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Design and Experimental Study on Longitudinal Axial Flow
Threshing and Separating Device for Cyperus esculentus

WANG Jun, SUN Jianchao, JI Mingren, DING Chenlei, CHEN Tianzeng, CHEN Xiaoming

(College of Engineering and Technology, Jilin Agricultural University, Changchun 130118, China)

Abstract: In order to solve the problems of high damage rate and low underthreshing rate during the harvesting process of
oil Cyperus esculentus, a threshing and separating device for Cyperus esculenius was designed. The key components of the
device, such as the threshing drum, the feeding auger, the concave, etc., were designed. Stress and modal analysis were
conducted on the threshing drum to determine the rationality of the design. The main factors affecting the threshing
performance were determined through experiments. The single—factor test was carried out using the Cyperus esculenius
threshing and separation test bed constructed to obtain the variation range of drum rotational speed and threshing gap with
better threshing and separation performance. A three—factor, three-level orthogonal experiment was conducted with drum
speed, threshing gap and threshing element material as experimental factors, and seed damage rate and underthreshing rate
as indicators. The results show that the greatest to least influence of the factors on the seed damage rate and the
underthreshing rate of uncleaned are drum speed, threshing gap, threshing element material; the optimal parameter
combination is rotational speed of 367.55 1+ min”', threshing gap of 4.18 mm, and the material of threshing element is
polyurethane rubber, then the underthreshing rate is 0.751%, and the damage rate is 0.906%. The combination was tested
and verified, and the indicators met the requirements of the relevant standards.
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Figure 2 Threshing drum structure diagram
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Figure 9 Results of stress analysis of threshing drum
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Figure 16 Influence of different factors on threshing performance
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Table 4 Factor level table of orthogonal test

# Factor
TKF Level VETAHEHE A/(re min™) B 8] B B/mm Bk TEME A C
Drum speed Threshing gap Threshing element material
-1 330 30 45 45*steel
0 350 40 PVCHIBEL Polyvinyl chloride

1 370 50 A BEAZBE Polyurethane rubber
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Table 5 Orthogonal experimental plan

iR = Experimental factors
Test number R #E A/(r-min™") JBLRLIE] B B/mm BERLTE AR R C
Drum speed Threshing gap Threshing element material
1 0 0 0
2 1 -1
3 0 0 0
4 1 0 -1
5 0 -1 1
6 0 -1 -1
7 1 0 1
8 -1 -1 0
9 0 0 0
10 0 1 1
11 -1 0 1
12 0 0 0
13 0 0 0
14 -1 0 -1
15 1 -1 0
16 1 1 0
17 -1 1 0

4.6 KBERSHH
ERTINEI S RN S E’Jliﬂ@ﬁﬁ, \,ﬁl‘%‘ AT gt 2 5 N R g R — 2, I
HLUAA I 3 5 i 450 R P A8 b X 1 6 25 2 7 407 ﬁﬂ‘\ ER R 6,

F6 HWLER
Table 6 Test result
R HER A ogisgan
R Experimental factors Test indicators
Test number 4% H A/(r-min™") JBERLI] B B/mm JBERLTCAF AR C R/ % AR A%
Drum speed Threshing gap Threshing element material Underthreshing rate Damage rate
1 0 0 0 0.889 0.965
2 0 1 -1 0.863 0.968
3 0 0 0 0.880 0.987
4 1 0 -1 0.880 1.103
5 0 -1 1 0.853 0.928
6 0 -1 -1 0.733 1.074
7 1 0 1 1.026 1.013
8 -1 -1 0 0.711 0.828
9 0 0 0 0.895 0.973
10 0 1 1 0.991 0.868
11 -1 0 1 0.836 0.755
12 0 0 0 0.886 0.967
13 0 0 0 0.890 0.974
14 -1 0 -1 0.733 0.879
15 1 -1 0 0.881 1.108
16 1 1 0 1.039 1.010
17 -1 1 0 0.818 0.768

FIH] Design—Expert 13 #4450 B0t # 47 = B ZR =IKF, Z R BHHIEAZ 5387, 85 AR iR 0
Y, EARAE Y, SR A A BRI TP B U BOR TR RE C 1% 34 [ AR S AR [l 9 5 AR A
Y,=0.89+0.091A+0.067B+0.062C+0.013AB+0.011AC+0.002BC—-0.008A*-0.017B°-0.011C? (9)
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Y,=0.973+0.126A+0.041B+0.058C+0.010AB+0.008 AC+0.011BC—-0.033A°-0.011B>-0.004C> (10)
4.6.1 ARBLAFFET EZoH  LORBOFREY IPHN RIS, LR R A BORLE] BB BRI IT AR C
FRE N R SIS R BT 7 250007, J5 2 0 e RN 3R 7
RT AREEQPFTREFTESTER
Table 7 Analysis of variance (ANOVA) table for the regression equation of underthreshing rate

25 KR F-J5 FI e ¥Jiz P » W

Significance

W
Significantly

Source of difference Sum of squares Degrees of freedom Mean square error

Model 0.136 337 9 0.015 149 218.603 7 <0.000 1

AT

0.066 385 1 0.066 385 957.973 5 <0.000 1
Drum speed
BB [
E HH*_MIEHW 0.035 445 1 0.035 445 511.4882 <0.000 1
Threshing gap
C—MAE T4 26}
Threshing 0.031 094 1 0.031 094 448.706 3 <0.000 1
element material
AB 0.000 657 1 0.000 657 9.475 761 0.017 859
AC 0.000 452 1 0.000 452 6.516 347 0.037 953
BC 1.91E-05 1 1.91E-05 0.276 212 0.615 427
A? 0.000 295 1 0.000 295 4.261 793 0.077 856
B2 0.001 28 1 0.00 128 18.475 29 0.003 574
2 0.000 498 1 0.000 498 7.185 902 0.031 509
ﬁ?% 0.000 485 7 6.93E-05
Residual
S JL T e
R J\, 0.000 364 3 0.000 121 4.028 497 0.105 835 ,Z: %%
Lack of fit Insignificantly
A
B2 0.000 121 4 3.02E-05
Pure error
=y
° A 0.136 822 16
Sum

P A A ot e 23 ] 0 5 R 22 43 A PR, R e 3R Y| RS AR 2 1 p<0.01, 2 #8035 p {4 0.106
(p>0.05) , sE A B 3, MNARIRNLG B v, LA BRI S T 45 IR 38 A0 — IR 3L, 38 B0 IR 0L
pAEATH, — KT A B C 4 p<0.01, 50 B 3% . 3 HIABAC 1 p<0.05, %0 i % , BC 1 p>0.05, 51
AN RIT A p>0.05 52000 A B3, B> C2 1 p<0.05, 5200 i35, 2 rh i F G AT LAAS s PR 2 52 mh)
AN 22 FRF A - A>B>C, BV VR F 3 > i b oA B> JIRASE (] B .

TR AL v 2R (1] U5 R AR S I, AR AR B [ A AR A

Y,=0.973+0.126A+0.041B+0.058C+0.010AB+0.008 AC-0.011B>-0.004C? (11)
4.62 BMEF E5H  UBEHREY, APFR A0S, DR A B BRB Bk o 48 A4 8HC At
SR SR AE R AT 22500, 7 2 A R ks .

P A A A5 5 [ 05 O AR 25 43 B PR, A0 SRR AL Y, O AR AR B S p<0.01, R FUA T p (B4 0.339 (p>
0.05) , sE A B 2, M ARG B, AR o A3 45 IR 3 1 — IR 30T 28 B 350RT — R I p (B
A, — IR I A B .C Y p<0.01, 5400 B 3 . 2T 15 AB . AC Y p>0.05, 520 A 52, BC 1) p<0.05 , 5§11 i
Fo TURIA? B p<0.05, 520 B, CP Y p>0.05, 5 AN 2 o B P AY (BT RAASHH DR 25 i 46
BREWT R - ASC>B, BV - V& 17 2 3> I br T (4 A4S JB A ] Bt

PRI ZESE Ry RN T E ) K =1 I CE pE R

Y,=0.89+0.091A+0.067B+0.062C+0.002BC~0.008A>~0.017B> (12)
4.7 RIEEZEIHEMIEIRAIF T

JIARE VRS FAT 118 2 s ke 2 Tl 9 S s e e v 32 38 i s A7 () 4 T o 9 S, Ik U VR T AT A
W Z A2 20 R EREAE R D 2 ORI 3 70, R B e, B 348 = . iz ] Bt 9 /)N
PR T A 5 J AR A7 2 ) 7 22 IR A SR/ DN I i) B A8 A, It s 145 5 M4 O = ) 1 28 R A8 K, 3 i/
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Table 8 Analysis of variance table for regression equation of damage rate

2SR -5 H B Y5 2% " M
Source of difference Sum of squares Degrees of freedom Mean square error P Significance
B
Model 0.172 206 9 0.019 134 211.1515 <0.000 1 o
Significantly
A-REHE 0.125914 1 0.125914 1389.511 <0.000 1
Drum speed
e i
B Hﬁ*ﬁljl@\ 0.013 122 1 0.013 122 144.806 3 <0.000 1
Threshing gap
C-HARLITIFR
Threshing 0.026 479 1 0.026 479 292.203 3 <0.0001
element material
AB 0.0003 61 1 0.000 361 3.983774  0.086 134
AC 0.0002 85 1 0.000 285 3.142498  0.119 562
BC 0.0005 29 1 0.000 529 5.837719  0.046 354
A? 0.004 695 1 0.004 695 51.81485  0.000 178
B2 0.000 538 1 0.000 538 5.939653  0.044 947
c? 2.41E-05 1 2.41E-05 0.266245  0.621 755
5)*6% 0.000 634 7 9.06E-05
Residual
I B
#Hl J\. 0.000 338 3 0.000 113 1.516276  0.339 442 Z:i%
Lack of fit Unsignificantly
AliiR
s 0.000 297 4 7.42E-05
Pure error
SN
A 0.172 841 16
Sum

Z BN FRPEE R A8 /N AR 52 2R VE R D0 B0 —  JBOREAS 5843, R I R B8 i, e P R B 1K
IR AT (R R R R 2 TR U 55 AR 2 ] R R T, > JRE 0 T A DA B R e AR 1 A8 Ak I, B A
BBl Z REAR AR B 2 4 5 o

{8 JH Design—Expert 2 H1 1 Numerical 15 2| 5 L TAES 8. & 58, B R EEZ R E R
bttt BER N ERIME . FOR B ER I B E R C+++7, B EAE Y R B AT LR T
R B R TC B S, i LK i R O B S B R IS AT RE M

T 3 R A3 M 5 SR A s A O il D5 PR 2 A A P R AL S A 367.55 e min ! ERL[R]
B2 4.18 mm, WO ITH A R A BEIRIL , WA A AR5 RN 0.751% , B3R 8 0.906% . R BRIR 22 , K545
A PRI A HEA TR 48 B0 E , 76 AH [RS8 418 T 647 5 R EE AU, A5 R 451K YR 0.908% , T
TG AR R E N 0.753% R 5 T e TAES B A L5 R S5 E RIRETE 1% AN, Bl
SRR IBGRAE MY iP5 SFPRLRE 15 5N T 4% R BEERR /AN T 2% AT BUE VR L 22K

5 WS

IR R MR B AR, Fe [ H ATXM IS GBI B, A O 2R
XIS BCRBCR A HE i b, XM VS S AR B TR D o X A AR S A AR AR K 75 FL IR
PLERE 55 T 70 B SR YOR I AR S ERS H  eoR  ZE TS B BE T T — AP PR RE R R Y
ZIREMIP R B o 28 R AEPIBOTE T b SR MRAIEE ORI R HE B AR 4 R
YA BERLTR BT , ke 1 IR R UBERLVR ] 2 3 JE A IR AL, X SC A =it 1 — Rl 9 52 57 Ui
VB BLBORE o B B, 3 s AL AR T, T sl vb SR W) — A ml 52 az 3, Rl T 7
FE IR 8 i B AR AR VS B S Ze Yy BTk . I SERT ST R T IR S RO R
JE B3R T I ER IS SRR LR ALK

ABFFEAEAE S T A R B BT A SEAS =20, Bt 1 — Gt il 95 Bk B 14
O3B EA I AR R BRI RE L X IR TR BT 114 17 g FIASE A S A B AS KL VR AT 1 5 AN
AR AR KA I AL ek LR, IR fa] Fr) B IR 2815 22 PR 3R DR A I Mk A SR it v 3 32 R 38 (R 52 L 0y



-206- oMok L ok F F R % 55 %
TR TRV 3 > J L O A A > o A 1] B 5 R 25 5 Wi o 488 28 = RN Ay = 8 7 2 38> Mo s G A2 sk > i e ]
B xS 24 5 367.55 remin JBURL AT B 4.18 mm R T B R FR AR N, RV T ) A
R 5 3R A 0.751% , B 5 8 0.906% , & e TAES 40, i 1 42 i 56 96 TE 245 SR R Wi v SR S I
0.753% , WA 223401 1 0.908% , 14 BNAT MV AH AR SR
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