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a. Structural diagram of positive direction
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b. Structural diagram of side direction
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1. Frame 2. Wheel carrier 3. Wheel axle 4. Bearing 5. Left cover-press
wheel 6. Right cover-presswheel 7. Adjusting device for height
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Fig.1 Structural diagram of soil-covering and
soil-compacting device
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Soil-covering and
soil-compacting wheel

e
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I B Cure of furrow

Contact area between
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soil-covering and soil- Y
compacting device
By LT
Squeezed soil particles

a. BT BURSHE N BN B
a. Work process diagram of soil-
covering and soil-compacting device

qu.l
b. 32 )
b. Force of soil-covering and soil-
compacting device on soil particles

He Xo Y AR IR TS W f %8 U 3SR R AR
HRIEEEE T, Ni Gy N LB E Sy, N; Fy A TR SSEURTE
TIRLIISTIF ST, Ns Fro AL IFERURAE R LU (RIS R ME ), N.
Note: X and Y represents horizontal and vertical directions respectively; f
represents the frictional force of the soil-covering and soil-compacting device on
soil particles, N; G, represents the gravity of the soil particles, N; Fiy represents
support force of the soil-covering and soil-compacting device on soil particles, N;
Foa represents resultant force of the soil-covering and soil-compacting device
on soil particles, N.
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Fig.2 Forces of soil-covering and soil-compacting
device on soil particles
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A by AN LRSI SEE , mms by AN
AR GE R, mm; by N A B R RS AR,
mm.

T R A8 00 P (OB 8 S T R TV TR B3R K,
ASCHTR I B VA 28 R R B a2, HEAA 4 380 mm,
TAERS a N 12°, AR S SKTFEERFEAN 20°,
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THAAENL S FRIVAIR Hy 9

H, ~46 mm (6

A xo x4 0y AR HEIZE F A O 4. M OWRE
IREALRR, mm; py, R 3R LR E A MOXER AR
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T N7 AR R MURI T 58 P2 by MLV A R K T
R TEFE 205, IR by 2 70 mm. B0 7E LR AR K
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29 mm.

cover-press wheel

e o B LBURRAMMA, (O do B LBURRIME, mm: d B
JEACIE RS A AR, mm; by A BB R 6 /KT T 9
mm; by RN RS P BUEI BEEE, mms bg 7S B R BURRCIN)BE,
mm; b7 A R R AUR T 5 AV g s B i X P 96 B2, mm; Hy TV
RNV S AR, mm; p A LEURS N LI A N ER, kPa; O NEEIESE
HSE SR Z A, Ny SONE VR ET, SORRA R HE A,
BT A2 AMK 578 + 8RN COBRMITM, mm?% S, AE+
BURRANE CK. FNAEILE KN S5/ X flE AT, mm?; S+
FENVIG , il KPR DAL A HE LT AR, HCTIAR T A 7K P T A B iy ith 2
MN+ MN' 57KV X 4 RBER S 2k co. co'BRMTEAER, mm?;
Sa B ARG, Fi KPR DU 3 RIS, MR K LR
FIE Lk ON. ON 57K Fifi X HhiFE R AL R, mmP,

Note: J represents leaning angle of cover-press wheel, (°); d; represents external
diameter of cover-press wheel, mm; d, represents diameter near the furrow of
contact region of cover-press wheel and soil, mm?; by represents width of the
horizontal part of single cover-press wheel, mm; b, represents width of the
inclined surface of single cover-press wheel, mm; bs; represents horizontal
interval between left cover-press wheel and right cover-press wheel, mm; 2’
represents width of the contact region in the horizontal direction of single
cover-press wheel and furrow, mm; H represents depth of furrow opening, mm;
p represents press on the soil of cover-press wheel, kPa; O represents the sum of
self weight and external load, N; S; represents area of the soil on both sides of
the furrows before the soil-covering work, which is the area enclosing by furrow
curve AMK and cover-press wheel curve CO’, mm?; S, represents area enclosing
by cover-press wheel curve CK, furrow curve KN and X axis, mmz; S3 represents
area of furrows above the horizontal surface after the soil-covering work, which
isthe area enclosing by furrow curve MN, furrow curve M'N', X axis, cover-press
wheel curve CO and cover-press wheel curve CO’, mm?; Sq represents area of
furrows below the horizontal surface after the soil-covering work, which is the
area enclosing by furrow curve ON, furrow curve ON' and X axis, mm>.

B3 BIPEBSMHALEXZTE
Fig.3 Schematic diagram of soil-covering and soil-compacting device
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gia i (11D ~ (13) , WEARTEITE
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TERE PP AR m 0 SRRy AN R S i AR VR B FH 7
BEEATHE LT, #E P BAAEAR LI 2 I EAE ) G
BHEE & B MBEE 7. MR LB LA T ik
B Hy TR 38 TAERR ) R, 33800 78 R 3% 10 e A
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Disc opener

E: GO BARTEAR LN 2 EAEH 1, Ny H R HUE SN2
THAARFRLST, Ni R ATHESTAER ST, N; ROATFEETAE S R IEK
SEITEINSYTT, Ns ROATHERS TAEM ) R ISR E T A 77, N: Ot
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Note: G represents vertical force of seeding unit during work, N; H represents
pulling force acting on the frame of tractor, N; R represents work resistance of
opener, N; R, represents horizontal force of R, N; R, represent vertical force of R,
N; O’ represents reaction force of soil to soil-covering and soil-compacting
device, N; O, represents horizontal force of Q', N; O, represents vertical force of
O',N; ¢ represents angle between H and the horizontal direction, (°).

W4 #HHERZHTER
Fig.4 Force diagram of seeding unit
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ST IFEAE L G % 1, DU R 58 9 40 kPa it
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30) mm; 78 4R 5 P A 0=(10~20)°. 45 & XA AL
T EAEAL 5 B FPVE T BURRAE , AR (16) &5 15 3,
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3 i I
3.1 WRWHE

IR T 2016 4 4 F7EH B LA 72 i i 56 H
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hb A+ KE N 151%, 10~15 cm & HIE G KE N
17.1%, 15~20 cm &b T3EEKE N 19.6%, I8P
PENVIE A 2.1 mis, REGEIZWIE 5 FTR.
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F100cm®) « TR, PR AN %

L mEEEE . R
Adyusting device for height |

HIZEHR Frame \7 -
£ ;

Wheel cérrier/ /
HIk :

Bearing \ |
i |
Wheel a)m )

b. HHARIS

b. Operation site

a BHTEESR

a. Soil-covering and soil-compacting device

A5 @K%
Fig.5 Field experiment
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B FAEAERI M RS T AR SZ 3T, R R Zo T
A it A,
60
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BEA RIS E: B NEERTEE, mm; D ONEELR
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M (17) WL R aE 2o 5 Rk BURR
GERIREVE R BT AT 0%, IR AE 3 A A RN e 45 A B
SERIZAET, s HIE R EIEMC.

PR B R AT T B A i, B
FERNZ B R s seil sy 5 4 Mg, X35
TR e RIATRRE . b Il I R AR
fof CZEAT N E 8 A, AT R 5 i 2
TN JEIE AR R R N e B DA SE L e AR A . A T A
R bR RIS R R, fEhs el R, M

SR st A By b SCHSE O SR (570~790 ND
DRI A 2 B T 1R B 475~925 N [ A4y J Bt 3 e B
MR, EASIG 50N Il — Lo R R,
5 YK L3 TR 7k 6 i, B b
SRR 1.

LERBTHERR

Left cover-press
wheel andright
cover-press wheel

BAER
P HhTE
/ Soil surface

Q€——

N before load

v
- == BAVEH

Soil surface after load

H: Zo NAEETREE, mm.
Note: Z, represent soil sinkage, mm.
H6 XETHREMNEFE
Fig.6 Measurement methods of soil sinkage

xR 1 TETIREREHIE
Tablel Calibration data of soil sinkage

Gias) P 58 AT I T E
Serial number Calibration load/N Soil sinkage /mm
1 475 43
2 525 51
3 575 6.2
4 625 6.7
5 675 7.3
6 725 8.0
7 775 84
8 825 9.1
9 875 9.5
10 925 101

B3t Origin #ftH i) Polynomial Fit #8h& T B4535) 1
BN ey S8 AR, WE 7. TR E
SN IEM D, LM R R R, R ke
F)HI R Y SEAT v Z RO R AN

¥ =-9.39394x10 °x'2 +0.02567x' —5.70413 (18)
Xf YN EIE TR, mm; xOhH 3R M E TN A E
i, No

—
—

EIO [ = WEfH Measured value
E;n 9 — #l4 Hi£ Fitting curve
i

Z 8

a 7t

g o

e sl

= 5

H 4l

400 500 600 700 800 900 1000
#fir Load/N
B 7 TrREATHaEDENE

Fig.7 Fitting curve of calibration data of soil sinkage

T (18) FHETFHEMERMIIKCR, F21i%
78 B A% H [A)E6 A 7E 500, 700 A1 900 N Xif 1
B R EAE N 4.8, 7.6 A19.8 mm. Bk, & 1 FiR,
AL 3 AT 7 A e v R R T B 22 AT
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4, DASEIAEIERS FRAR A%, RIS Rk i ik & .
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FH [a]1436 v 3L T Box-Behnken (BBD) 456 ¥ 11 i
FEHITHER 3 3R 3 K FikEs, AR ES 3k, H
SPIMEE RIS R . AR H e SR E LR
BERAENEHFENSH, FRI SRR L EE
bRV VE R A S R A

Hal (1D ML (16D ", fE4ME d1=350 mm.
B 7 A R e KT THI B by =20 mim FIBURL T B8 B b=
70mm CAHERTE LT, ARCERSM G O A4AE
TR R b WM 6 NIRIHER, BAHEERI 3
IR RPN (160 P 197 B T 48 2 s 1 HU(E
JaFEl Q N 570~790 N, SEFRRIGHE AT N AEEITFEN O
i, PIeASCH #E 7 3 7K-F- 43 51 5 500, 700 #1900 N;;
KAELBUERMEE b K wmE LR E, TR
UE7E T, ba I HUE Y FE NN TRy il 28 b A VAT A
N Z [BIRK-FEEE il 3 frs) , BRIRARSCEUE 4 78
TR REE 3 KPR 04 15 Al 30 mm; R #E X
(11) ~ (13) FrffiE N IifA el 6<18.67°, HT
P A B BT A AR 78 A b 3 A = 3R S (|
TR LS T, B2 6 i N e RSV T T
AME LIRS LR E, 4G Sbrm LiER, B
HEASCHU A LA 3 7KF43 0109 100, 15°40 20°, B AR
FAKT IR 2.

#z2 WMEFEREKERE
Table2 Factor-level table of test

K Bofit [FE P Sy
Level Load x/N  Horizonta interval x;/mm  Inclination angle x3/(°)
-1 500 0 10

0 700 15 15

1 900 30 20

4 Design-Expert b iy 157 i V& HEA T 560 75
FATEE . DR S Ry B 7 78 R R RRN A
PEEGHLF 5 om Ab b3 R SE AR iR IR HR bR, e R
N AT R, Hi) 12 JAE MR AL B AEAE R, TR
WIGER LW, UMETRIRZE. W7 EMLE Rk 3
FiR, R xes xov xa 23 AREAT . Ao A 7R LB R R (] BR
R PAT S 1) P52 i
3.4 HBHERAFESH

HaR A5, 45 H8 LE RS ERNE
J7 PR B 5 om Ab -3 B S BE I U5 22 4 W 4 R gk 4 BT
Ne W 2 HIEEREIHMT IR Z oA, 581 -
LR AR b 5 398 8 s o 9 ) 1 A 19 — IR 2 Jc el A
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H# 4 D5 20T a B, MR T xy. x5 x5xt
BRI R, ST xo. x3 7E P=0.05 I 52 2
%, AR FAREE . H&HEFx R RS B
PR MK O AT A AE BRI B .
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Table3 Test scheme and results

R rE A% Factor iﬁ@?%}ﬁ %igﬁi
Test serial number . . Soil compaction Thlckne;es of
X1 X2 X3 yi/kPa covering soil y,/mm
1 o -1 1 334 315
2 -1 0 1 30.7 29.7
3 0 421 317
4 o -1 41 35.2 29.6
5 -1 - 0 325 311
6 -1 0o -1 32.3 26.3
7 1 - 0 47.9 324
8 -1 1 0 30.1 271
9 0 0 0 413 34.7
10 0 0 0 40.6 35.2
11 0 0 0 395 339
12 0 0 0 421 344
13 0 1 1 32.7 32.3
14 0 0 0 41.8 34.1
15 0 1 -1 338 26.6
16 1 0 1 44.3 339
17 1 0 -1 48.7 253

x4 IRESEHFENM

Table4 Variance analysis of soil compaction

J5 2RI FJr A HEE B Pl P
Sources of variance  Sum of squares  Freedom Mean square
R 561.76 9 62.42 39.61 <0.0001
x1 411.85 1 41185  261.38 <0.0001
X2 13.26 1 13.26 842 00229
X3 9.90 1 9.90 6.28 00406
X1 2.89 1 2.89 183 02177
X1X3 1.96 1 1.96 1.24 03015
X2X3 0.12 1 0.12 0.078 07884
x2 5.64 1 5.64 358 01004
x5 69.66 1 69.66 4421 00003
x5 4359 1 4359 27.66 00012
SRAUT Lack of fit 6.70 3 2.23 206 02480
4l % Pure error 4.33 4 1.08
Z54 Sum 572.79 16

B o s, FHE LEERIEVEE L E
PERIT Z e R 5 Fror. Xk 2 i gdEdtir —
WZ TG, 15508 HBUEBE L5 78 1 5 R X 4
i E AR B R Z T A TR A

y, = 34.26+1.14x, — 0.86x, + 2.45x; +1.30x,x3 —
2.45x% —1.34x3 —3.12x3 (20)

% 5 ZE o g Bal Al T xo x3v xi x5
Xt 78 R RO 2, SUMR AT xon xp xa X3 7E P=0.05
R, HARmE T ALE. &R TAE RN
BEMRRBMRUCYNA . B, A4AE T EERR
8]

5 ZE T ERAT TR CAAE HY a7 R 12
PR, X T AT RN R A
RS0 RN, X 5 B S S AR T st R A0t
1SS R R DR AR AR — B A A xR
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HISE I AR T 38, X R T ABA ERRRRE
FEAR A RVATRIBHI 20 TR, EFLR T W
RS R0 LA e b FRE B, a5
(Rl 7 A R 7 L SR 1 3 R R 18

*k5 BXEERESH
Table5 Variance analysis of thickness of covering soil

ﬁﬁ}{{ﬁ Rl HHE BIJi Fii P

Sourcesof variance  Sumof squares  Freedom  Mean square

% Model 160.89 9 17.88 2423 00002

X1 10.35 1 10.35 14.03 0.007 2

X2 5.95 1 5.95 8.07 0.0250

X3 48.02 1 48.02 65.09 <0.0001

X1X2 2.72 1 272 369 00962

X1X3 6.76 1 6.76 9.16 00192

XoX3 3.61 1 3.61 489 0.0626

X3 27.22 1 27.22 36.89 00005

x3 7.59 1 7.59 10.29 0.0149

x3 40.92 1 40.92 5547 00001

AT Lack of fit 411 3 137 521 00723

4% 7 Pure error 1.05 4 0.26

254 Sum 166.06 16

3.5 RIELE RN LD
7 FE 9 T 2% 3 A % DR BV b 5 b v 11 - 35
SEREANTE LR R, BRERE A 3 AMRER
L ANE RN 0K, HEHAL 2 ANFFEX R
AR 1 J5E A R
L [FEEWbifA 15°, 31 AAL4E L EER
TF1) B oF - 38 % S AN - R 5 R 4 A s
y, =41.06+7.18x; —1.29x, — 4.07x3 2D
YV, =34.26+1.14x; —0.86x, — 2.45x% ~1.34x3 (22)
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a. Response surface showing effects of b. Response surface showing effects
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on soil compaction thickness of covering soil
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Note: Inclination angleis fixed at 15°.
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Fig.8 Response surface showing effects of load and horizontal
interval on soil compaction and thickness of covering soil
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b. Response surface showing
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angle on soil compaction
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Fig.9 Response surface showing effects of load and inclination
angle on soil compaction and thickness of covering soil
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a. Response surface showing effects
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angle on soil compaction

b. Response surface showing effects
of horizontal interval and inclination
angle on thickness of covering soil
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Fig.10 Response surface showing effects of horizontal interval and
inclination angle on soil compaction and thickness of covering soil
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Design and experiment of soil-covering and soil-compacting device with
cone-shaped structur e of wheel
Guo Hui*2, Chen zhi*3, Jia Honglei*?", Zheng Tiezhi*, Wang Gang“?, Wang Qi*?

(1. Key Laboratory of Bionic Engineering, Ministry of Education, Jilin University, Changchun 130025, China;
2. College of Biological and Agricultural Engineering, Jilin University, Changchun 130025, China;
3. China National Machinery Industry Corporation, Beijing 100080, China;
4. Jilin Agricultural Machinery Management Center, Changchun 130062, China)

Abstract: The soil-covering and press wheel are the main parts of the corn planter, and their performances are directly related
to the growth and the output of the corn. The device with the functions of soil covering and soil compaction can improve the
soil moisture content after planting and simplify the structure of machine. The squeeze-type coverer is atypical device with the
functions of soil covering and soil compaction. But due to that the contact area is too small to bring the poor stability of
soil-covering and soil-compacting during work process, the squeeze-type coverer is often used on no-till planter. A new type of
soil-covering and soil-compacting device for corn planter was designed in this paper. The device was composed of 2
soil-covering-pressing wheels with cone-shaped structure, and realized the functions of soil-covering and soil-compacting
depending on the extrusion force of soil produced by soil-covering-pressing wheel during planting. The main structure
parameters of the soil-covering and soil-compacting device were determined through theoretical analysis and experiment of
double-disk opener, which were mean diameter of 350 mm, width of the horizontal part of single soil-covering-pressing wheel
of 20 mm, width of the inclined surface of single cover-press wheel of 70 mm, and the value range of horizontal interval of left
and right soil-covering-pressing wheel of less than 29 mm. The leaning angle of soil-covering-pressing wheel was determined
through theoretical analysis of soil-covering process based on the shape of soil furrows, which meant the leaning angle was
about less than 20°. Based on the agronomic requirement of soil-compacting, the range of external load was about 609-790 N.
Through analyzing, it was found that the external load, the horizontal interval between left and right soil-covering-pressing
wheel and the leaning angle were the main influencing factors on the functions of soil-covering and soil-compacting of the
device. Taking the 3 indices as the experimental factors using Design-Expert software, the Box-Benhnken experiments of 3
factors and 3 levels were conducted, and the results showed that the order of the influence of the factors on the soil
compactness in the top 5 cm soil layer of the seed furrow from high to low was the external load, the horizontal interval
between left and right soil-covering-pressing wheel and the leaning angle. The order of the influence of the factors on
thickness of covering soil was the leaning angle, the load and the horizontal interval between left and right
soil-covering-pressing wheel. The optimal parameter combination of the device was the external load of 900 N, the horizontal
interval between left and right soil-covering-pressing wheel of 13 mm and the leaning angle of 16°. Verification testing
indicated that the soil compactnessin the top 5 cm soil layer of the seed furrow was (43.811.9) kPa, the coefficient of variation
was 4.3%, and the thickness of covering soil was (32.9+2.3) mm with the coefficient of variation of 6.9%. The soil-covering
and soil-compacting device designed in this paper has good performance of soil-covering, soil-compacting and working
stability. This study can provide areference for the design of planters.

Keywords: agricultural machinery; design; kinematics; soil-covering; soil-compacting; device; experiment



