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1.Pickup elastic teeth 2.Slide plate 3.Slide plate transfer support 4.Spiral
conveyor concave plate 5.Screw conveyor 6.Limited depth wheel

7.Pressure rod
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Fig.l1 Diagram of pickup bench structure
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1.Third tension sprocket 2.Screw conveyor shaft 3.Pickup bench power input
shaft 4.First tension sprocket 5.Second tension sprocket 6.Picker sprocket
7.Picker shaft  8.Screw conveyor picker drive chain 9. Picker drive sprocket
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Fig.2 Schematic of pickup bench transmission system
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Table 1 Main parameters of pickup conveyor
1 Values

24} Parameters
FgE R (KX 5 X 5D
Pickup table size (lengthxwidthxheight)/
(mm>xmmx>mm)
PR IR v A 3

3 000x1 500x800

Depth-limited wheel height adjustment range/mm -100~100
it &) /7 Supporting power/kW 24
Rdh 63 71 e el
Rotation speed of pickup table power input shaft 165
/(r'min”)
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H, rmin's R OVRIABISEE LR, m.

Note: 7, T, and T are the torques of the pickup bench power input shaft, picker
shaft, and screw conveyor shaft, respectively. n, 1, and n; are the rotation speeds
of the pickup bench power input shaft, picker shaft, and screw conveyor shaft,
respectively, rrmin”'; R is the turning radius of the pickup elastic teeth, m.
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Fig.3 Dynamic analysis of pickup bench
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Fig.4 Structure diagram of monitoring system
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Table 2 Main parameters ofsensor

24 Parameters HUA Values
HHE FEFE Torque range/(N-m) 2000
3 BHE Rotate speed range/(r-min™') 0~2 500
ARG Torque accuracy/% 0.5
%4 Number of teeth 60
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L.Input energy coupler 2.Voltage regulator circuit 3.Strain bridge 4.Amplifier
5.V/F converter 6.Output signal coupler 7.Signal output circuit
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Fig.5 Block diagram of torque measurement principle
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Fig.6 Road test situation
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Table 3 Road test results
e [ilpsizt} S
Rotate speed/ Forward speed/

LA+

S ass HFE Feeding

Test No.  Torque/(N-m)

(rmin™) (m's™) rate/(kg's™)
1 50.206 162.179 0.51 2.324
2 78.054 160.861 0.99 4.254
3 52.706 177.235 0.84 2.352
4 47.220 180.512 0.88 2.046
5 46.500 173.938 0.94 2.184
6 55.454 173.182 0.88 2212
7 72.818 167.102 0.92 3.934
8 61.494 164.956 0.86 3.012
9 158.958 152.789 1.18 6.038
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Fig.7 Fitting results of relational models for feeding rate and
Torque
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Table 4 Verification test results

cea e HUBEEREE  MRE TS SCMHAAE w2z

KT : =
Test No Forward Feeding Calculated Measured  Deviation
" speed/(m's™) rate/(kg's!) torque/(N'm)  torque/(N'm) rate/%

1 0.62 2.366 51.024 50.812 0.42

2 0.77 2.172 50.685 49.992 1.39

3 0.81 3.553 64.706 65.368 1.01

4 0.93 4.462 88.673 87.153 1.74

5 1.22 5.547 132.598 135.898 2.43

“FY{H Mean 1.40

M 4 FTLUEH, SEill4eds & 3 1 N A 550
SRR A W2 . IR RG S5 R L, MR E
A DA B A ST PR ON R 5 80 o N L R ) R R
B A U IR 1, A 22 R N 0.42% ~
2.43%, THWMZERRN 1.40%. R, ME4TLEH,
MENEER R, fMZERBK, VA RANEREN, &
& 63 1 N LR AR I AT e MR, BLA I IR
BRI HIBE TR MR PR BRI

3.5 HEMIERLE

N T RS S T ) R R BRI AR R LE H TR SEBRIER
B F 3 S R IE A, o R R ARG VR R R S B
AT 2018 4F 10 HAER FE A U5 ik md B 5 £ BT
T H AR . RIS R PP AR H RS 42
RUSCR XA PRI AH [F] o F2 98 )5 Wl 5 d, SRR AE
AR S K E N 18%~25%. HIENRIGIE 8 Fix, 4
W 5 .

B8 wWIERE
Fig.8 Field test
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Table 5 Field test results
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T (lt N Forward Feeding Calculated Measured  Deviation
est . speed/(ms'l) rate/(kgs'l) torque/(N'm) torque/(N'-m) rate/%

1 0.54 2.176 50.687 49.742 1.90
2 0.68 2.672 52.643 51.375 2.47
3 0.87 3.612 65.907 63.626 3.58

F35{H Mean 2.65

MR 5 A5, HH ARG A 22 RV B R 1.90%~
3.58%, THMMEFRN 2.65%. HSCIHHH B
s, IR AT R R DR D TAD ARG P A AE SRR UAC S T Mt i
[ ROE BRI, N S d, TEAE RS KRR, Bk
FEVERRAR, MEtETHE USRI, 1EARBG i, A5
SR, P RRAAERN .

4 W it

1) ARt FEE LR I ORI N B 5 5 ik 6 3)
3% N LR AR B8 A R o K e A 6 1 T ST
73, AERBORE S HIEFZ IR E R A —E
FEFERIANE,  HBK G RN LIE B8 A7 7 A H (84758 A7 42—
FEZER], XXMM RIS R A E AR . 5 H A
IR, ELAR R T X 6 P LA i 72 2 B0 1 R 6 A P Y
Ko AR ZEZAKIR N T 3.0%, A R EOB R AT B
AECRRIERE, 0 5 SR R OB B RE I % &
Mt BB e S .

2) WFAEENGRFETRIBR ], A SOOI R 5 s
ede 2 SR AT 7k,  HOR BRI R A (BIAR
MR AR R ZERA € RN, wWIRa R A
A WRRYE, 5 ST AT X AE 2R 3 XA [FIAE
Az it A (7] O R i) M ke, DA AL RN B R
Z AR BOR R, IR RS B i



34 Ll THE2AH (http:/www.tcsae.org)

2019 4F

5 4% it

VLRI SRR 4HLI-3000 74408 N\ A6 42 Bk A Uhosk
BB G, Wt AT T3 108, St 7R
£ 2 775 NFh LA RN B (R A . IR TR
S BN Sy N S R T 2% % T W A
P& R4

D @I G 30 N S R RN 1 18 B U
WIS FIEAE A B 74, 43 U RTINS IR R
HpiAY )y 7=83.27-30.38¢+7.08¢%, HUMANE/NT5T 3
kg/s I, BAE MR\ A3 IO 0 LU 22 02 MR E
KT 3ke/s b, BEEMENEIIEIN, HA SR, Hi%
AL 2 PR

2) BEBVISIR RIS 25 R, FTE L R B A
BABE RN, WZERIEEN 0.42%~2.43%, 1)
MZEZFN 1.40%; WA SRR, WEREEAN
1.90%~3.58%, “THImZEZHN 2.65%; HMEANEEHK,
i 25 K o I 9T AT D A MR NAE AR F USRI LA R HE
iy A RN B 1) R BRI 4% R A T T B A R 0 T A 4
N =

(& £ x #

[11 BEHE, &%, Chen Charles, 4. FRAeAE WS IRIL

HARBARE KR H[I]. RAH R, 2017, 48(4):
1—21.
Chen Zhongyu, Gao Lianxing, Chen Charles, et al. Analysis
on technology status and development of peanut harvest
mechanization of China and the united states[J]. Transactions
of the Chinese Society for Agricultural Machinery, 2017,
48(4): 1—21. (in Chinese with English abstract)

[2] Chapin J W, Thomas J S. Peanut money-maker production
guide 2015[R]. South Carolina: National Peanut Board, 2015.

[3] Fletcher S M, Chen C, Zhang P, et al. Competetiveness of
peanuts: United States versus China[R]. Georgia: University
of Georgia, 2009.

[4] Jaime C N. Current status and strategies for harvest
mechanization of peanut in Mexico[J]. SSRG International
Journal of Agriculture &  Environmental Science
(SSRG-IJAES), 2015, 2(1): 7—15.

[5] B, B E, Charles Chen, %5, £ E e WSEHIRIL

PR IR Lo o B AR 7R [0]. A TRESA4R, 2017,
33(12): 1—9.
Gao Lianxing, Chen Zhongyu, Charles Chen, et al.
Development course of peanut harvest mechanization
technology of the United States and enlightenment to
China[J]. Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2017, 33(12): 1 —9.
(in Chinese with English abstract)

6] #RALZE, W1, EWE, & EAEBESHBERE IR
R KBHE ARSI THRRAIEIZE, 2016, 44(12):
33—38.

(71 Euk, #MEHE, ZER, & FERAUTHEERS BN
PR IR 45 M2 AT S R A ]. R AR AR, 2017,
33(21): 20—28.

Wang Bing, Hu Zhichao, Peng Baoliang, et al. Structure
operation parameter optimization for elastic steel pole
oscillating screen of semi-feeding four rows peanut combine

[9]
[10]
[11]
[12]
[13]

[14]

[18]

[19]

[20]

[21]

[22]

harvester[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2017,
33(21): 20—28. (in Chinese with English abstract)
Antiaobong E A, Bhattarai K R. Growth trends and sources
of output growth for oil palm and groundnut production in
Nigeria (1961 —2007)[J]. Trends in Agricultural Economics,
2012, 5(3): 96—103.

e A RSLATE AL . 2018 [ AL AURRAL 4 %M.
Aemt: HEAQLBERAR R, 2018.

Coers B A, Burke D J, Cooper W F, et al. Harvester feed rate
control with tilt compensation[P]. US6592453, 2003.

John S, Michael P M, Gary W K. Combine feed rate
sensors[J]. Transactions of the ASAE, 1985, 28(Supp.): 2—5.
Ederveen J. Harvestmore for harvester control[J]. Diesel
Progress North American, 1982, 10: 14—15.

Kruse J W. Microprocessor Based Combine Ground Speed
Controller[D]. West Lafayette: Purdue University, 1981.
Friesen O H, Zoerb G C, Bigsby F W. For combines:
Controlling  feedrates  automatically[J].  Agricultural
Engineering, 1966, 47(8): 434—435.

Van Loo J. An Automatic Feedrate Control System for a
Combine Harvester[D]. Wageningen: Wageningen University,
1977.

Robert J A. Combine harvester rotorload control[P].
US6036597, 2000.

Miosz T. Quality of combine-harvester performance as
affected by construction of selected threshing-separating
assemblies[J]. Problemy Inzynierii Rolniczej, 1994, 2(4):
23—34.

Gomez-Gil J, Lopez-Lopez L J, Navas-Gracia L M, et al. The
spatial low-pass filtering as an alternative to interpolation
methods in the generation of combine harvester yield maps[J].
Applied Engineering in Agriculture, 2011, 27(6): 1087 —
1097.

Bajema R, Nitzel D R. Ground-crop harvester control
system[P]. US6068059A, 2000.

M, FEE, B, % 4HQL-2 TAMMAAERS
WERBLEGBERI[]. A0l TR, 2009, 25(6): 125—130
Shang Shuqi, Li Guoying, Yang Ranbing, et al. Development
of 4HQL-2 type whole-feed peanut combine[J]. Transactions
of the Chinese Society of Agricultural Engineering
(Transactions of the CSAE), 2009, 25(6): 125—130. (in
Chinese with English abstract)

BIEH, ZER, FOOK, 5 ALH2 B BEEE
BEA WOR ML B[], ARk TFE 244, 2008, 24(3):
148—153.

Hu Zhichao, Peng Baoliang, Yin Wenqing, et al. Design of
4LH2 type half-feed and self-propelled peanut combine[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2008, 24(3): 148—
153. (in Chinese with English abstract)

Afshin A M, Shamsollah A, Hossein N, et al. Comparing of
peanut harvesting loss in mechanical and manual methods[J].
International Journal of Advanced Biological and Biomedical
Research (IJABBR), 2014, 2(5): 1475—1483.

Wkte. 4HQL-2 ARG WCRNL EER B it 5l
BWETE[D]. TERH: TERHARL RS, 2009.

Yang Ranbing. Study on Design Principle and Tests for Main
Parts of 4HQL-2 Peanut Combine[D]. Shenyang: Shenyang
Agricultural University, 2009. (in Chinese with English
abstract)



F23 M FHES: RRAAERIRBEIRAF 2S5 115 35
[24] SHEME, AR, TEW, 2 R0 E RV 3 4HJL-2 harvester for peanut picking-up and fruit-picking[J].

[25]

[26]

[29]

[30]

[31]

[32]

TSR], Rk TFE2EH, 2008, 24(10): 114—117.
Hu Zhichao, Chen Youqing, Wang Haiou, et al. Design and
experimental research on vibrating type peanut harvester[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2008, 24(10):
114—117. (in Chinese with English abstract)

INKE, EIEH, REH, & AEEBUSILR R BR
LeBEREIPHTI]. ARHULHTSE, 2012, 34(1): 234—237.
Sun Qingwei, Wang Yanyao, Xu Zhirui, et al. Application
situation and progress analysis of peanuts piecewise harvest
machine[J]. Journal of Agricultural Mechanization Research,
2012, 34(1): 234—237. (in Chinese with English abstract)
G, TN, ZER, 5 4HLB-2 BEER ARG
AR BRI 5IRI[T]. Al TREZEHL, 2012, 28(6):
26—31.

Hu Zhichao, Wang Haiou, Peng Baoliang, et al. Performance
analysis and experiment on operation process of plant lifting
device in 4HLB-2 type peanut combine harvester[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2012, 28(6): 26—
31. (in Chinese with English abstract)

Tseng C F, Lin W S. The processing and fracture analysis on
transmission shafts of a peanut harvester[J]. Journal of
Materials Processing Technology, 2008, 201(1/2/3): 374—
379.

ERMA, WA, 28, & ARG L Bhix
THIES BT FC[T]. A=, 2013, 440381 2):
68—74, 5l1.

Wang Dongwei, Shang Shuqi, Li Xiang, et al. Type-L
cleaning separation mechanism of peanut combine
harvester[J]. Transactions of the Chinese Society for
Agricultural Machinery, 2013, 44(Supp.2): 68—74, 51. (in
Chinese with English abstract)

Roberson G T, Jordan D L. RTK GPS and automatic steering
for peanut digging[J]. Applied Engineering in Agriculture,
2014, 30(3): 405—409.

Balkcom K S, Arriaga F J, Balkcom K B, et al. Single-and
twin-row peanut production within narrow and wide strip
tillage systems[J]. Agronomy Journal, 2010, 102(2): 507—
512.

FAYl, HERE, R, % AHZB-2A fAR RN
55 0]. EAKNL, 2012(1): 111—114.

Wang Bokai, Hu Zhichao, Wu Nu, et al. Desing and
experiments of 4HZB-2A peanut picker[J]. Chinese
Agricultural Mechanization, 2012(1): 111—114. (in Chinese
with English abstract)

XUPERR, (¥, T2, % 4HIZ-4A feAERHA 1 LT
53R, KHLHFFE, 2019, 41(5): 121—126, 132
Liu Yangcheng, He Ke, Wang Qian, et al. Design and
experiment of 4HJZ-4A peanut collecting and picking
machines[J]. Agricultural Mechanization Research, 2019,
41(5): 121—126, 132. (in Chinese with English abstract)
FRME, EIERE, w5 KBRS RO
HIE 525 0 AT [Cl/ R B TRE 2 2011 4E¥ARES R
LA, 2011 121—127

TR, i, whi AHIL-2 BUEA R A 1 BB AR
LB SR [T]. Aok TRE2EH, 2013, 29(11): 27—
36.

Wang Dongwei, Shang Shuqi, Han Kun. Design and test of

[35]

[36]

[37]

[39]

[41]

[42]

Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2013, 29(11): 27—
36. (in Chinese with English abstract)

Vg, DK, e, & ETPIBUGR N e
BARHUBEFE[T]. AR, 2016, 47(3): 90—97,
111.

Xu Tao, Shen Yongzhe, Gao Lianxing, et al. Spring-finger
peanut pickup mechanism based on two-stage harvest[J]
Transactions of the Chinese Society for Agricultural
Machinery, 2016, 47(3): 90—97, 111. (in Chinese with
English abstract)

PREN], ERMS, IRSLE, S5 BCEWCRHLUBRLER T MR
) 5 1 5 28 B W SR AR [T]. AL UREEAR, 2018, 49(8):
68—175.

Li Yaoming, Wang Jianpeng, Xu Lizhang, et al. Design and
experiment on adjusting mechanism of concave clearance of
combine harvester cylinder[J]. Transactions of the Chinese
Society for Agricultural Machinery, 2018, 49(8): 68 —75. (in
Chinese with English abstract)

Wik, 20, AWM. S WORILRA BB IA[T]. K
A HLEEAIR, 2006, 37(12): 76—78.

Chen Jin, Li Yaoming, Ji Binbin. Study on measurement
method of combine feed quantity[J]. Transactions of the
Chinese Society for Agricultural Machinery, 2006, 37(12):
76—78. (in Chinese with English abstract)

XICTT, XFF, FEEE, RTINS BRI
RN IVAD]. A EAR AR, 2017, 22(11):
157—163.

Liu Yuanyuan, Liu Hui, Yin Yanxin, et al. Feeding
assessment method for combine harvester based on power
measurement[J]. Journal of China Agricultural University,
2017,22(11): 157—163. (in Chinese with English abstract)
FICHE, XE, IR, S BYIEEE SRR B A
RG], R USAR, 2011, 42(11): 82—85

Lu Wentao, Liu Bao, Zhang Dongxing, et al. Experiment and
feed rate modeling for combine harvester[J]. Transactions of
the Chinese Society for Agricultural Machinery, 2011, 42(11):
82—85. (in Chinese with English abstract)

WREE, EA%, R U, SFEEGIEIPIMRA R SUGERERE
PURMERIT]. Rk TFEZEH, 2011, 27(9): 18—21.
Chen Du, Wang Shumao, Kang Feng, et al. Mathematical
model of feeding rate and processing loss for combine
harvester[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2011,
27(9): 18—21. (in Chinese with English abstract)

ik, BRICHT, XILLR. GPS BEAWGRALEEHL MR A0
EHIER[I]. AL, 2006, 37(1): 55—58.

Jie Zhan, Chen Jiaxin, Liu Hongjun. Research on fuzzy
control of random feed quantity of GPS combine[J].
Transactions of the Chinese Society for Agricultural
Machinery, 2006, 37(1): 55—58. (in Chinese with English
abstract)

WKIRFZ, PMEIL, XUEA, A BREUGRHURA R IR
Lt 5uia]. RWHRFAR, 2019, 50(6): 85—92.
Zhang Zhengian, Sun Yifan, Liu Renjie, et al. Design and test
of feed rate monitoring system for combine harvester[J].
Transactions of the Chinese Society for Agricultural
Machinery, 2019, 50(6): 85—92. (in Chinese with English
abstract)



36 Al THEZH Chttp://www.tcsae.org) 2019 4E

[43] JURR, 77300 BRE W IRAN BRI R ZE0HTT). (in Chinese with English abstract)
PUILR MR RS2 ] . HARRIERR, 2015, 43(5): 229— [44] Huynh V M, Powell T, Siddall J N. Threshing and separating
234. process-a mathematical model[J]. Transactions of the ASAE,
You Huiyuan, Lu Wentao. Fzzy control system for feed 1982, 20(1): 65—=73.
quantity of combine harvester[J]. Journal of Northwest A&F [45] Miu P I. Applied modeling theory of material separation in
University: Natural Science Edition, 2015, 43(5): 229—234. combine harvesters[C]. Ottawa: ASAE, 2004: 4115—4125.

Modeling and experiment of feeding rate for full-feed peanut pickup
harvester

Wang Shenying, Hu Zhichao™, Wu Feng, Yu Zhaoyang, Cao Mingzhu, Gu Fengwei, Gao Xuemei
(Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China)

Abstract: In order to solve the problem of performance degradation and even mechanical failure caused by fluctuation of
feeding rate during the operation of full-feed peanut combine harvester in China, and the lack of basic research on feeding rate
of full-feed peanut combine harvester, the structure and working principle of the pickup bench of the 4HLJ-3000 full-feeding
peanut combine harvester developed by the author team were analyzed in this paper. The pickup bench is mainly composed of
limited depth wheel, pressure rod, slide plate, pickup elastic teeth and screw conveyor. Based on the analysis of structure and
working principle, a monitoring method of feeding rate based on the torque of power input shaft of pickup bench was proposed.
Through the force analysis of the pickup bench, the mathematical relationship between the power input shaft torque and the
feeding rate of the pickup bench was obtained. A working condition monitoring system of the speed input, shaft speed, torque
and power of the power input shaft was designed, and the system was mainly composed of sensor unit, data acquisition, and
data storage analysis. The sensor unit converts the torque and speed of the power input axis of the pickup bench into frequency
signals, and the data acquisition module converts the frequency signals into torque and speed values and displays them, and
transmits them to the computer for storage and analysis through RS485 bus and RS485 to USB. The data of torque and rotate
speed of pickup bench power input shaft, forward speed of pickup harvester and feeding rate were obtained in different
operating conditions by road monitoring tests. Linear function, power function, exponential function and quadratic function
fitting regression analysis were used to obtain the function indicated the change of feeding rate with various torque based on
the test results. The results showed that the quadratic function model had higher fitting precision, and its determination
coefficient was 0.990. The fitting curve of quadratic function was analyzed, and the results showed that when the feeding rate
was less than 3kg/s, the torque increased slowly with the increase of feeding rate, while the torque increased sharply and the
rotation speed decreased with the increase of feeding rate. The model verification experiments were proposed, and the results
showed that the established quadratic function model had good accuracy. The absolute deviation rate ranged from 0.42% to
2.43%, and the average deviation rate was 1.40%. The deviation rate increased with increasing the feeding rate. The field
experiments also proved that there was a quadratic function relationship between feed rate and torque, and the torque deviation
rate ranged from 1.90% to 3.58%, and the average deviation rate was 2.65% compared with the calculated results. This study
can provide reference for the optimization design of the structure of full-feeding peanut picker and other crop pickers and the
intelligent measurement and control of feed rate.

Keywords: agricultural machinery; modeling; experiments; peanut; full-feed harvester; pickup bench; feeding rate; torque



