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Design and trial of axial bow-tooth sunflower threshing device

YANG Xingyu"*, LI Bin', WANG Shiguo', LIU Yang', DONG Yuncheng', LIU Xiangxin'
(1. Institute of Mechanical Equipment, Xinjiang Academy of Agricultural and Reclamation Science, Shihezi, Xinjiang 832000, China;
2. School of Mechanical and Electrical Engineering, Shihezi University, Shihezi, Xinjiang 832000, China)

Abstract ; To resolve problems of inadequate threshing of anemone, easy breakage of seeds of threshing drum,
a bow-tooth axial flow threshing anemone harvester threshing device for anemone threshing was designed. The dy-
namic analysis of the force on the sunflower disc in the threshing drum was carried out. The discrete element simula-
tion software EDEM was used to analyze the speed and displacement of the axial movement of the sunflower disc as
well as the trajectory of the movement. The effects of water content, drum speed and feeding amount on the seed
breakage rate and the unthreshed rate were obtained through a one-factor test. Based on the results of the single-fac-
tor test, an orthogonal test was carried out with water content, drum speed and feeding amount as test factors, and
the undetached rate and breakage rate of anemone as evaluation indexes. The results were analyzed by analysis of
variance with the help of Design expert to establish the regression model of the influencing factors and the evaluation
indexes. Based on the response surface method, the multi-objective optimization of water content, drum speed and
feeding volume was carried out with low breakage rate and uncleaned rate as the target. The optimal combination of

' and drum speed of

operating parameters was obtained with water content of 22% , feeding volume of 1.45 kg - s
318 r - min~'. Validation tests were carried out with the optimized combination of parameters.The results showed
that the seed was cleaned up to 0.51%, and the breakage rate was 0.67% , meeting the requirements of China’ s
mechanical engineering industry.
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1. Sunflower entrance; 2. Diversion mechanism; 3.Window pull plate;
4. Concave board screen; 5. Splash baffle; 6. Threshing bow teeth;
7. Exit movable baffle; 8. Sunflower outlet; 9. Install the shaft head
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Fig.1 Structural diagram of the threshing device
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Table 1  Structure and performance parameters

of the threshing device

Z¥ Parameter BB/ % F% Value/name
R R (K xFE xR
BT (RO / (mmoxmm><mm) 2300%600% 1850
Structure size ( LXWxH)
JERLVR 3 B/ mm 2100
Threshing drum length
R HAE Drum diameter/mm 520
LI Motor power/kW 1.5
BRI fRTIE X LiiIFTE2N
Type of threshing drum Axia-flow type
JBRL e 27 S
Type of threshing element Bow-tooth type
I G =X A% =X
Concave plate sieve form Gaster type
Mg fii £ BE Concave plate sievelength/mm 1660
A LErR Un-threshing rate/% <1.0
4518 Breaking rate/ % <1.2
B .

LAk s 2 BRI s 3B 5 147 5 4 4 A 5. 22 ek
1. Front shaft head; 2. Spiral blades; 3. Threshing bow teeth; 4. Debris removal plate; 5. Mounting shaft head
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Fig.2  Structural diagram of bow-tooth type threshing drum
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Table 2  Simulation parameters

8L Material ZH( Parameter Kl Value
RN
K 0.31
Poisson’ s ratio
235 4 A AR /P
Q235 4 AR R/ a 210%10°
Q235 steel Modulus of elasticity
B iy L3
iﬁf;/(kg' m™) 7850
Density
IR
Rk 0.33
Poisson’ s ratio
5 P AR B/ P
ZER . gm—”:*%ﬂl a 78.9% 106
Sunflower disk Modulus of elasticity
BRER .3
&E/(kg. m™) 556.6
Density
Tl P 52 R AL 0.39
LIS Collision recovery coefficient '
Sunflower disk TR 2N 071
with sunflower Coefficient of static friction ’
disk SR KL 001
Coefficient of rolling friction ’
Tl P 5 R AL
. .. 0.31
S—— Collision recovery coefficient
% -3 v
e W R
Sunflower disk - T 0.55
. . Coefficient of static friction
with device B o
BEEE AL 0.01
Coefficient of rolling friction ’
~ 307 i 4 BF Axial velocity 2250 ¢
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AL ]
E 20 o 1750 2
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Fig.9 Relationship between axial velocity,
displacement and time

SRR RANIAE K 2 048 mm, 25 AEVR S )
TE ) AR RHEE y 1.86 m - 87", SR Il (1 e KBy
1.34 m - o7 SELEAN 1] O IE W, 2R BT8R A b
[i S 7 ) 4 ) 1005 18], 3 D B, e A 2% 4
FRY Bl ) 3 JBE A 1) 25 S T 1] 45 5 Tl ) 8 7%
LRARA NG L ] T, 35 A R AR Sy G (L I el 1) 7%
SN, RIS B2 BRI A 1 5 ) A Bl 1
Ol (RS B AR R R S 2 [ PR ]t i 3, fe
SN R SRR S A DB S B4,
SN T S S R TT A S A A LA R UCRR il A



292 T XA 5T

Ha2E

FERBRE R, AT G I AR, ROz
B SR BT A B,
3 64w
3.1 REMEEiEE

SRy IGE T 2 5 v U 25 SR AL R 2
) TAERICR X Bk 2 B S48 (aniEl 10) |, IF k47
BHK

TS XTG4 1k B A BB} 2 e i 8 A A
B ZE 6 5 JBANINE 2023 4F 4 H 3 B, A
92023 47 H 12 H, RN TRIE 7 g 25
# WIS 24 4 AR 160 ~ 240 mm, B3 4 &
400~700 g, ZERF-B1 5 KA Ny 59% , FFRiF-34 5 K
RN 39% , 35 R E N 30 ~ 50 mm, I HEE Y
600 kg, TR0 FI X 5% 8 AT 43 B Bt 9G4k 2 AT
AL BT 77 A A [ 5 KRB 25 4

Ry T LR s SN E I IR TRV RS R S W c s
JAr e B I £ L LT KT ACS-30A (i & 200 ~
30000 g AHEE 1 g) [l MRS JeJBds 0528 B
LA (FEFE 10~99999 ¢ - min™') I KT
FECRAR 0.01~500 g KEE 0.1 g) FLAASX 44
3.2 WA E

K4 GB/T5982—2017 ¢ AL HLIR 56 )5 i) 7,

~
X

) i N =
e e ———— 4’, « » Ya -
JIit bz % & Threshing device ¥4 Sunflower disk

Bo {HEM&E

Fig.6  Simulation model

B

L
-

PEPEME A TR 1] % 5 5 7K R AR il [ R i
FHAR B R S A A 2 B T AR BE S P 4
T 5] 2R 30 L S = P 3R =K kIl A T A2
G, BRI, (8 FH ISP X T MR B 35 8
PEATPRE A5 U 6 Al R e i A gl e AL A A
T I A R AL A S, DA T A R R R
I P PR 25 B DO SR AR T h R
SERUR , X B AR RL AT WA AR B 9 e 5K
(5) (6) TR AR AR LB R

mw

y, =2 x 100% (5)
m
m,

¥y, =L x 100% (6)
m

o, m, AR PRI BT (g) 5 m, A
WA PR RLEE B (@) 5 m oSSR AT RL Y A 5 it
(g)s v, NAFRLR LG (%) ;5 v, JKF R
(%)
3.3 BEZRRKE

R T ARUETE AS IR 5 i PR 3R AKF- 1 A 3k DA
IR AN 1 38 5 KR A B 1 R PR 8 B, %52
M PR o P VR ] 2 | MR % B 7K R = A [
R N Z AL, o 2 O RS A R
TG,

—_——

B7 HEMRE

Fig.7 Diagram of simulation rendering

8 E/EBHHITE

Fig.8 Movement trajectory diagram of a sunflower disk
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Fig.11  Single factor test curve of moisture content
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3.4 IEZAW
R T WA AN ) PR 2% X6 M A A8 SR 1 5 i R B
R TYES AL A, 55T Box—Behnken i 5 it

3.5 RBREREFESN
3.5.1 XKEFZFEL%R MY Design expert ITiit
YIRS R AT K ] H TE A e i 20 A i g, 15 3 Y

M= R K TR E e i e TR
Ui , I3t Design expert Z{FH1 Y Box—Behnken Table 3 Test~f73(:tor level
BRI SR AT, BRI AU @kww  mmREn  RARS
e o HE B 5 B R e Lot Mo el e e
JIe Xk O A R 2R AL, 228 B DR R A UV L, 3 I " 2 ol 2
FIRERMNEK 3 PR, ! 38 325 1.6
F4 EXRWHER
Table 4 Results of the orthogonal test
e BIKE %) TR «, AR x; ARy, WAR y,
No. Moisture content/% Drum speed/(r + min™')  Feeding rate/ (kg - s™") Un~—threshingrate/ % Breaking rate/%

1 2 225 1.4 0.74 0.52

2 38 225 1.4 0.87 0.69

3 22 325 1.4 0.49 0.63

4 38 325 1.4 0.76 0.86

5 22 275 1.2 0.77 0.57

6 38 275 1.2 0.91 0.67

7 22 275 1.6 0.62 0.60

8 38 275 1.6 0.88 0.82

9 30 225 1.2 0.84 0.56

10 30 325 1.2 0.72 0.66

11 30 225 1.6 0.85 0.62

12 30 325 1.6 0.56 0.80

13 30 275 1.4 0.75 0.65

14 30 275 1.4 0.77 0.61

15 30 275 1.4 0.81 0.64

16 30 275 1.4 0.73 0.63

17 30 275 1.4 0.71 0.59

352 @M ET LG E a4t ARE R E K
5, R0 = PR 2R 2 R R VR i A i R R0
T I R S L X AN [i] R 28 % AR It o 3
BRCAD RO TR 9 /N A PR ke M) P 08 e A 8
f Design expert %3 4 FPf1G I EHE 45 R AT
T35 2550 B, A6 36 5 PR 2% 0t 1k 0 445 SR 5 el 1 .
P, TEAZAAE AT KR R AR RA R R
It A8 DA R B A A8 2 8] Y Uk 22 3T [l AR R
FE AR (7) (8) iR,
¥, =0.754+0.1x,-0.0963x,-0.0413x, +
0.035x,%,+0.03x,2,—0.0425x,x+
0.0067x,,—0.0458x,,+0.0343x,, (7)
¥, =0.624+0.09x,+0.07x,+0.0475x, +
0.015x,%,+0.03x,2,+0.02x,2, +
0.028x,,+0.023x,,+0.013x,, (8)

Ay, ARG sy, R R R« KR,
DR TG a0, MR A

SRR 451 2 55 A I v 3 11 [l O A8 A0 Ty 2
SINTEE RN 5 R, iy 22 A KA AL R
FeR S A A A AR PAEHAR /N T 0.001, AR
RN R, A B AL R P KT
0.05, NFFER I 2, B MR AL 2 R 5L R 5353
40.9688 F10.9771, #RHEUE T 1, F- W 0 AR A 5 34
HEAB @ AP S, MR P9 A B A A = A~
(135 F AECAT T, = 52 M PR] 2% A I3 4 238 ATl
PR 5 e T AR B KR o, STR T o0, >IRA
I x50

FIF Design expert RIS PRI 22X oA i 14 38 52 1)
LA SIS B ESESE SIS E SO E T ES A ]
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Table 5  Analysis of variance for regression equations
ALEr3R Un-threshing rate WiH R Breaking rate
s R o PR S e
squares freedom F value P value squares freedom F value P value
HER Model 0.1967 9 24.11 0.0002* * * 0.1350 9 33.13 <0.0001 " * *
X 0.0800 1 88.26 <0.0001 " * * 0.0648 1 143.09 <0.0001 " **
Xy 0.0741 1 81.76 <0.0001 * * * 0.0392 1 86.56 <0.0001 * * *
X3 0.0136 1 15.02 0.0061 * * 0.0180 1 39.86 0.0004 " * *
ETED 0.0049 1 5.41 0.0530 0.0009 1 1.99 0.2015
X1X3 0.0036 1 3.97 0.0865 0.0036 1 7.95 0.0258 *
XyX3 0.0072 1 7.97 0.0257 " 0.0016 1 3.53 0.1022
x7 0.0002 1 0.2116 0.6594 0.0033 1 7.29 0.0306 "
x3 0.0088 1 9.72 0.0169 * 0.0022 1 4.92 0.0621
x% 0.0049 1 5.45 0.0523 0.0007 1 1.57 0.2503
37 Residual 0.0063 7 0.0032 7
RAUT Lack of Fit 0.0004 3 0.0957 0.9584 0.0009 3 0.4885 0.7087
%2 Pure Error 0.0059 4 0.0023 4
A1 Total 0.2030 16 0.1382 16

Lo+ B (P<0.05) ; = = JEH BE (P<0.01) ; * = = B3 (P<0.001) ,

Note: * significant (P<0.05); * * very significant ( P<0.01); #* % * extremely significant ( £<0.001).
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Fig.14 Response surface diagram of un-threshing rate
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Fig.15 Response surface diagram of breaking rate
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JEBK T Z R A AR 52 m B E 15 m] Al
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B2 B 5 e 43 B S, Bl 7 7K R T o 4
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B, FERL AR 15 AR b 5 B AR 3 A e A, Y
FKFE N 38% AN 1.6 kg - s B, B ERAF
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PUAR AR UL S i 6 2 /N o oA H s, #1H
Design expert X[ BRI AT R, B RIBRAAESEL
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CEERERTIBRIAILY 27w X R 25 8 ) A% i #40 2R LA K%
MR ER
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Table 6 Comparison and analysis of test

results and optimized values

AT R/ % AR/ %
Name Un~threshing rate Breaking rate
RSN
Optimized value 0.49 0.64
SR 0.51 0.67
Experimental value
AHXF R

4.08 4.69

Relative error

4 25 g
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AR RFENRE I, DB SR B R A
RAERPEM AR BEAT T = & =K kB IE
TWERE AR, BT a0 245 A5 Hh 4% TR 3 ok
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