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Steps for Building a Ladder Diagram

© N Ok wODd -~

Determine the No. of digital I/O

Determine the No. of analog /O (if needed)
Determine if there are special functions in the process
Estimate program capacity depending on the process
Choose a suitable PLC series

Prepare the wiring diagram

Draw flowchart or control diagram (Optional)

Program the PLC using the ladder diagram
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Exercise #1: Moving a Pneumatic Piston

Cylinder

I Piston 4
| ] AT +—e A"

Control Problem

The PLC task is to move the al e 5/2 valve
piston in and out. When 51 s2
switch SW1 is momentarily r / Snubber
turned on, piston A is to %A;vg
move out of the cylinder in A, e
A+ direction. When switch

¢y  SW2 is momentarily turned l P

= on, piston A is to move into IMM_'T . T
the cylinder in A- direction. CR1 CR2
Controller
IN1 IN2

l}:}‘?w}‘ CL SW2
T pushbutton T pushbutton

24 Vd.c.
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Exercise #1: Moving a Pneumatic Piston

m|r1 IN2
! | {
| | 1 —{(CR1)}——]
CR1 Address Instruction Data
|1
I 0 LOAD IN1
1 OR CR1
IN2 IN1 § AND NOT IN2
I | | f ouT CR1
H at (cr2) 4 LOAD IN?
3] OR CR2
¢ CR2 6 AND NOT IN1
8 END
[End }—
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Exercise #1: Moving a Pneumatic Piston

Cylinder
l lPistonA B
If SW1 and SW2 are | W Ty
pressed together,
what would happen?
. 1 c2 5/2 valve
The two solenoid o -
valves will be tuned off : / s
nubber
E‘J;' ! |E
24 Va.c. A) Vv 24 Va.c.
~v Vol
How can we make
. an electrical  Snubber
- interlock? P o B
) 5 o 0
CR1 CR2
Use the contacts of the Controller
main relays instead of IN1 V2
the input contacts l l
SW2

F‘ SW1
pushbutton T pushbutton

24 Vd.c. T
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Exercise #2: sequencing of Pneumatic Pistons

| 4 | 8 ¢
] —

| |

51 52 53

éér €| | Y ﬁ é\'wr/'%‘

24 Vace.

Snubber

st Control Problem
The PLC task is to operate piston A followed by
piston B followed by piston C. The sequence is A+,

A-, B+, B-, C+, C- is to be repeated when switch
SW1 is turned on
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Exercise #2: sequencing of Pneumatic Pistons

IN1

. Tl CR2 CR3 CR4 CR5 CR6

Circuit for sequencing the pistons.

Address Instruction Data
I_ —{ CR1)— 0 LOAD N1
—' i 1 OR CR1
et 2  ANDNOT Tl
|— (11) 3 ANDNOT CR2
Constant 5 § Apio ot
_ln - 5 ANDNOT CR4
! T2 6 ANDNOT CR5
| iy —(CR2)— 7 ANDNOT CR6
- 8 OUT CR1
CR2 } ? i tom 3
- 10 CONSTANT 5
e ey hoee G
. - onstant 5 12 OR CR2
| 5 ) 13 ANDNOT T2
| By (CR3y— 14 OUT CR2
N 15 OUT 72
- B 16 CONSTANT 5
17 LOAD T2
_| I_‘ :( T3 }—o 18 OR CR3
onstant 5 19  AND NOT 3
”I T }/ ’ 20 OUT CR3
i 21 OUT 3
| v 4 (cr4)- 22 CONSTANT 5
. B~ 23 LOAD T3
24 OR it
I—* (74 }— 25  ANDNOT T4
—‘ 26 OUT CR4
T1 Tﬁ Constant 5 27  QUT ; T4
% 28 CONSTAN 5
| ‘ (CRS)y— 29 LOAD T4
o 30 OR CRS
—— i 31  AND NOT T5
‘_ 75 }— 32  OUT CR5
_| ( 33 OUT 75
o - Constant 5 34 CONSTANT 5
. 35 LOAD T5
’_ | {CRE)— © 3 OR CR6
—| -;V = 37 ANDNOT 76
- 38 OUT CR6
|-— (16) 39  OUT 76
I Constant 5 vl °
41 END
{End]—
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Exercise #2: sequencing of Pneumatic Pistons

1 ] ]
| o) ﬂ Vv ﬂ é\é / o
C DU S DSVt ) [ VTS D T R D

If the system does not work or sequence in not
correct, what would be the possible reasons?

e Solenoid valves do not work
e The wiring of solenoid valves is not correct or not in

the correct order (wiring problem)
e The ladder diagram is not properly written (sequence

in not correct)
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Exercise #3: Batching Machine

) =] O
2 mm a1

T
7\ N e
W

1 W/

Control Problem O
The PLC task is to control a simple L=l
q machine which counts and batches O
- components moving along a conveyor. It |
is required that ten components be et i
channeled down route A and twenty
components down route B. A reset facility

is required

1

Components
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Exercise #3: Batching Machine

Reset
5'43“ { { Microswitch MS1

24 Vde. Run IN1 IN2

PLC
CR1

oo

24 Vde.

Flap
solenoid S

oV
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Exercise #3: Batching Machine

lel Heset
£y
i \ €l s
o2
[l Address Instruction Data
1 0 LOAD IN1
1 OR &2
fﬁz 9 RESET 1
It —{( €1 —— 3 LOAD NG
{Constant 10 4 ouT 1
. 5 CONSTANT 10
i T 6 LOAD C1
I | {CR1} 7 OUT CR1
8 LOAD N1
g OR 2
IN1
' o) 10 RESET c2
i L 02 ) 11 LOAD IAD
X ' 12 AND 1
EEEEE——— C‘2 13 our ra
14 CONSTANT 20
| | 15 END
e 1
| ! ' {
1 - €2 }
Constant 20
r ~
_LLnd]—_-
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Exercise #3: Batching Machine

If the system does not batch and/or Components

count, what would be the possible @/

reasons?

The reset switch is always on
The microswitch does not work '
The flap solenoid does not work M1 |:
The ladder diagram is not properly
written

'Y
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Exercise #4: Reject Machine

Faulty Good Photoelectric
component component switch Pneumatic blower

\ \ 58| ?H O/

Conveyor ] | O

Reject tray

Reject system

'Y

Control Problem
The PLC task is to detect and reject faulty components. Components are
transported on a conveyor past a retro-reflective type photoelectric switch. The
photoelectric switch is positioned at a height (H) above the conveyor where (H)
represents a tolerance value for component height. Good components pass
underneath the photoelectric switch and no signal is generated. Faulty
components break the light beam twice as they pass the photoelectric switch.
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Exercise #4: Reject Machine

Photoelectric
switch

O/O— =
3]

i l— Heset
Q

24 ¥ ¥ !
N INZ
Controller
CR1 CR2 CHR3
o} 0 Q o Q Q

24 V a.c.

= B B

Fneumatic
blower solenoid

Count input Reset
Display unit

Input/output connections for the reject system
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Exercise #4: Reject Machine

T1 Reset
_ ! ¢
— | {81 )
IN2
_I '_ Address Instruction Data
0 LOAD T1
!i!b;l 1 OR IN2
{
c1 }— 2 RESET cl
) oz |4 Lo
c1 5 CONSTANT 2
—{ E (CR1)}— 6 LOAD cl
7 ouT CR1
8 ouT CR2
i 9 ouT T1
{CR2) 10 CONSTANT 5
Vo 11 LOAD N2
13 END
_( T1 )__
Constant 5
IN?2
—-| 'r {CR3)}——
{End }
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Exercise #4: Reject Machine

Faulty Good Photoelectric
component component switch Pneumatic blower

N N QO

Conveyor ! I O

Reject tray

Reject system

- If the system does not reject faulty components, what would be the
= possible reasons?

e The photoelectric switch is too high (H is too big)

The photoelectric switch does not work

The pneumatic blower does not work

The ladder diagram is not properly written

The faulty components is not as described in the drawing
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Exercise #5: Pick and Place Unit

CR1 X'

CR2- X~

CR3 Z7

CR4 Z~

CR5 67 z
CR6 0~ i
CR7 close gripper
CR8 open gripper - | | :

Gripper (open/closed)

T
1

vy Control Problem e
=== The PLC task is to:
a) move the gripper to X+ position
b) close the gripper so that it takes hold of a component
c) rotate the gripper through 180° to the ©+ position
d) Release the component
e) Rotate the gripper back to the ©- position so that the pick and place

operation may be repeated
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Exercise #5: Pick and Place Unit

m by
e b —{em)—
CR1
_| I_ cm:;n::-;- Address [nstruction
T T2 (1] LOAD
i l:lpl?er il + {crT)}— 1 oR
Lower limit limit g (ﬁ NOT
CRY 4 ouUT
} :’ ,H/ {CR 1} e i 72 }— 5 CONSTANT
Constant 2 'g gﬂnﬁ.ﬂ
T2 T3
CR1 it rsy— 2 our
| 1 10 ouUT
I RS 11 CONSTANT
iz LOAD
—{m) 1
l:'p.per LOWEI‘ —1 i_ Coanstant 2 13 EE’II NOT
limit limit . - 14 ouT
16 OUT
{ } ,}’ r ‘(\C'R2) ———# —(®)—  » CONSTANT
T LOAD
i:‘lﬁEl | ;g ign NOT
VYA cxs ' T a o
I nstan DuUT
E—— il T4 TS 23 CONSTANT
— —o— X oW
m T
CR2 27 SHUITJ Nt
g i > - 28 OuT
Using limit switches to control the X* and X — (™) CONSTANT
tr Consiant 2 20 LOAD
TS 6 S OR
movemern L i P 3: Eﬂ? o
34 ouT
CRE 35 COMSTANT
{75 }— " END
Corgtant 2
{ End}—
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Exercise #5: Pick and Place Unit

If the system does not
work or sequence is not
correct, what would be
the possible reasons?

Wiring problem

Some solenoid valves do
not work

Timing is not correct

The ladder diagram is
not properly written
(sequence in not correct)

E

Base

Gripper (open/closed)

How can we get rid of the timers in the ladder diagram/program?

Use position sensors for feedback but that would be expensive compared to
using timers but more accurate and reliable in case the mechanical system
starts to have some problems
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Exercise #6: Production Line

Filling and : :

capping machine ~ Frismatic Prismatic _ _ ,
reflector Cap reflector Heat shrink wrapping machine
Prismatic

reflector

Fhotoelectric
switch P1 Photoelectric
switch P2

il

Palietizing
action

Fhotoelectric
switch P3 Photoelectric
switch P4

Y. Control Problem

— The PLC task is to organize the production process. Cans filled with fluid and
capped before passing into a conveyor. The photoelectric switches P1 and P2 are
used to check that each can has a cap. Photoelectric switch P3 provides a trigger
for the ink jet printer which prints a batch number on each can. Photoelectric
switch P4 is used to count three cans into the palletizing machine that transports
three cans through a machine which heat shrinks a plastic wrapping over them.
All photoelectric switches on the production line are of the retro reflective type.
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Exercise #6: Production Line

Conveyor Conveyor Can and cap Ink Can
start stop detection jet count
(NG {NC r s

pushbutton) pushbutton) Pl (NO) F2 (NO) P£3 (NO) P4 [NQ)

Signal from
palletizer

] 1 = palletizing

l j l ] ] I o
IN1 IN2 ING INE IND ING INT
Controller
CR1 CR2 CR3 R4
=) 0 (] 0 0 [ 0 o]
R Start and Start and Pulse Buzzer
stop conveyor stop ink jet palletirer
to activate

NG = Normally open contact
NC = Normally ¢loeed contact

Input/output connections for the production line.
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Exercise #6: Production Line

Conveyor
start/stop

buzzer

Cap
detection

Ink

Yy ot

Palletizer
action

IN1 IN2 T1 ING
L LV | /
| A ,r‘.’ (CRI}—
CR1 INT
CR1
|~
—,F (CR4)—
IN3 IN4& IN1
| {
HH T
AR1 onstant
i ARL)—
INS T2 CR1
| (CrR2)y—
CR2
_( ™ }_
Constant 2
et Cuunte:l'j— —=
: {RST i
IN® INT | :
,H/ —( €1 )}
L e i s sl
C1 Constant 3
{CR3)

Address Instruction Data
0 LOAD IN1
1 OR CR1
2 AND IN?
3 AND NOT n
4 LOAD NOT ING
5 OR NOT INT
3] AND BLOCK
7 ouT CR1
8  LOADNOT CR1
9 ouT CR4

10 LOAD IN3
11 OR AR1
12 AND NOT INY
13 AND NOT IN1
14 ouT T
15 CONSTANT 5

16 ouT AR1
17 LOAD INS
18 OR CR2
19 AND NOT ™
20 AND CR1
21 ouT CR2
22 ouT ™2
23 CONSTANT 2

24 LOAD INT
25 RESET ' |
26 LOAD ING
27 AND NOT INT
28 ouT 'y |
29 CONSTANT 3

30 LOAD cl
31 ouT CR3
32 END
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Exercise #6: Production Line

Filling and
capping machine

Prismatic Pmmah{:

reflector Cap reflector Heat shrink wrapping machine

Prismatic
reflector

Fhotoelectric
switch P1 Photoelectric / -
tek o Palietizing
switc Photaelectric action

switch P3 Photoelectric
switch P4

Yy
- |f the system allows uncapped cans to pass, what would be the

possible reasons?

The height of the photoelectric switch needs to be readjusted

The photoelectric switch does not work (transmitter or receiver)

The photoelectric transmitter is not aligned with the receiver

The ladder diagram is not properly written (or timer is not set properly)
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Exercise #7: star-Delta Connection

Line CurrentIll —

3 Phase
Phase Voltage Vs — Vi X =
| ‘ g Voltage ﬁ
Ph Phase
Current Is1 z VOQ?QG Phase Currentls] \Forll’%séjee\/s /3 x Vi
3 Ph ase CurrentIsl = —
5 Voltage Z 3Z
Vi 3
3 X Vi
Line Current [11 = (LELTrar‘gﬁt Is1 = a7
Line Current [12 ——
Phase VoltageVs = %a?ggsg Vi
\Phase Current
3 P ase
Is2 Voltage V1 %q%sgeevs Vi
Ph Eese: Is2
_ ase o =
v¢ - ItageV Z Z
/3 X VI
Z Line Currentll2 — /3 X E’Lﬂ}?gﬁt Is2 = ———

Z

The comparison result of the line currents between the star and delta connections is

shown here.

Line Current i1 V3 X Vi v Z |
LineCurrertli2 ~ 37 [3xvi =~ 3
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Exercise #7: star-Delta Connection

Control Circuit Diagram Power Circuit Diagram
L, L1123 Legend:
0 &1z K1T=CT-SDE Timer
-5t K1 = Star Connection Contactor
5 3 —F1[ j []3 [j‘ K2 = Supply Voltage Contactor
I ey % 'K_Z,\ax. L K3 = Delta Connection Contactor
_52 L
1 |53
K17 ﬁi -K1T -Kg\ " -r_:g]y'
) | I
af A T R R
B
Yo
I ki
s 21 A1 Ad Al Al 115 [4 57 % +
'KWE:E% ‘K"E% ‘IGI:% ‘K?E;..lz B I--'\---—?
)| )| L N 126 '8 e
W1 w2
V2
3~ ju2
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Exercise #7: star-Delta Connection

lstal'l‘ lStDp oL

Mains

24V RUN IN1 IN2? L IN20
CR1 CR2 CR3 CR20
Q Q Qo 0 QO © eee( o)

— !

Load
M Y
power supply

PLC system layout — Wiring diagram
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Exercise #7: star-Delta Connection

Yv

Mo | Contact 1 | Contact 2 | Contact 3 Contact 4 Contack 5 | Coil
1 2 13 [
o0t | | | | ()
_ |Hstart Dstap Hoverload
M1
oz
| 11 03 [ a2
003 A A ()
] ElTirmer DDelta O DlStar ON
T1 o2 [ 3
04 | | 1 ()
] ETimer DStar ON HDelta ON
el
a0s ()
] Dhtain ON
TT1
006 ()
L D Tirner
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