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Design and Experiment of Flexible Belt Clamp Directional
Discharging Device for Allium chinense

KANG Qixin' ZHANG Guozhong'?> ZHAO Zhuangzhuang' LIU Wanru' TANG Nanrui' LIU Haopeng'*
(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China
2. Key Laboratory of Agricultural Equipment in Mid-lower Yangize River,
Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract; The Allium chinense, a perennial plant of the Allium genus in the lily family, is predominantly
found in the Yangtze River basin and southern regions of China, with a cultivation area exceeding
6.6 x 10" hm®. Tt boasts a unique flavor and high medicinal and edible value, being extensively exported
to countries such as Japan and South Korea. It has become a characteristic industry and foreign exchange
product for implementing the “ Rural Revitalization” strategy in some areas, with broad market prospects.
Currently, the cultivation of Allium chinense largely relies on manual labor, which is physically
demanding and costly, thus hindering the industry’s large-scale development. There is an urgent need to
develop and apply mechanized planting equipment for Allium chinense. Aiming to address the agronomic
specifications regarding the orientation of bud scales and the engineering requirements for low-position
discharging during the mechanized planting of Allium chinense, a flexible belt clamp directional
discharging device for Allium chinense, based on the spoon clip type seed metering device was
engineered. The mechanism comprised a feed deflector, conveyor systems, electric motors, synchronous
pulleys, and flexible belts, among other components. The operational principle of the flexible belt clamp
seed discharging device was subjected to theoretical analysis, with a focus on the feeding, seed posture
correction, and seed discharging processes. This analysis facilitated the determination of the structural
design and parametric specifications for critical components. A coupled simulation model was
constructed, integrating multi-flexible body dynamics ( MFBD ) and the discrete element method

(DEM). Using response such as the seed horizontal discharging rate, horizontal seeding rate, and
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qualified rate of hole distance, a significance screening of the coupled simulation experiments was
performed, considering five key factors: the clamp belt angle, theoretical conveying speed, belt speed
differential ratio, clamp belt spacing, and feeding radius. Subsequently, a regression orthogonal field test
was executed, focusing on the clamp belt angle, theoretical conveying speed, belt speed differential ratio
as experimental variables. Employing the Plackett — Burman design and the Box — Behnken central
composite design, regression models were formulated for the seed horizontal discharging rate and the
qualified rate of hole distance. These models were then utilized for parameter optimization, yielding an
optimal parameter set; a clamp belt angle of 65°, a theoretical conveying speed of 0. 38 m/s, and a belt
speed difference ratio of 1.64. Field test were conducted under the optimized parameters, and the
findings indicated that at a forward speed of 0. 16 m/s, the average seed horizontal discharging rate and
and 78.89% ,

respectively. The experimental results demonstrated deficits of 4. 17 and 1. 15 percentage points relative

the average qualified rate of hole distance achieved by the device were 61.11%

to the model-predicted optima.

The outcomes of this research can offer valuable insights for the

development and design of mechanized orientation seed planting equipment for Allium chinense.

Key words: Allium chinense; planter; orientation seed discharging; flexible body; DEM — MFBD
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Fig.3  Force analysis of feeding area for Allium chinense

Je s, (°) 50 JAKFITE S S X Trmk s, (%) sh
b e 5N ikl Z PR RS, mms 0, 0, 735 R b
AR R i 226 7 1) B B Al T rad /s smg O B
KPR 1, NN N, 2300 B R LT S
KX B SR AR SR T, NG L 0 B B e R A
I i 25 X 88 K b 1 B BE 4 ) Ny o O Sk b1
S FE | rad/s™ 5 10 2 2 RSP 18T 0 6 LA IR 1 Sy
ik, T,

XHANE 3a BT 7R B XOY -1 1 & 47 ik, 2
W VR Bl EE B TR A T 1
F_=f, +f cosd + mgsing — N, sind
F =N, - fsind — mgcosf — N, cosd (1)
M, =(f,r-f,r)/1000

A F——8KFh 778 X I m sz & 1, N
Fo—— &R 7E Y Jrm 24 71, N
M ,——Fh iy 32 - T S35, N+ m
m—— gk B ke
AR A= 112 3h % 3 n] 412 8l 75 7
F.=ma,
{F} =ma, (2)
M, =]«
X a, B R TAE X T R B, m/s?
a,—— B SR TAE Y J7 [ I m /s

J,——FhFAES O S IR kg m®

i1 3 RIAL, &Sk R B AL A, 78 P
I3 SR JI AV I3 64 38 AR R ARAS U X5 1 (9
BB R 2 T3, B b 26 % ik )0 2 Y i IR
ARI3 2 FAE O A R U 3l A R X s A IR
B Rl A Sk Rl R R AR T M e R ol
AT 5745 2 0] 6 AR A 3 8l JF MalivR sh ok 2618, &
S Foft 5 D) S 5 A

a),zO
a, =ra (3)
a>0

(D) Al AR, B Sk B R ah AT & I Je
WARARIE H R 7 N NS U Bl 25 PR 422 fioh £ & 1 sk
AN SCRRTT N, R 0 R B G O e, T ik i X
b 9 die R BE 4 )t Bl 2 38 K, P IR s R ALY
R AT LA /NN, 3B A0 ) A AT W s R Bh k. i
K 3) WA, B F IR TR S RS, Je R X A5 1
FEFEG JIHYE R, B ISR S ACIRAS

&l 3 AT, R DR AIE & Sk B R e+ T AT 7S
R M 25 [A] B e R A v 5 Bl (RDFE X )
) PR 2 K T Sk Bl R B

Xy, -1 =L (4)



%53

R B A AR oA S e 1 R e Bt 5k 249

Roft X, , 0, 0,4 X 7 B S ,mim
L—— @ 72 K, mm

PRSI Al 0 R B A L5 B R H
SEY(E Ol 43. 47 21, 68 [18. 28 mm , Fif - i fb BR 44 2f
& r EE Y 14,2 mm, r AR C A HERD &5 4514 L2
FEH AR B 17 - 37 mm, WA X, 0, >80 mm,
PRAESFFHOR , P E R A 300 10 ~ 18 mm,
2.2 kER

i Sk Bl 7 S PR AT A BE 4 KOS R B B #S
b e AT Y SR AR W O, Y A O Y X AR BR R
TR O I 55 Sk B M e Rl AR W TR R A
BT RE BT AR B

i S B Ry BERY 32 T3 BL I 4 o AE
XOY -1 A K 3 5 g 1) 5O fj AR AT A

F_=f +f, + mgsinf — N siny

F =N, - N, cosy — mgcosf (5)
M, = (f,r—f,r)/1000

A y—— ERFF X ELF T3 N, 5 Y Al
TT5 kA, ()

(a) B2 71400 (b) Fh -5 JeRA LA
4 SRAF BBl 2 1 00

Fig.4 Force analysis of clamping area for Allium chinense

o3 (5) ml AL, Bl i A e R BR AR IR 3 1
M VE IR R LR W B, WA Bl 7 Je R A8 N I Sa iR
I, 5 A A5 e Rl am sh T 1) AR TE T W A
PR B TR B B T, e 5 4R B SRR ) N B
R, BEIS T X T () A9 oo B A5/ o AR e /AR
JEHR M SRy R AR ) B A R T 1 B i O
T3 T e A A 5 Ry e am B Y I BT 1A
SRR oE S PR R TR S 2
W/ S T FEEAEE S 080 | B Sk T4 i i R B0 5
e RS, I S 7 B 5 ) RN AS BT T B

5 SE AR B AR @, =0 .0 =0 A J7 HlE

1 . .
fi=h =7(N1 siny — mgsing) (6)

v, +v, =20,
LA R L, m/ s
MR, m/s

X v,

U,

=
-

(o) B 72 (b) VA R s
FlS e Bodd sk fh 7 % 25 8OR B
Fig.5 Diagrams of seed posture adjustment in clamping area
PSR B, m/ s
2 (6) RN, Fb 5 A4 2 98 F ik g e 1A
ARG o oAb, T 718 [ VR 3 IR S i 3 gl BE 4
NG53R IRy, B WS AR x s s, B o, >0,
I A3 IR Bh A1
2.3 MR
& S Tl 70 e 15l 25 R K AR R R TR 8l
Y 0B X AR KT 8L O, 1, 8 Sk 7 b e fpy
BRI AL Ab B/, 5 O A8 Y 5105 [l 77 AR A
¥ , i Sk 5 e SR B BL
&Sk MRS B 32 ) 1 LI 6 B T
XOY -1 PR 3L 537 18] 50O faf A AT 4%
F_=f, +f,cosB + mgsinf + N,sinf3
{F} =N,cosB - f,sinB — mgcosh — N,
00,5 Y J5m By ffi, (°)

US

(7)
Af B

(a) FRT-52 71 UL (b) Fh P It L S R
Fl6 Rk B Sk AT 3 o

Fig.6 Force analysis of discharging area for Allium chinense

Bedb ik B AL W, B3 K, cosB /N,
(7)) AR, &Sk A 7R R = A2 X D5 [ FY 05
T 8 o i B, oA 3 7 2l 2 b1 £ R Il 0L
B BRI &L SK AT RSE AN R BRIl SRS AN o
Sk b ROT BRI, B 5 17T W R i o0 5 Ao
TR BN, b ey e SR 1008, e AE ik
VRN [ JE 035 o D9 AT RE A LT A [R) 25 ik B Rl
T B A PR B OR 1 3 Y L AR A R R A
¥y, T el B i 5 B Sk R A S AR
5 AR /N AR 1 AR, A 17 mm
2.4 RFTEAH

i Sk b DAHERD 5 2 e R B P e BN i 2202 B)
HREANE T P, AR A ] N S % R Bl 7 e FF
7 L SR Bl o T RE /N B Bl T
T PR ER BB R R K T S PILA. i



250 & ok L

L4

e

i 20254

K7 ki dhid s E R
Fig.7 Schematic of seed movement process
R AHAR o AH AR FH 18] 7 7P i (8] (1] g 25 3 b
o PR A S E] 1) B, , o e A b [ i k1R
Foft -, A e 1 B0 Mh 2 B A Bk I TR o, <o 5 A R A
i TP R I d 22 Ik 2 KRR LR 1 <1, <2005 09
JRH

(8)

v, =v,cosf

(N-1)t,<t,<Ni,

A s——EL R, m
v, —HLE AT HE , m/s

l R FFFRE K, m
N——J& ¢4 v [m] B Hi 2% 194 b 2
25 4 TP R R i 6 R OC R A
(N -1)s<lcos§<Ns (9)
R4l O A HERh A 4540 RO, 38 8 I fpm ik K e |
With0.35 m, FSLFAE T s BRO. 1 m, AR R
UE e FE i 26 2005, 0ol A0 Hiy 326 ol R) %) B A 52 e, VB
2; 2 A HE R & LR § 2 E 0, % 0.06 ~
0.14 m/s[m; IR (9) 15 0 W BE 5 Rl ol 56° ~
73° 0 M HEIEF Y 0. 12 ~0. 40 m/s,
2.5 ®FRS
1l 3.6 AT, BB Sy DR IR 7 Sk A I A e
R AE X, 0, i 2 SR B LR B, B 7248 r AR
{EL 5 FHETSCA BT 0, 4% R B e KR IR A4S AD JCH O,
HR R e N A R e e b T
B SRS Bl 2 Ak SLAE T ik Al i S R R
PR ] JE ik, $5 b o BN R TRk B v, R
R RN R0 D ST g & 3 N S o e =
We/ME . HiE 3b.6b n[f5 68 6.8 MR R A

r,+h-r

cosd =
r+r,

r,+h+Ab-r

r+r,

(10)

cosf3 =

TEMRABL, 6.r,  h 43 5B 56° .37 mm 18 mm,
00, 7K1 f, 1w T, die KB Sk Fh 7 ] A6 AR

T A TR AR I FOIRZS , B 5 R Rl 5 kAR AT
M BEmE & O 340, FEBLRNBL, 0.7, (h 23 BB T3°,
17 mm (10 mm, 0,0 Jy K1}, fe /N B Sk Rl 4k T 5
N ko B R I SRS ek B o 1700 fRALL
B A A, X (10) AT ARl 2R AR r R RIS
il 5. 45 ~13. 27 mm , 75 8056 5 F2 W k26 - 24 R
A /N Sk BT

3 DEM - MFBD & EiXL

AR A R L AR A T AE S 5, R ] DEM -
MFBD #8517 150 77 VAR AU 23 i Sk 78 32 M e fr
e g iz g LA K JE A #2 G i Plackett —
Burman fffi 15128 36 7 2 0 MR i R &, DUIT R ik —
HAlAL
3.1 MAMERIET
3.1.1 B ook iy

R 3D 31 $ AR I Sk B3 9 = 4E s
W, 2B S5 e AL R AR S o K AT sl A% XSO
F A EDEM & H] H 3l 851 58 K T 3h il i 75 A
i, Sk - FUREASE A, A o 5 JOURL ASE A8 1 T ] A5 A1 [1]
5N Hertz — Mindlin 432 il B85 7 45 36 8 L Ao A5
RIME A IE B 60 mm 4h 1% 8 5 45852 )[R 25 1Y
UKL T B HERD S BEF, B 711 0. 8 ~ 1. 2 £ R/
BEAIL AL L, 45 A g 1) (8] B e, 3155 K
s  2mR

v, ny,
Arb n——HEFP BTN 5L

AJJe R Sk HER B HERD 4R R 9 0.3 m, HEFh
FICANECR 20, B3 X 0.1 m AR PG (11) AT 75
N [ iy 2 3 R i $ S

1E EDEM v 57 Fof g - e 0RE PR , 1 38 JURE
AR 2,46 mm (1 BR B UKL 3 5 $2 15% \75% |
10% 1 Fe 944 1% , % F Hertz — Mindlin with JKR $2%fih
BRI AS UL 1 38 P 3R, 55 b B AR, 15 B AUk [1)
RIMAEN 4 J/m’ MR R L, B K x 58 x &
72500 mm x 200 mm x 90 mm () - 15 k7 DR | 5 A
PR E AT 2R T 58 100 mm 5 7€ 70 mm (1 V7 Fif
o Aa SRS %30k [23 -26] 1%
B RS R OR S UM AR SRR 1 TR
3.1.2 ZFEVERGh 2R

HES W EEE Uk i ] N SR e
A x —t AR 0 TG 5 A Recurdyn 2023 /7 JLAa[ {4
M B B N Steel, i ] Flexible 3t & Belt T. E.5§
Az R SCHAE I3 M R 3 ik > A2 0 1y 1Y Shell belt 2%
PR JEE 2 mm, GEJE 90. 5 mm, PN 2 M 43 51 K
433000 SEATT, B BB E AR, SE R 1 R,

(11)

0




%5 ]

R B A AR oA S e 1 R e Bt 5k 251

x1 FERESH

Tab.1 Main simulation parameters
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Fig.8 Coupled simulation modelling process
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Tab.2 Factors and codes of simulation test
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Fig.9 Clamping and seeding coupling simulation test
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Tab.3 Simulation test plan and results

H % BefhiE EFRE R
e/ v/ L h/oon/ EREERME SARE
(°) (m-s™") mm wmm a/% b/%  d/%
1 56.0 0.40 1.9 10 37 50.00 42.86 42.11
2 73.0 0.12 0.1 10 37 52.94 47.06 63.64
3 56.0 0.12 0.1 10 17 30.43 60.87 66.67
4 73.0 0.12 1.9 18 17 52.63 47.37 22.22
5 64.5 0.26 1.0 14 27 42.86 42.86 38.10
6 56.0 0.40 1.9 18 17 66.67 66.67 21.05
7 56.0 0.12 0.1 18 17 52.17 47.83 45.45
8 73.0 0.40 0.1 10 17 13.33 6.67 70.59
9 64.5 0.26 1.0 14 27 30.00 30.00 55.00
10 56.0 0.40 0.1 18 37 34.78 65.22 66.67
11 64.5 0.26 1.0 14 27 47.83 60.87 58.33
12 73.0 0.40 1.9 10 17 84.62 53.85 31.58
13 56.0 0.12 1.9 10 37 50.00 12.50 16.67
14 73.0 0.40 0.1 18 37 45.83 33.33 95.45
15 73.0 0.12 1.9 18 37 80.95 52.38 38.10
x4 FERBHAESH
Tab.4 Variance analysis of simulation test
1 45 W% pmE M F P
e AR BN % @ k 1 2012.17  9.39  <0.01*"
6 1 22.70 0.26 0.63
v, 1 180.94  2.04 0.20
k 1 24.17 0.27 0.62
h 1 149. 30 1. 68 0.24
AR b Ov, 1 410. 07 4.61 0.08
Ok 1 1166.50 13.12 0.01°
vk 1 968. 26 10. 89 0.02"
v.h 1 495. 45 5.57 0. 06
6 1 330.33 6.33 0.03 "
v, 1 907.82 17.39 <0.01*
FTHEAHE R d k 1 5459.12 104.56 <0.01**
h 1 0.45 0.01 0.93
6h 1 793. 41 15.20 <0.017*

TE e e LR E (P <0.01), * FIRF IR L E (0.01<P
<0.05), F .,
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Fig. 10  Field test platform
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Tab.5 Main parameters of dual motor tracked chassis

S8 Bl
IR B H HL T 3R/ kW 1.5
B/ m 0.5
LMK /m 0.55
JEK x T x &/ (mxmxm) 1.0x0.7 x0.3
KB B/ m 0. 097
e RATHEE B/ (mes ™) 1.2
2 B i kg 150

4.2 K®WHE

W Design-Expert 12 #4347 Box — Behnken
IR T RV, X AR A 0 ISk U 0, )
R 22 LG kTR b 20 5 0 R A, DY 3R
hank 6 fron, W L IT e 17 4, 4 20 o 49 A F
Sm, HiEEA 1 m ZpX, X558 b F 0 £il5,
FUEG AR d AT G & 8RR RN R o AN
7o PR b A8 b SR FH S I SR AR R AR 1 7k 7y 5 X e it
R, HESIERS RS BT 17, HEE 3
Wo IV 288 B b A J5 R T E B 2k A7 Bl A
2, ) an i 11 s

x6 HHEKD
Tab.6 Coding of factors
i i e R A A L i ik 3 B
6/(°) o/ (mes1) WL k
-1 56.0 0.12 0.1
0 64.5 0.26 1.0
1 73.0 0.40 1.9

4.3 RBWERDSN
AR i 3o M, B 2H U 9 IR 2 OK - 220 5 Al
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Fig. 11  Field test
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Tab.7 Box — Behnken test protocol and results

Fe HX a/ % b/ % d/ %
x Xy X3
1 1 0 1 53.02 58.82  81.82
2 0 0 0 60.61 55.75 73.47
3 0 0 0 62.86  66.67 75.56
4 1 -1 0 52.63 59.83 72.34
5 0 0 0 63.16 65.12  72.92
6 1 1 0 48.42  51.30 81.82
7 -1 1 0 56.47 45.68  72.00
8 1 1 67.80 54.63  78.26
9 0 0 0 64.86  60.49  79.50
10 -1 0 -1 38.78 53.33  61.22
11 -1 0 1 71.08 55.36  62.07
12 -1 -1 0 62.50 49.09  59.38
13 0 1 -1 40.82  54.61  79.07
14 0 0 0 62.96 51.28 77.19
15 0 -1 -1 42.31 55.56  64.29
16 0 -1 1 64.91 56.98  75.51
17 1 0 -1 39.02 50.82  72.55

k=1.0

! o=k 0=73.0°
B 12 AEBA 0 K 22 L kT R B e
Fig. 12 Some cases under different inclination angles

6 and ratio k

X 46 45 SRR AT Il H L5 43 B, 45 B 45 R R R
Foa FEMREEENE b RS AR d 1Y R ] A
a=62.89 —4.47x, 1. 11x, +11.99x, +0. 45x,x, —
4.58x,x, +1.09x,x, — 5. 68x; —2.20x; — 6. 73x>
(13)
b=59.86 +2.16x, —1.90x, +1.43x, — 1. 28x,x, +
1.50x,x, —0.35x,x, —4. 62xf -3. 76x§ -0. 66x§
(14)
d=75.73 +6.73x, +4.95x, +2.57x;, —0. 79x,x, +
2.10x,x, —3.0lx,x, —4. 61x, +0.26x> —1.71x;
(15)
X [ YA A A5 e £ 3 [ )] 2R 55 M 4% R 2R A3 ) A T
S EVERG R A 2 8T, a5 RN L 8 TR, M & 8
AL, R R RS ENR o [l D7 R B (P <0.01) , H
RANTOA T2 (P >0.05) , =W 0 [ml )3 75 #2 0] LA
BAFIC S PRME . P AE AT, %, a0y v, o, 2 oo X
BRI BAG B 0 (P <0.01) , 8 Fl b B3 o (1)
B3 A DS DN U R U - A N S 1
6 FRISH L HE v,
HH2 8 Al N, JCHE A% 3 d [0 )3 7 R AR T
(P<0.01), HARMI AR E (P >0.05), K K
[l 7 & AT DA AP DR RE S PR . i P AT, 2, \x,
KPS AT W i 25 500 (P < 0. 01) 2y e,y o) XK
AAREZW(P<0.05), XKIEGHF d ) EELE
el Bl 2 K B /N Ry < e KR A A 6 B e Bk B R
v i 2ELL ko B 8 AT, R RN b [ IH
BAREP>0.05) , KPR EE (P >0.05),%
W B T R HUL IR 2R A7 A, AH D7 A 19T 0 {1 LA ¢ e b, D
TC 52 BRAE, SOTE IS 252 B L 2 B0 6 v o X 9 b R ER
F b Bin .
B BT g R 5 AR O R 2
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&2 d Z 8] (% e gt T An P 13 14 B s . A 13
AL, EAT BB 14 mm (MR CCEAE S 27 mm (HiE
Ik HE R 0.26 m/s H A 25 LM AR K T B 5
1o i 23 i o e -l £ 114 188 K Se 3 KR BN 2 A
25 L AL T KT B R R Fb 23R B 2 e 4 AR
(R348 SR a0/ 5 1T A [ 5 114 I 4 il A T, 5 A s fb
2 A i T2 LU A B R R K, 5 e AR S g R
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Tab.8 ANOVA of Box — Behnken test
T H BRI FITA AW E F P
FRR 1 788.22 9 50.66 <0.0001""
X 159. 61 1 40. 69 0.000 4 ™
X, 9.78 1 2.49 0.16
X3 1149. 35 1 293.02 <0.0001*"
Xy %, 0.83 1 0.21 0. 66
73.00
X%, 83.84 1 21.38  0.0024"
PREENR o xx 479 1 1.22 0.31
x 135.99 1 34.67  0.0006*
x 20. 40 1 5.20 0. 06 13 e o5l 0 ffg R o 25 Bb e 5 B b 56 52 iy 17
X 190. 74 1 48.63  0.0002* Wi 17 i T
525 27.46 7 Fig. 13 Response surface for influence of clamp belt angle
e 18.26 3 2.65 0.19 and belt speed differential ratio on horizontal discharging rate
A 1815.68 16
Bl 262.01 9 0.96 0.54 -
L 37.48 1 1.23 0.30 -
I
x 29.01 1 0.95 0.36 3
: ¥
% 16. 45 1 0. 54 0.49 §§7
X%, 6.54 1 0.21 0. 66 %@60
xx;  8.94 1 0.29 0. 60
FERIBEERR b awy 0.49 1 0.02 0. 90
x 89. 96 1 2.96 0.13
0.40
x5 59. 65 1 1.96 0.20 N
x5 1.81 1 0. 06 0. 81 0.19
k2 213. 04 7 0.10 0.12?%’5@%\
Sl 4823 039 07 R L4 3 R 0% O R A b AR
S 475. 05 16 Wi 7 iy TR
" -
A 77337 ? 14.810.0009 Fig. 14 Response surface for influence of theoretical velocity
x 362. 61 1 62. 50 . 1
! <0.000 of discharging and belt speed differential ratio on qualified
X, 196.32 1 33.84  0.0007"
rate of hole distance
X3 52.69 1 9.08 0.02"
XXy 2.46 1 0.42 0.54 maxa
Xy 17.72 1 3.06 0.12 maxd
FIEEMER A 0 36. 18 1 6.24 0.04~
) 223 s.t. ([ 56°=6<73° (16)
X7 89.30 1 15.39 0.01"
< <
2 0.29 | 0.05 0.83 0. 12 m/s<sv,<0.40 m/s
x2 12.28 1 2.12 0.19 0.1<k<l1.9
g 4061 7 LA K A5 B SR /A 0 = 65°, FLIR i ik
Jefl 11.23 3 0.51 0.70

B 813.98 16

RT3 A 5 BRI il 2 R DAy e K I TR 5 A R
iRt AR NEEE |75 NSRS RN F < K- PRI
T [ B 5 3 28 T, /I A ks R B B X
JEE B30 R T 4 R o e A R T AR e k
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T M R AT IR
4.4 SPMURLEEIE

PAS RIS BN o FLCHE 546 2 d fe KO A R,
F b bR 805 292 AR

B v, =0.38 m/s, 2 L b = 1. 64 I, B Fh 4
PERESR AL , £ P A Rib O 65.28% , 7UHE & % R N
80.04% . NEESH A SEVE TR R AR S BT 24T
3 U M) Bk g, B AR S B S A R R 9 TR .

xR BIIKBAREER

Tab.9 Verificaiton test plan and results

0/(°) v/ (m-s™") k a/% d/%
60. 00 80. 00

65 0.38 1.64 61.86 77.27
61.46 79.39

S 1 {1 61.11 78. 89
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