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Abstract

The turnover-type sluice gate is typically actuated by the hydrauic system. The hydraulic system
may be a open circuit type or a closed circuit type. The open circuit type hydraulic system is
composed of a uni-directional pump, a directional control valve, pilot operated check valves, flow
control valves, single-rod cylinders. The closed circuit type hydraulic system is composed of a
bi-directional pump, pilot operated check valves, check valves, a counter balance valve, single-rod
cylinders. The energy efficiencies of two hydraulic systems for the turnover-type sluice gate are

compared here.
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Fig. 1 Open circuit hydraulic system 1 of the
turnover-type sluice gate

Fig. 2 Open circuit hydraulic system 2 of the
turnover-type sluice gate
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Fig. 3 Open circuit hydraulic system 3 of the
turnover-type sluice gate
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Fig. 4 Open circuit hydraulic system 4 of the
turnover-type sluice gate
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Fig. 5 Closed circuit hydraulic system of the

turnover-type sluice gate

Table 1. Common system parmeters

Symbols Values
piston diameter, d, 0.1 m
rod diameter, dp 0.055 m
gate mass, M. 1250 kg
set pressure of counter balance
valve, P, .., 1.0 MPa
cracking pressure of check valve,
Py erocting 0.035 MPa
cracking pressure of pilot operated
check valve, P cracking 0.21 MPa
tank pressure, P,,.: 0.1 MPa
pump handle radius, &, . 0.3 m
pipe volume of head side, V. [0.001 m?®
pipe volume of rod side, Vg, [0.001 m?®
AII_ other control volumes except 0.001 m®
cylinder '
bulk modulus of oil, 3 588 MPa
pump diplacement, D,,,,., 100 cc/rev
pump rpm, wpumpj 120rpm
pump flow, @,,.,, 200 ccls
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Table 2. Flow coefficients of valves in Fig.1

Symbols Values
directional control valve: _9 md/s
319 <10 °
Gs‘l’ Gs’?' CYlt’ CQtl Cyst’ \/P_a
pilot operated check valve: _g m¥/s
479X 107"
C})(JZ}_ Sfwd» C})c’n_r ev \/P_a
3
restrictor(h ide): Cr oy os %1079 M/
estrictor(head side): Cy,, ., 31910 Ny
3
. . : % -9 m/s
restrictor(rod side): Cj., ,.; |[160><10 oe
restrictor check valve: Oy, .. |479 1079 M/
fev_cv \/ﬂ

Table 3. Flow coefficients of valves in Fig.2

Symbols Values
directional control valve: 3195 10-° m® /s
CLl’ G@Zv qp 0215: Cgf;! \/P_a
pilot operated check valve: —o m%/s
800 <10

C;)(f'z;_ fwd» C;au_rwu \/P_a

3
restrictor(head side): i 1079 = /s
! ( ! ) Cfches 319 10 \/P—a

3
restrictor check valve:C;. %10~ 9 /s
fev_ev [1374X10 vy

Table 4. Flow coefficients of valves in Fig.3

Symbols Values

irectional control valve: 9 w’
Co o o Gy € [P910
ng:_;iigif_j%k valve: 800 10-° H\;;L;
restrictor(head side): Cj., ., [319x10° I\I;;L:
restrictor(rod side): Cj., ,., [160x10"" L\/}{_:
restrictor check valve: Cj,, .,|1374x10"° I\I;;/—:
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Table 5. Flow coefficients of valves in Fig.4

Symbols Values S
directional control valve: 319 10" m?/s —
Car Coar Cipy Gyyy Gy, VPa | Fppe e e o
counter balance valve- 31910~ ° més | B i ]
sequence valve: Cy, ., VPa
by_se .
. 0 ] 10 18 20 25 30 ES 40 45 &0
counter balance Valve'ChECk 1374 % 10—9 IIIJ/S Purnp Handle Force(Handle Radiug = 0.3 m)
valve: C., ., VPa I N
100 - n
- &0 B
Table 6. Flow coefficients of valves in Fig.5 SN S S T TS O N T
o Gl 10 15 20 25 30 5 40 45 50
Symtt)OISb I Values Hydraulic Power fram Pump
counter balance
3/
valve-sequence valve: 319x10"° L\/; ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, |
a
Q:b'v_seq ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, i
counter balance valve-check _o m¥s
31910 0
valve: C‘Cbﬂ_w \/];Td 0 5 0 15 20 2% P n?ﬂi[g] 40 45 &0
ilot operated check valve: _ 3/
priot op 800x 1070 2/
Qva_f' wd? Qva_re1r vPa
check valve: C.,, 1374 %10~ ° mP/S Fig. 7 Simulation results of hydraulic circuit in Fig.
VvEa
y 2 (1)pressures: supply pressure, head pressure, rod
i . -9 m’/s
restrictor: G, . 31910 o ptessure (2)pump handle force (3)hydraulic power
from pump
. Pressures
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Fig. 8 Simulation results of hydraulic circuit in Fig.
4 (1)pressures: supply pressure, head pressure, rod
ptessure (2)pump handle force (3)hydraulic power
from pump

Fig. 6 Simulation results of hydraulic circuit in Fig.
1 (1)pressures: supply pressure, head pressure, rod
ptessure (2)pump handle force (3)hydraulic power
from pump
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Fig. 9 Simulation results of hydraulic circuit in Fig.
5(forced up, forced down) (1)pressures: pump below
pressure, head pressure, rod ptessure (2)pump
handle force (3)hydraulic power from pump
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Fig. 10 Simulation results of hydraulic circuit in
Fig. 5(forced up, free down) (1)pressures: pump
below pressure, head pressure, rod ptessure (2)pump
handle force (3)hydraulic power from pump
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