Chapter 2: Grafcet Programmable Logic Controller

Tutorial exercises No 1

Exercise 1:

A drill performs a drilling cycle controlled by the input variables d, h, m, f, b, and p.

d: Cycle start push button

h: Upper limit switch contact
m: Midpoint switch contact

f: End-of-course switch contact
b: Piece height contact

p: Piece presence contact b

M: Ascending motor
D: Descending motor
R: Rotation motor

piéce basse

h Piece haute h
/ LT LT LT
Piece basse m
B |, ,

Cycle court Cycle long

M, D, and R:

e 1 -> Motor running
e 0 - Motor stopped

When the drill is at mid-course (m =1):

e If the pieceislow > b=0
e If the pieceis high > b=1

The cycle begins when the push button d is pressed. The drill must be in the upper position, and a
piece must be present. The pieces to be drilled can be of two types: high piece or low piece.

The description of the two cycles, short and long, is shown in the figure above. Before starting a
new cycle, the drilled piece must be removed and replaced.

o Describe the operation of the automation system using a Grafcet.
Exercise 2:
The system shown in the figure above consists of two tanks that are used similarly.

o Ifthe level is below b; > b;=0
e Ifthe level is above by > b;=1
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When the push button m

is pressed, both tanks are filled by opening valves V1 and V2.

As soon as one tank is full, for example, tank 1, its filling is stopped, and its content is used. Once tank 1 is

empty, the valve is closed.

Filling can only begin when both tanks are empty. Filling is triggered by pressing the push button

m.

v {1 valve open
Reservoir Om ! 0 valve closed
— —
S {1 valve open
! 0 valve closed
vl v2
hl h2
Bac1l Bac 2
b1 b2
wl w2

Describe the operation of this control system using a Grafcet.

Exercise 3:

We consider the system from the previous exercise, with the addition of a lamp ‘L’, which lights up if tank 2
is empty and tank 1 is not yet empty.

e Describe the system using a Grafcet.
e Forthetiming diagram provided in the figure below, indicate the sequence of stable states and the timing
diagram for the variable ‘L.
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Exercise 4: Moteur (T
A lift is programmed to regularly serve the three levels of a P3 |-o E3 I:
building. The lift is called using the buttons E1, E2, and E3. When | pumm [ riveau 3
the lift is called, the system commands the closing of the doors, |
followed by the movement of the lift to the requested level. P2 |- E2 !
Once it arrives, the doors open. | e e 2
Initially, the lift doors are open.
P1 }o E1l I:
e MO: Lift ascent _
e DE: Lift descent [ i

e OU: Door opening
e FE: Door closing

« E1, E2, E3: Lift call buttons

o a: Door open sensor

e b: Door closed sensor

e P1, P2, P3: Position sensors for the lift (level 1, level 2, level 3)

Remarks: The doors open when the lift reaches the desired floor. It is assumed that the three call
buttons are never pressed simultaneously.

Provide the Grafcet for the process.

Exercise 5:

Draw the timing diagrams for the missing signals for the three Grafcets (1), (2), and (3).

1 2 1 2
1 T tX2/3s —+R1 | _|_
4 R1 C| _—— R1 (|:
2 — A 3 A 34 A
-+ R2 -|— R2 -—R2
M) (2) ®)
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Exercise 6:

A sliding door moves along a rail via motor M1, which allows the door to move right and left at both low and
high speeds.

e If a person is detected by the presence sensor S5, the door first opens at high speed (GVD) from S1 to
$3, then at low speed (PVD) from S3 to S4.
e At the end of the opening, the door remains open for 15 seconds.

After the 15-second period:

e If no one is detected again, the door closes first at high speed (GVG) from S4 to S2, then at low speed
(PVG) from S2 to S1.

e If a new person is detected, the door remains open for another 15 seconds.

e Initially, the door is closed.

Describe the system using a Grafcet.

Exercise 7:

A sump is used to collect rainwater, which gradually infiltrates into the ground around the cavity
of the sump. To prevent water overflow in the event of excessive inflow, two pumps, P1 and P2,
and a water level detector have been installed as shown in Figure 1. The desired operation is as
follows:
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e If the water level N is below N1 (all three contacts N1, N2, and N3 are released), neither pump
operates.

e Suppose the level N rises. When N reaches N2, pump P1 starts.

e If the level drops, P1 stops when N reaches N1.

o If the level continues to rise, P2 starts when N reaches N3.

e When both pumps are operating and the level N drops to N2, P2 stops, but P1 continues to
operate.

o
-
Ni>® Q*LJ - &l| }

Describe the system using a Grafcet.

Exercise 8:

Describe the operation of the sump system from the previous exercise using a Grafcet, ensuring the pumps
alternate operation.

Exercise 9:

Two wagons, H1 and H2, transport materials from loading points C1 and C2, respectively, to point D.

G D
m1l Cl
P T P e
1

Chargement du wagonnet H1

Position d'attente Al D
voie commune l
|
Position
1o . de
Position d'attente A2
chargement

m2 G D
- 27—
|

Chargement du wagonnet H2

C1,C2,and D =

e 1: Wagon present
e 0: Otherwise

If wagon H1 is at C1 and the push button m1 is pressed, a cycle C1 - D - C1 begins.
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¢ Wait at Al until the common area shared by the two wagons is free.
e Mandatory waiting at D for a duration of 100 seconds. Wagon H2 operates identically.

Describe the control system using a Grafcet.

Exercise 10:

A water tower is supplied by three pumps P1, P2, and P3, depending on the state of three level
detectors hl, h2, and h3.

e Alevel detector is in state 1 if it is submerged.
e A switch m enables the operation of the system.
e Pump Pioperates if the switch m is activated and the level detector hi is not submerged.

Develop two Grafcets for the system: The first using conditional actions.

EEE

Exercise 11:

On considere le systéme de commande d'une barriére automatique de parking payant. La barriére est
composée de deux parties la barriere G peut s'ouvrir seulement et laisser passer les motos.

;\ /; a =1: Vehicle on plate A
| [

b = 1: Vehicle on plate B
g d u =1: Insertion of a 50DA coin
0 v = 1: Insertion of a 100DA coin
g = 1: Left barrier closed

d = 1: Right barrier closed
A B G = 1: Left barrier open (and remains open)
D = 1: Right barrier open (and remains open)
fa b

The two barriers can open together to allow a car to pass. On the ground, two plates detect the
presence of vehicles. The system’s inputs and outputs are represented in the figure above. On the
left side, there is a toll station with two slots for 50 DA and 100 DA coins.
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e To open the left barrier, there must only be a motorcycle on plate A, and a 50 DA coin must be
inserted. The barrier closes when there is no longer a vehicle on plate A.

e To open both barriers, there must be a vehicle detected on both plates A and B, and either a
100 DA coin or two 50 DA coins must be inserted. The barriers close when there are no
vehicles on plates A and B. It is assumed that a car that first presses plate A must also press
plate B within a delay not exceeding one second.

e Initially, both barriers are closed.

Describe the operation of this control system using a Grafcet.

Exercise 12:

This is a system used in beverage production plants and describes part of the process ensuring the
filling and capping of bottles. The system consists of:

e A conveyor belt for moving the bottles.
e Afilling station P1, controlled by the solenoid valve EV.
e A capping station P2, controlled by a double-acting press cylinder V1.
e The bottling line is initiated by activating the switch DCY.
e The motor M advances the conveyor by one step until the "conveyor in position" sensor
(FCTP) is triggered. A bottle is then present at each station:
- P1 (detected by the empty bottle sensor PBV)
- P2 (detected by the full bottle sensor PBP)
e Vhand Vb are sensors for the upper and lower positions, respectively.
e Thefilling and capping operations are performed simultaneously for the two bottles.

Capping is performed in two steps:

1. Lowering the press cylinder V1.
2. Raising V1 after the cap has been pressed.

Filling is performed in two steps:

1. Opening the solenoid valve EV.
2. Closing EV after the bottle is filled, with the filled bottle sensor (BR) controlling the fill level.

o Initially, the press cylinder V1 is in the upper position.
e The system operates continuously.

Describe the operation of this control system using a Grafcet.
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Exercise 13:

Parts arrive in a line through a chute and must be placed on a conveyor belt (TR). The system is
equipped with two double-acting cylinders:

e Cylinder A is used to load the part onto the platform.
e Cylinder B is used to place the part on the conveyor belt.

The action A+ controls the rod of cylinder A to extend outward, and the action A- controls the rod
of cylinder A to retract inward.

The action B+ controls the rod of cylinder B
to extend outward, and the action B- controls - — -
the rod of cylinder B to retract inward. Goulotte sl . Vérin B —0 o—
i 1

The action TR controls the conveyor belt. . " - i/;
e The push button m allows the cycle to start. ' ' ot 0 -
e The sensor dO detects the arrival of a new

piece. E ! . |‘ plateau
e a0, al, b0, and b1 are binary sensors used to Vérin A 3

detect the positions of the cylinders. TR
e K: Mode selector: o= bl

If K =1, the system operates cycle by cycle. Tapis roulant—» -

If K =0, the system operates continuously (no

need to press the m button to start a new cycle).
System Operation
Pressing the push button m starts the operation cycle. Once a piece is detected by sensor d0, the

rod of cylinder A moves to place the piece on the platform and then returns to its initial position.
Next, the rod of cylinder B moves towards the outlet to place the piece on the conveyor belt.

Once the piece is in position (b1), the system simultaneously commands the return of cylinder B and
starts the conveyor belt TR for a duration T of 4 seconds. When cylinder B returns to position b0
and the duration T has elapsed, the cycle restarts.

The cycle can only begin if cylinder A is in position a0 and cylinder B is in position bO.
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1. Determine the inputs and outputs of the system.
2. Describe the operation of the control system using a Grafcet to ensure mixed operation modes: cycle-
by-cycle and continuous.
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