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1.Driving wheel 2.Speed regulating motor  3.Shellting device 4.Chute
5.Triangle-belt 6. Hopper 7.Discharge wheel  8.Discharge wheel cover
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Fig.1 Schematic and prototype of lotus seed sheller
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Table 1  Structural dimensions and mechanical properties of fresh
lotus seeds
IiH PEME iE IEPN:] HB/ME
Ttem Average Variance Maximum Minimum
WL U1 )
Cutting force of prototype 19.63 0.07 25.8 154
blade/N
[ IS Kernel firmness/N 19.02 4.67 23.27 14.99
(SR VATTY Vi
Kernel pressure capacity per 5 0.32 6.12 3.94
unit area/(N'mm™)
M Sz
j.ﬁ:\j\a.g{I 18.12 0.605 20 16.2
Equatorial diameter/mm
K:4% Long diameter/mm 23.61 0.02 24.7 222
ARIEALITE 0905 0.002 1 0.8

Equatorial shell thickness/mm
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1.Discharge wheel cover 2.Discharge wheel
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Note: F; and F, are the tangential and radial sliding friction forces on the
contact surface of lotus seed, N; N, and N, are the tangential and radial support
forces on the contact surface of lotus seed, N; mg is gravity of lotus seed, N; F, is
the centrifugal force of lotus seed, N; R is mass center orbit radius of lotus seed,
m; Oy, O,, 03, Oy are the first, second, third and fourth motion state transition
points; X is the horizontal coordinate axis; Y is the vertical coordinate axis; a;, o,
o3 and a4 are the angles relative to the X-axis of the positions O, O,, O3 and Os.
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Fig.2 Free-body diagram of lotus seed in discharge process
2.2.2 HEFiEAsAE

SCHLE T IEAL LR K R R A HE R 35 9 5 13 T
M TEAL H AR 7 AEHE N R 58 0 TE I ORI Ak
TACEALEFFEE T UIE 7) 0, LARIE 7] D) EE %1
VIS R

1) IEA7 B

AR A E 7 SEI, 7y 2 BBt T, &
— W BUESRBIRS) M TAMASS B S AR HREHHES) T U
I GARIEAT A FR B e, AR 7 Il m) KT 435 B A



%7

RFWREE: ANREERE eI BT 31

B, B ORGSR L, X R A
HAy BRI AL N gaa R IREN A ), 2 Flis
NG AAEAF DB e e, 55 FrBot A gs): &
TRENEM SR AT B dm MRS, s & 74k
AL RGER, EAN VI MR Rl AR 1) R3h
Ay, B G PR B O R S T FESh RE . TORE T I
WA, N2 L KIRIE, T R&HSEm g
HAREERS, WA AR AR AKTIRES, RIEHEAN T
WA A B DRI, 20 T AR T R E A E A
PIFBOR K, SELE 1352

2) ¥ETIEALIIE S0 Hr

METAEHE SR FEHUR T AR 2 252 58 W 34 58 28 M BICRE
RINELENRLZ o JETME B R SEAHERHES 13A B
WIE, EANIEH T A Y. B, BREKIREIZE).
W PAFIEAL, BETT IR T8 AN EE 2 A
Pl T s ) F, R F W i A ST
oo SE AR N 32 e 2 pros. %
T HIVR SN EEE ] Mg ANTE o W1 ) BT A S B
15 Oy ET IR DI & 7138420 0.

EERE W

F +F, +mg-sina,—N, =0 (3
VI 2
N,—-F —mg-cosa, =0 (4

N Fyy F O S5E1 BTS2 Al (0 D7) 1) AAR: ) 15 3 B 0
N: Ny N, A5 POz Sm i o) i Az 2 &), N;
mg NYETFHZES), Ni F,=mw’R NETPIZELTT,
N; R NE T UL AREAR, ms o PR AL, rad/s.

T2 EJE TR, Y AHERHRS R J7 6k 3% 1
AN, A LITE T R 1) Oy SRS F>F,, AU
HE¥e, e BT G op i, =
T3Sl AR /MR DT A B, IR AN B 4%
M AMUAE T2, B FeF,, RS RETD 5 %71 B
FHEANEE, WA N=N,, RN (3« (4) AJFHErfg

) @’R
cosa, —smq, =
g
2
R . y
s 250, N a<45°, % HARE RS
g
4152
al:lsinl(l—wie j (5
2 g

HETUTIMBAEIE 1) LI 25 AN Oy I Un iy
FIMIEN RSN BBGE AT SMUERBI R F0 A F
PAREAAHRAET R, W Oy R I TTRE N

FLREw]

F +N,—-F —mg-sina, =0 (6)

ZIEE= )]

N,-F, —-mg-cosa, =0 )

FEE, BEAZ () . (5) 15

42
a2:90°—%sin’l(l—wR j (8)

2

g

15 O, B)H5 3 Mt 05 XA, FE T UTHA B IE N
MRS . AR 52 F1° T HRATF O3 KALE S

42
a3=90°+%sm1{1—“’R j 9

2

g
T 05 FEHE T XA 2] O4 11, A2 R0 T 1A
N ERIE NI R, REIAMEE, KRS P kA

O4 AT ESM
a, :sinl(w RJ (10D
g

X 3 ~ A0 F a0 azs oy S NETIEE)
IREFEH S O Oys O34 O FHXT X B .

BT O, URRIMAMEEE R W R, S8R 2
PRHENAE

W BRI, R TR I N AR
RN 2 MizdEX, mHE eI RS AR
A2 NS, DI B PR UG AT, T B R
FIHF ST T 1) I FE R E IS S I B A, AR B R
AN CH IR IEAL R ERATRD , W BhEEE ) F A LA
AT AR TE A B B R BRIt
W B AR AE i KRS IE R . RIS 3)
() IEA R AT

B (8) « (9) WA, FE—EH v [ N HERL 5
e on im, RBIXIE] 0,05 8N, IEAT RS . Y
n WK —2 BB, E TR0 IER PR RZaEE S
BEIZZ, [H% RS R 1k I g s AR e, DM
HIEPREARLE n KK 0,05 X[,

AWLAIHERS 7 D AR 12 R=0.067 m, ¥k
n=40 r/min, 55

0=40.13°, a,=49.87°, a;=130.13°, as=173.11°,
0,0; X [A][F YA 80.26°,

S HERLZRVID IE AL 1 A0 LA PR, g2 i g
W R AR G, A TTRER A A, kN TR JE Ik
T A RS — 0 AT, WA B 5 R I
ToEE, NEFERDAKE, BRRERER 8. K
FERT 35 cm N EH . BEAh, HET 2 Bk A A
B, B F2m H BRI, (02 OE
L 5 R DA LE A M o AS BE T I HE R 2% — AN R
M%,
2.3 EEXRFIFNAE

FISEHA AL U JBCHE. b, BHE3R3D)
BN, WK 3 FR. TAER sk s it
o AR S E e A D) EEIE, &) DI 3
RS AT e Ry PRUE IR A RE IR A 21— Rl L L,
WO ) K ERFETRE K 15% 2 4. #FeHl
R RIEHLIAZ O AR, AR 4 oy e LRI
IREGRT L R, B HERIR R U LU R ER AR, HRR o
S VAR T B E A I8 TERGEVITE . (B E
AR AR B AR, HU)E AR e AR,
TR AR F R YRS, A T ) X RS
ETF T SR Y), UIEIER ). E P




32 RNy TFEZ (http://www.tcsae.org)

2017 4F

RORE JI R ONE DS, W DI I T ) AR R 4
BNAPR AR . T XU FL LIRS TR A R i 5l (1 4
AR, DS DI S A R T o i iind /D)3
JERAG, AUIRORZE, #7808 e KNP &L
PRBNK, S VIEINUR )Y 22 BN TARRSL  AHLEL 8 mm
3R B 6 S i AL 2K

B-B
a. B b. AR K]
a. Main view b. Top view

LIAR 20380 3. 8 10588 M&  4.7))7 5TJHE 653 [ e iR
7. 15503 94T 1LEHL 12U JBE I3 HLIECER 140008
il

1.Pressing plate  2.Left guide rail 3,8,10.Miniature bearings
5.Blade holder 6.Spring fixing plate  7,15.Spring  9.Right guide rail
11.Motor 12.U-shaped bracket 13.Motor mounting plate  14.Eccentric pin

B3 Fohus e
Fig.3 Schematic of shelling device
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Note: R. is the driving wheel groove bottom radius, m; 0 is the inlet angle, (°);
is the central angle of the curved pressing plate, rad.
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Fig.4 Lotus seed state at inlet of shelling device
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Table 2  Shelling results for different shelling methods

e 1552 2 A4 B2 S A R
o ORI BER gy TR
Shelling methods verage shetiing ole kerne Injury degree uury
rate/% rate/% rate/%
77 % A Method A 87.5 94 BRI <20
75 % B Method B 83 90 BUBER <30
75 % C Method C 72.5 98 B IR <15
77 % D Method D 92 100 BEIR <10

T J5% A KIS E, Jr% B AJ1 v B E H LN RS, T7
% C )RR EE) HIEBCRTOCH, 77% D AR ERIES) H IR
Uit

Notes: Method A: the cutting blade fixed with the pressing plate; Method B: the
cutting blade fixed with the pressing plate but vibrated; Method C: the cutting
blade reciprocated and the pressing plate had a smooth surface; Method D: the
cutting blade reciprocated and the pressing plate surface was non-slip.
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Design and test of small fresh lotus seed sheller

Zhu Hengyin, He Jincheng, Fang Wenxi, Ye Dapeng, Liang Shihua
(College of Mechanical and Electrical Engineering, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract: Lotus seeds have been manually shelled mostly, because conventional shelling equipment is complexly structured
and high pieced, and generally it has a high operating cost and a low reliability, as well as is difficult to be popularized. In this
study, a new lotus seed sheller with simple structure and easy operation was developed to improve the reliability, to popularize
the shelling mechanization of fresh lotus seed, and to reduce the burden of the farmers. When the newly designed sheller is
running, the lotus seeds in the hopper fall into the evenly distributed grooves of the discharge wheel and are discharged singly
into the feeding chute. As rolling down from the chute under the action of gravity, the lotus seeds are then normally positioned
and fed into the cutting channel at a position where the long axis of the seed is perpendicular to the cutting edge. An annulus
cut is made at the equator of the seed with the use of a reciprocating cutting blade. Thereafter, the shell and the kernel of each
seed are separated by rubbing the seed surface with the pressing plate and discharged. The cutting device is the primary
working device in lotus seed shelling. A comparison study on the effects of shelling methods was conducted. The 4 shelling
methods used were: 1) The cutting blade was fixed with the pressing plate; 2) The cutting blade was fixed with the pressing
plate but vibrated; 3) The cutting blade reciprocated and the pressing plate had a smooth surface; 4) The cutting blade
reciprocated and the pressing plate surface was non-slip. The testing results indicated that the shelling method using a
reciprocating cutting blade and a non-slip pressing plate was superior to the others in both shelling rate and shelling quality,
which resulted in a shelling rate of 92%, a whole kernel rate of 100%, and a percentage of kernels with slight injury of less
than 10%. The shelling method with reciprocating cutting blade and non-slip pressing plate could meet the shelling
requirements of fresh lotus seeds with an equatorial diameter ranging from 14 to 23 mm. In order to get a better understanding
of the factors closely related to the lotus seed processing quality, the mechanical properties of fresh lotus seed were measured
using a universal testing machine (Model 5543, INSTRON, United States of America) in College of Biosystems Engineering
and Food Science, Zhejiang University, China. The test head moved at a speed of 20 mm/min and stopped when the pressing
force dropped by 15%. The samples of 100 seeds from the variety TAIKONG36 were randomly selected and numbered. The
cutting force was tested firstly using the prototype blade. Then the same samples were shelled and subjected to the kernel
firmness measurement using a 2.2 mm test head. The kernel firmness of each seed was measured right after shelling to
minimize the effect of seed moisture loss. The results showed that the average cutting force of the shell was 19.63 N with a
maximum value of 25.80 N. The average kernel firmness was 19.02 N with a maximum value of 23.27 N. The average kernel
firmness per unit area was 5.00 N/mm’ with a maximum value of 6.12 N/mm’. Accordingly, the structure parameters and
working parameters of the sheller were determined.

Keywords: peeling; design; mechanization; lotus seed; mechanical properties
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