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Design and Test on Hammerhead of Pecan Shell-breaking Machine

CAO Chengmao' JIANG Lan' WU Chongyou” LI Zheng' WANG Tianyu' DING Ran'
(1. School of Engineering, Anhui Agricultural University, Hefei 230036, China
2. Nanjing Research Institute for Agricultural Mechanization, Ministry of Agriculture, Nanjing 210014, China)

Abstract; At present, it is universally acknowledged that the mechanical shell-breaking method is
regarded as the main research strategies in the process of pecan shell-breaking equipment design. The
design and improvement of shell-breaking method and principle had been studied extensively. However,
in each kind of shell-breaking method, the research on the loading contact form between the broken shell
mechanism and the pecan was neglected. Whether in the study of pecan shell-breaking principle and
method or the design of mechanical equipment, the load which was provided with a single contact form
was bore for pecan, such as point load or line load. In the course of processing, the size of the shell-
breaking force was prone to cause the partial breakage of the shell or the serious damage of the nut, which
led to the phenomenon of low shell-breaking rate and high nut damage rate. Therefore, the groove shape
hammerhead with sockets was developed. The hammerhead structures of different loading contact form
were designed. And the shell-breaking effect on different loading contact form was researched by test.
When the pecan was broken, the shell-breaking rate, nut damage rate and exposure nut rate of pecan
were deemed as evaluation index. The crack distributions which were formed of three hammerheads in
different loading directions were compared and analyzed. The finite element analysis software Abaqus was
used to research the distribution and propagation of crack in the process of the shell-breaking, which
considered the structure of the hammerhead with four different numbers of sockets as the variable. The
orthogonal test which considered the structure parameters of the hammerhead and the loading direction as
experimental factors was designed and used to determine the optimum combination. The results showed
that the structure of the hammerhead in the groove shape can reduce the influence of the loading direction
factor on the shell-breaking effect. Containing a plurality of sockets can make the pecan shell generate a

large number of local crack points which extended along the tangent line of the socket to produce and
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extend crack. This structure can act as a crack guide. With the increase of number of sockets, the crack

distribution of the pecan shell was uniform and the range was wide. This structure can improve the quality

of shell-breaking. When the groove diameter was 28 mm, the number of sockets was 7, the most

satisfactory shell-breaking effects were obtained, which generated the shell-breaking rate of 98. 88% , the

first grade nut rate of 37.05% , the second grade nut rate of 57.24% , and the nut damage rate of

5.71% .

Key words: pecan; shell-breaking; loading hammerhead ; groove shape with sockets; crack guide
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Fig. 1  Test platform for mechanical characteristic of

drop-hammer nut breaking
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Fig.5 Effects of shell breaking under different hammerhead types and loading directions
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14 4 4 1 98. 28 34.38 60. 16 5.46
15 4 3 2 100 30. 63 62.32 7.05
16 4 2 3 98.21 22.93 69. 74 7.33
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Tab.5 Range analysis of orthogonal experimental results

ERY MEERA SR B mEm C
k, 90. 64 84. 95 91.39
k, 92. 67 92.17 94.02
. ky 94.22 96. 94 95. 94
e k, 95.21 98. 68
W R 4.57 13.73 4.55
% B.A.C
k, 30. 69 27.77 31.13
k, 32.48 25.68 29. 88
. ky 30.76 33.90 30. 67
R k, 28. 88 35. 46
W R 3.60 9.78 1.25
R ZE E R B.A.C
k, 6.08 5.94 6.01
k, 5.87 7.14 6.60
o ky 6.58 6.20 6.50
R ks 6. 60 5 g5
W2 R 0.74 1.29 0.59
PR # B.A.C
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Tab.6 Variance analysis
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