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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 ssimulated PID
Controller module by using COMSOL Multiphysics 4.2a.
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INTRODUCTION

Micro Electromechanical systems or MEMS, represenéxtraordinary technology that promises to tramsf
whole industries and drive the next technologiealotution. These devices can replace bulky actsstod
sensors with micron-scale equivalent that can beuywred in large quantities by fabrication processesl in
integrated circuits photolithographyi,P]. This reduces cost, bulk, weight and power corgion while
increasing performance, production volume, and tfanelity by orders of magnitude. For example, ovedl
known MEMS device is the accelerometer (its nowmgenanufactured using mems low cost, small sizegmo
reliability). Furthermore, it is clear that curreMEMS products are simply precursors to greater aute
pervasive applications to come, including genetid disease testing, guidance and navigation sysieomeer
generation, RF devices( especially for cell phaehihology), weapon systems, biological and chengigaht
detection, and data storadge4]. Micro mirror based optical switches have alrepdgven their value; several
start-up companies specializing in their developnteve already been sold to large network compdoies
hundreds of millions of dollars5[. The promise of MEMS is increasingly capturing thttention of new and
old industries alike, as more and more of theillehges 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 uppet, a gas stream with high oxygen content rsntiee

reactor at a velocity of 10 mm/s, while a gas wattower oxygen level enters from the left. The oxyg
concentration is measured at a measurement paidtitee inlet velocity of the less concentratedastras

altered by the PID control algorithm to achieve diesired concentration at that point.
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Figure 1: Model geometry

The model uses the Laminar Flow interface to dbectie fluid flow and the Transport of Diluted Siesc
interface for the mass balance. The correspondiogtéons read (assuming incompressible flow anerates
of reactions)

pouct -V.[n (Vu+(Vu)T ]+ pu.Vu+vp =0 e 1)
Vau =0
ocl ot +V.(- DVc) =-u. Ve (2

To formulate the boundary conditions for the maasgport equation, begin by assuming that you ktiav
two inlet concentrations. In addition, assume tiegt reactant transport at the outlet is mainly etri\by

convection, that is, neglect diffusion in the malmection of the convective flow. A no-flux boungar
condition describes all walls. The boundary coodii for the mass balance are:

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

Here ¢ is the concentrationgin,top andcin,inlet are the inlet concentrations (mol/m3) tbe upper and
controlled inlets, respectivel 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/s)yin,top is the inlet velocity at the top inlet, aaidh is the PID controlled
velocity. At the outlet, set the pressure to 0. dp-boundary conditions describe all walls exci inlet
sections where slip conditions apply, allowing #osmooth transition to a laminar velocity profile.

The PID control algorithm used to calculate is
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Uin = kp(C-Cset)+Ki [(C-Goet)dt + ko &/ 8t (C-Cset) ~ =emmmmmmmeee (3)

with the following parameters:

Parameter Valve

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

In practice, the derivative constakD, is set to 0 in most cases as this parametebeatifficult to determine.
Moreover, the derivative term may increase thetflatons in the system because it amplifies naiséhée
errorc — cset.

RESULTS AND DISCUSSION

The two plots in Figure 2 show the oxygen conceiotinaand the velocity stream lines in the chambfra
0.05 s and2 s, respectively. The figures show that the measooedentration depends strongly on the flow
field. At start-up, when the inlet velocity of tsream entering from the left is very low, the seris entirely
exposed to the highly concentrated stream, andealett inlet velocity increases the opposite fetabccurs.

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 concentraiionhe measurement point as a function of timetfaoy
different values for th&P parameter. The solid line represents the refuita kP value of 0.5 m4/(mol-s)
while the dashed line correspondskBequal to 0.1 m4/(mol-s). The results evaluatethi® smallekP value
oscillate more before stabilizing. Thus, it is cl¢i@at for this case the high&P 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 éunction of time for kP =
0.5 m4/(mol-s) (blue) and kP = 0.1 m4/(mol- s) (gmee

CONCLUSION

In this paper, we have design PID Controller modufeusing COMSOL Multiphysics 4.2a. This example
illustrates how one can implement a PID controbetgm to simulate a process control system arfchtbthe
optimal PID parameters. This model is a genericrga but could resemble the environment in a cortitrus
chamber where the concentration at the ignitiomtp@ crucial. Two gas streams with different oxyge
concentrations are mixed in the combustion chamblee concentration is measured at the ignition tpoin
before complete mixing of the streams is reaché&eé. dontrol algorithm alters the inlet velocity bétgas with
the lower oxygen content to achieve the desiredl todbncentration at the ignition point. In the clieah
process industry it is often important to controlspecific process. PID control (proportional-intgr
derivative-control) is one way to achieve that, lhutan be difficult to optimize the parameterstlie PID
algorithm
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