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## C215508 :MAJOR ELECTRICAL ENGINEERING
KEY WORD: PID CONTROLLER / DIGITAL

SURIYONG LERTKULVANICH : A DEVELOPMENT OF A COMPACT DIGITAL PID
CONTROLLER. THESIS ADVISOR : DR.SOMBOON CHONGCHAIKIT, 170 pp. ISBN
974-583-058-5

This thesis deals with the design, development and construction of
Compact Digital PID Controller. The input of the controller can be TC sensor
or standard current 4-20 mA DC. The output is standard current 4-20 mA DC.
The controller provides 2 types of PID algorithm which can be selected by
user. User friendliness and compactness are the main design concept. Operator
interface is done via five push buttons and LCD display. The result of the
development can be used to construct a prototype for industrial product.

The built controller was tested in the laboratory by using model
plant with simple feedback control loop. The test result met the design
criteria with sampling period of 100 ms.

gy / 2o &
S A39A 1aanad il e ;5\\ DA )Rty n R (5
MAIV....e 3 QBN VIUAA.... /... Mg- ot Y Lo

a & a 1%
a1 BIANUVVAIANNIDUNE

aeila¥es19138nSnun ’ihx\ Can N

2535

, : o
Unrsanun atade¥es1015anYSny13IN




fadnssuudszna

Innfinusa duiidniead v ldswdsuenudwmisatsitazag

L

2.05.80Y50 2R on1sdfiuFawiventivus ol Wduuei deReriunase

audamiisuasi Fae lumsdy Jewawauwszanun o Al ussuavaUNSIAN

e a o a o o %) ¥ o A < =% v
anuadn  wedfolenl  uSEv WISCO ﬁ’lwmd‘%ﬂ‘umazmmwaqﬂﬂsiﬁuamwsﬂmm
¢'4 & _ o ' a = <t a & <
vovaugnuunguiauifisueiawate  quddussumalulatlve-gyu  Aidadle

w3aile lumssauiioy  uasuouaug geugniud WinRgvs amens donssadne

9

aou @nass Jauled quiiwey Aalwysd qageum auyngly ussnnviuitlgiduuw

|

dlusde lauasfidudemderin WRvne inusdnsaaeend

uasvhefidnmdnzaraunssaa N15en Ten uasyeaaiithy 7 Wimsaduayuuas

WuAfds lafdduidwdunleunase



,’/". .\
dstgy | i
\%,
NG
UNFOEBAMININE e
L E g R
LT T
FVTUYIITIN corrererereeenreeseeneesmmssse e seeeseesssememseeeeeeesseeeee e oeeeeseeooeseeeeee .
BTSN, st mmess sSSP R
unl
1. uni
L1 ATRGEIBIIN e
12 I0QUIBENAUDINITITY woooeeeeoeeeeeceeeee oo
L3 UBUUAUBINTTIVE oo
L4 HUDDUUOMITIGY oo
15 UssTomadiene e 168U oo
2. fmugy PID 1Buay
2.1 Tﬂﬂa%wmsﬁmamﬁﬁmmq YNIIATUANUUY PID ..o
2.2 Sane3BuDIINIUGN PID (BUBY oo
2.3 m‘sﬂszmtufim'u'uLﬁqsﬁuuazﬂﬁuﬂmﬁuﬁaya ..........................................
24 WHIBONITONUUUTIENIIT oo
241 enuasBue (Resolution) weveasuuaediy AD uss D/A ...
242 FWSEUIBHE (CPU) oo
243 UNMBUAUTIED cooooieeeneereeeeeeoseeeeeee oo
2.5 UMIBANMTBBNUUUBBNAUIT oooooeeeeeeeeeeeeeeeeeoeoooooooeoooo
25.1 laseadnuseny (Task) uaeia@rugs PID oo
252 SAWUEUBIBAIIINIU coooeeeeceeeeeeeeeeeeeeeeeeeeoeooooooeoeoooeoeoeooeoeo
253  MI00nUUUTUSUATNANS NI oo

10

10

10

11

11



d15Usy (99)

2531 sunsuduimed§nd (Interrupt programy ...........
2.5.3.2 TUsunsundn (Main program)

....................................

2.6 (LUIPAMSTEBALUUNIT IHULRIUTTTR

..................................................

....................................

2.6.2  FUUUUMISUBAING oooooveercosmmsansmmnnensceeeeeseessemsssssssssssssssoooeoeeoeeo
#15nuuneiInIuny PID (Buay
3.1 dwussaananans

......................................................................................

3.1.1 8%

..................................................................................................

3.1.2 NV RAM ( Non-Volatile RAM ) ..o

3.2 dmulasiudeyg

.....................................................................................

...........................................

3.3  eddmusaniusmsiaurssinaiugy
Bl DUWR i e e ——————
LI R . e A
8.6  WATHIOU (ALAIT CGICUIL) weoveverreee oo
3.7  dmudawsuariuayannuuuimaniiile

..........................................

3.8 daemedoans

...............................................................................................

3.9 LAMASHYBITITILS

...................................................................................

3.9.1  QUATEISAUNBNYBERY wooooeeeeeeeemeeoeeeee
3911 WOTO (POT) wovveeeeeeeeeeeeeeeeeeeeeeseee oo
8.9.1.2 IMINOT oo
3.9.1.3 PCA ( Programmable Counter Array) ..................

3.9.2  HIFMIEAWUDN woooooeeeeeeeeeeeeeeeeoeeeoeeoooooeoeoeoooeooeoo

Taseadumezensuad
41 Tusunsadumed$wd (Interrupt program) ...

42 Tusunsumdn (Main PPOFPAMN) sunryusssssaisssmemponsssmmesrais saomsssssasissseeernee

11

12

12

15

15

15

15

17

17

18

18

18

19

19

19

19

20

20

20

22



d15tey (s10)

o P &
4.2.1 TUsLLnsuﬂmmmwmas«am

.......................................................

422  TUsunsudivnauuuuiusay

..........................................................

43  swasidueyaslusunsusiee

.......................................................................

431 TUsunsumsfudioyaduneang lEmausaniiile

432 TUsunsumsu3msiune "Service_one_key"

433 Tusunvumsussswa "Display routine”

....................................

4.34 Tﬂs'un'sun1'sLtammauuuuammuazuﬂm?ay‘a

......................

435 TUsunsumsugamsuunsInuie “Display_bar"

4.3.6 Tﬂmﬂsuuamﬁaqanwtﬁau "Alarm_echo"

437 Tdsunsunmsuaasnisymaniianas “Display_error"

....................................................

4.3.8 T\anmsumaaaauﬁuwmﬁuﬁﬁ'ﬂ
43.9 IUSLLﬂ?NﬂﬁU?zmmﬁﬁuwml‘uu Successive "sal2" ...
4.3.10 Tusunsumsnsiadeu RAM "Xramchk"

-------------------------------------

43.11 TWsunsumsfmemidusudmiuduye
4.3.12 Tﬂsnmsumsﬂszmmﬁ‘n’mgmmmﬁmﬁu ......................................
4318 Tsunsumsdnnadulssavees PID “Calcoef” ... .

4.3.14 Tﬂ'sun'iuﬁmunﬁwﬁuﬁuém%‘uyunm “Init_timebase" ..........

e e v o & [
4.3.15 Tﬂ*sunsumwunmwm’mﬂms‘ummnmmsz{u

&
=e
b
e
b}

5. myiumnindsvasiniugn PID Busvuuien

5.1 T W0BURYBNUMINUNW wevveeeeeeeeeeeoo

------------------------------------------------------------------------

512 dsmsidendnwnsdygnmiesn (Output Selection) ...
5.1.3  IaMSIHNSN WM ISLANNG (Display Selection) .................
5.2 SNHOUSUBNEMUUTIHD wovrerereeeeoeeeeeoeeeoeoeeeeeoeooeoeooooooeoeooeoeeooeooeoe

5.2.1  udMNANOUDNTYYINUIDON  (MV) oo

5.2.2 udasmuassials

27

27

29

3 8

39

42

42

42

47

49

49

50

50

g



#15Uey (s1a)

AT
523  waensvesiuds Wlusie oo 50
524  uaNMIFRUTORMNIYYIY PV oo 51
525 uaMNYIE1SHRNAIS (Error MESSAZE) wervreeeeeereeeeeeeeeereeseesnn, 51
5.3  BNAUSNOUYBWENNIIIR oo 51
CRBU L R U AT 51
I T L e 52
5.4 mskusenlesdBuas Aesthetic oo 53
55 msfaanleeddues Ergonomic oo 53
B.5L SWARTUY coovoeeoeeeeeeeeeeeeeoeoeeooeoeeo 53
552  UMUSBSERWASAITINUN oo 53
553 mM3aNesussneuleus I oo 53
5.6  1ASa3 MUK TIRU BT INTUON oo 54
MsEFNMUNLasNITVIaTaU
6.1 MISHTNIWIURU coooeververresoreeeesseeeeeeeeeseseseneseseessssseeee oo 55
611  MIRRBIFIOUITUBITINVUON oo 55
6.1.1.1 UNUNATVEN (Main board) ..o 55
6.1.1.2 UKUNITTEN (Sub-main board) ... 56
6.1.1.3 uNUNITUBNINIVTITS (Control panel board) ....... 57
6.1.2  MINUUIMONAUITUINT W IUON oo 58
6.2 MINAFBURIIUAN weoooneeeeeeeeeeeeeeeeeeee oo 58

6.2.1 MIVAABUAINGNABNYRINITINABSUEIMSAILUgNULY PID ... 60
6.2.2  MINAFBUAUTZUUIIRDIYBINISAIUGNTIIU ovvoeeeeeeerr 65

6.2.3  MINATOUUUSEUGUNON oo 69



d15Uey (Ra)

i

7. unaguasdaiEueuuz
71 AFUNBMITATIVENITRNUS oo 70
711 SEUURTSOIURN oooeeeeecceeeeeeeeeeseesessssees s ssssssesseeseeesseeseessse e 70
712 WUHWATMIINIHUDN cooeeeevuvrrseneereeeeeeees e eeeeeeseessesseenseseese oo 70
(e B T RN N\ 1 1 17 70
TLd  ABIWR coooooeerecceseene s smsseesestsseessesseseseseesseersessmseeessmee e 70
LA B O 70
T2 UBIIUBUME coovoeceeeeesscsinsessssssessos e ssssssssessssesesesseeessssseesssssssseseeessseeee 70
(EX U 5L L Te T RUVAVNRS. SN 70
(E LI Te T S N S 71
AT TR . S 71
TIMITEINDY correreeeeeceasissssesesssssssssssss s sssssseeeese oo esemeessessssesessssssese e 72

MARUIN

aesan o glens [imugy PID Buavuunensyinge ... 75
mewun ¥ TUsunsuzesitnugu PID (Buauevonsyiose ... 94
AOUUIN A TUSUNTNYBY GAL weovrerereeereoeceeee e seeesees e 156
MANUIMN 3 WITYRWINIUGN PID (BUa2UUIOASTIOTO oo 159
BN IIRETIN. wccomissominpnnssionsismenirsm s o, 171



M5

#1559

3.1 mswuaﬂq’jﬁmsﬁwum’imwﬁqﬁwa’mﬁﬁav’mﬁumaﬂwé’ﬂsﬂmjﬁmﬁwq ..

3.2

HaMUnAINYaINETH 3

12

18

20



Qr « /
ms*usum‘w ) /a & /

~

2.1 LUAMMANMTYBNNIS Signal conditioner

v & ar
2.2 Llﬁﬂ\iIﬂﬁ\iaTNW‘uﬂ'luﬂB\Tﬂjﬂ?UﬂNliﬂa‘U

) uamwawﬁ"nﬂn'lu‘gdsmumsuamﬁayanﬂuﬂﬂﬂu'fm
3.1 uaneuden leesunsuuasodaund

.....................................................

3.2 UAMNAILNUNAINT YosPW DT

3.3 uda Memory map e mISMISMUBA oo

41 n) udewlsnuelusunsidumasng
41 %) waEILTBIMSAIMMSMUgNILUY PID
42 usnslanuyeslusunsumdn
4.3 uamﬁwwumdwms%’uz'iagamnﬂuﬂﬂ
4.4 uamﬁ«wzlaﬂﬂ‘mnsun'lw%m-sﬂunn .........................................
45 udesiveealusunsunisuanianwa
4.6 uamﬁwwm'sv’mwvm&hmLamwauumamﬁn’mqa

4.7 uamﬁwmmsﬁwwua\zdmuamwal.munﬂﬂu‘v'w

4.8 uamix’wmuaﬂﬂsunwuamv’agamsLﬁau

4.9 uamﬁmuvaqfﬂmnsumsuammsﬁwwﬁmma .......................

4.10 uamﬁmwmm‘sﬁwwvaqTﬂsuﬂsumsmwaauﬁuvgmﬁuﬁﬁa
4.11 Ltamﬁ«wuaddsunsumsﬂszmmﬁﬁuvgmmu Successive ...,
4.12 udsulsnureslusunsunsnsiasay RAM
4.13 uaauwnsiinusalusunsy Cal_sens_parameter

4.14 uassdenureslusunsy Linear_and_convert

....................................................

...................

........................................................

.........................................

.................

............................................

-----

....................................................................

...........................................

-------------------------------------

10

13

14

16

17

21

24

26

28

34

35

37

38

39

40

41

47



U
U

U
JU#t

6.2 M) udsegUuswinassauilodunadiumeslududa

15 UyNIN (f1a)

74 o ! . v a g a‘,’ )
4.17 NQQTUﬂBQIﬂiLLﬂ‘S Nﬂ’l?ﬂ'lﬂuﬂﬂ'lL%JJﬂUﬁ']W?UﬂQﬂ\iL'Ja'lﬂ'ﬁa'u

5.1 UHONAIBENYBINISUENIAIY DI US

5.2 uaaNfeteraImsuaansINyeesuds llusies

5.3 WAANUNNIITAABOAUUY oo

5.4 uasvjUuuvzewiky Epoxy # Hllulassadnsosfuiseniie ...

8.1 LLAMNUBHINATIRN covvreeoeeereemmeesemeesssssssses e sses e e eeeeeeeeeee e eeeesseseaes

6.2 o) udevgUrswrueTTeuleduwmludaaanssudinnsgu

6.3 udavgUresduudnwaLazd T ULy

..................................................

6.4 1) UAPIAULIUUMIIAIUAN PID Buauaegs TC

......................................

------------------------------------

6.4 %) udaAuLUUIIAIUAY PID (BuauNena mA

6.5 udassmsnafmufuisnegauwITIInes

...............................................

o & o -
6.6 LEaMNMSUSUNBNEINFIMSUNMSedaunIs ined

6.7 udasmamanadauifowisfunediily PB = 100, Ty = 60, Tp =

(P-only action)

...........................................................................................

6.8 usawamsnassuiewifumefliu PB = 100, Ty = 60, Tp = 0
ERT BEIIDY oussmmanesmismiminmssinismasanmirpsmbne s mines
6.9 uamwamINadaudomsfumefiliu PB = 100, T) = 60, Tp = 0

(PD) BUELGNYY ...ournevmnsssosssssinsessiesssonsasonssbsnssssms aiasmss e s b m com e eam e s

-------------------------------------------------

L3 o 8’
6.10 LLEWNSzUUQ’IaB\'lﬂﬂ\iﬂ’]‘iﬂ?ﬂﬂ&ﬁ&ﬂﬂﬂ’l

6.11 udssmsuSundnainddmumnedsumsmunussui

...............

o o !
6.12 uamwamwﬁaaummuqn'lunﬁmuqusmuu'\

6.13 udewanIsnadaunIsmufuilafidesuniussuy 10%

......................

z s r
6.14 LLEANIMISHPNEINTIIMSUNITNRaRINISLIU Ay

50

50

52

55

59

60

60

62

63



	ปกภาษาไทย
	ปกภาษาอังกฤษ
	หน้าอนุมัติ
	บทคัดย่อภาษาไทย
	บทคัดย่อภาษาอังกฤษ
	กิตติกรรมประกาศ
	สารบัญ

