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Design and Test of Crushing and Kneading Device for Machine Harvested
Cotton Field Residual Film Mixture
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Abstract: In response to the difficulties in resource utilization of machine-harvested residual film
mixtures, and the fact that the residual film mixtures processed by the existing shredding and kneading
devices do not satisfy the palatability of larvae of white-starred golden tortoise, a residual film mixture
crushing and kneading device was designed, processing of residual film mixtures to meet the palatability
of white-starred golden tortoise larvae using crushing and kneading techniques. The device was mainly
composed of crushing device, conveying device and silk kneading device, etc. The structural and
working parameters of each component were determined through kinematic and dynamic analysis of the
operation process of the residual film mixture crushing and silk kneading device. In order to verify the
operational performance of the residual film mixture crushing and kneading device, a three-factor, three-
level quadratic regression response surface experiment was conducted by using the grinding roller speed,
kneading roller speed, and kneading roller gap as experimental factors, and the residual film crushing
qualification rate, cotton stem crushing length qualification rate, and cotton stem kneading rate as
experimental indicators. A regression model was established to analyze the impact of each factor on the
operational performance of the residual film mixture crushing and kneading device, and parameter

optimization and experimental verification were carried out. The experimental results showed that the
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main and secondary factors affecting the qualified rate of residual film crushing and the qualified rate of

cotton straw crushing length were the speed of the crushing roller, the gap between the kneading rollers,

and the speed of the kneading roller. The main and secondary order of factors affecting the cotton straw

kneading rate was the gap between kneading rollers, speed of kneading rollers, and speed of crushing

rollers. The optimized optimal working parameters were; crushing roller speed of 13. 0 r/min, kneading

roller speed of 60. 0 r/min, kneading gap of 1.6 mm, and the average values of residual film crushing

qualification rate, cotton stalk crushing length qualification rate and cotton stalk kneading rate were

90.4% , 92.6% and 92.2% ,

respectively, which were the same as the theoretical optimization value,

with the relative error of no more than 2. 0% , the research results can provide reference for the design of

residual film mixture crushing and kneading device.

Key words: residual film mixtures; crushing; kneading; roller type; contact with sharp angle
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Fig.1 Structure diagram of residual film mixture

crushing and kneading machine
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Fig.3 Force analysis of cotton stalk crushing process
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Fig. 10 Schematic of residual film and its unit

body stress characteristics
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Force analysis of cotton stalk in rolling area

Fig. 11
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Tab.1 Test factors and codes

A%
i i 3 TR AR A TR 22 3L 5 22 51 ) B
x,/(r-min"") %,/ (remin ") x3/mm
-1 10 50 1
0 15 60 2
1 20 70 3

3.3 RIGIERR

RIS % GB/T 41709—2022 ( ik £T 2k 14 24 ¥ %}
M E ROSF AR BE B 2 ) 5 NY/T 509—2015
(REFFERZZHL T VRN HORFAE ) | % 5 BRI 5 0 #y
TR 22255 B R AT M R A I G 5, &5 & R HL T4 D 28
) 2 5% RS R 5 A 238 A A 0 R B 5 A% SRS R A AT
Preoz AR i 8 b o A6 R D BOAIS A B
HEZMIR KB AEARFZEY N 3 A, B AR
N (400 £20) g XFFEAS Bk 5 K KR AT 4 5 AR A
TR R AR 4 0 Ay T A SR AR AT B D
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TAFET 50 mm; SRR RS AR BOK R AL EOR,, 30401 Jr AT

R K BE R T4 T 50 mm, R iR R A0 B BE R FIH Design-Expert {4 X [l 5 455 B 34 47 J7 2
FAFT 50 mm SR SR S ARAREORE BB MO, AT AR A5 RN ER 3 BT, R 3 AT,
KEE/N T T50 mm (ARFF BT M, SERFFICRE LS. My AR s sk X, XF Y, MY, ¥ e B B (P <
Jite M, LA, 37 22 A AT BT 5 M 55 R FF IURE BT
i ML . BRIEMRE G AR Y, RRFER B A AR
Y, FIMRFF R 2% Vi3

£33 OARABERFESH

Tab.3 Regression model analysis of variance

y, = lﬁ; M, « 100% HEhr ;i 05 A ﬁ; b F P
] iRl 188.24 9 20.92 119.75 <0.0001**
Y, :%XIOO% (38) X, 3.84 I 3.84  21.97  0.0022*
3 X, 0.03 I 0.03  0.17 0.690 9
X, 3.29 1 3.29  18.83  0.0034*
Y = M, = x100% XX, 136 1 136  7.77  0.0270°
AN K N T 50 mm SRR o — X X, 2.54 1 2.54  14.57  0.0066 "
N XX,  0.02 1 0.02  0.10 0.764 8
ﬁg%‘ L R e PR I 12 s i X3 60.93 1 60.93 348.84 <0.0001*
I X2 5537 1 55.37 317.05 <0.0001°*
X3 42.35 1 42.35 242.48 <0.0001**
w2 1.22 7 0.17
S 0.79 3 0.26 2.46 0.202 5
®E - 0.43 4 0.11
Sl B 189.47 16
12 SmER LLE W 132.28 9 14.7  170.81 <0.0001*
X, 112.43 1 112.43 1306.63 <0.000 1"
Fig. 12 Bench tests X, 0.02 1 0.02 0.20 0.669 1
3.4 EBENF X, 0.56 1 0.56  6.53  <0.0378"
GRIERETE A M Y, AR B G S A Y, Tl 000000001 0.0012 09738
AR X, X3 0.002 1 0.002  0.024 0.882 4
P22 R Vi a5 Rk 2 i, X, X, X, A KR X, 0.02 . 0.00 024 0. 6362
RHE . SHE X 3.9 ! 3.9 4538 0.0003
K2 KBEARS5ER Y, X; 4.89 1 4.89  56.87  0.0001"
Tab.2 Test plan and result X3 8.5 1 8.5 98.74  <0.0001*
g 22 AR AR R 06T 008
e afEE KEAK ey %mfm 0.17 3 0.055 0.5l 0. 698 6
X, X X Y, /% R Y,/ % ? R 0.44 4 0.11
1 1 -1 0 83. 07 87.27 89. 57 EAT 132.88 16
) 0 0 0 92.13 92.91 92,46 MiE 137.79 9 15.31  293.8 <0.0001"
3 0 -1 -1 8527 90. 05 93. 38 Ao 0161 0.16  3.12 0.1208
4 -1 -1 0 85. 89 94.75 88. 62 X, 032 I 032 614 0.0423°
5 0 | 1 8583 90,53 93, 49 X, 108.34 1  108.34 2078.99 <0.000 1"
6 o 0 0 9124 92.62 92.33 XA, 032 1 032 613 0.0425°
; 0 0 0 o1 82 9. 78 9. 26 X, X,  0.05 I 0.05  0.89 0.3776
3 _1 0 _1 36. 69 93,93 94. 24 WA XX, 011 1 0.11 2.15 0.1857
9 1 0 | 3433 37 16 37 18 “wRY, X 6.52 1 6.52  125.19 <0.0001**
10 . o -1 8398 %6. 52 04,21 X2 19.46 1 19.46 373.40 <0.0001*
" o -1 1 — 90, 57 %6, 24 X2 0.53 1 0.53 10.17  0.0153"
12 -1 1 0 84.28 94. 61 88. 61 Wz 0367 0.05
13 0 0 0 91. 69 93. 09 92. 17 RPI 0,11 3 0.04 0.56 0.67
14 1 1 0 83.79 87.11 88. 43 mE 026 4 0.06
15 0 0 0 91.56 93.48 91.79 AR 138.16 16
16 0 1 1 84. 64 90.76 85. 68 Hoox FRIE 2 (0.0l <P <0.05); %% 7275 50 f) o 2

17 -1 0 1 83.85 94.71 86.78 (P<0.01).
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