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Abstract

Lately, the need for the use of calorimeter has been increased in Korea,

Therefore , several methods for the optimization of the microcomputer~based control

system that can be used as a temperatare controller as well as a calorimeter are described

in this paper,

The instrument designed in this paper has been proved to be more powerful and cost -

effective than any other instrument not using microprocessor,

I.A7 ®

Bife RN v REBERL o vl 2 g
< SREstn, e @Elel EWEe 1 HEME o %
EAS L el el HRIE FE i, KEEY F
BEpEs KEY AR fHstolne BAESE HER
g —fE ol 2 ftih o 2 (ke frfE, B =
et el Evh ERdlE —EE EERE ARS
of ol vz EiEHERE BIRS) ¥z BEIAE
7 Sl3ogle EEFolth

¥R EEE, AR ol Fa T AxFEs
(Dept.of Electronics Engr, Sogang Univ.)
ST HT 0 1980% 3A 13d
(el =72 1979¢ = Faf dedt 24
vloll ol sl A" A )

ol e gt RYEILS] MRE Rt HRANA T BMEH
‘it MES Z@etn o BH, mfflel #E
2 Wt EHOl ofud B v Ao airh
ol Wy¥hell A fREsta (KERY MEAEIC B2
Ridst Ruie Ao,

a2 ARl Al VR EiEE BEEERES 5
she HAE FEE B3 rlolaszeMAE F
M, BRERE A8 RESRS @S % F o
© HEE &it, RET oM, EHAL Ol 2
of wt& Mgl MIGRE st gel o7
A et &2 A stedeE Bk 7b
2 ki WERAS EOAY O MEES & Bt
EREN BROLEE 75t HA AREMS BRI
& ggkeh

. rAMASl k&%
i) B B8 I vclzrssA e HE BEL



1980 # 8 R BT LB B178 B4R

248 il BES B e o o] o EHEG
Higgolch, ey uolaese s e 1 BB,
WA, BARA =t BRELR s ({ige] &3}
3, M2y EFEcl BR=E=e BE BE Y #
Adtvlz BREI I A Ag delch ae=Zg AR
ol 4= o] d=u A& MC6800E Az 2
RE ] MEES ZHMstxz} gl

i1) BEARXS BHBL : BEHR A =& Rl
Wb T ME7E ol Al #EBE Bkt on
BEdel, olabzbxl 2 HES HHBERL AREBN
BREMEE 2t4 SN R e ok o HE,
she] R#Eo s o FOE REY +5 Yot #F

B %, RSN HR ¢ 2@, —RIF
sht o] FRiE-g FZESle Aow del
Dlslurbancm”sal Hmk’

Control

Valve + Controlled

B Heat Transfer Ly Temperature
Inpul System (Qurput}
(Heat '

Sourcel

S —

| |

: ) Mlcrocompll;ter Sensoq
. Sv‘ﬂen‘l 1(?r gtec—
tion, Estimation

and Control

| E——
I8 L ek EERE
Fig.l. Block diagram of control system,

m. it HE

i) BESE @y #EAte BRI A8 #
wRe ERBE MREE XBRSH 2¥ 13 #ok HiE
BWE7F Bl = el &@s #MEsx o BEE
o] 9%+ BME performance index2 #{E s
& R#e A9 #H °# Bang-Bang #If%R
2 & 4 9o E&XM ON-OFF Ao REL
7t AgEdte BAS ®EEAcC A4 stelaz TF
B o ALe HIER REe BLE BT 2 R
#ol WEEHE ZMsd AN AELE #E (
Estimation), H7-§ B#ldl =t Tl HiEEE
fioll B4 E 7 &S HBEKRE BEA7 o
Heh 28 2@l ZRS RS ERY HER
ola & 4re] Hike HAeoer KRy BB
) gove WAMSE il BREBE F %3
HiEals Z8 Zea9-S ERGHE HiERel g
2o,

i) BRERE . RO FHRES HEL g
Hell k3t ERES BfT¥ T Utk

C=/K(T,- T;)dQ

2 C ; #H #&(cal)
K ; W #&
T WA= Bke BECC)
T, 5 W=l ®Bxe BECC)
Q ; HMA™ BAKE(en)
ol o HBI-E fsted o1& HHE FEMTcL
&, 18- (T, -T,) & BH, K§ ¥3td #
#aka, HOKE MARec} 3hie] ¥2 8 ml=s
HEE M, AFE 25 Uy deinp a9
K (T, -T; )% HWEHE &3ld dsiet, o7
AR BEBAETS NEBE kst BEs BEs
v B BENA sloz dz EE=c

[ Control

o [Ci@ o ]

J Display
|

] . ; = Micropro-
Converterf— ntertace cessor
x L —
|
1o !__ML_,
Senser | C?erI RAM
Valve

g2 2 R BEHE
Fig.2 Block diagram of overall system,

to PIA
— ‘ IRQ
m Reset
Reset NMI
MCe6800
1Hz »— NMI

o

283 FsEel mE
Fig.3. The circuit diagram of pheriperal
interface,

V. Hite RE
of Boll4 = Yoll4 ERT KES RELE RY
SR HEg ¥ HBRERE BNt g
1Y 25 & R#fel ESEMECI ol el 4 #Et
L 7ba EE Mo Aol re o HgE 2

__19,



slelaz =4 g FIAY RESNMEES Bt WMy wR

Y 3ol BRI & ool et Abusl REESHAL

w2 BEINe FmEREY BAEAD, KHO
o REE 47 8% BE BHHET (Temperature
Sensor )8t MAKE BHERE: HEsich =lclaz
T2AME EHEY KE, ARDN RERBRAKFS
4 A &, ROM (Read Only Memory )oll HE¥H #ifa
+ 0¥ 5 Jdo=z EEY ®EY EFE FiIRY
T Uxv KEe] dovy ArAe FEL BGE o
F2 AE Bgoh ) HAYNR BEBRAZRTFE
REERES AIEY Taetc] gone BHBHB A
LM 234 &, BEZE BA0 v EESBMmA MTS
102 & FEAsIgc BAMAES Bae BAHE
ol e FHHE4 HMAOEAME HARCICE 1 EEsSH
= B #{LE, LED (Light Emitting Diode)
s} s Er}o} @ =(photodiode ) & HHESId BHEM
fER= B, BELTE delvoludolel ey HE B
EE iddA fifAte] ok

el 1YW 39 EERA BimiBal #slo st
=}p ghe}

FHel MTS1029 MEEmEE FBel & 224 =
BhEiEaRl &Sl ®iEstd 50mV/°Ce BmEa A4
WEZE Hplste BES & ¢ ek = LM
234 o) HiNENie BEEE LSl 2 &S
HEE BHsd BERE dolxEz, BA & HER
4 10mV/°Ca 33z —23°CollA OV 7 Sl & 3t
o Higel MAslRg 25 Vele ERE MBIF 50
mV/°Ce BEE 255 Hitshach [ 2l drae
BEL Be B3 M8, RARRY, HEMmFESE
LTS REY LF A

WimEl Srlx | A/D B3 (Analog to
Digital Concerter) & £/, vl & ER=2 34
Za M A ASAsle AZ AgEsAnl —@iNes
A/D #3% = Bl BERMCl A RES
Bg D/A ##2 (Digital to Analog Convertor)
o} H#d% (comparator) & FA Z=awd (K&
A/D B#g ¥ ¢ ek ]

E oldga 29AE [ FE AKILE Y
Sz BHC AR BAHHRS @na <4

A dEES] Mmthge] Aol Rike WMIEL BHs
Al 3kgd el
Tz A4 e ABEEES Interface + oz 9

MSI (Medium Scale Integrated Circuit)a K
¥ 5% ==k, MC6821 PIA(Peripberal Inter-
face Adapter) & {35l vl FERE Interrupt
o Tl AHS A AHE 21wl Kell AW,

BHY B9 BEEY ZERILE ol E 4 dglerle)

BEATH: FoH9 710 HHIE PIAY Inter-
rupt %ol #iE, 7101 & & =ivttt RAM (Ran-
dom Access Memory ) 9 5 IE #BiLH
& Rkt HEEE clgx o] HEAY 4 AR 3
% ek

CAI Interrupt+ 2=, Bxl, BE, HEd %§
BE, 20,% R AL 3dE =& F LS R
2 LEDd HRRI=F BiEsld Wi, BEH
gEE KL 5+ AA s

CA 2 Interrupt £ 9>, B, BEAxER & 2R
A B BWMAA BEY 5+ UA Sgch

ool RRHE BT J=AAE uwtE s B
el 2% 29 (AEel ®ql wpe} el D/A B
Az HEo R @H, BoE ARos claZeol
k3 HARER(Decoder ) 9lo]l Zoa®e ks SR,
LED ol Bl E%WE HE BHA7 =5 kgl
o] Wil ZrAANN ALEHE BAYT ==y
£ BT Kol 1898 AL 18d 2ud=A
gom g RGERCl glash

HmE HEe HAkd WAL #Hli@slsl 8o
Felols WHE FEHRSIAE S REY WuyE A
R KB =2l Y BHEEA 10 Qe ol2e
2 BE gthrb Aol 2y K EG A v g
b SEEER BEME RER-S FIASH pEPARE B
{bEsolat BNE Fole Wi BER BFHY 4+ o
4+ Aor P}

& 29 24 FARY Clock Hell MW3ld F R

712 gtel

FTHEE EAT FEEs Koz B
¢ Rz =z AMA7 fliEmNe mEY HB
3 BHo] gdoiet sl £ Bl FWEMEES
Bf73le 2 0 HEfo] o8 zZch Bz zex
Aol HIsi &= clock BWRE 28, 1 Hz E%E
NMI (Non Maskable Interrupt ) 2 @R, &M<
FEstL NMI B0l FifEsle BARMLY 2
0.5#% %l Reset 3% BN, sl=s)olfy Hif
IXEREES Rnste TEES S8 B el =
IRQ (Interrupt Request) &4 BfIslE Reset
B%7F =l AE fiikdte HEEs SEsnz
3% 49 2ol MRSkl

kst el & RS BRT R, HESEHS
Hm W g RS 15%E LIT24 EAMANA
HES s BTR MEREH2c A SIEERRE R
AL el A oe HETE et



1980 & 84 WMTISRAE F178 F4H,

e it v vl ATl Colol bl o P

. R RIEAT
2 % *f:ﬁ” |Interface |

A I
BT

nrsf&;f;

| P -

iNTsi03) ¢

1 T

M2 “

! i 2

1273 -

1A | e i

; "o |4 Digit = !

| . s !

! Rel 1| LED =P = |

W=

i - : PA )
]

a8 4 WED Mokl BRI
Fig.4. Circuit for control recovery,

Gcsm Rout@ Q\JMI HUU“”D

Set Stck PIA Initialize
Pointer Y
1 Add to Accumi-]
lated Quantity
Time Setting T
Enable [RQ Ve

Object Temp, Increment Dis-|
Polhng play Pomnter

IRQ Routine

no

BE7b INsl 3 fERG ) @l Bl demw
g2ohe BAS ROMol R, BWE Esid BEY
+ A ek o] S fERSIEA #heb BrEs =
ROM9 #fel =% A4 Aol dod HEY
Wik (coding) & BRE EKY 4+ doh
Adrl4e BEUREE 16 BEE FWisiz EHEE

B 1l #Hr#tEe #
Table . 1. An example of a schedule,

H B H A~%EH + # H
0~ 6&F | 10°C | 0~ 68% |10°C| 0O~ 58§|12°C
6~ 98| 22°C | 6~ 9B | 20°C| 5~ 98%(20°C
9~1885 | 16°C | 9~118% | 18°C| 9~118%|18°C

18~ 228 | 20°C |11~ 18%F | 10°C{ 11 ~138%|10°C
22~ 245 | 14°C |18~228% [ 20°C| 13~188 | 0°C
22~2485 | 16°C| 18~248%|24°C

N T
Display One M Cas ™
Cursent Temp. /—‘ ves
Conversion ]
- Increment Dis-
"0 ¢ [plav Quantity

Valve Setting

Digit
or Not

Reset Routine

Temp,Difference|
Conversion
Check Accumu-
lated Quantity

Select for Dis-
Play and Decodef

Reset Routine

a8 5 Zeadel HiEH
Fig.5 Program flow graphy,

V. T2 e A%
Zeade] NELS ERS Leae] WEmMs 1
Y40 BR, fgstole gl
Hmit# & RAMol Wik, #ME7) FE2 8
T & sl AE slubAshd, AN 7lolet Ham

MM BARES IRfEos sto A4S BSHY
ab-& AR ASH, Tl 22 HEES 1940
E(byte)z ®@fislz o} 72 1049 @A
200 ulol & RN R MR7R S| of ol

Ll S @Msle a95e HREEE chx e
TelWg fEREEE 512 slol=e ROM = 32 4
°olEe] RAMOo R % @S < ch %% ] 48
B EN = 6 bit D/A BB e @@ - 23°C
HH +40°CAA 1°Cel 9881 (resolution)d zt
5 fdt, HEBsach

V. # o]

1) stelag Texdde HYE @inel BYER GO
HEe 2 B EFo =tel 2 EEBN 8
sl glch

olal A% ulel o] molazseddE HH
shol @il el EfHdl HAY BEHM ¥ RERER
M8 ait, B &9, BECI980F 2H) 9 #&
ol 4 5 2% fERshA oo HEillel| M 2 8
HE, BUPEER, WEIE F olel didl 4 BHRE  wigol
v AR PEG, G e oln] EBIsla
dv AXMY mlelzeFTFHI T FH S
¥ Aoln E OEEY MR TEC BMEsIZe & 4
Be BHO 8T T WL BFol Fotxicin
2 gl

ii) Aol 4 MC6B00-E& HHs: mEs
fRtrsh ol ot HRFEBEEC =2 8MLE =, M3 @
B g Bale AL KBk By oo F

421_



el a2 A& FAT BEGIREEY R#Etd MY

%°l Clock # RAM-¢ Ba3% MC6802 &
vk, KEAEEY HEB MC6801%, HEE N
IEE Bl CMOS slelzaze A i H3}
RE £ Hkel gl

= RERAETS REEBRYE, X8 $H, 2 %
g #Mbol =& B#Fbe FEFE ZESA
oF abach,

O
s -

’,

dr O
&

»

2 % x &

1. Aram Budak  “Passive and active network
Synthesis and Analysis ”, Houghton Mifflin
Company, Chap. 7, 1972.

2. Gene E. Tobey %, “Operational Amplifiers

Design and Applications” McGraw Hill
Company | Chap. 6, 1971.

. National Semiconductor, “Data Acquisition

Handbook” K pp. 6-16~pp. 6-23, 1978

. Motorola Inc,, “ The Complete Motorola

Microcomputer Library” 1978,

. Heath Company, “Microprocessors”, Chap,

10, 1977.

. Motorola Semiconductor Products Inc,

“Motorola Semiconductor Components Price
List”, 1979.

. Donald P, Martin, “ Microcomputer Design~,

Martin Research Ltd. K October, 1976.




