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IR, BSR4 S 5 U)K 6 1E 36
El TFC A a4 77 TMS-PRO JRHI AL AT A Z8 K
BER 1%, AR 0~1 000 N; 27K 20 5 15 H #r
TLFRABAL AR B 25 A7 FRA W) A2 7= 1) SDH-1202 R i
FIK A DE AL AT ALARAE BE N 0.002 g; B F R
6 1 3L B 5 28 ) AR 7 BT R LR AR R R
EHEE N 0.01 mm, TN 0~300 mm,
12 BEMF=HRTNE

ST DL B SR AR BRSO, Bl T AR ER 4 1)
ol =% 28 7 1) SRy Xl ), B SURD X BR TET Dy THT
XOY H Z fhiid 55 O | 1 T X PR XOY 1 11 A1 A
b 2 L3RI 500 F91 & Sk A =R RS, il 1

IR B SRR X A R R RSP AR (L) 7R Y

hER R RS RSE(B) JAE Z Bl Ry R R SR
BEH), M ELFFREN 7.19£3.50 g; K.

i JE RN 43.4749.40,21.68 +4.20,18.28 +3.50

mm, F A, SR N 20~25 mm FF 5B 43.4%

DALt o R 38 B8 RS o A R 4T 20 9L FEJE 18 ~20 mm

A Z.20~23 mm N B,23~27 mm K C %,
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Fig.1 Diagram of triaxial axis and size of Allium chinense
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Table 1 Factors and levels of compression and shearing test
K- kvl I ## % / (mm/min)
Level Loading direction Loading speed

1 X 20

2 Y 40

3 Z 60

4 — 80

5 - 100

14 RE®HE

1) & 3k b A FR A 5 HE X R AR I SE . A

TMS-PRO 4 F, FHE A& A 60 mm 1 [ % &k
HEAT HE AR50 (1B 2) o A7 i 46 3% — il 10~
75 mm/min"" , A5 K 45 3 K Oh 60 mm/min,
BEMLZE L B 90FP - 15 M0, 02 H X Y. Z 3 Al
) e PR 28 fiar B HL 6 o7 T A%, A4 T 1 1) R 46 K 5
B 5w, WwEMBMAERS RS F=0.1 N,
FE 4o B o, 27 SR T B B Sk Bl & e R R
15 1N K 38 SR R KON 2 ) 5 O R A

LA # K 3% Disc pressure head; 2.4 3k F T Allium chinense seed.
B2 BELMFERRRE
Fig.2 Compression test of Allium chinense seed
2) E ST R R I L RSk R TR ORI
AN s 47 488 T RROXE A S, 5K B Sk b Ak B 31
KA1 em BYIESL Iy, 7EFD 7 4b B 2 o X 53
X.Y.Z 344w, 4 20,40,60,80,100 mm/min
I 5 ZUR RN AR A 3 ARGy 1 (XY 2) ik
TR . B UG E L 5 K, 48 &Ykt
HCE QA 3 PR . BEE AR i A U R4 ) F =
0.1 N, JE 4k B2 vh 804 98 T Bk | Sk b 7 i e
SLrE s R A2 2D 3R E Sk BT A& il )
PPERLE E.

10 mm

B

A B IR BE R 48 Compression of Allium chinense seed sam-
ple; B &3k Fh T FE 78 BBl Allium chinense seed sample.
B3 ELMFRUEESNE
Fig.3 Determination of elastic modulus
of Allium chinense seed
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FEA RO AL, mm® s AL AJEAR H . mm,

& 4 SNz #E = 60 mm/min B B IRFER Y
Bl R AR AR AT AL M 2. DA A ) 1 2 e g
A — 2 Be AT HE A R 0.99, AT AR T
HUER B A v s v TR AR B . R i B B ) 1 oK
ROAB R SR, BTSN gL 1 0 Fa
Fo BB 58 La L. AL L5 L2
fH.F N F,Y5 Fo2{H,L 2 10 mm, A J§ 100
mm” ¥ EIREACA K (D AT S
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Fig.4 Load-displacement curve of compression

of Allium chinense seed

3 &R F By U a . BEAILSE I 75 A Sk b
FAE A AL b 43 51 DL BY 4§ 3R 20,40,60, 80,100
mm/min F X .Y .Z 3 />l o] #4742 00 57 V1l 56
AR EE 5 W, WY T T A K 100
mm .5 0.55 mm WX TR . EHIT00)E 50,
FIAH 3D ATER B R B IHHIME T IR 52 #E &, Ik
TEFTAL PG T il e & (B 5, KmafEdr,
470 7 U)W B Sk A e Sr RIS kR A5 B8 A 2k
JIEAE I E LA A Bl sk, 5 S 31T B0
A
1.5 #HiEahE

FIH] SPSS £ 48 b 21 5k AF 43 B 83 ML R 7
2251 M CANOVA) Fl 22 8 L8 f /)N i 35 1 22 S
(LSD) th# bR 22 5, & MUK F R 0.05,

2 HBREHH

EHEBRBETRELHFRE
i S AN ] D7 18] J 35t i ) T 45 AL A 8] 6 By

2.1

. BB 6 AT, N TR B it 3 5 1) X NS 4 R 1
WIE TR A ) 3 180 B Sk Tl 1 22 )22 25 /) 3R 1 %
LML R X Rl R B R TR R
SrE SR . INEE A 60 mm/min I, £ 1]
e PR 2 7 5 G 07 A8 38 56 45 SR R L 7 3 R 3K
Y By e,k 211.76480.40 N, X . Z #li )y 1]
R 116.32420.68.,139.54 436,35 N334 %t )i
AR Y S m ae /N, N 6.86+1.24 mm; X .Z By
439k 22.50+3.16.,7.94+1.38 mm, X.Y.Z )5
Tia] 1) s 4 W PR 282 £r 430 24 89.20 ~139.20,120.70 ~
294.70.101.40~184.60 N, & 2 A 0, A6 R 46 J5
Tia] X g Sk o A B 28 £ 5% W) 8 3 (P <<0.05) s AN [A) e
5 77 1) %o A B 28847 XoF 1z T 728 5 e A 3 (P <<0.01)

| 0.55mm

18 mm

- \-.; "\4“ 10.5° |
B

A B YIRS % B Shearing tester; B:JJ i & 1 /5 & & Blade pro-
file diagram; 1. 3D FJ Bl JJ %2 3D-printed tool rest; 2. J] i Blade;
3.8 K FF Allium chinense seed; 4.3D T EJFf ¥ S JlE 3D-printed
seed supports.
B 5 EL#MFHEYKR

Slicing test of Allium chinense seed

Fig.5

A:X J70 X directions B:.Y J7 [ Y direction; C:Z J [ Z direc-
tion.
B 6 EkFFIEREEE
Fig.6  Section view of pressed Allium chinense
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i1 5§40 &

38.87 . R WY TR 47 J7 1) Xof L PR A Sk 14 52 o 259 A0 Ry W =

B2 5 3 (P <<0.05), MM K a2 EAE A

(P<C0.01) ;3R F H4 4.68, R ARX SAPERLE  F {H24 5.34, RIS B AR R0 2 2% (P<C0.05).
F2 AREZBAEINRREFTHF 0T E 50
Table 2 Variance analysis of the effect of different compression direction on the limit load
[l 2% 2R F-J5 #l F B2 ¥r F .
Variable Variance source SS df MS Significance
2 |5] Between groups 24 772.82 2 12 386.41 4.53 *
IR AT 2% Error 32 850.15 12 2737.51
Ultimate load
it Total 57 622.97 14 — — —
2 2[ |a] Between groups 829.06 2 414.53 98.47 * %
Corresponding 2 Error 50.52 12 4.21 — —
deformation Kt Total 879.58 14 — — —

7 :Note: Fo05(2,12)=3.89,F001(2,12)=6.93; * F/,R_ N 0.05 KF LWBFWEER, » « AR N 0.01 KFELWBEZEMZER, TR,

* represent the difference is significant at 0.05 level,and * * is significant at 0.01 level,the same as below.

x3 AEEHFFEMMBERGEEEEZLMB T ESHT
Table 3 Variance analysis of different compression direction and loading speed on elastic modulus
R -5 A A ¥I7 F BT
Variance source SS df MS Significance
& IE AR Modified model 63.115 14 4.51 9.97 ® %
#HE Interpolation 216.07 1 216.07 477.96 * %
HH Velocity 8.46 2 2.12 4.68 *
J718] Direction 35.14 4 17.57 38.87 * %
L X 7] Velocity X Direction 19.52 8 2.44 5.340 *
%2 Error 27.12 60 0.45 — —
23t Total 306.31 75 — — —
B IE 5 B3 Revised total 90.24 74 — — —

 :Note: Fo,05(2,60)=3.15,F 0,01 (2,60) =4.98,F .05 (4,60) =2.53, Fo.01 (4,60) =3.65

(14,60) =1.87,F .01 (14,60) = 2.40.

D E4G ma g mgmn, X.Y. Z
3 AT ) SF B o M B & 4 ol O 2065 £ 1,23
1.30£0.59.1.13+0.67 MPa, H /& 45 J7 In] Jy
X W30 bR B M A B i R, Ol 2,66 MPa,
E4iJrm X 5 Y. Z MPAERFEZER (P
0.05) , A [m] # J7 1) b A R [E] LY . Z Z 8]
BEMEZER(P>0.05),

2) I 2K A ) AR S L 2 R
20.,40.60.,80.100 mm/min A, - 35 3L P 5L 6 43 5
M 1.6541.74,1.07+0.55,1.8940.74,2.01 +0.96 ,
1.85 4 1. 02 MPa ([ 7), H v fin 2% 3 K 4 80
mm/min I 1Y 3 B P Y 50 P 8 & 5 KL 2,02
MPa, H#E# Z 40 1 80 mm/min A i FE M % F
(P<C0.05), Hofh R M Wi [a] 3% 6 o8 F M= =
(P>0.05),

B/
w

s Fo.05(8,60)=2.10,F 01 (8,60)=2.82,F.05

2.01°

[ 8]
T

1.89"

F PR/ MPa

Average modulus of elasticity

HE453% %/ (mm/min)
Loading speed

avbic 8 LSD ZH A LR, BA MR 5 & 59 K F | 78 0.05 7K
VR EEES, TR,

results of LSD, and there is no significant difference between levels

-1t

a,b and c¢ represent multiple comparison

with the same letter at the 0.05 level,the same as below.

B7 ARMBEZRTHFYEEES
Fig.7 Average modulus of elasticity under

different loading speed
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3) 28 A FH OO M A B B2 R 4R 7 [ L
FH R Y 3¢ BAE X B PR R R e 3 (P <
0.05) , finZ% # #4324 20.40.60,80,100 mm/min
R, S35 3L P A Ay B E R 40 T Tl A X B, 43 )
4 3.88.1.26.2.64.2.68.,2.84 MPa; fEJE4i 717 N Y
it 2350k 0.58.1.00,1.40,1.70,1.84 MPaj; 7E JE 4
Jlah Z B 4B 0.52,0.94,1.64,1.68.0.86
MPa, 456 RGBT R A £ X Jhngk gy m
b m#EGE A 40 mm/min B, S 2 VR
/NTF 20 mm/minfif B FEPERLE LY Z B4 ER
T R A] 1) M A i 38 G W 2 25 L A B A N 2R
Jr) b g A 60,80,100 mm/min X 5k
AR, 8 W 2k ) — g B S
A T A 00T 26 T 3 10 4 o 38 5 o in 48855 A [
IF X 7 ] (18 e ABE s DR T JHC Al o PP A A
R ZKOESE R AR XY 7 1] (10 7 i 28 R X 0,

3.2
2.8
2.4

2.0
1.6
1.2
0.8

FIEAE/MPa
Modulus of elasticity

S YA/ MPa
Modulus of elasticity

B8 AEERKETHEEEENSH
Fig.8 Elastic modulus distribution at different factor levels
2.3 AR EZR 5577 [ X Y] 18 0h
HiZE 4 A AB LR F {E Y 8.40 , 1 B A%

RAR G, 8P Jrm F {H R 20.35, & W]
J5 1) X6 U1 W 7 5% A Sk 3 (P <<0.01) , ik i
F {5 N 11,68, 3 B 3 R4 U1 Wr )1 8w i) o 8 3%
(P<C0.0D), #RA s HAEHM F AR 3.78, U
W] = 2% 28 AR I S il i 3% (P <<0.01).,

D)8y E) 77 10 % VI Iy 05 . g Sk A 55 Uk
5 2R W L 4 N 2R B B0 00 5 0B BUIE AR G, gk )
Bl &SI B 0 3G RN K. B P B — 2P
K I R VI b4 Kz, FF I YA Tl R, im0
S ) 9 0 R B S 0 2 0 Bl 2 BT U0 R B Y
T BY DI BH T 1 T Ak 2 38 K, B s R R A B BY
VIR 785 R WY Gk o 38 B — 8 72 B S B Sk R T DT
W 4 B K BT 1 77 S I 75, B S I 48 07 22 0 ek
ISR BR, X Y. Z I Yk 7143 50k 6.12~
19.72.8.66~30.77.6.57~28.98 N, ¥4 bt 1 7
SR 11.06£3.67,18.07+6.39,15.73+5.91 N, #%
ANUIIE 3R 6.12 N, LSD £ 8 Fe# £ 01, 87 9] J7 ]
Y. Z FRYIW A BN 2R (P>0.05),

2) A H A X U W g s e, H 19 T,
R R 20,40.60,80,100 mm/min A, X [
B9 24 11 Wt 3 43 10 Sk 20,05 4= 7.43,12.74 £ 3,33,
11.2344.23,14.024+4.80,16.7246.24 N, f /NIt
F5y 5 7.77.7.77.,6.12.,6.27.7.32 N, LSD £ #
FL AT A1, Jn #3846k 20,100 mm/min Z [, 40,
60 1 80 mm/min Z[a] & 40.80 Fl 100 mm/min Z
[ 14 U1 Wy 77 34 T 10 3 M 22 | (P =>0.05) . Y Il %
SN 20 mm/min i, SEYIW S8 K, S 20,05 N,

x4 BUIFEMMBERTVIG AT ESH

Table 4 Variance analysis of shear direction and loading speed

R E R R B ¥y F e F
Variance source SS df MS Significance
B B Modified model 1 .838.98 14 131.36 8.40 * %
#IE Interpolation 16 766.60 1 16 766.60 1072.36 * %
AR Velocity 730.47 4 182.62 11.68 * %
75 ] Direction 636.19 2 318.10 20.35 x %
JHJE X J7 1) Velocity X Direction 472.33 8 59.04 3.78 * %
w2 Error 938.11 60 15.64 — —
B3t Total 19 543.69 75 — — —
& 1E J5 23t Revised total 2 777.09 74 — — —

1 :Note: Fo.05(2,60) =3.15,F .01 (2,60) =4.98, F .05 (4,60) =2.53, F .01 (4,60) =3.65, F.05 (8,60) =2.10, F.01 (8,60) =2.82, F.05

(14,60) :1.8791“@0] (14,60):2.40.
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Fig.9 Cutting power of seeds of Allium chinense

3 HAE R XTUIW 7 B 52 e . 5 U177 ) Lk
(5 P1) 3R 22 B VE X D) B 0 /Y 52 g 3
(P<C0.01), fin 4% 3 & 43 5l & 20, 40, 60, 80, 100
mm/min I, PP AR X 35 U105 ) 1 43
50 16.16.8.85.7.34,10.13.,12.83 N; 7 Y B4 )7
] 4391~ 23.16,15.85,14.35,17.13,19.84 N; &
Z 5515 ) B 43 ) A 20.82,13.51,12.01,14.79,
17.50 N Ah B EARHE R 220 1,39, 454 B R 1Y Xt
Fe A B 3 AT ml b maE# %204 20 mm/min B Y
SE W 13 KT 40 F1 60 mm/min, X 5 5
PRI 2R 43 A1 0 8 43 445 AR W) . 78 B A 5 48 05 1m)
b % 60.80.100 mm/min ¥F 3 34 4) Wr 1 %
A, WK 10 BA, 20k Oy m— i), 55 )
1 B A TN 2 B /0N I RGN 5 AE 0 2K AR [
WY\ Z J5 ) i 85 B0 g mg Ok T Al Iy 1w, BV 40
B R R AKCEFERTEY Jr g e AR 0 2k %
X d .

28
o ZB
gE 1% &5
R =2
B g 18 23
RE =3
=5 | &)

o 13

8

B 10 AEBRZEKFETHRHSH

Fig.10 Cutting force distribution at different factor levels
A \A
K I

AR5 1) L 7 2 P B A ) 3R s 2 R 4
FET5 ) b HA 22 S0k, Y il 1 it fin 48 e 22 J= S5 A4 IE

11 37 F , 552 7 T R R WA 8 0 1 e i B 5 X
ol ) it N 2 A 22 )2 2 A 0 1T A2 . L AZ ) T R
AN IR B 25 . BRI TN JE A M A L
PRI AS (1 £ 388 19 256 0] 8 23 52 51 0 28 3 2R 1Y 52 ), i
T A T ] R AR ELAT S, SR A R R
S PPl RS OO R i a5 1, Bk R F i £ )2
SEANAE e Fe 4 ok 72 P AR TR W RS I, A Sk b
P AR R 1 0 52 A — 2B T

EGYING b1 T Y\ Z J7 ) b 25 4 AR ARL L U0 e
MR EEZER., EELMTHEZRESEH T, )2
HAAE NI AR, Y Z Jr il i85 Y] ]
Al AN i IR 3R B WO I iR, YL Z T )
PL# /N 2R (40,60 mm/min) 59 0, i 2% 9 % %t
VI Iy %A & 52w, HLYTE 1/ F @ sl R 57 D)
I AE E ) 22 2 2548, i 2858 R A0/ N J2 ) A7 A 1]
Wit 05T UIAE FH 0 AS il D A% 3 L WP W D N
AR A B —E BT U VIE R I AW &, 1)
Wi BB YE . X 5 B YIS T B SR £ )2
SE R B L I B H R AN B SRR T B
JEEAEE BHL 3 35, Bt A 0 268 % 4 o B 482 L T /)
40 26K R Ak 2 38 i RT BB A AR — o w4 9 3
YIWr Sy 88, Rk, X 5790 7 ) b AF AE V)W g de s
D)1=

E SR TN Z RS T AL 5L
R WHCIR Y R A L, H B 45 S5 S 2
etk B R TR, LA O & 45 1) R A R, X L
Cakir 457 0TV 20 3001 B i 00 0F 5, B2 Sk P 19 B
KPR PRI 5 A 2229 2.6 MPa, {H il Tk
95 7 N o Sk i o A Y PR AR A TR i — 2D
5%

MBI KRN 57.65% + 3.5 % K 5L AR TR
F4) it 13 75 i) RIAIN 28 8 R Sk Sk b 1 A B 28 e L B
B 28k fir Xof 1 B2 A | g B D T T Y B R
Y il 1) B B PR R e B KL R 211,76 N AR
FE 48R B S P B R, XYL Z 7 A 4 B R 2,65,
1.30,1.13 MPa, fin#i# %4 80 mm/min I 1)-F- 14
WP R R K. 2.01 MPa.  pH 57 913K 50 00 75 & Sk
Tl B e /NI J1 0 6.12 N (628 2 4 A R FL Y
Z BB A KT X R 55 Y] 5 m)
Y. Z WIW A B 22 R (P>0.05) .Y Ji I
B SF- 24 B 0 7 e K, R 18,07 N, A= sz ik p £ LU
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SERE SRR A ARl Xt G L 25 G FI W Sk BT Y 7 1
U BE T B

TR A5 BT L2 I8 3 i o7 AT RE G 4 Xl
1) A B s, SO I T R M T 1) B e D
TEBETH LRI L N 58 73 25 i & Sk M1 1 39 0 25 F L T
DA dof 3 2 S P A A D i 24 9/ o 28 AR
W ARG 5 Sk R - RO AL A3 . 52 00 8 Sk o 1 PEBE A9 I
R Z B R Bl  B9 35000 HL ) 25 R PR 0 75 245 5 h
Yy I B — L RAWTSE

£ % ik References

(10 BB, T, 30000 Sk iy AR 25 JE[ )] 00 7 v [ 2 R 2 2%
#.2010,12(7):186-188.JIAO Y, YIN H B,DONG S S.Mate-
ria medica textual research of Allium chinense G. Don[J].
Journal of Liaoning University of TCM,2010,12(7):186-188
(in Chinese with English abstract).

[2]  JA w2, SLAE R, JH BROR 45 Sk A 2 ) B A oy S HEAE
WrgTik @[] 5 5 P, 2006, 22 (3) . 73-75.ZHOU X R,
XIA Y B.ZHOU Y B, et al. Investigation progress on main
functional components and effects of Allium chinense G.Don
[J].Food &. machinery, 2006, 22(3);73-75 (in Chinese with
English abstract).

[3] RBF, H#, BN, % 8L ERMBIT LMK GC-MS
AABELT] T S BESE 5 TT % 2018,39(22) :30-34. WU Q, XIAO
J.LU Y Q. et al. Optimization on extraction process and GC-
MS analysis of Allium chinense oil[J].Food research and de-
velopment, 2018, 39 (22) : 30-34 (in Chinese with English ab-
stract).

(4] BREFZBAA, D78, 5 a0 0 Sk R B R AR .
TP Al 241 . 2009, 21(8) : 97-98.CHEN X J,CHENG H S,
WAN X J,et al.Cultivation technology regulation of green food
crop Allium chinense [J]. Acta agriculturae Jiangxi, 2009, 21
(8):97-98(in Chinese with English abstract).

(5]  Bliss e, B, ki bR IS . 555 5 e Ll DX G Sk i g — fE 8 B
AL AKITERSE,20200(19) :4-6, LU Y H,CHEN S,LU C H,
et al. High-yield, good-quality and high-efficiency cultivation
techniques for Allium chinense of southern alpine region[]].
Journal of Changjiang vegetables, 2020 (19): 4-6 (in Chinese
with English abstract).

[6] ikBEX HACCP 72 & IR &k £ 7= v i 8 L) ] 9 58 B4 24 e
4R .2006(5) :82-84.ZHANG X L.The application of HACCP
in production of sweet and sour Chinese onion[]].Journal of
Hunan University of Science and Engineering, 2006 (5) : 82-84
(in Chinese with English abstract).

(7] k%A EE ., IRE D, 53K G 5T ) ik s o 5[]
A alb K 2 22 412 2020, 55 (3): 206-212. ZHANG M Y,

ZHOU Y,ZHANG G Z, et al. Mechanical properties of com-
pression and shear of taro[ ] ].Journal of Gansu Agricultural U-
niversity,2020, 55 (3):206-212 (in Chinese with English ab-
stract)

(8] fEHEE W2k, Kk F AL, 45 AN [F] B2 B2 2 b ) 2 At e [ .
fe el K2 % i, 2020, 39 (5) : 159-166. HOU Q X, ZENG
R,ZHANG G Z,et al.Mechanical properties of lotus seeds with
different maturity[J].Journal of Huazhong Agricultural Uni-
versity, 2020, 39 (5): 159-166 (in Chinese with English ab-
stract).

[o] g, 208 e . 59 R OB 45 H SR 0 38 e pL i ) B S
B ] E AR ML 4R . 2020,41(12) :55-61.SHEN H Y,
JILL.HU L L,et al.Study on the mechanical and physical pa-
rameters of sweet potato tuber during harvest[ ] ]. Journal of
Chinese agricultural mechanization, 2020, 41 (12): 55-61 (in
Chinese with English abstract).

[10] ZHam, T O, 24k, 48 R A1 2 R Pl g T e L) . o R AL
% H .2019,40(8) :73-76.L1 Y C, WEI Y,LI ] M, et al. Ex-
perimental study on mechanical properties of scallion[ ]].Jour-
nal of Chinese agricultural mechanization, 2019,40(8):73-76
(in Chinese with English abstract).

C11] XV AR , £ &G 530k 55 Hif e e 25 i g 2 R el s wF o [ .
KA 5T, 2020, 42 (7): 180-185. LIU X D, WANG C G,
GUO W B,et al.Experiments on bending mechanical properties
of sweet sorghum[]J].Journal of agricultural mechanization re-
search, 2020, 42 (7). 180-185 (in Chinese with English ab-
stract).

[12] YL BRALT 5KRTE A5 55 S IR He P 2% N 8 1 e i 908 B iR
5 [0, Al LA 3 - 2020, 51 (S2) £ 63-71. JIANG K,
CHEN L P,ZHANG Q. et al.Design and experiment on flexi-
ble clamping and conveying mechanism of vegetable grafting
robot[ ] ]. Transactions of the CSAM, 2020,51(S2):63-71 (in
Chinese with English abstract).

[13] CAKIR E,ALAYUNT F,OZDEN K. A study on the determi-
nation of poisson’s ratio and modulus of elasticity of some on-
ion varieties[ ] ]. Asian journal of plant sciences, 2002, 1(4):
376-378.

[14] SAGSOZ S, ALAYUNT F N.Comparison of some methods to
determine the modulus of elasticity of some onion varieties[ ] ].
Journal of biological sciences,2001,1(9):798-800.

[15] NIKARA S,AHMADI E,ALAVINIA A.Finite element simu-
lation of the micromechanical changes of the tissue and cells of
potato response to impact test during storage by scanning elec-
tron microscopy[ J/OL]. Postharvest biology and technology,
2020, 164: 111153 [ 2021-04-26 1. http://doi. org/10. 1016/].
postharvbio.2020.1111s3.

[16] CAGLAYAN N,ORAL O,CELIK H K,et al.Determination of

time dependent stress distribution on a potato tuber during



238 RSN 3 A NI 3= S 7 %40 &

drop case[J/OL].Journal of food process engineering,2018,41 i NS Al K5, 2009. WANG L L.Study on the relation-

(7):e12869[2021-04-26 ]. http://onlinelibrary. wiky. com/doi/ ship between compressive properties and quality of pear fruits

pdf/10.1111/jfpe.12869. [DJ].Hohhot:Inner Mongolia Agricultural University, 2009 (in
[17] E . L5 50 1K 46 45 Mk 5 0 4% M 56 R B9 F 3T [ DD, R Al i Chinese with English abstract).

Effects of force direction and loading speed on seed

mechanical properties of Allium chinense

KANG Qixin' ,ZHANG Guozhong'? ,ZHENG Kan'?,YAN Qian',LIU Hao' ,CHEN Yaxin'

1.College of Engineering s Huazhong Agricultural University ,Wuhan 430070,China ;
2.Key Laboratory of Agricultural Equipment in Mid-Lower Yangtze River ,
Ministry of Agriculture and Rural Affairs sWuhan 430070,China

Abstract A texture analyzer was used to conduct the compression and shearing tests on the lateral
X axis,lateral Y axis and longitudinal Z axis of Allium chinense seed to explore the effects of force di-
rections and loading speed on the seed mechanical properties of Allium chinense. The results showed
that the compression limit loading range of Allium chinense seed in X ,Y and Z directions was 89.20-139.
20,120.70-294.70 and 101.40-184.60 N,respectively. The compression shear test of Allium chinense seed
was conducted at the loading speed of 20,40,60,80,and 100 mm/min. The average elastic modulus of
Allium chinense seed under different loading speeds was 1.65,1.07,1.89,2.01,1.85 MPa,and the average
elastic modulus of Allium chinese seed in X ,Y and Z directions was 2.65,1.30 and 1.13 MPa,respective-
ly. The mean cutting force of Allium chinense seed at different loading speeds was 20.05,12.74,11.23,
14.02,16.72 N, respectively. The mean cutting force of Allium chinense seed in X ,Y and Z directions
was 11.06,18.07,15.73 N,respectively. The minimum cutting force of Allium chinense seed was 6.12 N.
It is indicated that the force direction and loading speed have significant effects on the ultimate load,elas-
tic modulus and cutting force. The anti-extrusion and anti-shear ability of Allium chinense seed in y di-
rection was good. It will provide reference for studying the sowing,harvesting, transportation of Allium
chinense and designing the machine and tool for Allium chinense.

Keywords Allium chinense; compression; shear; mechanical properties; loading speed
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