3L H 10 Aok TR R Vol.38  No.10
10 2022 4 5H Transactions of the Chinese Society of Agricultural Engineering May 2022

R B E N PR R B R E(EE KIS S
jfljf’f,ﬁ 1’2a ?g—ﬁiﬁ% 1? ﬁg%%la ﬁ/{g 1’ ji EEEI

(1. FAbgN K2 TR SR, FE/RIE 1500305 2. 1@ F B WL e TP, 1EiT 223800)

1 E. xR R E RS 2 TR IE RN LIS SRR L A 3 TR G 1R, A R EAE o B RS B R AN
R P B B E RS B TR S SRR R, WE THRSE. WERSEMERANAAERN, SCOENUE
APRESFEHPIRAS e, FR@EE 0 HINRE RESENT, FRE RS, (REBEILFRS TR 55T
iR, BRI SRS T AL 2L 00 R K, AL B RAF R IR e, AR (6. @R E
kit g, SOULRTAREE, S A LR R B 26.72%, FF B HLR B> 10.96%. FENLIRIGFZ W], Hike-F
B FEBHRTHEENL, F@EE MR AL 22 5 NS HRIRES, (BRSBTS min. ZHF TR SvLEh - F S H AN AT
rR R GBI R 2B BORIB AL, R T BRIV 37 R B ) B, ] S SRR R ML & e T A w5 % .
KR R, RIE;, 42T &, LBHEMA, 1Filkity

doi: 10.11975/j.issn.1002-6819.2022.10.002
RESES: S223.2 XEkRERD: A

XEH, PG, BEE F #RAEXPEEHEBERZEIREMNZZ TSV, RUTEFHR, 2022,
38(10): 10-18. doi: 10.11975/5.issn.1002-6819.2022.10.002 http://www.tcsae.org

Liu Hongxin, Yin Linwei, Xie Yongtao, et al. Development of the transfer platform with ground wheel in front for the
medium-sized no-tillage stalk mulching ridge corn planter[J]. Transactions of the Chinese Society of Agricultural Engineering

XEHRS: 1002-6819(2022)-10-0010-09

(Transactions of the CSAE), 2022,
10.11975/j.1ssn.1002-6819.2022.10.002

0 31 &

U E AR X FE R AC, B DA E R 3,
HH TR IR B0, SR ™E, LEAE S R,
N7 LI, R R ER, (R H
1) 300 G B s 2 1 R Pl 2 4 B SR e i 4 AR
BE R, R B RS B MR R R LA B2 1
TN APEFEME R ZR AR S, TT DL T 2L, &S AE
AL T AKRZEAEHIXHE A, (HRILAEEGMEIAH
B 5 K SRR R ST iR A T rp R G A
ZEAE R KIEFAL LS AL B 7T

] P 7 55 R A ML AR L 3 3 i ia 36 Bk AT 1
WHoE. EAL, I =8 BuH ) DVI2R #EFHLRH
EMI, 720 HTEVRSMZHRE, SEIRES
U iz R A I F5 AN R B T3z it .
Maschio Gaspardo Spa % B/ i) ORIETTA4-24 BEEse
TP i T 28 T AT B 10 LS 9 00 1% b 2 e A
2SR —E = e, LTRSS, R
# . Kinzenbaw VR T — R0V & s bl L, %
MLAE AR FE AR S B2 B, ARV AE SR T RIS Hi S
B EAR T ERIRAL B S e 07 ), SEEE RS RIS s
WA BN, 25502V X 58 18 S HE B FhL I

Weha H: 2022-04-09 BT HINA: 2022-05-12

EEWH: BRTAETHIEREREHE (20202X17B01)

PEZ s XEH, Mt #i%, WtA S, BT R A
5%:% . Email: Lcc98@neau.edu.cn

38(10):  10-18.
http://www.tcsae.org

(in  Chinese

with  English  abstract) doi :

PR HLEEEBEAT 7RS0T, X HLAR B0 S A AT ik AL
e, W& TR, A0S iR 2BZI-12 KE A
AT R R AR AP LR P e B 2 A A L
L, iR AR ET I e, ana . &L
FMEARNEARM R 1 T 2H =, 4 &R H A
PUZRES R 4 H T ER M7 5] s F Py &3t
¥, UIESE R, WAL AU KRR, mH
BN T RN E R TP R S A A TORIR R LA
Bz, W EAWI R, Bk ARpIEse, Rt
Bl B A SN i oo #AE R .

N K AR ABUZE 72t 1R SR ATR Ml AN B T E D L
ENPERLEET & SR N T B S 78 A5G 2B AT B K6 A
BL, FFSEBL B G B 7 A 2B A TR SR AL A2 HeiR
& RIE AR MAaE -

1 BHRRARAR

B G B RS B A FORIE ML R AR E . 3%
FHEATCAH . TSRS B A A R, 4 7 HATE R
650 mm FEFPEICAR, — IRAE b AT 58 S5 7 P R A%
MEAE ., FEFR. B REIESE TR, PREEIATTVERE 20~
25 mm, fEMVEEE 6~12 km/h,

RN PENLZE T & 2l s Ay A 2 5 FLA Sz B
BEF R . AmaEgiakm, TEMERAS B R LR
BA M7 AN BN 4L s DR, SRS nrE L2844
FHATM A 5 8. &P & B RIGHHAE RS A
BHPIRA . A IR HIBIESRIIRE p, 05 R i



5510 XZH A Hure AT E b B A RS 221 TORSR MR iz 1 S 11

AP ORE AR A . SIS AL 6 15
A ke o AR AT E A A op B AR R
FHOUSCRE SRS HEA M HE I, 32 56 I ) P [R] 20 00 3K 3
ARTEH U SEINLEET R, g e BT A 2251 .
T IS AL TR A TR AL, (LI 2 B N ATAE
ZORMF A ] BE SHEH MU R BEAR ], R XL AT
Gt Dt o B SR T RANE T 2 St
BIREZBAE KRB e Al B SO b I AT RE TR B AR %
BLHT T3 015350 77, et 5 fe R B, JFAH
[0 WUE RS AR A LR S TN, B ah i i, A&
FAEMBPAATER IR R, BT BIPLRE ), ok
Mok B B 2T 6 B T A e B RS 2R AR ORI R L

HukeHl B A & A B R A LA . e B R AL
Ha) AU 2 SR R R SRR A, il 1 P 4
I 7R b R ML) 1) S B P8 1 R AR A B R b e L A B TR St
TIERR. RS FIERZ. DURT AL, B AR
FEWRUSRL S Al B 7R b O e SRRV e U B S P 2R 3t
FENUR 1 O B P01 0 455 e P R M 8 [T 52 B2 e FH R
WOSSEL VUFFALAL . Sl B Ae R e eI B b
NIERRIAGH A R

e FA R R ALY
Dual-purpose type ground

|
|
[ ' y 1
| ZHIH E)J THLEE NI wheel mechanism !
/Auxiliary type ground |
_____ wheel mechanism R

LABRGNFS 2 BN AU PR 3AMBI AL PO 4 MBI
HEBUEEL S AHDVRIHAC AL AL o P IAERERE  7RIEGUREL 8.k
R FE B E S 9. MBSV RED  10.DUAFHLIG 113 Bk b bodEd
B 12 MRS TS 13 B

1.Auxiliary type ground wheel 2.Auxiliary type ground wheel lower
connecting frame 3.Auxiliary type ground wheel upper connecting frame
4.Auxiliary type ground wheel hydraulic cylinder 5.Auxiliary type ground
wheel turnover frame 6.Intermediate connecting beam  7.Reversible hydraulic
cylinder 8.Dual type ground wheel fixing frame 9.Dual type ground wheel
hydraulic cylinder 10.Four bar mechanism 11.Dual-purpose type ground
wheel upper connection frame 12. Dual-purpose type ground wheel lower
connection frame 13. Dual-purpose type ground wheel
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Fig 1 Structure of platform with ground wheel in front
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1.Lower beam 2Rear beam 3.Side traction mechanism 4.Front beam

5.Center of mass
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Fig2 Installation position of platform with ground wheel in front
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Note: A-H are articulated points; /4, is the minimum ground clearance, mm; %, is
the height from the ground of the lower hinge point of the four-bar mechanism,
mm; A3 is the vertical height of the dual-purpose ground wheel four-bar
mechanism, mm; %, is the lowest height of the hinged point A from the whole
machine, mm; 4s is the vertical height of the auxiliary ground wheel four-bar
mechanism, mm; /¢ is the height from the ground of the lower hinge point of the
four-bar mechanism, mm; 47 is the hinged point E distance from the lowest
height of the machine, mm; R is the transverse passing radius, mm; ¢, is the
driving angle of the dual-use ground wheel four-bar mechanism, (°); ¢4 is the
driving angle of the auxiliary ground wheel four-bar mechanism, (°); g6 is the
transverse angle of adoption, (°).
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Fig.3 Ground wheel mechanism diagram
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1.Seed metering device 2.Main axis of seed metering 3.Tooth clutch 6.Dual type
ground wheel 7.bevel gear drive shaft  8.Intermediate shaft 9.Transmission
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Note: iy is the transmission ratio of ground wheel assembly; 7, is the transmission
ratio; Z; is the number of teeth of the sprocket with parallel four-bar output of the
ground wheel; Z, is the number of output sprocket teeth of ground wheel
assembly; Z3 is the number of teeth of gearbox output sprocket; Z4 Sowing unit
drive sprocket number of teeth.
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Fig.4 Transmission system diagram
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Tractor hydraulic system
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1, 2.Dual type ground wheel lifting hydraulic cylinder 3, 4.Auxiliary transport wheel
lifting hydraulic cylinder 5, 6.Reverse hydraulic cylinder 7-12.Hydraulic lock
13-16.Shunt collecting valve 17-19.Solenoid directional valve = 20.Pressure relay
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Fig.5 Original hydraulic system schematic diagram
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b. IBRPRSHAHONEALIRZS
b. Transport state changed to operation state
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Fig.6 Hydraulic system control flow
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Note: F is the supporting reaction force of the rotation axis of the upper
connecting frame of the ground wheel pair, N; F, is the force exerted by the
hydraulic cylinder on the fixing frame, N; 6, is the Angle between the lower
member of the parallel four-bar and the horizontal plane, (°).
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Fig.7 Stress analysis of hydraulic cylinder
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Table 1 Hydraulic system model parameter
A+ Parts %) Parameter U Value
WESR AR AR (mL 1) 38
Hydraulic pump FHLES /(e min™) 1.5%10°
FL TS 1) 1 i LAE I /MPa 31
Solenoid directional valve W RE L 0.8
JE 4k 2% JE 713G /MPa 3~21
Pressure relay e il I

3.3.3 W ALZRE55H

SR ER T E AR S SRR, IR Rk
B0 L ZE AT o o )7 FLISF ]I 160's, E 70 s I
AR W R AR A T A MR R Bt A R A 5
WONIBHPRES, FRERHONENCRE I F3E, FEit
HHFEDSRE R, SR NE 8 fimn.

— i JEL 1 Hydraulic cylinder 1
— WE L2 Hydraulic cylinder 2

0407 W13 Hydraulic cylinder 3
0.35 — T ST 4 Hydraulic cylinder 4
o WESRTS Hydraulic cylinder 5
£ 030 — ¥R #16 Hydraulic cylinder 6
2025
j53
2020
7015 5
1 0.10y N\ \
5 0osf N
0 e —
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Fig.8 Hydraulic cylinder displacement change

8 Wk, 1.3 s IR EZE 0.15 m, 4
BT W RS 26 O m (T HU 22 0.18 m, 4 FiA 0.18 m
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a. Boundary conditions

Mises equivalent stress/(x10- MPa)

b. M=K

b. Stress cloud map

I, He AR U ST 4R A 0.18 m 5 4 B R 50 e
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(AR
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LA BN S E 28, fEIBHRAS T BT,
EH T~ 1) B I8 WL B A S A 0 = A B 7, HLEE 2 3
R BT R, AR AR R R R PY, 6 23t f L 30
R SE PR N AN T 4.5 m/sTe B SERHRIBIRS T IHLLE
ZITEAT T, 0K 2 FiR.
Fz2 HISRETHRZHIER

Table 2 Frame stress under braking state

#H A 4 FK Name of load {8 Value /N
HLZEE }7 Frame of gravity 20279.1
TE A J] 15 A B 77 Gravity of straw cutter teeth 1788.8
fE4H 2 Ik} # /7 Fertilizer box and fertilizer gravity 2461.8
J&Fh B TCA E /7 Gravity of seeding monomer 8732.8
% & o4 /7 Hydraulic component gravity 1278.9
e F AL tth %6 55 7 Dual type ground wheel gravity 1937.5
4B B Hh G H ) Auxiliary ground wheel gravity 3070.3
S TS FH /7 Versatile ground wheel resistance 160.4
4 Bh % /7 Auxiliary ground wheel resistance 121.5
HLEEB £ 77 Rack inertia force 9311.8
TEHS TIVT A A5 1% /) Tnertia force of cutter teeth 821.4
AEAE K ARG 77 Inertia force of fertilizer box 1130.4
FEF L ICHAR 1 77 Inertia force of seeding unit 4009.9

T TeHA5PE 77 Inertia force of hydraulic parts 587.3

FIF CATIA B4 TAZ S Mt AT 4 R T4, L
ZUTRAL FEAL RS R AL . IR INAERE . WA I o AN e A
T, #RN Q235, JEARMEIR 0,~235 MPa, %4: %
BN 1.5, YR/ N[6]=156.67 MPa. Nk %] H AR
FEER, ANLRTRAN T 5 M LA E A B RS,
AT RS TE IR AE, XU ST RN 3 3 B2 43 A 24
A4 mm. FENGRRAMGIELIER R R, BINESIER:
FEME, JRRIERHEC WA AR, $ZHLEESZ I s LN LR
R, ARG RN BB TR, AR MG M T %
ik PR IR A 2R, AR SAF W 9a iR, B J1#T 5
73 B 75 32 By 1 1) 20 R A& T BIALZE R R AR T 2 B
Kl 9b. 9¢c fiom. HHIE 9 A0, B A& X Ik 3 EAE R 52,
R T G R B, s JIMEA 145.05 MPa,
RN 3.39 mm, JHENLZLH)IER TAEZER, i@
PB4 sz A B R NI, fRIFs 2 4.

KISy [x22

Displacement/mm

113361008
1.08¢+008
8.12¢+007
e gk
4.05¢e+ L
| 1.35e+007 i
2.33e+004

<

- =
OO

c. BKnE

c. Deformation cloud map

B9 A RASH

Fig.9 Frame finite element analysis
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Fig.11 Finite element analysis of ground wheel mechanism after lightweight under braking state
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Table 3 Comparison between simulation and test results of
hydraulic cylinder synchronization accuracy %
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Table 4 The machine parameters
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Fig.13 Power Spectral Density (PSD) of vertical centroid
acceleration of rack platform under different driving speeds
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Development of the transfer platform with ground wheel in front for the
medium-sized no-tillage stalk mulching ridge corn planter

Liu Hongxin'?, Yin Linwei!, Xie Yongtao®, Zhao Yijian', Fang Lei*
(1. College of Engineering, Northeast Agricultural University, Harbin 150030, China; 2. College of Mechanical and Electrical Engineering,
Sugian University, Sugian 223800, China)

Abstract: With the improvement of agricultural equipment level in China, agricultural machinery is developing towards large,
wide and efficient trend. Large and medium-sized no-tillage sowing equipment can not only reduce production cost, but also
meet the agronomic requirements of no-tillage operation in northern China, and can increase crop yield. However, its wide
width and heavy weight lead to the problems of difficult transportation and operation transfer. This study is aimed at the
practical application of the medium-sized no-tillage mulch and ridge planting corn seeder as the research object. The
medium-sized seeder is connected with seven groups of seeding units with row spacing of 650 mm. On the basis of theoretical
analysis, the use of digital prototype, virtual simulation technology to determine the right drill transport platform, through the
wheel mechanism and traction mechanism to lateral suspension operation, longitudinal traction transportation, land wheel
deformation parameters, arrangement of hydraulic, traction mechanism and transmission ratio adjustment, etc. The
transmission system can transfer power to fertilizer shaft and seed shaft according to the specified transmission ratio. The
hydraulic electric control system is composed of pressure relay and electromagnetic directional valve to reduce the number of
oil inlet and outlet and simplify the operation steps. The simulation results show that the synchronization accuracy of the
hydraulic cylinder of the ground wheel mechanism is less than 3.6%. The hydraulic electronic control system is easy to operate
and can accurately reach the sequence action position, and the synchronization performance is good. The finite element
analysis module of CATIA software was used to analyze the stress and strain of the frame and the ground wheel mechanism.
The strength of the frame under the braking state during transportation met the requirements. The stress analysis of the ground
wheel mechanism showed that it had good strength and stiffness, and there was a large space for optimization. The total mass
of the high mobility frame platform is reduced from 244.0 kg to 178.8 kg, and the mass reduction ratio of the auxiliary
ground-wheel mechanism is 26.72%, and the mass reduction ratio of the dual ground-wheel mechanism is 10.96%, which can
meet the strength and stiffness requirements of the ground-wheel mechanism, and the optimization effect is significant, and can
meet the requirements of transportation and operation. The hydraulic electronic control system test and road transportation
vibration test show that the whole machine meets the requirements of various indicators, meet the requirements of mid-sized
no-tillage mulch and furrow seeder operation transfer, hydraulic electronic control system can control the hydraulic cylinder to
complete the sequence of action, the operation state conversion time of 5min, saving the operation transfer time. Through
analyzing the vertical acceleration of the road transportation test vibration, the natural frequency of the vertical vibration at the
center of mass of the frame increases with the increase of the vehicle speed, and the increase amplitude decreases gradually.
When the driving speed is 10, 15 and 20 km/h, the natural frequency of vertical vibration acceleration at the center of mass is
concentrated within 0-3 Hz, and the natural frequency of vertical vibration increases with the increase of driving speed, and the
vibration intensity increases rapidly. When the driving speed is 25 km/h, the maximum vertical displacement of the vehicle's
center of mass is the largest, which meets the requirement of radial pendulum momentum, and the transportation is safe and
stable. In this study, the high maneuvering platform technology was applied reasonably to the compact medium no-tillage
mulch and ridge corn seeder, which solved the difficult problem of operation transfer and provided reference for the design of
transfer platform of wide range agricultural machinery equipment.

Keywords: agricultural machinery; hydraulic pressure; transport platform; no-till planter; operation transfer
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