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Mechanism Analysis and Parameter Optimization of Soybean
Combine Harvester Reel

JIN Chenggian'® QI Yandong' LIU Gangwei' YANG Tengxiang' NI Youliang'

(1. Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China
2. School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo 255000, China)

Abstract; At present, there were few studies on the influence of the soybean height on the parameter of
reel of soybean combine harvester in China, while the height of soybean plants in different varieties and
producing areas varies greatly. In order to change the current situation of soybean combine harvester, due
to the lack of theoretical guidance for the parameter adjustment of the reel, the reel parameter is not
timely and accurate, resulting in high loss rate of soybean combine harvester harder. ANSYS and ADAMS
co-simulation method was used to optimize the parameters of the reel of soybean combine harvester when
harvesting soybeans at different heights. The influence rules of the three reel parameters and soybean
plant height on the two header loss indexes were analyzed, and the best reel parameter combination at
different height was found. The field verification test of the best reel parameter combination of soybean
harvester was completed. Based on the analysis of the structure of reel and the principle of reel operation
of soybean harvester, the importance of the reel speed ratio, reel height and reel forward displacement to
the header loss indexes of soybean combine harvester was obtained. The reel speed ratio, reel height,
reel forward displacement and the soybean plant height were used to optimize the four parameters in
simulation test. Collision force of reel to soybean stem and effect degree of reel were used to optimize the
two indexes of simulation test. The model of test indexes under test factors was established. The objective
optimization equations were established. There was linear relationship between optimal parameters of reel
of soybean combine harvester and soybean plant height. The order of influence of soybean combine
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harvester reel parameters on the two indexes was as follows: reel speed ratio, reel height, and reel

forward displacement. The simulation test was carried out with the collision force of the reel to the

soybean stem and the degree of action of the reel as the index, and the field test with the loss rate of the

header as the index in the case of soybean plant height of 751.5 mm. The average deviation of the

collision force between the model calculation and the simulation was 1. 18 N and the average deviation of

the effect degree of reel was 4. 80% , which showed that the simulation model was accurate. The optimal

parameters combination of reel was reel speed ratio of 1. 66, reel forward displacement of 40 mm and reel

height of 1 052 mm. This solution as field experiment factor had the smallest loss rate in the experiment.

The research results can provide a basis for the optimization of the allocation reel parameters of soybean

combined harvest at different heights and the reduction of cutting loss.

Key words: soybean combine harvester; reel; mechanism analysis; parameter optimization
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Fig.3  Stress analysis of soybean plant
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Fig.8 Comparison of simulation and test data
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1 1.4 900 0 600 6.78 60
2 2.0 900 0 600 14.59 100
3 1.4 1150 0 600 0 0
4 2.0 1150 0 600 0 0
5 1.4 900 100 600 5.32 60
6 2.0 900 100 600 5.50 100
7 1.4 1150 100 600 0 0
8 2.0 1150 100 600 0 0
9 1.4 900 0 800 6.70 60
10 2.0 900 0 800 8. 68 100
11 1.4 1150 0 800 2.60 60
12 2.0 1150 0 800 9.08 100
13 1.4 900 100 800 10.98 60
14 2.0 900 100 800 12. 62 100
15 1.4 1150 100 800 3.36 60
16 2.0 1150 100 800 13.70 100
17 1.1 1025 50 700 0 0
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19 1.7 775 50 700 17.18 60
20 1.7 1275 50 700 0 0
21 1.7 1025 -50 700 5.06 80
22 1.7 1025 150 700 6. 38 60
23 1.7 1025 50 500 15.30 60
24 1.7 1025 50 900 2.74 80
25 1.7 1025 50 700 7.02 80
26 1.7 1025 50 700 7.02 80
27 1.7 1025 50 700 7.02 80
28 1.7 1025 50 700 7.02 80
29 1.7 1025 50 700 7.02 80
30 1.7 1025 50 700 7.02 80
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RN ORI AR B R RE R, TN I 7 2R AT
SRACUA F R SR G MR8 DL 1K
) RLAE R NSRS
minY,
maxY,
minY, =0 (13)
1.4<sA<2.0

s.t. {900 mm<B<1 150 mm

0 mm=C<100 mm

HIH Design-Expert #E47 ALK i , T 3h € K
SLAR PR R BE SR A A5 B 2 T R R B R LIRS Mgk
Pl A2 80, #4519 B 00 2 50015 R S A vk vy 8 3
P0G A5 B R SRR 5 B 5 Bk S WL B L 2 5
Ala R R R E RIS
A =0.001L +0.928 8 (14)
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b=-0.1967L +203.7 (15)
AR = R S5
H=1.039L +275.3 (16)

LRPERLA 72248 3k 0.985 1.0.954 4 .0.984 9, 1]
VN PNER S @ TR 21 % E D NIER - K7 i ]
4.2 HEKKE
4.2.1 FAIKHIE

5T ADAMS BAFRGY Tk R AR X R B 2EF 1
Blf 45 7, {FL A P ] o 351 ol 2 v il 8 7 AR MRS At )
PR I 7 SR A7 FH D) 3 565 ) [) B 2 A7 0 LS 5, o F ()
R e R 5 5 B 50 0 Y Rl ) ik R AR
FH R B 37 X 0 6 3R, A9 B MR ) RS
TR 25 P 2 R (] W B0 OC & | [A] InE 56 4iE 4 =LA Ak
g

2021 £ 10 7 20 H FAFAE IR A T 71T K5
BT 417 — 6 AR GG WOIR MLEAT R 5Lk #k
KIS BN K, kR A PR 550 mm, 58 B
2700 mm &R 6 1>, K R 55 E 34,
Z: M GB/T 5262—2008 { A4 Ml ML A I 56 55 14 I 7 77
B — M HAE ) GB/T 5497—1985 CHL £ i BH 6 B
K3 D 3 ) A 356 A AR a6 b R A RO 2
E 7515 mm, X 5 B 195, 8 mm, iR 6 -1
HZE = 52.6 mm, 1 m’ 7= & 378.3 g, | kLR i
27.47 g, i B B KR G5 K% 12.6% , A SR &KL T
ORI N

I R & SEOH W LRI . O% R #E
Pl e e I A G A R A Oy XS Ik R R

PCROTANE o B S F 3 R R 0 A L
85 90 R 0 T R A L e R A A
28 v/ min LI HE G LR JE S 161 m/s 6 T4
i A0 PR BE 25 B GR0 R A 1
7 A AP 5 L% B 34
SRR L. QARG R L . il
T AP ) B 7 6 0 6 9 R 3
RO AT RE . DR WIS BB IR . b
B R RS B0 L B S X8 7 0 AL
{3 8 9 R O RS BB

50 T 4 36 2 2 e B e 2 o
TR R BRFE A R LT b R AE K S0
W B% BT T RS,

I £ 01 AR R R A 4 B 06 14 41,
FRALIR AT 25 m ICHR IV IS B FE IS 1 4 4
It 00 5 K T R ¥ ) M T B 0 9 24 0k 9 5
iF. MR SR SR B . A AL L X 1
BABLI I 3 A BT 1 m® 6 BB HE I S 14 74
HIFHOF (.

S RBR PG HE 7515 mm i, 47 2O A 25
SR 1. 67 e WIS B 55. 98 mm
SEPEIE 1055 mm AR O K4 f 25 45 45 417 — 6 T
e B OB S B 5 MO I 0 5 B
45, IR B 14 iy FOBER B0 A X8 1 4L (O i
LI IS, 30 5 DR € 0 LB 9 ) .
U5 0 SRR (62 190 118 N gk R 4
e R B 2 34 4. 80% {15 TUBER M 0 5 )
STHER) A X8 7 416 K F I 30 o 2 S/,
B 2 M

x5 HBEHARRER

Tab.5 Field experiment design scheme and results

T S S B 0y L 180 0 9
% I EE/mm BER/me RN BORRMNRIE/% RN BRRAMEE/ % B/
1 1.1 950 80 1.58 3.53 0 0 2.06
2 1.9 950 80 11.17 94. 63 13.19 100 2.59
3 1.1 1120 80 -2.71 1.97 0 0 1. 84
4 1.9 1120 80 7.82 91. 08 8.20 100 1.69
5 1.1 1035 0 0.41 1.42 0 0 2.13
6 1.9 1035 0 8.99 93. 04 7.14 100 0.97
7 1.1 1035 160 0. 40 0.93 0 0 1. 40
8 1.9 1035 160 9.89 93. 04 10. 25 100 1.86
9 1.5 950 0 12. 88 70. 15 11.96 60 2.52
10 1.5 1120 0 8.52 56. 64 7.80 60 1.38
11 1.5 950 160 9.88 65. 15 10. 46 60 1.28
12 1.5 1120 160 8.73 56. 64 12. 67 60 2.35
13 1.5 1035 80 9.70 68. 59 9.76 60 1.18
14 1. 66 1052 40 6.98 79. 48 7.50 80 0. 88
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4.2.2  fip$E Sy PREAFE IR 5 S PR RS
WU Hik g 5 K H I 45 R T &G 1%
FNFE B PR Y MR 5 K T ZEH 8] 6l )
F, RREAERFRRE n ZRIRRK N
Y =3.959 —0.648 4F, —4.2787 +
0.041 78F> +0.270 5F,p +2.22%"  (17)
A H R 0.703 1, L4 1% 2% MK
2,25, (17) AT, &I 6 5% 22 BE R 5 ) i 3G om
S PSR S R Y e BE Pk R B 4R R R A 4
i e v JE K I R AF A SRR L. BT
PR B S ER R A B LG IR BRI A ilf—
LA, i e 5 Y g o o

5 it

(1) 45 & R B G WO PL Ik AR 58 /9 18 72
G RS RPN VY S 7 & N T8 54 A VA R
PTG AR S M IR E /N T 100% Bf5 BT, 254F

SAE A RS T BEUI R A8 kR B oK R T
194 P AR5 Rl A% B0 15 75 [l 35 R, 25T % A= o] 5 2R
G AR e AR A7 B AR T VB Ja K E 2R AT B 1Y
LT R AT Bl i 1 65 51, 2 i R &
AN

(2) M TR R 5 R T2 AT Y WIS & 0
SR A W AT R S B VAT & S (RPN
BRI AR T 5 R R R R L kR R = (]
AIRCA R SRR B IR B S R e R R Lk
B w5 B PR i L 22 ) R B B PR A PR
PO TR R = R 8 AR I N I 4 ) R R B
AR R JBE 52 080 2 e Ay = 0 7R T L 7R 8 g JEE
KRS RIS IR o 1 E K GRS WO HL IR L 2 505
R AR 85 B Z T AF AR M B OG & o ) 5 0k R
WA IE 438 3 45 4k R 6 A R 1 496 Sl ek 20 J 1A
AR SCR] Ry R SR WO R BIL R AR e 2 B A i A 1)
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