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Flex.defaults
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background_color  gray /* any of: black, white, gray or rgb values 

foreground_color  black /* any of: black, white or rgb values 

material_color_table 4 /* color table number: from 1 to 6 

data_color_table  2 /* color table number: from 1 to 6 

view_point  0.0  0.0  0.0 /* x, y and z values of view point 

vert_point  -1.0  0.0  0.0 /* x, y and z values of vertical point 

eye_point   -1.0 -2.0 -3.0 /* x, y and z values of eye point 

number_views_and_type  4  1 /* two integers. first is from 1 to 8 

swap_2d_xy_axes  on /* any of: off, on 

reverse_2d_x_axis  on /* any of: off, on 

reverse_2d_y_axis  off /* any of: off, on 

postscript_color  on /* any of: off, on 

postscript_date  on /* any of: off, on 

postscript_format  portrait /* any of: portrait, landscape 

element_grid_lines  on /* any of: off, on 

line_width  .75 /* line thickness in points (72 points/in) 

symbol_echo  value /* any of: off, on, value 

symbol_print  off /* any of: off, on, none 

job_processing  batch /* any of: batch, interactive 

text       varname   textstring /* set text variable varname = textstring 

memory_character  30 /* default character allocation (10**3 words) 

memory_numeric  13 /* default numeric allocation (10**6 words) 

standard_procedure_file pathname /* pathname of procedure file 
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Active Window 
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Emergency Stop “Term” Command “Stop” Command 

Note 
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flxkil.name 

flxkil.name 

flxkil.name file is opened as the

flxkil.name 

flxkil.name 
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Original View 

Commands:      RMB = Rotation       CTRL + RMB = Zoom     SHIFT + RMB = Pan 
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Figure 1 

USING PZFlex 

Real World Model 
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2D Element (4 Nodes) 3D Element (8 Nodes) 

Figure 2 

Axis of Symmetry 

Figure 3 
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1 Element 12 Elements 76 Elements 

Figure 5 
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Figure 7 
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Figure 8 
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Figure 12—Constraint Options for 2D Models
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Polymer 

Ceramic Pillars 

With z thickness 
defined as z1 and z2 

and node numbers k1 
and k2 

Figure 14 
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C:\Program Files\WAI\Flex\PZFlex\Templates /

opt/WAI/Flex/PZFlex/Templates 
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Figure 15 

PZT-5H 

Polymer 
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Figure 17 

(a.) 

Figure 18 

(b.) 
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Void 

Mat 1 

Figure 24 

Figure 25 
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2D orientation 3D orientation 
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Figure 27 

Figure 28 

(a.) eye 1. 0. 0. Side View (b.) eye 0. 0. -1. End View 

(c.) eye 0.01 1.01 0.01 Plan (d.) eye 1. 2. -3. Isometric View from Behind 
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Figure 30 —Principal Color Tables Used for Graphic Display. 
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Figure 31 
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Absorbing Boundary 

Figure 32 
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Figure 33 

Figure 34 
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Electrode 

Electric Field 



User Manual Using PZFlex 

154 



155 

PZFlex 2014 



User Manual Using PZFlex 

156 



157 

PZFlex 2014 



User Manual Using PZFlex 

158 



159 

PZFlex 2014 

<jobname>.flxhst



User Manual Using PZFlex 

160 

Note 



161 

PZFlex 2014 



User Manual Using PZFlex 

162 



163 

PZFlex 2014 



User Manual Using PZFlex 

164 

 
 
 
 

 
 
 

 
 
 
 
 
 



165 

PZFlex 2014 

 
 




User Manual Using PZFlex 

166 

 

 
 




167 

PZFlex 2014 



User Manual Using PZFlex 

168 



169 

PZFlex 2014 



User Manual Using PZFlex 

170 

 

 




171 

PZFlex 2014 



User Manual Using PZFlex 

172 



REVIEW 



PZFlex 2014 





PZFlex 2014 





PZFlex 2014 





PZFlex 2014 





PZFlex 2014 





PZFlex 2014 





tNtN
f

FT 





2

11

PZFlex 2014 





PZFlex 2014 





PZFlex 2014 





PZFlex 2014 





PZFlex 2014 





PZFlex 2014 



197 

User Manual Appendix A 

APPENDIX A 
ADVANCED MODELING TOPICS 

 

 

standard 

standard standard 

skewed skewed skewed 

standard 

a. Standard partition only 
  

c. Skewed partition only 
  

b. Both standard and skewed partitions  

Figure 54  

Note: The standard partition includes all elements not in the skewed partition. 
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flxrsto

flxhst

flxkil

flxinp transducer.flxinp trans-

ducer.flxkil flxinp

flxinp flxkil

flxkil
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flxprt

flxwrn

revwrn bldwrn

flxprt



 INPUT- PRNT SGYY 

****CODE HAS DETECTED AN ERROR**** 

****SUBROUTINES TRACKED ARE PRNINP  JOBCTL 

****ERROR OCCURRED IN SUBROUTINE PRNINP  **** 
****ERROR MESSAGE-- 

NAME UNDEFINED ----SGYY 

RESTART WRITTEN FOR TIME=   0.000000        TIME STEP=  0 
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Full 2-d model (no sy mmetry  planes)

Rigid ref lector

f luid region

Center of  model

y

x

Send signal

PZFLEX Model

Kirchhof f  data plane

Figure 55—The Pulse/Echo Problem 
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flxffl

flxffl

flxffl

flxffl
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APPENDIX B 
MATERIAL DEFINITIONS 

Upper and Lower  
Surfaces Electroded 

Direction of Poling 

y-axis 

x-axis 

z-axis 3 

2 

1 4 

5 

6 

—Axis Numbering 
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Figure 57—Requested and Actual Damping against Frequency 
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APPENDIX C 
FILES AND FORMATS 
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APPENDIX D 
USING COMMANDS 
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General syntax of a sine function 

Continuous input wave function 

Fast Fourier Transform form input to show fundamental frequency of 1MHz 
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Changing continuous sine wave to an impulse 

Impulse function consisting of a single sine wave cycle 

FFT of the sine wave impulse 
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Modified phase and cycles parameters 

3 cycles of a sine wave with a 180 degree phase shift 

FFT of the 3 cycle burst in Figure 47 
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Defining Blackman function 

Blackman Harris input signal 

Frequency content of the Blackman Harris signal 
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Using the wavelet function 

Wavelet waveform 

FFT of wavelet 
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Code 42: Declaration of a chirp signal 

Up-chirp signal beginning at 500 kHz to 1 MHz 

FFT of the up-chirp in Figure 55 
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Pressure loaded into the left hand side of the model 

Applies pressure load to the model as shown in Figure 57 
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Pressure wave applied to right side of model, propagating in the -x direction 

Changing vector and IJ coordinates 
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Generating a Spherical wave 

Use of SPOT and SDF2 
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Generating a pressure load to the declared spherical boundary using SPHR 
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Use of SPHR in both the SITE and PLOD section 
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Applying pressure load using CYLN to 'pac-man' boundary 

Use of CYLN in both the SITE and PLOD section 
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Changing 'iaxis', 'cbegin' and 'cend' 

The cylinder oriented along the Y-axis 
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ANNOTATED EXAMPLES 
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1D Wave Propagation Example 

λ

Average stress after 20 wave-
lengths propagation for a 15- 
element/wavelength polymer.  

Figure 59 Output End (15 element/wavelength) 

Figure 58 Polymer Sample 

Sinusoidal Input Function 
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prop15

prop60.flxinp

prop60

prop15 flxinp prop60.flxinp

propcomp.revinp

Figure 60—Stress at Output End (60 element/wavelength) 

 

For the 60 elements/wavelength the 
average stress has not suffered from 
significant numerical dispersion. 
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Driving force for both runs is the same  
1MHz sine function. 

Time domain in which the energy arrives is 
spread out over a longer period for the 15-
element/wavelength simulation. 

Figure 61 Driving Function and Displacement at Both Ends of Model
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Annotated Examples/1D Wave Prop Example/Piezoelectric

propcer.flxinp propcershort.flxinp

propcershort

propcer.revinp review.propcercomp

Figure 62—Driving Function and Displacement (zoomed in)  

Figure 63—Input Energy and Displacement Spectra  

Displacement is all positive be-
cause it is the integral of the input 
function above. 

For the 15-element/wavelength 
system, a small amount of energy 
arrives early but most arrives 
slightly late. 

Frequency content of the differently 
discretized waves is identical, despite 
the apparent differences in the time- 
domain signal. The energy has not 
been lost but dispersed in space. 

No energy is put in at 2MHz 
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propcer

propcer.flxinp

propcer

Figure 64—Piezoelectric and Polymer Example 

For the piezoelectric system 
the driving voltage is a single-
cycle sinusoid at 1MHz. 

Although only one voltage cycle is 
put into the system, it takes a 
longer period of time to ringdown 
the system completely. 

Figure 65—Driving Voltage Function and Charge-Time Plot 

Driving input function 

Piezoelectric ceramic “pzt” Input end 
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Electrical impedance magnitude 
and phase for the piezoelectric 
with no zero padding.  Notice the 
coarse sampling. 

Figure 66—Electrical Impedance Magnitude and Phase 

Figure 67—Electrical Impedance Magnitude and Phase (with zero padding) 

Electrical impedance magnitude 
and phase with zero padding. This 
allows for more data points and 
smoother curves. 

There is a peak at 2 MHz because the 
energy put in at this frequency is zero 
(see Fig. 66). The data at this point 
are not valid, as driving functions 
should contain energy across the full 
frequency range of interest. 
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Zfrequency= 

NF = NT / 2 

∆f = 

fMAX 

ZIV 

   I  dI Qdt

IFFT

V  FFT

dt

dI
  Q 

t2N
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Charge Time History with Zero Padding x3

Figure 68 
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Fig. 1.12 - No Zero Padding
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1
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Fig. 1.13 - Zero Padding Included

Figure 69a—Without Zero Padding Figure 69b—With Zero Padding 
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propcershort.flxinp

propcercomp.revinp

Energy input at various frequencies. At  
2 and 3 MHz no energy is put in. This is 
typical frequency domain content of a 
single-cycle sinusoid driving function. 
Each null occurs at multiples of the sine 
wave frequency. 

Figure 70—Energy Input for Frequencies 0–3MHz 
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Figure 71—Voltage Input Functions for Long and Short Runtimes 

Voltage input for the long 
and short runtimes is the 
same. 

Unlike the long-run simulation, the 
short-run simulation does not 
allow  the charge of the system to 
reach zero or to become stable. 

Figure 72—Charge of System versus Time 
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The jagged edges of the red curves are 
due to early truncation of the charge time 
history. The FFT requires the function to 
start and stop at the same amplitude. The 
short simulation time does not allow for 
the charge to ringdown to zero. 

Figure 73—Comparison of Impedance for Long and Short Runtimes 

To produce a smoother plot from 
this short runtime data, apply a 
windowing function.  

Figure 74—Comparison of Impedance for Long and Short Runtimes (with windowing) 
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-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

0 3.14 6.28 9.42 12.56 15.7 18.84

Fig. 1.16 - Charge Time HistoryFigure 75—Charge Time History 

-0.2 

0 

0.

0.

0.

0.

1 

1.

0 3.1 6.2 9.4 12.5 15. 18.8

The windowing function allows the first 
cycle of the charge to remain untouched 
then forces the charge to zero. 

Figure 76—Widowing Function 

When the simulation is stopped 
the charge is not at zero. 
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Figure 77—Charge Time History with Windowing 

-
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Although the original charge time 
history was not truncated at zero, 
this graph is driven to zero by the 
windowing function. 
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Bimorph Example 

flxkil.filename

.txt 

flxinp.bimorp

flxinp.bimorph
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Voltage Source 

Fixed End 

Ground 

Free End 

Resistor 

Figure 78—Bimorph Model 

Figure 79—Bimorph Model, Electric Field, Voltage, and Displacement Time Histories 
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Figure 80—Bimorph Model, Electric Field, Voltage, and Displacement Time Histories 

Figure 81—Bimorph Model, Electric Field, Voltage, and Displacement Time Histories 

The simulation time allows  
the voltage to ringdown to zero 
and the model to reach a 
steady state with no vibrations. 

The dampening effect 
of the resistor on the 
voltage is evident. 

Electric field inside the 
bimorph model. It is stronger 
near the fixed end. 
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revinp.bimorph

Figure 82—Voltage, Charge, and Displacement Time Histories 

Figure 83—Impedance Magnitude and Phase and Displacement Spectra 

Voltage and charge time  
histories. The charge has ample 
time to ringdown to zero. 

Displacement at the 
free end of the model. 

Impedance magnitude 
and phase. 

Displacement at tip of the 
model in frequency domain 
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Normalized displacement magnitude 
frequency domain.  Removing the scaling 
factor shows that all of the displacement 
occurs slightly after 3 MHz. The band 
response is narrow because all of the 
displacement occurs at a single frequency. 

Figure 84—Normalization of the Displacement Spectra 
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Stack Example 

Figure 85
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stack2d.flxinp 

Maximum time is 60 .  

Figure 87—Stack 2D Model, Electric Field, Voltage, and Displacement Time Histories 

Figure 86—Stack 2D Model, Electric Field, Voltage, and Displacement Time Histories 

Stack 2D Model 

Electric Field Displacement at Top Center 

Voltage Drive Function 
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Figure 88—Stack 2D Model, Electric Field, Voltage, and Displacement Time Histories 

Maximum time is 90 . 

Maximum time is 120 . 

Figure 89—Stack 2D Model, Electric Field, Voltage, and Displacement Time Histories 
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Figure 90—Displacement Shape at 145 kHz 

Figure 91—Displacement Shape at 358 kHz 
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Figure 92—Displacement Shape at 690 kHz 

Figure 93—Voltage, Charge, and Displacement Time Histories 

Voltage Drive Function 

Charge Time History 

Displacement Time  
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Impedance Magnitude 

Impedance Phase 

Figure 94—Impedance Magnitude and Phase and Displacement Spectra 

The resonance pairs in the 
impedance magnitude graph 
show the input frequencies 
that result in displacement. 

Frequencies that create 
the largest displacement. 
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Figure 95—Output Function Normalized to Input Function 

3D Stack Model 

Electric Field 

Voltage Drive Function 

Displacement at Top Center 

Figure 96—3D Stack Model, Electric Field, Voltage, and Displacement Time Histories 

145 kHz 

358 kHz 

690 kHz 

The displacement occurs at 
three main frequencies. These 
are the frequencies chosen for 
the displacement mode, to show 
the maximum response. 
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Figure 97—3D Stack Model, Electric Field, Voltage, and Displacement Time Histories 

Figure 98—Stack 3D Model, Electric Field, Voltage, and Displacement Time Histories 

60
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Figure 99—Displacement Shape at 158 kHz 

Figure 100—Displacement Shape at 356 kHz Figure 101—Displacement Shape at 696 kHz 
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Figure 102—Voltage, Charge, and Displacement Time Histories 

Voltage Drive Function 

Charge Time History 

Displacement Time  

Figure 103—Impedance Magnitude and Phase and Displacement Spectra 

The impedance magnitude minima 
maxima pairs show the frequencies 
that create displacement response. 
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run revinp.compare2d3d 

Figure 104—Output Function Normalized to Input Function 

Figure 105—Comparison of Voltage, Charge, and Displacement Time Histories 

158 kHz 

356 kHz 

696 kHz 

The normalized graph shows 
which frequencies provide 
for the greatest displacement 
of the model. 
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Fig. 106—Impedance Magnitude, Impedance Phase, and Displacement Spectra (both stack models) 

Figure 107—Output Functions Normalized to Input Functions (both stack models) 
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Batch Example 

review ctrlbatch

Each line represents the same 
model run with the same driving 
function but a different thick-
ness. Each line has its own color 
and pattern. 

Figure 108—Batch Review Electrical Impedance Magnitude and Phase 
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Curved Ceramic Example 

flxinp.curved and revinp.curved. 

Figure 109—Curved Ceramic Model 

Focal point of pressure wave PZT ceramic 
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Figure 110—Curved Surface in Cartesian Grid 

Ceramic Block 

Water Column 

Actual Curved Surface 
with Electrode 

Idealized Curved Surface 
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Figure 112—Pressure Waves Emitted by Curved Ceramic (3 of 10) 

Figure 113—Pressure Waves Emitted by Curved Ceramic (5 of 10) 

Main pressure wave is focused 
toward the focal point. 

Pressure wave is concentrated 
around one and a half cycles. There 
are two large minima with one large 
maximum between them. 

Figure 111—Pressure Waves Emitted by Curved Ceramic (1 of 10) 

Pressure wave being emitted 
from the ceramic. 
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revinp.curved

Figure 114—Pressure Waves Emitted by Curved Ceramic (7 of 10) 

Main pressure wave is 
leaving the water region. 

Figure 115—Electrical Impedance Magnitude and Phase 

The resonances are easier to see 
in the impedance phase graph. 

Two resonance frequencies. 
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Figure 116—Pressure Wave Emitted by Curved Ceramic 

Pressure wave emitted by the 
ceramic dampens quickly because 
of the water surrounding it. 

Figure 117—Frequency Distribution and Normalized Frequency Distribution 
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Phased Array Example 

makecurv.revinp 

Figure 118—Phased Array Model 



279 

User Manual Annotated Examples 

function.dat

phased.flxinp

function.dat

drv1

Figure 119—Drive Function 
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flxhst

flxdato phased.revinp

flxdato flxhst

f1

f1

f1/1 1

Figure 120—Pressure Wave Output from Phased Array 
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phased.revinp

Figure 121—Beam Profile with Cross-Sectional Plot of Pressure on Axis and across Device Face 

 

Figure 122—Electrical Impedance Profiles of Center and Edge Elements in Array 



282 

PZFlex 2014 

Figure 123—Displacement Response of Center and Edge Pillars (time domain at top, frequency 
domain at bottom) 

Figure 124—Normalised Displacement Response of Center and Edge Pillars (time domain at top, 
frequency domain at bottom) 



283 

User Manual Annotated Examples 

Kirchoff Extrapolation Example 
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Figure 125—PZT Ceramic and Initial Pressure Rectangle 

Finite-element response 
for emitted pressure wave 
at  point of interest. 

Kirchoff extrapolation of time 
response at point of interest. 

Figure 126—Kirchoff Extrapolation and Finite-Element Pressure Magnitudes 

Axis of Symmetry 

Location where initial 
pressure magnitude and 
gradient are calculated. 

PZT Ceramic 
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revinp.kirkbeam

The Kirchoff extrapolation 
data are close to the real data. 

Figure 127—Comparison of Kirchoff Extrapolation and FE Data 

 

Figure 128—Beam Extrapolation of PZT Ceramic Pressure Wave 

Most of the pressure is 
emitted from -30° to 30°. 
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revinp.tvrextr

Figure 129—TVR for Kirchoff Extrapolation 
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Sloped Example 

bldgrdo

 

Figure 130—Sloped Ceramic Model 
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Sloped model shown in x, y, and 
z coordinate system. Notice the 
sloped edges of the ceramic. 

Same model in i, j, and k 
indices system. The model is 
completely square with no 
sloped edges 

Figure 131—Model Structure and IJ Grid Structure 

Figure 132—Electrical Impedance Magnitude 
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Figure 133—Normalized Pressure Response 

Figure 134—Pressure Field for Given Frequencies 
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Thermal Example 

Figure 135—Model Structure 
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Figure 136—Steady State Field under CW Excitation 

Figure 137—Pulse Wave Propagating toward Target 
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Figure 138—Loss Distribution with CW Excitation 

Figure 139—Loss Distribution with Pulsed Excitation 
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focuscw.flxinp focuspulse.flxinp

drv1
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Figure 140—Temperature Field at End of CW Thermal Simulation 
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Figure 141—Temperature Field at End of Pulsed Thermal Simulation 

Figure 142—Maximum Temperature at Any Time during Simulation (upper) and Temperature at 
Focus against Time (lower) 
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