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Development of the Rack-Bar Type Sluice Gate
Applying the Hydrostatic Transmission

o o i

Seong-Rae Lee
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Abstract: The typical hydraulic hoisting system of the rack-bar type sluice gate is composed of a hydraulic
supply unit using an uni-directional pump, a direction control valve, a hydraulic motor, a counter balance valve,
and flow control valves. Here, the hydrostatic transmission is applied to the hoisting system of rack-bar type
sluice gate to simplify the operation of gate such that the upward and downward direction of gate is simply
controlled by the direction of pump rotation. The new hydraulic hoisting system is composed of a bi-directional
pump, a hydraulic motor, a counter balance valve, two check valves, two pilot-operated check valves, two relief
valves and a shuttle valve. The characteristics of a suggested system are analyzed by computer simulations and
experiments.
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Fig. 1 Rack-bar type sluice gate applying the
electric motor, worm gear and gear speed
reducer
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Fig. 2 Hydrostatic transmission applied to the
rack—bar type sluice gate
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Fig. 3 Rack-bar type sluice gate applying the
hydrostatic transmission and gear speed
reducer
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lf Ptdnk - Pfop +P cv— cracking
then Q{:Ul = (1'1;1 \/Ptank - Ptop - Pcv* cracking
else Q.,, =0 (7)
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lf Ptank = Pb0t+P

p cv — cracking

then Q{:1)2 = (1'1;2 \/Ptank - Ppbut - Pm;* cracking
else Q.., =0 ®)

AR AW 29§

Ppbof =029 (Pfop + Ppm cr a(l.mg) +0. 71Ptank <9)
lf Ptank = Ptvp’ p('Ll [)LLl V tank top
else Qpc’vl = p(vl V top tank (10)

EDEREEY

])pbof <0. 29(1)fop +I)p(v rra(kmg) +0. 711)t’mk (11)
lf Rank = ‘Pfop+‘Ppmv cracking

pr] = Opcl'l \/‘Ptank - ‘Ptop - Ppa'_z’radﬂ'ng

else Q=0 (12)
HAe s AWE(pev)e] FEFHEL T 2
D 3l 2gA

f’lop =0. 29(Ppbot +Ppw cr a(,k“l(]) +0. 71Ptank (13)

lf Ptmk = Ppbot7 'pev2 CYpHZ tanL Ppbot
else mer? = pm? V pbof tanls (14)

2) B8 mzEA

<O 29(Ppbul +Ppu u“ackmr]>+0 71Ptank (15)
lf Ptank = Ppbot +Pp(u cracking
QchQ = Cpc’u? \/Ptank - P phot Ppw,mﬂacking
else  Q,,=0 (16)
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1) if Pmbm‘ = Ppb(}t +P(‘1/U set
Qd)v = chu,seq \/Pmbot _Ppbot - Pd)v,set (17)
2) ifppbot = Pmbot +PLL cracking
dn = r}n (U\/ phot mbr}t (U cracking (18)
3) 1),2) 70| BEHA e A5
ch,v =0 (19)
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if Ptop = Ptank+Pml _set
Ml 111 \/‘Ptop tank Prvl_set (20)
else @, =0 (21)
Q7 W 20) fHA:
if Pmbof = P nnk+Pr172 set
r12 1172\/ mbot dnL PI‘UQ,sF,t (22>
else @, =0 (23)
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if Pfr)p < Pbra,ke,release and Ppb{)t < Pl/r'ake,releuse

berake,r = berak'e,const else berake,r =0 (24)

Torake T)‘brake + berake berakf r (25)
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Fig. 5 pressures (1) pump downside (2) motor
downside (3) motor upside
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Table 2. Simulation Results (load weight 3500kgf)

pump rpm
1200 rpm 1500 rpm 1750 rpm
8ale UD | o5 11 rr/min |28.88 cm/min |33.70 cm/min
velocity
gate down | oq 11 /in | 2888 cm/min |33.70 emy/min
velocity
esSUre gate up gate up gate up
DIESSUTE 1 04 MPa | 1.04 MPa | 1.04 MPa
downside
motor gate down gate down gate down
2.01 MPa 2.07 MPa 2.13 MPa
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Table 3. Experimental Results
(load weight 3500kgf)

pump rpm
1200 rpm 1500 rpm 1750 rpm
gate up 22.78 28.57 32.73
velocity cm/min cm/min cm/min
dg;tvi 92.78 98,57 3273
. cm/min cm/min cm/min
velocity
essUre gate up gate up |gate up 1.60
PIEsstTe |1 00 MPa | 1.20 MPa MPa
downside
motor gate down | gate down | gate down
1.95 MPa 2.20 MPa 2.50 MPa
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