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Abstract

Temperature and humidity are the most important factors and should be effectively controlled for the cold storage of
graius. Fuzzy logic can be easily implemented to the MIMO(Multi-Input Multi-Output) control systems. For the cold storage
in grain bin, fuzzy logic was applied to an air conditioning system. The capacities of the grain bin and the air conditioner
are 80 tons and 30 kW, respectively. Also, the target values of temperature and relative humidity in outlet duct of the air
conditioner were 8 C and 75%, respectively. In order to control temperature and relative humidity of air, a damper in inlet
duct was manipulated for temperature control and a heater was used for humidity control. Temperature deviation and change
of temperature deviation were used as input parameters for the fuzzy system. Humidity was only considered as a load. The
experimental results showed that the controlled temperature of exhausted air was maintained at 8327T. Relative humidity of
the air was also controlled at the target relative humidity of 50~80%.
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Table 1. Specifications of components used in temperature
and relative humidity control system

Component Specification Remark
Computer ~ CPU 150 M 32 Mbyte RAM Controller
1047
m Temp;";“f;cmmo C o Mokl CS500
Ry o O me e
potentiometer of infet duct
DC motor DC -10 V~10 V Open rate control
DAQ board LAB-PC 1200 Data acquisition

RH: relative humidity
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Table 2. Specifications of air conditioner

Classification Feature and performance
Chilling power Max. 28,000 kd/h (33 KW
Temp, RH of chilled air Temp: 8~13TC, RH: 50 ~95%
Refrigerant R-22
Compressor Semi-seal type, power : 5.6 kW
Condenser Fan : 2 PS, 140 m'/min
Evaporator Coil 5/8"X5x16x800
Air filter 20x720x920 (mm), EK-165
Heater 3 kW, 220 V
Air damper Diameter: 190 mm

Controlling panel Auto/Manual, 700 <700 X255 (mm)
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Fig. 1. Block diagram of fuzzy control system.
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Fig. 2. Two inputs and one output fuzzy membership
functions.
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Table 3. Fuzzy rules for temperature control

Rule No.  If temp emor is A and temp error change is B then drive damper C

If temp emor is NB and temp emor change is ZE then drive damper PB
If temp emor is NB and temp emor change is PS then drive daner PM
If temp emor is NM and temp error change is ZE then drive damper PM
If temp emor is NS and temp emror change is ZE then drive damper PS
If temp emror is NS and temp emor change is PS then drive damper ZE
If temp emror is NS and temp emror change is PB then drive damper NM
If temp emor is ZE and temp emor change is NB then drive damper PB
If temp emror is ZE and temp error change is NM then drive damper PM
If temp emor is ZE and temp error cahnge is NS then drive dammper PS
10 If temp emror is ZE and temp emor change is ZE then drive damper ZE
11 If temp emor is ZE and temp emor change is PS then drive damper NS
12 If temp emor is ZE and temp emor change is PM then drive damper NM
13 If temp emor is ZE and temp error change is PB then drive damper NB
14 If temp ermor is PS and temp emor change is NB then drive damper PM
15 If temp emor is PS and temp emor change is NS then drive damper ZE
16 If temp emor is PS and temp emor change is ZE then drive damper NS
17 1f temp emor is PM and tenp emor change is ZE then drive damper NM
18 If temp emor is PB and temp emor change is NS then drive damper NM
19 If temp emor is PB and temp error change is ZE then drive damper NB

OO ~d O\ B LS B

o




140 FZAEALFERIA AW A2E (2002)

Fig. 4. Block diagram of fuzzy control programmed with
LabVIEW.
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Table 4. Calibration of temperature and relative humidity

2

Regression equation T
Temperature('C) = 99.91 X Volt - 40.04 0.999
Relative humidity = 99.87 X Volt + 0.02 0.998
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Table 5. Air flow rate related to open rate of inlet duct

Open rate (%)  Ofclosed) 20 40 60 60 100{open)
ATr velocity (mjsec) 374 704 1260 1400 1440 1480
Afr flow rate (mfmin) 1100 1345 2375 2639 274 27190
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Fig. 5. Effect of dead band on temperature control.
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Fig. 7. Humidity and temperature change by heater on-off
control.
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