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Table 1 Initial parameters of multifunctional machine
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1.Grass outlet 2.Breaking plate 3.Ditcher assembly 4.Center surface of
grass outlet  5.Central surface of track

A1 RAHF—AIEINGT @ISR E T EE
Fig.1 Relative position diagram of original multifunctional
machine ditch assembly in front view
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Note: X and Y are original coordinate axis; 4 and E are original gravity centers of
harvester and ditching device, respectively; F,, and f; are driving force and force
of ground friction of harvester original state, respectively, N; M (f;) is moment
of harvester original gravity center position, N-m; F., F), f; are thrust of ditch
sides and ditching resistance, respectively, N; S is distance between f; and 4, m;
K and L are theoretical displacement of machine and practical displacement of
machine, respectively, m; X', V', A", E', F," f1, M4 (f2), F., F,', fb §" are
corresponding parameters of whole machine at ultimate position, respectively.

B2 RAHF—RIIEAT &Z 5 HE
Fig.2 Top view force analysis diagram of original multifunctional
machine
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a. Left view diagram of deputy threshing cylinder
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b. Front view diagram of deputy threshing cylinder
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1.Frame 2.Threshing cylinder 3.Tectum 4.Wheel disk 5.Threshing spike-tooth
6.Sieve plate 7.Side board 8.Cutter for breaking grass 9.Plate for guiding
grass 10.Grass entrance 11.Grass outlet 12.Drive shaft

B3 #MBARHEMTER
Fig.3 Structure diagram of deputy threshing cylinder
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Fig.4 Diagram of double threshing cylinder assembly relations
2.3 XEHH-SERE
T B R SLIRAT SR AME B G, R
PURBURIE R REAT . 2RISR AE HORL = A 132 317 ) AN
HEPT, SR 0 SRS E M BEE v R RN

v,=v,~tan6’=v‘l~2n(R+§)~nd-tan¢9 2
v

X v NREFT R FIEENMEGE L, m/s; v, AT
IBAILGEIL, m/s; ve, AT AIBSI G, m/s;
v BN A E B IR SE, m/s; R OVHRHENIR I EA2,
mm; n, NFINRE R, v/min; A AR BT
PR, mm; 6 N FEBCSRA, ()
NPRUEREATFER I N AN R A 3% 2, FL N ] Py HE L
TEVIHIRFRA RN T IRAAAER,

; h
q<v,~sd~p=v‘i~2n(R+E)-nd-tan¢9~sd-p (3)
v

q; ) (4)
2nvm~(R+E)~nd S, P

X s, NZEFFEGETHR, s,~163 564.0 mm®; ¢ NZEFT
N, ¢=5.1kg/s; p NEEFFLERE VR & N I 46 5% 5
p=76.5 kg/m’.
HHBEASGHMH =18, — KSR EL 20~
30 mm, SETHATRAIFEZ) 10 mm, S A AT E 248 A LL
&N EL . B, EMRN DA —H T iR
AN, W s iR, B —EE&E (b~50mm),
DA MEN AR IR BE . AR S AR S B L BE %6 1/3 A
(a=100~150 mm) , VPLARIENTFIHE R,
2
s o

= 6 = arctan(

1

N

.=
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Note: a is distance from guide plate end to grass outlet, m; b is overlap of guide plate, m;
0 is diversion angle, (°); v, is straw axial linear velocity of movement, m-s™; v, is straw
radial motion of linear velocity, m-s™.

BS5 FERHINAXATER

Fig.5 Arrangement and angles of grass guide plate
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1.Primary central surface of grass outlet 2.Deputy threshing cylinder
3.Improved central surface of grass outlet 4.Ditcher assembly
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Fig.6 Relative position diagram of improved multifunctional
machine ditch assembly in front view
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Straw motion derection
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1.Grass entrance 2.Main threshing cylinder 3.Straw trajectory 4.Deputy
threshing cylinder 5.Grass outlet  6.Drive belts
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Fig.7 Different straw trajectory charts compared machine with
deputy threshing cylinder and machine without deputy threshing
cylinder
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Note: P, is on supporting force from right side track, N; P, is on left hanging
force, N; G is gravity of machine, N; e is distance between gravity center and
surface center, m; B is interval of tracks, m.

B8 #EaM—hMEMTOETLETER
Fig.8 Gravity center of improved multifunctional machine in
front view
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Note: G, is harvesters weight, kg; Gs is ditching assembly weight, kg; R is
ground support force, N; W is track length of contact with the ground, m; d; and
d, respectively, harvester and furrowing assembly’s center of gravity coordinate,
m; c is track bearing surface from center to center of gravity harvester, m; Cy is
multifunctional machine center of pressure relative to gravity center of harvester
longitudinal displacement, m; O is center surface contact points.

B9 s B A—hRIENT @G AR &
Fig.9 Diagram of longitudinal stability test of improved
multifunctional machine in left view
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Note: U is length of test, m; U, is offset distance, m; O and Q, are actually stop
point and theory stop point.
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Fig.10 Straight walking stability test of multifunctional machine
in top view
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Table 2 Performance parameters contrast

between original machine and improved machine

PEREXT E FETH BLE S [ N Wheat JK7E Rice
Performgnce Different working conditions Machine offset PSS EE EBRE EENS CURS
comparison degree/m Total loss rate/%  Dirtrate/%  Total loss rate/%  Dirtrate/%  Damage rate/%
I Low speed  (0.27 m-s™) 21.4+0.60a
Sﬂﬁfgl H3% Medium speed (0.58 m-s™) 19.6£1.10b 4.3+0.36a 3.540.30a 5.1+0.36a 424021a 2.740.21a
% High speed  (0.85 m-s™) 16.3+0.25¢
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Iiﬁ%\}id 3% Medium speed (0.58 m-s™) 1.1£0.20d 3.4+0.15a 1.9+0.26b 4.5+0.17a 3.3+0.20b 2.9+0.25a
ik High speed  (0.85 ms™) 1.1£0.06d
i3 Low speed  (0.27 m-s™) 93.9
Cﬁfgﬁ :/;’e th# Medium speed (0.58 m-s™) 94.4 20.9 45.7 11.8 21.4 7.4
% High speed  (0.85 m-s™) 93.3

7E: M4 Duncan Z | LLEL, 7SRNG I 7 B RO 2 57

(P<0.05)

Note: According to multiple comparison, different dispose with different letters in same column represent significant difference (P<0.05).
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| mprovement of walking stability and threshing per for mance for
harvest ditch and stalk-disposing machine

Fang Zhichao, Chen Yulun, Ding Weimin™, Liu Yutao, Qin Kuan, Li Xue
(College of Engineering, Nanjing Agricultural University, Nanjing 210031, China)

Abstract: In rice-wheat double-cropping area, the top soil is compactible and the soil disturbance frequency is relatively lower,
which eventually results in soil hardening due to the implementation of lacking tillage or no tillage. In order to increase soil
disturbance frequency and improve soil environment based on conservation tillage, and solve excessive straw yield in full
amount of straw returning under high-yield production, a new straw returning model named straw-returning-to-ditch was
proposed. According to operation characteristics of this model, a multifunction machine combining harvester and ditch opener
was designed. This machine could complete harvesting, ditching and stalk-disposing at one time, and realize multiple
assignments with high efficiency. The ditching device of the multifunctional machine was biased in line with the unilateral
grass outlet, which should however be aligned with the grass outlet to ensure the rice straw to be collected into the ditch
reliably. So, after long-term practice, the assignment of the ditching device led to unilateral bearing, poor straight walking
performance and running deviation for this machine, which was difficult to manipulate. Meanwhile, the machine still had some
threshing problems, for example, under threshing and high loss rate in the process of harvesting. Therefore, based on the
principle of transfer guide function and secondary threshing of the lateral cylinder, an assisted threshing cylinder that was
located at the rear of the main threshing cylinder was equipped, which constituted a double threshing cylinder structure. And
the grass inlet was connected with the main threshing cylinder. The double threshing cylinder structure could effectively solve
the problem of the machine unilateral bearing and low harvest quality through changing the position of grass outlet, making the
ditching device located in the middle surface of the track to eliminate deflecting force, and increasing the threshing time to
improve harvesting quality. Combined with the characteristics and the available space in the rear of the main threshing cylinder,
the overall length and diameter of the assisted threshing cylinder were 855 and 452 mm respectively, the diversion angle of
cylinder end cover plate was 18°, and the angular speed was 1 350 r/min. The modified grass outlet and crawler surface were
kept on the same vertical plane, and the distance between their centers was 573 mm. The performance test showed that the
walking position deflections of modified machine under 3 different working speeds (low speed 0.38 m/s, medium speed
0.56 m/s and high speed 0.74 m/s) were reduced by 93.9%, 94.4% and 93.3%, respectively. Furthermore, the straight walking
stability and control performance were significantly improved. In the harvest process, the total loss rates of wheat and rice
were decreased by 20.9% and 11.8%, respectively, while the impurity rates were decreased by 45.7% and 21.4% respectively.
The comprehensive performance of rice threshing was enhanced although the broken rate was increased by 7.4%; and
meanwhile the broken rate could be acceptable for the use of harvesting machine. The result indicated that the double threshing
cylinder structure was feasible for solving the problems of the machine. This research has improved the applicability of the
multifunctional machine and provided the reference for the mechanical returning of the collected straw to the ditch.

Key words: agricultural machinery; optimization; design; stalk returning field; walking migration rate; threshing quality; axial
flow cylinder
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