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Design and experiment of feeding adjustable membrane debris

shredding device
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Abstract: In response to the problem of feeding blockage caused by the clustering of membrane debris
mixture, this paper designs a membrane debris shredding device with feeding regulation function that meets
the palatability requirements of white star flower beetle larvae. By conducting force analysis on the feeding
and shredding process of the membrane mixture, the structural and working parameters of the main
components were determined. In order to verify the reliability and operational performance of the
machinery, a single factor experiment was conducted to determine the reasonable range of values for the
feeding roller speed, dynamic and fixed blade clearance, and chopper roller speed. The feeding roller

speed, dynamic and fixed blade clearance, and chopper roller speed were used as experimental factors, and
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the cotton stem shredding length qualification rate, residual film shredding length qualification rate, and
power consumption were used as evaluation indicators for a three factor three—level response surface test. A
regression model was established to analyze the influence of each factor and its interaction on the
operational performance of the machinery, and optimize each factor. The optimization results showed that
the optimal operating effect was achieved when the feeding roller speed was 24.8 r/min, the dynamic and
fixed blade clearance was 0.4 mm, and the shredding blade roller speed was 256.4 r/min. The optimized
results were verified through experiments, and the average qualified rate of cotton stem shredding length
was 89.99% , the average qualified rate of residual film shredding length was 90.53% , and the average

power consumption was 0.97 kW. The research results can provide reference for the development of film

mixed shredding technology.
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Fig. 1 Schematic diagram of the structure of

membrane chopping device
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Fig.2 Belt conveyor mechanism structure

schematic diagram
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Fig.4 Force analysis of membrane mixed material
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mFE 2w, P X, X, X WIS (E

F1 XBERKFERD

Table 1 Test factor level code

S
H Ji L DT < BE RAREEE  BE IR RO o
H1 I 9Ce) al R0, AT DR B 5 4 AT AE 2 (rmin ") 2,/mm (rmin ")
REIREE VITE R R i LTS SR D) R —1 20 0.4 250
K G R BEAE DIE AR s i 32 = 2 T e . 0 2 08 280
4 7) e TR FAE 250~ 310 r/min X Ja A 7 HE ) < - = 0
2 HBRARRER
Table 2 Program and results of experiment
K75 X, X, X, AP BB AR R Y,/ FRIEDI R K G MR Y,/ % HFET R Y,/kW
1 —1 0 —1 84.15 91.65 1.45
2 0 0 0 89.15 88.87 1.28
3 0 0 0 87.67 89.27 1.31
4 1 0 —1 84.49 92.53 1.06
5 0 1 —1 85.31 94.08 1.28
6 1 —1 0 90.02 87.38 1.05
7 —1 —1 0 90.75 87.54 1.14
8 0 0 0 88.53 89.45 1.29
9 0 0 0 88.39 89.35 1.26
10 0 1 1 90.98 86.56 1.72
11 —1 1 0 89.60 87.89 1.32
12 0 —1 —1 89.24 91.12 0.96
13 0 —1 1 91.26 86.29 1.69
14 1 1 0 88.53 90.69 1.24
15 1 0 1 86.15 86.87 1.92
16 0 0 0 88.72 90.81 1.22
17 —1 0 1 88.76 85.28 2.01

FI H Design-Expert 13 3 4 X} 2 5 45 2% o 17
Z U ME RNH LG 43 B Ab B, O T AR AR DT

JEEHRY, R R ESHR Y, MR
Y 0 RN AR e | gl S ) ] B ) 1 T AR e
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F18) Wi 17 TR ] A A Y, 0 LR AT O 22 3 b AU O 22 SRR 3R .
=3 BRFESW
Table 3 Model variance analysis
Eisn FERI BT 1 th g ¥y F1E P1H LTE S
LY 72.62 9 8.07 32.09 <20.000 1 o
X, 2.07 1 2.07 8.23 0.024 0 *
X, 5.87 1 5.87 23.32 0.0019 o
X, 24.36 1 24.36 96.87 <£0.000 1 o
XX, 0.03 1 0.03 0.11 0.744 5
XX, 2.18 1 2.18 8.65 0.0217 *
X, X, 3.33 1 3.33 13.24 0.008 3 ok
FRFF O BE B MR Y N
X/’ 4.54 1 4.54 18.06 0.003 8 o
X, 21.73 1 21.73 86.39 <£0.000 1 o
X} 10.33 1 10.33 41.06 0.000 4 o
5% 1.76 7 0.25
AL 0.59 3 0.20 0.67 0.614 3
W2 1.17 4 0.29
S| 74.38 16
T 91.37 9 10.15 32.04 <<0.000 1 o
X, 3.26 1 3.26 10.30 0.014 9 *
X, 5.93 1 5.93 18.73 0.003 4 o
X, 74.30 1 74.30 234.49 <£0.000 1 o
XX, 2.19 1 2.19 6.91 0.0339 *
XX, 0.13 1 0.13 0.40 0.548 3
X,X, 1.81 1 1.81 5.71 0.048 2 *
PP WK E SR Y, .
X/’ 2.71 1 2.71 8.56 0.022 2 *
X, 0.58 1 0.58 1.84 0.216 6
X2 0.47 1 0.47 1.49 0.2615
%% 2.22 7 0.32
K 0.04 3 0.01 0.02 0.994 1
2 2.18 4 0.54
gl 93.59 16
F 28 1.42 9 0.158 44.92 <<0.000 1 o
X, 0.053 1 0.053 15.06 0.006 1 o
X, 0.065 1 0.065 18.47 0.003 6 o
X, 0.839 1 0.839 239.04 <20.000 1 ok
XX, 0.000 1 0.000 0.007 0.935 1
XX, 0.023 1 0.023 6.41 0.039 1 *
X,X, 0.021 1 0.021 5.99 0.044 2 *
HFEIE Y, , ) o
X, 0.013 1 0.013 3.83 0.091 2
X, 0.084 1 0.084 23.86 0.0018 o
X, 0.334 1 0.334 95.12 <£0.000 1 o
Bk 2% 0.025 7 0.004
KM 0.020 3 0.007 5.66 0.063 6
W 0.005 4 0.001
pe¥il 1.44 16

1 P<<0.01 R H g 3 ; P<<0.05 /R B E*; P>0.05 % m A B E .
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H1 2% 3 AT, M AT VD s B 5 % R Bk 1
KA A% RN A T R M B R PAE S /N T
0.000 1, 6B RY () 134 350 48 br ¥ 8 3% 5 2K P10
PAEHI KT 0. 05, WY & 0L 3 O fd 25, [l )9 55 7
TG MR B s HERB R YK F0.97, 3t
AH A 7 A A R TN 5 K 98 (E W) A R e, T
JH IH 455 78 X6 A A U0 4 B A A 38 R IR D) R K
Bk SR FE D AT A T R AL o 3 5 X 5
SESEIEAT R 434, 45 B IR R SRS 1 e ) )
Wt R 7] 1 ) AR B e AR FE DD R K A A R Y LB
D) R BE A A% R Y, A R T R Y, G [nl )T AR
I3

Y, =88.49 — 0.51X, — 0.86X, + 1.75X, —
0.74X, X, + 0.91X, X, — 1.04X 2 +
2.27X7— 1.57X? (24)

Y,=89.55+ 0.64X, + 0.86X, — 3.05X; +
0.74X, X, — 0.67X, X, — 0.80X 7

(25)

Y,=1.27 — 0.08X, + 0.09X, + 0.32X, + 0.075
X, X,— 0.073X,X, — 0.14X? + 0.28X?

(26)

MR J7 2243 01 Je X (24) ~(26) AT 1%, &% K &
Xof A FE DD BE A5 s 23R S 5 1 55 i IO AR UK R
VIR T 4R 5% o e I ] Bt (IR A R R 9 5 of 3%
) W K B A s 23R 3 2 ) I 4K Yk A BT e )
B TR 3hE T LB RN R AR T R T R
I8 3PS WA I K R A VR D R 2 2 T )
Bl MR EFRILE, h T EOW T MR A5 B X
PE M 45 b5 B9 52 1, i3 FH Design-Expert 13 4 1
Hh 45 58 H TR 2 AR R DD K B A R BRI D
B A A% SR FE T S 1 e g i T 43 A L
10 7 o

Bl 10(a) # (e) hy 2h o J1 18] Bt Ak F o ] 7K O
(0. 8 mm) i}, M e 5 2 3 11 DT) 1 1) 4R 2 1 38 .
A T AR AT B0 4 B2 5 4% 238 T 6 1) 25 52 ) 114 e
IO T P o R R 2 T A IS K P (20 1/ min)
B, R P U0 18 K B A5 % 238 0 FE ) SR Y B U
TR b 2 b T R R S X Y )
AR P R o N RS B[] N Bl D FRZE R IR
Bl 2, B AU R K AR R R AR D) R
T YT ] 4 e 3 [ 2 E AR 7K F (250 r/min) B,
R A VTR A JBE B A 5 1T 6 ) 3% 357 Bl 2 PR
O S PR 2 T R R A R RO Y R TR AR
I P s B TR A IR R E R, S

BORAT VIR B B 48 R A AR T R T R .

10 Ce) g DI RE T 48 B 3 4k 5 o ] 7K P (280
r/min) i, WA 4R %% 18URT 3 5 7D 18] Bt A2 HAE
Xof Bk JEE U] 4 B 5 A 2385 T ) i TR ] MR TR
SR P R By 5 T[] B3 DR X6 Bk DR B 5 A
HBEEPL b TF R, E 10Ce) Hml LIAS 3 sE )
[ B L MR A R 2 o 20 S DT A 38 5 A 3 B
R AER .

1 10(b) (d) i (£) 7353 Ay MR s 48 3 Atk T
Hh ] K SF- (25 v/min) I, 8 72 77 18] B A0 U0 R T 4R
e R A HAE FH OO A AT DD B G B2 G A 2R BRI U 1
K E B % 238 T B 2y 258 52 el 194 ) 7 10T IRT . B T
TF1] B3 i1 7 76 AR /K S (0. 8 mm ) Bif, B 25 U0 i ) 58 3
BRI, KR AT DI AC B S A RAIHFE D) R &2 B
T3 TR IO B 5 4 AR 5 T B 4, X 2 A
N2 B TR 5 ) WA T — S I, D D5 Y
It LR P JBE 4 YR ) T RS I ) PR A DD O
Z , S EAAT VI A B B 48 R AEFE D5 BT, 5k
BT i 1 B2 5 A% 38R I 5 U0 0 A B R [ R AR IR
KA (250 r/min) i, KFFUIE A B 4 4B 4 5l
SE JT 18] B2 00 48 R 52 B i 34, AR IR U0 I R B A
HRFIHFE YR BEE 2@ ) [ BR A 3G K& E T
B, 3k 2 A A Y Bl E T ) B 3G ORI R 2 TR )
8 LTI ) A0 2R 9 583 L O 2 A T 23 oK 5 4 B 1 B I A
A AF DT Bt o 38 V% AR T AR AT DD AR B S A %

DUARAF VI B A 4% 38 5k I DD i A 32 5 46
ES YNNI ES U DL SR DR IR s
JIER B B T BB PR A S AR Ak X
%, N ] Design-Expert 13 & £ %F 2 37 79 28 4 [7]
AR JEAT 0L, Ak b o BOFn 29 RS 58
max Y,
max Y,
min Y,

20 r/ min<< x; << 30 r/ min
s1.90.4mm<<2,<<1.2mm

250 r/ min << x; << 310 r/ min

BRI EEL TESBAG R RA R
24,8 r/min. 3l € JIH B 0. 4 mm  Y)#F J) 4R 5%
B 256. 4 r/min, B AR AT D RE KO S A% RN
90. 096 Bk M I A < B A M5 R O 90. 404 \JH #E )
K 0.90 kW,
3.5 RIIHE

h SR AR S B B ROCR 7R S B R SR
SN S ol B AT g R, 7 & B 5 Y AT

(27)
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Fig. 10 Response surfaces of interaction experiment factors on index
Frre B DA BB AT LR B S RO RA R e, JF O S (AR a6 i 36 e AR, 1S5 SR
et 25 v/min B E JI R 0. 4 mm UTEEJIHREE W 1L ETOR IR SRS R WA 4 BT R
B 255 r/min, 75 1 Z 80O R #E 47 3 0CH &2 5k 1R 4 B T S5 R T, LA AR 2
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Fig. 11 Equipment operation effect
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Table 4 Experimental verification results

AP S BRI S HRRIR Y,/

R ass

WRY,/% WRY,/% kW

1 89.94 90.34 0.95

2 90.17 90.54 1.04

3 89.86 90.71 0.92
T3 89.99 90.53 0.97

WA A AE R YR AU AR K B AR R R
89. 9956 \°F- ¥ 5k B V) < BE G A% 2K R 90. 53 % .
- I FE T N 0. 97 kW, 7E 6 2 w5 WK A
& S [ B 5 0% G 0 U i 2 R L T RE T R AR
A8 AILELAE M R TT 3k B BT 4, B A% i 2 5
AR AT 1 VIRR AR 223K

4% B

(1) BF X ZR 1R G W) 52 IR 5 7 AR A
B FE R In) R, A B B T T M I o 4 U
B LT AR AW R B ) MR % 2k
VIWE S Dife . W IR R & W) R B B0 iR AR o ik
BT 200, M T FEERHM M2
B TAESE.

(2)38 o B R I i 8 T A R 1 A LI
{EYE iz ] Design—Expert 13 844, % it T = A
F KO TR, X e R AT R AR 5 4
Br R Z 0BG 15 8] T 45 B2 64 FF U0 i K R
G R BRI BE G R 2 NI AR S A A1
T R e 25 SRR AT A B B8 T A5 B R SRS
AR X AR AR A BE S A% R BRI R S
& SRIH FE T A 52

(3) i i 22 R 3 9 45 SR 0 e B 1 TAE S 8K
AT T AL, R AR R L 3 24. 8 r/min B &
JIIE B A 0.4 mm , Y)#E JJ 58 5% 3 2 256. 4 r/min
R EN A& S = Z E VR ) o (S NSRS Nl nW a1

TIE, 45 5 26 B S B R AR U R K B A5 6 6 O 24 B gt
YIFE K B G A% 5 O BT RE D 345 531 2 89. 99 % .
90.53% .0.97 kW, 55 45 7Y 151 I {# [] AH X 15 22 {E
BJ/NT 5%, 26 BT 56 56 HF 2% L 5 458 AR i) &%
BA -3,
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