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1.1 BAREXK

WREE, SRE4EEA AhpEERE ", B
FERRM G F7— 2 3~5 cm T35, FIH/EY K H0 2
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2855 80 cm, /N2ETE 40 cm, & 10~13 cm, FHIETE 135 cm
WiESA R, KZELFESEE, BMIEE 13 cm, FiiT

FHEEERE 17 em. B 3~5cm 1%,
400 800

1K 2.3 34EWE 40 5BKIL eiuEL 7AMTEL
1.Bigridge 2.Potato seedling 3.Rainwater collecting surface 4.Small ridge
5.Seepage hole 6.Covering soil on plastic film side 7.Covering soil on
planting band

Bl DAEAREZATELAAEEY
Fig.1 Ridge shape of potato complete film mulching and seeding
band covering

1.2 RRgEH

Nl 2 Fow, B R i NS P 2R A R o A AT
T AL EEBPI. HIERS. R RS AREA.
THE G ke, BBAE B L RE . BB E
BRI B o

| \

8 7
a. LALIE b. fUHL

a. Front view b. Lateral view

c. fiRLA

c. Top view

LER RS 28 3K 48N SELS oIRAR 785
JREE LR 8RB LIEE o BIENME 10305

1.Seed metering system 2.Seed box 3.Fertilizer box 4.Suspension device
5.Covering soil apparatus 6.Furrow opener 7.Covering soil with spanning
model on plastic film device 8.Crushing soil and reshaping device 9.Mulching film
mechanism  10.Ground wheel

B2 DAEERENLLrREZMTEL—HANTER
Fig.2 Diagram of potato casingsoil planter in all-in-one machine
combined with fertilizing, sowing, ridging, complete film mulching
and planting line covering

1.3 T1ERIE

TAERE,  FhREALE R B A SR AL =
RUR R, TEHRRINLAE G| R RO AL R SR B HE R R
GRHERN RS T AR, AJEERHER B A Z R B A )
TR “V7” BRI . AL T A 28005 7 [ #
Al 7 L BN R R R R TR B R LA ik

2+, s EE R E R R R 2 A
2B, ZBIAHIEINNE, PIIAR TR K2R, BILHE
TR E DB REIETY B IBENURPRE B R RO )
Tt R T o 7 o e R e 7 2 T ok 3
BRI R AR AP AT IR BT KR . WL — BT e 1) 1
ANZBRIPEM AN KZE, N R A B AT A K22 AR
%, fERBEm PR BIAME, AEE AW,

2 FETEEMHE

2.1 RERERERE

Ly T 3 o V) R R UM Ml A7 A W T T
i, HMERLERHE 98 R T M AL kg e, D,
it TSR E S E .

k3 Fow, O B R R B R RN U
ML _EIENSIAT NSO S 2R . e,
eEAEd b MM R NESIER SHLAE
e, RS I AN S a2 (A AR,
SGiBURTL B3V AR VAT YRR NN A G R S S e 2 i DK YA
B, TSR L .

LALAE 2004F 3RS 4 BHR 5 BT 6. MR IUE
tlikiaN

I.Frame 2.Pull rod 3.Lower slide steadying bar 4.Suspension bracket
5.Upper slide steadying bar  6.Magnetic induction hydraulic cylinder

B3 RAEmESEIMEHTER
Fig.3 Structure diagram of hydraulic offset suspension
mechanism

F i) 28 G0 AV YT 23 S ER HE AL B E v RN R
Rouiefitsh fy. W 4 fros, TAERS, 250 51 4%~ f 4
FFk AL, DI I8, WEEE R AR, 35 EMHESINL
MEtmE, MIGEBIEENITX K2, HEEYIW,
D1 f#1E TAE; 2o e R IF 8 A2, D2 T8, il
HE ZE M /2 5 3, IEZEFTHESINLEE M e (L, TG R
FEFERIF K KL, BV, D2 4518 TA/E, FL2HEH
Em B AL E .

JOAES nFh s, BRHLREAN 410 ke, fRENEE
HEL TIPS fr=uN, A, w0 AN ) () B4R
REG N OISR S ), SREFHUREAHSE, N
V00 I T T SR AR I /) £5602.7 No BN IT R K.
K2 2 [A] B #E B A R LS 4 o6 B 5 R LA L o8 2
%o NLIEE 25.7 kW ReRIBRAL, HRALIIRERE D
1.5 m, MHEATFEN 0.3 m, % MOB40-300 YK
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a. I
a. Hydraulic circuit
LA 2 RIS 3BT 4RI SNk
1.Electromagnetic valve 2.Magnetic induction hydraulic cylinder 3.Magnetic
induction switch  4.Button switch 5. Miniature relay

b1 L

b. Control circuit

e AL A2 JIRHIITR: K1, K2 NREERIITR; D1, D2 R J1.
12 Jy gk AL F A R

Note: Al and A2 are button switches; K1 and K2 are magnetic induction
switches; D1 and D2 are electromagnetic valves; J1 and J2 are relay contacts.

B4 BB EEEIAMRER
Fig.4 Principle diagram of hydraulic offset suspension
mechanism

2.2 BUXELBTRE

(] Py 56 7 - LR R 9 2 T R e KT 2 B A A A
X, mEeea. wER g, X U+
BUAS 35K AR EY 1, R e il 78 0 7 5K, e 2 1)
E MR EE AT, AT AR I I EOR, WOR FH B RTEL
Ffr R TR R E . R Sa iR, B
e - A E R AR RIRTHE A TRz e
SREHLRY . DAk ge . 8L, ISR
o B b7 - I I S AN T AR S R A LR
TRRE B 2 A AR E IR S R &R T84 5 KT
TR A7 9 450,

12 345 6
a WA

a. Mechanism diagram

bl
b. Axonometric drawing
LIFARCES 25K N 3B 480k sThEi 6. BEds T
OOSIERINTE 9. A 10.4E LU 2B
135458
1.Shovel for ditching and taking soil 2.Tightening devices 3.Driven wheel

4.Scraper 5.Lifting belt 6.Shaping device  7.Plastic film roller 8.Pros and
cons button adjuster 9.Driving wheel 10.Shield 11.Lateral conveyor
12.Covering soil device 13.Cleaning soil device

Bs5 BAXELELIXENTER
Fig.5 Diagram of spanning type device of covering soil on
plastic film

2.2.1 FARLES

FE VA B A 2 B R R S 0k & AR
ot G e R REE TN I8, 2 NIV 47 2 18 B e W
Mo HWRZENR, 2 NTFAECEE RN 400 mm. KT
VAL TR R T, THEW W b 5THET 5L
B 150 mm, SNIg/NEIBRTE S TAERH 77, @84l LAk B

FEH AR R VR A 8, AW ez = N BhRe IE N7
S ECRAI, A B A S SR T AR TR, P
FHELEE 6 B 20 mm. NPT IERRAEME LS R 5T
IR, [FFR 6B 25 mm. N{RIE-LIRAETT
W ERshEy, AR, @k EiRE, THEE
TH N LA o B 30°, KEH 80 mm.
FE PR TR RSORH 20 HC - B k] 1R R P, LA BT a2 F R 5
s=l/i, N1 q
g2 (0
i
X b AT R, mm: H ATZIRE, mm; [ 9
WRIAIEE, mm; @ ATHE T EE v RTEEEE v Z H.
L5 g MR,
ih’®
S 2tan(y —w)l
i[h_ltan(%l//)}
2

[=h/tan(y —y)
2>

[ <h/tan(y —y)

KAy AEIRFHE W 5K, ©) 5 w ATER
EEEES, (°) 5 h ONEIRETE, mm.

B nr s, RN BRERmE L E fFlk,
BT IR R ks Ty N2 %, MRS LA
TREREARFR SN LREA L, NENAF TN,
W sb fiws, Wit T IERINET AR . 5 IR
WAL FREEOR, nLAEfs 28, s 2 iifiE R4
FERENZ2E, 1E IR R 2850, BN ERE
B, RZIVR.

2.2.2 F|BAER

Bl 6 NEIREE s 5t EIiRk B IR T S K
MRy, ZIfMAATIRNEE A BAEIR B+
B AT IE AT 1R Pk i, AR B ity T TR0 AR S5 5 AR
T EEAIRRAS, M—EKJE M LB R o NP

__miblK 1= h/tan(y —y)
0= 2tan(y —y)! (3)

Itan(y -
WHP—JE%JQ}

b NENERR, FESRERE. FHEWITIRA K.
TR AT L AR R, PP AT RN 75 2 55 96 B 17 em.
JERE 3~5 cm [F-H3E, FRMIBLE &9 10 cmy JRJE 3~
Scem f9 B, W) ALK B & 8.1x107 ~
1.4x107 m’. %38 KM 5%150 mm HEWAG LS,
MRIEEE 7B 100 mm, &S & B 60 mm, FiEHHEE
VISHTHEEE v 2 A 1.35. RE (3) RTEATHE
WIS BN 0.016 m°, Hw L ER.
NIFRETHE R, Wl 5 Fow, w7k ENL
Ay, 38 O S O B2 AT K o B M Bl e e il T S A B sk
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I <h/tan(y —y)



20 A I

P TP SRR B R A I AR AT B PR 7

FR, —BRSEE NBhEE b, T BOR: M AE AN Ee bt
B, 5 BEEAETHE RS, REEATHE W
+ 3%,

/ 3 4

L3 2 FEES 3 AR 48R S TtHiER

1.Soil  2.Shovel for ditching and taking soil 3.Driven wheel 4.Scraper
5.Lifting belt

H: o WANEHERAERE, rads’; v RTHEERE, ms's H R HEE, mm;
y NFHEW SACPI R A, () w hLBNEESM, ) r IASIEEAT,
mm; b ONTEAREE, mm; [ OREIRIEEE, mm; vOATHERRERE, msTs 6
NEINCESVAIERI: o ATHAI S I LS, (°).

Note: w is angular velocity of driven wheel, rad-s’l; v is forward velocity, m-s'l;
H is depth of plowing, mm; y is the angle between the lifting belt and the
horizontal plane, (°); y is soil internal frictional angle, (°); r is radius of driven
wheel, mm; /4 is the height of scraper, mm; / is scraper spacing, mm; v’ is
velocity of lifting belt, m~s'1; o is clearance between scraper and bottom, mm;. «
is penetration angle of shovel for ditching and taking soil, (°).

B 6 HmagiE ot
Fig.6 Motion analysis of scraper

2.2.3 Midmit

LAl e R AR TE BN 2B ), 2B 14 18] BE 400 mm,
BIWENR F e E 08y 400 mm, TAPATRIEE (2
AN Z EEEES) A 700 mm, A 7R 3R SR ERIT
IE BT, FHEHR T IR 0 e ke B . AL
R MR ik 2000 () ik 358, A5 7 Bk, BT
TR T b N 150 mm, B LFEAN 170 mm, N
Bk AR L 9 320 mm: R Efmis s Ee . Bk
AR AR AE R P 2, R ik 25 A2 D BL150 mm,
ML T d B 48 mm, BREE p BL 150 mm, M H 55
FOTAIRE A B 5 mm;  ofd s as g iy s g, By bR A
AP BBIR, SRAANGEE B, R s B 2.5 mm,

s B 5 mmY,

° [\ A i

4 7 T IL/'
LFHE W 2408 URIEIAR 4FMTEL S
1.Lifting belt 2.Shield 3.Screw conveyer 4.Covering soil of seedling belt
5.Covering device
VE: s AWM ERE, mm; L OAREESKEE, mm; D ABIERIERIME, mm;
d NEE AR, mm; p AMREE, mm.
Note: s is blade thickness, mm; L is conveyor length, mm; D is outer diameter of
the screw conveyor, mm; d is shaft diameter of the screw conveyor, mm; p is
pitch, mm.

B7 MamirisghrsiER

Fig.7 Structure diagram of lateral conveyor
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I 2 270 10
0 =Z[(D—u) —d* |n'pnCx10 4)

A A M A SIEFERIAIB, mm; 4 N 7EH R 5 BL0.3;
n N¥EHE, t/ming C NSRRI REL T8 E
KA E, B 1.

TENLA 1 m/s FIPENVIRE T, ekt R8s
THz#m UL, mal (4) a715, Wit B s
140 r/min, B2 ediik 22 BN 0.016 m, & 3T EK,
2.3 H#ER%

A SCHEFR 2% 2 H AT /N B 5 B R Rl 0k R
FH ) — R HERR 25 B, oM B8 B 12 52 W 436 b 4 I o 2 R0 &L
RO M HER 2SR 12A BUEES, & 6 i B
TR, FRZEEFA], FAIEEEN 1143 mm, 1K 8
fias . oAyt SCHERD SR MERE RO s 2 &, AR
MBEF R (RIHEMEBEENF T2 KD oK.
VIRZERERE S0g A4, SREZEELLE 1000~
1200 kg/m® Z 1], WYIERE )24 8 HARLE 34.2~36.2 mm
2 (8], Z R R V)P E AR 2 R EOR, FPAT P EEDY SR30 mm
BRI, VRN 18 mm, NI AFMERE, N O&EERT
P R, AT IR R AR IR i U

b. MR
b. Lateral view

a. EHLE

a. Front view

112 A DUBREE 2. IURRAY
1. 12 A lateral plate chain 2. Taken seed spoon

B8 XM ELEMTEA

Fig.8 Structure diagram of spoon chain type metering device
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LAMAPAE 2R 3 RMA A FPEIEB T SRR 6 ARIKR
T E

1.Reseeding box 2.Seed metering box 3.Taken seed spoon 4.Movement
direction of seed tuber 5.Adjusting diaphragm 6.Rubber plate 7.Arch

breaking device
B9 #HAtZAZEHMTER
Fig.9 Structure diagram of metering system

2.4 RABEWMFHE

PRI AR R AR BR R 7B - 4 SR AT B R R IE,
By 15 25 2 T SRR B th St i iR e v, ok, T TR
AR WE 10 Fios, A8 mEar ) 7], mER
AR R, Horb, mT7J )RR (PEdbE LR R
EX ZRHSRE. XA, MBE K “V” B,
TR E AR IR e M. AT )7 by B 130 mm, 5
PEANRE — 3 MBS E A B 270 mm, JEEEE b
B 100 mm; FF72 2% 56 FE b, BERT-97 R0 A8 58 5, X 85 mm;
RERUERT T] 00 LRI UIER, a>n/2+e, ¢ A1
571718 I EEHE S, =14°~38°, a; HL 128°; Ayfdifi| 3
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104021,

4~
3I—
2
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a. THE b. i c. AL
a. Front view b. Axonometric c. Top view
drawing

LHI717) 2.3 3450 4 e

1.Front edge 2.Side wing 3.Handle 4.Location hole

Ee h NUERBGREE, mm; by RTINS, mms s )R, mm;
o RTIIIEGA, () AR, (0.

Note: 4, is height of flank plate, mm; 4, is height of front edge, mm; /5 is height
of rear wing, mm; «, is rake angle of front edge,(°); S is flare angle of flank
plate, (°).

B10 KRAABLFAZEMTER

Fig.10 Structure diagram of pointed wing furrower
2.5 WBEEBMKE

LB A A AU DRIs IR AR, 3 K )
e XA EORI R 22 T B M & HEhist. i A-T

B R 2R b R PR SRR I S R 2 — . A ERIE
ZERUMZE T B, Bl kR JEARSS -+ PR R 52 B4,
Wit TR B E . R B A 11 R,
HFE . FURARE . WIS, Pk, #t
BIHIR S AR Pl o LA T R, TR E
JE 701 T B R 2

L& 2. TUEHEE LB 454
1.Bearing  2.Pretightening device  3.Crushing soil and reshaping roller
4.Wheel rack

Bl ARIEHRELEMTEH

Fig.11 Structure diagram of crushing soil and reshaping device

2.6 TPl

AR AW TR K, 7 EE eV SR E
BRI N T RGN, (RIS E N 7T fLIhRE .
W 12 s, LS F B REM B, BiTfLE . Bk
HYEEH K. FTFLEEAN Smm, KEZ 25 mm, TN
TRHETE o AT IEFTFLEF I, [ B FEFT FL A7 B 5 4 b
JERg, (EFTFLE A BT 7K 100 mm fUVE4RIPE, 4T
FLEN G 4R E T FL A .

LRI 2084408 34T
1.Spreading film roller 2.Foam sheath 3.Punched needle

A 12 TILBLEHTER
Fig.12 Structure diagram of hole punch

3 HiERLE

3.1 &G

7 % B W ARG T 2017 4F 5 AR P R 5
A X 22 7T PG [ X PG MIA ETIE S R G AT . WG RN
Wt FKEN17.54%, HEHN1.30~1.35g/em’, &
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A EE A 75 mo f5E B A B AUBCRE 1 O T 3 RS
56.4 mmx44.3 mmx31.8 mm, &/KEN 71.3%, FHFNME
MIF RN 39.8 go BCES) 108 22.1 kW ZRJT41-300 Y
HEhiHL.
3.2 REARERZE

VML, S8 GB/T 25417—2010 (42 Rl
WA ZAEY « NY/T 1415—2007 € 485 Flodi b1 & 1T
MAHARFLTE) AT NY/T 987—2006 A I 7 IBHLIE L 7 &)
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Table 1 Results of field experiments

_ 2CM2 B
b AL AL R PARZLR
All-in-one Technical
Index . 2CM-2 potato .
machine of paper requirement
planter
R AR _
Qualified rate of sowing depth/% 86 84 =80
il 2 A A A
Qualified index of seed tuber 89 87 =85
spacing/%
M FE4L Reseeding index/% 5 7 <20
IR FHFEEL Miss-seeding index/% 4 42 <10
AT L SR A %
Qualified rate of soil width 92 — =90
covered on planting line/%
FpiT 78 L JE R G 2
Qualified rate of soil depth 94 — =90
covered on planting line/%
AHATIE MR
Qualified rate of adjacent row 86 — =80
spacing/%
R R G T LR A5 P2 P52
Mechanical damage degree of 48.1 513 <55

plastic film day lighting
surface/(mm-m™?)
BIRALIE A R
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Design of potato casingsoil planter in all-in-one machine combined with
fertilizing, sowing, ridging, complete film mulching and
planting line covering

Sun Wei, Liu Xiaolong, Zhang Hua, Wang Hucun, Tian Bin*®
(College of Electromechanical Engineering, Gansu Agricultural University, Lanzhou 730070, China)

Abstract: Whole plastic mulching and furrow planting has been widely adopted as a drought resistant cultivation model of
potato in the arid areas on the Loess Plateau of Northwest China in recent years. Research has shown that the technique
increases the production by more than 20% compared with the open field cultivation. However, due to the lack of matching
planting machine, the sectional operation is currently adopted, with film mulching and artificially dropping seeds. The mode is
labor-consuming and has poor-quality work, which urgently calls for mechanized combined operation. Since the 1950s, potato
production equipment has begun to develop in the direction of automation in many developed countries in Europe and America,
potato planting machine has changed from the elementary semi-mechanization to the senior automation, and meanwhile great
achievements have been made in technical level and basic theory research. After 1980s, potato planter has rapidly progressed
in China. More than a dozen scientific research institutes or production units began to develop and produce potato seeder, and
with the passage of time, the technology is maturing. Whole plastic mulching and furrow planting requires that adjacent film
edge butts and the ridge as well as furrow should be completely covered with plastic film. The existing mulch film planting
technology basically takes the way shoveling soil from membrane side. There is a bare strip between the films so as to shovel
soil and to operate potato planter. It does not meet the requirement of whole plastic mulching and furrow planting. In order to
solve the problems of releasing seedlings and dibbling artificially in potato mulching film cultivation, the growth-promoting
mechanism of covering soil on plastic film is applied to potato high-yielding cultivation techniques of whole plastic-film
mulching, and a potato planter combined with fertilizing, sowing, ridging, complete film mulching, planting line covering is
designed. Aiming at the matching problem of widths that the width of the tractor is larger than the width of the planter, a
hydraulic offset suspension device is designed. To solve the problems of wind damage, cavity dislocation and seedlings burnt
caused by not having enough volume of covering soil, the device is designed which is suitable for whole plastic-film mulching
machine, namely spanning type device of covering soil on plastic film. In view of the problem of poor seeding stability of
traditional chain metering device, the seed metering system is optimized and improved. Sharp wing furrower is designed to
make the soil strip and the seedlings belt aligned both up and down. A soil-crushing and reshaping device is designed to ensure
the shape of ridges. A punch is designed to drill the holes for water seepage on the film surface of the ditch bottom and to
effectively make use of the rainfall collected by rainwater collecting surface. The key components of the prototype are
analyzed to determine the structure and working parameters of hydraulic offset suspension device, spanning type device of
covering soil on plastic film, seed metering system, and soil-crushing and reshaping device. The working mechanisms of the
key components are clarified too. Field experiments show that, the qualified rate of sowing depth under the mulching film is
86%, the qualified index of seed potato spacing is 89%, the reseeding and miss-seeding index are 5% and 4% respectively, the
qualified rates of soil width and soil depth covered on planting line are 92% and 94% respectively, the qualified rate of
adjacent row spacing is 86%, the mechanical damage degree of day lighting surface of plastic film is 48.1 mm/m’, and the
spacing qualification rate of water-leaking hole is 96%. Field performance test indices have reached the requirements of the
national and industry standards; moreover, the results meet the design requirements, and the machine can realize integrated
operation of fertilization, sowing, ridging, whole film mulching and covering soil on planting line.

Keywords: mechanization; design; crops; complete film mulching on double ridges; covering soil on planting line; potato
planter



