Fa0E  FE20M
2024 4F 10 A

Kok TR R

Transactions of the Chinese Society of Agricultural Engineering

Vol40 No.20
Oct. 2024

- Rl R TIESML -

RRERTE /N T E e e L BIIT 51t

R, B, g, RERE, ERa, gfg', R
(1. PHILRMEHE K FHME BT TR, B8 7121005 2. BEPGE RO TR0, i 7121005
3. LB RNBENERAR, % 710300)

OB RGN N BN LR LA R SRR — B . SRS, ST FCRILE S TTMA S B0t
Ky 7) 2O HERLAE B BT 98 Wl et ) ARG R b, SEBL 1 SO AEIRE M T H RS & 1. s P
WA S E 71 1 SOHAHEE TN EASH. Bt TR HES T UL LA A PR R B, I R e A R A S oS
D7 R o 3 A7 SO ) OV HEE A R i B 98 v e bk D AL L BOR AT T IR S . IR, &b
VI 400 T ATV HRIEE P52 42 51 Byt SeA IR i B X5 v i e ik 70 2 Vvt mT LA e G N v o R —
BEREm, RIHRIR Bk BRI R, MR ATEEEEE 111 m/s I, IR A B 2N 22 96 v i e R it LR AR L AE %
SCHLTE WA A, HARR S 3IE 94.36%, AR RHON 3.79%, R —SBMEERILF. Hh, EE T E S HES )RR
AR LMEIERERIRTE R =" ZRSARAG, A TR TR, it — 2P % 7 RIRE 55071 4%

[FE/N S ZEE IR, S VLR AIER T, W62 S H NI R . WEAAR AT/

AR BE S F¥
KA /'t{’&:\k*)hﬁfé; A )%%*%'ﬁ’, SR 'J‘gl
doi: 10.11975/j.issn.1002-6819.202405006

FESES: S2232 XEkFRERE: A

T W R R BT R S

NEHRS: 1002-6819(2024)-20-0012-10

R, ERE, FER, F REENNEREHEMEEEBHYLISTSIRED]. R TEZR, 2024, 4020): 12-

21. doi: 10.11975/j.issn.1002-6819.202405006

http://www.tcsae.org

ZHAO Pengfei, JU Xiaoteng, YANG Pengkun, et al. Design and experiment of fertilizer pipe front-mounted wheat wide seedling
belt rotary tillage fertilization planter[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the

CSAE), 2024, 40(20): 12-21. (in Chinese with English abstract)

tcsae.org

0 31 &

INZEFE R E B AR AR, AR S E R
otz B, B XN e R IR, B R
REIAT AR i B2 1 A BE AR R 1y 458 S 25 D095 1 9
AN SRR B RS B T Y R R R B e S 4%
TR F A R 2 ) AR S 305 L ) o PR 250 2 PR P N 22 4 2
KRS A KR b %260, SR /N U
KRR FTAE o

H AT 58 v e H R BRI AL 5 B 3N 22 58 W A e
MR ACIE AL, ML Seil s e dt TV L st Fa w
PRIGAR IR SE UL . 4R AR A, IR A 1~ J0kE 3
% B 5 e R B A O T T RAE
T DL AS R4 AR RIS AR e AR K, HR IR
— BT HE R PR 4 ML AR 32 B R A 22
JUZ R IR BTk T — R A I A 43 e A ) B

Wk H #: 2024-05-04  BITHE:  2024-09-09

HEETH: EEEATRITE (2021YFD2000405)

e A RIS, A, BT RIS & SHR
Email: 2022060440@nwafu.edu.cn

KIBEMER: BEWN, 202, WIS SHEAR.

Email: hyx@nwsuaf.edu.cn

doi: 10.11975/j.issn.1002-6819.202405006 http://www.

SR /22 8 B HORS LR AR AL, 8 B AT 07 A
K. B2 S AL H AR g0 HLR A BEHEAT T IRALE,
ST RPARANE . BRER 82 mm FE T FR A ih S 1%
LRk Vo i S R TS L ORI R L
VR B ME R AR, B RN R AR R
KAL) 308 3 5 Pl e 4 L TS B S A TR R TR
SRGEVEROCBER R, Wit 7 IR i o vE v /N 2
FiHLe LI5S AT e B . AR BERL I B AR AN
BRI RGE 3 AN REITI, HEIT T HERAR 2 0
KK EENE . LUO 0 38 I AR 5 45 44 o734
S AidE, {RRAME MRS E, SOt
T AR E, DR AR A S, AR R
W ST 1 R 25 R HENE 115 HE Rl 1 vy B Z2 560 b PR T 38 2 A 52
Wi o P ) 6 o I I B X/ 22 0 Y e 9 It JIE 36 Ao
WL R A A Ml T BBCER BBV, 52 MRR AR (1 1
BETTFEM R R — Bk, (R IR 5 R 20 A1 45 18 B
BHYEE, GRFIERI AR E AR 2 . R 0 RS
I‘u“[ EE[IO—IZ]O

Nk, AHHTORIEE 51 TJA S 0B I AT
e JITAH ARV A, it 7R AT B 30/ 22 96 v i e bk
TEAEREF AL, LLRS T 07 I8 50 UE AN [F) 1 D) f 0TV 48
(R 51 B A A Jie 70 24145 4 ) SO HEIEE AN R A7 B3


https://doi.org/10.11975/j.issn.1002-6819.202405006
https://doi.org/10.11975/j.issn.1002-6819.202405006
https://doi.org/10.11975/j.issn.1002-6819.202405006
https://doi.org/10.11975/j.issn.1002-6819.202405006
https://doi.org/10.11975/j.issn.1002-6819.202405006
https://doi.org/10.11975/j.issn.1002-6819.202405006
http://www.tcsae.org
https://doi.org/10.11975/j.issn.1002-6819.202405006
https://doi.org/10.11975/j.issn.1002-6819.202405006
https://doi.org/10.11975/j.issn.1002-6819.202405006
http://www.tcsae.org
http://www.tcsae.org
mailto:2022060440@nwafu.edu.cn
mailto:hyx@nwsuaf.edu.cn

20

RS RS IR T E N

7 BB R ALHE R L BT 5 106 13

FRUR TR G5 S5 B RE M HUAEE . O JT F H [RD Bt
e BENLAE e 00T AR PERE, UONIETT B X TEH
/N R AL HE Al 3 % B AR IR I S 5%

1 BHERSTIERE

1.1 EE ksl

TEAL G Ja B A e AR AL (B 1), 58
MM R S B PR, SEMR RS E,
M) % % — SO VR 1 IE H AR K. ASHIE 70 BT K i it
77 N T IV HERE A 25 M A BT S 2 e ) 4 1)
B CHE 16D, AT DL 4 [R) A 3% e A 3k 22 A A VA 7 A
TV A 2 TR R RTA 30 — 007 v o o P o 1 e R,
HBET AR BRI B — B . RAME SR 5 B =it
it 26 o AL HE A RO R0 A s () BRSO, TE RS A7 o
HMEWMHEN S RAETEENS, AT T R
7 I HERE SR T A AR e, R ZE 1
BUIR A

AEBLURE Fertilizer particle
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a. Fertilizer pipe rear-mounted

b. JEEHE
b. Fertilizer pipe front-mounted

TE: v, ARTHERE, mes o ATEHIAIEE, ().

Note: v, is forward speed, m*s™'; o is rotary blade angular velocity,(°).
B 1 ae#t 7] - 7] XIF A HEIeE Be e Af b m & B
Fig.1 Rotary tillage knife group-sliding knife-type ditching
fertilizer pipe matching operation diagram
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1.Fertilizer box 2.Seed box 3.Three-point linkage mounting 4.Frame 5.Rotary
tillage knife group 6.Profiling wheel 7.Sliding knife-type ditching fertilizer pipe
8.Compaction wheel 9.Seed distributor

B2 e E X A5 Rt g g T g e
Fig.2 Structure diagram of fertilizer pipe front-mounted wheat
wide seedling belt rotary tillage fertilization planter
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Table 1 Main technical parameters

%) Parameter H{E/7% 7 Numerical value/Form

MBS (KexBEx )
Appearance size
(length x width x height)/(mmxmmxmm)

R 3k F Forward speed/(m's ™)

1930% 2200 x 1400

1.11 ~ 1.67

BEHHAE Rotary tillage depth/mm 100 ~ 150
e J]#45% Rotary blade speed/(r-min”") 280 ~ 350
VIR 58 Working width/mm 2000
Bt &%) /7 Matching power/kW > 60
3%} 77 3¢ Driving mode Hh ke
HEYLJH & Quality of the whole machine/kg 830
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1.Sliding knife-type ditching fertilizer pipe 2.Rotary tillage knife group 3.Seed
distributor 4.Compaction wheel
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Fig.3 Seedling belt working device arrangement diagram
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1.Permanent seat 2.Reinforcing plate 3.Fertilization pipe 4.Slide knife
5.Retaining plate 6.Fertilizer outlet
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Fig.4 Structure diagram of sliding knife-type ditching
fertilizer pipe
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a. Diagram of the cutting edge curve

b. TI AR EE
b. Diagram of the cutting
edge angle
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TN il B RO I) ARG 5T 0, WEIEWDIf, () 6, Wi
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Note: X axis is the width of the main plane of the cutting edge, mm; the Y axis is
the main plane height of the cutting edge, mm; A is the end point of the cutting
edge curve; B is the starting point of the cutting edge curve; 6, is the end sliding
angle, (°); ; is the initial sliding angle, (°); ¢ is the width of the cutting edge,
mm; S is the cutting edge angle, (°).

BHs5 #A705&H
Fig.5 Structure diagram of sliding-knife cutting-edge

Vi F, R T Ok, N F/ﬁifig%ﬂulﬂﬁqgﬁﬁ: N: F,
NEHES TIPS, Ny F, ABUEXE XA TR E MH T, N;
G AW NXIFAHEEE S, N 0 AWM, (.

Note: F, is the normal force of the soil on the cutting edge, N; Fis the friction
force between the soil and the cutting edge, N; F; is the tangential resistance of

RW

the soil to the cutting edge, N; F, is the pulling force of the plant on the furrow
opener, N; G is the gravity of the sliding knife-type ditching fertilizer pipe, N; ¢
is the sliding-cutting angle, (°).

B o6 BAXTAHIE L HH
Fig.6 Force analys1s of sliding knife-type ditching fertilizer pipe
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a. 6,=40°

B 7 B X AHE R M A = FAER
Fig.7 Three-dimensional model of different structural parameters
of sliding knife-type ditching fertilizer pipe
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Note: The dotted line is the center line, and the shadow part is the fertilizer pipe
installation gap.

B8 w#IaHET T EE
Fig.8 Diagram of rotary blade group arrangement
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(K) x500mm (%) x180 mm (/&) M)t MERA, I
¥ SolidWorks HHE#6 2 ) = 4E#51 5 5 N EDEM, AH R A
HZHuE i Sk [24-26] 3845, Hor H R RCER S
W DARS AT ORI B SRR, T dF ) 4H . A S i
(RIAE L LUARBE R B o T 338 RS AT ADAA AV 44 EE 2 51
4 0.40. 040, 0.30, ZEEAHIA 17704 241, 7850 kg/m’,
B )RR 4> A 2.80x107. 1.00x10%. 7.90x10'" Pa. A
B S RN 2 iR

*2 REEMSY

Table 2 Contact parameters of model

24 Parameter A Value

+ 35 3 E R B Soil-soil recovery coefficient 0.38
8- - 4 R EE R R £ Soil-soil static friction coefficient 0.48
- 458 - 3 EE K 4L Soil-soil dynamic friction coefficient 0.28
T IE-FEFFIR R R EL Soil-straw recovery coefficient 0.50
3RS R % R4 R L Soil-straw static friction coefficient 0.50
- FEFT B BE 4 IR L Soil-straw dynamic friction coefficient 0.05
IR R %L Soil-steel recovery coefficient 0.42
3N ER BEHE R B Soil-steel static friction coefficient 0.48
384 ) BE BE R HY Soil-steel dynamic friction coefficient 0.22
FEAT 401 B 2% Straw-steel recovery coefficient 0.30
FEFF-A0 50 BE R IR 5 Straw-steel static friction coefficient 0.30
FEFF-H0 5 BEHE R 4 Straw-steel dynamic friction coefficient 0.01

17 M 2 %t Normal stiffness coefficient/(N-m ) 2.40x10’

1A M £ % Tangential stiffness coefficient/(N-m ) 1.70x107

1 S /) Normal critical stress/Pa 2.35%10°

VIl 487 /7 Tangential critical stress/Pa 1.86x10°

Hhi4E 4% Bonding radius/mm 4.40
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Fig.9 Simulation experiment model
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Fig.10 Traction resistance-time curve of sliding knife-type
ditching fertilizer pipe
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Simulation comparison of different working conditions

b. Fertilizer pipe front-mounted

Fig.11
B 11 AT, W SO HERR A S B AL /N e R

25
R &
750 60

a. 5 B AT
a. Seeds distribution of fertilizer
pipe rear-mounted type
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Note: The data of each plane is the projection of the corresponding particles.
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b. Seeds distribution of fertilizer
pipe front-mounted type
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Fig.12 Three-dimensional diagram of particle distribution
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Fig.13  Field experiment of wheat wide seedling belt rotary tillage
fertilization planter
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Table 3 Experiment results of seed distribution uniformity
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. ’ & Standard deviation S
pipe Measured Targeted variation /%
JEE
Rear-mounted % 2 2.39 971
i 24 2 2.08 8.63

Front-mounted

a. 20K b. 40K
a. 20 day b. 40 day

B 14 RE A KK mE R & G L
Fig.14 Wheat emergence of field experiment with
different grow time
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Table 4 Determination results of seed and fertilizer depth

fleg R Ry ok PR HEE A R
Type of fertilizer Type Average Qualification Coefficient of
pipe yp depth/mm rate/% variation/%
JRE T 61.08 64.26 18.79
Rear-mounted AR 87.82 - 8.50
HiE i 41.85 94.36 3.79
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Design and experiment of fertilizer pipe front-mounted wheat wide
seedling belt rotary tillage fertilization planter

ZHAO Pengfei' , JU Xiaoteng! , YANG Pengkun' , ZHENG Zhigi' , HUANG Yuxiang**,
GAO Xiaojun! , SHI Jiangtao®

(1. College of Mechanical and Electronic Engineering, Northwest A & F University, Yangling 712100, China;
2. Shaanxi Engineering Research Center for Agricultural Equipment, Yangling 712100, China;
3. Xi’an Yaao Agricultural Machinery Co., Ltd, Xi’an 710300, China)

Abstract: Sowing depth and simple blockage can limit the traditional planters in the wheat wheat-wide seedling belt during
rotary tillage. In this study, the combination design was adopted with the fertilizer pipe and slide knife-type ditching. The slide
knife-type ditching and fertilizer pipe were situated at the front-mounted of the working range gap of the wide seedling belt
rotary tillage knife group. The coupling operation was realized for the slide knife-type ditching fertilizer pipe and rotary tillage
knife group. Among them, the slide knife-type ditching and fertilizer pipe, rotary tillage knife group, seed distributor, and
compaction wheel of the same seedling belt were collinear to create a wide seedling belt fertilization and sowing mode. The
fundamental parameters were calculated for the blade line of the slide knife-type ditching fertilizer pipe and the arrangement of
the rotary tillage knife group. An exponential function curve was fitted for the blade line, with a working depth of 100 mm. The
rotary tillage knife group was featured by a symmetrical spiral arrangement with three rotary blades (L = 3) within the same soil
soil-cutting area. In addition, the theoretical analysis was also carried out on the principle of cooperation between the slide
knife-type ditching fertilizer pipe and the rotary tillage knife group. The discrete element simulation model was constructed to
explore the traction force resistance of different slide knife-type ditching fertilizer pipes in the seedbed over time. A systematic
investigation was made to clarify the influence of the relative position of the slide knife-type ditching fertilizer pipe and the
rotary tillage knife group on the indexes, such as seedbed and sowing depth. The simulation results showed that there was the
smallest resistance of 40° slide knife-type ditching fertilizer pipe. The front-mounted fertilizer pipe and rotary tillage knife
group were combined to effectively avoid the influence of the fertilizer ditch on the consistency of sowing depth in the wide
seedling belt. The field experiment was carried out with reference to the performance experiment standard of sowing operation.
The experiment demonstrated that the new planter was better performed to realize the wide seedling belt sowing, when the
forward speed of the machine was 1.11 m/s. The bBetter performance was achieved in the uniform sowing and a highly
qualified rate of sowing depth, compared with the traditional planter. The qualified rate of sowing depth was 94.36%, while the
coefficient of variation was 3.79%, indicating the excellent sowing. The front-mounted fertilizer pipe and the rotary tillage
knife group were combined to form an 'inverted triangle' spatial pattern of three-dimensional distribution in the seed bed. This
was also beneficial to the early nutrient absorption of the crop. The blockage was further avoided to cause by the small spacing
between the fertilizer pipe and the seed distributor. The high passing was fully met the requirements for the wide seedling belt
wheat planting. The findings can provide the support to optimize the wheat sowing device in the wide seedling belt.

Keywords: agricultural machinery; optimization; no-tillage planter; wide-seedbed seeding; wheat
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