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INTRODUCTION

Analog/Digital Differences

Switches and Relays
Pneumatic Switching Valves
Cylinder Control and Sensing
Other Switching Elements
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BOOLEAN ALGEBRA
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Logic Theory Implementation in Switching

George Boole

NAND (NOT AND) :
NOR (NOT OR) :
XOR (Exlussive OR)

Xnand Y = (X.Y)'
XnorY = (X+Y)'
X xor Y = X'Y+XY'

False and True replaced by 0 and 1
Binary Items and Variables
Logic , Boolean , Binary , Digital
Switch or Relay ON/OFF Position :
Contacts : Open / Closed
Net : Connected / Not-connected

Binary sensors (Temperature, Pressure, etc)

Representations :
YT
"ON"/"OFF"
"HIGH" / "LOW"

INHIBITION

Xy

IMPLICATION X+Y'

f. More Useful Operators

Implementations :

a. Basic Definitions

OR NOT
0+0=0 0=1
0+1 = 1=
140 =

b. Basic Operators

X.0=0 X+0 =X
X1=X X+1=
XX =X X+X =X
XX'=0 X+X'=1
X+X.Y =X
X+X1Y = X+Y

X(Y+2) = XY+XZ
(X+Y).(X+Z) = X+YZ

(A.B) = A"+B'
(A+B) = A"B'

(A.B+A'.C)' = (A'+B").(A+C")
(AB(C'+DE'))’ = A"+B'+C(D"+E)

g. DeMorgan Theorem

AND, OR, NOT
AND , NOT A+B = (A“BY
OR, NOT AB = (A'+B
NAND A’ = (A.A) = (A NAND A)
A+B = (A"B') = ((A.A).(B.B)) =
= (A NAND A) NAND (B NAND B)
NOR A= (A+A) = (A NOR A)
A.B = (A'+B') = ((A+A)+(B+B))' =
= (ANOR A) NOR (B NOR B)

XY+X'Z+YZ = XY+X'Z

c. Basic Relations

h. Universal Systems

XY+X'Z+YZ = XY+X'Z
F1 = XY+X'Z+YZ F2 = XY+X'Z

X Y

m
-

F2

—“o-0=0=0 |N

Aadaa0000
—~Ha0O0=-00
aa0O0-A0-0O
—~HO0O0-O-=0O

d. Minimization - Truth Table

XY+X'Z+YZ = XY+X'Z
F1 = XY+X'Z+YZ F2 = XY+X'Z

If Z=0 then :
F1 = XY+X.0+Y.0 = XY F2 = XY+X'.0 = XY

If Z=1 then :
F1=XY+X'"1+Y.1 = F2 = XY+X'.1 =
= XY+X'+Y = X'+Y = X'+XY = X'+Y

e. Minimization - Math Operations

1. Universal Sum-of-Products :
2. Universal Products of Sum :

cocoococooo | »
“4-4a40000 | g
—~—200==00 |0
—~o-a0-0-0 | O
“O-daaaco | M

3. Minimal Sum-of-Products :
4. Minimal Products of Sum :

Adaaaaaan
“aaac000
—~—s00=-00
—“Oo-a0-a0=0O
“ 400400

1. Universal Sum-of-Products :
f(A,B,C,D) = A'B'CD'+A'B'CD+A'BC'D'+A'BC'D+A'BCD+
+ AB'CD'+AB'CD+ABCD'+ABCD

2. Universal Products of Sum :

f'(A,B,C,D) =A'B'C'D' + A'B'C'D + A'BCD' + AB'C'D" +
+AB'C'D + ABC'D' + ABC'D

f(A,B,C,D) = (A+B+C+D)(A+B+C+D")(A+B'+C'+D)(A'+B+C+D).
.(A'+B+C+D')(A'+B'+C+D)(A'+B'+C+D")

3. Minimal Sum-of-Products :

f(A,B,C,D) = ABC'+AC+B'C+CD

4. Minimal Products of Sum :
(A,B,C,D) = (A'+C)(B+C)(A+B'+C'+D)

i. Functions Basic Representations

Fig. 1-1 : Boolean Algebra Concepts




INSURANCE COMPANY REQUIREMENTS

AN INSURANCE COMPANY SELECTS CLIENTS ACCORDING TO THE FOLLOWING
CRITERIA : NATIONALITY, GENDER, AGE AND HAVING DRIVING-LICENSE.
CLIENT MUST SATISFY AT LEAST ONE OF THE FOLLOWING CONDITIONS :

ISRAELI

NON-ISRAELI UNDER 50 WITH DRIVING LICENSE
NON-ISRAELI MAIL 50 OR ABOVE

NON-ISRAELI UNDER 50 WITHOUT DRIVING LICENSE

FIND THE MINIMAL REQUIRED CONDITIONS

a. System Definition

and/or
and/or
and/or

CRETERIA VARIABLE 1 0

NATIONALITY A ISRAELI NON-ISRAELI

GENDER B MALE FEMAIL

AGE [¢] 50 OR ABOVE UNDER 50

LICENSE D HAS LICENSE DOESN'T HAVE LICENSE

b. Boolean Variables Assignment

T = A+A'C'D+A'BC+A'C'D' = A+A'(C'D+BC+C'D')
= A+C'D+BC+C'D'= A+C'(D'+D)+BC= A+C'+CB= A+B+C'

c. Direct Minimzation

T = A+A'B'C'D'+A'B'C'D+A'BC'D'+A'BC'D+A'BCD'+A'BCD
= A-;K‘(B'C'D'+B'C'D+BC'D'+BC'D+BCD'+BCD)' =
= A+B'C'D'+B'C'D+BC'D'+BC'D+BCD'+BCD' =
= A+B'C'(D'+D)+BC'(D'+D)+BC(D'+D)’
= A+B'C'+B.C'+BC = A + B'C' + B(C'+C) =
=A+BC' +B
=A+C'+B

e. Truth Table Minimzation

SIMPLIFIED RESULT :

ISRAELI
UNDER 50
MALE

Rl el T fe Je To I
SRl e Pl

s e e e e

uaanuaanaauna‘auno

e R

and/or
and/or

f. Minimal Requirements

Fig. 1-2 : Algebric Minimization (1)

d. Truth Table

AN OCTAL NUMBER IS DEFINED BY THE BINARY COMBINATION X2,X1,X0

WHERE N(X2,X1,X0)=4.X2+2.X1+1.X0

A COMBINATIONAL SYSTEM DETECETS IF THE NUMBER IS DIVIDABLE
BY EITHER2OR 3

a. System Definition

X2 X1 X0 T

ojo0| 0] 1
0 0 1 0 X1 —n COMBINATIONAL
;1 :: CIRCUIT T
o 1]0 1
b. Block Diagram
0| 1 1 1
T = X2'X1'X0'+X2'X1.X0'+X2'X1.X0 +
110/ 0] 1 + X2.X1'X0'+X2.X1.X0'=
=X0'(X2'X1'+X2'X1+X2X1'+X2X1)+X2'X1X0=
11010 =X0'(X2'(X1"+X1)+X2(X1'+X1))+X2'X1X0=
=X0'(X2"'+X2)+X2'X1X0=
111/ 0] 1 =X0"'+X2'X1X0=
=X0"'+X2'X1
11 1 [1]

d. Minimization Steps

c. Truth-Table
Fig. 1-3 : Algebric Minimization (2)

AB
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Karnaugh Maps

* Visual method for boolean functions
minimization
* [Each variable occupies half map

* nvariables split map into 2”n basic cells,
named map Elements

Each element is represented by a n-variable
boolean product, named "Minterm"

* Any two adjacent elements are represented
by two "Adjacent” minterms

* Merging two adjacent elements produces
a 2-elements cell, represented by a product of
(n-1) variables

* Two adjacent 2-element cells may be merged
Into a 4-elements cell, represented by a
product of n-2 variables, and so on

a. Map Concepts and Basic Properties

B B B
A
A A
B
A 0o 1 B
0
1 A

b. 2-Variables Map Representations

A'B'C'| A'B'C| A'BC | A'BC'

r
1| AB'C'| AB'C | ABC | ABC' ﬁ

\;Cg

c. 3-Variables Map Representations

cD

00 01 11 10 — C—

00

01

I
L

\;Dg

d. 4-Variables Map Representations

Fig. 1-4 : Karnaugh Maps Concept

\;mgl
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GROUPS SELECTION - ESSENTIAL AND NON-ESSENTIAL CANDIDATES

An international company has to hire employees that will be available, as a

group, to support the

foIYo

wing 6 languages :

Hebrew , English , Russian , Arabic , Rumanian , French

Of course, the company target is to hire the minimal number of employees,
and get the required support.

5 candidates look for that job. Next table specifies the language
knowledge of each candidate :

Candidate | Candidate | Candidate | Candidate | Candidate
A B C D E
Hebrew Hebrew Russian Hebrew Arabic
English English Arabic French Russian

Russian Romanian
Arabic

There are many available combibations, but we can make the selection easier :

1. Check if there are ESSENTIAL candidates, that is to say candidate that
support at least a single language, that none of the others does. These
candidates are called ESSENTIAL, since are non-replacable by any of the
other candidates.

2. Since all ESSENTAIL candidates (if there are any) must be a part of any
selection option, we first identify them and select them.
3. NON_ESSENTIAL candidates doesn't mean that they will not be selected.

NON_ESSNTIAL. Since any of them may be replcaed by others, no one can
decide - on first glance - which of them must be selected,or not.

4. Actually, some (or alll NON_ESSENTIAL will have to be selected in case that
the ESSENTIAL candidates do support all required languages.

5. We can see easily that French is suppoter by candidate D only, and
Romanian is supported by candidate B only. This maked D and B ESSNTIAL.
Each of all other languages is supported by al least 2 candidates, so all those
candidates are NON_ESSENTIAL.TIAL.

6. Selection of candidates B and D (ESSENTIAL) cover more than the 2mentioned
languages; they also support Hebrew and English, so we don't have to worry
about support of thse 4 langages.

7. Selecting all ESSENTIAL candidates, don't cover the left languages Arabic and
Russian. So, we must look for the minimal additional candidates that will completed
the.This selection is simpler.

8. In this case, either A or C complete the required supEort, so the minimal selected
group contains 3 candidate (2 ESSENTAIL and 1 ON_ESSENTIAT).

9. There is no other option to the support Arabic and Russian by a single candidate,
so there two minimal available selections :

a.{A,B,D}
b.{B,C, D}
10. Principally, both selections are minimal. On the other hand candidate A has

higher priority than C since he support 4 labguages and may be ore helpful, and a
backup to the other languages that had been covered by the ESSENTIAL candidates.

11. Thsi means that first minimal selction (a) is preferable, which leaves a single
minimal solution.

Fig 11-5 : ESSENTIAL and NON_ESSENTIAL concept
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ol o] o] 0 BCD to 7-SEGMENTS CONVERTER
Design a combinational circuit that gets a BCD input, and converts it to
ol o 1] 0 7-Segment display.
BCD is short form of Binary-Coded-Decimal. It Represents 10 decimal
ol 1ol o digits (0-9) in 4-bit binary code (0000-1001).
Binary combinations 1010-1111 (above decimal 9) may not appear as
inputs, and are refered as don't-care.
o 1| 1] 1
vz a. System Definition
1 0 0 0 X 00 01 11 10
) e
ol 4] ofo o [f1]le M JJUCC o0
Y I Iy I
RN CHI0) D), )
e b. 7-Sigments Arrangement
M = XY+XZ+YZ
1 1] 1] 1
b. Karnaugh-Map ] =
a. Truth-Table D3 — B
D2 —¥ c Bl a |s
Fig. 1-19 : Majority Function D1 —» 2 C—lF
DO —— FoL_]
g D
c. Block Diagram
Y,z -
X Y z A B c X 00 01 11 10
ololololo!o 0 0 1 1 1[ ;_l;_nﬁl‘n:)ABCEfFG
0] 1]0 1
ool [o]o| D oL
A=X+Y+2Z ,,T:g| g ]
oj1/of1]0o]o vz (1[0 0
x 00 01 1110 11 1
ol1[1[1]1]o0 ) }
ol0 |0 |]1 0 - _
1]o/ol1]ofo = =
1o <1 @ 1> = B
roprprfrgo B=XY+XZ+YZ - -
1l1]of1]1 |0 G d. Truth-Table (Partial)
X 00 01 11 10
10111 1 1 0 0 0 0 0 D3,D2
D1.00 00 01 11 10
oo @ 0 00 (1 1 - (1)
a. Truth-Table
s = C=XYZ or| 1 0| - 1
b. Karnaugh-Maps
NEIEED
n
1T v 10 1 0 - .
| p > 2 —— |
E=D2'+D1'D0'+D1.D2

e. Karnaugh Map of "E"

i
« v [
HEFW‘*

D3,D2 D3,D2

" A z 00 01 11 10 D1.00 00 01 11 10
—————A—>c D1,00 |
( (. A CHIS I
| O 1 ] 1 00 0 1 DI
*
. c. Contact Circit Realization or| o L1* J ; ol g g
X

> A *1)| ©

Y 10(1) 1\ \) ° 1J (- \.\ L-/

X
X D—T—v B
z
L o OT_+_O/ A=D3+D2.D1'+D2'D1+D1.D0'=

X Y z > C =D3+D2.D1'+D2'D1+D2.D0'

v f. Karnaugh Map of "A"
SWITCH SWITCH SWITCH
X Y z

d. Electrical Diagram

Fig. 1-21 : BCD to 7-Segments

Fig. 1-20 : Motor Operation Control
(Exer 1-7)




o —5 6—=o

p— o—og
—a - SW PUSHBUTTON
RELAYSPST - - = o
° SW SPST
RELAY 4PST
o oo
=8 n—oTr”, SW SPDT
RELAY SPDT o
' D—O’vrn
| £
i3 g — —H
RELAY DPST
RELAY4pDT  RELAYDPDT

Fig. 1-22 : Various Switches and Relays Types

o—oTo—n
oo 0
SW DPST

D_o/(‘;:_‘j
o

SW DPDT

T=AB+AC+BC=AB+(A+B)C
a. Majority Boolean Function

b. Switches-Operated Circuit

Bl

c. Contacts Circuit

A
e ——

L2
R —

e

d. Switches Remote Operation

9 Long Lines, Carrying High Current

e. Relays Remote Operation

3 Long Lines, Carrying Low Current

Fig. 1-23 : "MAJORITY" Function Circuit

1% 9DPW — NONWYN TYMLIN
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1-7
LAMP
’ O:
]
i O:
COMMON
L =ABC M4 = AB'C’
M1 =AB'C M5 = AB'C
M2 = A'BC’ M6 = ABC'
M3 = A'BC M7 = ABC
L=AB'C'
o——0 M1=A'B'C
o [ o M2=ABC
o———o M3=A'BC
———  _~——  _~——0 M4=ABC'
o———o M5=AB'C
O—I_Q/o—o M6=ABC'
o————o M7=ABC
A B (o]
b. Switches-Operated Circuit
c' -A'B'C’
B' L=AB'C
A k€ 5 mi=aBC
) 2 .
B c M2=A'BC’
R T
o | }—oc' M3=A'BC
. c M4=AB'C'
A E}ic o M5zAB'C
' M6=ABC'
B =
}—E/: M7=ABC
Long lines, high power dissipation
c. Contacts Circuit
B C
———o°
J,—:—°
A I %
o——— % :
A Aﬁg 1 & 1 *
B [ e o
COMMON! ’_% °

d. Relays-Operated Circuit

Fig 1-24 : 3-TO-8 DECODER CIRCUIT
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Xt X1 X1
x1 X1
2 Contacts 1 Contact
CR1=Y1.X2+Y2.X2'+Y1.X1'+Y2.X1 CR1=Y1(X1'+X2)+Y2(X1+X2') 4 Springs 3 Springs
8 Contacts , 16 Springs 6 Contacts , 12 Springs
a. Original Function b. Saving Contacts c. Saving Contact Springs
X1 \g
Y1 — oo
X2 > X1 @
Y2
x2'
CR1=Y1(X1'+X2)+Y2(X1+X2") CR1=Y1(X1'+X2)+Y2(X1+X2")
6 Contacts , 12 Springs 4 Contacts , 10 Springs
d. Changing circuit schema e. Saving Contact Springs

Fig. 1-25 : Saving Contacts and Contacts Springs

Y2

— Y3 Y2
Y1 {1 T Y3
— % T
Y1 Y2 Y3 Y2 Y3
A
T=Y2.Y3+Y1.Y3+Y1.Y2.Y3' T=Y2.Y3+Y1.Y3+Y1.Y2.Y3'+(Y2.Y3') = Y2 + Y1.Y3
a. Original Function b. Sneak Path Y2.Y3'

Fig.1-26 : Sneak Path Creation

Exitation Output
Function Variables (y,y") Input Output
™ >V Variables (x') Function (T)
>y
1—>»
>y L T
Y —| RELAY RN e ﬁ
>y
| » ¥ X4—>
—>y
a. Use of Rela b. Use of Gates

Fig. 1-27 : Devices Outputs (fan-out)

NOT | AND OR g’éCLUS'VE NOR NAND | IMHIBITION |FLIP-FLOP

Old ofs v}o

European E}Hﬂ QBH? @* ;'.:_B’* ;'.:_D’* E}ﬂ

Symbols

Old USA
Symbols

D
Do | H e | B0 Do |8 | Boee| Hop §
RO =]

Fig. 1-28 : Logic Gate Symbols

X1
X1



—P»—

—P>—

— C—
oM - -
o~

B

-]
000~
L D—1
T=BC'+A'C'D=
=C'(B+A'D)

. Prime Cells Selection

Vic‘\

0

—P»—

a0

0

- pD—

T=BC'D+A'C'D=
=(B+A")C'D

L—m—

c. Non-Prime Cells Selection

Inp

ut

W7 DPW — NNMWIYN PRI
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C'(B+A'D)

b. Gates Implementation of (a) - 5 Gates

(B+A)C'D

d. Gates Implementation of (c) - 4 Gates

Fig. 1-29 : Minimize by Selecting Non-Prime Cells

Variables

X1 — Multiple
X2 — Output
X3 —{ System

Xn—:b

Output

Variables

—T1
—— T2
——> T3

L e Tm

a. General Case

Input
Variables

A

B
Cc
D

Output
Variables

]
—>
]
—>

Multiple
Output
System

—T1

——> T2

Fig. 3-30 : Multiple Output System

L—m—

— C — — C —
o/ofo]o @Ql1/1[D
0 - (1) 0] oM
FAWel? ool
Wldolo Tooo

\;Dg

T1=AC'+BCD

(Instead of A'C+BD)

a. Function T1

Fig. 1-31 : Minimize by Selecting

\;Dg

T2=A'B+BCD

b. Function T2

C. Gates Implementation

b. Specific Case

T1=AC'+BCD

T2=A'B+BCD

Non-Prime Cells, in Multiple-Ourtut System




CHAPTER 2

RELAYS CASCADE
SYSTEMS

Ladder Diagram

Relays, Cylinders, Valves Symbols
Sequential Sequences

Relays Cascade Implementation
Huffman Method

Flow Diagram

Primitive and Merged Flow
Tables

State Assignment

Output and Excitation Functions
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ES"
Switchin |
Circuit1 Load-1

e "YES"
Switching

Circuit-2 Load-2

(o]
e .
[ioea]
|
|
st

|
|
|

Circuit-4 “XOR"

Switching

Circuit1-n Load-n

a. General Schematics

220V

Fig. 2-1 : Ladder Diagram b. Example - Home Electric Ladder Network

STOP @

CR1
al a2 ’ a2
a. Basic Circuit 230 a eyl
A+ A- A+
START STOP @
CR1

b. Basic Contacts Circuit a. Valve Without Return Spring b. Valve With Return Spring

START

J{

]

Fig. 2-4 : Cylinder Actuation Valves

Reset

Set
Circuit Circuit

-

c. General Circuit

i i al,a2=10 al,a2 =00
Fig. 2-2 : Set-Reset Relay Flip-Flop Acs é-z é—“
al 8 E
(Closed) (open) (open)
A+
i b. Position "Moving"
a. Position "-
al
(open) (Closed)
c. Position "+"
Voltage STOP Fig. 2-5 : Positions of Cylinder Limit Switches
L
song 00 Cogroa
ot ol oo
Fed ) a. Normally Open b. Normally Closed

- - Fig. 2-6 : Graphic Symbols of Limit Switches
b. Example - Wiring Diagram

Fig. 2-3 : Flip-Flop Implementation Example
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A Sequence of Drilling Two Holes in a Wodden Plate

N

Cylinder "A" fastens/reases the wooden plate.
Cylinder "B" lowers and lifts a driller..

a. Process Mechanical Representation

Process starts by pressing START pushbotton

. Cylinder "A" fastens the wooden plate

. Cylinder "B" lowers the driller thus performing drilling action

. Cylinder "B" lists the driller thus disconnecting it from the plate
. Cylinder "C" shifts the driller to next hole location.

. Cylinder "B" lowers the driller thus performing drilling action
. Cylinder "B" lists the driller thus disconnecting it from the plate

. Cylinder "C" returns the driller to its initial position,
nd cylinder "A" releases the wooden plate.

PO O A WOWN =

b. Sequence Description

START, A+ ,B+,B-, C+,B+ ,B-,(é’)

c. Sequence Short Representation

12 3 45 6 7 8

A +
Cylinders | B f
States
c +
_ ¢

START

d. Cylinders Sequence Process Chart

Fig. 2-7 : Process Sequence Representations

1.2 3 45 6 7 8
A +
Cylinders Bf
States
c +
STAI'<114T

A. Cylinders Position Chart

12 3 4 5 6 7 8

A +
Cylinders +
States B
c +
r at
a2
Limit b1
Switches b2
cl
L c2
START

B. Cylinders Position Chart & Contacts

12 3 4 5 6 7 8

TAt
Cylinders +
States B .

c +
r al
a2

Limit b1
Switches b2

cl

L c2

At

VALVE B *
c?

C. Cylinders Position Chart, Contacts &
Valves Position

Fig. 2-8 : Sequence Chart Diagram

Fig. 2-2 : "Intuitive"” Design Problems
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[ 23 |

START,A+,A-,B+,10 Sec delay,B-

(STEPS 1 2

4 5)

a. Process Sequence (No Return Springs)

| START A+

b. Step 1 : Actuate A+

T

START

A+
A-
PROBLE
Long Start causes Actuatlon of
A+ and A- simultaneously

c. Step 2 : Actuate A-

b1 cr1

"
® f?fr

a1 B+
N J\/oi
PROBLEM
B+ is also actuated
before cycle starts

d. Step 3 : Correct and Actuate B+

b1 START crl A+
- # A\
a2
. CR1
cr1
4{ }7

Lﬁ
: f,,,

L
E
T

+

J?
:

PROBLEM

B+ and B- are actuated simultaneously.
CR1 is actuated infinitily

e. Steps 4-5 : Correct and Actuate TMR and B-

Fig. 2-9 :

b1 START crl A+
o= # A
a2 b2
e - CR1
crl
4{ }7

»

iw
T

 er al B+
| %
b2
. TMR
tmr B-
el Vv

Add reset (b2') to CR1
f. Correct problems of (e)

START crl
b1 b

A ? Pl CR2

L%
'k

——w. - CR1

L
f?

|
{

w
+

)
Oy

d. Isolate Limit Swithes from Solenoids Current

"Intuitive" Design Problems
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RELAYS CASCADE SYSTEMS

* Avoid conflicting actuation of a
cylinder

* Distinguish between situations
where a cylinder performs more than
a single cycle

* Maximal size groups (to obtain
minimum number of group relays)

* Same "Letter" may appear no more
than once in a group (to avoid
conflicted commands to a cylinder)

* Except for specific cases, groups
Partitioning doesn't depend on having
or not having valves return springs

Fig. 2-10 : Cascade Method Target & Rules

START , A+, A-, B+ ,C+, c- ,A-, B-
A+

a. Sequence List Representation

START|, A+ | A-, B+, C+|, c- ,A-, B-
A+

| 1 1] v

Fig. 2-12 : Typical Groups Partitioning

A+

B+

C+

START

a2

al

b2

b1

c2

4]

b. Sequence Chart Representation

Fig. 2-11 : Typical Process Definition

START cr3' crd' cr2'
—1
— vas 43 I CR1
crl |
1T
crl crd’
Group 1 |
Term?natio} I CR2
cr2,
10
cr2 crd’
Group 2 |
Terminatio 2 CR3
cr3,
1T
crs Group 3 Group 4 (Last)
U U
— (on
crd,

4{ Group(s) — ﬁﬂ}—{ Condition(s)
cr

4{ Group(s) = }—u}—{ Condition(s)
cr

4{ Group(s) = }—n}—{ Condition(s)
cr

4{ Group(s) = }—n}—{ Condition(s)
cr

4{ Group(s) = }—n}—{ Condition(s)
cr

4{ Group(s) — }—u}—{ Condition(s)

Fig. 2-13 : Typical Initial Cascade Circuit,
of 3-Cylinder / 4-Groups Process

A+

+

+

12298
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"ON-DELAY" TIMER DEFINITION

As long as input is "0", output is also "0".
When input changes from "0" to "1", output change to "1" is delayed by T sec.

When input changes from "1" to "0", output changes to "0" immediately, and time count resets t

Note : Element behaves as a slow activated relay : it changes to active state only T sec after
been energized, but returns to rest state as soon as energizing terminates.

"ON-DELAY"
IN —» TIMER ——>» OUT

5 Sec 4 Sec 5 Sec

Timing chart of a 5-Sec delay timer (example)

Fig. 2-17 : "On-Delay" Timer Definition




CHAPTER 3

PLC

(Programmable Logic Controller)

PLC Definition

PLC Hardware Control System
PLC Programming

Programming LIFO Stack
Implementation

Timers and Counters

Modified Programming Commands

Standard 1I/0



PLC - Programmable Logic Controller 3-1
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Micro-computer for controlling industrial processes

First applied at 60th-70th

Implement binary and analog signals, PID

Eliminate need to implement relays and its wiring

Cost economical, requires small space

Contains timer' counters and more
Perfect reliability

Solution to the design of complex systems

Easy to program and easy to change it

Input/output are adapted to high voltage/current devices
Reliable operation under industrial conditions

Built in self diagnostics

May be controlled and monitored by central computer

Not economic for small control processes

Slow but OK for industrial timimg

a. General
Central le—|
Programming Processing Modules Controlled
Unit Unit (CPU) System
Output
Memory Modules

b. Block Diagram of PLC

3-1. Programmable Controller (PLC) Representation

Limit Switches
Proximity Switches
Photoelectric Switches
Sensor Switches (Level, Pressure, Temperature etc)
Push-Button Switches
Selector Switches
Relay Contacts

a. Discrete Input Devices to PLC

Contact Relay Coils

Valve Solenoids

Pneumatic or Hydraulic Cylinders and Motors
Lights

Audible Alarms (Bells,Buzzers,Sirens)

Fans

Heaters

Motor Starters

b. Discrete Output Devices Actuated by PLC

12, 24, 48, 120, 230 Volt AC
12, 24, 48, 120, 230 Volt DC
5V DC (TTL Level)

Conract Relay Output

c. Standard Discrete I/O Interface Modules

3-2. PLC Interfaces

Field signal may not be connected directly to PLC
Converts field signals to logic level, and vica versa
Adapted to implement DC and AC signals

Contains protection from voltage transients and noise
Contains protection from oposite polarity connectios

Electrical common isolation

Expensive

Adapted to work in industrial conditions

3-3 Input/Output Modules
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INPUT

DEVICES INPY

T
MODULES OUTPUT ouTPUT

MODULES DEVICES

CPU

H H/LOW INPUT O O OUTPUT H H/LOW
SENSOR1 O VALUES LEVEL X1 Y1 LEVEL VALUES ‘ LOAD 1
INPUT OUTPUT
SENSOR 2 QJ‘—“GH”-QW—»V ALES MODULE —8IE x> PLC v2|—LOGIC MODULE HIGHILO LOAD 2

CRk

SHLOW | meut 0G 0G ouTRUT SH/LOW
SENSORn O VALUES LEVEL ]Xn Yml L EvEL VALUES LOAD m

(LOGIC LEVEL)

Fig. 3-7 : PLC General Configuration

PLC SYSTEM CYLINDER SYSTEM

START

Start X0
(e
CrPU Y1 [outpur A+
a2 W MODULE
puopuLe
al INPUT X2 Y2 A-

Fig. 3-8 : Typical PLC Control System Example

Input Output
Modules Modules
D+ c-
START , A+ , ,C-, A-, B+, A+, C+, B-, D-,
C+| A
Start —>—_—{X0
a. Process sequence

a1l ——L —xi yvi—_F——

a2 ——_ X2 v2 —_}+——
X0 | START Y1 | A+ Y1 | A+ b1 1 x3 3 [
X1 | al v2 | A Y2 | B+
X2 |a2 Y3 | B+ Y3 | C+ b2 —>—{ x4 va —_F——
X3 | b1 Y4 | B- Y4 | D+
X4 b2 Y5 C+ ¢l —>—L_Fx5 vs — F—>—
x5 |ci Y6 | C- c2 —>—1{ X6 Y6 — F—>—
X6 |c2 Y7 | D+
x7 | di Y8 | D- dl ——{_+—x7 v7 —F——
xg |d2 d2 —>—L_F—x8 ys — F——

b. Input Table c. Output Table - d. Output Table - PLC
no return springs with return springs

(no return springs)

e. PLC and I/O System

Fig. 3-9 PLC I-O Variables Assignment




Air Condition
Control Panel

.On

@ 1Ep
|

Off

Typical air-condition system is operated by two push-botton switched :
START button that operates the system
STOP button that deactivate the system

System is turned-on by pressing STARTbutton, and
remains activated after releasing the button

System is tuened-off by pressing STOP button, and remains
de-activated after releasing the button

Ared LED is illuminated as long as the system in on

In addition, control circuit is also equipped with a tem#erature sensor,
that protects the system from over-heat (by turns it off)

a. Air-Condition System (ACS) representation

(Temperature Switch)

1% 9DPW — NONWYN TYMLIN
MM NOTIAR TuPa

Start —| ACS
Stop System
TS — —» LED

b. Block Diagram

START STOP TS.
? -;— CR1 X18 X19
&l : L X17 i o (cRa
CR1
—
(ACS supply must be isolated from sensors) —1 Y13
CR LED | |1 CR1 vis
e. PLC "Internal" Ladder Diagram
c. Relay Ladder Diagram for ACS g
INPUT OUTPUT X18 X19
MODULE | MODULE 1 X17 HF FF Y13
Start X17 Yis
Stop X18 —
T.S. X19
ENO isolation problem since all
ACS Y13 /O are isolated by modules)
LED Y15

f. Simplified Ladder Diagram

d. I/0 Assignment Table

40—; Start
Stop

TS

v

Tnput PLC
xi7
Output
» Output
Y15 Module LED

Input

x18
Input

xig

d. PLC Ladder Diagram

Fig. 3-10 PLC Control for Air-Condition System (ACS)

STORE
— OR
AND NOT
] AND NOT
ouT
ouT

X17
Y13
X18
X19
Y13
Y15

g. PLC Program
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Command STORE first stores current value in a stack, while "pushing

down" previous stack elements, and then clears latest calculated
value. Action is similar to loading weapon stack.

Commands that refer to stack - such as "AND STORE" , "OR STORE" etc
- perform operation on current "upper" stack element (the one that been
last entered), and deletes that element from stack, while "Pushing up"
previous eelements. Action is similar to unloading a weapon stack, or

shooting.
ist 3rd 1st ist
2nd
ist
WEAPON WEAPON WEAPON WEAPON WEAPON WEAPON
STACK STACK STACK STACK STACK STACK
Empty Load Load Load Shoot Shoot Load Shoot Shoot
(1st in) (2nd in) (3rd in) (3rd out) (2nd out) (4th in) (4th out) (1st out)
3-12 PLC LIFO Stack concepts
cr10

Y5

a. Ladder Diagram

absWON-=0

STORE NOT

AND

STORE NOT

Al
(0]
(o]

ND
R
uT

X2
CR10
X4
CR11
STORE
Y5

b. PLC Programming of (a)

Fig. 3-13 : Use of LIFO Memory Stack

b

0
1
2
3
4
5
6
7
8
. P

X1 | CR5 CR10 CR11
‘ I I R1

I sz MCRG HCRZ MCRS

a. Ladder Diagram

STORE NOT X1
AND CR5
STORE NOT X2
AND NOT CR6
OR STORE
STORE NOT  CR10
AND NOT CR11

STORE CR2
AND NOT CR3
OR STORE
AND STORE
ouTt CR1

b. PLC Programming of (a)
Fig. 3-14 : Multiple Use of LIFO Stack

in f Y4
g
X1 x3
a. Ladder Diagram
STORE NOT X2 0 STORE NOT X2
AND CR10 1 AND CR10
STORE NOT X4 2 STORE NOT X4
AND CR11 3 AND CR11
OR STORE 4 STORE NOT X1
STORE NOT X1 5 AND X3
AND X3 6 OR STORE
OR STORE 7 OR STORE
ouT Y4 8 ouT Y4
LC Programming Option 1 c. PLC Programming Option 2

3-15: LIFO Use Oprions
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1. Read & store status of all external inputs (Xi)
2. Run program commands in its written order
3. Wait until end of scan time (*)

4. Return to (1) and start new cycle

a. PLC Scan Cycle Order

TV DPW — NONPWYN IR
MIN2M NOTIAR 0P

1. Input variables (Xi) status cannot be changed
by program commands, and remains
unchanged until next cycle

2. Output variables (Yi) and internal variables
(CRi) status are controlled by PLC program.
They are updated once during each cycle

3. Program commands refer to latest update
of the variables.

b. Variables Status During Scan Cycle

1/0 Update
at Beginning of Scan

Variables States

L L 1 1 11

crd

J@@@

x
I

HE®

cré

This Scan Next Scan

Y7=0, CR2=0 Y7=1, CR2=1

CR4=0, CR6=0 | CR4=1, CR6=1

Xd=1,Y7=1

X4=1, CR4=1

Y7=1, CR5=1

CR6=0, Y8=0 CR6=1, Y8=1

c. Effect of Scanning Action on Relay States

Fig. 3-18 : Effect of Scanning Action in PLC

(o

X1
—
X1
4{
X1
— (e
X1 cri
— ()

STORE X1

AND NOT CRt1 X1

ouT Y1
STORE X1 Y1 Scan Period
ouT CR1

a. Proper Rung Order

STORE X1 X1
out CR1
AND NOT CR1
ouT Y1 AL

b. Improper Rung Order

Fig. 3-19: Importance of Proper Rung Order (Pulse Shaper)
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STORE crl 1

RIGHT WRONG
crl crl m
cr2 cr2 Q
STORE cri STORE cri
OR cr2 ouT Y1
ouTt Y1 STORE cr2
ouT Y1
CR1=1 CR1=1
CR2=0 CR2=0

STORE crl 1

OR cr2 1+0=1 ouT Y1 Y=1
ouT Y1 Y=1 STORE cr2 0
ouT Y1 Y=0
Y=1 Y=0

a. NEVER SPLIT OUTPUT FUNCTION INTO 2 (OR MORE) OUTPUT SUB-FUNCTIONS

SCHEMATIC
DRAWING

PLC
PROGRAM

SPECIFIC
CASE

PROGRAM
FLOW

END-LOOP
RESULT

RIGHT WRONG
START sTop START
= =
CR1 CR1

MOTOR

I

Motor current flows through separate contact,
thus isolated from input sensors

Motor current flows through sensors)

b. LOAD MUST BE ISOLATED FROM SENSORS

Fig. 3-20 : Right/Wrong Cases
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3-11
X1 X2 X3 X4 X1
{ I} CR1 } {1 I} CR1
L X3 X4 - X2
% %
cr
cri X2 = }ﬂ{ ——
STORE X1
STORE X2 STORE X3
STORE X3 AND X4
AND X4 OR X2
OR STORE AND X1
AND STORE ouT CR1
ouT CR1 STORE cri
STORE crt AND X2
AND X2
a. Original Circuit b. Programmable Simplified Circuit
XX (e
X2
% %
cri
X2y

STORE
AND
OR
AND
ouT
STORE
AND

X3
X4
X2
X1
CR1

cri
X2

d. PLC Program

Fig. 3-21

c. Ladder Sub-Circuit

STORE
AND
OR
AND
ouT
AND

X3
X4
X2
X1
CR1
X2

e. Simplified Program

: PLC Program Simplification
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TIMERS AND COUNTERS

The following implement PLC timers and counters of two companies :

General Electrinc (GE)
Texas Instruments (TI)

Note : Examples refer to specific PLCs. Actually there exist a lot of
different timers and counters.

Fig. 3-22 : PLC Timer And Counter Models

dela dela dela
—_Y, —_Y, —_Y

TMR1 (in)

Time

tmr1 (out)

a. "On-Delay" Definition

TMRi
H X1 CO:[TM R!UT COUNT ouT
(120) (120)

tmr1

- tmri —
X1=1 Timer Enabled and counting time
X1=0 Timer is Reset
b. Specific Case c. General Case

Fig. 3-23 : PLC "On-Delay" Timer Model (GE)
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3-13
; Flash ;
Switch —» Control [ Flash Light

a. Flash Block Diagram

Flash light is actuated while switch is on

Switch
Flash
b. Flash Timing Diagram
x1 tmr2
} f @ (0.5 Sec)
tmr1
0 @ (0.5 Sec)
tmri ;
T /\(1\ (Light Valve)
c. PLC Ladder Diagram
x1
TMR1 —
tmr1=Y1
TMR2
tmr2

d. Detailed Timing Diagram

Fig. 3-24 : Design Flash-Light system using "On-Delay" time
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X1 -
1 tmri 3-14 Ll TMR
S NS
200
X2 (200) E
X1=1 Timer Run X1=0 Timer Stops F1=1 Timer Run F1=0 Timer Stops
X2=1 Timer Enabled X2=0 Timer is Reset F2=1 Timer Enabled F2=0 Timer is Reset
STORE X1
STORE X2 b. General Case
TMR1
empty— 200
ouT CR1 5 2 1 2
a. Specific Case Count
Reset
Out H}}}MH = il iHHiH
5 10 15 20 25 30 35

c. Timing Diagram (Delay=0.5 Sec)

Fig. 3-25 : 2-Input PLC Timer (Tl - Texas Instruments)

STORE
AND NOT
STORE
AND NOT
X CR2 TMR1
TMR1 emPWNS
x1_ CR2 ®) ﬂ -
B L —— — out
STORE
v STORE
I L I TMR2
o | e ) RN
out

a. Ladder Diagram

X1
CR2

CR2

y1

y1

CR2

b. Programming of (a)

STORE NOT

STORE

TMR1
empty\5

TMR
(5)

- ©

c. Simplified Ladder Diagram

ouT
STORE
STORE
TMR2
empty\5

TMR
5)

ouT

CR2
X1

Y1
y1
y1

CR2

d. Programming of (c)

Fig. 3-26 : Design Flash-Light system using Tl timers
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A security lock is to be opened only on confirmation of two managers, simultaneously.
Each manager confirms by turning on a personal switch (A and B).

In order to make sure that a single manager will not be able to turn on both switches, the
switches been located far from each other, and lock is to be opened only if the two
switches are turned on within 0.5 Sec.

If one switch is turned on at least 0.5 Sec before second switch is turned on, the security lock is
disabled, and may later be open after releasing the pressed switch and repeat the process.

After being opened, the lock is closed as soon as any of the switches is turned off.

a. Security Lock Specifications

Switch A | X1
Switch B | X2
Lock Y1

b. PLC I/O table

— TMR
—— (0.3 Sec)
\ { Y1

CR
Y=1 when both switches are operated 22 ya ! @7
Missing timing dependence
Y=1 when both switches are operated, and
timer output tmr1 is off

Missing timer actuation

c. Solution Step 1

d. Solution Step 2

1 TMR P TMR

4{:@7 (5) HW (5)
e (0.3 Sec) e (0.3 Sec)
i i

CR1 CR1
EC TR S 6% EANTE S G%
LHL]

Timer is actuated by either of the two

switches. If timeout occurs before If Y1 been set to "1", it keeps be
seconad swithced been turned, lock is connected by by-passing cr1 contact
diabled (acts as flip-flop).

Timer output always is set to "1" after
0.5 Sec. This disables lock even if it
had been opened correctly.

e. Solution Step 3 f. Solution Step 3 - Complete Solution

Fig. 3-27 : Two-Hands Circuit Using PLC




X1
}7
=D
X2 (25)
}7
X1= 0-->1 One count

X2=1 Counter Enabled
a. Specific Case

1% 9DPW — NONWYN TYMLIN
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3-16

X2=0 Counter is Reset

STORE
STORE

CTR1
empty— 25

ouT

F1= O-->1
F2=1 Counter Enabled

CTR

P2 " )

F2=0 Counter is Reset
b. General Case

One count

X1
X2

CR1

c. Programming of (a)

Fig. 3-28 : PLC Two-Input UP Counter (TI)

| X1 (Up/Down)

X2 (Event) CTRI

— i (20

- X3 (Reset)

CTR3

—

X1 determines UP or DOWN mode
X2= 0-->1 One count
X3=1 Counter Enabled
X3=0 Counter is Reset

a. Specific Case

Fig. 3-29

(=)

LOAD NOT
LOAD NOT
LOAD NOT
ouT

120

LOAD
ouT

E (Up/Down)
(Event)

- (n)

- (Reset)

-

CTRi

 CTRi
T

(2)—

F1 determines UP or DOWN mode
F2= O-->1 One count
F3=1 Counter Enabled
F3=0 Counter is Reset

b. General Case

c. Programming of (a)

: 3-Input UP/DOWN Counter (GE)




START,(D+,D-) repeat 6 times,D+,10 Sec DELAY,D-

a. Required Sequence

D- D+

b. Cylinder Type

x1

(d1)

W7 DPW — NNMWIYN PRI
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Input Modules | Output Modules Connected to
X0 START
X1 di
X2 d2
Y1 D+
Y2 D-

()

¢ X0 (Start)

1
(6)

()
O

—
I x2 (d2)
d. Solution Step 1
I— x1 (d1) Mm
SRR L e
— x1 (d1)

O

e. Solution Step 2

| x1 (d1)
I

x2 (d2) crl
—| | G | 2
cr2
x1 (d1)
COUNTER,;
1
iy x0 (Start) ®)
H}L TIMER
1
(100)
1
4{}“7 (10 Sec)

f. Solution Step 3 - Complete Circuit

c. PLC /O Table

Infinite cycles

Circuit performs 6+1/2 Cycles,

and stops

STORE
AND NOT
ouT

STORE NOT
OR

AND

ouT

STORE
STORE NOT
CTR1

6

(NOT USED)
out
STORE NOT
STORE
TMR1

100

(NOT USED)
ouT

x1
cril
Y1

cri
cr2
x2
Y2

x1
x0

CR1
x2
cré

CR2

dg. PLC Programm

Fig. 3-30 : Step-By-Step Design of Sequence
START,(D+,D-) repeat 6 times,D+,10 Sec DELAY,D-




TV DPW — NONPWYN IR
MIN2M NOTIAR 0P

3-18

An elevator exists in a 5-floor building.

Elevator runs automatically (without human control), from 1st floor to 5th floor, and vica versa,
while stopping for 10 seconds in each floor.

Each floor is equipped WITH a unique contact, that is closed when the elevator reaches that floor.
These contacts are implemented as input sensroes for PLC control system.

a. System Description

1st X1
é—, 3 [ INPUT
MODULE
2nd X2 PLC uP
-g—, 2" INPUT Y1,[ OUTPUT
MODULE MODULE | > '@'
3rd X3 ¥2 [[OUTPUT
-g— [ INPUT —>——{{oron ]]
—53e—on UL MODULE

DOWN
s loboe |
R
MODULE
b. PLC System Configuration
STORE X1
OR X2
S S - OR X3
X2 OR X4
xa OR X5
' OouT CRO
P AND CRO
|} X5 ] TMR1
100
CRO — (NOT USED)
ouT CR1
cro | " STORE X1
OR CR2
AND NOT X5
[ x X5 @ ouT CR2
|} CR2 STORE CR1
CR1 OR NOT CRO
CR2 AND CR2
CRO OouT Y1
CR1 STORE CR1
M OR NOT CRO
AND NOT CR2
ouT Y2
Notes : CR2 control elevator direction
Y1 - Up direction
Y2 - Down direction d. PLC Program

c. PLC Ladder Diagram

Fig. 3-31 : "Saturday” Elevator
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Property Relays System PLC System
a. Signal Flow
Parallel Serial
b. ggnmtgg:s()f Limitted Unlimitted
C. égldaly g Expenssive NO cost
d. -él;rclenrtsez s Expenssive NO cost
. ap Al t
e. Reliability Limmted unlimmited
f. Support Required Almost not required
X1 er X1 crl
g. Races ° °
@ @
Possible Impossible
. X1 X3 @ X1 X3 @
h. Non Serial Ixs X2 xa
Parallel e [ xa X1 X5 xa
I e
(;,():(Tx=5))((143()?5))((%))(é; Possible Impossible

i. Sneak Path

T @

CR1 = X1.X2 + X3.X4.X2
CR2 = X3.X5 + X1.X4.X5

Possible

X1 X2 @
X3 X4
X3 X5 @

CR1 = X1.X2 + X3.X4.X2
CR2 = X3.X5

Impossible

Fig. 3-32 :Differences Between Relay and PLC Ladder Diagram
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CHAPTER 4

INDUSTRIAL SWITCHING
ELEMENTS

Electronic Gates

Gates Implementation
Input/Output Module

Electric Relays

Pneumatic Valve “Gates”
Moving Parts Logic (MPL)
Design Considerations
Switching Elements Properties



SN54LS00
vec  SN74LS00

13| |12 |1 10|

]
o]

[a]

mmmmmmm

a. Quad 2-Input NAND Gate

SN54LS32
SN74LS32
vcc

10 [o] [e]

mmmummu

GND

b. Quad 2-Input OR Gate

>

SN54LS27
vec SN74LS27
fa g fd [ F [s] [3]

L] 2] (3] [a] [s Te] 4]
GND

c. Tripple 3-Input NAND Gate

SN54LS20
vec SN74LS20

[14 [1d [12] [l [1d [o] [8]

O] 2] o] [ [s] [e] 7]
GND
d. Dual 4-Input NAND Gate

SN54LS04
vee SN74LS04

[1a [1g [i2l [11] [0l [o] [e]

LTI
B 27

[2] [a] [af [5] [e]

&

GND
e. Hex INVERTER

SN54LS76
SN74LS76
GND
fiel 8l o @ Gl ol [s]

f. Dual J-K FLIP-FLOP

1% 9DPW — NONWYN TYMLIN
MM NOTIAR TuPa

GT [of [s] o] [s] [e] [

g. Chip Configuration

SN54LS00

l

SN 54 LS 00

Function

Vendor (Serial Number)

Family Technology

h. Chip Name "Code"

74 : Commercial Family

54 : Military Family

Difference : Temperature Range
Many More Families

i. Families

High / Low Speed

High / Low Power Dissipation
High / Low Power Drive (Fan-Out)
High / Low Power Supply Voltage

And Many More

i- Technologies Characteristics

k. Grid-Array Package
(not SSI)

Fig. 4-1 : Typical Simple Gates Packages (SSI - Small Scale Integrated)
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W >

((AB}.(CD)'.(EF)")" =

o0

:D cb AB+CD+EF

= AB+CD+EF

nm
m
m

a. AND-OR-NOT system

b. NAND system

Fig. 4-2 : Equivalent Circuits for Function AB+CD+EF

a. AND-OR-NOT system b. NAND system
4 Gates , 3 Packages 4 Gates , 1 Package

Fig.4- 3 : Equivalent Circuits for Function AB+A'C (Save Packages)

AB
[+] 00 01 11 10
- o Lo [AY s
o— |
D . | D) U ‘@
e . . .
G sl 9 Y - 2 AB
¢ w
AB+A'C
T = ABCDEFGH a. 7 Gates , 2 Packages , 7xT delay A A'C ®)
[+
A—— 3
B 7:‘371 1 A B=1
, 3 c=1
c—1— s
D 7:‘37 ‘Z P . A'C
E—7F— s
L
G 2 . > AB _
s O]
b. 7 Gates , 2 Packages , 3xT delay AB+A'C
(c)

Fig. 4-4 : Equivalent Circuits for Function ABCDEFGH

Transition From 011 to 111

(Increase Speed) (Gate 1 Slower Than Gate 2)

PRESS BOUNCE  RELEASE BOUNCE

ANTI-BOUNCE CIRCUIT [ 00 01 10

: A 0 0 0 ;11] 0
1 1 1 1 0
n““““u ﬁ O "

- : :Dm
B
B .
a. Contact Bounce (A,B) and i AB+A'C+BC
Required Signal (OUT) ] =

A
b. Eliminate Bounce by a Simple Flip-Flop c

B BC (e)
c
Fig. 4-6 : Switch Bounce Elimination

Fig. 4-5 : Hazard Elimination
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vce

O0—— Transient
Protection % A
INPUT Circuit

Fig. 4-7 : Typical Opto-Isolated
Input Module

12120 VAC

12120 VAC

vce

AN
h 4

OUTPUT

vce

GND

h 4

OUTPUT

GND

a. AC Input Module (IAC)

12:120 VAC —{Load

DC Input Module (IDC)

2-60 VDC 4‘ Load

Zero Voltage
Circuit

GND

v

OUTPUT

GND

OUTPUT

h 4

b. AC Output Module (IAC)

Fig. 4-8 : AC Input and Output
Modules for Electronic Gates

Fig. 4-10 : Relay Construction

DC Output Module (IDC)

Fig. 4-9 : DC Input and Output
Modules for Electronic Gates

ot

AQ?

Normally
Open

Normally
Closed

Break Before
Make

Make Before
Break

Fig. 4-12 : Typical Relay Contacts

Fig. 4-11 : Typical Relay Package
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4-4
A A B B
o-F T=A oF T=A' A_» b T=A.B g T=A+B
<H $ O $ <H $ A > >
a. YES Gate b. NOT Gate c. AND Gate d. OR Gate
B B
| | A
| T=A.B’ - T=A+B' - :
S A 2 Cc_, F—| T=A.C+AB
e. INHIBITION Gate f. IMPLICATION Gate 9. SELECTOR Gate
A B 5
&L
H H —F _ v
T T=A O 1 » T=A+B A || - T=AB .
p : > T=A A S > T=AB o s T=A+B
h. YES/NOT Gate i. AND/OR Gate j- INHIBITION/IMPLICATION Gate
A Hot Hot
v = -
L Hid il
> (TxA+B) —F —F
f Cold R Cold kit
—> —> <«
f b HH
B
k. Non-Valve "OR" Element I. Almost equal HOT/COLD m. COLD Pressure Less Than HOT -
pressure - No Flow HOT Flows Into COLD

Fig. 4-13: Pneumatic Valve Gates
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D E 4-5 X1
I I @% T=X1+X2
P1— +— P2 i
I / // ] X2
Fig. 4-15 : Shuttle Valve
A B C (OR Gate)
a. Position 1
B
y
D E %» S=A+B
I S=zA+B
P1 \'\ P2 S=A+B '
#

b. Position 2

Fig. 4-14 : Operation of 5/2 Spool Valve

-

X1 X5

Fig. 4-16 : Pneumatic Universal Gate (MPL)

(Samsomatic, W. Germany)

T=X3(X1'+X2)+X4(X1+X2')

Fig. 4-17 : Pneumatic Universal Gate (MPL)

(Dreloea, E.Germany)

— > T=X5(X1'+X2)+X4.X1.X2'
QJT\J

S=A.B
?
S=A.B
%
« | \B4
—+ N

Fig. 4-19 : Pneumatic AND Gate
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LOogiC LOGIC PHEUMATIC
FUNCTION EYMBOL COMPONEMNT
57308 & dw both| S=akb
5 =ah
W
= ninrpne % ig Oy I
n n 3R 31 it at legsk énie I
o o the inpure L]
B 1 1 # 08 bis ON E
= | L] s |
=1 il b
i - ST
W =3 AND b S=ab
= £-ab 1t I'
k]
[ (ulw2l § i5 QN /_J .
(7] & AWD & iy il inpuls i bt |
E a AND b are ON — =
F L d. I |
| S R
a b
BTN jiegedaahad)
" YES = Byl 51 DN
; I — el 1egenafad
HLHHINRE i ingut as AN
H .Iﬁ
h
=
o e lpul ¥ ig 04
i aepet a iy QFF
120 i sogply ¥
: x HOT |5 present|
- | b
[T hisan
nbwim [be=nl wignal.
g 2 inhibitg b
— Outpet Sis DK
bk ' ifhis 0N and
& A 15 OFF
-4
IE
. Inpul o+ penesales
i Mitgul 3 5IT]
= MEMORY . fiwlpnt 5 repaing 04
== until removed
by inpot v (REEET;

JL

| ﬁr.ﬂ#ﬂr:ﬁ'f i Gates

(TELEMECAMFLE | Frwnee )

Fig. 4-20 : Pneumatic Gates (TELEMECHANIQUE, France)
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4-7 Mo NoTIAY nuPeT
[woR}foR)
0y 'E':
Cy /
C:
Fa
5

[wez}ioR)
0 e
[ /
":!
JiN
&

[ TTCE

Fig. 4-22 : Fluid OR-NOR Gate Q1=C1+C3 , Ql1=(C1+C3y

1en Chadind = +£, 4
# |
i.ﬂ!'.- am o T e b ::..:E:l e e e Sapeds g
1 1]
| fl 1_' I| 1
|J' Immanesmes | poane

Cediligl g

Fig. 4-23 : Fluid NOR Gate (Impact Modulator, AIR Logic, USA)
T=(C1+C2+C3+C4y
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~ Fig. 433, Onand Off states of a diaphragm amplifier. (Courtesy of Air Logic Div., Fred
Knapp Eng Co.)

Fig. 4-24 : Pneumatic Binary Amplifier (Single Stage, AIR LOGIC, USA)

MO SHEMAL

EKHAL!S‘-[Q-- -

SUPPLY PRESSLRE

LOAD

EXHAUST

COMTROL SIGHAL

SUPPLY PRESSURE

Fig. 4-25 : Pneumatic Binary Amplifier (Two Stage, CLIPPARD, USA)
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el
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Fig. 4-26
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CHAPTER 5

HUFFMAN METODE

Feedback Memory Concept
Typical Block Diagram
Primitive Flow Diagram
Primitive Flow Table
Merge diagram

Merged Flow Table

States Assignment
Exitation and Output Functions
Ladder Circuit Realization
PLC Program

Random Inputs Systems



Huffman/PLC Combination @

Huffman method is very effective in reducing the number of group relay flip-flops.
It is also effective for design of systems with random inputs.
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Design process by Huffman method may become very complex, from
"State Assignmsnt" step, and on. Furthermore, it is based on Karnaugh
maps, which eliminate the number of involved variables.

When system realization is based on PLC or on electronic gates, number of "relay”
flip-flops doesn't actually effect system cost (or effect is minor)

The Huffman-PLC method :

* implements flip-flop for each state

* eliminates the complexity of Huffman method,
* enables to implement large Karnaugh maps and Pseudo Karnaugh maps.

Fig. 5-1 : Huffman Method - Basic

Example - A system detects cylinder piston
movement direction : forward (toward A+
position), or backwords (toward A- position).

System reads limit switches a1 and a2 and
outputs signals to green or red bulbs. During
forward movement (input=00), green bulb must

be illuminated, and during backwords movement

(same input) red bulb must be illuminated,

Limit switch a1

Direction | L1 Forward Green Bulb

Note : Assume that piston changes direction only after reaching cylinder edge.

0..0..
0..0..

al_,
a2

a. System Definition

Direction |-L1 , 1..0..
Detector L2
System | L , 0..1..

b. Same Input Generates Different Outputs

(Inpossible in a combinational system)

. Detect:
etector
Limit switcha2 —32-  gystem L2
ala2 [10 00 01 00 10 00 01 00 ......
L1 0100010 0...
L2 | 000100 0 1...
.0.. L1, 1..0..
.0.. Combinational | L2 | o..1..

3

System

—-> Backwords Red Bulb

c. Adding External State Input (y) May Eliminate Problem

at R
a2 R

£

Combinational
System

L1
L2

Memory

Set

Flip-Flop

Reset

d. Internal Generated State Signal

External
Inputs

Internal
State

External
Outputs
Combination
System
Memory
System
Memory
Exitation

e. Sequential System General Diagram

External
Outputs

> Z1

> Zm

External
Inputs
X1
Xn Combination
System
CRk.
CR1

S
Y R

—1

Internal
State

Y RD’_

Set-Reset
Control

f. Multiple Internal Generated State Signals

Fig. 5-2 : Sequential System Concepts
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52]

RESTRICTION : DUE TO TRANSIENT

HAZARDS, ASYNCHRONOUS SYSTEM CANNOT
HANDLE CHANGE OF SEVERAL INPUT
SIGNALS SIMULTANEAUSLY (EXCEPT FOR
SPECIFIC CASES).

Change of an external input may couse a change of
state variable, which is fed to system input. Result may
cause simultaneous change of two input signals
(external and internal).

In order to evoid it, simultaneous changes are
replaced by sequential changes. This result is

a. Essential Restriction Rule

X R Corgbinational Z2
stem
cr 4 »> Set

achieved due to memory (flip-flop) delay.

b. Hazard Problem and Its Elimination

Flip-Flop
Reset Electrical
- Delay o> td1 =¥ td3
c. Circuit Example
Mechanical
Delay o> td2 o> td4
X | 77/
,  Stable {Unstable
Set__ | U%?;?E e State State
or Each transition from state to state is combined of
", Flip-Flop Delay unstable state followed - after delay- by stable
(Unstable State) state.

e. Transition Timing

d. Relay Flip-Flop Transition Response

Fig. 5-3 : States Transition Process

Step 1 : System requirements definition
Step 2 : Primitive flow diagram

Step 3 : Primitive flow table

Step 4 : Merge options Diagram

Step 5 : Merge groups selection

Step 6 : Merged flow table

Step 7 : States assignment

Step 8 : Output table

Step 9 : Flip-flops exitation expressions
Step 10 : Outputs expressions

Step 11 : System Logic Circuit

Fig. 5-4 : Huffman Design Steps

When input changes from "0" to "1", output is delayed T sec
When input changes from "1" to "0", output is changed

immediately, and time count is reset
a. Definition

Time (Sec)

ouTt

Time (Sec)

012345678 910111213 14 15 16 17 18 19 20 21 22 23 24 25

b. Example of Timing Diagram (5 Sec Delay)

Fig. 5-5 : "On-Delay" Timer




HUFFMAN DESIGN METHOD

START, A+, A-, A+, A-
With Return Spring

a. Sequence
+
A
START 10 00 01 00 10 00 01 00 10
b. Sequence Chart
Position 1 Position 2
4y 4 START ——»f
CONTROL|
- N - al— sysTEm [—> A+
A -
d. Basic Block Diagram
A+
c. Cylinder Type

State Cylinder State Action 83',1’::.','.,‘3,“,

1 Cylinder at A- (Start) Start moving towards A+ A+

2 Moving towards position + Keep moving towards A+ A+

3 Cylinder at A+ Start moving back (towards A-) None (A-)

4 Cylinder moves towards A- Keep moving back None (A-)

5  Cylinder at A- Start moving towards A+ A+

6 Cylinder moves towards A+ Keep moving towards A+ A+

7 Cylinder at A+ Start moving back (towards A-) None (A-)

8 Cylinder moves towards A- Keep moving back None (A-)

e. States Definitions

al,a2
10 00 o1 11
ol [ [-
- ®ﬁ 3 |-
- e @y -
5 @6 T
& |- -
- ©ﬁ 7 | .
f. Primiti
Flomt;l-rgilalgv;m -8 ®A -
1 - -
. Primitive
1 low-table

atl,a2
G.\. 4 10 00 o1 1

5 ® o s -

h. Merge Diagram 5@ ® -
refer to 5-5 for

F\/Ierging rules) ®® 7] -

110 0| -

j. Merged Flow-table

{1,2),(3.4),(56),(7.8)

Fig. 5-6 : Sequence A+,A-,A+,A- , Huffman Method
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al,a2 atl,a2

cr 10 00 01 1 10 00 01 1

e |© @3 |- et |1 [1 |- |-

cr2|® @O - cr2|” |0 |0 |°

c3 |® |® |7 |- er3 |1 [1 |- |-

cra | ! Q|- cra | |0 |0 |7

. A+
k. States Assignment I. Output Table

St=crd.al R1=cr2.a2 R1'=cr2' +a2'
S2 =crl.a2 R2 = cr3.al R2'=cr3' + al'
S3=cr2.al R3 = cr4.a2 R3'=cr4' + a2'
S4 = cr3.a2 R4 =crt.al R4'=cr1' +al’

S1 = al(cr2+cr3)' = al.cr2'.cr3'

A+=<crl+cr3
A+ = START.crl.al + cri.al' + cr3
m._Exitation and Output Functions

(refer to 5-5 for Initialization
and Output Rules)

alcr2 cr3 cr2
B &)
el T |
crl a2 cr3
- @
s
cr2 al crd @
T )
cr3 a2 crl
i =)
Nt

n. Relays Ladder Diagram

INPUTS STORE x1
Start X0 AND NOT cr2
Limit contactal | X1 ANDNOT  cr3
Limit contact a2 | X2 g‘?ORE NoT Cr;
cr
OR NOT x2
OUTPUTS AND STORE
ouT CR1
Solenoid A+ AND x2
OR cr2
_0.PLC I/O Tables STORE NOT cr3
OR NOT x1
AND STORE
ouT CR2
x1cr2 cr3 cr2 @ AND x1
cr OR cr3
“ STORE NOT cr4
ot x2 o3 ORNOT  x2
H AND STORE
1 ouT CR3
e @ AND x2
OR crd
| S22 ™) STORENOT cr1
OR NOT x1
AND STORE
o our  CR4
STORE x0
AND crl
AND x1
STORE cr1
p. Relays Ladder Diagram ggD NoOT ;!I'ORE
OR cr3
ouT Y1

9. PLC Circuit & Program

i. Selected Groups

(With Returned Springs)
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HUFFMAN DESIGN METHOD ata ata2 ata2

cr 10 00 01 11 cr 10 00 01 11 cr 10 00 01 11

crl 3 |- 1| 1 -] - - crl || 0| . |.

START, A+, A-, A+, A- @ o

cr2 (5 1® Q|- er2| | of of - er2| - |- | 1]~

Without Return Spring w3lele |7 |- sl | - er3| o] o .| .

a. Sequence crd |1 @ |- eral-lolol- era| -| -| 1] -

A+ A-

k. States Assignment . Output Tables
;b
000000

A R St=<rd.al R1=cr2.a2 R1'=cr2' +a2'
S2 =crl.a2 R2 = cr3.a1 R2'=cr3' + a1’

S3 = cr2.al R3 = crd.a2 R3' =cr4' + a2'

START S4 = cr3.a2 R4 =cri.al R4'=cr1' +al’

10 00 o1 00 10 00 01 00 10 S1= al(cr2+cr3)' = al.cr2'.cr3'

b. Sequence Chart Av=erl+cr3
A+ = START.cr1 + cr3
A-za2

m. Exitation and Output Functions

Position 1 Position 2

START — ] (refer to 5-5 for Initialization
CONTROL|  , A4 and Output Rules)
é." al——f sysTEM A
bt 22 LA

d. Basic Block Diagram

a1 cr2cr3 cr2
A @
c. Cylinder Type crl a2 cr3 @
4{
Jf* ]
Cl’2 al cr4
Output
Commands cr3 m
State Cylinder State Action

A+ A- cr3 a2 cr1
1 Position - (initial) Start moving towards A+ 1 0 c..4 * .
2 Moving towards position + No action required - (1]
3 A+ Start moving back (towards A-) 0 1 STA"T c
4  Cylinder moves towards A- No action required [1] - V
5  Cylinder at A- Start moving towards A+ 1 0
6  Cylinder moves towards A+  No action required - [1] a2
7  Cylinder at A+ Start moving back (towards A-) 0 1 4“—%
8  Cylinder moves towards A- No action required [1] -
A n. Relays Ladder Diagram
e. States Definitions
INPUTS
STORE x1
Start X ANDNOT  cr2
Limit contact a1l | X1 AND NOT or3
at,a2 Limit contact a2 | X2 OR o
1000 01 11 A A STORE NOT cr2
D2 |- |-|[1]o OUTPUTS OR NOT x2
- - - AND STORE
@3 0
Solenoid A+ Y1 o our  CR1
LNCIENE Solenoid A- Y2 AND x2
50 @)- |- |of- OR cr2
® -0.PLC /0 Tables STORE NOT cr3
S el I I ORNOT  x1
@7 -] AND STORE
f. Primitive @ - ouT CR2
Flow-diagram -8 o1 T
1cr2 cr3 cr2 AND x1
1@ |- - A
® 0 [ * . OR or3
i Primliz‘live STORE NOT cr4
1 “low-table crl x2 cr3 OR NOT x2
,\' :Hcrz sl & AND STORE
8 2 Ac{r}z_{n crd @ OUT o CRS o
| " ors * . AND x2
3 OR crd
7 / | o8 x2 ert (e STORE NOT cr1
. a2 [ e | [l ORNOT  x1
6.\' o w o AND STORE
5 oo 3] - JM”:’_® out CR4
h. Merge Diagram 5 @ 0 - —— " STORE ~ x0
See page 5-9 for 4“—@ AND ert
§\/Ierg|;r)19 rules) ®® 7] - x2 OR cr3
1 @| - out Y1
. PLC Ladder Diagram T eTORE o
j. Merged Flow-table LAl Lo LS STORE x2
{1,2),(34),(56), (7.8) out Y2

i. Selected Groups . PLC Circuit & Program

Fig. 5-7 : Sequence A+,A-,A+,A- , Huffman Method
(Without Returned Springs)
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5-5

AN-OM

Row i

_O%

Row j

1 O O«

Merged Rows (i,j)

a. Merge Available Cases

1|4 O_snai
2 Q)|

b. Merge Non-Available Cases

Fig. 5-8: Merge Flow Rows Rules

Tran | Current | Next |Set | Reset
State | State
0-->1 0 1 1 0
1-->0 1 0 0 1
0-->0 0 0 0 -
1-->1 1 1 - 0

a. Flip-Flop Transition Cases

Fig. 5-9: FF Exitation Rules

On system reset (or power on), all state variables are "0", meaning :
CR1=CR2=CR3=....CRi=....=.CRn =0

This state is not part of the flow table, and and therefor is not
taking care of. As a result, if we refere only to the flow table, we
can't force the initial state CR to become "1".

Most (or all) set/reset functions are product of state-variable (or more),
but since all of them are 0, all functions are inhibited.

Therefor, driving the system to its expected initial state, must be done
by a function that doesn't depend on any operated CRi, but only on
non-operated CRi' .

This is acheived by writing the initial function in its negative
conditions, and negate it (similar to implementing the "0"
Karnaught table).

So, instead of writing the CR states where the transition to that state must
be carried on, we write the states where the transition is forbidden, as a
function of CR or several CRs, and then negate it.

Negating this expression, using De-Morgan rules, bring to a
function that depends on CR’, and this may be carried on.

System Inialization

In most cases, only steady-state output is specified.

But transition between steady states is done by pathing through a
non-steady state : transients. If we don't take care of transition states, say
define it as don't care, system output may be wrong during those
transients.

Usually, transient time is very short with respect to steady states duration.
In some cases, we may ignore the need to define transitions output,
usually when output inertion is high. For example, standard 220

valve is actuated by AC current, meaning that during each cycle its
current is 0 twice, but it illuminates as required. This a simple case

where due to high enersion, transient outputs do not affect the

expected output.

Generally, if there is not enough information about the importance of
transient outputs, the following rules are used :

Rule 1 : If outputs of 2 steady states are same, the output of the
transition between them must be equal to the steady-state

RURY:: ¢ outputs of 2 steady states are different from each
other, the output of the transition between them may be defined
as don't care.

Transient Outputs
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(a) . (M) ()
49 e2 44 e2 4 2
3 3 3
(1,3}, 2}, (4) 2h,11,3,4) t,2,3.4
1 1 1
-\. (b) (9) (1)
N 4\D2 i i
3 3
1,2},{3,4 5
25,4 {1,2,3},{4) 3
o {1,2},(3,4)
1 4
© . () {1,2,3,4,5,6)
e
3 3
{1,2},{3,4} {1,2},{3,4}
" 1,4,{2,3}
(i)
1 1
(@) 1 (m)
3 3
{1,2},{3}, {4 {1,2,4},{3) 5 3
or or
1},{2,3}, {4 {2,3,4},{1}
42,3, @ or {1,2},{3,4}
’ o (1,412,335 ¥ 4
() {1,2,3,4),{5,6}
\ \ {1,2},{3,4,5,6}
{1,2,3),{4,5,6}
3 {1,2,4),{3,5,6}
{1,2},{3}, {4
or
o 1,2, )
{1},{3},{2, 4

Fig. 5-10 :

States Grouping Examples




A mixing system requires filling a tank with liquid, mix it for a
specific time period and then drain the liquid out.

An automatic process is represented as follows :

1. Sequence starts by pressing START buttom. This opens FILL valve.
2. Liquid fills tank until HIGH level sensor is operated.
3. At that time FILL valve is closed, mixing motor is turned on, and a
timer is activated
4. On timeout, motor is turned off, and DRAIN valve is opened.
5. When tank is empty, LOW level sensor contacts open, and DRAIN
valve is closed.
Fill Valve
F
Mixer Motor
M
l Level Switch
H (High)
Level Switch |
L (Low)
-

[
Drain Valve D

Start ——
—— MIXING
L system[——D

H "

T TMR
Timer

a. Process presentation and requirements definitions

F D
START , F,| (H)==M ’&T) - ], )= D'
TMR M

b. Process Sequence

F b
START|,F,| m |:j|’D'
R || LM

I 1 m v

c. Groups Partition

cr2 T

cr3

d. Cascade Contacts Circuit

Fig. 5-11 : Automatic Mixing System
Cascade Method
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Process is same as defined ai Fig. 6-25/a .

a. Process definitions

LHT
000 100 110 111 101 F D M Ymr
@/2|-|-|-|1/0]|0]0
@3 |-|-|1]/0]0]0
- 1® 4| |lolo]1]1
RN O N IRRERR
-6 - |- 1®| o)1 0
1@ - |- |- |o]1 0

b. Primitive Flow Table

! {1,2,3},{4,5,6}
6 2 {1,2,3,4},{5,6}
{1,2},{3,4,5,6}
d. Minimized Groups Partition
5 3
LHT
4 CR 000 100 110 111 101

c. Merge Diagram 1 @@@ 4 |-
S RN(CI(C](6)

f. Merged Flow Table

{1,2,3},{4,5,6}
e. Selected Groups Partition

LH LH
00 10 _11_ot ertT \00_10 11 o1

oo1®-- oof 10| 0- | == | ==
ol - @@ - off = | 0-| 0| -

cr1,T

" - T4 " 1| = | = | 01| -
Rlolel R w000 -
_g. "Path” Map h. Exitation Map (SR)
LH START LH START
crl,T 00/10 11 01 crl,T 00/ 10 11 01

w00 -] 000(1—_')-
o|-10[0|" o1-b_1j'

F D
LH LH
crl,T 0 10 (1_01 crl,T 0 10 (1_01
0[(0)] 0|~ |~ w0/ 0| -]~
off 7 |0 ||= |~ off - | O |1~
01 I | I LT | (4 ) 1 I
10000 \1 |~ 10000 (1)
M TMR

i. Output Tables

S =L"START
R=tmr

F=H'.cr M=H
D=L.crt’ TMR=H
j- System Functions

Fig. 5-12 : Automatic Mixing System
Huffman Method




1. Different size elements are transferred on a conveyor belt.
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2. All elements that are below specific height limit must be rejected. 1

3. Reject is performed by opening a reject door - Z=1.

4. Photocells X1 and X2 are placed in specific locations.

5. X2 is covered by all sizes. X1 is covered by elements over
the defined specific heigh limit.

=onln 0L

a. System Definition

Photocell 1 X1—— HEIGHT
DETECTOR [ ———*> Z Reject Door
Photocell 2 X2——»| SYSTEM

b. System Block Diagram

State 1 : Check area empty (00)

State 2 : High element enters area (10)

State 3 : High element in check area (11)

State 4 : High element starts leaving area (01)

State 5 : Low element in inside check area (01). Pushed out

c. States Definitions

X1,X2/Z2

d. Primitive Flow Diagram

X1,X2
00 10 11 01

@2 - s
@ s -
--@4
-0
1--@_

e. Primitive Flow Table

- O‘O ‘O O|N

5 2

3

f. Merge Diagram

4

{1,2,5},{3,4}
{1,5}{2,3,4}

d. Merge Options

{1,51,{2,3,4}
h. Selected Options

X1,X2
00 10 1101

@z2-0
diele)lo]

i. Merged Flow Table

X1,X2
cri 00 10 11 01

0@ 2 - @
11000

j. State Assignment

X1,X2
crl 00 10 11 01

0(o0 | - |1
1l@]o0]o o

k. Output Table

S1=X1 (S1 = X1.X2)
R1 = X1'.X2' (R1 = X1'.X2".cr1)
Z=X2.crt' (Z = X1".X2.cr1")

l. System Functions

Fig. 5-13 : Height Detector System Design




5-9

1. Different size elements are transferred on a conveyor belt.
2. All elements that are below specific height limit must be rejected.
3. Reject is performed by opening a reject door - Z=1.
4. Photocells X1 and X2 are placed in specific locations.
5. X2 is covered by all sizes. X1 is covered by elements over
the defined specific heigh limit.

~= 101 Hﬂ sl Hﬂﬂ

Photocell 1 X1——» HEIGHT
DETECTOR [—*» Z Reject Door
Photocell 2 X2 ——» SYSTEM
S1=X1 (S1 = X1.X2"
R1 = X1'.X2' (R1 = X1'.X2".cr1)
Z=X2.cr1' (Z = X1'.X2.cr1")

a. Summary of Fig. 5-13

S1 R1'
\‘ X1 X1 ‘/
li:rz o

b. Relays Implementation

1=
X1 S Q» fer1=Q)
F;R °‘*F}z

c. Gates Implementation

X2

TV DPW — NONPWYN IR
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INPUTS

Photo-cell X1 | X1
Photo-cell X2 | X2

OUTPUTS

Cylinder Z Y1

d. PLC I/O List
STORE x1
OR cri
STORE x1
OR x2
AND STORE
ouT CR1
STORE NOT cr1
AND X2
ouT Y1

e. PLC Program

CR1 = (X1 + cr1).(X1 + X2) =
= X1.X1 + X1.X2 + cr1.X1 + cr1.X2 =
= X1+ cr1.X2

(o)

cr X2

f. cr1 Function Simplification

Fig. 5-14 : Realiation of Fig. 5-13
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A red light signal is placed in the junction of road and raillway. Its task is warning cars not to cross the junction.
Another red light signal is placed far from the junction. Its task is warning other trains not to enter junction area.

Train must operate red light as soon as it enters "junction path area”, far from the junction, and turn it off as soon as
last waggon leaves the junction, near junction.
Trains may go in two direction, but the following assumption are known :

* Only a single train crosses the junction path area, at a time.
* Train doesn't changes direction within the junction path area.

w L Junction Path Area ———————» W
o ) [ ]
N RAILWAY
Junction —|g| '@
e L
oc

One of the tracks is connected to common node (Ground), while the other track is splitted - within the junction path area -
into 3 sections, that are physically joined, but electrically isolated from the graounded track, and from tracks outside
junction path area.

Mid-section is also isolated from the other two, as seen in the drawing.

w PathArea ——————— " w

° v | 5 ®

re

4 v

B
When the junction path area is empty (no trains inside) all 3 sections are disconnected from common track, thus
providing "0" signal on each section.
When the train crosses a track section, it connects it electrically to the common track, thus changing its signal into "1".
Signal returns to "0" as soon as last waggon leaves the appropriate track section.
Signaling control system senses A and B signals, and turns red lights on or off, accordingly.

a. System description

AB
AB
A | Tt 00 01 11 10 L W 00 o1 11 10
B—» W @ 2 - ]-1lo]o ®@ s 06
1 5
b. Basic Block Diagram @3 |1 ] ® @
- 4 @ 5 1 1 i. Merged Flow-table
11@|- |- |01 AB
State Position AB | LW 1o T3] crl 0 o1 11 10
1 1 @
, o|® @ | 3
1 | Junction area empty 00 00
. e. Primitive Flow-table 111 |®@ @] s
2 Train enters area 01 1
3 | Train over central area 11 11 ; . States Assignment
4 Train leaving central area 01 01
AB
5 "Short" train on central area 10 11 5 2 - 00 o1 11 10
c. States Definitions 000 | 11 |(11)) 11
4 8 1109 | o1 | 11 | (1)
f. Merge Diagram
erge Diagral LW
'4%
(1.25),3.4) k. Output Table
.,4,5), (1,2
13.45). ( _) S1=AB
d. Merge Options R1=B' (R1'=B)
L=A+cr'.B
{1,2,5), (3,4) W=A+B

h. Selected Groups .
I. System Functions

d. Flow-diagram (primitive)

Fig. 5-15 : Traffic-Light Control System Design
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5-11 INPUTS

o| controL [—— A X1

A SYSTEM B X2
B——* W
a. Basic Block Diagram

OUTPUTS

Light L Y1

211 ZQP (R1'=B) Warning W Y2

WoneB e. PLC /0 Tables

b. System Functions

2
%;144%

LA

4”@—{ crl

yojpx2
crl x1 C
8 L P
. x1
A 12
A w
B .
f. PLC Circuit
c. Realys SYstem Realization
STORE x1
AND x2
OR cri
. AND x2
AT s af»
B ouT CR1
—{>o—> R Q'
%{\ STORE NOT cri
L AND x2
D w OR x1
ouT Y1
d. Gates Implementation
STORE x1
OR x2
ouT Y2
CR1=(AB +cr1)B =

=A.B.B+cr1.B =
=A.B + cr1.B = B(a + cr1)

B —iH—
RERFIRCE

h. CR1 Function Simplification Fig. 5-16 : Realization of Fig. 5-15

. PLC Program




1. System FAIL status is exspressed by an external signal F=1.
It must activate siren S, until operator confirmation
2. Operator confirms by pressing C buttom. This de-activates siren.

| 512 |

TV DPW — NONPWYN IR
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3. If FAIL signal still exists, confirmation turns on flash light L =1. Fail Signal  F | SvARM) > A ALARM SIREN
4. After confirmation, flash is turned off a soon as fail terminates. gotr;firmation C — —>L ALARM FLASH
a. System Definition Hren
b. System Block Diagram
o) -
. Error Key Alarm | Warning
State Position Status | Status | Status | Status FC AL
1 Idle State NO OFF NO NO 00 00
2 | Error exists. Not yet confirmed YES OFF YES NO 10 10
3 Error exists and is being confirmed YES ON NO YES 11 01
(Error exists and operator presses key)
4 Error exists and been confirmed YES OFF NO YES 11 01
(Error exists and operator releases key)
5 Confirmed key depressed while no error NO ON NO NO 01 00
occurs
6 Error terminated but not yet confirmed NO OFF YES NO 00 10
(Error exists and operator releases key)
c. States Definitions
FC
{3,4,5} {2.6} {1} 0 1 11 o
2
as s gy o1|@ 23 O
3|5
g. Merge Options cr2 @ @
cr3 | 1 @@ 5
A . {1,5} {2.6} {3,4}
d. Primitive Flow Diagram i. Merged Flow Table &
FC h. Selected Options States Assignment
00 10 11 01 S L
@ z2-/5][00 FC FC
6@3.10 0 10 11 01 0 10 11 01
-4@501 cr1 |0 |- (OO0 cr1 |0 [(0)) -
1@3_01 er2|1 |1 = |- cr2| 00 = (0
0| 0|0 (0 =111
.| 3 @ ol o cr3 cr3

® 2 -5]10

e. Primitive Flow Table

4

f. Merge Diagram

j- Output Table of S

k. Output Table of L

S1=F.C'.cr2’'+ F.C=F'(C + cr2)
S2 =cr1.F.C’
S3=F.C

R1 =cr2.F.C' + F.C = F(C + Ccr2)
R2=F.C+F.C=C
R3 =crl.F.C' + cri.F.C=cr1.F" (*)
S=cr2
L=cr3

(*) Non-minimal cell selction enables function

minimaztion

|. Exitation & Output Functions

Fig. 5-17: Alarm System Design
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513 |

S1=FC'.cr2' + F.C=F'(C + cr2')
S2 =cr1.F.C’

S3=F.C

R1 =cr2.F.C' + F.C =F(C + cr2)
R1' = F'+(C'.cr2')
R2=F.C+F.C=C

R2'=C'

R3 =cr1.F'.C' + cr1.F'.C = cri.F'
R3'=cri1'+F

A=cr2 L=cr3

a. Exitation & Output Functions

—  SeET | (RESETY @

- & F #wC per2 CR1
cr2
Ly Cre | %F
. cri
el F;C #C CR
| }cr2
- F . C A CR
,(er3 F
Hcr2 @}
cr3 @__
c. Circuit Realization

Fig. 5-18: Realization of Fig. 5-17 by Relays System
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S1=FC'.cr2' + F.C = F'(C + cr2) 1
82 = orl F.C LI 4 . N2 | CR1
S3=F.C L x
R1=cr2F.C'+F.C=F(C+cr2) or o
R1'= F'+(C'.cr2’) |
R2=F.C+F.C=C
R2'=C' et o xd X2 X2 @
R3 =cr1.F'.C' + cr1.F.C = cr1.F . y1
R3'=cr1'+F H
A=cr2 L=cr3 x1 x2 cri @
1 | S48 Y2
a. Exitation & Output Functions [} y2 .. X1
. PLC Circui
INPUTS d C Circuit
F X1
c X2 STORE X2
OR NOT y1
OUTPUTS AND NOT x1
OR cri
Alarm A Y1 STORE NOT x2
Flash L Y2 AND NOT 1
OR NOT x1
_b. PLC I/O Tables AND STORE
ouT CR1
Y1 — CR2
Y2 — CR3 AND x1
c. CR Equivalence AND NOT x2
OR y1
AND NOT x2
ouT Y1
STORE x1
AND x2
OR y2
STORE NOT cri
OR x1
AND STORE
ouT Y2

e. PLC Program

Fig. 5-19: Realization of Fig. 5-17 by PLC
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Change 0

0 Direction 360

1

[ J
8 2
"UP" direction "DOWN" direction
(A leads B) (B leads A)
7 @ ® 3
b. Encoder Code Waveforms for Both Directions \
6 4
o
A »| CONTROL »D 5

B o SYSTEM

f. Merge Diagram

c. Contro,l System Block Diagram

AB AB

00 01 11 10 00 01 11 10

crl ceri | O] 1 MO

@ 2

cr2|@®5 |2 @] 21| M OO
G @
1

cr3 + @ cr3 || @ of 1
crd| 1 @ 7| cral@ O] 1 (M
D
g. Merged Flow-table &
tate Assignment h. Output Table
d. Primitive Flow-diagram
(S1 =cr2.A'B + cr4.A'B") R1 =cr2.A.B' + cr4.A.B
/ S2 = cr1.AB' + cr3.A.'B’ R2 = cr 1.A'B + cr3.AB
AB 3 = cr2.A.B + crd.AB' R3 = cr2.A“B' + crd.A'B
N R T S4=crl.AB + cr3.A'B R4 = cr 1.A"B' + cr3.AB’

D=cri.B + cr2.A’ + cr3.B' + cr4.A

1@

i. Exitation and Output Functions

00
@ s5|-]2
6

Initially, while A=B=0, and all Flip-flops are in reset
state (CRi=0).

At that state, Flip-flop 1 must be set, with no confilict later,
that is to say, while CR2 and CR3 are not set.

1

®
~
=100 O O

[
N
-

——=* S1=cr2.A'B+cr2'.cr3'.A'B'

3 @ 1 j- Corrected System Initialization

4@ 7|1

e. Primitive Flow-table Fig. 5-21 : Motor Direction Detection System Design

®
® s -

®
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5-17
S1=A'(cr2.B + cr2'.cr3'.B’) R1 = A(cr2.B' + cr4.B)
S2 = B'(cr1.A + cr3.A) R2 = B(cr1.A' + cr3.A)
S3 = A(cr2.B + crd.B’) R3 = A'(cr2.B' + crd.B)
S4 = B(cr1.A +cr3.A") R4 = B'(cr1.A' + cr3.A)

R1' = A + (ct2' + B).(cr4' + B')
R2' = B' + (cr1' + A).(cr3' + A)
R3' = A + (cr2' + B).(cr4' + BY)
R4' =B + (cr1' + A).(cr3' + A)

D =cri1.B + cr2.A' + cr3.B' + cr4.A

a. Exitation and Output Functions

cr2 cr2 crd
B A e AL CR1
cr2 cr3 B B
— 748 748 —
e A
1 3
4“cr1 HA %B %cr %cr -
A A
B E: A Ly%
Iy B
cr2 B A cr2 cr4

— | ff ff IF I CR
A A
L A %
HB
17
—ch HB
H}cr2 %A
5 (o)
Ly
H}cm HA

b. Relays Circuit

Fig. 5-22: Realization of Fig. 5-21 by Relay Systen
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S1=A'(cr2B + cr2'.cr3'.B")

S2=B'(cr1.A + cr3.A.) STORE cr2
S3 = A(cr2.B + crd.B") AND x2
S4 = B(cr1.A +cr3.A) STORE NOT cr2
AND NOT cr3
R1=A(cr2.B' + cr4.B) AND NOT x2
R2 = B(cr1.A' + cr3.A) OR STORE
R3 = A'(cr2.B' + crd.B) AND NOT x1
R4 = B'(cr1.A’ + cr3.A) STORE NOT cr2
OR x2

R1'= A"+ (cr2' + B).(cr4' + B))
R2' =B+ (cr1' + A).(cr3' + A)
R3' = A + (cr2' + B).(cr4' + BY)

STORE NOT cr4
OR NOT x2

' ' . ' AND STORE
R4'=B + (cr1' + A).(cr3' + A") OR NOT X1
D =cr1.B + cr2.A' + cr3.B' + cr4.A AND STORE
out CR1
a. Exitation and Output Functions AND X1
STORE cr3
INPUTS ANDNOT  x1
OR STORE
A X1 ANDNOT  x2
B X2 STORE NOT cri1
OR x1
OUTPUTS STORE NOT cr3
OR NOT x1
AND STORE
OR NOT x2
AND STORE
ouT CR2
b.PLCI/O Tables @ | T_____2%__
AND x2

AND NOT x2

cr2
| O x2 Jext 4 o2 jecr m OR STORE
cr2  cr3  x2 x2 x2 AND NOT x1
— STORE NOT cr2
DEL OR x2
STORE NOT cr4
et ! X2 en o CR—] ORNOT  x2
cr3 x1 L x1 x1 AND STORE
OR NOT x1
L X2
# AND STORE
out CR3
L jper2 X2 X jo2 L CRI— STORE crt
crd x2 Ly x2 x2 AND x1
x STORE cr3
N ANDNOT  xi
OR STORE
cri }x1 H)(2 1 crl 1 cr3 cR AND x2
o3 xi x1 “ STORE NOT cr1
— OR x1
X2 STORE NOT cr3
OR NOT x1
et 2 AND STORE
| o2 x1 OR NOT x2
) @ AND STORE
o8 2 out CR4
etd x| | T T T
— A STORE crl
AND x2
c. PLC Circuit STORE cr2
AND NOT  x1
OR STORE

STORE cr3
AND NOT x2

OR STORE
STORE crd
AND x1

OR STORE
ouTt Y1

d. PLC Program

Fig. 5-23: Realization of Fig. 5-21 by PLC
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5-19

1. A security door is controlled by two input switches : X1 and X2.
2. The door is opened and closed, by entering the following sequence :

X1,X2=00,10,11,10,11 ..... 00

Open (T=1)

Close (T=0)

Actually, door is opened when latest 5 inputs satisfy the sequence 00,10, 11,10, 11, and closed as soon as

both inputs become 0 (X1X2=00).

a. System Definition

Improper Sequence —<——»— Proper Sequence

c. Primitive Flow Diagram

1
10
2
9% ® 3
8 ;’4
7 5
6

Switch X2——>| il S Boor
b. System Block Diagram
X1,X2
00 o1 1 10 L
@ 8| -/21lo
1) -3 @ o |
-Ts (@4 o
1| -5 @ o |
-7 @ 6 || 1
1]-|5 @ ER
1 @ 5 - 1|
1 9ol -1l o0
-8 @ 10 || 0
11-19 @ o |
d. Primitive Flow Table
X1,X2 X1,X2
00 o1 11 10 00 o1 11 10
cr1@83@ ceri{0 /= |- |0
cr2|” 8 @4 cr2|= |- |0~
3|7 5@ er3[ |- |- |0
crd | @@@ cra| = |1 |11
5|1 @O cr5, =0 00

d. Merged Flow Table

& States Assignment

h. Output Table

e. Merge Diagram

{1,2},{3},{4},{5,6,7},{8,9,10}
f. Selected Merge Partitions

S1 = X1'.X2' R1 = cr2.X1.X2 + cr5.X1'.X2
S2 = cr1.X1.X2 R2 = cr3.X1.X2' + cr5.X1".X2
S3 =cr2.X1.X2' R3=crd.X1.X2 +X1'.X2'

S4 = cr3.X2 R4 = X1'.X2'
S5=cr4'.X1'.X2 R5=X1'.X2'

T=cr4
i. System Functions

Fig. 5-24 : Combination Lock System Design




CHAPTER 6

PNEUMATIC CONTROL
SYSTEMS

Pneumatic Cascade
Efficient Valve Implementation
Emergency-Stop Modes
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CYLINDER "A" a1 a2 CYLINDER "B" bl b2 CYLINDER "A" a1 a2 CYLINDER "B" bl b2

A- ‘ A+ B ‘ B+ t‘ ‘ B+
éJ@é START éJ@é ¢$¢ }—‘
START (A+) Conflicts With A- Actuation (by b1)
Fig. 6-1 : Intuitive Design for More Conflicting States
Sequence Start , A+,B+,A-,B- Fig. 6-2 : Sequence Start, A+,B+,B-,A-
CYLINDER"A" _.  _, CYLINDER"B" ., o CYLINDER"C" ., .5
A ‘ }T: B;l ‘ B+ c:l ‘ jﬁ
I
11
1 2
Start,A+,B+,B-,A-,C¢~,C— ‘ LJ} I

a. Cascade Groups Partitioning

b. Cascade Circuit

Fig. 6-3 : Cascade Design for Sequence Start , A+,B+,B-,A-,C+,C-

I
II
III
v

o 2 Fig. 6-5: Multiple Limit Valves Replacement

N |
3
1 4

Start ‘ Aa‘,ATAﬁ,A-
) it hiv

Fig. 6-4 : Cascade System for Sequence Start, A+,A-,A+,A- (Cascade)
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Pure pneumatic control system

Simplicity and realiabili(tjy
Limited to control cylinders with actuation valves that satisfy the following restrictions :

* Valves do not have return springs
* Valves are operated pneumatically (no solenoids)

Group Partitioning differences between pneumatic and relays cascade are :

* There is always an active group, even when not operating
(START is also included within a group)

* Last Group may be merged with first group, provided that groups do not conflict

Fig. 6-6 : Pneumatic Cascade Basic Concept

I
II
2 GROUPS
/N
&4)6
a. 2-Groups Manifold Lines Configuration
I
II
III
3 GROUPS
b. 3-Groups Manifold Lines Configuration
I
II
o III
v
gl 12—
3
4 GROUPS
1 4

c. 4-Groups Manifold Lines Configuration

Fig. 6-7 : Pneumatic Cascade Group Configurations
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6-3
ORIGINAL SEQUENCE SEQUENCE GROUPS
B+ B+| [B- B+ B+| |B-
START, A+, , B-, , START, A+, ,| B—, ,
C+ A-| |c- C+ A-| |c-

L. I II III v
a. Process Sequence Definition

b. Sequence Groups Partioning

1. cylinder actuated by valves without return springs. 1, cylinder actuated by valves without return springs

2. A set of two limit valves. 2. Two sets of two limit valves.
3. Atwo-input OR gate for each valve control.

CYLINDER "A"

al a2

c. Single-Cycle Cylinder Requirement

d. Two-Cycle Cylinder Requirement

1. System consists of 3 cylinders, each equipped with limit-valves

2. Cylinders "A" and "C" perform single cycle (each), and require a single set of limit valves.
3. Cylinder "B" performs two cycles, and requires two sets of limit-valves, and OR valves.

4. A START valve is also required.

CYLINDER "A" CYLINDER "C"

al a2 cl c2

C+

START

+ e. System Cylinders Requirements

Fig. 6-8 : Pneumatic Cascade Design Process Steps
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[~
! CYLINDER "C"
cl c2

CYLINDER "A" CYLINDER "B"
al a2
b2
A- A+ Z%‘ c— c+
START
-
. I
2 II
< III
® v
A
B+ B+ B-
3
START, A+, ,| B—, ,
C+ A- C-
1 4
I II III v

f. System Components

CYLINDER "A" CYLINDER "B" CYLINDER "C"
al a2 cl c2
z b2
@ @ o— I
L am 4 @ II
@ @ III
@ @ Iv

g. Complete System

Fig. 6-8 : Pneumatic Cascade Design Process Steps

(Cont'd)
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CYLINDER "A" CYLINDER "B" CYLINDER "C" CYLINDER "D"
al a2 c1 c2 di
b1 b2
A+ ] B- B+ c- C+ D- D+
START
p
4 L 2 L 4 @ L |
L 2 . 4 L 4 = ]
2 1

Fig. 6-9 : Pneumatic Cascade Example 1

(from semester exam September 2002)

A- B- A- B-
START, A+, B+, ’ START, A+, B+,
C C- C C-

CYLINDER "A" ngr e
al a2 CYLINDER "B CYLINDER "C c1 c2
b1 b2
A- A+ B- B+ C- C+
START
&
4 4 @ !
- . 4 L |
. 2 4 IIT
| 2
3

Fig. 6-10 : Pneumatic Cascade Example 2

(from semester exam July 2002)
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No. FUNCTION NAME BOOLEAN BOOLEAN Valve 5/2 Valve 6/2 Valve 5/3
FUNCTION 1 FUNCTION 2 P234 P2345 P1P2234

59 YES/SELECTOR T2=C T1=AC+BC’ CAB10

60 NOT/SELECTOR T2=C’ T1=AC+BC’ CABO1

61 AND/OR ....... T1=AB T2=B+C BABC

66 AND/AND T1=AC T2=BC CAOBO

70 AND/INHIBITION T1=AC T2=BC’ CAOB

73 AND/IMPLICATION T1=AC T2=B+C’ CAOB1

75 T2=BC T1=AC+BC’ CABO

79 T2=AC T1=AC+BC’ CABAO

81 T1=B+C T2=A+C C1B1A

84 T1=B+C T2=A+C CCBCA

85 OR/INHIBITION .. T1=B+C T2=AC’ C1BOA

86 OR/INHIBITION .. T1=B+C T2=AC CCBOA

87 OR/IMPLICATION T2=A+C T1=B+C CB1A

90 OR/SELECTOR ... T1=A+C T2=AC+BC’ Cl1AB

91 OR/SELECTOR . T1=A+C T2=AC+BC’ CCAB

94 OR/SELECTOR . . | TI=B+C T2=AC+BC’ CI1BAB

95 OR/SELECTOR ..., T1=B+C T2=AC+BC’ CCBAB

96 INHIBITION/INHIBITION T1=AC T2=BC’ COAOB

97 INHIBITION/INHIBITION ... T1=AB’C T2=ABC’ BCOAO

99 INHIBITION/IIMPLICATION ................. T1=AC T2=B+C’ COABI1

100 INHIBITION/IIMPLICATION T1=AB’C T2=A+B’+C BCOAl

101 INHIBITION/SELECTOR ... . T1=AC T2=AC+BC’ COAB

103 INHIBITION/SELECTOR ...................... T1=BC’ T2=AC+BC’ COBAB

104 IMPLICATION/IMPLICATION ............... T1=A+C’ T2=B+C’ CA1BI1

105 IMPLICATION/IMPLICATION .. T1=A+B+C’ T2=A+B’+C BC1Al

107 IMPLICATION/SELECTOR .... T2=B+C T1=AC+BC’ CAB1

109 IMPLICATION/SELECTOR . . T2=A+C’ T1=AC+BC’ CABAI

110 SELECTOR/SELECTOR ....................... T2=AC+BC’ T1=AC+BC CABA

112 AND+AND/AND+AND T1=AB+AC T2=AC+BC CAABC

113 AND+AND/AND+ ........ T1=AB+AC T2=A+BC CAABA

114 AND+AND/INHIBITION .. . T1=AB+AC T2=A’BC CAABO

115 AND+AND/IMPLICATION .................. T1=AB+AC T2=A+B+C’ CAABI1

117 AND+INHIBITION/AND+INHIBITION ... T1=AB+AC’ T2=AB’+AC BCAOA

118 AND+INHIBITION/INHIBITION+ ......... T1=AB+AC’ T2=A+BC’ BCABA

119 AND+INHIBITION/OR ...................... T1=AB+AC’ T2=B+C BCABC

120 AND+INHIBITION/AND .................... T1=AB+AC’ T2=BC BCAOB

121 AND+INHIBITION/INHIBITION .. . T1=AB+AC’ T2=BC’ BCABO

122 AND+INHIBITION/IMPLICATION ....... T1=AB+AC’ T2=B’+C BCAO1

127 AND+AND+ ..o T1=A+BC T2=C+AB ACABC

128 AND+/INHIBITION . T1=A+BC T2=ABC’ ACABO

129 AND+/IMPLICATION ..... T1=A+BC T2=A"+B+C ACABI1

131 INHIBITION+/INHIBITION+ T1=A+BC’ T2=A+B’C CBAIL1A

132 INHIBITION+/OR ........... T1=A+BC’ T2=B+C CBAI1B

133 INHIBITION+/AND ...... T1=A+BC’ T2=BC CBABC

134 INHIBITION+/INHIBITIOM ... . T1=A+BC’ T2=B’C CBA1O

135 INHIBITION+/IMPLICATION .............. T1=A+BC’ T2=B+C’ CBABI1

Fig 6-15 : Valve Connections Yielding 2 Separate Output Functions,
3 Variables
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6-10
3/2 Valve | 5/2 Valve
No. | Output 1 Output 2 2 3 2 3 4
No Input Variables
161 |T=y 10
162 | Tl=y’ T2= 010
163 | Tl=y T2=y’ 1 01
One Input Variables
164 | T=Ay A 0
165 | T=Ay’ 0 A
166 | TI=Ay’ T2=Ay 0 AO
167 | Tl=Ay T2=Ay’ A0 A
168 | Tl=Ay T2=y’ A 01
169 | Tl=y T2=Ay’ 1 0 A
170 | T=A+y’ Al
171 | T=A+y 1 A
172 | Tl=A+y T2=A+y’ 1 A1
173 | TI=A+y’ T2=A+y Al A
174 | T1=A+y’ T2=y A10O0
175 | Tl=y’ T2=A+y 01 A
176 | TI=Ay’ T2=A+y’ 0 A1l
177 | Tl=A+y T2=Ay 1 AO
Two Input Variables
178 | Tl=Ay T2=By’ A 0B
179 | TI=A+y’ T2=B+y A1B
180 | T1=Ay+By’ A B
181 | TI=Ay+By’ T2=By A BO
182 | TI=Ay+By’ T2=B+y’ A B 1
183 | Tl=Ay’ T2=Ay+By’ 0 AB
184 | T1=A+y T2=Ay+By’ 1 AB
185 | TI=Ay+By’ T2=By+Ay’ A B A
Three Input Variables
186 | T1=Ay+By’ T2=By+Cy’ A B C
Fig. 6-17 : Valve Connections Yielding Flip-Flop Output Functions
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Required Functions 6-11
F1 = X1.X2'
F2 = X1.X2 + X2'.X3 Start
al
F1 is Inhibition Function SonTRoL
F2 is Selector Function a2 >
Search in 3-variables table >
Found Functions 101 and 103
Only 101 satisfies requirements vi[y G) s|st
Y r|R1
F1 = X1.X2' | | F2 = X1.X2 + X2'.X3 vo s
Y S
ol
X2 —=|- AA/
1L
LI
0 X1 X3 . .
d. System Solution Block Diagram
Fig_ 6-18 : Example 1 (Huffman Method Realization)

START,A+,A-,A+,A-

a. Process Sequence Start , a1, a2 are external signals

y1,y2 are outputs of internal flip-flops

Start — * 81,R1,52,R2 are Set/Reset of those flip-flops
al »| CONTROL > As
SYSTEM * Functions that contain only external variables
a2 — ¥ are to be searched in first 4 tables
. * Function that contain internal variables (y)
b. System Block Diagram are to be searchedfirst in fifth table
* In current system, all functions contain internal
S1=Start.al.y2' Ri=al.y2 variables, so they are to be searched in fifth table
S2=a2.y1 r2=a2.y1'

e. Design Considerations

A+ = y1.y2'+y1'.y2
A-=a2

C. Huffman Method Solution

: i
A
yl.y2'+y1'.y2 B Start.a1.y2'

m R2 4 4S2
—— > S1

' a2.y1’ a2.y1
s2 —] — R aly2 $ y y
T.lT
al.y2 I
v A A S1 - R1
y1 y1 ’—’ R1 T

.
v | v
S1 — ‘— R1 S2 — ‘*— R2 A
IlT IlT
v | v v | v > A-
“
al a2

f. System Valve Circuit

Fig. 6-19 : Example 2
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START,A+,B+,B-,A-,B+,B- 6-12
a. Process Sequence
1
albl a2b1 a2b2 alb2 A+ A- B+ B-
C) 2 - - 1/0(0 |- 6 2
- C) 3 - -jo]1]o0
- 4 @ - -=|0]0 |1
5 ® - - o|1]0]- 5 3
@ - - 6 0o|=|11]0
1 - - @ 0|=-|01 4

b. Primitive Flow Table

y
{1,2,6} {3,4,5}

d. Selected Option

—bl—r—b2—

00 ®
00

al —a2—

0

1

al

e. Merged Flow Table &
States Assignment

—bl——b2—

c. Merge Diagram

—bl——b2—
0 ('\
S

al

—bl——b2 —

oomo
U

al —a2—

0 0, 0 0

al —a2—

al
S = a2.b2 R = al.b2

f. Exitation Functions

—bl——b2— —bl——b2—

0|0

)

0,0 |0

0 0

LD

0|0 0

D] o

(-1
bl J

Do 0@

0

al —a2—' at

A+ = Start.b1.y’'

a1l —a2— at

A-=Db1.y
g. Output Function

a1 —a2—' a1 1—a2— at

a

B+ = a2.y'+al.y B- = b2

S

B+

y

a2.y'+al.y

a2 ci

(a1.b2)t * (a2.b2)

at

b2

h. System Valve Circuit

Fig. 6-20 : Solution for Sequence START,A+,B+,B-,A-,B+,B-




TV DPW — NONPWYN IR
MIN2M NOTIAR 0P

EMERGENCY STOP | stop
Stop process due to emergency condition RESTART
Easy accessible buttons
Safety continuation Restart (Continue) I STOP CONTINUE
Different modes
Add-on CONTINUE T
RESTART

a. Target & Definition

b. Single STOP-RESTART button

c. Separate STOP/RESTART buttons

Fig. 6-21 : STOP-RESTART Single/Separate Buttons

CONTINUE

Fig. 6-22 : STOP-RESTART With Multiple
Remote-Control STOP Buttons

No Change

Cylinder at rest must remain at rest.

Cylinder in motion must complete its stroke, and
remain at rest.

No Motion

Cylinder at rest must remain at rest.
Cylinder in motion must be disconnected from pressure
and move until stopped by friction (or end stroke).

Lock Piston

Cylinder at rest must remain at rest.
Cylinder in motion must be locked at its current position.

Safety Position

Cwinder must be moved to its either (+) or (-) position,
which been pre-definrd as "Safety Position".

No-Change/No-Motion
Combination of No-Change and No-Motion modes.

No-Change/Lock-Piston
Combination of No-Change and Lock-Piston modes.

No-Change/Safety-Position

Combination of No-Change and Safety-Position modes.

RESTART

RESTART

CONTINUE

Fig. 6-23 : Electric STOP-RESTART
System With Multiple Remote-Control
STOP Buttons

To limit

valves To limit

valves

a. No-Change Mode

b. No-Change Mode
Pneumatic Actuation

Electric Actuation

To cylinder

valves To cylinder

valves

d. No-Motion Mode
Electric Actuation

c. No-Motion Mode
Pneumatic Actuation

Fig. 6-25 : No-Change & No-Motion Circuits

Fig. 6-24 : Emergency Stop Modes Definition




Cylinder "A"

Fig. 6-26 : "Lock-Piston" Mode Circuit

Cylinder "A"
L
r v

Fig. 6-27 : "Safety-Position" Mode Circuit
(Applied to an Individual Cylinder)

Cylinder "A"

from control
circuit

A+

from control
circuit

A-
one valve
per t—b>
cylinder [ To all shuttle valves
4,' .
c air supply to
control
c circuit
continue
cycle "\

one valve for the
whole system

Fig. 6-28 : "Safety-Position" Mode Circuit
(Applied to Entire System)
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c ~r— al+a2

al — = a2

Fig. 6-29 : "No-Change/No-Motion" Mode Circuit

A-

al
0

0 0/(MoOo IDINO
-01-W2 0 0|1
=R 1T -1

al al
lojowo| 1D 0WCE]
L—c —! L c !
VA+ = C(A+) VA- = C(A-)+C".a2'

Fig. 6-30 : Karnaugh Maps for
"No-Change/Safety-Position"Circuit

Cylinder "A"
I_ v
=

L
A+

A- —>— VA- VA+
a2'! —»—
m

Fig. 6-31 : "No-Change/Safety-Position" Mode Circuit
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HARDWARE
PROGRAMMERS

Drum Programmer
Programmable Counter 1/n
Programmable Counter 2/n
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Fig.7-1: | Drum programmer. (Courtesy of Amerace Corp.)
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A+ B+ C+ D+ E+ F+
o%w o%w 4%& 4%& o%w
1 A+
|| || 2
Ste 1 2|3 4 5 6 | 7T |
i - H H = * station 1
Action | A+| C+| B+ g; D+| F+ 2: ........ H . [ 4
B- 5
b. Sequence Flow d. Station 1 Position
Station A+ B+ C+ D+ E+ F+ A+ B+ o+ D+ - Ft
: u -0 50 050 050 050
2 n [ ] 2 A+ C+
3 | BN BN |
; _— - H BH B 3
5 | H BN - - - 4 station 2
5
. P ——— || | B B :
7 | BN | | |
e. Station 2 Position

c. Drum arrangement

A+ B+ C+ D+ E+ F+
0S50 050 0S50
3 A+ B+ C+

H
| H B = 5
|| H B = = s

—

f. Station 3 Position

Fig. 7-2 : Drum Programmer Action




DRUM PROGRAMMER (STEPPING SWITCHED)

Y
yi y2 X x1

Y+ Y- X+

Cylinders D,E,F Types Cylinders A,B,C Types

E+ D-
START, A+, B+,B-,C+,C-, D+, A-, , F-, F+, F-,F+,| E-
F+
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MATRIX BOARDS

7-3
x2 In Out
1 6 1.2 3 4
20ONO7 A
NQ) 8 B
4 Os g
50O O E

a. Patch Board b. Matrix Board

Switches Fig. 7-4 : Boards
Signal [V _V VI VIVl X X
Desired | to Connected to
Step | Event Advance|A+ [B+ |[C+ |D+ |D- |E+ [E- [F+ |F- | Motor
1 / Start
2 A+ a2 X
3 B+ b2 X_[X
4 B- b X 1.2 3 4 1 2 3 4
5 C+ c2 X X A A
6 C- cl X X X
7 D+ d2 X X B B
8 A- al c c X
9 E: e21f2 X X XX
10 F- f1 X D D
1 F+ 2 X
12 F- X a. With Sneak Path b. Without Sneak Path
1 F+ 2 X
D- . . .
14 E-  |dielf1 X X X Fig. 7-5 : Matrix Board
F-
. Go
1524| Fo / X
Fig. 7-3 : Drum Programmer Solution
PROGRAMMABLE COUNTERS (SEQUENCERS) Xn
x1 X2 X3 X4 X5 X6 Xn START | X1 X2 X3 X4 Xn1 X
1 2 3 4 5 6 |- n " —
Connected 1 2 3 4 5 n n+1 Connected
to Module 1 l to Module
1
Not
Used
z1 z2 z3 z4 z5 z6 Zn 71 72 73 za 75 Zn
Fig. 7-6 : Schematic Representation of Fig. 7-7 : Programmable Counter With
Programmable Counter Single-Cycle START mode
b1 c1 b1 c1
Start a2 b2 c2 al a2 atl Start a2 b2 al a2 al

| | !
1 Not
. Used
1 FT
A+ B+ C+ B- C- A-

START, A+, B+,C+,A-,{B} Ar. A
.| A+

Fig. 7-8 : Programmable Counter Circuit for
a Sequence, Implenting Actuating Valves
Without Return Springs (1/n)

P
A
A
A

1 3 5 6 7 8
[ I
J" Not Not
Used Used

Y v

Iizljuu >1

A B
* * C+

Fig. 7-9 : Programmable Counter Circuit for
Sequence of Fig 7-8, While Actuating Valves
Have Return Springs (1/n)
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e
e
.

I

7-4 X1 X2 X3 X4

z1 z2 z3 z4
a. Actual General Cell b. Actual Counter Configuration

Xi

| Tozi+1SET
To Zi-1 RESET
yi y2 y3 y4
zi 7 29 2 24 step| y1y2y3ydy5
c. Equivalent General Cell d. Equivalent Counter Configuration ; (1, ? 3 3 3
3/00100
4|/00010
Fig. 7-10 : Programmer Based on 1/n Code 2]00009"

e. Counter cycle states

X4

e
e
e

zi z2 z3 24
a. actual General Cell b. Actual Counter Configuration
From Zi-1 From Zi+1
SET RESET SET RESET SET RESET SET RESET

step | yly2y3ydy5

. . . . 1]11000

—F — I +— 2(01100

X1 |yt X2 |y2 X3 |y3 X4 |ya 3|]00110

4(00011

5(10001
& & & & e. Counter cycle states

To Zi+1 SET
>

To Zi-1 RESET |
—1 ]

—
zZi z1 z2 z3 za
c. Equivalent General Cell d. Equivalent Counter Configuration

Fig. 7-11 : Programmer Based on 2/n Code
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[E I
ol v 1 O O S
1 12 |- 3 [ '"1_2_"p

B1 B2 B3 Bm
S o B S
J J l l l l l D1 D2 Dp
1 H o2 | 3 zB1 ZB2 ZB2 ZBm l l l
1 12 - p
l l l c2 Ck
ZA1 ZA2 ZAn ] l l l l l
ZD1 ZD2 ZDp
Path B for P=1
P’ l l l Path C for P=0
zc1 zc2 ZCk
Fig. 7-16 : 1/n Programmer for Two Alternative Parallel Paths (Parallel)
Al A2 An B1 B2 — c1 C2 Ck

L I R

| L i

1 7 2 |- 3 n 1 7 2 |- m 1 7 2 |- k 1—
o] L] o]
a1 zA2 ZAn P 781 zB2 ABm  SkipforP=0 zc1  zc2 Ack
Fig. 7-17 : 1/n Programmer for Program With Skip Steps Option
Al A2 An B1 B2 Bm P ¢ c2 Ck
L 1] L 1] | 1]
1 42 |- 3 1 42 = m L 1 52 |~ k —
Lol Lol Lol
Za zA2 ZAn n zB1 B2 ABm zc1  zc2 ACK

Repeat for P=0

Fig. 7-18 : 1/n Programmer for Program With Repeated Steps Option
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CHAPTER 8

MISCELLANEOUS
SWITCHING ELEMENTS
AND SYSTEMS

Timers Modes

Timers Construction

Pulse Shapers

Flip-Flop Types

Up/Down Counters

Shift Registers Implementation
Schmitt Trigger

Binary Codes

Error Detection

Encoders
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S(SET) — . 8-2 S(SET) — .
R(RESET) — Q R(RESET) — Q
a. Logic Circuit (Active HIGH) b. Logic Circuit (Active LOW)
S(Set) — S(Set) — T @
Clock — o NAND Clock —
' o Q
R(Reset) — Q R(Reset) 7

e. Clocked SR Flip-Flop (Synchronous) f. Sl

s Ql-»
1 CP
- R Q-

hort Symbol of Clocked Flip-flop

d. Clocked SR Flip-Flop (Synchronous)

Fig. 8-10 : Basic Set-Reset Flip-Flop (SR)

w0 s s a | Q
Fhie ] = 7
T : . . I ) — : Q
o | o Jaer—fr o] R a |
a. Basic Logic Circuit b. Master-Slave Type
Fig. 8-11 : Toggle Flip-Flop (T)
Q3 Q2 a1 Qo Q3 Q2 a1 Qo
L FF3 FF2 FF1 FFO L FF3 L FF2 L FF1 L FFO
Q Q Q Q Q Q Q Q
T T T T|+— cLock T T T T[+— cLock
o o o o o TUle Tlle Tl
a. "UP" Counter c. "DOWN" Counter
w J LTI Lt el w
PR [ ) ) O SO B
@ \ \ [ \ [ \ [ Q
T
a3 m Q'
SELECTOR
Q3:0000000011111111 00..
gf gg??;;: } gg??;;} } gg b. "UP" Counter Timing Waveforms DOWN
Q:0101010101010101 01.. RESET

Fig. 8-12 : T Flip-Flop Implementation - Counters
(Flip-Flops are Triggered on High-to-Low Transition at T)

d. "UP/DOWN" Selector

o D [D—fs ol —dI>—s a Q
——fs af{o P —]
cp . Cd>»—{r o[ 1> R a Q
R a1 Q@
e
a. Delay Flip-Flop (D)
b. Master-Slave Type
N———D Q"D QD QD QD Qf*D Q[ D Qf > or
cP Q' cP Q' CcCP Q' cCP Q' cP Q' "’ cP Q' F cCP Q'

T ===

c. Shift Registerr Based on D Flip-Flops

Fig. 8-13 : D Flip-Flop Implementation - Shift Register
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8-3

Q3 Q2 Q1 Qo

L FF3 FF2 FF1 FFO

FE3 FF2 FF1 FEQ
QT QT cLocK
Qo Qo Qo Qo
0 0 0 0 0000 =0

0 0 0 1 0001 =1

0 0 1 0 0010 =2

QT QT CLOCK

Qo Qo Qo Qo
0 0 1 1 0011 =3

N P cLock

Qo Qo Qo Qo
0 1 0 0 0100 =4

Fig. 8-14 : Up-Counter Hardware Sequence

T T T Tle— cLock
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8-4

Q2 Q1 Qo
L FF3 L FF2 L FF1 ‘L FFO
Q Q Q Q

T‘LQ' T

Tl— cLock

Ql Ql

c. "DOWN" Counter

0 0 0 0 0000=0

L QFFO AL QFFO AL QFFO AL QFFO

, T[e— cLOCK

(1) (1) (1 (1)

1 1 1 1 0000 = 15

Q3 f Q2 f Q1 f Qo ﬂ
L QFFO AL QFFO AL QFFO AL QFFO

e T e T e T g T crock

1 1 1 0 1110 = 14
Q3 Q2 Q1 jL Qo ﬂ
L FFO AL FF0 AL FFO AL FFO

T T TR T|«— cLOCK
— Q' Q Q Q

1 1 0 1 1101 =13
Q3 Q2 iL Q1 f Qo ﬂ
L FFO AL FFO AL FFO AL FFO

T T T [«— cLOCK
—]Q ‘I Q' ‘I Q' ‘I Q'

1 1 0 (] 0000 = 15
Q3 Q2 Q1 jL Qo ﬂ
FFO FEQ FEQ FFO
—a Q Q Q'
(0) (1) (1) (1)

Fig. 8-15 : Down-Counter Hardware Sequence
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e RILICIREEEI RN RN R g -

1
SRS S S S S S S

a. Shift Register - Serial In,Serial Out

Parallel Input

e OO
Shift

b. Shift Register (Cyclic) - Parallel In,Serial Out

Parallel Input

e oo A6 4 01
HERERERRE

Parallel Output

c. Shift Register (Cyclic) - Parallel In,Serial/Parralel Out

Input
Control

Serial lecto
Input

1001101101#33;;3}‘
Shift

d. Shift Register (Cyclic) - Serial/Parallel In,Serial Out

Fig. 8-16 : 10 Stages Shift Registers

Steps 1 2 3 4 5 6 7 8 9 10
B+ C-
START A+ B- D+ D- A+ B+ B- A-

C+ A- \—[
‘ C+ A+

A+

a. 10-Step Synchronous Sequence Definition

Steps
10 9 8 7 6 5 4 3 2 1 0
Outputs

0|1 1 1/0(0 |1 1 1 1 0 — A+

o/0/1jo|0|j0|O0O|O0O|1|0|0 — B+

ojofojo0o|0|O0f1T|1|1|0|0 —>c

o/0,0/0|0|1|1T]0|0|0 |0 — D+
SRR S S SO S S N S O N

b. Shift Register With Four Parallel Tracks Implementation

Fig. 8-17 : Implementation of Multi Track Shift Register
for Operating Synchronous Sequence
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Standard > Out

Gate

a. Typical Gate I/0

Low-to-High Threshold

High-to-Low Threshold

Qui |

b. Correct Input Signal

Out

N

l

c. Noisy Input Signal

Fig. 8-18 : Response of Standard Gate

Output
Voltage

HI (3.4V)

LO (0.3V)

HI

LO

Input

T
0.95V

T
1.8V

a. Hysteresis I/0 Graph

>3 Voltage Out

N\

Low-to-High Threshold

High-to-Low Threshold

b. Typical Response

Fig. 8-19: Schmitt-Trigger Response

Electronic

—»  Schmitt

Gate

—> Out

a. Electronic Schmitt Gate

b. Response of Schmitt Trigger Gate

Fig. 8-20: Standard/Schmitt Response to Fuzzy Waveform
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8-7
Natural Reflected
Decimal Binary Cyclic
Value Code Code

0 0000 0000

1 0001 0001

2 0010 0011

3 0011 0010

4 0100 0110

5 0101 0111

6 0110 0101

7 0111 0100

8 1000 1100

9 100 1 1101

10 1010 1111
1 1011 1110
12 1100 1010
13 1101 1011
14 1110 1001
15 1111 1000

Fig. 8-21: Compari

son Between

Natural-Binary and Reflected-Cyclic Code

— B — — B — — B — [ ° —‘
A g A g L ’7 B
r r r A J
A ° L4 A » [ A L4
L L L L
—c — ¢ — o L p—
(@) (b) (c) @

Fig. 8-22: Use of Karnaugh Map to Obtain Cyclic Codes

1111

1110 110
1100 100
1101 »101
1001 001
1000 000
1010 010
1011

0011 Fig. 8-23: Reflected Cyclic
0010 Code for 6 Numbers
0000

0001

0101

0100

10110

10111

00111

00110

Fig. 8-24: Construction of "Reflected" Cyclic Code
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8-8 P = Parity Bit
Weight Weight
814 2 |1 814 2 |1 P
Numbe Number
0 0,0 |00 0 0/0 0|0 |0
1 o0 0 |1 1 o0 |0 |1 |1
2 0o/0 |1 |0 2 0/0 |1 |0 |1
3 oo |1 |1 3 o/0 |1 |1 0
4 o100 4 0/1/0 |0 |1
5 0|1 |0 |1 5 0|1 ]0 |1 |0
6 o1 |1 |0 6 o110 |0
7 01|11 7 o 1|1 |11
8 1/0 0 |0 8 1/0 |0 (0 |1
9 1/0 0 |1 9 1/0 0|10
10 1/0/(1 |0 10 1/0/(1 (0|0
11 1,01 1 11 1,01 11
12 1/1]/0]0 12 1/1/0|0]|0
13 1110 |1 13 11011
14 11 (1|0 14 1)1 |1 (0 |1
15 11 (1 |1 15 11 (1 |1]0
a. Natural Code b. Natural Code With Binary Parity Bit
(No Parity) (Even Parity)
Fig. 8-25: Truth Tables for Natural Code
Weight slalalyle Weight alalqslp
Numbe Number

0 olo|lolo]o 0 1(f1({0f0]|O
1 ololo 111 1 o(fojo(f1]1
2 olol1]lo]1 2 o(fo|1({0]1
3 olol1]1 o0 3 o(foj1(|(1]0
4 ol1lolo]1 4 oj1|({o0|o0{1
5 ol1lol1]o 5 oj1{o|1]fo0
6 ol1l1lo0lo0 6 oj1|({1]|o0fo0
7 ol11 111 7 110|/]0|0]1
8 1lolo] o] 1 8 110(0]11]0O0
9 11loflofl1]o0 9 1101010
a. Weighted BCD Code b. 2-out-of-5 BCD Code

Fig. 8-26: Truth Tables for BCD Code
(With Even Parity bit)




Data Output Register
(Total n Bits)

v

Count Number of "1"'s

yes @ no

Parity Bit = "0"

8-9

Parity Bit = "1"

. .

Add Parity Bit to Data

v

Send Data
(Total n+1 Bits)

\ 4

Reaceive Data
(Total n+1 Bits)

v

Count Number of "1"'s

e

yes
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Error Detection Not Available

a. Natural Code

Detect ODD numbers of Errors

b. Single Parity Bit

Correct Single Error &
Detect 2 Errors

c. Multiple Parity Bits

Fig 8-27 : Common Modes

Handle Error

Delete Parity Biy

v

Save Data
(Total n Bits)

v

Return "OK"
Confirmation

Return "Error"
Status

Fig 8-28: Parity Check Process
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—1

_D -

_D |
100 E WRONG
110 G OK
101 F OK
111 H WRONG
c. Sections Border Problem

b. Encoder Photo-Cells a. Encoder Plate
Fig. 8-29: Binary 8-Sections Encoder
Absolute Coordinates
A H

1

_D -

_D |
110 G OK
100 F OK
c. Border Problem Solved

D E
b. Encoder Photo-Cells a. Encoder Plate
Fig. 8-30: Typical 8-Sections Encoder
Absolute Coordinates
—A 12
c. Incremental Encoder Output
b. Encoder Photo-Cells a. Encoder Plate

No Sense for Direction

Fig. 8-31:Single Output Incremental Encoder
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L\ ety

a. Plate Sensors Arrangement

Change 0 7
o Birection 360

"Counterclock" direction

v
ooamanamaJ

00 — 10 — 11 — 01 4»‘ d. Merge Diagram
"Clock™ direction "Counterclock" direction t AB
"Clock™ direction © o 1 10
b. Encoder Code Waveforms for Both Directions ¢c. Cells A and B sequences CR1 @ @ 8 |2
Fig. 8-32: Two Output Incremental Encoder crz |€® |5 |3 @&
CR3 |6 | 4 Q@
1
A CONTROL D CR4 @ﬂ/ 7

B o SYSTEM

e. Merged Flow-table & State Assignment

a. Control System Block Diagram

AB AB

00 01 11 10 00 01 11 10

cr1 || B| 8 |2 CR1| 0|1 | (1) (0)
cr2|®| 5|3 |® CR2| 1 |(1)|(0)| O
cr3|6 | 4/® @ CR3 | (1) (0) O| 1

crRa |1 | @®| 7 CR4| (0) O| 1| (1)

D
f. Merged Flow-Table States Transitions g. Output Table

b. Primitive Flow-diagram

= AB“+ CR2.A'B' R1=CR2.A.B' + CR4.AB
S2 = CR1.AB' + CR3.A.'B' R2 = CR1.A'B + CR3.AB

& 00 o1 11 10 D S3 = CR2.A.B + CR4.A.B' R3 = CR2.A'.B' + CR4.A'B

@ 5| -2 fo) S4 = CR1.A.B + CR3.A'B R4 = CR1.A'.B' + CR3.AB’
6| - |3 @ o D = CR1.B + CR2.A" + CR3.B' + CR4.A
- 2 @ 7 ? h. Exitation and Output Functions

1 @ 8 | - ? Initially, A=B=0 and all Flip-flops are in reset state (CRi=0).
1 @ 8 | - 1_ At that state, Flip-flop 1 must be set, with no confilict later,

| that is to say, while CR1 and CR2 are not set.

®5 | - 2|1 S1= A'B.CR2'.CR3'
6| -|3 @ 1 i. Corrected System Initialization
-l a 7 || 1]

Fig. 8-33: Motor Direction Detection System Design (Copy of 6-4)

c. Primitive Flow-table

Tachometer

Servo Motor

Digital Error | D/A ifi |—»
Program |——| Comparator "|_ Converter Amplifler Servgrvalve

Fig. 8-34: Simplified Block Diagram of a Closed Loop NC System (One Control Axis)

Position

Control Pulses Step
Program |—’| Logic Motor |—'| Load |

Fig. 8-35: Block Diagram of an Open-Loop NC System (One Control Axis)




CHAPTER9

ITERATIVE
SYSTEMS

Iterative Binary Adder
Iterative Design Samples
Binary Numbers Comparator
Cyclic Codes Converters
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9-1
X1/X0Y1|Y0 |22 Z1 Z0
0/0/0/0]0/0]|0 Z2 = X1.Y1 + X1.X0.Y0 + X0.Y1.YO
0/0/0/1]0/0|1
oo1olol1l0 Z1 = X1'X0.Y1'Y0 + X1.X0.Y1.Y0 + X1.Y1'YO' +
0/ 0/1/1]0/1/1 + X1.X0'Y1' + X1'Y1.Y0' + X1'X0'Y1
0/1/0/0]0/01
0 1 0 1 0 1 0 ZO:XO.Y0'+X0'Y0
0/1/1/0]0/11
o111 100 b. Sum Output Minimized Functions
10/0/0f0/1/0
10/0/1]0[1]1
10/1/0]1/0/0 * 3-Bit Numbers Adder requires 6-Variable Map
10/1/1[1/0/1 * 4-Bit Numbers Adder requires 8-Variable Map
11/0/0[0/1]1 * 32-Bit Numbers Adder requires 64-Variable Map
11/0/1]1/0/0 * Karnaugh Map Metode Is Limited to 4-Bit Numbers
11/1/0]1]0/1
EIEIER EIEIN) c. Karnaugh Map Methose Limitation

a. Truth Table

Fig. 9-1 : Adder for 2-Bit Numbers

I

— 2 Fp |« ] FA J«C0=0

n Yn Xn-1 Yn-1

|

. Cn+1| FA }S"_l FA | , Cn-1

Sn Sn-1 S1 S0

Fig. 9-2 : Iterative Adder Block Diagram

Ci
Xi
Yi

a. General Cell (FA) Flow Chart

Ci Xi Yi|Cis1 _Si

0 0o ofo o

0 0 1o 1

0 1 0o 1

0 1 11 o

1.0 0 0 1

1.0 11 o0

1101 o0 P
11 11 1 c. FA Logic Circuit

Si = (XI) xor (Yi) xor (Ci)
Ci+1 = Xi.Yi+ Ci (Xi + Yi)
b. FA Truth Table Fig. 9-3 : Iterative Binary Adder Design




DESIGN OF A PARITY CHECKER

Checker detects if number of "1" in a binary
vector, is odd or even.

It produces a single output line P, where :

P=1 denotes odd parity
P=0 denotes even parity

a. Requirements Definition

X (Vector) — ——— > P

b. Simplified Block Diagram

Pn+1 Pn

c. lterative Block Diagram

d. General Cell Flow Chart

bt xi i
ofo]fo
0[1]|1]
1]{0][1]
1]1]]0]

e. General Cell Truth Table

Pi = Pi-1.Xi' + Pi-1'.Xi = Pi-1 xor X

f. General Cell Function

Xi

|
NS

d. General Cell Logic Circuit

Fig. 9-4: lterative Parity Checker
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DESIGN OF 2-OUT-OF-5 CHECKER

A specific code consists of vectors that contain
exactly two "1"'s, and all other bits are "0".
(11000000, 00101000, 010000001 etc).

Design a circuit that checks vectors and announces
Z=1 when detected vector been found valid.

a. Requirements Definition

X (Vector) — ———*>Z

b. Simplified Block Diagram

c. General Cell Flow Chart

T 1 T

nqn_An+1, An_, A1, A, A1 [AO_,
ngr_Bn+1, Bn_, Bi-1_, Bi , Bl |BO
ngm_Cn+1 Cn Ci-1 ci_, ¢ | | CO %,
nor_Dn+1, Dn Di-1 Di_, D1, Do,

d. lteratice Block Diagram

Ai-1_Bi-1Ci-1_Di-1 Xi _Ai Bi _Ci Di
1|-|-|-|of[1]|0o]o0]0
1|-(-|-|1||o]|1]|0f0
-|1|-|-|of{o]|1]0]0
=|1|=[-|1|o]o|1]0
-|-(1|-|of|{o]o|1]0
={-]1[-|1|o]o]o
-|-|-(1]ofjo]o]|o0]|1
-|(-|-|1[1|o]|o|o0]1

e. General Cell Truth Table

Ai = Ai-1.Xi'
Bi = Ai-1.Xi + Bi-1.Xi'
Ci =Bi-1.Xi + Ci-1.Xi'
Di =Ci-1.Xi +Di-1

f. General Cell Function

Fig. 9-5 : lterative 2-Out-of-n Checker
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DESIGN OF A BINARY COMPARATOR
Comparator compares 2 binary numbers X,Y (of equal length), and produces 3 output signals:

Line A : A=1if X>Y
Line B : B=1 if X=Y
Line C : C=1 if X<Y
Design refers to positive numbers of n+1 bits, where n may vary according to case.

a. Requirements Definition

X (Vector) — —> A (X5Y)
—> B (X=Y)
Y (Vector) ) —> C  (X<Y)

b. Simplified Block Diagram

)In In Xn-1 Y‘n-1 )Ii Yf )IO Ylo
0 An+1 An An-2 Ai-1 Ai A1l » A
1 Bn+1 Bn Bn-2 Bi-1 Bi , B1 » BO >
0 Cn+l Cn Cn-2 Ci-1_, Ci_, C1 > (co

c. Iterative Block Diagram

Ai = Ai-1 + Bi-1.X0.Yi'
Bi = Bi-1(Xi.Yi+Xi".Yi') = Bi-1(Xi xor Yi)'
Ci = Ci-1 + Bi-1.Xi."Yi

f. General Cell Functions

d. General Cell Flow Chart

Xi Yi

Ai-1__Bi-1__Ci-1__Xi Yi Ai Bi Ci

1(ofo]|" |- 1 (]

olof1]-]-]|o =0
ol1]ofofo]|[o]1]0 Ai-1 A
ol1fofo1][oo]1 b 5 %% Bi
o[1|o[1|ol[1]0]0 Lo
ol1|ofl1]1]|[o]1]0 Ci-1 G

e. General Cell Truth Table g. General Cell Logic Circuit

Fig. 9-6 : Iterative Binary Numbers Comparator
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9-4
Natural Reflected

Decimal Binary Cyclic

Value Code Code
0 0000O0 0000O0
1 0001 0001
2 0010 0011
3 0011 0010
4 0100 0110
5 0101 0111
6 0110 0101
7 0111 0100
8 1000 1100
9 1001 1101
10 1010 1111
11 1011 1110
12 1100 1010
13 1101 1011
14 1110 1001
15 1111 1000

Fig. 9-7 : Comparison Between Natural-Binary
and Reflected-Cyclic Code

N c
(m) (m) cm) , N(m)
) >—> c(m-1) L

N(m-1) — Cm-1) N
) >—> c¢m-2) Nm2)
N(m-2)— C(m-2)
) >—> c(m-3)
C(m-3) DT' N(m-3)
N(m-3)
Fig. 9-8 : Iterative Circuit for Translating Fig. 9-9 : lterative Circuit for Translating

Natural-Binary into Reflected-Cyclic Code  Reflected-Cyclic into Natural-Binary Code

N@i) N(i-1) C(i-1)

0 0 0
0 1 1
1 0 1
1 1 0

C(i-1)= N(i) & N(i-1)
N(i-1)= N(i) & C(i-1)

Fig. 9-10 : Truth Table for Translating Natural-Binary
into Reflected-Cyclic Code




CHAPTER 10

MULTI VARIABLES
KARNAUGHT MAPS

5-Variables Map
6-Variables Map
7-Variables Map
8-Variables Map
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E — C— E — C— 10-1 c — =
l 1 B
A[ | { | : J
a. 3-D Representation b. Flat Representation . . .
P P Fig. 10-2 : Optional Construction

Fig. 10-1 : Three-Dimentional Five-Variable of Five-Variable Karnaugh Map
Karnaugh Map, and Its Developmenet (Not Recommended)
£ c E c T=A'B'C'D'+A’'BDE'+A'B'CDE'+AB'C'D'+A'BC'DE+ABCDE+ABCD'E

DI TD|olo]- with impossible conditions: A'B'CD'=1 ACDE'=1

oGll1] o]l [0 Do o] a. Original Function
B B

ololl-[of [[o o|a™|]

Al Al —R'C"'D' v J v

L.ZD 0| Jo L-:D ololo T=B'C'D'+A'BC'D+CDE'+ABCE

[ — —p— c. Simplified Function
b. Karnaugh Map
. Fig. 10-3 : 5-Variable Minimzation Exercise (With Solution)
. E
E —C— —C— T-A'B'C'E'+A'B'CD'+ABC'DE'+AB'C'E'+AB'CD'E'+B'C'D'E+A'B'C'DE+CD'E
W W a. Original Function
B B
A Iy ]
I I T=
R g— R g— c. Simplified Function

b. Karnaugh Map  Fig. 10-4 : 5-Variable Minimzation Exercise (Without Solution)

— C—

L mg—

L p—
D E
F

b. Flat Representation

) ; Fig. 10-5 : Three-Dimentional sIx-Variable
a. 3-D Representation Karnaugh Map, and Its Developmenet

1)

v ‘ E . T=A'BC'F'+AB'C'DE'F+ABDF+ACDE+ACD'E+
—C— +A'C'DE'+A'C'DEF'
- |00 - Mo of|-/0j0ojo||-/1]0]0 with impossible conditions :
@ Jofof[|o] -|lojolo|-|[ll1olo A'B'CD'=1 A'BCD'F=1
B - .
[o]olo]o|]|o||@a% 0|0 ZID[N) |0]0|T[) a. Original Function
A
[0/0]o 0] [0Wo\o 00|11 [olo]l1]1
—p— 4 _A'C'E' J '
©/ ) RN N T=A @% F +A(02)E+c s |=+egm=

b. Karnaugh Map
c. Simplified Function

Fig. 103-6 : 6-Variable Minimzation Exercise (With
Solution)
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10-2
— C— E
—C—
EF'G' l,
—E— ( ]
Lot ﬁ\\
B L
. ) ——
[R—=g— L ’7
;DQ
a. Upper Level b. Lower Level ‘E
F
Fig. 10-7 : Seven-Variable Karnaugh ;
Mgp, and Its Developmenet g c. Flat Representation AB'C'D'EF'G'
@ —Cc— I E
| 11| 11| 1 =) =
1) 1 ) 1 o) -
|G at
T=A'C'D'G'+ABCF'+B'D'FG+A'C'EF’ T
©Q @ 66 6 W g -
R . 11
b. Simplified Function | ®
5 St ts | e,
L at agt
/IS A
Fig. 10-8 : 7-Variable Minimzation — F ®
Exercise (With Solution) a. Function Karnaugh Map ®
E'FG'H
—E— —C— Lo E :
:\N ] ] =100 UJ 1] 1 ==
( F ( B =1 l L]J 1) -
G ] A J ‘[ 1 = ] - - -"1] - - =
L —H— L —Dp— L ij‘n - 1 =)
a. Upper Level a. Lower Level — Qu |_| 1 h -
Fig. 10-9 : Eight-Variable Karnaugh L-J Y
Map, and Its Developmenet - - 1= -
A 4 -
Number of Variables - F
in The Function il Bl Bl 't" o el I Wl el
Size of Cell 2/3/14/5/6/7/8 e e e T e e e I e e el o e e
Single Square |(2/3/4/5/6/7|8 === e [ [
2-Square Cell |1/2/3/4/5/6|7 G -
4-Square Cell 1/2/13/4/5]6 U [1] [1]
8-Square Cell 1]2[3]4]5 1 Y]
16-Square Cell 1234 - - - -
32-Square Cell 1/2]3 i )
64-Square Cell 12 \ H
128-Square Cell 1 Fig. 10-10 : 8-Variable Minimzation Exercise

Fig. 10-11 : Number of Variables
Required to Define Certain Cell
Address
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10-3

Semi-Karnaugh Maps

T.B.D.



CHAPTER 11

PNEUMATIC
FLOW-TABLE METHODE
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R‘@* S c2.yl.y2.y3 c2.y1.y2.y3'
R3 S3

. c2.yl.y2 c2.yl.y2'
. Flip-Flop Val .
a. rl [o] alve R s2 c2.yl.y2
R2 s2
cay c2y' c2.y1' ,
Rms R1 st c2.y1
R1 s1
c2 c2
b. Steering Valve c2
Fig. 11-2 : Two Steering Fig. 11-3 : Three Steering
Fig.11-1 : Flip-Flop Valve Valves providing 3 Valves providing 4
and Steering Valve addresses addresses
START,A+,A-,A+,A-, A+, A- Ar
a. Process sequence START,A+,B+,A-,B-, [B-;‘ ,A-,B-

a. Process sequence

al.b1 a2.b1 a2.b2 al.b2 |A+|A- |B+|B-

al a2 A+ |A-

1 a2 A+ |A- v @ 1

a
@ 1 y1 R3 1 @Rz 1

® 1 w @8 1 y2 3)rs 1

® 1 vvz s 1 y3 (@) st 1

@ 1 y3.y4'@$2 1 » @ 2 1 1

@ 1 yl.y2 @ s4 1 V2 @ s3 1
@ 1 y3.y4@m 1 y3@ R1 1

b. Flow Table c. Complete Flow Table b. Complete Flow Table
S1=a2.y3' S2=a2.y3.y4 S3=alyl.y2 S4 =al.yl.y2 S1=alb2y3 S2=al.blyl S3 = a2.b2.y2
R1=a2.y3.y4 R2 = a2.y3' R3=al.yl’ R4 = al.yl.y2' R1=alb2y3 R2=a2bi R3 = a2.b2.y2'
A+ = al.y1".Startsal.yl.y2'+al.yl.y2 = al.y1' .Start+al.y1 /A-\+ =al.b1 .y1".Start+a1.b1 .y1 = al.b1.Start+al.b1.y1
A- = a2.y3'+a2.y3.y4'+a2.y3.y4 = a2.y3'+a2.y3 = a2 - =a2.b2.y2'+a2.b2.y2 = a2.b2
B+ = a2.b1+al.b1.y1
d. Exitation and Output Functions B- = a1.b2.y3'+a1.b2.y3 = al1.b2

c. Exitation and Output Functions

R1..22.y3.y4 2.y3.y4', oo
a2.y3
S1
2.y3'
a R2
R3 S3
A-
a2
e. Control Circuit
Fig. 11-4 : Pneumatic Flow-Table Design for d. Control Circuit

sequences START,A+,A-,A+,A-,A+,A-

Fig. 11-5 : Pneumatic Flow-Table Design for

A
Sequence START,A+,B+,A-,B-,[ ﬂ,A-,B-

B+
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11-2 START,A+,B+,B-,C+,B+,B-,C-,A-
a. Process sequence
al.b1.c1 a2.b1.c1 a2.b2.c1 a2.b1.c2 a2.b2.c2 Ad A- B4 B CalC
(a1) (b2.c1) (b1.c2) (b2.c2) H AT By B b
OLY 1
'@ 1
S1 1
R2
yl.y2'(@)R3 1
v3'®) 1
®s3 1
y3(@)S2 1
y1.y2 1
b. Complete Flow Table
—A % iblcl — af S1=b2.ct S2=bl.c2y3 S3=b2.c2
o X®| a2b2c¢i > b2at R1=at R2 = b2.c1 R3 = a2.b1.cl.y1.y2'
O[JXOX ] a2blc2 » bic2
o a2b2c2 ~ b2c2 A+ = a1.START A-=a2.bl.cl.yly2

c. Simplifiying Input Map

S2 C- B+ A-
R2
b1.c2.y3  b1.c2.y3' a2.b1.cl.y1’
R3 S3 S1
(b1.c2) (b1.c1)
ct ﬂ_ c2
b1 a2

#mi;k R1

S2

a2.b1.c1

B+ = a2.b1.c1.y1'+b1.c2.y3'
C+ =a2.b1.cl.yl.y2'

B- = b2.c1+b2.c2 = (b2)
C- =b1l.c2.y3

d. Exitation and Output Functions

R3 C+ S3

a2.bl.cl.yl.y2 a2.bi.cl.yl.y2'

(b2.c2)

(b2.c1)

S1 R2 B- A+ R1

L]

cl

c2

b2

e. Control Circuit

al

Fig. 11-6 : Pneumatic Flow-Table Design for Sequence START,A+,B+,B-,C+,B+,B-,C-,A-
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CHAPTER 12

MOTION ACTUATORS

Linear and Angular Motion
Electrical Linear Actuators

Electrical Rotary Actuators
Fluid-power Linear Actuators
Fluid-power Rotating Actuators
Boolean Functions Standard Formats
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12-1
o Fig. 11-3 : Eight types of
o Pneumatic rotary actuators
o]
=
<L
2
3
. ;8
L= e s : g
% el Egg = 54 %y
] (R i 8 I
2 o Ci
s| B 1 i
4 a ah E
~ E i 3= 33
L S, & EE
“ .ﬁ b I = (‘_‘. :.;'—‘
3 LIt}
'J;" (5200 30404
..Q
Fig. 11-2 : Force-stroke curve for E
Typical 2 diameter solenoid g
3
= # .
= Y Be 52
= / - =k E2
s H - g b5 £ :
2 b ¥
£} ) E_ g Z
L EE H i
Sk it §
= 2
B .
Tk :
oo |-——=
g4 P
o

Fig. 11-1 : Solenoid

Fig. 11-4 : Pneumatic cylinder
With air cushions
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Fig. 12-6 : Fifteen wavs of using cvlindres

AT

. gl A Bt s,

Ty — geFaEy
lx.n..ma.\.un,«.n.\ e ..T.....‘.Q_u.\- ety
SR I KT MR gt

AT R SFAeT

Pt AD El te e - paned

siaree i Aty aw - FréIE

Fig. 12-7 : Two application of ‘“‘airstroke”

Actuator (Firestonr)

Fig. 12-5 : Basic cylinder types
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Air out
{orin)

Fig. 3—Reversible vane-type air motor. To reverse direction
of rotation, inlet line is moved from one port to the other.

Fig. 12-9 : Air motor
Fig. 12-8 : Eight types of -
Pneumatic rotary actuators
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CHAPTER 13

SENSORS

Electric Position Sensors

Contacts Symbols

Photoelectric Sensors

Reed Switches

Proximity Sensors

Pressure, Flow and Level Switches
Pneumatic Limit Valves
Back-Pressure Sensors
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13-1
A
|
2 ®
o o 1S S — PR, — . T S
e W e S oM 5 L
7 ol = s e i
Fig. 13-1 ' commen actvarion mediods Fig. 13-2 : Common contact arrangements
For  Lipn?  Switeobes
(@) Overtravel! plunger
Dj Lever rolffer 5 TS —

. Change over
<) Pin  Plunger (sPST) [SPST) (5PDT)
d) Lever

Normal

position

o— | —O@gT—
(non-octuated) %\‘\

QQ_
Ac
;aTstJi?r’: nd Ow: 40‘6_

= Actuation

£ tad {b ) Actuation
Fig. 13-4 : SPDT switch with (a) b

reak-before-make (BBM) contacts, and (b) make-before-break (MBB) contacts

Torgel

1 I Target
J I Emitter

[E-=---al
Emitter Detector ,/’>| i

Detector

Emitfer - Defector Refiector

‘A (bl (el

Fig. 13-5 : SPDT Three operating modes of photoelectric sensor —

R RR R

(a) through beam
(b) reflection from target
(c) retroreflection

Fig. 13-11 : Use of magnetic proximity sensor
To measure rotational velocity
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~
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Fig. 13-6 : Methods for actuating
Reed switches

[\
N

Air Cylinder Controls Magnetic Reed Switch

An spst magnetic reed Switch slides in a track on an air cylinder

to operate relays, solenoids, timers, and other electrical equipment.

A permanent magnet attached to the piston activates the switch, Six
. bore sizes are_available from 11/16 to 2 in. with strokes to 32 in.

Fig. 13-7 : Use of reed switch to
sense piston position

£

Senung Face

Fig. 13-9 : Proximity sensor
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Preventing
cantact erosion

z

Diogs aner; AZding &
i the diooe speecs
Se-enargizanon af ins ingaciive lose

senat in series

Oicde- - Warks wmiar 15 186
dode-zanar compinanan

— =

Diose: A 015de connacted aceos th

HiF

s technique 13 aisa used 1
a5 cirzts

Gincuit, I Ptk can b connECiEd
either atross the 108 o the contacts

ors shoulc b

= only hemugn ne

r0. 28 tray oven T
axtramey mzutive

Machre Dasan * War

Fig. 13-8 : Arc suppression method for
protecting relay & switch controls

3

Broken Bit Detection —

1f a bent bit
shes

smashes the
Mark 111 sensor,
the machine is
“No Go".  turned off.
Part Position —

With tha part With the part If the sensor is
in proper position,  missing or in an  broken or

the Mark LI i position,  eable i o
ocutput contscts K 111 sho

are closed allow-  signals “No Go™.  Mark I11 turns
ing off tho machins.
operation.

Fig. 13-10 : Proximity sensor application
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ATMOEmERC ATMosPERIC

FRessURe PRESSURE
\

‘ ew HigH
ACTUATING. EFC AGTUATING  PRESSURE  PAESSURE
BRESSURE B PREssURe

- fr i o

Fig. 1. Simplified sketches of three basic types of pressure switches: (a)

age senses pressure above atmosphere, (b) vacuum or compound (also
gage) senses pressures less than atmospheric, (c) absolute senses pres-
sures independent of atmospheric pressure, and (d) dilferential responds
to @ preset pressure difference. S

Fig. 13-12 : Four basic types of
pressure switches

SHITCH
SHmLE
“oise

Fig. 13-13 : pressure switch
(diagram and Step acts on a
limit
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May be wired direct
10 actuate
low watiage aiarm

of
through comgatibe
gems relays

{solid state)

to actuate automatic
control functions

{also “intrinsically saie’)

Float and magnet —
the anly moving part

SPST reod switch
hermetically seaied
in stem

Fig. 13-14 : Level switch (based
On reed switch)
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SHUTTLE S

HERMETICALLY

— W N
Y SEALED SWITCH

80T POATS

Pressure

switch swidch

=T

LAV

4 SPRWE" ‘”mi’: ‘ n
— : ity
Fig. 13-15 : Two flow switches ;
(based on reed switch) | el f:,'ﬂi,j“jg oy : -
(a) Set-Foind (b) Sed - Point
Fonneeii M

‘Eo_ ?_
Tempem{ure

Fig. 13-16 : Symbols for various sensor switches
(normally-open contacts)

@3‘; HI
Level Flow
Swilch Sw fen

Fig. 13-17 : Sensor switch -
(a ) without dead band
(h) With dead band (hvsteresis)

Actuation J Plunger

Acmnhunl

Exhoust —

Exhaust —— vent ———0
guan‘r = o0

Supply ressure

Pressure — Qutlet
Exhaust —

e & —=— Air supply

Fig. 13-18 : Fig. 13-19 :

3/2

Pneumatic limit valves and their fluid-power symbols: Jimit  valve

(2) a 3/2 valve, and (B} a 5/2 valve. (Peppet Type)

(spool ppe)
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Fig. 13-20 : Flapper-Nozzle
system used as
back-pressure

Obrect
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Fig. 13-21 : Back-pressure
sensor with
overtravel rotection
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Fig. 13-21 : Back-pressure
sensor with
overtravel rotection Fig. 13-22 : Detecting liquid level of

Fig. 13-23 : Annular back-pressure
(a) output pressure P0 low

EE
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Fig. 13-24 : Interruptable-jet
sensor

Souné mare
[
(wmsin)
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) 288

Curct mode 1ound sensr

Dtyect omng sensac

Untrasanic bt sensans.

As illustrated in Fig. 412 the properties of sound waves extands the
usefullnesa of the ultrasonic-type sensor: the reflex method of sensing can de-
tect objects on & conveyor line or & sound curtain can detect the presence of &

| senses

person entering a danssrots arsa.

Fig. 13-27 : Ultrasonic sensor, and several applications

(b) sensor P0 high

power level using back-pressure
sensor (bubble tube)

HRDETY

Fig. 13-25 : I

vl

i
v

Sound curtain

= T

nter

s

ruptable-jet sensor  Fig. 13-26 : Interruptable-jet sensor
(insensitive to dirt)
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(with remote actuation)
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Specifications

TPy PrEwURE Tovasoms
| DEFLECTION ANGLE & MINIHUM AND 45% MAX IMUM.
OEFLECTION FORCE APPROXIMATELY | DUNCE AT ENO OF ROD
SN UNDEE LECTER OUTPUT
A Wi o aibs BIAMETER. | | 40m oF SUPRLY PRESSURE
BRrFiNG RESTRICTOR
TEMPERATURE LTS STa s LT T0RG
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ROD NYLON
Fig. Z2-28. Spring  Sensor
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