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Abstract : The motion of single-rod cylinder is typically controlled by the directional control valve. In some case, the
hydraulic system should be energized by the man power and at the same time the motion of a cylinder is controlled
manually. It may be confusing for a man to do two things at the same time. The solution is to make up the closed
hydraulic circuit with the bi-directional pump and single-rod cylinder without using a directional control valve. In the
case of single-rod cylinder, the flows at the rod side and head side are so different that several valves should be installed
to make the motion of single-rod cylinder possible. The hydraulic system is composed of a bi-directional pump, a
single-rod cylinder, pilot operated check valves, a check valve and a counter balance valve for the purpose of actuating
the lifter. The characteristics of a suggested system are analysized mathematically and numerically.

Key words : Bi-directional pump(%F#%F HX), Single-rod cylinder(HZ= f<a8t), Lifter(2] ZE]), Pilot
operated check valve(3}d S 22} AWl H), Counter balance valve(7H-2 B} &1 ~ Wi 1)

Ay, Ap : pressurized areas of cylinder head and rod

Co_co Cor_seq: flow coefficients of counter balance

Nomenclature F,mp :Totational force of pump

g : gravitational acceleration

. . M : load mass
: actuator viscous coefficient

Py, Pp : pressures of cylinder head and rod side
P, s :sctpressure of counter balance valve

P, cv_cracking? ‘Rpcu_a‘wdﬂ‘ ng :

valve(check valve, sequence valve)

: flow coefficients of check valve, b cracking pressures of check

valve and pilot operated check valve

Cpey_rev: Tlow coefficients of pilot operated

check valve(forward flow, reverse flow) Fpumpteion’ Pressure below pump

: diameters of piston and rod Bany : tank pressure

: pump displacement per radian Q4  : flow rate through counter balance valve
- load force Q.  :flow rate through check valve, b

Cpevas Doy flow rates through pilot operated check
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valve,aand b
Gpump  + pump flow rate
R, e : Tadius of pump handle
zp,ip : displacement and velocity of piston
Vi Vi 1 oil volumes of cylinder head and rod side
Vs Vgt oil volumes of cylinder head and rod side at
z,=0
Vigiper Vaipe: 0il volumes of cylinder head and rod
side pipe
Vumplelow 0il volume below pump
B : effective bulk modulus of oil
W, - rotational velocity of pump

w : referenced rotational velocity of pump
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Fig. 1 Typical hydraulic circuit of the lifter using a directional
control valve
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Fig. 2 Hydraulic circuit of the lifter without a directional
control valve
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[0.28x (T B E7|E Fust + LA L) +

0.72% (243 B87)% shaeh] ur} ok Bk
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if ]qumpbelow >0. 28P +0. 72Ptank7 P > f’tank

Qpcva = Cpa;_rev PR - f)ta.nk (8)
if ‘Ppumpbelow > 028PR +0'72]Dtank’ PH = Ptank

Qpcua = Cpcu_fwd ‘Pta.nk - PR (9)
if Ppumpbelaw <0.28P,+0.72F,,, and

P +Pp/:u cracking >Ptank then Qpcua = 0 (10)

itPe < 0.28P, +0.72F,,, and

pumpbelow
P +})pc'u cracking — [)tank then
Qpcua = ‘pev_fwd \/‘Pta.nk: ‘P Ppcu cracking (1 1)

6) FA 2 Al b o] {34
SAglzz AYebe] F3L A (12)~(15)% F
Ao,

1fP >0.28P,

pumpbelow +0.72F,

tank’

Ppum pbelow

Qpcvb = Opcu_rev V Ppumpbelow - Ptanlc (12)

if P, >0.28P,

pumpbelow

>P

tank

+0.72F,

tank’

P

pumpbelow

<P

tank

prb = Cpcu_fwd Ptank - Ppumpbelow (13)

if P, <0.28P,

pumpbelow

+0.72F,

tan

> Py then @, =0 (14)

. and

P

pumpbelow

+P

pov—cracking

if P, <0.28P,

pumpbelow

+0.72P,,,, and

P

pumpbelow

+P

pev —cracking

= ‘Ptank then

_Ppm/—cracking (15)

Qpcub pw fwd\/ tank pumpbelow

7) A upe) fapad
FHWEbE e A (162 THH.

lf f’tank = P +Pcu eracking
then chb cvb \/Pta.nk Pp— R~ cu cracking
else @, =0 (16)
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Table 1 System parmeters

constants constant values unit
Conseq Coto_c 320 107° (m®/s)/ +/Pa
Coarputr Gy rew 800x10°° | (m*/s)/VPa
C, 1370x10°° (m*/s)/ Pa
dy 0.1 m
dy 0.055 m
Dy 100 cclrev
Mgy, 3000 ke
==
Fust | noipqan | MP
Pry cracking 0.035 MPa
P cracking 0.21 MPa
Ponk 0.1 MPa
Ry naie 0.3 m
Vinipe 0.001 m®
V aipe 0.001 m?
| Z——— 0.001 m?
B 588 MPa
Winan_ref +120, -120 pm
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Table 2 Lifter operational characteristics

Lift down(counter Lift down
Vi it |5 i ot
pressure+ | MPa) pressure: 0)
F.IN] | 218 -1403 175.9
Py[MPa] | 0.094 2.759 0.106
P, MPa] | 3812 5.661 3.814
e 0.112 3.442
[MPa]
z,fm/s] | 0025 -0.037 -0.025
qpm[cc/s] 60.54 0 -60.35
Gpenplee/s] 0 -86.6 0
Quplce/s] 0 0 0
AggJecls] | 139.49 -200 -139.49
Agglecis] | 200 -286.72 2200

| Define global variables |

¥

I Define system constants |

1. Define global variables

2. Define the flow equations of

valves

3. Define the derivative

variables with the state

variables:

| Call integration function: J: 1) Pump rotation equation
update state variables 2) Continuity equations of

cylinder rod side, cylinder

Write the values of interested head side and pump down

variables on data file side
3) Load mass motion equation

Define simulation time & Initial
conditions

Draw the graphs of interested

variables

Fig. 3 Flow chart of the lifter system simulation program
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Fig. 4 Flow direction of hydraulic circuit of the lifter: lift up

l Reservoir

Fig. 5 Flow direction of hydraulic circuit of the lifter: lift
down(counter balance pressure: load pressure-+1MPa)
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L Reservoir

Fig. 6 Flow direction of hydraulic circuit of the lifter: lift
down(counter balance pressure: 0)
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