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Design and experiment of longan flexible counter roll sheller

QING Yanmei, LI Changyou, ZENG Shan
(College of Engineering, South China Agricultural University, Guangzhou 510642, China)

Abstract: [Objective] Longan shelling is the key process in longan deep processing. Aiming at the problems
of low manual shelling efficiency, large mechanical shelling damage and poor pulp integrity, the flexible double
roller shelling device was designed. [Method] The way of first breaking the shell and then using the flexible
roll shelling was proposed to break the shell according to the physical and mechanical properties of typical
longan fresh fruit. The critical components of the longan shelling machine including the breaking shell
mechanism, the feeding pressure plate and the peeling roll were designed. The cutting depth of the shell breaking
cutter and the gap between the shelling flexible rollers were adjustable. Taking Guangdong ‘Chuliang’ longan
fresh fruit as the research object, orthogonal test analysis was carried out. Three parameters, incuding the roller
gap, roller speed and shell break size, were selected as experimental factors. The success rate of shelling, the loss

rate of shelling and the integrity coefficient of pulp were selected as indexes to perform optimization test.
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[Result] The convenient and adjustable gap between rollers could meet the shelling processing of longan after

classification, and the shelling device had good adaptability to longan with different fruit sizes. The roll gap had

a significant effect on shelling performance. With the increase of roller gap from 3 mm to 5 mm, the integrity of

longan pulp after shelling became worse, and the loss rate increased from about 7% to 18%. The ranking of

influence was roller gap > roller speed > shell break size. When the roller gap was 3 mm, the rotation speed was

13.5 r/min and the shell break size was approximately 90°, the machine got the best shucking effect.

[ Conclusion] This study provides a reference for further processing of lantern shaped pulp obtained by

mechanical shelling of longan and other flexible fruits and the parameter optimization of shelling machine.
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Fig.1 Structure of longan shelling machine
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Fig.2 Schematic diagram of longan shelling principle
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Fig.3 Assembly model of longan feeding mechanism
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1: Left baffle; 2: Left clamping block; 3: Spring; 4: Feed handwheel; 5: Feed
bolt; 6: Blade; 7: Right clamping block; 8: Right baffle; 9: Feeding tray
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Fig. 4 Sketch map of longan shell breaking mechanism
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Fig. 5 Assembly model of double rollers for longan shelling
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Fig. 6 Prototype of longan sheller
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Fig. 7 Longan pulp integrity coefficient
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Table 1 Factor level table of longan shelling experiment

Rretir/ WrHOE,  XTHEEB/
IKF ©) (rmin™") mm
Level Shell break size  Roller speed Roller gap
(4) B ©
1 90 9.0 3
2 150 13.5 4
3 180 18.0 5
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Table 2 Orthogonal test results of lo

ngan shelling and range analyses

BREHO/C) TR

X I]FR/mm 5 FIFTHINF % RITARKR /% R RA 7B

AETRs] Shell break  (rmin™) , ,
Test number ize Roller speed Roller gap ~ Empty column Shelling Shelling SlTelled Pulp
©) (D) success rate loss rate integrity
(4) (B)
1 90(1) 9.0(1) 3(1) (1) 91 5.23 0.97
2 90(1) 13.5(2) 4(2) 2) 90 10.14 0.86
3 90(1) 18.0(3) 5(3) 3) 89 2531 0.82
4 150(2) 9.0(1) 4(2) 3) 80 8.71 0.88
5 150(2) 13.5(2) 5(3) (1) 83 18.19 0.84
6 150(2) 18.0(3) 3(1) 2) 92 9.58 0.89
7 180(3) 9.0(1) 5(3) 2) 88 12.46 0.80
8 180(3) 13.5(2) 3(1) 3) 97 7.26 0.93
9 180(3) 18.0(3) 4(2) (1) 83 13.33 0.87
RIFEIN % K 270 259 280 257
Shelling K, 255 270 253 270
success rate K; 268 264 260 266
ky 90.0 86.3 93.3 85.7
ky 85.0 90.0 84.3 90.0
k3 89.3 88.0 86.7 88.7
1% Range 5.0 3.7 9.0 43
T4 WAk 4 B, C,
Optimum plan
RIFEHRE % K 40.68 26.40 22.07 36.75
Shelling K, 36.48 35.59 32.18 32.18
loss rate K 33.05 48.22 55.96 4128
ky 13.56 8.80 7.36 12.25
ky 12.16 11.86 10.73 10.73
ks 11.02 16.07 18.65 13.76
% Range 2.54 7.27 11.29 3.03
ELIWIES 45 B o
Optimum plan
TR A 7B K, 2.65 2.65 2.79 2.68
Shelled K, 2.61 2.63 2.61 2.55
pulp integrity K; 2.60 2.58 2.46 2.63
ky 0.88 0.88 0.93 0.89
ky 0.87 0.88 0.87 0.85
k3 0.87 0.86 0.82 0.88
%% Range 0.01 0.02 0.11 0.04
SLIWIES 4, B\/B, o

Optimum plan
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Table 3 Variance analysis of multi factor experiment of longan shelling test result

izt T ZE R FJ H ¥175 o
Index Source of variance Square sum Degree of freedom Mean square
R 7T A 44,2222 2 22,1111 1.772 8
Shelling success rate B: 202222 2 10.111 1
C 130.888 9 2 65.444 5 5.247 2%
%% Error 29.666 7 2 14.833 4
R ZES Error 49.888 9 4 12.4722
ST Sum 225.000 0 8
R e R A Ve 9.735 8 2 4.8679
Shelling loss rate B 80.009 5 2 40.004 8 6.798 5%
C 201.803 6 2 100.901 8 17.147 3%*
%% Error 13.801 7 2 6.900 9
iR 22" Error 23.5375 4 5.884 4
ST Sum 305.350 6 8
R 7e RN e B 4% 0.000 5 2 0.000 3
Shelled pulp integrity B* 0.000 9 2 0.000 5
C 0.0182 2 0.009 1 13.000 0**
%% Error 0.002 9 2 0.001 5
iR 22" Error 0.004 2 6 0.000 7
ST Sum 0.022 4 8

1) “A” AFRAEKEL

Hof ANGR Z AT R0 FTIR Z A, 2) “*7 Fu O 55 R T H ik $)0.10420.0569 B FRF

1) “A” indicates that the factors have little influence on the test results and the new error value is obtained by classifying the

errors; 2) “*” and “**” indicate the effect reaches 0.10 and 0.05 significance levels respectively
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