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Abstract: In response to the problems of low efficiency, poor quality, and inapplicability to high
moisture content grass in existing grass kneading machines, a collaborative cutting and crushing grass
kneading machine was designed for alfalfa processing. Theoretical analysis was conducted on the cutting
and crushing processes, and the overall structure and key component structural dimensions of the wire
kneading machine were determined through design calculations. A single factor experiment was conducted
with motor output speed, mesh diameter, feed rate, and moisture content as experimental factors, using
productivity and spinning rate as performance evaluation indicators. A quadratic orthogonal rotation
combination experiment was conducted by using alfalfa with moisture content of 65% as the processing
object, with motor output speed, sieve diameter, and feed rate as experimental factors. The single factor
experiment determined the range of experimental factors and explored the silk kneading effect of the silk
kneading machine on alfalfa with different moisture contents. Response surface analysis, regression
analysis, and objective optimization were conducted on the experimental results of the quadratic
orthogonal rotation combination experiment by using the Design-Expert 12. 0 software. The regression
equation between the experimental factors and evaluation indicators was obtained. With the goal of
maximizing both productivity and silk rate, multi-objective optimization was carried out on the output
speed, mesh diameter, and feed rate of the motor. The optimal parameter combination was determined as

follows ; the output speed of the motor was 443. 77 r/min, the sieve diameter was 14 mm, the feeding
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amount was 1.27 kg/s, and the validation test of wire rolling showed that the production rate was
5065.98 kg/h, and the silk rate as 94.87% . The device had high silk kneading efficiency, good

quality, which can knead grass with high moisture content, meeting the design requirements of the grass

kneading machine.
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cutting process
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Tab.1 Factors coding
] HL AL 4 e et/ i L B A/ A/
(remin~") mm (kg-s™")
1.682 500 20 2.0
1 449.3(450) 18.8(19) 1.8
0 375 17 1.5
-1 300. 7(300) 15.2(15) 1.2
-1.682 250 14 1.0

XF 3% 2 B AT 07 25 43 B, 49 B A 7 R R 224k
R, G5 Ry BNk 3 FIER 4 R,

4R 3 AT RN, AR 7= R [l H A AL (P < 0. 000 1)
B RUTI(P =0.1936) A 8%, RUIZEAYS
FEEEBAS , BRI G K . PesE REL R =0.964 4, 4%
EMCHRE R, =0.9398, 5 1 Je 42, 8 55 R EL
H1.66% , 3R Wiz 5o B0 AT &g o [l I O R A S
1B 5 38 5 o 12t 56 45 2R 20 A B 48 B G S PR (E OC R 12
E AN TR R RS e R A R (=R T
[l 9 77 7%y

y, =5 115.98 +76.08x, —167. 75x, +51. 56x, —
61.56x,x, +67.92x,x, —10. 27x,x, —
284.7x; —131.08x> (17)

Ay R 5 £ B0 TR R 2 (8] Y i 7 i o A 1A 18

JoR

L 20244
xR2 RBRAREER
Tab.2 Test scheme and results
i) HE " ¥2/%
%) % X3 (kg-h™")
1 1 1 1 4590. 21 95. 84
2 1 1 -1 4365. 40 94. 62
3 1 -1 1 4952.07 94.53
4 1 -1 -1 4757.15 96. 56
5 -1 1 1 4395.94 88.51
6 -1 | -1 4513.76 92. 68
7 -1 -1 1 4582.55 83.41
8 -1 -1 -1 4 588.32 91.62
9 1. 682 0 0 4.470.74 95.53
10 -1.682 0 0 4200. 32 83. 68
11 0 1. 682 0 4390. 60 93. 87
12 0 -1.682 0 5149.43 93.35
13 0 0 1.682 5008. 91 90. 08
14 0 0 -1.682 4766.34 96. 41
15 0 0 0 5137.16 91.63
16 0 0 0 5117.43 93.26
17 0 0 0 4974.76 91. 85
18 0 0 0 5094. 31 91.71
19 0 0 0 5070. 22 91. 64
20 0 0 0 5168. 64 90. 48
21 0 0 0 5171.60 90. 15
22 0 0 0 5206. 13 92.01
23 0 0 0 5095. 08 92.23

R3 EFEMAREEAESR

Tab.3 Analysis of variance for regression model of

productivity
FERW FHA HBRE ¥l ¥ p
FEAY 2.24x10° 9 2.49x10° 39.15 <0.0001"
% 79 053. 77 1 79053.77 12.44  0.0037*
% 3.84 x10° 1 3.84x10° 60.46  <0.0001*
3 36 300. 18 1 36300.18  5.71 0.0327"
x 30312. 14 1 30312.14  4.77 0.0479"
x5 36 899. 58 1 36899.58 5.8l 0.0315"
x3 843.78 1 843.78 0.13 0.7215
%)X, 1.29 x 10° 1 1.29 x10° 202.62 <0.0001**
%)X, 2.73 x10° 1 2.73x10° 42.95 <0.0001*
X303 1.27 x10° 1 1.27 x10°  20.02  0.0006 **
W% 82629.68 13 6356.13
24l 45249.84 5 9049.97 1.94 0.1936
eSS 37379. 83 8 4672. 48

Jo¥ill 2.32x10° 22

Hewx RRZERMEEFE(P<0.01), + R/RnEFHF(0.01 <
P<0.05), FF.,

w1 18a n] R, £ 15 R 3 UL IX (6] 1 B 2 P
B H e ol N FL ELAR RO R, A 7 R R BT,
L LB AR A 7 AR A R e R T AL LA R e
P 18b ml 1, e 3 56 DA 2R MR DX [R] P, A 7 AR B A
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Tab.4 Analysis of variance for regression model
of filamentization rate

JPEKW PO AmE  HIU5 F P
] 244.9 9 27.21  42.32  <0.0001*
X 149.99 1 149.99  233.27 <0.0001*"
X, 3.00 1 3.00 4.67 0.0499 "
X3 41. 60 1 41. 60 64.70 <0.0001 "
xf 5.76 1 5.76 8.96 0.0104 "
x 16.73 1 16.73  26.02  0.0002*
x§ 6. 64 1 6. 64 10. 33 0.006 8 **
X, %y 8.22 1 8.22 12.79  0.0034*
X, %, 7.71 1 7.71 11.99  0.0042*
%, 5.12 1 5.12 7.96 0.0144*
524 8. 36 13 0. 64
1) 1. 64 5 0.33 0.39 0.8426
TR 6.72 8 0.84
Jo¥ill 253.26 22

(a) x,=0

G INSE R R v, HLA B S R AR R
R T M AR, & 18c WA, Fii 5 M A A 4
K AR AR 1 IR W), e e PR U XA
i FL BLAR X A 77 AR 5 e R T AR

MR 4 T, 2246 AR I H A AL (P < 0. 000 1)
3 RAUI(P =0.842 6) A 3 |, KU AR5
TR, BRI G K . Yo REL R =0.967 0,48
IEHRE RECR,,; =0.944 1,5 1 JEH #0078 5 R AL
0. 85% , FWZARX B0 K s v & o [l 09 05 AR 1 U
1B 538 3 X 0 45 2R 03 B A B A SE PR B OC R W3
& AR 548 AR 09 [l 5 05 7k
¥, =93.66 +3.31x, +0.47x, — 1. 75x; — 0. 85x,x, +

1.45x,0, +0.91x,0, —0. 72x7 +0. 725 +0. 57«2
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Fig. 18 Relation response
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Fig. 19 Relation response surfaces of influence of experimental factors interaction on silk rate
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maxy, (%, ,%, ,%;)
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-1.682<x,<1.682 (19)
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Fig.20 Medicago sativa sample after silking
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