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Design and test of precision rotary-ridging machine for sticky soil

ZHANG Tao' LI Ying',ZHANG Xiaochun®, WEI Ling”, PANG Youlun',
LI Ping' ,TANG Xinglong' ,ZHOU Yuhua'

(1. Institute of Agricultural Machinery Research, Chongqing Academy of Agriculiural Sciences, Chongqing 401329, China;
2. Institute of Characteristic Crops Research, Chongqing Academy of Agricultural Sciences, Chongqging 402160, China)

Abstract; To improve the topsoil structure and address the problem with heavily consolidated and highly
tillage and ridging resistance in southwest China hilly area, the precision rotary-ridging machine was developed. It
was mainly composed of deep rotation device, soil crushing device and ridge forming parts, which could realize
combined operations such as rotary tillage, soil crushing and ridge raising. The deep rotating device adopted the
double helix method to install the rotary blade alternately. The rotary blade interval was 60 mm and rotating speed
was 260 r - min”'. In the soil crushing device, the earth cutter was installed symmetrically with the cutter plate as
the center. Three pieces of each side were obtained through analysis. The clearance of the cutter tip was 32 mm,
and the rotating speed of the earth cutter was 430 r - min~'. The model of soil cross section and the path of soil cut-
ter movement in the process of operation were established. According to agronomic requirements, the ridge compo-
nents were designed into trapezoidal box structure with front width and back narrow, upper narrow and below width,
and the ridge cover length was determined to be 300 mm by analysis. The results of field tests showed that the aver-
age stability coefficients of ridge width, ridge height and furrow width were 96.26% , 93.34% and 89.09% , respec-
tively, under the condition that the previous crop was rice or rapeseed and the ridges were full without high or low

ridge, wide or narrow ridge. The surface flatness, soil fragmentation rate and vegetation coverage rate were 2.06
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cm, 92.32% and 85.32%, respectively. All indexes were in line with industry standards and design requirements.

After operation, soil bulk density and water content decreased by 14.31% and 11.25%, respectively, which im-

proved soil structure and permeability.

Keywords: precision rotary-ridging machine ; sticky soil ; ridge planting; rotary tillage ; broken soil ; field test
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150 mm; h represents ridge height, 250~280 mm; ki, represents the
ditching depth; « represents the ridge wall dip angle, 70°.
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1. Ridging parts; 2. Broken soil device; 3. Cover plate; 4. Suspension;

5. Transmission; 6. Rack; 7. Deep spiral device
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Fig.2  Structure diagram of precision rotary-ridging

machine for sticky soil
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Fig.3 Assembly relation diagram of whole machine
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Table 1

Main technical parameters of precision rotary-ridging

machine for sticky soil

S Parameter KfE Value
AMERSE Overall dimension/ ( mmXmmXmm ) 2540%1360%1350
PR #R $E Working/mm 2300
RV Working speed/ (km + h™!) 2.02~4.58
HLZE1THL Ridging rows 2
ZE[A]#E Ridge distance/mm 1150
fid &35 71 Marched power/kW =68.76
TEHFRE Rotary tillage depth/mm 100~210
4R E Broken soil depth/mm 60
JEHERE # Rotary tillage rotate speed/(r » min™") 260
filE 1553 Broken soil rotate speed/(r + min™!) 430
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1.Rotary knife; 2. Universal joint; 3. Transmission;
4. Power output shaft; 5. Deep screw knife shaft.
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Fig.4 Kinematic diagram of deep rotary structure and drive
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Fig.6  Structure and parameters of rotary blades
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Fig.7 Schematic diagram of the broken soil device
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B8 fRl/5 T E

Fig.8 Post-operation soil sectional view
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Note: w represents angular velocity of earth — shattering
knife; v, represents machine forward speed; N (x, y)
represents real-time position of earth-shattering knife edge
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Fig.10  Earth-shattering knife into the soil
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Fig.11 Schematic diagram of earth cutter structure
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Fig.12  Schematic diagram of ridge component structure
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Fig.13  Field test of prototype
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F2 FiEEZ—AYHEBERZZERE
Table 2  Field ridging performance of well rotary-ridging machine

Hir2E ) frFe C/%  CJ%  CJ%
Preceding crop Route " ! &

1 97.19 9732 90.08

TS 2 9539 94.62  92.37

Rapeseed 3 98.03 94.35 88.51

A Average 96.87  95.43 90.32

1 97.14  89.87  84.19

K FE 2 96.21  91.47  90.04

Paddy 3 93.57 9238  89.35

FE Average 95.64 91.24  87.86

ATl ARME Industry standard =90 =90 =90

TE:C, AR TSE R E M R EL € W B R T R 4L €, i T T8
Note: C represents stability coefficient of ridge top width; C; repre-
sents stability coefficient of ridge height; C, represents stability coefficient

of groove width.

1% 78 25 - YIME - 86.96% F1 83.67% , 1t B fiE %
FEOT KA RFEFE B 3 A R T
BLUBTAIAE Py BIL B AL 1 s BF DR B2 M 7 241
87.64%F 83.58% , 4l TAER 41 0.42 hm® -
h™'f10.38 hm® « h™', Z¢ b IZWLAE IR RTZEVE D 2%
P TR EERERRE , A VE 7K e 1 1) 1 1 32 R0 AT
PR B R IR T2, 32 B T KR b b 2
5, 11 HSCRES A =X, R RS Fr i £ Ak
TR 20 AT R R i B B Tt R E
e REER

433 EgEAHREFREE HIEEKORMAREINE
SERANER 4 PR . AEHT, BTEEVEY) Al SERKFE Y
0~15 em +J2 THEEIKES N 16.94%F117.38% ;
YV JE , HAB 23 510 14.65% F1 15.82% , 53 WIFEAR T

®3 HEREEZ—EYLE B EERE

Table 3  Field tillage performance of well rotary-ridging machine

HIZEVEY) o THGERE MERFRE O EREERE RS PHEFEME 4 TAERCR
. 17 . . . .
Preceding Route Looseness Surface Vegetation Broken rate  Stability of tillage ~ Purework efficiency
crop of soil/% flatness/ cm coverage/ % of s0il/% depth/ % /(hm? «+ h™")
1 23.31 1.92 84.26 90.04 90.13
e 2 22.32 1.84 85.34 95.34 87.10 0.42
Rapeseed 3 21.54 1.78 91.29 94.67 85.69 ’
TFYIME Average 22.39 1.85 86.96 93.35 87.64
1 17.58 2.31 83.35 91.35 83.99
KFE 2 19.62 2.15 82.29 92.14 80.24 0.38
Paddy 3 19.31 2.35 85.37 90.35 86.51 ’
SEIME Average 18.84 2.27 83.67 91.28 83.58
ATl ARME Industry standard <40 <4 =80 =85 =80

F4 ELFIFEO~15 cm TETIEEKEMRE
Table 4  Soil moisture content and bulk density of 0~ 15 ¢cm

soil layer before and after operation

K % AT (g om)
i EY) Soil moisture content Soil bulk density
Preceding crop{EAT (AR fRET fRIR

Pre-work  After work Pre-work  After work
I
R 16.94+0.48 14.65+0.92  1.43+0.03 1.19+0.02
Rapeseed
JKFE Paddy 17.38+0.64 15.82+0.73  1.52+0.05 1.34+0.03

13.52%F11 8.98% ; [ i AV A 48 25 T 4331 o0 1.43
g - cem Al 1.52 g - em ™ AV JE HAE 435100 1.19
geem Al 1.34 g - em™, A3 B FEAK T 16.78% F
11.84% , 43 B FLJE PR AT BE 2 A T e 28 — IR MLAE L J5
X JZ IR B R il S A R T ) M (H
X 20 K o R T B FRAR, A B T 3
ST/ = nk 3111y

5 45 &

1) B0 74 i 280 SRS T 2B A MRS UK
b T — R e kS 28— R AL, — S BURERE (i 1
2B RFVRAY WL RE B A DR 23l T SR A R A

BB 56 R 2B 22 SR ML

2) AL B TR M R R
YR, BETT I E N SR A A B 2 R B T O AR L 4
P S TAESEL, S B i TR e A e 24 1 Jhooo /K7
PR R 340 om, S22 120 em, 553853514 260
430 1+ min™ ,ﬁi&%%ﬁﬁﬁﬁfﬁﬁ 300 mm,j{}:@._\—LTﬁz
3ot 5 - S DR R R RN - ]38 B

3) [R50 45 5 3R W, ZE 1T HE1E W 2 7K R v
AT, 2B 2B I T SRR M R BOT- B (E Sy
ok 96.26% . 93.34% . 89.09% , M 3 -4 B R+
K AHYEE 2 %58 2.06 em .92.32% .85.32% , L
28 RAHEPERE Y8 21 [ R AR, ml il 2 F 2B AR A
HEARBRAFERE M T & M 5 A R A
KR HIEAR T 14.319% F1 11.25% , % 558 381
RS AR B A —E R E R
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