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1.Dust-removing blower  2.Air duct 3.Hood 4.Frame 5.Sand drum
6.Dehulling roller  7.Sprocket of the roller 8.Belt 9. Driven sprocket
10.Engine of the sand drum 11.Hopper of whole mung beans 12.Outlet of
whole mung beans 13.Outlet of half mung beans 14.Hopper of half mung
beans 15.Support of the vibration screen 16.Vibration screen 17.Vibration
motor 18.Engine of the dehulling roller 19.Coupling 20.Driving sprocket
21.0utlet of dedusting fan 21.Engine of dedusting fan
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Fig.1 Sketch map of dehuller for dried mung beans
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Fig.2 Tested mung beans
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1. Base 2. Support frame 3. Support of hopper 4. Hopper 5.Stockpile of mung
beans 6. Ruler

i HANSEMEREE, mm; DM TFHKMER, mm.

Note: H is height of stockpile of mung beans, mm; D is diameter of stockpile of
mung beans, mm.
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Fig.3 Sketch map of repose angle test instrument
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Table 1 Coding of experimental factors and levels
[X % Factors

AT R iR LT
Levels  gpeed of dehulling  Speed of sand drum Operation time
roller A/(rmin™) B/(rmin’™") C/min
-1 25 1 400 90
0 30 1700 100
1 35 2000 110

I H Design-Expert 3, DL O 4 5 i Bl 10
(central composite design, CCD) 77 VAT I I i 56
5, IR IREU G5 R WK 20 SR S5 B AT 0 i 15 2 i
Fatgd O HKE P 5h IR EE, iR, F
MV [a]) FHC AR, IR BT AT ST LA LA R
3 FEREHMH
3.1 BRAEE

1) Bt 2 10 el A 45 F 4

HRAE 2% 2 i B A 2 1R 56 45 2, N2 H Design-Expert
B ST A5 g i A8 T [n) A B AR A R

0=96.19-2.544+097C+0.354B+1.174AC
—-0.05BC—0.494> —1.26B8> —0.69C*

e — 2 ) S AR (R U0 RE R R % DR 30 I B 5 A
BN E T, XK 2 S%RFET T 20 &K =TT
TRIEVA G BT R R, 2R OE RECR N 09719, HiZ
R P AENRCRZE . RIS, DRI m] 0 Y i A 7
5 SCPREE RANEHE R, AT Tl B A% 2 B T 73
B, EUAT R R A H i o B R/ e B TR 3O i R
AP L FFN: A. C. B.

2 RBRHHERS
Table 2 Design of tests and results

B E y
1?5:{%? B C Qualiﬁiﬁfhulling Dehﬁlﬁiung
i rate O/% bean rate P/%
1 0 SR 93.40 76.20
2 0 [ 93.90 80.22
3 1 10 92.00 78.29
4 -1 10 97.60 80.71
5 0 0 0 95.90 74.40
6 0 1 1 95.00 82.55
7 -1 0 1 100.00 86.69
8 1 0 -l 92.37 72.01
9 -1 1 0 96.50 82.73
10 0 -1 94.70 86.78
11 0 0 0 95.69 74.70
12 1 0 1 92.70 86.69
13 0 0 0 96.58 75.00
14 -1 0 -l 95.00 87.80
15 1 -0 91.70 7527
16 0 0 0 96.71 7520
17 0 0 0 96.09 74.20

K3 BERERERESN
Table 3 Variance analysis of qualified dehulling rate
W75 %

K FUTAT E X BEM
Origin Square dr Qu.’:\idra'nc' mean Significance
eviation
17! Model 75.63 9 8.40 26.89 H
A 51.66 1 51.66 165.34 o
B 0.00 1 0.00 0.00
c 7.47 1 7.47 23.90 o
AB 0.49 1 0.49 157
AC 5.45 1 5.45 17.45 ok
BC 0.01 1 0.01 0.03
A4 1.00 1 1.00 321
B 6.64 1 6.64 2125 *
lon 1.99 1 1.99 6.38 *
¥ % Residual 2.19 7 0.31
LOST(?;’T} e 0 3 0.47 247
{22 Pure error 0.77 4 0.19
R 0.9719
> 2
Adjufri%rﬁ of g2 0338

: *RREHP<0.05), **+FRWEEP<0.01), FH.
Note: * means significant(P<<0.05); ** means highly significant (P<<0.01), the
same below.
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Fig.4 Response surfaces of speed of sand drum and operation
time on qualified dehulling rate
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Table 4 Variance analysis of dehulled mung beans rate

Kol TR pmp | E e
Origin Square dr Quzdra‘tlc_ mean Significance
eviation
17! Model 448.19 9 49.80 441.87 ok
A 52.12 1 52.12 462.48 o
B 12.70 1 12.70 112.70 ok
c 170.94 1 170.94  1516.77 ok
AB 0.25 1 0.25 2.22
AC 27.77 1 27.77 246.43 o
BC 225 1 225 19.96 o
A4 15.08 1 15.08 133.81 o
B 29.74 1 29.74 263.85 o
c 122.44 1 12244  1086.41 *
%72 Residual 0.79 7 0.11
5
Loszi(?ﬁfting 0.11 3 0.04 0.21
%% Pure error 0.68 4 0.17
R 0.998 2
y 2
Adjuls}?n%ﬂﬁ of g2 09360
s _ 90
‘ E% 85
S E80
1= £ 75
270
1

S o 7, 100753 1640 o
RO NS D S oA N
SR iy t//%’/ 907 400 M\?‘i ;“(} o
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a. P=f(4,0,C) b. P=A(0,5,C)
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Fig.5 Response surfaces of factors’ interaction on dehulled mung
beans rate
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max Q0

max P

-1<4<1 (6)
-1<B<I

-1<Cc<1

KRBT EME O P KN K &AL MHEAN:
A=25.20 r/min, B=1642.61 t/min, C=108.80 min. I,
G O N 99.72%, HIKE PR 86.57%. HRIEMLILL:
S BB S HOR R 2 B AR T IG IR, IO ER
HE 3R, BEERKE. HREHE SN 99.10%-
85.87%, SEMMRERN, WG R B GBS TE
B, ARBPFAAT A,

2017 411 A 13 H& 18 H, At BIiFE Rt S5
SEBRAEFEROR, AL SR SN H T4k BN R R % IR
PG 7SR B A IR A BT R B R Tk5e, Rt
20 #Ik, SRR B3 HOKZEWER 5 s,
HIE S 99.32%. 85.63%, ANV BB e AT K IE
Permr, PR R TS bRA

x5 SHRMIELRE
Table 5 Operation quality of each batch

L% %45 Batch No. 0% PI%
1 100.00 85.31
2 99.12 85.90
3 99.33 85.01
4 100.00 86.31
5 99.42 85.24
6 99.38 85.91
7 99.27 85.23
8 99.16 87.22
9 99.37 85.95
10 99.29 86.24
11 99.21 86.23
12 99.12 86.91
13 98.90 85.70
14 100.00 84.71
15 98.95 85.21
16 99.16 84.34
17 100.00 86.42
18 98.62 84.12
19 98.91 85.81

20 99.09 84.32
H{H Average 99.32 85.63

5 & it

1) G FVE R AR5 2= A s AR, s ma Rz
BREERIR R IROA  Wot B T 7 e 3 > A b B[R] > b
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P >R . G ST A e, B IR
B 5 RV I [R) A8 A FH 6T it J2 A s il 2 3 (P<
000 , HRZSHZHAEMEWMALE; MEREHES
VEMV IS B 22 BAE X KRR S A 23 (P<0.0D) , i
TR i 5 DR % T A8 TLAE X KR R AN B3

2) N H Design-Expert £, DLt 2H A i 37 il i 77
ERTT T RIS 7 R S5 S5 2 HAni Ak, 5201
A HOKRERIB R R B i R 7 i
25.20 r/min KPR AL 1 642.61 r/min fii 215 [A] 108.8 min.
TERRAR IR KA R BR8N 99.72%, HKE P A
86.57%
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N 85.60%, AEMV B G AT RIE Mg, 2P R IR
S HOAT 5 JE 2% T R A SEBR AR 2 K
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Optimization and experiment on key parameters of dehuller for dried
mung beans

Wang Jiannan®?, Liu Minji!, Hu Zhichao®, Wei Hai*, Xie Huanxiong®
(1. Nanjing Institute for Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China;
2. Nanjing Agricultural University, Nanjing 210031, China)

Abstract: Mung bean is one of the widely cultivated crops in China, and its yield and exports account were the first in the
world. However dehulling technology and operation quality of mung bean have not been significantly improved over the long
term due to insufficient attention. The poor qualified dehulling rate and dehulled mung beans rate restricted the development of
mung bean industry. The unreasonable working parameters (speed of dehulling roller, speed of sand drum, operation time) of
the dehuller were the main reason of this problem, which had a negative impact on operation quality. In this experiment,
quadratic orthogonal rotation and response surface method were used to obtain the best operation quality, and key working
parameters were optimized using Design-Expert. The properties of tested mung beans were analyzed, and the results showed
that the color of the mung beans was dark green. With the moisture content of the mung bean at 9.2%, the thousand seeds
weight was 63.5 g, and the length, width, thickness were about 5.70, 4.18, 4.33 mm respectively, the repose angle of mung
beans was 23.71°, the crushing force of 60% mung beans was about 36 N. The data analysis of the dehulling experiment
showed that primary and secondary factors for qualified dehulling rate was speed of dehulling roller > operation time > speeds
of sand drum. Regarding to the dehulled mung beans rate, the order was: operation time> speed of dehulling roller > speeds of
sand drum. The result of interaction analysis showed that the interaction between speed of dehulling roller and operation time
had a significant impact on the qualified dehulling rate, while the interactions between other parameters were not significant.
The interaction between speed of dehulling roller and operation time had a significant effect on dehulled mung beans rate, and
the interaction between the speed of the sand drum and operation time also had a significant effect on dehulled mung beans
rate. The optimal working parameters of dehuller for dried mung beans were speed of dehulling roller of 25.20 r/min, speed of
sand drum of 1642.61 r/min, and operation time of 108.8 min. With the optimal working parameters, qualified dehulling rate
and dehulled mung beans rate of the dehuller were 99.72% and 86.57%, respectively. The results of verification test and
optimization result were highly consistent. Production tests were carried out 20 times in the factory according to the
optimization results. With the optimal parameters applied by dehuller for dried mung beans, qualified dehulling rate and
dehulled mung beans rate were 99.3% and 85.6%, respectively. The results of the production verifications were very close to
the results got from the previous model results, and the quality of the dehuller improved greatly. This study is helpful for the
improvement of the dehuller for dried mung beans.

Keywords: crops; dehuller; optimization; mung beans; working parameters; physical properties; key components



