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ABSTRACT

This paper is focus on the design, modeling andampntation of a proportional-derivative controllarthe
control of the performance characteristics of amctebviscous damper.The implementation shows that
proportional derivative (P-D) controller reduce lbbahe system overshoot and the settling time amti sinaall
effect on the rise time and steady state error.
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As early as 19 century (DUFF 1896, Quinke 1897), scientist begamlying electroviscous fluid response to
input electric field. The fluid gained prominent evhwinslow (1947, 1949) published results of hisesgch
work. Electro viscous fluids consist of fine pofable particles dispersed in a nonconductive, |lisgositiy
fluid. Electro viscous fluids exhibit a rapid, yetversible induced shear resistance when exposad &pplied
electric field. Engineers and scientists have idfiedt possible applications including vehicle susgens,
hydraulic values and soft clutches that would z#ilihe special properties of electro viscous flidvelopment
of commercial applications of devices using eleeiszous fluids has been hampered by inabilityuick]y and
precisely control the electro viscous fluid statark, et.al., 1996). previous studies have focusedrarying
aspect as to the composition of fluid and partieutazes varying the electric fluid strength andasing rate has
been investigated Strangroom (1978, 1980).The egjdn of the fluid in mechanical devices also haeen
investigated Block and Kelly (1986). A simulatiomethod was developed to describe structure formatio
electro viscous suspensions (Klingen berg et &89) Current devices such as electro viscous fhwided
valves, clutches or hydraulic mounts typically dat neact quickly or precisely enough to meet negfdthe
applications (Duclos ,1987; Ushijima et al., 1988guelles et al, 1973). The objective of this paperto
investigate the response of a typical electro wisaapplication in shock absorber to a step inmrtadiusing the
proportional — derivative P-D controller.

The proportional — derivative controller model
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Figure 1:P- D control model

Plant is the system to be controlled. The contr@l®vides the excitation for the plant designeadatrol the
overall system behaviour. This controller is twterms controller ;

P-D controller and the system transfer funct®agiven as;

Koz + Kas

Ko+ Ky = 3
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Kp = proportional gain

Kg4s = Derivative gain

The tracking error is the difference between tbgirgd input value (R) and actual output (Y). Thersignal is
sent to the P-D controller, and the controller categhe integral of this error signal. The signd) just past the
controller is now equal to Ktimes the magnitude of the error plus the integah Ky times derivative gain

error.

I}
U=KFB+Kdd—: ..................................................................... (2)

This signal (U) will be sent to the plant, and tieav output Y will be obtained.

Table:Characteristics of-P controller.

System parameters  Rise time overshoot settling adStstate error
Kp Decrease Increase Small change Decrease
Ky Small change Decrease Decrease Small change

The focus of this paper is to show how each gahd K; contributes to obtaining.

Fast rise time , Minimum overshoot ,reduce steadtate error and Open — loop step response.
THE MATHEMATICAL MODEL

ME(L) + BF () + KY (1) S UR) oo e oo e e e e e e e (3)
Assume all initial conditions are zero using laglaransform

T B e R, (4)

vim _ 1
e e (5)

Parameters used

Stiffness K = 20N/m

Mass M = 1kg

Damping coefficient b = 15Ns/m

Substituting the parameters in egn. (5). The systansfer function is
Yis 1
E = m ....................................................................... (6)

Open loop step response employing matlab softvgagésen as shown in the plot below;
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Figure 2: Open step response graph

From the Table 1 above , the proportional contrddfereduces the rise time, increases the overshadt
reduces the steady state error. The closed loapfémafunction of the proportional controller ivgn as;

v _
Uiz) S +152+(20+Hp)

using matlab software, and taking proportional dair- 300 we have the plot below

Step Response
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Figure 3: Proportional controller graph

This plot shows that the proportional controlleddueed both the rise time and the steady-state, én@eased

the overshoot, and decreased the settling time.

Proportional-integral control
The transfer function is given as
vim _ Fps +Hopsy
Piz) 32 +(L5+Epla+(20+hn)
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Figure 4:P-D step response graph

Conclusion

The proportional-derivative controller has beencegsfully implemented in the control of electrocaigs
damper performance characteristics. Rise time,sta&t and the steady state error to step inpubrsgs has
been implemented using the Mathlab software.
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