56

November, 2016 Int J Agric & Biol Eng Open Access at http://www.ijabe.org

Design of depth-control planting unit with single-side gauge wheel

for no-till maize precision planter

Zhang Rui, Cui Tao, Han Dandan, Zhang Dongxing, Li Kehong,

Yin Xiaowei, Wang Yunxia, He Xiantao, Yang Li"
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: No-till planters are very popular for maize seeding in fields covered with residue in annual wheat-maize double
cropping system in North China Plain. However, there is no suitable depth control mechanism for existing no-till maize
planters, and as a result, it is hard to obtain consistent planting depth, uniform emergence, and good passing ability at the same
time. For the above reasons, a proper planting unit with a new type of depth-control mechanism was developed in this study.
The mechanism consists of a single-side gauge wheel, a parallel four-bar linkage, a pair of double-disc opener, a V-shape press
wheel and a depth regulator, which can adjust the planting depth from 30 mm to 90 mm to satisfy the agronomic requirement
under different field conditions. Based on analysis and calculation, the width of gauge wheel was set to S0 mm while the
length of parallel four-bar linkage was set to 350 mm. Field experiment was conducted and the results indicated that the
newly designed planting unit with single-side gauge wheel performed well with regard to planting depth uniformity and
anti-blocking ability. The planting depth uniformity and seed spacing quality were 95.45% and 91.90%, respectively, when

the average height of stubble was 22.5 cm and residue amount was 0.64 kg/m? in the field. It can satisfy the requirement of
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no-till maize planting on the cropland with residue and stubble in North China Plain.
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gauge wheel for no-till maize precision planter.

1 Introduction

No-till planters were usually used for maize seeding
in the field covered with stubble in wheat-maize double
cropping system in North China Plain. Practices have
proven that no-till planting has the vital significance with
the benefits of conserving water and soil, reducing costs

and simplifying operating procedure[l’z].
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Design of depth-control planting unit with single-side

In China, maize has become the most predominant
crop with its increasing total output and planting area.
Precision planting, including precision seed spacing, row
spacing and planting depth, is the trend of maize

B4 Vertical distribution of seeds in soil

production
reflects the planting depth and its uniformity, and then
affects crop emergence and yield™®.

The uniformity of planting depth depends on seed
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furrow which is created by seed opener. In order to
keep the furrow depth accurate, a depth-control mechanism
is necessary[7]. Planting depth control can be realized
with an overall depth-control mechanism or each row
depth-control mechanism. The former is applied on
small size planters, which can only adjust the planting
depth of all rows together. The latter with a parallel
four-bar linkage and a pair of gauge wheels, can adjust
the planting depth of each row individually according to
variable field surface to keep the planting depth uniform.
There are three kinds of gauge wheels, i.e., front gauge
wheel, side gauge wheel and rear gauge wheel, according
to its position relative to seed opener*”’.

By experiment and simulation analysis, the

depth-control mechanism with side gauge wheel
performed better than the other two depth-control
mechanisms in terms of the uniformity of planting depth

at high speed'*"?.

Recently, although methods of
hydraulic depth control, photoelectric depth control and
electro-hydraulic depth control have been researched and
applied, mechanical depth control is still widely used
with its outstanding stability and simplicity!'*".

In field covered with residue, the working part of
planter, such as opener, is easy to be tangled by stubble
and residue, resulting in bad passing ability and planting
performance. Meanwhile, the no-till cropland surface is

less flat than traditional one, which restricts the

uniformity of planting depth!'’2%.

The traditional
depth-control mechanism with side gauge wheel is not
suitable for this field because the planting units could be
lifted by residue or stubble due to their large lateral
dimension. The existing two/three-row small planters
have to use tractor hydraulic suspension system to control
planting depth roughly because they are not equipped
with depth control mechanism. Some no-till planters
adopted rear gauge wheel to control planting depth,
although it has good passing ability, the performance of
depth control is not satisfactory. Therefore, the above
two methods could not achieve uniform planting depth!”’.

To solve the problems mentioned above, a new type
of no-till maize planting unit with depth-control
mechanism, which consisted of a single-side gauge wheel,

a parallel four-bar linkage, a pair of double-disc opener

and a depth regulator, was designed, and its field

performance was evaluated.
2 Main structure and working principle

2.1 Main structure of the depth-control planting unit

The depth-control planting unit consisting of a
parallel four-bar linkage, a seed-metering device, a seed
hopper, a depth regulator, a pair of press wheel, a seed
firmer, a pair of double-disc opener, a single-side gauge
wheel and a crossbeam is shown in Figure 1. The
single-side gauge wheel was mounted on one side of the
double-disc opener which was installed just under the
seed dropping point of seed-metering device, i.e., the
seed-metering device and the gauge wheel were arranged

on one vertical line.

Note: 1. Parallel four-bar linkage 2. Seed-metering device 3. Seed hopper
4. Depth regulator 5. Press wheel 6. Seed firmer 7. Double-disc opener

8. Single-side gauge wheel 9. Crossbeam

Figure 1 Main structure of the planting unit with a single-side

gauge wheel
The planting unit was fixed on planter frame via a
parallel four-bar linkage, together with a ground wheel
supply
mechanism and a fertilizer mechanism to assemble the

system, an air system, an anti-blocking
2BYJMFQY-4 pneumatic no-till maize precision planter,
as shown in Figure 2. The seed and fertilizer planting
depths can be adjusted within the range of 30-90 mm and
60-130 mm, respectively.
2.2 Working principle

During working, planter was mounted on the
suspension system of a tractor. The anti-blocking
mechanism mounted in front of the planter removed

residues from row area to create desired planting condition;
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1. Depth-control planting unit 2. Anti-blocking mechanism 3. Fertilizer

mechanism 4. Ground wheel system

Figure 2 Main structure of no-till maize precision planter

meanwhile, it opened a fertilizer furrow with its acute
angle opener whose depth could be adjusted by ground
wheels. The single-side gauge wheel on the side of the
double-disc opener walked on the flat fertilizer furrow, so
the planting unit would not be lifted irregularly by residue
and stubble, and as a result, the uniformity of planting
depth could be ensured. Planting depth is determined by
the wvertical distance between gauge wheel and
double-disc opener. The position of gauge wheel can be
adjusted by depth regulator on the rear of planting unit.
A position stopper at the end of depth adjustment
mechanism was used to keep the upper limit position of
gauge wheel arm as well as the gauge wheel. There are
several levels set on depth adjustment mechanism to
adapt to different planting depth requirements.

The tension springs on parallel four-bar linkage
provided enough down force to make the depth-control
mechanism touch ground closely all the time. Seeds
dropped to the seed furrow were fixed immediately by
seed firmer which makes seeds fully contact with soil.
V-shape press wheels compact the soil over seeds to
create an appropriate environment for seed germination,

seedling emergence and later growth.
3 Design of key parts and parameters

3.1 Position of single-side gauge wheel

As the single-side gauge wheel works on the fertilizer
furrow, the sectional view of the fertilizer furrow was
measured and analyzed. The shape parameters includes
ridge height (h;), furrow depth (h), furrow width (J),

groundbreaking area (s,) and loosing area (sl)[zo]. The

sectional view is shown in Figure 3.

!

H
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Figure 3 Sectional view of fertilizer furrow

The parameters of furrow shape measured are listed in
Table 1.

Table 1 Parameters of fertilizer furrow cross section

hi/cm hy/em I/em si/em’ sofem’

4.65 10.21 28.24 68.45 110.14

Gauge wheels used on planters in developed countries
have a large transverse width of 110-130 mm, which are
not suitable for residue covered field. In this design,
narrow gauge wheel with the width of 50 mm was
selected, so that it could improve passing ability on field
with residue and stubble.

Three types of positional relationship between gauge
wheel and double-disc opener are shown in Figure 4.
In POSITION 1, fertilizer opener and seed opener were
designed on a straight line, and seeds were above the

fertilizer vertically. In this condition, two gauge
wheels walked on residue covered field surface, and
their movement would be affected easily by rough
surface condition. In POSITION II, the transverse
distance between fertilizer opener and seed opener was
set as 50 mm, and one gauge wheel walked on
fertilizer furrow and the other walked on residue
covered field surface. Since there is a height
difference between fertilizer furrow and field surface,
the stability of planting unit would be reduced and the
uniformity of planting depth could not be maintained.
In POSITION III, the transverse distance between
fertilizer opener and seed opener was still set as 50 mm,
but the planting unit just has one gauge wheel which
walked on fertilizer furrow. Because the soil surface
of fertilizer furrow is flat, so the uniformity of planting

depth could be ensured.
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Figure 4 Positional relationship between gauge wheel and double-disc opener

Analysis and comparison results show that the
single-side gauge wheel could fit for the fertilizer furrow
when its width was 50 mm. The actual ground situation

after planting is illustrated in Figure 5.

Figure 5 Field surface after planting with single-side gauge wheel

3.2 Positional relationship between gauge wheel and
double-disc opener

When planting on residue covered field, the
single-side gauge wheel should cling to the double-disc
opener closely to avoid clods and residues entering into
gauge wheel. When the adjustment range of planting
depth was determined, the optimal parameters could be
obtained by analysis.

Position of gauge wheel and double-disc opener is
shown in Figure 6: O is the center of double-disc opener;
O, and O, are centers of gauge wheel at lower and upper
limit positions; Os is the rotation center of gauge wheel
arm; S is the angle between horizontal line and line OO;

which defines the position of double-disc opener; y is the

swing angle of gauge wheel arm, and / is the length of
gauge wheel arm.

% Upper limit position
“s._—" Of gauge wheel

Opener disc
The gauge wheel

Lower limit position
of gauge wheel

Figure 6 Structure diagram of gauge wheel and double-disc

opener

In practice, planting unit worked better when gauge
wheel arm was shorter and its swing angle was smaller.
In this research, / was selected as 300 mm. The position
of double-disc opener was fixed firstly with f=35°.

To obtain desired planting depth, there were two
kinds of schemes to arrange the positions between the
(1) The swing
angle y changed from 0° to 15°, and then the planting

gauge wheel and the double-disc opener.

depth was adjusted from 29 mm to 93 mm. When y = (°,
the gauge wheel center O, opener disc center O and
Under this

condition, the distance between the gauge wheel and the

gauge wheel arm were at one straight line.

opener disc was zero, which was the optimal working
situation. When y = 15°, the distance between the gauge
wheel and the opener disc was 5.44 mm, which was wide
(2) The

swing angle y changed from —7.5° to 7.5°, and then the

enough for the entry of clods and residues.

planting depth was adjusted from 27 mm to 91 mm.
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When y=—7.5° or y=7.5°, the distance between the gauge
wheel and the opener disc was 1.36 mm, which was small
enough that could be ignored. Therefore, based on the
comparison of planting depth adjustment and working
performance, the second scheme with the swing angle y
changed from —7.5° to 7.5° was adopted.
3.3 Planting depth adjustment mechanism

Planting depth adjustment mechanism is a key
component to adjust planting depth. It consists of depth
regulator, double-disc opener, limiting stopper, gauge

wheel and gauge wheel arm (Figure 7).

Depth regulator Limiting stopper

Double disk opener

Depth gauge wheel arm Depth gauge wheel

Figure 7 Component of depth adjustment mechanism

Depth regulator has several levels to change the
position of limiting stopper to limit upper position of
gauge wheel arm.  When the position of depth regulator
is changed, the vertical position of gauge wheel thus is
changed, and then the planting depth is changed as well.

Depth regulator consists of depth adjustment plate
(Figure 8), depth shifts on the plate and adjustment
handle.
depth shifts hole on the depth adjustment plate, and thus

Adjustment handle changes its coordinate in

the planting depth is changed. There are six shifts holes
in total to fit the requirement of different planting depth

in different planting condition.

Depth shifis

Initial position

Depth adjustment plate
Figure 8 Depth adjustment plate
The angle between adjacent holes was designed to be

5°.  Then planting depths of 10 mm, 30 mm, 50 mm,

70 mm, 90 mm and 110 mm could be obtained to meet
the range of planting requirement of 30-90 mm.
3.4 Parameters of parallel four-bar linkage

The parallel four-bar linkage, combined with gauge
wheel, was used for keeping planting unit oscillating up
and down to maintain required planting depth. The
dimension of parallel four-bar linkage was determined
according to the required range of planting depth*'’.

The maximum upward swing angle and downward
swing angle and the length of parallel four-bar linkage

were set as ay, ap and L, respectively (Figure 9).

Note: L is length of parallel four-bar linkage; ¢ is the maximum upward swing
angle, and a, is the maximum downward swing angle.
Figure 9 Swing position of parallel four-bar linkage
The maximum upward swing distance and downward
swing distance were set as /4, and 4,.
h =Lsing
{h::Lsino:l2 M
To obtain favorable effects, /; or 4, is usually within
the range of 80-120 mm. Moreover, to ensure the
working stability of planting unit, a; and a, should be as
small as possible; meanwhile, L should be as long as
possible.  However, the length of parallel four-bar
linkage was impossible to be long enough because of the
unit dimension. Therefore in this research, L was
designed as 350 mm. As the maximum swing angle was
10°-20° generally'*, so a; and a, were designed as 15°.
Then the maximum upward and downward distance are

both 90 mm.
4 Materials and methods

4.1 Experiment and materials

The experiment was conducted in June 2015 on the
field covered with wheat residue at Gu’an county
(39°19°N, 116°18’E), Hebei province of China. The

amount of residue was 0.64 kg/m” and the mean height of
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stubble was 22.5 cm. Row spacing of traditional wheat
is 16 cm while the no-till planter with newly designed
depth-control planting unit was 0.6 m and the total width
of the four-row planter was 2.4 m. The planter was
driven by Dongfanghong-454 tractor whose matching
power was 33.1 kW. Maize seeds (Zhengdan 958) with
1000-kerenl weight of 330 g were planted with a rate of
75 700 seeds per hectare, and theoretical seed spacing of
220 mm, normal depth of 50 mm, and planting speed of
4.8 km/h.

4.2 Experimental method

The situation of field experiment is shown in Figure
10.

Figure 10 Field surface and experimént

4.2.1 Passing ability of the planter

The qualified standard of passing ability was defined
as operating performance with no stoppage or just short
stoppage in a round trip within the distance of 60 m when
planter worked in the field with stubble and residue.
4.2.2  Seed and fertilizer depth

Five plots with the length of successive 21 seeds
spacing were chosen. The actual seeding depth was the
distance from seed to field surface. Seed exposed rate is
the number of seeds outside soil in 10 m distance. The
quality index of planting depth is the percentage of seeds
whose depth is within the range of +£10 mm to the target
depth, and the measurement of fertilizer depth is as same
seed and

as planting depth. Ten groups of

corresponding fertilizer were dug out, and the qualified
distance from seed to fertilizer was 3-6 cm'>.
4.2.3 Uniformity of seed spacing

The planting uniformity in the row was analyzed
using the methods described by Kachman and Smith**.
The multiple index (MULI) is the percentage of plant
spacing that is less than or equal to half of the nominal
spacing and indicates the percentage of multiple seed

drops. The miss seeding index (MISI) is the percentage

of plant spacing greater than 1.5 times of the nominal
seed spacing and indicates the percentage of missed seed
The quality of feed index (QFTI) is the

percentage of plant spacing that is more than half but no

locations or skips.
more than 1.5 times the nominal spacing. Precision
(PREC) is the coefficient of variation of the spacing
(length) between the nearest plants in a row that are
classified as singles after omitting misses and multiples.
4.2.4 Consistency of seed emergence

Mean emergence time (MET) was determined using
the following equation'®.  The quality index of
emergence time (QIET) is the percentage of qualified
seeds whose emergence time is within the range of one
day in advance or delay of MET in the whole seeds.
NI+ N, T, +..+ N, T,

N +N,+..+N,

MET =

)

where, N, , is number of seedlings emerging since the
time of previous count; 7., is the number of days after

planting.
5 Results and discussion

5.1 Residue clearance and passing ability

The residue amount on planting row was 0.25 kg/m’
after planting, reducing by 60.9% compared with the
initial amount of 0.64 kg/m’>. At the same time, there
was no blockage happened during three round-trip
operations.
5.2 Seed and fertilizer depth uniformity

Data were measured after planting operation. The
mean test value, qualified index and coefficient of
variation for actual seed depth (ASD), actual fertilizer
depth (AFD) and actual distance between seed and
fertilizer (ADSF) are shown in Table 2.

Table 2 Planting depth performance

Index  Mean values/cm  Qualified index/%  Coefficient of variation/%

ASD 4.6 95.45 13.91
AFD 9.1 94.00 13.09
ADSF 4.5 96.00 12.78

Note: ASD is actual seed depth, AFD is actual fertilizer depth, and ASFD is

actual distance between seed and fertilizer.

Both qualified indices of ASD and ADSF are more
than 95%, and their coefficients of variation are less than
15%, which indicates that the newly designed planting

unit can maintain the uniformity of seed depth effectively.
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The vertical differences of each seed and mean planting
depth are shown in Figure 11.

Meanwhile, a traditional no-till planter without depth
control mechanism was used to compare with the
designed planting unit. The vertical differences of each

seed and mean planting depth are shown in Figure 12.

The qualified index of planting depth was 76.46% and the
coefficient of variation was 20.89%.  The results
indicated that the newly designed planting unit with
single-side gauge wheel had better performance on

planting depth uniformity than traditional one.
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Differences of each seed depth and the mean depth of the planter with the newly designed planting unit
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Figure 12 Differences of each seed depth and the mean depth of a conventional planter
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5.3 Seed spacing uniformity

The results of seed spacing uniformity are shown in
Figure 13, along with the corresponding data of
seed-metering device on test bench and the traditional
no-till maize planter used as comparison.

M Seed-metering device on testbench B Newly designed depth-control planting unit
Traditional planting unit

R e
a o
B 2w
o
b=l
.l"‘-
. 5
e &
5 = . = A =
£s2 8§ 228 = g8
5 B oo =& 2 = -'—'
pr—- B, - .
| wmut | wmist | Q| PrEC |

Planting uniformity of seed spacing

Figure 13 Comparison of the planting uniformity of seed spacing

The MULI, MISI, QFI and PREC of the newly
designed planting unit were 5.89%, 2.21%, 91.90% and
23.54%, respectively.  These indices were slightly
poorer than those of seed-metering device on test bench,
which were 0.27%, 1.74%, 97.99%, and 17.79%,
respectively. The reason for this result might attribute to
unstable air force to seed-metering device in field and
However, the MISI

and QFI of the newly designed planting unit were good

imperfect germination rate of seeds.

enough to fit for the need of precision planting.
Meanwhile, the indices of traditional planting unit were
12.09%, 10.99%, 76.92% and 26.91%, respectively,
which were much worse than those of the newly designed
planting unit. Results showed that the depth-control
planting unit with single-side gauge wheel can satisfy
precision planting on residue covered field successfully.
5.4 Seed emergence consistency

According to the measurement data after field
experiment (Figure 14), the mean emergence time (MET)
was 6.43 d. There are 22.2% seedlings emerged on the
6™ day and 65.7% seedlings emerged on the 7" day, which

means that 87.9% seedlings emerged on these two days.

70.0 1 e

60.0 4
50.0 4
40.0 4
30.0 4 222
20.0 1

10.0 4 20 1.0
0
12th day

Emergence rate per day/%

5th day 6th day Tth day 9th day

Figure 14 Emergence rate per day

The results indicated that the newly designed planting
unit is helpful for maintaining the uniformity of planting
depth, and as a result, the emergence time was

concentrated and the emergence quality was improved.
6 Conclusions

A practical solution to improve the performance of
no-till precision maize planter on residue covered field
was outlined. On the basis of this research, specific
conclusions can be drawn as follows:

1) The newly designed depth-control planting unit,
consisted of single-side gauge wheel, double-disc opener
and parallel four-bar linkage, could maintain the
uniformity of planting depth effectively with the
single-side gauge wheel walking on flat fertilizer furrow
stably, and as a result, could help to concentrate
emergence time and improve emergence quality.

2) Structure parameters and relative position of each
key parts of the planting unit were determined based on
the consideration of planting depth range of 30-90 mm
and the single-side gauge wheel working on the furrow
created by fertilizer opener to prevent being lifted by
residue and stubble.

3) Field experiment results showed that the planting
depth uniformity, seed spacing uniformity and seedling
emergence consistency of the newly designed planting
unit were much better than the indices of conventional
no-till maize planter used currently.  The newly
designed depth-control planting unit can satisfy the
requirement of no-till maize planting on the cropland with

residue and stubble in North China Plain.

Acknowledgements

Thanks for the supports of Special Fund for
Agro-scientific Research in the Public Interest
(201503117), National Industry System of Comn

Technology (CARS-02), and Soil-Machine-Plant Key
Laboratory of Ministry of Agriculture of China.

[References]

[1] Gao H W, Li W Y, Li H W.

technology with Chinese characteristics.

the CSAE, 2003; 17(3): 1-4. (in Chinese with English
abstract) doi: 10.3321/j.issn:1002-6819.2003.03.001

Conservation tillage

Transactions of



64

November, 2016 Int J Agric & Biol Eng

Open Access at http://www.ijabe.org

Vol. 9 No.6

(7]

[10]

[11]

Zhang D X. Discussion of agriculture machinery and

agronomic integration of summer maize product in
Huang-Huai-Hai
Equipment, 2010; 13: 14-18. (in Chinese)

Feng X J, Yang X, Sang Y Y. Development of maize

Region. Agricultural Technology &

precision planting machinery. Jiangsu Agricultural Sciences,
2010; 4: 422-424. (in Chinese) doi: 10.3969/j.issn.1674-
1161.2015. 01.028

Liu J, Cui T, Zhang D X, Yang L, Gao N N, Wang B.
Effects of maize seed grading on sowing quality by
pneumatic precision seed-metering device. Transactions of
the CSAE, 2010; 26(9): 109-113. (in Chinese with English
abstract) doi: 10.3969/ j.issn.1002-6819.2010.09.017
Choudhary M A, Guo P Y, Baker C J.
effects on seedling establishment in direct-drilled fields.
Soil and Tillage Research, 1985; 6(1): 79-93.  doi:
10.1016/0167-1987(85) 90008-X

Gratton J, Chen Y, Tessier S. Design of a spring-loaded

Seed placement

downforce system for a no-till seed opener. Canadian
Biosystems Engineering, 2003; 45: 2.29—2.35.
Ministry of Agriculture, Agricultural Mechanization

Management Division.
China Agriculture Press, 2008: 100—102. (in Chinese)

Karayel D, Ozmerzi A. Comparison of vertical and lateral

China Conservation tillage, Beijing:

seed distribution of furrow openers using a new criterion.
Soil and Tillage Research, 2007; 95(1-2): 69-75. doi:
10.1016/j. still.2006.11.001

Li L. Planter profiling structure.
Processing, 1981; 6: 8—17. (in Chinese)
Sheng K. Studies on the arrangement of profiling wheel in
the profiling mechanism of a planter. J. of Jilin Institute of
Technology, 1995; 15(2): 224-229. (in Chinese with English
abstract)

Cui T, Zhang D X, Yang Li, Gao N N. Design and

experiment

Cereals and Oils

of collocated-copying and semi-low-height
Transactions of the

10.3969/j.issn.1002-

planting-unit for corn precision seeder.
CSAE, 2012; 28(S2): 18-23. doi:
6819.2012.22.004

Lin J, Qian W, Li BF, Liu Y F.
of seeding depth mathematical model of 2BG-2 type corn
ridge planting no-till planter. Transactions of the CSAE,
2015; 31(9): 19-24. doi: 10.11975/j.issn.1002-6819.2015.
09.004

Bai X H, Zhang Z L. Motion Simulation of profiling

Simulation and validation

mechanism of a planter based on ADAMS. Journal of
Agricultural Mechanization Research, 2009; 3: 40—42. (in
Chinese with English abstract) doi: 10.3969/j.issn.1003-
188X.2009.03.013

Zhao JH, LiuL J, Yang X J, Liu Z J, Tang ] X. Design and
laboratory test of control system for depth of furrow opening.

Transactions of the CSAE, 2015; 31(6): 35-41. (in Chinese

[15]

[17]

[20]

[21]

[22]

[23]

[24]

with English abstract) doi: 10.3969/j.issn.1002-6819.2015.
06.005

Huang DY, Zhu L T, JiaHL, Yu T T. Automatic control
system of seeding depth based on piezoelectric film for no-till
Transactions of the CSAM, 2015; 46(4): 1-8. (in
doi: 10.6041/j.issn.1000-

planter.
Chinese with English abstract)
1298.2015.04.001
CaiGH,LiH,LiHW, He J, Wang QJ,NiJ L. Design of
test-bed for automatic depth of furrow opening control
system based on ATmegal28 single chip microcomputer.
Transactions of the CSAE, 2011; 27(10): 11-16. (in Chinese
with English abstract) doi: 10.3969/j.issn.1002-6819.2011.
10.002

Yang L, Zhang R, Gao N, Cui T, Liu Q W, Zhang D X.
Performance of no-till corn precision planter equipped with
row cleaners. Int J Agric & Biol Eng, 2015; 8(5): 15-25.
doi: 10.3965/j.ijabe.20150804.1846

Altikat S, Celik A, Gozubuyuk Z. Effects of various no-till
seeders and stubble conditions on sowing performance and
seed emergence of common vetch. Soil and Tillage
Research, 2013, 126(1): 72-77. doi: 10.1016/j.still.2012.07.
013

Zhang JC, Yan X L, Xue SP, Zhu R X, Su GY. Design of
no-tillage maize planter with straw smashing and fertilizing.
Transactions of the CSAM, 2012; 43(12): 51-55. (in Chinese
with English abstract) doi: 10.6041/j.issn.1000-1298.
2012.12.010

SuY S, Gao H W, Zhang J] G. Measurement and analysis
on working performance of tine furrow openers on no-tillage
soil. Journal of China Agricultural University, 1999; 4:
28-30. (in Chinese with English abstract)

Chinese Academy of Agricultural Mechanization Sciences.
Agricultural Machinery Design Manual, China Agricultural
Science and Technology Press, Beijing, 2007. (in Chinese)
Zhao S H, Jiang E C, Yan Y X, Yang Y Q, Tian B L.
Design and motion simulation of opener with bidirectional
parallelogram linkage profiling mechanism on wheat seeder.
Transactions of the CSAE, 2013; 29(14): 26—32. (in Chinese
with English abstract)

The ministry of agriculture of the People's Republic of China.
NY 1628-2008-T. Operating quality for no-tillage maize
planter.
Republic of China, 2008-5-16. (in Chinese)

Kachman S D, Smith J A.  Alternative measures of accuracy

Agriculture industry standard of the people's

in plant spacing for planters using single seed metering.
of the ASAE, 1995; 38(2): 379-387.
http://dx.doi.org/10.13031/2013.27843

Karayel D, Ozmerzi A. Effect of tillage methods on sowing

Transactions

uniformity of maize.
2002; 44: 2.23-2.26.

Canadian Biosystems Engineering,




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


