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Objective

 Modify FEM 3D beam code, catering for the accurate direction cosines.

 Static pull in voltage for 1 DOF system by root locus method (Animation).

 Static pull in voltage for 2 DOF system by root locus method (Animation).

 Equilibrium solution of 2 DOF systems by energy landscape.

 Dynamic pull in voltage for 1 DOF system (Animation).
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Sl no Node1 Node2 Depth width E lx ly Lz
1 1 2 10 40 155 0 0 1

Node no X Y Z 
1 0 0 0
2 1 0 0

Node.dat

elem.dat  (Case1)

FEM 3D Beam

Sl no Node1 Node2 Depth width E lx ly Lz
1 1 2 10 40 155 1 0 1

elem.dat  (Case2)



Disp Case1 Case2

U1x 0 0

U1y 0 0

U1z 0 0

θ1x 0 0

θ1y 0 0

θ1z 0 0

U2x 0 0

U2y 0 0

U2z 0.040323 0.080645

θ2x 0 0.085537

θ2y -0.06048 -0.12097

θ2z 0 0

Case1

Case2





Original 
direction cosines 

Suggested
direction cosines 



MATLAB CODE

FEM 3D Beam

beam3.m



Static pull-in 1DOF

2 µm

Methods
 Energy landscape
 Roots of equilibrium equation
….
….

Cubic equilibrium equation  3 root



Static pull-in 1DOF

MATLAB CODE

static_pullin.m



Static pull-in 2DOF

= 2 µm
= 1 µm



Static pull-in 2DOF

Cubic in u1 and cubic in u2
 9 pairs of solution for each V1 and V2



Static pull-in 2DOF using root-locus

MATLAB CODE
Q5_rootlocus.m



Soln of 2 DOF systems by energy landscape



Soln of 2 DOF systems by energy landscape

U1= 2e-06
U2= 1e-06

X= 1.9e-6 : 1e-9 : 2.1e-6

Y= 0.9e-6 : 1e-9 : 1.1e-6

TE = F(x,y)

Energy landscape around the root??



Soln of 2 DOF systems by energy landscape



Soln of 2 DOF systems by energy landscape

5.488e-6 5.488e-6 .. .. .. ..
5.488e-6 5.488e-6 .. .. .. ..
5.488e-6 5.488e-6 .. .. .. ..

: :
: :
: :
: :
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Energy variation wrt u1 and u2

U1 

U2
 



Soln of 2 DOF systems by energy landscape

Max(Energy)= 5.488934839795978e-12

Min(Energy) = 5.488934775214590e-12

Energy matrix Min(Energy) = New
Energy matrix



Soln of 2 DOF systems by energy landscape



Soln of 2 DOF systems by energy landscape



Soln of 2 DOF systems by energy landscape



Soln of 2 DOF systems by energy landscape



Dynamic pull-in 1DOF

MATLAB CODE

dynamic_pullin.m



THANK YOU…
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