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Design and test of almond grading shell breaking machine

LIU Xuanfeng, ZHOU Xin, ZHANG Li, YANG Huimin, ZHANG Haichun, JIANG Yongxin
(Research Institute of Agriculiural Mechanization, Xinjiang Academy of Agricultural Sciences, Urumgi, Xinjiang 830091, China)

Abstract: To solve the almond shelling machinery possess issues of low productivity, low shelling rate, and
kernel damage, this study based on nuts shelling principle and used large almond wood (referred to as ‘ Shache No.
3’) as the object to design the almond grading shelling machine. Almond size, shelling force loading direction and
speed ,and almond moisture content of the material characteristics were analyzed. The results showed that the shell-
ing machine between the two rollers distance and moisture content on the shelling force and deformation of almond
had a significant impact. Using the experimental method to optimize the working parameters of the grading and shell
breaking mechanism, when the distance between the two rolls was adjusted to 14 mm for level I, 13 mm for level 11
and 12 mm for level 1II, the water content was controlled in the range of 9.8% ~10.5% and the rotational speed was
1000 r -

3.37% , which met the actual production requirements.

min~', the average shell breaking rate was measured as 95.57%, and the average breakage rate was
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1. Vibrating feeder; 2. First-class shell-breaking mechanism;
3. First layer vibrating screen mechanism; 4. Frame;

5. Secondary shell breaking mechanism;

6. Second layer vibrating screen mechanism;

7. Transmission mechanism ;8. Outlet;

9. Third layer vibrating screen mechanism
10. Third-class shell-breaking mechanism
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Fig.1  Structure diagram of almond grading sheller
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Fig.2 Schematic diagram of grading sheller operation
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1. Gap adjustment handwheel; 2. Synchronous sprockets;

3. Passive breaking roller; 4.Active breaking roller;
5. Rotating reversing mechanism
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Fig.3 Working principle of shell-breaking mechanism
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Fig.4 Stress analysis diagram of the shell breaking process
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Fig.5 Synchronous clearance adjusting mechanism
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Table 1  Classification of ‘ Shache No.3” almond
5
Lovel Ax Ay Az
I 25.40~29.52 16.08~19.12 12.22~14.34
I 29.52~33.98 19.12~22.36 14.34~16.28
I} 33.98~39.42 22.36~25.54 16.28~18.94
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Table 2 Cracking force of ‘ Shache No. 3’

almond under different loading directions
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Table 4 Cracking force of ‘Shache No. 3’

almond with different size classes
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Table 3 Cracking force of ‘Shache No. 3’ Table 5 Cracklng force of ‘Shache No. 3’
almond under different moisture contents almond under different loading speeds
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Cracking force Average L Cracking force Average
content /(mm . min )
4 243.20 26527 253.12 278.68 360.52 280.15 5 24542  239.36  236.70 238.52 225.11 237.02
7 272.05 248.78 243.23 226.13 268.28 251.69 10 271.05 252.83 247.26 231.17 269.81 254.42
10 24542 23936 236.70 238.52 225.11 237.02 15 242.20 266.31 255.21 277.87 362.07 280.73
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Fig.8 Change of cracking force with moisture content
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Fig.9 Change of cracking force with loading speed
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Table 6 Factor level coding table
F KT Factors Level

it e BB A P LA C
SKEB .
Code Gap between two . Left roll speed
Moisture content/ % .
rollers/mm /(r+min"")
-1 13.5,12.4,11.5 12.25 810
0 14.5,13.4,12.5 9.25 1110

1 15.5,14.4,13.5 6.25 1410
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Table 7 Experimental designs and results

‘ - A G WR R
wpspsy BBy R BUTR
[A] R A : C 4/ % L5/ %
Test Moisture . .
number Gap between content Left roll Shell breaking Breakage
" two rollers R speed rate rate

1 0 0 0 92.60 3.36
2 1 1 73.86 5.95
3 0 0 91.98 2.28
4 1 -1 0 68.25 5.03
5 0 0 0 92.60 4.85
6 0 -1 -1 90.54 6.25
7 -1 0 -1 94.85 4.35
8 -1 1 0 96.62 4.25
9 0 91.20 3.65
10 1 -1 66.76 5.65
11 0 -1 1 91.64 8.95
12 0 1 93.60 6.23
13 0 0 0 90.85 2.96
14 0 1 -1 85.25 5.54
15 -1 0 1 97.98 9.96
16 1 1 72.23 8.25
17 -1 -1 0 95.85 9.56
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Table 8 Variance analysis of shell breaking rate

SEIIR AME HUiE

;Efe Sum of  Degree of Mean Square FFV ﬁe Sig‘iiﬁe
squares  freedom  deviation
BRI Model  1691.49 9 187.94 121.73 ® %
A 1357.20 1 1357.20 879.08 ® %
B 0.25 1 0.25 0.16
C 48.41 1 48.41 31.36 ® %
AB 2.58 1 2.58 1.67
AC 3.94 1 3.94 2.55
BC 13.14 1 13.14 8.51 *
A2 253.01 1 253.01 163.88 ® %
B? 3.09 1 3.09 2.00
c? 2.25 1 2.25 1.46
Rﬁilg 10.81 7 1.54
Lffg%ﬂt 8.24 3 2.75 4.29
st 9=
R? 0.9937
Vi R 0.9855

Adjustment R?

HE:» RRERBE(P<0.05), » » FRERWEF (P<
0.01), T,
Note: * denotes significant difference ( P<0.05), #* * denotes

highly significant difference (P<0.01). The same below.
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Table 9  Variance analysis of breakage rate

Py Frame AmE  WorE e
Source Sum of - Degree of Mean'SL'Iuare value Significance
squares freedom deviation
e
Model 79.54 9 8.84 11.84 * ok
A 1.31 1 1.31 1.76
B 3.81 1 3.81 5.10
Cc 10.81 1 10.81 14.48 w ok
AB 18.19 1 18.19 24.73 w ok
AC 7.05 1 7.05 9.44 ®
BC 1.01 1 1.01 1.35
A? 10.03 1 10.03 13.44 w ok
B? 13.78 1 13.78 18.45 * %
c? 9.65 1 9.65 12.93 o
AT
Lack of fit 1.61 3 0.54 0.60
b O 400
R? 0.9384
Tk R 0.8591

Adjustment R?
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Fig.6  Size and loading direction of
* Shache No.3’

almond
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