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Design and test of crank-rocker-peg-tooth conveyor
synergistic grass-square-laying device

YU Weijun', SUN Bugong', QI Yuan', ZHANG Peng', XU Xianying®, MA Xinbing®
(1. College of Mechanical and Electrical Engineering, Gansu Agricultural University, Lanzhou 730070, China;
2. Gansu Desert Control Research Institute, Lanzhou 730070, China)

Abstract To solve the problem of the poor effect of the existing straw square lattice sand barrier dispersing
and conveying device with loose long grass as the raw material and uneven straw laying, combined with the
characteristics of straw and multi-stage crank dispersing mechanism force, the structural parameters are
specified, the factors affecting the performance of dispersing and laying for the crank radius, crank rotation
speed and grass clearance are clarified, and the ranges of values are determined by using a single-factor
test. Using the EDEM-RecurDyn coupling method, the response surface optimization test is carried out by
exploring the changing rules of straw micro-motion and force with straw laying quality uniformity and sand
barrier porosity as test indexes, and crank speed, crank radius and grass clearance as test factors. The
results show that the optimal parameter combination is as follows: the crank speed of 200 r/min, crank
radius of 44 mm, toggle clearance of 48.6 mm, strw quality uniformity of 88.8%, sand barrier porosity of
25%, field test straw quality uniformity average value of 86.96%, sand barrier porosity of 26.05%. The
combination meets the requirements of the mechanized paving of grass square grid.
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1. Storage box; 2. Feeding device; 3. Multi-stage rocker dispersing mechanism; 4. Machine frame ;5. Nail tooth conveyor belt;

6. Small tooth disc; 7. Grass roller; 8. Travelling device; 9. Engine
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Fig. 1 Schematic diagram of the structure of the breaking and conveying device
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L, is the length of the end of the toggle tooth; L, is the width of
the toggle tooth; D is the cross-section diameter of the toggle tooth;
0, is the angle of the center of the circle opposite to the radian.
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Fig. 2 Schematic diagram of the structural parameters

of the end of the rasp teeth
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1. Crank; 2. Connecting rod; 3. Rocker; 4. Multi-stage rocker connecting rod; 5. Toggle; 6. Grass stopper

L is the length of the rocker; D, is the pitch of the toggle teeth; D, is the pitch of each row of toggle teeth; D, is the pitch of the grass stopper holes ;

¢ is the diameter of the grass stopper holes.
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Fig. 3 Schematic diagram of the structure of the toggle bar
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1. Crank; 2. Connecting rod;3. Rocker; 4. Frame; 5. Toggle teeth; 6. Straw stalks; 7. Nail teeth conveyor belt.

F is the external force of toggle teeth acting on straw; /" is the friction between straw and conveyor belt; F' is the bonding force between straw ;
G is the gravitational force of straw; Fy;,, is the total reaction force of crank acting on connecting rod; Fgjpand Fyg,,, respectively are the
component forces of the total reaction force along the z and y coordinate axes; Fgos\ Frogo Frogys Frass Frass Frap, s Frap, have the same meanings;
M, and M, are the driving torque on the crank and the resisting torque on the rocking bar, respectively; w is the rotational speed of the conveyor belt;
a is the inclination angle of the pegged conveyor belt with respect to the ground; «; is the angle of gravity with the y, axis; 3, and j3, are the angles
between Fy,; and the &, axis before and after the rotation of the coordinate system 0y, respectively; 0,.0,.0; are the azimuthal angles of the
crank, connecting rod and rocker respectively.
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Fig. 4 Schematic diagram of straw force analysis
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Table 1 Discrete element simulation parameters between straw and dispersion conveying device

S Tef L A e /A iy 3% Al
Parameters Straw Toothing Conveyor belt

N L
mme - 0.4 0.3 0.48
Poisson's ratio
oY YI A 4 /P

R /Pa 1.0X10° 7.9% 10" 1.0X 10°
Shear modulus
R/ (k 3 N 3
B/ Ckg/m®) 126. 4 7.8X10° 1.38% 10°
Densities

JBE 2 1A 4
i 5 B 0.19 0.20 0.784
Static friction factor
7S T R M %
1 B 0.09 0.15 0.035
Rolling friction factor
S b A *
st 0.21 0.30 0.711

Crash recovery factor

T« T JRE 5% DR 30 9 B 48 TR SR I i 2 DR R g 55 8 e R AT B R 2 M

Note: Static friction factor, rolling friction factor and collision recovery factor are with straw parameters.
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Table 2 Effect of crank radius on straw mass uniformity and sand barrier porosity

A% 2 42 /mm

Crank radius

A4 AT JoT i 3 5 8/ %

Straw mass uniformity

U R FLB /o

Sand barrier porosity

24 69.
44 77.
64 78.
84 75.
104 73.

8

4

16.7

26.5

19.7
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Table 3 Effect of crank speed on straw mass uniformity and sand barrier porosity

A % 3/ Cr/minD FEAT B B S92/ % U AL BRE / %
Crank speed Straw mass uniformity Sand barrier porosity
185 69.3 20.4
200 77.3 25.5
215 78.5 27.6
230 76.4 26.4
245 70. 4 21.2
301 2.0
n: n:
ut — 185 r/mim — 185 r/mim
o ——200 r/mim — 200 r/mim
g ——215 /mim —— 215 t/mim
RE® — 230 r/mim — 230 r/mim
& g 245 r/mim 245 r/mim
e 12
® B
B~
6
0 \ . ! ) :
2.0 3.0 4.0 5.0 4.0
Hffl/s I [a)/s
Time Time

(a) t=0~3 stk H 1432 T
(a) =0~3 s force on toggle tooth

6

(b) =1.0~2.5 slCk A
(b) Enlarged view of =1.0~2.5 s
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Fig. 6 Variation of force on toothing with time(#) at different crank speeds (1)
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Table 4 Effect of rasp clearance on straw mass uniformity and sand barrier porosity

P 5B B /mm

Toggle clearance

T AT A 3 2 B2/ 0%

Straw mass uniformity Sand barrier porosity

U AL BRI / 2

20 74.7 18.5
30 76.2 25.5
40 79.5 26.3
50 75.5 25.4
60 67.4 20.5
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Fig. 7 Variation of force on the toothing and conveyor belt along the y-axis for different toothing gaps (B)
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Table 5 Test factors and levels for breakaway conveyors

% Factor

K _
Level xy, WA e 3/ (r/min)

Crank speed

Loy Eﬂﬂﬁﬂéﬁ:/mm

Ix,iﬁﬁlﬁl &%‘:/mm

Crank radius Toggle clearance

1 200
0 215
—1 230

44 30
64 40
84 50

X E 25 R AT Ir 200 S R LR T, FEAT

JoT e 187 A0 R Vb B AL B 5 a5 PR AR A ] ) A A

PImh i 25 (P<<0.01) 5 FF 5T 345 B A b b L R

JEE AR M 5 Tk RS R 0,991 4 F10. 966 2, B Y

AR RS, 5 A 2R/ BBRA R E R

G N RS A R A R Y R LB Y,

X A B R e | AT 2 AR o, RN R R R] B oy B IR £

Sy W /= I (1

Y, = 56.68 — 1.50x, — 2.06x, — 1.75x5 —
3.02z,25 + 13.31x% 4 9.322% + 6.882%

(14

Y,=28.57+ 1.5x,x,— 2.58x, x5 —
1.88x,a; — 3. 72 — 4.172% 15
25 PR 2R 0T il R BT £ 1 A JRE R ) 1 2 U Sy
PELRI B Caey) A 2428 Cay) AR AR 5% 58 () 5 28 EL
PRl 38 oz, 52 W M b 38 (P<0.01) o 24 il 4l 4% 3
215 r/min, AR A2 — %€ I, B A 5T 24 BE Hk
] B A 4G R S el /N JE 4G K 5 4k B R) R — o B A
FF BT 6 ¥ 50 B2 B iAW o AR Y BG OR SE N S R
(E8Ca)),
25 DRI 2R X U0 B L B 3 52 el 1) 32 R - A e
) FR R B R Ce) TR AR () o SEH R 212
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Table 6 Break-up conveyor test design programme and results

o Z JKF Factor level 545 Index o ZKF- Factor level 45 Index

Number — x, X, X, Y/% Y% | Number — x X, X, /% Y%
1 1 1 0 82.95 24.71 10 0 —1 1 76. 34 25.17
2 —1 1 0 79.75 24.22 11 0 1 —1 75.44 25.98
3 1 —1 0 78. 44 21.09 12 0 —1 —1 65.23 21.24
4 —1 —1 0 76.10 26.62 13 0 0 0 58.97 30. 31
5 1 0 1 79.97 17.37 14 0 0 0 55.29 28.19
6 —1 0 1 75.70 25.70 15 0 0 0 57.22 29.05
7 1 0 —1 76.99 20. 87 16 0 0 0 55.96 28. 36
8 —1 0 —1 74.82 18. 90 17 0 0 0 55.95 26.96
9 0 1 1 74.48 22.38

T X0, X, Xy Ay i 2 o oA 2 A% R R BRI KB Y R Y, 43 1) A R J5 i 14 5 2 R s £ L R
Note: X, X,, X, are the horizontal values of crank speed, crank radius and toggle clearance, respectively; Y, and Y, are straw mass uniformity
and sand barrier porosity, respectively.

RT BHREHNAESDEILEEFESN

Table 7 Analysis of variance of straw mass uniformity and sand barrier porosity

FiFF BT 4t ¥4 51 i Straw mass uniformity YW EEFLEE Sand barrier porosity
R S LL FHA HhE
Source Degree of F P Sum of  Degree of F P
Sum of square freedom square freedom
A Model 1564.71 9 89. 68 <20.000 1 212.40 9 22.25 0.000 2
x 17.94 1 9.25 0.018 8 16. 25 1 15. 31 0.005 8
K 34.07 1 17.58 0.004 1 1.26 1 1. 18 0.3126
k& 24.54 1 12. 66 0.009 3 1.65 1 1.55 0.2528
k% 0.1849 1 0.095 4 0.766 4 9.06 1 8.54 0.022 3
X3 1. 10 1 0.5687 0.4754 26.52 1 25.00 0.001 6
Loy 36.42 1 18.79 0.003 4 14.18 1 13. 36 0.008 1
) 746.45 1 385.04 <20.000 1 57.59 1 54.29 0.000 2
5 365.52 1 188. 55 <20.000 1 2.16 1 2.03 0.196 9
x5 199. 14 1 102.72 <20.000 1 73.07 1 68. 88 <20.000 1
5% 2% Residual 13.57 7 7.43 7
KA I Lack of fit 5.05 3 0.790 6 0.559 1 1. 39 3 0.306 3 0.8208
R 2% Pure error 8.52 4 6.04 4
BT Total 1578.28 16 219.82 16

TE:P<<0. 01 7R3 M A i 3, 0. 01<TP<C0. 05 FR 52 0 it #
Note: P<<0. 01 indicates highly significant effect and 0. 01<ZP<C0. 05 indicates significant effect.
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&y, x,, Xy are crank speed, crank radius, and toggle clearance, respectively. Y, and Y, are straw mass uniformity and sand barrier porosity,

respectively.
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Fig. 8 Response surface of the interaction of factors on the experimental indicators
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(a) Dispersing and conveying devices
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(b) Straw after being broken up
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1. Toothing; 2. Crank; 3. Hopper; 4. Engine; 5. Grass roller; 6. Spike conveyor belt
B9 THAXEERITHENBERMT

Fig. 9 Dispersing and conveying device and straw after dispersing
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