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1. Compound double-layer sieve 2. Frame 3. Vibration eccentric mechanism

4. Tubular fan 5. Vibrating fine sieve 6. Windshield adjustment device
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Fig.1 Wind-sieve type cleaning device for cumin
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Table 1 Material characteristics of cumin extrusions
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Fig.2 Schematic diagram of cumin threshed mixture
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1. Impurity guide groove 2. Side plate 3. Top sieve 4. Bottom sieve

VE: LOAMEEK, mm; Lo EIRKE, mm; L, A FHKE, mm; B,
HFERIENE, mm.

Note: L is the total length of the sieve, mm,; L, is the length of the top sieve, mm;
L, is the length of the bottom sieve, mm; B, is the sieve width, mm.
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Fig.3 Structure diagram of compound double-layer sieve
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Note: m is the mass of the dislodged material, kg; w is the angular velocity of the
vibrating screen movement, rad-s 1; 0 is the vibrating screen vibration direction
angle, (°); a, is the vibrating screen mounting angle, (°); 4 is the vibration
amplitude of the vibrating screen, cm; G is the gravitational force, N; 4, D is the
vibrating screen active crank and slave crank installation position, respectively;
B, B, B,is the active crank position at different time, respectively; C, C,, C,is
the active cranks position when the slave crank at B, B,, B,, respectively.
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Fig.4 Motion and force analysis of extruded material on
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1. Upper wall of air duct 2. Hollow shell 3. Blade 4. Main shaft 5. Lower wall of
air duct 6. Air volume adjustment windshield 7. Wind direction adjustment
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1. Compound double-layer type sieve 2. Tubular fan 3. Vibration fine sieve
4. Windshield interception device
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Fig.6 Trajectory diagram of ejection
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Note: v, is the working airflow velocity, m-s; F, is the trailing force of the
working airflow, N; a is the angle between F;and the sieve surface, (°).
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Fig.7 Schematic diagram of stress analysis of cumin seeds
subjected to cleaning air
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1. Air baffle 2. Angle steel 3. Bolts 4. Moving plate 5. Support rod
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Fig.8 Structure diagram of windshield interceptor
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a. Cumin seeds
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b. Thick stalks
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Fig.9 Discrete element modeling of cumin extrusions
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Table 2 Intrinsic parameters of cumin extrusions

e ATERLR WUER BB

Type Elasticity Shear Pmsspn’s
modulus/MPa modulus/MPa ratio
HORFFHL Cumin seeds 134.05 50.1 0.32
FIZEFF Thick stalks 230.7 67.7 0.42
4IZEFT Thin stalks 157.4 55.6 0.41

®3 BRBHMERERERY

Table 3 Static friction coefficient of cumin extrusions

x5 BRE e/ ME FHME

Object Maximum Minimum Average
BORFFRL- TR R L 0.709 0.621 0.67
BORFFRL-HL 22 FTF 0.647 0.514 0.56
FRFERL-40 ZEFF 0.669 0.576 0.61
FURFFRL-ERAR 0.835 0.635 0.72
TR 22T 0.567 0.471 0.52
A ZE -0 = FF 0.736 0.583 0.66
A ZE AR 0.813 0.620 0.73
YN ZEFT-4HZE AT 0.842 0.634 0.78
U ZEFF-ANAR 0.808 0.689 0.72

3.1.2 BHUAEAEIE

HEAR AR IR 2 & B BT Bobr g iR . A SCE It
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AR, WIRE S 3 K. B RLBRHER AT E
N032.3°, B G RE BY MEAR A 7 3 H O 32.081°. A H]
Origin #AT XEEA T K, P=0.848>0.05, 2T & B
MERHERUA 5 S PR IR R 2 A B E R, &
BOCRETR AT DL s e Sz o 7 it 3o 7 o

a. A HOTIRBYHERR
a. Discrete element model
stacking angle
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Fig.10 Discrete element calibration of cumin extract

b. SEERHERA
b. Actual stacking angle
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— R E X X8k AD, 7 i AR R SR AR AL LA
14.8~22.7 Pa, HAMAFMARDXIR (XK B, C) AKE X,
G s DX sk BELAS T B 5 AR Ak T LA 1.47x107°~14.8 Pa.
X A (RN T X By C 19 1/2, HiZXIIEARREG 5
T T S RBLIEAT K 9 I B TR (T, IR R
SRR BN, RARBIReER EL, IRBN I &R
WAL EAE G, TR R ERITER. B 11b
WAL E, B a HXUZ 0 Xk, b AU i 5
SR BN 40 57 (6] 1 X3k, ¢ ARSI BT e I X Sk, SR
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ZI AT e 2l AR I R I B REARAE . (H B TZIX
B RO E A 1.95%10* m/s, HECT a. b XI5 &
FERA, R BOR it Wit iR I S e AR A PR & 11c
FFIE IR R R . R B AR T 1R AR AT DL
S A B A SRR AR TR . B o o RUL
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. 1 52let
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a. R B
a. Flow field total pressure distribution
cloud diagram
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b. YT 2k
b. Flow field velocity
flow diagram

RN B R BUZ G5 N 05 . KL TAER, <
W a b, HE B KA, HiudREmAT
SR BNRE IR, AT A 75 2% Ak S AL A 5.67 ~
6.04 m/s NP&ZE 3.80~4.17 m/s. DA D REILHS
mE B XA FIriEsh, BRI T BUAN YR H T
IR GEE, (HiFRALEDN, Bl asED,
SN

% Velocity/(m-s™)
6.04e+0

5.07e+0
5.29¢+0
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ITTI++4+
F+ 1 | oo
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c. MIAHEEL IR EE
c. Flow field velocity
vector diagram

A RREEXE; B RRZ AL RE XK, C R IR b IR X . a R XUZ 9 AT 7E M X3 b o3 02 976 6% 5 5 I 2l 4 9 o ] 79 [X 35
¢ FORYRBIAN T HTAE R X IR o FoR KLARA 5 2o U2 K 75 34 X 3

Note: A indicates the high-pressure area; B indicates the low-pressure area at the double-deck sieve; and C indicates the low-pressure area at the vibrating fine screen. a
denotes the region where the double-deck sieve is located; b denotes the region midway between the bottom of the double-deck sieve and the vibrating fine screen; ¢
denotes the region where the vibrating fine screen is located. a denotes a fan airflow inlet; p denotes a region at the bottom of the lower sieve of the double-deck sieve.
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Fig.11
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a. Cumin seed trajectory flow diagram
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c¢. Cumin stalk trajectory flow diagram
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Cloud picture of pressure and velocity distribution in cleaning flow field
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b. Cumin seed local trajectory flow diagram
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d. Cumin stalk trajectory flow diagram
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Fig.12 Trajectory flow diagram of cumin extrusions
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SR TR AOER, s amshn, 2 TIESH Table 4 Single-factor test level table
N D T ek [ L S M 3 - ReA | AL RN A NS

1"2 }Eﬁ ’ j(ﬁlz ﬁﬁﬁ? éEH = *? 1‘}5{2 /¢ Hy H ﬁ%ﬁ ’ 5'% %Ei /S H }& Scope  Wind speed/(m's™")  Vibration frequency/Hz  Inlet air angle/(°)
RN ZEFE AT A TR 1O AU I ; ; s
3.3 BERMERE 0 o : 2
331 BREGARESE 2 14 6 30

L AR A AT R B MROBEOE 55, s FSEEGAKBER

17RO MAURGE . RN R B . IR 3 iR R
BT, AR RIS RO A I, DR I B KL
KOE s AL B SRBNIFIRENAIR . = A8k T
HMRFRE . 465 CH [26) MR R, X
FRIERIE K R ARSI T# e, Wk 4 Fw.

KHABKE Y, FRR Y, SEWSCR AT AN, &
FRFA I ZE LT

Y, = % x 100%

! 20>
Y, = 22 % 100%
M

2
A M, I IE AR T BURFFRLE R, kgs m, NG IL
TRV G R BRFFRL R, kgs M, NTEIEIE LG HORFF
*jzlé\}ﬁiy kg; m, yyﬁ%ﬁ}ﬁ%y kgo

Wi 13a fiow, R FRBEE KGR IA K B, &
F KB KIESE AT R SRR BUEN 9%, F
B 1 LR I 1 & A s S R B3 . B R Ap
AR 2R 6.8%, 3 % KGN I I & 2 R 5 3
S AR 1 R N TE 8 ~12 m/s ZIA]. Wi 13b s, 1
KA PRENACEIG AW LT, &R ERSR
WS TR e . TR ZEN 10.9%, KPR
SR ITE IR S AR R . SRR BUWERN 9.4%,
IR A ZE 07 1% & AR B W . A IR BN EE B
fE3~5Hz 2 A, W 13c fx, #RFHENRNAE
BEINAWT TR, & A R N BRI b B 45
REBAMZE N 3.5%, FEIAN KA LRI 1% & 425
NEFE. GBI 9.6%, FH NS FEENHE 1k
AR E . N B NTE 18°~220 [H]

- 515 % Loss rate - 5125 % Loss rate - 512 % Loss rate
- ¥ /4 % Impurity content = £ 4% Impurity content = 7 4<% Impurity content .
12 128 14 18 ¢ 14 %

S g S 16 & ©

g10 wg 32 4z g’ ié%
% 8 ¢ 8 ;lg 12 8 g g J 2
2 2 2 10 & 2 £
26 T ode 85 34 6 =
i 6 = 5 6 & M3 =
g1 = K4 4 £ K2 4 =
w2 t B2 2 % B 2 %
L =% P I Y I PO
6 8 10 12 14 < 2 3 4 5 6 42 10 15 20 25 30 = ¢

R PRBhE AKA

Wind speed/(m's™")
a. WH R IE RCR (52R

a. Influence of wind speed on
cleaning effect

Vibration frequency/Hz
b. HRBN I X R R

b. Influence of vibration frequency on
cleaning effect

Inlet air angle/(°)

. NRUADHHE L RCR I
c. Influence of inlet air angle on
cleaning effect

W13 $REGARBRER

Fig.13
34 MEEAERE
34.1 "R @R H ERLER

WA ZREE R, TTRZRR ARG T Rkt RH
SRR R, #4717 Ak, 5 DF S
"2, K Box-Behnken Design it /77%, {#if Design
Expertl 1 #HTIR56 2 HEP72, 56 N R K3k 5 fiios,
RITT R EERINE 6 P,

x5 MWNEREERKFER
Table 5 Response surface test factor level table
KF R B NS
Level Wind speed X;/(m's™") Vibration frequency X,/Hz Inlet air angle X/(°)
-1 8 3 18
0 10 4 20
1 12 5 22

342 WA E S 5 R EHAR
FIH Design-Expert 11 2 7t [0 A& 0 #7152 BURE

Results of the single-factor simulation test

LR BH, B R X, REPIER X,. AKX,
KFHREE Y, Wi AR 1 VK 22 30 X o7 T (e VAR,
X @D Fiw.
Y, =224.130 5-12.209 37X, — 18.018 5X,—
12.409 37X; +0.427 5X, X,+
0.006 875X, X5 — 0.065X, X+
0.472 687X> +2.038 25X% +0.318 937X> 1)

o 1A D7 RRREAT 7 20007, e 7 B, 1R %R
BB P<0.001, 72 WIS AL AT DURAF SR M 2k R 15
HAERZEZURR, Hoh AHE X FR 35 % X,
P<0.001, & B JAGH IR 3 4715 3 A LB i Ay 2 351,
NRSHIE X, PAEA 0.0413, FHINRMFEX BRI
W . R P BN 0224, RWAEIADT A 5.
W Yo R R 9 0.9899, ¢ B T L 7E vk Ay %
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Table 6 Test schedule and response values

— .o KO RBE A Lok TRE
ﬁﬂj—it (22) F ﬁ 7o )3;7 Wind Vibration Inlet air L(ji}r;f/vy Impurity
_ _ _ _ ) speed frequency angle ’ content/%
Y, =150.57525-3.125 62X, —9.553X, ; — 0 = =17 s7%
10.738 12X; +0.068 75X, X,— 2 0 -1 1 4.82 8.05
3 0 1 1 7.02 3.93
0.133 75X1X3 -0.271 25X2X3+ 4 -1 -1 0 7.66 7.26
0.295 875X> +1.596X> +0.319 625X> (22) p 0 . o 7o o
B E K PANT 0,000 1, 2254 B2 45 [ . 0 o o
PRt ez, Kok X, FIRENANZE X;, PR T%% 190 11 (1) (1) g?ﬁ ig;
T 0.001 /NT0.05, FRIIZK RIS ENFRAR 20 T2 . 1 0 0 0 2.79 3.49
PRENIR X, B2E K P/NTF 0.0001, 3 HIIREN0R X }g _01 <1> g ﬁ'ﬁi i';‘;
TR EMONEE . KT PEN 0.0525, KHFIH 14 0 0 0 2.84 3.51
TP EMG . B POE RAL R ) 0.9895, WML b M 4 Ve Yor
ARt IR TN PR AR UERG 2R 1E 98% LA L. 17 1 0 -1 3.15 8.38
#z7 EEARERESH
Table 7 Analysis of variance of regression equation
S I F Loss rate 243 Impurity content
Source Rl H F p PO A HhE r P
Sum of squares Degree of freedom Sum of squares Degree of freedom
7 Model 86.73 9 7612 <0.0001" 56.58 9 7311 <0.00017
X, 26.39 1 20848  <0.00017 491 1 57.15 0.000 1"
X, 12.75 1 100.73  <0.0001" 18.54 1 21566 <0.00017
X, 0.7875 1 6.22 0.0413" 452 1 52.51 0.0002"
X X, 2.92 1 23.1 0.002" 0.0756 1 0.8795 0.03796
X X 0.003 1 0.0239 0.8815 1.14 1 1331 0.0082"
X, X, 0.0676 1 0.534 0.4887 1.18 1 13.69 0.0077"
X 15.05 1 1189  <0.0001" 59 1 6859  <0.0001"
X3 17.49 1 138.19  <0.00017 10.73 1 124.73 <0.0001"
X3 6.85 1 54.14 0.0002" 6.88 1 80.04 <0.0001""
5% % Residual 0.886 1 7 0.6019 7
JAIN Lack of fit 0.5570 3 2.26 0.224 0.498 3 6.39 0.0525
1% 7 Pure error 03291 4 0.1039 4
S Total 87.61 16 57.18 16
VE: P<0.01 (BREE, **); P<0.05 (3, *). Note: P <0.01 (highly significant, * *); P <0.05 (significant, *)
343 ERETHREMT . %ﬁiﬁiﬁﬁm
- e — p S.t. YASTD SRS z
TIHRR K RALR Z AR AR, & & Tk 18°<X,<22° 23)
FUHE A RINE 8 Fron. A al s,  RUEXT i 2K ZR AR A min(7))
A Y, D — - 327 — = 37 A 1
oMK, HUCAIRSIIER . NRAE . RaIENT S min(¥s)
2

BRI R, OO E . AR .
w8 BERTEE

Table 8 Contribution rate of factors

b LB RN AR
Index Wind speed  Vibration frequency Inlet air angle
1453 Loss rate 2.46 2.46 1.82
% 242 Impurity content 2.43 2.45 1.96

3.4.4 Bk

K H Design-Expert 11 £ JG [8] JH 48L& 43 B 0 4 2 26
BARREATTREBAT R, il (25) Fros, DR
G IR B B /MBI ZHURAR,  SRBZ R WNZR 9 Fios.

*®9 SHMUER

Table 9 Parameter optimization results

- B WEE  ANKRAE L RS
TiH . o . NS .
Ttem Wind speed  Vibration Inlet air Loss rate/% Impurity

/m's")  frequency /Hz angle /(°)  content/%
{H Value 10.27 4.07 20.26 2.463 3.55

4 BZRRE

41 HEFH5EE

UG Hh R 7 T SRR R B A AL A RE AL AL O
TN, RB TR Dy 2023 £ 7 J1 8 H, kI AURME
Yol id ) BOR BOREL IR, 5 Ay R —
57 WA ARG R S, WE 14 Frr.

B 14 HRAFLEELERE

Fig.14 Test of cumin cleaning device
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a. Filtering out thick stalks  b. Filtering out thin stalks c. Cumin seeds after cleaning
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Fig.15 Effects of test
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Table 10 Verification test results

55 Tk BARE
No. Loss rate/% Impurity content/%
1 2.98 6.46
2 3.01 5.32
3 3.61 4.98
4 3.73 4.90
5 3.68 4.72
“F-#3{H Mean value 3.40 5.28
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Design and test of the wind-sieve type cleaning equipment for
cumin threshing machine

WANG Fanrui'? , LI Bin'* , ZHU Rongguang®® , WANG Shiguo® , LIU Yang' , GAO Xiaolong® , YANG Xingyu?

(1. Mechanical Equipment Research Institute, Xinjiang Academy of Agricultural and Reclamation Science, Shihezi 832099, China;
2. School of Mechanical and Electrical Engineering, Shihezi University, Shihezi 832003, China)

Abstract: Cumin grains face significant challenges during cleaning, due mainly to their small particle size and similar external
dimensions. Specialized cleaning devices are necessary to improve a high impurity content rate and low cleaning efficiency. In
this study, a wind-screen cumin cleaning device was designed, according to the unique physical characteristics of cumin seeds
and the working principles of existing cleaning devices. The key components of the cleaning device encompassed the structural
and parameter design of the composite double-deck sieve, the cross-flow fan, and the wind-blocking and intercepting device.
Gas-solid coupling simulation was utilized to ensure its effectiveness. The pressure distribution was examined in the
scavenging flow field, the airflow velocity, and the solid-phase movement of scavenging materials. The device structure was
verified after the simulation. The main influencing factors on the scavenging effect were determined as the wind speed,
vibration frequency, and air inlet angle. The three-factor and three-level orthogonal test was conducted as the test factors with
the loss rate and the evaluation index as the impurity rate. A quadratic polynomial response surface regression model was
obtained to further investigate the relationship between the independent variables and the scavenging effect. The optimal
working parameters were identified for the scavenging device, with a wind speed of 10.27 m/s, a vibration frequency of 4.07 Hz,
and an inlet angle of 20.26°. A homemade test stand was utilized to validate the optimal parameters. The combination of
working parameters was tested as well. The average loss rate and impurity rate after cumin seed cleaning were 3.40% and
5.28%, respectively. The theoretical prediction value was close to the test ones, indicating the high accuracy of a regression
model. Furthermore, the composite double-deck sieve was carefully considered to ensure efficient cleaning while minimizing
loss. The cross-flow fan and wind-blocking-intercepting device also contributed to the overall effectiveness of the cleaning
device. In conclusion, the wind-screen cumin cleaning device can serve as an effective solution to the challenges during
cleaning. The optimal working parameters can be expected to minimize the grain loss and impurity rates. The gas-solid
coupling simulation was used to further validate the structure design. The findings can provide a strong reference for the
practical application and effectiveness of the cleaning device.

Keywords: cumin; cleaning device; ejection; vibrating screen type; Fluent-EDEM coupling
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