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Design and experiment of sweet potato transplanting operation
machine with rotary tillage,ridging and covering film functions

WANG Bokai', HU Lianglong'* ., WANG Shaokang’, WANG Bing', YU Zhaoyang', WANG Gongpu'
(1. Nanjing Institute of Agricultural Mechanization of Ministry of Agriculture, Nanjing 210014, China;
2. Nanjing Agricultural Machinery Technology Extending Station, Nanjing 210001, China)

Abstract In order to improve the mechanization transplanting level of sweet potato in major sweet potato producing
areas and solve outstanding issues currently existed in mechanization transplanting of sweet potato including not enough
ridging height,ridge density difference,low reliability, wheels going in ditches easy to cause damage and break ridges.
low operating efficiency, etc. By means of combination of agricultural machinery and agronomy, a new type 1GQL-2
sweet potato transplanting compound operation machine matched with high-powered tractor of 55. 13 —80.85 kW was
developed. The results show that.:Compared with traditional segment operating machine, the machine can complete two
ridges of rotary tillage, ridging, furrowing, shaping, covering film, suppressing and covering soil once,owning fewer farm
working times and resulting in saving energy and reducing consumption, lightening roller compaction of farmland. This
machine can solve effectively the traditional bottleneck problem, such as ridging height not enough, the ridge body of
poor compactness,easy to collapse, destroyed ridge body side, non-standard river ridge distance easy to break,easy to
wrinkle, not enough height and thickness,low reliability and low efficiency of the farm work problems. In conclusion, the
preferred parameters are: the moving speed was 0.3 m/s, height of part of pressing film was 360 mm,and the rotary
tillage depth was 400 mm. This study would provide theoretical basis and references for the innovation development and
optimization of sweet potato ridging and laminating machine.

Keywords agricultural machinery; sweet potato; ridging; coverage film; design
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F is the size of ridge top; D is the size of ridge bottom; H is the
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height of ridge; K is the width of ridge.
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Fig.1 Ridge shape of structure diagram of sweet potato
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1. Frame; 2. Rotary part; 3. Ridging plough; 4. Drip irrigation
belt parts; 5. Tanks; 6. Sheaping wheels; 7. Part of dropping film;
8. Part of pressureing film; 9. Wheel of pressureing film; 10. Part of

turnning soil
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Fig. 2 Structure diagram of double ridges sweet potato

rotary tillage ridging laminating machine
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Table 1  Working parameters of double ridges sweet potato rotary

tillage ridging laminating machine
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(a) Forcing diagram of plough tip
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(b) Forcing diagram of plough wing
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(c) Forcing diagram of plough side
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W is the the traction force of plow body,N; is rubbing factor;c is soil cohesion factor, N/m?;q is buried

angle, (°) ;3 is angle of plow tips,(*) ;0 is plow blade angle, (°) ; F| is the resistance of the soil to the plow surface,

N; F, is soil tangential load on the tip of plough,N;F, is directional load of soil on the plow bottom,N.
3 BEGZHE
Fig. 3 Forcing diagram of the plough
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Fig.4 Structure diagram of copying body
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Fig. 5 Schematic diagram of coverage film
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Fig. 6 Schematic diagram of covering film
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Table 2 Experimental factors and levels of ridging and covering film

7K ALHTATHEE / (m/s)

B i@ PR & / mm

C, FEIREHL i/ mm

Level Operating speed Depth of rotary tillage Height of pressing film
1 0.2 300 320
2 0.3 350 360
3 0.4 400 400
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Table 3 Test scheme and results of ridging and covering film

K& /K FE{H Factor level

) R TTHL ;
EXSH BHUE Y,/ PPA]
. JE I HLF 295-9 S
WRS G A BRI B BALES he Z R
=mEC . (mm/m?) ,
Test number Operating Depth of Y. /% . Y/ %
Height of . Mechanical
speed rotary tillage Ridge rate Flat of surface
pressing film damage of surface
1 1 1 1 93.8 23 93.5
2 1 2 2 94. 6 14 95.4
3 1 3 3 96. 8 16 94.4
4 2 1 2 96. 3 15 97.8
5 2 2 3 97. 4 20 96. 2
6 2 3 1 97.9 21 96. 3
7 3 1 3 93.1 22 94.1
8 3 2 1 93.5 25 93.5
K, 285.6 283.2 285.5 -
K, 291.6 285.6 285.2 —
ZRSEEWEY, /%
Ky 280. 8 288. 6 287.7 —
Ridge rate
W7z 10. 8 5.4 2.2 —
SENEC) Ay B3 Gy
K, 53 60 69 -
KOG HUARBE L Y,/ K., 56 59 42 _
(mm/m?)
Ko; 60 48 58 —
Mechanical damage
of surface ez 7 12 17 B
P E R C,Bs A,
K, 283.1 285.4 283.3 -
K, 290. 3 285.1 288.5 -
ROLTHRTIE Y./ %
K 282.9 285.7 284.4 -
Flat of surface
W7z 7.4 0.6 5.2 —
=) Ay Cy By

WK B 5 G=1,2.)FKFR t(r=1,2,3) 45 R A,
Notes: Kj, is the sum of the results of the column j(j=1,2,3) whose level is 1(:=1,2,3).
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% n ﬁ(iﬁ%%j\lﬁﬁmm&*ﬁ&ﬁ Y2 Egi}%ﬁﬁﬁ : R,»,z - (er 29 o3 oy 5 26 a7 og 7"29)
YniYmin ( 1.2 9) (13)
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Table 4 Variance analysis of performance indexes

Ei=R RS 3 BEYH H R 2 F1{a W EKF- P
Index Source 1SS DF SEJ5 A MS F value Significant level
A 19. 662 2 9. 831 71. 355 0.014
EWSPEKEY, /N
B 5.482 2 2.741 19. 895 0.048
Ridge rate
C 1.029 2 0.514 3.734 0.211
A 8.222 2 4,111 37.000 0.026
KO AL BB E Y,/ (mm/m®)
B 20.222 2 10. 111 91. 000 0.011
Mechanical degree of surface
C 122. 889 2 61. 444 553. 000 0.002
A 12. 007 2 6.003 112.563 0.009
KGR Y,/ % }
B 0. 060 2 0. 030 0.562 0. 640
Flat of surface
C 5.007 2 2.503 46.938 0.021

T P<<0. 01, 4% i % ;0. 01<<P<C0. 05, .35 P=>0. 05, R 3% ,
Notes: P<C0. 01, very significance;0. 01<C P<C0. 05, significance; P=>0. 05, no significance; SS, sum of squares of deviations; DF, degree of

freedom; MS, sum of squares of average deviations.

BE P=(0.4,0.4,0. ) FeE I B S E RWERS, BRI RIEITR2E 00, 45 8% H
Y, CROGTHUBE IR Y, KRG Y, MR (R 6). L5 A i 2B 7 AR L & i BRI & N
FOPH M 0.4,0.4.0.2, HEWEK R SHES ASB>C.R®IESHBAS N ACB, . B AT 7T % B
BLEE P o & B 45 B 1E MM W= P, 28 1F40 45 0.3 m/s, JEBEHLI B B 360 mm. SEFFAE 400 mm,

x5 BZERELREZSTENER

Table 5 Results of performance indexes

BRZHEHERBE r, SR T AL 2 SR E SR T e SRR 7,

iii Membership values Membership values of Membership values of ﬁsﬁir‘f
of ridge rate mechanical damage of surface flat of surface
1 0. 146 0. 254 0 0.125
2 0.313 0.917 0.442 0. 580
3 0.771 0. 750 0.139 0.636
4 0.667 0. 833 1 0. 800
5 0. 896 0.417 0.628 0.651
6 1 0.333 0.651 0. 664
7 0 0. 250 0.139 0.128
8 0.083 0 0 0.033
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Table 6 Range analysis of comprehensive impact factors

WH  WATERE A/(m/ WM B/mm JEBALKRE C/mm

Item Operating speed Depth of rotary tillage  Height of pressing film

K, 1. 341 1.053 0. 822

K, 2.114 1. 264 1. 955

K; 0.737 1. 875 1.414
1 2% Range 1.377 0. 822 1. 133
A% E K Sequence of factors ACB
& PtdH 4 Optimal decision A, C, B,

T Ko~ Ky 205378 % R 45KV T 288 W 19 B,

Notes: K1, K> and K3 are sum of the results of levels.

1) ASHIFGE KT 52 M 258 28 78 B2 1) OC S A i AT
T IS H AR R R I, H R A R 2B A AN
FL ROR 25 8 5 ML R F R R RE ALY e B
TR B WA S 45 4 280, TAE S 50 b
PEARRKER.

2) AR LR R )5 28 0 B 1 D B8 )5 28 1 8 1 48
FHA A BE i B, o B 3L O HEEE Ml
45°, 2B S A U O TR UL 2B T B B B R R
5] AL, 5 R T 45 T A 0 R RS E T L (AR RS b R
R 22 o W — 25 B 93 KGR 2B 78 TR e X 1
FETFHEMRCR

3) B v B R O A R ML S R ATL A B
5 M BT LA PR A AR R R R A A SR
PEJ7 1) e £ Ry 357~ 507, Y & e 43 1K 48 die 1K O JE A
el

A) 3255 TiE W 5 o 8 2 A B M T 1 R IR
DR 28 WL P A G A7 3 B > P ALY o = e Bk IR
HAESBA G R BT EE 0.3 m/s ., R BEALIY &
& 360 mm, JiEHFIREE 400 mm, I 22K 2505 4%
N 99. 2% RIGHEHLAMAE I E 10 mm/m” , R I
JEF-HE 96.8%

=4
2

S E3 @t References

1] xIpE. BErRERTmaEZ 2 hEEENLD]L BHES
#%.2004(9) : 21-22
Liu Q C. The important role of food and energy security of

Sweet potato in our country [ ] ]. Science and Technology

(2]

[3]

[4]

[5]

(6]

Review ,2004(9) :21-22 (in Chinese)

ZEEPUG SRR L A MK L A v R VA 28 A AR 2
BAER BB BB R Kok 42 B s L] v A S W
2011,22(2) :389-394

Qin S H. Zhang ] L., Wang D,Pu Y L,Du Q Z. Coated with
groove ridge planting patterns on dry potato yield formation
and the influence of moisture migration[ ] ]. Chinese Journal o f
Applied Ecology »2011,22(2) :389-394 (in Chinese)

Aok 2t S0 SR AA B, 2R IR 2L K T 1QL-T0 B E 28k 22
BT 5 iR 56 [T ], Alk TR 2412 . 2009, 40(7) :55-60

He J,Li H W, Zhang X M, Li W Y, Zhang X R. Design and
experiment of 1QL-70 bed former for permanent raised beds
[J]. Transactions of the Chinese Society of Agricultural
Engineering ,2009,40(7) :55-60 (in Chinese)

KA BB L B A A E T ORL b T S AL A BUIR
K R[], 4l T/ ,2013,11(3) :6-9

Zhang L, Xiong B, Gao J,Li C Y, Yan Z S. Status quo and
development of sweet potato production mechanization in
Beijing [J]. Agricultural Engineering , 2013,11(3):6-9 (in
Chinese)

ESCE W 1GZ-60V B 1y 3 B BF R 22 LT 5 it g [T,
A HLAL 24 2013,34(2) :67-69

Wang W Z,Tan J. 1GZ-60V mountain development and test of
rotary tilling ridger [ J]. Journal of Chinese Agricultural
Mechanization ,2013,34(2) :67-69 (in Chinese)

Fvk R IR B L LA TR k. 3R R B HOR Rk
BT T AR B4, 2012,40(3) :353-356

Wang B. Hu L L, Hu Z C, Tian L J,Ji F L. Sweet potato
ridging technology and equipment to explore in our country
[1]. Jiangsu Agricultural Science 2012, 40(3): 353-356 Cin
Chinese)

B R e E UK BN TV W IRAE B EAEL. &
H. 2ZGTF-2 #YH B SRR BT 518 [ . Rk TR 2
42 .2016,32(10) :8-16



74

EAAYLEE . T SRR 22 ALY BT Bk s BT 5Y

(8]

9]

(10]

[11]

(12]

[13]

[14]

Hu L L,Wang B,Wang GP,YuZ Y,YouZ Y,HuZ C,Wang
B K,Gao X M. Design and experiment of type 2ZGF-2 duplex
sweet potato transplanter [ J]. Transactions of the Chinese
Society of Agricultural Engineering ,2016,32(10):8-16 (in
Chinese)

B R e, B ST TR R L T vk, H 2 P LA A ol AR 2 5
LI, A HL A 4 - 2014, 35(5) : 165-168

Hu L L, Tian L J,Ji F L, Wang B. Research on the working
mode of sweet potato production mechanization[J]. Journal of
Chinese Agricultural Mechanization ,2014,35(5):165-168 (in
Chinese)

B AR SR AR 2% RRE I DR T AL L B R
W4 2 H e 5K 58 4 B [T 0. o B A ol K 2 2 3, 2005, 10
(5):32-35

Jia J] X, Zhang D X, Hao X M, Liu H W. Parameters
optimization and experiments of potato digger blade based on
computer simulation [ J]. Journal of China Agricultural
University ,2005,10(5) :32-35 (in Chinese)

B3k 2R, AN A AR A2 B 57 8 e it S [T . gk
AL 22 4, 2005.36(11) :59-63

Chen SF,Li Y M,Sun X Z. Dynamic performance analysis and
experiment on peanut digging shovel[ J]. Transactions of the
Chinese Society for Agricultural Machinery.?2005,36 (11):
59-63 (in Chinese)

Tto M, Sakai K, Ha ta S. Damage to the surface of potatoes
from collision[ A]. Transactions of the ASAE,1994,37(5):
1431-1433 (in Chinese)

Ay KA E S, B SO, 98 25 W IRR 200 i LR R T
SRTL]. Al TR 4 42 . 2007, 23(9) :181-185

Yu Y H,Wang ] P,Ying Y B. Nonlinear finite element analysis
of the bearing capacity of the film in plastic greenhouse[ ] ].
Transactions of the Chinese Society of Agricultural
Engineering ,2007,23(9) :181-185 (in Chinese)

TR A PRI 20 Sy I8 1 23 BT e 1% 8 48 ) 3 0 e HG
BT 75 [ 1. b 5t 3858 K% %4, 2006,30(1) :35-39

Tan F.Yang Q S,Li Z W. Fold in membrane structure analysis
criterion and method of analysis [ ] ]. Journal of Beijing
Jiaotong University,2006,30(1) :35-39 (in Chinese)

KA L. P[] - 498 3% T OB AN TR B ik - B A A O B

[15]

[16]

[17]

(18]

[19]

[20]

F B A U 454 (D], K F 7 bRoR 2, 2014

Zhang Z H. Interaction of soil and rolling soil engaging
components for micro-topographical and their
bionically[ D]. Changchun: Jilin University,2014 (in Chinese)
AR B . SR PGS R A R T A LT . O % 5 5Bk

2005,27(1) :46-50

prepartion

Wei D M,Dai W Y. The oretical analyses of tension membrane
sructures| J |. Mechanicd in Engineering . 2005, 27 (1) ; 46-50
(in Chinese)

XIS AR THAR AR L AR TR, B 2006 L5 A X R IR TR
SN AL B R B i 538 [0 . Al TR, 2016,6(6) : 84-87
Liu L H.Yang R B,Ma G Z.Cui G P,Yang H G.Ni Z W, Liu
Z S. Design and experiment of roller type cotton laminating
device [J]. Agricultural Engineering ,2016,6 (6):84-87 (in
Chinese)

WXL TS JH AR A . 2BF-1400 B 7K e B I HE Ah L 8 3tb BB HL A %
LT AR BEBFSE 2010 (9):118-121

Zhao L J, Zhou F ]J. Machine design of 2BF-1400 rice planter
with covering plastic[J]. Journal of Agricultural Mechanizati
on Research ,2010(9):118-121 (in Chinese)

H R 2BYP-4 BB BERE ALY Bt S s A L) ] R AL BF
7%,2013(12):90-97

Chang C. The design of the preservation device of bright red
jujube cleaning and coating equipment [ J . Jowrnal of
Agricultural Mechanizati on Research ,2013(12):90-97 (in
Chinese)

JB/T 7732, 2—1995 M3 36 HLIRX 56 7wk [S]. db ot ML
W5 e - 1995
JB/T 7732. 2-—1995 Plastic mulching machine test method

[S]. Beijing: Mechanical Science Research Institute, 1995 (in
Chinese)

R HCK AR R R B IE AR, Bk A H
ARG R LB SR [ ], R ALK 224K, 2013, 44(11)
91-97

Zhao W Y,Dai F, Yang J,Shi Z L., Yang Z,Shi L R. Design and
experiment of direct insert precision hill-seeder with corn
whole plastic-film mulching on double ridges[ J]. Transactions
of the Chinese Society for Agricultural Machinery 2013, 44
(11):91-97(in Chinese)

FAL A, WA



