202546 H Z?ikm*ﬂ'—?ﬁ'?ﬁ %56 & o

doi;10.6041/j. issn. 1000-1298. 2025. 06. 036

ETAETINEIMEHNTRBIRE IRt 5iRE

FERER f£Lypr® B ' A4 W EER FEFX
(1. Eg R T2k, dEat 1000835 2. INZR HAR S Ib R B A BR A 7, H IR 262306,
3. ER AR AR 2= Be 22 A BR2S F], dE AT 100083)

HE . B0 IE A BT U0 T BARAL i i B P T VIR A 25 VA Iy M 2 4 (R A, TR R 1T A
RELE R | SR = 2O e B+ S LA Bl A B0 4306 ) T REF AR RO AT Sk AR I F 304 R 1 TR A i 48,
BT —Fp 5 AR AR IR T L FER SRR [T D A R OT A A AR A A S LS i i e T T Y
B B U SR IET TR RIE s ARISZ 1 5 R BT T TR RRR B Y DAY A5 R R U ) i A e
TV S AL R E 5 R BELUS M 1 e R ML, ST AR AR D) B B2 AR X T 3k 32 Fy Rt R AT B A0 AT, A5 L A
J13% 52 1 K3 B (S ML . Ay BRI AR R 1] 05 D REZS 48, IR LANL T DI I . i JI T St 25 # 28
DAFRE R R BRI T R iR IR FE A5 , % FH DU R 28 1K - IE A8 IR B 5 Ve T1 T8 56 b 2 o0t 75 1D R e
ORI, & SRR 25 R S Ak 460 PIE YDAk 31° SR YT R 67° LAk 28° i, BiR ik R K Rl
95.84% IR N 2. 84% MEHTHN 95. 46% , 1£ G HRINEMN @ W AL WS EEM T, AR KR BHERM
BT SRR IGFEAr , o0 X B2 B A7 IR KR B S T J HH ] i R i 56 R0 25 SR W MR 2 80k
TAEHEE 6 km/h RS 8 ke/s B, B 10T, BB ROFBIRMER K FN 91.95% SFHIRIAERN 3.31% T30k
RN 96. 11% ; RMREHE N F R T IFRER KRN 95. 62% FHIRIFEFRN 3. 81% T8 153K 96. 32% ; #if 1= 5
FIIFRUERAC AR 92. 60% FHRIFERN 4. 06% I 96. 03% , 2 TEREFR R I4F 13 [ AT AL bRif

S FTR S VIR L, I Dk s SHSHG 414 o
FESES, $225.7 XRRFRIZAG . A XEHS: 1000-1298(2025)06-0386-11 OSID.: ﬁéﬁm

Design and Experiment of Forage Harvester Chopper Shape for
Bionic Beaver Lower Door Teeth Shape Structure
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Abstract; Aiming at the problems of serious slippage, poor uniformity and poor crop adaptability of the
existing flatbed straight blade chopping tool, based on the functional and structural characteristics of
beaver’s lower incisors, the skull model of beaver was extracted and the characteristic curves of the lower
incisors was fitted by adopting the three-dimensional laser scanning and computer-assisted processing of
the inverse engineering technology, and then a kind of biomimetic silage forage chopping blade was
designed according to the model. On the basis of constructing the bionic coupling structural
characterization model of beaver lower incisor, the movement and force relationship between the clamp
angle , wedge angle and slip angle of the lower incisor and the biological cutting behavior were determined
through theoretical analysis, and the models of slanting cut and stable slip cut of the blade were
established to derive the structural characteristics of the beaver’s lower incisor in the process of stabilizing

the cutting process, and the mechanism of response to the resistance and slip reduction, and the model of
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the cutting force of the invasive material was established for the theoretical analysis of the cutting head
force characteristics, and the model of the cutter head was used for the theoretical analysis of the cutter
head force characteristics, and the model of the cutting force was used for the theoretical analysis of the
cutter head. The theoretical analysis of the cutter head force characteristics was carried out, and the
influence law of wedge angle and cutter head force and strength was obtained. The functional structure of
beaver lower incisors was characterized in segments, and the blade shape was designed accordingly. In
order to determine the optimal structural parameters of the blade shape, a four-factor, five-level
orthogonal test was conducted to investigate the effects of the key parameters of the blade shape on the
chopping effect of silage forage, using the standard grass length rate, slant stubble rate and broken pitch
rate as the test indexes. The results of the bench test showed that when the clamp angle was 46°, the
inner slip angle was 31°, the outer slip angle was 67° and the wedge angle was 28°, the standard grass
length rate was 95. 84% , the slant stubble rate was 2. 84% , and the broken knot rate was 95.46% .
Under the optimal structural parameters determined in the bench test, the field harvesting validation test
was carried out on ryegrass, whole silage corn and sweet sorghum respectively with the standard grass
length rate, slant stubble rate and broken node rate as the test indexes, and the test results showed that
when the operating parameters were 6 km/h and the feeding rate was 8 kg/s, the average standard grass
length rate of ryegrass was 91. 95% , the average slant stubble rate was 3. 31% , and the average breaking
rate was 96. 11% ; whole plant silage corn average standard grass length rate was 95. 62% , the average

slash stubble rate was 3. 81% , the average breaking rate was 96. 32% ; sweet sorghum average standard

grass length rate was 92. 60% , the average slash stubble rate was 4. 06% , the average breaking rate was
96.03% , the performance indexes were consistent with the national industry standards. The bionic
chopping curved blade can cut smoothly and cut sections evenly, which had strong crop adaptability.

Key words: silage forage; chopping curved blade; chopper shape; bionic; structural parameters;
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Beaver skull model (sagittal structure of

upper and lower teeth)

FETR b AAEA T B — RO 2 A )3 3l
(Fligk VT sk WHE AT JEER B SR B
AR Gl BT AR, BRI R R, T T
R _E (Y 51 ] e 5 e ) 48 Z Rl
Wi DIz 3 (1), RIS IR T M
Rt b 2 S5 /N B IIR I8EAE 9R e 1) <5
— it S e AT A R ) O A
iz S B AR R UL, T 1T sh B ik
TR 1T ks s A e an &l 2 B

R A

=21
I
1

/‘/”5/
\7J>Z
TR Swi

) [T H 2

(a) i AR
B2 R s s s AN

Fig.2 Schematics of changes in movement

posture of beaver’s lower incisors
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lower incisor
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Tab.2 Bionic curved blade contour feature point

coordinates mm

ﬁ—’l*/f? a’ b o' d e’ fv g;
x 8.48 7.16 6.36 4.02 4.98 9.42 9.69
¥ 16.85 13.62 11.52 8.98 5.65 10.78 11.88
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Tab.3 Test factors and levels

K- Bt/ W vIfs SNEDIf/
B/ (°)
(*) (*) (*)
1 40 25 65 20
2 42 27 67 22
3 44 29 69 24
4 46 31 71 26
5 48 33 73 28
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Tab.4 Results of orthogonal test

R

Xy Xo X3 Xy F%ZA/% $/% ﬁ/%
1 1 1 1 1 92.38 3.74 91.78
2 1 2 2 2 91.23 2.97 94.37
3 1 3 3 3 92.40 6.38 95.44
4 1 4 4 4 92.03 5.18 93.22
5 1 5 5 5 91.46 3.95 92.66
6 2 1 2 3 89.00 3.83 93.07
7 2 2 3 4 88.27 4.48 93.81
8 2 3 4 5 88.31 4.91 91.11
9 2 4 5 1 86.65 5.67 93.25
10 2 5 1 2 87.21 2.18 96.32
11 3 1 3 5 90.07 2.39 97.40
12 3 2 4 1 89.53 3.33 93.49
13 3 3 5 2 91.67 4.82 95.03
14 3 4 1 3 89.21 3.41 95.13
15 3 5 2 4  91.30 3.98 94.15
16 4 1 4 2 91.62 2.67 92.76
17 4 2 5 3 89.11 1.74 96.88
18 4 3 1 4 90.41 3.12 94.93
19 4 4 2 5 95.84 2.84 95.46
20 4 5 3 1 93.67 2.14 95.49
21 5 1 5 4 88.30 1.60 89.08
22 5 2 1 5 89.11 3.97 92.06
23 5 3 2 1 90.17 2.96 90.88
24 5 4 3 2  85.16 3.57 91.07
25 5 5 4 3  87.67 4.11 88.82

K, 459.5 451.4 448.3 452.4
K, 439.4 447.2 457.5 446.9

FRfER Ky 451.8 452.9 449.6 447.4
K= K, 460.6 448.9 449.2 450.3
Kis 440.4 451.3 447.2 454.8

21.2 5.7 10.3 7.9

K, 22.2 14.2 16.4 17.8

21.1 16.5 16.6 16.2
17.9 22.2 19.0 19.5
12.5 20.7 20.2 18.4
16.2 16.4 17.8 18.1
9.7 80 3.8 3.3
467.5 464.1 470.2 464.9
467.6 470.6 467.9 469.6
475.2 467.4 473.2 469.3
475.5 468.1 459.4 465.2
451.9 467.4 466.9 468.7
23.6 6.5 13.8 4.7
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