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MERANIE HYDRAULICKEHO SYSTEMU

PROSTREDNICTVOM LABVIEW

THE MEASUREMENT OF CLOSE HYDROSTATIC CIRCUIT BY LABVIEW

Vo vicsine pripadov sa moZe persondlny pocitac (PC) v priemysle
vyrovnat tradicnym meracim a riadiacim pristrojom, nezdleZiac na
type oddelenia, ktoré ho pouZije. Rozsiahla kapacita PC dovoluje
wtvdarat persondlne, flexibilné systémy s vicsou moznostou imple-
mentdcie neZ tradicné nastroje. UZ raz vytvoreny systéem je lahké
upravit pre rozdielne aplikdcie bez zakupenia nového pristroja.
V predkladanom clanku je prezentovany meraci systém uzavretého
hydrostatického obvodu zaloZeny na persondlnom pocitaci a jeho sta-
tické a dynamické charakteristiky namerané prostrednictvom grafic-
kého programovacieho softvéru LabView.

1 Uvod

Meranie dat (DAQ) je jednou z moznosti pouzitia personalneho
pocitaca v laboratérnom vyskume, v priemyselnom riadeni alebo tes-
tovani a merani. DAQ ponuka nespocCitatelné mnozstvo aplikacii
s jedinou doskou vsunutou do PC. Velkou vyhodou je moznost
vyvinut aplikacie na spracovanie réznych typov merani (ako nizke
a vysoké elektrické napatie, elektricky prud, napdtie, teplota, frek-
vencia a pod.), ktoré by boli len tazko uskutocnitelné tradicnymi
meracimi pristrojmi [3]. Ziskanie vysledkov z po¢itacového systému
merania dat zavisi od kazdého z nasledovnych elementov:

e Snimace

Zariadenia na upravu signalu a kable pre prenos signalu
Hardvér pre meranie dat

Softvér pre hardware a aplikacny software

Personalny pocitac¢

In most cases, the personal computer (PC) can emulate
traditional measurement and automation control instruments in
industry, no matter which departments use it. The PC’s extensive
capabilities enable to create personalized, flexible systems with more
possible implementations than traditional tools. Once a system is
created, it is easy to change it for different applications without buying
new equipment. In this paper, a computer based measurement system
of close hydrostatic circuit and its static and dynamic characteristics
acquired by application of LabView graphical programming software is
presented.

1 Introduction

Data acquisition (DAQ) is one possibility using a personal
computer for laboratory research, industrial control or test and
measurement. DAQ offers countless applications with one board
plugged into computer. The added benefits mean to develop
applications to make all types of measurement (such as low
voltage, high voltage, current, strain, temperature, frequency, etc.)
that would be difficult to implement with traditional measurement
hardware [3]. Obtaining results from PC based data acquisition
system depends on each of these system elements:

e Transducers

e Signal Conditioning and Cables

e Data acquisition (DAQ) hardware
e Driver and application software

e Personal computer

)

3

Obr. 1 Priklad typického DAQ systému
Fig.1 The typical DAQ System
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Na obr. 1 su znazornené elementy typického pocitaCového
systému pre meranie dat. Signaly prudiace do a z testovanej jed-
notky su prenesené prostrednictvom snimacov 1, zariadenia na
upravu signalu 2, kabel 3 a zasunutej DAQ dosky 4 do personal-
neho pocitaca 5, kde st spracované pre dalsiu analyzu.

2 Opis meranej sustavy

Merany hydraulicky systém zalozeny na pocitaci je zostaveny
z elementov, ktoré su znazornené na obr. 2. Hydrogenerator (3) je
pohanany dynamo - elektrickym pohonom (1, 2). Pracovna kva-
palina je v uzavretom obvode prendsana hadicami do hydromo-
tora (5), ktory je zafaZovany brzdou Schenk (6). Servovalec (4)
meni vel'kost prietoku v hydrostatickom obvode. Snimace S3, S2
meraju kratiaci moment a vstupné otacky hydrogeneratora, S4 je
snima¢ polohy dosky hydrogeratora, S5 a S6 meraju tlak vo vyso-
kotlakovej a nizkotlakovej vetve uzavretého hydraulického obvodu,
S9 je snimac¢ vystupnych otacok hydromotora. Snimace S1, S7, S8
su porovnavacie snimace ota¢ok hydromotora. Signaly zo snima-
¢ov prudia prostrednictvom kablov do zariadenia pre upravu sig-
nalov (7) prepojeného s personalnym pocitacom (8).

S5

Fig. 1 presents elements of the typical data acquisition
computer based measurement system. Signals flowing to and from
the unit under test are transfered through transducers 1, signal
conditioning 2, cable 3 and plug-in DAQ board 4 to computer 5
where they are processed for analysis.

2 Plant description

The computer based measurement of hydraulic system is
builtup from elements which are displayed in Fig. 2. The
hydraulic pump (3) is driven by dynamoelectric drive (1, 2). The
fluid is transfered by hoses in close circuit to the hydraulic motor
(5) which is loaded by brake Schenk (6). Servo-valve (4) changes
the volume of flow in close hydrostatic circuit. Sensors S2, S3
measure the input revolve and torque to hydraulic pump, S4 is
a displacement sensor for hydraulic pump plate, S5 and S6
measure pressure in the high and low pressure part of close
hydraulic circuit, S9 is output revolve sensor. Sensors S1, S7, S8
are comparison revolve sensors. Signals from sensors flow
through cables to signal conditioning (7) connected with
a personal computer (8).
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Obr. 2 Meranie hydraulického systému zaloZené na persondlnom pocitaci
Fig. 2 The computer based measurement of hydraulic system

Snimace konvertuji merané fyzikalne veliCiny (tlak, prietok,
teplota, otacky a pod.) na elektrické signaly vstupujice do mera-
cich pristrojov, zosilnovacov a pod., kde dochadza k iprave signalu.

Ako I/O zariadenie je pre meranie dat pouzita ISA autokonfi-
guracna doska AT-MIO-16E-10 [1], [3]. Technolodgia E série je Stan-
dardna architektira pre Siroky rozsah aplikacnych poziadaviek.
Hlavné charakteristiky AT-MIO-16E-10 st vzorkovanie 100 kS/s,

Transducers convert measured values (pressure, overflow,
temperature, revolution, etc.) to input electricity signals of
measure equipment, amplifiers etc., where signals are modified.

ISA plug-in DAQ Board AT-MIO-16E-10 in used as a data
acquisition I/O device [1], [3]. The E Series technology is
a standard architecture for a wide range of application
requirements. Main characteristics of AT-MIO-16E-10 are
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16 unipolarnych alebo 8 bipolarnych 12-bitovych analdgovych
vstupov, dva 12- bitové analogové vystupy, digitalny trigger, dva 24-
bitové Citace/Casovace.

Softvér ma §iroky rozsah funkcionality od ovladacov pre Spe-
cifické hardware zariadenia az po aplikacny software balik pre
vyvoj kompletného systému merania a automatizacie. National
Instruments NI-DAQ Driver Software je Castou servisnej vrstvy
merania a automatizacie, ktora integruje vetky NI DAQ produkty.
NI-DAQ izoluje uzivatela od priameho Specifikovania prikazov pre
hardvér a poskytuje jednoduché, ale ucinné programovanie
Application Programming Interface (API). NI-DAQ API zaistuje
uplny pristup k funkciam hardware a zaistuje stibeznt funkcénost
vnutri a cez dosku. Pretoze funkcie DAQ hardvér su pristupné
prostrednictvom ovladaca, NI-DAQ je dolezity ako samotny
hardvér [3]. Ako aplikacny softvér je pouzity LabVIEW [4].
LabVIEW poskytuje intuitivne grafické programovacie prostredie
pri vysokej produktivite, idealnej pre simulaciu a rychle testovanie
myslienok. Je vhodny pre [udi neoboznamenych s tradicnymi pro-
gramovacimi technikami a kombinuje jednoduchu ovladatelnost
s flexibilitou vykonného programovacieho jazyka [2], [4].

3 Aplikacny program pre meranie hydraulického
systému

Po otvoreni LabVIEW sa objavi Cisty neoznaceny Celny panel.
Kazdy program obsahuje rovnaké toolbar prikazovych tlacidiel
a indikatorov stavu pre beh a ladenie virtualneho nastroja (VI).
Tiez obsahuje moznosti vyberu pisma a jeho tpravy a nastroje pre
editovanie VI. Program sa tvori vyberom a prepojenim ikon
pomocou nastrojovej a editovacej palety. Celny panel moze obsa-
hovat numerické ovladace, Boolean vypinace, posuvné ovladace,
otacavé gombiky, grafy, indikatory a podobne.

Celny panel virtualneho pristroja (VI) pre meranie charakte-
ristik hydrostatického prevodu je znazorneny na obr. 3. Velkost
elektrického prudu do servoventila je regulovana prostrednictvom
ota¢avého gombika alebo nastavenim hodnoty pomocou prirast-
kovych tlacidiel digitalneho ovladaca v Casti A. V pripade pouzitia
otacavého gombika sa nastavena hodnota objavi aj v zobrazova-
com poli digitalneho indikatora. Digitalny ovlada¢ pre vyber
meranych vstupnych kanalov prirastkovymi tlacidlami, digitalny
indikator vstupnych kanalov a digitalny indikator vystupného
kanala je v Casti B. Blok C ma vyznam z hladiska nastavenia rych-
losti generovania hodnoét a Citania nameranych hodnot za
sekundu (Scan and update rate). Scan backlog informuje o pocte
dat ostavajucich v bufferi po ukonceni VI. Input a Output buffer
size urCuje velkost bufferov, do ktorych sa ukladaju namerané
a generované hodnoty. Nula znamena, Ze pre meranie je genero-
vana iba jedna perioda signalu. Velkost vstupného a vystupného
buffera, kde sa merané a generované hodnoty ukladaji, moze byt
menena prirastkovymi tlacidlami digitalnych ovladacov. Farby
a okamzité hodnoty napitia jednotlivych kanalov zobrazuje blok
E. Graf'v ¢asti D zobrazuje priebeh meranych veli¢in jednotlivych
kanalov vo voltoch. Paleta F je urCena pre upravu grafu, pripadne
pre doplnenie informacii. MozZnosti upravy zahriuju legendu,
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sampling rate 100 kS/s, 16 single-ended or 8 differential 12-bit
analog inputs, two 12-bit analog outputs, digital trigger, two 24-bit
counters/timers.

The software has a broad range of functionality. From device
drivers of specific hardware interfaces to application software
packages for developing complete measure and automation systems.
The National Instruments NI-DAQ Driver Software is the portion of
the Measurement and Automation Services Layer that integrates all
NI's DAQ products. The NI-DAQ isolates user from the hardware-
specific register commands and it gives a simple yet powerful
programming Application Programming Interface (API). The
NI-DAQ API ensures comprehensive access to hardware functions
and delivers concurrent functionality within and across board.
Because the DAQ hardware functions are accessed through the
driver, NI-DAQ is as important as the hardware itself [3]. LabVIEW
[4] is used as a application software. LabVIEW offers intuitive
graphical programming environment for high productivity
development ideal for simulation and quick tests of ideas. It is good
for people not familiar with traditional programming techniques
and it combines easily the use of graphical development with
flexibility of powerful programming language [2], [4].

3 The application program for measurement
of hydraulic system

After the opening of LabVIEW, a blank, untitled front panel
appears. Each program contains the same toolbar of command
buttons and status indicators for running and debugging VIs. It
also contains font options and alignment and tools for editing VIs.
The program is produced by icons selected and connected with
tools and controls palette. The front panel can contain numeric
controls, Boolean switches, slide controls, knob controls, graphs
and indicators, etc.

The front panel of the virtual instrument (VI) for measure of
hydrostatic transmission characteristics is presented in Fig. 3.
Current intensity to the servo valve is regulated by knob control
or increment buttons of digital control in part 4. When knob
control is used, the current value is represented in digital control
as well. The digital control for the selection of the measured input
channels by increment buttons, input channels digital indicator
and output channel digital indicator is represented in part B.
Increment buttons of Scan and update rate digital control (part C)
set speed of generating values and reading measured values per
second. The Scan backlog represents the amount of data
remaining in the buffer after VI complete. Zero means that only
one period of signal is generated for the measure. The Input and
Output buffer size, where the measured and generated values are
stored, can be changed by increment buttons of digital controls.
Measured values appear in digital indicators (part E). The
selected color assignment to each measured channel is
represented in part E. The graph (part D) represents directly
measured values of individual channels in voltage. Part F is
a palette used to customize a graph to match own data display
requirements or to display more information. Features available
for graphs include a legend, zoom, a tool for rescale axes, etc. The
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Obr. 3 Celny panel virtudineho pristroja
Fig. 3 The front panel of virtual instrument
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Obr. 4 Blokovy diagram
Fig. 4 The block diagram
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lupu, nastavenie rozsahu suradnice X, y a pod. V bloku G sa nasta-
vuje frekvencia zvoleného periodického signalu. Blok H umoznuje
posunut stredni hodnotu, okolo ktorej kmita generovany signal
(nastavenie Offset). Vyber tvaru generovaného (sinus, pila, troj-
uholnik, obdiznik alebo konstantny signal) ponuka blok I.
Tlac¢idlo Save to disk je urCené na zapis nameranych napéti po
ukon€eni behu programu na hard disk PC. Na zastavenie behu
programu, v ktoromkolvek okamihu, sluzi tlacidlo STOP.

Zaroven s celnym panelom sa vytvara blokovy diagram, ktory
je ekvivalentom programu. Pre kazdy objekt vloZeny do celného
panelu, existuje terminal zobrazeny v blokovom diagrame
(obr. 4). Terminaly su spolu spajané pre nazornost toku dat vnutri
blokového diagramu. Oznacenie vo vnutri terminalu hovori, aky
Ciselny format prechadza z prvku celného panela do terminalu
a cez neho dalej do blokového diagramu alebo naopak. Ciselny
format a jeho presnost je mozné menit na realne Cislo, komplexné
Cislo, celé Cislo s jednoduchou alebo dvojnasobnou presnostou.
Terminal sa spaja s dalS§imi prvkami (operatormi, konStantami
a pod.) Pre plnohodnotnu funkciu programu je potrebné pouzit
do blokového diagramu aj podprogramy SubVI, ktoré st nezavis-
lymi programami prepojenymi konektorom. V nasom programe su
pouzité SubVI, ktorych uloha je nasledovna:

o Al Config konfiguruje analégové vstupné operacie pre Specifi-
kovanu skupinu kanalov (poéet a skupinu kanalov, limity
napitia, zosilnenie). Tento VI konfiguruje hardvér a vyhradi
bufer pre buferované vstupné operacie.

o AO Config konfiguruje vystupné kanaly, limity napéatia a vel'kost
buferu pre analdgové vystupné operacie.

o Al Start nastavuje skenovaciu rychlost, pocet skenov na jedno
meranie, trigerovacie podmienky (pouZzitie externého spustacie-
ho signalu) a nasledne spusti meranie. V nasom pripade boli
ponechané predvolené hodnoty: meranie bez trigerovania, konti-
nualne meranie bez obmedzenia poctu skenov na jedno meranie.

e AO Start vyberie nastavené hodnoty napitia z vyrovnavacej
pamite, nastavi rovnaku zapisovaciu rychlost ako Al Start
a potom spusti generovanie riadiaceho signalu.

® AJ Read cita zadany pocet dat zo vstupného buferu. V nasom
pripade ¢ita AI Read 1000 hodno6t zo vstupného buferu.

o Al Clear a AO Clear vyprazdnia po ukonceni merania vstupné
a vystupné ulohy spojené z taskID.

e Spravny smer behu programu je zabezpeceny pomocou identi-
fikatora taskID, ktorym s spojené SubVI patriace jednému
typu ulohy (Al, AO...). Kazdy SubVI moze zacat pracovat az
vtedy, ak ma na svojich vstupoch platné data. Paralelne mozu
pracovat rozne typy uloh, ale v danom type tlohy musia jednot-
livé SubVI pracovat sériovo, napriklad SubVI Al Start zaéne
pracovat az po ukonceni Cinnosti Al Config, Co je zabezpeCené
prave identifikatorom taskID.

e Error oznami, ak sa pocas behu programu vyskytne chyba pri
prekroceni limitnych podmienok, pri zapise na disk a pod.

4 Experimentalne vysledky

Na obr. 5 a obr. 6 st uvedené priklady nameranych statickych
charakteristik hydraulického systému. Vpravo je zachyteny vztah
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frequency of periodic signal is selected in part G. Part H enables
to slide median around generated signal is oscilated (offset
setting). The waveform of the generated signal (sine wave,
sawtooth, triangle wave, square wave or constant signal) is offered
in part I. Measured values are written, after completion of
program run, to the PC memory by option of Save to Disk
rectangular button. The Stop rectangular button attends on stop of
running program in any time.

The front panel has an accompanying block diagram which is
the equivalent of a program. For each object that is inserted into
the front panel, there exists a terminal displayed in the block
diagram (Fig.4). Terminals are wired together to show the flow of
data within the block diagram. The quotation inside of terminals
means the type of data format which flow from the component of
front panel through the terminal to the block diagram or vice versa.
It is possible to change the data format and its precision and it can
be real number, complex number or integer with simple or double
precision. The terminal is connected with other components such
as operator, constant, etc. For full-valued function of the program,
it is necessary to use subroutines (SubVI) in a block diagram.
SubVI are independent programs connected by the connector.
Subroutines used in our virtual instrument to measure the static
characteristic have the following significance:

e Al Config configures an analog input operation for a specified
set of channels (number and group of channels, limits of
voltage, gain). This VI configures the hardware and allocates
a buffer for a buffered analog input operation.

e AO Config configures the output channel list, limits of voltage
and allocates a buffer for analog output operation.

o Al Start sets the scan rate, the number of scans to acquire and
the trigger conditions (external start signal) and then starts an
acquisition. We use default values: continuous acquisition
without the trigger and limitation the number of scans per one
measurement.

® AO Start sets the update rate and then starts the generation of
control signal.

® Al Read reads given data from a buffered data acquisition. In
our case Al Read reads 1000 values of data from input buffer.

o Al Clear and AO Clear clears the analog input and output task
associated with taskiID.

o The identificator faskID connects group SubVI just to one kind
of task (Al, AO...). Each SubVI starts the run only in case of
valid data on input and the identificator faskID ensures the run
of Sub VI in serial mode (SubVI Al Start starts the run after
finish of process Al Config). Parallel running is accepted for
different kind of tasks.

e FError informs the user if an error appears during the run of
program (overrun limits conditions, corrupt save to disk, etc.).

4 Experimental results
Figure 5 and Figure 6 present examples of measured static

characteristics of hydraulic system. On the right side is the
relation between the rate of maximum output revolution and the
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Obr. 5 Charakteristika tlakov
Fig. 5 Pressure characteristics

medzi vystupnymi otd€kami hydromotora n, meranymi snima-
¢om S9 a vstupnym elektrickym priadom I [mA]. Graf vlavo
reprezentuje pomer maximalneho tlaku s tlakmi p, a p, vo vyso-
kotlakovej a nizkotlakovej Casti obvodu v zavislosti od vstupného
elektrického prudu I [mA]. Meranie bolo vykonané pri vstupnych
otackach hydrogeneratora 1450 min!. Vstupny elektricky prud sa
menil po 20 mA v rozmedzi +120 mA az -120 mA (krivky prelo-
Zené bodmi) a -120 mA az +120 mA (krivky bez preloZzenych
bodov). Vysledky ukazuju uspokojivu zhodu s hodnotami mera-
nymi pristrojmi v minulosti [5], [6].

Obr. 7 a obr. 8 reprezentuju grafické priklady meranych dyna-
mickych charakteristik hydraulického systému. Na prvom je
odozva hydraulického systému na sinusovy signal. Znazornené su
priebehy tlakov p;, a p,, vystupnych otacok hydromotora n,
a polohy dosky hydrogeneratora «. Meranie bolo vykonané pri
vstupnych otackach hydrogeneratora 1450 min’, vstupnom prude
+20 mA a frekvencii 0,2 Hz. Nasledujuci graf reprezentuje odozvu

Obr. 6 Otdckovd charakteristika
Fig. 6 The revolution characteristic

output revolution n,, measured by sensor S9, and the input
current I [mA]. The graph on the left represents the rate of
maximum pressure and pressures p; and p, with an input current
I [mA]. The measurement was taken under input hydraulic pump
revolve 1450 min™'. The input current was changed from +120 mA
to -120 mA (curves with points) and -120 mA to +120 mA (curves
without points) in 20 mA intervals. Results show satisfactory
comparison with values measured by traditional instruments in
the past [5], [6].

Figure 7 and Figure 8 present graph examples of measured
dynamic characteristics of the hydraulic system. The first is the
sine wave response of the hydraulic system. Present are pressures
p, and p,, output revolutions of hydromotor and pump plate
displacement «. The measurement was taken under input
hydraulic pump revolve 1450 min’', input current +20 mA,
frequency 0.2 Hz. The second graph represents the step response

p2

(0

n2

Obr. 7 Odozva hydraulického systému na sinusovy signdl
Fig. 7 The sine wave response of hydraulic system
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Obr. 8 Odozva hydraulického systému na jednotkovy skok
Fig. 8 The step response of hydraulic system

na jednotkovy skok. Meranie bolo vykonané pri vstupnych otac-
kach hydrogeneratora 1450 min’, vstupnom prude - 85 mA a frek-
vencii 0,05 Hz. Vysledky su podkladom pre analyzu hydraulického
systému a pripravu riadiaceho programu v prostredi LabVIEW.

5 Zavery

Dnesny personalny pocitac sa stava vykonnym, viacucelovym
laboratornym nastrojom, ktory moéZe nahradit drahé, zastaralé
a poruchové zariadenie. V uvedenom c¢lanku je opisana jedna
z mozZnosti pouzitia softvéru produktu LabVIEW spoloc¢nosti
National Instrument na meranie tlaku hydraulického systému,
vstupnych a vystupnych otacok a polohy dosky hydrogeneratora.
Vdaka pocitacovo zalozenému systému merania je rieSenie presne
prisposobené potrebam daného meraného systému s rychlou
a jednoduchou moznosfou zmeny parametrov. Je tieZ mozné
zostavit nespocitatelné mnozstvo pristrojov. LabVIEW sa stava
v laboratériu pomockou, ktora v porovnani s tradicnym spdsobom
merania zvySuje produktivitu experimentovania. Tento ¢lanok je
sucastou grantovej ulohy VEGA No.1/4268/97.
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of hydraulic system. The measurement was taken under input
hydraulic pump revolve 1450 min™, input current -85 mA and
frequency 0.2 Hz. Results are base for analysis of hydraulic system
and preparation of LabVIEW control program.

5 Conclusions

Today, the personal computer has become a powerful,
multipurpose laboratory tool that can replace expensive, outdated,
easily broken equipment. This paper described one of the
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