%396 4
2020 4

32 1%
3 H

L S PN

Journal of Huazhong Agricultural University

Vol.39 No.2
Mar. 2020,160~169

B L K T SRR A L A 3 T A% TR g % A AL B R R R S I IR A )

DOI:10.13300/j.cnki.hnlkxb.2020.02.020

RGBT AR AR K% 54,2020, 39(2) : 160-169.

?%Hﬁfgluﬁ%ﬁgﬁiﬁwbﬂﬁﬂ_‘ \;-‘clrlr

SCEFIRANE
X A

8 R Gig it

gjﬁ . NN gﬁ {i W e /ﬁ—;’%/ﬁ?’ ’ T%]L % ’ MOHAMED Anwer

P REKRFIFR/RERNFRIIP FTHRLERETEEE T, KX 430070

FE 9 BUK RIS W LB V& f7 S I IR e W, ik T o A R Bt 1 — b DKL R A 2 D

FRGE L 0 o A SR A ) R BT T 2 0 i

IR A 7 A T 7 A 1Y 32 1 R Ak

IBiE R A& 0.8 kg/s

10970 PR Ak Al A L T BT DA 0 R, AU B R 98 AL AF SE B 1 S K R D S SR R b R 7R 5 0 B

650.800,950,1 100 r/min Mt A B H 0.2~0.8 kg/s
{55 5 LR

I A ST AT LA A5 AR A5 5 X iR AT I

KR WORMLNL; BORR ; BRAGEAS; WA SERT I
XERS

MESES S2254  XEKMRIEA A
WOAR ML H ] AT 4R B pl T AT 0 B R PR
KR CRLIEAEY IR B L & K & DL S E) A
REAR—F0 DL R H A R SE 0 50 , 3 350 A A
SEAFTENE Bl . ST A e e AR B ) 5
A g B R VR ] 2t I AR 3 E AF LR AN
ASOXF WL AJ B A 7 A ™ A I L A ™ R ) A 7 AL
RS R AMIFIE N RO R TR TARR A
AV 0 5 ¥ B O TE R BT . A BILIT L 24 e R A
O ) 2 R G OR AL &5 T R A2 B I R 4
M 312 7 G AT F M E A OO0 AT AR R I L R S
%ﬂﬂﬁ/\:.lifﬁﬁ@ AFS Z G4 W DL fe 1k 72 2
15 s R AT 20 T e AR SRR 3 Ao A5 JR A S I SR A
W%JME‘J%?S%M I ML B A R R e A 4 R
HHRAE R GE LT AT DL FL 2 2o ol 458 B A W A R
B8 52 IR 77 A BRI T AR VR ML AR B DA iR R s B
BLE WS . HEE Massey Ferguson /23 &) 7 WCEI AL
BRI TRHZORE X R G AENCHEI LT H (R
Rl B R S i & B0 05 AL+ B R 1 A6 R B
W5, % R Ge 46 AT IN VKR TR B & o e g Rt . 7
VR 7 48 A8 T IR 5 25 ) 28 K 22 2k T ORI R T - TiE
VLK Bl 77 % DB AR 3% € B mT g

W B 4. 2019-05-14

FHTIFRA RS, 4

R FE ARG, X IR A AL RS E 5 T A RS S

AR B« AR R A SR B R S i
BRCREL . WA R it

K AE
1000-2421(2020)02-0160-10

o SO S Ao A g ) VR R ) SIC I B A
TR TR BR 7, ST A AL T AT 0 el 3 T AT
RN 2 SR . R AR S AR AE 3h  d R B T g
N Bl 58 Ak 43 1) 4 2 8 OR A% s DT X B 4 e 1 Y
ik of (5 5 R4 T O A, 2 3 3 A - A R I R A R
HEAT T SR . AR BT AED R T MR ] B
ZR G5 R T A 0 J A 5 R ) R 4 2R G A B ) A VR R
70 g A0 R T B 08 T ke R, 12K L OE O YRR
ARSI 5l Ay R TR R N R L R
%WﬁﬁTﬁ%%AWTM%ﬁ@ﬁ@f%ﬁﬁ

PR G 38 2 R SRS X R G P RO Il R
HEAT I AT S S 90 R SR B R S R L iR
6 2% T2 WA TR 7 B8 o B M S AR R
SEVVIESE T AR PR RL TR B SOV TR R S R
OGRS G RN I 7E 2 W EL A AR 1 S
PE. XIE SN Bt TR A5 L B T — Rl iy
I T 7 [ 9K ) 0 A8 38 5 %) [ 2 XM A 111 e e e
Sy ES R, IR0 45 R R B TAERCR IR
MBS 30% L B, E S E R —Fh ek ik Ry
WETG S ETGAE45 G AT B M R TR f e & . i
T3 AEN SR FH M A AR A% G W Y O X

AW H ., HEE AP LRI (2017YFD0301404-05) 5 Hv Yo 85 A% JE A Bl 45 2% % 351 (2662018PY038)

8 R S 0 5 7 R O ) o [

B RE A b 25 £ 5. E-mail: 327121590@ qq.com

WEEE . kEEDE L E5Z. P grm . Rk 5 A 31k, E-mail: zhanggz@mail.hzau.edu.cn



% 2

AT A T T A R A i O L VR R S R IR 0 e R S i 161

11 TR 0 Ze b g ik 64T T B8 4347 - 38 13 5 K
P 1 X L 50 F B % 1 ok SR B 2 R LI 2
FERFAL .

T BH 2 A% TR 35 1 e L300 il 6 T, T2 1
B, HETFENLER AN KRR R gt R
I O AR AT X A N . A ) 5 AT SR A R BH X
T B A2 JER B 235 5 R I 1 o) R G S BRI T4V
B . 2 RUHE AR SR R B X R AT B A
557 B KA P X MR s R B R . XA
BREER Z AR AR AR S B B e T AT
A O K R I B A T R R
BHL 2 T8 RS A% R U T 1) J2 DI R 0 0 A A IS 7T AT 4
R 2 S g A A o AR T T K RS R LA
T 2z b R 3 R G 1% AR G T o A R A
DAt - 48 T AR S 5 A 4 2 1 ) B ik g ok W o 2 Ml
He .

JISE AR VRS FR A Wl % B VR T Il 2 1 [ B o T 55
PR R E B A R . ARBE R T T — Fh 3
T BH 29 R A% J g 0 IR R £ RN I A R
G2, LAVRE A i RVR £ 5 ol R i 00 R 7R R A &=
0.2~0.8 kg/s M5 F N iFAT & 223050, % M &t
VRS A7 Bt AR U 1 TOL 55 55 VR BT 3 A 300 i 2 fl T (]
B T A R R A T R B S ) O R T R F
5¢ s B TE N 7K R E A AR AL M A B S IS 0 4R it
%,

1 #MRERZE
11 I1EEE

1) JBE A VR B T 55 32 1 40 W . TR VR ) 2 S5 IR
B AAE FF 143 B8 0 A% 0 TAE B4, A0 TAE SR 14
i O G A FEEAT op s LR B AR DA S BB KL, TAE
AR IR, DUBE R OR R T ) AR R AR
il 55 R 0 T M O A Y e L EE AR L o AR
Tl FFAE VR TR 047 7 3 6 T a1 T 35 7 A4 ey 3 JEE 4%
I F, FEEshil 71 F,, o B R AR 7 8 1 X 7 £ 150
TP RS S L R T AR ML AT S S
JBE A 28 43 B i A, VI VR AT R B A 2k 1) BURE AR
T DA AT 2% 8T 1 8 By R Y il KT e oy
Xl DL Kl ) Ty A Z Bl VR G TR s S R
O & R IR A br Z L 87 T a5 52 J) A AL a1 1
IR

o

F,
——
X

BE1 MEZHhTEE
Fig.1 Top cover force diagram

HiPE 1 R, TSR R Z AT B IR ) F, 5 #E
J1F y, BR8P T i 7K 32 Bl 1 R

1 F_ SRR F, BUKE I LA F, L 3F
e T

F, :\g [r "(F. cosa +F . sina) dad!

. . N (D
{Fy =[V];"(F,; sina+F, cosa) dad!

KD P F, HTEREH 2N E, T

HAKT I N N0 HBE S P, JEEE F, 5
KX 7B i s rads L W TELE 2 J71 B0 K
FE . R T 25 2 5 A 06 1R G ph R 1

F, AUKE 71 AR H1 F L A E s O 7= 2k
AT (2) 15

My, =My, (F/, )+Mo,~ (FA, )+M<)r (Fls, )

—I""F,, sina * rsinada+ (Fa, +Fy, yrsind
Mo, =Mo, (F,, ) +Mo, (Fa, ) +Mo, (Fs,) v
—[7"F,, cosa * rcosada+ (Fa, +Fy, Yrcosd
K@ .M, 5 Mo, 535 4 T 55 A7 T 9] 4
DITEKESRE A A SE N m;Fa 5 Fy,
g3 ) R IO 55 22 AT WA 32 B 1 S0 K SF O ) B EEAE
J1.NsF A, 5 Fy, 4000 R 1055 2245 900 52 21 /9 S35
U A W BEAE R f Nsr A TS RIEAE , m, T
RN ) SR Z B R IT .
F, =uF,, 3
KGO HEERE.
T 55 fe 28 HNAE F 3 Je 00 35 4, BIAT

F‘y +F/\y +F1;y =0
(€]

My, =0

My, =0



162 ISR LR N A = = g 4

%39 &

2) WKL VR fT 92 i R I o R A8 TAE R, R
fa] AR, 10035 32 R 0058 AR FE ik 28 34T
IR S RS S URIT S TACE Y i 1 N
T B X S A2 TR i 7 DR T A ) A T T 1Y
Jr R i R T

FH 1T 34 52 7 A5 30 43 B A) 0 VR B AR I S A X
T 7= A AR 05 25 I RE VR A A it R A 7 b sl B
FEWS BT F o, MBS IR F, RTAENHE M &K
A AR L 7E T 5 55 0 R 28 100 W 4% ol T 22 () ) R BEL X
A% R R 32 1Y Jmy T A ik TR ) o e AR R A L KR
F R BN FL {5 54 25 & A A8 b, DU AT T 4G
T 5 B2 e Jt b % 1 T AR S AR 1k

V5 T0 5 A0 A I % T 25 5 R Ay s 30 T 4 ok v
TR B 500 A BB A T T 5 5 i s = s T s )
T3 ol TR 7K 2 X0k 42 T 7 A B O AR L A 2 fih T )
AW NEAL SR AR 5 R P48 3 R 88 TR TR
fA] 25 B B W A5 B A A% SR I B R A2 1 TR
N F o s FER T TAETEOLT , BERS FFIR AR 5 TAE
A far 3600, T0 55 52 7 A8 Ak o B AT D0 AR B R JER 2 1
FEJ12R F s H O AT 4G 0 381 504 AL R 2% K 32 19 R )
AL

AF; =F;5 —F;x (5)

FEAG A% i R 0 B W AR SR I 2 R 1
FoH PR IAI 22 R, AT (6) Fem .

AF; =KAR,; (6)

K (6) 1 K 2Pk R 8 7T Hh A% A% b o DU
o AR, il R G0 GE R AL R g R 0GR TR
HLBEAE 5 A8k, Q. 45 G 3 (5) ATl (6) B AT A5 1
AL SRR R Z B R A T ARk
12 KB REE

DRI G2, K5 & %8 bR RS FF 5 X
IR 8 i 3 T O 0 % T = T AR 7 L R A
IR B Sk A I R g L L AR A,
K2 iR, aEe i, H ALY VR (A 5 2, 3 2o AR A 2
O 4 ) L AL 0T DT A5 1) 38 VR A e il . IS
MR KRR SR FH i 26 7 B 32 Sk i el B il o — B AR
AT FT R ML

D WRIR . DA AR 0.8 kg/s MY/
TRV il T 14 =K R IO A TR T Sk a0 X 52 L i TR
JRLRE T % A B RO, 25 RSB H A
A A&l 3 frn , EASEN R 1 s,

1.5 %7 Conveyor belt; 2. i ki 7R f&i Threshing cylinder; 3.5%
HIWE A % Forced feed wheel; 4.7845i#% Frequency transformer;
5.HL#L Electric machinery; 6.4 i3 Block rubber.

2 WAL
Fig.2 Test bench

1.HE® 1T Rows of grass; 2.3 | ¢ A %% Forced feed wheel; 3.4%
# Bolt; 4.JJFiAT 14 Threshing rod tooth; 5.1 % Cover; 6. [A]§%
LAl Rotary center axis; 7. KM Guide straw; 8. M4 ff Con-
cave screen; 9.3%filt i Con tact surface.

B 3 R AT o =X R AR 2 45 4 TR
Fig.3 Structural diagram of threshing drum
1 AEAEBRTEXKEREEREEIESH
Table 1

Parameters of rigid pole tooth of the

horizontal-axial threshing drum for test

WA Parts 2 Parameter BUH Value
H1%/mm Diameter 382
R K /mm Roller length 784
JBRL U TAE %5 B /mm o

N Threshing tooth working height
JBi R V8 5 R
. B Sk %

Threshing . 2

Number of spiral heads
drum

[AR=PER 60
Total number of rod teeth
i 7
LILEE/Amm 333
Tooth distance
58 % /mm Width 245
H4%/mm Diameter 223

i i s A ~

HRRAKE syttt -

Forced feed Speed ratio with drum ?

wheel o

5 E] B/ mm 15

Clearance with drum
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4E3% 1 Continued Table 1 13 MERESIZIT
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A 5/ mm 10 P PR B0 A R 7 T 5 52 ) 5 MR ek 22 ) Y O
Height of guide board Lo N 2 w0 I N
o e o F BT R R G 0 0 4 AR R A
IT" — N N 3
T2 Number of guide plates 3 ﬁﬁj\ﬂmﬂ@ 4 *u@ 5 Fﬁﬂ?o 12@”%/%rbﬁ*ﬁﬁﬂ?yj
Top cover I B/ mm Gap 12 AE « 52 B T gl a1 56 T 4 A 45 Ak L BE A Sh R A7 8K
[f] 5 /mm Spacing 180
SRS/ ) 15 T 5 32 71 484k
Guide vane guide angle ’ F(')rc'e
variation
f141/(°) Wrap angle 200 of cover
KB /mm Length 800 l S :
[T 4% 7 i LR ~f /mm Screen size 3030 AL RS EE[SE1§? ﬁ%ﬁbﬂiﬁf {Wﬁt%‘:éﬁ
. . _ Thin film [~ Resistance[— ate, — Testing
Concave screen H4%/mm Diameter 455 sensor signal acqs;iallon system
5K [8] B2 /mm Threshing gap 30
B Type W?ﬁ\é’ﬂl‘l‘l\ ‘ B4 MNERGZEHE
oven sieve Fig.4 Structural chart of measuring system
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Fig.6  Acquisition system interface diagram
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Resistance

FRAETR B T iz S I I AT B . 2R VR 13 D 1T 70036 9 12 15 18 21 24 27 30 33 36
HHR/ANH 640 mmX120 mm FE H BT 5 mm JE IFii)/s Time
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Table 2 Resistance signal measured by No.3 and No.4 sensor Q

34/ r/min) Speed

ua/;fé:;im 650 800 950 1100

No.3 No.4 No.3 No.4 No.3 No.4 No.3 No.4
0.2 41.5 65.7 26.1 40.9 40.0 52.8 5.4 48.6
0.3 62.0 135.5 58.4 93.0 40.3 32.9 7.5 61.8
0.4 99.7 149.1 81.1 120.1 58.0 74.4 65.5 172.3
0.5 110.5 217.2 106.6 144.3 74.8 149.0 91.6 178.0
0.6 109.3 156.1 167.2 214.1 106.4 182.5 115.4 304.4
0.7 132.4 197.0 221.4 280.3 107.4 244.9 169.3 381.5
0.8 145.8 198.4 244.5 275.7 196.0 255.1 145.7 340.9
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Table 3 ANOVA table for No.3 and No.4 sensor data
25 SS MsS F % #F Pt Significance
. df
Difference source No.3 No.4 No.3 No.4 No.3 No.4 No.3 No.4
A WA K
. " 79 547.1 765 804.0 6 1325.9 127 634.0 28.6 8.58
Feed rate
B & {4 5 ik
R 8 246.4 19 052.3 3 2 748.8 6 350.8 3.85 0.43
Drum speed
=2 Error 12 832.4 267 683.4 18 712.9 14 871.3
S Total 100 626 1 052 540 27
300 — 650 r/min - -800 r/min ---950r/min 400 —650 r/min  -=-800r/min ---950 r/min
) -1 100 r/min —+ Zi4 Total ) -1 100 r/min — %4 Total
250F 350F
v 200 © 300
S = 150k =] 5 250 AT
Am: = 7 200¢
27 100 2 & 150¢
= 50p = 100}
or 50r &=°.
-50 1 ) 1

1 1 1 1 1 1
0.2 03 04 05 0.6 0.7 0.8
A 1/ (kg/s) Feed rate

0l '

1 1 1 1
0.2 0.3 0.4 0.5 0.6 0.7 0.8
MEA 11/ (kg/s) Feed rate

A3 SAEJKLS No.3 sensor; B:4 S {EJ&4¥ No.4 sensor.

10 fRREERE

S-RAELTHLE

Fig.10 Sensor signal-feed volume change trend chart
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Y0 =188.6X+65.55  R®=0.633
Yy =418.9X —42.55 7 =0.964
Yo =406.4X —61.41  R*=0.937
Y00 =588.7X —81.86  R*=0.917
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y=2365.60 —31.71 R*=0.785
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ERb,y TR S AEME, Qe B A,
kg/s,
LR ES B HmE 11 Fros., BE
11 AT LK BR, & FA) e 3 0T {5 5 149 52 1) 7 A 2 IR
AP RS TEMR A B S i i sh A R, SR R R
WA Sk P 48 o 5 SSORES AR VR 17 9 1938 21y 728 PRIUE I 38
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o f20
23
Az 15
¢ 10
==
50)
ol

1 1 i |
800 950 1100

3%/ (r/min) Speed

-02kgls - -
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-=- 0.6kg/s
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Designing a real-time feed measurement system for horizontal

axial flow threshing drum based on thin film sensor

ZHAO Shenghua,ZHANG Guozhong,ZHANG Shijie,
FU Jianwei, XIE Gan, MOHAMED Anwer

College of Engineering , Huazhong Agricultural University/Key Laboratory of Agricultural
Equipment in Mid-Lower Yangtze River ,Ministry of Agriculture and Rural Affairs,
Wuhan 430070,China

Abstract A threshing drum feeding measuring system is designed based on the film sensor to real-
ize the real-time feeding volume monitoring of the threshing drum of rice combine harvester. The system
can monitor the working state of threshing drum and assist in determining the current real-time feeding
quantity by using the thin film sensors to measure the force on the top cover. The bench test was carried
out under conditions of 1 100 r/min and a feed rate of 0.2 to 0.8 kg/s,using a small horizontal axial flow
threshing drum with a rated feed rate of 0.8 kg/s as test object,the mature Late indica rice 98 and Chua-
nqi Fengliangyou 1 rice as test materials with the rotational speeds of 650 r/min,800 r/min,950 r/min,
respectively. The rated feeding capacity of the platform detachment device was 0.8 kg/s. The results
showed that the film sensor was collected. Real-time signal was significantly correlated with real-time
feeding. The linear relationship between feeding amount and sensor signal was fitted with good fitting
effect. It is indicated that the measuring system designed can measure feeding amount through sensor
signal.

Keywords harvesting machinery; threshing drum; film sensor; feeding volume; real time monito-

ring; rice
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