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Let x andy be Boolean variables. Prove that
Xy +Xy+Xy=X+y

An automaton has one binary staféq = 0 orq= 1) and a binary inputi (u= 0 or
u=1). If the automaton is in the statg= 0 it transits to state = 1 if and only if
u= 1. If the state iy = 1 a transition to statg = 0 occurs if and only it = 0.

. Draw a Boolean truth table showing how the next stgtelepends on the current state
g and the current input. Use the format shown in the table below.
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. Relateq™ to g andu through a Boolean algebra. Simplify as far as you can.

. Draw a state chart with vertices correspondingjte 0 andq = 1 and arcs labeled
eitheru= 0 oru =1, connecting the vertices.

Are the nets in Figure 1 Petri nets? For the ones which arérid$ indicate:
. The transitions which are enabled.
. The markings after firing.

. The transitions which are still enabled after firing.
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For each of the Petri nets A, B, C and D shown in Figure 2 answeequestions

a. Is it bounded?

b. Isitlive?

c. Is it deadlock-free?
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5. When its 'production’ is complete (production of one parbaime) aproducer de-
posits the part produced in a buffer, if there is any room is bluffer, whose capacity
is three units. As soon as he or she has deposited it, he otestsete produce another

part. A consumer, upon finishing consumption (one part at a time) removes & par
from the buffer if this is not empty.

Represent the functioning of this system by a Petri net witingial marking corre-
sponding to Figure 3.
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6. What happens if the logical signa, becomes true in the functional diagrams in

Figure 4.
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Figure4 The five Grafcet diagrams in Problem 6.
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Figure5 The buffer tank in Problem 7.

7.  An on-off controller is used to control a buffer tank. The feuftank is shown in
Figure 5.

The controller works as follows:

The sequence is initialized in a waiting position. When thgadal input signal,
start, becomes true (start-button is pushed) the sequence starts

The input valve, V-in, is opened.

When the level passes above 1.05 m. i.e., when the sensagtHsdirue, the
input valve is closed.

The input valve is opened again when the level decrease®%on, i.e., when
the sensor H-low is false.

Describe the on-off controller in a Grafcet diagram.

8. Make a Grafcet diagram that describes a sequence for an atitogas chromato-
graph (GC). The GC takes a sample with a certain samplingvedteTwo different
top detections are made on every sample. The top detectidonis by an external
equipment. This is the specifications on the sequence:

1.

The sequence is initialized in a waiting position. Whea $ignalSTART be-
comes true then the GC sequence is started.

. When the sequence is started, the GC makes a sample bytpie signalsAM-

PLE. There is an additional equipment that makes the sampling.

When the sampling is done, indicated by the input sSIDBEE, the top detections
are done in parallel.

. The detection of top 1 can start after 10 seconds (indicatpand it is done

after 15 seconds (indicat@2) The top detector is started by the sighBTECT.

. The detection of top 2 can start after 20 seconds (indicggpand it is done

after 45 seconds (indicata#)

. When the top detections are finished a new sample can beaftad@ minutes.

Use the signal’s, which is true with a 2 minute interval, to regulate this.



10.

A truck H is able to move between positioAsandB (Figure 6). The presence Atis
represented by the Boolean variable: 1. Likewiseb = 1 when the truck is aB. An
order is given to the truck by buttonm (m= 1 when this button is pressed). The rest
position (initial state) iA. The outputs of the control system &€R = 1, movement

to the right),L (L = 1, movement to the left).

Using Grafcet, describe the logic controllers correspogdo the following cases:

. Whenm =1, truckH sets off towards poinB and then returns to poik. If m=1

when truckH arrives at point, it sets off for a new cycl&BA. Otherwise it stops.
And so on.

. When the variablen changes from 0 to 1 (just when the button is pressed), tHick

sets off for a cycleABA. Whatever the value aih may be when trucld arrives at
pointA, it stops and waits for the next change of variaibléom O to 1.

. Same ag, with in addition the counting of the number ABA cycles carried out from

initialization (counterC).
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A drill carries out a drilling cycle which is controlled by B&ean variablesl, h, m,

f, b and p (see Figure 7) which are the inputs of the logic controllebeéadescribed
by Grafcet (they are at 1 when there is contact). The outpiutisi® logic controller
are the Boolean variabléd, D andR (which are equal to 1 when the corresponding
motors are running). The cycle begins when buttbrs pressed, if there is a part
present. The parts to be drilled may be of two types, namelyoiohigh parts.

When the part is low, the cycles is as follows. From the statte cycle, we start up
the lowering motor and the motor rotating the spindle begtte drill. When contact
f is reached, the spindle rises again up to cortiaat which point the rotations stops.

When the part is high (which is identified by the fact that eahb occurs before
the half-way travel contaan), the spindle rises again up to cont&civhen contact
m is reached, after which it is lowered to contdcbefore rising again in the same
conditions as in the short cycle corresponding to a low part.

Prior to restarting a new cycle, the part already drilled ninzgs’e been removed and
replaced.

Describe the functioning of the logic controller by a Grafce



high part
(long cycle)

h
low part
(short cycle)
- )
f f

Figure?7



