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Abstract. Time parameters of control which characterize action speed of components
in automation technical sustem: of power units - actuators and microcomputers
(microprocessors) are discussed and defined in this work. On the basis of already
known mathematical models for dynamic transitional processes, appropriate duration
of these processes in fluid actuators is determined. In this way the required time is
defined, i.e. action speed of operating control devices of technological equipment and
of automatic control systems of automated processes.

1. INTRODUCTION

The present state and expected development trend of flexible production systems
(FPS) and of their flexible transport systems (FTrS), as well as of other automated and
robotized systems, are characterized by application of new technologies; from widely
spread use of robots (during the seventies) to production systems integration and
communication systems integration (Fig. 1) [2, 6, 7, 14].

In such systems the control over the FTrS and their of operations — the processing
control information system (PCIS) represents the core of the entire control system. From
the user's point of view and that of designing two basic groups of problems in automatic
microcomputer control are solved:

— control of operating mechanisms -actuators, and
— hierarchic arrangement of control of the system, i.e. of the process [1, 2, 6, 8,
13, 14, 15, 16, 19, 20].

The first case refers to the control of a single device or of a number of them, while the
second one discusses group control over robots and equipment that realize the designed
process of operation. Starting point of the hierarchic arrangement of control is, as in any
other type of control, the control of actuators (operating devices). That is the reason for
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discussing the control of actuators in respect to the detailed defining of time parameters -
of their operation speed (activation). Integrative observation of actuator operation speed
and of operation speed of computer control system, what cannot be found in technical
literature but is of a constant need in practice, allows for defining complete automatic
control system (of ACS).
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Fig. 1. Development trend of flexible production systems to the end of the century
FAS - Flexible automation systems; FPS- Flexible processing systems

2. REALIZATION SPEED OF MICROCOMPUTER CONTROL SYSTEM

Processing control information systems, such as the ACS, are realized by computer
technique. In contemporary automatics time systems it is carried out by direct digital con-
trol. In the FPS programming comprieses setting of tasks formed according to
synchronized-cyclic algorithm of control [2, 8, 13, 15, 16, 17], which in general case of
the ACS has the form as follows:

Myy(t+At) = M A{u(t) + B[ Myy(1) [, (1)} 1)
where is:
M, - mathematical expectation (mean value);
y  —vector of output values;
t — current time of the process;
At — time between the start of the ACS action till obtaining response information on
this action results;
A —action operator on the whole;

u(t) — vector of control calculated by means of a computer and transmitted onto the
actuator power unit;
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B  —controlling disturbances operator;
&(t) — vector of monitoring accidental (non- controlling) disturbances;
T —time of control and development of the process.

In fluid actuators (hydraulic or pneumatic ones) with electromagnetic distributor
(electrohydraulic or electromagnetic one), with a possibility of braking (damping), and
with microcomputer (microprocessor) control (Fig. 2), the change of time parameters ¢
and 1 [1, 15, 17] occurs in the domain of:

tgSt<ty+T, and t<Tt<t+At 2)

where:

ty — starting time, and

T - time interval of the course and observation of the process (and of control).

Action speed of the ACS operation with fluid actuators, in respect to the system
structure (Fig. 2), consists of:

— action speed of a computer, and

— action speed of electrohydraulic and/or electropneumatic actuators.

During the technological process it is necessary to know the time of actuator executive
action and the speed of microcomputer control action. In the ACS, by application of
direct digital control, control action speed represents, in fact, delay (t4) of the control ac-
tion in relation to the course - condition of the technological process, (Tprocess) [1, 15, 17].
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Fig. 2. Fluid actuator (operating mechanism) with microcomputer control
(and possible structure and functions of microcomputer system)

For the ACS synchronized control in real time is possible by means of a digital
computer (the constant n has the value of 0 < n < 1 and it is always n > 0), what
results into multiple stabilization of processing parameters [15]. In that case the time of
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control action delay time in relation to the moment of change of the technological process
condition amounts to:
Tdel — 1 Tprocess » for 0<n<1 (3)

In the processing control information system (PCIS), the time of control action delay
is the sum of the computer engagement time required for establishing programmed control
(t¢) , and the time of mechanical motion performed by the actuator (Tope.4) (Fig. 2), which
activates operating device or mechanism:

Tdet = Tct Toper.A (4)

This equation (4) defines the action speed of the automatic control system (ACS)
(Teontrol = Tdet) OVer the process as the technological object of control (TOC) — ACS TOC.
It means that the term action speed of the ACS TOC denotes the time that elapses from
the beginning of measurment of the output controlled value to the end of the actuator
motion of the operating control device for the purpose of its defined correction, and the
time of the computer reception of the electric signal sent from the limit switch designating
that the control action (motion, force action, etc.) is performed.

Limit cut-off switch or hydraulic pressure relay activates exhaust cam adjusted at the
end of the pistion rod at the point of contact of mechanism with support, or the pistion
itself activates contactless limit switch for the position of the piston in the cylinder at the
end of the piston braking motion.

3. OPERATION SPEED AND CONTROL ACTION SPEED OF MICROCOMPUTERS

The time of computer engagement in the ACS structure represents summed times of
measuring output controlled values and information transmission to the computer (ty,), of
waiting time before channels for information processing - subsystems of a digital system
and selection of the mode of control (Tyeec), Of processing time — of programme
realization of control (t,.,), of the time at output, i.e. the time of control signal
transmission (information carrier) along the lines to the operating actuator (T,y), and of
the time of pure delay (t,4.). The time of pure delay represents the time affirmative
information transmission - of electric signal designating that control and corresponding
operation (motion, force action, action of pressure, etc.) is performed. According to the
above said:

Te=Tme 7T + Toog T Trex T Tpuael ®)]

w.selec prog

During the operation in real time when, with the signal selection the conversion of the
signal is stimultaneously initiated, as well as reading in of the selects, the time of analog-
digital conversion (1) is effectively added to the total time of the transport delay of the
processor (T qe)- Then, the time of the total transport delay (T .de1) 1S as follows

Ttot.tr.del = Ttr.dei. + ch. (6)

It should be pointed out that, when observing the total time of the programme reali-
zation (Tpre) Which includes the time of transport delay (tq.q.) and the time necessary for
realization of the rest of the programme (7o x.,); the time of performing the rest of the pro-
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gramme also includes the time of analog-digital conversion. Neglecting these time values
(To.prog — Tev® 0), it can be assumed that the total processing time is:

Tprog = Tiot.tr.del (7)

The total time of the programme realization should be shorter than the period of
selection, so that the system could operate in real time [14]. The time required for
realization of certain programme is, as a rule, very short and depends on the type of
computer, programme complexity, the class of objects complexity and the process, and on
the TOC dynamics [15, 17].

In digital automatic control systems periods of selection can be of different values.
That depends, first of all, on the class of objects complexity and the process, as well as on
the TOC dynamics.

For robotic system 1. < 20 ms [13] is recommended, but for simpler automated
systems it should be even shorter [1, 8, 15, 20].

4. OPERATION SPEED - ACTION SPEED OF FLUID ACTUATORS

The speed of control and regulating actions of operating actuators (of different kind of
power - hydraulic or pneumatic ones) which activate the control device, i.e. its operating
computer controlled mechanism means the time that elapses from the moment of control
electric signal action on to the electromagnet of coresponding distributor until the end of
the planned piston motion (with the piston rod) in the cylinder, and the moment of acti-
vating the limit switch which sends the signal designating that the motion is finished. It is
the time of relization of one operating cycle of the cylinder and of one control cycle.

In complex ACS with trunk lines where operating fluid is under constant pressure, the
total time of fluid actuator operational motion, that of the piston with the piston rod in the
cylinder (Fig. 2) consists of the summed up times of switching the distributor on (Tgis)
and of the full operation of the piston rod with the piston in the cylinder (t,;) [3—20]:

Toper. A= Tdiser™ Tpis (8)

Defining of 14 in the actuator fluid power unit by establishing the model of
distributor elements dynamics, of electrohydraulic or electropneumatic ones, and by
means experimental investigation for various structural and operational characteristics [1,
7, 10, 11, 12] can be found in numerous books of technical literature, but for the use in
practice the following equations can be applied:

Taserh = 0.03—0.18 sec - for electrohydraulic distributors, and

Tastrp = 0.005-0.170 sec - for electropneumatic distributors [1, 10, 20].

Piston rod stroke time, from its initial position to its complete drawing out, is
structurally complex and consists of the sum of: uniform motion time (t,), transitional
processes time (1,,) and pressure control valve time i.e. of the limit switch (1, ):

Tpis = Tu + k'TtAp + Tisw (9)

where £ is the coefficient of the operating fluid line structure (for the line without slowing
damping k=1, and k=1.5 for the line with slowing down).
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For differential cylinder where fast supply of oil can be provided best, related uniform
drawing out of the actuator piston rod is:

s LA,
1, =2 =60 (s) (10)
v 1000Q

where:
I, (cm)  — piston stroke at constant speed (Fig. 2.);
A, (cm®) — piston face area (Fig. 2.);
Q (I/min) — operating fluid quantity led into the actuator cylinder.

Analysis of fluid actuator dynamic characteristics results in equations of piston motion
(at start, during uniform motion and at braking), as well as in defining of outer forces, i.e.
of operating fluid dynamics [1, 3, 8, 11, 12, 13]. Mechanical system forces - operating
device structures: operational forces in action and mobile masses are reduced at the free
outer end of the actuator piston rod. Reduced mobile mass m and resulting force do not
depend on the law of motion referring to the mechanism of the device, but only depend on
the position of the mechanism (Fig. 2).
The time of transitional processes dunetion represents the summed up times (Fig. 3,
and Fig. 4) of:
—the time when pressure in the cylinder is raised to the moment of starting piston
motion inside the cylinder (t);
—the time of piston acceleration till the moment of achieving uniform motion speed
(Ta);
—the time of piston slowing down (of "braking") (ty,,) when a uniform linear
reduction of speed to about zero is expected; and
—the time of "damped stooping" (or of elastic stopping) (t..op), When the piston stops
motion elastically — "moves" in an oscillating way with constant creeping speed
(boundary layer speed).

During that period, when the piston stops, the pressure rise occurs up to the pressure
value on the control valve.
The equation is now as follows:

Tep = Tst + Ta + Tstop + TeAstop (1 1)

The times Ty and T, comprise piston motion in chambers — "idle times" V,; and
Vo2, with lengths of x;, and X, (Fig. 2, and Fig. 3b).

On ideal diagrams of piston speed change, in cases when an actuator operates only
during acceleration and slowing down periods (Fig. 3a), or also with uniform motion at
constant speed — the interval (t, — t;), the feature of elastic damping of fluid is not taken
into account, but the motion finishes at the cutting point 1.y of the linear curve of
braking with the abscissa axis of time. That time of ideal ending of braking Ty is
insignificantly shorter than the time 7. 4, (Fig. 3b). In that case the time of the limit switch
activation (7,4, ) is not taken into account either. Such diagrams are characteristic for rigid
systems and hydraulic actuators.

Real diagram of the actuator piston motion cycle (Teyea = Tpis) includes the time of
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damped stopping (teswop), as well as the time of activating the limit switch (7,,). These
times overlap significantly, so only the limit switsh time that is not overlapped (t'sy) is
included in calculation (tg,) (Fig. 3b). According to this, the total time of one cycle of
the actuator action is:

1
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Fig. 3 Ideal diagrams of speed (a, b) and parth-step (c) of piston motion in fluid actuators
a) Speed diagram of transitional processes only, b) Speed diagram with the
segment of uniform motion and of transitional processes , c) Way-stop diagram
(change of piston rod position)

Mathematical modeling of the fluid actuators dynamic processes [1, 3, 4, 5, 10, 11,
12], which in its results contains the systems of differential equations; direct measuring on
model installations [3, 10, 12], and process simulation [11] identify characteristic
parameters of the actuators processes discussed.

Simulated piston motion speed (v) of the pneumatic cylinder can be rather precisely
approximated by means of a diagram of the speed change (v,,) which is analogous to the
speed change in hydraulic cylinder (Fig. 4) with nearly all time parameters of the piston
motion. In respect to the fact that the speed of piston motion in pneumatic cylinder is con-
ciderably hygher in comparison to the speed in fydraulic cylinder, the differences in time
of transitional processes apper. There, also, the time of "damped stopping" and the time
of the limit switch are taken separately.

For practical calculations in hydraulic actuators with line length (thrust and return
ones) 1, < 10 m, it can be accepted that 7., = 0,4 s for p < 10 (bar), and 7, = 0,25 s for
p > 10 (bar) [1].

The time of contact limit switch activation depends on its structure and purpose. That
is why this time can range from 5 ms to 75 ms — electricity or pneumatically activated
switches. In pressure relay and electromagnetic switches the values of 14, = 150 ms can
be used [5, 15, 20].
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Contactless inductive limit switches turn on and/or off in a very short time, 7,4, <2 ms
[15,20]
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Fig. 4 Dynamics parameters of pneumatic actuators
(D=50mm, d=16 mm, S=0.3m, F =600 N, m =20 kg)
v (t) - piston motion speed from the moment of switching on the distributor,
pi(t) - operation pressure in the thrust chamber of the cylinder.
pa(t) - pressure in the retum chamber of the cylinder,
x(t) - piston path in the cylinder
——— aproximated value of the piston speed (v,,,)

Total transitional time with the time of activating the distributor and pressure valve
time added, which in control sense are considered integral parts of an actuator, apart from
many influencing factors, for calculation in practice the experimental data given in the
table 1 can be used [1, 10, 20].

Table. 1
ACTUATORS
HYDRAULIC PNEUMATIC
Action Tdislr+‘tt,p+1'1.sw (S) tt,erT'l.sw (S)
Without braking 0,55+1,0
With braking 0,8+1,2 <£0,20

With fast action ~0,5+0,8
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5. CONCLUSION

In the discussion presented time parameters of automation technological systems are
defined: of computers and actuators. Fluid actuators are most frequently used as power
units of operating control devices of the ACS. More than that, fluid actuators appear in
various technical fields as power units of machines or of parts of machines, of devices and
installations, of breeches and valves. Hydraulic actuators are irreplaceable for the purpose
of overcoming strong forces and considerable lengths of motion.

Applying integrative discussion of time parameters of microcomputer control over
fluid actuators, by establixhing corresponding formulae and by presenting real tabular
data the basic aim of this work is accomplished. It is obvious that:

—by defining time parameters, action speed of the components and the speed of the

whole ACS is defined,

—demands and possibilities of application of appropriate components and of the ACS

in technical systems which realize certain processes are dfined in an exact way, and

—the probelem and possibilities of microcomputer control application is explained to

a greater number of professionals who have not yet specialized in this field.

In this way, complete discussion of the ACS through investigation of its time
parameters of the working process, which has not been carried out until now, allows for
complete design of the ACS and application of algorithms and programmes for automatic
(computer) designing. By calculating the time of actuator operation, it is possible to make
optimum choice of control microcomputer which is the most expensive and the most
important component of automation process.

Directors of designing, exploitation and business policy can benefit from this.

REFERENCES

1. Bpon A. LI., Tapraxockuu XK. E., [uopasiuveckuii npugod ezpecammuuvix cmankos u asmoMamuyeckux
aunuy, "MammHocTpoenue”, Mocksa, 1967.

2. Bukumirovi¢ M., Tendenciju razvoja fleksibilnih transportnih sistema, SANU 1 Institut za industrijske
sisteme (IIS). Novi Sad. 1993.

3. Ciner P., Dinamicke pojave u hidraulickom cilindru sa prigusenjem, HIPNEF (Hidraulika, Industrijska
robopneumatika, Nove tehnologije, Elektronika, Automatika, Fluidika) '90, Beograd, 1990.

4. Durkovi¢ R., Regulator granicnog opterecenja u pogonskim sistemima sa hidraulickim prenosnicima,
HIPNEF '90, Beograd, 1990.

5. Durkovi¢ R., Uticaj primenjenih sistema upravljanja i regulacije hidrostatickih prenosnika na tehnicki
nivo mobilnih masina, HIPNEF '96, Beograd 1996.

6. Feuser A., Novi elektrohidraulicki linerani i rotacioni pogoni u sprezi sa regulacionom i upravijackom
elektronikom, HIPNEF '90, Beograd 1990.

7. Kikovi¢, B., Pozicioni automatski aktuatorski sitemi, HIPNEF '88, Nis.1988.

8. Makapos 1. M., (nox penakuuen), Pobomexnuxa u eunxue agmomamusuposanue npou3eoocmea (KHuea
2) u VYnpasnenue pobomexHucKuUMu CUCMeMAMU U SUNKUMU ABMOMAMUSUPOBAHHBIMU NPOUE0OCEAMU
(xnuea 3), Mocksa 1986.

9. Miti¢, Dj., Neke mogucnosti primene PC-i racunara u pnetematskim sistemim automatskog upravljanja.
HIPNEF 93. Beograd, 1993.

10. Miti¢, B., Jedan nacin odredivanja srednje brzine klipa pneumatickog cilindra dvostrukog dejstva u
zavisnosti od promene radnog pritiska, HIPNEF '88. Ni§, 1988.

11. Petkovi¢, Z., Matematicki modeli dinamike pneumatskog pogona, HIPNEF 90, Beograd, 1990.

12. Petkovié, Z,. Simnié, Z., Vpliv premera cevi na karakteristike pneaticnega sestava, HIPNEF '88. Nis,
1988.



752

13.
14.

15.
16.
17.
18.

19.

20.

M. BUKUMIROVIC

Potkonjak, V., Robotika, "Naucna knjiga", Beograd, 1989

Ruckgauer R., Entwicklungstensstendencen bei hidrostatischen Antirieben in mobilen Arbeitsmaschinen
O+P "Olhydraulik und Pneumatik", 1993.

Savkovi¢-Stefanovi¢, J., Informacioni sistemi u procesnoj tehnici, "Nauc¢na knjiga". Beograd, 1987.
CwmexoB A. A., Agmomamusuposannvle ckiaou, ManmHoctpoenue, Mocksa 1987.

Stoji¢ M., Digitalni sistemi upravljanja, Naucna knjiga, Beograd, 1989.

prenosnika na tehnicki nivo mobilnih masina, HIPNEF '96, Vrnjacka Banja 1996.

Tosi¢ S., Bukumirovi¢ M., Transport system automation of continous action in industry systems, XIV
International conference on material handling and Warcehousing, University of Belgrade, Faculty of
Mechanical Engineering, Belgrade, 1996.

Propsektna dokumentacija i prirucnici hidrauli¢nih i pneumatskih komponenata i sistema i racunarske
opreme: "Prva Petoletka" (1993), Trstenik; "Festo" (1996), Be¢; "Informatika", Beograd; "Lola
racunari", Indsutrija "Ivo Lola Ribar", Beograd.

VREMENSKI PARAMETRI - BRZINA DEJSTVA
MIKRORACUNARSKOG UPRAVLJANJA IZVRSNIM
ORGANIMA TEHNICKIH SISTEMA AUTOMATIZACIJE

Milan Bukumirovié

U radu se razmatraju vremenski parametri upravljanja koji karakterisu brzine dejstva

komponenata tehnickih sistema automatizacije: pogonskih organa - aktuatora i mikrorucunaru
(mikroprocesora). Na bazi poznatih matematickih modela dinamickih prelaznih procesa, kod
fluidnih aktuatora utvrduju se odgovarajuca vremenu trajanju ovih procesu. Na taj nacin se
odreduje potrebno vreme - brzina dejstva izvrsnih upravljackih uredaja tehnoloske opreme i
automatskih sistema upravljanja automatizovanih procesa.



