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ABSTRACT

In this paper, combining feed forward DMC and PID control algorithm is applied to the servo system of electric
cylinder. Considering for the servo control system of electric cylinder, a PID controller based on dynamic matrix
control (DMC) feed forward is designed with utilizing the quickness and adaptive characteristics of dynamic matrix
predictive control by combining the DMC algorithm with PID controller, which could obtain online control for the
servo control system of electric cylinder and realize the rapid and real-time control. Smulation results show that the
servo control system of electric cylinder has better static and dynamic performance.
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INTRODUCTION

The static and dynamic tension-compression as agelbrsion test about the specimen can be accdmaglisy the
high precision multi-function torsion testing mauodithat is an important test equipment for evahgatihe

performance of shaft parts, which has importamifizance in research of materials and structuj[1At present,
The common driver ways mainly include hydraulicvdrimotor drive, pneumatic drive and electric ayéindrive,

etc[3-5]. However, the demand for the purity of @l higher and the working performance are susolepto

temperature. Besides, there are high requiremamseapensive price about maintaining hydraulic esystand
manufacturing elements. It is difficult to carrytdault diagnosis. The air compressibility is bigdathe stability as
well as efficiency of the pneumatic system are iowhe pneumatic drive. In addition, the transnaiess inaccurate
and exhaust noise is big so that the output posvemall[6-8]. The Electric cylinder control is dedy through the
control of the servo motor, and liquid such asamitl gas is not necessary as a medium to transfegrpia the

process of the Electric cylinder control. It effgety avoided to produce the system errors as altres oil leak,

which results in that the experiment data is naueate and the control accuracy is not high. Coegpavith the
electro-hydraulic servo valve control system, tleefgrmance of the electric control system is né¢ciéd by the
environment, temperature, the polluted hydraulitveraand the factors of fluid medium. etc. In adufiti the

connection between servo motor and servo drivenvenient as well as quick, which can ignore ttiect$ of the
complex oil pump, piping and the cooling system atiger ancillary facilities in the hydraulic system

Electric cylinder servo motor is usually controllbg PID control. The PID control algorithm is cumtly widely

used in automatic control of thermal objects withge principle, high universality. As thermal objge with large
delay, large inertia, nonlinear and uncertaintyrabgeristics, dynamic characteristics has beengihgralong with

the change of operation condition. The classic Bl@ifficult to deal with complex control systengrérements. For
the most advanced and intelligent control theoug t the particularity of electric power produatiand the unique
requirements of safety and reliability, its apptioa in the electric power production is slow. $dsinecessary to
research the control method that keeps simpletsitiof the classic PID, and the thermal objeélishstve a strong
adaptability with the parameter changing and exstedisturbance in the method. For the researchefdarge delay,
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parameters system for boiler main steam temperatadel, there is not yet publicly literature thaistresearched
traditional PID improving from the perspective afntrol history in the world. This paper has imprdvihe
traditional incremental PID controller introducimgstorical information based on the qualitative lgsia of the
delay system inverse dynamics, redefining the newect reference quantity instead of the origiedérence.

The control principle of PID is simple, easy sejtas well as using, easy and the adjusting perfocsandicators is
not very sensitive to the slight changes of thetraled object. But PID controller could achievesatisfactory
effect only under the premise of getting good patans setting. Smith predictive control method ozake the
controller action in advance, thus offsetting tlifects of time delay characteristics, reducing twershoot and
improving the stability of the system as well asederating the adjustment process and improvingahality of the
system. But Smith predictive control has two mamorscomings: (1) the robustness is not guaranteitid thve
object’s properties changed; (2) when there igfatence, it can not be overcomed. For the sergteay of electric
cylinder with the characteristics of nonlinear, erainty, time-varying and interference, it is resaary to seek a
new control strategy combined with PID control imder to meet the requirements of control performeaimcthe
servo system.As an important kind of predictivetomiralgorithm, dynamic matrix control (DMC) hasdrewidely
used in the field of modern control[9]. The dynarsiiep response of the system is employed as thécpom model,
and then the historical information and the futimguts of the system are utilized to predict theefe outputs. The
ill-posed caused by model errors or environmerittlcbances is avoided through rolling optimizatieplacing the
global optimization. In this paper, PID controlleased on feedforward DMC is applied to design aralyais the
servo control system of electric cylinder. DMC aigfum uses the object’s dynamic step response ifumets the
prediction model, which does not rely on accuratggh@matical model. The rolling optimization is atéup to
realize the optimization of control input at theremt moment. The numerical simulation results hasefied the
effectiveness of the PID controller based on feediod DMC by proposed in this paper.

The research working is as follows: firstly, inrtex of the existing servo system of electric cylmdee function and
characteristics of the original composition in thgstem and interference factors with the systenusking
influenced are analyzed to determine the trangiection of the system. Secondly, a PID controllasddl on
feedforward DMC is designed to ensure that theesyshas good stability and robustness with comgdtat
conditions of the system’s parameters changingelsas external load disturbance and cross intenfeg. Finally,
MATLAB software is applied to obtain the systemisnslation and the three coefficient of PID are egtby
Ziegler-Nichols setting method, which achieves #dvecontrol effect about the system by graduahgrgying the
various parameters of the controller.

WORKING PRINCIPLE AND MATHEMATICAL MODEL

Electric cylinder is driven by the servo motor ahdn decelerated by the synchronous belt, drivivegktall screw
rotating, then making the nut on the screw do limeavement, finally driving electric cylinder pistanoving.
Electric cylinder can be roughly divided into thigsrts of servo motor, synchronous belt, and lzaths. Movement
flow chart is shown in Fig. 1.

Servo Synchro Ball
—»| motor » nous » screw [
belt

Fig. 1: The process program of electric cylinder

In this paper, the mechanism modeling method iptEdbto establish the accurate mathematical mddéleoservo
control system of electric cylinder.

The open loop transfer function of the servo cdraystem of electric cylinder is shown in the EL). (

KK _ K "
(1+T,s) s@+T.s)

G(8)=G, (3, (8)=

where the measured static magnification is takel=a%86 (rpm/v) and the median value of time constant in the
system is Tm=0.46 s. The block diagram of the seprdrol system of electric cylinder is obtained@ding to the
mathematical models of each part derived by abaathod, which is shown in Fig. 2.
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Fig. 2: The block diagram of the servo control system of electric cylinder

Thus, the whole transfer function of the servo mansystem of electric cylinder is as follows (methatical
model) :

_X,(s) _ 486K, /130

G, (s
() Al(s) 0.46,S° +s

(2)

K1 and K2 change in the range of [0.9, 1.1] in &)-

DESIGN OF PID CONTROLLER BASED ON FEEDFORWARD DMC
Establishing the feedforward DMC algorithm

This paper has adopted DMC as the feedforward clbetiof the system. The input R of the servo colrgystem of
electric cylinder is optimized in advance combimath a PID feedback controller.

DMC algorithm adopts the step response functioh e object as the prediction model. After a stép signal is
added to the input of the system, the dynamic igeponse coefficient at each sampling tima#a(iT), i=1,2,...N
respectivelyN is the length of the time domain with the model.

According to the proportion and superposition pple of the linear system, the input incremenfsu(k+j),
j=0,1, ---,M-1with groups ofM are input to the system from the kth moment, tlealistive output at th® moment

in the future is the sum of the output without @oytrol increments and the outputs whenNheontrol increments
is applied individually to the system, namely:

Y (K+1k) =y, (k +1k)+a,Au (k) (3a)

Y (kK +2k) = y, (k + 2 k) +a,Au (k) +a,Au (k + 1)(3b)
LI

Yo (K+P|K) = Yo (k + P|K) +@,Au(K) +--- +a5_, ,,Au(k + M —1) (3c)

Eq. (3) is written in vector form as follows:

Yy (k+1) =Y, (k+1)+ AAU (K)(4)

In Eq.(4)AU (k) =[Au(K), Au(k +1),---,Au(k + M —1)]", P is the time length with rolling optimization

(M <P < N)is the length of control time domain ar isPXM matrix made up of the step response
coefficients, which is as follows:
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a O
N

()
aP aP—l a'P—M+1 PxM

The rolling optimization objective function is aded for DMC. For every kth moment, the optimal coliing law
in control time-domai in the future is selected to make the predictizii@s in the time-domaip in the future as
close as possible to the output values. The opticoalrolling law is determined by the following glratic
performance index:

P M
. . . 2 .
minJ(K)=> g [y, (k+i)=yy (k+i [K)]"+> r,Au* k+ j - 1)6)
i=1 j=1
Where,q; andr;are the weight coefficients, which stands for thigibition of the tracking error and control values

changing respectively.

Eq.(6) is written in vector form as follows:

minJ (k) =|[Y; (k+1)- Y, &+ 1o +[AU &),

whereY, (k +1) = [yr k+1),...y, k+P )]T are the desired output valuesPasampling time in the future is
the matrix of error coefficients arRlis the control matrix, which is as follows respesty:

Q=diag[q,q,,...,0,], R=diag[r,r,,...,1, ] (8)

Differentiating Eq.(7) with respect dU (K) , and orderingld (k) / dAU (k) = O ,the optimal controlling law can
be obtained:

AU (K) = (A'QA+ R ATQ[Y, (k+1) - Y, (k+1)] (9)

We only need to determine the control incremenfsli(k) at the current moment. However,

AU (k) =[Au(K), Au(k +1),--- ,Au(k + M —1)[ is given by the Eq. (9). At the next momeht(k +1)is
obtained by the same optimization method, andishtbe “rolling optimization” strategy. By Eq. (%he optimal
value ofAu(k) at the current moment is as follows:

u(k)=u(k-1)+Au (k) (10)
In the Eq. (10)Au(k) =[1,0,---,0J(A' QA+ R)TATQ[Y, k+ 1)-Y, &+ 1J .

Feedback PID controller
The conventional PID controller is widely usednaustrial process control because of simple algaritconvenient
setting as well as strong robustness, high reitsitdhd the advantages of not needing object'sipeamathematical

model. This paper adopts the incremental PID ctlatréo realize on-line control of the servo comtsystem of
electric cylinder and the control law can be déxdias follows:

uPID(k)zuPID(k-1)+Kp (e(k)_ e(k - 1))"' Kie(k)+ Kd (e(k)_ kd‘ - 1)"' € k - 2)](11)

In the Eq.(11),K,, K; and Ky are proportion coefficient, integral time constamtd differential time constant
respectivelye(K) is the difference between the expected values @acbutput values &moment.
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By combining the feedforward DMC algorithm with PfBedback controller in above, the controller desif the
servo control system of electric cylinder can baldshed as shown in Fig.3:

> DMC

v

— Ly w OBIECT

|

Fig. 3: Thecontroller design of the servo control system of eectric cylinder

Thus, the general optimal input valu&kahoment with the system is as follows:

Ugym(K)=Upip(K)+u(k) (12)
Setting PID controller parameter

In fact, the control effects satisfying the contsgktem can be achieved with the parameter seitiogt the PID
controller by adjusting the three parametggsK,andKp to match the controller features and charactesisif the
controlled object. For the control of the pure ladustrial process, the common industrial settirethnd of PID
parameters is: the stable boundary method (crificgbortion band method). The integral and diff¢éiedreffect are
removed under the condition of the closed-loopesysand then make the system produce persisteritatisci
under the action of pure proportioner. The critgain K, and critical shock T at this period are utilizett@ding to
the experience formula and correction proposedhey Ziegler and Nichols shown in the Tab. land tiveet
parameters of PID can be obtained from the Tab. 1.

Tab. 1: Parameter setting formula of the critical proportion band method

Ko Ki Ko
P 0.,

Pl 045K, 0.53%K,

PD 0.6, 1X, 007K,

THE SIMULATION RESULTSOF ELECTRIC CYLINDER SERVO CONTROL SYSTEM

It is important to study the stability of the sersystem. When the servo system of electric cylimdaning steady;,
it seems to be expected that the outputs can trgeks accurately or repeat the inputs as far asipe. Namely,
the steady-state tracking accuracy with the syssemaquired as a result of getting the steady-s&atar as small as
possible.

The response results of step input

When given a unit step disturbance, the system lation of the step response is obtained by usingl MXB
software and the PID parameters are optimized byctitical proportion band method. Then, the dymastep
response coefficients of dynamic matrix predictteatrol can be obtained in the Fig.4 and the resflthe system
simulation of the step response are shown in FigcbFig.6 respectively.

dynamic step response of DMC

00 05 1 15 2

timels

Fig. 4: The curve of dynamic step response coefficientswith DMC

1247



Zhang Geng et al J. Chem. Pharm. Res,, 2015, 7(3):1243-1249

step response
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Fig. 5: Theinput curve of step response with feedforward DM C - PID controller

step response
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Fig. 6: The output curve of step response with feedforward DM C - PID controller

As can be seen from the Fig. 5 and Fig. 6, theegysteady-state error is smaller and the adjust ismwithin 2 s by
utilizing the feedforward DMC - PID controller. Trepeed of system response is quick, which meetslekign
requirements of the servo control system of electylinder.

The response results of pilse input

When given a unit impulse disturbance, the use 8T MAB software simulation system of the step resgmiihe
system simulation of the step response is obtaiyedsing MATLAB software keeping the PID parametsasne
and the impulse responses of the system controksals well as the outputs are observed and thksrase shown
in Fig.7 and Fig.8 respectively

impulse response

250
200+
i50*
100

50
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Fig. 7: Theinput curve of step response with feedforward DM C - PID controller

1248



Zhang Geng et al J. Chem. Pharm. Res,, 2015, 7(3):1243-1249

impulse response
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Fig. 8: The output curve of step response with feedforward DM C - PID controller

As can be seen from the Fig. 7 and Fig. 8, thedgtetate error of the system is relatively smatheough using the
feedforward DMC-PID controller. although the adjosnt time is relatively longer, the system canr atthieve a

stable state in the oscillation after a periodimEtand basically meet the design requiremente@bervo system of
electric cylinder.

CONCLUSION

In this paper, combining feedforward DMC and PlDntrol algorithm is applied to the servo system laictric

cylinder. Simulation results show that the congiglorithm designed by this paper and the servo ifimptan meet
the requirements of the servo system. The contgdrithm has the biggest advantage of not dependimghe
precise mathematical model and can effectivelya@sthe disturbance of the outside, which makestirgo system
has better quickness, accuracy and

stability.
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