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Fig. 1 Computer setup for temperature and humidity control system.

No. Setup-potentiometer
Pot. 1 dead zone of heating
2 proportional sensitivity of heating P.I. controller
3 integral time of heating P.I. controller
4, 5 dead zone of cooling and dehumidifying
6, 7 power of cooling on-off controller
8, 9 power of dehumidifying on-off controller
10 dead zone of humidifying
11 power of humidifying on-off controller
12 temperature disturbance
13 humidity disturbance
14, 15 time constant of temperature system (first order lag)
16, 17 time constant of humidity system (first order lag)
18 initial condition of temperature system
19 initial condition of humidity system
20, 21 bias of #-x chart
22 bias which sets initial condition of humidity system
23 " coefficient of relative to absolute humidity converter
24 coefficient of I.A.E.
26 input of temperature
27 input of humidity
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Table 1 Set conditions for temperature and humidity control system.
Cooling Dehumidifying
Heatin, Humidifying "
& No. 1 No. 2 No. 1 No. 2 (10~ kg/kg)
G °C) (10-*kg/kg) | (10*kg/ke)
Dead zone 0.5( © 0.5 1.0 0.201 0.402 0.201 @
Power tcp 4.5 fcp 4.5 hdp 1.81 hdp 1-81 hhp 3.62
(manipulated — 9.0 9.0 3.62 3.62 7.24
variable) 13.5 13.5 5.43 5.43 10.86
Proportional P (%) - . o . _ @
sensitivity 20
Integral time I émin) — — — — — @
i
\i Temperature Humidity *
T 5 (min) | Ta 5 (min)
Time constant 10 10
20 20
D, 0 (°C) | Dy 0 (10-%kg/ke)
Disturbance +5 +2.01
+10 +4.02
. 0 °C) 0 (%)
Desired value +5/10 min +10/10 min 0
t; 15 °C) | 40 (%)
Initial constant 25 60
35 80
dead time L, 1 (min) | Lp 1 (min) @
* @ is fixing
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Table 2 Manipulated capacity and load in steady-state.

Cooling Dehumidifying | Humidifying
Controller [ ]
°C 10¢ keal/hr 10-3kg/kg kg/hr ' 10~*kg/kg kg/hr
Power 4.5 1.158 1.81 19.01 3.62 38.01
(manipulated 9.0 2.315 3.62 38.01 7.24 76.02
variable) 13.5 3.473 5.43 57.02 10.86 114.03
Temperature Humidity
°C 10¢ kcal/hr 10-3kg/kg kg/hr
0 0 0 0
Disturbance +5 +1.286 +2.01 +21.11
+10 +2.573 +4.02 +42.21
Bigzm0=Cyz=o-dt MDD, Thig, ENA C BLTEZBIDYA
=0.245%x4.5 F AT, keal/hr ~DEE D f- DI REEIZIG
=1.1025 (keal/kg) U a BE L Tebiai s bicy. 2 RE
Bz, 1HEY%Y OAHER 9 L, b, MORE~B 2 BRCIE A LERAELLR, T
g=4xQ RO TRTEMTRAFRE LR Lo, BECI
=1.1025 x 10,500 TARETHD. Z0ed, BBC—EDOFHETL 5.
=1.1576 x 10¢ (keal/hr) & 7¢%. Thebb,
Thk, BICGx BRIBEOBRFE NS O EI %_
WTEE L7 Table 2 T 5. grad i= 5i =const.
U SEEERAE D& DR EBIFRE N D 5.2 Hreou T Ery
AND. ZOBGO=Y 2 COBLRE () XTHFX gm0ty du THbT &
LA sp, (i) RELBELIcE EEED &, dx iwxt LT . d (t )
= =const.
4 du \x -
digz=o il TREAY LA bDETHE, £5°C, £10% D H
Table 3 Revised power and disturbance for transient condition.
Power
Initial const. Desired value
4.5°C 9°C 13.5°C
60% 15°C —-5°C tep’ 2.44 °C | tep’ 4.88 °C | tep' 7.32 °C
+5 2.02 4.04 6.06
25 -5 1.72 3.45 . 5.17
+5 1.47 2.95 4.43
35 -5 1.20 2.40 3.60
Initial const. Desired value Disturbance
15°C 60% +10% ta —1.82 °C
—10 +1.71
25 60 +10 —3.48
—10 +3.32
35 60 —10 +6.10
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Fig. 2 Analog simulation-chart in steady-state.
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Table 4 Performance of temperature or humidity output owing to manipulated
variable and condition in steady-state. (1)

Conditon . Derformance Condition TAE i
“c 9 o — “C o rover @
£t )| Cep hay | RS PO by, hap) el MUY
(a5 180 | JUE | 1% s vsn 033 | Toge
(45, 3.6 | 0¥ | a0 (5. 362 | 05 | T
(4.5, 5.43) | 320 | 3.9 45549 | 06 | 3z
(.0, 1.81) | 9353 | 0.8 0.0, 180 | g8 | Tgio
s s, 40 | @0 36 | 930 1T ra5 80 |00, 3.62) | M3 | 1560
0.0, 5.43 | 021 318 9.0 5:43) | 0361 | 3604
(13.5, 1.81) | 9303 | 0847 35, 18D | 08 | 3gd
(13.5, 3.62 | 987 | 1891 (8.5 8.62) | 0gd | 567
(13.5, 5.43) | 0248 | 2584 (3.5 549 | 0657 | 306
(4.5, 1.80 | a0 | 1790 O R R I S
(4.5, 3.62) | 874 1850 (4.5 3.6 | 098 | oloda
(4.5, 5.43) | 38 | 3418 @5 549 | 0 | 1o
0.0, 1.81) | g | 08 0.0, 180 | g8 | Vo
£ 05,60 | (0.0,3.62) | 030 1aR | £ (5,40 | 0.0, 360 | 530 957
(0.0, 5.43) | O34 | 2766 00,543 | ¥ 15
(3.5, 1.8 | A% | 1381 3.5, 1.8) | g2% | §8%
(135, 3.6 | 088 | 2390 (135, 3.6 | 05 | 13
(13.5, 5.43) | 0817 | 2381 135 5.48) | o] | 1%

tcpi 0C
hap: 10~°kg/kg
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Table 4 Performance of temperature or humidity output owing to manipulated
variable and condition in steady-state. (2)

Coniion bt | Coxiion Berfomance
c o Power — oc o Power —
Sl k)| e haw | RS [HmIEY by, han) | e | TR

(45 1.8 | 931 | 1159 @s, 180 | 055 | 1%
(4.5, 360 | o4 | 088 (45, 362 | 058 | 0508
(4.5, 5.43) | 039 | 1613 @5 543 | 13 | 0'6as
(0.0, 1.80) | 938k | 1A% 0.0, 180 | 388 | 0
fes 60 | 00 362 | 988 1ZE e a0 | 00,360 | 0% | 06
00 54 | §38 | 1R 0.0, 549 | G35 | Tois
3.5, 18D | 92| 1R ass Len | ged | Y6
(s.s, 3.6 | 0| 158 ass, 3.6 | 023 | 10g
(13.5, 5.43) | &6 | 229 (135, 543 | 068 | 1oad
(a5 180 | 050 | 10 @s 180 | g% | 1oy
(a5, 3.6 | 05 | §ES @5 362 | 030 | o8
s 543 | $¥3 | 143 @s 549 | 958 | 056
(0.0, 1.8y | 0623 | L4z (0.0, 1.80 | §1% | Tl
fes 80 | .0, 3.6 | O LA s 60 | 00 362 | 0558 | 1%
0.0, 5.4 | 94| 1522 » 0.0, 549 | 0356 | 154
(3.5, 1.8 | 983 ) 107 ass 180 | §f% | 1
(13.5, 3.62) | % | 5002 (13.5 362 | G633 | 1o
(13.5, 5.43) | 040 | 5728 (3.5 5.43) | %6 | 1se1

[cpl QC
hap: 10-%kg/kg
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Fig. 3 Performance of temperature or humidity output owing to manipulated variable,
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condition of state and temperature disturbance in steady-state.

Environ. Control in Biol. (£#REFRE)



LAE i 4-1la temperature LAE /min 4-2a temperature LAE/min 4-3a temperature

| fusec,e0% performance performance oo performance
(lg:,hd;:) fles°c, 60%) f(35°C, 80%)
(135,18]) =———
(135,362) == tcp,hdp) (tcp,hdp)
(35,543) === (35,1.81) —— (35,1.8) ——
©0,18) —— 135,362) —-— 135362 — —
90,362 —-— (35,543) ==~~~ (135,543) =====
(90,543} =-=---- 90,181) ——
{45,18]) —— 90,362) ~-—
(45,362) — — {80 ,543) ------

jof 45,843 o

Iy
o
£}

45,362

& (45,362 — —
45,543 -

(45,543) = -,

05)

e
-agz =201 0 201 40240*kg/ig oo ] 0 200 402x0%q/kg g =20 9 20T 402x0Kekg
4-1b . humidity 4-2b humidity 4-3b humidity
LAE/min performirlpe LAE /min performance (A /i performance
% o "

Ol
9402 -201 [¢] 201 402x103Kg i, 402 -201 [¢] 201 302x03Kg kg  ~402  -201 9] 20l 402x073K9,/kg

Fig. 4 Performance of temperature or humidity output owing to manipulated variable,
condition of state and humidity disturbance in steady-state.
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Table 5 Optimal manipulated variable in steady-state.

Condition Power (manipulated variable)

‘C % °C 10-%kg/kg
(8, hi) (tep, hap)
f (15, 40) (4.5, 1.81) (9.0, 3.62) (13.5, 3.62)
f (15, 60) (9.0, 3.62) (13.5, 1.81)
f (15, 80) (9.0, 3.62)
f (25, 40) (4.5, 1.81) (4.5, 3.62) (9.0, 3.62)
f (25, 60) (4.5, 3.62) (9.0, 5.43)
f (25, 80) (4.5, 3.62) (4.5, 5.43) (9.0, 5.43)
f (35, 40) (4.5, 3.62) (4.5, 5.43) (9.0, 5.43)
f (35, 60) (4.5, 3.62) (4.5, 5.43) (9.0, 5.43)

19.01~38.01 kg/hr OBHIR B L, 38.01~76.02kg/
hr OIBEA SV -2 52 5.
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Fig. 5 Analog simulation-chart in transient condition.
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Table 6 Performance of temperature or humidity output owing to manipulated variable
and initial constant in transient condition.

L Performance . Performance

Initial const. . Initial const. (
o o Power - I.A.E./:m - o o Power - I.A.EA/I;'nmid'
- t - t

f (e, ho) (tep, han) | Swel | TG S (e b (bops han) | oo | op

110.350 | 1.975 0.325 | 4.400
2/1.063 | 0.525 1.188 | 0.125
(1.10, 1.81) |5151925 | 0.625 (1.10, 1.81) 0.250 | 0.500
4/0.188 | 0.750 0.400 | 0.850
0.300 | 0.825 0.325 | 0.750
1.525 | 2.050 1.675 1.100
(1.10, 3-62) | (063 | 1.500 (1.10, 3.62) | ('{p3 | 0.350
0.063 1.500 0.550 | 0.250
0.350 | 2.400 0.300 | 0.875
1.500 | 3.450 1.725 | 1.800
(1.10, 5.43) | 08 | 3.1%0 (1.10, 5-43) | (163 | 0.825
0.063 | 3.000 0.400 | 1.000
0.338 | 1.975 0.350 | 4.750
0.663 | 0.375 0.425 | 0.875
(2.21, 1.8D) | 355 | 1.500 (2.21, 1.8 | (475 | 3.900
0.425 | 1.275 0.788 | 2.525
0.275 | 1.300 0.325 | 0.750
FUs 60 | @y sen | 970 LT s 60) | (221, 362 | (4o 9.028
0.313 | 1.050 0.588 1.150
0.350 | 1.750 0.313 | 0.725
, 0.825 | 3.125 1.000 | 1.400
(2.21, 5.43) 0.250 | 2.250 (2.21, 5.43) 0.250 | 0.750
0.225 | 2.250 0.375 | 0.750
0.225 | 1.150 0.350 | 4.750
0.750 | 0.525 0.250 | 3.125
(33, 1.8D | 0463 | 3.000 (331, 1.8D) | G50 | 5.675
0.838 | 2.000 0.863 | 2.925
0.300 | 1.125 0.313 | 0.625
0.650 | 1.900 0.850 | 0.450
(3.31, 3.62) 0.513 2.300 (3.31, 3.62) 0.500 2.000
0.713 | 2.000 0.763 | 1.250
0.313 | 1.500 0.338 | 1.025
0.725 | 3.250 0.750 | 1.075
(3.3, 5.43) | (538 | o.480 (3:31, 543 | 513 | 2.000
0.500 | 1.875 0.750 | 1.800
co | 1| OB cn o | 18| 1B

1. . . .
aw e | 18| U8 oo | 38 | 5B
£ 60 | (10, sz | IEB 08B rgs 60 | oo, a6 | 100 | 90
o | 53| 1 oo o | 8% | 0B

Cease | S8R0 — U
top: keal/kg, hap: 10-%kg/kg
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Summary

Dynamic characteristic of temperature and humidity
control system in Phytotron by means of air-condition,
is adequately investigated from the simulation of analog
computer on the condition of measured 7', L of the
controlled object and capacity of manipulated means.

In this paper, to analyze and design the control system
of Phytotron, estimations of dynamic characteristic upon
probable
means are carried out.

combinations of capacities of manipulated
In air-condition process of
Phytotron, transient characteristic of control system is
worse than in that of high performance-growth chamber.
So, detailed data for the simulation can scarcely be
gained from instrumentation of transient characteristic
in Phytotron.

For this reason, main examinations are carried out
upon steady-state characteristic and a few upon transient
characteristic. As a result, the following (1), (2) are
concluded.

(1) In steady-state characteristic, on the condition
of small disturbance, small capacity of manipulated
causes better estimation (Table 5).

(2) In transient characteristic, relations of Table 6
are gained and useful for better design of Phytotron.
(Received December 18, 1972)
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