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All industrial applications often need the
existence of mechatronic systems to dictate the
working parameters for the mechanisms
operated, depending on needs. Typically, these
mechatronic systems can adjust the pressure
of a hydraulic circuit, in proportion with a control
current applied from distance through electric
cable. Adjusting the pressure in a hydraulic
circuit is made by means of a hydraulic pilot,
actuated by a proportional current-force
electromagnet, which receives the electrical
signal from the electronic control unit. Current
guidelines are in the direction of introduction in
the chain of mechatronic system of proportional
hydraulic elements as simple as constructive,
more precise and more reliable.

Figure 1 presents the experimental
model of the mechatronic adjustment and
control system of the hydraulic pressure. It
consists of: proportional normally open high
flow valve, electronic control unit (which
compares the actual pressure in the system
with the required pressure and depending on
the result, commands the valve's
electromagnet) and a pressure transducer with
operating field 0...250bar and current output
4...20mA, connected electrical with the
electronic control unit. Valve is mounted on a
base plate through which the hydraulic
pressure, tank and the consumer are
connected. The pressure transducer is
mounted on the base plate, in a circuit
connected to the consumer, to detect pressure
in the system as close to the valve.
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Fig.1 Experimental System's Model

FEATURES

- nominal diameter: DN6

- maximum pressure: 200bar
- nominal flow: 20l/min

- voltage power: 24Vcc

- pressure sensor: 0-250bar

This mechatronic system for regulating
the working parameters pressure - flow for
hydraulic equipment, was developed in the
program INNOVATION and is based on a
proportional normally open high flow valve,
whose constructive and functional solution is a
novelty (patentNo.121971/30.09.2008).

High flow hydraulic proportional valve

Proportional normally open high flow valve
presented in figure 2 is composed of a body 1,
which has attached to it a proportional force
electromagnet 8 and inside are mounted: the
distribution spool 6, which has an axial hole
drainage collection, command plunger 2,
distribution sleeve 4, initial position
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establishing spring 7. Also in body 1 are made
holes: P who links to external sources of
pressure, T who links for return to the fluid
reservoir and A(C) who links for consumer
circuit. In the body 1 is performed the duct b,
through which the regulated pressure in the
consumer circuit can reach the surface of
command piston 2. Position of the distribution
sleeve 4 is determined by the bushes 3 and 5
which are fixed in the package with distribug%n
sleeve 4 in the body 1, they are also intended o
bring the working fluid on shoulders of the
distribution spool 6, through some own interior
ducts.

Mode of operation:
In the initial situation, fluid is fed to the hole P
from which it penetrates through the interior
ducts of the bush 3 and finding the distribution
spool 6 moved at maximum to the left because
of the spring 7, go in hole A(C) to a consumer
through distribution sleeve 4, the path to the
hole T being closed by the same distribution
spool 6.
Due to external loads, the hydraulic powered
consumer enhances the pressure at hole A(C)
to a value that is applied on the command
plunger 2, moves the distribution spool 6 to the
right, balancing the electromagnet's 8 force,
which is predominant. At this moment, the
distribution spool 6 is placed in a median
position to distribution sleeve equal opening
communication slits of the hole A(C)toP and T,
making the pressure in the hole A(C)
depending directly proportional to the
electromagnet's 8 force, and therefore to the
current supply.
At current growth, the electromagnet's 8 force
increases, which moves on the distribution
spool 6 to the left, making it grow the pressure
in the circuit A(C), until the command plunger 2
restores again in a position of balance the
distribution spool 6, but at the increased value
ofthe pressure.
If you decrease the command current, the
electromagnet's 8 force also decreases, the
plunger 2 moves to the right the distribution
spool 6, making the communication A(C) to T,
the pressure in A(C) starting to decline until the
electromagnet's 8 force is balanced by the
force made on the plunger 2.
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The distribution spool 6 is repositioned in
equilibrium to distribution sleeve 4, but at a
lower pressure in the hole A(C). Thereby
proportionality between the pressure of
hydraulic circuit C and the command current of
the valve is achieved.

If on the response pressure circuit b is inserted
a pressure sensor, electrically connected to
electronic control unit, the system is in closed
loop with auto adjustment.

This hydraulic device can control and adjust the
pressure proportional at the hole A(C), with an
applied command current of the
electromagnetic force, regardless of the flow
and pressure installed in the hole P.

Fig.2 High Flow Valve's Section

Proportional normally open high flow valve
used presents the following advantages:

- Has small size and large flow transfused

- Balancing the forces of electromagnetic and
feedback from the controlled pressure is
independent of area crossing flow valve

- Has a simple construction and easy to run
from the technology, because the bushes in
which the distribution spool slides is made of
sections

- Low price cost.

Electroniccommandunit
Electroniccommandunit of themechatronicystem
hasbeendevelopedasedntheneedsarisingfrom
the designstageand changesoccurringduring the
experimentsfthemainfunctionalblocks.
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Theschemencludedourspecificmoduleghatare:
Powersupply
TheUC with microcontrollerkeypadanddisplay
PWM powercircuit
ConditioningandidentificationanalogPID
circuit
The unit's block diagram is illustrated in
figure 3:
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Fig.3 Command's Unit Block Diagram
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Electronic control circuit is built around a
PIC18F4520 microcontroller - S which is
interconnected to a 4x4 character keyboard
and a 4x16 character alphanumeric display for
viewing and entering working parameters to
work. Power circuit was produced using
MOSFET transistors with very low Ron
SUM110NO04 type for increasing efficiency and
reducing power losses. Was also provided
optical isolation of the power circuit from the
command circuit to minimize interference due
to unwanted switching current through the
inductive load.

Pressure is measured with a transducer
with 4-20mA current output type which, after
conversion into a voltage is applied to error
amplifier and a circuit analogical PID
identification with specific parameters that
could be adjusted by means of some
potentiometers. The circuit is provided with
jumpers who can stop the adjustment loop in
order to establish the open loop response and
the process identification.

Power supply is classical, made with a
transformer with two separate involution for
providing galvanic insulation.
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Experimental results:

The experimental model was tested
using INOE 2000 — IHP's test rig. All the
parameters were collected using a DAS 1700
KEITHLEY acquisition board. In figure 4 is
presented the variation of flow depending on
pressure. In figure 5 is presented the response
of the system at a step signal command after
preliminary PID regulator adjustment and
figure 6 shows the mechatronic system's
hysteresis. The system worked well, we
obtained a proportional variation of the
pressure, depending on the command signal.
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Fig.5 Step signal response chart
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Fig.6 Hysteresis chart
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