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Shell Crushing Mechanism Analysis and Performance Test of
Flexible-belt Shearing Extrusion for Walnut

Liu Mingzheng' Li Changhe' Zhang Yanbin' Yang Min' Hou Yali' Gao Lianxing’
(1. College of Mechanical Engineering, Qingdao Technological University, Qingdao 266520, China
2. College of Engineering, Shenyang Agricultural University, Shenyang 110866, China)

Abstract; The rigid components are always used in traditional walnut shell-broken kernel-taken device.
During working process, the walnut kernel is easy to be excessively broken. The shell-broken rate and
kernel-unbroken rate are also low and the adaptability for different kinds of walnut is poor. In order to
improve the walnut shell-broken and kernel-unbroken effect, combining with the current research
situation of walnut shell breaking by mechanical approaches, a walnut shearing-extrusion flexible shell
crushing, kernel taking and shell-kernel separating device was designed. Stiffness at different positions of
walnut shell was analyzed by theory of elastic mechanics, which contributed critical force of unstability of
different positions. Critical force of cracking and breakage at different positions of walnut shell was
disclosed. Conditions for crack extension after walnut shell breakage were analyzed and calculated by
fracture mechanics theory. The results demonstrated that when the mean crack length is 20 mm, the
critical external force for crack extension is 19.1 N. The single-factor experiment was carried out to
analyze the impact of the top and low section belt spacing (A), top and low section velocity difference
(B) and extrusion included angle ( C) on walnut crushing force. In this way, the optimal combination of
three factors (A, B, C) can be identified through the orthogonal experiment. The experimental results
indicated that with A of 23 mm, B of 0. 19 m/s and C of 45°, the most satisfactory shell-broken effects

were obtained, which generated the first grade kernel rate of 75% , the second grade kernel rate of 18% ,
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the kernel cracking rate of 5% and the kernel-unseen rate of 2% . In other words, under this condition,
the shell-broken rate reached 98% and the kernel-unbroken rate reached 93% .

Key words: walnut; flexible-belt; shearing extrusion breakage; mechanism analysis; performance test
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Fig.1 Walnut shearing-extrusion flexible shell crushing,
kernel taking and shell-kernel separating device

L EASfER 2. BT 3. BFEIGHR 4. PHIEGER
5. FUREHIEH 6. TUKSIFEAR 7. 4B 8. T LfEW 9. T M
AT 10, TR R S W HLA

Fe Al 5T UI B R e U R AL TS LAY
EER, EEd DU B A B NSRBI AR
EHFEFRIR TP REIR L RS AR T ST
T EAEM FEAR T ISR AR A R LA
TR Y BY R e I R & BRI
4 BN 100 mm # [ IX SR A A3
FE4, HAR 0 30 mm [y I 8% B AT B R 4T
B o b N ShFEAR A AT 3 Ao R R R A A RO
R E DX 8 IO DX A ] B AR A R, DL
T &R, B TAER RS R 1590 mm x
350 mm, JERESy 4 mm, AR T KSR B H AR
23 100 mm , "~ A B FE 4R 19 B AR 5100 mm, | AR
B RSE SR 2 200 mm x 350 mm, JEEH 4 mm, | T
AR PVC Al LR HEAT 5 2R 58 L

AT RS SR A& 2 B s o Al R AR S AR
I IREAL  HLEE BT A AR R K Y 120 mm,
ol 7 R IO A SR MR e MR AL A T R R
HRAE SR I RE FEALSE B o Bl R e SOH— I A 22 4L
AL R IREAL  BR R AR A 22 AT b 22 AT
60 mm, FEFT LT R AR Fa B, 2 e



268 & A Bl B ¥ i

2016 4

B2 AR RS B R B S 2 [
Fig.2 Schematic of tightness regulator of working belt
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Fig.3 Schematic of flexible-belt shearing-extrusion

system for shell crushing
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with different extrusion included angles

L YA S 90° I, A% Bk 7 AR TR A AR B f
BE 99% M1 95% o AT /N T 90w, B Bk
TR TR R YRl A 5 090/ TR B HR B
i R
3.7 Mt EMRERIRRE
e Fe P REIE SR B 7 RS 4 R W3R 2 o
®2 WEAMBESRRFRSLR
Tab.2 Orthogonal experimental scheme of hulling

effect and experimental results
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