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Optimization Design and Experiment on Small Cutting
and Beating Machine of King Grass

HUAN Xiaolong YOU Yong WANG Decheng ZHANG Yonglu MA Wenpeng HUI Yunting
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract. In order to solve the problem of lack of special cutting and beating machinery for King grass,
the integrated process of King grass cutting and beating was studied, and a small combined King grass
cutting and beating machine for family farmers was designed, which met the diversified requirements of
King grass processing, and improved the quality of King grass cutting and beating machine working
performance. Through theoretical analysis, the structure design and parameter calculation of the key parts
such as feeding device, cutter and throwing board were completed. The cutting process of cutter
mechanism was simulated by ANSYS/LS-DYNA. According to the orthogonal test, the main and
secondary factors affecting cutting power consumption were cutter type, clearance between moving and
fixed cutter, fixed cutter height. The notched circular cutter was selected, the clearance between moving
and fixed cutter was 2 mm, and the height of fixed cutter was 23 mm. Through the processing of the
prototype and the optimization test of King grass beating, the optimal structure and working parameters of
beating process were determined as the spindle speed of 1 400 r/min, the King grass crushing mode was
standard hammer and toothed plate crushing, and the slurry discharge structure was round hole concave
plate. On the basis of experimental research, the small King grass chopping and beating machine was
improved. The results of the improved performance test showed that the pure working time productivity of
King grass cutting was 545 kg/h, and the standard grass length rate was 86% ; the pure working time
productivity of beating was 150 kg/h, and the long grass content in pulp was 9. 1% .
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Fig.2 Schematic of cutter structure
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Tab.1 Physical parameters of King grass material model
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YZ THVARA L 0. 089
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Tab.2 Physical parameters of cutter material model
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Cutting models of three kinds of cutters
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Tab.3 Factors and levels of cutting orthogonal test

Fig. 11
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Tab.4 Cutting orthogonal test scheme and results
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¥
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2 1 2 2 2 2 2 2 2.02
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11 12 1 1 3 3 2 2.42
12 13 2 2 1 1 3 1.68
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Fig. 12 Cutting simulation process of notch arc cutter
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Tab.5 Range analysis of cutting orthogonal test
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Tab.6 Analysis of variance of cutting orthogonal test
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W% 0.336 9 0.037
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Fig. 13 Prototype of cutting and beating machine
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Tab.7 Factors and levels of beating orthogonal test
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B, BREM E BN 9 4, B4 10 kg, i
56 S 43 R i SR LT 3R 0 L Kk R Y R R
i P SRR 91.3% o R 8(X. Y. Z HIHEK
SFE ) TE 2SR B HE AT IS 7 T AR K B, AR
Pl 7 S 2R B AR L TAE S8, f ke blis
Fr-FA25 JT U6 S0 BORE . 3T 3K 58 B Pk B A 5
R, IS R 3 B AR ORE 3 UK, 31k 10 g, Ao
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Tab.8 Results of beating orthogonal test

i 5 RN FORPP R B
i X Y zZ ZHS R %

1 1 1 1 1 11.74

2 1 2 2 2 29.19

3 1 3 3 3 35.36

4 2 1 2 3 22.30

5 2 2 3 1 26. 08

6 2 3 1 2 6.45

7 3 1 3 2 23.56

8 3 2 1 3 6.57

9 3 3 2 1 22.58

3.2.3 mmEiR

F AR a6 22 HE 58 9 N, AT A A Ok
TR E B P BOUL AR 8 X B AT SR AL S R AT
W 22 03 Hr , G5 A L3R 9 LLSORE b B 5T 4 HOK
VMR bR, A BN B o R 9 AT LUE Y, R
—PHLIT I R R B 7 B E WU Z X
Yo AEKFIER X, Y, Z,, B 5k 85 1400 v/ min,
R T O b R A AR A X SROREHHE R
J7 33k 4 AL M AR 5o X T AT R & R kAT
T7 2o BRI R 10 fT s o i 32 10 w] LUA

x99 HTRABWEBESN
Tab.9 Range analysis of beating test

Pl X Y z 25 151
k, 25.43 19.20 8.25 20. 13
ky 18.27 20. 61 24. 69 19.73
ks 17.57 21. 46 28.33 21. 41

W2 R, 7.86 2.26 20.08 1.68

AP X, Y, Z

x10 FTRHABFES0M

Tab.10 Analysis of variance of beating test

EE 3 M2FHm AmME 5 F P
f& IE A5 7Y 807.978a 6 134.663 58.386 0.017
e 3754. 421 1 3754.421 1627.802 0.001
X 113. 535 2 56.768  24.613 0.039
Y 7.843 2 3.922 1.700  0.370
Z 686. 599 2 343.300 148.844 0.007
W% 4.613 2 2.306

Bt 4567.012 9

BIEE S 812.591 8

USR5 23 B8 P 45 B i, 32 i A Y
P {E/NT 0. 05, B 6k HORE Hh R 5 0 T
3 HORHERN D7 XA P E /N T 0. 01, 358 I L 35 X
S R T 3 RO R R A 3 5 T R 75X
[ P AR T 0. 05, Bi W] T F i e J7 200k OB 1
DN & A R TE 8

VARG 22 73 A 45 20 0 f LK F XL Y, Z, R 47 36k
W, 7E B S F DA OB R R R RO
6.37% , LT IESCIAE BT A 10 25 21, B L £ % i )
FTRHUITI T E 2Rk % T e 8 o 1400 v/ min,
R A T 2O b v A S0 e X OB HE R
77 A0 13 AL MR 5
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HR 4l %t E BB FT I AL B0 25 1 S £ REAT I
I 5T 45 A WP REAIL AT G BT, TR AR G S5
SR, S8 R NI T A7 R . AR R R i
AL R, TSI TR ML ER VL Y R3] =4
S HAL(YLI2ZM —4 B iR AN L ] YE2 -
100L1 — 4 78 = 520 AL, foft A8 001 2% 0] o, 8 AL
SNBSS A 14 FroR , BRS8N 11 iR,
bR ML 0 O AL AR S S T R, AT LU O
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Fig. 14  Optimized King grass cutting and beating machine
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Tab.11 Technical parameters

S8 HH
AMER S (K x $E x 8)/(mm x mm x mm) 1000 x 1260 x 1220
Fi 3 1 /kW 4
F i/ (romin ") 1400
WAL/ (remin ") 130
AR/ (mes ) 28
Y1718/ 48 3
B A 6
5 H AR/ mm 400

TAEZ 95/ mm 360
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JREE %317l e ST W v 111U = 6 B R 6 53 R @y
72.8% ¥ RkE R 1T m, S EAR K 15 mm, 7R
FEER DR , # ZOR M — KL I 2 GRS, 8l
YA S0 #6473 U, 45 R BUCH - Y48, B il b)) ko
AT 50 kg, L5 RN, BV 26 T AR I ] 4= 77 %
545 kg/h, Bl U) J5 R OB ¥ ) K Rl
20. 08 mm, 45 & ¥ 5 20 mm [ B 5K B AR ofE B K
Hh 86% , FRANYIZR &l 15a 7R .

-
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Fig. 15 Performance test effect
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Tl BBV AR UG, AR 7 RO b TE A A R g
J1, LSRR R R i O AR bR IR LT IR AR o
RE 0 R TR i £ R 25, EROP SRR 92%
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IF b R 4 R K P A A 2 A TARR S AT

SRR 3 U, 5 ROCF R, 40T R R
HER DT 50 ke, IRB0 45 AT BEBLIT 38 46 T At
2 7 3 150 ke/h, 3R b K B8 (K JE 8 3
15 mm) B4 HOR 9. 1% , E BT SR B 15
%

5 it

(1) & X sl 3& F T 8 Ak 7 Af Y £ 5 & H
FUDIFT AU ) R, T F T —Fh /7 21 & 2 Al
YT, AL ok o4 B 4 ) kA7 B 4T 9% i —
BLPIH . 0 7 /N B E RO AT 3R AL B D) FT 3
T AT %, 58 O Ul ) 450 Ak p L3l 4R AL
45 DB BB A 1 B 1T I 2 5008 0 .

(2) R TSP 05 B AR DL 0 AR 25 5 1
J5 2 X BET AT I AU AT P A 5, 1 A8 I g0 45
FFR WL, 52 B UTHLAY U1 8 D AE 0y BB &R FRUT Ry
YIJI2E R g IR BR L8 T s B B U0 AL A 5k B ik
FUE K1 71, 8 € J1 1By 2 mm, 5E T N
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R A T 2R A o R 50 B i A = SRR HE
7 2R B AL M AR =
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