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Abstract; Aiming to address the severe vibration, high power consumption, and poor adaptability of
existing reciprocating and disc-saw headers during crop harvesting, a chain-track header equipped with a
dual-limit slide-rail vibration damping mechanism was designed. Kinematic analysis established the
theoretical cutting speed ratio range of 3. 75 < A <5 to achieve a zero-miss “cut-and-convey” sequence.
To mitigate nonlinear chain drive vibrations, the introduced slide-rail mechanism significantly reduced the
vertical amplitude of the moving blade by 44% and essentially eliminated periodic horizontal fluctuations.
Response surface optimization based on a rigid-flexible coupled model revealed that the factors influencing
cutting performance ranked in significance as follows: cutting speed, forward speed, and cutting tilt
angle. Simulation optimization identified the optimal operating parameters as forward speed of 3.0 m/s,
cutting speed of 13.5 m/s, and cutting tilt angle of 8°. Under these conditions, the maximum cutting
force per unit diameter for sweet sorghum was 9.5 N/mm, with a cutting energy consumption per unit
area was 0.09 J/mm’. Bench tests further verified the actual optimal parameters as forward speed of
3.3 m/s, cutting speed of 12.5 m/s, and cutting tilt angle of 7.5°. Under this state, the measured

maximum cutting force was (8.8 £0.3) N/mm per unit diameter, with a relative error of 6.3% ~
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13.2% compared with the simulated values. These results fully demonstrated that the designed header

possessed excellent low-resistance, high-efficiency cutting performance and broad crop applicability.

Key words: chain-track header; slide rail mechanism; dynamic simulation; parameter optimization;

tall-stalk crop harvester
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Fig. 1  Schematics of header structure
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Tab.1 Header design technical parameters

ZH BE
5 3R 1 &/ mm 670
2 B/ mm 120 ~ 130
YR/ (°) 0~15
BT % /kW .
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Fig.5 Structure diagram of conveying device
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Fig. 10 Schematic of interaction between header

and straw when header was tilted
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Fig. 18 Response surface plots of factor interactions on maximum cutting force and cutting power consumption
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Fig. 19 Sweet sorghum stalk cutting tests
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Tab.7 Comparison of simulated and bench test

maximum cutting force results

K= e S AR
JFe WHEEE/ UIRIEEE Emns Wm0 R/
mes™ ') (mes7!) (°) N N %o
1 3 6 13 230 212 7.8
2 3 6 5 210 189 10.0
3 3 10 9 153 142 7.2
4 4 10 5 185 163 11.9
5 3 10 9 153 141 7.8
6 2 10 13 176 160 9.1
7 2 10 5 192 171 10.9
8 2 6 9 204 177 13.2
9 3 10 9 153 143 6.5
10 3 14 13 191 176 7.9
11 4 6 9 249 224 10.0
12 3 10 9 153 142 7.2
13 3 10 9 153 140 8.5
14 3 14 5 161 140 13.0
15 4 14 9 165 147 10.9
16 2 14 9 142 133 6.3
17 4 10 13 217 191 12.0

x8 BAUVENERKEFTESH

Tab.8 ANOVA results of maximum cutting force bench tests

ke U5 F P

T 15.62 0.000 8
A 10. 87 0.0132
B 65.35 <0.000 1
c 8. 89 0.020 4
AB 3.35 0.109 7
AC 4. 68 0.067 2
BC 0.52 0.4940
A? 5.53 0.0510
B? 17.42 0.004 2
c? 19.37 0.003 2
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Sequence diagrams of cutting process at A =4. 45
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