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ABSTRACT

The objective of this paper was to demonstrate how the principles of a
psychometric chart could be applied on deducing the procedural and logical issues of
temperature-humidity environmental control. Considering practical applications, an
environmental control system composed of industrial wiring devices and
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Programmable Logical Controller (PLC) was developed to accomplish these
strategies, and the condition - sequence control implementation was adopted as the
main control scheme for the system. This paper illustrated that the developed
environmental control system could be installed in an acclimatization chamber for
grafted seedlings to demonstrate the complete function of this methodology. Firstly,
the compound control strategy, upper-lower limit, time - sequence control and free
cooling conditional action, was adopted as the main design for the system. Secondly,
logic control circuits finished by industrial wiring devices and PLC were created to
model the temperature; humidity, illuminance and COz control processes. The system
such designed was suitable to operate in winter, spring (autumn) and summer of
subtropics. Results indicated that the control system could satisfactorily achieve
expected goals for providing suitable curing conditions and modulating the
environmental factors such as temperature and relative humidity for grafted
seedlings. Regarding power consumption, the system was developed to moderate
the difference among power consumption for the four seasons. As for environmental
control, if the weather conditions (temperature and relative humidity) were
appropriate for grafted seedling curing, the ambient air was directed to regulate the
chamber environment. Otherwise, vents in the chamber would be closed to form a
close system, and furthermore the inner environmental control would be activated.
In summary, the system was designed for flexible adjustments to environmental,
illuminable, heatable and free cooling conditions, so it achieved the goal of power
saving, and it was easy to operate and m aintain for users in agriculture.

Keywords: Condition-sequence control, Environmental control, Power consumption
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Fig.1a 3 D view of an acclimatization chamber for
grafted seedlings
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Fig.1b Cross section of an acclimatization
chamber for grafted seedlings
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Fig.2a A psychometric chart illustration of natural heating and humidifying control pro-
cesses in an acclimatization chamber for grafted seedlings (by 18 ultrasonic
humidifiers)
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Fig.2b A psychometric chart illustration of cooling and dehumidifying control processes
in an acclimatization chamber for grafted seedlings (by an air conditioner and 18

ultrasonic humidifier)
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Fig.2c A psychometric chart illustration of free cooling control processes in an
acclimatization chamber for grafted seedlings
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Fig.2d A psychometric chart illustration of heating and humidifying control processes in
an acclimatization chamber for grafted seedlings (by an heater or plant lights

and 18 humidifyiers)
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Notation of symbols :

To =outdoor temperature. Ti=indoor temperature.
Rho=outdoor relative humidity. RHi=indoor relative humidity.
TL =outdoor temperature lower limit while free cooling.

Tu=outdoor temperature upper limit while free cooling.

Tmin= indoor temperature lower limit. Tmax=indoor temperature upper limit.
Ts=indoor temperature middle limit. RHs=indoor relative humidity middle limit.
RHmin=indoor relative humidity lower limit. RHmax=1ndoor relative humidity upper limit.

RHL=outdoor relative humidity lower limit while free cooling.
RHu=outdoor relative humidity upper limit while free cooling.

Fi=condenser fan Fo=radiator fan Fs=inner fan F4 = ventilation windows
Hum=humidifer Air C.=air conditioner
Summer=Is it in summer? Winter=Is it in winter?

Sctling
Plant
Ligln

by
24hr.timer

o [L<To<TIl
< li<Tmax
RIL<RTlo<R It

Seiting
Alr Change
by 24hr.&
30 mins
timer

Yes No

Hum., ON

Plant Light

on

Plant Light
on

Heater
on

Alr.c.on

F1&F2 on

Hum,
olf

L2

Heater
on

Air.c. ofl

i Ll Delay
Heater i | Plant Light off

off ; off Air.C.
i FLF2, No
T : T F4,0IT

Heater
off

Yes
| FA.off |

Ti<Ts,
Ti>Tmax,
Hi<RHmi;

3 PEHIRFZIEEERRIZE

Fig.3 A flow chart of control functions for the system
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[ forward circuit |
|
| [ water supply control | : core circuit
| manual & automatic | :D | condition-scquence control | :D output load circuit
| sctting and operation |
| | I time-scquence control |
| heatable
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Fig.4 Combination of a control circuit for the system
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(a) A view of the environmental control box
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(b) A operational view of the environmental
control box

B S5 BEIRIFEANBEERBEHIRE

Fig.5 A view of the environmental control equipment installed in an acclimatization

chamber for grafted seedlings
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Fig.6 Testing results of the environmental control in an acclimatization chamber for
grafted seedlings during winter
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Fig.11 The heating, free cooling and intermittent
humidifying control processes during spring
could be illustrated by a psychometric chart
path
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Table 1 The measured and calculated value of equipment power consumption with operational

combinations of various kinds

Operational . binati ¢ onal . Measured value Calculated value

code The combination of operational equipment (Watt) (Watt)
A Control box and inner fans. 250~275 275
B A, heater (or plant light). 1575~1585 1565
C A, heater (or plant light), humidifier. 1840~1860 1835
D A, humidifier. 520~540 545
E A, air conditioner, condenser and radiator fan, humidifier. 3200~3300 3170
F A, condenser and radiator fan, humidifier. 950~990 995
G A, windows, humidifier. 610630 615
H A, air conditioner, condenser and radiator fan. 2250~2400 2450
1 A, condenser and radiator fan. 690~710 725
J A, windows. 330~345 345
K A, air conditioner, condenser and radiator fan, plant light, humidifier. 4400~4460 4460
L A, air conditioner, condenser and radiator fan, plant light. 4200~4300 4190
M A, windows, plant light. 1650~1700 1635
N A, plant light, window, humidifier. 1900~2000 1905
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Table 2 The analysis table of average power consumption in an acclimatization chamber for
grafted seedlings during winter, spring and summer

Seasons

Winter

Spring Summer Row

Heatable setting Plant light

Plant light

Heater Plant light  Plant light

(M

Illuminable time setting

07:00~19:00 19:00~07:00 19:00~07:00 19:00~07:00 00:00~12:00 (2)

Power consumption in 24 hr.(KWH) 45.40 38.96 36.33 33.26 32.36 3)
Average power(KW) 1.89 1.63 1.51 1.39 1.35 )
Power Equipments 7.20 7.00 6.84 4.43 13.62 (3)
While - consumption "5 - ione 1560 16.56 16.00 16.25 1548  (6)
artificial (KWH)
daylight Sum 22.80 23.57 22.84 20.68 29.10 @
was Average Equipments  0.60 0.58 0.57 0.37 L14 (8
dopted. .
adopted. power Plant light 1.30 138 1.33 1.35 129 (9
(KW)
Sum 1.90 1.96 1.91 1.72 2.43 (10)
While  Power
artificial consumption Equipments 22.60 15.39 12.95 12.58 3.26 (11)
daylight (KWH)
was Average
not power Equipments 1.88 1.28 1.08 1.05 0.27 (12)
adopted. (KW)
P t f nonbasi
eroeniage of nonbasic power 49.80 41.50 37.20 31.50 2050 (13)
consumption (%)
P t f illuminati
ereentage of 1 Uminatve power 34.40 42.50 44.00 48.90 4780 (14)
consumption (%o)
Column (A) (B) (C) (D) (E)
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