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Abstract

The developed burner’s controller by using the Fuzzy PID logic controlling has been
improved for approach to be the industrial burner’s controller. The used lubricant oil was used oil
as fuel of the burner for the experiment. The microprocessor is user controls the step-motor to
open the ol valve by 0.36 degree per step. The experimental results show that the burner runs
with complete combustion at the minimum oil consumption rate is 0.88 liters/hour when the
valve’s opening angle is 90 degree while the maximum oil consumption rate is 4 liters/hour when
the valve’s opening angle is 180 degree. Thus the ratio between maximum and minimum oil
consumption rate is 4.45 (4:0.08). The comparison of the PID and the Fuzzy PID logic controlling
results show that the burner which uses the Fuzzy PID logic controlling can achieve the set-point
temperature faster than the burner which uses the PID logic controlling. Benefit of this research

can be used to develop the used lubricant oil burner to recover the energy from the waste oil.
(Total 51 pages)

Keywords : PID Fuzzy Logic Control Lubricant Oil burner Atometic Control
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aumslsfduneTouvesdniuay  G(s) = K +i+T st=K, +—= Ky 5S
TlS @ S
suugnsaIugy Fmsignsewesnszuaums | A5msiginsiede
AINIUANUVUN K, = % K, =05K,
(P-Control)
aamuauuuuii lo Kk =99 K, =045K_,
P RL
(P1-Control)
T =33L T, =0.83P,
dnuauuuuii lod K =12 K, =06K,,
" RL
(PID-Control)
T =2L T, =0.5P,
T, =05L T, =0.125P,

2.1 msmupusuy PID dae FUZZY GAIN SCHEDULER

FUZZY GAIN SCHEDULING

*Fuzzy rules & Reasoning
i

E contrel signal |
- BID Contraliar = - } Ll e
‘l - L = A = I-: PrD“H_‘iJ_-_. | _."

mwit 28 uansszuuvesmsaauguuuy PID & Fuzzy Gain Scheduler

Taovziiunsiin Fuzzy Rules wag Reasoning Tuiwiiasia Parameter dwsu Controller
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Komn =0.32K, , K0 =0.6K,
Kymn =0.32K, T, Ky =0.15K, T, (2-6)

Weanuazanm K, uas K, ssgnimualiegludmsendie 0 wez 1 Tawdu Linear

Transformation &see'luii

K'p:(Kp - Kpmin)/(Kpmax - Kpmin)
K'q = (Kd - Kanin )/(Kdmax - Kdmin) (2'7)

Tulnseasieisves PID Paraingter szgnimuadienanves Current Eror e(k) wagan
uanaresuauusn (k)
a1 Integral Time Constant sz gnrmualumsuves Derivative Time Constant i
T, =alT, (2-8)
uazan Integral Gain oz wn'ldedt
K =K, /laT,)=K2/aK,) (2-9)
a1 Parameter K'), K'yuaz a agnimiunlaowaves FUzzy Rules guuuy de If
e(k) isAiand De(k)is Bi,then k' is c, K', i D, and a =a,
1 =123..m (2-10)
Tasfi A,B,,C,,D, Ao Fuzzy Set asetudauves S i #e Anedt Mumbership Function
(MF) wea Fuzzy Set wmaniidmsu e(k) uaz D e(k) gnuaas3lunndi 29

NE MM NS ZO P53 PM PE

_\“w./\}/ i
/_\HE\/{ \a \/ \ . okl

T Ae(k)

it 2-9 swes INput e Fuzzy Set
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Tunmil N umusi negative ,P unuan Positive , ZO 1szainauiy 0,S unust Small,
M &e Medium, B #e Big dariu NMIgunudmsy Negative-Medium , PB w3 Positive Big
Fuduguil nom Fuzzy Set c waz D, eu'ld Big A Small way aadnvazves
Membership Function niarasdisnwd 2-10

, smali Rig—
b )
N
b
| ™ /
s
\\.M _..-f
= L
'\-\._\_\_ _:-""
- ':‘.:‘:‘-—\_\__
=TT i 1 s
0.2 d nE 0E o
x=HK'pnor K'd

mwit 2-10 qasdnuazves Membership

fizs Grade ves m Membership Function  wazendauls X = K' %ie K'y Hanuduiug
fusade il
e Small (x) =-1/4 Inx or x small( r) =e*™ For small
m Big (x)=-1/4In(I-x) or x big(rr ) =1 - e*™ For Big (2-11)
Fuzzy Rulesluawnisii 211 e1ezm1doinanmdanmsnnguesdufifam luiiisee
Rule &2omsnanesndnmsuas Step Response vea Processainamnii 2-11
S

el

m ,f’fﬁ_—-. 1 b2

Bl I I.' N
!
]

—

a2

! g

|
| :Il.'
a l

ait 2-11 szuansiegiaves Time Response idosms

fyaisudu al Suiludeslddayana Control 7 Big itefias 1 iee Rise Time fisaasa

it
lumsitesraadayaa Control # Big 1 inFesnauguuuy PID assiien Proportional Gain
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(K*,) aunsafiozumudas Fuzzy set 7 Big uaz Derivative gain K, &aw Fuzzy Set # Small
mnsewes Integral esgaimudrsnnuditusand Asen Derivative luewnisd 2-4
dmsuasosaruguuuy PID maviuerwir i Small wSee Integral Time Constant T, & Small

Yaa

wifluwaldnser Integrai mnedralsiawnsen Integral mmzmﬂw%%mfufnzgﬂﬁmuﬂ
uTnsaadulasmsnfsoufioudu3sidindudae ng Tunning rule PID & Ziegler Nichols

1u Ziegler - Nichols rule 1 Integral Time Constant T, azqntia 4 e e wajiiiy
Derivative Time Constant ierwe fute wiriudt 4 Tulassaduehiidnii 4 (2) feziuiia
siinnvesisen Integral §aifu Rule souga al 81u'ldH

If e(k) is PB and De(K) is Zo, Then K, is Big, K, is Small ,anda =2 Fodunada
a owziinrsandan Fuzzy Number &5 Membership Function ien fauaaslunmii 2-12
dmsudaedi i 21ile 15 Small

1l
-

2 3 4 2 t
mwit 212 shwes fuzzy number

souga Dl Tunwnd 2-11 Fsmahdaanaasugy (Control Signal) asezteniitons
wanides Overshoot fnn thufendesmuguuuy PID adsh Proportional Gain s
Derivative Gain figauaz Integral Gain #ié s Fuzzy Rule fvinee Uil

If c(k) is Zoand De(k) is NB, then k-, is small, k', isBig,and a = 5 sarun
voq Rule vzuanslunisiadi 25 01l4fazalush Proportional Gain (K,) Tunning Rule
dmsy K, uag W Tasmssd 2- 4 wazaadt 2- 5 awswnlumsadd B unu Big uas
Sunu Small



mafi 4 Annsiiaes K*, e Fuzzy Logic

K'p
De (K)
NBNM NS Z0 PS PM PB
NB B B B B B B B
NMS B B B B B S
NS § § B B B § S
ekl 120 S § S B S S §
PSS § B B B § S
PM S B B B B B S
PB B B B B B B B
maefi 25 Amnniimes K, ved Fuzzy Logic
K’
D e (k)
NB - NM NS Z0 PS PM PB
NBS § S S § § §
NM B B S § S B B
NS B B B § B B B
ekl |1z0 B B B B B B B
PS B B B § B B B
PM B B S § S B B
PBS § S S § § §
e B =Big
S=Small

NB = Negative Big
NM = Negative Medium

19
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NS = Negative Small
£0=Zero

PS = Positive Small
PM = Positive Medium
PB = Positive Big

mafi -6 Ansiiined a ves Fuzzy Logic

a

pe K)
NB NM NS ZO PS PM PB
N8 2 2 2 2 2 2 2
M3 3 2 2 2 33
e) (NS 4 3 3 2 3 3 4
205 4 3 3 3 4 5
PS 4 3 3 2 3 3 ¢
PM 3 3 2 2 2 3 3
B2 2 2 2 2 2 2

aseves i th Rulesluauns 2-6 mazgnnelae product vessmMFlugureuves Rules

m = A (e(k))* nB, (De(k)) (2-12)

Taufi A Aot MFveafuzzy set A szqnliiminse(k) uaz nB, Ao MF ves Fuzzy
Set Biazgnlvitanlag e(K)
wanmsves m Awes K')uaz K'y dwifuudaz Rule wgnimuamiiasaiy

Membership Function aaudusitusues Process ves Fuzzy Rule gauerasl3lun i 2-13
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o 2-13 Mo Out Put

Tawn1514 Membership Function Tun i 2-2 fufiiden lugase 1uil
am=1 213

u&ams Defuzzification umadase Ui

K'p:é’_n{ m.K', (2-14)
K= ém. m-K'y (2'15)
a :é’_n{ ma, (2-16)

il K',; fofwes K', fiasafy Grade m dwsu i thRule (ganamid 2-6)
< 1

K'y, | Aignmaluiidendu i K' ), K'yuaz gamaldinsesniuguuuy PID agvn

Yy 9 ' '
parameter swnmisAamnnaunsasae i duassiuaunsn 2-13 uazawmsi 2-15

Kp = (Kpmax - Kpmin )K'p+Kpmin (2-17)
Kqg = (Kdmax - Kdmin)K'd+Kdmin (2'18)
K =K2/aK,) (2-19)

wanmsvos SIMUlation fieraunu & Process ss 9 Rule vesngriamifodmsums
fmuagmves K uaztmues K %ZQﬂGlﬁmﬁQf:
Ko =0.32K, , K, =06K,
Kgmn =0.008K, T, , K, =0.15K, T, (2-20)
Tasfi K, uas T, fie Gain uaz Period veans Oscillation @ Stability awsddudmiuanield
P - control &an it 2:9
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" Tire sec

mwi 2-14 Spinsgaie

2.8 duneumseenuuy Software
Tasmstinemaus FUzzy ves |EEE wndszgndiinldsadi
2.8.1 Fuzzieication of Input
udanziinen Input (PV) vea Process #i'l@uminen Degree of Membership Tasazulas
Input (PV) we Process (i Input wes Fuzzy Logic System 18 2 avdie
2.8.1.1 Error e(k) = SP-PV
2.8.1.2 Change Error = De(k) =e(k) - e(k-l)
SP (Set Point) = udlunneiiganiesmua
PV (Process Variable) = a1 Input %18 s, nanla o
e(k) = e Error flagaiu
De(k) = a1 Change Error
e(k-l) = @ Error nounitrilagiiu
Tﬂﬂmﬂﬁmﬂiﬁuww‘?& 2 dil De(k) uaz De(k-1) szdoninnrimtuaeuveIns
Fuzzyiecation Ivteqlunmues Fuzzy Input 18Tasnmsiiteusmdanlsdunniunsilaamily
i (Membership Function) vean it 29 wagamidi 2-10 dsnwdi 2-9 azifiunsilanu
Fuaundaves Emor e(k) wazamii 2-10 wiflunswianunfuaundaves Change Error pe(k)

Fagaznimazdswauneunse Label iy 7 Label
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M
F )
NEB NM NS ZO PS PM PB
S
|
|
|
|
L/
o o,
190 75 -£A .25 J L N 500 k) oo
A elk)

mwit 2-15 nssmunsasvea Input

Tauii  NB = Negative Big
NM = Negative Medium
NS = Negative Small
20=1Zer0
PS = Positive Small
PM = Positive Medium
PB =Positive Big
2.8.2 Rule Evaluation
msfnumangfine 13 Taeoerauiiuangnveinysit ldnnnis
niSeuiiion s Fuzzy Input dunslanuiuandn fudrdmuannudiueinguaazng
Tasngane ) Hozuanslddinrs1ed 24, a1519 25, mait 2-6 szndedands Fuzzy Input
e 2 s ludhadenluite Error uaz Change Error aw Fuzzy [f/Then Rules
2.8.3 Defuzzyification of Output
Hutuaouiiuewadns dnnduney Rules Evaluation iteniswes Fuzzy Output
FuilothmaSeuioumungan 9 uds widin @ hdiinsdanungmsaiugu uds
shufteanglanguilanldezilinansaiuguszunianaiald Sahdeniynveangi 4
wmnseiniies1d lumsasuguszuy Tasl¥nssmomuuy Center of Gravity swam

Ky uag K,

v J < 1 g o v W I8 & Y 1
WﬁﬁWTJ'E]E]ﬂll'lllluﬂ'lfgﬂﬁuﬂﬂﬂ]ﬁﬁ’l'ﬁiﬂ@ﬂ]uﬂﬂ@'Wlwl‘ﬂglﬂllﬂllﬂfn K

(gwsier, 2539: 12-20)
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3.2 TulasTlsmsmaesilalumsaiugu

Wu'lulasneuInsimes luaszna ARMT vua 64 Pin wes ADUCT024 wes Analog
H 1 Y 1 v H @ Y 1
Device «ifu MCU juiiszussyegaeldddawnn 64 Pin LQFPTas MCU dafiaziigeau fo
' 1 Y
arwamnsalumayeusedudyaauun Analog Faiivs ADC vura 12 Ga $1uau 10 veq
2
waz DAC wwa 12 0 drwau 2 gos uennniludriamnsamediuvesnnuialums
Uszanawantenlideenididu q Feewsasiemldsennudgege 41.78 MHzZIao 14
' 2
XTAL 32.768 KHz swriuasasqaanuduun Phase Lock Loop meldé MCU uenainiinda
(= = 9 Py d’dy 1 Ao & 1 Y [ < ] o
dalinnuiieunioudlsglnssidiugiuan q fsududemsldaulinzdumieanu
Tusunsuuuy Flash vuna 62 Kbyte nazwisennuirldamuuy RAM Fadiunds 8 Khyte
. s 1 1 o § [
dulud e sgilngal Peripheral stuiiuhasudwmuzun mai i szgnd1Fanuioamy
Y .

nmsnuquuazlszanananis q IditluedisdTageziiaSPIUARL, Watchdog, Time/Counter,
D) P 9 A 7§ Yt S A qu
PWM  Tasnmiseenuuulaseadnvesuesaivaziivbesunavesuesa iiivmaaniie 14

Negemain g uazazatnasmsnannlsunsuuaz lFunasnelvvina +5 VDC

sauriu Requlate 3.3 V On Board

mwit 32 vesa'luTasnewTnsiaos{u ET-BASE ARM7024(ADUCT024)
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3.3 qunsalvenedyanaminmesluneuitla (Monolithic Thermocouple Amplifiers)
HuginsalilFunsveredyanannmes Tuaewdla Type K uasdedamalingy

' 4 Y
aouInsaes lszananaieniuqumadlandweuiunlumsmidenseditadon s

Tassvves Analod Devices Mode AD595AQ awnsavenadayanald 10 mV/C

| +5VTO +30V

CONSTANTAN

e L] g‘\-: = rL @ 0
‘,J

Y

1

'CE
= POINT el
COMP.

[
. CT T O7 T U7 T ™D
| Kot tiggl -

- =
'

3 COMMON

o L
OV TO =25V

mwi 3-3 gulnsain lFvenedyaruninmes luasuila

I
IRON 4 CONSTANTAN
{CHROMEL) ( [ALUMEL}

COMMON =T - V- Your v+

a4 290sgulnsaiiIFvenodyanannmes luaouila
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3.7 Solid State Relay
Y % 1 Aaa 4 a a [ A Y @ o Aw dy
T lunmsaanedauosnarlunmstle-dlamas e lslunisgaruen Tumsiidonsail

13 Solid State Relay vuna 3-32 VDC/220 VAC

st 39 Solid State Relay
3.8 Solenoid Valve

' vy 9 .
T lumstadlaude ol lumsyaiumn lunsihidensedils Solenoid Valve ves

Parker 220/230/50 Hz 0-10 har

st 3-10 Solenoid Valve
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