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Optimization and experiments on working parameters of winnowing

machine for walnut shell and kernel mixture
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Abstract: Objectives: To meet the requirements of high cleaning
rate and low loss rate. Methods: A small negative pressure
winnowing machine for walnut shell and kernel mixtures was
developed. Single factor test and response surface optimization
method were used to analyze the working parameters of
winnowing machine based on such two separation effect indicators
as cleaning rate and loss rate. Results; For 1/2 shell kernel, 1/4
shell kernel, 1/8 shell kernel and 1/16 shell kernel materials, the
2.5 kg/min, the fan

optimal feeding rates were 4.0, 3.5, 3.0,

frequencies were 40, 35, 30, 30 Hz, the feeding inlet heights
were 400, 400, 300, 300 mm, respectively. It was seen from the
separation effect of different grades of walnut shell materials that
1/2 and 1/4 shell kernel materials had the best separation effect.

Conclusion: Shell and kernel separation can be effectively realized
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by controlling the working parameters of winnowing machine. It
is difficult to separate 1/8 and 1/16 shell kernel materials for the
overlapping range of suspension speed of shell and kernel
materials.
Keywords: walnut; shell kernel separation; negative pressure

winnowing machine; working parameters; optimization method
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Figure 1 The model of winnowing machine
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Figure 2 The walnut shell kernel mixture
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Figure 3 The influence of various factors on performance indicators
F1 WMEEREERSKE T P A9 0.352,0.389, 3 K F 0,05, 35 B 2k 8L 15
Table 1 Response surface test factors and level AN 2, 3 0 [E] 5 A AR T K 06 T N B R e T
B AR AR B R 36 20 R A4 R 95.59%
XORKGEE X RBUBCE/ Xopmrg O DURE P B AORSC R AR5y 95507
AE e min) s . 05.22% 3201 95 % L - Ft W L {8 4 T L4 4 1Y L A
T o DR, BT AT LA TR0 43 A A% M e A= XU 35k AL 17 A
—1 4 30 300 2
2
0 0 3 350 T 6 25 0 o TR TR A fg XL Xy L X 0] R TR 5 e AR
1 6 10 100 X)X, X6 R W 3 5 Bt 2 K W AT A e
Xy X X AR TR R 1 G 2, X WX X L X X X AR A 5 ]
2.4.3  [EIABIRNE S, G BEVEM T i Design-Expert . FEARIFEMA P<C0.01, % 850 P>>0.05 [y 3£ ak . 5
13 PR Xt 2 A IR B0 BOR HEAT S BTV BRI S ok MR A 3 00 A [ 0T A R i 1 1R
Tt 2 e i T [ AR AR 1k = (5) .26 frR,
Y, =81.328 5+4.157 5X, —0.174 7X, —0.000 03X, — Y, =81.328 5+4.157 5X, —0.174 7X, —0.000 03X; —
0.035 0X,X, — 0.003 0X,X; — 0.000 48X,X; — 0.0350X,X,—0.224 0X?%, (5)

0.224 0X%40.003 04X%+0.000 056 X%, (3) Y, = —2.715 25+ 0.496 25X, + 0.025 450X, +
Y, = — 2.715 25 4 0.496 25X, + 0.025 450X, +  0.007 2X, —0.007 5X, X, —0.000 8X, X, (6)
0.007 2X;—0.007 5X; X; —0.000 8X,X; —0.000 08X, X; +  2.4.4 &FEEIIEERGH LB WM O HE3
0.012 25X%-+0.000 69X%—0.000 01X%, (4 iy F AT, 45 TR 28 060 3 3 56 04 5T ik 28 K /N Y Sy it
Hi e 3 AT I BE AR PR AR L AR B P OB/ kb o > MR R > KUK 2 L 4% DR XA K R TR
F0.01, KU R W2 . 5 B R B RN A R E RN Ay W R > UM R > e

F2 MEBREERSKE
Table 2 Response surface test factors and level
KRS Xy X X WkRY /% WMEEY./ % |[HES X X X WL Y /Y% BKREY,/%

1 —1 0 1 96.71 0.65 10 0 0 0 95.91 0.62
2 1 —1 0 95.48 0.75 11 —1 —1 0 95.86 0.50
3 1 1 0 95.49 0.78 12 0 0 0 95.86 0.65
4 0 —1 1 96.54 0.68 13 1 0 —1 95.42 0.75
5 0 —1 —1 95.36 0.59 14 1 0 1 95.71 0.70
6 0 1 —1 96.13 0.69 15 0 0 0 96.04 0.63
7 —1 0 —1 95.82 0.54 16 0 0 0 96.20 0.68
8 —1 1 0 96.57 0.68 17 0 1 1 96.83 0.70
9 0 0 0 95.98 0.66
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Table 3 Regression equation analysis of variance

S Tk EE e

- J5 F H Hi B F {4 P i -5 A H H B F g P{g
LR 3.160 0 9 16.87 0.000 6 * * 0.078 9 9 13.63 0.001 2**
X1 1.020 0 1 49.08 0.000 2 * 0.046 5 1 80.61 <20.000 1~
Xz 0.396 1 1 19.01 0.003 3** 0.013 6 1 27.58 0.002 5*
X3 1.170 0 1 56.18 0.000 1** 0.003 2 1 6.37 0.039 6*
X1 X; 0.122 5 1 5.88 0.045 8* 0.005 6 1 9.68 0.021 2*
X X3 0.090 0 1 4.32 0.076 3 0.006 4 1 10.75 0.016 1*
X2 X3 0.057 6 1 2.76 0.140 3 0.001 6 1 2.49 0.158 9
X1 0.211 3 1 10.14 0.015 4~ 0.000 6 1 0.46 0.354 8
X3 0.024 3 1 1.17 0.315 8 0.001 3 1 1.31 0.205 6
X3 0.083 7 1 4.02 0.085 0 0.000 1 1 0.05 0.984 4

Sz 0.1458 s 0.0005 7

LV 0.076 1 3 1.46 0.352 2 0.002 2 3 1.23 0.438 7
R#E 0.069 7 4 0.002 3 4
A 3.310 0 16 0.083 4 16

T P<<0.01(M 3% » % ); P<T0.05(H3 %),

2.4.5 ZEH PRI R WA AR E s
M4 5 43 07 ORI BE L RUALAR 2R L 3 11 o B 5 IR 3%
Xof Y HE % AR R BE AR AR K R

(1) 22 PR 22X 1 18 32 09 5% Wi 280 0y 43 A7 = A 18] 4 Ca) BT
TR SRR O R BE A T b0 KO (350 mm) B T % 2 [
WA} TR | IXUBIL AT 2% 22 Al 8 A Ak L 38 R BB 5 0 0 2
MR} R R AR TR R v e . MRORLEE R 4 kg/min, B
FE UHUAT R 1) 18I, 395 8 %6 2 1 3 X XUPIL AR 6 3k 3]
40 Hz i Ak 2T e Rk S0, A 4 iR, 4
AL R A T v o0k - (35 Hz) H W RL 3B — 52 I, BE 45
HEARF O EE AR R R A W R RS B
HERL TR BE I L 43 B I N R 3 A 5, e R
PSR TR A 4 o) R 24 MORE S BE AL F o KR
(5 kg/min) H RHLH A — & i, B 35 2 007 B A9 38

T
Cleaning rate/%

(a) Y|=f(X|sza 0)
K 4

(h) Y,=f(X],0, X))
R WFAHLFEG Y

M 5E AT 1 R 1 o EL mey S iy TR BT A TP AR

RAOR T WA 8B A 0N o UL AT 3R 180 T, XU G
AR T G U AR D R 2 R 5
Vol /U B 5 A R [ Bt 1 A, SR A R B T
B2 5 204 KL 26 38 i B, 43 8 s P XU G L A% Bk o 2
P4y IR ot Lk 7 R DR O 3R 0 SR 5 24 3R 1
8T e G s PN A 38 M K 0K 32 B SR 1R
Ry S IR B T A SR

(2) ZHZFE RSN W BN 53 47 - 0 & 5 () B
MR TR BE AT AP0 KSR (350 mm) B 461 2% K [ IR
TRRE | RUHLAR 256 52 3 2 1k A5 Ak A ARG RUAIL 43T 6 R ol /> IR
A A F R AR 2 %, 2 IRRHH O 4 ke/min, B & X
HUAT S 14 38 0, 451 2% 36 2 1 K 3, 24 XUBL A K 35 )
40 Hz I, 6 25 TR} 3B () 1 0 A Bk Bk S B 1 g

o 1
K]

&zoz'
s <
o ‘:350‘
= 2
== z::;?? S
S
= ‘:?é::i‘::’:»ﬁ"*‘
{ 0 T
80

30 0; 40
; 36 5
Ly 34 34 0%
I}I]ﬂ;/Q/,%‘/iO3OO 30 9L W W:\dl\%
i /75'1' < (e
é%[/o]'b ?aﬂ\ﬁ‘

(¢) Y=/ (0, X, X))

Figure 4 The influence of interaction factors on the cleaning rate
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Figure 5 The influence of interaction factors on the loss rate
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Table 4 Regression equation analysis of variance
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