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Optimum Processing Parameters of Macadamia Nut Shell Breaking
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(1.Faculty of Mechanical & Electrical Engineering, Kunming University of Science and Technology,
Kunming 650000, China; 2.Dali Yixiang Paper Co., Ltd., Dali 671000, China)

ABSTRACT: The work aims to obtain the better loading direction and loading rate of shell breaking of Macadamia nuts
through orthogonal test and finite element analysis. Firstly, an orthogonal experiment was designed. The factors of the
experiment included the diameter of Macadamia nut, loading speed and loading direction. The indexes of the experiment
were shell breaking force and peel rate. Secondly, the finite element analysis of Macadamia nuts loaded from different
directions was carried out by Ansys software. The test indexes were significantly affected by three test factors, and the in-
fluence of three factors was independent. The shell breaking force of Macadamia nut increased with the increase of nut
diameter. The loading speed for the best shell breaking effect was between 25~45 mm/min. The loading direction of the
maximum peel rate was along the seed umbilical cord. Finite element analysis showed that, there were more cracks and
obvious strikes along the direction of the seed umbilical cord, and the shell breaking effect was the best. It provides a ref-
erence for optimizing the packaging process of Macadamia nuts.

KEY WORDS: Macadamia nuts; shell breaking; orthogonal test; finite element analysis
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Fig.2 Schematic diagram of five loading directions
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Fig.3 Macadamia nut pressure test

SR 5 SR T L0 10 -6 26 L 4 ] 4
TR th R 5 52 W .

4.1

it SPSS AP A, HEIKHNE d, a, v,
vxa,dxv,dxo B2 535 5 1414.94,1038.38,949.24,
431.01, 293.94, 116.89, MM IAFH vxa, dxv,
dxo B2 2, ULIH A R B2 Al BT,
L A3 B4 R SE T  RAEVE A 2000~3500 N, 2R
X 7E I W e 2, JF HARYE LI 45 R A



- 40 - m% TR 2019 4£ 2 A
1
Tab.1 Records of test results
S BSES § 25 R
A B C D E F BAEY% BFRIUN
1 1 1 1 1 1 1 60 2092.56
2 1 2 2 2 2 2 90 951.24
3 1 3 3 3 3 3 56 1087.82
4 1 4 4 4 4 4 54 2132.82
5 1 5 5 5 5 5 66 1142.26
6 2 1 2 3 4 5 64 2012.94
7 2 2 3 4 5 1 80 2141.26
8 2 3 4 5 1 2 92 1787.38
9 2 4 5 1 2 3 76 2012.94
10 2 5 1 2 3 4 78 1002.38
11 3 1 3 5 2 4 80 1808.19
12 3 2 4 1 3 5 76 2630.71
13 3 3 5 2 4 1 98 1559.89
14 3 4 1 3 5 2 80 2275.43
15 3 5 2 4 1 3 82 2855.76
16 4 1 4 2 5 3 80 2069.27
17 4 2 5 3 1 4 70 2229.28
18 4 3 1 4 2 5 90 3155.76
19 4 4 2 5 3 1 94 2682.62
20 4 5 3 1 4 3 76 3000.91
21 5 1 5 4 3 2 72 3393.88
22 5 2 1 5 4 3 88 2679.29
23 5 3 2 1 5 4 90 3260.15
24 5 4 3 2 1 5 98 2274.82
25 5 5 4 3 2 1 74 2872.61
26 M7 77 B FEE 39 K T v /N AR 0, PR R S 6 ke
1l FEAEALTF 5 mm/min, H U238 50 Fed: o
4.2
1.6}
z Wit SPSS HAFHI ST, AR EIS I E o, v, d, dxv,
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Fig.4 Shell breaking force-displacement curve of nuts
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Fig.5 Size of Macadamia nuts to be measured
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Fig.6 Macadamia nut model
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Fig.11 Backward loading effect

HH &l 110 A4S, A2 S 57 5 ) hn 2 ) o U R i
BRI BN 1527 mm, HRAEEFFIEL ., HE 11a
ATLAE 1, N TERKAE N 17.20 MPa, HIE[R5Z R3S
oL, SRFEHIN A B W Ty e, SRS 2R T
RE M S U DU T BERLY e, e, B
FEAEVFZ /NIRRT, R MR ST AR, AT T T
PIERUEYE 3= N Ea
7.3

P 57 1 a0 () 45 S P R, Y 2 R A T 1)
YN R g 5E 1 3368 N il il oK it 5 1%
B RN U VR I TR A2 TR T L AR TERCR,
LI 12,

A 120 AT VA Y, A2 30 3 1R B T Oy in 2k
(RPN IR IR 1 B KA TN 12.50 mm, H &A= 7EHr
JEAL . SRR 18 10.15 MPa, W A —E
7, ATUAE A B2 RN, fEREN W
i ARAZ T, AR TR RR, FrUA S SR
FFo FRUL, VB TR T g, RCR e
i3l [IE=AiN R/

7.4

FH B R 56 A &85 SR il R R T T e o 28 3
WIS RS 1o 1273 N 38 3 R e 45 0 I
R RV T 2 0 H B 7 ) 32 R R R T | AR TR, UL
K 13,



Faoks H3W FRpBlsE . W RR R AT 23805 - 43 -
1L F1/MPa A5 Bt/mm
11.399 12.508
10.159 11.128
8.919 9.749
7.679 8.369
6.439 6.989
5.199 5.61
3.959 4.23
2.719 2.851
1.479 1.471
0.238 526 0.093 438
a 77 b 45T
B 12 3BT R TE 7 mom AR

Fig.12 Loading effect perpendicular to seed umbilical plane

R f1/MPa
13.813
12.28
10.748
9.215
7.883
6.15
4618
3.065
1.553
0.020 288

ayf
K 13

ASIY it /mm
11.223
9.984
8.748
7.512
6.276
5.04
3.803
2.580
1.331
0.094 745

b 4

TR BT 27 1) Jin 2858 2R

Fig.13 Loading effect along seed umbilical line
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Fig.14 Loading effect along 45° direction of seed umbilical cord
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