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Abstract

In modern hydraulic control systems, the trend in hydraulic power applications is to improve efficiency and
performance. “Proportional valve” is generally applied to pressure, flow and directional-control valves which
continuously convert a variable input signal into a smooth and proportional hydraulic output signal. It creates a variable
resistance (orifice) upstream and downstream of a hydraulic actuator, and is meter in/meter out circuit and hence
pressure drop, and power losses are inevitable. If velocity (position) feedback is used, flow pattern control is possible.
Without aforementioned flow pattern, control is very “loose” and relies on “visual” feed back by the operator. At this
point, we should examine how this valve works and how can use it in electro-hydraulic circuit designs.

In this paper, constructed and compared velocity control cylinder (VCC) by using a proportional flow control valve
(PFCV) and with a fine throttle valve. With the aid of a check valve and that check valve, the proportional valve can be
made to act in the “lift” direction, and the fine throttle in the “lower” direction. As with all proportional valves, there is
also some hysteresis in a proportional flow control valve. The valve used in this work with a hysteresis of <+1% of

Qmax . The repetition accuracy is quoted in data sheet as < 1% of Qmax . The inferential results are good, acceptable and
useful for designers which are working at hydraulic proportional field.
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1. Introduction flow with respect to time [1]. Hydraulic actuators
are widely used on mobile equipment and robots,

Proportional valve technology exactly does due to their high power density, environment

mean in hydraulic systems; An electrical input
signal in the form of a voltage (mostly between 0
and+ 10V) is converted into an electrical current
in an electronic amplifier corresponding to the
voltage level, e.g.1 mV=1 m A. proportionally to
this electrical current as the input variable, the
proportional solenoid produces the output
variable-force and travel. These variables, i. e.
force or travels, acting as the input signal for the
hydraulic valve, signify proportionally a certain
volumetric flow or pressure. For the consumer
and therefore also for the working element of the
machine this means , in addition to directional,
steplessly variable control of speed and force.
Simultaneously, acceleration or deceleration can
be steplessly varied, e. g. change in volumetric

tolerance, and compact size. One of the
fundamental tasks in designing hydraulic
actuating systems is the development of effective
velocity control of the actuator using a control
valve [2]. A practical approach to design a feed
forward-plus-proportional-integral- derivative
(FPID) controller for accurate and smooth
velocity control on a hydraulic linear actuator is
presented [3,4,5,6,]. Modeling and simulation a
hydraulic servo system (HSS) presented and
describes the design and implementation of a
control system for the operation of a electro
hydraulic systems [3, 7, 8].

This paper presents explain and discus the
2-way proportional flow control valve to
controls a flow rate depending on the set
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electrical signal value, independently of
pressure and viscosity. This means, for example,
that a cylinder extends with constant velocity
despite occurring interference variables (different
loads).

In the experimental work we will build a
circuit in which the extension velocity of a
cylinder can be changed the aid of a 2-way
proportional flow control valve. The load
independence of this circuit will be demonstrated
on test bench Figure (2) with the aid of the weight
(30 k).

2. Steady State Modeling

Generally, the steady state analysis cannot
determine the complete performance of a valve
because flow control valves contain moving parts.
It used to obtain an estimate of valve
characteristics. Figure (1) explains the physical
configuration of flow control valve. There are two
orifices in valve. The first is constant size. The
second is varying in size as the pressure drop
across the spool,(ps — p,,), changes. The spool
has a spring force k, and preload force (F) [9, 10,
11, and 12].
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Fig. 1. Schematic of physical analysis of flow control
valves.

The flow rate through the constant orifice is
given by:

QL= CyA, (D
And flow rate through the constant orifice is given
by:

2(ps—
Qu = Caw(l; —x) [F0 o))

Combine equations (1, 2) yield an expression
for p, :

2(ps—pv)
p
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Static equilibrium for spool valve is:
psAy = DyAy + F + ky .4
sAp—F—ky
Dy = P—AU .. (5
From equations (3 and 5) yield an expression:
PoA,—F—kx _A%PS—(w(li—x))ZPL -0 ©)

A, A%+ (w (1;—x))?
Solve equation (6) explicitly in the form cubic
polynomial in x.

When F = m(mass) x g(acceleration)

After calculating the spool displacement, X, at
different of p, values, and from combining
equations (1, 2) yield:

Q= Ci —— /Z(PSP fu) . (7)
A2 )2

Where

A, Constant orifice area m?

w Variable orifice area gradient m?/m

k, Spring rate N/m

C, Orifice discharge coef ficient
l; Initial varible orifice opening m

p  Fluid density kg/m?3
P,  Load pressure Pascal
P, Systempressure Pascal
Q, Load flow rate m3/s

3. PFCV (2 FRE 6 B-
2X/..KARV)TECHNOLOGY

Proportional flow control valves Model 2 FRE
are 2-way valves as shown in Figure (2), they
allow a preset electrical signal to control an oil
flow independent of pressure and temperature
variation [13]. The assembly consists of a housing
(1), a proportional solenoid with inductive
positional transducer (2), measuring orifice (3),
pressure compensator (4) and check valve (5), if
required. The oil flow required is set using a
potentiometer (0 ... 100 %), which in turn gives an
input value to amplifier type VT 5010. This in
turn controls the orifice (3) via the proportional
solenoid. The position of the orifice (3) is
determined by the inductive positional transducer,
and any difference from the given input value is
then corrected by the control system. The pressure
drop across the measuring orifice (3) is held
constant by the pressure compensator (4). The oil
flow is therefore independent of load. The low
temperature drift is achieved by suitable design of
the measuring orifice. At an input level of 0 % the
measuring orifice is closed. In the event of
electrical failure, or if the wire to the positional
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transducer should break, the measuring orifice
closes. A jump-free start is possible from the input
value 0. The orifice may be opened and closed
gradually by two ramps in the electronic
amplifier. Free flow from B to A is possible via
the non-return valve (5). With an additional
rectifier sandwich plate Model Z4 S 6- mounted
controlled both in meter-out and meter-in modes
[14,15].
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Fig. 2. Proportional flow control valve 2FRE 6 B-
2X/...4RV [15].

4. Experimental Work

The hydraulic test bench shows in Figure (3)
have been proportional flow control valve.

Fig. 3. Photograph of electro- hydraulic control unit
test bench [15].
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4.1. Electro- Hydraulic Control Circuit

Complete the circuit diagram as shown in
Figure (4) so that the extension velocity of the
cylinder can be controlled with the aid of a
proportional flow control valve. It should be
possible to alter the retraction velocity with the
fine throttle. Limit the system pressure with a
suitable pressure relief valve direct operated (50
bar).

Proportional
flow control
valve (2FRE)

S

Cylinder
CG250/40/20

Proportional p
directional

control valve
Pressure relief

valve
DBDH6K1X/100

L1 Jtank

I.
—

Check valve
S8 A3

motor
®_’

Fig. 4. Schematic diagram of connection Electro-
hydraulic control circuit.

Variable
displacement van
pump

4.2. Electronic Control Circuit

Figures (5) explain the terminal connections /
block circuit diagram electronic  control:
Amplifiers Model VT 5010 for velocity control.

Supposed and information for workers and
engineers in the field of electro hydraulic control
systems have special sciences facts. Each servo or
proportional valves has amplifier card. Each
company that produces these valves can product
an electronic amplifiers card for its [15].
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1 Ramp generator
2 PID regulator

3 Current regulator
4 Power amplifier

5 Oscillator

6 Demodulator

7 Limiting amplifier

8 Cable break detector
9 Power supply
10 Inductive positional transducer
11 Solenoid ®
12 Cable break LED
13 Differential amplifier

R2 = Ramp time “down™™

R3 = Gain

k1 = Relay select

X1 = Test point of feedback value @

X2 = Test point of command value ®

(F)= on front plate

Fig. 5. Terminal Connections / Block Circuit Diagram Electronic control: Amplifiers Model VT 5010 for velocity

control [15].

5. Dynamic Considerations

Figure (6) is model of a 2-way proportional
flow control valve. The 2-way proportional flow
control valve is a self-contained closed control
loop. The dynamics of such a closed control loop.
A possible way of measuring the dynamic
behavior of the flow control valve is to examine
the so-called step-function. Two possibilities are
available: the stepwise change of specified signal
value and the stepwise change of the interference
variable (load pressure). Step of interference
variables can be subdivided into load steps and
starting steps. By the term load steps is meant
stepwise changes in load pressure that occur
within the control range of a valve Figure (7)
range B, whilst starting steps are changes in load
starting from the work points, that lie within the

minimum  pressure  difference Ap,;, Figure(7)

range A. The greatest starting step occurs when
the load connection of the flow control valve is
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opened. Figure (8) shows a step response o a 2-
way flow control valve to a load step. The load

pressure P, acting on the valve is then suddenly

reduced by opening the second throttle, which is
connected in parallel. This leads to a temporarily
increased flow rate because the valve requires a
certain time (transient process) to match itself to
the changed load pressure conditions (closed loop
control) [9].

A further criterion of the dynamic behavior is
the measurement of the frequency response. Here,
too, one distinguishes between change of signal
value (control frequency response) and change of
load (load pressure, interference frequency
response). In measuring the control frequency
response, the frequency of the control signal is
continuously increased to “amplitude drop”, and
produced consequent change of phase (phase lag).
In concrete terms, this means ; the valve cannot
longer follow the specified signal value above a
certain frequency. In control engineering the term
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“corner frequency” is introduced at this point. The
comer frequency is that frequency at which the
amplitude drop is 3 dB. In measuring the
interference frequency response for the control
signal is held constant. For example in the flow
control valve, the load pressure (interference
variable) is varied. Above a certain frequency of
the interference variable, valve cannot longer able
to compensate the interference variable when an
amplitude drop and phase lag occurs [16, 17, 18,
and 19].

Pmin =Ps - P1 = Ff

Fig. 6. Model of a 2-way proportional flow control
valve.
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Fig. 7. Qualitative characteristic curve of a flow
control valve [16].
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Fig. 8. Step response of a flow control valve to a step
load [16].

6. Result and Discussion

All of evaluation experimental work data

explain in tables (1, 2, 3, and 4). And
Characteristic curves (measured at v =
36 mm?/s and T = 50 °C. Explanation of

experimental results: figure (9) explain the
characteristic curves for tables (1, 3). Considering
the two curves of characteristic curves 1, it is
clear that the extension velocity is independent of
the load (the two curves are practically identical).

By adjusting the potentiometer and thereby the
proportional flow control valve, the extension
velocity can be changed independent of load
according to characteristic curve (6 Q) in figure
(10). The velocity changes not proportionally, but
progressively with the signal value. This
characteristic curve, however, permits a finer
adjustment of the velocity in low velocity ranges.
Figure (11) explain the characteristic curves for
tables (2, 4). The curves of characteristic curves 2
are not dependent on the setting of the
proportional flow control valve but only on the
setting of the fine throttle.

It can be clearly recognized that the retraction
velocity with load is greater than that with no
load. Compare the two diagrams; then you can see
the effect of the velocity control with the 2-way
proportional flow control valve and the effect of
velocity control with the fine throttle. With
proportional flow control valve is load
independent but with throttle load dependent.
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Table 1,
Extension hydraulic cylinder with no load.

Signal value of 0 1 2
flow control valve
(2 FRE)

3 4 5 6 Volt

Time without 215.00 48.00
load
Velocity without 0.00 0.15 0.66
load

19.00 10.00 7.00 4.40 Sec

1.68 3.12 5.18 7.25 cm/s

Table 2,
Retraction hydraulic cylinder with no load.

Signal value of 0 1 2
throttle

3 4 5 6 setting

Time without 135.00 39.00 12.00
load
Velocity without  0.00 0.80 2.65
load

7.00 4.00 3.00 2.90 Sec

5.19 7.97 9.71 11.09 cm/s

Table 3,
Extension hydraulic cylinder with load.

Signal value of 0 1 2
flow control valve
(2 FRE)

3 4 5 6 Volt

Time with 207.00  47.00
load
Velocity with 0.00 0.16 0.67
load

19.00 11.00 6.50 4.50 Sec

1.68 3.12 5.00 7.40 cm/s

Table 4,
Retraction hydraulic cylinder with load.

Signal value of 0 1 2
throttle

3 4 5 6 setting

Time with 103.00  29.00 10.00
load
Velocity with 0.00 1.12 3.45
load

5.50 4.00 2.50 2.30 Sec

6.91 10.71 12.94 14.78 cm/s

Extension velocity

T
—— With out load

7 ~—©— Withload I

Extension velocity (cm/s)
B

/

0 1 2 3 4 5 6

Signal value of voltmeter (volt)

Fig . 9. Characteristic curves for table 1 and 3.
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Fig. 10. Dependency flow rate on signal value

voltage for different valve size [15].
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Fig. 11. Characteristic curves for table 2 and 4.

7. Conclusions

The results confirmed that the performance of
velocity control cylinder (VCC) depends on the
performance of the 2- way proportional flow
control valve (PFCV) type (2FRE)

e Any variation in the value of fin throttle valve
will lead to a change of flow rate and velocity
control cylinder (VCC).

e Any variation in the input signal (volt) to 2-
way proportional flow control valve (PFCV)
type (2FRE) will leads to a variation of flow
rate and velocity control cylinder (VCC).

e The viscosity of hydraulic fluid is
independence of the 2-way proportional flow
control valve achieved because the form of the
metering orifice.

The velocity control cylinder (VCC) depends
on measuring orifice of the 2-way proportional
flow control valve
e The measuring orifice can be opened and

closed with a delay two ramps in the electronic

amplifier for 2- way proportional flow control
valve (PFCV) type (2FRE).

e Through the use of different measuring orifice,
various maximum flow rates can be achieved
at 100% input signal value.

e The characteristic flow curves progressive
depending on the shape of the measuring
orifice.

e When comparing characteristic flow curves for
this work with the manufacturer company of
(PFCV) show that there is a difference. The
reason for this lies in the additional flow
resistances of hoses, pipes and quick release
coupling.

To ensure is perfect operation of 2-way
proportional flow control valve. We must make
sure of the following notes;
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(2]
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(6]
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(8]

9]

It is necessary to bleed the solenoid of the 2-
way proportional flow control valve at the
highest point of the wvalve during initial
operation.

Under certain installation conditions, the tank
line must be prevented from running empty by
the installation of a preload valve.

The actuator (cylinder) can be controlled both
in meter-out and meter-in modes.
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