R E N ]
2012 4F

&l TR R
1 H Transactions of the CSAE

Vol.28 No.l
Jan. 2012

11

Rl g & T2 5L -

IR SR/ N E K m R Rt ie 5 o5
JE O, FRWT, RE, RIE, FHRE

QLI RPN R85 R B R S S A 800 %, BT 212013)

& E: O REEREVIH AR A WCRALTE H RIBGRIS B IE iy BRI DL, % SCR DI P A BGRB8 VIR 1
SR EC RN U PRI R P A S0 S R BRI IR R 2 BRI &, 46 7 ke/s /DEEMR N RN HEAT B 23 B e R,
W52 6 H VR B 4 b 25 B A0 B BRG] A0 AR, s IR A4 R BB, SR DI R A R B s 4 5
BB I FRE T RE . R FES) XM L0 PVDF T H o R A B e D) At B & O SR AL TR AL SRS 46T 05 Al v 1
TE 1 B R, A B B R S e B A e N SR T R 4 R, H
WK I ] PVDF I FE 5 R Jak 25 T £ & 5 45 2R i e 55 N L S AR i 2 0 —4.82% ~~5.87% 0 2T 5T 1] LIS FH [AJ L3k

PRI 453 AT S N M 45

KGR MM, K, BN, HRE, BB
doi: 10.3969/.issn.1002-6819.2012.01.003
FESES: S225.3 XERPREED: A

BB FRHE 8 E %
11—16.

NEHS: 1002-6819(2012)-01-0011-06
PP RBEES WA NZRFIRKENRE S 2 [V]. RI TEFIKR, 2012, 28(1):

Tang Zhong, Li Yaoming, Zhao Zhan, et al. Test and analysis of wheat entrainment loss for tangential-longitudinal-axial combine
harvester[J]. Transactions of the CSAE, 2012, 28(1): 11—16. (in Chinese with English abstract)

0 51 &

A SR ATLAE FE TSR NS, AN ] 3E 2 7 A FF R
Jr g, AR RERLI A R . ORISR BT DL M AR
e AR R AR, AE RIS N 22 B 7 AT 22 06 K BN o) i r
R T i N (w7 sk N €55 %1 | IYER @ 1A & 1 N T D
HH, HogsmmEE R, ME AL WE AT R,
ANBE R 22 Bt 53 B A SN (RPRF LI T 458 SR AR 0

H T RENGIESE . WERf. SR IN E BER oRE R 2
oL, AR 20 4D 60 AR, VR M I SIS
WGRALIFRF R I A A5 245 (grain loss monitor) , H
A, SEEL EE. P HT. N R E A O AT e Y
77 AR A IS ORI B R o 1B 400 A DA S 2%
IR AT 1D AL [ROFFRE R A AR s, sk
[ JD1075 BB WCRHUR R4 J A 1% s s 2) FAr
T AURERLE AT A 2, NSk GM-30 AP
LH865 BUFFRIA AT ML KRS s 3D PR 2k ZeAs AL 2k
A, WIHTIRBCY y I1 3 BYH R AR A AL IS o 1B ARk

Weks HH: 2011-06-28  EITHIH: 2011-10-26

BEGTH : LA RSB B H (BE2011333); LA 046
BAEETH (CXZZ11_0549); S L FEREIES (20110490124); L5
RARIA R B TR B B I H (JR I 2 € 2011 ) 8 5),

EF R A (1982—), 5, DJHAYEA, tot, FEZAFIR
UM B EAR ST BT TTIR R BAR S 4 SRR B T L 4

MOMAEIES: M) (1959—), U, TLIRRFHEA, L, 2%, WL
I, FEN RN SR KR PSS IR ST B I
PRI R 36 5 BOR A SR O M e &, 212013,

Email: ymli@ujs.edu.cn

W65 WAL SR AL — FBE 18 2 0 AT R L 08 AT I A% S, a5 [
John Deere 24 @477 1) JD9660STS AUEA WG, Case
A A Case23661H BUBEG WML, 7% [E Ferguson 2
H] £ ) Ferguson860 AUIEA MY CUIC & T FF ki
RAGIAL IS, FH A W RIS OB LIS IR R P 43 2K I
L, TR G TR B RS B SRR A 1)
F 5141,

] PAY R R 453 2R U At 0 ke 20 B0 e, RS 2R R 7
Beb A AR R N A A8 T IR 3R A TR RL A A A
9. A EREE RS T N ARBEG ORI A  4 2k Dk
A R RTEAR, 42 1 R DL 28 5 R N FH T 453 2K DU
TR B ARDT s 5 /IR 25 A 4R R RF R A5 2 A B 1 ek
HkaRrkae, vl 7 H TS WOR VLA P B 5 &
%13 PVDF (polyvinylidene fluoride, & 9 £.4% )
J F A e U1 2 A W 2 3 e ot BB 2 WS SR L e e
AR HE B 0B TUTAR T () M A A R B TR R
G5 AT REFT, KT — I G WS R AL Al 437 2K S I
Wy g vEU, 35 H PVDF s Fi, A% J 25 o) i il
B KRR AT B HEAT Tk B mr s DL
HERE 0 A W 42 AR BEAT T AH GBI, AEURFRE I 7 43 2%
HSE G ARATI A ez, 18 7 RS BRI AT AR HE 2% 4H 56
) I A A W 2

A VIP B WOERNL ) T TE R I & 4l
LYY NG RIVET D PNt R 1R A e 3 A At R 1) A R
SPEAREE G, BT 7 kg/s MR I/NEE ORI A) 25 1 AR IR
B, XS UIGALIBER 43 25 28 B VR A ) o A R PR 4 A
AR AT eI e 5 2 B, 38 B 25 28 BORE B S S R L
KMoy 26 WA AR B B o3 R 26 2 TA) 1R G 4 K



12 ek TR 244

2012 4F

T, FEVIP IR G ORI B P TR T AT B 51 X
PVDF A% J&48 FE 047 B RS0 I, ) FH e L V4540 1)
Y RERE T REVE AR e B R, IR S N TR A AT
POAS o Ik 2 2P S 40 2 R ) A S 2 R 8 5 ) 225 e
TS TR AR IS ORI LAE FE R b B PR R R e
BRRAG O, o4 B RCR R F s e s B 2k LA+
oy B .
1 YINRERN D EEE
1.1 YIRS BRI S

B VTP A R AL 1 DI TR DI 1« 4l B
MEE N FOAT 17 Gl 0 VR ) 70 2 90 5 N 4 s V1) ot it bt
SR G, VIR 2 2R 5 & g i 1 TR .

LR 2. WAL 3. XK 4 DIANREY 5. MBS
6. Iy s el 7. SRS 8. PRI Rk
B 1 AR S B iR 6 45 T
Fig.1 Schematic diagram of tangential-longitudinal-axial
threshing-separating test device
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Fig.2 Schematic diagram of separating materials boxes on
spike-teeth longitudinal-axial drum
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Table 1 Threshing-separating result of
tangential-longitudinal-axial threshing-separating test device

%
JRL 5 18 PN WAy A JBE 43 F PR 2R,
A X, Y, Z,
VI 59.78 4.14 40.22
PRI A 0.28 10.87 59.5

M T AL, N 91 kg (/N YR, Hrpokr
B TN 39.22 kg, AT RN 51.78 kg MikL
I3 B R ZE AT 2 R i R R ER Y 15.01%, BN
7.77 kg B MORE 43 5 H R LT (IR R R T
1 99.72%: FFRLICATHURF A 0.28%, HI0h 0.11 kg.
JITE 5 VIR 8 IR IE 23 20 40.22%, R i 7 2 4
59.78%; ET A PNAHLER A I B IBE 73 %00 59.5%, FF Rk
WHREN 0.28%.

M2 T, Y 11<n<<13 I, KRB KRR N
0.28%<X,<0.69%, FFRiICHHRFRAN; 2 10<n
<131, B AR E 0.50%<7,<0.57%, i 2R &
B RN B RGE: 2 10<n<<13 It}, ik ki
K 015%<Z,<0.61%, BoFrREEDN; Y4 10<n<
13 16, A 53 ¥F B 22 5 it 43 ¥ RE 2R LUAE N 1.77<(X/Z,)
<1.87.
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Table 2 Distribution of mixture along longitudinal-axial
threshing-separating drum

BR@ AWAE  BOARE | BRI
F5 X/% Y% Z% XilZ,
1 53.37 0.97 6.41 8.33
2 41.27 1.06 12.1 341
3 2522 1.52 16.05 1.57
4 18.64 1.13 6.58 2.83
5 11.1 1.03 7.54 1.47

6 7.17 0.91 393 1.82
7 438 0.80 2.79 1.57
8 2.85 0.71 1.53 1.86
9 1.69 0.63 1.16 1.46
10 1.08 0.57 0.61 1.77
11 0.69 0.53 0.39 1.77
12 0.43 0.51 0.26 1.65
13 0.28 0.50 0.15 1.87
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LR, Y, Z]7 FIHE 2 BHRAYIN &
5 H UV GUIORL 73 B 1) 43 ) &R
[X,,Y,,Z,]=[53.37,0.97,6.41]",
[X5,Y2,2,]"=[41.27,1.06,12.1]",
[X;,Y5,Z5]"=[25.22,1.52,16.05]",

[X13,Y15,Z15]7=[0.28,0.50,0.15]",
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Table 3 Matrix 4, of threshing-separating coefficients for
tangential-longitudinal-axial threshing-separating device with
knife-nail-tine

nFF5 a, WHAE by AR o VHEHE
1 6.2871 0.0187 0.2085
2 1.9967 0.0339 0.3632
3 1.0667 0.0384 0.2006
4 1.5152 0.0517 0.3439
5 0.8143 0.0752 0.2613
6 0.8830 0.1061 0.2622
7 0.7348 0.1557 0.1667
8 0.6405 0.2157 0.1579
9 0.3879 0.3304 -0.0118
10 0.1967 0.4851 -0.1667
11 -0.2564 0.7335 -0.3913
12 -0.8846 1.1567 -0.8372

VE: a0 BRI BB by BRI B BB o RN KPRLY B BB

BT AR FRLR X, 20X, <1, Hz{ (3)
13 0<(Y,ta,Z)<1, W H A ~(Y,/Z,)<a,<[(1-Y,)/Z,],
% 3 115 459-0.8846<4,<6.2871.

R 3 WA R FE Y, A74E Y,1=>0.01Z,, W
X 4 115 b,=[(Y,1-0.01Z,)/X,]=0, H 0.0187<h,<
1.1567, H1T A(Y,1-0.01Z,)<AX,(Xrh A R84k 7
5, W b, (HBEAE n (3G 2 HTHE K

MY 9sn<I12 W, f71F Z,.,<Y,, BT X=0,
= [(Zy=Yo)/ X, ] <0, 3K 3 11 5715-0.8372<¢,<-0.0118.

M2 2 FI5K 3 iI4%, MRS REL a,<0 B, £T9
AR T T POFERLICAT N 0.28%<X,<0.69%; A2 57
ERE b, WA n GRS, Y 5,>0.3304 B, TG4
HIRIRT PR A SN 0.50%<Y,<0.57%, MBio2sad
AR/ HEUERSE s ¥R B R EL ¢,<-0.1667 B,
ET R IR 8 R RL Y 2550 0.15%<2,<0.61%.

M 3 W DIR A S AT AR A A5
Y JBEHE 73 2 2 o R R oy

0 1 6.2871 0 1 1.9967
4 =10.0187 0 001 |; 4,=]0.0339 0 0.01
0.2085 1 0 0.3632 1 0
0 1 1.0667
4,=10.0384 0 0.01
0.2006 1 0
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Fig.3 Curve fitting of no threshing-separating coefficient a,
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Table 4 Comparison of calculated entrainment loss and measured
values of tangential-axial combine harvester

Iig PVDF £ VAR N ERE IR R ZEH

5 WIAE KL W Klg Jeti i k/g %

1 5798 77.61 81.75 -5.06

2 5807 78.05 82.47 -5.36

3 5862 80.60 85.63 -5.87

4 5829 79.08 83.08 -4.82
4 % it

1) AENEBRNEN 7 keg/s I, VIPRBA BERHLE
1T DI B I KRRy 40.22%, AR o5
M 59.78%; AT U PNHH LR A I B B3 KPR 59.5%,
KRR R 0.28%. AR REL a, <0 I, FFHL
JEA BT 0.28%<X,<<0.69%; 4Z4H4r 5 25 b, =
0.3304 B, T NPHIAERE FTHRARETEN 0.50%<Y,
<0.57%; KPR B R ¢, <-0.1667 I, &1k 4hiR
R T BIFRLAY BN 0.15%<Z,<0.61%.

2) AFAE Ao RE BT R 2 DB R VDI R T AT
Vi U IR 5 2L T ) N 3 RO ) 25 28 8 it VR A )
IIATEAE: BB 2 0% PVDF A5 B K0 2 1 P 9\ 1
AR 1) 7N 22 USSR ISR P s S 453 e B, 38 F R 49
SRR 7 FE RS e A B SN TSI R 22
~4.82%~~-5.87%, 1 LG H [A]CER R F bz & i 453 0 EAT
SRR

(& % X W]
[1] Petre I Miu, Heinz-Dieter Kutzbach. Modeling and
simulation of grain threshing and separation in axial

threshing units Part II: Application to tangential feeding[J].

Computers and Electronics in Agriculture, 2008, 60(1):
105—1009.

[2] Anil J, Guruswamy T, Desai S R, et al. Effect of cylinder
speed and feed rate on the performance of thresher[J]. Journal
of Agricultural Sciences, 1998(4): 1120—1123.

B1 &%, BRORK, Mia, & BABERIUKREBGREREX
FEARES (7], AV HUB2ER, 2005, 36(5): 141—143.
Meng Fanchang, Pang Feng bin, Ye Yun, et al. Comparative
tests of harvesting performance on rice[J]. Transactions of the

[10]

[13]

[14]

Chinese Society for Agricultural Machinery, 2005, 36(5): 141—
143. (in Chinese with English abstract)

A JE . B TE AL AU A T T MK R 2L 7= BB AL ) e
[J]. ARMAUBRZAHR, 2000, 16(4): 7—10.

Niu Dun. New situation of agricultural mechanization and the
development of paddy production mechanization in China[J].
Transactions of the Chinese Society for Agricultural Machinery,
2000, 16(4): 7—10. (in Chinese with English abstract)

AR, S, WA BRI D)5 IR SR T )], A&
HUEITSE, 2007, 29(12): 248—250.

Li Junfeng, Jie Zhan. Analyses of combine harvester grain loss
measurement[J]. Journal of Agricultural Mechanization Research,
2007, 29(12): 248—250. (in Chinese with English abstract)
Andrzej O. Probe with PVDF
measurements of optical radiation[J]. Measurement Science
Review, 2003(3): 111—114.

Maertens K, Ramon H, Baerdemaeker J D. An on-the-go
monitoring algorithm for separation processes in combine
harvesters[J]. Computers and Electronics in Agriculture,
2004, 43(3): 197—207.

Li Yaoming, Chen Yi. Monitoring method and device of

sensor for energy

attachment loss in combine harvester[J]. International
Agricultural Engineering Journal, 2011, 20(2): 14—19.

ik T E A BENLHUR N R[], R,
2009(7): 5—9.

Jie Zhan. Prospect of test method of grain random loss rate in
China[J]. Journal of Agricultural Mechanization Research,
2009(7): 5—9. (in Chinese with English abstract)

i, XL, PR . T DR HEAR LIRS MR B LT L
WREATSJREN]. R TFEFR, 2005, 21(2): 179—182.
Jie Zhan, Liu Hongjun, Hou Fengyun. Research advances and
prospects of combine on precision agriculture in Chinal[J].
Transactions of the Chinese Society of Agricultural
Engineering, 2005, 21(2): 179 — 182. (in Chinese with
English abstract)

Glibert J, Strubbe I. Grain loss monitors for harvesting
machines [P]. US: 5046362, 1991 —09—10.

Bernhardt G. Apparatus and Method for Determining Grain
loss in Combine Harvester [P].US: 6869355, 2005—03 —22.
Guy H J. Offset grain loss sensor for
harvesters[P].US: 4540003, 1985—09—10.
Kotyk W M, Kirk T G, Wilson R J, et al. Unthreshed head
grain loss monitor[P]. US:4825146, 1989 —04—25.

FERIWY, gK/NEE, RIBHER, S5, BCA ORI Pk I &
PVDF B3t st 5l )]. RLHUEAR, 2010,
41(6): 167—171.

Zhou Liming, Zhang Xiaochao, Liu Yangchun, et al. Design of

combine

PVDF sensor array for grain loss measuring[J]. Transactions of
the Chinese Society for Agricultural Machinery, 2010, 41(6):
167—171. (in Chinese with English abstract)

PREW], IROLE, AR, RS CERBLIAT 5 A S
JVE[P]AE: 200910181537.1, 2009 —12—30.

Zhao Zhan, Li Yaoming, Chen Jin, et al. Grain separation
loss monitoring system in combine harvester[J]. Computers
and Electronics in Agriculture, 2011(2506): 1—6.



16 NV TRE A 2012 4F

(18] #RALEE, ZHEW], ZutE, 4. GRS B - il [20] VKRG > B PERERISE M), ARl TRE2A4R, 2011,

BRI, ARMEHLIBEAIR, 2009, 40(12): 87—91. 27(3): 93—97.

Xu Lizhang, Li Yaoming, Li Hongchang. et al. Development Tang Zhong, Li Yaoming, Xu Lizhang, et al. Effects of different

on test-bed of longitudinal axial threshing components on grain threshing and separating by

threshing-separating-cleaning unit[J]. Transactions of the tangential-axial test device[J]. Transactions of the CSAE, 2011,

Chinese Society for Agricultural Machinery, 2009, 40(12): 87 27(3): 93—97. (in Chinese with English abstract)

—91. (in Chinese with English abstract) [21] Shirinov A V, Schomburg W K. Pressure sensor from a
[19] &, 28, thorss, 46 ARBOR oS 9% PVDF film[J]. Sensors and Actuators, 2008,142(1): 48 —55.

Test and analysis of wheat entrainment loss for
tangential-longitudinal-axial combine harvester

Tang Zhong, Li Yaoming™, Zhao Zhan, Xu Lizhang, Li Hongchang

(Key Laboratory of Modern Agricultural Equipment and Technology, Ministry of Education and Jiangsu Province,
Jiangsu University, Zhenjiang 212013, China)

Abstract: In order to timely acquire the situation of entrainment losses of the tangential-longitudinal-axial combine
harvester when it harvest in a field, an tangential-longitudinal-axial threshing-separating test bed was built in the
laboratory, which was made up of a knife-type teeth tangential-axial drum, assistant feeding wheel and spike teeth
longitudinal-axial drum of the tangential-longitudinal-axial combine harvester. The threshing-separating performance
test was conducted with the test bed at the wheat feeding rate of 7 kg/s, the components and the distribution regularity of
the threshed mixture were measured, the threshing-separating coefficient matrix was established and then
threshing-separating matrix equation of threshing-separating device on the tangential-longitudinal-axial combine
harvester was solved. The array PVDF (Polyvinylidene Fluoride) piezoelectric-film sensor was applied to measure the
grain number of the 11™ materials boxes location under spike-tooth longitudinal-axial drum of the
tangential-longitudinal-axial combine harvester, the measured results were compared with the entrainment losses which
was calculated by the threshing -separating matrix equation. The result showed that the their difference between the
measured entrainment losses in the field and calculated values was -4.82%- -5.87%.1t has real-time monitor for grain
entrainment losses in the field.
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