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Design and Experiment of Cam Rocker Bidirectional Extrusion Walnut
Shell Breaking Device
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(1. School of Mechanical and Automotive Engineering, Qingdao University of Technology, Qingdao 266520, China
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Abstract; Breaking of walnut shell with less damage remains to be a challenge because walnut kernel is
crisp. The existing equipments which were used to break shell and take kernel cannot meet the high
quality and mass requirements of walnut kernel. Aiming to resolve the above gaps, the cam rocker
bidirectional extrusion self-positioning walnut shell breaking device were designed. By analyzing the
critical condition of crack fracture, the mechanism of crack propagation and the displacement of breaking
walnut shell, the double-screw quantitative feeding mechanism and cam rocker bidirectional extrusion
breaking mechanism were designed. The size of the extrusion/blanking U-shaped block structure, the
motion angle and displacement of the cam mechanism were determined, the rocker displacement equation
was determined and the cam profile curve was designed. L, (3") orthogonal test was carried out with
extrusion clearance, camshaft rotation speed and walnut circumference size as test factors, and one kernel
rate, two kernel rate, nibs rate and hulling rate as test indexes. The results showed that the primary and
secondary order of the various affecting factors were the walnut circumference size, extrusion clearance
and camshaft rotation speed, and the optimized combination was as follows: the walnut circumference size
was 34 ~ 37 mm, extrusion clearance was 7 mm, camshaft rotation speed was 53 r/min. Taking the
optimal combination for verification experiment, the results showed that one kernel rate was 61.39% , two
kernel rate was 23.30% , nibs rate was 15.31% and hulling rate was 92.36% . Compared with the
traditional walnut sheller and kernel extractor, the high kernel rate was increased by 14. 69 percentage
points, which met the walnut industry primary processing needs.
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Fig.5 Structure diagrams of cam rocker bidirectional

extrusion self-positioning walnut shell breaking device
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AN 13 fioR. HH L, (3%) IE R R L HA R, & 301 3 3 3 7077 1615 16.15  90.37
AR VEH 1 000 ¢ %Mk, X R Z KR gE 1 fT 4 2 1 2 3 66.8 18.93 15.38 95.77
R BN 14 R A SRR A MR A Doy e e A e
A T 6 2 3 1 2 5573 28.24 19.08 85.89
i i Ju o R JuE IR 7 301 3 2 73.45  15.82  12.99  91.29
PR ARFR R T a4 TR 174 IR — 58 8 3 2 1 3  47.76 29.10 25.37 93.88
{2 RFHET 18 /NTF 174 KK & /M F 9 3 3 2 1 7308 17.31 10.90 95.71
s e g [11]
1/8 KB~ £3 RRERBENH
d Tab.3 Range analysis of experimental results
HE
L A B c %55
K, 173.01 180. 31 143.49  189.13
K,  198.65 186.06  202.18  191.41
- Ky  194.28  199.57  220.27  185.39
(a) BEEHT (b) BEFIE — @Rk 57.67 60. 10 47.83 63.04
B3 o 2 8 R A ky 66. 22 62.02 67.39 63. 80
Fig. 13 Operation effects of shell breaking device ks 64.76 66. 52 73.42 61.80
. R 8.55 6.42 25.59 2.00
F1 KWERKFE Bk A, B, C,
Tab.1 Experimental factors and levels Tk C>A>B
. K% K, 70.73 62.75 85.35 62.21
wr BFERI B/ mm 4G/ (romin ™) BALE A/ mm K, 64. 08 72.58 62. 82 70. 64
1 3 46 31~34 K, 62.23 61.71 48.87 64.19
2 5 53 34 ~37 Tt S 23.58 20. 92 28. 45 20.74
3 U 60 37 ~40 ky 21.36 24.19 20. 94 23.55
k, 20. 74 20. 57 16.29 21. 40
R 2.84 3.62 12. 16 2.81
K A, B, ¢,
FRHE C>B>A
K, 61.34 59.58 75. 66 51.96
K, 44.33 49.22 40.27 46.06
K, 49.26 46. 14 39.01 56.91
[ ky 20. 45 19. 86 25.22 17.32
ky 14.78 16. 41 13.42 15.35
k, 16. 42 15.38 13.00 18.97
R 5.67 4.48 12.22 3.62
KT 4, B Gy
FRHAE C>A>B
, K, 272.10  276.58  269.29  275.72
B 14 b g K, 272.15  276.59  283.69  269.39
Fig. 14  Grade characteristics of walnut kernel K; 280. 88 271. 96 272. 15 280. 02
i 2 2% k, 90. 70 92.19 89.76 91.91
M 2(F T A B.C RHHEKFAE) ol F4 H k, 90.72 9220  94.56 %9, 80
EX—FBL Ry, BIOR g, WL g R ks 93.63 90. 65 90.72 93.34
e 1695 WA B R B % 25 R B 2% 4 BT R 29 155 a8 3

(£3), 830 — B W ERIF N C.AB,% B ff ko As B, G,

PR 9 55 D8 K43 50 A, (B, C s B0 — 83 3 4 ERNAES
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it 3 W LA Bk AR XS 4 A8 AR
T JRE B O 5 M e T e X — BR AT R BT R R R
5 T A B ALK 5 T D BT 5 4 38 5 e R 2 e 1K
LR 7 22 ST X145 DR — B R
AR BT AT BB RS, 0 4 FER.
R S A Xk — A A 5 i Al 2 5, 5% T 1) B X — 5%
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A MR TR R R B R T
PR RS, LR WY WY 2250 € B LA C
AB,C A B, X522 0B 09 RN K L5 — B
x4 —BELCR CBCERBCEMBERERAESN
Tab.4 Variance analysis of the first grade kernel rate,

the second grade kernel rate, kernel cracking rate

and hulling rate

W HEAR B2k PR Bl By F P
iRl 1265.03 6 210.84 68.23 0.0145
A 125.47 2 62.74  20.30 0.0469
— @& B 65.24 2 32.62 10.56 0.0865
C 1074.31 2 537.16 173.83 0.0057
M 1271.21 8
iRl 263.04 6 43.84  6.78 0.1341
13.30 2 6. 65 1.03  0.4930
TR B 23.97 2 11.98 1.85 0.3505
C 225.78 2 112.89 17.46 0.0542
M 275.97 8
KAl 372.65 6 62.11  6.33 0.1428
51.11 2 25.56  2.60 0.2775
X B 33.02 2 16. 52 1.68 0.3728
C 288. 51 2 144.25 14.69 0.0637
M 392.29 8
ey 60. 55 6 10.09 1.06 0.5594
A 17.01 2 8.51 0.89 0.5279
i 78 % B 4.73 2 2.37 0.25 0.8008
C 38. 80 2 19.40  2.04 0.3290
S 79.57 8

R o 5 425 AF 0L £ e 9 R (7 A% AR A 7 e B
RE 2R, 45 58 op 45 16 435 B i o 7 1) e I 4 5

JERHIRL o 1 35 BV ARBIF: 6 45 5085 0 E 69, %l
G O IBLRE AR W 4 AR R B R AL
IBF) 3 [ AT B bR TR L B 100 43
0 8L X 4 A 45 B EAT R — B 13 30
G BRI 20 b REH 20 4 JRFER 30 4h. it
o 945 A DAL e 5 TR <

RS ZAMEIER
Tab.5 Result of integrated weighted

LB LA A B c
K, 1133.75 1139.77 1136.09
K, 1129.27 1149. 66 1161.54
K, 1153.99 1127.58 1119.39
k, 377.92 379.92 378.70
ky 376. 42 383.22 387.18
ky 384. 66 375. 86 373.13
R 8.24 7.36 14. 05

ALK Ay B, Gy

Wit 5 g, 45 a0 R B A (— 8
{2 TR R B R o R A .
LEE R R R/NBT R € AB, It &
AsB,C,, BV BY FE 8] BR R 7 mm, Ty 5 Rl FE R
53 x/min , AZ Bk JE 25 B Ry 34 ~ 37 mm B 350 850CR
e
3.3 WiEAe

R K 56 e I A B FE R SE AL P TR RCR K i
R4 A AB,C, 4T 3 RN T UEME A, 1050 25 2R
k6 R, X3 Wk g5 R BCE A, & T
VESBAAL S B ™ RS HE AT XU 35 1R 2 D AZ PR 5
PeE ARV IE N 61.39% ; @A R HH
H 23.30% ;i ZF- B E R 15.31% 5 i 78 7 8
{H N 92.36% . TEW L fm I 5E 3 19 ] B B A 45 0 6%
{23 SRS IRk o U346 8 A0 L, o e
T 14,69 AT AR AR N TR R

4 #Hig
(D) B T B #8 AT XU 1] £ 1 A & 7 4% Bk il e
PEE R E ) Bt R B e 9 07 5, TR R e R e

AR AR TR R R IR B R TAERS
AT T BB R Ly (3%) IE 2 AT,

R6 ZICHGERIEREER

Tab.6 Verification test results of kernel damage rate

BOETR,  RBURCR/s  WRR/  RBOER B Bk
Wams - —= ’ e LAGE VN TV
g — 1 -1 g B/ g % %
1 1002 246 96 66 72 60. 29 23.53 16. 18 92. 81
2 1011 267 105 63 63 61.38 24. 14 14. 48 93.77
3 1011 270 96 66 96 62. 50 22.22 15.28 90. 50
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(2) R HER G BT 73 345 2000 58 58 A7 XL m) £%

JFE H 8 AR 5 26 Y B K O 4L o Ak
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