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FER 0.002 g5 32 v A2 7 AT s B AR
RROGHEEEH 0.01 mm, &K 0~300 mm; KK 3D
FTERAL, FH DAFT B0 R 46 L R 5t . 85 V13 56 o 3 Ff &

1A B Milk ripening stage; 2.45 ¥ Wax ripening stage; 3.5¢
H M Maturity period.

Fig.1 Test picture of lotus seeds
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L.J7 [ B 4% 1% 4% Force and displacement sensors 2. [# 4 /£ 3% Disc
indenter; 3.JX¥i A& Experimental sample; 4355 & Test bench.
B2 ABRERE
Fig.2 Compressed map test bench
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Fig.3 Lotus seed installation seat
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1. FJE4i% ¥ Upper compression device; 2.8 ¥ FE 7 Experimen-
tal sample; 3. F JE4i % & Downward compression device; 4.1 &3
Test bench.

B4 EHLR
Fig.4 Compression test
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1.359J JJ % Cutting tool holder; 2.3§ Y1 JJ K- Cutting blade; 3.1
K # A& Experimental sample; 4. 37 YJJIK J Shear base; 5.1 % &
Test bench.
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Fig.5 Shearing experiment
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Physical map of whole lotus seed.
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Fig.6  Structural diagram of lotus seed

TR I BEALARIRC 3 b A [w) J80 20 B2 9 35 K 4% 30
KL XY Z S5 1o AT R , J0AR 30K 34 K 3
B B HES AR E C . LR
Ja s % A RS AR AT B B T AR T R P

6 T b7 2 5T TP AT I L 0 ) T S R
CEERFA A 7 18] A K SF- LD T77 1] GE FF b 7 3L
BURE BRI 10 A U BE 20 5158 10,20 mm, 98
JE 5~10 mm. Z8I AL, 3 L B 3 50 J5 - 2
{E48 5124 1.06.,0.93.,0.84 mm, BU5E #5725 » 37 B ik
fEJe B F L 30 mm/min A3 R JE 17 R, B 2= W
ZLCE T o I U ATTE W e B 22 (R W 2L, &
A A e BLAR AR R e N R B4 IR L 2 R BR R
oAl E n AR (2K,

1. 71 i B A5 B4} Force and displacement sensor; 2. I 3¢F Upper
clip; 3.5 LA Experimental sample; 4. F % F Lower clip.
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Fig.7 Elastic modulus measurement
2 HREZH
21 EMRAE

BEHLAS 3 b A [] B L S 45 15 D AEAR



162

o Al R R R

%39 &

TRk R AT S K IR L 45 SR om LG L U |
56 B W1 S FF B K R 43 5 R 78,58 ~ 80. 88% .
67.35%~73.79% .53.18 % ~ 63.46 % , - ¥ { 5> I
H79.84%.70.28% .57.72%
22 EMNIMERT

BEBLIC 3 Pl AN 7] G2 B8 2 120 K8 K7 3447 41
TERGHE (R 1), 25 5 R, FL AU L 2 | 58
R A2 GUBE 42 L - 2908 4 Bl O 1,35, 1. 28,
1.19 , 3 W] 35 K7 7 A 4 ik 2 v B i s

K1 FAEBAEEFIIERTYEEZSH
Table 1 Lotus seed shape size vertical and horizontal
diameter distribution results

YRR L IX R

A Longitudinal-transverse ratio interval

Maturity
1.0~1.2 1.2~1.4 >1.4

RN

. 000%) 35(87.5%)  5(12.5%)
Milk stage

s A Y
R 1(2.5%) 39097.5%) 000%)

Ripening stage
e
e 24€60.0%)  16(40.0%) 000%)

Mature period
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Table 2

Lotus seeds compression test result N

FLEW Milk stage

it 25 4 Ripening stage

SEHM Mature period

%% Number K s i i s i 2] s il
Long-axis Short-axis Long-axis Short-axis Long-axis Short-axis

1 79.2 109.4 78.0 143.6 169.9 244.0

2 87.7 179.7 111.9 179.8 153.7 219.5

3 89.3 139.2 75.4 185.1 138.8 292.7

4 95.8 140.9 89.8 165.7 157.6 227.8

5 88.7 126.8 124.8 175.1 156.1 190.2

6 89.3 172.2 123.7 150.3 154.0 218.0

7 100.7 168.6 87.2 163.9 110.5 294.9

8 105.1 168.4 138.6 172.1 170.9 356.7

9 86.6 158.1 77.2 129.8 177.6 206.5

10 89.5 136.1 113.3 139.5 161.8 188.4
FHIMY Average 91.19 149.94 101.99 160.49 155.09 243.87
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Table 3 Lotus seed shear test result N
- Y5 B/ B/ sar de
R JJLJ? FTPIEJE /mm Shear depth
Maturit (mm/min)
aturity Shear Velocity 0.3 0.6 0.9 1.2 1.5
20 0.57 1.18 1.87 2.55 3.39
40 0.66 1.19 1.88 2.48 3.40
FLand 60 0.80 1.41 2.16 2.91 3.71
Milk stage 80 0.69 1.31 2.03 2.76 3.48
100 0.72 1.49 2.11 2.80 3.52
20 1.07 2.14 3.15 5.14 7.75
40 1.21 2.37 3.92 5.94 7.64
Bk 60 1.23 2.53 3.94 5.75 7.94
Ripening stage 80 1.19 2.35 3.64 5.59 8.05
100 1.18 2.32 3.93 5.72 7.86
- BIYTEPF Shear velocity 20 mm/min —=— BIYIFEEF Shear velocity 80 mm/min
- BIJJEEF Shear velocity 40 mm/min = BIYJEHE Shear velocity 100 mm/min
—— B Y] Shear velocity 60 mm/min
4.0 9.
- Era ol e
° Milk stage ° Ripening stage
2 3.0 3] TF
£ £
] 6 r
3 2.5 E
Q Q
< 2 S5t
“oo2.0 B w
% z, 4t
£ 1.5 'ﬁ 3l
= 1.0 =
B - & 2|
0.5 1
0.0 0 - . - -
0.3 0.6 0.9 1.2 1.5 0.3 0.6 0.9 1.2 1.5
BB /mm Shear depth BB /mm Shear depth

AFLEI Milk stage; B2 Ripening stage.
B8 AEHEETHNA-HRENEGHE
Fig.8 Fitting curve of shear force-shear depth under different shear velocities
- BUVREE Shear depth 0.3 mm
—h- BIYREE Shear depth 0.6 mm

- BUYVREE Shear depth 0.9 mm
= BUJREF Shear depth 1.2 mm

-+ BUYVREE Shear depth 0.3 mm
—A E@ﬂ](ﬁéf}f Shear depth 0.6 mm
- BUYVREE Shear depth 0.9 mm

— BUYJREE Shear depth 1.2 mm o o R R

4.0, = BIEIIE Shear depth 1.5 mm o 7 P/PIRIL Shear depth L. mm
R g 7
5 3.0 2 ¢
b ‘\x/’\‘—"‘ 5
525 2 3
= B @
“o20f o tTT—a— z 4
=z <
S 15 R 3
B 10 B 2
g e .

0.5% 1

0.0 O 1 1 1 1

20 40 60 80 100 20 40 60 80 100
B0 B/ (mm/min) B Y] B/ (mm/min)
Shear velocity Shear velocity

AFLAI Milk stage; B B8 Ripening stage.
B9 FAEAHAMRETHA-HIEREMAHME

Fig.9 Fitting curves of shear force-shear velocity at different shear depths
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Table 4 Triaxial compression of lotus seeds with different maturity N
wE LI Milk stage it Ripening stage SERMY Mature period
Times X Y z X Y z by Y z
1 98.9 132.4 136.2 196.5 190.9 207.6 226.2 314.6 374.2
2 98.2 139.4 147.1 160.1 217.7 197.6 272.1 317.3 318.5
3 112.3 126.5 140.9 153.3 197.3 191.1 241.6 332.1 322.1
4 116.1 143.6 134.6 164.6 186.4 217.7 258.0 342.6 364.4
5 128.9 138.5 153.6 131.0 197.7 201.2 232.7 296.8 339.6
6 119.4 133.1 144.0 187.6 191.3 209.7 248.6 301.2 340.2
7 97.1 137.4 122.1 171.8 190.2 227.1 233.3 279.3 337.7
8 112.8 141.9 164.6 162.2 188.4 219.2 213.9 299.8 329.9
9 117.7 152.5 144.5 169.0 201.2 205.3 268.4 308.4 325.6
10 97.7 121.0 165.7 141.3 186.6 229.2 279.3 305.2 340.2
;’ifi‘i 109.91 136.60 145.30 163.80 194.77 210.57 247.41 309.73 339.24
RS SHMARBAEENETHMEESE
Table 5 Elastic modulus of three lotus seed shells with different maturity MPa
e FLAM Milk stage % 2 Ripening stage 53 Mature period
Times FH Vertical K Elastic T Vertical K Elastic T Vertical IKF Elastic
1 1.98 3.53 3.73 6.02 7.18 12.05
2 1.97 4.04 4.01 7.06 6.01 11.59
3 1.69 3.68 3.68 7.85 6.60 12.48
4 1.85 3.72 3.66 6.00 6.36 12.60
5 1.88 4.01 3.79 7.63 6.84 12.01
6 1.75 3.88 3.42 7.71 6.59 12.00
7 1.79 3.87 3.60 7.52 6.78 11.36
8 1.89 3.92 3.76 7.49 6.91 11.74
9 1.93 3.66 3.59 7.66 7.02 12.83
10 1.95 3.79 4.05 7.08 7.33 11.94
S Average 1.87 3.81 3.73 7.20 6.67 12.06
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Mechanical properties of lotus seeds with different maturity

HOU Qunxi,ZENG Rong,ZHANG Guozhong, WAN Zhihua, WANG Yang,DONG Zhao

College of Engineering /Ministry of Agriculture and Rural Affairs Key Laboratory of
Agricultural Equipment in Mid-Lower Yangtze River , Huazhong Agricultural University ,
Wuhan 430070,China

Abstract Lotus seeds with different maturity have different mechanical properties. At present,
shelling machinery is only suitable for lotus seeds after ripening stage. However, the crushing rate in-
creases greatly when milk and wax ripening stages of lotus seeds are shelled. In order to improve the ap-
plicability of shelling machinery and reduce the crushing rate of fresh lotus seeds in the process of shell-
ing and peeling,the compression,crushing and shearing characteristics of lotus seeds with different ma-
turity were studied. In this study,the lotus seeds of space lotus No. 36 from Honghu Lake, Hubei Prov-
ince were used to measure the shape dimensions and water content. The long-axis and short-axis com-
pression and the crush test for whole lotus seed were conducted. The shear test under different speeds
and depths,and the compression test in three-axis direction were carried out. The elastic modulus of lo-
tus shell was tested. The long axis and short axis elastic modulus were analyzed and calculated based on
experiments above. The ultimate failure load,the relationship between shear stress and depth,speed and
maturity were obtained. The results showed that the average longitudinal and transverse ratio of the lo-
tus seeds with milk maturity, wax maturity and maturity was 1.35,1.28,1.19, respectively. The water
content was 79.84 % ,70.28% ,57.72% ,respectively. The long axis elastic moduli of lotus seeds were 1.09
MPa,1.22 MPa,and 1.85 MPa,respectively. The short axis elastic moduli were 1.33 MPa,1.42 MPa,and
2.16 MPa,respectively. The limit damage load of three maturity lotus seeds was 81.995 N,117.107 N,
and 167.640 N, respectively. Under the same maturity and shear depth, the shear force did not change
with shear speed and was linearly correlated with shear depth. The compression shelling force of lotus
seed in the X ,Y and Z directions increases with maturity. The compressive force in the three-axis direc-
tion of the lotus seed is numerically X axis <Y axis <Z axis under the same maturity. The elastic mod-
ulus of the lotus shell increases with maturity. The elastic modulus in vertical direction is smaller than
that in horizontal direction under the same maturity. It will provide references for studying shelling tech-
nology and developing equipment for fresh lotus seeds.

Keywords lotus seed; maturity; material characteristics; compression in the three-axis direction;

elastic modulus; limit damage load; shear force; universal lotus seed peeling machine
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