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ABSTRACT

The PID (Proportional-Integral-Derivative) controller is widely used in industries with
the well known Ziegler-Nichols tuning method and others. According to these methods yield
a good estimation for any parameter of the PID controller. However, errors possible occur on
systems from a measurement process. Almost PID controller losing used in the real practice still
require trial and error adjustment for each process. After the tuning method has been done, which
is a process time consumed. Moreover , the conventional method also needs the expert to obtain
the best controller parameters. Recently the auto-tuning control function was added to the
general-purpose controller including to the PID function in order to reduce the complication of
tuning parameters. This thesis proposes to design a computer program to reduce time for tuning
the controller parameters. The experiment result not only indicated the reducing time but also

helped operators without experiences to tune the controller parameters.
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a o LK S o = @ o w4
uBNIINNINMIAILANILY PI sgihIdaeoidniianiiznsiiiugududa Sigae
aAMWUAULDZN1TUAIS ( Oscillation ) Vos5zULae 18 udvz¥inle Rise Time ax Setting 31fi1

&
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2.3.6 N3EIMIAIUANNYY Proportional-Derivative (PD )
¢ ’q Y a v Y a . Y
msiszgnaldnSerintsaiuauuuy D IMWAUNTOIMINVAUUUL P AtiieR11v
[~ 4 1 1 1 ] {4
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(DWINNUBINTOIMIAWANLLL PD Uaaasaums

— de(t
m,,(t) = m+K e(t) =K Ky di )

de(t)

Mie  m,(t)=m+K.e(t)+K T, (2.12)

iio K,=T,

= A1989 Derivative or Rate Time

Yy a dyd l/ll o v < A
YaidgyeInsyIMsnuguuuuilfe luamsaiildeedidnvesszunanaivsonun
o \J ) a \J &‘ Q
T lduazornildrmjuiusesszuuiisigeiy HOABLAUBIVDINTEIAIUALLL PD LEAAS

AsgIn 2.12
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t

3N 2.12 tamsHaneuEUBIYBINTIINIAILANLILL PD

2.3.7 n%mmsmuqmmu Proportional;lntegral- Derivative ( PID )
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de(t)
dt

t
13n Ampid O =m+K e(t)+ I;° I e(t)dt+K T, % (2.13)

1 0

AJ t
My () =m+K et) +K K, j e()dt +K K,
0

HAABLTHBIVBINIHIMIAIUANIULY PID Liaasngilii 2.13

e(t)
Unit ramp
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3.1.1 MANNGIHMY
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wmmmmmi‘lwamumaﬁuqﬁﬁﬂagizmnm%uzmiq( Tank ) aealy A1921W
Y 1 e e \Ad o Y T =
AUNIUMS Inavesveunal luvioniofeaauits R veimua a1 Wusinnu deunilag
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change in floe rate , m*/sec
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h =
tan Rt
& ? "_’, '
NP
> +q
= -
Q Flow rate
L 2H h
- H Slope = =[N
Q

{ v o d ' o v
3‘1]1"‘] 3.2 Llﬂﬂ\iﬂ'ﬂllﬁllw‘L!'ﬁig‘ﬂ'JNiS;’ﬂ‘Uﬂ’J’IiJQ’Qﬂ‘UﬂG]TIﬂ'I51‘”a
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Q=KVH (3.3)
AANUAIUNIY R(E) fio
R =4 (3.4)
dQ

n:l Yy
ﬂ']ﬂﬁﬂﬂ'li‘ilﬂﬂﬂﬁi"lﬂ'lillﬂﬁ L‘UEJUi'HiJ'lﬂ’J"I
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dH _2VH _2JHVH _2H
dQ K Q Q

(3.5

Rt e (3.6)
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14 ] .
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1 [] [] a 3 9 dy ~ 9 o =3
ud lilgveanamylugifnasvesnisuzussy Uuuazniuividavesnisuzuss el
! { 4 <1 ! {y 11 o { [} < dao 1
nefl Annugeziimned hinseduanugeesdouuladliedie lsimuiladsudoTou

1n3U7 3.1 92 1dn

Cdh = (q; - q,)dt (3.8)

851015 IMaoendA Iy

h
qO A= E (3.9)

UM Differential fi®

RC%th:qu (3.10)

{ [ o 1 1 {
Tagh R U INd U098 Lazde dilian e
C umnugensLEuITY asiained
RC  (fluswia1ned (Time Constant) U931

mmsutasantlans ozlg

(RCs+1)H(s) =RQ,(s) (3.11)

'
o

d1dasns Inad Q. (s) {Wuduwn uazszauaugs Hes) duenmiyn fedsudie

Touveeszuufe

Hs) _ R
Q.(s) RCs+1

3.12)

¢ o

o @ o [~ {a a
Wusufeaiu d1lMoasiasnasen Q,(s) Weviym Taendunnaudy Haneu

a0 TouveeszuUfe
Qu(s) _ 1 (3.13)
Q.(s) RCs+l1 :
Tavii

Q,(s)= é H(s) (3.14)
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3.2.1 FTUUBUAUNHA (Response of First-Order-System)

a U e é {
WasaszuuduAunialuglf 3.3

R(s) . E(s) 1 CE)
. Ts

o =1 v W &
gﬂ‘n 33 LL'CTW\3'1]ﬁ8ﬂ]lﬂ?]&’uﬂiﬂauﬂ\ﬁZUUE)‘HﬂUWUQ

R(s) ] C(s)
PVIT R A

JUn 3.4 umasiliddudieTouvesszunnuiLuglia

nnguli 34 Meddunwlenvesszuuniuguuuugyla fe

gﬂ: ) (3.15)
R(s) Ts+1

AUAIRUANHAUL AD

A(S)=Ts+1=0
nin  s=-1/T (3.16)

& ! @ A A a & £ o 1
FILTAIT TINUBIFUATAUANH U HNIBLTUNDNYDVIUII Pole ﬂﬂﬂﬂﬂﬂ%ﬂﬂ'lﬂiﬂu

9

tuugilila (Close Loop Pole) vzagfidudneiioveauny Real Tuszutw s (s-plane)

(Close Loop Pole s =-1/T Open Loop Pole s =0)
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o d i a (3

finsfinuidananeuaues nieeiynvesszuy iifeduyn miedyaasunau)
A a = a 9 a 3 = J 9 v 1 a =i
tielinsilasuulasvesduymdredalszinndriniinarnindredu waneunusadesuwni

. , dd’l a0 I o & o/ a’/’
L‘ﬂu Unit Impulse (Unit Impulse Response) N8 R(s) UAUNINUAHI ASHYU

c(t) = %e"ﬂ t>0) (3.17)

WARBUAUBADTUWNTILTIY Unit Impulse uarns 1ddsg1ii 3.5

7N 3.5 uerasnaneuauBIdedUNNTIEY Unit Impulse

3.2.1.1 waﬂauaumauunﬁﬁ‘lu Unit Step (Unit Step Response)

v v
ASAIT R(s) HAUMfY 1/s aariy

h, 1
C(s) = ey (3.18)
®) Ts Ping
w3e lagsiinis Partial Fraction Expansion
c(t)y=1-e""=0.632 (t=0) (3.19)

q

v Ao o ' = Y v
AuanyazndayvesHaneuaussdsamiiiuiduldeluglves
. A A ' ' A Y U
Exponential Curve R0 1ot = T ADVYBIHANDUTUBIADIIANNTAUNIAY 63.2% VoIF
qamefianzaei

c(t)=1-¢" (3.20)
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e(t) = 1(t) -c(t) (3.21)

Taghl e(t) MAnuANUARIAMADY

1 A ~ ~ Y
MANUANUANIARABUNNILAIN e (1) 1zn11avn

e, (t) =lime(t)|t - (3.22)
de” )/l gld 1

il 43 7 -G (3.23
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1
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Exponential Curve
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3.2.2 STUVBHALIADY (Second Order Systems)
Hosanssuususuaealugilil 3.7 Tasfinsflounduezifuuuy Unity Feedback
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R(s) * _ E(s) N C(s)
- s(s+ 2§con)
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lerdunroTouvosgliie
_CE)_ ok

G(s) (3.24)
Es)  s(s+28w,)
laefig uaz o, iumes uasiidnsiuazladdudoTouvesguia fe
2
Cls) _ e : (3.25)
R(s) s°+2tw s+’
aumInuanyuzveilile Ae
A(s)=s*+ 2kw, s+ o (3.26)

Taeh E Damping Ratio
o, Undamped Natural Fequency:
a v w a a 4
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5. N3l Negative Damped (& <1)
v 1
[ [ =®
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3.2.2.1 HaneUaHBIRed U NN Unit Step ( Unit Step Response)
A58l Undamped (£ = 0)

nnaums lilvesiliidudeTouvosgida fe

e i
O A7 (3.27)
R(s) s"+2tm s+’
o€ =09zl
C(s ®°n
(Y e | (3.28)
R(s) s +a's
dunsnuanymzesglila fe
A(s)=s+0% =0 (3.29)
IINVOITUMINUANHUL AD
$1,8, =% jo, (3.30)

o‘/d L3
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WAY o, uaziiioBuwnidiu Unit Step R(s) TAwidy 1/s 9g 184

2
M n
C(s) = ——— 3.31
®) s(s® + %) S

mimsutasananas o1

c(t) =1-cosm_t t=0) (3.32)
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ufeilie £=0 iynvesszuuszifanisunisedeneriostuly Tnsf
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aumsguanyuzvesglila fe
A(s)=s*+2Em s+ % =0 (3.33)

TINVDIAUMIAUANUE AD
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Tagh o Damping Factor n3e Damping Constant
0] Damped Natural Fequency
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tiodunnidiu Unit Step R(s) Ty 1/5 921691

(l)zn
Cls) = 2 2
S(s” +2Em, s+ ")

(3.35)

mnsudasanlaty 12d

e-éu),,t

c(t)=1- sin(w, \/1- 2t +cos™€) (t>0) (3.36)
. /1 9 éz
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wlsa lunusasmsniian € dnawaaiamaouzn 1den

e(t) = (t)-c(t)

Lot

=° sin(@, /1-E* +cos™'€) (t=0) (3.37)
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Y

4 1 . 4 1 1w s & 1 1
an1TAN mmmaamLﬂﬁamzﬁmmmnquﬂaua 1Y ‘ﬂ&’ﬁ’ﬂﬁﬂﬁlﬂﬂ’ﬂ o, [T
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ad ) s el iy
ﬂim‘LIS'Iﬂ‘USQﬁNﬂﬁﬂmﬁﬂ'}JmZﬂgNﬂHWTﬂu HUAD
81,8, = - @ (3.38)

eduwniilu UnitStep 9218
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C(S) = m (3.3 9)

mnsudasanaiy v @

c(t)=1-e™'(1+a,t) (t=0) (3.40)
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5, =-E+/E-Da,
5, =-(§-{E - Do, (3.41)

Al ey b Y
unziioduwnidiu UnitStep 92189 ‘

C(s)7

(3.42)
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c(t) =1+ ( ] (t=0) (3.43)
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nmw

= n=0,1,.2 (3.47)
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4.2 Auto Tuning methods
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1. Transient response method

2. Closed loop method

4.2.1 Transient response method
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4.2.2 Closed loop method by Relay
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o a 1 & 4
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4.4 Digital Controller
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