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Y(k) = exp(-T/TP) * Y(k-1) + KP x {[(1 -
exp(-T/TP) % U(k-(d+1)) + (exp(-T/TP)
- exp(-m¥T/TP) * U(k-(d+2))] --- (1)
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KP=A+B*¥SP+CxST+Dx%xSPx ST (19)
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Table 1 Numerical value of coefficients

Blower TP {Eq.18) KP (Eq.19)

shutter

angle{ * } A B C b A B c D
10 5.680 -1.724{ -0.125 0.105| 5.188 | -0.827] -0.094 0.020
30 2.523 -0.604 | ~7.7E-5 ,0635 | 2.639 | -0.558( -0.034 0.015
60 0.630 +1.857| -0.067 ~0.054( 3.679 | -1.144| -0.107 0.044
90 3.233 ~0.234] -0.0535 0.028{ 1.176 | -0.232( -0.019| 0.00t
120 3.33 -1.313| -0.0800 0.0821 0.788 | -0.030| -0.007{ 0Q.001
160 9.571 ~-2.577( .35318 0.147} 0.520 ©0.031 0.001} -0.002
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[™]Data_ File
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"CONQUT"
Data File -

YLACUT ‘

bata_ File {~
I ) ]

TSYSQUT"

= Data _File r—»«:

Y5

1.New Data Input
2.Use Data File

CENPHTT M e

o

Read

A/ Converter |

SRR

Select Variaple Dare  Fule
AR RAAT
Plot Graph tor Cata File 4
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¢ TSPARAD L " |
I =fvata rale b o2
Q

GHAPH X’,A:,]

Fig.3 Flowchart of DACS

Table 2. Input parameters of simulation prograa

Parnmeters Computer Parnmeters Computer
variables variablea
Sensor position sp D/A converter min. TNy '
reference output Fig.4 Operating system flowchart
Blower shutter angle BSS D/A converter mex. oMAXV
reference output
Change of the blower cBss Pre-amplifier gain K1
ghutter angle
Surrounding temp. ST mn; vﬂ: ufl MINCON
controlled value
Control algorithm OONS mé vﬁ: 3f1 MAXCON 6. 4] E:3 Ho]4 A v 2 §—
contro. ‘alue
Initial greate number ALPHA Initial valve INTY
Foraettind factor RADA | fequired v by 27 Y A A®o] Increased order deadbeat
Ga. 8enso; 5
Time constant of sensor I Tiae interml for ouTSne Aol drelFL AMEITFE A/D Y D/A H¥) o
e = p
A0 converter ainimm Terminal cine opszr vEs AR AFY AT FFA A
reference input IMINV System dynamics CTIME a] ;g-] y]- x] = ﬁ o7 *I ,a_ 2‘ 0] ﬂ -5]. ﬂ t} .
A/D converter emximm o change time =g o o8 Uolsh: Table 4 9 ct. Table
reference in xx
D/A converter g:u DABIT 5% ),] _5_ E‘ 0] A‘:l ;Q _—.!],_g_ Tabular form® T _:_1‘:_,‘] i{}
Ziol Fig.5 (a) o] A Fig.5 (b) 7tA &
Zop L, o
i AgANY Azg 4Y Ang w2y Dol
Table 3 OQutput parmmeters of simulation program . .
SYezed = A AP F 94X o=z
Parseeters Computer variables DACS =¥ _:" Mol HYPAe g 49ch. Fig.6
Analog value of ecror 5 (a)ol A Fig.6 (c)7xl& AFEI MT& 273
Diuital value of manipulsted variabie " stodgm A 2w g EAT Aok, AFHY
Nealod mlua of DA comertar v AZrol - M4 R Y2 (settling time)ol
i T :V MEE YsAth. weH AFY AP 022
- o] 3p™ Z¥3jrk, Fig.7 (a)oj X (d)7tx] = A/D
YW D/A BB wELF ¥ soifu A A2
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EAF Hojrt wESLI 7Y £+ % { uamisnLe LY ['C) SINOR POSITION ;: 1 CONTROL SLCORTTAN © Dl]l(l[);éa

3_’)%:%2.] ’5‘!"‘__._7]'A %_'g- Seiensl “]E#” T2} R wr | it DT L 6w SANPLING TINE :
=4 160 2ol 2] givt. “}E}H 12 ul=

Huslg Mol PAHYo|rt. Fig.82 vjAd

g Aol A A¥e *l.’_“a 4 # re

Ha(dE BV, 2% f (E), D/A®5] &9

WA (U), MAxe FYH HH(SV))L AT g H

4% A2 l‘l'i’}“!"—} 2 EAY "01‘3} o}

A3z 2¢ 7 248 7 7*%% +4% £ . ;
gtl. Fig.9: A2% £% B4H& 93 44w 18 2 1 “ e rsact
Alawg vre u 2AF A A¥ xte} slet g EA —

Zolt}., o] ARE A2A¥ EH FAHo| ¥ygu (a) Sensor position : 1, Shutter angle : 60
T3 A3lel wWid Yy Lozt I eI ABLE 1V I°C) SENSOR POSITION © 2 CONTROL ALGORITHM : DB(U+1)
9o 5 oA a = ° ° OB mir i R SHITTER aNGLE T 9@ SANPLING TINE & .3 [SEC)
d&& g5 Art. . ]

Table 4 Numerical values for input parameters

27
Parameters Numerical values
24.43
Sensor positoin 2 23
Blower shutter angle 30° “HHE [sgc‘;a
Surround temperature 25°C
Control algorithm DB(V+1) (b) Sensor position : 2, Shutter angle : 20
Initial value of great number 10000 Fig.5 Comparision of simulation results with
Forgetting facfor 1 .
Gain of sensor 50mv/ ° C experimental results
A/D convert bits 12 bit e e [
A/D convert min. reference input ov BUANE GO ROLRALLON: 3 ComIL om0k,
A/D convert max. reference input gV %
D/A convert bits 12 bit
D/A convert min. reference output ov
D/A convert max. reference output sv
Pre-amplifier gain 3.6
Min. value of controlled value o°cC 39
Max. value of controlled value 50°C
Initial value 25°C i
Required value 30°C 25 .
Sampling time 0.2 sec A~ m 5 0
Time interval for print output 0.2 sec TUME [SEC |
Terminal time 60 sec - .
(a) Sampling time = 0.2 sec
YAR1ABLE T ¥ ['CH SENSOR POSITION : 2 CONTROL LCORITHN : DB(Y41)
a/b & D/a BIT D 12 SHUTTER ANGLE @ 38 SANPLING TIME : .4 [SEC)
3% S 6 T
Table 5 Simulation results in tabular form b " - ; : :
SIMULATION RESULT
- 38
REQUIERED TENP. EE 25 -
SENSOR POSITION & 2 B + : : T .
] 1o 20 38 ] 5 [
SRUTTER ANGLE 2 3 _ TIME (SEC)
CONTROL ALGORITHN @ DE(Y+1) (b) Sampling time = 0.4 sec
4/0 & 9/p BITS » 12 T
SAMPLING TIKE @ .2 (SEC) b YT I R I S P g e L
NOTATIONS 3 £ = ANALOS VALUE OF ERROR ¥ :
N = DIBITAL VALUE OF MANIPULATED VARIABLE | o
U = ANALDE VALUE OF D/A CONVERTER - i
Y = ANALOG VALUE OF CONTROLLED VARTABLE I
SV = ANALGE VALUE OF SENSOR GUTPUT +
A = DIGITAL YALUE OF A/D CONVERTER »
TIME 3 N 1] Y sv A 25
SEC [ €] [GE% [a¥] 24 % e
TIME [SEC)
4 -5 1 [ 25 1.23 2047 . - -
2 5 3055 & 25 1.25 2047 () Sampling time = 1 sec
4 -5 3062 £.73 25 1.2 7047 Fig.6 Time response(Y) with different
b -5 298 .65 25,46 1.27 2085 sampling times
.9 -4.54 185 4.08 23.9 1.29 Uy
IR A R B R OIS O SReSRIIION: 3 comm sicammut i,
.2 -4 1373 3.0 2. 14 1.3 2t40 32 . )
£4 3.8 0% 241 26.54 132 HIM i ;,
59 -.01 1629 3.58 29.99 1.49 M5 " ; '
9.2 -0l 1629 3.58 ©.99 1] 2456 w b : : ‘-
59.4 -.01 1623 3.97 30 1.3 2457 27.25 [~ 7 0 : ;
9.6 9 162 3.58 30 15 2457 ' ! ' '
9.8 0 1623 3.57 30 1.5 2157 S i e R
0 0 1619 3.56 30 ] us7 #og To BT % 0
TINE ISEC)

(a) A/D and D/A convert 4 bit
544 /. er i



UARIABLE © Y £'C1 SENSOR : B 1
A/D & D/A BT : 8 SHITTER ANCLE  : 9¢° SANPLING T

pa H .
19 29 kL] @ 58,

68
TINE (SEC?

(b) A/D and D/A converter 8 bit

lM)llﬂBLE ¥ 1°C) SENSOR POSITION : 3 CONTROL ALGORITHR 1
R/D & D/R Bl\‘ 12 SHUTTER ANGLE @ 3@ PLING HNE -

I:z

28

o~
o

N
a

(1]
TIME (STC]

(c) A/D and D/A converter 12 bit

YARIABLE
A/D & D/A BIT & 16 SHUTTER ANGLE @ 9@ SAMPLING TIME : .2 [SEC)
2 o P P arants

25
24

© ¥ L'CH SENSOR POSITION : 3 CONTROL ALGORITHM : DB(U+t) (
|
'

;
T
]

59 (1]
TIME (SEC] a

(d) A‘D and D/A converter 16 bit

Fig.7 Time response(Y) with different the number
of A/D and D/A converter bits
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Fig.8 Overall system response for
an air-heating system

E = Analog value of error
U = D/A converter output
SV = Sensor output
Y = System output
Al,Bl = System parameter

VAR ALLE | VARIORLE VI SDoR POSITION ;| CONTROL ALEOKITHN © DH(YH
EVa/D & D/a BIT D 12 SHUTTER ANGLE  : 6@ 10 SAMPLIHG TINE © .2 (SEC
— T T - . t
29.44 N : e ’
P g - s

1.944 i cty . co i

Fig.9 Time response (Y) and
system parameter (Al,Bl)
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