1l g oz )5

Sy B Loy 3o S
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PID

PID
PID

PID
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PLC

PLC
STEP 5

PID

Sy

PLC
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¥ Aoddio ~Y—) Cow 2

PLC - - - c

f PLC I3l coomw -Y-Y

Y e Siloga (slecosmonw dawgi (ygummlogil i Jgl Juad

- - - A doddo —)-)

T Y Soilogus o sl321 —1-Y
Triac - - - .- -

A PLC o5 aolip -Y-¥ ¢ Seiloges SUS> Cardy J S -1 -

[ .9 4ol sledlo Y-F -

OR"" AND"" o - - -

1 Slogs S Wy (o j S o J o5 -)-F

o Yy Silgo b yloe V-0

D-OFF - - -

- - Yy S gozr V-5

sy & sledlio —¥- YA Flwo

ON/OFF -- -
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o USSP TTCH JERPSTIRROR A Sixo sledlie —Y-$

Conduction --- - - -
Convection - - - - - -
10Y GO o -V -F Yy STEPS (o g5 40l p (gl douiio -Y-V
3% Slawe T
Step5 - - -
1#4 P
V¥ G o -Y-A
WY Wl 8 Slelss b,y : E
12 & sledy) ol Jad va S
Wy dodo —F-)
" &y
Wy Swolud slduo -F-Y - .
nf o a5l ipgu Juad
.- e oo ~¥-)
o aly Gely sleeby, ~F-Y T
- "y UETSTERP PPCIHORPS I KPR 5
e ( ) -
o YA 3l 3k shs Y-¥
1AD (omdlS 5 ly by, F-F D -
ZN. - --- ; -
A4 S olyly (o lwbils slecg, -F-0 e S gy SLensimn (5 3ludno ~F-F
LS. --- ---
LS. ( --- ( ) .-
( - - - -
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YOA oSl — 6 1af Gy g g dods —F-

Y5f )~ oSS \hYd Jluwo
Yv. Losdly o g8 114 &=l
YoV PID susss J oS g5lw ool g pudidd « 21yb 1oy Jad
Y.y edlio 9 iy yla —0-9
PID - -
| K5 2N Sl S PID ouisS J oS ooyl az jo -0-Y
YA b ouiss’ J o8 g5lw soly —0-Y
Yy PID ouiss J s 2lb-0-f
Ziegler-Nichols - - -
| 1) O Integrator Windup ,8 J1,5561 Saigdh gos —0-0
Yo 230 Sl J 5 05
Yoy Flwo
Yor &>l
YOA ol o33
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Jol Jad

B gs ¢ gawlo git
Seilo gl (5lgovmm
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Silogs (5ot b gi (ygmmwlogil 1)l Juad

doddo —V-)

) (Pneumatic)

(Pneumos) (

Soilogud oo =131 —1-Y

Seilogd by glgil —1-¥-)

(directional valve)
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( ) -
( ) -
( ) -
@Eﬂ\w O-ring
Poppet seal Spool
Spool ‘0’ Ring Body
Seilogss 5b sl 33 3T isled Silouis 5 YxY Carndy J i i V=Y JSCi [ s | 3
// % % Lo
(29 95 57955 = (5999 4w) XYyl (& . 1
(Poppet) (Spool) 77 W/W 7
( ) 2 4
' ( )
FxY L FxY Comdg J oS i (¢
() (Fa2b9 95 9 (9,57 (69979 ©)9% 99 SLxo &1 95 )0 99) TV s (A
()OO () () ()
() }
() ( )
(N.C)
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OxY L OxY Cardg J S i (0

1o A8 53 T Sl ialed 83205 5 OxY Capmdy S35 b £55 52 1-F S

S 5lo s 55l JU B3 1YY
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1 3
Common symbol

1 3

Spool type
normally open

YHY Gy JS i 1Y IS

=7

2114 2l 4
(AL
14¥3 Position 1 147 3 Position 2
4 2
3 1
S 4l 50 o Sgromw (halad 89505 9 FxV Camdg J 58 b g9 SO N-F S
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Goly b Silogw S (o s Sy (G

(Spool)
(Poppet)

" 5 4 2 3 12

5
Electro-pneumatc actuation Diaphragm operated

J6S 6l s gl b (Seilogi S5 slancie glgil \-Y S

oS Sy (@

Spool

Spool
2
Ong-way rofler lever

S G s (Sl Sy gloio glgil V-8 S
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Seilogss gl yKhos —1-Y-¥

4yl S5~ 0 ygo Sy (sl (I

Rear end cap Piston seal  Barrel Frontend cap Piston rod

Air supply/exhaust Piston Vent Piston rod bearing

A K 0970 Sy S £ g5 Sy V-V S

adyb Sy (051800 s (¢

WWW.MOHANDES.ORG

Solenoid coil Armature
|
Y e 7 2

Exhaﬂust Py Elﬂjg}'w
- d
§ - LA I

—

0

0u1pu123ignai+ f Pilot siupply

WS (0 o0liiuwl Siloguai—g SN G o 51 a8 XY puds £95 SO V-A SO

Spool
, Spool
0 0 ()
* *
Pilot exhaust 4 2
}
L/ -R V1Y /1w
Solenoid pilot A 5 1 :;

External pilot supply

IIF'T\W 1/1?]71

@

B —
/=] A‘ TTT]) /rm
(b)
S logaimg iUl ouigd Sy 25 (gl it (5)lke (e V-1 S



http://WWW.MOHANDES.ORG

ad,b90 Sl (©

Piston rod

Rlatum sgring

Cylinder barrel Piston rod
|

Inketfexhaust port

Bl Sy a1, S £ S )N S

(Air Bellows) Slga Sidb (&

Piston seals Bearing  Rod and wiper seal
b 93 Sz Sl £ S 1Y S
( ) -
(3l slalge) (595 o SS 220 (& ( )
Flexible wall Air supplylexhaust

I

Retaining ring —w—

Bellows captivation i
End cap
29l Wao b (1599 Ao I ymo £95 S V1P Y Slep Sidl Slos £g5 Sy V- S5
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Type Displacement motors
Radial piston Linked piston Vane Cear
Characteristic mator maotor molor motor
Max. operating pressurne 10 -] ) 10
thar)
Ratedd power (kW) 1.5t 300 Tk 0.1 w18 0515
Max. speed (rpm) GO0 5000 30000 15000
Specific air consumption | 15 to 23 2010 25 20 1o 50 30 to 50
(k)
Lubsrication Sump and/or Sump and/or Compressed air Compressed air
with compressed  with compressed
air air

Slogs 59790 dmglio Jguxr 117 JS&

Slogs slSe Camsdg J 05 -)-Y

b Sy S Sy 8 o J i )-F-)

NC) ¥

T T
s

Valve unoperated Valve operated
Rod retracted Rod extended
(@) (b)

4y Sy S Sy 5 o S8 VY S

WWW.MOHANDES.ORG

9 s e (7

(Vane Motor)
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4hybgs Kar Sy & > S )-F-Y

OXY i Ly adybogs Ko Sy 5y J 558 1-14 Y

L

) 2 4

( ) ((m T\

- W
G Ly

OXY s bnwgi 4 b 93 K> Ky &5 > J 565 V-V S

gy ;L 31 00litus! by yeuds J 58 —V-Y-Y

XTI 7} <

Vi v A

gkey olosd 9 J S (5lo yeds gy 48y Kz Sy 0,Shas -V S
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( ) Va

) Vs Va, Vs

Trapped Signal
Va . Vg

e

R AVIIFAE
; !

v
G:Dj%lw @ZB:@W Woly loyd J 08 il G lwgd ad1bgd S S 0 Shos V-V Yo
Vi Va

+
a6 ,bgs Ko Sy Seilogil 3 ,Khos 1YY JSCi

ldos Silogi J s -)-Y-F

* N.C.

PLC
Vs

(Pneumatic Trip valve)
Va )
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A+B+A-B-repeat

= B

+
Va Ve Vi

shol gl s Sl Jgl Al yo )-YF S

At -

A B

oy [ oy

- + -

Start ; !

Jl S 5o )b g0 alo 5o V=Y UK

A+ signal

WWW.MOHANDES.ORG

+
R UITA > [l } <
Vi % Vg W

o (XTI ZF <

|
|
I
I
]
]

ol

£
VC

Ak

+

o e 95 bansgi 4 g Kor Sy SelSms Seilogil 8 Shos 1-TY S

SSloges S wiy (o § 08 > S5 )-F

(A, B, C,.)
A+ B+ A- B- repeat
B A
a,
al

O
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bo a, A -
b, B+
ay a, by b,
am— I | L A al 5
. ) . F )
- - . |_{>|§i < [_“D""I:H <l
={\] <+ Ir-c'-i A - ' Va ¥ ! Ve W
f Vo ¥ | 1 VeV : I |
[ I ! |
1 I 1 |
I [ ' | ﬂ:lﬂglw a:lI[glM
m CD:@L,, cizlglw B:[ggw Stan a, B+ signal
Stoptun | b, a, '.ao 4 B+ oy 08 woly yd 3l ooliiwl pgw a0 1-YF S
|
! a, A- by
3:[ % ay,h B-
by ( ) a,
AB Ko g5 Suilogil o8 > Slg b 1-YA S VB
By
Olozed Sy g0 slxs| -V-F-¥ A “." ; e [
- X4 <k A -
I: Va : : Vg i
=1 [
A+ B+ A- repeat : i i i
B- i i | '
B- A Start b, a a; B signal
Ol Se e 33 8o, B (6505158 prle Aoy (sl 1-TY S
A-.B- b,
b, a, A- A+
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G319 sle o1l —1-0-)

A+ B+ A- B- repeat

T 1

i ! i !

| 1 ! 1

| ' | !

A+ B+ /B- A- ! ; | !
Gl Gl ! ! !
AY ” | S | | 1 GI” | i‘l 1

1 I

Stop/run : a, :

| 1 1

| | |

I ] 1

I emeemmme e - -

A+B+| A-C+D+ D-C-B- ' '

I .H I HQEM GI:‘IE@M

a

A+B+\ A—C+D+\ D-C-B-

I II I Ep{%[gw
-3
Do Sequence As Be A- repeal
8-
) - P S 50 Glojas 5 p> 90 Sl i p3Y Silogad it 70 1-Y S0
/
6}'3" ,_5Ub)|..u -\-0
* * _
GII GI
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A+ B+ / B- A-
Group | Group Il Group Il I II

I a ) a,
A+

>
+

B+

- DEEE ...... b, . bllg_ | GII

o

Selec group B ===

Solect group Il [=----
f - . . |
Gilgn b aw sl (6l ¥XY puls a3l oolisiw! V=YY JSCo [ ‘I_ +— Grouwpt

: éﬁﬂ%xs;.fz@ "L —J‘

A+B+B-A- S o i i Sl e (55190 Hloe VY IS

&3lg0 sloe gl el (o215l a5 V-0

GII,GI *
GIII,GILGI

*

5190 L dus Sl (gl s OxY yuds S0k s 31 o0liiual V1) U
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M -\ Group IV Group Il Group Il Group |
pilot air pitot air pilot air pilot ar
) B A
? A soscgonn > X][
B A s . k
ON/OFF ).
(.
Select group Il b--m
B
Select group Il Eb---m: ===  Select group |
(- — v
Gilgo b sl olml (5l OXY ol dus a3l eolaiw V=YY S
A [—
SR @ox V-F
:::I M
-y\-y
) -
)
(:
C B,A -y

A+ B+ C+ A- B- C- Repeat
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(2]

(3]

(4]

(5]

(6]

(8]

(9]

(9]

[10]

&l
Barber, Antony, Pneumatic handbook, 8th ed. Elsevier Science,
1997.

Bolton, W, Pneumatic and hydraulic system, Butterworth
Heinemann, 1997.

Fleischer, Henry, Manual of pneumatic systems optimization,
McGraw-Hill, 1995.

Goodman, Robert B., A primer on pneumatic valves and contrals,
Krieger Pub., 1997.

Hehn, Anton H., Fluid power troubleshooting, 2nd ed, Marcel.
Dekker, 1995.

Majumdar, S. R., Pneumatic systems : principles and maintenance,
McGraw-Hill, 1996

Mills, David, Pneumatic conveying systems : design, selection,
operation and troubleshooting with particular reference to
pulverized fuel ash, Trans Tech Publications, 2001

Paterson, E. B., Pneumatics in industry: System design and vibration
isolation, McGraw-Hill, 1984.

Peterson, E.B., Pneumatics in Industry: system design and vibration
isolation, McGraw-Hill, 1984.

Pinches, Michael J. and Brian J. Callear. Power pneumatics, Prentice
Hall, 1997.

Yeaple, Franklin D., Fluid power design handbook, 3rd ed., Marcel
Dekker, 1996
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MG-20

B+ A+ B- C+ C- Repeat

A-

Cascade

ON/OFF

(

(Trapped Signal)

-1-%

--06
Start/Stop

-)-$
C.D

A+ B+ A-C+ C—- D- D+ repeat

start/stop

B—
B-,C-

(Cascade)
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P9d Jd

S oS J guiS
(PLC) pW 4ol g ik
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PLC ydy a0l ko (g 0008 J 508 109

PLC
PLC )
Siemens PLC
STEP5
doddo —V-)
PLC Jguo! -Y-1-
PLC
PLC .

PLC

PLC

PLC
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A ‘ B ‘ A-B

0 0 0

0 1 0

1 0 0

1 1 1

A | B | A+B

0 0 0
’Jj 0 1 0
L/ Lo | o

1 1 1

A) Commutative Laws
A+B=B+A

A-B=B-A

B) Associated Laws
A+(B+C)=(A+B)+C

A-(B-C)=(A-B)C

C) Distributive Laws
A-(B+C)=A-B+A-C

A+(B-C)=(A+B)-(A+C)
D) Absorption Laws
A-(A+B)=A
A+(A-B)=A

E) Involution
A=A

WWW.MOHANDES.ORG

PLC PLC

OFF . ON
Shut . Open
False . True

(Proximity switch ~ Limit switch)

(OFF) (ON)
(Boolean)

A=1
A=0

Al A
J_ 1 0

0 1

A . N.C)) N.O)
"" (AND)"" . A

OR)" "

(OR)
(AND)""
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F) Inversion Laws (De Morgan’s Theorem)

11 (A+B)=A B
1]

"T‘ (A-B)=A+B
| A+B NOR A-B NAND
4V RUN N1 N2 see w20
CR1 CR2 CR3 CR20
?ﬁ ?_9‘"5_6 PLC L5 iles -Y-V-Y
::‘;ru-wlv Q Cl) PLC,
Losd1 [ Load2 | Load 3
. (-) ,
PLC A5 Sl hales :¥-1 JSUb : PLC
PLC
N.C N.O PLC
PLC PLC .
_| |_ N.O. . - . . PLC
* N.C. PLC
) . PLC
: : : PLC
- INS PLC
CR7
,Counters Timers , PLC - PLC (-) ) (Control Relay 7)
Statement List (STL) SLo P WHge 4 sl ol -Y-1-Y
STL PLC .
STL ) , PLC
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uV

IN1

Address | Instraction Data
F— ——em
[} LOAD 1
1 AND ™2
2 ouT CR1
e a END
Ladder Frogram
disgram

PLC lawgi (5w ylow (g5bw ooly Y-V ST

oy swl\r \fswz

‘ Load (LD)

‘ Load Not (LDN)

‘ AND

‘ AND NOT

‘OR

‘ OR NOT

‘ OUT

SW1 N1 N2
CR1
9
24 V—I
Sw2
Conventional ov
circuit PLC layout
cR1 Address Instruction Data
0 LOAD IN1
1 OR IN2
2 ouT CR1
3 END
END
Ladder Program
diagram

PLC buwgi 53lg0 jlow g3lw ooby Y-V JSCi

WWW.MOHANDES.ORG

PLC

N.O.

swl,sw2

STL

PLC

PLC

PLC

PLC
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PLC
RAM, ROM
EEPROM EPROM
PC (Programmer) PG
LCD PG . PLC
s —

G BRI

e -1:[1.- -1!-“-*-;I~I:I—-l
g4 [E

MRON
e | | B =

(]
RUN MONITOR PROGRAM E]E] MIC
GlG] =

e (o]
PLC jolySgy V-0 JsCi
PLC
(register)
(byte) (nibble)

(word)
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PLC 138 cuons ~¥-¥

douio ~Y-Y-)

PLC
Input Input image Qutput image Output
ports memory memory ports
ON — 1 OFF

OFF —t 0 —= ON

—— e

- -

— CPU

—— -

—— p—t—

Input Output
interface interface
Communications
bus
Memuory
PLC ,l38! e Y-F JSoi
(Memory) ,(CPU) PLC

( ) ) PLC

, .1

CPU PLC
CPU
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39 Vapl Jlozmd glewdgyg ~T-Y-Y 0 : (flag)

CPU CPU
PLC
CPU
LED
TTL . PLC (auxiliary relay)
24 Vde.
c[ ‘Il——o 5V
% . PLC
Input Internal
] eircuits
Protection = s600| Y7
diode 1 Opto-isolator
L sov
32210
ov
(Binary Counter) ,PLC
G918 Yol busly Hlaw Y-F S
PLC
=95 sl Ay -Y-v-Y )
PLC . ' (
PLC ,Timers
(Clock)
PLC

PLC
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(Darlington pair)

+V

(b) (a)

pSialyls o255 Al Y- S

(b) (@)

Triac SLly5 =>9,5 -Y-Y-0

AC

(Zce)

WWW.MOHANDES.ORG

Relay
————0
Protective F Output
dinde fa) E pol?
i————o
27
00 d Switching
Status ETaRSCe
Input LED

ov
PLC o aly g5 &b Y-¥ US4

Srgm Pl Lz g - Y-Y-F

PLC

VWi

—— e Ouitput to
c PLC port

Input

o0V

NPN (g g 5315 g Y-A JSC2
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PLC (o g aoliy -Y-Y

a9 aoliy Lol Slslall (B ym0 — 3 5 (om0l —Y-Y-)

PLC PLC STL
) PLC
PLC
IN
CR
AR
T
C

SLO P w9 aoli p j0 (090 o0liiwl 390 Ol Y-) Jgu

Saxio sl g 5 (I

CR1,CR2,CR3

( ) IN1,IN2,IN3

WWW.MOHANDES.ORG

R
HY —0 o— L
% Gate
Input ZCCO}! Triac Qutput
Load

Sy (29,5 dib Y-) Y
ST sl yg -Y-Y-F
' ,LVDT

AD . PLC
PLC ) PLC
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CR1 ) CRI1

PLC AR (
byl (&
CPU
) I I
(-

el eyl 0 @

( )
) ( )
(
Cueput
i Trailing
On - ::m‘ edge
\ /
ot =
(s Pulse width -
Onl-
Londing \'”*'rum..
o - dee i
b} Pulse width

o gz (0 codio g (@ ondly Gl posl 1 Gilico £ g5 g0 Y-IF STl

WWW.MOHANDES.ORG

IN1
(/]
N2
CR?
IN3
——cns

Saxin slea g Y- o

(Latching) gog,9 <SS (49 5 & (@

(Push-button)

IN1 IN2
Frf {cRy
CR1
& o Y1 JSCs
CR1 IN1
N INT
N2 . N2

CR1

- PLC
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Delay ON, Default (Delay On) r‘-"i‘ b sl gy asl (¥

IN1
__| E—( e }_ Dutput
constant 5
Contacts
for Y'-—..__‘n om L R E—
timer 71\ f—{ ——————(CR1)}—
Drelay
O
b Tisve
-I'r {Csz — {a) Star
Output
S35 p1,SL3 30yl e Y15 JSi on Deley
Off
o - —
Time
IN1 Tl San
(L]
IN1 . D-ON U bosigd Ghgols gyl b 5o cpivgy slo e Y10 JSio
IN1 Tl
CR2 CRI (Delay OFF) ysli b oigids (gols youlb (¥ &
Timer starts PLC ,Delay ON
Default
Delay ON b) -
S 3osG (P &
PLC

Time

7l Gl g3 (b Gigels g (pibgy Sloj phs T-IY JSs

WWW.MOHANDES.ORG
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N3 L 0w jlouds (W
- IN1,IN2
CR4-CR1 AR3  ARO - )
(IN1) (IN2)
X1 | — Data input . )
e — )t [P B ( )
Cl
Y] Shitt / el
._I I--———(,Luu}-— CR1 s
3 Reset Dt IN1
]t — o
On' 1 2 3 4 T
ARO shite IN2 Reset o Coi;nm
e | e oy
AR B “L' i i
| " j ' w1
o ! [ Counter —| F—( €1 —
AR2 ARY I contacts Constant 3
e —C o = NN
a»s “f ———————(criy—]
— (R o = a
":j | 4 (crR2)}—
Tirwe
iy (3 9y 095 9 e y il Hloo Y14 JSCS Sy od)los Hlow Y-IA JSCs
aolip 50 Sy gl asliy »j(z 2 y Sy (&
ARO0-AR3
(-
, ARO
(reset)
IN2 . ARO JIN1
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OR 'L " gAND g (paia 40,5 gos -Y-F-Y _T' "
—fe=— ey —
W oy O - X .
()" N4 N e = . }:;:
CRI1 (""" "INs I | o when i
' b i pened e E— )
Fd==— = ————— - -
{Jumgh ' { — !
_.f{.\'; IN?IN3 N4 o p—— o o | i H -
|_| |_| CRL ress 5t ion 2 : | .
f | — ——— |
0 LOAD N1 — | I
N5 1 AND N2 L S | J
2 AND N3
3 AND IN4
4 OR NS . L. L e .
. : 2&’; CR1 by w9y ole alpy gl Y-TY U
1
g wolip slelo Y-F
IVl INS .
— e T S
2 Address  Instruction Data
—| ] LOAD m
i 1 oR vz
— i o E STL
= P B B
y S o b o295 99 0955 rpels g g, -T-F)
L ]
g7 e ay 0,5 e T-TY UK IN1 CR2 CRI
CRI1 IN1
i Sols S (40 )5 o -Y-F-Y ST1 . CR2 CR1
IN1
, (Function Block) —]—m
Address  Instruction Data
m
._},H.—((vgg 0 l[:'DMII IN1
1 uT CR1
2 LOAD NOT w1
3 ouT CR2
———————{End 4 END

Al S b (o295 90 005 Shgels g ooy, Y-V JSCB
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w1 €1 Subcireuit | Subcircuit
— CR1)—— "N
- ]
- Address Instruction Data w1 | N3 CR1 Address Instruction Data
? oiﬁm ?;1 ! 0 LOAD i
2 AND NOT c1 w2 ' NG 1 OR w2
m Reset 3 out CR1 | ';‘ L%&D i‘ﬁ
() H re m " AND BLOCK
M LOAD e 5 ouT CR1
Nz 7 out ca { End 6 END
—| (c1) ; CONSTANT 3
Constant 3
—{ent]} e Sgly S 5055 2o Y-VY 2
0 ylouds Lauwgi gl jlhe (33, alaB Y-V JSCb AR (28lg yuf (2955 bawgi @ Hlae 3,5 @S -V-F-F
69979 S byl S S g 95 Shgels -Y-F-F
(D-ON) T1 IN1 ARI
IN2 s CR1 . , IN2, IN3
2 m am
m I __{ CRI}—] Address  Instruction Data
— TI}—  Address lnstruction Data -
Constant 5 o LOAD N1
r 0 LOAD m CR1 1 OR CR1
AR1 1 OR _— 2 AND NOT ARL
ART— 2 AND NOT IN2 3 out CR1
T n we v i o 3
n 4 NSTANT 5 _| |_| [_-——-—(aﬁl 8 ouT ARl
R ) : DoAD 4R1 - 1 END
7 ouT CR1
8 END Eed
{End]— L ]_

AR by gl ¢ §Y- :
IN2 (539)9 buwgi yoalis Sy S 25 (s (Shgols ¥-TF S 95 @ sl (39,5 &8 V-TF Ui

youl5 55 baawg? plly S ol Y_F-Y o jlouds bawgi gl (0,5 &dad -Y-F-0

D-ON
1 IN2
IN1 ¢
CR1

T2 T1 . -
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Delay-off

Delay-off
——

Delay-off
e,

INIT

CR1

T1

[ ]

[

D-OFF yos el 33 CRI (s cpibgy guaiuilo) Y-V JSCi

D-OFF ;b biwgi Luzr 9,5 (o 35 (9055 pg) -¥-F-4

CR1,CR2,CR3

w1 nom
— cR1—
Address Instruction Data
B Ul rarps
H o n 1 oR CcR1
natant 2 OR o
i 3 AND NOT T
— ! 4 AND NOT w2
5 ouT CR1
6 ouT 7
At il 1 CONSTANT 5
b g ~{crz ] LOAD n
I A1 {cRrz}— : s n
10 AND NOT n
mr_ n AND NOT m
—| i 12 ouT CR2
Corstant 5 13 ouT T2
n oo B =
FH—if {cr}— 18 oR cry
7 AND NOT T3
* cra 18 AND NOT w2
19 ouT CR3
—i —{(n)}— » ouT I
Constant § n CONSTANT 5
2 END
{enil—]

D-OFF ;05 bausi g 3 ol 095 ooy 1T+ JSb

T1

IN1
T1
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CR1

T2

T1 T2 Tl
1 2
—] }—J'r——"“—{cm’:‘m)—s Address  Instruction Duia
0 LOAD w1
n 1 AND NOT 2
_.l T2 }—' 2 ouT bl
Constant § 3 CONSTANT &
4 LOAD T
5 uT b
CR1)}— 6 CONSTANT 5
T out CR1
8 END
{End}—

ol 93 Lyl S sl Y-TY JSCi

D-OFF posli ~Y—F-A

D-Off D-ON
iN"l l!}' (cr1 Address  Instruction Data
I b [ LOAD ™1
1 OR CR1
cm 2 AND NOT T
— T 3 out CR1
Constant 5 4 ouT mn
5 CONSTANT 5
- 6 END
] {End
D-OFF o6 Y-YA s
T1 CRI1 JIN1 .
CR2
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T2 CR1 CR1

CR2 T2
&9 sllbe -T-0

PLC . . .
s y bl gl (i 35 (3055 (g -V -F N

CR4 CRI
ARO ARO IN1
Silogwi b Sdgyums Klos S (y0ld S o -Y-0-) N2
IN3 . ARO ARI10
ARO N2 . ARO
) - . swl,sw2
% CR4 CRI ARI1
IN2
,S1
S2
N1 ARID
(Snubber ) CR1,CR2,PLC S1,82 [_“ W -
Cylinder M;EJ
Piston ;JI‘_ " _|
w2 Shitt Address  [nstruction Data
— AR LOAD m
1 oR ARD
al a 52 ralve AR10 2 AND NOT AR10
3 [} ARO
L l I / |%‘ 4 LOAD N2
" 5 SHIFT ARD
T - | pmo W om e
MV ac g) v 4 Vae I N 8 RESET ARO
~ g 3 oo o
—F———————————{er— 1 LOAD AR1
S o o= o=
e 1 ouT cRr3
L I— > o F p————————{r— LOAD AR3
CRI cht 16 out CRi
Contrciler AR 17 END
w1 w2 | {cra)—
W l w2 ARI
ushtton %‘ pushbutton — b {cx1)
M Vde
St 93 50 gt &5 > Sl (Selg s 9580 81 Cdw VYT IS {ene}—]

Py Sy g (o 35 (9055 (o9, Y-V S0
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IN2

56
Snubber

]
b
‘ {'RE

S5
v
fod
RS

T
Q
CR4

Controller

©
- H
CR3

53
[+
IN1
i SW1

24 Vde.

iy

2
el
Q
CR2

]
A%
o
o
'Rl

|

Sy yied S du (Sl yaang SN 1581 s Y- S

MV ae
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(push-button) swl,sw2
CR1
IN1 N2
o]
cR1 Address Instruction Data
] 0 LOAD N1
1 OR CR1
. 2 AND NOT N2
N2 N 3 out cR1
— A2} — 4 LOAD N2
5 OR CcR2
L] AND NOT N
cR2 7 out cR2
8 END
Cend}—

Oy S > s\,uf Z.AU,.; Y-YY s
Seilogd = (Slg yjaud S dus Silogil (o i <5 > -V-0-Y
A,B,C

A+ A- B+ B- C+ C- repeat

IN1 swl

D-ON D-OFF
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IN1

CR1

24 Ve,

Suu—l
(NG contact) T

Stop
(NC contact-

m

9

CR1

[*]

Controller

AL kTt

ov

29530 5 J S 3B s YT S5

INZ
| S—a

IN1, IN2
Address  Instruction Data
0 LOAD N1
1 OR CR1
2 AND N2
3 our CR1
4 END

IF g CS > 9 (IS Al p Y-YV S

ON/OFF & ygu0 a5 oo J yiis -Y-0-F

ON/OFF

PLC
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m Tl CR2 CR3 CR4 CRS CRE
— CRI}—
CR1
1
n ] Constant 5
—HAF ——er—|
cR2 I—(
._| 2 }—
Constant 5
T2 T3
| Ly {
— A {cady—
CR3
._{ T3 }—
™ T4 Corstant 5
¥ o)
— M {cri—|
CR4
_l T4 }—
T4 ™ Constant §
1 ¥ £
— T A1 {crsy—
CRS
_| 75—
5 ™ Constant §
- (e
. B
._i 76 +—
Constant 5
{Ead}—

AR RSB RRREREBERNEREGEE e

Slg e S duw (o S5 5o (I pS Aol Y-YO USH

START

S g0 S (38,5 phgels g g, -T-0-Y

STOP

N.C.

STOP

PLC
PLC
N.O.

START
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xaO GLQJL‘:& -Y-# Sensed Set point

temperature (0] temperature (0;)

PLC

Comparator amplifier
Vo = 1 when o >48;
Vo =0 when o <@,

PLC

G iwd g b leds V-5

PLC

Power Heater
supply

Lo J 58 1380 s Y-Y'A S

1Tl

4 Vde [ LOAD NOT IN1
ouT CR1
END

Resel
Start Micraswitch MS1
{ IN Address  [nstruction Data
—H—————{m
de. Run N2
PLC

-

.;11{, e s 2
N\'d.r.—J
Lo J 08 ol Y-Y4 Yo

Flap
wolencid §

ov ON/OFF

S A 3 bl ol 51381 s 3 SKiilod V-F) U

‘Temperature

B A , Set point

d
temperature [ Daad ban

o
Coatroller on or ort ot
MS1 autput

ON/OFF glod y jiiS el Y-Fo Lo
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Jaame 0008 bl gy -Y-#-Y

P2RG /
75 X" 6"
ON/OFF

Gripper [open/closed)

ok SusS bl @b, Y-FY JSi

PLC . g, X"

X* - Gclosed - 8 — G open— X~ — 6~ — repeat

PLC
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- PLC
IN1 Reset
1 —1
c2
=
IN2
_._! }.-._—q c1 )}—
Constant 10

__ﬁ_.._.__._{ CR1}—

_{rm Rg:)_|
c2
_| S

Nz

(@ )—

Constant 20

‘_-—{End}-—

G diwd 9 b loud olwd (Lo 5 Aol Y-FY ST

CR1

IN2 MSI .
C2
, C2 MS1
F
IN1

Cl

(Proximity switch)

Address Instruction Data
0 LOAD N1
1 OR 2
2 RESET 1
3 LOAD IN2
4 out 1
-] CONSTANT 10
[ LOAD €1
7 ouT CR1
8 LOAD IN1
9 OR 2

10 RESET c2
11 LOAD IN2
12 AND 1
13 ouT 2
14 CONSTANT 20
15 D

F

CR1

CLC2
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CRi|| x* [CR3 |z [CRS|| o* [CRT Gdosed |
[CR2 | x [CR4 |z [CR6 o [CR8|| Gopen

PLC & ssigighs 510y (55 5551 JUa V-Y Jgz

Upper
Lower limit limit .
— ¥ —(cR1)}— D-OFF
CR1 : '
U Lo JINII!' ‘ﬂ’ {
pper Wer Rl
limit limit — {eriy—
() -
| {71 )—]
cR2 = Costanr | Address  Instruction Data
Tll E 0 LOAD w1
£
CRT)— 1 OR cR1
; A v 2 AND NOT P!
3 ouT cR1
. g . T . CcR1 4 out 1
X 8y J S e gdopon s 3l oolicinl Y-F Ui - L (2} s CONSTANT 2
Constant 2 6 LOAD n
n n A W
Ol g3wlas piuwamw —Y-F-Y —} H {crRs)— 3 out CRT
10 ouT 72
11 CONSTANT 2
CRS 12 LOAD 2
, — —(n)} 4 1 OR CRS
Constant 2 14 AND NOT T3
15 ouT CRS
3 T4
16 ouT T3
— —4f G o I CONSTANT 2
. 18 LOAD 3
- 19 OR cr8
20 AND NOT T4
— —(m4 )_! 21 ouT CcRB
it
Faulty Good Photoelectric ” . Constani g gg;srm ;%
component component switch Pneumatic blower 1 ¥ 24 LOAD T4
v f — L {cR}— 3 OR CR2
\ \ 26 AND NOT bl
M 0 ¥ cr2 27 out cr2
— L 15— 28 ouT TS
2 CONSTANT 2
o Coemtart 2 30 LUAD s
L ] ™ ™ 31 OR CRE
Reject tray __| I ra {cre)— a2 AND NOT T
! i I Al \CR®, 33 out CR6
el ac . . 34 ouT il
Oy ls gilwlas puamw Y-FF SO CRE 35 CONSTANT 2
L L(m)- % &0
Constant 2
" e}

olalad 5 Ll Sligy &5 > J 58 oy Y-FF IS
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bo! Reset
— €1)— )
w2
’—( Address. Instruetion Cata
0 LOAD byl
—L_( — 2 REser a
a
3 LOAD w1
Constant 2 4 our a
_‘{ﬂ ety : CONSTANT 2 PLC
LOAD cl .
7 ouT CR1
: gl.rr CR2 " b
uT T otoelectric
CR2)}— 10 CONSTANT 5 switch
1 LOAD 2
12 ouT CR3
n) 13 END
Constant 5
N2
- ————(crsy—
——— {Ena}—
Gl ls gilwlas i J 08 ol ,SLo Y-FA SO
g s f e HH
A_{&Le,;‘dg;y b JMW*V*;*P Preumatic r
blower salencid Count input Reset

Display unit

Slayls g3lulas w5l SYLST Y- FY JSCi

P1,P2
CR2

Cl1 (
Tl CR1,CR2

Cl1

P4

IN2
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N.C

PLC

P4
P2 P1
Tl
CR2 Tl P2
Cl T2
P4
IN7
m w2 on e FrT————
Conveyor —I CRI— =
start'sop '] LOAD
an 1 OR
7 AND
3 ANDNOT
4  LOADNOT
v s SoStock
AL
b [ {cR4}— 7 OUT
8 LOADNOT
w3 e m s ou
u LOAD
Cap _| er;lln)lr u o
) 12 ANDNOT
detsction | AR 13 ANDNOT
—| ART— 14 UT
15 CONSTANT
s T2 CRL 15 OUT
17 LOAD
[ R S
jet CR2 0 3“9
2 2 T
Constant 2 2 our
w7 23 CONSTANT
Counter == === 24 LOAD
alletiz — i i % Lo
i i |
a | s L ! i 21 AND
] m  ouT
i S B e
c1 Constant 3 30 LOAD
o ouT
e G S 2 B0
Soilogil adlgi bt S Aol Y-8Y JS&

Siemens STEPS
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P3

Filling and ismati isrmati
i i Prismatic Prismatic . .
eapping machine ector  Cap reflector Heat shrink wrapping machine

Conveyor \
FPhotoelectric Ink jet =4
switeh P1 Photoelectric p Palletizing
switch P2 photoelectric action
switch P3 Photoelectric
switch P4
Silogil gl bis Y-FA JSb
P4
o _Gme P omoomee
(N0 (NC —_—
pushbuttoa) peshbutton] P1IXON FINO) PAIND) P4 INOY . .
l lé- b
w1 w2 =] e s e T
Controller
CR1 CR2 CRY R4
-} - —1 P w—1 Fow—1
Start and Start and Pulse Buzzer
stop conveyor siop ink jei  palletizer
s agtivace
NO = Notmally opes contact
NC = Nommally closed comtact
PLC S psdl wYlail Y- JSCo
PLC -
(Tl ) : Stop
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Representation at the overview level Representation at the zoom-in level STEPS w"’ MU)'I » ‘5| dondio —Y-V
s1 Actions PLC
£7 14
so  [s] )
T T2
Step onabling conditions
| 53
Transition .k__
— STL CSF LAD
| 54
A 100 oo I0.0 101 @10
3 et ov . 3 /i
GRAPH 5 4ol s 31 Jlis Y-OF JSb —_— oo
- Q1.0
2.9 4ol LS lw -Y-V-)
(Structured) (Linear) Step5 LAD g CSF (STL (yig; duw dom o V-0 JSC&
PLC OBI1 (Organization Block 1) 85 PLC GRAPH 5
(Segment) Flow Chart
PLC Step . Transition Step
( ) Transition
S0 SI GRAPH 5 . Step
GRAPH 5 -
(Subroutine) -
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OB -
OB6

OB1 . ,

OB6
OB -
Power On  Power Off Run  Stop OB22 OB21
OB
‘PLC OB -
OB . OB34 OB32 OB27 OB24 OB23 OBI9
OB
Program Block (PB)
PB
PB

PB

PB

Function Block (FB)

WWW.MOHANDES.ORG

OB

OB

OB

OB

OB 10 OB

adly HLSle wgs a0l yo ooliiwl 890 S gl glg3!

Organization Block (OB)
OB .
OB

OB

OB -
(Program Block) OB1

OB -
, OB5 OB2
, OBl ,
OB5 OB2
OB
OBl

OB -
OB13  OBI10
CPU

OB 13
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16

999.3 0.0

-32768 +32768

255 0

999 0

KT

KY
KS
KC

D

]

IB

D!

=

w

D

QB

QW

FB

)

FwW

PLC

|
|
|
|
|
|
\
lsiglas ko g1l Y-F Jpoor

(Result of Logic Operation) RLO <
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RLO

FB
(Standard FB) (
(Assignable FB) (

STL FB
Data Block (DB)
(
Sequence Block (SB)
PB

SB

Step 5
K| D] F| Q| 1 |

Yghos & gl ooliiwl 5,90 oL Y-F Jous
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A
A
A

o———

ol 5o Jasll s

CSF LAD STL

11 11 113
oo HHEO
35 117 Q35 114 117 Q35

"ooQ

AND giws 31 Jlw -Y-0F Jo

b e )
o tn b

112 1L
1.7
115 Q32 s

OR gsws 31 Jlw Y-00 J&

AND NOT gm0 31 Sl Y-85 JSb
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RLO

Step5 b sl Jodd! jgiws —-Y-Y-¥

Step5
(Basic) -
(SB FB PB OB)
(-F) (+F)
CSF LAD STL
(Supplementary) -
Shift
STL FB
(System) -
PLC
FB SB
FB FB
PB OB
STL STL CSF LAD STL

i 9 (oSS (Lol gl Jorllygiws Gluoguas Y-0 Jgue
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CSF LAD STL RS

SR A el Sy Y54 IS

"0" (1.4 R SR
127) S
Q3.5 . " Q3.5
"0" 2.7 8 . R
Q35 " (I14)R
"0" S
R ("1 ) S R
SR RS . Q35
S
PLC
( ) PLC
()
C )
(accum 1) PLC

- (ACCUM 2 ACCUM 1)
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115 11.6

"TQQEFQg

1 6.0
@z1
161
] 6.2
1 63
a 21

OR g AND &l jg5uws oyidigh 50 3l 850,18 31 ;K0 Jlo Y-08 &

Reset  Set -

RLO RLO
RLO=0 " RLO =1 . Set
RLO=0 "o" RLO=1 " Reset
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PLC

RLO L T
RLO noro e
PIQ T -
ACCUM 1 T QB 5
5
ACCUM 1
ACCUM 2 ACCUM 1 Information Lost
in the PIC informationen
’Byted’Bytec | |Byteb’Bylea|

TQBS
Pravious value
IBy’te d IByle c | | Byte b I Byte a | Byte a of OB 5

PIQ 4y ACCUM1 jI JUil jaws sl So8a Y-FY o

(Timers) b yoo b -

(Pulse Timer) SP
(Extended Pulse Timer) SE
(On — Delay Timer ) SD
(Off — Delay Timer) SF
(Stored On — Delay Timer) SS
CSF LAD STL -
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(Low) (High)

ACCUM 2 ACCUM 1
15 8 7 0 15 8 7 0
IERENNRESRERERENN LTI LTI T T T
High Low High Low
Byte
(Low)gssil 3 (High) YU 35,1 & sl caly 5 B Sl sl Y51 S
L(Load)
Load
- PLC
Laost Informationen
information ACCUM 2 ACCUM 1 from the Pl
|By|edIBytec| |By‘te-h|Bylea[
LIB7
|Byte>éftec |By|eb[Bytea | 1] | IBTI I 187
SN
Liws
|Byta%sam a I IB7 | B & | 1B @ I I W &
7N

L o)Ll 4 PLC 3l 6,135 ,b jimws slya! (Kigls Y-£Y JSCi

Pl

LIB&8 L IB7
ACCUM 2
PII

(M
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0 0 0.01
1 0 1

| | |
| | |
| 0| 1 0.1
| | |
| | |

1 1

ool ol dus o Y5 Jgu

T\ B210 )
( )

TV

KT 001.0 — 0.01
KT 999.3 ———— 9990

5 KT
| | |

| 005 | 0( 001) | 5| LKTS50
| o5 1 ( 01| 5 LKTsI
‘ 5 ‘ 2 (1) ‘ 5 | L KT 5.2
| 50 3( 10 5| LKTSs3

Wlize b Jloj (whie dmolio Y-V Jguo
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ol diged S Y-FF S

(Set) S -
(Timer Value) TV -
KT . L KT
BCD

(Time Base)
999 000 BCD

15 11 0
110 ol1|11]0 glof1(1)(1]00/0

ji Three-digit time value 4|

(in BCD code)

Time base

ol ol o 0 a5 b 0900 Y-FO S5

KT
999 0
PLC
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L KT.
(SP) ! aly youb
| | |
v S | LKT400.1 | 400014001 | 0.1
S "o S
i ‘ L KT 402 ‘ 40%1=40 = 1 | 1
I | LKT 43 | 4+10=40 £10 | 10

ol 50 4l Fr yloj (5,105 ,0 (5l p alide WYL> Y-A Jguo

A1 30 o
L KT 501 e T
sSPT O 130 i 3 B
NOP 0 KTs01{my g wreoel e
NOP 0 DE e BE o0 a1 o
KOPOT | R a— 040 = .
= a 40 B 2
Glaly b Y-£7 JCo (Reset) R
()
Signal States TV ‘Bl
1 . NOPO
o |_ 13.0
1 1
o ! I_ Q4.0 BI ‘DE
- Time in sec. BCD ™
4>| 5 -
lal youli b & S Y-V IS
Gl youli b zge i V-7V Kb ™v Q
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TV

Signal states

I .
[ ]

o = O =

L 135

Q4.2

: — Time in sec.
9 F »’ 9 |(—

SD youli o JSib Y-V JSCb

(SF) oo Gogols 53 b b poul
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(SE) 00 yiun (gl ady you b

vV

TV

SE 00y gl aly pasli Y-FA JSCo

Signal states

b I e B IEREY

] Q41

L i - Timne
-t = +1|q7

SEaéM' "Sld.bv)u“li'c’n l&w" Y-£4 U

(SD)yods (iogy 3 b b poul

SP
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Signal states

1
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e

o 132
1
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SS yosli e JK Y-VY S

(Counters )W oui ;Lo

<1
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s
cv Bl
DE
R a

PLC
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— Qdd

A | 34

L FW 13 T

SF T 5 134 —{ 0T
NOP 0 FW13 7y Bl
NOP 0

NOP 0 DE
A T 5 —R Q
= a 44

134
o

FW 13— TV Bl [

I Q44
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L=IE T =

<

Time in sec.

O @0 JSob 3 (SF) o Ggolss 30 sl b yagli Y-VY U

SE

(S9) ,6 Wb p3b by poul
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"
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(C>0)

CD
Ch Cu

CcvV

L KC...

(6\%

CU

.CD(Count Down) CU(Count Up) -

s 'S(Set) -

.CV (Counter Value) -

(0%
BCD
999

0|1

0

0]0

o|{1(|{0|0(0]|]0O] DW3

L

Three-digit count

|

(in BCD code)

o jlous Culi due 0 s d 09 Y-VF IS
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ACCUM
1=F =
"1" RLO
F ACCUM
><
# "1" RLO
ACCUMI
>F >
"1" RLO ACCUM2
ACCUMI1
>=F >
"1" RLO ACCUM2
ACCUMI
<F <
"1" RLO ACCUM2
ACCUMI
<=F <
"I" RLO ACCUM2
LS' Ao Lo Ql;,:.w.: Y-4 Jgée
RLO
Load
ACCUMI Load ACCUMI
( ) ACCUM1
ACCUM2
ACCUM
IB20 IB 19 ( )
" Q3.0
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Ay Lo c1 140 €1
ggpoc ! 140 —Jco E—co
A 41 cu Ve cu
= L 141 s E—s
s ¢ 1 i
NOP 0 KT ev Bl e &b
NOP 0 - R Q ()
NOP 0 R a [~a2s
A C 1 azs
= a 25

b

0 —?—]!—L!_L!—N-U

HTT T

7 —i c1

L o I

oy i § i 9%

T T Time
g C1 5 C1
YU Jlo 00 ylouis s g0 JSib Y-V JSib
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L c3 . ACCUM 1

L e1 ACCUMI ACCUM2  ACCUMI
+F ACCUMI . ACCUM2  ACCUMI
T awiz . QW12 ACCUMI

0

15
876 UUddﬁﬁhl]U]]d[[PF ACCUM 2

+ +F
668 ool dd & phb[g ACCUM 1
1544 EEEEEERNCEEERRYA ] ACCUM 1

2o jghuwd 80,5 Y=YV S

QUMP) "o sl g
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PLC

G gox -V-A

PLC
PLC
PLC
PLC
STEPS PLC-Siemens
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STL

e

c e
i s

l JUFB26

JU jgiwsd 3,8 Y-V A JSCi

JUFB26

(1c) -
RLO u
" RLO
obl pMel sy ygiws
PLC
BEC , BE
BEU
RLO -
BE -
RLO -
BEU -
"1"RLO -
BEC -

ol pdel Olygws Y-1e Jouxr
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Silaw
CR1
-v-)
& \
CR2
Delay-On -Y-y
A VY
CR3
1 Kz () o Woo ()
Y-AY S Y-va s
-Y-8 -Y-v
Stop Start
) [ ] [ ]
(
« 0 A 2. Y Y Y.
()
A
). PLC Y-Ae Ui
CRI, Y_f
IN2 CR2, CR3
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(Push/button)
PLC (
(
-Y-4
( )
(B+) B (A+) (A-) A
(8-)
ON
(8, &, be, by)
B+—>A+— - —>A-—
B-— -
A+
(Push Button)
( B-) (@) -
{ A+) (by) -
PLC
PLC
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1A
R A, c
R
a,b,c
B,a | — S
T
s B c
T
Y-8 Wl o g oliw JUas! Gioles Y-AY S5
-Y-v
push button -
PLC
AB -Y-A
(Push/button) Start/Stop
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sequence block
data block

organization block
(OB)
acrobat

step response
impulse response
frequency response
transient response

double inverted
pendulum

inverted pendulum
internal stability
jump

thermal process
turbine pumps
analogue ports
transfer function
stored on delay timer
pulse timer (SP)
extended pulse timer

delay-off timer

delay-on timer

cyclic timer

heat convection
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Laplace operator
orifice
superposition law
disturbance
accumulator

integral absolute
error (IAE)

integral time
absolute error
(ITAE)

convolution integral

integral squared error
(ISE)

kinetic energy

heat energy

potential energy

opto-coupler isolator

pumping stations

air bellows

PLC programming PLC
statement list (STL)

flowchart
programming

ladder programming
Taylor expansion

program block (PB)
function block (FB)

assignable function
block
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Poppet valve
Directional valve
Pneumatic valve

pneumatic trip valve

shift register

anti windup

heat capacity
insensitivity

linear actuator
rotary actuator
semi-rotary actuator
pneumatic actuator
operand

cyclic operation
overshoot

heat transfer process
thermal process
valve actuation
flip-flop

relay feedback

thermodynamics first
law

Euler law

De Morgan law
Newton's second law
calibration

push button

optimal control

pilot control

sequential motion
control

dead time
normalized dead
time

settling time
average resident time
subroutine
Jacobian

DC servo-motor
Taylor's series
pneumatic sensor
spool

integrating system

magnetic levitation
system

time invariant system
oscillating system

electro-mechanical
system

multi body systems

non-minimum phase

trapped signal
computer simulation
continuity condition

counting and
batching

binary counter
counter

parametric
identification

process identification
error slope
solenoid valve

Spool valve
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DC

pipeline
linearization

linearization about
trajectory
flow

flow demand
tracking

Bode diagram
nyquist diagram
ladder diagram
Bernoulli relation
heat radiator
chemical reactor
linear regression

electro magnetic
relay

control relay
auxiliary relay
pneumatic relay
Hydrostatic relations
pick and place robot
Pessen method

Backward difference
method

Ziegler-Nichols
tuning method
Tustin method

Ziegler Nichols
method

modified Z.N.

delay time
rising time

timer

electric actuation
pilot actuation
manual actuation
mechanical actuation
pneumatic actuation

least squares
estimation

Smith Predictor
triac

thermocouple
thermal radiation
Pade approximation
pneumatic amplifier
controller tuning
describing function
thermal convection
Boolean algebra
heat flow

grey box

black box

gearbox

two port cylinder
Pneumatic cylinder
single port cylinder
single acting cylinder
Integral windup
stability margin
simultaneous motion
output

transistor output

automatic production
line
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back-emf voltage

integrated

harmonic drive
thermal conduction

input
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four parameter
model

two parameter model

three parameter
model

process modeling
dynamic models
discrete model

filtered
differentiation

incremental
equations

state equation
differential equation
Lagrange equations
comparator

moment of inertia
effective moment of
inertia

valve specification

permanent magnet
DC motor

radial-piston motor
vane motor
pneumatic motor
torque producer
nozzle-flapper
blending tank
decay ratio
quarter cycle
equilibrium point
ultimate point
noise

Pneumatic

floe control
temperature control
drum speed control

delayed system
control

electronic controller
electric controller
integral controller

proportional
controller

PID controller

derivative controller

Programmable Logic
Controller

microprocessor
controller

pneumatic controller

DC motor motion
control

strain gauge

operation automatic
control

disturbance torque
Lagrangian
heat exchanger

generalized
coordinates

state variables
rugged

drum

open tank
two-phase flow
liquid blending

Cascade circuit
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continuity condition
control relay
controller tuning
convolution integral
counter

counting and
batching

cyclic operation
cyclic timer
data block

DC motor motion
control

DC servo-motor
De Morgan law
dead time
decay ratio
delay time

delayed system
control

delay-off timer

delay-on timer
derivative controller
describing function
differential equation
Directional valve
discrete model

disturbance

DC
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accumulator
acrobat

air bellows
analogue ports
anti windup

assignable function
block

automatic
production line

auxiliary relay

average resident
time

back-emf voltage

Backward difference
method

Bernoulli relation
binary counter
black box
blending tank
Bode diagram
Boolean algebra
calibration
Cascade circuit
chemical reactor
comparator
computer simulation
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control
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opto-coupler isolator

organization block
(OB)

orifice

oscillating system
output

overshoot

Pade approximation

parametric
identification

permanent magnet
DC motor

pick and place robot

PID controller

pilot actuation

pilot control
pipeline

PLC programming
PLC schematic
Pneumatic
pneumatic actuation
pneumatic actuator
pneumatic amplifier
pneumatic controller
Pneumatic cylinder
pneumatic motor
pneumatic relay
pneumatic sensor
pneumatic trip valve

Pneumatic valve

PLC
PLC
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Lagrange equations
Lagrangian
Laplace operator

least squares
estimation

linear actuator
linear regression
linearization

linearization about
trajectory

liquid blending

magnetic levitation
system

manual actuation

mechanical
actuation

micmproces Sor
controller

modified Z.N.

moment of inertia
multi body systems

Newton's second
law

noise
non-minimum phase

normalized dead
time
nozzle-flapper
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open tank

operand
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control

Optimal control

harmonic drive
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heat capacity

heat convection

heat energy

heat exchanger

heat flow

heat radiator

heat transfer process
Hydrostatic relations
impulse response

incremental
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insensitivity

integral absolute
error (IAE)

integral controller

integral squared
error (ISE)

integral time
absolute error
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Integral windup
integrated
integrating system
internal stability
inverted pendulum
Jacobian

jump

kinetic energy
ladder diagram

ladder programming

disturbance torque

double inverted
pendulum

drum

drum speed control
dynamic models
effective moment of
inertia

electric actuation

electric controller

electro magnetic
relay

electro-mechanical
system

electronic controller
equilibrium point
error slope

Euler law

extended pulse timer

filtered
differentiation

flip-flop

floe control
flow

flow demand

flowchart
programming
four parameter
model

frequency response
function block (FB)
gearbox

generalized
coordinates

gray box
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ultimate point
valve actuation
valve specification
vane motor

Ziegler Nichols
method
Ziegler-Nichols
tuning method

trapped signal
triac

turbine pumps
Tustin method

two parameter
model

two port cylinder

two-phase flow
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Spool valve
stability margin
state equation

state variables
statement list (STL)
step response

stored on delay
timer

strain gauge
subroutine
superposition law
Taylor expansion
Taylor's series
temperature control
thermal conduction
thermal convection
thermal process
thermal process
thermal radiation
thermocouple

thermodynamics
first law

three parameter
model

time invariant
system

timer

torque producer
tracking

transfer function
transient response

transistor output

Poppet valve
potential energy

process
identification

process modeling
program block (PB)

Programmable
Logic Controller
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controller

pulse timer

pulse timer (SP)
pumping stations
push button
Quarter cycle
radial-piston motor
relay feedback
rising time

rotary actuator
rugged

semi-rotary actuator
sequence block

sequential motion
control

settling time

shift register
simultaneous motion
single port cylinder
single rod cylinder
Smith Predictor
solenoid valve

spool
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