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Design and Experiment of Shajiang Black Soil Preparation Machine
with Double Pressing Roller

CHEN Guibin'?  DONG Chao'* ZHANG Li'?> WANG Qingjie'> HE Jin'® LI Hongwen'”
(1. College of Engineering, China Agricultural University, Beijing 100083, China
2. Beijing Key Laboratory of Optimized Design for Modern Agriculiural Equipment, Beijing 100083, China)

Abstract : Aiming at the Shajiang black soil tend to become hard soil blocks and there are too many large
soil blocks remain on land surface after traditional tillage and rotary tillage, which seriously affects the
quality of wheat sowing. A pair of roller extrusion Shajiang black soil preparation machine was designed
for solving the mentioned problems. The machine can finish the series work of soil pick-up, screening
and transportation, crushing and returning to the field, and flat pressing. The multifunctional material
testing machine and high-speed photography were used to study the crushing mode of Shajiang black soil
and the displacement load variation law in the crushing process was obtained. The maximum crushing
load was determined to be no more than 900 N. Straight blade, as the key parts of the whole machine
structure, its parameters such as the blade inclination angle, blade length, blade rear end height were
studied. Through the force analysis of the soil block in the screening conveying device, the angle between
the screen plate and the retaining plate was finally believed to be 110 degrees. By researching on the
installation parameters of the crushing roller and the rotation speed of the crushing roller in the crushing
device, the structure and working parameters of the crushing device were finally identified. There were
three comparison through the field experiment: plow + rotary tillage + picking up and breaking (a),
plow + picking up and breaking (b), plow + rotary tillage + rotary tillage (c¢). Comparing the results of a
and c, the soil fragmentation rate of a was 89. 5% , which was 44. 4 percentage points higher than that of
mode c. Besides, the number of soil blocks in mode b was 55.3% less than that in mode ¢. The mean
values of standard deviation of surface roughness of mode a, b and ¢ were 6.92, 11.58 and 17. 23 mm,

respectively, The results showed that the surface evenness of mode a was the best, and the effect of mode
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b was better than that of mode c¢. Under certain conditions, the effect of double roller extrusion type soil

preparation machine for Shajiang black soils was better than that of rotary tiller.

Key words: Shajiang black soil; ground preparation machine; double pressing roller
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Fig. 1  Structure diagram of Shajiang black soil
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Tab.1 Bond of Shajiang black soil block

S8 HfE

P M/ (Nem ™) 2.0 x10°
IR/ (Nem ™) 2.5 %107
12 1] I SR J3 / Pa 8.37 x 10°
I 1) i 8 3/ Pa 4,12 x10°
R 45242/ mm 3.5

x2 EMSH

Tab.2 Contact parameters

28 e
bER /=4 0.26
TR/ (kgom ™) 2350
+IE YR &/ Pa 1 x10°
TIERIRE R 0.23

-+ ¢ [F i 45 TR 0
- M€ 7] B g 45 TR % 0
Rk S YLV 0.15
- B A e A TR 4 0
- B 3 1R IR K 0

TEAT7 ELABE DL I T o s A S e 0 T A R AR e A
D7 LA, Al ATt S A, A vp 2y S BRI B
2y 300 mm {4 3 B R GR EAT 5 B0 AT 5 ELIRE )
AR 5 KT RA S ARG 25 - B i, &1 12
7R o

(a) BRAE A Hessc (b) KI5k 4Pt
K12 e ooy
Fig. 12 Discrete element models of soil block

7t EDEM i &b B 1 Mz rb i AR 5
200 1/ min , Ji5 B R 45 55 3 43 1) & 300,350,400 1/ min,
HFEAT X HOIR S o FRIEA ) 58 W F0AS [ 3 22 250 T L
PR it 00 , AR e 1) Rt 4 B e e > B0 e R
R 48 ORS00 12X 90 95 B A 0 B 0 RCR , f B A
K13 fios A BLE 2R NER 3 s,

(a) ‘E'“ﬂl' j/}ﬁ/ l”_J

(b) EERTEW
B 13 SR

Simulation process of roller teeth

(c) HEK

Fig. 13

x3 AREEHEETEROWHELRITEE
Tab.3 Comparison of crushing effect of different

roller teeth and speed difference on soil lumps
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Fig. 15 Analysis chart of soil fragmentation process
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Tab.4 Soil bulk density and moisture content

W /em  HHEESIE/kPa R/ (grem ) HKE/ %
0-~5 12 1.24 6.50
5~10 152 1.42 7.70
10 ~ 15 269 1.62 9.73

IR0 2 B B Bk AL E A AR BE Bk,
HLEAE N BE % 3 km/h, RIS R WA 16 FiRs.
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Fig. 16  Field test of Shajiang black soil

preparation machine
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Fig. 17 Comparison of three different operation modes
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Tab.5 Quantity and crushing rate of soil blocks

y O mRs/
bR S, S,
{1 %
a 62 28 33 46 41 42 400 89.5
b 98 103 120 143 66 106

c 276 185 293 200 231 237 432 45.1
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Tab.6 Surface roughness of three different

operation modes

Wik B 0 54/ mm 22
¥/ mm
1 68 76 54 70 63 80 72 68
a 2 78 82 65 60 73 67 72 75 6.92
3 75 64 53 74 69 70 63 67
1 58 75 83 64 70 62 71 77
b 2 83 90 62 57 59 91 72 75 11.58
3 53 75 78 88 94 100 66 83
1 80 91 120 73 122 75 67 103
c 2 93 125 73 82 97 117 109 78 17.23
3 82 80 92 114 76 85 114 86
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