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Appendix D

cantBeam.mac - the content
cantBeam.mac is a simple example of FEA code. A beam is modeled using solid elements and a simple,
uniform mesh. This code was used for generating images in Figure D.10 and Figure D.11.

An FEA simulation consists of preprocessor, solver, and post processor. The preprocessor creates and
meshes the geometry with the select elements, whose material properties must be specified. The solver
performs the desired analysis using the prescribed method according to the specified parameters. The
postprocessor allows us to view the results.

Figure 1: A cantilevered beam meshed by solid
elements.

The cantBeam.mac file illustrates a typical modal analysis. The only differences between the modal
analysis of the cantilevered and the doubly-clamped beam are the two lines that apply the boundary
conditions at z= bL.

Material properties
The beam is made of Si. The material properties depend on the orientation of the beam. In the present
code just two parameters were used for simplicity.

Units

In any simulation, it is important to use a consistent set of units. Any consistent set of units can be used.
In MEMS, we naturally to think of geometry in micrometers and therefore it is convenient to choose a
system of units that accommodates um. The units for the mass density and the Young’s modulus must
be scaled to this requirement. Recall that the beam frequency is proportional to the square root of the
ratio between the Young’s modulus and the mass density (Appendix D, Eq. (D63))
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One consistent system of units is um-kg-s. In this system we have
Unit(L,h) = um
Unit(Y) = Pa = N/m? = kg/(m s°) = 10°x [ kg/(um s°) ]

Unit(p) = kg/m> = 10™*x kg/(um)Editor

Any text editor can be used for creating input files. However, it is easier to read the file with an editor
that understands the syntax. Highlighting of the key commands and syntax greatly improves the
readability of the code. Additional convenience, whose utility is often underestimated, is the ability to
comment/uncomments blocks of code. One such (freely available) editor that supports ANSYS-APDL
syntax is Crimson editor (http://www.crimsoneditor.com/).

& Crimson Editor - [Z:\mac files\Beams\cantBeam.mac] — -
] File Edit Search View Document Project Tools Macros Window Help
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@ cantBeam.mac

‘lfinish § /clear

£l /filname, cantBeam
fl/citle modal analysis of a cantilevered beam
s

Figure 2: A snippet of ANSYS code in Crimson editor.

Optional Exercises

1. Experiment with different solid elements, or beam elements for the analysis.

2. Experiment with different meshes. This analysis uses a uniform mesh. If the goal was to obtain
only the behavior near the first mode, what kind of mesh would be preferred? Experiment with
changing the mesh density and mesh uniformity.

3. Map the first resonant frequency as the function of the crystal orientation of Si (see Figure D15
and Figure D16)

4. Remove the boundary conditions at both z=0and z = bL. This is now the free beam. How
many modes do we need to specify to see the first bending mode? What are the first (how
many?) modes called?

Chapter 6

Two examples: circular plate and rectangular plate


http://www.crimsoneditor.com/
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circPlate.mac - the content
circPlate.mac is a simple example of FEA code for a circular plate. Here we have a simple disk with
radius = 40 um and thickness = 2 um, meshed with solid tetrahedrons (see Figure 3).

ELEMENTS "\l\l

MAT 7 2013
17:16:37

Figure 3: A simple
circular plate fixed
at its perimeter
(BC’s not shown).

The first six modes are shown in Figure 4.
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DMX =48308(
SMX =483Q

AN
NODAL SOLUTION MEY 7 2015
STEP=1 18:08:59
sUB =1
FREQ=.510E+07
Uz (AVG)
RSYS=0

SUB =3
FREQ=.106E+08

-478748 -266

107351 214702 322053 429404
53676 161027 268378 375729 483080
NODAL SOLUTION
MAY 7 2013
STEP=1 18:12:44

019 -53290 159438 372167
-372384 -159655 53074 265803 478532

NODAL SOLUTICON
MAY

STEP=1 18
SUB =5
FREQ=.172E+08

-152282 51205 4692

-457512 -254025 -50538 152949 3564386
-355769 25

AN

7 2013
:13:31

NODAL SOLUTION

VAY 7 2013
STEP=1 16:10:46
SUB =2
FREQ=.106E+08
Uz (AVG)
RSY9=0
DME =47901
SMN =-47
ME =477

-479007 -266455 -53903 1568649 371201
-372731 -160179 52373 264925 477477

NODAL SOLUTTON

MAY 7 2013
STEP=1 18:13:02
SUB =4

FREQ=.172E+08
(AVG)

-458325 -2548

-356600

76 -51426 152023 355473
-153151 50299 253748 457198

458179

NODAL SOLUTION

STEP=1
SUB =6
FREQ=. 196E+08
uz (AVGE)
RSY8=0

DMX =641368
SMN =-27686

-276866 -7281
-174840

AN

MAY 7 2013
18:13:45

5 13123% 335287 539339
29211 233262 437313 641364

Figure 4: The first six modes of a circular plate with clamped perimeter.
Compare the mode shapes of this analysis with that using MDF code implemented in Python. Compare

also the two scripts (Python and Ansys).

rectPlate - the content

rectPlate.mac is a simple example of FEA code for a rectangular plate. Here we have a simple 40x40
pmz, 2um thick plate, meshed with solid bricks. Figure 5 shows the elements of the plate.
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ELEMENTS

MAY

AN

7 2013
18:35:08

The first six modes are shown as follows:

5/6

Figure 5: A simple rectangular plate fixed. All edges are
clamped (the B.C.’s are not shown).
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AN AN
NODAL SOLUTION MRt 7 2013 NODAL SOLUTION MAY 7 2013
STEP=1 18:30:01 STEP=1 18:30:53
SUB =1 SUB =2
FREQ=.177E+08 FREQ=.354E+08
USUM (AVG) USUM (AVG)
RSYS=0 RSYS=0

DMX =853953858
SMX =895858

DMX =875009
SMX =879009

— — | — — —
0 199080 368159 597239 796318 0 155335 390671 586006 7681341
99540 298619 497699 696778 895858 97668 293003 468338 683673 879009
AN AN
NODAL SOLUTION MAY 7 2013 NODAL SOLUTION vAY 7 2013
STEP=1 18:31:16 STEP=1 16:31:38
SUB =3 SUB =4
FREQ=.354E+08 FREQ=.514E+08
UsUM (AVGE) 5 UsUM (AVG)
RSYS=0 RSYS=0

DMX =8§73009
SMEX =8790083

DMX =787805
SMX =787805

S— — — —
195335 390671 586006 781341 0 175068 350135 525203 700271
97668 293003 488338 683673 879009 87534 262602 437669 £12737 787805
AN AN
NODAL SOLUTION MAT 7 2013 NODAL SOLUTION MAY 7 2013
STEP=1 18:32:01 STEP=1 18:32:22
SUB =5 SUB =6
FREQ=. 619E+08 FREQ=. 623E+08
USUM (AVG) UIUM (AVG)
REYS=0 RSYS=0

DMX =850249
SMX =850242

DMX =.107E+07
SMX =.107E+07

B —
377888 566832 755777 0 238699 477399 716098 954798
94472 283418 472360 661305 850249 119350 358046 506749 835448 .107E+07

Figure 6: The first six modes of a simple rectangular (square) plate with clamped perimeter.

Compare these modes to the modes of the circular plate — they are topologically the same.



