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1.1.1  Proportional Action
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1.1.2 Integral Action

HANBUYBINIATUANKUUERAILTINAUNSAIUANLUUBUTNTG annsneSurgldluaunis

ut) = K, (e(t) + % /0 t e(T)dT)
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fignuazadeiuilaifudiwndeiie (manualreset function) fetuluunendadaSensaduiindainflerdudion (re-
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1. 7529.Ua (open-loop step response method/ reaction curve method)
2. 352900 (closed-loop method /ultimate sensitivity method)

3. I5avdrnaewgn (trial-and-error method)
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1.2.2
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Figure 9: AnwgNanauauaduagiun1sUTuuAI %PB

1.3 gaUszasAlun1suiuguninines

VRINIAAIAIULIANSTINYA Uag/M38 deadtime UALAAIMIIAIL miﬂ%’uﬁgaﬁ’gmmu (controller setting)
anunsavidaeds Ziegler-Nichols wie Cohen-Coon %30 Shinskey 3358w ﬁ’mq‘dszmﬁtﬁammwwswﬁLmai‘
hlinasuvesanuraandoulurianavihausidman

TumsuFuansusuguitmnzaniigaisuilade msuuguiitells Quarter Amplitude Damping (QAD) Ha
mauﬁﬂwmzﬁﬁwﬁmﬁ’uwamauﬁﬁmwmmmmﬁauﬁwqﬂ 5U 9(a) uansdnugaNUAves QAD

Tuunnszuumsldannsaseusulifnnsunisseuagaield dafudeadonnsusugulildnanouvessruy
wuududdlugy 9(b) FaGenimaneuausmiiingd (critically damped response) fufisidnsueneunmnIugy
KanoufvE ARt uAgaTeTesr IannImisads samuauilinanouaussiaingn alvienanaadousiounn
Tngjrin33 QAD udsineausuldtutumiudioamsvesnszuaumaanzog nifiuAdnsvensunsaiuals
qﬁuiﬂaﬂ sruufasiAaniaunisiideideseonun Wedinssuniu wameudnuardiFenimanouaussmnmg
(underdamped response) warardimaudeauy (Feufuminue) dnies fagy 9(c) Tumenduiu nin

8 Last updated on September 3, 2013 by JSS



andnsveneiliiuimuAtas MIsunIulziinasenanauanas uiagliiianudetuuas waskanauanyne
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1.4 FEMsUTuUAINITIENETVRIRIAIUAN
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1
G.(s) = K, (1 + T + sTd)

Bnsusumsfiwesvessmueu Jsldun K, T;, Ty szudsoandunuu P, Pl, uaz PID musieazidunssie
Tuid

1.4.1 Proportional mode (P)
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35 1Un WU
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1.4.2 Proportional-plus-integral mode (PI)
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Quarter Amplitude Damping
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. . . . = ‘
Time Time
(a) NANBUVBIIAIUAL Pl flsien Ty = 1.5Ty (b) nameudlewdsuamsiwes T
Figure 10: namaunszUIUNSlaliiimuay Pl
2% 214U 24U
Ziegler-Nichols K, = 0.9/RL K, = 05K,
T, = L/0.3 T, = Ty/1.2
Shinskey — K, = 05K,
_ 1
Cohen-Coon K, = 5709+ L/127) —
o 30+3L/7 B
L =1L <9+20L/T> L

1.4.3 Proportional, integral and derivative mode

fmuauLuy PID ldasnsaldfussuuiifidygasuniunsinnn viemaudsuntadludnuusdunduls e
awidueyiusorfesnsnisiasuutamwesdrin Mnuauuuy PID agldfunsyuiunsiinisneuaussin
wazfiaunanfideutisuny Ussgndlifunismunueamgiivessdosuanidsumiuieuldd ieAgumaiiiin
1#EnAsuuas heat rate asdlaasuutatetnemng Mouiusavaneunaemaneuliduaaiiofians
sunu MatsuguATITneiiETERe annsauandldfmasieluil
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Table 1: M3WasUIEN1sUTUgUINTsiweidAIuAN PID

- o - ANIIRDS
wiaminauan | BIANAIUAL — _ ,
! * | Ziegler-Nichols | Cohen-Coon Shinskey
o closed K,=05K) |K,=7:(1+%£) |K,=05K,
open K,=1/RL K,=1/RL
closed K,=05K, |K,=7;(09+ )| K,=05K,
. T=Ty/12 |T,=1L (390;30@/:) T} = 0437,
open K,=0.9/RL
T,=L)0.3
closed K,=06K, |K,= RL (% + i) K, =Ky/4
T,=05T, |T,=L (%) T, = 0.5T,
PID Ty =Ty/8 T, = ﬁ Ty = 0.127,
open K,=12/RL
T, =2L
Ty =0.5L

aeins Ty fe natural period uaz K ferdnsivengiviliiinnisuniavesdyyisuuuieunignasi

2

% 29U 29Un

Ziegler-Nichols K, = 12/RL K, = 0.6K,

T, = 2L T, = 0.57

T, = 0.5L Ta = Ty/8
Shinskey K, = 025K,

T, = 0.1271;
Cohen-Coon K, = ﬁ (% + ;1%)
3246L/T
T, = L (13+8L/T> -
Td — 4L

4
UnIUNIINAADY

1. PCS327 Process Control Simulator

2. Function generator

3. Oscilloscope

4. NI card wag Real-Time Workshop Toolbox in MATLAB
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load disturbance supply disturbance

- + — | distance + - + - + - +
O— inverter | —O O— veoay }—O  O—{ 9

lag 10m: 10ms
10 ms fast
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integral integral
PROCESS
| condition ovb @ @ .
1s slow correcting
deteCting | - - - — - - - - o o L e ceoieooo element
element
0 o

measured value

[T TTT
. V— | motor
10 Ol 0
element ‘ ‘ ‘ ‘ ‘ ‘ ‘

deviation

minus
O measured . | act
value integral action

e
S ~o° ‘% Cr—o o© (U -0
Oj é 200 5 i i CS(imr?:il
O propurtiona| nonlinear unit g
d ::Opseudo band @ @ @

derivative action

fast 05 10 0 10 0 20
set value x 10ms CONTROLLER limits  dead band overlap
O 4 O @ (neutral zone)
disturbance —1 10 Slow |::>
3 set value x1s 8

Figure 11: ﬁﬁﬁ?ﬁﬁ]ﬂﬂi%u’lﬂﬂ’]i PCS327

3 Yanaael PCS327

YNINABINTLUIUNTT PCS327 1 wanslanegy 11 szuunseuiun1stu Usenauluimensdenuuaunsuveddiy
Usgneudselull

' LY

. SYUUANAT (lag) MINAIAIAINGAT 10 ms #3915 91U 1 /i

. JPUUAMAMTOMBUTNTNOS (lag or integrator) (EONINNTEUAING) NHAIAIFINIGIAT 1 ms 30
1 s 1Juduau 2 i

fuanan (distance-velocity lag) MaonaAmitgnandu 10 ms wse 1 s annsduaing 1Wudau
!

7 inverter

sannsaseaynsy dusznoudsdneiu 1Hdusiuiu 12 ssuusine fu Tasfiszuuduasiidnuambuszuy
type 0, 1, 2 ldmuiisiden asduinduanuieenteudardinusenoutisiu sslindemneaduiudyai
W (polarity inversion) fatiua inverter Seanaazsnludedd ieldssuuiiniomnenuiigasnis ey
fus1feNane199591n Fdmds fusBuiinswes warimmiinan agldilaidudelouvessruunseuaiuns
Ju

e—Ls

H(s) = T (ms + 1)(ms)

e?l L, 71, 5 AoAiuidianan agaasdanal alaainnsduaing

o £

msdraesdyausunmudigssuu awnsaviild a aiiludygravidhvesssuu (supply disturbance)

A7)
v
o

uaz 8l dyeadU109nUBITEUU (load disturbance) dusuiimuautu azUsznaulume 5 dufe

q

' o

« A mun (set value) Beaglugae £10 volts
« @WINAINAN (comparing element)

. fmuANaLdURNIReS (integral action) NUSUN integral action time (T})
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Table 2: M15NAMNITABIA1 VUYANARDY PT327

Process

1 Inverter

1 Distance-velocity lag

1 Lag

2 Lag/Integrator, switch-selectable

Time-constant of simple lags

Time-constant of integrators

Distance-velocity lag

Useful frequency range of distance-velocity lag

10ms (FAST) or 1s (SLOW)
10ms (FAST) or 1s (SLOW)
10ms (FAST) or 1s (SLOW)
0 to 30Hz (10m:s)

Controller

Set value range

Integral action time range (713)
Derivative action time range (1y)
Proportional band range (P)

0to £ 10V

250ms to 5ms (FAST), 25s to 0.5s (SLOW)
0 to 20ms (FAST), 0 to 2s (SLOW)

200 % to 4 %

corresponding to gain 0.5 to 25

Nonlinear unit

Characteristics provided
Slope of linear portions
Limit adjustment (L)
Deadband adjustment (D)
Overlap adjustment (H)
Frequency range of backlash

linear, limits, deadband,backlash,relay
Unity

0.5 to 10V

0 to 10V

0 to 20V

3 to 60Hz (FAST), 0.03 to 0.6Hz (SLOW)

- fmuANdIaYUS (derivative action) 1U5uUaN derivative action time (1)

. fmuANdndIy fiusuann proportional band (% PB)

dlewseanensasanadyaaeen Mlaunduedemanafuau (minus measured value) fuAfimua (set
value) o gn¥nausing asvilisldmaundoauuoonin el aglususnuquitsauday (ntegral,
derivative, proportional) wénazlusuA18ns v (proportional band) Wugagaving Adyaraeenilldan
é’hmuamﬁ SeanunsathlusinudiuyseneuildiduBadu (nonlinear unit) YARA199) U AN3BUGT (saturation),
deadzone, backlash, relay lé’ﬁwmié’uaﬁmﬂlﬂﬁamﬂﬂLﬂuL%QLé’uﬁy'uq

dusuAmuatu wndunaniuvesimunns fanunsauiuanldaindy set value fiftainadaud 10 s
10 uazdayaaudnedilan fldluluges disturbance input
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load disturbance supply disturbance
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10 ms
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detecting
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i 5 control
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@ (neutral zone)
dlsturbance —1( 10 Slow |::>

set value x1s

\\”—O

Pcs327 L

Figure 12: NM5¢181933AUANLUUAREIU

4 N1INAABDY

N1NARBY 1 N1AUANLUUFREIU (P)

[ ' A e YY) Aa o . N
WUITAIA  iefinwmansuTudnivenefilienanauuassyuuns transient wae steady state wawiatiesnn
Y94550U Terdudalouvasimuaunuudndiundudsil

AN
1. siorsaslugy 12 feueing process way controller agil fast
2. #aein set value 157 0 USurn 9%PB Uil 100

3. ladtyayred square wave 2 Vpp 1 0.1 Hz igeadau X GLug‘LJ 12 19 oscilloscope %Uﬂﬁu I set value
Yeadeu A uag 93UAAU measured value NYoaldeU B

4. JudinAn measured value kag deviation asuUABURMADS
5. yn1sneaassilagle %PB W 50 wag 200

6. lvian %PB uUNTENAdlaUTU set value U9 s¥UUILUNIWABANET TUINA1 %PB o ety (Ko =
100/% P B) uaga1uvean1swnia (7o) waznsmdyeiaeeniiiniswndand

N15NARBY 2 NIAUANLUUERFIULAZBUTINTA (PI)

¢ 3 { = YY) . . { ' &
WUITAIA  efnvmansuTudniveny K, uay integral time T Milnasionanauvedszuu tran-
sient uae steady state wagiafiesnmvesszuy feidumeleuvewimuauwuudndiuuazdufinsadudil

O(s) = K, (1+Ti8)

14 Last updated on September 3, 2013 by JSS



load disturbance

distancel +
inverter ve\ocnty O

10 ms
} controlled

PROCESS
| condition (8 @ <):|
s

supply disturbance
@)

detecting | - - - - - - - - oo oo
element
T ‘ T measured value O =V O T
v— | motor
measing 1 e O—{v=> 110 motor
element
D L eviaton O—{v—= 10
measured
va\ue integral action 5
n deviation|
i 20 5 control
O O prcpomcnal nonhnear unit signal
c Opseudo @
derwauve action
fast

20
set value x 10ms CONTROLLER Ilrmls dead band overlap
@ (neutral zone)
dlsturbance —1( 10 Slow |::>

set value x1s

\\”—O

PCS327

\\\}—O

Figure 13: ﬂ’]ﬁGiE]’Nﬁ]iﬂ’JUﬂJJLL‘UU PI

N1INAEBY

1. fipeasnegy 13 fsduaing process uag controller agi fast

v
Y]

2. & set value 137 0 USuAn %PB 137 100

. Tadoyeyrau square wave 2 Vpp 91 0.1 Hz Naaideu XI‘U'EU 1314 oscilloscope @Jgﬂﬂﬁu deviation 21N
%99 C

U5 integral action (T}) 9un373 deviation anasauilugud uazuiu %PB aunseiiald overshoot 1Uu
mimela

5. JuiinAn measured value kag deviation asuUABURILMDS

N15MAABY 3 N1IAIUANWUUAAEIY Bulinda uazaywus (PID)

o/ 3 A o . . . . . PRy |
qmqﬂszaaﬂ WoANWINANITUIU ), integral time T; way derivative time T VANaRDNARDUVDITZUU
V14 transient Uz steady state waziafiasnimvesszuy eiduareleuvasimuau PID WWudail

1
C(s) = K, (1 + Ts + Tds)

N1INA8B

1. #i93995lu3U 14 Asluaing process wag controller agf fast

Qe

a1 set value 131 0 ladsyeyres square wave 2 Vpp 7 0.1 Hz wnama‘u X Tuzu 14 19 oscilloscope

a

vﬂﬂau in set value Niveadeu A uay mﬂﬂau measured value fivoideu B

e® 3

3. 31 %PB FevhlmAanmsnaiudszann 4 asanends nmswdsuuUasdyauvesriimun tngnaa
Ti=ocouaeT; =0
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