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Kornucopia® ML™ Quick Start Module Content 2

Course Content

Kornucopia at a Glance
« Getting Help/Guidance and Finding Functions & Examples

« An Introduction to the k_units Data Type
= A variety of topics related to the syntax of using k units data type are discussed.

 More on Kornucopia Syntax
= ADV parameter
» Flexible XY data input syntax
= Smooth, Curley, & Square Braces plus, ; and : syntax

* Importing & Exporting Data Files with Kornucopia Functions
* Plotting Curves
« Kornucopia Results Workbook ™ via Tabbed Plots

 Workshop Examples of Complete Kornucopia Workflows

Copyright © 2004 - 2022 Bodie Technology, Inc. BodieTech.com




Kornucopia® ML™ Quick Start Legal 3
Legal Notices

« The information in this document is subject to change without notice and should not be construed as a commitment by Bodie
Technology, Inc.

« Bodie Technology, Inc. assumes no responsibility for any errors that may appear in this document.

« Copyright © 2004 — 2022 Bodie Technology, Inc.
= Printed in U.S.A. All rights reserved.
= Printing: June 2022, rev 01.

« Kornucopia is a registered trademark of Bodie Technology, Inc.
The following are trademarks of Bodie Technology, Inc:
The Kornucopia logo, “Faster data analysis with greater understanding”, “Work Smarter — Work Faster”, “Smart-Tools for
Analysis”, and “Smart-Tools for Analyzing Noisy and Challenging Problems”.
The “pot of gold” logo is a service mark of Bodie Technology, Inc.

= All other brand or product names are trademarks or registered trademarks of their respective companies or organizations.

« This training will be recorded, and an edited version of the video will be available on our website at a later date.

Copyright © 2004 - 2022 Bodie Technology, Inc. BodieTech.com




Kornucopia® ML™ Quick Start About Bodie Tech 4

Bodie Technology, Inc. Analytical
- ) ) ) ) i . Creativity
We specialize in solving complex problems in nonlinear mechanics by employing Pragr;atism

a proven mix of computational and testing knowledge in novel ways. _
Numerical Experimental

~_7

« Kornucopia® ML™ Software

« Customized Training www.BodieTech.com

info@BodieTech.com

« Expert Consulting

_ _ _ Alliances
Faster data analysis with greater understanding ™
4\ MathWorks:
Connections Program
o . . . . .. 7)
Bodie Tech_no/ogy provides engineers with excellent sqﬁware, tra/nln_g, 2S sIMmuULIA
and consulting resources to help analyze complex nonlinear mechanics
problems, especially those involving problematic or noisy datasets.” CPCB PIEZOTRONICS
Steve Levine, Chief Strategy Officer, SIMULIA OENDEVCO

Copyright © 2004 - 2022 Bodie Technology, Inc. BodieTech.com
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Bodie Technology, Inc

Work Smarter, Work Faster™

Kornucopia at a Glance

Copyright © 2004 - 2022 Bodie Technology, Inc. BodieTech.com



Kornucopia® ML™ Quick Start Kornucopia at a Glance 6

Kornucopia® ML™
Focus of the Software

Work naturally with ALL our information
= Data, Units, Images and Meta-Info

Ball Impacton a Lens

Data analysis of physical testing & transient FEA
= Flexibility, Accuracy, & Confidence

Steel ball bearing
(0.13kg)

Tools to process messy and noisy data
= Solve real-world problems

Accelerometer mounted
bottom-side of lens housing g

This example is based on the following references
1. Diehl, et. al, "Using Digital Signal Processing (DSP) to Significantly
Interpretation of 3

» Efficient plotting with automatic labeling i i
[, . T
= Easily manage tons of plots to : L
clearly communicate your resu ts 5. l’ Fonl |
3! .2k
. . » ﬂﬂ{;jw«,hb m
Time A3 u3 NE11_SNEG SRR R R e
[mSEC] [mlllrs‘hz] [mm] [%] D Extended & Decimated FEA Data . DFS(\WI"Njw;m o
1259 0.9982 -2.5053e+05 -17.3585 0.0731 | oA
1260 0.9990 -2.6022e+05 -17.3684 0.0774 B Bl [
1261 0.9998 -2.1613e+05  -17.3775 2 L Lol |
— ( 5 L= = w ! A
1262 10006 -1.3953e+05  -1T. VDS SSlEIEE v THETL TR | oL
¥ = k_integrate (odbBReg('Time'), odbReg('Z3"}), Vo):
d = k_integrate (odbBeg('Time"), w, O*mm];
&F o
I A
Copyright © 2004 - 2022 Bodie Technology, Inc. BodieTech.com -ﬁ%f]}g
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Kornucopia® ML™ Quick Start Kornucopia at a Glance 7

Kornucopia® ML™ - Typical Usage Scenarios

Readily Analyze Messy Data Analysis and Filtering
from Tests and Simulations of Noisy Data to Correlate

multiSpecimens_MTS.xt

_ : Test and Simulation

Ssnple
_SampleNans, *Froj
| BT EaE e P s L f B PSS k readText k Iot
Sa-yla[D "blue. MD=Dir®. -
Canplelnfol, *Tested by*. *J Smith* . L] _p
= Sl From a Mess to Success!
BegirDats
xpine; glesd, Rrmeice- $ multiSpecimens_MTS.oxt
14000, 2233, 0,000, 0.0 T T X - -
o e P = Test - Raw Data FEA1 - Raw Data
< 0.14400, 2.476, 0.000, -0.0; —_— — 50
150 o o
1.88400. 13722 152. 0. 141 (o] (]
R aka S 0 S
\ EndSpecinen — = =
e Several more data sets 5100 = f— 0
pre— N 3 g -0 3
| e 8 3 3
e, tog. Epigenicn. g — 20 [ ® 10 © 50
{ 433500, 3 %68 0980 05 0 5 10 0 5 10
1.96000, 4952 340, 0,150, 0 0 1 time [msec] time [msec]
L Bnanagy 70 50O : : : o Fourier Spectrum Filter's FRF
Endsaaple T 0 50 100 150 g 3 p ] .
Extension [mm] =] 1 | fo= 1 5%y
[Glogglgg key { = specimen I = info setﬂ'ﬁn'r!ma l | E 2 ||| Test ) c=1
: ; § || — g 0.5 '
trim, tweak, shift £ | fw =0
— f
- 14
averageXY, fitFunc g0 0
@ 0 2 4 6 0 2 4 6
E ¥ - 150 Cleaned Freq [kHZ] [kHz]
Flx, [¥, ClI) = Krx + C17(x.72) Average Test - After Filtering FEA1 - After Filtering
Rsg = 0.9975 0} 2 ) 2
=== Z.100 g ot g 0
K c1 E S, S,
[N/mm] [N/ (mm~2) ] 3 = =
50 | J o -4 o -4
® ®
2.6509 -0.011737 -6 -6
0 5 10 0 5 10
% 0 100 time [msec] time [msec]
Extension [mm] ff:
I\ s)
)
Copyright © 2004 - 2022 Bodie Technology, Inc. BodieTech.com -ﬁéﬁg
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Kornucopia® ML™ Quick Start Kornucopia at a Glance 8

Results Workbook - Easily Create and Manage Large Amounts of Data

E Figure 1: How Pre/Post Acceleration Assumptions Affect PVSS
File Edit View Insert Tools Desktop Window Help Kornucopia
NEHdLS AN EL-AI0E D

Simple Pulses Explicit Dynamics FEA - Container Rebound Physical Test - Projectile Penetrator Conclusions

Pulses to Study Accel, Vel, & Disp for Each Pulse PVSS Results
PVSS dampingRatio = 0 PVS5 dampingRatio = 0.05

PVSS (MaxiMax) DampRatio=0.05

102 e e T o T
~ =
101 e ;
E Simple pulse no Pre/Post
é 1*G PrePost CR=0.0
o 1*G PrePost CR=0.5
a2 1"G PrePost CR=1.0
o : 10*G PrePost CR=0.5 -
109 AdiMax 10*G PrePost CR=0.5|
107 10" 102
NatFreq [Hz]
summary of Pulses Studied
Peak Accel Max Accel Spread Max Vel Spread Max Disp Spread
[G] [G] [inf=] [in]
3imple pulse no Pre/Post 200 200 100.04 0.10229
1*G FrePost CR=0.0 200 201 99751 12.987
1*G FrePost CR=0.5 200 201 99751 5.7781
1*G PrePost CR=1.0 200 201 99751 3.254
10*G PrePost CR=0.5 200 210 97.3 0.59377
RdjMax 10*G PrePost CR=0.5 1490 200 82.305 0.53628

gET
H(s)

Copyright © 2004 - 2022 Bodie Technology, Inc. BodieTech.com 737%}/‘??



Kornucopia® ML™ Quick Start

T Figure 2

File Edit View |Inset Tools Desktop Window Help Kornucopia

Ddde MMRKODEL- S| 0E oD

Description and Raw Data  |nitial Comparision of Accel Data Clean-up and Fourier Assessments of Accel After LP Filtering Accel Assessing Displacements and Adjusting Stiffness

Picture of Problem Raw Data

Evaluating Shock R... 4 | »

Ball Impacton a Lens

Steel ball bearing

Lens
3

Accelerometer mounted ]< Polycarbonate
bottom-side of lens housing

This example is based on the following references:

1. Diehl, et. al., "Using Digital Signal Processing (DSP) to Significantly
Improve the Interpretation of Abaqus/Explicit Results," Abaqus Users’
Conference, Chester, United Kingdom, 1999.

2. Diehl, et. al., "Applications of DSP to Explicit Dynamics FEA Simulations of
Elastically-Dominated Impact Problems, Journal of Shock and Vibration,
Vol 7, Number 3, 2000.

Copyright © 2004 - 2022 Bodie Technology, Inc.
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Kornucopia® ML™ Quick Start Kornucopia at a Glance 10

Kornucopia ML — For use w/ MATLAB?®
The Horn of Plenty

Automated Text File
Importing & Parsing

3'd Party File Importing:
Abaqus, IMPAX-SD

Educational Help
System

Nonlinear Data Adjusting,

Flexible Text Cleaning & Curve Averaging

File Writing

Interpolation and Curve Fitting

Highly Automated (Linear & General Nonlinear)

Plotting & Labeling

4

74 MATLAB®

UCOP’ A®

< B8

72.

String Creation & Manipulation

Shock Response Tools

SRS Abs Accel & PVSS Integrate & Differentiate

DSP Tools — Filtering,
Spectrum Analysis & More

H (s,
N

[3a
Copyright © 2004 - 2022 Bodie Technology, Inc. BodieTech.com -ZE%C/}(
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Kornucopia at a Glance 11

Kornucopia ML - Powerful Features that Work Naturally in MATLAB

80+ Overloaded MATLAB Functions

Arithmetic math operators and functions

v, =y *r /! \i' A! -*: -/, -\, .

* sgrt, sum, prod, diff, ceil, floor, round

Relatonal operators A” th ese
* >, 3, &, <=, ==, ~=
Trigonometry MATLAB
+ sin, cos, tan, cot, sec, csc fu nCtlonS
* asin, acos, atan, acot, asec, acsc
*« sinh, cosh, tanh, coth, sech, csch u n d erStan d
+ asinh, acosh, atanh, acoth, asech, acsch the k unlts
Logs and Exponents -
* log, logll, exp data type

Complex numbers and angles

+ abs, real, imag, conj, angle, unwrap
Descriptive statistics

*» mean, median, std, min, max
Reshaping arrays

* cat, horzeat, wvertcat

+ flipud, fliplr, flipdim, flip
Is something

* isempty, iscolumn, isrow, lsvector, isscalar

*« isreal, isfinite, isinf, isnan
Matrix operations

* transpose, ctranspose

+ cross, dot
Display functions

+ display, disp
Syntax operators and functions

+ subsref, subsasgn - functions for overloading indexing
with ( ), and { } parentheses, as well as using "." notation.

Copyright © 2004 - 2022 Bodie Technology, Inc.

Kornucopia® ML™ Help System

ﬁwﬂwﬂmr"—_m—w%,ﬁu
+ All About the k_units Data Type

+ Details on Kornucopia Features
-} Functions
i Alphabetical Listing of All Functions
=) Function Categories
+ Help and Examples
+ Licensing Related Functions
+ Comparing Curves and Variables

+ Data Adjusting and Averaging
+ Derivatives and Integrals 125+ n ative

1+ DSP - Filtering, Smoothing, Spectrum Analysis .

i, _ Kornucopia ML
1) Fitting and Interpolation .
+ Interacting with Other Software fu nCtIOI’lS

+ k_units Related Functions

¥ Misc and Cool Stuff

+ Plotting and Displaying Results

+ Principal and Mises Values

+ Reading and Writing Files

+ Row Vector Operations

¥ Shock Response Spectra and Pulses
+ Strain Gages

+ String (Char) Creation/Manipulation
+ Tables

¥ Examples Library

e - I L T P Pl

BodieTech.com



Kornucopia® ML™ Quick Start Kornucopia at a Glance 12

Helpful Kornucopia Videos

https://bodietech.com/index.php/resources/videos

« The following videos that reside on the link above provide overviews of Kornucopia’s capabilities:

1. An extended overview of Kornucopia ML - 21:58

Bodie Technology, Inc.

2. Kornucopia ML - The k_units data type - 11:27 Work Smarter — Work Faster
3. Kornucopia ML - Analyzing Noisy Data - 9:41 R —— ]
4. If you use the SD VIDAS system for data acquisition L abtode Noisy data Tial 3
please additionally watch these two videos: @uw i

* Intro to Processing of VIDAS Files w/ iy

Kornucopia ML - 3:56

 General Processing of VIDAS Files w/
Kornucopia ML - 12:17

Kornucopia® ML™
Te:

« Recommendation — You should watch these videos before S | .
continuing with this training course. ke et e 12

VP SN N i A P it P I i I\ G A I P S,

Copyright © 2004 - 2022 Bodie Technology, Inc. BodieTech.com
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Help, Functions & Examples 13

Bodie Technology, Inc

Work Smarter, Work Faster™

Getting Help/Guidance and Finding Functions &
Examples

Copyright © 2004 - 2022 Bodie Technology, Inc. BodieTech.com
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4\ MATLAB R2021a — [m] x®
- HOME APPS EDITOR PUBLISH B4 B09e0® @lsﬁm Documentation )
The MATLAB Environment B D O e o [ Bt D bemee [ g & @ Bome

E Open Variable > & Run and Time

=
New  New  New Open (] Compare Import  Save Favorites Loyout (Fsetpath  Add-Ons  Help (5 Request Support

Script  Live Script Data Workspace (2 Clear Workspace ¥ ~ (% Clear Commands ~ = Learn MATLAB
FILE 'VARIABLE CODE ENVIRONMENT RESOURCES
hortCourses » _web_courses » Modules » -

\ <o = (5 ol & | » D: » Documents » Bodie Te
- O X Current Folder ®

ame ) | = | ame alue 555
a4 BHeeb® e I Search Documentation p o ’??ﬁ"dm I i N Val a
Oz, New Variable > L& Analyze Code @ & 7, #% Community H H
N = E 5 Open Variable v I_% é? Run and Time @ Preferences E% Q ERequestSuppor‘t FIIeS & . Varlable
ew Open [l Compare Import Save Favorites Layout ESET Path Add-Ons  Help SC” t Editor
Folders - P Workspace
BSSMGLL FER Via EXpICIL Ly Ianics

A Data  Workspace @ Clear Workspace * - |## Clear Cornmands + [E] Learn MATLAB

@

PLOTS

FILE VARIABLE CODE ENVIROMNMENT RESOURCES
1< = 8 —Ej ﬁ » D: » Documents » Bodie_Tech » ShortCourses » _web_courses » Modules » SELECT LAYOUT -
| Current Folder @ | Command Window @ Default

w

EEEEEEEEEEEEE

@ 0|

ctra
Transient Dynamic Simulations
) _README.docx
|2 _README et
| MName ﬁ > 1 Two Column 13.] AnalyzingNoisyDats_courselnfo.pptx
_Appendices ~ 3] AnalyzingNoisyData_courseSessions_and_Pa...

| ook F1 Al but Command Window Minimized ] thaniow.and_breakTimeNotice.ppt
_Books ips_for_Utilizing_PDFs.
ooks [& Tips_for_Utilizing_PDFs.pdf
Achy=mrard Enarme bdathnde ' 13 Tips for Utizing PDFs pote
| Adv Command Window Only

3 Noi...

= Files & Command Window

Organize Layouts...

‘ Jx
« Folders ... -

HEEREHEEEEEEEE®

Command Window ®

[B | QUssas s vio ap oysonuics e —— S Command Window
Shock Response Spectra e
| ., Transient Dynamic Simulations v Workspace ( l/s
& READMExt hd +" Panel Titles QJ,O
=
_README.docx (Microsoft Word Document) A . 0{ _README.docx (Microsoft Word Document) < >
| + Toolstrip Ready UTF-8 script Ln 1 Col 1
Workspace ® .
| Command History >

N

| MName Value Class Quick A Fooll 5 4\ MATLAB R2021a -
uick Access Toolbar
| EDITOR B SN scerch Documentation o
Breskpoints  Run  Runand [5] pgvance  Runand

- > :
[ V bI Current Folder Toolbar = (5] Find Files Insert B} fx N e
a.rl a. e q}l E [El compare * 9 GoTow Comment % %% %1 D % (& Run ectn &
| | - - ~ EPrint v (4 Find Indent [£] %7 (& ~ v Advance Time

‘ FILE NAVIGATE EDIT RUN
| Workspace

capEHE A » D: » Documen ts ¥ Bodi b ShortC: ses » Modules -
Current Folder [C]

New Open Save

@) M

[CRS  Command Window

i

_Appendices ~ 1

Ready

Name | Untitled = | + |
< >

Files &

Script Editor Command

1. The MATLAB environment before a script is open. Region Window

EEEEEEEEREEEER®

2. MATLAB default layout with the traditional script editor open.

3. Recommended Kornucopia layout for MATLAB environment. Variable

= Click and drag regions from (2) to get preferred layout (3), Workspace
then save the layout from the HOME tab. : :

Ready UTF-8 script n 1 Col 1

Copyright © 2004 - 2022 Bodie Technology, Inc. BodieTech.com




Kornucopia® ML™ Quick Start

The Kornucopia HTML Help System

« Utilize any of the following to access help for Kornucopia

1. Click on Kornucopia ML Help icon on your desktop

In MATLAB command window, type k 2help

3. Use F1 key with cursor over a Kornucopia function

o ballLenslmpact.m | + |

156
157
138
159
160
1el
1e2
1&3
164
165
lee
167
168
169
170
171
172
173
174
175
176
177

e e WV R S

% Decimating the FEj«
decFactor = fs r
decFea = k _decimate (extendedFea, [], decFactor);

PRIFY

decFea.Props.
fs_decFea = k

% Plotting th
currentTabH =
k figTabsClea

txt = {'No ex
'compa
k_displayOnFi
'parent’',

'box', [s

'alignHor

subplot (2,2,2
k_plot (regFea

'd =p end

Hit F1 key on k _decimate

Fea / fs_Exper:;

k_decimate - MATLAB File Help

K decimate

k_decimate decimates the input data including proper
antialiasing protection ('on' by default). The ADV
options provide a variety of choices to control aspects
of the algorithms used in the decimation process.

Calling Syntax Options
[xMew, yNew]

= k_decimate(xData, yData, decimateFactor, ADV)
yNew = k_decimate([], yData, decimateFactor, ADV)

wyMNew = k_decimate(xyData, [], decimateFactor, ADV)

et

View code for k decimate

bt St e el e e Pt e, g W e o

CLICK FOR DETAILED HELP PAGE
Kornucopia® software is Copyrigm CIICk here for

4ll rights reserved. www.BodieTech.com

Open Help Browser

Copyright © 2004 - 2022 Bodie Technology, Inc.

full help page

F1 to toggle focus; Escape to dose

'title', -{ user', 'Regularized FEA data'l}) ij
Ve e e PV e T e, e

Kornucopia
ML Help

Help, Functions & Examples 15

Note: Kornucopia Help
System is separate from
the MATLAB Help System.

[} X

b1
f" @ @ I Search Documentation R

Only native MATLAB

Jx >> k_2help

help is available here

O

o

{‘»-JH'*'L.-J\-\.

W%

{nt Kornucopia® ML™ Help System

DD D E® @A

]

= | Q

Kornucopia Home

Kornucopia Introduction & Features

Getting Started

Overview of Kornucopia

All About the k_units Data Type
Details on Komucopia Features
Functions

Examples Library
Miscellaneous

Kornucopia Terminology

Licensing and Notices

" Release Notes
7 About Kernucopia

6. Kornucopia® ML™

for use with MATLAB® s

Kornucopia >

Kornucopia Home

Faster data analysis with greater understanding™
The Kornucopia Help Systemn provides a wealth of infermation on Kornucopia for beoth its Functions and its Examples Library.
Primary Help Sections:

Kornucopia Introduction & Features Eunctions
Getting_Started
Overview of Kornucopia

All About The k_units Data Type

Examples Library

Kornucopia Terminology.

Accessing Help and Examples

Details on Kornucopia Features Release Notes

Kornucopia® ML™ version 4.0-05, Copyright © 2003-2021 Bodie Technology, Inc. All rights reserved. www.BodieTech.com
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Kornucopia® ML™ Quick Start

Finding Kornucopia Functions

e Livein MATLAB

= From command window, type k_ then hit the tab
key.
= From script editor (MATLAB R2021a and older)
 type k_then hit the tab key to get selectable
alphabetical list of functions.
= From script editor (MATLAB R2021b & R2022a)

« The listis NOT alphabetical, it is based on Al
logic and what you most recently utilized.

* |n these versions of MATLAB use the command

Help, Functions & Examples 16

Command Window

Je>> x_

window and type k then hit the tab key to get
the full alphabetical selectable list of function.

« From Kornucopia Help System

» Listed alphabetically and also by categories.

Copyright © 2004 - 2022 Bodie Technology, Inc.

L]
k 2Zhel
e _ | Over 125
k abgExportToViewer guil f . .
k abgOdbHistoryImport unCtlo_nS In
k _abgOdbHistoryList the list

k abgOdbImport gui
k abgOdbPickItems
k abgOdbVirtualCs
k adv

£

T P it W L NP P

§
@
e
|

5

| Functions named so that
_plot .

¢ plotGetcurves they naturally self-group:

k plotGetLimits

k plotMatchLimits k abg* -Abaqus functions
k_plotSetLimits k plot* - Plotting functions
k_progressBar k pulse* -related to pulses
k pulseCreate v

BodieTech.com




Kornucopia® ML™ Quick Start

Detailed Help Pages for Every Function

{1  Kornucopia® ML™ Help System

™ Komnucopia Home -
™ Kornucopia Introduction & Features Kornucopia = Functions = Function Categories = DSP - Filtering, Smoothing, Spectrum Analysis

™ Getting Started .

4 Overview of Kornucopia k_f’ I ter

¥

All About the k_units Data Type

Details on Kormucopia Features

i

This function performs single or bi-directional filtering using cascaded digital filter coefficients, typically created by the

=) Functions function k_clIR or k_cFIR
% Alphabetical Listing of All Functions The function has several advanced DSP features and options that include
S ATEDDT CEHEIITED 1. Robust cascade filtering approach. This approach is more numerically stable than traditional non-cascaded filtering
+ Help and Examples algorithms when processing massively oversampled data that is commonly output from explicit dynamics simulations
and similar.

+ Licensing Related Functions
2. Easily controlled single or bi-directional (zerc phase) filtering via the nPasses input argument.

3 Advanced end-effect distortion minimization algorithms that are controlled via ADV options  The default prediction-
based algornithms typically perform well over a large array of scenarios, but you always have the option of using other

T Comparing Curves and Variables

+ Data Adjusting and Averaging

T Derivatives and Integrals ADV option settings as needed.
=) DSP - Filtering, Smoothing, Spectrum Al
r Extending Data B Quick links on this help page Related links
; ~ AR Calling_ Syntax Working with Units and k_units Data Types
:: k_chebv‘l S Optional ADY Arguments Qverview of Kornucopia ADV Parameter
’: - p Simple Depictions of Function Use Flexible XY Data Input Syntax
& k_chebyiRipple Mare Examples of Function Usage Plotting and Viewing Data
T

I Kornucopia Syntax and Kornucopia Terminology
k_decimate

+ k_detrend .

% k_DFS Calling Syntax

+ k_extend The function has three primary calling syntax options. Note: the MATLAB function hint feature shows the first calling syntax

© Kk FFT option only.

Ii k_filter 1 yFilt = k filter(xData, yData, filterCoeffs, nPasses, ADV)

™ k_filter ADV Details 2 yFilt = k filter([], yData, filterCoeffs, nPasses, ADV)

™ k_FRF 3 xyFilt = k filter(xyData, [], filterCoeffs, nPasses, ADV)

L K MADCOMMORPRARRE o e et WP e e I e

Copyright © 2004 - 2022 Bodie Technology, Inc.

Help, Functions & Examples 17

« Sections in every help page
= Calling syntax
» |nput arguments explanations
= Qutput results explanations
= Optional ADV arguments
= Simple depictions of function use

» Links to full examples that utilize the
specific function

 When using a function, consider
READING its help page!

= You will learn a lot and be able to
take full advantage of all of its
features.

3

&
BodieTech.com ﬁ@é’ 2



Kornucopia® ML™ Quick Start

Finding Kornucopia Tutorials & Examples

« Open live in MATLAB via k_examplesOpen

= Examples open live in MATLAB for you to
explore and use as templates for your own
work.

« From Kornucopia Help System

» Listed alphabetically, useful for quick look
at “published” HTML version of examples.

Kornucopia® ML™ Help System

1= D O
=Q @ ©® @

{ Komucopia Home o

{* Kornucopia Introduction & Features Kornucopia = Examples Library > General Examples

7 Getting Started

& Overview of Komucopia Ball Impact on Lens

@

All About the k_units Data Type

® Detalls on Komucopia Features This example demonstrates basic approaches using various DSP functionality in Kornucopia to correlate impact results from

+ Functions a physical experiment and a FEA simulation for a steel ball-bearing hitting the plastic lens of a cell phone.
=1 Examples Library You can open the example live in MATLAB or view a published HTML version of the example within this help system
% Tutorials

=) General Examples

Open example live in MATLAB

4 Abaqus Importing And Plotting

% Accelerometer Drift Detrending The example can be run with one of two levels of commenting in the m-file. To run the example:

) Accelerometers - How They Work 1. Copy and paste one of the two commands below into MATLAB command window and hit the enter key.

+ Aliasing Causing Confusion « This will cause the specific example to be copied into your myxornucopia/Examples directory and then
Averaging Curves the pertinent m-files will automatically open into the MATLAB editor, and the MATLAB working directory will

g 9’9 be changed to the example's local directory.

| © sanmpacton Lens 2. You can then compuite the example from the MATLAB editor by using the "Run Section” and "Advance” buttons
% Published - Ball Impact on Lens to step through the m-file sections (see here for tips on running examples)

+ Base-Driven SDOF Frequency Respons

% Beat Freq NOT Detected By DFS nor P¢ Heavily commented version

@ Cleaning, Averaging, Tweaking Curves

k_examplesCpen('ballLensImpact', 'commentLevel', 'heavy')
+ Comparing DFS, DFT, PSD

Comparing Curves N N
® Compamng Lightly commented version
% Damping Ring-Down
 Detecting Outler Curves k_examplesOpen('balllensInpact', 'commentlevel', 'light')
% DFS of Simple Signals

% Drop Test Data Analysis View published HTML version in this help system

4 Fourier & Filtering Basics (long version) )
Link to published heavify version of the example

% Heat Conduction Thru a Wall
s R s e U g e e e

Copyright © 2004 - 2022 Bodie Technology, Inc.

Command Window

>> k_examplesOpen

Jx

Select an Example

tutorial_tabbedFigures
itutorial_simpleDataAnalysis
tutorial_workingWithTabularData
tutorial_plottingOverview
tutorial_readingTextFiles
tutorial_writingTextFiles
\tutorial_frequencyAndAngles
{tutorial_workingWithTemperature
{abaqusimportingAndPlotting
laccelerometerDrift_detrending
5accelerometers_howTheyWork
{aliasingCausingConfusion
laveragingCurves

|ballLensimpact
\baseDriven_SDOF_frequencyResponse
\beatFreq_notDetectedByDF SnorPSD
\cleaningAveragingTweaking
(comparing_DFS_DFT_PSD
{comparingCurves

4 Examples Selector —_ X

tutorial simpleCalcsWithUnits 2

|dampingRingDown v

OK Cancel

Help, Functions & Examples 18

9 tutorials listed
first, on top

Remainder of list
are ~40 general
purpose examples
listed
alphabetically
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Work Smarter, Work Faster™

/VUC Op A®

An Introduction to the k¥ units Data Type

The heart of how Kornucopia holds data

|

l Flexible Text File Writing l

l Educational Help System l

Automated Text File
Importing & Parsing

|

Highly Automated
Plotting & Labeling

Shock Response Tools SRS

Abs Accel & PVSS ]

|

DSP Tools - Filtering,
Spectrum Analysis & More

k_units
Data Type

MATLAB’

Integrate & Differentiate I

|

3rd Party File Importing:
Abaqus, IMPAX-SD

String Creation
& Manipulation

Cleaning & Curve Averaging

Nonlinear Data Adjusting, I

Interpolation and Curve Fitting
(Linear & General Nonlinear)

Copyright © 2004 - 2022 Bodie Technology, Inc.
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All About the x _units Data Type

« This help section provides detailed discussions and numerous syntax examples to explain all you need to know
to effectively use this powerful data type.

{nt Kornucopia® ML™ Help System

i Komucopia Home

g8 =
i Komucopia Introduction & Features Kornucopia

f setnoStares All About the k_units Data Type
i VEIVIEW OT Kormucopia
{'__‘_ All About the kK_units Data Type

% The k_units Data Type This page provides a summary of help-page links that teach and define all the features of the k_units data type as well as
the Kornucopia Units Engine and related features.

+ Syntax of Using k_units Data Type

7% Units Library and Units Preferences A The k_units Data Type - Describes, in detail, how Kornucopia's data type k_units works within the MATLAB
. o environment. This includes describing the data type's Properties, Methods, and syntax features, as well as several
1) Units Signatures simple demonstrations of its use.
™ Overloaded MATLAB Functi
0 Overloade _ Hnetions B. Syntax of Using k_units Data Type - Reviews several aspects related to syntax approaches for manipulating variables
{5 Props Inheritance of data type k_units.
[ Komucopia-Compatible Data Types C. Units Library and Units Preferences - Describes all the Units contained within the Kornucopia Units Library and also
iy Comparing MATLAB Data Types to k_units Dal the Units Preferences available.
b UEpEzilec DIAElE IR D. Units Signatures - Describes Units Signatures and how they are used in Kornucopia. Units Signatures are one of the
=+ Details on Komnucopia Features key technology components behind the Kornucopia Units Engine.
+ Functions E. Overloaded MATLAB Functions - Describes how over 80 MATLAB native functions and operators are overloaded so
+ Examples Library that they work naturally with k_units data type arguments.
T Miscellaneous F Props Inheritance - Describes the rules and resulting behavior of how Kornucopia handles inheritance issues related
T i e e e e e T T e $h Dl e, Preasmadio g, e fredibin g ad ey s e ot in b arit o npesse eyt G any mint o Penmpdiog, e ) coT
é}ﬂf’.&
Copyright © 2004 - 2022 Bodie Technology, Inc. BodieTech.com 5 ‘e
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Kornucopia® ML™ Quick Start k_units Data Type Intro 21

Typical Data Types for Kornucopia Workflows A =
25.1327 3.1416 18.84%9¢6
- MATLAB data types — See MATLAB Help System / 2-4248  15.7080  21.5911
_ o 12 .5664 28.2743 6.2832
= double — Holds scalar and array data in double precision.

= char — A character array such as 'Here is some stuff'. _ . . .
Note: due to historical reasons, Kornucopia terminology

= string — Holds string arrays such as "Here is example". uses the word string to mean char. Also, char use
g g y P .
smgle quotes, MATLAB string use double quotes.

* Generally NOT used in Kornucopia. Use char instead.

* logical — Holds scalar or array logicals of t rue and/or false, often displayed as 1 and/or 0.
= struct — Holds structure which has named fields that can contain any data type.
= cell — An array container whose elements can hold any data type.

« cellstr is acell array in which all elements hold char data type.

= table — Holds tabular data including various Properties for meta-info. The primary tabular data must be of the
same data type in a given column, but each column can be of nearly** any data type.

**To hold k units data type in a MATLAB table column, it must be wrapped inside a cel11 array.

« Kornucopia data types — See Kornucopia Help System
= k_units - Tabular data type which holds numeric data, units, and other meta-info.
= k_func - This data type is returned from Kornucopia curve fitting and interpolation functions.
= k_figTabsH — This data type is created by Kornucopia's k figTabsCreate function.

Copyright © 2004 - 2022 Bodie Technology, Inc. BodieTech.com
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The k_units Data Type

« Hold ALL the information for a variable in a single "container"

= Numeric data, Units

= Descriptive Text & Meta-Information

« Coupled to a seamless Units Engine

 Cleaner MATLAB code, less mistakes

k_units Data Type Intro 22

How this all works (and
much more) will be
explained in this training

/

Copyright © 2004 - 2022 Bodie Technology, Inc.

. 4.k varViewer displaying raw — O X
Description - playing
. : ; File Edit View Insert Tools Desktop Window Help ¥
CIOICOmment,S k_varViewer displaying raw ~
' === ADDITIONAL PROPS INFO ===
COIN.ames ** Props.Desciption
T Results for impact test B2054
Units v
2] » Time A3 Velocity MNET1
—e1r1r-—-—---r-—"-""fr-"-"r"—"""fr-"""fF---- i
- GEJ_ L g_ ____________________________________ [ms] [1000*G] | [mmys] [%5]
CEN[2][T| Data [CCCTCTTTT 445842 R T T R
_8_ L g ____________________________________ 445843 7.0802 76914 1.8251e+04 0.1182
- %‘ r{r-—-—"-""fr--""""fF """ """ """ 445344 T.0802 T 6762 1.8252e+04 0.1183
@ 445845 7.0803 7.6610 1.8254e+04 0.1183
UserData 445846 7.0803 76457 1382550404  0.1183
445847 7.0803 7.6304 1.8256e+04 0.1184
DimensionNames 445848 7.0803 7.6150 1.8257e+04 0.1184
445349 7.0803 75996 1.8258e+04 01185

Command Window

maxStress =

ks | Editor - Untitled* / .
S - | Untitled® |+ |

E 3 % Max effective jt:ess from Accel

5 4 Meff = 5*1bm;

- 5 r = 25*%cm;

% 6 Brea = pli*r"2;

= 7 Stress = Meff * raw('Z3') / Area;

§ 8 maxStress = max(Stress)

7.8922*MPa

L0

BodieTech.com e J it
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The k_units Class

- k unitsis anew class for MATLAB provided by
Kornucopia® ML ™,

« The data type in this class has both Properties
and Methods, accessed by “dot” notation.

" matls.Props.ColNames = ..
'E,nu,CTE, dens'

" matls('E') = ..
matls('E') .convert ('ksi')

« While the k units data type is inspired by
MATLAB’s table data type, the k units data
type has many additional enhancements:

= Seamless Units Engine
= Efficient additional syntax behaviors

= QOver 80 overloaded MATLAB functions to
support natural use of k units in typical

MATLAB calculations.

Copyright © 2004 - 2022 Bodie Technology, Inc.
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Variable name

matls = «4

Some typical material properties 4

E

[GPa]

nn CTE

[le-6% (m/m) fdegC]

Props.Description

dens ++— Props.ColNames

[kg/m"3]

Al uminom T2

Copper
Glass

* MNote:

N

“ PLE

T Units

Fa=100

Other Props exists but are not displaved.

Description

(:30ICon:1mentls

Col N:am es

RowNames

RowComments

UserData

DimensionNames

Props.RowNames

kK_units Properties

+ Data
+ Units
+ Props

Description
ColNames
RowNames
ColComments
RowComments
UserData
DimensionMames

k_units Methods
* convert
+ dataSize
+ toStruct
+ toTable
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Ways to Create a Variable Holding k units Data Type

« Four primary ways to create or obtain a variable of data type k units

1. The k units class constructor function.

v = k units(data, units, ADV)
data is a numeric scalar or 2-D numeric array.
units defines the units for the entire array with either 1 unit or different units, by column.

ADV are optional advanced arguments to define properties such as ColNames and others.

2. Performing any math (+, -, *, /, *~, sin, log, etc.) on entities where one or more of the entities is of
data type k units.

Area = w*h (if worhis of datatype k units, then Area is returned as type k units)

3. Importing a data file into MATLAB using one of Kornucopia’s file reading or importing functions.

4. Using nearly any Kornucopia function. With only a few exceptions, nearly all Kornucopia functions return
a k units data type, even when none of the input arguments are of data type k units.

« See Kornucopia Help System page “The k_units Data Type” for full details.

Copyright © 2004 - 2022 Bodie Technology, Inc. BodieTech.com
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k_units Data Type Intro 25

Creating a Few Variables of Data Type k units Via the k_units Constructor

Command Window

>> Lx = k_units (25, {'mm'}) < type this
Lx = 25.00%*mm < get this
»» wals = [0, 10, 0.8; 5, 15, 1.2]
vals =
0 10.0000 0.8000
5.0000 15.0000 1.2000
>» B = k units(vals, {'s', 'N/m"2', 'lbf'})
E =
[s] [N/m~2] [1B£]
0.000 10.00 0.8000
5.000 15.00 1.200
»>>» ¢ = k units(wvals, 's, N/m"2, 1bf')
—
[s] [N/m~2] [1B£]
0.000 10.00 0.8000
5.000 15.00 1.200

Copyright © 2004 - 2022 Bodie Technology, Inc.

Creating a scalar of
Kk _units data type

Creating an array of numbers
(MATLAB data type double)

Creating an array of
Kk _units data type

Creating an array of
k_units data type

using the Kornucopia
string-list syntax instead
of cell-string for defining
the units.

Note: the leading >> is the
Command Window prompt, you do
not type that.

This is normally how the top
single unit entry would be typed
(no cell arrays)

>» Lx = "mm' )

k units (25,

25.00*%mm

Note: The 3 characters , ; are
reserved as delimiters for easily defining
multiple units, ColNames, and RowNames
using a single string (called a string-list).

BodieTech.com
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Adding/Modifying .Props to Existing k_units Type Variables

« Starting with variable c from before:

Command Window

——
[s] [N/m*2] [1b£]
0.000 10.00 0.8000
5.000 15.00 1.200
> C.Props
‘ Description |
ans = ‘ | (:ZOICorhment:s | |
‘ ‘ |CdNémes‘ |
struct with fields: ‘ | | e ‘ |
- nits
211 & |
Description: {} Zé: Zg IR ) ) IS B ISR
ColNames: {} Zg: Z‘z; [ [222] Data [TT[CCCCC
ColComments: {} Z%: 2 RN RN ISR IR SN I
RowNames: {} =
FEowComments: {1} UserData
DimensionMames: {} DimensionNames

UserData: []

Copyright © 2004 - 2022 Bodie Technology, Inc.

R
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»»> C.Props.ColNames =
»» C.Props.Description
>> C

'Time, pressure, left Force';

left Force

'My 1st k units wvariable';

[1b£f]

Time pressure
[s] [N/m*2]

0.000 10.00

5.000 15.00

>> C.Props
ans =

struct with fields:

Description: {'My lst k units wariable'}
ColNames: {'Time' 'pressure’ 'left Force'}

ColComments: {1}
FEowNames: {}
FowComments: {}
DimensionNames: {}
UserData: []

0.8000

1.200

BodieTech.com
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Defining .Props Directly Via the k_units Constructor

» Let's also start to use MATLAB's Script Editor.

EDITOR

':E:' - [QFindFiles <@ Insert 5 fx = [} @ BE] Run Section ([D>

1zl Compare ¥ ©{GoTo~ Comment % %g %4

Mew Open Sawve Breakpoints Run Run ang I%Advance Run and

- - ~ = Print * { Find = Indent CENE] - - Advanlte Time
FILE MAVIGATE EDIT BREAKPOINTS RUMN
o Type this in the editor, then push Run Section button 9 Result displayed in the command window
e i O ] oo
1
. 0o =
2 - titleT=t = { i .
) . L My Znd k units wvariable
3 'My 2nd k units wvariable' . - . . .
e . . . - . Multiple line descriptions are allowed!
4 'Multiple line descriptions are allowed!* (| o~
> ;
c y Time pressure left Force
s N/m"2 1bf
7 — D = k units(vals, 's, N/m"2, 1lbf', [s] [N/ ] [ ]
8 'ColNames', 'Time, pressure, left Force',
, , . ] 10.00 0.8000
g 'Description', titleTxt) s
5.000 15.00 1.200
10
11 — display (D) K\\\\
19

\ SyntaX fOI‘mat k units(Data, units,

keyWord, wvalue,

keyWord, wvalue)

He),

Copyright © 2004 - 2022 Bodie Technology, Inc. BodieTech.com ﬁé/]}f
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Doing Math with k_units Variables - Cantilever Beam Z
 Given 2 Ymax
1YV s
= Beam parameters: L=1-ft, h=3-mm, b =1-in, E = 29 - 103ksi, Y L R T

p = 7860 - kg/m3, distributed load w is self weight. .
rectangular cross-section,

= Beam deflection equation: y(x) = 24“;1 c(x*—4-L-x3+6-1% x?) thickness A4 and depth .
« Compute y,,4 In terms of units of mm and in. o ¥% Additional calculations
12 % Bending moment of inertia, I
| cantileverBeam_selfWeight_k_units.m [+ | | 13 — I = (1/12)*b*h"3;
1= k _cleanup(); to be 14
= k_unitsPreferenceActivate ('mm N s'); explained 15 % Beam total mass
3 shortly 16 — A = b*h; % beam cross-sectiocnal area
4 %% Define the parameters 17 — M beam = rho*A*L;
5 — L = k units (1, "ft'); 18
E — h = k units (3, 'mm'); 19 % Distributed load, w
T = b = k units (1, 'in'"); 20 — G = k units(l, 'G'); % Gravity
g8 — E = k units(2%e3, 'ksi'); 21 — w = M beam*G/L;
g — rho = k units (7860, 'kg/m"*3'); 22
23 % yMax 1s at x = L
M 24— | x = L;
Units Preference now activated: 'mm N s' 25— yMax = (w/(24*E*I))*(x"4 - 4*L*x"3 + 6*L"2%*x"2);
26 — display (yMax)
yMax = 0.5545*mm 27
28 — yMax = yMax.convert('in');
yMax = 0.02183*in 29 — display (yMax)

Copyright © 2004 - 2022 Bodie Technology, Inc. BodieTech.com
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Doing Math with k_units Variables - Cantilever Beam Z
- Slightly change the script for using function k_unitsVariables Z Vo o
P4 y
» Easily define a number of variables to represent units. ) L o 1
rectangular cross-section,
| cantileverBeam_selfWeight_k_unitsVariables.m [ 4+ | th'CkneSS ]] and depth b.
L= k cleanup () s
2 — k unitsPreferenceActivate ('mm N s'); 912 22 Additional caleulations
3 - k unitsVariables('ft, mm, in, ksi, kg, m, G'); 13 % Bending moment of inertia, I
4 14— | I = (1/12)*b*h"3;
5 %% Define the parameters 15
= L= 1:*:ft': .. ] 16 % Beam total mass
e h = 3*@; ThIS IS easler to type 17 — 2 = b*h; % beam cross—-sectional area
4 b = 1*in; than preViOUS 18 — M beam = rho*A*L;
9 — E = 29e3*ksi;
_ s fA roach L2
LT rho = 7860*kg/m"3; approac 20 $ Distributed load, w
21 — w = M beam*G/L;
22
. . 24 — x = L;
Units Preference now activated: 'mm N s'
- 25 — yMax = (w/(24*%E*T))* (x™4 — 4+*L*x"*3 4+ G*L"2+*x"2);
yMax = 0.5545%mm Same reSUItS 26 — display (yMax)
27
yMax = 0.02183*in as before 28 — yMax = yMax.convert('in');
25 — display (yMax)

Copyright © 2004 - 2022 Bodie Technology, Inc. BodieTech.com
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Kornucopia Can Find Units-Related Mistakes

« Continuing with previous example, what if we typed the beam deflection

equation incorrectly into MATLAB?

« The equation is supposed to be

23 % yMax is at x = L

24 — x = L;

25 — yMax = (w/ (24*E*I))*(x™4 — 4*L*x"3 + E*L"2*x"2);
26 — display (yMax)

« What if we mistakenly typed the following instead

23 % yMax is at x = L

24 — ®x = L;

25 — yMax = (w/ (24*E*I))* (x™4 — 4*L*x"2 4+ G*L"2+*x"2);
26 — display (yMax)

Kornucopiatells you that around the subtraction
operator a Units-related error has occurred.

« Kornucopia error messages are information
rich. You will find that if you read them, they will
be very helpful.

Copyright © 2004 - 2022 Bodie Technology, Inc.
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7 44
A — _ l x
; T N o
; vy v
7 Y
e max
AV ,

v L T

rectangular cross-section,
thickness A and depth 5.

Command Window

Error using _ —
Incompatible units error. The following two units do not

resolve to the same primary units signature:

'mm™4 "' and "mm"3"'.
Note: A viable conversion would be the following:
'mm™4' to " (mm™3)* (mm) .
Click this link for detailed help on k units
Click this link for details on overlcocaded MATLAE functions.

Error in cantileverEeam_selfWeiqht_k_unitsvariables_eanvpo

(line 25)

yMax = (w/(24*E*T))* (x*4 — 4*L*x"2 + E*L"2+*x"2);

A

N

BodieTech.com ﬁ%‘fgff



Kornucopia® ML™ Quick Start

A Note About the Units Your Variables May Appear With When Output

- With the k_units constructor, the variables are kept in the Units you define the variables with.

k_units Data Type Intro 31

= When math is performed, the resulting Units of a variable depend on the active Units Preference.
Peliulaanil =

/

1 k cleanup(); /
2 k unitsPreferenceRctivate ('mm N s'");

3 k unitsVariables('ft, kN')

4

5 t#0k<*NOPTS> Supress warnings of no ; at end of commands
&

7 %% Define some parameters

8

9 1 = k_units(30, 'in') o using k units

10 f =k units (3, '"kN') constructor

11

12 L = 2.5*%ft _ _

13 F o= 3%kN 9 Doing math on values and variables
14

15 % Do a simple calc

16 1f =1 * f Both of these calcs yield the

17 LF = L * f o same result as expected!

Copyright © 2004 - 2022 Bodie Technology, Inc.

Workspace

Marme WYalue
& ft Ix1 k_units
| & kN 1x7 & units

C

ommand Window

Units Preference now activated:

= ft
ft = 1.000%ft

>»> kN
EN = 1.000*kN

manually showing what
variables £t and kN

are holding.

'mm N s'

Command Window

1 =

Hh
Il

1f

LF

30.00*%1in o
3.000%kN

762 . 0%mm e
3000+

2.286e+06*N*mm
Z2.286etl6*N*mm

Outputs 2 & 3
came from math
operations, and
thus they are in the
requested Units
Preference

N
BodieTech.com E@‘C/ff
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Clarifying What the Function k_unitsVariables Is Doing and Is Not Doing

Ending ; suppresses

« \When you iIssue a command like k unitsVariables('m, 1lbf, G') / variable echo to

m = k units(l, 'm'); Command Window

= Kornucopia internally does the following for you:
_ _ _ 1bf = k_units(l, 'lbf');
1. It makes variables with the names of the Units you request. G = k_units(l, 'G');

2. Before placing these variables into the MATLAB
workspace, it confirms the variables do not already exist.

 If they do, it confirms they are representing the same Units as being requested.
3. Passing the above check, the variables are placed into the workspace. | ‘Werkspace

Mame Value Class

* You can then use these variables in math statements as needed to affe Ix1 k_units k_units
. . | |bf Ix1 k_units k_uni

create equations or other variables as needed. %l m L i e

w = 320.5 * 1bf; % Define a weight

M=w/ G; % Compute a mass

« Be careful to not unintentionally override a Units Variable as shown below.

Command Window

m=w / G % Compute a mass . . . .

— Assignment m = 0.1454%Mg Variable m KOrnUCOpla still understands the Unit 'm',
L a = k units (10, 'm') I a = 10.00%*m Unit what has been changed is the variable m,
Lo =10 *m <+—_  Math L b = 1.454%Mg which now represents a mass.

Copyright © 2004 - 2022 Bodie Technology, Inc. BodieTech.com
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Kornucopia’s Units Engine ; —
Primary Units Signatures

 Time
 True Units Engine using a variable's Units Signature . Mass
= Much more than just a simple Units conversion table * Length
_ o _ e Current
= Properly tracks Units compatibility in all calculations - Substance
» Allows mixed Units to be utilized * Luminous Intensity
« Currency

* Robustly processes temperatures, including affine Units conversions
* Absolute Temperature

Hundreds of Units pre-defined in the Library
Additional Signatures

* m, N, s, mm, Ibf, in, kg, snail, slinch, furlong, fortnight, cottonCount ... « Celsius
. . oo  Fahrenheit
« Easily add Units definitions +  Angle
* k unitsDefine('c = 299.792458e6*m/s") * Frequency
e Percent

" k unitsDefine('Mil = 3.375*arcmin')

It is simple to control Units within your output via Units Preferences or the .convert method

= Use one of the predefined Units Preferences or easily create your own

Copyright © 2004 - 2022 Bodie Technology, Inc. BodieTech.com
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Kornucopia’s Large Units Library with Over 230 Pre-defined Units

« Each of the units is clearly defined and documented.

{nt Kornucopia® ML™ Help System

Komucopia Home
Komucopia Introduction & Features
Getting Started
Overview of Kornucopia
| AllAbout the k_units Data Type

2172172 72

T

The k_units Data Type

T

Syntax of Using k_units Data Type

Units Library and Units Preferences

Units Signatures

Overloaded MATLAB Functions

Props Inheritance

Kornucopia-Compatible Data Types
Comparing MATLAB Data Types to k_units |

Detailed Listing of Kornucopia Unit Definitions

Listed below in the table are the detailed Units definitions for each of the installed Units in Kornucopia.

k_units Data Type Intro 34

« To see this list ive in MATLAB, use the function k_unitsList. Seeing the list live, you will also be able to see any user-defined units tool

« In the table below, the column Original Formula displays the given Unit as it was originally defined in Kornucopia. The column Base Definition lists the Units definition in

terms of Kornucopia's fundamental Units.

« The table, as presented, shows the unit's conversion factors to an accuracy consistent with the default MATLAB format short setting. All of the unit's conversion factors
are actually accurate to the full double precision of MATLAB. To see the more accurate representation, issue the MATLAB command format long and then the
Kornucopia function k_unitsList ('-z11").Also note that the live list will display a column called Source which will show Eornucopia as the source for all Units that

are not user-defined.

Default Kornucopia Units, Detailed Definitions List

Temperature and Frequency

I s e I ey e}

+ Details on Komucopia Features
=) Functions B
it Alphabetical Listing of All Functions

=) Function Categories

+ Help and Examples

¥ Licensing Related Functions

+ Comparing Curves and Variables

+ Data Adjusting and Averaging

+) Derivatives and Integrals

+ DSP - Filtering, Smoothing, Spectrum Al

+ Fitting and Interpolation

+ Interacting with Other Software

+ k_units Related Functions

+ Misc and Cool Stuff
Sl s VAT L g

Rt N N |
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i

Unit Original Formula Base Definition (Short Format) | Description Unit Groups
£ 5 =0.01 $ =0.01 percent percent, miscellanesous
1 1=1 1 =1 u:lnity J:'S miscellansous
dimensicnless
A fundamentalUnit A = 1*n ampere current, fundamental
acre acre = 435e0*ft"2 acre = 4047%*m"2 acre area
arcmin arcmin = 1/60%deg arcmin = 0.00023%0%*rad arc minute angle
arcsec arcsec = 1/3600%deg arcsec = 4.848e-06%rad arc sescond angls
atm atm = 1.013250=5%P=2 atm T atmosphsrs pressurs
1.013e+05%kg/ (m*s"2)
bar bar = le5*Ppa bar = 1le+05*%kg/ (m*s"2) bar pressure
blcbk blok = l2*slug blok = 175.1%kg blok mass
%ﬂwm BTU = 1.055055852620%kJ m;wmv International BTU energy ]
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Important Notes About Units Related to grams and Gravity

 In Kornucopia there is NO default Unit called g.

» This is because some would think it is a gram and others would think it is a unit of gravity.

 Instead, Kornucopia has the following:

= gmis 1 gram mass

kg is 1 kilogram mass

» gf and gmf are both 1 gram force

» gpd is 1 gram force per denier

* grnis 1 grain mass

*= Gis 1 unit of acceleration of standard gravity = 9.806650*m/s"2
" KkGIS1000*G

" mGisS (1/1000)*G

Copyright © 2004 - 2022 Bodie Technology, Inc. BodieTech.com
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Units Preferences and Units Systems

« Kornucopia's Units Engine knows how to properly work with mixed Units in calculations. This means you can do
things like

A = 5*mm + 3*in or B = 7.3*N/ft"2.

* A Kornucopia Units Preference is like a Units System, but more flexible. The basic idea of a Units Preference is

that you are telling the software what Units you want results to be transformed into when calculations are
performed.

= You can also easily change the Units of any variable at any time via the k_units method of .convert or
the function kX _unitsConvert.

* The added flexibility of a Units Preference is that by default you are allowed to define a list of mixed units for

a given Preference, meaning you can have a Preference that returns results where length (and
displacement) are in mm, loads in 1bf, and stress in GPa.

= Many of the installed Kornucopia Units Preferences define a consistent set of units (exceptions include the
Units Preferences of ending in _ v and the Preferences starting with Shockvib ).

= There are four specific functions related to Units Preferences: k unitsPreferencelist,
k_unitsPreferenceActivate,k;unitsPreferenceActive,and k unitsPreferenceDefine.

Copyright © 2004 - 2022 Bodie Technology, Inc. BodieTech.com




Kornucopia® ML™ Quick Start k_units Data Type Intro 37

>> k_unitsPreferencelist

[\ Default Unit
any e au n’ 5 UnitsPreference Name Units in the Preference

Preferences to
Choose From fundamental m, kg, &, mol, cd, currency, =, K, degC, degF, rad, Hz, %

It 1bf s ft, slug, A, mol, cd, currency, s, R, degC, degF, rad, Hz, %, 1lbf, 1lbf*ft, 1lbf/ft,
ft/lbf, psf, 1l/psf

ShockVib_ft s kG ft, slug, A, mol, cd, currency, s, R, degC, degF, rad, Hz, %, kG, 1bf, 1bf*ft,

1 1bf/ft, ft/lbf =f, 1/psf, V, ohm, 5, C, F, H, Wb, T
o See thel Il Vla ft 1bf s V ft, slug, &, mol, od, currency, s, ’ r BSt BSte ’ ’ ’ ’ ’ ’ ’

ft/lbf, psf, 1/psf, V, ohm, S, C, F

k u n j_ t S P r e f e r e n c e L i S t ShockVib in ms G snail in, snail, A, mol, cd, currency, ms, R, degC, degF, rad, kHz, %, in/s, G, 1bf,
1bf*in, 1bf/in, in/l1bf =i, 1/psi, V, om, 5, C, F, H, Wb, T
—_ in 1bf slinch s in, slinch, A, mol, cd, currency, s ‘ ‘ r PSe pste ‘ ‘ ‘ ‘ ‘ ‘ ‘
in/1bf, psi, 1l/psi . . ) ) i )
ShockVib in ms kG snail in, snail, A, mol, cd, currency, ms, R, degC, degF, rad, kHz, %, in/s, kG, 1bf,

. . - - 1bf*in, 1lbf/in, in/lbf, psi, 1l/psi, V, omm, S, C, F, H, Wb, T
in_lbf slinch s WV in, slinch, &, mol, cd, currency, s

° Reference them Vla thelr in/ibf, psi, 1/psi, V, ehm, S, C, F ShockVib in s G snail in, snail, A, mol, cd, currency, s, R, degC, degF, rad, Hz, %, G, lbf, lbf*in,
abbreviated names When using in_lbf snail_s in, snail, &, mol, cd, currency, s,

1bf/in, in/lbf, psi, 1/psi, V, om, S5, C, F, H, Wb, T
in/l1bf, psi, 1l/psi

ShockVib_in s kG snail in, snail, A, mol, cd, currency, s, R, degC, degF, rad, Hz, %, kG, 1lbf, 1lbf*in,

1bf/in, in/lbf si, 1/psi, V, ohm, 5, C, F, H, Wb, T
the funCtlon in 1bf snail s V in, snail, &, mol, cd, currency, s, ’ r BS BSLe Ve Fome e e 4
in/1bf, psi, 1l/psi, V, ohm, 5, C, F

k units Pre fe renceActivate ShockVib_m ms G m, kg, &, mol, cd, currency, ms, E, degC, degF, rad, kHz, %, G, N, N*m, N/m, m/H, Pa,

1/Pa, V, ohm, 5, C, F, H, Wb, T
m N = m, kg, A, mol, cd, currency, =, K, ’ ’ ’ ’ ’ ’ ’ ’

Or the . Convert method. 1/Pa, ¥, chm, S, C, F, H, Wb, T ShockVib m_ms kG m, kg, B, mol, cd, currency, ms, ¥, degC, degF, rad, kHz, %, kG, N, N*m, N/m, m/N,

) Pa, 1/Pa, V, ohm, 5, C, F, H, Wb, T
mm_N_ms mm, om, &, mol, cd, currency, ms, K

MPa, 1/MPa, V, ohm, 5, mC, mF, mH, f A _ .
ShockVib m s G m, kg, B, mol, cd, currency, s, K, degC, degF, rad, Hz, %, G, N, N*m, N/m, m/H, Pa,

« Create your own Units Preference o 3 5 e, Mg, B, mel, 4, cursency, 3, K, LES, V, em, S C E B W T
1/MPa, mV, mohm, k3, C, kF, md, mib ShockVib_m s _kC m, kg, A, mol, cd, currency, s, K, degC, degF, rad, Hz, %, kG, N, N*m, N/m, mn/N, Pa,

via function [ A

nm nN ms nm, my, m&, mol, od, currency, ms,
nn/nN, GPa, 1/GPa, pV, nohm, G5, uC

k un j_ t S P r e f e re n C e De f i ne ShockVib_mm ms G mm, gm, A, mol, cd, currency, ms, K, degC, degF, rad, kHz, %, G, N, N*mm, N/mm, mm/H,
J— - .
ShockVib ft ms G ft, slug, A, mol, cd, currency, ms, MPa, 1/MEa, ¥, ohm, S, mC, mF, mi, m@b, kT

1bf/ft, ft/lbf, psf, 1l/psf, V, ohm, ) . B .
ShockVib mm ms_ kG mm, gm, A, mol, cd, currency, ms, ¥, degC, degF, rad, kHz, %, kG, N, N*mm, ¥N/mm,

. mm/H, MPa, 1/MPa, V, ohm, S5, mC, mF, mH, mWb, kT
ShockVib_ft ms_ kG ft, slug, &, mol, cd, currency, ms,

1bf*ft, 1lbf/ft, ft/lbf, psf, 1/psf, . . B .
ShockVib_mm s G mm, Mg, B, mol, cd, currency, s, K, degC, degF, rad, Hz, %, G, N, N*mm, N/mm, mm/N,

. MPa, 1/MPa, mV, mohm, kS, C, kF, mH, mWb, kT
ShockVib It s G ft, slug, &, mol, cd, currency, s,

ft/1bf, psf, l/psf, Vv, ohm, S5, C, F . R - R
ShockVib mm s kG mm, Mg, AR, mol, cd, currency, s, K, degC, degF, rad, Hz, %, kG, N, N*mm, N/mm, mm/N,

R MPa, 1/MPa, mV, mohm, kS, C, kF, mH, mWb, kT
ShockVib ft s kG ft, slug, &, mol, od, currency, s,

1bf/ft, ft/lbf sf, 1/psf, V, ohm
. /ft, / . psf, l/psf, v, ! SI partial m, kg, &, mol, cd, currency, s, K, degl, degF, rad, Hz, %, N, N*m, N/m, m/N, Pa,

i/pa, V, ohm, 5, C, F, H, We, T

Below is a Units Preference commonly
used for severe shock data.

um mN ms um, gm, A, mol, cd, currency, ms, E, degl, degF, rad, kHz, %, nN, mN*um, mN/umn,
um/mM, GPa, 1/GPa, uV, wuchm, MS, mC, kF, nH, nWb, kT

um, Mg, A, mol, cd, currency, =, K, degC, degF, rad, Hz, %, m¥, mN*um, mN/um, um/mH,
GPa, 1/GPa, nV, nohm, G5, C, GF, nH, nWb, kT

.‘E-hock"i.?'lb_mm_ms_kt} wm, gmw, A, mwol, cd, currency, ms, K, degC, degF, rad, kHz, %, kG, N, N'mm, N/mm, um, ug, B, mol, cd, currency, us, K, degC, degF, rad, MHz, %, mN, mN*um, mN/um,
nm/¥, MPa, 1/MPa, V, ohm, 5, mC, mF, mH, nWo, kT um/mi, GPa, 1/GPa, nV, mohm, kS, uC, mF, nH, nWb, kT
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sOme cOmme“ts on Units c°nversions The fO”OWing Command WOUld convert a”
columns to the specified units
Consider the following specification and conversion: P = P.convert('hr, GPa, mm')
vals = [ _
0, 10, 0.8 The following command would convert all
5, 15, 1.2 columns to the Units Preference named
17 'mm N s'
o P = k units(vals, 's, N/m™2, in', ... P = P.convert('mm N S')
'colNames', 'Time, stress, Vert Length') - =
Q Pt stress’) = 2(*stres=" ) =i ) And this command would convert specified
columns to the active Units Preference
Command Window
é B o= P('Time, Vert Length') = ..
Time stress Vert Length .
[s] [N/mA2] [in] P('Time, Vert Length') .convert()
0.000 10.00 0.8000 To see active Units Preference
5.000 15.00 1.200
0 :-
Time stress Vert Length >>» k unitsPreferencelctive ()
[s] [ksi] [in]
Current active Units Preference is: 'rr._N_s'
0.000 1.450e-06 0.8000
5.000 2.176e-0¢6 1.200 .
Copyright © 2004 - 2022 Bodie Technology, Inc. BodieTech.com ﬁf
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Kornucopia® ML™ Quick Start

Creating Variable of type k_units Via Reading In Data Files

Ways to Create a Variable Holding k_units Data Type

« There are a variety of ways to import data files
into MATLAB and Kornucopia_ = Four primary ways to create or oblain a variable of data type k_units
%// 1. The & units class constructor function.
ADV)

r = k units{data, units,

data isanumeric scalar or 2-0 numeric array.
units defines the units for the entire array with either 1 unit or different units, by column.

DV are optional advanced arguments to define properties such as Coltames and others.

= MATLAB functions & its import wizard

4\ MATLAE R2021a
HOME EDITOR PUELISH
L
E]; E:::ZI ™ [ Find Files &I E L Ii.sh, |—°‘”‘"§ &/ 2. Performing any math (+, -, * . sin, log, etc.) on entities where one or more of the entities is of
_ Hp Open Variable ¥ . R data type k_units.
MNew MNew Mew Open [El compare Import Save Favorites i
Script Live Script  ~ - Data [Workspace (27 Clear Workspace ~ - ] Clﬂi Area = w*h (ifw or his of data type k_units, then Areais returned as type k_units)
FILE VARIABLE co
! 3. Importing a data file into MATLAB using one of Komucopia's file reading or importing functions.
. . . . . 4. Using nearly any Kornucopia function. With only a few exceptions, nearly all Kernucopia functions return
= Kornucopiaimport functions creating k_units a k_units data ype, even when none of the input arguments are of data type k_uni .
+ See Komucopia Help System page “The k_units Data Type™ for full details.

 (General asci text

. k_readText

* k unpackHeader

» Special formats
« Abaqus ODB: k abgOdbImport gui
 SD Impax: k sdImpaxImport & k sdImpaxRtmImport

BodieTech.com
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Import XLSX File Via MATLAB Import Wizard

 Consider the file dataFiles/tensionTest.x1lsx

» dataFiles folder is in the training docs you downloaded.

* Importing with MATLAB wizard has a few options

4\ MATLAB R2021a
HOME PLOTS EDITOR PUBLISH

|E.}ll |£|:|I:I 3 [‘a Find Files & E iz, Mew Variable
Mew

Mew New Open (Z] Compare | Import Save Hz Open Variable ¥

FILE WARIAELE

Script  Live Script =+ - Data |Workspace @ClearWDrkspace v

& Import - D:\Documents\Bodie_Tech'\ShortCourses'_web_courses\Modules\KornucopiaML_QuickStart\dataFiles\tensionTest xlsx

IMPORT VIEW

Qutput Type: [ Replace * \unimportable cells with ¥ NaN o W Qy
Range: [A3:Co88  +
[ Table ~ tozem
Variable Names Row: 1 Sl =TS B seiection~
SELECTION Qtl Columi ot . UNIMPORTABLE CELLS IMPORT
[ tensionTestxlsx % | = Lo \
— [#t1] String Array
A B Cell Array
tensionTest
MaterialPol.. VarName2 ~VarNa

Number  ¥Number  *Number \ ™

Output Type:

2009

FHH Table -

FHH Table

R i Column vectors
ec N mm
13 0 0.0405| -2.921 L} = =
4 0.0250) 0.0636, 2921 M UIMEeric 'ﬂﬂt I
15 0.0500) 0.0694) -2.921
16 0.0750) 0.0347) -2.921 -
7 0.1000] 0.0578 -2.921 = skr S-trl M g JE'LFFE'_'{
18 01250 0.0463] -2.021 —
19 0.1500) 0.0636] 2.921

e : Cell Array

Copyright © 2004 - 2022 Bodie Technology, Inc.

File viewed in MS Excel

File Home Insert Page Layout Fc
E”DEE Calibri « 1 A
e E B I Uv v &vA
Clipboard I Font
18 & F
A E C
1 |Material: polyA
2 |Tested By: Joe Smith
3 |Date: March 7 2009
4 |TestType: Tension with initial slack
5 4
6 |Specimen dimensions
7 |thick {mil): 4.0
8 |width (in): 0.5
8 |gage length (in}: 5.000
10|
11 |Time Load Ext
12 |sec M mm
13 | 0 0.0405 -2.921
14| 0.025 0.0636 -2.921
15 | 0.05 0.0694 -2.921
16 0.075 0.0347 -2.921
17 | 0.1 0.0578 -2.921
18 | 0.125 0.0463 -2.921
tensionTest o)

k_units Data Type Intro 40

Header
rows

Useful
values

Main tabular
data section
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Import XLSX File As Numeric Matrix Via MATLAB Import Wizard

« To the right is an image of the import wizard with settings to
just import Numeric Matrix of data.

» The Output Type is set to "Numeric Matrix".
= In this approach, all the top header info is ignored.

= We had to adjust the Range to isolate just the numeric
tabular data region (ignoring column names and Units).

= Only the rectangular-shaped numeric data section is
imported

« Once the numeric data is imported (as tensionTest),

simply create a well described k_units type variable as
shown below.

&, Import - D\Documents\Bodie_Tech'\ShortCourses'_web_courses\Modules\KornucopiaML_QuickStart\dataFiles\tensionTest.xlsx

IMPORT VIEW
. e ons Output Type: [ Replace * unimportable cells with = MNaM -+ Q&
ange: [A13: -
9 |Eﬂ Mumeric Matrix 'l Import

Variable Mames Row: |1

SELECTION

| & Text Options =
IMPORTED DATA

Selection ¥
v

UNIMPORTABLE CELLS IMPCORT

'sec,
Ext"',

'"Tension Test');

raw 1 = k units(tensionTest, N, mm',

'"ColNames', '"Time, Load,

'Descrip',

raw 1 % This will echo the wariable to command window

k varViewer (raw 1) % Explore in Kornucopia variable viewer

| tensionTestxlsx

A

Material: p...

wnsiontest +—— T Nis is the output variable name

B C

Tested By: J...

(set to this by default by the wizard).

Date: Marc...

You could change this to some other

Test Type: T..

variable name you deemed appropriate.

Specimen ...

This section of header information is

=T = S I S L

width (in): ...

ignored and NOT imported.

9 |gage lengt...

10

11 | Time Load Ext

12 |sec N mem

13 0 0.0405 -2.9210

14 0.0250 0.0636 -2.9210

15 0.0500 0.0694 -2.9210)

16 0.0750 0.0347 -2.9210

17 0.1000 0.0578 -2.9210)

18 0.1250 0.0463 -2.9210

19 0.1500 0.0636 -2.9210

20 0.1750 0.0752 -2.9210

21 0.2000 0.0405 -2.8210
tensionTest

Copyright © 2004 - 2022 Bodie Technology, Inc.
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Import XLSX File As Numeric Matrix Via MATLAB Import Wizard (Continued)

Assessing variable raw 1.

Suggested Kornucopia Approaches Traditional MATLAB Variable Editor
Command Window —_— . . .
4k varViewer displaying ... — O o4 = ;
Sl preying Workspace ER I - l
raw_L = Kernucopia > Value Class 1x1 k_units
Tension Test g S S
e LR T -Irx-lr struct struct Prﬂ-per‘ty i VE|LIE
Time Load Ext === ADDITIONAL PROPS INFQ === ;;;:;‘;”‘“b .! E—””b"lfs ms) 9763 double
[sec] [N] [mm] **.Props.Desciption e o Units 13 cell
Tension Test
_ : Props 1x1 struct
0.000 0.04050 -2.921 raw_1 | raw_1.Data
0.02500 0.06360 -2.921 v
raw_1.0Data
0.05000 0.06940 -2.921
0.07500 0.03470 -2.921 1 2 3 1 2 3
0.1000 0.05780 —2.921 Time Load Ext [ 9 0.0405 -2.9210
0.1250 0.04630 -2.921 1 [sec] . [N; 2[9"2‘:“] . 0.0250 0.0626 -2.9210
0.1500 0.06360 -2.921 0405 -2.8210e+00 0.0500 0.0604 ~3.9210
0.1750 0.07520 5 921 2 2 5000e-02 0.0636 -2.9210e+00
3 5 000002 00634 -7 021De<00 0.0750 0.0347 -2.8210
965 rows not shown. 4 7.5000e-02 0.0347 -2.9210e+00 0.1000 0.0578 -2.9210
See "n" rows via k _set('dispBrief', n). 3 1.0000e-01 0.0578 -2.9210e+00 0.1250 0.0463 -2.3210
[ 1.2500e-01 0.0453 -2.9210e+00 0.1500 0.0626 -2.9210
7 1.5000e-01 0.0636 -2.9210e+00 01250 0.075 9210
2 1 750001 00752 -2.9210e+00
9 2 0000e-01 0.0405 -2.9210e+00 = o —
10 2 2500e-01 0.0405 -2.9210e+00 raw_ 1-FropsSofiames |
11 2 5000e-01 00520 -2.9210e+00 raw_1.Props.ColNames
12 2 7500e-01 0.0520 -2.9210e+00 ] ) 3 4 5 6
3 2500e-01 0.0463 -2.9210e+00 v
I \:FT
N
Copyright © 2004 - 2022 Bodie Technology, Inc. BodieTech.com -23%/:%’
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Import XLSX File As MATLAB Table Via MATLAB Import Wizard

« To the right is an image of the import wizard with
settings to import as a MATLAB Table data type.

= The Output Type is set to "Table".

* |n this approach, all the top header info is ignored,
accept we get to reference the row of column
names.

» Adjust the Range to isolate just the numeric
tabular data region.

* Once the Table is imported (as tensionTest T),
simply create a well described k_units type variable

as shown below.
{:,:} gets all rows &

/ cols of data from table

&, Import - D\Documents\Bodie_Tech'\ShortCourses'_web_courses\Modules\KornucopiaML_QuickStart\dataFiles\tensionTest.xlsx

raw 2 = k units(tensionTest T{:,:}, 'sec, N, mm',

'ColNames', tensionTest T.Properties.VariableNames,

'"Descrip', 'Tension Test');

Command Window

check = isequal{raw_l, raw_2)

IMPORT VIEW
Range: W |CgELgcp-|:tb':':pe: 'l [ Replace * unimportable cells with = [Nal = o Qf
Variable Names Row: |11 = @TextOptions' : Sellr:cﬁioo:'
SELECTIOMN IMPORTED DATA UMIMPORTABLE CELLS IMPORT
tensionTest.xlsx
A B C . . .
ensiontest1  ———— QOutput variable name (we edited this)
Time Load Ext V\ .
number  ~Number vNumber ~ Variable Names (column names of the
Material: p...
2 e oo MATLAB Table) are shown here, but are
j ?at:}"**e'j-- derived from the "Variable Names Row"
est Type: T..

5

entry at top of the wizard.

6 |Specimen ...

9 |gage lengt...

The header information is still ignored

10

(including column units!)

11 [Time Load Ext

12 |sec N mem

13 0 0.0405 -2.9210
14 0.0250 0.0636 -2.9210
15 0.0500 0.0694 -2.9210
16 0.0750 0.0347 -2.9210
17 0.1000 0.0578 -2.9210
18 0.1250 0.0463 -2.9210
19 0.1500 0.0636 -2.8210

tensionTest

check =

logical
1

Copyright © 2004 - 2022 Bodie Technology, Inc.
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Current Folder

Importing Txt File with k_readText Function [ oo (]
P L=| tensionTesg Open 1 Material: polyA
Show Details 2 Tested By: Joe Smith
Open Outside MATLAB 3 Date: March 7, 2009
 Consider the file dataFiles/tensionTest. txt o e f Teot Types Tension with fnitial slack
. . L. eate Zio File € Specimen dimensions
= dataFiles folder is in the training docs you downloaded. S s mid) : 4-0
B widt inj): -
5 gage length (in): 5.000
 First open file as text in MATLAB editor to see its contents. .
12 sec, N, mm
 Next, we use k readText function to import the file Bl | 0250, 0.0635, 2.9310
o 15 0.0500, 0.0694, -2.89210
16 0 02R0 P034T, 29210 o e

o
-

k_readText - MATLAB File Help

% The template below is set to read a local file named 'myFile.dat'

View code for k readText % that is comma delimited with the following section identifications:

% o The data set section begins one row below the row with the string
'Specimen dimensions' contained within it.

k_readTex.t o The column header section begins at the row with the string

'"Time' within it.

k_readText reads a 1arge uariety of text data files No specific delimiter is specified for the end of the data set

(including comment text within the file) intoc MATLAB.

The function can also process a cell-string column vector.

section. Internal automatic logic will be used.

o o of o o o
o]

% If RADV options are needed, just add them after the rs3 argument in
% the usual way.

Calling Syntax Options
A = k_readText(fMame, delim, startS5tr, rsl, colHead5tr, rs2, end5tr, rs3, ADV)

A= k_readText(fName, delimj dataDir = "'; % Place path to file here (leave as—-is if local file)
A = k_readText(fMame, delim, [1, [1, [1. [1. [1, []., ADV) fileName = 'myFile.dat'; % Use string '?' for file selection popup
fName = fullfile(dataDir, fileName);
Copy_template of commands onto clipboard delim = ', ';
CLICK FOR DETATLED HELP PAGE ”,,f”’,,f”””””" startStr = 'Specimen dimensions';
rsl = 1;
Kornucopia® software is Copyright 2083 - 2821, Bodie Technology, Inc. colHeadStr = 'Time';
All rights reserved. www.BodieTech.com rs2 = 0;
M endstr = [1;
Open Help Browser F1 to toggle focus; Escape to close rs3 = [I=-
raw = k_readText (fName,delim, startStr,rsl, colHeadStr, rs2,endStr,rs3);

Copyright © 2004 - 2022 Bodie Technology, Inc.
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Importing Txt File with k_readText Function (cont)

* Modify a few values accordingly

« Then run the section to import
the file.

= The Kornucopia function will
import the entire file, including
header info!

k_units Data Type Intro 45

dataDir = '../dataFiles';

fileName = 'tensionTest.txt';

fName = fullfile(dataDir, fileName) ;
delim = ', ';

startStr = 'Specimen dimensions';
rsl = 1;

colHeadStr = "Time';

rs2 = 0;

endstr = [1;

rs3 = []-

raw_ 3 = k readText (fName,delim, startStr,rsl,colHeadStr,rs2,endStr,rs3);

Command Window

>> raw_3

raw 3 =

tensionTest.txt

Time Load Ext
[sec] [N] [mm]
0.000 0.04050 —-2.921
0.02500 0.063¢0 -2.921
0.035000 0.0e940 -2.921
0.07500 0.03470 -2.921
0.1000 0.05780 -2.921
0.1250 0.04630 —-2.921
0.1500 0.06360 -2.921
0.1730 0.07520 -2.921

. 968 rows not shown.

See "n" rows wia k set('dispBrief', n).

*% Other Props exist that are not displaved.

View other Props via dot syntax or functions k_summary or k_wvarvViewer.

ans =

FileInfo:
MainFileHeader:
DatasetHeader:
DatenumID:

DatasetNum:

»>» raw_ 3.Props.UserData

struct with fields:

{3%]1 cell}

{5=x]1 cell}

{3%]1 cell}
'736157.537476851837709546089172"
1

ans =

3x1 cell array

{'"thick (mil):

>> raw_3.Props.UserData.DatasetHeader

4.0"
{'"width (in): 0.5"'
{'gage length (in):

}
}

5.000"}

Copyright © 2004 - 2022 Bodie Technology, Inc.
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Importing Txt File with k_readText Function (cont)

k_units Data Type Intro 46

i EaS”y convert the DatasetHeader DatasetHeader = raw 3.Props.UserData.DatasetHeader;
into a k_units table via k_unpackHeader params = k unpackHeader (DatasetHeader,

I:Ij

= The function is very flexible — see the
function's help page for more details.

« Then perform a few additional calcs
» Compare area from the header parameters

= Compute raw strain and stress
« Convert strain output to units of %.

Area = params ('width') * params('thick')

raw 3(' Strain') = raw 3('Ext') / params('gage length');
raw 3('Stress') = raw 3('Load') / Area;

raw 3('Strain') = raw 3('Strain').convert('%');

raw 3

Copyright © 2004 - 2022 Bodie Technology, Inc.

Command Window

params =
thick
[mil]

4,000

width gage length
[in] [in]
0.5000 5.000
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Importing Txt File with
k _readText Function (cont)

« The warnings come from doing various forms of
math where it is not obvious what the ColNames or
other Props should be for the resulting output.

» Example: For the Area calc, what should code
give as the resulting ColName?

« The software is not psychic nor human.

= See Kornucopia Help, Props Inheritance to
learn more and how to turn off this warning if
desired.

 See next slide for more info.

Copyright © 2004 - 2022 Bodie Technology, Inc.
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Area = 1.290%mm"™2

11 this lir to learn more
rning i1le ing the sperator, the tput
I >f the "Props" from the input argument
11 this lir to learn more
raw 3 =

Time Load Ext Strain Stress
[sec] [N] [mm] [%] [MPa]
0.000 0.04050 -2.921 —-2.300 0.0313%
0.02500 0.063c0 -2.921 —-2.300 0.04929
0.05000 0.06940 -2.921 —-2.300 0.05379
0.07500 0.03470 -2.921 —-2.300 0.02689
0.1000 0.05780 -2.921 —-2.300 0.04480
0.1250 0.04630 -2.921 —-2.300 0.03588
0.1500 0.06360 -2.921 —-2.300 0.0452%
0.1750 0.07520 -2.921 —-2.300 0.05828

. 268 rows not shown.
See "n" rows via k set('dispBrief', n).

*% Other Props exist that are not displayed.

View other Props wvia dot syntax or functions k summary or k varvVig

BT

. BS)
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Props Inheritance In some cases, Props Inheritance is not able to smartly
derive Props for the output and Kornucopia will issue a

« Kornucopia’s k_units variables hold more than just warning that they were not inherited.

numbers & units, they hold other properties (Props): « The Kornucopia Help System provides full details on
* Props.Description this topic.
= Props.ColNames * Turn off the warnings via:
" Props.ColComments k set ('inheritPropsAutoWarning', 'off')

" Props.RowNames

" Props.RowComments {1 Kornucopia® ML™ Help System

" Props.UserData = Q 2 O 0
. . 7 Kornucopia Home
» Consider the calculationCc = A .* B; where A and B are " Komucopia ntoduction & Features & Kornucopia® ML™
. . Y Getting Started \, ®
potentially arrays with column names and other Props. P p—— o forusewiin MATLAB
=) All About the k_units Data Type
= How is the software supposed to determine the new B ISLESERUR Korucopia > All About the k_units Data Type
+ Ytax of Using &_uni a Ype -
P rops Of C? 7 Units Library and Units Preferences Props Inheritance
% Units Signatures
¢ KOI’I’] UCOpIa haS rU|eS kn OWﬂ aS PI’O pS In hel'ltan Ce . I E Overloaded MATLAB Functions This page discusses the issue of Props Inheritance, meaning the rules
L1 Props Inheritance and resulting behavior of how Kornucopia handles inheritance issues
. . . 1 Kor:ucopia_CompatimE Data Types related to thge Props Properties of entit?es of type ﬁf_um'rts. In short,

» The basic goal of Props Inheritance is to smartly create, () Compating MATLAB Data Types tok_untsDa_ 1< ce 19975 10 Whal fary, metaninio Probertes (besex ot ion.
when reasonably viable, Props for an output that are S ————— (orcomed o) am st argoert of  uncion o aporsion
inherited from the arguments of any inputs when math or e + ote fyou fave come o this helb page because you cickad on @
fU nCtIOn Ca”S are used . (% Komucopia Terminology will help you understand why the warning was issued. s page

+ Licensina and Notices « funi arn lanlkina tn dicahla tha warnina cimnhs icenn
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Accessing Just the Tabular Data from Variables of Type k_units

« There are a few scenarios where you may need to quickly access just the numeric data from a variable of data
type k units. Doing so returns a MATLAB double data type.

= When a function does not recognize the k units data type.

= Certain highly intensive looping calculations with a very large number of loops that computes slowly and
cannot be improved by logical indexing or similar techniques.

Command Window

L =

- Typical .Data syntax examples to get just data portion of a variable of type k units Tine  Disp  Accel
myData = A.Data retrieves all rows and columns of the tabular data portion. _ R [é]
myVec = A.Data(:,2) retrieves all rows from 2" column of the tabular data 2500 5000 2,333

portion of the variable. fe >> a.
myVec b = A.Data('Accel') retrieves the tabular data portion of the entire

dataSize

Accel column.

Props

toStruct

« Warning — Do not over-use .Data toTable
» Do not retreat to the “. Data approach” when Kornucopia gives you a Units-related
error or similar. It is trying to help you! Retreating to the old ways of “just numbers” >> &.pata
removes that guidance/safety. 1.0000  3.0000

2.5000 5.0000

Copyright © 2004 - 2022 Bodie Technology, Inc. BodieTech.com
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Array Size for Variables of Type k_units

« Consider the file we recently imported with MATLAB's Importing
Wizard as well as via Kornucopia's k_readText function.

= Notice that ALL the variables of Class k units are shown in the

MATLAB Workspace Variable list as
Ix1 k units. MATLAB views the entire variable as "1 entity".

= Notice the variable tensionTest and tensionTest T both
have a size of 976x3 listed. MATLAB knows they each have 976
rows and 3 columns of primary data.

* For variables of type k_units, use Command Window
the .dataSize method to getits >> [r,c] = raw 2.dataSize
size. r =
. . . . 9?6
= This will give you the size of the )
primary Data stored in the 3

variable. >> ¥ = raw 2.dataSize(1)

r =
976
>> ¢ = raw 2.dataSize(2)

C:

Copyright © 2004 - 2022 Bodie Technology, Inc.

params
raw_T1

raw_2
raw_3
rs1

rs2

rs3

c|n| startstr

tensionTest_T

YValue Class
IxT struct struct
Ix1 k_units k_units
1 legical
Tirne' char
'.JfdataFiles' char
I cell cell
char
[] double
"tension Test.tet’ char
"AdataFileshtenszionT... char
Ix1 k_units k_units
IxT k_units k_units
Ix1 k_units k_units
IxT1 k units k_units
1 double
0 double
[] double
‘Specimen dimensions’ char
9763 double double
976x3 tahle tahle

k_units Data Type Intro 50
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Kornucopia-Compatible Data Types

« Any data type or (entity 2) that can be successfully converted to a k units data type by the following syntax is
deemed a Kornucopia-compatible data type.

B = k units(A)

« Examples of entities that are Kornucopia-compatible
= Any k units data type is itself Kornucopia-compatible.

= Any scalar or 2-D array which can be converted to a MATLAB double via double (2) is a Kornucopia-
compatible data type. This will result in a k_units data type with dimensionless units.

= Strings such as the following:

A= fmmts * Also, variables of MATLAB data

B = k units (&) Command '~j‘."inclcw * type table are Kornucopia—

C L e e 2 ] ;EEE::MZ compatible when their primary

D = k_units(C) ' data contents only holds data that
F= can be converted to double data

E = '[1, 3, 7]*1bf/mm’; Apt/mal — [bE/mn] - [LBE/mn] type via double (A{:, : }).

F = k_units(E) 1.000 3.000 7.000

= = "10"'; H = 10.00

H = k units(G)

Copyright © 2004 - 2022 Bodie Technology, Inc. BodieTech.com
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Working with Arrays

» Depicted below are some typical MATLAB arrays

A 3x3 double array A 3x3 table
a = 2 =
25,1327 3.1416  18.8496 Time disp NomStiff
9.4248  15.7080 21.9911
12.5664  28.2743 6.2832
25.133 3.1416 18.85
A %3 cell g.4248 15.708 21,991
Xo cell array 12.566 28.274 6.2832
f —]

Note: The columns in table above
may have Units assigned, but they
are not displayed when echoed to
Command Window with MATLAB
table data type

2x3 gell array

'Some stuff’ [ 15.3000] [ 1]
[1=x]1 =truct] [3=x3 double] {2=x]1 cell:

B - €T
N,
Copyright © 2004 - 2022 Bodie Technology, Inc. BodieTech.com ﬁ%i/f,f
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Working with Arrays

» Depicted below are some typical Kornucopia arrays

A 3x3 k_units array (dimensionless units) A 3x3 k_units array (w/ units & ColNames)
b = 4 =
25.133 3.1416 18.85 Time disp Nom Stiff
9.4248 15.708 21.991 [sec] [m] [M/m]
12.566 28.274 6.2832
25.133 3.1416 18.85
9.4248 15.708 21.991
A 3x3 k_units array (w/ units, but no ColNames) 12.280 28.274 B.2532
c_ —
[sec] [m] [H/m]
25.133 3.1416 18.85
9.4248 15.708 21.991
12.566 28.274 6.2832

BET
,H(s)--
. 15@!*:;‘
BodieTech.com 2
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Manipulating Rows and Columns of Variables of Type k_units

« Examples of working with array elements, rows, or
columns with a variable of type k_units.

 We can reference rows and columns with traditional
MATLAB index referencing syntax

-\ raw(:, 2);:
B raw(l:10,

rawl:,3)

-

rawl(:,3)

— raw(l,3);

« Kornucopia also supports using the column
names (and row names if they exist) as shown below

Command Window

»>> raw = raw_3
o Data we imported previously
raw =

tensionTest.txt

Time Load Ext Strain Stress
[sec] [N] [mm] [%] [MPa]
0.000 0.04050 -2.921 -2.300 0.03138
0.0z2500 0.0&3e0 -2.921 -2.300 0.045925
0.05000 0.06940 -2.9%21 -2.300 0.05378
0.07500 0.03470 -2.921 -2.300 0.0268%9
0.1000 0.05780 -2.521 -2.300 0.04480
0.1250 0.04630 -2.921 -2.300 0.03588
0.1500 0.0e3e0 -2.921 -2.300 0.04%929
0.1750 0.07520 -2.521 -2.300 0.05828

. 968 rows not shown.

See "n" rows via k_set('dispBrief', n).
*%* Other Props exist that are not displayed.

View other Props wvia dot syntax or functions k summary or k varViewer.

D= raw('Load") ;
E = raw('Load : Strain');
raw({l:20, 'Stress') = —-raw(l:20, "Stress'}):

1st statement set D = to the entire Load column
2"d statement set E = to columns Load through Strain
last statement negated the 15t 20 rows of column Stress

Copyright © 2004 - 2022 Bodie Technology, Inc.
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Quick Plot of a Variable

« Here is a quick plot of Load vs. Ext from our data

figure

k plot(raw 3 ('Ext, Load'))

= |n the commands above we are:
« Using the k plot function.

« Feeding in 2 columns of array raw 3, the Ext and
Load columns.

= The k_plot function automatically uses ColNames
and Units from the variable to label the plot.

« We can easily modify these labels and other

parameters of the plot through optional arguments
of the k plot function.

* More about this shortly.

Copyright © 2004 - 2022 Bodie Technology, Inc.
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Koernucopia u
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25 T

20

Load [N]
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15 20 25
Ext [mm]
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Working with Temperature and Frequency

* Working with units of Temperature and
Frequency requires special care and user
awareness

= Temperature

» Units of kelvin and rankine — No issues
because they are absolute temperatures
(multiplicative Units rules).

« Units of celsius and fahrenheit — They can
be affine (include an additive offset in their
conversion formula) or non-affine (no
offset, as in delta temperature).

« Kornucopia’s Units Engine has advanced
artificial intelligence to help you properly
navigate these issues in your calculations.

= Frequency

» Kornucopia’s Units Engine has advanced
artificial intelligence to help you properly
navigate Hz, 1/s, and rad/s unitsin

your calculations.

Copyright © 2004 - 2022 Bodie Technology, Inc.

See Kornucopia Help System and Tutorials to learn more
about how to properly work with Temperature and Frequency

{r Kornucopia® ML™ Help S

] Display results with all search words

Komucopia Home

Kormucopia Introduction & Features

6. Kornucopia® ML™

I e e N s |

Getting Started for use with MATLAB® Command Window
Overview of Kornucopia >> k_examplesOpen
= All About the K_units Data Type Ix

4] Examples Selector — d

The k_units Data Type
Syntax of Using k_units Data Type

Kornucopia = All About the k_units Data Type

Temperature and Frequency

+

Select an Example

Units Library and Units Preferences tutorial_simpleCalcsWithUnits ~

tutorial_tabbedFigures

12 2 raroaoroaira

I\_

Units Signatures

Overloaded MATLAEB Functions

Props Inheritance

Kormucopia-Compatible Data Types
Comparing MATLAB Data Types to k_

Temperature and Frequency

+ Details on Kornucopia Features

+ Functions

This help page provides additional discussion and guidance
relative to two particular scenarios, calculations involving:

1. Temperature and temperature-related Units.

2. Frequency, both frequency with Units of 5z (or similar), ©
1/= (or similar), as well as angular frequency with Units «
rad/s (or similar). ’

Calculations with either of these types of quantities can be a bi’

tuterial_simpleDataAnalysis
tutorial workingWithTabularData
tutorial_plottingOwverview
tutorial_readingTextFiles
tutorial writingTextFiles
tutorial_freguencyAndAngles
tutorial_workingWithTemperature
abagusimperting&ndPletting
accelerometerDrift_detrending
ccelerometers® wiheyWaork
wn

compari.y_Urs_ur1_PsD
comparingCurves.
dampingRingDown

.
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Bodie Technology, Inc

Work Smarter, Work Faster™

More on Kornucopia Syntax
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Where to Learn More

« Look at detailed discussions in the
Kornucopia help system as shown
for details on the various features
listed to the right.

* In this training, we will focus on
providing an Awareness Overview
for the syntax features listed
below:

= ADV parameter
» Flexible XY data input syntax

= Smooth, Curley, and Square
Braces

Copyright © 2004 - 2022 Bodie Technology, Inc.
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Kornucopia® ML™ Help System

Komucopia Home

Komucopia Introduction & Features
Getting Staried

Overview of Kornucopia

All About the k_units Data Type

M= ra rar

T

Details on Komucopia Features

Gui & Argumeni-Oriented Functionality
ADV Parameter

Flexible XY Data Input Syntax

Anchor Locations

Reading and Writing Data Files
Plotting and Viewing Data

Other Features (DSP & More)

Splines

Merit and Error Measures

Default Fill-ins as Empties
myKornucopia Folder

Setting MATLAB Path

Customizing Kormucopia Behavior
Transitioning from Past Kormucopia Versions

M rara2 a2 /(2 1ra2ra2f7r/22 M2 02 rm2irarara

-1 Functions

% Alphabetical Listing of All Functions

G. Kornucopia® ML™

for use with MATLAB®

Kornucaopia =

Details on Kornucopia Features

This section contains a variety of help pages describing details of the various Kornucopia features.

Gui & Argument-Oriented Functionality - This help page describes Kornucopia's gui-oniented functionality in
addition to its original argument-oriented functions.

ADV Parameter - This help page describes the Kornucopia ADV features which strives to make functions robust
and powerful, yet easy to use. This is done by distinguishing between primary input arguments and advanced
ones (via the 2ow parameter). This help page describes the ADV feature in general, how to determine what ADV
options exist for a given function, and how to use the ADV functionality when you desire to override default
settings.

Flexible XY Data Input Syntax - This help pages discusses Kornucopia's flexible one or two argument XY data
input eptions. In short, for any Kornucopia function that processes XY data input, you have the option of
supplying the data as a single XY data array via one input argument or as separate X and Y data input arrays via
two input arguments.

Anchor Location - This page describes Kornucopia's flexible and unified syntax approach to specify how certain
graphic objects are anchored (located) relative to their parent objects (also referred to as parent containers). The
Kornucopia syntax is different than traditional MATLAB syntax. This help page provides an overview of the topic

o [SRUNCTIOR CAEOHEr™ o oy, ns and lains assqciate N
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A Few Typical Commands Often Found Near the Top of a Kornucopia Script

k cleanup();
These 4 commands (and a few others sometimes) are typically k_unitsPrefersnceActivate ('mm N_s');

placed at the top of a Kornucopia script. k_unitsVariables('mm, MPa, GPa, G')
adv = k_adv()};

k cleanup

4| Cleanup? — >
= Creates interactive popup to control cleaning up the Do you want the MATLAB session deaned-up?
MATLAB environment. CloarOriy doas NOT cose ures & imples ning -clear vriables; hore
v Mote regarding MATLABR's Live Editor:
° k_unitSPre fe renceACtivate Ili:_dcnh;ranupcannﬂtch:army "Graphic Output™ shown within MATLAR Live
Tacm;".trt!'lat. right-click on the Live Edi_tor. sc!m:.t "Clear All Du_tput". _
- ACtlvateS the Stated UnItS Preference The function k_cleanup WILL clear variables in the MATLAR Live Editor.
. Yes ClearOnby MNo
* Initially use k unitsPreferenceActivate ('?")
for popup selection tool. Then copy the echoed \ < - %
. . . Select a Units Preference
value from Command Window into function call. (currenty actve s hghighted) || Command Window
Simaamental . >>» k unitsPreferencelctivate('?');
o k unitsVariables _:::EE::TVh Units Preference now activated: 'mm N s'
_ _ _ iyt pad
= Define whatever Units Variables you need.
mm_M_ms
® adv = k adv ( ) ’ gr:u_gsﬁﬁﬂ_ms_e
— ShockVib_ft_ms_kG
S.hcljv'*‘.l‘i!}f =G _Jf Lo
= A list of advanced options. To be described next. ook wn_
ShockVib_m_ms_G W ET)
Copyright © 2004 - 2022 Bodie Technology, Inc. Cancl BodieTech.com ﬁé;’f,f
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Kornucopia’s ADV Parameter

* Nearly all Kornucopia functions have an optional last
argument denoted in the function syntax as the ADV

parameter.

* When supplied by the user, the ADV parameter allows

you to modify advanced settings for the given function.

« The ADV parameters are specified in pairs of ADV
ParamName (a keyword) and ADV ParamVal.

» For a given pair, the ParamName must be first,
followed by the ParamVal.

More on Kornucopia Syntax 60

Kornucopia = Functions = Function Categories = Derivatives and Integrals

kK _derivative

Calling Syntax

The function has two primary calling syntax options. MNote: the MATLAB function
hint feature shows the first calling syntax option only.

1. derData = k derivative(xData, yData, ADV)

2 xderData = k_derivative{xyﬂata, [1, ADV)

= Various pairs of ADV parameters can be supplied in any order.
 If the repeated ADV ParamName pairs are provided for a given function call, the last one will override

earlier values.

« The various ADV parameter options are fully described in each function’s help page.

» The next few slides shows some examples. Additional demonstrations of ADV use will be presented in the

workshops at the end of the training.

Copyright © 2004 - 2022 Bodie Technology, Inc.
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Example Showing ADV Parameter for function k regularize

Calling Syntax
[#DataReg, yDataReg] = k_regularize(xData, yData, ADV)

r_yDa'taREg = k_regularize{xyl)ata, [], F'.D".":I independentCol = 1 (current default)

o '** gany valid ColName as string or col index a%

Command Window WIth cursor CI|CKEd on Command Window 5
. . . >> k larize ('-adv' {

Je >> x_regularize . function name, hit F1-key —regramzelia) R
Optional ADV settings %

k_regularize - MATLAB File Help View code for k_regularize Kornucopia function: k regularize(xData, yData, ADV) I
Note: to use all ADV defaults, skip ADV argument above 1

k_regl"”arlze ParamName ParamVal (default & other possibilities) }
e ——————————————————————————— rd

k_regularize interpolates data to a constant sampling direction — 'auto defaul /
increment, making the data viable for use with DSP Lrection = alll ° I(Current sfault) H
functions that require constant sampling rate. o ‘auto §

o 'pos' 3

o 'neg' é

3

3

§

CLICK FOR DETATLED HELP PAGE f
. N A T e L P R | index = [] (current default) 2
o '** any real number representing an index Coun§
i vk trix of 1 numb ting i
Default ADV options (from full Help page) S e e e
P i T P H
ADV )
.. . o . interpolateVia = 'spline' (current default) E
This is the optional advanced parameters argument. Omitting this argument results o 'linear! }
in default pairs of "ParamName, ParamVal" settings being used as listed below. o 'spline’ £
1
2Dv installed defaults: o 'cleanOnly’ )
| j
. . . . . ) _ . {
:(:jlgzc"'tlzz'écri?toi Addltlonal detalled regularizeTo omrj&::anl (current default) ,§
* 'independentCol', .. ;
+ 'index', [] descriptions for each o "median’ !
* 'interpolatevia' "'spline’ : : o 'min' 3
. i regulorizeTo’ . ‘mean: ADV option exist on el ]
! £
« 'relativeTol', 0.00285 the full Help page at o 'sdeva! ‘f
* 'skipIncRelTol', 0.0003 this link o 'stdev3 L
* 'splineEnds', 'clamped' 1S 1IN é

relativeTol = 0.00285 (current default)

o '** any positive number including 0. Value typ}

* 'warnings', 'on'

L

See k_regularize ADVY Details for full details on these optional ADV arguments.
i e T e s T N ke e W W e L RS

3

&
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Example of using ADV Parameter

Function call taking default ADV options

reg = k_regularize{raw};

Function call examples overriding default ADV options

reqg a = k regularize(raw, [],
'interpoclatevia', 'linear',
'regularizeTo', 'stdevl'});

reg b = k regularize(raw, [].
'relativeTol', 0.005,
'independentCol', 'Ext',
'splineEnds', 'zero');

reqg c = k_regularize{raw, [1,
'relativeTol', 0.005,
'"independ', 3,
'spline', 'zero'):

Copyright © 2004 - 2022 Bodie Technology, Inc.
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Command Window With cursor clicked on

Jfx >> x_regularize function name, hit F1-key
k_regularize - MATLAB File Help View code for k reqularize
K_regularize

k_regularize interpolates data to & constant sampling
increment, making the data viable for use with DSP
functions that require constant sampling rate.

Calling Syntax
[#DataReg, yDataReg] = k_regularize(xData, yData, ADV)
wyDataReg = k_regularize{xyData, [], ADV)

CLICK FOR DETATLED HELP PAGE

Command Window
>> raw = raw_3 Data we imported previously
- iensionTest.txt

Time Load Ext Strain Stress
[sec] [N] [mm] [%] [MPa]
0.000 0.04050 -2.521 -2.300 0.03139
0.02500 0.06360 -2.521 -2.300 0.04929
0.05000 0.06940 -2.521 -2.300 0.05379
0.07500 0.03470 -2.521 -2.300 0.02689
0.1000 0.05780 -2.5921 -2.300 0.04480
0.1250 0.04630 -2.521 -2.300 0.03588
0.1500 0.06360 -2.521 -2.300 0.04929
0.1750 0.07520 -2.521 -2.300 0.05828

. 968 rows not shown.
See "n" rows via k_set('dispBrief', n).

*% other Props exist that are not displayed.

View other Props via dot syntax or functions k_summary or k varvViewer.

BT
H(s)
saEY

B
:
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The k_adv () Function

« As stated earlier, we often define the variable k cleanup () ;
adv = k_adv () inthe 18t section of a Script. k:u_nits PreferenceRActivate ('mm N s');
k unitsVariables('mm, MPa, GPa, G')
« This creates a single variable, adv, of MATLAB adv = k_adv () ;

type struct, whose fieldnames are the same as
all the Kornucopia functions. Within each field is
that function's ADV options (their ParamNames and
all the possible ParamVals for each ParamName).
From before, our list of all 125

Echo the adv variable and using dot-tab syntax to view adv variable Kornucopia functions
Command Window Command Window Command Window
>> adv Jx >> adv.k_ Jx>>

adv = k Zhelp -

k Zhelp
struct with fields: k abgExportToViewer gui

k abgExportToViewer gui
k Zhelp: [1x1 struct
k abgExportToViewer gui: [1x1 struct
k abgOdbHistoryImport: [1x1 struct
k abgOdbHistoryList: [1x1 struct

[

[

[

] k _abgOdbHistoryImport
]
]
]
1x1 struct]
]
]
]

k abgOdbHistoryImport
k _abgOodbImport gui

k _abgOdbPickItems

k abgOdbVirtualCs

k _adv

k _abgOdbHistoryList
k abg0odbImport gui
k abgOdbPickItems

k_abgOdbImport_gui: k abgodbVirtualCs

k abgodbPickItems: [lx1l struct
k abgOodbVirtualCsS: [1x1 struct

k arclLength: [1x1 struct

B T T T P Iy

k arcLength

£

I T P

|

%
@
a
|

WM
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The k_adv () Function (Example Use for k regularize)

° I _ it 1 Command Window 2_1 ommand Window :
Using dot-tab syntax, it is "~ P | ¢ o :“dvd_k requiarize  function
easy to narrow down to the ’ - ¢ - name

. k pulseCreate 3 ans =
I_un(l:::lolg’ Par?/mlNafmet’ anc::t k pulseDetails E; struct with fields:
Ina aramval o1 Iinterest to .
y k_pulseDuration 5 direction:) [1x1 struct]
use. k_readTaggedText 1 n independentCol:| [1x1 struct]
k readText 2 g index:| [1x1 struct]

° ThlS makes |t easy to exp|0re k readTextToCellstr % ‘25 interpolateVia:| [1x1 struct]

and apply ADV options as k_reqularize (u— | g |f regutarieeto: [ixd struct]
ded t . f ti k resample v { = relativeTol:| [1x1 struct]
neede O varlous tunction WMW o skipIncRelTol:| [1x1 struct]
calls. splineEnds:| [1x1 struct]
warnings:| [1x1 struct]

Command Window /

>> adv.k regularize.interpolateVia

ans =
; ; Command Window
struct with fields: . . . .
»» adv.k regularize.interpolateVia.linear

w 11 . 1 1 . "11 ' -
o] inear:| {'interpolateVia inear'} ans =
:E spline:| {'interpolateVia' 'spline'} 1x2 cell array
© cleanonly:| { 'interpolatevVia' 'cleanoOnly'} ) ) .
5 ' -y . . . {'interpolatevia'} {'"linear'}
o CURRENTwval:| {'interpolateVia spline'}
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The k_adv () Function (Example Use for k regularize)

+ The following two statements defining variable reg a are equivalent.

» The 15 one uses char strings for each ParamName.

More on Kornucopia Syntax 65

= The 2" statement used the adv variable approach for the interpolatevia ParamName and its

ParamVal.

reg a = k regularize(raw, [],
'interpolatevia', 'linear',

'regularizeTo', 'stdevl');

reg a = k_regularize[raw, [1.,

'regularizeTo', 'stdevl');

Remember

adv.k regularize.interpolateVia.linear,

Copyright © 2004 - 2022 Bodie Technology, Inc.

Command Window

>> adv.k regularize.interpolateVia.linear

ans =

1x2 cell array

{"interpolatevia'}

{'"linear'}

B ET

,H(s)--
. 15%}!*:;‘
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Kornucopia = Functions = Function Categories = Fitting and Interpolation

Flexible XY Data Input

k_fitFunc
° Nearly a” Korn UCOpla funCtlonS that expeCt XY data This function creates a curve-fit function for a supplied data-set based on a user-supplied fit-basis equation.
. . Supported fiL-basis for_ms incl_ude polynomial, constrained polynomial, linear combination of basis functions, and
support flexible input of such data as one argument or general nonlinear basis funciions.
Summary of function's features:
tWO arguments « The function is useful when you desire to create a function that can represent, in a best-fit sense, a XY curve

defined by a set of discrete points.
« The curve-fit function computed from the underlying data is NOT guaranteed to exactly go through any of

¢ TWO 'arg um ent d ata | n p Ut (XData ’ YData) the underlying data points, but rather is a best-fit representation of the data points for the given basis
=T L T TE B T T i kel LTSN Gy [ A . - ]

B e O N S SN o A T S R

= This input syntax style is explicit, you enter separate Calling Syntax
arguments for the XData and yData InpUtS The XData The function has two primary calling syntax options. Mote: the MATLAB function hint feature shows the first calling

must be a single column vector and the yData can be e opfion eny
1. Fy = k fitFunc(xData, yData, fitBasis, ADV)
one or more columns of data. 2 Fxy - k_fitPunc(xyData, [], fitBasis, ADV)

The second callinWted above takes advantage of Kornucopia's Flexible XY Datg Input Syntax.
T T e TR %MWM T

b e

 One-argument data input (xyData)

= This input syntax style allows the user to enter a single input argument that contains both the xData and the
yData, all within a single multi-column array. With this input style, the determination of which column is
the independent X vector is determined by the given function's ADV ParamVal associated with ParamName
'independentCol'. Its default setting is the value 1, meaning the first column of xyData.

* Please note: When using the one-argument xyData input style, you may need to enter the empty matrix,
[ 1, in the location of the yData argument if you intend to specify additional arguments beyond the
argument location of the yData argument, such as any ADV arguments, or for functions with more than

just xData and yData arguments.
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Flexible XY Data Input - Example with k_regularize

« Starting with variables
= t (nx1 vector containing time)

= v (nx3 array of velocity values)

» Raw = [t, v] (Raw is a multi-column array)

= goofy = [v, t]

« MATLAB's Quick Argument Help shows the function arguments as:

" k regularize (xData,yData,...)

» F1 brief help shows the function argument syntax options as:

" [xDataReg, yDataReg] = k regularize(xData, yData,

" xyDataReg = k_regularize (xyData, [], ADV)

Copyright © 2004 - 2022 Bodie Technology, Inc.
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With cursor clicked on

Command Window

fx >> x_regularize &~ function name, hit F1-key
k_regularize - MATLAB File Help View code for k regularize
K_regularize

k_regularize interpolates data to a constant sampling
increment, making the data viable for use with DSP
functions that require constant sampling rate.

Calling Syntax
[xDataReg, yDataReg] = k_regularize(xData, yData, ADV)
xyDataReg = k_regularize(xyData, [], ADV)

CLICK FOR DETATLED HELP PAGE
Y

ADV)
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Flexible XY Data Input - Example with k_regularize

For the different styles of input variables £, v, raw, and goofy, typical user syntax use would be:

« Two-argument input

[tReg, VReg] = k regularize(t, v)

* One-argument xyData input
reg = k regularize (raw)
goofyReg = k regularize(goofy, [],
'independentCol', 4)

* Note: for the "goofy" case, the output goofyRegq is ordered the same as the original input data's order.

Copyright © 2004 - 2022 Bodie Technology, Inc. g e
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Smooth, Curley, & Square Braces Plus , ; and : Lions, tigers, and bears, oh my!

« Smooth braces ()
= Used to reference an element in the array, as in A (3, 2) . The result is generally the same data type.
* Curly braces {}

= Tip — Curly braces step in and get/place content from/in the element.

= Cell arrays: used to reference content of elements in cell arrays B{ 3, 2}. This would return whatever was
in location 3, 2 of the cell array.

* Note: smooth braces B (3, 2) references the elements themselves, returning a cell array.
= MATLAB table: used to reference content of primary tabular data of variable C{3, 2}.

= Kornucopia k units:only used on left hand side (LHS) of equals, means to keep current Props and
Units and only place the contents of RHS into variable (with appropriate Units conversions).

« Square brackets []

» Used to concatenate scalars, vectors and arrays to make larger arrays.
= Used to delete rows or columns of an array, or to make an entire variable empty.

« Comma, semicolon and colon , ;
» They are used in several syntax scenarios in MATLAB. See MATLAB help for various uses.
» |n addition to MATLAB interpretations, they are delimiters and range specifier for Kornucopia string-lists.
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Bodie Technology, Inc

Work Smarter, Work Faster™

Importing & Exporting Data Files with
Kornucopia Functions
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Various Ways to Import/Export Data with MATLAB and Kornucopia

A\ MATLAE R2021a

« MATLAB native features
= Several functions and import wizard to text and

EDITOR PUBLISH

spreadsheet data. Bl B D5 0T e | & | O 5Newverable Py wam
» Functions and 1oad for saving/loading workspace New  New New Open (L] compore [Import | Se D OPMVIRET gy &R
save oa g g p Script  Live Script = 7 Data |Workspace @ Clear Workspace = - Lg CI%

FILE VARIABLE cQ

variables to a file.
« This works with k_units data type variables too!

« Kornucopia import functions « Kornucopia export functions & methods
= k writeText

= General asci text
e k readText = [oravariable 2 of type k_units, the
e k readTextToCellstr foIIowmg methods:
_ e A.toStruct
e k unpackHeader
- e A.toTable

= Special formats
« Abaqus ODB: k abgOdbImport gui
 SD Impax: k sdImpaxImport & k sdImpaxRtmImport
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Kornucopia ML can easily read a broad array of Text files

1)

File with beginning and ending markers for each dataset

File with just numeric data

DCB_benchmark_mm_N.xy

=]

.390652,127.530513709518
-419608,123.037809878105
.44958,118.856481559?64
.420822,114.942046538331
.512826,111.294504813818
-5461,107.869374170067

.58039,104.6221723590927
.615442,101.59738169255
651764, 98. 7505198587831
.689102,96.0371046734742

0000000000 o0o0o

.727456,93.4571361366231

2)

Single data set with header sections & tabular data

tensionTest.csv

Material: polyh

Tested By: Joe Smith

Date: March 7, 2008

Test Type: Tension with initial slack

Specimen dimensions
thick (mil): 4.0

width (im): 0.5

gage length (in): 5.000

Time, Load, E=xt

sec, N, mm

0.0000, 0.0405, -2.9210
0.0250, 0.0636, -2.9210
0.0500, 0.0694, -2.9210
0.0750, 0.0347, -2.9210

File with only beginning markers for each dataset

6) multiSpecimens_MTS.txt ) multiCurves_style1.ASC
BeginSa
inSample .
_Samplelane. “ProjectBlueFish. nss' :-:::i“.uzzgzr‘:pnszz-s
“Methodifane. “ASTH method X¥Z. nsn” T e
“coll®, "col2”, "col3”, "cold”. “col5". "colé” eated by: J. Smit
SampleID, “blue, MD-Dir®, ** Date: 5/17/2001
SampleInfol. "Tested by® "J. Smith"
BeginSpecimen ,~ Time(s]: Load [gf]: Disp [in]: Dymac Disp [in]): Disp [in]:
f AdjiGage. 0.253, "mn" 0.0000000000; 0.005009: -0,000932; 0.000000: -0.000733:
Area. 0890, ‘“cm"2" 0.0333333333: 0.0050089; -0.000732; 0.000000: -0.000733:
BeginData 0.0666666667; 0.005009; -0.000732; 0.000000; -0.000733;
7T§ne; T%oag,~_53t?nszgy, §§EckEut, Sensor 1. Semsor 2 ©0.1000000000; ©0.005008; -0.000932; 0.000000: -0.000733:
s . g . no, L . 3 raa nen e v e
0.13600, 2.218, 0.000, -0.02468, 0.00404, -2 45793
0.14000, 2.239. 0.000, -0 02468, 0.00401, —2 46793 o - o e
< 0.14400, 2.476, 0.000. -0.02468, 0.00431, -2.46793 49 .0CEEEEEEET; B4 SI42E6; D.368347; 0. 003967+ O
o : o : : o 49.1000000000; 84.550400; 0.368591; 0.003968; 0.
o T T T B T ‘. 45.1333333333: 84.550400: 0.368820: 0.003968: 0
1.86400, 13722.152, 0.141, 0.11642, 23.90619. 11.64224 ( Timc(s]: Load [gf]: bisp [inl: D Disp [in]: Disp [in]:
1.88800. 9378.264, 0.141. 0.11676. 16.33844. 11.67631 0.0000000000; -0.107955; -0.000015; -0.000005; -0.000010;
1.89000, £354.958, 0.142, 0.11694. 11.07135, 11.69353 0.0333333333; 107955; -0.000015; —0.00000S; —0.000010
\ EndData 0.0666666667; -0.107555; -0.000015: -0.000005: -0.000010;
EndSpecimen
& bunch more specimens A M,_,c;,l;,,m d‘!"at....
Bcg:mSDgc.:nen
s AdjGage. 0,250, "n"
gi;?;natgag' cn"2 Time[s] : Lun? [at] ; ni.? [in] D,Tuc Disp [1?1; Disp [%n];
“Tise, _Load, _Extension, SlackExt, Sansor 1, Sensor 2 0.0000000000; -0.075679; -0.000351: -0.000004: -0.000347
Tor. CgEt. tmT Tmt. tmt. tne 0.0333333333; -0.075679; -0.000336; -0.000004; -0.000332;
0.12800. 2.867. 0.000, 02418, 0.00499, -2 41846 0.0666666667; -0.075679; -0.000336; -0.000004; -0.000332;
< 0.13200, 3.10%9, 0.000, -0.02418, 0.00542, -2 41846 -
‘s s P - aaa cas 49.BE666666672 131,946808; 0,36369 : 0.362506;
1.96000, 4952340, 0.150. 0.12552. 8.62777. 12.55221 49.9000000000; 131.914520; 0.368973: 0.006191: 0.362782:
1.96000, 4952.340, 0.150, 0.12852, 8.62777, 12.85221 49.9333333333; 131.882248; 0.365232: D.006189; 0.363043;
EndS EndData 49.9666666667; 131.866119; 0.345492; 0.0D6189; 0.363303;
bl peclmen
EndSample
[Gmupng key: I = info section [ = data per specimen. ]
Grouping key: —[ = specimen = info section [ = primary data

Copyright © 2004 - 2022 Bodie Technology, Inc.

Kornucopia functions
. k_readText
* k_unpackHeader

* k readTextToCellstr

Finite Element Input Deck (a text file)
Model1-1s.inp

Import/Export Data 72

|
6’*’* Units: Time=szec, Length=mm , mass=Mg (mega grams)

*% %% Force=N,
*Heading

*#% Job name: Model-1s Model name: Model-ls
** Generated by: Abaqus/CLE &.9-1
*Preprint, echo=NO, model=N0, history=NO,
L

*% PLRTS
&

Density = Mg/ (mm™3)

Stress = MPa,

contact=NC

#Part, name=bottom

*Node
1, 0., 2., 1.
2, 0., 1.80836117, 1.
F 0. . 1.61672235, 1.

*Element, type=C3DER
1, 18, =20, 2&, 25, 1, 2, g,
2, 20, 21, 27, 26, 2, 3, g,
3, =21, 22, 28, 27, 3, 4, 10,

w -]

#* INTERACTICONS

L

CP-l-bottom-1-top-1

*Contact Pair, interaction=IntProp-Standard

CP-1-top-1, CP-l1-bottom-1

*#% Interaction: LeadingEdge

*Contact Pair, interaction=IntProp-Standard
ick CHNS CE_l-

*#%# Interaction:

BodieTech.com
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The k_readText Function

* Function designed to smartly and flexibly import a large variety of text
files ranging from:

= Simple table of pure numeric data

= Multi-sectioned file with lots of header regions & tabular regions.

* Syntax

= Simple for pure numeric file
A = k readText (fName,delim)

» Flexible for more complicated files

A = k readText (fName,delim, ...
sStr,rsl,cStr,rs2,eStr,rs3,ADV)
\ Y J | Y ] | J
Start dataset ColHeader End dataset

Search Identifiers for Regions
(Marker strings & row shift factors)

Advanced options

Copyright © 2004 - 2022 Bodie Technology, Inc.
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File with just numeric data

DCB_benchmark_mm_N.xy

0
.390652,127.530513709519
.415608,123.037809878105
.44958,113.85648155976#
.480822,114.942046538331
.512826,111.294504813818
.5461,107.869374170067
.08039,104.622172350927
.615442,101.59738169255
.651764,98.7505198587831
.6859102,96.0371046734742
. T27456,93.4571361366231

2D 00 0 000 8000

File with beginning and ending markers for each dataset

multiSpecimens MTS.txt

BeginSanple
_Samplelane. "FrojectBlueFish. mss"
_MethodNane, “ASTH method XYZ. nsa”
"coll®. "ecol2®. "col3®. "cold". "col5". “colé”
SamplelID, "blue, HD=Dir", "
Samplelnfol. "Tested by". "J. Smith"
BeginSpacimen
s AdjGage. 0,253, "m"
Area, 0_890, "cm"2"
Beginlata
_Time, _Load, _Extension, SlackExt, Sensor 1, Sensor 2
Fet. fgE'. "m". "mT, "%, "R
0.13e00, 2.212, 0.000, -0.02468, 0.00404, -2 45792
0.14000. 2.299. 0.000, -0.02468, 0.00401, -2 46793
< 0.14400, 2.47¢, 0.000, -0.02468, 0.00431, -2.46792

1.88400, 13722.152, 0.141. 0.11642, 23.90619, 11.64224
1.88800. 9378 264, 0.141. 0.11676. 16.33844. 11 67631
1.89000, €354 958, 0.142, 0.11694, 11.07135, 11.69353
EndData
\, EndSpecimen

A bunch more specimens

BeginSpecimen
s AdjGage. 0,250, "m"
| Area. 0.889, ‘“cm2"
Beginlata
_Time, _Load, _Extension. SlackExt, Sensor 1, Sensor 2
e fGET. "m'L tme. "H'. "Rr
0.12800, 2.867, 0.000, =0.02418, 0.00499, =2 41846
< 0.13200. 3.10%, 0,000, -0.02418,. 0. 00542, -2 41846

1.96000. 4952 340, 0.150. 0.12552. B.62777. 12.55221
1.96000, 4952 340, 0.150, 0.12%52, 8.62777, 12.86221
k. EndData

EndSpecimen
EndSample

[Grouging key: —[ = specimen = info section [ = primary data}

-
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Importing CSV File with k_readText Function
« Consider the file dataFiles/transientForce.csv
» dataFiles folder is in the training docs you downloaded.

 First open file as text in MATLAB editor to see its contents.

« Next, we use k readText function to import the file

Import/Export Data 74

Current Folder

-

k_readText - MATLAB File Help View code for k readText

K _readText

k_readText reads a large wvariety of text data files
(including comment text within the file) intoc MATLAB.
The function can also process a cell-string column vector.

Calling Syntax Options

A = k_readText(fMame, delim, startS5tr, rsl, colHead5tr, rs2, end5tr, rs3, ADV)
A = k_readText(fMame, delim)
A = k_readText(fMame, delim, [1, [1, [1. [1. [1, []., ADV)

—”—”—’_,,—V

Copy_template of commands onto clipboard

CLICK FOR DETATLED HELP PAGE

Kornucopia® software is Copyright 2083 - 2821, Bodie Technology, Inc.
All rights reserved. www.BodieTech.com

Open Help Browser F1 to toggle focus; Escape to close

% The template below is set to read a local file named 'myFile.dat'

% that is comma delimited with the following section identifications:
% o The data set section begins one row below the row with the string
'Specimen dimensions' contained within it.

o The column header section begins at the row with the string
'"Time' within it.

No specific delimiter is specified for the end of the data set

section. Internal automatic logic will be used.

o o of o o o
o]

% If RADV options are needed, just add them after the rs3 argument in
% the usual way.

dataDir = "'; % Place path to file here (leave as-is if local file)
fileName = 'myFile.dat'; % Use string '?' for file selection popup
fName = fullfile(dataDir, fileName);

delim = ', ";

startStr = 'Specimen dimensions';

rsl = 1;

colHeadStr = 'Time';

rs2 = 0;

endstr = [1;

rs3 = [1:

raw = k_readText (fName,delim, startStr,rsl, colHeadStr, rs2,endStr,rs3);

Copyright © 2004 - 2022 Bodie Technology, Inc.
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Header
text

Mame = transientForce.csv [+
[ tensionTest.txt 1 Spec Load (mN) 1500
E3- tensionTestxlsx 2 area (cm”2) : 0.890
xf] transientForce.csv A
2 3 sampling freg 100 [H=z]
Open ?
_ { 4 count : 5
St k 5 length 25 .3 *mm
Open as Text ___.Jg 6
Open Outside MATLAB % .
) 1 7 Disp (m), Force (mN)
8 0,0
5 1.99959597912317e-006,0.220515943040595
10 3.999995995824634e-006,0.462312196354414
11 5.999595%93736%951e-006,0.7228029576834004
L—

12  7.99999991649268e-006,0.999117121026756
e Y e Y T

B g T—
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Importing CSV File with k_readText Function (cont)

dataDir = '../dataFiles';
. Mod|fy a few values according|y fileName = 'transientForce.csv';
fName = fullfile(dataDir, fileName);
« Then run the section to import delim = ', ';
. startStr = 'Spec Load';
the file. e
rsl = 0;
] . . l1HeadStr = '"Disp';
= The Kornucopia function will ST -
import the entire file, including | enastr = 11;
header info! rs3 = [1;
A = k readText (fName,delim, startStr,rsl,colHeadStr, rs2,endStr,rs3);

Command Window Command Window
>> R »>>» A.Props.UserData
A = ans =
transientForce.csv struct with fields:
Disp Force FileInfo: {3x1 cell}
[m] [mN] MainFileHeader: []
DatasetHeader: {5=x1 cell}
0.000 0.000 DatenumID: '7362Z22.264317129622213542461395!
2.000e-06 0.2205 DatasetNum: 1
4 . 000e-06 0.4623
©.000e-06 0.7228
8. 000e-06 0.9991 >» A.Props.UserData.DatasetHeader
1.000e-05 1.288 ans =
1.200e-05 1.587 sx1 cell array
1.400e-05 1.852
{'Spec Load (mN} : 1500° }
. 9993 rows not shown. {'area (cm™2) : 0.890' }
See "n" rows via k set('dispBrief', n). {'sampling freg : 100 [Hz]'}
*% Other Props exist that are not displayed. {'count : 5°' }
View other Props wvia dot syntax or functions k summary or k varViewer. {'"length : 25.3%mm' } . Lg;

&
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Use the k_unpackHeader Function to Map Header Into k_units Data Type Too!

o transientForce.csy |+
1 Spec Load (mN) : 1500

area (cm™2) : 0.8%0
sampling freqg : 100 [Hz]
count : 5

2
3
4
5 length : 25.3%*mm
<]
7
8
|

Disp (m), Force (mN)

0,0

1.9599999975912317=e-006,0.
10 3.99999995824634=-006,0.
11 5.99999993736951=e-006,0.

L—

12 7.99999991645268=-006,0.
e e Y T

Header
text

220515943040595
462312196354414
TZ2802597834004
9595117121026756

R e S

9 Import via k readText.

Command Window

>> A

A =
transientForce.csv

Disp Force

[m] [mN]

0.000 0.000
2.000e-06 0.2205
4.000e-06 0.4623
6.000e-06 0.72z28
8.000e-06 0.9991
1.000e-05 1.288
1.200e-05 1.587
1.400e-05 1.g92

. 9993 rows not shown.
e PR S | P e e T
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©

k readText nicely isolated the dataset header text.

And k_unpackheader

will map it into a useful array.

headerTxt = A.Props.UserData.DatasetHeader;
B = k unpackHeader (headerTxt, ':'};

Command Window

»>» headerTxt

headerTxt =

Sxl cell array

{'Spec Load (mMN} : 1500° )
{'area (cm™2) 0.a90? }
{'sampling freqg : 100 [H=z]'}
{'count : 5° }
{'length 25.3%mm' )
> B
B =
Spec Load area sampling freq count length
[mN] [em™2] [Hz] [mm ]
1500 0.8200 100.0 5.000 25.30

BodieTech.com
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More on Reading and Writing Text Data Files

« See these 2 Tutorials for more on reading/writing text data files.

= Tutorial on Reading Text Files goes over 12 vastly different
types of data files.

= Tutorial on Writing Text Files goes over 8 different scenarios,
including reading/writing FEA input decks.

» Also check out the Kornucopia Help System function help pages.
" k readText

« Having problems with Units not reading in properly? Look at ADV
option 'unitsStrMap' on the function's help page.

k readTextToCellstr

k unpackHeader

k_writeText

For a variable A of type k_units, the k units help page has
details on the following methods:

e A.toStruct
e A.toTable

Copyright © 2004 - 2022 Bodie Technology, Inc.
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Command Window

>> k examplesOpen

Ix

4 Examples Selector —

Select an Example

tutorial_simpleCalcsVWithUnits
tutorial_tabbedFigures
tutorial_simpleDatafnalyzis
tutorial_wrorking'WithTabularCata
tutorial_plottingOverview
tutorial_readingTextFiles
tutorial_writingTextFies
tutorial_freguencyAndangles
tutorial_workingWithTemperature
abaguslmportingAndPlotting
accelerometerDrift_detrending
accelerometers_howTheyWork
aliazingCausingConfusion
averagingCurves
ballLensimpact

beatFreg_notDetectedByDFSnorPSD
cleaningfwveragingTweaking
comparing_DFS_DFT_PSD
comparingCurves

dampingRingCown

baselriven_SDOF_frequencyResponse

Ok Cancel

A

N
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Kornucopia ML Automates and Improves Abaqus Work-Flows

From MATLAB, use k_abgOdbImport gui toimport

1. Browse to ODB file % ODB Import Options
2. Select units system for model
. .y . IMake single selections for each of the features:
3. Select hIStOI‘y entItIeS '[0 |mp0rt ODB File, ODB Units System, Entities to Import, and Steps to Import
4

. Select steps to import Fle —Unts — Enttes

® ®
E Selecting History Variables =L O D

Steps
BROWSE - Open interactive Browsern/Selector

PREVIOUS - Get input from previous use
ALL - Import ALL possible items

MANUAL - Manually enter input
ADV-INPUT - Use setting from ADW option

Select 1 or more History Variables

A i = D

o |: rootAssembly Element 1 in ELSET WIRE-1-SET-1
Connector element relative acceleration: CA2 Pl rootAssembly Element 1 in ELSET WIRE-1-3ET-1 D D
Connector element relative acceleration: CA3 Pl rootAssembly Element 1 in ELSET WIRE-1-5ET-1
Connector element relative displacement: CU1 Pl rootAssembly Element 1 in ELSET WIRE-1-SET-1
Connector element relative displacement: CU2 Pl: rootAssembly Element 1 in ELSET WIRE-1-SET-1 . = ’ = = m
Connector element relative displacement: CU3 Pl rootAssembly Element 1 in ELSET WIRE-1-SET-1 ADV ADY ADV ADV Tip: To view a feature’s ADV input, click "ADV™ button
Connector element relative velocity: CV1 Pl root4ssembly Element 1 in ELSET WIRE-1-5ET-1

Connector element relative velocity: CV2 Pl rootAssembly Element 1 in ELSET WIRE-1-SET-1

Connector element relative velocity: CW3 Pl rootAssembly Element 1 in ELSET WIRE-1-SET-1

‘. ; External work: ALLWK for Whole Model

Internal energy: ALLE for Whole Model 1 " " N EKT - .

Kinetic energy: ALLKE for Whole Model Once cumpleted, click "NEXT" button Copy selections for script
Mominal strain components (FILTERED): ME11_ANTIALIASING Pl PART-1-1 Element 5551 Int Point 1 Sec Pt SNEG, (fraction =-1:0) in ELSET INTEREST

Efma sh . ﬂd b Nominal strain components (FILTERED): NE11_ANTIALIASING Pl PART-1-1 Element 5551 Int Point 1 Sec Pt SPOS, (fraction = 1.0) in ELSET INTEREST
Nominal strain components (FILTERED): NE11_ANTIALIASING Pl PART-1-1 Element 5563 Int Point 1 Sec Pt SNEG, (fraction = -1:0) in ELSET INTEREST
Moeminal strain components (FILTERED): NE11_ANTIALIASING Pl PART-1-1 Element 5563 Int Point 1 Sec Pt SPOS, (fraction = 1:0) in ELSET INTEREST
Moeminal strain components: NE11 Pl: PART-1-1 Element 5551 Int Point 1 Sec Pt SNEG, (fraction = -1:0) in ELSET INTEREST
Mominal strain components: NE11 Pl PART-1-1 Element 5551 Int Point 1 Sec Pt SPOS (fraction = 1:0) in ELSET INTEREST
Mominal strain components: NE11 PI: PART-1-1 Element 5563 Int Point 1 Sec Pt SNEG, (fraction = -1:0) in ELSET INTEREST
Mominal strain components: NE11 Pl PART-1-1 Element 5563 Int Point 4 Sec Pt SPOS. (fraction = 1:0) in ELSET INTEREST
Plastic dissipation: ALLPD for Whols Model
Spatial acceleration (FILTERED): A3_ANTIALIASING Pl PART-1-1 Node 11 in NSET INTEREST
Spatial acceleration (FILTERED): A3_ANTIALIASING Pl PART-1-1 Node 250 in NSET INTEREST

Note: depending on how Abaqus is
Spatial acceleration: A3 Pl: PART-1-1 Node 11 in NSET INTEREST CO nfi g u red O n yo u r CO m p Ute r’ yo u m ay
S S VD ATAASER T o e WET have to modify ADV option

Spatial displacement: U3 Pl: PART-1-1 Node 11 in NSET INTEREST Y , Y .
Spatial displacament; U3 Pl: PART-1-1 Node 250 in NSET INTEREST b L\ I C d fo r th e f n Ct O n k t
Spatial velocty (FILTERED): V3_ANTIALIASING Pt PART-1-1 Node 11 in NSET INTEREST a q O gu 1em u I Set.
FILTERED): V3_ANTIALIASING Pt PART-1-1 Node 250 in NSET INTEREST —

sity: W3 Pl PART-1-1 Node 11 in NSET INTEREST
Spatial velocity: V3 Pl PART-1-1 Nede 250 in NSET INTEREST

A e  This controls how Kornucopia calls
\Viscous dissipation: ALLVD for Whole Mode! I Abaq us for the Various k_ab q *
| — ] functions.

O000®
O000®

[ oK ] [ Cancel ]
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Kornucopia ML Automates and Improves Abaqus Work-Flows

A

smash.odb

Copyright © 2004 - 2022 Bodie Technology, Inc.

Result of import via k_abgOdbImport gui

Import/Export Data 79

4 k_varViewer displaying odbRaw El&u

File Edit Wiew Insert Tools Desktop Window Help

NEHL K RATDEL- D |0 aD

k wvarvViewer dizplaving odbRaw

Important meta-info
about each column
automatically retrieved

=== ADDITIONAL PROPS INFO ===
** Props.ColComments
For column: Time
Time
For column: &3

Spatial acceleration: A3 Pl PART-1-1 Node 150 in NSET INTEREST
For column: U3

Spatial displacement: U3 Pl PART-1-1 Node 190 in NSET INTEREST
For column: NE11_1

Nominal strain compenents: ME11 PI; PART-1-1 Element 1553 Int Point 1 Sec Pt SMEG, (fraction = -1:0} in ELSET INTEREST
For column: NE11_2

MWominal strain components: NE11 Pl PART-1-1 Element 1553 Int Point 1 Sec Pt SPOS, (fraction = 1:0) in ELSET INTEREST

Time A3 L3 MELL 1 MELL 2
[s] [mm/s*2] [mm] Col Names
L ‘ ; ‘ 0 ¢ |and Units
2 5.2637e-07  9.8604e-11 -0.0105 0 0
3 1.0527e-06  9.8935e-11 00211 -19581e-25  1.8581e-25
4 15791e-06  1.2624e-10 00316 -5604%¢-25 5.65049e-25
5 2.1055e-06  2.1943e-10 0.0421 -9.3042e25 9.3042e-25
6 26318e-06  3.0313e-10 0.0526 -9.6874e25 9.6874e-25
7 3.1582e-06  4.4951e-10 00632 -26724e25 26724e-25
8 36846806  5.9852e-10 00737 16894e24 -1.6894e-24

[
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Kornucopia ML Easily Processes Large Amounts of Impax-SD Data Files

Copyright © 2004 - 2022 Bodie Technology, Inc.

BodieTech.com

: : T — VIDAS
« After a day of testing, there are a ton of files to process. N Y A St Wt P ot o - B
» Data files for each test (event) get unique extension
- 3
defined by the event number. &R
™ :
‘V
Fa { pi
| = | EAIMPXTEST\CARLOS\otherTests\AlPlateSimValidation_001\DATA ) R
*» 4 ~ v;u-...
File Home 5h View > i
e 13 : = - :
« v » USE Drive (B} » IMPXTEST » CARLOS » otherTests » AlPlateSimValidation_007 » I:L'f'LTJ'f'lisA —_— 1
S ESi z
[ 0001001.001 [ ]0009009.003 [ ] 0DO300S.006 [ 000600600 [ ] 0005005.012 [ ]0004004.015 [ @ QAENC )
Products Croup
[ ]0002002.001 [ ]0001001.004 [ 0009009.006 [ ] 0002003.009 [ ] 0006006.012 [ ] 0005005015 [ O
[ ] 0004004.001 [ ]0002002.004 [ 0001001.007 [ ] 000S009.008 [ 0008008.012 [ ] 0006006015 [
[ ]0005005.001 [ ]0004004.004 [ 0002002007 [ 0001001.010 [ ]0009009.012 [ ]0008008.015 [ -
A Test Signal Setup Checkout Run View Report Storage Directory Window Utility Registration Knock Analysis Abd
[ ] 0006006.001 [ ]0005005.004 [ 0004004.007 [ 0002002010 [ ]0001001.013 [ ]0009009.015 [ q) : =
| MNo current operation f)
[]0008008.001 [ ]0006006.004 [ ]0005005.007 [ ]0004004.010 [ 70002002013 [70001001016 [0
D 0009009.007 D 0002008004 D 0O0ED0E.007 D 0005005.010 D 013 D 0002002016 D {%\ E Signal Directory E:\IMPXTEST\CARLC.)S\OTHERTESTS\ALPLATESIMVJEAILIDATION_DDI : Z)
Ref|DasC Xdcer FullScal| Unit| Status |P| Type Position Location Component ;
D 0001001.002 D Q009009.004 D OD0S00E.007 D 0006006010 D 0005005.013 D 0004004.016 D 01}(' 1001 A-10553 10000 G Ready N AccelZt 89*mm, 3.86*mm AluminumPlate Py
* 2 002 :A-10358 10000 G Ready N AccelZ2 176" mm, 49 5*mm AluminumPlate
[ ]0002002.002 | ]0001001.005 [ ] 00D9009.007 [ ] 0002003.010 [ ] 0006006.013 [ ]0005005.016 || Ob 37603 WS 00 my Ready N t {
(70004004002 [70002002.005  [70001001.008 [ 0009009.010  [70008008013 [ 0006006016  [108,  f15 o sz ravvarr om0 sw meady Srad o o 50 e Aommamblae 3
(0005005002 [ 0004004005 [ ]00D2002.008 [ 70001001011 [ 0000000013  [70008008016 [ ]¢ L T e e el et e R, S AimiomTiete £
D 000E006.002 D 0005005.005 D 0004004.008 D 0002002.011 D o00i001.014 D 0009009016 D (a; B 008 KC3610015H 1 mm Ready N DispZ 1 89*mm, 3.86'mm AluminumPlate 4
9 009 K-C3610007H 1 mm ;Ready iN DispZ2 176"mm, 49.5*mm AluminumPlate i
| ]0008008.002 | ] 00DG006.005 | ] 0DOS005.008 [ 0004004.011 [ ]0002002.014 [ ]0001001.017 [ 107010 WS 5000 mV " Ready N 7
I Y T L L i e T T e W B W
| ]0009009.002 | ]0008008.005 [ ] 0ODOG006.008 [ 7 0005005.011 [ 0004004.014 [ ]0002002.017 [
[ ]0001001.003 [ ]0009009.005 [ ] 0003003.008 [ ] DDDG006.011 w&m 0004004.017 wD;/q{
Tl T e e Y e i . T
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Kornucopia ML Automates Spectral Dynamics IMPAX Data Import

Easily import IMPAX data files via Kornucopia functions k_sdImpaxImport and k sdImpaxRtmImport

Kornucopia popup dialog for importing SD IMPAX data

4| 50 Impax Import Options —

r1) SD Impax DATA Folder

Start browsing from:
O pwd (MATLAB's present working directory)
@ Previous folder location

Browse for DATA folder

|D:\IH PXTEST\TED\platelmpactiDATA

Goto Step 2

~2) Event Numbers

-3) Meta-Info Assignment Keywords

Import/Export Data 81

Copyright © 2004 - 2022 Bodie Technology, Inc.
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Select one or more events: For each entity type shown, select the meta-info keyword from the SD Impax data file -

18 to use for obtaining various meta-info items. 4| k_varViewer displaying DB O X
Note that each selection box shows the SD Impax keyword encased in <> folowed File Edit View Insert Tools Desktop Window Help o
by exemplar values from the first channel of the first Event Number. D E g Q | k | @% @% {ﬂ';u @ @ jf N | @ | D E | a @

ColMames. |<SignaI_P|:hs'rtiDn» = AccelZ1 ~ | o DB ~ |

AppendToCollames | <XderPN= = 727-20K v v

ColComments |<RefNum_DasCh_XdcrlD> = Ref0001_ChDD1_XdcrA-10358 ~ | 1 2 3 4 5 G 6 7 8 ] 10
EventMum EventDesc Notes Date DatenumID Folder Commonlinfe|  FsRaw SDRaw  |SDCemputed

Description |<Pruject_DeviceN amer = ImpactPlate ~ | [kHz]

EventDescription |<Pruject_ParamB> =165 “ | 1 & To validate simulation models with p... 06-Jul-2017 ... 736882.7731... DAMPXTESTVTED\PLATEMPACT\DATA  *sstruct™ 5000 =k_units™ ~

: Z 8 To validate simulation models with p... 08-Juk2017 ... T38882.7773... DNMPXTESTTED\PLATEIMPACTIDATA  *struct™ 5000 **k_unite**

Notes |<Priect Paran- =204 | 3 9 To validate simulation models with p... 06-Jul2017 ... 736882.7782... DAMPXTESTTED\PLATEMPACTIDATA  *struct™ 5000 =k_units**
b 4 10 To validate simulation models with p... 06-Jul-2017 ... T36882.7786... DAMPXTESTTED\PLATEIMPACT\DATA  *ztruct™ 5000 *k_units**
3 11 To validate simulation models with p... 06-Jul-2017 ... T36882.7789... DAMPXTESTTED\PLATEIMPACT\DATA  **struct™ 5000 **k_units**
r4) External Meta-Info File & 12 To validate simulation models with p... 20-Jul2017 ... 736895 6743... DAMPXTESTTED\PLATEMPACTIDATA  *=struct= 5000 =k_units**
- - . T 13 To validate gimulation models with p... 20-Jul-2017 ... 736806 6304... DNMPXTEST\TED\PLATEIMPACTIDATA  *struct™ 5000 *k_units**
Import additional Meta-Info from external file (File must be in DATA folder).
2 25 To validate simulation models with p... Faster stick pull  20-Jul-2017 ... 738898.7173... DAMPXTEST\TED\PLATEIMPACT\DATA  **struct™ 5000 *k_unitz**
File Name: |meta|nfn.xlsx ~ | 9 27 To validate simulation models with p... Faster stick pull  26-Jul-2017 ... 735%02.4250... DAIMPXTEST\TED\PLATEIMPACT\DATA  *struct™ 5000 *k_unitz**
‘ ShllEo o f 10 32 To validate simulation models with p... Faster stick pull  28-Jul-2017 ... 738502 4305... DAMPXTEST\TED\PLATEIMPACTIDATA  *struct™ 5000 *k_unitz**
e | & e s e 11 33 To validate simulation models with p... Faster stickpul  26-Julb2017 .. 736902.4308... DAMPXTESTAED\PLATEMPACTIDATA.  *struct™ 5000 **k_units™
12 34 To validate simulation models with p... Faster stick pull  26-Jul-2017 ... 738502 4311... DAMPXTEST\TED\PLATEIMPACTIDATA  *struct™ 5000 *k_units**
13 40 To validate simulation models with p... Faster stick pull  26-Jul-2017 ... 735502 4430... DAMPXTEST\TED\PLATEIMPACT\DATA  *struct™ 5000 *k_units**
14 42 To validate simulation models with p... Faster stick pull  26-Jul-2017 ... 7356902.4436... DAMPXTEST\TED\PLATEIMPACT\DATA  *struct™ 5000 *k_unitz**
15 44 Tn validate simulatinn models with n__Fa ick 0 NDATA  *struct™ 5000 **k_unite** D
gET

His

N0k
-ZE? -v"'..'./:z?

Miegpa
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Kornucopia ML Automates Spectral Dynamics IMPAX Data Import

Copyright © 2004 - 2022 Bodie Technology, Inc.

|4 k_varViewer displaying DB - O x
File Edit View Inset Teols Desktop Window  Help k]
EE IR P A EL:
p DB ~] |
v
1 2 3 4 5 = i} 7 8 9 10
EventNum EventDesc Notes Date Datenuml|D Folder Commonlinfo FsRaw SDRaw  |SDComputed
[kHz]

1 & To validate simulation models with p... 06-Jul-2017 ... 736882.7731... DAMPXTEST\TED\PLATEIMPACT\DATA  *struct™ 5000 *k_units** -

2 8 To validate simulation models with p... 06-Jul-2017 ... 736882.7773... DAMPXTEST\TED\PLATEIMPACT\DATA  **struct** 5000 *k_units**

3 4 To validate simulation models with p... 06-Jul-2017 ... 736882.7782... DAMPXTEST\TED\PLATEIMPACT\DATA  **struct** 5000 *k_units**

4 10 To validate simulation models with p... 06-Jul-2017 ... 736882.7786... DAINPXTEST\TED\PLATEIMPACT\DATA *Earyct® 5000 *k_units®*

5 11 To validate simulation models with p... 06-Jul-2017 ... 736882.7789... DAIMPXTEST\TED\PLATEIMPACTMDATA *eruct™ 5000 **k_units**

B 12 To validate simulation models with p... 20-Jul-2017 ... 736896.6743. .. DAIMPXTEST\TED\PLATEIMPACT\DATA *eruct™ 5000 **k_units**

7 13 To validate simulation models with p... 20-Jul-2017 ... 736896.6804... DAIMPXTEST\TED\PLATEIMPACT\DATA  **struct** 5000 **k_units**

2 25 To validate simulation models with p... Faster stick pull  20-Jul-2017 ... 735896.7173... DAIMPXTEST\TED\PLATEIMPACT\DATA  **struct™ 5000 **k_units**

9 27 To validate simulation models with p... Faster stick pull ~ 26-Jul-2017 ... 735502.4250... DAIMPXTEST\TEDA\PLATEIMPACT\DATA  **struct** 5000 **k_units**

10 32 To validate simulation models with p... Faster stick pull ~ 26-Jul-2017 ... 738502 4306... DAMPXTESTITEDNPLATEIMPACT\DATA  *struct™ 5000 **k_units*™

1 33 To validate simulation models with p... Faster stick pull  268-Jul-2017 ... 738502 .4308... DAMPXTEST\TEDWPLATEIMPACT\DATA  *struct™ 5000 **k_units™

12 34 To validate simulation models with p... Faster stick pull ~ 26-Jul-2017 ... 7385802 4311... DAMPXTESTITEDNPLATEIMPACT\DATA  *struct™ 5000 **k_units™

13 40 To validate simulation models with p... Faster stick pull  26-Jul-2017 ... 735902 4430 .. DAINPXTESTNTED\PLATEIMPACT\DATA  *struct™ 5000 *k_units™

14 42 To validate simulation models with p... Faster stick pull  25-Jul-2017 ... 735902 4435... DAINPXTEST\TED\PLATEIMPACT\DATA  *struct™ 5000 *k_units™

15 o vali imulatinn mnd ith n ik : A PACT\DATA  **strcfss 5000 **k_nnistt N

»» DB.SDRaw ’r
ans = ’:f

[1=1 k units] 4

[1=1 k units]
[1=1 k unit=s] -~
cee_r= fAx1 X uniss] f

16x1 oell array ;

[1=1 k uwnitc=s] .~

>> DB.SDRaw{4}

ans =

AluminumPlate [010]

Time AccelZl AccelZ2 Strain¥l Strainx2 Strainx3 DispZl DispZ2
[msec] [G] [G] [uStrain] [aStrain] [a&train] [mm] [mm]
-1.024 1.8936 -14.227 10.269 8.2225 -5.5388 0.0018686 0.0030274
-1.0238 -5.6809 -7.8247 -2.5834 -3.0192 1.5457 0.0016461 0.0021815
-1.0236 0.94681 -11.381 1.7438 8.6079 2.8338 0.002081 0.0028938
-1.0234 -0.54681 -12.804 0.90419 5.0106 -4.5727 0.0023579 0.0024931
-1.0232 -3.7873 -11.381 -7.3627 -0.70662 -1.5457 0.0015126 0.0025822
-1.023 -2e-07 -17.783 0.77502 0.64238 -1.4813 0.0021355 0.0031144
-1.0228 1.8936 -12.083 S5.1668 3.3404 3.0914 0.0014237 0.0027157
-1.0228 -1.8936 -12.804 1.55 3.4046 -0.38643 0.002269 0.0028048

.. 55288 rows not shown.
See "n" rows via k_set('dispBrief', n).
=% Other Props exists that are not displayed.
View other Props via dot syntax or functions k_summary

or k varViewer.

Import/Export Data 82
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Sharing Kornucopia Results With Colleagues

« Sharing with other Kornucopia users
= You can save & share variables with MATLAB's save and 1oad functions.

= Save text-based output files via k writeText.

« Sharing with non-Kornucopia users

= Save K _units variables to MATLAB table or MATLAB struct data formats via . toTable and
.toStruct methods.

= Save text-based output files via k writeText.
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Work Smarter, Work Faster™

Plotting Curves
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Plotting with k units Data Type See Kornucopia Help System and Tutorial

Examples to fully learn how plotting with
k_units works in MATLAB. ~

= Always issue MATLAB figure (Or axis or subplot) command to create an object in which plots will
be placed.

 Best Practice Tip

« If you do not do this and other figure windows already exist, the plot might be placed in one of those
figure windows (which might be confusing to the user).

« XY plotting |
= Use functions k_plot, k figZzoom, k displayOnFigure, and many others. = r——— l
= Kornucopia's k_plot function is designed to: % [ & eampiesseector — — ;

1. Automatically handle Units issues and label the plot axes, title, and legend. ftldlzpltplwﬂm }
2. Easily plot one data curve or many curves by simply supplying a cell array of data sets. :ﬂiﬂ?;Z:Ei.ﬂiﬁi?;cfﬁiﬁiws ;’:

« No need for for-loops and “nold on” syntax. ora potigOverve ‘s;
3. Easily plot data sets in different compatible Units. || Pl ;

4. Easily place well formatted summary tables in figure windows and plots via k displayOnFigure.

» For 3-D plots and other plotting styles, you will need to plot just the data via A . Data Property.
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Typical Plotting Example
@ Produces this automatically-formated plot

= - 4 Figure & Multiple Raw Curves - O >
0) Starting with cell array of 5 data sets ’ °
. File Edit View Inset Tools Desktop Window Help Keornucopia u
| NEEL B|RXCDRL- 0B & [E
rawh = >> rawh{l} Details of 1st
Nom Stress vs. Nom Strain
5x1 cell array ans = dataset 30 . . . T
. Sample 0l.dat Sample 01.dat
(dxd ]{_un:!_ts} Time Nom Strain Nom Stress 29 Sample_03.dat
{j_x'l k unltE} SEITIFI"E.' 04 .dat
- [s] [%] [MPa] Sample 05.dat
{1x1 k units}
{1x1 k units} 0.000 0.000 0.000 E‘ZD
0.007353 0D.2008 0.78¢66 =,
0.01471 0.347¢ 1.2%¢6 515
0.02206 0.4%943 1.738 5
5
e_ 133 rows not shown. Z 0k |
Using this figure and k_plot command
figure("name"', '"Multiple ERaw Curves') /
D i i i 1
]{—Pl'f'_”;”p*'d”'ﬁ'_': o e 0 5 10 15 20 26
TRGSDERASRELOL T, oW SEEaini, Nom Strain [%]
'"dependentCol', 'Nom Stress')
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Plotting and Displaying Results

Controlling Plotting Attributes with Kornucopia

k_colorNames

¥ k_displayOnFigure

» As listed on the right, there are a large number of Kornucopia functions to @) LU S e
support creating well-labeled plots and output. + K_TigExportritmi
+ k_figExportPDF
 For the function k_plot there are 71 ADV options for this function alone + K figOpen
that control all kinds of aspects of plots. B K figSave
+ k_figStaysOnTop
= See the function's help page and Tutorials & Examples for full details. + k_figTabsClear
+ k_figTabsCreate
« Many of these functions and capabilities will be demonstrated in the + k_figTabsDelete
examples during the later parts of this course. —— ¥ k_figTabsDisplay
e e ‘ ) K figTabsinser
* The figure presented here utilized: componte ve Time T k_figTabsH
» figure along with k figZoom - o e
— £ + k_figTabsManage
= subplot (twice) :EL ° 1 T k_figZoom
S 2000 - + k_picDisplay
= k plot (twice) plus 9 ADV options - ... . ] + k_plot

Time [s]

+ k_plotGetCurve

= k displayOnFigure plus 2 ADV e

options

DFS on Composite Signal
2000 T T

1500 - / : + k_plotMatchLimits
1000 |- ﬂ f l‘l (el bm/e) E i K_plotSetlimits

[ 0.000  400.0

Mag [mmy/s]

.
A [ ‘l ',‘ 9.000 800.0 | ¥ K_pngrESSBar

500 - || | | | 23.00 1100
| [ [ 70.00 1750

h J‘ | \ —-
J ) . ™ K_stackForPlot

Freq [Hz] 1 kK varViewer
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Right-Click Features and the Kornucopia Menu

. . . 4 Figure 8 Multiple Raw Curves — O ot
- Right-click on Kornucopia-created plots to get S | |
Kornucopia Tools. You get a variety of features including: e - T Teer Do onop Whoow or O -
| - - - ) J j H ;;:ﬂ @; e 5% {ﬂ'? @ "-E—'_ ,ﬁf < D |E| [:E Open Kornucopia Help System
= Pop-out a copy of the plot into another figure window. Nom Stress vs. Nom §  OPen/Ssve Fig-files >
. . . . . . 30 T T T Medify Figure Mame
= Highlight curves and easily extract their data (including Sample 01.dat &pmimm L )
Units, ColNames, etc) back into the MATLAB session. | Sampe. 0. Export Figure to PDF
: : ample 04.da Figure-Attached Files >
= Modify some of the plot attributes. o8 ot ke Fane oy On o }
= Note: Ensure you do not have the figure in zoom or pan T 20 ?’ Ma”;ﬂ*‘f“‘“—”# L ’
. . estore Kornucopa ki Enavior
mode. If you do, the Kornucopia Tools will not appear = GHFigureHande )
until you click on the zoom or pan tool to turn off that %E 15| / -
mode. £
E 10 H Kornucopia Tools Pop-out plot copy

Get and/or trim curves

« Use the Figure's Kornucopia menu to:

Plot attributes ¥
Get axes handle

= Save the figure to a file.
= Easily create a PDF of the figure. | | | |

= Attach virtually any type of files to the figure. ’ ° e [;lj‘ 20 2
= and more!
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Sharing Plotting Results With Colleagues

=

. . . . 4 Figure 8 Multiple Raw Curves — O ot
- You can save & share the Figure file via the Kornucopia ’ i Vo
menu File Edit Wiew Insert Tools Desktop Window Help  Kormucopia o
' ]:1 j IH Q ﬁ_,-y X {fr? @ "-L_"_ ﬁf b D IE [:E Open Kornucopia Help System
= Using the Kornucopia menu on the figure window . Nom Stress vs. Nom S| Ef?-ﬁ?e Fig'r:”‘“-‘ ’
. . T T ol Igqure Mame
properly prepares the figure-file so that any MATLAB —— P )
user can view the figure file. Sample_02 dat Export Figure to PDF
er Sample 03.dat Figure-Attached Files ]
» Kornucopia users will have full feature options when o8 ot Moke Figure Stay OnTop >
they Open |t = 20 Tab Management -]
] ) % Restore Kornucopia Fig Behavior
= Do NOT use the MATLAB File Save or Save icons, they » Get Figure Handle
may not properly prepare the figure relative to 5"
Kornucopia features. E
10
» Easily create a PDF of the Figure, including any Kornucopia-
created tabs 0
= Create the PDF via the Kornucopia menu. ; . . . .
0 5 10 15 20 25

» This is shareable with anyone. Nom Strain [%)]

N
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Kornucopia Results Workbook™ via Tabbed Plots

Copyright © 2004 - 2022 Bodie Technology, Inc.

4] Figure 1 - O
File Edit View Insert Tools Desktop Window Help Kornucopia
DEES kA 0BDEL- (308w
Ex 1: Comparing 2 curves Ex 2: Linear Sloped Lines Ex 3: Simple Sinusoids Ex 4: Noisy Impact Data
Load vs. Extension
datasets{1l} = 150 =
Dataset 1 ataset 1 =
==——==—===== 3135312
Load Extension
[n] [mm]
__ 100
datasets = 1] 1] Z
{1x1 k_units} 0.87282 0.33178 E
{1x1 k_units} 1.7456 0.66356 3
2.6185 0.99534 50
3.4913 1.3271
4.3641 1.6589
5.2389 1.9907
6.1097 2.3225
. 312 rows not shown. 0
0 20 40 60 80 100 120

Extension [mm]

Independent MAPPED col was Loa

150 B
Dataset 1 =
Dataset 2
__ 100
=
o
©
o
|
50
0
0 20 40 60 80 100

Extension [mm)]

120

d (not desired) |
1

Load [N]

50

100

50

ndependent MAPPED col set to Extension

ataset 1
ataset 2

Measures of Merit
dataset 2 wrt 1

Load
Rsq 0.99709
NRMSE 0.94601
NMAE 0.94524
TRAC 0.99951

20 40

60

80 100 120

Extension [mm]

BodieTech.com



Kornucopia® ML™ Quick Start Tabbed Plots 91

Kornucopia Results Workbook™ via a Tabbed Figure

4| Ball Drop Results — O X ° 5 Stages to anaIySIS
ry— T‘*M o ;5;”;‘“"”:‘“" . |m : Raw, DFS, Filtered, Velocity, SRS
.‘ﬁ .+_-\_ .—_-\_ \.h T =
Raw DFS Filtered Velocity SRS . MUI“pIe EventS fOI’ eaCh Stage
Event 33 Event40 Event42 Event44 Allin One 4 eventS (33, 40, 42, 44) & “A” |n One”
AccelZ1  AccelZ2 Strain¥l  StrainX2  Straink3 Dispzj DispZ2 ' . 3rd Tab row quantltles depend on
400 —————— Straln¥1vs. Time _ Stage Selection in 15t Tab row
- 4 BollDrep et | | = This particular example contains in
;EBEE -TT[:@MT T{f'r? gfﬁ;f'”:ﬂ = |K°;Ep'a ONE figure what would traditionally
200 = = > — require 100 figures!
= : : Raw DFS Filtered Velocity SR>
ﬁ 100 fi Event33 Event40) Event42 Event44 Allin One u Add|t|0na| BenefItS
- absAccel . . .
s Jﬂ 1 \ > etz ve. Nath 1. You can save it all as one fig file
£ ( | 108 P E——— or export to PDF output
1 uq P 2. The saved fig-file serves as a
200 | database for accessing data
| later.
-300 .
2 0 2 3. You can save m-file and other
files attached to (inside) the
Fig-file for traceability.
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Pictures, Tables, Plots — All in One Place

3 Aluminum Plate Ball Drop Results

- O P
File Edit View Inset Tools Desktop Window Help Kornucopia k]
NEEL|LARTDEL - A|0E| D
Test Setup and Events Database  Comments Some Results Comparing Displacements
a [4 Aluminum Plate Ball Drop Results — O X
Dropping Steel Ball on Alum Plate
File Edit View Insert Tools Desktop Window Help Kernucopia o
. REF PSR PR
Test Setup and Events Database Comments Some Results Comparing Displacements
The following adjustments to the raw data were already made: 4] Aluminum Plate Ball Drop Results - o x
180 | liplled by -1 to have the | | File Edit View Inset Tools Desktop Window Help Kornucopia k]
me signals were multiplie -1 to have there results properly .
aligned with other sensor dala. O de | I |®¢ ST DR A @| D| a0
2) The Keyence displacement sensors have an ADA ("Analog-to-Digital-to-Analog”) Test Setup and Events Database | Comments | Some Reslts | Comparing Displacements
internal DSP architecture. This means their ouput as seen by the SD Vidas DAQ Event42 Eventdd Eyentdf Event48
will have a time delay relative to other non-Keyence sensors. The “Results” - -
data presented here has NOT been corrected for this yet. AccelZ | Strain ¥ Disp Z
3) Data was decimated (with AA protection) from its original 5*MHz sampling rate to Accel Zvs. Time
the current sampling rate. 2500
Eventlium Date ClipCheck results 4) Mo corrections or adjustments have been made yet to the Accel data relative to 2000
low frequency drift or offsets.
az "26-dul-z017 10:38° oK [1x1 k_units) 1500
44 'Z6-Jul-2017 10:39' 'OR! [1-1 k_units]
a6 'Z6-Jul-2017 10:40' ' OE! [1*1 k_units] 1000 :
45 'Z6-Jul-2017 10:40' 'OR! [1-1 k_units] =
(SESIE
_, 500 o Tt '
] g1y PR | [ Ao
= A0 P W o n
N bl 1 A O N O LT O A S O O -4y
-~ o | R W AT IS A
D I 1M ] INREE FRN A AN AR A AR R WA AN Al
o | 1l [N b BRI TR ATV T
51 | 38 P Y \ \/ Y
< e B
-500 | | [
| 1 I
|
|
-1000
la k picDispl
via k picDisplay A s
/
/ -2000
- ] Ll
via k displayOnFigure 250
-2 0 2 4 6 8 10 12
Time [msec]

gET
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Kornucopia Results Workbook™ via Tabbed Plots

« Kornucopia has a number of functions to make creating and
managing tabbed figures easy.

* This includes automatic Tab Management technology to keep
the MATLAB figure window "snappy" even when a large
number of tabs with larges amount of data are within a single
figure window.

* You have a lot of flexibility with Kornucopia's k figTab* family
of functionality.

= A key ADV option you will need to use in a variety of MATLAB
and Kornucopia plotting functions when using tabbed figures
Is the 'parent' keyword. This is need to tell MATLAB within

what tab you desire a specific plot to appear.

Copyright © 2004 - 2022 Bodie Technology, Inc.
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Command Window

Jx >> k_figTabs

k _figTabsClear

k figTabsCreate
k figTabsDelete
k figTabsDisplay
k figTabsH

k figTabsInsert
k figTabsList

k figTabsManage
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Kornucopia Results Workbook™ via Tabbed Plots - Template Syntax

cemplar tathednigure. commandsm 3 X — : « In the top section, create a single figure window.
1 % Exemplar Tabkbbed Figure Plotting Template
2 » figH is the variable name associated with the
27 kcleanup()s _ _ Figure's handle. This is how we later reference the
4 — k unitsPreferenceActivate('mm N s'); . .
5 % k unitsVariables('mm, MPa'); flgure ObJeCt'
:’ - adv =k advi); = The variable tabstuff represents a special
. s Create a figure with 10 tabs on it k figTabsH variable type that returns a struct-like
95—  figH = figure('Name', 'My Notebook', ... output of handles related to the tabs you are creating.
10 'position', k figZoom(2, 1.5)); ) ; .
1 * In the Plot in a tab region of the script we are:
E - tabStuff =k figTabsCreate(l0, figH); 1. Selecting a current tab handle.
14 3% Plot in a tab 2. Ensuring the tab selected is cleared (emptied).
15 .. .
16 — currentTabH = tabStuff.TabsH(Z) ; 3 GIVIng the tab a tltle (a name)'
17 — k figTabsClear (currentTabH); i _h
. N . A 4. Issuing whatever plot-like commands are needed.
- cCurren =1 i 2 = Some oL =] a'; . .
s The plotting functions use the ADV
20 % Exemplar plotting command for variable toPlt 'parent' ’ currentTabH
21—k plot(torlt, [l, ... - to ensure the content goes to the desired location.
22 'parent', currentTabH) ;
23 5. The last command makes the currentTabH be
2¢ 7k figrabsDisplay(currentlabH); displayed (so we see the plotted results).
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More Details on Kornucopia Results Workbook™ via a Tabbed Figure

« See the tutorial on tabbedFigures. Command Window
»>> k examplesOpen
Jx

4. Examples Selector - X

* Look are a variety of Kornucopia examples.

= Many of them utilize tabbed figures. Select an Example

tutorial_simpleCalcsVWithUnits
tutorial tabbedFigures

. . L. . L tutorial_simpleDatasnalysis
« The exemplar work-flows demonstrated next in this training will utilize ol workn AR TabverDeta
tabbed f|gu res. tutur?al_r&a.qingTextEiles
tutorial_writingTextFies
tutorial_freguencyAndAngles
tutorial_working\WithTemperature
abaguslmportingAndPlotting
accelerometerDrift_detrending
accelerometers_howTheyWork
aliasingCausingConfusion
averagingCurves
ballLensimpact
baseDriven_SDOF_frequencyResponse
beatFreq_notDetectedByDFSnorPSD
cleaningfveragingTweaking
comparing_DFS_DFT_PsD
comparingCurves
dampingRingDown W

OK Cancel
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Bodie Technology, Inc

Work Smarter, Work Faster™

Workshop Examples of Complete
Kornucopia Workflows
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Workshop Examples

« The following 4 workshop examples are provided
= Typical Shock Accel Processing
» Cleaning Messy Tension Data
» Ball-Lens Impact

= Moon Penetrator

« Data files, including completed Kornucopia scripts are in separate folders within the exampleScripts folder
provided with the training documents.

= The various examples walk the user through typical Kornucopia work-flows that import one or more data
files and then perform a variety of data analysis and clean-up tasks.

» Please refer to the specific example folders for solutions (m-files and output results).

« The remaining few slides provide brief overviews of each problem.

 In addition to these workshop examples, feel free to explore the many tutorial and general examples of
Kornucopia.
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Typical Shock Accel Processing - Overview

« This example demonstrates the typical steps for analyzing accelerometer data physically measured in a drop
test of a consumer electronic device. The example takes the user through the key steps of data analysis:

1. Initially assessing the raw data.

2. Making adjustments for DC bias in the accel data.

3. Computing a Fourier spectrum to assess frequency content.

4. Applying lowpass filtering to improve data interpretation by removing distortions due to sensor resonance.
» Set fc of LP filter to 0.1*fn_sensor as determined from DFS.

5. Integrating acceleration to velocity, and then performing a sanity check relative to theoretical bounds for
velocity change.

6. Computing SRS for the data.

 Your Job

» |[mport the raw accel text file that is supplied and perform the key steps outlined above.
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Cleaning Messy Tension Data - Overview

« This example demonstrates the typical steps for cleaning up mess and slightly noisy uniaxial test data that
might occur when measuring at the low end of a load cell and/or when measuring challenging materials like a
non-woven sheet. The example takes the user through the key steps of data analysis:

1. Importing multiple data files, 1 per sample.
2. Cleaning each raw data set of force vs displacement, including
« Trimming off initial distortion and force-drop after failure.
« Smoothing each curve to remove noise
« Tweaking each curve to "heal" initial trimming.
3. Converting the cleaned Force vs Disp curves into nominal Stress vs Strain curves.

4. Averaging the Stress vs. Strain curves to a single curve.
5. Isolate the initial region and compute an initial curve fit to estimate the initial modulus.

 Your Job

» |[mport the raw text data files that are supplied and perform the key steps outlined above.
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Ball-Lens Impact - Overview

« Shock measurements of a steel ball impacting on the lens of an older generation cell phone housing are
provided. The data are measured on the under-side of the plastic lens, directly at the point of impact.

* The physical test was collected at 250*kHz sampling frequency with a proper DAQ that included an AA filter.

» The FEA data was output at every time increment from an Explicit Dynamics simulation. No filtering or
processing has been applied to the raw FEA data.

= experment tx E3 | |-_']featxt (%] |
1 Experiment 1 FE& model
2 Time, Accel 2 Time, Accel, Disp, Strain
d YOUF JOb 3 msec, G i  =sec, mm/sec™Z, mm, m'm
4 _8.029320000e-01, -1.250000000e+01 4  0.000000000e+00, 0.000000000e+00, 0.000000000e+00, O.000000000e+00
5 -7.989320000e-01, -1.250000000e+01 5  1.122280000e-07, —6.518803100e+05, 0.000000000e+00, ©.0000000002+00
u Compare the two § -7.949320000e-01, -1.2500000008+01 § 2.244260000e-07, -4.3843464%0e+06, —8.208800320e-09, 5.146795650e-10
7  -7.909320000e-01, —-1.250000000e+01 7 3.366550000e-07, -1.538233660e+07, -7.1627464302-08, 4.487320420e-09
results. How well ~7.869320000e-01, —1.250000000e+01 4.488680000e-07, -3.892847060e+07, -3.287481080e-07, 2.074711800e-08
~ ~7.829320000e-01, -1.250000000e+01 5 5.610960000e—-07, —8.016434480e+07, -1.076075320e-06, 6.875398250e-08
do they correlate” 10 -7.789320000e-01, -1.2500000008+01 10 €.732940000e—-07, -1.425521240e+08, -2.832871910e-06, 1.839639430e-07
11 -7.749320000e-01, -1.250000000e4+01 11 7.855070000e-07, -2.264302060e+08, -6.384755130e-06, 4.228287350e-07
s S 10232053008 =248 QA Indon 2R iR 2EGAERGALZ TR P B TRRG LB RREARERZAARSNT

Steel ball bearing
(0.13kg)

Lens

Polycarbonate

Accelerometer mounted 3 <
bottom-side of lens housing
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Ball-Lens Impact - Overview (continued)

Steel ball bearing

Consider doing the following during your analysis:

1. Plot the raw data (Accel vs Time). How well does the physical data and FEA compare?

Lens

Accelerometer mounted K /; Polycarbonate

2. Regularize the FEA data and then decimate it to similar sampling freq of physical data. bottom-side ofens housing

3. Perform Fourier Analysis to help understand frequency content of the two data sets. Look for frequency bands where
correlation is possible.

4. Use the whittling method to LP filter the data with different cutoff frequencies. You are looking for a cutoff frequency to apply
that results in the filtered data between the FEA and physical test matching well (Accel vs Time).

5. Using the LP filtered results from above, integrate the physical experiment’s Accel vs Time to yield Disp vs Time. Compare
this result to the filtered FEA Disp vs Time result.

= You should see there is discrepancy in both the displacement amplitude and time scale. This suggests the FEA stiffness
IS not quite correct.

= Make a correction to the FEA data via a stiffness adjustment, which will also result in a time-scale warping. (See
instructor’s solution if you are not sure how to do this).

6. From the adjusted FEA displacement data, re-calculate an adjusted FEA acceleration. Then compute PVSS of the Physical
Experimental Accel and the two FEA Accels (before and after adjustment), as a final comparison.
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Moon Penetrator - Overview

« A space agency design team is working on a probe that can be shot through a thin layer of ice on a distant
planet’s moon.

= The electronics in the probe must survive the severe penetration event. Once under the ice, they are to
send data back to earth.

= A physical experiment (on earth) is created where a penetrator is shot through a simulated layer of the
moon’s ice.

« Acceleration data inside the penetrator is recorded.

= An Explicit Dynamics FEA model of the penetrator is created to simulate the impact and penetration event.
« Two versions of a model are created and run (modell and model2).
 Plasticity, material failure, and erosion are included in the models.

» Acceleration data is reported from the models at the same location as in the physical experiment.

 Your Job

= |mport the raw text data files that are supplied and determine which version of the FEA best matches the
physical test data.
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Moon Penetrator - Overview (continued)

« Basic Guidance and Approach

» Read in and plot the acceleration versus time data from the test as well as the two FEA models
« Ensure you are looking at a similar duration of time for all data curves and that acceleration is in the
same units for all data.
= Assess the sample rates of the different datasets. You need to get all three datasets to a similar sampling
rate.

« Decimation will help here.

= Make a fair comparison between the test and models. You might consider utilizing:
* Fourier analysis
« Decimation

* Lowpass filtering Tip: You might find that upsampling of the
« SRS analysis physical test data will be helpful too.
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More Examples Beyond the Workshops Via Kornucopia Tutorials & Examples

Command Window

= Examples open live in MATLAB for you to I 4 Examples Selector - X

explore and use as templates for your own
Work_ Select an Example

tutorial_simpleCaicswithunts N : :
tutorial simpleCalcsWithUnits A | 9 tutorlals Ilsted

. tutorial_tabbedFigures
« From Kornucopia Help System ltutorial_simpleDataAnalysis fi
e , irst, on top
{tutorial_workingWithTabularData

. . ; tutorial_plottingOverview
» Listed alphabetically, useful for quick look lutorial resdingTextFies

at “published” HTML version of examples. ftutorial_wriingTextFies Remainder of list
\tutorial_frequencyAndAngles are "‘40 general

{tutorial_workingWithTemperature

Kornucopia® ML™ Help System 'abaqusimportingAndPlotting ‘ pu rpose examples

laccelerometerDrift_detrending

« Open live in MATLAB via k_examplesOpen

>> k_examplesOpen

{ Komucopia Home

% Kornucopia Introduction & Features Kornucopia = Examples Library > General Examples '8cceier0metefs_h0WTh ey»vork | I S t ed
|

T Getting Started

{3 Overview of Komucopia Ball Impact on Lens {aliasingCausingConfusion

alphabetically

% AllAbout the k_units Data Type | a \'/ era |n C u rve s
|

@ Detaiis on Komucopia Features This example demonstrates basic approaches using various DSP functionality in Kornucopia to correlate impact results from | g g

@ Functions a physical experiment and a FEA simulation for a steel ball-bearing hitting the plastic lens of a cell phone. | ba lLe“s‘m a ct

=1 Examples Library You can open the example live in MATLAB or view a published HTML version of the example within this help system | p

e \baseDriven_SDOF_frequencyResponse

= General Examples Ie) : :
en example live in MATLAB

5 Avagus Importing And Plting P p \beatFreq_notDetectedByDF SnorPSD

% Accelerometer Drift Detrending The example can be run with one of two levels of commenting in the m-file. To run the example: | & % T =

% Accelerometers - How They Work 1. Copy and paste one of the two commands below into MATLAB command window and hit the enter key. | Cka n 'n gAVe ra g m g \V ea kln g

+ Aliasing Causing Confusion « This will cause the specific example to be copied into your myxornucopia/Examples directory and then 2 FT
Averaging Curves the pertinent m-files will automatically open into the MATLAB editor, and the MATLAB working directory will | CO mpa flﬂ g_DFS_D _pSD

& 9ing be changed to the example's local directory. A

| = satimpacton Lens 2. You can then compute the example from the MATLAB editor by using the "Run Section” and "Advance" buttons |jcomparin QCUWQS

% Published - Ball Impact on Lens to step through the m-file sections (see here for tips on running examples) A g

) Base-Driven SDOF Frequency Respons | da mpm gRln gDo wn Vv |

% Beat Freq NOT Detected By DFS nor P¢ Heavily commented version
4 Cleaning, Averaging, Tweaking Curves

k_examplesOpen ('balllensImpact', 'commentLevel', 'heavy')
4 Comparing DFS, DFT, PSD
Ce C N N
® Companing Cunves Lightly commented version
4 Damping Ring-Down
% Detecting Outier Curves k_examplesOpen('balllensImpact', 'commentLevel', 'light') OK Cancel
4 DFS of Simple Signals
% Drop Test Data Analysis View published HTML version in this help system

4 Fourier & Filtering Basics (long version) )
Link to published heavify version of the example
% Heat Conduction Thru a Wall

s R s e U g e e e
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