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Design and Parameter Optimization of Fresh Lotus Seeds Peeling Machine

XU Xieging' DING Weimin' ZHANG Wanli' LIU Muhua®
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Abstract. Lotus seed is a kind of nourishing food, which can be eaten and used medicinally. The fresh
lotus seed is mainly composed of lotus shell, lotus kernel, lotus seed coat, lotus core, etc. The lotus
shell is wrapped in the outside of the lotus kernel, and the lotus seed coat is tightly attached to the
surface of the lotus kernel, while the lotus core grows in the inside of the lotus kernel. In order to
improve the taste, the seed coat usually should be removed before eating due to the bitter astringent taste.
However, the lotus seed coat is very difficult to be removed, and manual peeling is laborious. A fresh
lotus seed peeling machine was designed based on water jet. To improve the operation performance of the
machine, the operation parameters of the peeling machine were studied. The water jet pressure, water jet
angle and the processing speed were chosen as the main factors, and the peeling rate, damage rate, with
head rate, openside rate and drop rate were chosen as the main evaluation indicators. The three-factors
and three-level response surface was designed by the Design-Expert software. The test results was showed
as follow: considering the effect of peeling rate, damage rate and with head rate, the degree order of
influence from big to small was water jet pressure, water jet angle and processing speed; considering the
effect of openside rate, the degree order of influence from big to small was water jet angle, water jet
pressure and processing speed, but the effect of processing speed on the openside rate was very small;
these test factors had almost no effect on the drop rate, and the drop rate was almost 1% , which was
perhaps caused by other unknown factors. The optimal operating parameters of the machine were as
follows: the water jet pressure was 0.7 MPa, the water jet angle was 18°, and the pulley diameter was

68 mm. The predicted value was as follows: the peeling rate was 91. 16% , the damage rate was 0. 96% ,
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the with head rate was 2.40% , and the openside rate was 0.04% . The machine was adjusted to the

optimized parameters for verification tests, the peeling rate was 92. 63% ,

the damage rate was 1.24% ,

the with head rate was 2. 72% , and the openside rate was 0. 21% . Comparing the above results, it can

be seen that the absolute errors of the experiment results and theoretical optimization results were

controlled within a relatively small range, which verified the rationality of the model and the optimized

parameters, these work would provide a theoretical basis for the performance improvement of fresh lotus

peeling machine.

Key words: lotus seed; peeling; water jet; optimization design
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Fig.1 Structural diagram of fresh lotus seed peeling machine
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Tab.1 Design index of fresh lotus seed peeling machine
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Fig.3 Sketch map of feeding device
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A, ORI HEER BE | 7 IR0 T S bR | 7 B o 15 3 KL
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Fig. 13 Sketch map of discharging device
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Fig. 14 Experiment site of fresh lotus seed peeling machine
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B KSR 7 K SR R T Hopok
SRRy 3 A K A 1A R R A, TRV R 0 ~
2.5 MPa, AR 4J5 % T 19 B 25 B2 BT 75 /K 3 s il
HAOMAGAE 0. 4 ~ 1.2 MPa, Tfif i 2% 1 19 25 J 6y @
HAE 0.6 ~0. 8 MPa; /K 5 it 1 £ T 38 o Jj8 e 25 p2 %%
BB W AT R R, L R R O 0° ~ 30°,
T T3k R S A T K b BRI AR R I A A
JEAEHLY F 3 T, SO R AR P O i T i
6 R A 5 48 A2 43 59 2 60 .68 .76 mm , I X [ 1)
VR Bl 5 S B 4 B M 56.6.62.3 .67.9 /min,
F T L5 0 17 W A R R AT RS 2 5 AL
RPN 0 25 f RO 22 5, TR G A 06 22 HE B 2 LA BL R
Ivi) — {00 F) 5B 1 Sl e T A A o 3 50 R 3% 4 A 2 3% 2
It

F2 HUFEERHKSD
Tab.2 Coding of factors and levels

H&
5 K5I Ty TR AT A iR R
x,/MPa %,/ (%) xy/mm
-1 0.6 0 60
0 0.7 15 68
1 0.8 30 76

g 1 R UE S B R A P R U ER  H R AR
B4 kg 19 L5e T8 UG 5 i Bl e 3, AR
BEUCRS 19 25 7 ¥ 719 TR i O 2 975 g, GE it
4 kg ZOCETWEABON (1345 £20) 4>, i THEA
SR B — A8 2 AV [ B 25 2R R 2 L
PEAT A P ARE A B RO A A i 22 X8 1 6 45
BA M, R AR J7 kAT & Rl LA b
TG I E], G B R 58 B & B T RUE ny
PFE T RO ny IR K T RGRE ny JTIE TG
ny JRRETRCRE g R E R E TR ng B
TR 55 T 0 00 3 5 A7 AR BRI X, O 3 19 3
T FEER R T K U A KT R SE B A T
PR 77 A K BRSO, AT 5 B8 11 A AR KRS BT
JEP R, T30 00 3 T S K S R AP AR BRI R &R
PR 0 DB 418 A IR X A48 A -5 45 3 1 DX )
fFo PR EAR BB L BR R AR R, IR Sk
R, JFHARR, $ER R RERR R, BT RE
B RZBIHTE S A8 b5 B 52 00 FLBOR, R 73
A I R o
33 XABRARSRBER

% F Design-Expert — Z =K FE B Box —
Behnken M )i 1 32 7 17 3056 22 HF , 1056 07 58 L 5
ERANFE 3 PR o

®3 ARARMKEER

Tab.3 Experiment scheme and results

3 g P 2% 156 4 b/ %

5 x/MPa x,/(°) x,/mm R, R, R, R, R,
1 0.7 15 68 91.40 1.08 2.65 0.12 1.12
2 0.7 0 76 84.52 3.25 6.45 1.42 1.15
3 0.7 15 68 90.80 0.86 2.75 0.24 1.31
4 0.8 15 60 90.20 2.57 1.86 0.18 1.32
5 0.8 30 68 91.50 3.34 1.92 0.14 0.95
6 0.7 15 68 90.40 1.12 2.54 0.16 0.95
7 0.7 30 60 88.70 2.86 2.45 0.18 1.18
8 0.7 30 76 86.40 2.25 2.88 0.14 1.32
9 0.6 30 68 81.24 0.62 6.22 0.15 0.88
10 0.6 15 60 82.34 0.45 4.56 0.14 1.22
11 0.6 0 68 78.35 2.32 9.8 0.98 0.96
12 0.6 15 76 79.38 0.65 7.34 0.16 0.88
13 0.8 15 76 88.70 2.21 2.26 0.22 0.97
14 0.7 15 68 90.20 0.94 2.82 0.18 1.29
15 0.7 15 68 91.80 0.96 2.44 0.12 0.94
16 0.8 0 68 84.68 3.67 4.08 2.43 1.21
17 0.7 0 60 85.92 3.45 5.08 1.84 1.02

4 RBEERSTH

4.1 BEMSW

N Design-Expert ZCF X & 3 o i 8 85 90 &
JFEHEATH Z N R BN B E A Rk 4
JI7R o G 3k K3 B B 35 R RSB RO W 2,
WlZdetr e HE R RE W, 53X 3 > F L0
IR TC 6, %46 b AT RE & F R AN B2 8 3 38, 3 RHR
8 A I AN 2 T R A — R R R %R
B AE B A T o AN A i — 20 3 B o R, A RS TR I 5 Pk
K F =47.21,P <0.001,R, /)45 % 5 5 05 56
F=112.9,P <0. 001, {5 B 3 B A~ 6 b5 19 — 3k 71 19
TR IR IR B B, B R R F =
2.44 P >0.1,R, LMK F=2.83,P>0.1,
XA K B e bR O LI AN 3 Ul B AE O
T B Pk T S A RS Y L B R R 4E, IR ] A
i DO T S N i Y 2 IR DS &
AR xy 3% 3 AN By 52 0 ROR AT 4 B A S0,
RAEA B 2R 30 F =62.77,P <0.001,R, [
R B PR B F =22.3, P <0.001, 5 B 3X 4
T bR 1 0 Il )3 g AR R 5 8 B B L (H2 R,
B BRI F =12.96,P <0.05, R, 1 2 30,35 £
B F =35.26,P <0.05, 3 P 4> 55 15 b 19 2% 400050
¥y g 2%, Ut B A 0 Y BN X A A B i L
ANJEARSE, DRI P AR 78 SR X 7K B U e ) &, K B
TR f v, DL AR vy X 3 AN R R 1R R AL
RFFT MBI LA -2 MSEE L, N
Design-Expert £ {415 21 iy [0 19 2 %k, 25 Br H A i oK
2T S A B 1 Uk £ 3 20 ] A 7
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R, =90.92 +4.22X, +1.8X, — 1. 02X, -

4.1X; -2.87X; -1.66X: (6)

R, =0.99 +0.97X, —0.45X, -0. 12X, +
0.34X,X, +1.49X} +0.47X; (7)

R, =2.64 —2.23X, —1.5X, +0. 62X, —
0.6X,X, +1.33X] +1. 54X, (8)

R, =0.16 +0. 19X, —0. 76X, —0. 05X, -
0.37X,X, +0.74X°
Kb X, —— K5 s ) 4 (B
Xy ——7K I3 3t {6 £ 2 0
X,— i e EAR g i

(9)

R4 BEMRBER

Tab.4 Significance test result

R, R, R, R, R,
K EFRB
FhM amE F P Frf oghE F P FHM OBME F P FHM AwME  F P FEM OAME F P
R 310.3 9 47.21  <0.001 20.52 9 112.9  <0.001 81.83 9 62.77  <0.001 7.8 9 22.3  <0.001 0 0
Xy 142.6 1 195.2  <0.001  7.51 1 371.9  <0.001 39.87 1 275.28 <0.001 0.3 1 7.62  0.028
Xy 25.8 1 35.35  <0.001 1.64 1 8115 <0.001 18 1 124.27 <0.000  4.59 1 118.0  <0.001
x3 8.32 1 1.4 0.012 0.12 1 5.83 0.047 3.1 1 20.4  0.002 0.02 1 0.51  0.497
X2, 3.86 1 5.29  0.055 0.47 1 23.240.002  0.55 1 3,78 0.093 0.53 1 13.7  0.008
1..00 x 2.57Tx
X2y 0.53 1 0.73  0.421  0.078 1 3.88 0.089  1.42 1 9.78  0.017 . 1 N 0.961
10~ 10~
XXy 0.2 1 0.28 0.615 0.042 1 2.08 0.192  0.22 1 1.53  0.257 0.036 1 0.93  0.367
1.78 x 8.81 x 1.77 x
xf 70.91 | 97.11  <0.001 1 0.928 1.5 1 5181 <0.001 1 0.046  0.837
104 1073 1073
x§ 34.77 1 47.62  <0.001 9.34 1 462.5  <0.001 10.05 1 69.39  <0.001  2.31 1 59.37  <0.001
N 3.79 x 3.80 x 9.77 x
x3 11.62 1 15.91  0.005 0.94 1 46.37  <0.001 1 0.026 0.876 1 0.924
1073 104 1073
%4 5.11 1 0. 14 1 1.01 7 0.27 7 0.42 16
K 3.3 3 244 0.205  0.09 3 2.83 0.171  0.92 3 12.96  0.016 0.26 3 3526 0.003 0.30 12 0.78 0.67
"E 1.81 4 0. 045 4 0. 095 4 9.92x107 4 0.13 4
¥l 315.4 16 20. 66 16 82.84 16 8.08 16 0.42 16
4.2 g 7 Bh 4 AT TN L) X R 2w /N, B 15a thAl LUE 25

IR 4 B AR o A Al R, K SR s
JK SR I AR DA B R AR XS 25 B R R IR B S
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S BT AL R, KSR IR T K S A A A AR R A
MR Sk R A PR e, LS W 9 55 P N v
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22 A% I 7K S DA 3 - TG g 1 VI 1) 2 5, B R A
JE B, KIS I HLAR th AT 75 3 1 3R, DA T fe
137K S A REHT 21 3 19 W oy , S B0 8 L 3
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i AN e C i T O =P T = B e B NP N A A 1]
AR P o A N N (T A N 7 o ot =
el T R, S K SR S T E R E
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(j) R,,x,=68 mm

(k) R, 2215

(1) R,,%,=0.7 MPa

P15 O[] PR3 3 T 2% BE P RE A8 A Y 52

Fig. 15 Influence of different factors on indicators of lotus seed peeling
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4.3 SHMRUL
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