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TCI B, Ry CEI N mTBOM%Z 5 ~ 7K
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5, ERBRFRITSA TV - 2BERELACT LK
S TEZHCLRTERY, ARROMELFBREEL
T100V —% & L TIT - 720

BRROFEHF NI BEAERDOEALL IR A DL
L LTEHhEZTVWADT, ThiEahblR BI-2K 1K
R & 5 A HESTEEICERL CEFACERE L. T
DL, BRENEREOL X, REOBMALC L HE
BIa T Aiesh, EHERIRGR & RIRRRS 2 iR 2 A
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WMTCEHEDHIC LT, T, TOEBOZERNMT TN
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3. HBERELIUEE

HZBHRC LICHBREEB L OMBEL E LD THI-3
FH~FEN-6RIORT AL, HFROFHNEREITORRE
F& L T 100g FRHOEIT &k HRHBEED Z L 2 2|
20°CIEBWTHNRTZ D DTH % . H BT OV THL L E
JEL ERREINCL CELREL TR » P L ORFEI
~8R~BI-1IRTH B, TNbDERIBNWTE), (b)
MR e s R AR 0 ) — LT CIREE OFRSRIC & Z M HVE
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B Wil 912 | 947 | 97.4 | 97.8 | 90.7 | 95.8 | 83.6 | 93.2 | 8.0 —
[/ I % T 71 0.0 1.2 0.1 0.6 0.5 1.7 0.3 3.4 3.0 —
B/ OE S N 6.9 3.3 1.9 1.2 7.9 2.2 9.7 2.0 } 0.6 —_
T ] 1.4 0.1 0.5 0.1 1.1 0.1 1.2 0.2 ) —
B faq b3l 0.0 0.2 0.1 0.5 0.1 0.1 0.2 1.0 1.5 —
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BIM-3% (20 1)

THR2EMARER

H N i oAk T A Fa o= v oF a v e Y
ookt aE | AO0%) vtk kol B O Vet kol UE | 00%) i aolok BIE |0 v
W.B%| V /100 t/h [WB%| V o /1002 t/h |W.B% o /1008 t/h [WB%| V o /1002 t/h
20.6 | 5.20] 163 | 0.40 | 23.0 | 7.05 162 | 0.63
18.1 | 3.80| 160 | 0.61 | 19.4 | 4.30| 161 | 0.99

10°C | 16.8 | 3.00| 161 | 0.82 [ 18.0 | 3.40 164 | 1.13
15.0 | 2.20 162 | 1.23 | 16.4 | 2.60 165 | 1.44
14.6 | 2.00, 161 | 1.56 | 13.4 | 0.95 171 | 1.74
922.6 | 7.35 162 | 0.29 | 24.6 | 9.50, 161 | 0.57 | 23.4 | 7.80] 165 | 0.24 | 20.5 | 4.55 173 | 0.29
‘ 19.3 | 4.80| 163 | 0.38 | 22.1 | 6.75 162 |0.89 | 18.0 | 3.60 164 | 0.62 | 20.1 | 415 177 | 0.27
pooc | 17-4]8.50 163 | 0.45 | 21.3 | 6.05 162 | 1.16 | 16.4 | 2.70 166 | 0.83 i?]g g-gg }% 8-2%
16.5 | 3.15| 163 | 0.55 | 17.0 | 3.55 166 | 0.71 | 15.7 | 2.30 166 | 0.95 [ 16" | 518 173 | 0,89
15.1 | 2.45| 164 | 0.61 | 15.7 | 2.50[ 170 | 0.87 | 14.9 | 2.05| 166 | 1.60 | 16,3 | 2.25| 169 | 1.40
14.2 | 2.05| 166 | 0.57 | 14.5 | 1.90 171 ]0.84 | 12.6 | 1.35| 167 | 2.75 | 13.2 | 0.95 174 | 1.77
19.1 | 5.70| 162 | 0.47 | 19.6 | 6.40 163 | 0.60
17.3 | 4.70| 159 | 0.73 | 17.5 | 5.05 162 | 0.80
30°C | 16.3 | 4.15 160 | 0.92 | 16.2 | 4.35 162 | 1.09
14.8 | 3.55 160 | 2.13 | 14.8 | 3.20{ 163 | 1.03
14.2 | 3.40, 159 | 2.88 | 13.1 | 2. 40, 167 | 1.20
17.9 | 6.15] 161 | 0.64
16.5 | 5.20] 162 | 0.72
40°C 15.5 | 4.65/ 162 | 0.99 ——
14.2 | 3.80 165 | 1.00
13.0 | 3.15 167 | 1.13
EN-3%k (202) FH 2 EMRESE
2 v e H Y A A i Mok T AR
] e | R | A008) e (ol e | M L0 e eior) e | 000 120w
W.B%| V min lec/100g t/h |W.B%| V min [cc/100gi t/h |WB%| V min |cc/100g t/h
175 —| o | 18| —|190 —| o | 10| —|2t3| —| 0 | 177 —
17.6|2.70| 2 | 177|0.42|19.3 3.90| 2 | 169|0.24|21.3|500| 2 | 173|0.27
g |176[280 5 | 1741056 |19.1 1410 5 | 169|0.28|21.215.30| 5 | 171042
17.5/3.00| 10 | 173|0.83 19.2 | 4.10| 10 | 167 | 0.41 | 21.3 | 5.40 | 10 | 164 |0.71

17.5[3.40 | 20 | 166 |1.48 |19.2|4.15| 20 | 162 |0.52 {21.1 570 | 20 | 161 | 1.02

17.3]3.60 | 30 | 163 |1.72|19.1|4.20| 30 | 163 |0.48 [21.0 [5.80 | 30 | 161 |0.85

187 —| o | 181 —

18.7(1.20| 2 | 175|0.8

20°C | 13,7|1.40| 5 | 171|1.44

13.6 | 1.60 | 10 | 167 |2.77

mz2| —| o | 18| —
s0ec  |1L1]0.25| 2 | 1770.76

11.2]0.35| 5 | 176 |0.81

11.2{0.45| 10 | 171 | 1.9

11.3 1 0.90 | 20 | 167 | 2.42

1.2 1.15| 30 | 161 |2.46
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BH-4% (20 1)

FHIEARE @

&} N i SR T RN P o= v % 2 ¥ e H Y
"N ez | 1008 | sy |l o | 1008 | e Lo rooad e | 1002 | s [ 100g | verm
ad cc/100g i cc/100g e cc/100g A cc/100g
21.0 | 3.75 163 | 0.77 | 23.0 | 5.05 162 | 0.53
18.1 | 2.80] 162 | 1.13 | 19.5 | 3.35/ 161 | 0.86
10°c | 16:7 | 240 162|151 | 17.9 | 2.80 162 | 1.13 -
16.1 | 2.25] 162 |2.04 | 16.4 | 2.25 165 | 1.33
15.0 | 2.00 163 {2.93 | 13.6|1.35 171 |1.60
14.4|1.85 163 |2.86| —| — —| —
24.015.75 160 | 0.45 | 24.0 | 6.40| 162 | 0.29 | 22.7 | 5.25/ 164 | 0.33 | 21.4 | 2.75 171 | 1.04
19.6 | 3.55/ 161 | 1.00 | 21.5 | 4.80] 164 | 0.44 | 17.5 | 3.00, 164 | 0.83 | 20.9 | 3.45 175 0.93
soec | 175 [ 2:85 164143 |20.7| 4,40 164 | 0.44 | 16.1 | 2.50 165 | 1.10 fg:i ggg 1?2 (1):23
16.7 | 2.65 164 |1.98 | 16.8 | 2.85 164 | 0.75 | 15.4|2.35 164 | 1.36 | 12" | 5 ncl 174 | o g6
15.2/| 2.30; 167 1 0.80 | 15.6 | 2.45 168 | 0.78 | 14.5 | 2.30] 164 | 0.55 | 16.7 | 2.30 171 | 1. 27
14.2 1 2.00, 170 | 0.59 | 14.5 | 2.05 172 | 0.81 | 12.3 | 1.90 163 | 0.87 | 13.2 | 1.40 177 | 2.03
18.0 | 3.80| 163 | 0.55 | 20.6 | 5.20] 161 | 0. 48
16.3 | 3.25] 160 | 0.84 | 18.2 | 4.05 162 | 0.59
0o | 15-4]2.95 164 |2.12 | 17.2 | 8.60 164 | 0.70
14.2| 2,70 160 | 1.99 | 16.7 | 3.10, 163 | 0.90
13.5 | 2.65] 159 | 2,54 | 15.4 | 2.90] 165 | 0.90
— | = —| —1]13.6|245 168]|1.02
BI-4XK (Z02) ¥R 1 EMEE &
2 ¥ e By A i i oA B T AR
ool wiE | R L0 v oo e | R 100 vem (ool e | R 100 e
W.B%| Vv min lcc/100g t/h |WB% v min |cc/100g t/h |[W.B%| V min lce/100g] t/h
170 —| o0 | 18| —|195| —| o | 10| —|20.5| —| o | 15| —
172|230 | 2 | 181 10.17[19.43.00| 2 | 171]0.22(20.3|3.65| 2 | 174 0.23
oo |171[215] 5 | 178]0.19019.5|3.30 | 5 | 166 |0.30 | 20.3 8.70| 5 | 171 0.30
17.0 [ 2.45 | 10 | 174 0.30 | 19.4 | 3.30 | 10 | 165|0.35|20.4|3.80| 10 | 168! 0.40
17.0 [ 2.45| 20 | 169|0.57 | 19.313.30 | 20 | 164|0.42[20.2|3.90| 20 | 163 0.65
16.9 12.65| 40 | 162 |1.46 |19.23.40| 40 | 164|0.40 | 20.1|4.05| 40 | 161 0.57
1.3 —| 0 | 18| —
11.4[0.80] 2 | 182]0.78
20°C | 1L..2|0.90| 5 | 179 0.77
1.3 [1.00 | 10 | 174|172
1.4 1110 | 15 | 170 | 2.69
1.4 —| o | 18| —
11.5]0.90 | 2 | 181]0.22
11.310.90| 5 | 183 0.32
20°C [ 1L.2|1.05| 10 | 177 |0.47
1.3 1.20 | 20 | 176 | 0.58
11.3 [ 1.40 | 40 | 167 0.89
1.3 | 1.60 | 60 | 167 |0.87
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EM-sX (FZ01) M &8 & &
5] S I LSO TS VN Fao= v % o v e HY
" — T 1002 | soern Lo e | 1008 | oo | oo mee e | 100 | vrons 1008 | mnn
E:’Zkz:ﬁ BIE = g E7J(:r‘/5 %IE 7 R e EZK%K BIE L5 b b '%ZK% BIE L & e
WBZ%| Ve t/h (W% VT B /b (WBg v b waBg| v R /e
20.8 | 5.65 162]0.52 | 23.0 | 7.60] 163 | 0.27
18.2 | 4.80 161 | 0.67 | 19.4 | 5.85 163 | 0. 43
10°C | 16.8 | 4.35| 160 | 0.74 | 17.8 | 5.25 162 | 0.58
15.0 | 4.15] 161 | 0.91 | 16.4 | 4.70, 165 | 0.62
14.3  4.00 162 |0.88 | 13.4 | 3.45 170 | 0.57
23.4 ] 6.65 161]0.42|24.6|8.50 161]0.46|22.1|6.35 163 |0.44| 22,01 4.95 170 | 0.80
19.5 | 5.00] 162 | 0.57 | 22.0 | 6.80 163 | 0.65 | 18.1 | 4,45 165 | 0.77 | 21.6 | 4.50 174 | 0.77
on | 17.7 | 4.25] 165 |0.62 | 21.1|6.40 163 | 0.74 | 16.4 | 8.80 166 | 0.93 | 21.0 | 4.05 178 | 0.80
20°C 1 68 595 164|074 |17.1 475 165 | 122 | 15.7 | 3.55 168 | 0,04 | 186|350 175 | 1.20
83 : L - S 9% 470818 175 | 1.01
15.2 | 3,55 166 | 0.75 | 15.8 | 4.10 169 | 1.14 | 14.8 | 3.40) 167 | 1.13 | 167 | 3.25 173 | 1.06
14.3|3.10] 169 | 0.69 | 14.7 | 3.35 172 | 1.09 | 12.3 | 3.15 166 | 1.30 | 13.0 | 2.15 180 | 1.00
19.0 | 5.15] 161 0.50 | 20.7 | 6.85 164 | 0.33
17.1]4.80 160 | 0.61 | 18.3 | 5.75 162 | 0. 40
30°C | 16.0 | 4.45 160 | 0.69 | 17.1 | 5.15 161 | 0. 45
14.7 | 4.25] 159 | 0.83 | 15.4 | 4.25 165 | 0.47
14.1]4.15 159|0.93 | 13.6 | 3.65 167 | 0.51
17.9 | 5.55 162 | 0. 48
16.3 | 4.95 162 | 0.56
40°C 15.1 | 4.50, 162 | 0.76
14.1 | 4.00 165 | 0.75
12.7 | 3.45| 167 | 0.67
BI-5% (Z02) M # 8 &
@ v v H Y H VN lins S IE R TS N
e 7 FEETEL
o e T8 5] sl | 0 0% s el | 010 e
W.BZ%| V min lcc/100g t/h |W.B%| V min lec/M)e t/h |W.B% V min lcc/100g t/h
176 —1| o | 18| —]19.6] —| o] 1711] —l2n1| —! o | 5] —
17.238.50| 2 | 176 |0.55|19.5 | 455, 2 | 170|0.25|21.3|5.50| 2 | 174|0.19
e | 17-23.85| 5 | 1700.70 | 19.6 | 4.75 | 5 | 166|0.29 212|565 | 5 | 173|0.22
17.3 1 4.30 | 10 | 1680.92 | 19.6 | 485 | 10 | 165|0.36 | 21.2|5.90| 10 | 170 | 0.32
172 14.65 | 20 | 16311.04 | 19.5|4.95| 20 | 164 |0.42 | 21.3|6.10| 20 | 165 0.48
171 4.8 | 30 | 162]1.06|19.4|5.00| 30 | 161]0.39|21.0|6.05| 30 | 161 | 0.54
137 —| o | 179 —
13.712.55| 2 | 176 | 0.99
R 13.7 | 2.75| 5 | 175|1.30
20°C ys6ls05| 10 | 170 | 147
13.6(3.40 | 20 | 165 |1.59
13.7(3.75 | 30 | 162 1.41
1081 —| o | 182 —
10.8 | 2.05| 2 | 178]0.72
o |10:9]2.20 5 | 175 0.92
1091 2.40| 10 | 171 |1.10
10.9 [ 2.70 | 20 | 168 |1.40
11.0]2.95| 30 | 165 1.30
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FU-6%k(201) B & A B & &
H = i IR O AN = TN a v oe # )
. 100g | Lot stz| 100g | socpm - 100g | , P 100g | s
%71(53‘3 BT el b E’tlk—fg BIE P T ”@’UJ('—ZE %Egg‘ b e EJJ(;j; EE R IE W
W.B%| V|7 e t/h (WB%| V|0l t/h |WB%| Vs t/h (WB%) VO E e t/h
20.8 | 6.90 162 | 0.51 | 23.3 | 6.80 163 | 0.41
18.3 | 5.10| 159 | 0.76 | 19.6 | 5.50, 162 | 0.57
10°C | 16.9 | 4.20] 162 |0.98 | 18.2 | 4.15| 163 | 0.71
15.2 | 3.15| 162 | 1.59 | 16.5 | 2.65| 165 | 0.88
14.5 | 2,90 162 |1.94 | 13.4 | 1.45/ 170 | 0.96
22.3 | 8.85 161 ]0.49|20.3|7.60] 161 |0.46 | 23.7 | 9.00 168 | 0.09 | 21.6 | 5.60] 172 | 0.58
19.1 | 5.80, 162 | 0.65 | 18.3 | 5.70| 163 | 0.68 | 17.9 | 4.50| 165 | 0.42 | 21.1| 4.40 175 0.52
o |17.3| 425 163|0.90|16.8 | 4.25 165|0.92|16.2|3.05 166 0.48 | 206|340 1797051
e 16.4 | 3.75 163 | 1.11 | 16.6 | 3.90 165 | 0.93 | 15.9 | 2.00 160 | 0.37 | 23| %2 177 0.98
’ ' ) ' ’ ' ' ' ’ 16.7 | 2,05/ 176 | 2.63
15.1 | 2.95 164 | 1.54 | 13.5 | 1.40| 170 | 0.75 | 15.1 | 1.70 168 | 0.47 | 16.4 | 2.15| 173 | 3. 38
14,3 | 2.35 165|150 —| — —| —|11.8|0.90 169|0.78|12.8|0.10] 181 | 3.78
18.1 | 4.85) 162 | 0.50 | 19.8 | 8.25| 163 | 0.39
16.5 | 3.85| 161 | 0.75 | 17.6 | 5.95| 162 | 0.51
30°C | 15.5 | 3.20] 161 | 1.13 | 16.4 | 4.55 164 | 0.59
14.3 | 2.60| 161 | 0.69 | 14.8 | 2.85 165 | 0.69
13.6 | 2.10| 160 | 0.82 | 13.1 | 1.80| 167 | 0.71L
EM-6% (Z02) M & A R & &
a v e B Y H PN i FoE B T AR
el e | 5 L2 el ook e | (L% el ek e | (B L%
W.B%| V min lec/100g t/h |WB%| V min |ec/100g] t/h |W.B%| V min lcc/100g t/
18.2 —| o | 184| —|192| —| o | 10| —{o11| —]| o | 15| —
17.6 | 1.10| 2 | 181(0.21{19.0(3.70| 2 | 171|0.24|21.1|6.00| 2 | 173]0.23
200 C 17.5| 1.100 5 | 180|0.22[19.1(3.80| 5 | 170, 0.28 | 21.4|6.50| 5 | 169 0.29
17.6 | 1.25 10 | 182 0.22[19.0|4.05| 10 | 167 |0.33|21.2|7.10| 10 | 168 |0.46
17.5| 2.400 30 | 167 | 0.57 | 19.0 | 4.40 | 20 | 167 |0.43 | 21.1|7.85| 20 | 161 | 0.87
— — — —| —1]18.8|470| 40 | 162|0.48]21.0|7.95| 30 | 161|0.75
13.7 — 0| 18] —
13.8 |—0.35 2 | 177 0.43
13.8 |—0.150 5 | 175|0.66
20°C
13.7 | 0.25) 10 | 171 0.76
13.8 | 1.35| 20 | 162 |1.39
13.9 | 2.15| 30 | 161 2.07
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EV-1% CEIC T2 HEBRMER
= A & JE (v o3 FE EY yE
No. & ok ;K 100g 2% #® S N 5 R
MDP-712 MDC-731
% v v CC/100g °C i
1 15.6 2.2 3.0 173 25.9 e i
2 25.3 9.5 8.0 173 24.2 3 oa v
3 15.8 2.5 3.2 180 24.5 B 5
4 17.1 2.9 3.8 169 21.5 ”
5 16.5 2.4 3.6 179 23.0 ”
6 16.8 2.9 4.0 170 23.5 p
7 18.7 3.6 4.3 173 24.2 ”
8 23.8 7.5 7.5 172 24.0 ¥ oo v
9 20.3 5.7 5.5 182 24.2 v
10 17.4 3.9 4.9 164 24.5 A w
11 22.8 5.5 5.9 181 20.0 B o= v
12 18.7 2.4 3.1 189 20.3 2 w7
13 16.6 2.4 3.4 176 20. 8 ”
14 16.3 2.3 3.5 170 20.4 ”
15 16.5 2.1 3.1 177 19.5 ”
16 15.3 1.8 3.0 177 19.0 ”
17 24,9 8.3 8.1 171 18.8 B o= v
18 17.5 2.6 3.1 175 20.5 3y 72
19 21.1 8.2 5.7 184 20.5 ¥ oa v
20 22.1 5.7 6.0 166 20.2 ”
21 20.0 4.4 5.1 167 20. 8 ”
22 24,2 8.9 8.3 167 19.0 ”
23 17.3 2.7 3.5 176 16.5 o ¥z
24 18.9 3.4 4.8 171 16.1 ”
25 17.0 2.2 2.9 175 16.0 ”
26 18.1 3.4 4.3 163 16.3 7
27 17.6 2.3 3.8 169 16.5 ”
28 23.3 6.7 7.0 173 20.0 E N
29 21.2 6.5 6.2 169 20.5 v
30 22.1 6.8 6.5 164 19.8 ”
31 22.8 7.1 7.2 169 20.4 B o= v
32 17.9 3.1 4.1 166 19.9 P B
33 17.9 3.6 4.8 163 20.1 p
34 18.0 3.1 3.9 168 20.6 ”
35 21.6 6.8 7.0 161 22.3 ¥ a v
36 20.0 5.5 4.9 179 21.7 "
37 22.3 6.7 6.7 164 20.7 B = v
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BV-2% RRHHOSHERS & GED
MO R B e | Lo (2 8 [bem | g gt (G [ EE
- e BL# | mw |w g i om | R
1c!
ZT % % & Z] B B Z % %
1 91.7 2.8 0.4 0.3 0.0 4.8 0.0 0.0 0.0 8.3 5.5 3.2
2 79.5 13.9 3.7 0.0 0.0 1.6 0.1 1.0 0.1 20.5 6.6 17.6
3 96. 5 2.7 0.4 0.2 0.0 0.2 0.0 0.1 0.0 3.5 0.8 3.1
4 96.3 2.2 1.1 0.1 0.0 0.3 0.0 0.1 0.0 3.7 1.5 3.3
5 96. 2 2.8 0.1 0.1 0.1 0.8 0.0 0.0 0.0 3.8 1.0 2.9
6 98. 3 0.7 0.0 0.1 0.0 0.7 0.2 0.0 0.0 1.7 1.0 0.7
7 96. 3 2.5 0.2 0.0 0.0 0.8 0.1 0.0 0.0 3.7 1.2 2.7
8 92.6 11.9 2.9 0.1 0.0 2.1 0.1 0.1 0.0 17. 4 5.4 14.8
9 90. 8 2.6 0.6 0.4 0.1 4.2 0.7 0.3 0.4 9.2 6.5 3.2
10 92.8 4.3 0.4 0.1 0.1 2.2 0.0 0.1 0.0 7.2 2.8 4.7
11 85.9 10.7 2.4 0.1 0.0 0.5 0.0 0.2 0.0 14.0 3.3 13.1
12 96. 6 2.8 0.2 0.2 0.0 0.2 0.1 0.0 0.0 3.4 0.7 0.3
13 95. 6 2.7 0.0 0.1 0.0 1.5 0.0 0.1 0.0 4.4 1.7 2.7
14 96.0 3.0 0.4 0.0 0.1 0.5 0.0 0.0 0.0 4.0 1.0 3.4
15 — — — — — B - — = - — —
16 — — — — — —| - - = — — —
17 83.4 13.4 1.0 0.1 0.1 1.6 0.2 0.2 0.1 16.7 3.3 14. 4
18 9L.9 2.1 0.2 0.3 0.1 5.2 0.0 0.0 0.0 8.1 5.9 2.3
19 90.5 3.6 13 0.5 0.2 2.7 0.5 0.3 0.4 9.5 5.8 4.9
20 89. 4 3.5 1.5 0.3 0.2 3.7 0.6 0.4 0.3 10.6 7.0 5.0
21 92.5 2.8 0.3 0.0 0.1 3.8 0.3 0.1 0.1 7.5 4.7 3.1
22 84. 4 9.3 2.3 0.0 0.1 3.1 0.3 0.4 0.1 15.6 6.2 11.6
23 90. 5 6.4 0.5 0.1 0.2 1.9 0.1 0.1 0.2 9.5 3.1 6.9
24 94.3 4.2 0.3 0.0 0.0 1.0 0.0 0.2 0.0 5.7 1.6 4.5
25 90. 4 6.4 2.2 0.2 0.0 0.4 0.0 0.2 0.0 9.6 3.1 8.7
26 94. 2 0.4 0.0 0.1 0.1 5.1 0.0 0.2 0.0 5.8 5.4 0.4
27 95. 8 2.0 0.1 0.2 0.2 13 0.0 0.2 0.0 4.2 2.2 2.1
28 86. 4 7.5 1.7 0.1 0.1 3.7 0.1 0.4 0.0 13.6 6.1 9.2
29 89.3 5.1 1.0 0.1 0.1 0.3 3.0 0.7 0.5 10.7 5.6 6.1
30 81.7 10. 4 3.8 0.1 0.1 3.3 0.2 0.2 0.1 18.3 7.9 14.2
31 92.3 3.9 0.8 0.2 0.0 2.1 0.1 0.1 0.4 7.7 3.7 4.7
32 98.0 0.9 0.0 0.2 0.1 0.7 0.0 0.1 0.1 2.0 11 0.9
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SUMMARY

In order to develop the automatic operating dryer
with the grain moisture content detector based on
the principle of the correlation between the electric
capacitance and grain moisture content, without any
destruction of grain, a series of investigation was
carried out. The first step was the fundamental ex-
periments on the electric properties of the grains,
then the development of moisture detector for flow-
ing grain and finally the automatic operating dryer
with detector.

The investigations were carried out from 1967 to
1975 and the results are as follows.

1. Electric properties of grains in artificial
drying

The experiments were carried out for both cases,
the unstability state in which the distribution of
moisture in grain kernels was uneven immediately
after drying and the stability state in which the
moisture was evenly distributed.

For the measurement of grains electric properties,
the apparatus consisting of coaxial cylindrical elec-
trode connected to Q meter was used. The grains
used for the test were wheat, barley and paddy. The
coaxial cylindrical electrode is shown in Fig. 1.

1) Grain moisture in stability state
(1) The loss tangent

The larger the loss tangent the higher the mois-
ture content, and when the loss tangent was great-
er than 0.1, the moisture content was 8 to 16 %
(wet basis) regarding to the kind of grains and the
frequency of measurement in the experiment.

(2) When moisture content or grain temperature
was high, the capacitance, loss tangent and real
permittivity increased. When the loss tangent was
high, the problem arised that only apparent values
of capacitance and real permittivity could be measur-
ed and very difficult to measure them accurately.

(3) The capacitance was effected by frequency with-
in the range of 0.1 to 10 MHz, the lower the
frequency the larger the variation of the capaci-
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Fig. 1 Coaxial Cylindrical Electrode
for the Basic Experiment

tance on the same moisture variation.

2) Grain moisture in unstability state

(1) In the case of unventilated grain after the
heated drying and without changing of mean mois-
ture in the grain kernel, the capacitance, loss tan-
gent and real permittivity increased exponentialy
with progress of time and it was estimated that
they took about 48 hours to reach the stability
state.

(2) The measurement error of moisture content
occucred due to the difference of capacitance be-
tween stability and unstability states of grain mois-
ture. The difference of capacitance between the two
states became less by increasing the frequency of
measurement for both cases.

As a comparision detection of moisture in the
grain by microwave adsorption method was carried
out, and it was found that the error in this case
was smaller than the capacitance method.

— 54 —




2. Analysis of factors influencing the
measured value of moisture using elec-

tric capacitance detector

Using the same apparatus as in item 1, the measure-

ment of capacitance for various kinds of paddy and
moisture content were made in order to analyze
the influencing factors, such as grain temperature,
apparent density, whole grain content, tailings (ear
breaking and primary branch), impurities (husked
kernels, straw chips and foreign matters) and
measurement frequencies with the relation between
moisture content and electric capacitance.

The results are as follows.

1) Static condition

For analyzing of the relation between moisture
content and capacitance, linear regression was made
for each frequency. The scattering of measured
values was compared by standard deviation of each
regression line, and it was found that the higher
the measurement frequency the smaller the scatter-
ing of measured values. For the relation among
moisture content, capacitance and other above men-
tioned factors in each frequency multiple regression
was made in order to investigate the influencing
factors. According to the results, it was found that
capacitance was influenced significantly by impurity,
temperature and moisture content of grain at 0.1
MHz, only by moisture content at 1 MHz and by
moisture content and apparent density at 10 MHz.
The reason that the temperature had no significant
influence on capacitance at 1 MHz and 10 MHz was
due to the smaller range of tested grain temper-
ature, 17.5 to 21.0°C. It was found earlier that
temperature had significant influence on capacitan-
ce in the previous experiment.

Based on the above results, the regression equa-
tions were formulated correcting by the significant
parameters.

According to the calculated results, the scattering
at 0. 1MHz was so much that it was of no practical
use, and the scattering at 1 MHz was considerably
larger than the corrected significant factors at 10
MHz. It means that if the detecting value was cor-
rected with apparent density at 10 MHz the highly
precise detection was possible within the range of
0.1 to 10 MHz. If the detecting value was not cor-
rected by above factors, the smallest scattering was
also possible at 10 MHz.

2) Flowing condition

The apparatus with coaxial cylindrical electrode
equipped with vibrator to facilitate smooth grain
flow, as shown Fig. 2, was used and the measure-
ment frepuency was adopted only for 10 MHz. There
was the trend that the apparent density increased
due to the snapping off of grain tailing and
smoothening of grain during the period of passing
through the apparatus. Further the same grain
was repeatedly passed through the apparatus and
other flowing path.

The analysis was similarly carried out as in the
above mentioned static condition with the values of
two different cases. One was the case of grain con-
dition after five minutes from beginning of grain
flow and the other condition when the grain char-
acteristic considered to be stabilized (apparent
density had reached nearly constant value).

It was found that the measured value was not
influenced by the grain flow rate in the range of

experiment conditions of 0.12 to 3.1t/h and if cap-
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acitance was corrected for temperature and ap-
parent density, the detecting of moisture content
was possible with fairly good accuracy in grain
flowing condition.

3. Studies on practical detecting devices
of moisture content in grain flowing
condition

Fig. 3 shows four possible kinds of devices to
detect continously the moisture content of flowing
grain, which were designed based on the results of
item 1 and 2. Each device had a sensor attached to
a vibrator to facilitate smooth grain flow. The
electrodes were two disk types and cylindrical types.

The disk type electrode was attached to a vi-
brator and placed with some clearance below the
end of the grain flow pipe, and single or double
metal rings were arranged on the surface of the
disk and grains flow along this surface. In the case
of cylindrical type, the coaxial cylindrical electrode
as like one mentioned in item 1 and 2 and the
cylindrical grid electrode with the multiple metal
rings attached along the cylinder wall.

This moisture content detecting method was the
type by the change electric capacitance between the
positive ring and earth ring at 10 MHz. The rela-
tion bhetween moisture content and electric capaci-
tance was caliblated. For all the devices, electric
capacitance was converted to electrical frequency
by the converter located near the cylinder wall in
cylindrical types and inside of the disk in disk
types. The reason was to avoid disturbance such as
floating capacitance when the remote control or
observation of moisture content was made away
from the device such as to recorder or indicator.
The electrical frequency was converted to voltage
as final out-put.

The main results of studies on the trial made
detector are as follows.

(1) The influence of paddy varieties and apparent
density on the detective accuracy in the disk types
were smaller than in the cylindrical electrodes. For
the disk type electrodes, it was found that the rela-
tion between the out-put and temperature of a cer-
tain moisture content was parallel regardless of
paddy varieties, and hence the correction for the
grain temperature was easy.

" {2) In the disk type electrodes, each electrode had
a disk with vibrator and capacitance was converted

to electrical frequency at inside of the disk, but the
measurement value was independent to temperature
rise and vibration at the time of measurement.

(3) The cylindrical electrode method was influenced
considerably by apparent density and hence it was
not an appropriate method for moisture detection,
but it might be considered for detecting apparent
density.

(4) In the case of cylindrical electrodes, when the
grain was put into the electrode and then the vibra-
tor was operated when the grain condition was
changed from static to flowing, the apparent capaci-
tance changed considerably. In this case, it was
observed that the arrangement of grain kernels in
static and flowing condition was different along
the wall of the cylinder and the change of capaci-
tance seemed to be caused by the change of kernels
arrangement.

5. Investigation on applicability of mois-
ture detecting device for practical

country elevator

The experiment on the trial detecting devices
were made not only for the purpose of dryer con-
trol but also for investigation on the applicability
of moisture content measurement of paddy in the
operation of practical country elevator.

The double ring disk type electrode, the cylin-
drical grid type electrode as mentioned above, two
commercial made electric capacitance type and two
commercial made resistance type moisture meters
were used in the experiment and they were com-
pared on the accuracy of measurement of moisture
content.

The variety of tested paddy was mostly “KOSHI-
HIKARI”, with various moisture contents. The clean-
liness of the paddy also varied depending on the
harvesting practices, such as harvesting by combine
harvester, binder or sickle and then directly deliver-
ed or precleaned before delivering to the country
elevator.

In the country elevator the paddy was tested by
the trial made electrodes before passing through the
separator, and since the correction with apparent
density on the detecting accuracy was not made,
the error occurred with the variation of apparent
density was considerably large. ‘

Then an alternative test was made by circulating
and the tested paddy for a certain period in the
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device to obtain a certain apparent density. The
standard deviation of measurement points against
the regression line of the relation between the
measured values by the testing devices and standard
moisture content measurement method (standard
air-oven method) were 0.7 % to 0.9 % in the trial
made electrodes and 0.6% to 1.0% in the commer-
cial made moisture meters.

In conclusion, the applicability of the trial made
electrodes was low for paddy without pre-treatment
such as circulating or agitating and so on. However,
it was considered that the applicability on detecting
might be possible when grain character was stabili-
zed by mixing or agitating for a certain period as
in the detection of final moisture content in the
circulation heated air dryer.

6. Studies of prototype automatic dryer

with moisture detector

Based on the results of item 1,2 and 3, a proto-
type automatic moisture detecting dryer using a
commercial made circulation type heated air dryer
attached with the double ring disk type electrode

was tested.

It was considered that influence to the measure-
ment value of apparent density of paddy after a
period of few hours from the beginning of drying
was small, because the condition of paddy in the
dryer stabilized as mentioned previously.

Further the moisture detector and automatic de-
vices which were able to stop automatically when
the grain moisture content reached the set value
were attached to the commercial made heated air
circulation dryer.

The moisture content in the dryer was detected
continuously and stopped when the moisture content
reached a certain value, but for a few different
batches there were variation of moisture content at
stopping time even in a similar set value. In this
case, the factors which affect to measurement value
were investigated, such as apparent density, content
of immature grain and rice growing condition, but
the cause of the moisture content variation was
not clear.

Further experiments and calibrations will be re-
quired for vaious paddy varieties and properties
for the practical use of automatic control dryer.
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