW
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Table 6 Power consumption and power reduction ratio

power reduction by
electric power : separated type 2-level pressure hybrid

traditional valve- | POWer supply

input signal < S a

o Fp erio%i) ;?fg?l\l/lﬁ)da e electri?power electri\CZ/‘power ﬂ\jfd

pump : running | pump : stopped | power

kW kW % kW % %
1 0.26s 2.586 0.994 62 0.251 90 88
2 0.15s 2.580 1.068 59 0.383 85 83
3 0.1s 2,574 1.125 56 0.597 77 78
4 0.08s 2.582 1.227 52 71
5 0.05s 2.586 1.278 50 56
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Relationship between the Complex Parameters of Normalized Termination
Impedance and the Standing Waves of Pressure Pulsation in a Hydraulic Pipe Line
(Analysis of the Transition of Resonant Mode by Numerical Calculation)

Takayoshi ICHITY ANAGI, Tetsuya KURIBAYASHI, Takao NISHIUMI

It is well known that the amplitude of pressure pulsation becomes extremely high when the frequency of the pump
rotational speed coincides with the resonant frequency of the pressure pulsation standing waves. In the previous report,
the authors investigated the relationship between the resonant modes of the standing wave arising in the connecting pipe
and the termination characteristics of the hydraulic circuit. Although the influence of the two terminations, a restrictor and
volume, on the resonant modes was clarified, the termination impedance contains only a real number or a purely imaginary
number in terms of the complex characteristic. In this report, a further investigation of the influence of the complex
parameters of termination impedance characteristics is undertaken. In particular, the non-dimensional pressure pulsation in
the connecting pipe is examined by the numerical calculation to understand the resonant phenomena of a standing wave
for the complex parameters of termination impedance. Consequently, the transition of the resonant mode between the “both
ends closed” mode and the “pump end closed and termination end opened” mode is confirmed. The characteristics of the
transition resonant mode are clarified, and it is found that pressure pulsation also becomes extremely high under the
transition resonant mode conditions.

Key words : Fluid Power Systems, Pressure Pulsation, Standing Wave, Resonance, Hydraulic Pipe Line
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Table 1 Specification of parameters

Length of pipe L=20m
Radius of pipe 7=10.5mm
Sound velocity in oil c=1380m/s
Density of oil p=875kg/mi

Kinematic viscosity of oil v=32x10"ni/s

|0/=1%10"ni/s
2£0,=0

Source flow pulsation

Source impedance Z,=00

|Z71=2.32%10"Pa-s/ni
/7,=0

Termination impedance
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Fig.3 Example of experimental termination impedance of
control valve for construction machine
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Table 2 Normalized termination impedance for example calculations

No. | Normalized termination impedance

No. | Normalized termination impedance

@ |Z | =1X 103» L Zy=60°

@ |Z1xl =09, £Zz=0°

©) |Zpl = 2.0, £LZ7z=10°

® |Zixl =05, £LZp= —90°

@ | 1Zgl =11, LZp=90°

® | 1Za=1%x10"% £LZ,= —45°

/:1/4th wavelength
Y

«— I 1/2th wavelength

Py |
—_
(=]
)

500 600 700 800 900 1000

J [Hz]

(a)  Amplitude of non-dimensional pressure pulsation |P,| at pump exit x=0
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(b) Standing wave of non-dimensional pressure pulsation |Py at fundamental natural frequencies

Fig.5 Example of standing wave characteristics by non-dimensional pressure pulsation |Py]|
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Fig.7 Amplitude of non-dimensional pressure pulsation |Py|
vs. normalized termination impedance Z,; (Phase of
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Fig.8 Amplitude of non-dimensional pressure pulsation |Py| vs. normalized termination impedance Z,, (Phase of

normalized termination impedance £ Z;;=0~90°)
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