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Figure 1-1 Hydraulic system and valves in the case of construction machine
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Figure 2-3 Photograph of tested poppet valve
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Figure 2-4 Arrangement of measuring equipment
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Table 2-1 Experimental conditions

Symbol Value Units

Py ave 0.05, 0.10, 0.50, 1.00 + 0.05 MPa(Gauge)
Qpump 10, 20, 30, 40,50 + 1.5 L/min

T 30, 40 + 2 °C

AP,y (= Bi_ave—Pa_ave) 1.75 MPa

v 45.47 x 10°® m*/s@40°C
p 868.9 kg/m’@15°C
VI 109 -
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Figure 2-5 Waveform (a) and frequency characteristic (b) of upstream pressure P, for

Qpump =30 L/min, Py 4, =0.05 MPaand T =40 °C.
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Figure 2-6 Waveform of upstream pressure P, (a), poppet displacement x (c) and
sound pressure level LA (e), frequency characteristic of B, (b), x (d) and LA (f)
for Qpump =30 L/min, Py 4 =0.05 MPaand T =40 °C.
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Figure 2-7 Characteristic of poppet valve vibration; (a) amplitude of upstream pressure
P, amp and (b) dominant frequency f,, p. Data of Q,,m, = 10, 20, 30, 40, 50, 55
L/min, P,,, =0.05, 0.10, 0.50, 1.00 MPaand T =40 °C.
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Figure 2-8 Image taken by high-speed camera at Q,ymp = 30 L/min, P; g, = 0.05
MPaand T =40 °C.
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Figure 2-9 Transient state of cavitation at Q,ym, = 30 L/min, Py 4 = 0.05 MPa and

T =40 "°C.
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Figure 2-11 Characteristic of poppet valve vibration; (a) amplitude of upstream
pressure P, 4mp and (b) dominant frequency f,, p. Data of Q,um, = 10, 20, 30, 40,
50 L/min, P, =0.05,0.10, 0.50, 1.00 MPaand T =30 °C.
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Figure 2-12 Static state of cavitation at Qpymp = 10, 20, 30, 40, 50 L/min, Py gy =
0.05, 0.10, 0.50, 1.00 MPaand T =30 °C.
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Table 3-1 Approximation coefficient

i m; n;

1 1.0 26.3744
2 1.16725 72.8033
3 2.20064 187.424
4 3.92861 536.626
5 6.78788 1570.60
6 11.6761 4618.13
7 20.0612 13601.1
8 34.4541 40082.5
9 59.1642 118153
10 101.590 348316
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Figure 3-2 Effective bulk modulus of the oil containing bubbles
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BAES 2L — a5 V1L MATLAB Simulink(The MathWorks, Inc.)% AV THE
#Zxh, (8.1) ~ (3.19)FI/v 4 -7 (Runge-Kutta) B IZ k> CEFRE SN, FHAEIC
WS RFHE TG R S AR 1T BRI E L ER B ITHEL TRY, R T DML
18k G ICHBESIEOREMZ R 3-2 12501, ¥ T HE T Py qpe D% TE 1T EBR L R4
AT AR DOBER Ay DIEEEETHZETIT o7, FERKIEICE T HIEE O
LIATEIR AN R X 412 0,0.01,0.1, 1 %D 4 BEETRELZ. FAMIEOLETOFH
BIIAT T2 A LAt = 1x10° s TiTbhiz.

Table 3-2 Calculation conditions

Symbol Value Units
Py ave 0.05 = 0.05, 1.00 MPa(Gauge)
Qpump 10, 20, 30, 40, 50, 55 L/min
T 40 £ 2 °C
Xatm 0,0.01,0.1,1 %
At 1x107° s
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(b). Data of Qpyump =20 L/minand T =40 °C.
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Figure 3-4 Comparison of experimental and simulation results; amplitude of upstream
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40, 50, 55 L/min, P,,, =0.05, 1.00 MPa.
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Figure 4-1 Tested poppet valve

Table 4-1 Experimental conditions

Symbol Value Units
Py ave 0.05 +£0.05 MPa(Gauge)
Qpump 10, 20, 30, 40,50 + 1.5 L/min
T 30,40 2 °C
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Figure 4-4 Displacement of poppet at Quymp =30 L/minand T =40 °C.
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Figure 5-2 Arrangement of measuring equipment

Table 5-1 Experimental conditions

Symbol Value Units
Py ave 0.05+0.05 MPa(Gauge)
Qpump 0, 5, 10, 15, 20, 25, 30, 35, 40, | L/min
45,50, 55 £ 0.7
30, 40,50 + 2 °C
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Figure 5-11 Volume mixing ratio of cavitation bubble in oil X. Data of Qpymp =0 ~

55 L/minand T =30, 40, 50 °C.
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Figure 5-12 Volume mixing ratio of cavitation bubble in oil under atmospheric

pressure Xgem. Data of Qpymp =0 ~55 L/minand T = 30, 40, 50 °C.
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Figure 5-13 Comparison of experimental and simulation results; amplitude of upstream
pressure P, ,mp (a) and dominant frequency f,, p (b). Data of Qpump = 10, 20, 30,
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Table D-1 Experimental conditions

Symbol Value Units
Py ave 1.00 + 0.05 MPa(Gauge)
Qpump 10, 20, 30, 40, 50 + 0.7 L/min
T 40 + 2 °C
0.05 ) - N )
— Qpump= 10L/min — Qpump= 20L/min — Qpump= 30L/min
— Quump— 40L/min — Qpump— J0L/min
0.04 | pump pump
Flow meter Flow meter
645Hz 964Hz
=) 0.03 - - Flow meter “F
E () 328Hz Pump
=, / \ 443Hz (n=2)
= J
v 0.02 Pump A /
222Hz (n=1) - e Pump
0.01 - ?(H_J)
0 -‘: | Py
0 200 400 600 800 1000
S [Hz]

Figure D-1 Frequency characteristic of upstream pressure B, in fixed poppet valve,

Qpump = 10, 20, 30, 40, 50 L/min, Py 4pe =1.00 MPaand T =40 °C.
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Figure E-1 Characteristics of poppet valve vibration; amplitude of upstream pressure

P, amp (a), poppet displacement xg,, (c) and sound pressure level LA,n,, and

dominant frequency of upstream pressure f,, p (b), poppet displacement f, , and

sound pressure level f;,p. Data of Quump = 10, 20, 30, 40, 50 L/min, F,,. = 0.05,

0.10, 0.50, 1.00 MPaand T =40 °C.
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Table F-1 Experimental conditions

Symbol Value Units
Py ave 1.00 £ 0.05 MPa(Gauge)
Qpyv 5, 10, 15, 20, 25, 30, 35, 40, 45, | L/min
50,55+1.5
T 40 + 2 C
1.0
0.8 1
- 0.6 1
L_)S 04 ¢ Linear approcimation C,,=122x (0 <x < 0.04 mm)
B Experiment C,,=0.0918log,(x) + 0.885 (0.04 <x < 0.4 mm)
0.2
A Constant G, =08 (0.4 <xmm)
0.0 [ [ [ I
0 0.1 0.2 0.3 0.4 0.5
X [mm]

Figure F-1 Discharge coefficient of tested poppet valve
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Table G-1 Specifications of parameters

Quantity Symbol Value Units
Discharge coefficient of throttle Ce 0.7 -
Inside diameter of downstream hose Ahose a 19E-3 m
Inside diameter of upstream hose Ahose u 12.7E-3 m
Outside diameter of poppet valve dout 23E-3 m
Diameter of valve seat dseat 18E-3 m
Orifice diameter of poppet dipy 3E-3 m
Young’s modulus of hoses E 0.6E+9 Pa
Thickness of Downstream pipe Chose d SE-3 m
Thickness of Upstream pipe Chose u 3.5E-3 m
Restitution coefficient er 0.035 -
Gap between poppet and block h 0.1E-3 m
Bulk modulus of hydraulic oil K; 1E+9 Pa
Spring constant k 20E3 N/m
Length of sliding portion between poppet and block | L.« 28E-3 m
Length of downstream hose Lhose a 1 m
Length of upstream hose Lpose u 3 m
Length of divided downstream hose lg 0.0039 m
Length of divided upstream hose L, 0.0078 m
Mass of poppet m 0.1 kg
Pressure of tank (Gauge pressure) Prank 0 Pa
Thickness of downstream hose those d 5E-3 m
Thickness of upstream hose those u 3.5E-3 m
Volume of spring chamber A 8E-6 m>
Volume of downstream chamber Va 55.6E-6 m°®
Volume of upstream chamber v, 27E-6 m°®
Initial shrinkage length of spring X; 11.9E-3 m
Cone angle of poppet a 110 deg
Heat capacity ratio of air Y 1.4 -
Kinetic viscosity of hydraulic oil v 45.47E-6 | m°/s
Density of hydraulic oil p 868.9 kg/m?
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ZITIE, B2 E 25 HICBWTERYE T — v ar MR A LW R (Y TRE S
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B 32HiklA—Ths.

H-1(a), (D)1 B RetEZE B B L22NE T L (a) CO R AE R A QpumplZxt 35 F
Vi ) D RARNG Py gy & X BLHI 72 JEEH S,y o, p TRL, 55 2 75 2.5 B0 E B R &bt
WL7=bDThD. B H-2(a), (b)ILE BFFIEZ B E T 5ET /L (b) COFFE AL ZX
3-4 LIABEDEATEARL, EBFE R LIZHDOTHD.

H-1(a) CIZEBREF R ORE LM — B L TRV, KXy hPORE N FH I T
TWBHEDZH THALDAY, B H-1(b) TIZ M #H Ol RITKRE R - TEY, IREINF
BPTETWRNWIERDND. ZHUTHL, B H-2 TIEP, amp& fp u p &I EER LGRS
ENILK—HELTBY, REHNRHFHTETND.

INBDFERND, FXET —2a BRAELRNGEM Py e = 1.00 MPa THEFE S
T-HEENE Funk 8 U728 B OJE Wz ER ISR KR T3R80 ARE# P choe %
2B, FIUTI 2l —2ar TEKOE BB LB E T2 TTHIATREE T
HZENDLI)ST.
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Figure H-2 Comparison of experiment and simulation results by simulation model
which does not include pipeline model; amplitude of upstream pressure P, ;m;, ()

and dominant frequency f,, p (b). Data of Q,um, = 10, 20, 30, 40, 50 L/min, Py,
= 1.00 MPa.

10 800
-4 Py 4p0= 1.00 MPa_Experiment
8 -
2 Py _gpe=1.00 MPa_Simulation 600 - . N
£ 6 - —
=) =)
S = 400
& 4 N
200 +
2 = Py gpe=1.00 MPa_Experiment
2 Py gye= 1.00 MPa_Simulation
0 T T D T T T
10 20 30 40 50 10 20 30 40 50
Qﬂllmﬂ [L/Inin] qump [Lhnln]
(a) I8 u_amp (b) f p_ulbD

Figure H-3 Comparison of experiment results and simulation results by simulation
model including pipeline model; amplitude of upstream pressure P, ,m, (a) and

dominant frequency f,,p (b). Data of Qpump = 10, 20, 30, 40, 50 L/min, Py, =
1.00 MPa.
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Figure 1-1 Tested poppet valve for fixed displacement

Table I-1 Experimental conditions

Symbol Value Units
Py ave 0.05 £ 0.05 MPa(Gauge)
Qpy 20+ 0.7 L/min
T 40 £ 2 °C
Frames No.
3 1234567 8910111213
Nl Pu}
2 e s
) =)
o ]
= =
N o <

0.002

(a) Upstream

0.004

t[s]

0.006

pressure P,, and downstream pressure P,

— 116 —




Frames No.
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R g4 EEguttage  glapagstteage,seatesngsta; o
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0.1+
0
0.002 0.004 0.006 0.008
£[s]

(b) Poppet displacement x and average brightness B,
Figure 1-2 Correlation of factors at Q,, = 20 L/min, P 4y =0.05 MPaand T =40
°C in fixed poppet valve; (a) upstream pressure P,, and downstream pressure P,

and (b) poppet displacement x and average brightness Bg,,.

Figure I-3 Transient state of cavitation bubbles for Q,, =20 L/min, Py 4, =0.05

MPa and T =40 °C in fixed poppet valve.
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Figure J-1 Extraction region E
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Figure J-2 Average brightness Bp ,,. 0f averaging image I, Il, Ill, IV and V in each

number superposition of the image n;pqg4.. Data of Qpymp =30 L/min, B, =0.05

MPaand T =40 °C.
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