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Appendix A

TEMPERATURE/RESISTANCE CHARACTERISTIC OF
THE NTC THERMISTOR ITT

Type : Medium resistance
Code : GL 54
RT = AeB/T
where
A = 0.0483396
B = 4,075 Kelvin
Ryg = 50,000 ohms
Ros = 40,000 ohms
Rpin = 290 ohms
Ppax = 220 mW at 20°C

kK = 1.2 mw/°c
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Appendix B

BRIDGE CIRCUIT CALCULATION

Thermistor, ITT, code GL 54, has electrical data as

follows :
B = 4,075 Kelvin
Kk ~ 1.2 mi /¢
R25 = 40,000 ohms
Bpin. = 290 ohms
By design the following values
D = 0.005 - °c
Ry = 5,000 ohms
E = 8,40 VDC

From eqn. (3.2)

- — 5
B, .= /x10 o

E, = qfo.oos x 1.2 x 1070 x 40 x 10°

Ed = 0.24

Eq =  0.4899 (maximum)
Let Ed = 0.40 volts
From eqn. (3.3)

Ey

Ipmin = Rps

+ _ ' 0,40

Tmin 40

Ipoiy = 0.010 mA



From eqn. (3.4)

Vpin =

vmin

vmin .

From eqn. (3.5)

Irmin ¥

Tomin T

ITmin &

From eqn. (3.6)

Rd =

Rd =

Let Rd =
Then : Rd B
Rb =

E =

Inpin(Bp *+ Bos)
0.010(5 + 40)

0.45 volts

and let Rmin = 1 kilohm
Vmin
Rb e Rmin

0.
+.k

0.075 mA

E - Vnin

+ I

ITmin

rmin
8.40 20 S5
0.010 + 0.0
795
0.085

9%.5
94 kilohms

94 kilohms
5 kilohms
8.40 VDC
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precision effected by self-heat of the thermistor

is not more than 0.00500



Appendix C

REIAY CHARACTERISTICS BY
EXPERIMENTAL MEASUREMENT

39

Bridge resistance in kilohm Output bridge voltage in mV
Ref. Thermistor leg, Rn Close|Diff,|Open |Close|Diff.
leg, r| Min. [Max, | Mean 82 |85~67 1 63351 €50 eSO 1]
1.00 0,622{1,046 | 0.834 1.8 |18.6 - - -
1.05 0.679(1.081 | 0,880 1.3 |15.5 - = -
1.10 0.772{1.132 | 0.952 1.1 |13.3 |-14.3| 2.3 |16.6
1.15 0.849|1.175 | 1,012 0.8 [11.7 |-12.8| 2.4 [15.2
1.20 0.932|1.220 | 1.076 OeT [10T |=11.5| 2.2 | 13T
1.25 0.995/1.261 | 1.128 0.1 9.0 |-10.3| 2.1 {12.4
1.30 1.068|1.300 | 1.184 0.0 | 842 |- 9.7 1.6 |11.3
1.35 1.123{1.345 | 1.234" =01 | Teb |- 8,5]| 1.4 9.9
1.40 1.192(1.392 | 1.292 ~0.2 6.6 |- 8.0 1.7 9.7
1.45 1.270|1.442 | 1.356 -0.4 | 5.7 |- 69| 1.6 | 8.5
1.50 1.333]|1.485 | 1.409 ~0eT | 4.7 |- 60| 1.6 | T.6
1.6 1.42111.569 | 1.495 -1.0 | 4.0 |- 5.4| 1.2 | 6.6
Foact 1.572|1.656 | 1.614 -1.0 | 2.8 |- 4.3 1.2 | 5.5
1.8 1.685(1.757 | 1.721 =1l.1 | 2.4 |- 3.9] 1.1 5.0
1.9 1.805/1.855| 1.830 -1.3 1.5 |- 3.3] 1.1 | 4.4
2.0 1.914}1.946 | 1.930 -1.5 1.0 |- 2.9 1.0 3«9
2.1 2.03 |2.06 2.045 -1.5 0.8 |- 2.6| 1.0 3.6
2,2 2.12 |2.14 2.130 -1.6 0,6 |- 2.4] 1.0 34
2.3 2,22 |2.24 | 2.230 -1.7 | 0.4 |- 2.4{ 0.6 | 3.0
2.4 2.32 |2.34 | 2.330 -1.5 | 0.4 |- 2.3] 0.5 | 2.8
2.5 2.43 12,44 | 2.435 -1.5 | 0,3 |- 2.1| 0.5 | 2.6




CONTROLLED TEMPERATURE OF THE OVEN BY THE CONTROLLER

Appendix D

(measured by mercury thermometer)

40

Rii:;i;:e Supplied Controlled tempézfzure in °C Aﬁ?
resistance, r| POVET Tmin |Tmax " oy T

in kilohm | % V¥ g in %
1.00 - - - - - -
1.05 - = N - = ="
1.10 500 131.0[148.8 17.8 139.9 6.36
115 500 129.51143.5 14.0 136.5 N
1.20 500 128.0(139.2 I .2 133.6 4.19
L.25 500 dLdten] 156.5 9.0 132.0 | 3.41
1.30 480 126.01133.2 % 129.6 | 218
Lo 29 480 124.811350.8 6.0 127.8 29D
1.40 430 123,2]129.0 5.8 126.1 2.30
1.45 390 122.0(126.8 4.8 124.4 | 1.95
1.50 390 120.8]125.0 4.2 122.9 1
1.6 390 118.81122.0 3.2 120.4 1.53
LsT 350 116.5(119.5 3.0 118.0 | 127
1.8 ‘350 114.5(116.3 1.8 115.4 0.78
1.9 310 112.8(114.2 1.4 1135 | 0«62
2.0 310 110.8(112.0 1.2 111.4 0.54
2.1 310 109.2(110.2 1.0 109.7 0.46
242 275 107.8|108.8 1.0 1083 0.46
243 215 106.5|107.5 1.0 107.0 0.47
2.4 275 105,.1]105.9 0.8 105.5 0.38
2.5 275 104.0|104.5 045 104.25| 0,24




Appendix E

THERMAL TIME CONSTANT
WHEW TEMPERATURE IS INCREASING

Supplied power, P =400 watts
Initial temperature of the oven, I, = 30.5° ¢
Ambient temperature, T, = 30.5°C
Steady-state oven temperature, Tss = 149,5° ¢
At t=7,
= -1
T(C) = (Do it g ) + 1

T( ) = (149.5 - 30.5)(1L - 0.36788) + 30.5

(7))

105.7° ¢

Then T = 10.4 min

41
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Appendix F

THERMAL TIME CONSTANT
WHEN TEMPERATURE IS DECREASING

Supplied power, P = 0 watt
Initial temperature of the oven, Ti = 150° ¢
Ambient temperature, Ty = 32° ¢
A"u t '-T-"Z’ H
T = (1, - T )e L + T
i ) 0

(7)) = (150 - 32) x 0,36788 + 32

75.4° ¢

-t
~
I

Il

16,7 min

Then T

43
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Appendix G

EXPERIMENTAL RESULTS ON TIME
CHARACTERISTICS OF THE SYSTEM

Remarks :

1. Ambient temperature T, is measured by and read out
from alcoholic thermometer.

2. Time t is read out from digital electric clock.

3. Oven temperature T(t) is measured by and read out
from mercury thermometer.

4. Rate of change of the oven temperature T(t) is
calculated from egqns. (2.16) and (2.19) as follows :

_-}C,-[T(t) -E - Tol

g ,(1:- [2(+) - TOJ

5. The controlled temperatures are read at maximum

I

(1) T (t)

(2) (%)

1l

and minimum temperature and at change-state relay

points,
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Date 12.12.1975 at 17.30
r = 1.30 kilohm P = 480 watts
Py = To = 30.0°C
Time, t | Oven temperature,T(t) | Rate of change of the oven
(min) (°c) temperature, f(+) (°C/min)
0.00 30.0 9.57
215 70.0 6.62
4.15 80.0 5.88
5,52 90.0 5.15
Tl 100.0 4.41
9.85 110.0 o D5
11.38 115.0 3.30
135.08 120.0 2.95
14.98 125.0 2.56
19.43 132.9 1.98
19.43 529 1.98
20,25 128 ¢S - 5.90
2077 126.0 - 5.75
22.82 132.5 2.01
22.82 1325 2:01
2%.58 128.5 - 5.90
24 .13 126 2 - 5.76
26.20 132.6 2.00
26,39 132.9 1.98
274035 128:5 - 5.90
27.55 126.2 - 5.76
29.70 132.9 1.98
29.88 133.0 1.97
30.57 128.5 - 5.90
31.08 126,2 - 5.76
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Time, t | Oven temperature,T(t) | Rate of change of the oven
(min) (°c) temperature, T(%+) (°C/min)
39697 133.0 1.97
29:55 k35 4 1.96
34.23% 12855 - 5,90
34 .82 126.2 - 5.76
37.07 132.9 1,98
37.23 133.0 1.97
3793 128.5 - 5.90
38.45 126,0 - 5.75
40.67 13257 1.99
40.83% 35249 1.98
41.55 128.5 - 5.90
42,07 126,2 - 5.76
44,23 1352.9 1.98
44 .40 133.0 2.19
45,12 128.5 - 5.90
45.67 126,2 - 5,76
47.78 132.8 1.99
47.93 133.0 1.97
48,67 128.5 - 5.90
49.32 126.2 - 5.76
51.30 1352.8 1.99
51.50 133.0 1.97
52.23 128.5 - 5.90
52.87 126.0 - 5.75
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Date 13.12.1975 at 09.10
r = 1.35 kilohm P = 480 watts
Ty = T, = 26.8°C
Time, t | Oven temperature,T(t) | Rate of change of the oven
(min) (°c) temperature, T(t) (°C/min)
0.00 26.8 9.57
3.50 70.0 6.38
4.48 80.0 5.65
5490 90.0 4.91
7.83 100.0 4,17
10.38 110.0 3443
12.25 115.0 3.06
14.07 120.0 2.70
16,17 125.0 2,33
18.93 130.5 1.92
18.93 130.5 1.92
19.67 127.0 - 6.00
20.17 124.5 - 5.85
22.40 130.4 1.93
22.50 130.5 1.92
23.25 126.5 - 5.97
23,67 124.5 - 5.85
25.73 130.4 1.93
25.98 130.7 193
26.67 126.5 - 5.97
27.17 124.5 - 5.85
29.10 130.2 1.94
29.25 130.5 1.92
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Time, t | Oven temperature,T(t) | Rate of change of the oven
(min) (°c) temperature, é(t) (°c/min)
29,97 126.8 - 6.00
30.48 124.7 - 5.86
32.27 1302 1.94
32.52 130.7 L+91
33.20 126.8 - 6.00
33.67 124.5 - 5.85 J
35.58 130.5 1.92
35.78 130.9 1.89
36.47 126.8 - 6.00
36.92 124,8 - 5.87
38.50 150.3 1.94
38.73 1%0,9 1.89
39.43 126.8 - 6.00
40.00 125.0 - 5.88
41.45 130.6 1.91
41,67 130.8 1.90
42.37 126,8 - 6.00
42.92 124 .8 - 5.87
44,55 130.6 1.91
44.78 130.9 1.89
45.50 126.8 - 6.00
46.17 124 .5 - 5.85
47.60 130.5 1,92
47.83 130.8 1.90
48.58 126.5 - 5.97
49.05 124.7 - 5.86




r

Appendix G 3/7

50

Date 13,12.1975 at 12.20
= 1,40 kilohm P = 430 watts
T, o= Bo= 27,5°¢C
Time, t | Oven temperature,T(t) | Rate of change of the oven
(min) (°c) temperature, T(t) (°C/min)
0.00 27 <5 8.94
373 T70.0 5.80
5.02 80.0 5.06
6.75 90.0 4.33
9.25 100,0 3459
12,58 110.0 2.85
14.58 115.0 2.48
16.93 120.0 2,11
19.97 125.0 1.74
23.72 129.0 1.45
23.93 129.2 143
24 .55 3255 - 5.87
25+23 122.8 - 5.71
28.43% 129.0 1.45
28.62 129.0 1.45
29.27 125.4 - 5.86
29,87 123.0 - 5.72
32.73 129.0 1.45
32.92 129.0 1.45
33.60 1253 - 5.86
34,25 123.0 = 5,72
36,55 129.0 1.45
36.72 129.1 1.44
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Time, t | Oven temperature,T(t) | Rate of change of the oven
(min) (°c)- temperature, T(t) (°C/min)
3T.38 125,6 - 5.87
38.07 123.2 - 5.72
40,23 129.0 1.45
40.43 129.0 1.45
41,12 125.4 - 5.86
41.78 123.0 - 5.72
43,77 129.0 1.45
43,97 129.0 1.45
44.73 125.3 - 5.86
45,32 123.0 - 5.72
47.52 129.0 1.45
47.70 129,2 1.43
48.43 125.3 - 5.86
49,17 123,0 - 5.72
51.40 129,2 1.43
51.67 129.4 1,42
52425 diP5 5 - 5.87
52.90 12%5.2 - 5.73
55418 129,2 1.43
55.38 129.4 1.42
56410 125.5 - 5.87
56475 125 ¢2 - 5.73
59.08 129.2 1.4%
59.23 129.4 1.42
60.03 12545 - 5.87
60467 123.1 = 5, 2
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Date 13.12.1975 at 15.00

52

= 1.45 kilohm P = 390 watts
Py = T, = 29.0°C
Time, t | Oven temperature,T(t) | Rate of change of the oven
(min) (°¢) temperature, (%) (°C/min)
0.00 29.0 8.34
4,05 70,0 5.32
555 80.0 4,58
T.78 90.0 3 .84
10,73 100.0 3.10
15.12 110.0 2,36
18.07 115.0 2.00
21,75 120.0 1,63
28.00 125 .0 1226
30,12 126.0 1.18
30430 126,0 1.18
30.68 123%.8 - 5.68
31.58 13562 - 5.52
36.07 B b 1.10
3617 127.4 1.08
36.75 124.3 - 5.71
3T7.50 121.6 - 5.54
41.00 1272 1.10
41.13 127 .4 1.08
41,68 124,2 - 5.70
42,47 121.6 - 5.54
46.2% 1272 1.10
46,38 127.2 1,10
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Time, t | Oven temperature,T(t)| Rate of change of the oven
(min) (°c) temperature, (t) (°C/min)
46.93 124 .2 - 5.70
47.62 122,0 - 5.57
51.00 127.4 1.08
51.12 1275 1.07
51.72 124.2 - 5.70
h2.93 122.0 - 5.57
55.43 127 2 1.10
55.60 127.3 1.09
56.17 124.2 - 5,70
56 .85 121.8 - 5.56
60.02 127.2 1.10
60.17 127.4 1.08
60.70 124,2 - 5.70
61.33% 122 o8 - 5.58
64 .38 127.6 1.06
64 .53 127.8 1.05
65.22 124.2 - 5.70
65.92 121.9 - 5.56
68.30 127.0 Lall
68.45 127.0 121
69.05 124.0 - 5.69
69.62 121.9 - 5,56
72,10 127.0 1.11
72.25 127.0 1.3%
72.82 124.2 - 5,70
1555 322,0 - 5.57




54

Appendix G 5/7
Date 14.12.1975 at 08.10
r = 1.50 kilohm P = 390 watts
Ty = Ty = 25.0°C
Time, t | Oven temperature,T(t) | Rate of change of the oven.
(min) (°c) temperature, o(%) (°C/min)
0.00 25.0 8.34
4.50 70.0 5.02
6.15 80.0 4.28
8.48 90.0 354
11.70 100.0 281
13.85 105.0 2.44
16.70 110.0 2.07
19.70 115.0 1.70
23.33 120.0 1.35
27,90 125.0 0.96
28.08 125.0 0.96
28.42 123.0 - 5.87
29.20 120.6. - 5.72
32.00 125.0 0.9€
32,18 125.0 0.96
32455 12%.0 - 5.87
33,30 120.9 - 5.74
35.47 124.8 0.98
35.67 124,.8 0.98
36.02 125.0 - 5.87
36,83 120.8 - 5.74
39.07 125.0 0.96
39.28 125.0 0.96
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Time, t | Oven temperature,T(t) | Rate of change of the oven
(min) (°c) temperature, T(t) (°C/min)
39.70 123%.0 - 5.87
40.%8 120.8 - 5.74
42.88 125.0 0,96
43.00 125.1 0.96
43.47 123.0 - 5.87
44,18 120.9 - 5.74
46,25 124.8 0.98
46.40 124 .8 0.98
46.85 122.,8 - 5.86
47.50 120.7 - 5.7%
49,95 125.0 0.96
50.12 125 J1 0.96
50.58 123%.0 - 5.87
51.25 120.3 - 5.69
53.52 124.9 0.97
53«70 125.0 0.96
54 .12 123.0 - 5.87
54 .83 120+:7 - 5.73
57.03 125.0 0.96
5TeR3 125.0 0.96
57.67 123.0 - 5.87
58442 120.9 - 5.74
60.38 124.8 0.98
60.53 124.9 0.97
61.00 122.8 - 5.86
61470 120.7 - 5473
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Date 14.12.1975 at 11.00

56

r = 1,6 kilohm P = 390 watts
Ty = To = 26.5° C
Time, t| Oven temperature,T(t)| Rate of change of the oven
(min) (°c) temperature, T(+) (°C/min)
0.00 265 8.34
4.25 70.0 5413
Bele 80.0 4,39
T+92 90.0 3.66
11.00 100.0 2,92
13,05 105.0 2555
15.70 110.0 218
18.28 ~ 115.0 1.81
21.78 120.0 1.44
23 .33 122.0 1.29
23.50 122.0 1.29
23.88 120.8 - 5.65
24 .58 118.4 - 5.50
26 .55 122.1 1.29
26.75 J 122.2 1,28
27.23 120.7 - 5.64
27.83 118.5 ' - 5.51
29.90 122.1 1.29
30,08 | 122.3 1.27
30.50 120,8 - 5.65
L LY 118.7 - 5.52
%2.92 122,11 1.29
o o P 122.3 1.27
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Time, t| Oven temperature,T(t) | Rate of change of the oven .
(min) (°c) temperature, T(t) (°C/min)
33.58 120.8 - 5.65
34 .17 118.8 - 5,53
25+ 15 122,11 1,29
35.88 122.2 1.28
36.38 120.8 - 5.65
36.90 118.9 - 5.53
38.42 122X 1.29
%8.58 122.2 1.28
39.05 120,8 - 5.65
39.67 119,0 - 5.54
41.12 122.0 1.29
41.27 1224{X 1.29
41.68 120.8 - 5,65
42.35 118.9 - 5.53
43,72 121.9 1.30
43,92 322,04 1.29
44.33% 120.8 - 5,65
44.95 118.8 - 5453
48.37 121.9 1.30
46,58 122.0 1.29
47,02 120.7 - 5.64 ‘
47.52 118.9 - 5.53
48.9% 1221 1.29
49,00 122.3 1.27
49.55 1207 - 5.64
50417 118.9 - 5.53
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Date 14.12.1975 at 17.30
r = 1,25 kilohm P = 500 watts
Ty = Ty = 27.0° C

{_Time, t | Oven temperature,T(t) |Rate of change of the oven
| (min) (°c) temperature, T(t) (°C/min)

0.00 27 Q 9.84
3 .20 70.0 6.67
4.20 80.0 593

5.45 90.0 5.19

Tele 100.0 4.45

9.42 110.,0 Deld
12.58 120.0 2.98
14.40 125.0 2,61
17.00 130.0 2.%4
20.00 135.0 1.87
20.42 135.5 - 1.83
20,50 13545 1:83
21,30 130.0 - 6.17
21.92 127.0 - 5.99
24.93 135.4 1.84
25.07 135.6 L.82
25.88 129.8 - 6,16
26 .45 3271 - 5.99
29.25 136.0 1.80
29.42 136.:2 1.78
30.28 130.0 - 6.17
30.87 127.1 - 5,99
33.63 136.0 1.80
33.78 136.0 1.80
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Time, t | Oven temperature,T(t) |Rate of change of the oven
(min) (°c) temperature, T(t) (°c/min)
54.63 130.0 - 6.17
35,27 127.4 - 6.01
58410 136.0 1.80
38423 136,11 1.79
39.15 129.9 - 6.16
39.68 127.1 - 5.99
42,48 136.1 1.79
42,60 136+2 1.78
43,58 12947 - 6.15
44 .17 126.9 - 5.98
47512 13%36,0 1.80
47.23 138.4 1.79
48.17 129.9 - 6.16
48.67 12745 - 6,02
bls32 136.0 1.80
5145 136.1 1.79
5237 129.9 - 6.16
52,92 12743 - 6.00
55.35 135.7 1.82
55.52 135.9 1.80
5637 129.9 - 6.16
56.90 127 .6 - 6.02
59.38 136.1 1.79
59.50 136.2 1.78
60.47 129.9 - 6,16
60.93 127.5 - 6.02
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COMPUTER PROGRAM FOR CALCULATION THE

TEMPERATURE CONTROL SYSTEM

The computer program is written to calculate the oven

temperature T(t), rate of change of the oven temperature és(t)

and éc(t), thermistor resistance RT, output bridge voltage e,

maximum temperature T oxe and minimum temperature Tmin which

have been previously given in the text and are written for

convenience as follows :

(1) 2(¢) =2 = 8 VT (2, - 1) T4 1,

G

(2) £,(4) = - 2 (2T s (n, - To>e-t/'c']
(3) To(t)ea _% (2, - 1) /T
(4) Ry =4 T ana Ry = ar® B/T
R, - T
(5) e & RdL(Rb + Rp) + (REE-QET{)EJ + zR’b + Bp) (R, + )
(6) If e =ep, . S
(N Ife =65, 8 D=1,



FORTRAN 200 SOURCE LISTING AND DIAGNOSTICS FROGRAM: 00000
STUDY OF TEMPERATURZ CONTROL SYSTEM USING NTC THERMISTCRS

EQUATIONS: :
le OF NTC THERMISTORS
RTO = AxTK**C#EXP (BK/TK)
2¢ OF THEIMAL PLANTS -
Z2el TC = PW/BWPC - PW/BAPC/EXP(TM/TORSM)
+« (TCI - TCA)/EXP(TM/TORCM) + TCA
PW/BWPC/EXP(TM/TCRSM) /TORSM
- (TCI = TCA)/EXP(TM/TORCM) /TORTM
2¢3 TI0TC = = (TCI - TCA)/EXP(TM/TORCM) /TORCM
3¢ OF UNBALANCED BRIDGES
EBV = (EV#RBO%(RTO = REF0))/(RDO*((RBO + REFQ)
+ (RBO + RTO)) + (RBO + REFO)#(RBC + RTO))

292 TDIATSC

NNONNOOOONOOOND N

001 INTEGER BLANKgs DOTs X
po2 DIMENSION LINE(51)

READ PLOTTING SYMBOLS

NnnNnn

003 READ (2s 99) BLANK» DOT»s X
006 FORMAT (3A1)

(V3]
D

READ PARAMETERS OF EACH SYSTEM:
le OF NTC THERMISTOR:
RESISTANCE AT 25 DEGREE CELSIUSseeeeeeR2509 OHM

CONSTANTsecacencssensescscsnnssgensssns As

B=VALUEceosossesessnessnnssssssccscessons BKs DEGREE KELVIN

CUNSTANTouen.no.oooooooolc..o-on..oto' Ly -

2., OF THERMAL PLANT
THERMAL 7ONDUCTANCE OF INSULATIONgeeo«BWPCZs WATT/DEGREE CELSIUS
THERMAL TIME CONSTANTs WHEN SUPPLY POWEReeeeTORSMs MINUTE
THERMAL TIME CONSTANTs WHEN CUT=OFF POWER.+,TORCMs MIMYUTE
THERMAL SUPPLIED POWERseecsssesesessee P WATT
INITIAL TEMPERATUREgeeasoesncscscesnea TCIs DEGREE CELSIUS
AMBIENT TEMPERATUREgGeseessesecssnsnsees 1CAs DEGREE CELSIUS
STEP TIME OF COMPUTATIONegsesesasessses [SMs MINUTE
MAXIMUM DESIGNED TEMPERATURE FORgsesee
pLOTTING...-..TCMXQ DEGREE CELSIUS
MINIMUM DESIGNED TEMPERATURE FOReevsee
PLOTTINGeaeeeas TCMNy DEGREE CELSIUS
3¢ OF UNBALANCED BRIDGE
SUPPLIED VOLTAGEsetseconsssssvcsncansns Evs VOLT
RESISTANCE FOR DROP=0OUT VOLTAGEseeesee RDOs OHM
RESISTANCE FOR BALANCING VOLTAGEeeesee REDs QWM
RESISTANCE FOR QEFERENCE.-...nq.ooolocREFg? Ok
LIMITE OF SUPPLYING POWERseseesgesseeadSPLYVy VOLT
LIMITE OF CUTTINGHOFF pONERllol....onochVQ VDLT
4. LIMITE OF COMPJT&IIONQ...l...'l......i NL’ -
CONTROLLER FOR WRITING RESULTSeaesssseNCWRs =

a¥alalalalalalatalalalalalalalaZalkalatalalalalataXaXakaYs)

6 105 FORMAT (F1l0e0Q0s E20409 2F1040) :
007 READ (2s 110) BWPCs TORSMs TORCMs PWs TCIs TCAs TSMe TCMXs TCMN
010 110 FORMAT (F10e09 2F5.05 6F1040)
011 READ (2s 115) EVs RDOs RBOs REFOs SPLVs CPLV
012 115 FORMAT (6F10.0)
013 READ (2s 116) NLs NZWR
014 116 FORMAT (2I5)

’35 READ (2s 105) R250s As BXs C



Sy

015
016

017
020

021
n22

023
024

025
n2é

027
030

031
n32

033
034
y 035
036

alala!

aNalala!

WRITE TITLE

WRITE (3, 120)

120 FORMAT (58H STUDY OF TEMPERATURE CONTROL SYSTEM USING NTC THERMIST

. 10RS//11H EQUATIONS:/11Xs 21Hle OF NTC THERMISTORS/14Xs 24HRTO = A%
2TK##CREXP (BK/TK) /11Xs 20H2, OF THERMAL PLANTS/14Xs T8H2el TC =
3 PW/BWPC - PW/BWPC/EXP(TM/TORSM) + (TCI - TCA)/EXP(TM/TORCM) + TCA
4/14Xs T4H2+2 TDOTSC = PW/BWPC/EXP(TM/TORSM) /TORSM =« (TCI = TCA)/EX
SP(TM/TORCM) /TORCM/14Xs 46H243 TDOTC = = (TCI = TCA)/EXP(TM/TORCM)
6/TORCM) :
WRITE (3, 121)

121 FORMAT (11Xs 24H3, JF UNBALANCED BRIDGES/14Xs B89HEBV = (EV*RBO®*(RT
10 - REF0))/ (RDO%((R30 + REFO) ¢ (RBO + RTO)) + (RBO + RPEFQ)*(RRO +
2 RTO))) : : _

WRITE PARAMETERS OF THE SYSTEM

WRITE (35 125) R250s As BKy C

125 FORMAT (34H3PARAMETERS OF THE NTC THERMISTOR:/10Xs 4QOHRESISTANCE A
1T 25 DEGREE CELSIUSs R250 =3 F15.2s &6H OHMS/33X, 17HCONSTANT,
2 A =3 E15.69 3H =/34Xs 16HB=VALUE 8K =9 F15429 15H DEGREE K
3ELVIN/33Xs 17HCONSTANT s C =9 E15469 3H =)
WRITE (3, 130) BWPCs TORSM, TORCMs Pws TCIs TCAy TSM

130 FORMAT (33H3PARAMETERS OF THE THERMAL PLANT:/8xs 42HTHERMAL CONDUC
1TANCE OF INSULATIONs BWPC =y F15¢2s 22H WATTS/DEGREE CELSIUS/S0H
2 THERMAL TIME CONSTANT, WHEN SUPPLY POWER, TORSM =, Fl5¢2s SH MIN
3UTES/50H THERMAL TIME CONSTANTs WHEN CUT-OFF POWERsTORCM =, F15.29
4 94 MINUTES/19Xs 31HTHERMAL SUPPLIED POWER» PW =9 Fl5423 7TH W
5ATTS/22Xs 28HINITIAL! TEMPERATURE TCI =9 F15429 16H DEGREE CELS
6IUS/22Xs 28HAMBIENT TEMPERATURE s TCA =9 F15429 16H DEGREE CELSI
TUS/17Xe 33HSTEP TIME OF COMPUTATION, TSM =4 E15469 94 MINUTES)
WRITE (35 131) TCMXs TCMN

13)] FORMAT (50H MAXIMUN DESIGNED TEMPERATURE FOR PLOTTINGy TCMX =s F15
le2¢ 16H DEGREE CELSIUS/50H MINIMUM DESIGNED TEMPERATURE FOR PLOTT
2INGs TCMN =3 F15.2» 164 DEGREE CELSIUS)
WRITE (3, 135) Evs W0y RBOs REFOs SPLVs CPLV

135 FORMAT (33-3PARAMETERS OF UNBALANCED BRIDGE:/25Xs 25HSUPPLIED vOLT
LAGE » EV =9 F15,29 7TH VOLTS/10Xy 4OHRESISTANCE FOR DROP-OUT VOL
2TAGE, RDO =3 F15,25 6H 04MS5/9Xs 41HRESISTANCE FOR BALANCING VOL
3TAGE RBO =9 F1l5429 6H 0HMS/17Xs 33HRESISTANCE FOR REFERENCE,
4REFO =4 F15425 6H JHMS/16Xs 34HLIMITE OF SUPPLYING POWERs SPLV =
59 Fl5¢4s 7H VOLTS/14Xs 36HLIMITE OF CUTTING=OFF POWERs <CPLV =s F
615549 7H VOLTS)
WRITE (3, 137) NL»s NCWR %

137 FORMAT (1H3s 19Xs 30HLIMITE OF COMPUTATIONS» NL =9 [59 3H =/11X
1» 39HCONTROLLER FOR WRITING RESULTSy NCWR =43 159 3H )

WRITE HEAD OF RESULTS
PRINT A LINE OF DOTS WHICH WILL BE AXIS OF PLANT TEMPERATURE

DO 6 K = 14 51
6 LINE(KY = DOT
WRITE (35 140) LINE
140 FORMAT (12H4CALCULATIONs 1Xs 64 TIME 5 1Xs L7HPLANT TEMPERATUREs 5
13Xs 39HRATE OF CHANGE OF THE PLANT TEMPERATURE/5Xy 3HNOes» 5Xs 6H (
ZMINJE.ny 16H(DEGREE CELSIUS)s 1Xs 51Als 9X» 244 (DEGREE CELSIUS PE
3R MIN))

BLANK THE LINE




037
040

041

042
043
044
045
046

047
050
051
052
053

054
055
056
057
060
061

0€2

063
Dé%

065
1-1.]

067
070

071

NnoOn NONNN NnNOO NNnn

Nnnn NnON 2 ¥ala)

alalal

NOND Nonn

10
15

20

145

DO 7 K = 1y 51
LINE(K) = BLANK

PUT A DOT IN LINE(1) WHICH WILL BE AXIS OF TIME
LINE(1l) = DOT
BEGIN TO COMPUTE (TIME = 0,000 MIN) AT INITIAL TEMPERATURE

K = 5]
N =]
T™ = 0.
OTM = TM
TC s TE]

COMPUTE EV*RBO = ER3s RBO + REFO = RBFOs TCMX = TCMN = DTMxMNs,
PW/BWPC = 01, TDOT = O1/EXP(OTM/TORSM)/TORSM = (TCI = TCA)
/EXP(QTM/TORCM) /TORCM

ERB = EV*RBO
RBFO = RBO + REFO
DTMXMN = TCMX - TCM\

01 PW/BWPC
TOOT = O1/EXP(OTM/TORSM) /TORSM = (TCI = TCA) /EXP(OCTM/TORCM) / TORCM

COMPUTE RESISTANCE OF THE THERMISTOR, RTO

DO 5 J=1s NL

TK =2 TC + 273,15

IF (C) 10s 159 10

RTO = AX*TKX*C*EXP (BKVTK)
GO TO 20

RTO = A¥EXP(BK/TX)

COMPUTE OUTPUT VOLTAGE OF THE BRIDGE, EBV
EBV = (ERB*(RTO - REZF0))/(RDO*(RBFO + RBO + RTO) + RBFO%(RRD + RTO

1))

COMPUTE DESIRED LOCATION OF PLOTTING SYMB0L

IF (TCaLT«TCMN) GO TO 8
K = 50,0%(TC = TCMN) /DTMXMN + 145

PUT X IN SELECTED LJCATION

LINE(K) = X
IF (JeLTeNCWR) GO TJ 200

WRITE RESULTS

WRITE (3s 145) Js TMs TCs LINEs TDOT
FORMAT (3Xs I54 4Xs F742s 8X» Fl0e29 1X9s 51A1» 9Xs E12,5)

PUT A BLANK IN THE SELECTED LOCATION, wHICH MIGHT HAVE BEEN ON
TIME AXIS

LINE(K) = BLANK
PUT A DOT BACK IN TIME AXISs IN CASE IT WAS BLANKED



072

073
074
075
076
077
100
101
102
103
104
105
106
107
110
B G 3
112
113
114
115
116
117
120
121
122
123

Nnoon

200

30
40

25
35

LINE(]l) = DOT
GO ON COMPUTING THE TEMPERATURE OF THE SYSTEY

™ = TM + TSM

IF (N = 1) 25% 309 25

IF (EBV - CPLV) 359 35y 40
IF (NeEQe2) OTM Qe

IF (NeEQe2) TCI TS

OTM = OTM + TSM
02 = EXP(OTM/TORSM)
03 = EXP(OTM/TORCM)
04 = 0l/02
05 = (TCI - TCA)/03
TC = 01 - Q4 + 05 + TCA
TDOT = 04/TORSM = 05/TORCM
N =1
GO TO 5

IF (EBv = SPLV) 35 404 40
IF (NeEQel) OTM = 0o
IF (NeEQel) TCI = TC

OTM = OTM + TSM

02 = (TCA = TCI)/EXP(OTM/TORCM)
TC =/TCA - 02

TDOT = 02/TORCM
N =2

CONTINUE

STOP

END




Appendix I

PHOTOGRAPHES OF THE CONSTRUCTED CONTROLLER

4 FRONT VIEW
OF

CONTROLLER

4 REAR VIEW
OF
CONTROLLER
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‘ EXPERIMENTAL ELECTRIC OVEN

EXPERIMENTAL SETUP OF TEMPERATURE CONTROL SYSTEM
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