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20224F7 7 14 H F 14644 2 X i BB 7 s B
A A SRR S b 35 B b o ST () A T o A T R
I HAR SIS SRS 1 5 R Lr 2S8Ry, A Fh
PUHT & R4 150K, T A A TR e 1 1 75 2
it 7

DRI BT A0 1 Lo 225 BERE T e
Bk, R AR A KON FRAR KRB IA ] 1.0 m A2
fio FEARRT, W H S0 — AR A3 B T AR, BB
KT ZAE Y] 0.5 m 247, MO PERLET 0.5 m LA
NEER AT AT OC ) SRR Y o S TR AR
AR, BUE MR R A 100 mm, BUR 25254 4b
SRR oA A, AN LR R 3 s X sl
b N R I N S B 7 R SR C D U E =3
T, £ DX A B2 B 100 mm AE % 7 25 4 SR AR AE
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Fig.1 Definition of part
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TN AR 5T B I R I A R 5 7K R 11
A FIAR R (1Y) T 5 280, 7] R B AL B s+ 220
20224F 7 H 19 H , KA IR EE 34 °C W EE 8520, 4%
Fr TRRSRSE 1 S BRI , B ik e b i L
17 E SR FE B I 2 24 K 09:00—13: 00, 453k
L RE AN E 20 B (e 5 AN BURE R 8] 50 B, — 31 57 2] B
PEUEAT S K I A , 55— 320 18 6 JC B il 4% 20
A RERREAS B 10 2 PR AT AL AT 448 1) s 44 1K
55 A5y Y1

3R FE . TMS-PRO Fifg{¥ : 25 [F TFC 24
ALK 1%, 8 1000 N B 74 B iiebr B R
JERXUN, ¥ ¥ 0.01 mm, & # 0~150 mm; SDH-
1202 R 1 28 7K 200 5 A < T VT SR AEAN AR 150 45 A B
], K BE A 0.002 g, AR AE 0~120 g; Hi 201 12
THE DU AL+ o0 B Vg SR B A BR 2 WD R B 0.001
mm, it B2 0~25 mm; K K5 A IR 240, K
0.1 CHREE, 190 X EE s KR 35 1 46
1.2 KEH*E

TR B ZE AT S5 A S FL % 23 0 B AR
T 53 21 2 20 23 53 A 3440 R 48T BT AR ), B BT
i"&J/EJUG{HO

DA 1) a4 k5. 156K F TMS-PRO Jit
FAS, 5 i 2 e 5 T 8 R 0.2 N, Jin 286 3 sk %

X [A] 10~50 mm/min, JZH K 30 mm . B4 5 mm 1
WA < Ja TBR) A 2R S e L o) A AR L ] )Ry A I s
AR . N T AR RS I ZESE ST (Y R A
RT3 AR -3  FA5E U = L R R R 2 TR T
NI MR 1 25T 58 2 R 40 Je IR AF I

2) YA . ARS8 TR . X5k
I TMS-PRO B, 8% fish & s JJ 8 H 9N,
N2 BE 2 4 50 mm/min. IS TF 4R AT 220 S AH
NFEAS I AR FNRE IS A e B (18] 2) KF-Jefi:
FEAS, BT U1K T 15 3 - # it 2, XA YT Js Al
15 BRI I R A BN o RS B R FEAS Y B
VIR SR BSR4 By Ul i
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Fig. 2 Self-made shear test fixed frame
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W:D;/Z (6)  HRHOIRES SR, 22 T B T WS 380, S A A 25

HOZ5 R, MR kI 24 52
) . S " SEZERE AL b T T A R M BEAR %
yﬁwﬁ,mm;w%Hﬂﬁ;N;APﬁsﬁmﬁm B B L F IR g W 6 Tt
mm’; D K FEARSE  mms d R FEA PR mms 0, ot 1 30 75 51 19 10 ¥ 14 3 84 L FH TBM SPSS
SR, MPa; Mo RIS KNy MR gatistics 26 4 1 i 47 71 15 3 7R 45K F 7 2 40 B A0
25 A I 2 BB 1) AL AS  mm s P AR SSR 3647 2 T Mo (a=0.05) , B B2 B 3B 7

K (2)~(6)H, E N fh s AR i, MPa; / i

AN WOy BT G, mm LAV T BN 1B AR LT IS 2 ) IR )
2 HEBRELSH Pz 225 R 8.2 (P>>0.05) , 34 EA 3R H1 5

a B2 S 2 (P<=0.01) 24~ SRR 34N 2 [
21 ZRESHRSE RHAEFIR RS, L& LR ER, TR Rbh . -

D)2t 3 AFOLAY S AR ) RIS o B 2 1 (g 2 S5 340 0 55 G o 366098 2 1) 019 25 S R
P VS FIRLLAAESE 2 A M L R U834 3 R R A SRS R AN, 54 ok g IR A
HEOLAEAT I 3 KO e T R, B 10K, ik, MR G B R b R T AR 2T 24 3
1 3A S 24 SR 3 AN AL B R SAR I TR AT B — RS2 A T MR RO 3 fE phy T o 30 14 4% A e
Hoo P 3A TR R S B R TR B PORR . L RN, 2R R S RIS AN T4,
SR —TFUGZ R DL R AR, R B e 2R F R4 T s, (75230 (4 32 7 8 o ]
BORHI P B, M 25 FF S R, BRI, ) R T A 2 A
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7.0r TF1F AR s TN 28315 Hubei water chestnut No.1
Hubei water chestnut No.1 ~ Top Middle Bottom or KL #2235 Dahongpao water chestnut
6.0f REHIAETF o a
Dahongpao water chestnut 2 5r a
5.0F 4 b
8 Rz 4 N
£ 2E
; ® 2 3
< T3
R E = b
o< b
S22t , b
5 N
& N
1t NN %/
== : 0
0 1 2 3 E#Top H ¥R Middle  F# Bottom
{3 #/mm Displacement HAV Parts

b B R A 0 E P22 57 (P<C0.05), FAl, The letters in the figure indicate significant differences(P<20.05) , the same below.A : 7]
Jey S 4 iR 06 77 7 AL il 28 Radial local compression test force-displacement curve ; B: 24~ & 3 AR A% ) Jah B FE 15t 1 2 {8 bR 22 Mean
and standard deviation of radial local crushing force of three parts for two varieties.

B3 REERFAWER
Fig.3 Radial compression test result graph
2) AT i I X A 1) SR A ISR AR o XA AR AR B K AR R 2 G O 82.1106., 79.7504
BTORFE R AR LS s R A AT S KRG 77.6726.73.58%0.72.83% . O~4 hilf 4 AR B 15 5
P ) Fof S AT Sy B A 1) P A ik e - B R R sl , A 10 0 A5 9% 1 4 g % 2 (B W 1,660, 1,560, 1.245
o T W] I HURE I 5k 3, BRI S 4. /5505 1.178.1.108 No HIZESR AT, L 0~4 hiFF K 1 A &
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fif ', BT SRR B — T RS, 25T A4
ITTWAEARWT TR 4 h ISR, &K S AR TE 10%
e R AR 0.5 NZe Ay o BN R T7 22 70 M 4

R DEW, 0~4 h i) [ 2R B0 25T A4 ) 7K 32

FE S22 5 0 5

F1 O~4AhMMEENZEFBIENNATEZSH
Table 1 Analysis of variance for the effects of 0-4 h of delay on stem damage force
225+ K15 Variance factor 77l Sum of squares 1 #1 B Freedom ¥J77 Mean square F P
21 [1] Between-test 2.625 4 0.656 4.477 0.004**
20N Within-test 6.597 45 0.147
Bt Total 9.223 49

T oo RN 22 3 3 (P<<0.01), FA.  ** indicates a highly significant difference (P<C0.01), the same below.

3) 02 3 R A2 ) R 4 B A S R . BEHR 10,
20.,30.,40,50 mm/min 3t 5 R, 2% 15
TR REAS HE AT SR AR 0] e 400 - B I R e . B
IR E 107K, 10~50 mm/min (4 5 Fi 2% 8 %
20 (1 1 B B E 5> 50 2.272.1.693.2.121,1.793
1.909 N. Jris ¥{E i 44235 5] 3B rh 5 5% 1 55 25 FF
TR IRl . S B R Ty 22 (R 2) 1]
AT, A 10~50 mm/min ) 5 Fin 28 8R4 25 F iR Ry
MR 22 A

R2 TEMEEESEFHOBIRNFTENH
Table 2 Variance analysis of destructive power of stalk

with different loading speed

22 AR

D24 g 3RO A 8T U1 18 . g6 4 A
it TR NGB REAS Y SME MRS, SR e USRS 1
FHIRLLA T 2 A L b b R R 3SR
AT R =K-P g 2t i, B4R E L 10
Ko FAARBRIN LT IUIII0 - k. il
LERMAT LT 09 3B Be . S — B BE, Mgk 2R LTt
UL RS &R, RN ZEFTAE R Ty )5 7 A T a3k
TEAZ | Mot Bl (5782 Y38 TN g o b = 380, 254 R &
A5 5 B, AR B ik A O LR B AR
i T PR Sy, o Aol B R 4 R BRI R = PR DR B R P R
HUEAR SR I R (S EIS 2 6 g 2 Y
YA o NI BUIE 7 TR P 1= a1 2 e o= Y N 5 )

; SF-J5 . 5
PEEE S I H S T T N S B M 3 \ -
Sk Sum of o Men B P AR ERRRGICEOYN X W LS Sl T 2SR
Variance factor ) ~ Freedom
e e BTYN R L, IO R R B BTSN Ty o Ak, 24
ZH 1] Bet -test 2.250 4 0.562  1.092 0.372 3 e - ; ; ;
et ’ i T AR 0T 07 0 5 T R, LA
¢ ithin-tes 23.1 45 51 N e N N .
AWt B S 0 S KB Y1) 2 S KT SR I 3 A
o W SESNIIPIE ISR E S RE
A B
SRF1S [ 7B S NS o e :
225F Hiibeiwater ches No.l T : 24 %13%1%5 Hubei water chestnut No. 1
200k U)Hw;;;;@f;l;;l ’ Bt Edﬂe Bmm . X K4 #12E 5% Dahongpao water chestnut
175 Dahongpao water chestnut 00l 5
8 150} z g
2 Z < 150 NN
5 1251 T3 N
-~ ~=
R 100p :; £ 100} 7
= 3 €
75k ’ = = g c d
S0r A 50¢
o/
250 A e
a2 i e 7% . 0 & £ /
9() 2 4 6 8 10 L3 Top i Middle T Bottom

2 #/mm Displacement

FAV Parts

A 3PS 1 i 2k Force-displacement curve of shear test; B: 24 34025 V) 1 ¥ K AR E 22 Mean value and standard devia-

tion of shear force of two varieties and three parts.

Bl 4

EIRIE AR

Fig.4 Shear test results picture
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P 77 25 50 AT AT, 2 A Rl 22 D) ) e R B D) ) 2%
SR (P<<0.01) , 300 = W] 9 e KB 1) ) 25
M R RS A B 52 B 22 R (P<
0.05) . 454 Bl 4B, X1 4T SSR 1L Z H i, 45
SR, R R B Az Y 25 S 2, B
Mz E 25 A B E (P>0.05) . KLWAEFT
PN BEAEAR K THRFE 15, B2 w2 e] 22
HE /N, YT 48~T0 N, T2 2258k, 225 KT 40
N VEIZERT — M B b AR 2021 L g1 254 |
YDy AN AR R AN B XA T
oy Y) ih 2— I IR 2 PSR PE PR RE S, WL B
o A — ORI, S 307E i 2 B 2 e AR R
AR ZEFF T B T AR, T ZE MR 43 FK 43 ok S
PEREAHIVE , 55 41, TS 1R 43 ) A AE £ e % B L K
TP L ZEFF AR, J) 2~ M REAR LT &8
25—

2) B VIR . 25 E AR IME RER L
B 56 15 21 9 A0 B 04 Jie K BT U0 7, vl AR A
BEAS 1 BY U158 B, DTG T 5 A SR AT BY B
M. SRF 1 S M RamZEFHm L T3
AT 5 U] 9 I (E 43 ] R 7.041,7.007 | 6.007
MPa, 6.001.5.570.6.297 MPa, 2™ & #1345
V7 11 B 1) 58 8 R AR b B KL, SRS 1S ATR
AHZEFMMZEMZERAR, R KEMEAELS
MPazZ .

3) AN [} e B s o B PR B0 i . A
SANBTZIA 105055 15 Ay 141, 4L 504,
AT ) R R R AR XK E R 10K, 0~4 hif

A
FE 1S A R R
3.0F  Hubei water chestnut No.1 Top Middle Bottom
- s’ o w— —

Dahongpao water chestnut

J3/N Force

PR R A I A B4 R DR B ) ) A 8 ELAR
43.472.49.315.53.496,67.732.53.811 N, ML 0~3 h
4 B ok A v, A R U ) R AN IR Ty (R AE SR 3
AN 4N I TR R S (HER ER AT
SRIF 1S gy e E 2 N (1 4B) . SN R Ty
Z2orHr (GR3 G EIR , 0~4 hiy iy B AR, X Z54T
(85 K BT U] S RS2 AN 2.2 (P=>0.05)
x3 WERKXHEY AWM E S

Table 3 Analysis of shear force variance

at 5 moments of the day

; Syl ¥i5
= A
),;‘#;Ed/jﬁ\ Sum of FI e 2 Mean F P
Variance factor Freedom
squares square
ZH[] Between-test 3 207.146 4 801.786  2.393 0.065
ZH P9 Within-test ~ 15080.61 45 335.125

J3t Total 18 287.75 49
2.3 Lhikig

D)2 Rl 3025 s . SEERSE 1%
FIRELLHIZESE 24 SR DL & b v 3 3 A o7
PP R =K 58 M G - — 0 2 il . 105
T 6 o7 4 SRR AR I RST8] 5 A iE (=
56.32 mm, REEE 10K, K S5AE 2 S A 34
A7 A i e g i RS 2, el I SA AT il 2] LA
KEr R 3B Be, 35— B Both 2 4k, = 3
ST AR PR BT 25 AN B B A 3 38 R e e AT R
IOV 2R, 723X B B 25 1 2135 i R B, PN 2 21
SERGFE R K AT 7, 55 = AN Bt e 218 R I,
ARSI Mo, i 2R A2 T3 ¥4 0~
3NL2A LRI T 852 B T B AR, b

{7 #%/mm Displacement
A HHR IS S M1 2k Bending test force-displacement curve ; B: 24~ &l 34384725 i F7 ¥91H K brifE 2% Mean value and standard devia-

tion of bending force in three parts of two varieties.

B
2P %15 Hubei water chestnut No.1
RELMIZEFH Dahongpao water chestnut
3_
2 a
a
Z S
§ 2 of
A5
R 5 b %%
o
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S oy ®
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zZ \
0 e < <
3B Top H1 Middle T8 Bottom
FAL Parts

5 THIXBRER
Fig.5 Bending test results picture
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AR i T AR . SR 15 0 3 ERAL Y B
RIARZ I BRI K T RELHIZESE . I 5B Al A, 2
A dt R B R KR AZ T3 N AR SR B R R, B
WIETRTF 1S ib S RLLMI 225, 25AT A LA R Y
R RIRZ T AR/ N T 1N, R RSB/ N T 2 N,

T3 2203 n R, 24 i b 2Z I B9 B ROR 32 T 2 5+
A (P=>0.05) , 34 2 [6] 1Y e KK 2 77 78 5+
e 25l Al R ER A A S8 LI 2 S R L (P>
0.05) o XA AT SSR ik ZH AL, 45 R o, T
TR b B p AR 2 ] B dx ROR A2 ) 22 S 4
(P<20.05) , LRI 8 2 6] e KK % 1 28 5 A 3%
(P>0.05),

2) HoAth o v . AR C A Bl (R 4) FI A5
THEAT 24> Wl Rh B9 3 T7 1425t ik S i 25 iy
SR ABUPERE RIS MR

OZEFF R Gt o 2 e i v B o 1 8
e 11 AN Rl w7 O 3 = 0 Rl A P
15 PR AL A 300 MPa Z2 47, T K41 M2
CL 28 KT 400 MPa, 1 & Hs R 3 AE AR 78 100~
200 MPa,

QZEFT & i . FP5F 15 25 il ok B X (e A
2.0~2.5 MPa, KL #1425 75 il 56 P (L 1F 1.9~3.2
MPa. KELHIZESE AR 2 56 B2 (e b s v T oAt
FRAL, 24> i PR A 22 S AN

OZEFF NG PR o 24> i b 4 15 4 R 2
FEACORFF— 2, F 0 A A AR IR e T A
R, BB TE 35 mm* 22 Ay, b AR AR A AR
1E 8~13 mm*,

@ZEFTHTAWIEE . 24 AR R 3SR AT 2
5if I RE AR A B — B, ZEAT B P R R SR
eI A H LA T 2E BB, AR R 2E
VN o B RRASL A BE AR IR T 0.005 N-m?, # {4
PRI B

x4 SAEMIMEM T H M RMENE
Table 4 Table of mean values of other bending

properties for the three sites

ot s R

Z5 il 5 Bending properties Top Middle

Bottom

AR /Mpa Modulus of elasticity  170.476a  348.473b  134.649a

Z5 il 2 /Mpa Bending strength 2.334a 2.831a 2.059
B4 /mm* Moment of inertia 9.619a 11.329a  33.965b

YU EE /(N -m?) Flexural stiffness  0.001 52a 0.003 73b  0.004 04b

3 i i

AW TOREAT G A AR ZER (RIYI #1550 em ) 1Y
EESER ZEFT A0 B R R R R 3 AN A, 4
F 15 MR LA AT I T4 1) IR 45 L 35 Uik
WA RS . AR ) R4 e I, 24 AR 25 AT
T A A2 ) AR AZ F N AR TR AR YR K, ELIR R YR &S
¥ LR RS S R, R IR T BE AR A N A A,
17 _E R AR A I 7E 1~2 N, RELHIZETE 3B
BEIR I = TR 150 0~4 h ANEERHS A48 B
23 FBCEEFF B AR TR B LSS ) 7R 32 T R 5
541N #H 2R (10~50 mm/min) X 25 FF 42 [ 7K 32 J1#Y
A (P>0.05) . %5 L, 45T Z I K25 FF 1,
e FEHRA R T R b 5 U ZEFF AR AT IR N B A
IFREE ; N B FH 2R R AR A R v, B 1 )
)RR K, ZEFT RE AR 32 19 I FE b/ IN B A R R
P KA R TR 2 T

BEYIA Y B, 24 SR T R BT b ) 3 B
KT BRI S, 59U 77 #4{A 7F 120~165 N, 1fij |
S A0 HR S B B U ) Y AE 48~60 No 24N ff Bl 7E 3
AR 11 55 D) 5 AR s A AACOR K, A
1E 5~8 MPa, F#7E 6 MPa Z£ 47 . [ FEXTfid B T
O~4 h ANFERH I 22 7T 317 59 U135, pr s 5 9] )
WHATEIEH EEZ W, 8 A &3 (P>0.05) .
SY DS AT oy B B RS AR AR B BT TR R S5k
R

s B, R A B A W R B N T
AR ER, B(EAE 1.4X10°~1.6 X103 N-m?; F #B Y
5y A A P T R R, Y (B AE 290~
405 MPa, K £1H#1 22 5 7 2 il o 22 g K T 5P 5% 1
5 BUE R 3.2 MPa (4 48 A5 B B KT
PRI RS A AE 33~35 mm*, HZ I R ET b
PR ep R R KA 1 P8/ N T2 NL 25 |
KL MIZEFAEBTER i T905% 151 2 Fh 3%
AR 5 2 01 i R B IR, B B R A S
AT T, PR R s RS AR G A b, R s/ N 2R AT
Mz 7.

A GE RS A (00 R O 0 2 B A B T X LA
R A% Ty e $E | B0E (8 FH AL I 1524 B it ) &8
7 e 4 A it 3 3 42 o, B D 0 A 26 AL RN 2 R
TERE i B IO AR G T 2 PR R RS e, HLARCE
BTN [F) 2255 TR A8 P IS 0 AF S S B AR SRR
(R B AR AU AL B AL IRl S50
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Experiments of radial compression,shearing ,and bending on stalks of
water chestnut seedlings at stage of transplanting

SU Yangiang,ZHOU Yong

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

Abstract The mechanical properties of stalks of water chestnut at the stage of transplanting were
studied to provide a theoretical basis for the mechanization of transplanting. Experiments of radial compres-
sion, shearing , and bending on the stalks of Hubei water chestnut No.1 and Dahongpao water chestnut from
Tuanfeng County , Huanggang City , Hubei Province, China, were carried out with TMS-PRO textrometer.
The results showed that the capacity of radial bearing in the stalks increased from the top to the bottom,
with the average value of the lower part ranged from 4.0 N to 4.1 N.The longer the shelving time (within 4
hours ) , the lower the content of moisture in the stalks and the smaller the capacity of radial bearing. The ef-
fect of loading rate on the capacity of radial bearing was not significant. The lower part of the stalks had the
highest force of shearing, with an average of 120 N to 165 N and a strength of shearing about 6 MPa. The
effect of a 4-hour resting time on force of shearing was not significant. The upper part of the stalk had the
smallest stiffness of bending, with an average between 1.4X10 ° N+-m” and 1.6X10 * N-m?, the middle
part had the largest bending modulus of elasticity , with an average between 290 MPa and 405 MPa, and the
lower part had the largest cross-sectional moment of inertia, with an average between 33 mm* and 35 mm*,
and the force of the lower part was significantly higher than that of the upper and middle parts, with an aver-
age of the maximum load less than 2 N.It will provide a basis for the design of the machine tools for cut-
ting, handling and transplanting of seedlings.

Keywords stalks of water chestnut; the stage of transplanting ; compression; bending; shearing
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