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Realization of Electronic Proportional (P) controller

where K, =R, /R,
and P = % proportional band = 100 / K,




Realization of Electronic PID controller
(P, PI, & PD are special cases of PID)

The controller output may be expressed as:

de
dt

M=K | e+— joedt+T

where T, =integral time constant
T, = derivative time constant



Realization of Electronic PID controller
(P, PI, & PD are special cases of PID)

The controller output may be expressed as:

m=K_ e+ijoedt+T de
T at

where T, =integral time constant
T, = derivative time constant

K,
o m=Ke+—2 jOedt+KT@

dt



Taking Laplace transform with zero initial conditions,

M(s)=K E(s)+ Kps I__:r(s)+stTDE(s)



Taking Laplace transform with zero initial conditions,

M(s)=K E(s)+ Kps I__:r(s)+stTDE(s)
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Taking Laplace transform with zero initial conditions,

M(s)=K E(s)+ KpE(S)+stTDE(s)

ST
M(s) _

Or,

E(s) ° sT
or, %S)) K[1+;|_+5Tj

the transfer function of PID controller



Parallel Realization of PID Controller




Circuit realization
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Circuit realization

M (s)==(V,(s)+V,(5) +V.(s))



Circuit realization

M (5)= -V, (5) V. (5) +V,(5))
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Circuit realization

Therefore, transfer function of PID controller becomes

— <= —+ +SR.C,

Here,




Circuit realization

Proportional and integral terms may be combined as:

R1 cl




Circuit realization

Proportional and integral terms may be combined as:

R1 CI




Or,

) sR ,C

Circuit realization

1+ sR C,
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Circuit realization

E(s) sR ,C
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Circuit realization

O Vl(s)__1+sR1CI
" E(s) sR ,C |
- Rl 1
R, sR,C,
:_Rl 14 1
R, sR .C,
=-K |1+ 1)
ST .
Where R
K = L and Ti:R1C,



A simple PID Controller with two op-amps

Unity
gain
buffer
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A simple PID Controller with two op-amps

i »Mm o
e _
3R, _
equivalent
R CI circuit
C b m ‘»Bm
DT R| Unlty $ R2
gain
777 buffer V4
B = R
Here =
’ R +R,

The unity gain buffer amplifier is required to avoid the Ioadlng effect of
the feedback netwo
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Circuit solution

Loop equations: BM(S): |1(R| +é]_ Ile
S

1
O0=—IR + |2(R +R, +SC]
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Circuit solution

Loop equations: BM(S)Z |1(RI +éj_ Ile
S

1
0=-1R +I{R +RD+5C]

D

In matrix form: _ m

R -|-i -R, |, _IBM(S)_

-R R +R,+—| |1, 0




Circuit solution

By Cramer’s rule:

2

R+— BM(s
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Circuit solution

By Cramer’s rule:
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Circuit solution

By Cramer’s rule: |,




Circuit solution

Then, the T.F. becomes:

I

R +i
sC,
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Circuit solution

I

R +—

)

S

Then, the T.F. becomes:

1

R +R,+—

é j—Rf}sCD

S

D

Simplifying,

AT ST,

% ;K'I’l+T2+R,CDJ+ 1

where T, = R,C,and T, = R;C,

+sT2}

R




Circuit solution

By substituting A = Tl +T2 T RICD
T1
C T
A=1+—"+2
o C. T

I 1



Circuit solution

T,+T,+R,C,
Tl
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Circuit solution

T,+T,+R,C,
Tl
C T
A=1+—"L+ -2
or cC T

I 1

By substituting A =

The T.F. becomes:

M(s sT
®) _ —’1 =

E(s) [ sTWA A

= Ky [1+ o+ 5Ty

A
Where K, =EJ} = TiAd,and Ty, = T, /A



A simplified PID Controller with one op-amp

M
2R

1

- €= Original circuit with two op-amps

c B
DT R| Unlty 5: R2
gain
777 buffer 77

The unity gain buffer amplifier may be omitted if the resistances are chosen such that

(RIR,)>>(RR,)



A simplified PID Controller with one op-amp

>m
ZR,
C:I
€= Original circuit with two op-amps
o 1Pm
Unlty 3 R2
gain
buffer 77

The unity gain buffer amplifier may be omitted if the resistances are chosen such that

(RIR,)>>(RR,)

"i*R; @@ Final circuit with one op-amp
BmM adjust
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» Provision for providing a bias term
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Provision for providing a bias term

The controller outputis M= Kp [e+£j;edt+TD %]-I- bias



Provision for providing a bias term

1 de
The controller output is m:Kp e+—j;edt+TDa + bias

|
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Provision for providing a bias term

1 de
The controller output is m:Kp e+—jéedt+TDa + bias

Bias may be properly adju
controllers, when load
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also ensure efficient

Clutput

@ Non-zero steady state error

P-control without bias



Provision for providing a bias term

1 de
The controller output is m:Kp e+—jéedt+TDa + bias

Bias may be properly adjusted for zero steady state error with P and PD
controllers, when load also ensure efficient

Output . Dutput

P-control without bias P-control with bias



Provision for anti-derivative kick

Derivative action m
when there is a st

eliminated if the d t
instead of the error (anti-derivative kick feature).

put

Q)

ble,



Provision for anti-derivative kick

Derivative action may p
when there is a step ch: s effect may be
eliminated if the derivative term is computed from the measured variable,
instead of the error (anti-derivative kick feature).

PD-control with derivative kick



Provision for anti-derivative kick

Set point

Output

PD-control with derivative kick PD-control with anti-derivative kick



Provision for anti-integral wind-up

Integral action ir ‘ge integral

error term when a non-zero error persists for a long time. 'Integration
action may be switched off to combat this situation, otherwise, a long
time may be required to come back to normal working range.



Provision for anti-integral wind-up

 large integral
error term When a non-zero error persists for a long time. Integration
action may be switched off to combat this situation, otherwise, a long
time may be required to come back to normal working range.

amount dur;ng T calculatlon and
becomes the controller bias. This technigue is known as automatic reset
and this is done to avoid long duration operation of the integral action —
thus error due to drift etc. during integration may be avoided.




Output must be limited (saturation)

It

+1
1

W[ thin th




Provision for Auto/Manual modes of control




as an al

Error

Provision for Auto/Manual modes of control

—>

Controller

Manual command

MAN

O« --0—>
AUTO
Change-over

Final
control
element

— Actuating signal

switch



Provision for Local/Remote modes of operation
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Electronic Process Controllers

Disadvantages

N
N,
v

i

» Conversion equipments are necessary to interface pneumatic and hydraulic devices




Pneumatic Baffle-Nozzle or Flapper-Nozzle amplifier
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Pneumatic Baffle-Nozzle or Flapper-Nozzle amplifier

____ {i 3 Fulcrum

A
—+ a . nozzle Restriction (orifice)
Set point > & _ ——m _t— Constant pressure
r ' __>£ : air supply (P,) (20 psi)
displacement b Baffle |
Error (or flapper) > T
Sy pp Output pressure (To control valve)
C/ o \_) (Nozzle back pressure)
+ — > +
C, ) (joint)
Measured
variable
e= (r-C,.)2
Power source
Set point  ——p +
Output
Measured P
variable
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Restriction (orifice)
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L " |

r , 4+ Constant pressure
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Pneumatic Baffle-Nozzle or Flapper-Nozzle amplifier

<ff‘jf§( M (Nozzle back pressure)
Fulcrum A
L) p ]

A s
—»+ a ' nozzle Restriction (orifice)
Set point L ( <+— Constant pressure Typical |15 psif-- \ approx. linear working
r ) M — air supply (P,) (20 psi) values I\ / range
displacement b Baffle e 3psi-f--r--N
\E”Or,, A (or flapper) —— " oytput pressure (o control valve) Pg L > Baffle-Noza
(J e \) (Nozzle back pressure) 0.001" 0.002" % paitie-nozzie
s : : separation
+— ~—
C,, ——&) (joint) Typical
Measured values
variable A typical curve relating nozzle back pressure M  to Baffle-Nozzle separation

e=(r-C)r2

X: change in baffle-nozzle separation.
m: change in back pressure.
P, : the lowest possible pressure ( = ambient pressure).



Pneumatic Baffle-Nozzle or Flapper-Nozzle amplifier

M (Nozzle back pressure)
) i {; Fulcrum A

A P
S
—»+ a ' nozzle Restriction (orifice)
Set point 1 <— Constant pressure Typical |15 psi-|- -\ approx. linear working
r ) M — air supply (P,) (20 psi) values I\ / range
displacement b Baffle E—_— 3psi-f--r--N
—> P . i T
Error] | (or flapper) —— " output pressure (To control valve) al v R
O . O (Nozzle back pressure) 0 % Baffle-Nozzle
€ 0.001" 0.002" separation
fe— —>+ ~_______ 7
C,, —) (joint) Typical
Measured values
variable A typical curve relating nozzle back pressure M to Baffle-Nozzle separation

e=(r-C)r2

X: change in baffle-nozzle separation.
m: change in back pressure.
P, : the lowest possible pressure ( = ambient pressure).

~

X = X'- x an
pressure wi

: output

<~




Pneumatic Baffle-Nozzle or Flapper-Nozzle amplifier

M (Nozzle back pressure)
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Typical |15 psi-|- -\ approx. linear working
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0.001" 0.002" separation
\ /
Typical
values

A typical curve relating nozzle back pressure M to Baffle-Nozzle separation X



Pneumatic Baffle-Nozzle or Flapper-Nozzle amplifier

M (Nozzle back pressure)

A
P. -
Typical |15 psi-|- -\ approx. linear working
values AN / range
3 psi-
P.{-- :
0L— : » Baffle-Nozzle
0.001" 0.002" separation
\ /
Typical
values
A typical curve relating nozzle back pressure M to Baffle-Nozzle separation X

For approximately linear working range:
M=K,X+Cand M : '




Pneumatic Baffle-Nozzle or Flapper-Nozzle amplifier

M (Nozzle back pressure)

A
P. -
Typical |15 psi-|- -\ approx. linear working
values AN / range
3 psi-
P.{-- :
0L— : » Baffle-Nozzle
0.001" 0.002" separation
\ /
Typical
values
A typical curve relating nozzle back pressure M to Baffle-Nozzle separation X

For approximately linear working range:

M=K, X+Cand M =K,

Subtracting, M




Pneumatic Baffle-Nozzle or Flapper-Nozzle amplifier

) 3 ﬁ Fulcrum

A
— >+ a . nozzle Restriction (orifice)
Set point » S 4+ Constant pressure
X| air supply (P,) (20 psi
. r Ob" pply (P,) (20 psi)
displacement Baffle -
Error (or flapper) >
S pp Output pressure (To control valve)
CJ e \.) (Nozzle back pressure)
+ — > +
Cn & (joint)
Measured
variable
e= (r-C.,)2

Under steady state condition, change in output pressure may be expressed as:

m=-K -X, where —K is the nozzle gain

a
Here, —X= e
(a+bj



Pneumatic Baffle-Nozzle or Flapper-Nozzle amplifier

) 3 ﬁ Fulcrum

A
— >+ a

. nozzle Restriction (orifice)
/ SSSSSSSSS
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Set point

~— . __4— Constant pressure
: air supply (P.) (20 psi
r O ; -— pply (P,) (20 psi)

\ 2.3

displacement Baffle -
Error (or flapper) A
N v A pp Output pressure (To control valve)
CJ o \_) (Nozzle back pressure)
+ — > +
Cn & (joint)
Measured
variable
e= (r-C.,)2

Under steady state condition, change in output pressure may be expressed as:

m=-K -X, where —K is the nozzle gain

a
Here, —X=|——|e
(a+bj

Thus, m=K e(ib) =K -e, Kis called the amplifier gain and K = Kn( 4 j
a-+

a+b



Arrangement for mechanical set-point

and pneumatic measured variable

set point
(Screw)

.

AN I I I
>
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i

Q

A

Bellows
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pneumatic
measured
variable C |



Arrangement for mechanical set-point
and pneumatic measured variable

set point
(Screw)
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measured
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Arrangement for mechanical set-point
and pneumatic measured variable

set point
(Screw)

.
NGO T O D)
v A
“WWWWNWWNO—®
[~
S ®
Bellows .
pneumatic
measured
variable C |
-
N JARRAY

Bellows




Relay valve or pilot valve

The output pressure from the pneumatic amplifier is not suitable for driving the final
control element due to the presence of restriction in the air supply.



Relay valve or pilot valve

The output pressure from the pneumatic amplifier is not suitable for driving the final
control element due to the presence of restriction in the air supply.

For this reason, a buffer stage, known as relay valve or pilot valve, is added at the
output to allow sufficient air flow at pressure ‘m’.



Relay valve or pilot valve

The output pressure from the pneumatic amplifier is not suitable for driving the final
control element due to the presence of restriction in the air supply.

For this reason, a buffer stage, known as relay valve or pilot valve, is added at the
output to allow sufficient air flow at pressure ‘m’.

A relay valve may be direct-acting (positive gain) or reverse-acting (negative gain).



Direct-acting relay valve with a Baffle-Nozzle amplifier

— & Restriction
| )

~____ <«— Air supply (P,)
' ‘ i Vent\
P>—

Relay valve (gain = 1)

%
e
Relay Bellows Relay output

S <

As the nozzle back pressure m increases, the relay output pressure also increases



Direct-acting relays

Maorzle
back pressure M

¥

To atmosphere =— 2

= To pneumatic
P valve
Alr supply —=

5

[al

Bleed type relay

position to shut off the air supply, air
continues to bleed into the atmosphere.



Direct-acting relays

Morele
back pressure P

To atmosphere =—

= To pneumatic
P valve
Air supply —=
Py

[al

Bleed type relay

In all positions of the valve, except at the
position to shut off the air supply, air
continues to bleed into the atmosphere.

Nozzle back
pressure

'

AI—I;

Vent «—

Air supply —»

—+ Qutput



Direct-acting relays

Maorzle
back pressure M

¥

To atmosphere =— 2

P valve
Alr supply —=

5

(al

Bleed type relay

= To pneumatic

Norzle
hivck pressure Pp,

4

1o atmosphere —=—
To ppeumatic =
valve P

P

-— Air supply
Py

ib)

Non-bleed type relay




Reverse-acting relay

Nozzle
buck pressure /),

!

To armosphere  ——

To pneumatic -
valve
PL"

+

AT .'S.U|:|-|'|I'__.'
P

decreasi ng the ou tp




Pneumatic Proportional Controller

Feedback bellows

(Controller
output pressure)

(3 - 15 psi)

m —pm

mm<— air supply (P,)

Restriction (20 psi)




Pneumatic Proportional Controller

Feedback bellows

(Controller
output pressure)

(3 - 15 psi)

m —pm

m_m<— air supply (P,)

Restriction (20 psi)

Error

The Baffle-Nozzle separation may be expressed as:

a b
—(X)=| — |e—-| —— |K
(X) a+b ° a+b o

where K, is the bellows stiffness factor and m is the change in output pressure.



Pneumatic Proportional Controller

a b
a+b a+b
Now m = — K, .X, where K, is the nozzle

gain.




Pneumatic Proportional Controller

Feedback bellows

— ,m  (Controller _(X): i e— L Kbm

output pressure)
(3- 15 psi) a-+b a+b
Now m = — K, .X, where K, is the nozzle

o & 8iT supply (P)

Restriction (20 psi) gain.

Block diagram of the controller

-X(S
E(S)—> 505 S,k M)
b
ﬁ al Kb <




Pneumatic Proportional Controller

- . = a b
. T _ *3 :.» ' = = ——— | —— K
aoe (X) a+b ° a+b bm

— Now m = — K, .X, where K, is the nozzle
- air supply (P,)

Restriction (20 psi) gain.




Pneumatic Proportional Controller

Feedback bellows

4_
- i m (Controller
output pressure)
3 -15 psi
7 ‘ ( psi)
o

ron & 8if supply (P)

Restriction (20 psi)

Thus, (@& [P
%n_(amje (a+ijbm

1 b a
or m —-+| —— = —— |E
) -as)

n

{5

Now m = — K, .X, where K, is the nozzle
gain.



Pneumatic Proportional Controller

Feedback bellows

. a b

5 =, St —(X)=| —— |e—| — |[K,m
7 ‘ (3 - 15 psi) a+b a+b

<+— air supply (P,)

Now m = — K, .X, where K, is the nozzle
ez

Restriction (20 psi) gain.

Thus, (@& [P
%n_(amje (a+ijbm

1 b a
or m —-+| —— = —— |E
) -as)

n

if K, is very high, then

U
o

1
Kn



Pneumatic Proportional Controller

Feedback bellows

m  (Controller

—p
output pressure)
‘ (3 - 15 psi)

Somed e air supply (P,)

Restriction (20 psi)

This gives

a

a+b a

e=| — |e Kp.e
b bK,
a+b

where K, = proportional gain =



Pneumatic Proportional Controller

Feedback bellows

m  (Controller

—p
output pressure)
‘ (3 - 15 psi)

G air supply (P,)

Restriction (20 psi)

(aj
a+b a
e

_( b jK bK,
a+b) "

where K, = proportional gain =

Simplified block diagram of the controller

E(s) & K

—» M(s)

K,



Pneumatic proportional controller with a direct-acting relay

Feedback bellows

-— Controller output
40O m —» M
(3 - 15 psi)
a -
% Relay valve (gain = 1)
X < = <— Air supply (P,)
b —> <—X Restriction (20 psi)
e —>»> v C)



Pneumatic Proportional-Derivative Controller

Derivative time
Feedback bellows o
Restriction R, (Needle valve)

pad —>m
(output pressure)
a Baffle
Nozzle Restriction (orifice)

{ S  <«—air supply (P,)
b —» < R
X
e




Pneumatic Proportional-Derivative Controller

Derivative time
Feedback bellows o
Restriction R, (Needle valve)

> —>m
(output pressure)
a Baffle
Nozzle Restriction (orifice)
_______ ¢ > «——air supply (P,)
b —> R
X
e
Error

The Baffle-Nozzle separation may be expressed as:

a b K
“X(s)=| —— |E(s)=| —— || —2— M ing R, >>
(S) a+b (S) a+b )\ 1+sT, (S) (assuming o = F)

where K, = Bellows stiffness factor,
T, = Derivative time
= RpCp, (assuming Ry >> R),
Cp = Capacity of the bellows.



Pneumatic Proportional-Derivative Controller

Derivative time
Restriction Rj (Needle valve)

| ( a (b K,
et s KO3 025 5 MO

Feedback bellows

a
_ Nozzle Restriction (orifice) .
Ho > «—air supply (P,) Now M (S) - _Kn - X (S)
b | >+ R ] -
g where K, is the nozzle gain.



Pneumatic Proportional-Derivative Controller

Derivative time
Restriction Rj (Needle valve)

| ( a (b K,
et s O35 O35 o M

Feedback bellows

_ Nozzle Restriction (orifice) .
e > «—air supply (P,) Now M (S) = _Kn - X (S)
b | ¥ <« R ] -

Ay where K, is the nozzle gain.




Pneumatic Proportional-Derivative Controller

Derivative time
Restriction R; (Needle valve)

i ( a (b K,
et s O35 O35 5 M

Feedback bellows

Nozzle Restriction (orifice)
e 1 > «—air supply (P,) Now M (S) = _Kn - X (S)
b | >+ R ] -
e 5 where K, is the nozzle gain.

o ML et () 5 s

o M (S){Kln +(aibj[1+KstD H:(aibjE(s)




Pneumatic Proportional-Derivative Controller

Derivative time
Restriction R, (Needle valve)

i ( a (b K,
B e (e

Feedback bellows

Nozzle Restriction (orifice)
—-3-H« > «—air supply (P,) Now M (S) = _Kn - X (S)
b | <« R ] -
e ) where K, is the nozzle gain.

o ML et () 5 s

1 b K a 1
o, M b — E .~
(S){Kn+(a+bj[l+sTDH (a+bj (5) Now, K, >>1’K 0

n




Pneumatic Proportional-Derivative Controller

Derivative time
Restriction R, (Needle valve)

il ( a (b K,
el WINIV AW

Feedback bellows

Nozzle Restriction (orifice)
Lt ( > «——air supply (P,) Now M (S) = _Kn - X (S)
b | —» <+ R ] -
e 5 where K, is the nozzle gain.

o ML et () 5 s

1 b K a 1
o, M b — E .~
() Kn+(a+bj[l+sTDH (a+bj (5) Now, Kn>>1’K 0

-.M(S)z£ 2 )(1+STD) |

bK

= K ; (]_ +sT, ) where K, = proportional gain = —




Pneumatic Proportional-Integral Controller

Integral time
Restriction (Needle valve)

(output
pressure)
a
- Integral negative
positive ) pellows feedback - .
feedback ; Restriction (orifice)

iz

<«—— air supply (P,)

VAP AAIIIAIY)

v
N
b_"; R




Pneumatic Proportional-Integral Controller

Integral time
Restriction (Needle valve)

(output
~~~~~ pressure)
a
o Integral negative
positive ) pellows , feedback - o
feedback ; Restriction (orifice)
—1< T «—— air supply (P))
b |-
e, X
A4 (II)
Error

The Baffle-Nozzle separation may be expressed as:

(assuming R, >> R and
same stiffness for both bellows)

—X(s):(ﬁjE(s)—(ﬁj KM (S)+(aibj[l+K§Ti]M (s)

where T, = Integral time
=R/,
and C, = Capacity of integral bellows

K, = Bellows stiffness factor.



Pneumatic Proportional-Integral Controller

Integral time
Restriction (Needle valve)

| proportional

bellows
N - p(rgl;ts%urfa) —X(S)
. tegral o (negate)
(fl;gzgg/cek f : e Restriction (orifice)
i s <« air supply (P,)
e_»b —:<; R
Error \-)
Hence,
a 1 b
-X(s)=| — |E(s)—|1- K,M(s)
a+b 1+sT. \a+b
a 1 b
= —— |E(s)- K,M(s)
a+b 1. 1 [\a+b

ST.



Pneumatic Proportional-Integral Controller

Integral time
Restriction (Needle valve)

| proportional

bellows
N = p(rg:ts%urfa) —X(S)
.
(fgg;ggcek) bn;ﬁg\:va; : (fréi%?;;\éi) Restriction (orifice)
3 " «— air supply (P,)
e, 2P :
Error \-)
Hence,
a 1 b
-X(s)=| — |E(s)—|1- K,M(s)
a+b 1+sT. \a+b
a 1 b
= —— |E(s)- K,M(s)
a+b 1. 1 [\a+b
ST.




Pneumatic Proportional-Integral Controller

Integral time
Restriction (Needle valve)

oL

R| proportional

bellows
D = (output
N4 pressure)
K - :.:.1
- Integral negative
positive \ pellows . feedback - =
feedback ; Restriction (orifice)
—1< _ <« air supply (P,)
e P R
A
Error \-)

Thus, assuming K, >> 1, i.e.

a+bjE(S)_ 1_1+1'5Ti j(a-berKbM (5)

1 b
KM
1.1 (a+bj oM(s)




Pneumatic Proportional-Integral Controller

i
::éi?rriititc;re(Needle valve) a 1 b
-X(s)=| — |E(s)—|1- K,M(s)
|% a+b 1+sT. \a+b
1
R, prﬁzﬁ(r)tiosnal
J i (output
N/ pressure) 1 b
Aditive Integral g (negative) = (—j E (S) - ( j Kb M (S)
(fgedback) e Ll Restriction (orifice) a + b 1+ i a + b
Y 0 <« air supply (P,) T
e_»b it ? R S i
Error O

Thus, assuming K, >> 1, i.e. Ki = 0,

n

M(s) a 1 1 a
— l1+— |=K_ | 1+— |, where K =——
E(s) bK, " ST | TST " bK,




Pneumatic Proportional-Integral-Derivative Controller

Integral time
Restriction

J
4 1/
— Derivative time
a Rp Restriction
(output pressure)
—» m
- <X I

— <—Air supply (P,)
e b Restriction
— > \ s




Pneumatic Proportional-Integral-Derivative Controller

Integral time
Restriction

o)
\
V. Derivative time
a Rp #' Restriction
(output pressure)
—» m
— X I
—1 < <+ Air supply (P,)
b : R
e Restriction
— > \ s
Error
The Baffle-Nozzle separation may be expressed as: (assuming R>>R>> R)

- X(S):(aibjE(S)_(aEb)(lfsirDjM (s)
+(a—brb)((1+ sTiI;(i+ sTD)]NI (5)
:(ajbjE(S)_(:E%j((1+lfsTD)_ @+ sTi)1(1+ STD)jM (5)




Pneumatic Proportional-Integral-Derivative Controller

Exr o
il ( a+ 3 (a+ij(1+sT] (s)
( a+b }((1+5T)1+5T ] )
L e e (B mme
?b O .
Now.~ 1 1 14T, -1

1+sT, (L+sT)L+sT,) (L+sT )L+sT,)



Pneumatic Proportional-Integral-Derivative Controller

L
| vy il ( a+b j (a+bj{1+3T] )
[ e -
Now, 1 1  14sT -1
1+sT, (1+sT )1+sT,) (@+sT )1+sT,)
— STI
14T +ST, +87TT,
1

1+1+TD+STD
ST,



Pneumatic Proportional-Integral-Derivative Controller

fﬁ’ti?l&‘?n
| By il ( a+b j (a+bj{1+3T] s)
. t pressure) 1 1
- . ( E(s)- (a+bj((1+sTD)_(1+sTi)(1+sTD)]M(S)
Therefore,

_x(s):(a;jbje(s)_(be) : 1T M (s)

1+ —+ > +5sT,
sT. T




Pneumatic Proportional-Integral-Derivative Controller

(a+bj(l+sT ] (s)

fi){ )

(L+sT)issT.) ] (s)

1 1

-2

gjsmcnon ( j
|
Therefore
a bK 1
- X(s)= (—jE(s)_( b
a+b a+b 1+1+T+ST
sT T
Now

(1+sT,) (1+sT,)1+5sT,)

wes



Pneumatic Proportional-Integral-Derivative Controller

Integral time
Restriction

Derivative time
Ry Restriction
(output pressure)

—— Il

<+—Air supply (P,)

R
Restriction

—X(s):(

1

and

1+T'°+1+STD

ST

a bK 1
E _ b
a+bj (s) (a+bj 1 1 T



Pneumatic Proportional-Integral-Derivative Controller

Derivative time
D Restriction
(output pressure)

1 Il

<+—Air supply (P,)

~X(s)

and

1

[

R ietin
"
> i |
B
Therefore,
I\/I(s):( a jE(s)—( bK, )
K a+b a+b

1

ST

1+TD+1+3TD
T, sT

14—TD+—:L-+STD

a
a+b

M (s)

o

bK,

a+b

~K - X(s)



Pneumatic Proportional-Integral-Derivative Controller

Integral time
Restriction

M (s)

L) | Derivative time K a+ b
a Ro &{ Restriction n
|

T 1
D
(output pressure) —+ + STD

——% M i Si

o

s +—Air supply (P)
: R

e Restriction




Pneumatic Proportional-Integral-Derivative Controller

Integral time
Restriction

Derivative time
Restriction

(output pressure)

= I

_%I

<+—Air supply (P,)

o
N
a
—» X
=
e
10

R
Restriction

M(s)

as

1
K. a+b

K, >>1,

e

~

+—+ST




Pneumatic Proportional-Integral-Derivative Controller

Integral tim
Restricti
X
Rl
ﬂitpnuqtp rrrrrrr )
- Z l <+—Air supply (P,)
e_»b Resﬁictio
Err O
Therefore,
M(s) ((a |, T, 1
— = — ([ I+ +—=+ST,
Es) (bK . ST
a
where K —=——

" K,

1
M(S) K, a+b[ +—+ST
as K >>1 i~
K.
T 1
=K [1+2+—=+S1,

ST

H

a+b

]e(s)



Pneumatic Proportional-Integral-Derivative Controller

Integral time

Restrict
ki
RI
o
AN
t—) , Derivative time
4 Ro Restriction
(output pressure)
—»m
e |
= <+—Air supply (P,)
b ! R
e Restrictio
_> O
Erro

ST

—M(S) :(aj (1+-I_I-? +i +STDJ = Kp(l+-_||-f’ +i +S'I;] where K



Pneumatic Proportional-Integral-Derivative Controller

Integral time
Restriction

a R %A "Featicion FrrEer
- :X l = <+—Air supply (P,)
M(s a T 1 T 1 a
—(): — | 1+2>+—+sT, |[=K|1+2>+—+SI | where K =_—
E(s) \bK)U T sT T osT " bK,

Here,

D | imposes an interaction between integral and derivative operations of the controller. If
T we choose T, >> T, the interaction reduces and the transfer function becomes

M (s
( ) ~ Kp 1+—+ STD the ideal relation of a PID controller.
E(s) ST




Pneumatic Proportional-Integral-Derivative Controller

Integral time
Restriction

A U/
—J) , Derivative time
a Rp #‘ Restriction
(output pressure)
—m
o i |
— < <—Air supply (P)
b : R_ .
e Restriction
—> v /]

The controller gain becomes infinite when T, = T, if derivative time
restriction is placed in position (1).
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