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PEI'YJIMPOBAHUE JABJIEHUA B ITMHUU BCACBIBAHUSA T'NAPABJIMYECKOI'O
HACOCA C UCITIOJIB30BAHUEM 2JIEKTPOHHOI'O BJIOKA YIIPABJIEHUSA

The paper presents a system of inlet pressure control in a gear pump, used at a test stand during the research conducted by means of
the PIV method and discusses important requirements of this method. An electronic control system with additional equipment has
been applied in the control system. It controlled a proportional throttle flow control valve built-in parallel to the charger vane pump.
The paper presents preliminary results and discusses the reasons of the control error. Steps to improve the control accuracy of the
inlet pressure have been proposed.
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Introduction

Research on hydraulic units require a number of conditions related to the operation parameters of the hydraulic
system. Requirements vary not only because of the test object, but also need to take into account the methods used for
it. It is important in many modern methods. An example might be keeping the pressure in the inlet and the outlet port of
the hydraulic pump at the observation of the flow phenomena by the PIV (Particle Image Velocimetry) method [1].
Fluid Power Research Group from Wroclaw have been conducting research on the development of the inlet and outlet
channels in the hydraulic pump [2]. The test’s program includes both operating of the pump at overpressure as well as at
underpressure in the inlet port relative to the surroundings. Operation of the pump at high speed requires high flow
suction, which is not possible without an additional fluid delivery system.
On the test bench an additional charger pump with a constant displacement is used, which provides the required
overpressure in the inlet channel at high speeds during the research. The use of this pump, however, generates
overpressure at a low flow demand of the hydraulic fluid (low speeds) from the tested object. It became necessary to
develop a pressure control system of the inlet port of the tested pump using the electronic control system.

The stand for testing the pump

Figure 1 shows the tested pump on the bench. It is a unit with external involute gears. Wheels (1) are located in
the body (2) to which the inlet (3) and outlet (4) connectors are adjusted. The pump performs at ¢ = 80 cm’/rev
displacement volume, and at max rotational speed n, = 1500 rpm achieves the theoretical flow O,,= 120 dm*/min [3].

Fig. 1 Gear pump made of plastic at the test stand
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Due to the research conducted with the use of PIV [4, 5], the housing (2) is made of plastic, which allows to
observe flow effects within the pump. For these studies, high speed camera Phantom v7.3 (5) was used, which allowed
to record at up to 6 000 fps with 800x600 resolution and up to 100 000 fps at reduced resolution [6]. Such a short
exposure time requires proper lighting (6). The camera takes pictures in which movement of air bubbles generated
during suction of the fluid through the pump can be observed. And on that basis, the distribution of the velocity field
inside the inlet channel can be established.

The proportional throttle flow control valve TDA 016 EW 09 B2 produced by Parker [7] was used in the control
system. The current operating range is 0-1050 mA, which corresponds to the maximum flow rate of 220 Ipm at a
pressure drop of 10 bar. The valve characteristic is non-linear with the opening point at 30% of the maximum current.
At a lower current, the valve is closed. The role of the valve is to discharge the excess of the fluid to the tank in
accordance with the desired setting so that the pressure in the inlet channel of the pump — hose (4) maintains a fixed
value. There is a built-in tank (12) with the necessary equipment, including a filter and a cooler in the hydraulic power

supply (8).
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Fig. 2. Hydraulic system diagram of the test stand with the control system

A control system of the test stand consists of an electronic control system ECU (9) and a data acquisition system
DAS (10). ECU is used to control the pressure in the inlet port of the test pump, and DAS records the research data. The
pressure in the suction line (4) of the pump is measured by a pressure transducer (11) which converts the hydraulic
signal p_in to voltage U p, and then sends it to ECU and DAS. The proportional flow valve is controlled by the current
signal i_fv from ECU.

Pressure control system

Figure 3 shows a diagram of the gear pump's inlet pressure control system. Setpoint of the input pressure p_set is
compared with an actual value p in and an error delpa p is forwarded to ECU. In the ECU a PID controller was
programmed, which determines the current value i _fv to control the proportional flow valve. In response to a change of
the valve setting, the flow of the fluid discharged to the reservoir Q fv changes, which affects the pump's inlet pressure
p_in. The diagram includes examples of disturbances that occur in the hydraulic system, such as temperature change,
and with it, the viscosity of the fluid and a change in the tested pump's speed.

The developed pressure control diagram was implemented using items illustrated schematically in figure 4. The
basic element of the system is controller RC6 -9/20 by Bosch Rexroth, which works as ECU. The controller gets the
voltage signal U p from the pressure transducer additionally transformed within a converter to 0-5V. ECU controls the
proportional flow valve with the current signal i fv in a range 0-1.05A. Setting the required pressure p_sef in the system
is carried out on the control panel with 0-5V range output signal potentiometer.
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Fig. 3. Control system of the input pressure in the tested pump

A user can observe the selected parameters on the DI3 display, which communicates with the ECU using a CAN-
Bus (Fig. 5). The display shows values of i _fv current, actual pressure p_in in the inlet channel as voltage U p, the set
pressure p_set as voltage U_set and the control error delta_p.
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Fig. 4. Flow diagram of signals in the control system

For DAS measuring amplifier Spider8 by HMB connected to a PC was used. The DAS gets voltage signals U p
and U_set and the current signal of the proportional valve i_fv, as voltage U _fv of 0-5V.

Findings

The results of the preliminary studies on the regulator have been shown in figure 6. The diagram presents
pressure changes in the inlet port of the gear pump p_in and the coil current of proportional valve i fv. The tests were
conducted at pressure p_set =0.396 MPa, and the rotational speed of the tested pump n_p =450 — 650 rev/min. The
measurements frequency of DAS was f= 5 Hz.

The test results were obtained with the PID control amplification coefficients' values: K;= 0.3, K,=0.4, K, =0.
Because of the danger of the overshooting, which in the case of the tested pump can cause damage, such as excessive
underpressure or overpressure in the inlet channel, the derivative term of the controller is disabled, taking the value of
K,;=0. The danger is associated with a too high pressure drop of input pressure p_in leading even to the cut off of the
flow when the flow valve is fully open (Q fv = max) or to an increase in the pressure and damage of the seal when the
flow valve is closed (Q _fv=0), and all the flow is directed into the inlet port. A limit of the maximum current to the
coil to 900 mA was also implemented in the controller. Non-linearity of the actual characteristics of the valve was not
corrected in the controller.
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An increase in the pump's speed causes an increased demand for the hydraulic fluid, and therefore, the controller
reduces the coil current of the proportional flow valve and thus closes the flow valve to reduce discharging of the fluid
from the inlet line. An opposite situation is accompanied by speed reduction, namely, a current increase and an opening
of the flow valve to direct the flow into the tested pump.

Fig. 5. The display with the control panel
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Fig. 6 Pressure changes in the inlet channel of the gear pump during the tests [8]

A value of the control error of the pressure in the inlet channel p_in was maintained for a wide speed range within
+ (.1 bar. This means that the controller worked properly. The system showed larger differences during the speed
changes. It results from limitation of the PID controller derivative term, which was intended for the initial stage of the
pump's operation. During the test, the speed changes did not occur suddenly, and the role of the controller was limited
to the compensating of the temperature influence on the viscosity of the fluid, which had its consequence in the reduced
resistance of the flow.

Significant differences occurred at the increased pump speed above 600 rpm. It was due to the appearance of
additional flow discharged from the hydraulic system of the supply, which limited the response of the proportional flow
valve. In the extreme case, at the rotational speed of 1, = 650 rpm, a permanent control error was observed, although the
flow valve was fully closed.

Conclusion

The article presents an inlet pressure control system of the gear pump used at a test stand. The tested pump was
characterized and the essential requirements arising from research using the PIV method were discussed. The control
system used an electronic control unit with the necessary accessories, such as control panel and display. To control the
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inlet pressure, a proportional flow valve built-in with a charger vane pump was used. The controller works properly and
maintains a preset value of the input pressure. Speed change as well as temperature change associated with the time of
the research are compensated by the controller. The overshooting, which was recorded during the change of the
rotational speed, can be eliminated by changing of the controller gain coefficients' values.

Aunomayus. B cmamve npeocmasnena cucmema KOHMPONs OaGleHUs HA 6X00e 6 WeCMepPeHHblll HACOC, UCNONb3YeMblll 8
UCNbIMAMENLHOM CMeHOe 6 X00e UCCIe008aHuUs, npogedennozo memooom PIV u paccmompenvt eadichvie mpebo6anus 3mo2o
memooa. B cucmeme ynpasnenus Ovina npumenena d1eKmMpoOHHAA CUCIeMA YAPAGIeHUus ¢ 0OnoaHumenviulm 0bopyoosanuem. Ona
ynpaensiem nponopPYUOHATLHBIM OPOCCENUPYIOWUM KIANAHOM, YCMAHOGIEHHbIM NAPANNeNbHO HACOCy OJid CO30aHUs U30bIMOoYHO20
Oasnenus. B pabome npedcmaenensvi npedsapumenvhvie pe3yibmamvl U 0OCYHCOAIOMCA NPUYUHBL OwWUOKU YnpasneHus. bviiu
npeonodicensl wazu no YayHueHulo MmoYHOCMU YNpasieHus 0deleHueM Ha 8X00e.

Krouesvie crosa: PIV, ucneimamenvhvlii cmeno, wecmepeHHblil Hacoc, KOHMPOIED

Anomauin. Y cmammi npedcmagnena cucmema KOHMPONO MUCKY HA 6X00i 6 WeCMEePeHHull HAcoc, GUKOPUCHOBYBAHUL Y
8UNPOOYBATILHOMY CMEHOL 8 X00i 00CHIONCeHHs, NPoeedeno20 memoodom PIV i posensHymi eadciusi sumoeu ybo2co memooy. YV
cucmemi  ynpaeninus Oyna 3acmocO8ana eNeKMpOHHA CUCMEeMd YNpasliHHig 3 000amKogum obnaonanusm. Bowa ynpaense
NPONOPYIUHUM OPOCENIOIOYUM KIANAHOM, BCMAHOGIEHUM NAPALENbHO HACOCY Ol CMEOPEHHs HAOMUWK08020 mucky. ¥V pobomi
npedcmasiieni nonepeoti pesyibmamu i 062080PIOIOMbCsL NPUYUHY NOMUTKU YNPAGIiHHs. Byiu 3anponoHosani Kpoku 3 NOAINUEHHS
TMOYHOCMI YNPAGLIHHA MUCKOM HA 8XO00I.

Kurouosi cnosa: PIV, sunpobysanvhuil cmeHo, wecmeperHull Hacoc, KOHMpoaep
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