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ABSTRACT

In this paper, a collision style corn thresher is designed, and its performance is tested on the bench. The threshing
process is simulated and analyzed by self-developed software based on PID control which is based on discrete
element method. The results of the simulation and the experiments are compared and analyzed. The design of the
threshing roller is optimized.
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INTRODUCTION

China is a traditional agricultural country and rcathresher is widely used. Improving the corn thes's

performance has great significance for ensuringytiedity of corn grain and increasing farmers' imeo The main
work and results of this paper are as follows.(&yAision style corn thresher is designed. Theghirg rollers have
three different lengths. A generic intaglio is dg&d, which can be equipped with several diffetergshing rollers.
Two observation windows are designed, and the wisdmade of organic glass (Acrylic). When the thegshorks,

the threshing process can be observed in real fiom the axial and radial. A partition gate is dgsd, which

divided the space below the gravure into sevemhgrollection ranges. (2)A bench test of the thireg process is
carried out. The test factors include the rotargesis of threshing roller, the lengths of threshioiger, the corn
varieties, the corn ear feeding, and the corn mstontent. The performance indicators includegttaén threshed
rate, the grain crushed rate, the axial distributiorve, and the threshing time.

Mathematical model of active suspension

In order to study the dynamic characteristics dfivacsuspension in 1/4 active suspension for thaystits
kinematic equations are[3][4]:

mz=K(z2)-dz2z)u
Mz =K(Z—2)+dz-2)-K(E7)
Where:

X, X,—Vertical displacement of wheels and body in thetival direction;

M, IM,—Mass of tire and vehicle body;

@)

kl, kz—Stiffness of tire and suspension;

C—Damping coefficient of shock absorber;
U —Control force of actuators produce.

Suppose there are state variabl¥s=Z , X, = Z,, X; = Z X, = Zs,
then: X =(X,X,, X, X,)",
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. — T . . . . . .
Input variables:U = (U, S) , With body vertical acceleration, tire verticaspliacement, tyre dynamic load three

indicators for output, namelyY = (Yl,YZ,Yg,)T = (Zs,Zs,ZS)T .State space representation of active suspension
is:

X = AX +BU
Y=CX+DU @
Among them:
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1 Control Strategy
PID control. PID control is based on proportionaitegral - derivative control mode, and its expies is:

[y L eyt 20 ®
) —K{e(t)? et *T]

Where:
K, —proportionality coefficient;
T, —Derivative time constant;

T, — Integral time constant;
€(t) —deviation signal;
u(t) —Output signal from the controller.

Conventional PID controller parameters cannot leraatically adjusted when changes in external d@mi such

as load control accuracy cannot be guaranteedsdabpe of application subject to certain restrictiooonditions
suitable for simple, less demanding precision apfibns.

Fuzzy PID Control.

1) Control theory
To improve the control precision, the fuzzy contod PID control are combined to design a fuzzy &dbtroller.

Deviation of € and €Cto change the deviation as input variablesA¥ ;, AK;, AK; as output variables, so
that both retains the PID controller is simple,yemsimplement merit, and PID control parametens lba adjusted

online to meet the different conditions requiredapaeters PID control system, to ensure the comretision,
fuzzy PID controller structure is shown in Figure 1

Fuzzy reasoning

A, AR | AR,

Output

+ PID controller —+{ Controlled object

Fig.1 Sructureof thefuzzy PID controller

2) Fuzzy control rules

Define the range of input variable is [-3,3], tl@ge of output variables is [-1, 1], a fuzzy sulisefNegative large,
Negative medium, Negative small, zero, positive Igrpasitive medium, positive large }, remember{idéB, NM,
NS, ZE, PS, PM, PB}. Develop fuzzy control rule} s shown in table 1~3.

1102



Du Zheand Li Xinping J. Chem. Pharm. Res., 2015, 7(3):1101-1105

Tab.1 Fuzzy control rulesof AKX,

[

MR HM K F FE P PR
18 ] Fa FM M P5 PS ZE
i FB ra P Pt M it ZE
I PM P FM F3 ZE H e
i 3 P ] ] IE HE L M
PS5 5 Pz ZE N3 NS B oY
Fd IE ZE P 1 P B B
B E HE B rad pihd HB Fa
Tab. 2 Fuzzy control rules of A,
ec
3 MB M Mg IE P3 M FB
HE i i) rB P T IE ZE
H B oS 1 e HE IE IE
HE R it WS ] iE ¥3 e
IE -1 Mg NS ZE 3 P3 PM
] Mg Mg ZE =] 5 M M
FM ZE ZE Ps FM o 1 5] P8
m® ZE ZE P M m 78 FB
Tab.3 Fuzzy control rulesof AKd
ec

¢ NB NM NS 7E 2] PM FB
NB PS PS ZE 7E ZE PM PB
NM NS NS NS NS ZE NS PM
NS NB NM MM M3 7E P3 PM
7E NB NM NM NS 7E P PM
P NB NM NS N 7E P P3
FM NM NS NS NS ZE Ps PS
FB P35 ZE ZE ZE 7E PB PB

2 Simulation Analysis
Because motivation is a major factor causing roalicte vibration, so the random signal during timutation as

road input, shown in Figure 2.
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Fig.2 Random input signal

ADAMS software to build three-dimensional modelsngsactive suspension, and body vertical accelanatiire
load and tire vertical displacement as the evalnaitidex, joint simulation in MATLAB environment. é&nwhile,
for the inspection and control effect, the tradiabPID control and fuzzy PID contrast, the resatliswn in Figure
3-5.
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Fig.5Vertical displacement of tire

The results show that, compared with conventiofialddntrol, fuzzy PID control strategy to contragh precision,
robustness, the model is correct.

CONCLUSION
The threshing process is simulated and analyzeddifydeveloped software.Those three-dimensionatrelis
element analysis models based on PID control arebhier are established. The results of the sinouland the

experiments are compared and analyzed.
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