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Development of a Computer Measurement and
Control System for Rough Rice Drying by Natural Air
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The objective of this study was to develop a computer measurement and control system which
enable it possible to manage the natural air rough rice drying and storage properly and safely.
The following contents of work were taken in this study in order to fulfill the above goal:
1) Design and construction of measurement system which can measure the rough rice drying
conditions automatically and transfer them to computer system for data processing.
2) Development of a management software which can determine the need of fan operation by

the analysis of drying and/or storage conditions.
3) Design and construction of a control system which deliver the computer decision of fan

operation and make it on and off.

4) Technical and economical analysis of the computer measurement and control system devel-
opment by the comparison experiments of the computer management and of the manual.
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Fig. 1. Schematic diagram of experimental apparatus
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Fig. 2. Grain bin used in experiment.
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Table 1. Specification of experimental apparatus
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Fig. 3. Block diagram of measurement and control
system.
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Item Manufacturer Specification Remarks
Micro computer Royal (Korea) 48K RAM Clock frequency:
1.023 MHz
Floppy disk driver 5 1/4" disk
Real time clock Thunder clock plus
Moisture/Voltage Self-made 0.5MQ-150M0/
converter 5V-0V
Tempearture/Voltage s J-type Thermocouple
converter & AD594
A/D converter " 8ch, 8bit Conversion
time: 100us
Power supply “ +24 +12,+8
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]
L
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PRINT
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L PRINT Yes
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PRINT control
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“fan of "

PRINT

“fan is on”

Fig.4. Algorithm of management software for natural air drying system
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Table 2. Address table for fan control

umber | Motion | Hexadicimal Dicimal
0 OFF CO58 -16296 49240
ON CO59 -16295 49241
1 OFF CO5A | -16294 49242
ON CO5B -16293 49243
2 OFF CO5C -16292 49244
ON CO5D | -16291 49245
8 OFF CO5E | -16290 49246
ON CO5F | -16289 49247
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Table 3. Performance of the computer measurement system.

Measurement
Item range Error Standard method
Temperature 1.5°C — 55°C t1°c Mercury thermometer
Moisture content 14% — 27% 3% — +1% Dry - oven (105°C, 24hr)
Equilibrium relative 1
humidity 0% — 100% 1% ASAE D. 245.4
Relative humidity g *1% Hair hysrometer

Table 4. Results of the computer control system

Time Event Ideal motion Actual motion Remarks
88.8.9 RH >ERH Fan is off Fan is off RH =84.17%
10:00 ERH = 84.00%
88.3.14 Highest g e RH = 62.00%
17:00 MC <15% ERH = 81.00%
88. 3,18 RH >ERH S % RH = 84.19%
21:00 ERH = 84,00%
88. 3. 23 Highest " “ RH = 59.22%
09:00 MC <15% ERH = 86.00%
88. 3. 25 RH >ERH " " RH = 85.60%
21:00 ERH = 83.00%
88. .30 Highest ¥ " RH = 56.26%
18:00 MCc<15% ERH = 75.00%
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Fig. 6.Changes of moisture content during the first
experimentation
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Fig. 7.Changes of humidity during the first experim-
entation

*#*CURRENT TIME: MON MAR 14 10:00:00 PM***
T1=124°C
T2=18.8°C
T8 =16.8°C
TW=12°C
TD = 14.8°C
M1 =19.24
M2 = 16.32
M3 =16.98

HIGH TEMPERATURE IS T3 =16.8°C
HIGH M.C. IS Ml =19.24%
DRYING IS NEEDED

DRYBULB TEMPERATURE: 14.8°C
WETBULB TEMPERATURE: 12°C

ERH = 84%
RELATIVE HUMIDITY = 71.82%
FAN IS ON

Fig. 8. A typical printer output of the computer meas-
urement and control system
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Table 5. Costs of measurement and control system for

natural air rough rice drying

Item Cost (Won) Remarks
Computer 200,000 APPLE II PLUS, 8bit
CRT display 70,000 SAMSUNG
Sensor and 105,000 Temperature and

conditioner moisture content
A/D converter | 20,000 8bit 8channel
Real time clock | 25,000 Thunder clock plus
Other parts 5,000 OP AMP etc.
Total 425,000

Table6. Annual fixed costs of computer measurement
and control system

Item Equation Cost (Won]
[Depreciation P-S/L 38,250
Interest on pts

investment P(E‘] 21,088
Repair cost 0.5%F 2,124
Total 61,413
Where P = purchase value
S = salvage value (10%P)
i= interest rate (9%)
L = life (10 years)
Table7. Conditions for economic analysis
eight of grain 8 ton
Initial moisture content 22 9%,
Fan size 1.82kW
Operating hour 518 hr
|Labor cost* 1,000W/hr
Electric cost** 28.48W/kWh
Unfavorable drying 10 hr
condition time
Over-drying cost 28,040W

*Agricultural coop. YEAR BOOK (1987)
**Information on commodity prices (1988, 4)
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Fig.8. Management cost for natural air drying of rough

rice on the various drying quantity

= Frteidledl, MR AFEE ol &3 WA
G BERA WfTe FERMS wRRe)
16ton Y| AZTEEEE o] Fof, A=TF27} 24ton,
Ronoz FrE4E FEH Azu|g Azds
25,6883} 50, 7728122 Az =2 MBI A
A FE3 CHRRA BHORE Y 4 de
of, AkatAEdE GHREIBIQ] 300m® o] Zzwe|e)  gak
16tonoll 2] Azt e 313 13291024 4743}
of 2lskad Al At o HEE®Re P
PR 59 mgrt 7Hed Aoz Jepyie

HEK ¥4 SadolA ndsid, Bgd BE
Al=g 2t ifTel BEAK AGHEME olF:
16ton2] ¥ & A4bslei= 2.5ha o] 7z wido] 1
S8 " $2fuvtet 715 2.5ha ol4b] ks
fEdre 23t e $7he 19878K A &8
F2| 1%nu|gtels], AAz sAug HEHAES A
48 WEEHEZE A4E Li3 sk ol nd
= 44 Hozjet 47se] HAl: HER 24
o] 3letsicta AzE Ak FEEFY FHEA
of Alsts|x glar, Fulole) oy Fol oF Az
zhojel ggto] Frlbshe FAlole, wik o Kk
el F53 @AM HEFM Y ERE 42

_54_

T Aokddd HER 2FA4L §453 g4
et 7 slet,

d e AFEE o8 WiRAMEH TR
Aladdol B3d Ay 4 F e IRE HEY
BEYL olslel cg3 22 A ZHE A4
& 4 A=

1) #IES Bz Fgo| Yoo @gtks A
A A EAwA ok ke AFTA AE des
et

2) WiEMERE AFel £ ol &3t ABER
oz F53 RHSBHNS ZAstn AT
) AgleolM vk £HF S E =T+
c}.

3) dez fefutete FEe= AdH ¥ BT
THE ol 88 Fd7lge] L€ Adolnz ol
g STl dsted A A EAN EelE
FrEste, olf 3 ¥ LT FAE =
2ofa, olst At ¥ HMXERNE +8E

T e ¥4 FdAL
4. & W

S2vete] 39l ki EEREES d¥E X
A&kl oj&al QoA FEREEHe] Aoizlesn
G oy Ay £AE g Yao|ct
g Kawlrks A4dslz] g wgez  uo
HRERER el AF= At 2y o uky
< BH7 2Esd T2 o o Btk U
ke fdel wge a2y ol stz FujelrE
Ho| HiREEERNy TEE At + de W
of gk dFAe] gigieh wely K Aol e
K& HREREE o FEE 243 oA
*2l¥ 4+ 9lt Apple 11 Plus AFe & o] &3 A
BhEtd o HlEAAg o] Aure Bdoz sjgleon,
A d1F B3l dojal A2E aokebd g}
7,

1) Al Aadol olsle] &0 HE, AR
HHRE, B89 KR EHekE S 5t
Az Buehikatel MEAERKE 44 1T, +1
%, —3%~+1%, £1% $22 Jepytoo o

°l#



RERFEEREEE F13% F49% 19885 124

23 BAXWEs oo HEAREHRS e shed
2 A%l glezlzt 475

2) ¥o HRAREHRE BHERY 4 iR
9 H@=z2 a5 APPLE] PLUS 71%9 #AF
Elo| AHiE=slo] sl game 1/0 port2] annunciator
HNE ol 8-sle] KHEME on/off HBE + 3Ue
HEmgs pHBslclen, HRER B A2g9
At o HEsl ERES sy=Edm, oldl ATEsE:
A7 4329

3) hEzlEs SR e Ao EELE
< 53Whels, 7o WiREERES Seu4ds) b
29 AT E o) &3 ejubtel HIEDEE |
== GEHE S 16ton/year |3, 300m*el A
Zdlo) g Al2dE HBE AT s5HE W
g mrh shed Aoz FA4sct

2EVM

1,359, 24z, st 1979, 849 #E@ER
kA 29 o AlFdlolAd. dFFd7AE A 4
(2): 32-45,

2AREA, F=A, 443k 1983 o AY o i
Aladlel BEES A% HRE F =294
(I). &35d71483]= 8(2):69-85.

3.%%H, D.S. Chung, H. B. Pfost, and D. L. Cald-
erwood. 1983, BHAZ I 218 v A 5]
A(L). Fddiga F71edF231001) : 118-
128,

4 %A, D.S.Chung. 1984, BAZE R %3 o
R AlgdelA (D) : BERSH o #mEkT
VORTTHENE ME. SdOiRE FCIEdT Mn
11(2) : 270—-277.

._55_

S.RMHA, Zuk4, el 1988, k& W@
RE A% e S o e A Ak g
T A8 a4,

6. 445, ek, we4sl, ddz 1982 Age
oldel ol WiRMMENS LS FEfbel RHT
B, Part [ : BodiMERE 2 ol o} B MEtRTEA. &
FEA7IA 3R 7(1): 42-51

7. ASAE. 1983. Agricultural Engineers Year
Books of STANDARDS.

8. Arora, V.K., S.M. Henderson and T.H.
Burkhardt. 1973. Rice drying cracking

versus thermal and mechanical proper-
ties. Transactions of the ASAE 16(2):
320-323.

9. Burn, J.M,, J.L. Dunlap, Jr. and G. Ham-

1983. Energy efficient drying
through computer control. Agricultural
Electronics-1983 and Beyond, ASAE.
Vol 2: 701-707.

10. Chung, D.S. and H.B. Pfost 1967. Ad-
sorption and desorption of water vapor
by cereal grain and their products.
Transactions of the ASAE 10(4): 549-
557.

11. Mitchell, B.W. 1983. Signal conditioning
for analog inputs to microcomputers.
Transactions of the ASAE 26(2): 570-
575, 583.

12. Persson, G.W. and R.W. Churchill. 1983.
Automatic computer control of grain
drying and aeration. Agricultural Elect-
ronics-1983 and Beyond, ASAE. Vol 2:
692-700.

mond.





