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ABSTRACT

PID control (proportional-integral-derivative-control) is one way to control a specific process, but it can be difficult
to optimize the parameters in the PID algorithm. In this paper, we have design and simulated PID Controller
module by using COMSOL Multiphysics 4.2a.
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INTRODUCTION

Micro Electromechanical systems or MEMS, represamtextraordinary technology that promises to tramsf
whole industries and drive the next technologieabtution. These devices can replace bulky actsand sensors
with micron-scale equivalent that can be producethige quantities by fabrication processes useittagrated
circuits photolithography 1[,7]. This reduces cost, bulk, weight and power corsion while increasing
performance, production volume, and functionaliyydsders of magnitude. For example, one well knOWEMS
device is the accelerometer (its now being manufadt using mems low cost, small size, more religbpil
Furthermore, it is clear that current MEMS produet® simply precursors to greater and more pergasiv
applications to come, including genetic and dis¢astng, guidance and navigation systems, poweergéion, RF
devices( especially for cell phone technology), peeasystems, biological and chemical agent detectdad data
storage 3,4]. Micro mirror based optical switches have alregagven their value; several start-up companies
specializing in their development have already bead to large network companies for hundreds dfions of
dollars f]. The promise of MEMS is increasingly capturing thttention of new and old industries alike, asemor
and more of their challenges are solved with MEMS.

In this paper, we have reported the design and lmgdef micro robot leg by COMSOL Multiphysics véra 3.5a.

2. Model definition

The model geometry appears in Figure 1. At the upplet, a gas stream with high oxygen content mntke
reactor at a velocity of 10 mm/s, while a gas wdthower oxygen level enters from the left. The atyg
concentration is measured at a measurement paihtha inlet velocity of the less concentratedastrés altered by
the PID control algorithm to achieve the desiredosmtration at that point.
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Figure 1: Model geometry

The model uses the Laminar Flow interface to dbedtie fluid flow and the Transport of Diluted Sigsdnterface
for the mass balance. The corresponding equateats (assuming incompressible flow and absenceacfiomns)

pou/édt-V.[n (Va+(Vu)T ]+ pu.Va+vp =0 e (1)
V.au =0
oc/lot+v.(-Dveg)=-w.Vc e (2)

To formulate the boundary conditions for the maasgport equation, begin by assuming that you ktiewvtwo
inlet concentrations. In addition, assume thatrédaetant transport at the outlet is mainly drivgrcbnvection, that
is, neglect diffusion in the main direction of tbenvective flow. A no-flux boundary condition debes all walls.
The boundary conditions for the mass balance are:

Boundary Constraints
Upper inlet ¢ = cin,top
Controlled inlet ¢ =cin,inlet
Outlet n - (=DVc)=0
Walls N n=0

Herec is the concentratiorgin,top andcin,inlet are the inlet concentrations (mol/m3) foe upper and controlled
inlets, respectivelyD is the applied diffusivity (m2/s); ard is the molar flux (mol/(m2-s)).

The model uses the following boundary conditiorrstiie fluid flow:

Boundary Constraints
Upper inlet u = (0, —vin,top)
Controlled inlet u = (uin, 0)
Outlet p0=0

Inlet sections n-u=0

Walls u=0

Hereu is the velocity vector (m/syjn,top is the inlet velocity at the top inlet, anid is the PID controlled velocity.
At the outlet, set the pressure to 0. No-slip baumpaonditions describe all walls except the isksttions where slip
conditions apply, allowing for a smooth transittora laminar velocity profile.
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The PID control algorithm used to calculate is
Uin = Kp(C-Coet) +Ki [(C-Get)dt + ko 8/ Ot (C-Get) e 3)

with the following parameters:

Parameter Valve

cset 0.5 mol/m3
kP 0.5 m4/(mol-s)
ki 1 m4/(mol-s2)
kD 10-3 m4/mol

In practice, the derivative constakD, is set to 0 in most cases as this parameterbeadifficult to determine.
Moreover, the derivative term may increase thetdiations in the system because it amplifies ngighé errorc -
cset.

RESULTS AND DISCUSSION

The two plots in Figure 2 show the oxygen concéiatnaand the velocity stream lines in the chambr#.05 s
and?2 s, respectively. The figures show that the meascoedentration depends strongly on the flow fiéltstart-
up, when the inlet velocity of the stream enterirgm the left is very low, the sensor is entirekpesed to the
highly concentrated stream, and as the left irdébaity increases the opposite relation occurs.

Time=3 Surface: Concentration (mol/m3| Streamline: Velocity field Time=3 Surface: Concentration (mol/m3) Streamline: Velocity field
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Figure 2: Oxygen concentration and velocity streanmes after 0.1 s (left) and 1.5 s (right).

Figure 3 shows the inlet velocity and concentratiothe measurement point as a function of timetar different
values for thekP parameter. The solid line represents the refita kP value of 0.5 m4/(mol-s) while the dashed
line corresponds tkP equal to 0.1 m4/(mol-s). The results evaluatedhf® smallekP value oscillate more before
stabilizing. Thus, it is clear that for this cabe highelkP value yields a more stable process control.
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Figure 3: PID-controlled inlet velocity (top) and @ncentration in the measurement point (bottom) as a
function of time for kP = 0.5 m4/(mol-s) (blue) andP = 0.1 m4/(mol-s) (green).

CONCLUSION

In this paper, we have design PID Controller modiyleising COMSOL Multiphysics 4.2a. This examplestrates
how one can implement a PID control algorithm todate a process control system and to find thenghtPI1D

parameters. This model is a generic example butla@semble the environment in a combustion chamiere
the concentration at the ignition point is crucialo gas streams with different oxygen concentretiare mixed in
the combustion chamber. The concentration is medsairthe ignition point before complete mixingloé streams
is reached. The control algorithm alters the intglbcity of the gas with the lower oxygen contemtathieve the
desired total concentration at the ignition polntthe chemical process industry it is often impottto control a
specific process. PID control (proportional-intdegtarivative-control) is one way to achieve thatit lit can be
difficult to optimize the parameters in the PID@ithm
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