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Performance Test of Walnut Shelling Using Flexible-belt and
Differential Velocity Extrusion

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; A walnut shelling machine with functions of shell crushing, kernel taking and shell-kernel
separating was designed, which could increase the shell-broken rate and kernel-unbroken rate. However,
the problems of incomplete broken-shell and unhulling crushed-shell were also remained. Thus, the
flexible-belt and differential velocity extrusion system was used to make the walnut kernel out and the
effect of that operation was analyzed. The results showed that when the mean crack length was 20 mm and
the critical external force for crack extension was 19.1 N, the cracks could be further extended. One-
factor test was carried out to explore the influences of the top and low section belt spacing (A), top and
low section speed difference ( B) and upper belt tension (C) on hulling, and the orthogonal experiment
was carried out to analyze the influence of the above three factors. According to the experimental results,
the influences on the first grade kernel rate and the second grade kernel rate were C >A > B, and for
kernel-breaking rate and kernel-unseen rate, A > C > B. When the top and low section belt spacing was
14 mm, top and low section speed difference was 0. 19 m/s and upper belt tension was 231 N, the hulling
effect was optimal ( hulling rate was 98% and kernel-unbroken rate was 93.7% ).
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Fig. 1  Walnut shell crushing, kernel taking and

shell-kernel separating device
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Fig.2  Shell crushing and hulling system using flexible

belt shearing-extrusion
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Fig.3 Diagram of walnut deformation under stress

in hulling zone
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Fig.4 Process of hulling and kernel taking by flexible belt
LT 2. BBksE 3. BBk 4 F AW 5. FEdh
6. FHES 7. BEFET 8. LETblg

TN WAL AR S R 4 Al b TR — 0 A A% Bk
ol E bR AR s, 5B W, -
T ARG S 3 i, e 5 R TR ik
BB HE I B AR T TAEN 58 8h . ke %
I —E WIS R S AR S AR A I 25 IO A
o=, WA 4c.
2.2 By REH

248057 R 3 R, 43 ) S T2 TTRL RN , el 5
JI7R o T S o T 250 TI250 J o O 250, T2 i T 0
Btk e s , ME Y I 2o TR AN,

by

K5 Ry
Fig.5 Crack styles
TESNIAERS RS = Ay S S rh B4,
QEAY RS A R B — 2 EE, BIEA
RE UG AN I E| — A FHER A Sy R, R
SURK B Hilm A0 ) Z R R A

_(2Ey\ 7
0-“_( Ta ) (3)
X o, i A1 /) , MPa

y—— B T B R 16T B k)/m”
RO, mm
E, —— AP 5E i s PR, MPa

AR B AL TG AR 1T RE O 0. 12 kJ/m” B BRI
SRPERLE 0. 18 GPao IS4 20 B2 )OGS BT F i 3
Bk oe IR i RS ik A7 I B A gt HOF R
20 mm ML LB S5, 8 i X (3) SKRAF Ry
JRE G S SR o, =0.23 MPa, Z80Y T EHY
ShT1h

a

O-C
R=§ (4)
L F WA T ERIN N
S, F e Fwi A, mm’

R A ME Y28 b, = 1015 mm, &35
HERMAR S, =h,a =23 mm’, RGP H 5
Syalad s (4) K15, o, =19. 1 N, B kAN e ik
25 EHTESNSE LB S BT Y] f it 19.1 N,
R G G i 2 /N

3 BimtEReiliE

3.1 RAB#
TR0 T VR A% Bk R = R e B AL i



102 & A Bl B ¥ i

2016 4

50 ASREAS, bR R RGOSR AR A 1 = 4E ). i
BRI Bk, 253 G it bk -3 HAR 25 mm,

BBk AE 2 1 W 5E X, 30 70 A% Pk RE A8 15 21 A 2%
W5 I W5 BT B 3 R Bk DA e e, U2
Fe A A RS TR R, BT A I B AR
e A ARARMG . LR R L P M T DXL B X 2R A
BE, 6 s

Bl 6 I kR
Fig. 6 Experimental walnut samples
3.2 FTHHKZNMNERERSN

B T AR 1B W A S TR, W0 T AR R F
—E WK E Ty R B N B S AT AR
AL B 5 5k BTk K, TAEH RIPE ROR, 5k 56 Bl
AN GE o AR TRl B AR 5 FE 5 2 18] 1Y BE 45 ) 2%
T, 3 R B BL S AR R DL KR AR Al B
M IR R RS E TS

TE AR MBS N, b CAEA 52 3 4
e , AR o SRAE e BIE B, W R T SCET e
/THE/ [13]

o=FkEe¢ (5)
X o——R S, MPa e— A%, pe
E,—— T AFH s e i, MPa
AR sk B iR
F=08, (6)
A S,—— b AR A, mm®

JERFE b AR 5K B T O A% Ak I 5T OR 1 52
U O B 1 Q- v 1L = N O B 1 N
Ja, K B 0y o vk B A A 5 R T R AR R 4 AR
R S R = ST R =i U | A B o Y (X i - B
WARGWE T .

SR UG AN (i S AL DA RE S ST
AF R P EL BRI, A2 (o A 8 B A 5 DL E AN R o
BN EEAE 8 s,

PVC MRl E, =2.41 GPa, | TAEH #
iR ~FH 350 mm x4 mm, W E AL S =1 400 mm”, i@
aF(6) B A5 B b T AR AEAS [/ AL A 5k B
J1, 3R 2 i, (i AR E B5KE T 5050 TAE
BB R AR B /N Rk B T

. —
Az
Bl 7 ETAEHRE NSRS

Fig.7 Measurement system of upper working belt tension
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Tab.2 Different strain values corresponding to the tension
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Fig. 9  Kernel exposing rates under different spacings
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under different spacings
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Kernel exposing rates under different speed
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Tab.4 Orthogonal experimental scheme of hulling

effect and experimental results

R | 5 c —#% % B RH
75 12%/% ~%/% /% {"%/%
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3 1 3 3 72 15.7 9.5 2.8
4 2 1 2 68 15.0 13.0 4.0
5 2 2 3 75 12.4 9.0 3.6
6 2 3 1 64 16.5 15.0 4.5
7 3 1 3 59 18.0 17.0 6.0
8 3 2 1 57 18.8 18.0 6.2
9 3 3 2 67 16.0 12.0 5.0
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Tab.5 Orthogonal experimental results analysis

of hulling effect

LD A B C
k, 69.7 62.3 60.3
ky 69.0 69.7 70.7
— R ky 61.0 67.7 68.7
W2 R 26 22 31
SESERYY C.A.B
k, 16.9 16.8 17.9
k, 14. 6 15.9 15.9
TR ks 17.3 16.1 15.0
W2 R 7.9 2.2 8.6
H & FK C.AB
k, 9.9 15.3 16.3
k, 12.3 10. 4 9.8
Y S ks 17.0 12.1 11.8
W% R 21.2 14.7 19.7
EESECR/ A.C.B
k, 3.5 5.2 5.4
ky 4.0 3.9 3.7
K ks 5.7 4.1 4.1
W2 R 6.8 3.8 5.3
Sl ECRY A.C.B
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