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Design and Analysis of Self-adaptability in Banana Crown-cutting Device
Based on Constant-force Mechanism
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Abstract; Aiming to solve the problem of poor adaptability in the process of mechanized banana crown-
cutting, an adaptable banana crown-cutting device by stalk-surrounding and insert-cutting was designed
which was based on constant-force mechanism, and the radial adaptability and rotational adaptability of
banana crown-cutting device were analyzed. A constant-force mechanism was introduced in the device,
including two oblique compression springs provided negative stiffness and one horizontal compression
spring provided positive stiffness, which enhanced the radial adaptability of the device. The force-
displacement characteristic curves and stiffness-displacement characteristic curves of the constant-force
mechanism were analyzed and the key parameters were also optimized. The stiffness coefficient of oblique
spring in the constant-force mechanism was 12 N/mm and the stiffness coefficient of horizontal spring was
3 N/mm. In the initial state, the inclination angle of the oblique spring was 36. 87°. The diameter of the
enveloping circle was 80 ~ 100 mm when the device was in constant force state, meanwhile, the constant
force was 180 N. Based on the Hooke hinge, reversible cutting platforms that can release two free
rotational degrees were designed. The cutting platforms’ rotational angle was set as +10°, according to
the curvature of banana stalks. According to the geometric parameters of the established 3D model, the
working space at the end of the cutter was a spherical surface with a radius of 300 mm. The flexibility

matrix of the cutter-end was analyzed. The result showed that when the rotational angle of the cutting
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platform was 0°, the flexibility of the cutter-end was the largest and the maximum value was 0. 818 2 mm/N,

and when the rotational angle of the cutting platform was 10°, the flexibility of the cutter-end was the

smallest and the minimum value was 0. 77 mm/N. The results showed that the flexibility of the cutter-end

was decreased gradually when the cutting platforms’ reversal angle became bigger. The tests showed that

81.25% of samples fulfilled requirements, the quality of the incisions were good. The machine, which

was reasonably designed, fulfilled the requirements of banana crown-cutting.

Key words:; banana crown-cutting; self-adaptability; spring mechanism; constant-force mechanism;

flexibility analysis
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Fig. 1  Structure diagram of adaptable banana crown-cutting
device by stalk-surrounding and insert-cutting
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Fig.2 Structure top view of adaptable banana crown-
cutting device by stalk-surrounding and insert-cutting
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Fig.3 Diagram of banana crown-cutting device
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Fig.4 Principle diagram of constant-force outputting
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Fig.5 Principle diagram of constant-force mechanism
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Fig.8 Simulation diagrams of CFM working states
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Fig.9 Schematic diagram of rotational adaptation system

FORFF 1.2 AR VS Hi 0 3, 4T 3 AUV FiL T H
. FrHINRE A R B S O 0° ~33.7°F
YIS RE (9. 87 £6.01) . ¥ n] TR £ A (K
HhOR I ) GO R B LABE AT 1.2 B e e A
o =10° ~10°, Fr i i1 1) 5% 3 A 36 B A 58 B A 2 (6]
Xt FR P o
3.2 EWMNARBHIEZTESFT

AR A B R b v i 7 SR, B AR
il A e (4 o ) ) A ST BB AL, 2R Bl 40 0 i (OREL 9 )
P BE L 5 B v L o AR S 2R Bl 1) 5l LR N

AT ARL A IR A, 5 A I v A T ) AR 2 A
10a JIT7 s BEA A0 25 30 7 B T AR IO 4k 22, R 2
b R 20 3 R, R i R D 8 I i AR T B i AR
RS 10b froR o

(a) Z il EZ50° (b) 25 £ 8°
B 10 JI8TAERST AR
Fig. 10  Simulation diagrams of cutting platform working states

v it 0 B AR i H AR s 1) 67 A S ] 2 X R
Moo AT EIEL U B0 BERE TS D - 10° ~ 1071 Y% Al
I AR S 9 25 (0] B A 5 A0 1 1T B s, D s T el
DA WL Sz e ) HL R S #4328 3l 8 25 F TAE =5 18], J)
H AR S 1) 0] 3K AR 2 ] — 242 2 300 mm ) BK
M. AR EEAR B, 5 B A 9 45 R 5 50 Fr T
23 (A A A , SR WG 3l B L 2R 8 b 1 45 40 2 0
THEHL R T BB R A R . AR EE ) A
Bl R B g2 o A s s R A S B AR A T
HEMSH W

B J7 HoR o TAEZS 8] 4 = &
Point cloud diagram of cutter-end workspace
3.3 EMIERKWERESNT

VR B e R BORE ) R M S TE AR R AR E 1
SR BB R ERAT 5. LA A G
AR LA AN IR R & A e I A i B
TEHEA V&AL B b Z g A2 1] B 3 4B ) HLA 3R 23 1
FRE R T B R i 19 2 BEEAT o3 Mo LA k)
HebR B XYZ AETE TS0 A, I 9 s . Bk
AB .CD #9775 18] [w) & 53 5 ny = (1,0,0) ,n, = (0,
cosf,, —sinf,) ,0, KNI 1 ek, EBNRET
e R, A B Fl n, WARAR 2 AR, C.D Fl n, [
AEFRBEAT 1 AE 6, B BEREIE BN AR AL, sl 12 B .
M) HOR i B RTE 4 X AL bR R XYZ rp A AR
(300cosf, sind, , 300(:050} sinf_,300cos0. ) , 0, oAy
2 RS AL E I i e, For, SRR E 5 ALC L
ALkt o 2 ST L B HE PTG RE R e, Dl o AT

Fig. 11



6 1

Bl 2 . TR ) HLM B B AR IR B BT S A IS R YR T 153

FCHLE B, C, 2Ry T 35 5% 3l 1) 22 FE 4 W, Forp bt
B A 65Mn, Wi FE R 8L k, =k, =220 000 N - mm/rad , H

r.oXn,
C,

it = =i =340 ST E ] Aok

’

n.

i

S E R

C, 04t
c=JcJ' =t t4][ ] NE

0 CJlleg
C.t,t, + C,t,t, (6)
X2 PER I C 3K 355 B AT A5 2 9% AL A AR i W B A

K.

B 12 Ardros

Fig. 12 Schematic of coordinate

R 5 J3E R o X 9 At 0 R AR i £ A 5 TR P 1Y
FEEMATHIHT 20 TE R T E AR R
LAY 28 [ B, 228 W 5 it 7 EL 1) e sl 22 B2, T il
e T TR VS L 0° ~ 10°BEAT 20 M, 13 3 XY
Z h7 1) B £ 3 o3 B A1 13a ~ 13¢ Fran. 45 2R
R AE XY 5 1) g R 0 R S 1A £ 2 BE B )

mm/N

_—— 0.4091
U‘“”f/ 04079
0.408 0.4066
— 0.4054
T 0.406 0.4042
0.4029
0.4017
0.4005
0.3992

0.3
0.3968
0.396 <
0.3 0~

mm/N
0.02360
0.02124
0.01888
0.01652
0.01416
0.01180
0.00944
0.00708
0.00472
0.00236
0

(c) ZiiT
13
Fig. 13

FEEFE #0910, e KAE R 0.409 1 mm/N,
e /ME S5 R 0.396 8 mm/N A1 0.385 1 mm/N;7E Z
75 1) b P A T B OR S ) 2% R Bl T A8 e e A B B OR
MK, &/ ME R 0 mm/N, i K{E K 0.023 6 mm/N,
XA AR R 0 5 R ] B oK i E % 25 0]
MR F B 13d iR, 458 Bos, % i J) 8T
e 00 R0 T A 5 HLEE BIK I P AT I 4R SR B
K, FeRAE N 0. 818 2 mm/ N ¥ i J1 ik i % f 4
10°If 28 2 8 d /I, e /NME A 0. 77 mm/ N i B
TE % i J1 H 2 TE i R0 40 2% B A2 — JE I, 7% At 2
BT LK iy 14 22 B B D 8 T B AR R 3 ORI
W B2 6 T B 58 % ff i 3 R T3S K. OF 3% 28 U5 )
IR 2R 32 B2 ) e LA e A R B AR KB R A T
B

4 R
4.1 REHEHG5TE
(1) a5 2 1F

IR TR A i Al R o TR EE R e SN G rp ot
BEAT , DA TAE S HLA B9 R] B 38 10 B 4 4R 254 1) 5K
TR B AR & o WP B AR RE AL
PO ELPUAR I REA Y 6 HE AL 48 i, RAEM
SR AR AR ZRSE T M B A g el SR A I ) Dy 2018 45

mm/N
0.4091

mm/N
8182

EEE N
Cloud diagrams of line flexibility



154 & A Bl B ¥ i

2019 4

VI—12 H A SRR 0 S %, JC W 8 HURR A5

(2) 155 )5 ik

R IR B 5 005 100, 7 A 2R il A HL 4 A
0 RS T L 2R ) VL I L RE T R B R
RLRCR A BOE W, P OB A R 7T
TE T3 LA A ¥ it 2 AR 1) 3 L R R Bl 3
PERE , T LS PR A AU B U0 11 B A D PP AR Bl
4.2 AW

RT3 SR B A 4R 7 B A 1Y PP AT i L IR
BB PR R I B A W B A9 98 bR, AS SOHR Jis A0 7)™
ARA N RSET T N T R v DRI i X 25 il 3
HIF IR AR A ) 22 B0 1 A2 1 9 A 4 A, £ 4 A
Dy I SR OE VA

VLT A5 T BT RERT AR AN £ R L R AR )
o YIRS e 5 Y A A
DL A A B AN R R AN DT HL, HL R R AR
SCH 3 ~4 em, A ROHE G AR AL s B8 A A2 Ik 2 A
P AR o 1 3 I P R 418 3 0 9 A 9 i DA SO 7
] LR A 2 Bl L B R e R b R A AR B
TR X — W B AR B 7 A 0 AR SR R T AT L
U v i A6 T L Y AR AL o
4.3 RBERSH

Bl 14a.14b 73 5 % 7R 54 42 0 40 .87 mm i}
R ALY o & 15a 15b 2951 7 R b 25 il 1
S 0° 8y P A ) B TARRES

Bl 14 FERHL O
Fig. 14 Diagrams of banana crown incision
W IR AR 6 HEAF AT 48 fib , iAW U] K
FEA R I 48 A 00 AR B 2L 39 B, TR RE AR
81.25% ,ERIMIN R 100% . iR I 45 LW %% F
A DA SE BRI SR R, T LA e A
I8 M AR A, V) R R4

1S Tl TTAERS

Fig. 15 Working state diagrams of cutting platform
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