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Optimal Design and Experiment of Double Fixed Knife Slip-cutting
and Anti-tangle Banana Straw Crushing and Returning Machine
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(1. School of Mechanical and Electrical Engineering, Hainan University, Haikou 570228 , China
2. School of Mechanical and Electrical Engineering, Suqian University, Sugian 223800, China)

Abstract; With a large banana growing area in the tropics of China, about 35 million tons of waste straw
will be produced each year, and the traditional way of dealing with banana straw is time consuming and
polluting. Crushing banana straw back to the field is a green way of dealing with banana straw, and
varieties of banana straw crushers have been developed in China. However, the diameter of banana straw
in the mature stage can reach 250 mm, banana straw crushing and return machine in the operation of
uneven crushing, banana straw fiber entanglement serious, return machine operation quality and other
problems still exist. In response to the problem that banana straw is not thoroughly crushed during the
operation of banana straw crushing and returning to the field in tropical areas of China, and the straw
block is entangled and blocked the key parts, which affects the normal operation of the machine, a
double fixed knife slip-cutting type anti-tangle banana straw crushing and returning machine was
designed. Based on the slip-cutting theorem, the dynamic slip-cutting angle during the rotation of the
crushing knife with the shaft and the slip-cutting angle during the crushing process of the crushing fixed
knife were analyzed, the L-shaped crushing fixed knife blade curve was designed according to the equal
velocity spiral, and the structural parameters of the crushing knife were determined; the anti-winding
plate was designed, the force analysis of the banana straw winding crushing knife roll was performed, and
the number of anti-winding plate assembly and structural parameters were determined. The anti-winding

plate was designed, the force on banana straw winding crushing knife roller was analyzed, the number of
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anti-winding plate assembly and structural parameters were determined; the anti-winding cover was used
to improve the anti-winding performance at the knife roller connection; the device forward speed,
crushing knife roller speed and anti-winding plate height were taken as test factors for banana straw
crushing pass rate, throwing unevenness and the number of banana straw winding as three-level and
three-factor orthogonal test, the establishment of factors and indicators of the response surface
mathematical model was done, the relationship between factors and evaluation indicators was analyzed,
and optimization of the influencing factors was carried out. The experiment results showed that the optimal
combination of parameters for each test factor was as follows; the forward speed of the machine was
1.5 m/s, the height of the anti-tangle plate was 41. 6 mm, and the speed of the crushing knife roller was
1 800 r/min, and then the banana straw crushing qualified rate was 93. 8% , the number of banana straw
winding was 26, and the unevenness of banana straw throwing was 12. 1% . And the optimal combination
of field test verification, with the optimization of the solution results of the error was small; the design of
double fixed knife slide cut anti-tangle banana straw crushing machine whole machine anti-tangle
performance was superior to satisfy the design requirements.

Key words: straw crushing and returning machine; banana straw; double fixed knife; slip cutting angle ;
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Fig. 1 Schematic structure of anti-entanglement
banana straw crushing and returning machine
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Fig.2 Schematic of banana straw crushing and

returning machine
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Tab.1 Moisture content and sliding friction

coefficient of banana straw in each layer
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2.2 #M@EEENBVIAIET

T RS FE R R 38 B BILAE Ml B 83 B 2 7T 5 [l 2 by
1 3E I I = 5 3h 25 S A% W 08 AR LA AT, 1 5 )
SR G B SIOR 4 0 A 1 A A R R ) o A B X
T ARG )Z B PEoR MED R i 28 58 ™ 5 55 )
BTtk e 71, LA U1 B BRI R i T, DN 0/
Fr ARG FF BT UIBH I, 32 = 0y 05 22 T By 4 Pk g 5 # i o
WARSHCIR: S EpAN EE N SR R SR R K B
g J1 Z IR C G 28 e — JUM B T, BB i T 4t
16 4853 W9 371 42 L 491) 42 2 TE Ry i 28 1A

T FERG FF Ry 008 I MLAE 22 51 N B 1M Hij iz 3l
3 W T A LAAH ] B 2 3 8 o, 20 3R 2, DL
BT E T 0 o i, DL R AR AR A 1)
Hyy b, AR AR AT B H O B X 4, XL AR
v B s H AT B 2 o A, A T R

AL A RSB R H B )2 i A

F, - F,cosa =ma,cosa

F, - Fsing =m(a,sina -a,) (9)
F, =F,tang
A Fy—— & RRAT S H 32 208 16 € T s
51N



52 3 S

I

Tt A XUE T1 U1 By 98 A A AT R L WP S 41

v
2
 ——

F
F, Y @, F
//\R ]
ar
FN

<

=]
4 4

K7 B e T s B
Fig.7 Schematic of sliding cutting of crushing

and fixing knife

F—— ARG s H 32 B0k W %€ J) J1 B

MEEHE S] N

F——& BRI md H 3% 3 LA & 2R R AT
EESE S] N

a,——F FEREFFIR A H 4235 HE , m/s’

a,——F FEREFF IR H AR I, m/s*

m—— & AT B H U kg
B— i shEEEE M, ()
e
F,(tana - tanB) =ma, (10)

B HEAE , & EEEIR AL E B S 19. 24°, 1 (10)
AL, A R A 0T 85 M 0 S TR R Bl 1 SRR
a, >0, 00 o >p, FH U1 Bt R T 19. 240, %
JE T FE R TRy 1 0O My 1 0 B 5 J3E 45 ) i, B
Ky s J1 3 VI« S 30°, by B E T KB R #E
110 mm; 5E JJ 2 & h 58 fin sy i € T I B sk B by
W T (18 8) HAL LS ¥ Z 00 551 0 < JIAR FE 45 mm
7146 30° J) Fr R E S mm,

K8 B J] s EI

Fig.8 Schematic of crushing and fixing knife structure

2.3 BESWEREITRSEHE
2.3.1  FAEREAAR 1R A

B FEAG AT B 3 TR b o A v, 486 32 BIL i 2
{8 FE 2R AT 268 R 22 B A 6 25 AHBAR T 1) 15 %% i
PETT 1 AR R], 4 25 FFAR SR AR T2 25 il )5 AR, A AR
T Aoy i T HILAE AR Ll i 1 S0 B AR 10 A AR 25 AT A
ARV W, 76K 5€ 4= V) By A AR AT I, OB A5 5 T

A0 B FRRCR AN W (00480 7 26 % A AR OB 148 U1 1B
Ja AR oy MR e T L, 7 AR 2R AT R, A
M EHAR N 150 ~ 200 mm, Jii i 50 ~ 60 kg, Fib
il A B AT oy B BIL 7 oy TR MR T 3t 65 AT 988 20 ) o
S {5 B M 1) A £ 25 RSB AR ) 00T IR PG AR A B A
AT B O, T BORT B AT B B I 6 40 R AR
A

By 73 R R A 5 A7 A e D I T 8D X3
T B ARG W R e R, 28R B S A 5
MR T, 5 AR KA K A S AT 21 4 B R iz
e 2 8 SRR 5 B e 0 SR T XUBR e R B 7 2, 0 e
52 13 5) BB RGN Ve U AR T DD AR L 0 ] Al
J7 1) WA A 3 £ J7 1) A B 6 AR LOJE i € T Y
Wt A AT AT A R R AT 0 M, oy e T R e e — A o
LB H 1E 5E J) Y0 A AR R AT D) Bk an i 9
JIiR o

%
9 LBy T4 1) ) T 7 FE AN AT R B A

Fig.9  Schematic of radial cutting of banana straw

with L-type crushing knife
1 ~6. [d]— Byt XS L IR 0 DR i e — R DI 6 7. 4K
A LTS AT
L e #1465 J1 LA XUIR e 46 07 X HED , B 5 72 4

P i B8 B e o AN T 25 4T 7 1) A o B T SRAR L
DX I 3 ) Al 77 1w e BB S 8 A e X IR, A B
o DX 358 PR AT B8 A MM PR 3 188 R 10 D 25 4T 4 S 1 )
PIAE RS R E T, 8 0 T AR B s J0 Bk J7 1) A O 7 A 2
P77 1A B LA Ry 088 72 0 Al i) A B /2 5 0 1R 2
BV o, SJRTHE Ry TR 3 R 1400 v/ min, [F)
— 3 TR DX I PN A I8 3 1 T R A 1 A ARG T ) B
[ia) % . iy i B O

B _ 0@
o= =e 0T ) =50

AR IR A Al 3o T 4% T SRR AT
ST 40 4 B KT, 75 25 R/ T M) e K B8 61 B

(12)



42 &l #Hl

Moo= 2024 4

B AR ST Ry A XCBOE R R, P S 18] LB
By W J] ] K T 4R ZE AT S8 A Uk 5, A 1] 10a By
71N 3 A FEZEAT AR O T e X (] Al i) B, 7 A ZE AT
AT T XS8R T IR 280 Ay A DX e oA o i D )
Ja , A RERS B AR5 AT 58 A VT, T 2 A A e X el
by, P DX IR A7 A e ) DX, AN R 10b R 5 A
PEZEFT MRy B DX Il O 7 s A 07 MR, ARG AT
W IC 58 A DI, 5 B AH QB0 0 DX BE 45 % 1, 771
U 5 DX, P 10 ,10d i o

10 A AR AT A [ 5 0T 8 A 77 5K
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Fig. 14 Field experiment of banana straw crushing

and returning machine
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Response surfaces of various factors to qualified rate index of banana straw crushing
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Fig. 17 Exponential response surfaces of banana straw winding quantity
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