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Design and Test of Walnut Directional Shell Breaking Device

MA Qiucheng, CHEN Qiang, LU Ange,ZHUANG Ziyun,
LIU Jian,CAO Yunsheng

(School of Mechanical Engineering, Xiangtan University , Xiangtan, Hunan 411105, China)

Abstract: [ Objective ] Walnut shell breaking is an important step in walnut processing, To solve the prob-
lem of high kernel crushing rate caused by random motion in the existing walnut shell crushing methods , this
study proposes a directional shell crushing method using vibration adjustment posture and the experiment was
conducted in order to improve the shell breaking quality of walnut.[ Method | Taking Yunnan Dayao 103 walnut
as the research sample, the transverse diameter, longitudinal diameter, prismatic diameter and shell crushing

force along three directions were measured.The results showed that when the walnut shell was crushed by apply-
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ing the force along the transverse diameter direction, the required less shell crushing force was less, the rate of
broken kernel was also low.Based on this finding, a wedge—shaped directional shell crushing device composed
of belt and pressing plate was designed.The mechanical analysis of each instantaneous in the process of walnut
shell crushing was implemented , and the main factors affecting the shell crushing performance were determined.
The selection range of belt speed, spring stiffness coefficient and pressing plate inclination angle were deter-
mined by using single factor test method with shell crushing rate and kernel crushing rate as evaluation indexes ;
Selecting belt speed, spring stiffness coefficient and pressing plate inclination angle as test factors, three factor
and three level orthogonal tests were conducted ; In order to improve the shell crushing rate and reduce the ker-
nel crushing rate, the parameters of the test factors were optimized by using design expert software , and the opti-
mal parameter combination of each factor was obtained.[ Result | Based on the directional shell crushing device
introduced in this study, the directional shell crushing tests were conducted.The results showed that when the
belt speed was 93 mm/s, the spring stiffness coefficient was 42 N/mm, and the pressing plate inclination angle
was 2.5, the shell crushing rate was 97.2% , the high kernel rate was 86.5%, and the kernel crushing rate was
13.5%. [ Conclusion | The proposed directional shell breaking method was feasible, and the designed shell
breaking device basically met the industry requirements. The relevant research results could provide a refer-
ence for the R & D and improvement of walnut and other nut shell breaking machinery.

Keywords: agricultural machinery; walnut; vibration adjustment posture ; linear loading; crushed shell;

orthogonal experiment
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Fig.1 Geometric dimension measurement drawing of walnut Fig.2 Electronic universal testing machine
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Tab.1 Size distribution of Yunnan Dayao 103 walnut

Bt Ptz iz
A3 A5 96 Bl /mm Transverse diameter Longitudinal diameter Edge diameter
Distribution i EAS T/ % i EAS T TR1% HLEUA T %
Number Percentage Number Percentage Number Percentage
[24,30) 14 7 0 0 183 91.5
[30,35) 175 87.5 50 25 17 8.5
[35,40) 11 5.5 137 68.5
[40,45) 0 0 13 6.5
¥){H/mm Mean value 31.88 36.34 27.77
% KAB/mm Maximum 38.44 43.13 31.92
f/IME/mm Minimum 28.63 30.62 24.71

14 MHXERS R

1 26 1 AT, BBk A ONAR i 40 A 3 B 0, WA i 00 A 38 BRI A X4 28 5 A LS R AR I B L
5124 31.88,36.34,27.77 mm, HAR/MRIK IR iR Wefe . FE TR RO e/ N — B R A
AR R AR 7 1) 8 IO 7 B B AR, MR A e/ NSRRI T B, AP A 32 B A A4 8l Jm 38 5 LA g 2k w1
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Tab.2 Shell crushing force and shell crushing displacemen Dayao 103 walnut

5% 77 Shell breaking force W5 # Shell breaking displacement W~ 2%/%
JE4 75 0] B
. o BN R/AMEN BN SRKEN fMEN Y{E/N  Broken kernel
Compression direction
Maximum Minimum  Mean value ~ Maximum Minimum Mean value rate
B
164.23 106.83 134.01 3.90 2.95 3.01 7
Transverse diameter
Wiz
217.15 116.40 165.46 3.52 2.61 3.26 20
Longitudinal diameter
Wtz
233.89 111.05 142.60 4.08 3.33 3.70 16

Edge diameter
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1:Frame;2:Motor;3:Reducer;4:Feeding device;5: Vibration atti-  1:Upper support plate ;2 : Swing arm; 3 : Pressing plate;
tude adjustment device; 6: Pulley;7:Shell breaking device;8: Roller 4 :Protective plate;5:Spring;6:Stop plate;7: Roller
row;9:Spring; 10: Belt; 11: Tensioning pulley; 12: Discharge hopper.  row;8:Support seat;9: Conveyor belt; 10: Flat pulley.
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Fig.3  Overall structure of directional shell crushing test device Fig.4  Shell crushing device structure
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Fig.5 Stress analysis diagram of shell crushing process
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Fig.6 Schematic diagram of shell crushing area Fig.7  Cross section of walnut shell crushing area
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Fig.9 Walnut directional shell crushing test device
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Tab.3 Test factor level table
K Pt A/ (mmes™) SR RE R EY/(N-mm™) JEp /(%)
Level Belt speed Spring stiffness coefficient Plate inclination
-1 70 32 2
0 90 40 3
1 110 48 4

442 EZGRIRZR G54 RIER4REUR, 25 BIBTE R AR R AR RN () |
(9), FFREATTT 220 M, AT 45 R N 6 3K 7.

R4 EHRHTELZKBRER

Tab.4 Orthogonal experiment results of walnut shell crushing

IR Test group A B C yil% ¥.l%
1 -1 -1 1 89.5 15.7
2 -1 1 95.8 16.3
3 -1 0 0 93.9 15.7
4 -1 -1 -1 91.3 13.9
5 -1 1 -1 96.4 17.7
6 0 0 1 93.8 16.8
7 0 -1 0 94.8 132
8 0 0 0 96.4 13.4
9 0 0 0 96.2 12.5
10 0 0 0 95.6 13.1
11 0 1 0 97.3 17.8
12 0 0 -1 95.4 13.4
13 1 -1 1 95.2 17.4
14 1 1 1 98.3 21.3
15 1 0 0 95.5 15.5
16 1 -1 -1 93.3 133
17 1 1 -1 96.3 17.5

R AR BT IE , B R 5 W L R B, € o TRAR A

A is belt speed, B is spring stiffness coefficient, C is pressing plate inclination.
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¥y, =95.77 + 1.17A + 2B - 0.01C - 0.664B — 0.79AC + 0.16BC - 0.83A* + 0.49B> — 0.96C* (8)
¥, = 13.8 + 0.57A + 1.71B + 1.17C + 0.46AB — 0.94AC - 0.43BC + 1.2A4° + 1.1B*> + 0.7C* (9)
AP A BB, mm/s; B NI EE B2, N/mm; C: i, (7).
x5 WERIXRMEAERFESH

Tab.S Variance analysis of quadratic regression model of broken shell rate

Ji 22k S5 A ¥J5 P{E
Source Sum of squares Freedom Mean square P value
i Model 69.83 9 7.76 0.001 6"
A 13.69 1 13.69 0.002 3"
B 40 1 40 <0.000 17
C 0.001 1 0.001 0.969 2
AB 3.51 1 3.51 0.049 6
AC 4.96 1 4.96 0.0259°
BC 0.21 1 0.21 0.579 2
A? 1.96 1 1.96 0.1197
B’ 0.65 1 0.65 0.340 1
(0% 2.45 1 2.45 0.088 3
57 Residual 4.37 7 0.62
R Lack of Fit 4.03 5 0.81 0.186 5
4l Pure Error 0.35 2 0.17
BF Cor Total 74.2 16

" 5T D (P<0.01),“*" F5 L 2 (P<0.05)

“#%” indicates extremely significant correlation(P<0.01)and significant correlation(P<0.05).

% 5 AT, B sE R ISR PR 0.001 6, /8T 0.05, - U351 PAE R 0.244 6, KT 0.05, 1 AR AU
B RPN B35 i I AR (304 R B v, AN A iR g H e b i) R EER R . Hoh B X%
RGN %, A ABAC XTRETE R A0 23, ST R B A (AC AB, B A5 5 3 5 55 5 W i 2R
B 78 R B 38 R0 35, R 5 A A R R 7 SR 0 58 RS 3 L I AR B0 TR AR M A
X FE R AE H A 3
F6 BT REFEIFTEN T

Tab.6 Variance analysis of quadratic regression model of broken kernel rate

Ti ZEARIR 7 F sy P
source Sum of squares Freedom Mean square P value
FEHY Model 81.55 9 9.06 0.007 3
A 3.25 1 3.25 0.1450
B 29.24 1 29.24 0.001 7
C 13.69 1 13.69 0.012°
AB 1.71 1 1.71 0.272 8
AC 7.03 1 7.03 0.046 6
BC 1.53 1 1.53 0.297 3
A’ 3.83 1 3.83 0.1183
B’ 3.21 1 3.21 0.146 9
(0% 1.29 1 1.29 0.3350
5%2% Residual 8.46 7 1.21
PRI Lack of Fit 8.04 5 1.61 0.1196
4liik 2% Pure Error 0.42 2 0.21
LA Cor Total 90.00 16

" T 2 (P<0.01)“* 7% 5 (P<0.05) .

“#%” indicates extremely significant correlation(P<0.01)and significant correlation(P<0.05).
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P22 6 AT 0, B3 Yk AL PR 47 0.007 3, /T 0.01, 2L 8135 PB4 0.119 6, KT 0.05, A4
R 03 RPN 5 38 i [l AR R (R 0L B2 B s, A7 e H A g i i g0 8 A ) 2R 2, Horp, B X
PRS2 A S22, C L AC XERRA R 52 R 2 2, S8 T o8 B C L AC, RIVRZ 7 38 B 5 AR A0 A ) e
RIAE H R
4.4.3 v AT RGBT R R T 2 T R TN, 38 BAE HAEAEAS S IR, ) Design Ex-
pert 11 BRAFAG 1 b 35 58 ELAE FH X ¢ 2 RIS & g e 1o 1 T, an T 11 s

(DRI R XA . & L a AT, S AR A 3T, B 2 e S R SO e S
WFER B EaS . BT EEZ M 90 mm/s I, 25 T I B 2R KU, e R e Kl A %1 98 %,

8
; 5
i h
ks d

1%
Shell breaking rate
BT I%
Shell breaking rate

b.£f,(A,40,C) c.f,(A,40,C)

BT 22 H 08 3D i 7 i i
Fig.11 Interaction 3D response surface

HY 11 T2, 2 5058 I 3 R BSOS AR BT I 7 R (050 0 Bz o o ) B T, 8 e 23R 2 0 T 1 I ey e
M AR A 2R 3 Bt T SRS RGN, 5 R R KT IR B 96% o B2 A HUEE/INT 80 mm/s B, FEAR i
AN, Wi R T R

(2)355 PR 26 R A5 o fR T 1 e PTAT, Y 3 35  J3 R BBONA B Bif o F AA00 A R 3 1Y)
B BRI . BT R AE 90~100 mm/s, Bifi 25 535 W ZR B0 A 3G 0, iR e, e ki it 17%.

LG UL LA AR R TS R EOR IR EE T, N O A K Y B e TR e/ IN A LS I B R HROR )N
4 FEAR M £, AR AT AR5
4.5 RUSHEHILK

R ARAAZA S [ e S 0 2 1) S R T B S BORN 254 S 850, AR SC LR 78 8 1) e KA B R R 1 e
AMER BAR AT AR T, H bR RS 2R AR
maxy]
min y,

A e[70,110] (10)
s.t.i B e[32,48]

Cel2,4]

fifi 1] Design Expert 11 AT R i , 15 B LS B G < fealy
B R 92.56 mm/s, SR R BN 41.32 N/mm , FEF A 4 2.69°,
I AR I 18 576 M 96.11% , #F4 %4 13.90%

FETF M AT S R A S8, W S BRIV | DL A
FF 93 mm/s, BRI BE 22042 Nimm, JEAR(A 2.5° K TAES%0, % H
ARSI A A R 1) B e O R I B e . R4 34
HEAT , BRI 58 B B AR TS LB, T ARAZ A an &l 12 s o X A
BB HEAT A3 4R 45 R A /AR 4 R AT 432601 B2 R
SOEFREE I EE RN R 7 R, 30T LA 5 il 5e 28 10 il Fig.12  Shell crushing effect
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FERN 97.2% , = FEA7 N 86.5% , AN 13.5% , BEFE HOR RATF W6 RAHDCHRMEZR™ R, A SCdR
AR AE BB VAR FTAT Y, ik T 2 S0 A R0
F7 RWWEHERFEIT
Tab.7 Statistics of test shell crushing

) S P~ High quality kemel Wl WiRty ST BRI
2L (2 YN g
) %%{:fﬁﬁ/g ¥4:E\%ﬁ/g 1/4 {:}ﬂi‘ﬁ/g Broken Shell Broken
Group Total quality of )
Whole kernel Semikernel 1/4 kernel kernel breaking kernel
number walnut kernel )
quality quality quality quality rate rate
1 1436.1 66.2 221.2 917.5 189.6 97.1 13.2
2 1562.6 57.3 236.6 1015.6 220.3 97.9 14.1
3 1508.2 54.5 198.9 1 005.9 199.1 96.7 13.2
F4 Mean 1502.3 59.3 218.9 979.7 203.0 97.2 13.5
5 & it

(D ASCIR T 2 AWk 103 BBk AG ZMER R SE AN 3 405 1) A 5e 1, AR5 R 6 0 - ke et
W AR 7 it ), AT B 52 1 /08 i B AR R~ 341K

(2)ZE T MR INERAE R 2Rt 575 N T e it it g 07 1) 38 0 T —Fhid AR R/
MR R e s, R8T T Bty AR AR AL B BEIE A2 e e 8, S B A R A2y [ e

(3) XAtk 1) B 72 R B HEAT T 1 0B, R A B IR 33000 Jr i, A5 T el 3 s g I B R
B R A A XA R S AR 1 s R, PG H R B A 1R G B 70~110 mm/s , FLEE I B 2R 5L
K 32~48 N/mm , FEARABA oA 2°~4°

(4) T R 20 45 2R , R Design Expert 11 3K/ R IEAC 5, 3145 T 45 520 A 3= 1Y e L 281
WA HTFSCHRMSE, KA SO & B M 5E 5 B TR E e il . 25 SRR Y Bl il
£ 493 mm/s, 3 NI EE R ECH 42 N/mm, FEAUT A R 2.5 8, 7850 97.2% , =5 AR 4 86.5% , R
R 13.5% , e Jox Hc i JE AH DG HRME LK

(5) AR SCH L A A8 T 7 i AT A T G, ELARR A 72 I 724 0 B AN TIES , 33k 28 ] AT
Tt — LR .
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