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1. Conveyor motor 2. Belt conveyor 3. Main motor 4. Pickup mechanism

5. Steel roll 6.Baling room 7. Hydraulic mechanism 8. Location of stress test
device 9. Rope-winding mechanism 10. Rope rolls 11. Round baler
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Fig.1 Experimental equipment of steel-roll round baler
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a. Front view of rope-winding mechanism
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b. Back view of rope-winding mechanism
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1.Frame 2.Rope 3.Rope-clip plate 4.Lower rope ring 5.Mobile rope-guiding
plate 6.Rope-guiding wheel 7.Big gear 8.Right plate 9.Driving pin 10.Driving

rod 11.Upper rope ring 12.Left plate 13.Mobile wheel 14.Positioning wheel
15.Driving chain  16.Moving wheel 17.Left sprocket 18.Right sprocket
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Note: L is the length of baling room, mm; L, is the distance between sprocket
center and side wall of baling room, mm; L; is the distance between mobile
wheel and sprocket center, mm.
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Fig.2 Structural diagram of rope-winding mechanism
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1.Guide pillar 2.Force transfer spring 3.Movable plate 4.Force transfer
contact 5.Guide sleeve 6.S type pressure sensor 7.Fixed plate
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Fig.3 Test device of rotary compressing force
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Note: Y1 means stage of rotary compression; Y2 means stage of stress

relaxation.
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Fig.4 Change curve of stress with time
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Table 1 Experiments of screw pitch
2K % Expansion rate P/%

WZH Screw pitch s /mm

100 5.44
140 6.09
180 7.65
220 8.82
260 9.09

e BECH 1.5 [, WIS 100 mm.
Note: Circle number are 1.5 circles, distance is 100 mm.
F*2 BEHRAE

Table 2 Experiments of circle number

[& %4 Circle number Q i)k % Expansion rate Py/%
0.5 7.65
1.0 6.96
1.5 6.34
2.0 5.82
2.5 5.68

v MBEE Y 180 mm, i THIEE B4 100 mm.
Note: Screw pitch is 180 mm, distance is 100 mm.
3 mEEBAK
Table 3 Experiments of distance
St [ 2 2 Distance /o /mm 21K % Expansion rate Py /%

50 3.92
75 5.18
100 6.57
125 7.42
150 7.68

vE: W2FE 180 mm, FEXCH 1.5 &,

Note: Screw pitch is 180 mm, circle number are 1.5 circles.
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Table 8 Contributing rate of each factor on evaluation index
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AL N ZER PO FiE s B i T an B 5 s 1B 5a
RGHE BT LK (100 mm) B, REECS S4REe

Ak =
Expansion rate/%

2.34 50
R 5
Cirg 8t 7 0667100 s ¥

cle nupy, ber \N‘;fe/e \ adins v

a. B 7 4650 L R XA FHRIZAK 3 B 50
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c. Effect of circle number and mounting distance on consumption of ropes
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Fig.5 Effects of two factors on evaluation indexes
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Fig.6 Field experiment of round baler
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Parameter optimization and experiment of rope-winding mechanism of
straw round balers

Wang Defu, Zhang Quanchao, Yang Xing, Li Chao, Li Donghong, Wang Mo, Ping Zhongyuan
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract: China is rich in crop straw resources, and annual straw output has reached about 700 million t. Due to fluffy and
dispersed properties, baling of straw is very necessary for its further utilization. Because round balers don’t have the knotter of
square balers, the structure of round balers is relatively simple, and it is widely used both at home and abroad. Small and
medium-sized round balers are widely used in the rural areas in China. At present, there are some problems when the straw
bales are harvested by small and medium-sized round balers developed in China, and the unreasonable working way of the
rope-winding mechanism is one of main reasons. In view of the straw bales harvested by small and medium round balers, easy
to expand and loosen, a rope-winding mechanism was designed for the steel-roller round baler. On the basis of the
measurement of mechanical property of straw bale and the analysis of influencing factors of straw bale expansion deformation,
main structural parameters of the rope-winding mechanism, including wheel radius, installation distance between sprocket
center and wall side of baling room and circle number of rope at the end of straw bale, were decided as experimental factors,
and expansion rate of straw bales and consumption of ropes were selected as evaluation indices. Experiments were done by the
round baler equipped with the rope-winding mechanism. The rope-winding mechanism was able to work smoothly in the
experiment. According to experimental results, there were certain interactions among circle number, wheel radius and
installation distance. Variance analysis was carried out respectively on the regression models of 2 evaluation indices by the
Design Expert software. Known from the analysis of variance, the P values of 2 response surface models were all less than
0.0001, and the lack-of-fits were all non- 51gn1ﬁcant which demonstrated the effect of factors was outstanding and the model
was appropriate. The coefficient of determination (R”) for the models were 0.96 and 0.98 respectively, which indicated that the
proposed model was agreeable with the practical condition, and thus the proposed model could be used to predict the change of
expansion rate of straw bales and consumption of ropes. The results showed that the contributing rate of each factor on expansion
rate of straw bales was mounting distance, radius of guiding wheel, and circle number respectively; the order of contributing rate
for each factor on the consumption of ropes from high to low was radius of guiding wheel, mounting distance, and circle number.
When the circle number was 2 circles, wheel radius was 70 mm, and mounting distance was 62 mm, the optimal evaluation
indices were achieved as follows: expansion rate of straw bale was 4.42%, and consumption of rope was 2.93 kg/t. The
experimental results can provide a reference for the design and development of rope-winding mechanism of round balers.
Keywords: winding machines; trajectories; parameter; optimization; round baler
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