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1. Traction device 2. Soil loosening and depth control device 3. Cutting device of
soil and seedlings 4. Digging device 5. Device of potatoes and soil separation
6. Folding frame 7.Cushion curtain 8. Belt of potatoes gathering and conveying
9. Soil cleaning and impurity removal device
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Fig.1 Diagram of overall structure and local structure of
potato combine harvester with elastic rubbing
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1. Vibration shaft at the rear 2. Transmission shaft 3. Gear box 4. Rubber tooth
drive shaft 5. Long impurity removal roller 6. Short impurity removal roller
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Fig.2 Power transfer route of potato combine harvester
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Table 1 Main technical parameters of potato combine harvester
with elastic rubbing
Hi AR S Technical parameters MY Values
s (Kex 58 <)/
Overalﬁt?nizoi{:/(n:mX’ni:nXmm) 6 670x2 6802 890
WL Overall weight/kg 3270
225 3)) /1 Mating power/kW 73.5~118
3k Z2 4L Harvesting ridge numbers 2
BV %8 Working width/mm 1700
1E M 28 %% Adjusting ridge width/mm <900
2R E Digging depth/mm 150~300
4l T AR A A 2R
Pure W(:Erk ;;Z;;lcjﬁvn;imlh*) 0.3370.55
I3 B R AH AT S D BE
Center distance between adjacent 45
bars of the separation sieve/mm
4% % Damage rate of potatoes/% <2
T % Bruising rate of potatoes/% <3
P 4<% Impurity content/% <4
K H Loss rate/Y% <4
43 B % Width of separation sieve/mm 1 660
FARTIE R KR
Maximum efficiency of loading lifting arm/(t-h™") 60
i K24 721 % Maximum loading height/mm 2940
e K25 42 98 ' Maximum loading width/mm 3750
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a. Structural diagram
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1. Drive device 2. Adjusting arm 3. Vibration device 4. Separation sieve
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Fig.3 Structural and physical diagram of potato-soil separating
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b. Physical image

device using hydraulic regulation

-
B E LA 37 19
Moving direction of
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Note: v; is operating velocity, m-s’; v, is linear velocity of surface of potato soil
separation sieve, m's'; v, is instantaneous velocity of potato obtained by the
strike of vibration device,m's"'; v,. is the synthesis velocity of vy and v, when
potato is about to leave sieve surface,m's™; v, is synthesis velocity of potato
perpendicular to sieve surface direction, m's'; @, is inclination angle of
separation sieve, (°); H is the maximum jumping height of potato in the direction
perpendicular to sieve surface, m; /4, is the maximum rebound height of sieve
surface in the vertical direction when potato jumps to its maximum height, m; 7,
is the maximum rebound height of sieve surface in the vertical direction when
potato falls, m; A is the drop height of potato along the vertical direction of the
sieve surface, m.
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Fig.4 Movement analysis of potato on a separation sieve
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Broken soil blocks after

being hit

being hit
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Fine soil after crushing

Jr F TR AT 2%
Separation screen
B rod strip
B
vibrating wheel vibrating wheel
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a. Before the soil block is hit

b. After the soil block are hit

c. The clods are crushed and sieved
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Note: G, and G, represent weight of crushed clod, N; W, and W, are inertial forces acting on crushed clod, N; F, and F, are external forces acting on clods, N; F, and F,
are cohesive forces inside clod, N; L, and L, are vertical distances from centroid of crushed clod to fracture surface, m; L; and L, are vertical distance between force
point P and gravity, m; L, is vertical distance between force point P and centroid of clod, m.
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Fig.5 Analysis of the crushing and screening of soil blocks
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1. Transmission device 2. Frame 3. Shield 4. Guide plate 5. Long impurity
removal roller 6. Short impurity removal roller
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Fig.6  Structure of impurity removal device with elastic rubbing
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Fig.7 Relative position between potato and impurity
removal finger
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Note: X, Y, and Z are coordinate axes; O is the origin of coordinate system; F.,
F,,, and F), are the forces exerted on potato by left and right fingers of one pair of
impurity removal rollers and corresponding impurity removal fingers of rear
impurity removal rollers, respectively, N; o+ a,~ f are angles between F,, F,,
F,, and XOY surfaces, (°); Gs is gravity of the potato, N.
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Fig.8 Force analysis of soil cleaning and impurity removal
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Fig.9 Analysis of the process of elastic rubbing for soil cleaning
and impurity removal
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1. Belt of potatoes gathering and conveying 2. Potato protection plate 3. Impurity
removal roller 4. Cushion curtain 5. Potato
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Fig.10 Running track of potato in the section of soil clearing and
impurity removal-buffer potato collection
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Note: Point O, is center of last long or short impurity removal roller at the end of
the device; Point O, is position where potato is about to detach from impurity
removal wheel; Point O, is position where potato collides with buffer curtain
flexibly; Point O, is position where potato falls onto belt of potatoes gathering; v,
is initial velocity of potato when it is about to detach from impurity removal
wheel, m's™'; v, and v, are partial velocities of v, in horizontal and vertical
directions respectively, m-s™'; a, is angle between line connecting point O, and
point O, and horizontal direction, (°); L, is horizontal distance between point O,
and point O,, m; L,, is horizontal distance of potato from point O, to point O,, m;
H,, is vertical distance of potato from point O; to point O,, m; H,, is vertical
distance of potato from point O, to point O, m; H,, is vertical distance between
point O, and point O,, m; v, is speed after flexible collision between potato and
buffer curtain, m's '; v, is instantaneous velocity when potato comes into contact
with surface of conveyor belt, m's™'; 8, is angle at which lower half of buffer
curtain bends backwards, (°).

B 11 BAE R LR REB BT
Movement analysis of potato in the section of soil cleaning
and impurity removal-buffer potato collection
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Note: The G, and G, points are the center of gravity of the lower half of the
buffer curtain before and after bending deformation.

B2 ZATEEENTER
Fig.12 Diagram of cushion curtain bending change
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1. Belt of potatoes gathering and conveying 2. End folding frame 3. Drive device
4. Middle folding frame 5. Horizontal frame 6. Cushion curtain 7. Hydraulic
cylinder

B 13 ZrBaMEEmiiEE
Fig.13 Buffer and loss reducing potato conveying device
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Potato

T XCRhIE 1 i 1) B R T B R AR ER IO T 1), Y R E [ 4R 1) R S
WHBAT TR, Z BB B O O, RN ERMEL: Fy AEE R
BT ERESORTT, Ny FOSEE PO ZHHIHET), Ny G YU
ZEIT, Ns fin [, 23ISR E A TE X BN Y 3Ty R P B
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Note: The positive direction of X-axis points towards direction of collecting
potato conveyor belt away from impurity removal wheel, the positive direction
of Y-axis points towards running direction of collecting potato conveyor belt, and
Z-axis points upwards; O, and O, are centers of gravity of potatoes, respectively;
Fy is supporting force of belt of potatoes gathering and conveying on potato, N;
F, is force exerted by potato collecting baffle on potato, N; Gy is gravity of
potato, N; f; and f, are frictional forces of belt of potatoes gathering and
conveying on the potato in X-axis and Y-axis directions, N; £ is frictional force of
potato collecting baffle on potato in Z-axis direction, N.

B 14 S mAR & E g2
Fig.14 Analysis of dropping process of buffer and loss reducing
collecting potatoes
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1. Chain drives 2. Drive shaft 3. Drive wheel 4. Hydraulic motor 5. Speed
measuring wheel 6. Sensor
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Fig.15 Drive of buffer loss reducing potato collecting

b. BERHLI
b. The side of the harvester

a. PORHLE T
a. The back of the harvester
B 16 MR R
Fig.16 Field experiment of harvest
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Table 2  Test results of prototype
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Design and experiments of the potato combine harvester with
elastic rubbing technology

WEI Zhongcai'?, WANG Yewei?, LI Xuegiang®*, WANG Jinmei**, SU Guoliang®*,
MENG Pengxiang®*, HAN Meng?, JIN Chenggian***, LI Zhihe?

(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 255091, China; 3. Shandong Star
Agricultural Equipment Co., Ltd., Dezhou 253600, China; 4. Shandong Provincial Intelligent Engineering
and Technology Research Center for Potato Production Equipment, Dezhou 253600, China)

Abstract: A combine harvester can be one of the most important links for the potatoes gathering and conveying. However, the
current potato combine harvester cannot fully meet the large-scale production in recent years, such as the non-ideal
performance of impurity removal, the high rate of potato damage, bruising and impure content in the soil cleaning. In this
study, a potato combine harvester was designed with the elastic rubbing technology. The harvesting process was also selected
by the "double vibration separation, elastic rubbing type, buffering and loss reducing potatoes gathering and conveying". The
main components included the excavation, hydraulic control potato soil separation, elastic rubbing impurity removal, as well as
the buffering and reducing losses potatoes gathering and conveying device. A systematic analysis was implemented to clarify
the movement track and collision characteristics of potatoes, according the optimal structure of the whole machine, the
characteristics of harvesting, and the working principle. A combination of structural parameters were then determined for the
key components, in order to fully meet the requirements of efficient separation and impurity removal, as well as the loss
reduction and prevention. The whole harvesting process was divided into the three sections of the double vibrating potato soil
separation, the elastic rubbing type soil cleaning and impurity removal, as well as the buffer potatoes gathering and conveying.
The frequency and amplitude of the vibration were adjusted under the harvest conditions in the double vibration adjustable
separation device in time. The rates of the potato damage and bruising were then reduced during the process of the potato and
soil separation. The longitudinal non-equidistant soil cleaning and impurity removal device was used to reduce the collision
frequency of potato, and then slow down the drop impact response, indicating the higher harvest quality, and the lower impurity
content. The buffering and reducing losses potatoes gathering and conveying device was optimized to accurately control the
drop height and position of potato at the end of the conveyor belt, in order to effectively avoid the drop damage during potato
harvesting. The experiment result showed that the loss rates of the prototype were 1.17% and 1.43%, the potato damage rates
were 1.30% and 1.27%, the bruising rates were 1.98% and 1.84% and the productivity values were 0.41 and 0.54 hm?/h,
respectively, when the operating velocity values were 3.17 and 4.16 km/h, respectively. All performance indicators were met
the requirements of national standards. Once the harvester was operated at a high speed, there was the significant increase in the
material flow entering the elastic rubbing impurity removal device in a unit time, indicating the increasing burden of soil
cleaning and impurity removal. Among them, part of the soil, seedlings, and vines were remained to mix in the potato cluster,
resulting in a high impurity content. By contrast, the low operation speed was greatly contributed to the reduced impurities
entering the soil cleaning and impurity removal stage. A better performance was achieved in the removal from the surface soil
layer of potatoes in the soil cleaning and impurity removal device. But there was the weak protective effect of the soil on the
surface of potatoes, leading to an increase in the frequency of direct contact between potatoes and the soil cleaning and
impurity removal wheel. As such, the impurity content was much lower, whereas, there was an increase in the damage and
bruising rate of potatoes, compared with the high operation speed. This finding can provide a strong reference for the
subsequent research, equipment development, and optimization improvement.

Keywords: agricultural machinery; potato; combine harvester; elastic rubbing; double vibrating; buffer potato collection; soil
cleaning and impurity removal
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