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FEbs <R (FS-0601, AW 1E T H (EFR) ARAFD
o Jrh, JeRRERAR AR R AT R B IR E N Bl
Je B REIHIR . SRR E 1 R, W
M5 #2420 30 mm, AMUGTET S #2420 45 mm.

‘ <
7’ I
e N T B
L
a A b. MR
a. Front view b. Side view

e B IAFIPTR BRI B A, rad; b RFFEAFEL, mm.
Note: £ is central angle of hold part’s inner arc, rad; 4 is thickness of hold part, mm.

A1 L4498
Fig.1 Structure diagram of hold part
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b. Top view
LB 2500 3MamAT 408 E 2 fl SHLE e HAEE 1Ok
JEHE 8OLHN 9. AT AL 108 A UK
1. Cover plate 2. Thickness plate 3. Stiffener 4. Fixed orifice 5. Frame
6. Linear slider 7. Clamp base 8. Optical axis 9. Guide cylinder 10. Integral

bearing
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Fig.2 Structure of pneumatic clamping device
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a. Structure of pulling tray device
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Electronic universal material
testing machine

SOVl T
Tensile strength sensor
A 15 R Al Banana stalk

JEFFHHHold part

FHF L Guide cylinder

b. R W R

b. Spot diagram of equivalent friction measuring

B3 SRR NEREE

Fig.3 Spot diagram of equivalent friction measuring
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F B R MiBanana stalk
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Hold part
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Note: F is the tension of electronic universal material testing machine transmitted
by pulling tray device, N; N, and N, are clamping force perpendicular to the axis
of banana stalk by hold part, N; f; and f; are sliding friction between hold part
and banana stalk, N; 7; and 7, are shear force, N.

B4 kFRBRIGZHHITHE

Fig.4 Force analysis of banana stalk in clamping test

WRIGFEAR N MR ) £, sk (D W%, EJME
LT T e MR I WAL B 25 AR R ), R Ak
JRAR AR o 25 BEAR ) K 7 I A R O
R IR IR IFEBAF IR 22 . SRR =L 15~
30 kg, MPRUEICHF AR EE, YRS )M T 300 N.
1.5 K&t
1.5.1 FREZREZT

RS KRR, RGN, KHA3)
ek 2 AR L B R I 1 R ) 1) A2 R 3R O e KE
HPERARE S JERETB AR AT A . R AR SEL R .
FALR 2R 50 I /KPR 1 o,

B=30xfh. 4)
P B IR A ORI IR, mm®; B ok Je gl e 45
SRR 0 £ 5 rad, HUESE R p={n/2, 20/3, 57/6};
h O FERFRAE RS, mm, BUEEHA A={10, 20, 30}.

F1 BEFXREREREFMKE

Table 1 Factors and levels of single-factor test
FHEEAT . Py
N e Wme AR P UR
7K . Diameter of Cylinder gas
Material of hold part  Inner arc surface
Levels A hold banana stalk  pressure
area of hold part ) D/MPa
B/mm
1 B 628 52 0.3
2 T3 T A4 M 943 57 0.4
3 Je 1257 61 0.5
4 {53113 1571 65 0.6
5 A 1885 69 0.7
6 KA

1.5.2 JEZGREERIT

7 L DR 2R B0 T A I AT B 1 DR 2 KT
TERIEREFBAFA R SR AT AR AR . 54 E AR A
SEAE 4 IR 3 MACTFHTIEARS RS, %M Lo(3%)
IEARE R . IEAZ RGP 2 AR Wk 2 fros .

F2 EXRWAZRMAFER
Table 2 Factors and levels of orthogonal test

Y720 = A [ a
TN v LS O Y OR8]
we  JCHREEAL R SRTHT AR : ;
K . Diameter of  Cylinder gas
Material of hold  Inner arc surface
Levels art A hold banana stalk pressure
p e S part C/mm D/MPa

1 iz Silica gel 628 52 0.7

2 2 Iron 1257 61 0.5

3 B Rubber 1885 69 0.3

2 HR5N

2.1 HEEEH

FESFEFRAE N IR BN 628 mm®, SHSE A
0.5 MPa, JCFFMBIFIE bR E R 143.6 N, FHIERZ N
61 mm [EOL T, JEREHAFARD AL 1 1 AR -
PiRS P 5 FioR. GBI 2 By s R 2k 1,
Z kT RsE .

%_ 350 + BA li§Polyurethane
:‘g 300 ........o..ootoo‘.o.o: u Iron
i 20 o. xxxxxxx)fﬁ“p‘“*:;x 4 JE JENylon
2 200 xgferatensngtiyvennnans
= X X By B W I Phenolic resin
4 150 XKy
X RO
g‘: 100 13" xR Silica gel
;!‘:i 50 * 1% i Rubber
S
0

10 20 30 40 50

{7 # Displacement/mm

T JCREIROE A ORI AR 628 mm®, UL U 0.5 MPa, JCHRRIE R
TR D 143.6 N, SRANEARZ N 61 mm.

Note: Inner arc surface area of hold part is 628 mm?; Cylinder gas pressure is
0.5 MPa; Calibration of hold part positive pressure is 143.6 N; Diameter of
banana stalk is about 60 mm.

B 5 ARRIMA RIS SR 1AM &
Fig.5 Effect of equivalent friction on displacement based on hold
part material

2.2 HRARKKERSHIT
2.2.1  kFHMNIKE @A S BEE A0
R R - A N I A OC R e an &l 6 i
TNo NG ICHEIBAY P I AR Y R AT et R
PG 45 RAR L R B R B EILRE, BREPER
BOEAHRK R BEMEPRM, JCREEAF Ay f A A
628 F1 1 885 mm” i, X4 BEHE ) B 23 (P<0.05) .
350 1

[SS I NS )
o W O
S o O

y=16.264x+207.03
100 | R*=0.7415

LR
Equivalent friction f/N
Iy
[=]

W
(=)

500 1 000 1 500 2000
ST Py ST T AR
Inner arc surface area of clamping part/mm?
e JHFEAAR SRR, GRS 0.5 MPa, SKEFBIFIEE bR E A
143.6 N, REIEAELA 61 mm,
Note: Material of hold part is polyurethane; Cylinder gas pressure is 0.5 MPa;
Calibration of hold part positive pressure is 143.6 N; Diameter of banana stalk is
about 60 mm.
Bo6 LFEEN-KFIMHNIREERXER DL
Fig.6 Effect of equivalent friction on inner arc surface area of
hold part
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SRR -SE R ERDRL R R e 7 . 2 ol
HHEAHIRY, PR BRI BRAIRE, 3Lt D P
BB E (P<0.05) . GiHEW], SO 55
241 B 0 BT INIBUFE B U AR T T ooy FIYSBe349
m 50

Je e Bk. R, kRS, HARRMER M m B 7
B LLEER A LRy 47.9%

Z 350
= 300
=.8 250
.3 200
< 150
55 100
am=e S0
Mz 7o "
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E $EIFESE
VG ¢S
SR
N NI
& &
s EN
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JeFF 44 4 Material of clamping part

FE: SRR IR, 628 mm®, “UHELAUEN 0.5 MPa, SR IF &
JIbRREN 143.6 N, REHEAELI 61 mm.

Note: Inner arc surface area of hold part is 628 mm?; Cylinder gas pressure is
0.5 MPa; Calibration of hold part positive pressure is 143.6 N; Diameter of
banana stalk is about 60 mm.

B 7 HZREN- KT X AR BA

Fig.7 Effect of equivalent friction on hold part material

2.2.3 RiWABZRALEEEAG A

PR - R EAR G R I WK 8 PR . WM
ST, REIEARL N 52 F1 69 mm I, Honk R
B (P<0.05) o WRHIEAES M EEE )
TG, AL RRHE R B R A GRS
PLBE, SEMEREUFEACOCR, G 7 FEAA e R

K 8 e

1=4.975x-53.803
R=0.871

3501

AR

Equivalent friction f/N
_— = N N WD
S W O W O
o O O O O

(%3
=3
T

0 55 60 65 70
RENEA

Diameter of banana stalk/mm
FEe JARROER R AR, PN 628 mm®, “TH KN 0.5 MPa,
SEFFIAFIEIE JybRsE hy 143.6 No
Note: Material of hold part is polyurethane; Inner arc surface area of hold part is
628 mm®; Cylinder gas pressure is 0.5 MPa; Calibration of hold part positive
pressure is 143.6 N.

B8 HEAEN RMIBALBA

Fig.8 Effect of equivalent friction on banana stalk diameter
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2.2.4 ABAEM L BREEGH W

R PEL) L UR SRR M 9 Pror. WETE
ST, AREEA 0.34 0.5 H10.7 MPa I, L5
JEYE IR R (P<0.01) o KRR S 2 R
BEATER MRS, H005 45 BRI LM el B8 R B AT U
AU, RAVERBOEM KR, UG TR E R AL
sl 9 fioR.

9203 04 05 06 07 08
iy

Cylinder gas pressure/MPa
e SRR R SR, WIRIRTHR ) 628 mm?®, A 241 61 mm,
JAFEAT IE 1R H 143.6 N
Note: Material of hold part is polyurethane; Inner arc surface area of hold part is
628 mmz; Diameter of banana stalk is about 60 mm; Calibration of hold part
positive pressure is 143.6 N.

B9 HEREHASAELE L

Fig.9 Effect of equivalent friction on cylinder gas pressure

2.3 EXREERSSH
IS NN n P W R T S vk e el e S ) N L i
ITZ N EIFARE, WG4 Lk 3 Fir.

*3 EXREER
Table 3 Results of orthogonal test

SRR éﬁﬂﬁf sife VL UE g,
J¥%  Material of hold Inner arc Diameter of > "¢ Equivalent
No. part surface area of banana stalk £as friction
4 hold part Cmm P, AN
B/mm’
1 EERR Silica gel 628 52 0.7 84.116
2 T Silica gel 1257 61 0.5 130.617
3 H Silica gel 1885 69 0.3 126.785
4 # Tron 628 61 0.3 163.102
5 # Tron 1257 69 0.7 247488
6 % Tron 1885 52 0.5 271,285
7 I Rubber 628 69 0.5 304.855
8 14/ Rubber 1257 52 03 273237
9 K Rubber 1885 61 0.7 362.842
K, 120.506 184.024 209.543  231.482
K> 227.292 223.781 225520 242252
K3 313.645 253.637 226376  187.708
R 193.139 69.613 16.833 54.54

1 R AE A3 BT T 51, 4 /N DRI 3850 Y it BEHE J) sg i F EK
AN PR Ry e FEAEAT AR IR AT A I i AR
RELAES REER . BUJCERTE RN Y R ) 5%
Wit K, LR EARX Y i R D) s s/, HICRER AL
P T TR R L AT /0 6 24 R T R M

IEASRIG T 22Tk 4 Fiow, iy 22 pras Bl
W1, RFFEAEA R SRR AR A . ARG
TP AR 2 5 R4 ) s il 2% (P<0.01)

IEASRIG AR K AE MR Wl 5 > i B ) A1
MNETT RS AsBD-Cy, MIEAEN &7 B RAGIIFA:,
MR A N 1 885.0 mm?, “HELEHN 0.5 MPa, 4
HARZH 69 mm, (HiZSHUE AR LR LS.
W IEATRG 45 FAT LR PE A BT 6 5 s o
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Table 4 Variance analysis of orthogonal test

IR VR pmE A R gy
Source Sum of squares df Mean square Eqplyalent
friction f
JAFEATAA R
Material of hold
part A
S RE AT P T
[ Inner arc
surface area of
hold part B
RhHAR
Diameter of
banana stalk C
AU
Cylinder gas
pressure D
%75 Error
SR Total 1525 443.802
H: **h 0.01 BT
Note: ** shows significant correlation at 0.01 levels.

Sig.

sk

168 487.691 2 84243.846  259.443

ek

21 953.968 10976.984  33.804

1617.483 808.741 2.491

sk

15 021.764 2 7510.882 23.130

5845.015 18

27

324.723

A T JAFEAERRL, BURVE FE A= (REZ, Bk, 151} -

itk URE R R AT 45 3, e A=fklie=1,
A=ER=2, A= M=3. LRI B4 ST A

£296.5694+0.055B+1.006C+109.435D-158.02.  (5)
K NG EEEEES), Ny A NRFRSAA R, BUEEH
J& A={1, 2, 3}; B RFEEAEWINHE AL, mm®, HUH
JuH e B={628, 1257, 1885}; C AN H4MHEIE, mm, I
VSRS C={52, 61, 69}; D A K, MPa, HUH
JEHE D={0.7, 0.5, 0.3}. BRI REH 0.968,

MR (8w, MRS FETAE, PRI
B 1 885.0 mm?, SEAIEN 0.5 MPa, RANEZN
69 mm I, Y EH )4 359.494 N,

R —HIRE, HREIKFH 43B:D,C5, BRI
e e e AE, ASRIE A 1 885.0 mm?, RELSIEN
0.5 MPa, FHIE 220 69 mm 47 B FRRE, s
Y PEEE BRI R 375.975 N, 5 IEASIR B 2R P[] )5 43
W R E 2R, MCUREEE I KIS HAE N
A3B3D,Cs, 1FEACIRIG S5 AT 5E

x5 EVERHSH

Table 5 Analysis on regression coefficient

AEbRAfEIL R KK

Beta [1] 95.0% &5 X ]

i) Unstanfiardized co@fﬁcieflts Sj:;ﬁii{ d i E’;J(%;‘Zﬁ 95.0% confidence interval for Beta
Model HARH R S coefficients Sig. TR LR
Beta Std. error Lower Bound Upper Bound

' i Constant -158.020 47.035 -3.360 0.003 -255.565 -60.476
SFERFH A EL Material of hold part 4 96.569 5.799 0.888 16.654 0 84.544 108.595
SR AE YRR Inner arc surface area of hold part B 0.055 0.009 0.320 6.003 0 0.036 0.075
Wi EH 2 Diameter of banana stalk C 1.006 0.682 0.079 1.476 0.154 -0.408 2.420
AT Cylinder gas pressure D 109.435 28.993 0.201 3.775 0.001 49.307 169.562

3 HZRERE

ASCH T A FEIE AL B JERE A RS 5
R, BEIMEEIRI R SRRl Je it
IR A, SEREM RN ER 4 ANRIF Y R
J1EAT M (P<0.05) o ) 2468 BERE ) 520 K /NI
J 1053 1) DS 28 AR U SR S A A R L IR P9I T
B ARG E REEAR, RHABBRILFSAE, Wk
AN 1 885.0 mm?, KESEHN 0.5 MPa, AN ZZ
A 69 mm I M AR R, IEASIRI BT e N
359.494 N, SZMME K 375.975 N, H[A1H /04745 5 5 3%
xR,

BRI MR AT, g A1t HhE
JEs SRR R EESHE R RN, AR R
R ZE M F LGN o HE— BTN 2 T e Al A R
5P ER, DR S JeRE R 03 20 BE 2 ) 52
Wi [R] 205

(& % x W]
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Parameter optimization and experiment of pneumatic holding part for
banana crown cutting

Zhu Zhengbo, Yang Zhou™, Sun Jianfeng, Xue Kunpeng,

Niu Mengmeng, Qiu Han, Chen Zhaochun, Zhu Qingchuang, Sun Zhiquan
(1. College of Engineering, South China Agricultural University, Guangzhou 510642, China;
2. Key Laboratory of Key Technology on Agricultural Machine and Equipment, Ministry of Education, Guangzhou 510642, China)

Abstract: Banana is one of the most important crops in the world, and ranks the fourth after rice, wheat and maize with annual
production of more than 106.71 million tons in about 136 countries and regions in 2013. Banana postharvest treatments consist
of collection, transportation, crown cutting, cleaning and sterilizing, packing and storage. Banana crown cutting is one of the
central tasks for banana postharvest treatments. In this treatment, banana stalk is fixed and cutting tool is used to separate
bananas from banana bunch. The mechanization application level of banana postharvest treatments is relatively high abroad
and the well-found lossless harvest system has been established. But there is no research result of banana crown cutting
machine. Rapidly developing banana industry in China in recent years made banana production reach a record of 12.37 million
tons in 2013 which contributed to about 11.6% of the world’s banana production. The construction of banana postharvest
treatments’ infrastructure facilities and the mechanization application level are relatively backward in China. Excessively low
level of mechanization causes more than the banana loss of 1 million tons every year in China. So the research of banana
crown cutting machine is particularly significant to banana industry both in China and abroad. The existing banana stalk
clamping devices hold banana stalk by inserting sharp edge part into fruit axis of banana in banana postharvest treatments. In
this way, banana stalk must be removed by manual operation, in which banana stalks can’t be loaded and unloaded one after
another automatically. So those devices cannot be applied to banana crown cutting machine. This paper designed pneumatic
clamping device, traction tray device and curved holding part to solve the above problems. The pneumatic clamping device is
mainly composed of pneumatic system, straight-line moving mechanism and installing module of holding part. The clamping
force is perpendicular to the axis of banana stalk and it can be regulated by adjusting the pressure of air compressor. The
traction tray device is mainly composed of metal pole and tray. It is used to fix banana stalk tightly to tensile strength sensor
and prevented it from axially slipping in tests. Tension tests of banana stalk samples clamped by pneumatic clamping device
were done on the personal computer controlled electronic universal material testing machine. The relations of interaction
between the holding part and the banana stalk were discussed in this paper. The results of single factor experiments showed
that material of holding part, inner arc surface area of holding part, diameter of banana stalk and cylinder gas pressure had
significant effect on the equivalent friction (P<0.05) between the holding part and the banana stalk. Results of multifactor
orthogonal experiments showed that the influence sequence of experimental factors from high to low was material of holding
part, inner arc surface area of holding part, cylinder gas pressure and diameter of banana stalk. Linear regression analysis of
orthogonal experiments results showed that the equivalent friction increased significantly to a peak value of 359.494 N when
using rubber holding part with inner arc surface area of 1 885 mm?, banana stalk diameter of 69 mm and cylinder gas pressure
of 0.5 MPa. There was no significant difference in equivalent friction between linear regression analysis result and actual value
that was 375.975 N (P<0.05). These researches are helpful for the design of banana stalk clamping device in banana crown
cutting machine and are also beneficial to the improvement and application of clamping methods and clamping devices for
stemmed plants.

Keywords: mechanization; crops; optimization; banana stalk; clamping; hold part
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