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Design and test of banana skewer fruit holding mechanism
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Abstract: [Objective] Banana harvesters are equipped to carry large loads of bunches. We propose a nail
holding mechanism for bananas which posses high strength and reliable clamping force while ensuring flexible
and effective operation. [Method] An inner palm holding mechanism with nails for picking bananas was
designed, the clamping effects of different combination factors affecting the gripping force were tested, and the
clamping test platform was built. The three main factors of cylinder pressure, the number and arrangement of
nails affecting the clamping effect were selected, and the single factor experiment and response surface method

were used to test the clamping force. [Result] In the cylinder pressure test, when the cylinder pressure was
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0.4 MPa, the corresponding tension was about 500 N closest to the maximum static friction force between the
banana handle and the palm, and banana could be clamped stably. In the test of nail arrangement, the friction that
the rectangle could withstand was the maximum with a value of 800 N, which was greater than the maximum
static friction force between the banana handle and the palm, and the stable clamping effect could be obtained. In
the test of nail number, when the numbers of nails were eight and ten, their pulls closed to. The reason may be
that the banana handle is not a regular cylindrical shape, so that the nails on the round holding palm may not be
all inserted into the banana handle. When the number of nails was eight or ten, only six nails plunged into
banana handle and effectively clamped. When the number of nails exceeded ten, the tension dropped instead of
rising. The reason for this phenomenon may be that the more nails there are, the more serious the mutual
interference occurs, and the number of effective nails decreases instead of rising. [ Conclusion] The factors
influencing the clamping force effect of clamping mechanism are cylinder pressure > nail arrangement > number
of nails. The optimal parameter combination is 0.4 MPa cylinder pressure, ten nails and rectangular arrangement.

This paper provides a theoretical reference for the design of clamping mechanism of key components of banana

harvester equipment in flat banana plantation.

Key words: banana picking; mechanization; nail clamp; response surface method; design and experiment
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c: % 71IR# Force state d: #4552 717~ 2 P Stress on banana stalk

L4005, 20 JEHERT, 3: TCHRAT, 4: WELHT, 5: SMELAT, 6: BRAAS, 7: JeRprabl, 8: AT
1: Clasping hands, 2: Clamping rod, 3: Support rod, 4: Internal lead rod, 5: External lead rod, 6: Coupling, 7: Clamping motor, 8: Connecting rod
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Fig.1 Clamping mechanism and force diagram
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a: FFFHALF & Clamping platform
1: JifigRB&HL, 2: STC-100 kg $i JifE &8, 3: Fh#elalid, 4: 51F, 5: LEILRE, 6: MiE#E, 7: LT 5, 8: MGPM40-50Z <L, 9: $4H

1: Universal testing machine, 2: STC-100 kg tension sensor, 3: Manual reversing valve, 4: Nail, 5: Semicircular jacket, 6: Governor, 7: Support platform,
8: MGPM40-50Z cylinder, 9: Baffle

b: 1% i 22 [¥] Experimental principle
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Fig.2 Schematic diagrams of experimental platform and principle
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Table 1 Single factor test designs of cylinder pressure,
number and arrangement of nails
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Factor  Test number Cylinder Num‘t.>er of Nail
pressure nails arrangement

AL E R 1 0.30 10 X

Cylinder 2 0.35 10 X7

pressure 3 0.40 10 X%

4 0.45 10 X7

5 0.50 10 X

5177 20 1 0.40 10 XM
Nail 2 0.40 10 =AY

arrangement 3 0.40 10 5B

ARG 1 0.40 4 bishi

Number of 2 0.40 6 HiE

nails 3 0.40 8 bishi

4 0.40 10 5B

5 0.40 12 bishi

6 0.40 14 5B
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Table 2 Factor coding and test level

4ihY Coding x| X, X3
-1 0.3 X# 4

0 0.4 Y 10

1 0.5 = 16

l) Xy ELT'ﬁIEgi N MPa;X2: 4]—%;1};”55’] 7‘]‘&;)@: '%T%ii—é—
1) x;: Cylinder pressure, MPa; x,: Arrangement of nails;

x3: Number of nails
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Fig. 3 The results of drawing tests of cylinder pressure, nail arrangement and number of nails
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Table3 Experimental result by the response surface

method
BAT R T
Running order Test number i 2 5 J
5 1 0.3 0 564
6 2 0.5 0 582
7 3 0.3 0 16 387
4 4 0.5 1 10 401
3 5 0.3 1 10 374
17 6 0.4 0 10 637
13 7 0.4 0 10 590
2 8 0.5 -1 10 411
1 9 0.3 -1 10 190
15 10 0.4 0 10 605
8 11 0.5 0 16 888
16 12 0.4 0 10 617
11 13 0.4 -1 16 307
10 14 0.4 1 4 336
9 15 0.4 -1 4 349
14 16 0.4 0 10 560
12 17 0.4 1 16 556

1) Xqp: %ﬁ&g& N MPa;xz: 4—]—%;}%]55’] 7\]—3{‘;)(3: éT%éi%,f z’}i
j] ’ N
1) x;: Cylinder pressure, MPa; x,: Nail arrangement;

x3: Number of nails; f: Tension, N
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Table 4 Variance analysis of tension

71 BRI I ,
Source of variance Square sum

B4 Model 435 000 2536 0.0002
x| 73 536 38.62 0.0004
X2 21012 11.04 0.0127
x3 11781 6.19 0.0417
X1x2 9409 494 0.0616
X1X3 58322 30.63  0.0009
X2X3 17 161 9.01 0.0199
x 1 646 0.86 0.3833
+ 239 000 125.29 <0.0001
+ 2271 1.19 0.3109
%% 7 Residual 13327

RAIR Lack of fit 9961 3.94  0.1090
4lii% 7 Pure error 3367

KBS 2 Total deviation 448 000

1) xy: AHELETR, MPa;xy: 4T FHES 7 Ky x50 AT F 0
1) x;: Cylinder pressure, MPa; x,: Nail arrangement;

x3: Number of nails
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Fig. 4 Effect of the interaction of two factors on tension
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Table 5 Predicted and actual optimization values under optimized conditions
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Item Extrusion Nail arrangement Number of nails Tension
B £ AT Optimum condition (forecast) 0.38 0.22 10.27 500
&R 2% A (S2) Modify condition (actual) 0.40 0 10 524
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Fig.5 Scatter distribution of predicted and actual tension

values
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