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Design and Test of Seed Ladle Tongue Type Flax Precision Burrow Planter

LI Hui ZHAO Wuyun SHI Linrong DAI Fei RAO Gang WANG Zun
(College of Mechanical and Electrical Engineering, Gansu Agricultural University, Lanzhou 730070, China)

Abstract; Aiming at the problems of large seed amount, large variation coefficient of sowing amount and
uneven sowing, a spoon-tongue precise point planter for flax was designed based on the physical
characteristics of flax seeds and the requirements of planting agronomy. By analyzing the working
principle of the burrow planter, the composition of the burrow planter, the range of structural parameters
and the number of installations were determined. The mechanical analysis of the process of spooning seed
and clearing seed was carried out to determine the rotational speed range of the burrow planter. According
to the EDEM simulation process, the pattern inner wall chute can not only improve the simulation
efficiency, but also increase the seed fluidity, which was convenient for the scoop filling. With the
rotation speed of the burrow planter, the radius of the transition angle at the top of the scoop and the
height of the isolation plate of the seed chamber as the test factors, and the qualification rate of seed
exclusion, the leakage rate and the replay rate of the burrow planter as the test indicators, the quadratic
rotation orthogonal combination test was carried out by using EDEM discrete element simulation software.
The results showed that the optimal parameter combination was as follows: the rotating speed of the
burrow planter was 2. 9 rad/s, the tip of the scoop was 2. 5 mm, and the height of the isolation plate was
6.8 mm. The seed discharge performance of the spoon was verified by 3D printing. The average pass
rate, miss rate and repeat rate of the spoon were 87.00% , 6.33% and 6.67% , respectively. Field
experiments showed that the qualified rate of the spooning spoon was 88.33% , the missed rate was
6.67% , and the replay rate was 5.00% . The average planting density of flax was 50 plants/m’, the
results of bench test and field test were basically consistent, and the performance met the agronomic
requirements of fine sowing flax.
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Fig.1 Structure diagram of spoon-tongue precision flax planter
LA 2. MR 3.HT5E 4. RASREE SRS HERN
6. FAEHEMYE 7. )55 8. EMAIEER 9. MM 10. HIET
11 e 5% i

1.2 TiERIE

B A RS O CRE 4% 0T 46 T AR, 5 A
N TR N R VR NSO VR R N S R
5 BB UNEL 2 Bis o AR BRI IXCTE] 5 A E R
w12 BIPHF — % B0 WY RR B RN AR PR T AR
FOATPIN G| R (9 5 51T HE AT 5 BE 3 73 2 1Y



%3 1

ZERE SF B AT SRR 2 7CRR A BT 5 1K 87

Ak SERE Bl AT T 3R S WY R R T A I S 70
5553 A I 0 s 9 [0 R e RS, S8 IBCEE 1 KT A5 X
b A AR SEAR A I, B R AT IR AR W1 RR B 10T 4 B
T I A Sl A B, = IO A T o A A e o
EET Y TS DAL LU i o 2 L U R AN L
Ao R I ol o A L A 9 Tl R A DY IR 52 A
52 UE AR o 38 i B AR A W RR T AE
S b i e v i A A T A HERR 1 BE A 8 R
ol W fefe A Fop PR, 3% 2 HE B W 5k O 3 JRR A 1 A HE A
JHR A S8 — A J 9 9 HE R ARl

IEHHEFX.

B2 B TAER BOR

Fig.2 Schematic of working stage of burrow planter

e FUH A Al B2 B 1 7 A0 R 5 R —— Dl
W10 A AR 5T X 4, iR 56 v B AL E 100 KL 5,
K524 0. 02 mm (3 bs - RO i =l R
B E I 3 R AR R =R KL, R
4.43 mm 5 W, 2.383mm J& T . H0.95 mm,
o S S8 TR TR 8. 13 ¢ IR L
0.66 g/mL Jii & % & K 1.05 g/mL ., [ 2A K 1k £A Ky
23° HKENS5.139% ",
2 XEIMHEIEIT
2.1 NIERENWIZI

THE T A A T BT HE R A ORI R 25 RS
FERE, SRR K /NIE B A B HER A
Vi R i i () S5 28, M4k, R R R R
A X E U SR LU NTY AN NI 3 LU
VAGT: 13| X182 % iy Sl N | IS VA & 15 R
MOHE A AR L /NI HERD M K | TR (] 23 AH B
WD BB E TR E R, 5 e A AT
U 70 (0 15 00 5 15 L, 24 CHE 2 2 AR o /N R 2 AR
%, S HE R IS A B TR WA A0 AR
FhARR, L5 % REBUA B AR UE A 2B A2 Ul
J LA 180 ~ 240 mm, B 5 HEFH I H0R

2w(R +S)
L

mean

N = (1)

Ao N—HER S H
R— 4 #5212, mm
S—H#% W , mm
L—#Hk 1, mm
S PG AL F€ 52 1l DX e 20K, W RR Bl A 7 CHE B i
6 ~ 10 Ry A A% T RRIE B AR UE 37.5 ~52.5 kg/hm” ;]
SR TR 25 ~ 35 mm, BREE 120 mm'® o AHFSE A #
JRAD F B CHE BRI L 8 RL, 4 FR IR 30 mm SRy i A
KL ESEARARX (1) 15 N=13.4, RFEUEZ S Fh
AT A R R A B S AR HE R U A H S
HKZ AU e HER R V=13, BfAE
R 28 2 SHER S A E Bk BE A G TR
A7
NL(1 -8
k= (217 :
X — WA
MOBRBE — o 1, HERN M BRSNS PR 2R
G, 5 R ATECE X R, B R AT B 13, IR
B R W RBA N 9.3% " h(2)
B3RP SR R 7R A8 2E AR R~225.2 mm, AR5
B 78 F AT SRR 7B A 4R R Ol 225 mm,, HE
b S 5 U % SRR A AR R R
H=S+30 (3)
A H——HER o & B, mm
2 (3) AT A5 HERD S = H 7E 55 ~ 65 mm
6], A P UEHEFR A 250, R R mE XA K,
T2 HE AN WE & B2 H g 60 mm, UG &R MR D,
450 mm , [N I CHE 2 42 D, Mg 330 mm , 5544 4 5] 3
fim

(2)

(b) HEFE
3 RAEHE WS HOR EE

Fig.3 Schematic of structural parameters of

burrow planter

2.2 BWALEH\Iit

B AT R A A0 BB A S5 S 80
T TR MR UK B M XA R R BN AS B
TLBNE 25 3R K T AR R A A B SR BT B B R A
285k 2 YRR BN B AR AT AT I TS ol ) T 0, 4
AT I T ity ARG I 2] A Ak B, 8K U TR B R A DA R



88 &l #Hl

L

2024 4

BT A T A R S R PO R A T
FEAMEE R B TR FER R RCR o Bt Rl B AR —
77 181 R LA 1k W3 JRR Avf AR A AR EL 5 I I 338 1) 3k AP el
AIRHE A B T ORI AR E M 5 5 — T T n] DL RHL
Wil I 22 A T 7 HE AT 3, 42 5 6 M BT o 5 76 5 b
AT BB YA , 3 W IRR M A U S 1 B AD 4
Fay A i Xk LR DL 4

(a) S ARA)

(b) — KB FPAY

(c) TR AN
&4 B R AT E X L
Fig.4 Comparison before and after improvement of seed ladle
2.2.1 FERAIAEBT
FARPA) FEE i B R A TR A R
R 725 i I I Al B HIE ol 4 ARG, 7 A A R AR R AL T
CHEEET NS R o B AR AT R B AR AR FRAR B
SR 5~ SN RUSE RR U B2 25 5 B 2, 78 il A AR
RIS R, A F TR 8 58HE , B R AT i /0N, B i AN
LR T RZEER,
IR AT T A R A B A e A e R
5 . \l sy,
/ ) ay/ =~

=~/ =~
/
!

I
(b) MR

(c) PRHRLIA (d) BRpAJ A
K5 FERAISHERER
Fig.5 Structure diagrams of seed ladle

LR 2. fhERmER 3. 51/G 4. BAMAIE S ik
R 6. 0B HE

PR R RS RO R G . M IRIEIZ R R HER S
B3R T 6 ~ 10 Kl R B 1 3H 58 78 Al A I AR B R
72 ~ 120 mm®" ) EE AT I AT T AL A TH G A IR A A =
P HE AR A B S5 A) s v o ATy B T s ok
PR A2 r 6, EDEM {5 B 50 & B0 5 R AT
FvEst ply Tk AT 5 AT 0 SCHE R AT IR AR R
B 6 ~ 10 A0 R AN S AR FR AT, B R O BT
Ub, AW FE 46 /N 88 R AT R BU D S B i O R R
PR s A AT R, SRR TR K E L., N
4.43 mm , 2 i 1 A R PR ¥ 35 70 I A AT I T R R
T o 3k V8 I A 2 AR r WD 2B EAE 1.5 ~ 2.5 mm Z[H]
T Solidworks K {4 Xf 57 L AT IE AR Bt 4711 3, 24
AIESE x 9 17 mm AT y g 4 mm B AR AT R
PRBLR 42 ~ 58 mm’ . 2% BLA 55 FlAT B 5 1% 5 Rl
AV JE 124 50 mm, & T, 28 15 mm,,
2.2.2 AR

B RRAR 7 A SR K IR A 23°, S Oy (B b T N
ol DX ] sk 8 28] 465 57 75 ol DX [) 5 o A A I AR 0 L
B RRAA Lb 11 A B o Ry 130°, Ay {5 JpR A 7 1T A 3
T AT R RE AR SRR R e B WAL T 00 ~
134° F A R K A B A/, B3 N E FIATA)
i i) o 2 Ao R P B i AR A o RO S e g A
KRR Tt fh 256 % 08 B L 65°, 1o B i K
[T T ]

T, =k,T,.. (4)

X b, —— KA R 2.0~2.2
A5 b AT R A R B T, R 1,90 ~ 2,09 mm , A HF 52 A
& T, 2 mm,
2.2.3  HFAIE AT

R A A5 B AT S PR 7 o A 3 R X[ B B
A A R AR D A AT A
1 b SCHRE A0 T A S X XK 2 N AR R, R 165 mm
ol 5t o 13, FH 2 HE Rl X 107 (4 s /8 Ol 27,79,
A ARAIE B AT IR 22 4 7% 2 4 S, 24 W R AP
B AT 0 B R AT SRR AR, RS R
55 R AT S SO G o A S S5 45 B R A
T T 15 mm, i A A #0057, 2 mm,
BRI [ 50 mm, K] 6 H B 6 = MfIE KL
A NG, BRI AY 22 3 PR 5 D1 i o et AN 1) 4 1 3
YRR .

T

=T, -T, -y

T (5)

@ e = Aresin

PHENZ = IR IR K T,,,, 8 9 mm, 3% F1A)
RIS @, A 10. 4° s A FEBHE B Rl A o
5O, PR = MIILIRILK T8 4.4 mm,



%3 1

ZERE SF B AT SRR 2 7CRR A BT 5 1K 89

K6 B A% A s R

Fig.6 Seed ladle installation angle diagram

2.2.4 MEfEEs s
HT T R A 3 LTI P R 2 o R R 4 A
P, ol 2 o 2 A A B Lk W JRR R 05 AR
B Z RR TR RE L, o8 PR 7 A A
W BR Al 5 WU R A b=, o B s Al AN RE B ad v
7 7 2
Z,..=T -T,-T, (6)
Mz (6) nl # Fp = b B AR = Z JE 9 4.0 ~
8.6 mm Al T AT T i A0S0 A A
HfEE AR L Z JEFE N S ~8 mm,
2.2.5 GFpE BT
o PRUETE P Ao A v 51 R R 2T S 5
ST E BRI W RR A TR D AN S I AR TR
Ve B AP ATIEE R SR U TR, WA 7 R,
Xt | Fp i AT 32 0 o B
Geosyyp =F
F, =tanyF
=0
Gsingy - F, >0
Xf G——5 Rl 3R R A7 7, N
F\——5 1 B & XF SRR 7 19 345 97, N

(7)

F——5 | Bl 5 X5 0 bR A (4 BE 45 07, N
p—51 BB, (°)

O—— W1 FRAR 55 51 Bl T e R EE A, (°)

—~=

o¥
B 7 R AE S R R A2 SR B

Fig.7 Diagram of stress on surface of introduction tongue

A 5T B Bl AR LR e b Rk BE AT T ER A, A
] SCHR [ 15 ] m] A0 Rk Bk 1~ 15 JE e b Rk i EE 45 [H) &R
0.5, 0 297 26.6°, S B £ 5| Bl T 2% 10 JRR B
T R E AT B 5 R A S 30°,

3 EBEMASHEIRAESN

3.1 BWMIBENESH
AC[ T aibbiiBud % A UKL Uy & IK (BN A0 S

Fofr ik A rb W RR A T TR X 32 B RN HE R B 18
Oy FRREE AN SE R R SEA A KA
Y IR o AL DR — A~ A, X L BEAT T S
B2 A P R o R A2 R A P RE R A
WY SRR b AR 45 5 IR0, F B R AT SE AN R REAT 52 140 Hr
TBEISE I B 7o A J P9 IR B 1 52 0 - i Ak T A 0T
IR, 7B 2 AN o, SRR 15 % 7 1] e
A0, 52108 F BTy G 5 A% N BEBE 5 )
S EL T FORISG a8 WEESS TR SCRe 0 Ny, Hiz
153 Hr b 8.

K8 FE R AR
Fig.8 Force analysis of ladling process
w1 3% F1 53 Bl Al
N, =F, + G,cosb,
Sl (8)
F,=m o R,
M =tanf
A BRI 5~ 55 B R ) 2 1] A 2 4 TR KL
m, —— WP kg
R, ——FE A AT [T 5E M2 A2, mm
P (8)ARTT, 24 G, sing, =f, I, 57 kb 7 7] LA
T L B R B AR o I e Ty ML
B R R B, R e I R SRR R R )22 R R
BRI A J2 BRI, AT LK Rl TR ) Z s AN o
WA (8) T 15

[gsin€, — ugcosh
< gsin IMRMgCOS | (9)
1

o3 (9) AT, B A e Bl R 32 R TR
e AR V) OIS R R RR 1 R AT Y R
RS . BEF AT AL T B Al BR AL & 6, Dy 90°,
T AT [ 5 B 242 R, A 165 mm , kg 52 BH B Ff A 3 5
R 0<11.9 rad/s,
3.2 IHEMAOFESH

B0 A) 58 BUBCRR T A IS 4K 25 BE 7Rk o % 3 i
ALY R DX, JH I 3 R0 AT A 3l 37 7R 2 g < o
i " SRS, B AR A W AR T AR B O AR R T
VR 2R N E . FIRTE R R GEF 78 )
I 22 1) B JBE 458 3 58 s A AL, R B 9K s 7 5
A, TARR B S R . 2 ad W7 5 Fh X 8] )5, )



90 £~k

1R S ¢

2024 4

JPR Ao 3 i 28 Dy Jk A 0 o X, B AT PN R Rl 1 i
T TR ol DX 5 24 25 AR A ) I P9 R oA
A PR 1 R A O B o A AR i R R AT
P T 52 5 0 1 i R, BRR R TR BOE AT I S 8
At 5 T A B PR AR R HE A R A A
P8 JRR A R AL DA — > A A, {18358 I IR 3 JRR b A A2
S AR TR X LR RS W RR A R U o AR 2 )y
Frili 9.

K9 A Fh A2 3o M
Fig.9 Force analysis of clearing seed across bridge
AR MR T B A HERR B AR 1 (y D) S
DIa) (o Bl1) #9457 2

z‘X:Czsin(Q2 +¢)—f,—F,sing >0
{ (10)
Z Y=G,cos(0, + ¢) -N,-F,cosp >0
HF > =pN,
(11)
F, =m,w’R,

A Fy—— W i Tl s 0 JRR ol 5~ B 37 45 e 2l P
R0 1N
G,— WM T A E I, N
N, —— i A X o 89 35 0, N
0, — i Fift X 8] W JpR 5~ 5 ¢ BT 1) e A
)
e——E R AT, (°)
Lo BB 55 R A I B R EE LN
m,—— 1L B Rl N W RR AP T o kg
[ZROR VI oy U S I R BUBUR /0
P IX BT 32 B0 1 FL i KF N, i ad B b5 355 1 al
LIz ATE . ha(10) ((11) AT 43

g(sin( @, +¢) +cos(0, +¢))
w < .
R, (sing + cosg)

(12)

H 2 (12) w] 0 7% 45 i J A ol B2 5 0 A8 N
&R, BT S AR 0, KB R AL o AT, Nt
Yo 22 A0 T W Rl A4 2 TR X TA] 8 i
UIRCRN PR ST R L AR O M L TRV AP S U 3
INF 52 18, 0, 1% FRAEL A 90° HL A1l B2 R T %, A (12) 7]
Bt 0 <w<7.1rad/s,

BT A A A R kPR, RN AT DR R
) AR S, A b BT 32 18 0 J1 728 R, AR 7o o HE R AR

Ph, O 3 = W RRHE R R, 4545 B M O A sz e A
A BE Tl i I JE N 0 < w <5 rad/s,

4 fERR

4.1 (FEERET

Ry BIE 5 7R A i G S 245 A8 S B0 HE B M RE 1Y 52
i, >R FH Solidworks 4 {422 il #7 bR = £ B A, I 1
F: A EDEM 2022. 2 v, i JEHi5 38 fir 9057 JjR o - A1 B
ReF ik Z 8RR A BURFD 7R H 29 BRI 70, 4t
SRR U AR R R AT 0 B B, BE T RR AR T 2R
SRR ] L JC 26 1R B 55 R 2 il S T
Ui B3/ EDEM #8548 H 32 8 it #2 0, 3% 1] Hertz —
Mindlin(no — slip ) 4% fil f7 248 A4 40 & 10 Jfr s o
SR (LA AR R R A R R HE R R
AT B B, O AN 11 B R . AR X
AR T JORL 55 7 28 A R A G 0y 2B fih 2 Bl
FFTINE SR 1R

(b) =SB (o) BT
Bl 10 S JRRAR R 25

Fig. 10  Flax model structure

(a) LM

FIL R 7 ELRE

Simulation model of burrow planter

Fig. 11
LER 2,855 30U 4 BAA) S BEATRER 6. 5%
4.2 EBEHIARGESH

AU I B A AT BE S 50 mm, g W RE I
JE Ko e 43 50 9 2 mm 1 65°, T S 4k 9 [R] A 2K AR K
2.5 mm, FRPATGEH 17 mm, B FPATE BE R 4 mm, F
SRR Y 8 mm, BB IR T B R A FE
Solidworks H 3155t B Fl AT 28 AL 58 mm”®, i Rl
AJB R B T E i AR AR AN 0 <o <
5 rad/s, LL7CHE 4% A REE 3.2 rad/s Sy 491, 51 RR A 5
A B Ry 3 000, 5 BRI E] 1 s HEFR 5 B ACR
w12 frs .,

WL B0 Ak B B, A R - B i 4 2 ) S R
AR LA G- b 75, (B R A7 ELROR 23 KRR AR



BHE L B AT UROR B OCR R sE 5 R 91

%3
®1 FEEMSH
Tab.1 Simulation contact parameters
Ok 28 FACIEN
EL /A 0.41
HIRR AP F (BEIE 10 5) By YL/ Pa 1.98 x 10*
BRE/ (kgom ) 1050
THFALL 0.28
T (W) By Y i/ Pa 3.50 x 10"
R/ (kgom ) 7 850
HEE /A= 0.4
AT (e ) 35 Y)#E HE/ Pa 1 x108
W/ (kgom ) 1500
EEXA 0.39
EHRR A T JRR R T R 452 R B 0.20
2y JBE 5 R 4 0. 04
U EXA 0.01
LR =R ] PR 98 D5 B 0.50
B BE 5 R B 0.45
XA 0.48
B RRAD T4 25 i 4 TR 0.41
B FE 452 R £ 0.20

(a) 0.15 s (b) 045 s

(c) 0.75 s (d) 0.95 s
B 12 HEFRRCR 4 by
Fig. 12 Analysis of seed effect
Ry A BT L AACR R FE AR, AS B 90 R A DY BE
BT Sy AT 2 (B BR T (0 SR R Rl >4 A2 iR R
— I, AR A R LA A 5 A R A 0 AR
BN ERH A T R A TE— i, TEA w7 BRCR I
HI4E T, PR E B A A B4 L5 . o i AR5 RR A £
AL DI 3 P 22 RS0, P00 AR T 5 7K e £ R T
BH BRI UK Ok A1 23°, AR WF ST it e fa oy 70°, 0
KT EHRRAR A A 5 B 25 830 R 2% TAE o A& v oy 1
D R (4 30 3l M, K 5 ol R0 P A 3% T ik
AEBOIR 7 A 5 sl B v, o T8 R A AN R
DA JEE 42 1R 1 OK HRR Bl - AT DL R = B S

e o M aE— A5 B R A SR AR P BE XS W JRR Rl
FER I SRR, L5k a8 1A N 2% i 20 50 R A - 5
REF- S (ELAE o PPAN 16 B (Bl BE - 249 {8 A 13 1 b A
e B3R R, FE R AR AT ) L KB R 3 Al
ANTR) A g PN RE ML B b A] 245 O - AR T Y RE DI 2R Rl
AHR LT A BE SRR R AL 20 N BE SR B RHR , 21 18]
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(c) AELCPY RE A LA
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Fig. 13 Combination of inner wall and scoop of

three different burrow planters
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Fig. 14 Comparison of scooping effect before and after

seed chute designed in inner cavity of burrow planter

F2 NESHMABEERDT
Tab.2 Test factors and codes of seed placement

test by burrow planter

i x,/(rad-s™") xz/jm x5/ mm
-1 2.0 1.5 6

0 3.5 2.0 7

1 5.0 2.5 8

x3 HAHEXBRER

Tab.3 Results of seeding simulation test

3.05x10° N H#E SR iR HEE

. 2.44x10° J X, X, X, V% Yy % Yy /%

= 1.83x10° 1 -1 -1 0 72.00  12.00  16.00

1.22x107 2 1 -1 0 65.20 30. 40 4.40

.10x10 3 -1 1 0 76. 00 12. 00 12. 00

0 4 1 1 0 95.20 4.80 0

OO0 0303 0.4 05 0.6 0.7 0.8 09 1.0 5 - 0 - 82000 18.00

]’fﬁﬂ]‘\'ﬂ]h 6 1 0 -1 87.70 11.60  0.70

1S [ 8 i 245 R & 20 B B 5 20 F ) 25 £ 1 28 . U s 170 1400

Fig. 15 Variation curves of total kinetic energy of seeds 3 1 0 1 87.20 4.80 3.00

with different structure combinations with simulation time 9 0 -1 -1 80. 00 5.70  14.30

&ﬁﬁrrﬁ*ﬁmxﬂﬁ jﬂﬂi%ﬁfﬂﬂ.? j‘jl_ ﬂ}h}l: 10 0 1 -1 88.90 4.50 6. 60

11 0 -1 1 42.90 52.40 4.70

ﬁﬁ3ﬁlﬁ3ﬁim7ﬁ?Tﬁxﬁﬁ*ﬁﬂﬁ&3 /l\%ﬁ . o | L ase0 SL40 o

K= U\ﬁmﬁflxéﬂ ﬂ?r“%%ﬁ%%%ﬁ’]?%ﬁﬂk 14 0 0 0 8340 9.10  7.50

SHC RBIEN IR AR Y, R Y, R 5.0 0 0 5000 9.60 10.30

HY,o KB NFE R WE 2 FR, 4R 3 ooy 00 el

@fﬁ?,X] \Xz \XS yy%‘?éﬁﬁ%ﬁo 17 0 0 0 91.50 6. 60 1.90
4.4 RWERDW T i ARG A% 5T 7 30 A0 G R AT 7 22 40

FIH] Design-Expert 10 455 A Y i B L5 o B, L VR I 25 R N3 4 FR .
x4 BEHFESW
Tab.4 Analysis of variance of each index

= Y, Y, Y,

KW PR HHBEE F P THA HHE F P T A F P
[ 11 390. 22 9 3.68 0.0499* 14 207.31 9 4.02 0.0400" 443. 15 9 3.87 0.0440"
X, 6492. 30 1 18. 88 0.0034 ™ 9439.38 1 24.05 0.001 7™ 274.95 1 21.61 0.002 3™
X, 218.4 1 0. 64 0.4517 489. 84 1 1.25 0.300 8 59.90 1 4.71 0. 066 6
X, 838. 45 1 2.44 0.162 4 1123.38 1 2. 86 0.1345 17.43 1 1.37 0.2800
X, X, 1036. 84 1 3.02 0.1261 1049.76 1 2.67 0.146 0 0. 040 1 3.144 x10°% 0.956 8
X, X5 20.7 1 0. 060 0.8132 1.21 1 3.083 x10°% 0.9573 31.92 1 2.51 0.1572
X, X, 2.56 1 7.445 x107%  0.9337 0.010 1 2.548 x107°  0.996 1 4.18 1 0.33 0.5843
Xf 2 034. 65 1 5.92 0.0453" 1 498. 48 1 3.82 0.0916 44.58 1 3.50 0.103 4
X% 27.54 1 0.08 0.7854 43.52 1 0.11 0.748 9 2.65 1 0.21 0.6618
X% 545.52 1 1.59 0.248 2 418. 11 1 1.07 0.3363 6.91 1 0.54 0.4850
lE =S 2407.08 7 2747.07 7 89.05 7
I 1.940. 63 3 5.55 0. 657 2269.17 3 6.33 0.0533 45.62 3 1.40 0.3651
R 466. 45 4 477.91 4 43.43 4
A 13 797. 30 16 16 954. 38 16 532.20 16

e HRMEBE(P<0.01), * £7H%(0.01<P<0.05),
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4.4.1 HHERY, maxY,

T 4 Hhal A A R LG R W (P < minY,
0.05) ,H W P=0.657, A& (P >0.05), i minY,

HIANFEAE oAb e & 4% R 0 2 3R, HL [l 9 5 72
AN RALL o S 7 A HE R R A0 U Ry 7R
R X, R g B R AR R X R R AT TO g ok U
B f o X, o XSS 35, X7 S 3, S BR 58
I OR B 2 PR Y L R R
Y, =79.04 —28. 49X, —-5.22X, — 10. 24X, —21. 98X’
(13)
4.4.2 FE% Y,

i i Design-Expert 10 {45 2 30 %5 4 217 7
22500, b N R BB L5 B & (P <0.05)
HAHIT P =0.0533, R % (P >0.05) , i R 17
FE A2 R R 0 B R R A % AR U R R
(8 35 LT Sy o Rl i R RS X D = B bR R
Xy CEARPA) T ok 8 I3 AR AR X, o X S A
S B 3¢ LI A S i 3 DR 3RS A (el A AR A T Ry

Y, =15.32 +34.35X, +7.83X, +11.85X,  (14)
4.4.3 FERY,

i i Design-Expert 10 %44 % 12 56 %4l 2847 75
2o, Horh SR RO g L B 3 (P <0.05) ,
HARIT P =0.3651, REE(P>0.05), BB A A7
A H At 52 ) F B R L R R A I A AR R
(89 F2 WU kg 7R e A B RE X L R A T g ok 3 [
R X, R B s e X, o X R i, A
Bk 28 B AN 835 PR 1 [l AR 7

Y, =5.64 —5.86X, —2.74X, —1.48X, (15)
4.5 BHEMK

T B A B R R K S A IR R
A S il 2 (14) ~ (16) |15 J7 PR A6 AL 3 £ 7
AR AR, LA OREECA A% 28 de K, T i 23 o 17 3 e
ANy E bR S G5 TR U i A4 S S8
PEACE P AR, H H A R RN 2 R 55

(16)

2 rad/s<x, <5 rad/s

s.t.{l.5mm=<x,<2.5 mm

6 mm<x,<8 mm

PEACGE R R & MR 2.9 rad/s (A
T R AN 2.5 mm FhERREREE R
6.8 mm, WSEHAUET, HHEN 86.67% , Iifk
H6.67% ,FEHEFE N 6.66% .

5 RXIGIEIE

5.1 a&RiAR

R B A s 32 EEAE ) 2 RS B 2 O R
for IRl VE BE 1R R B 00 2 BOR B R AT SR AT 3D
FTENI AT & 2856 30k, A1 B Je e, KGN
0. 1 mm i85 T JPS — 12 AUHEFR g5 ML RE 1L 50 & £IT
JEE AN 16, iZ 1K 5 & Al ] FE BRSO £ 2 mm,
S5 2G5 AR — i W], R g R AR 2R
IR TR, 1T 6 4 30 5% 300 ZH 8, JF oA s HE
ol A AT 1 R A R R

e N

(b) JPS— 127U HEFD g P AT &
K16 A4
Fig.16  Test bench
Loagar 2.8 a 3 MR 4 HER T S AR E

HT Tk Z 6 T WS R AR T, 2 5 AR
GB/T 6973—2005 futy (K5 %) #% LIS 7 ik) .
TCRLEIAE T 6 ~ 10 KL Z [6], N 5 4 5 FORLEUN T
6 KL, 42 I 4 AT 55 OB BOR T 10 R, 152 5 4%
R Wmai R IES,

x5 BAERABER
Tab.5 Results of bench test

0 TR/ KL B AR, IR/ EREER/
e 0-~5 6 7 8 9 10 >10 7 % % %
1 2 3 10 13 16 4 2 50 92.00 4.00 4.00
2 3 1 13 9 13 6 5 50 84. 00 6. 00 10. 00
3 3 4 11 12 14 4 2 50 90. 00 6. 00 4.00
4 4 3 9 12 15 5 2 50 88. 00 8. 00 4.00
5 3 4 10 11 13 4 5 50 84. 00 6. 00 10. 00
6 4 3 9 12 14 4 4 50 84. 00 8. 00 8. 00
SE I 87.00 6.33 6.67

HIE S AR, OB & A RSP 2 {E D 87. 00%
I R {E N 6.33% , ARV HIMEH AN 6.67% .

A TAEZEALE T B AR A P BE 2 0 RRORS BE
IR X TORLRRS M R e A R A E R R A 20K
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5.2 HIERIE k6 HEHLEER
2023 4 4 AEBREA BT ST H L E R Tab.6 Results of field trials ¥R/ 9%
AR REEAT SRR 2P R AR, AR Tk R FH B JFE S UATCREL 2R 3 TR
10 S5 FRAD T, K50 HT M 385 B0, 3 R b e+, . : . ;
KN 6.61% . 44 5 v 22 4 45 403 5 90 Ak X o S 0
2B 4L 4 9 75 R AT, I 45 0 R 46 Rl AL I 308 4 9 5 ;
0.6 m/s, 4% &t Jy 45 kg/hm® . ] i 50 S 2% 2 00, s 9 9 7
P17 B IR — A A TR e 87 30 AT S 4977 i . Y p
20 5C, P 3 4T, 45 R L 6, SRR ECA MK (6 ~ s ; ; ;
10 BR/9%) i5%5188.33% , Ui 4% % ( < 6 BR/7) K 9 10 9 8
6.67% ,EREAR (> 10 #k/7C) N 5.00% . W14 10 9 8 5
- N 11 6 9 7

RIS I A 50 BR/m” i L R S B 1 1] 5 4 2 b ; . ;
jko 13 7 10 6

14 12 8 8

15 4 6 9

16 7 7 8

17 8 8 10

18 8 9 8

19 9 10 9

20 10 8 10

ORSETE IR MR T W RR AR R Bk ol o UE e
TESZ A R0 70 B Rl A A R | B A T i
158 A1 - A Rl 2 B Al ey 3 X R A 6B 119 52 0, 3K
B R R, RS RA S N kA
2.9 rad/s (B4 b A TS o 0 A AR 2.5 mm  BE

(a) H Hﬂ Iﬂ\‘qj\i% ‘%
F17 ok A B R
Fig. 17

Field tests of burrow planter

(1) Bt 7 — M A AT 20T RRRS 42 73k 4 o
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420 225 mm , HERP KRS 13 A HEFRUE R
60 mm, B FpAJAJIESE x 0 17 mm x4 mm, B FA)
Tt oo P 19 A AR L 1.5 ~ 2.5 mm, S B A
FJEN S ~8 mm,

(2) i it EDEM )5 503 Hr 45 0, 24 A 8 R A
5 R I AE S0P BE SR R AN AT LR IE B b AT SE

P& 25 M 6. 8 mm,,

(3) $ie et 2 Ko 2l 4 3D T BN 4 8 Fh AT HEAT
HERN P RE L, f AU S R W] - T ORR A M T
{4 87.00% IRHE TR 6.33% , WK HRT-
1 6.67% o HIT6] 358 40 75 % bk 20 e 3 U 4
K HEK YN 88.33% (6. 67% .5.00% , kT
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