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Abstract ; In order to solve the problem of poor threshing ability because of the transverse space limitation
and grain mound in the entrance of longitudinal cleaning sieve of axial flow threshing — separating —
cleaning unit in combine harvest, a new type axial-flow differential-speed threshing — separating —
cleaning unit was designed, which consisted of coaxial differential-speed threshing cylinder, conical
centrifugal fan, double-layer vibration sieve and rethreshing system with helical plate toot. The test-bed
at feed rate of 2 kg/s for rice was developed, the optimal structural parameters and operation parameters
were explored by quadratics rotary orthogonal combination design experiment. The mathematical models of
loss rate, crushing rate, impurity rate and power consumption were established by means of regression
analysis. The influences of rotary speed combination of differential-speed roller, blade taper of conical

centrifugal fan and length ratio of differential-speed cylinder on loss rate, crushing rate, impurity rate and
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power consumption had been analyzed, and multi-objective optimization based on Matlab optimum toolbox
was applied. The results indicated that the sequences of factors influencing the threshing and cleaning
performance about loss rate and impurity rate were rotary speed combination of differential-speed roller,
blade taper of conical centrifugal fan, length ratio of differential-speed cylinder, and the sequences of
factors influencing crushing rate and power consumption were rotary speed combination of differential-
speed roller, length ratio of differential-speed cylinder and blade taper of conical centrifugal fan. The
values of optimum scheme were 750 r/min and 850 r/min, 3. 8°, 30% , respectively. The loss rate was
1.57% , broken rate was 0. 71% and impurity rate was 0. 38% . The total threshing power consumption
was 6. 67 kW/kg, and the low speed threshing cylinder and high speed threshing cylinder accounted for
about 59.3% and 40.7% of total threshing power consumption, respectively. The results of field
experiment indicated that the indexes of working performance of axial-flow differential-speed threshing —
separating — cleaning unit were more effective than national standards. The study would provide some
theoretical basis for the design of axial-flow differential-speed threshing — separating — cleaning unit.

Key words: combine harvester; differential-speed thresh; threshing — separating — cleaning unit;

performance test; regression mathematical model
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Structure of differential-speed axial-flow

1
Fig. 1
threshing — separating — cleaning unit
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Fig.2  Structure of rod tooth differential-speed
threshing cylinder
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Fig.3  Structure of conical centrifugal cleaning fan
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Tab.1 Basic properties of rice
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Tab.3 Scheme and results for quadratic regression orthogonal experiment
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1 1 1 1 2.69 0.82 0. 64 5.96 10. 79 16.75
2 1 1 -1 1.95 0. 86 0. 85 6.17 10. 32 16. 49
3 1 -1 1 1.98 0.77 0.78 5.32 10. 19 15.51
4 1 -1 -1 2.33 0. 84 0.98 5.22 10. 23 15.45
5 -1 1 1 1.78 0.49 0.32 4.78 9.16 13.94
6 -1 1 -1 1.56 0.51 0.49 4. 86 8.39 13.25
7 -1 -1 1 1.44 0.44 0. 31 4.55 8. 12 12. 67
8 -1 -1 -1 1. 68 0.34 0.96 4.58 7. 44 12.02
9 —1.682 0 0 0. 88 0.35 0.39 4. 14 7.17 11. 31
10 1. 682 0 0 2.78 0.98 0.78 6.12 13.70 19. 82
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12 0 1. 682 0 1.45 0.57 0. 88 4.99 11.23 16. 22
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19 0 0 0 1.48 0.53 0.48 5.41 9.22 14. 63
20 0 0 0 1. 11 0.58 0. 39 4.76 9.27 14.03
21 0 0 0 1.09 0.61 0.51 4.78 9.70 14. 48
22 0 0 0 1. 47 0.57 0.45 5.13 9. 89 15.02
23 0 0 0 1.23 0.49 0.48 5.23 9.38 14. 61
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Impact surfaces of double factors on loss rate

P12 MR AR 2R R i TT

Fig. 12 Impact surfaces of double factors on broken rate

P13 5 A AU 2 5 0 i

Fig. 13 Impact surfaces of double factors on impurity rate

K14 JBORIDIAE UL 252 e il T

Fig. 14  Impact surfaces of double factors on threshing power



60 A R =

2016 4

Bifi 2 ok 35 o iy =g 5 FH A 12b ] 0 FEVR R R 4L A
ARAIL I 7S 3 9 22 BLATE T v, TR B 2 3 20 5 % il
PR R () S M B, T 5 AUV, R AR R P - 4
AR T AT T i, 7RG U I, B SR Bt et
JE V38 S T s A AR AT 5 P81 12 AT R0, 7 vy i B L
11 0 7K (e B BV 1 L5 30% ) F1RUBIL I 7
— 1. 682 JKF- (W 4EJE 2. 2°) ], B3R 05 /)N ,
R B RBILI R HE B A3 R T e o
H ] 13a AR, 70 7 fa7 e sl 20 5 R VR o g 8L B
O ) 38 HAE T, 7 m BB LA O A, B 25
itz SR TN P v o B L A9 R 2 S 2H 5 34 R B
TR, B 3805 K5 1 &1 13b AT, B AR 32 P
T KT F =, Bl XUAIL A R G KT RIS fR
13RI AT, RUBL I 7 B B e B L 3] s /N KT
B, B A i K, M B ) 0 7KK, M 7 B Je ok
IR, B A3 0w /N
H [ 14a AR, 70 VR fA1 5% 3 2H 5 FHVR faT s 2 B
FL B A ELAE R R, IR D FE 5 2 s 4 45 0 e el B
Ho il 52 BH 3 TR ARG 5 B IR 14b R VR R A Al &
SR S A BAE T, R A A O B
25 B 1de mTHT, KL R 4EFE O ZKF-BE, A 2
B i 2 3 B L 3] 1 TG K
3.4 MgEtEfRLHE EENRLE
P MR | B AR R D RE R AN 53
Ve B TAETERER) L4845, TE& H AR R T
MR Fe/ME . RS T AR Ry, R R
Yo ARy JBORLINFE v, B (11
y, =f(X,,X,,X;)—min (1=1,2,3,4) (12)
FIHZ BAREA R 73553 B i o e 55 PR BE Y
BEZ A G, P Matlab o @ {1 A6 T B4
fgoalattain pREK i 22 H ARk B[], 2 250Ny
y, =0
{ -1.682<X,<1. 682
Fp 2 R A R B H B S BT RN
Hd 4 X, 20,0307, 52BR{E R 773 .876 v/min; 5
B X, -0.016 7, 5ZPR{E R 29. 5% ;M 4ERE X,
1679 1, 5EBRME N 3.75°, MRPHRR I H &R
(AR AR B2, b EL AR o 4200 {1 ) i, o
AR =N RBAES BB T E N el 5 750,
850 r/min , = B L5 30% , i 4R 3. 8°, A I,
23 I T R HAE 14 ik T RN BT E,
W 0T A 2 it O R e 2 B AR TR RE
e, R HN 1. 57% 03R4 0. T1% , 5 25
4 0.38% , ik S HIFE R 13. 33 kW fIRHR & 4
TR i UKLy B SIRE Y 59. 3% , i AR A F- 312
HE 5 R4 B8 AT AERY 40. 7% , HRPE SCRk[20 ], H

(i=1,2,3,4;=1,2,3)

ST I YA =TI o O U A i (= A NS
7.5~9.0 kW/kg, ARYGRIREE R B~ , 258 R & M
B4y B M I FE N 5.65 ~9.91 kW/kg, SE#{H K
7.28 kW/ kg, AR T H M85

Shy S T R 2 S 3 i R e AR RE,
2015 47 10 J, 7E W VLA /K BT 22 S i AT 1 )
R, WA 15 Fim o TR 7E 2 AT o 2 el i Jd
IriE RGN WA RS ORI Lk 1T, A5 2
BRI TAES R ZE B i S S 504l &, /)
Bl 14 750 850 r/min, = B L5 30% , i 4
Ji 3.8°, /KA S R A 5 B4R 0 — 3K,
AR R 157 F 2 kg/s M AR 45 R N3k 5
JIi7R o G5 RN B 25 e I A i PR G 3
FRFEREAR 3 T TAEPEREFR R T ML b AL
7E o

15 HES I
Fig. 15  Photo of field experiment

&5 HENRKEER

Tab.5 Results of field experiment Yo
it 5 SR CEEs L
PRUEZER <3.0 <2.0 <10
Ao &t S 1.78 0. 44 0. 65
4 g

(1) X E 22 A i il o0 v R GE il B AT T
2 75 & [ il 22 T R s L XU 2T e P g i
17 it 2 38 JS0 5 A 38 ok 5 3L R D I % T 4 3 fie
DA R R (A5 I ) 5 R 17 I 5 [ S
T B AUHTL™ A= AR i) IXURE A 0082 A1 4R sl 7 L ) A3t
5 2 T AR 1) 107 FHBE 12 e Al O 0 R 4
M TAEPERE

(2) BRI B 72 T A O P 6 R AR R
ZRFRIN 3 A R R U AR TR Dy 22 U 1 e T 4
A BRI RUHILI R 2 | 22 R el o R B K JEE I
P 5 S MRS o 22 A O e AR SR R R AL D
(1 3 AR FEUF MU Ty 22 VR i e jd 2 22
SRR BT oy RO B BEIC LG TR HESE AP AL

) RIMBBEM G N 22 BRI H A 5 750
850 r/min, KL F-4EE 3. 8°, Ed BLEb i 30% ; Xt



12 TR % B RS A 61

BETARPEREHRRN - UK 1. 57% R 0.71% . HUTIRE M IBURLA B LI RERY 40. 7% | BURLA .14

/a\

7% 0. 38% IR IIFE 6. 67 kW/ ke, Horlt IR SUFEMMIE T4 ML AR

PP SIRE GRS RS RE R 59. 3% , 5 v

10

11

12

13
14

15

16

17

18

19
20

2 £ X W
AR , PR , B RK. PR AL 43 298 B I AL 0 23 A AT LU g iR [T ] Aoll TAR 244k ,2008 ,24(6) ;154 - 156.

YI Shujuan, TAO Guixiang, MAO Xin. Comparative experiment on the distribution regularities of threshed mixtures for two types of
axial flow threshing and separating installation[ J]. Transactions of the CSAE,2008,24(6) :154 —156. (in Chinese)
PNRR AR , P8, 45 Bl eRE S 70 B 2 B A9 P N 5 wh e [0 ] e T\ — R B R 2422417 ,2010,22(1) =36 - 39.
SUN Dawei, YI Shujuan, Ll Rui,et al. The experiment research of single-parameter of the axial flow threshing and separating unit
[J]. Journal of Heilongjiang Bayi Agricultural University,2010,22(1) :36 —39. (in Chinese)
TR EE TR AU . AR REAS W) R B R PERE B LB TE [T ). AU HTSE,2011,33(3) 146 - 150.
ZHANG Yanhe, YI Shujuan. Contrast testing research of rice threshing performance of different threshing device[ J]. Journal of
Agricultural Mechanization Research, 2011,33(3) ;146 — 150. (in Chinese)
TROLEE 2R, 5K S 2, A R BRI & At LT ] AU 41,2007 ,38 (12) 85 - 88.
XU Lizhang, LI Yaoming, ZHANG Ligong, et al. Development on test-bed of axial threshing and cleaning unit[ J]. Transactions of
the Chinese Society for Agricultural Machinery, 2007 ,38(12) ;85 —88. (in Chinese)
TRALE RN, ShE %, A5 BRI XGR FRT BORL 0 B B o 58 [T ] AL ,2009,40(11) 55 - S8.
XU Lizhang, LI Yaoming, MA Chaoxing, et al. Design and experiment of threshing and separating unit with double axial cylinder
[J]. Transactions of the Chinese Society for Agricultural Machinery, 2009 ,40(11) ;55 —58. (in Chinese)
PRI VFR I AR T AR ZIRE R B BIXI B [T ] AUz, 2013 ,44(4) 195 - 98.
LI Yaoming, XU Taibai, XU Lizhang, et al. Test-bed of threshing and separating unit with multi cylinder[ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2013,44(4) .95 —98. (in Chinese)
AR, EREL AR B, A5 U I S O BILIBEAE 23 19 26 5 T )36 5 2 800tk [0 ] AR BLBR 2 41, 2014,45 (11)
111 - 116.
LI Yaoming, WANG Chenghong, XU Lizhang, et al. Parameter optimization and field test of threshing and separation device in
tangential-longitudinal combine[ J ]. Transactions of the Chinese Society for Agricultural Machinery, 2014 ,45(11) ;111 - 116. (in
Chinese )
TROLEE M, AL, A5 DIANR SUR R WA UBORL 3 B2 B [T ] A AU 741k ,2014,45(2) 105 - 108,135.
XU Lizhang, LI Yaoming, WANG Chenghong, et al. Combinational threshing and separating unit of a transverse tangential cylinder
and an axial rotor of combine harvester[ J] . Transactions of the Chinese Society for Agricultural Machinery, 2014 ,45(2) ;105 -
108,135. (iin Chinese)
XM, XUME A , ok A 25, 2. i =B ORI E RE ARSI e [ )] RALEWFSY ,2012,34(3) 176 ~179.
LIU Hui,LIU Pengcheng, ZHANG Jianjun, et al. Experimental research on threshing performance of axial flow threshing device
[J]. Journal of Agricultural Mechanization Research, 2012,34(3) ;176 —=179. (in Chinese)
BTETR , R SRR, VIR R BRI S BT [T ] RALBIFSE, 2010,32(7) <121 - 123.
ZHAO Dechun, YU Tao, CAI Xiaohua. Design on ordinate axial threshing and separating test-bed [ J]. Journal of Agricultural
Mechanization Research, 2010,32(7) :121 —123. (in Chinese)
OK, m g R IM, S G R HERDR A R B o SR [T ] Al BLAA AR, 2011 ,42(1) .74 - 78.
DAI Fei, GAO Aimin, SUN Wei, et al. Design and experiment on longitudinal axial conical cylinder threshing unit [ J].
Transactions of the Chinese Society for Agricultural Machinery, 2011,42(1) .74 —78. (in Chinese)
PhEE, WIS, B, 45 4LZ — 1. 0Q BUR A A WOpRHLBERL T 2 #1565 A [T ] Al MLk~ 41, 2012,43 (10)
76 -81.
ZHONG Ting,HU Zhichao,GU Fengwei, et al. Optimization and experiment for threshing and cleaning parts of 4LZ —1.0Q cereal
combine harvester[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2012,43(10) ;76 —81. (in Chinese)
W B A EROK, T, A S WORLUKRSORTEREXT EL RS [T ] AU, 2005,36(5) 141 - 143.
MIU P I,HEINZ-DIETER Kutzbach. Mathematical model of material kinematics in an axial threshing unit[ J]. Computers and
Electronics in Agriculture,2007 ,58(2) :93 —99.
MIU P I,HEINZ-DIETER Kutzbach. Modeling and simulation of grain threshing and separation in threshing units—part I [ J].
Computers and Electronics in Agriculture 2008 ,60(1) :96 — 104.
WRTE , REOK AR, RTEAR , S5 RS WSS L ) ol 22 A R VR FRT i A [ ] A0l UL 741 ,2010,41(10) :67 - 71.
CHEN Ni, XIONG Yongsen, CHEN Dejun, et al. Design and test on the coaxial differential-speed axial-flow threshing rotor of
combine harvester[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2010,41(10) :67 —=71. (in Chinese)
WRE , BRI, IRTE AR , S5 RO T 2 B AR X A T i e S L S K [T ] Ak ML 7 41 ,2009,40(4) 273 = 77.
CHEN Ni, HUANG Dongming, CHEN Dejun, et al. Theory and experiment on non-uniform air-flow cleaning of air-screen cleaning
unit[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2009,40(4) :73 =77. (in Chinese)
WRIEAR , 2R IR B AR 45 A A AR ZZ IR S ORI L A BT et (] Al U4, 2007 ,38(8 ) :82 - 85.
CHEN Dejun, GONG Yongjian, HUANG Dongming, et al. Development on some apparatus of Chinese model caterpillar rice-
wheat combine harvester[ J]. Transactions of the Chinese Society for Agricultural Machinery,2007 ,38(8) :82 —85. (iin Chinese)
ET7 A RGBT S AT [ M. dEst: m %20 Rk, 2004,
HE A AURAE R E DT B AU T TR M. Jb5t s o AL B2 HOR e, 2007.


http://dx.doi.org/10.6041/j.issn.1000-1298.2013.04.017
http://dx.doi.org/10.6041/j.issn.1000-1298.2014.11.017
http://dx.doi.org/10.6041/j.issn.1000-1298.2014.02.018
http://dx.doi.org/10.6041/j.issn.1000-1298.2012.10.014

