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Fig.2 Diagram of hydraulic drive system for rape combine harvester
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Table 1 Power and speed of components for combine harvester
WO Parts 3 / (r/min) ER/ kW

Speed Power

2 4R HEE 2 Conveyor 100~300 1.0~1.8
FI 5 PIFIZE Cutter for header 300~600 1.0~1.8
o 1l A %8 Forced feed wheel 200~600 0.5~1.2
WALV 5 Threshing cylinder 500~700 3.0~8.0
i T 4R T Lifting conveyor 200~300 0.10~0.15
## Pl Throwing machine 600~700 0.5~2.0
AL Fan 2 000~2 500 1.7~2.0
KR THE Je Lifting conveyor 200~300 0.10~0.15
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Table 2 The type and key parameters of main components in drive system for rape combine harvester

JEft e HER/(mL/) BUEES/MPa BEEEH/ (r/min)  FE %/ kW

Components Type Displacement Nominal pressure Rated speed Rated power
PIEI#8 D3k Cutter motor BMM-32-F-A-E-S-0 31.6 9.0 513 1.7
A HEZE# ik Composite conveyor motor BMP-50-2-A-M-S 51.7 12.5 850 10.0
il A FE 5 35 Forced-feed wheel motor BMM-32-F-A-E-S-0 31.6 9.0 513 1.7
i KE 7R 5 Th 3k Threshing cylinde rmotor BMP-50-2-A-M-S 51.7 12.5 850 10.0
WA ML 3K Throwing machine motor BMM-32-F-A-E-S-0 31.6 9.0 513 1.7
AHLE 3% Fan motor CMW-F204-CFZR 4.0 20.0 2 500 2.7
i N TH% e 535 Lifting conveyor motor  BMM-50-F-A-E-S-0 50.3 6.0 358 1.2
FERLEE THE 2 5 35 Lifting conveyor motor BMM-50-F-A-E-S-0 50.3 6.0 358 1.2
RS A Load sensing pump A10VSO71DFR/31L 71.0 14.0 1 480 24.5
K EE Gear pump CBN-E306 6.0 16.0 2 000 3.2
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Fig.3 No-load experiment bench for rape combine harvester
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Table 3 Factors and levels of test r/min

K A JBRL R 13 7 R B & & #1545 % ol C b L %% D 3 i WA % 7
Level Threshing cylinder Composite conveyor Throwing machine Forced-feed wheel

1 550 150 265 450

2 600 200 353 500

3 650 250 490 550

4 700 300 604 600

A AR 30 ) 25 2 00 0 0 A A B H Bl % o

2 H#REHSW

Y S5 A X i SR EK A Wi AR AIL G B AR A BT A [ g% (1]
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IR PRI TR o U5 I S A B O AR 30 2% 62,
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SEB SR i kA b a6 i DAPE 2 A TR A ik
MRS WRHLN » DLARIE R A X5

1BE A AR DL B A OG I 3 %% B Experiment device; 2. iy 3%

Conveyer belt.
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Fig.4 The test device for power analysis of hydraulic circuit
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Fig.5 Influence of throttle valve opening on motor speed
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Table 4 No-load orthogonal test results and range analysis

A JBURL VR fA] B 2l / B & &1 el / C #ib BL5% d/ D 5 i RS el /
I R (r/min) (r/min) (r/min) 23 %51 (r/min) IR /KW
No. Threshing Composite Throwing Blank Forced- Power
cylinder speed conveyor speed machine speed feed wheel speed
1 550 150 265 1 450 7.528
2 550 200 353 2 500 7.558
3 550 250 490 3 550 7.588
4 550 300 604 4 600 6.844
5 600 150 353 3 600 8.183
6 600 200 265 4 550 8.019
7 600 250 604 1 500 7.737
8 600 300 490 2 450 8.049
9 650 150 490 4 500 8.719
10 650 200 604 3 450 8.362
11 650 250 265 2 600 8.629
12 650 300 353 1 550 8.332
13 700 150 604 2 550 7.573
14 700 200 490 1 600 7.722
15 700 250 353 4 450 8.034
16 700 300 265 3 500 7.290
k1 7.380 8.001 7.867 7.830 7.993
k2 7.997 7.915 8.027 7.952 7.826
k3 8.510 7.997 8.019 7.856 7.878
k4 7.655 7.629 7.629 7.904 7.845

R 1.131 0.372 0.398 0.123 0.167
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Table 5 Variance analysis of power
e ] ] ] F It F. o E
lﬂﬂé " H i DF I 22 - J7 A SS J7 2% Variance & ‘Ir.n,ﬁﬁ < i.%ﬁ
Variation source F value Critical value Significance
A 3 2.848 0.949 80.665 Fo.05(3,3)=09.28
B 3 0.370 0.123 10.480 Fo.01(3,3)=29.46
C 3 0.416 0.139 11.796
D 3 0.068 0.023 1.915
%% Errors 3 0.035 0.012
JAE 5 Variation 15 3.738
23 BEEBEHEAHAR TR o
6007,

i3 2 (6) ~ (7) AT TH 53 b 45 A WP [ 38 1 e S
T.N -« m;#E P. kW, ¥ 5o/ 4 i 45
A 1a] B g R 25 BRSNS bR
M LE R A 3R 6 I /s, 4 A3 R 4 %k 4l ih £ & 0
Kl 6,

_V, - Ap

K6 (DO, V, AERHEE, mL/r;0p AL
B TAERE2E . MPa; g, 8 5k TAER &, L/mins .8
MR = * 7w 15 0.874,

HI 3% 6 AL B G FRINFEN 1.68 kW 5 o il M
AN ThFE 9 1.00 kW5 Jli ki & 4 F S ThAE N

20770 O 501 KW B HL R 25 BT TR 2.28 KW
x6 BWEEBRNFESFTSEE
Table 6 Power analysis of hydraulic circuit measured parameters

ZRI Ttem a1 #% 1 Circuit 1

[/ % 2 Circuit 2

[A1§% 3 Circuit 3 P& 4 Circuit 4  [A1& 5 Circuit 5

. . K AH Max 18.28 18.87 35.03 23.64 /
Wi &/ (L/min) . _ _
Bl e /IME Min 8.26 12.55 15.14 15.91 /
(]
b FHIME Avg 15.45 15.27 27.42 19.43 8.40
. i M 10.94 4.81 12.67 7.97 /
JE % /MPa E‘:Mﬁ ax
. fe/IME Min 3.09 2.76 6.12 5.04 /
Pressure difference
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Design and test of series-parallel combined hydraulic
drive system for rapeseed combine harvester

WANG Hua' SHU Caixia? LIAO Qingxi"* WAN Xingyu' LI Haitong® XU Yang'

1.College of Engineering s Huazhong Agricultural University ,Wuhan 430070,China ;

2.Southern Regional Collaborative Innovation Center for Grain and Oil Crops in China ,
Changsha 410128,China

Abstract A set of hydraulic drive system with series-parallel combined double pumps and motors
was designed to solve the problems of many moving parts and a long mechanical power transmission line
of traditional rapeseed combine harvester. The system was applied in 4L.YZ-1.8 rapeseed combine har-
vester. The relationship between throttle position and rotate speed was determined with testing hydraulic
system. Orthogonal experiments were performed to study effects of header speed, cylinder speed, thro-
wing machine speed and the speed of forced feeding roller on the power consumption of load sensitive
system. The power consumption of circuits with main components was measured based on the experi-
ment of power analysis. Results of analyzing variance of orthogonal experiments showed that power con-
sumption of load sensitive system was significantly sensitive to the speed of threshing cylinder. The
speed of cyclone separation tube inlet and the speed of header significantly affected the power consump-
tion. Results of analyzing power consumption of hydraulic circuit showed that when the average feed rate
was 1.5 kg/s,the average power consumption of five concerned parts including header, forcible feed ro-
tor,threshing cylinder, throwing machine (conveying appliance was belonged) and fan was 1.68 kW ,1.00
kW,5.11 kW 2.28 kW and 1.80 kW, respectively. Results of the field experiment of rapeseed combine
harvester conducted in Huazhong Agricultural University indicated that the hydraulic drive system con-
structed can meet the working demand of rapeseed combine harvester,realize the regulation of stepless
speed,and adapt different operation conditions. This study can simplify the structure of transmission
system for rapeseed combine harvester and offer the reference for the power distribution of different

components.
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