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Noisy & Challenging Problems™

Getting More From Abaqus by
Tackling Noisy and Challenging Data
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Advanced Material Testing

Overview

* Noisy Data — The Disease

» Bodie Technology Offerings — The Cure
= Customizable Training, Kornucopia® Software, Expert Consulting

» Technology Demonstrations
1. Abaqus/Standard quasi-static rolling
2. Abaqus/Explicit quasi-static snap-fit
3. Transient impact analyses via Abaqus/Explicit
¢ Including Shock Response Spectrum (SRS) assessments

a &

» Bodie Technology Development Roadmap
= Upcoming Kornucopia® V1.6 release

= Future Kornucopia® platforms: Plug-ins for Abaqus/Viewer, Excel,

Copyright © 2004 - 2012 Bodie Technology, Inc.

Improving FEA-Test correlations of impact events via highpass filtering
Preparing and cleaning physical test data for use in FEA modeling

and Python
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Noisy Data — The Disease

» Representing or manipulating oscillatory data with digital methods
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Noisy Data - The Disease

» Representing or manipulating oscillatory data with digital methods
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Bodie Technology, Inc.

Analytical
Specializes in solving complex problems in nonlinear Creativity
mechanics by employing a proven mix of Pragmatism
computational and testing knowledge in novel ways  Numerical Experimental

~_ 7

www.BodieTech.com
* Customizable Training info@BodieTech.com

* Kornucopia® Software

» Expert Consulting

Smart-Tools for Analyzing Noisy and Challenging Problems™

“Bodie Technology provides engineers with excellent Avaqus IS
software, training, and consulting resources to help analyze Farner  [JRECT
complex nonlinear mechanics problems, especially those
involving problematic or noisy datasets.”
) : ) PartnerAdvontage
Steve Levine, Chief Strategy Officer, SIMULIA oo )
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Technology Demonstrations

1. Abaqus/Standard quasi-static rolling
2. Abaqus/Explicit quasi-static snap-fit

3. Transient impact analyses via Abaqus/Explicit

= |Including Shock Response Spectrum (SRS) assessments

4. Improving FEA-Test correlations of impact events via highpass filtering

5. Preparing and cleaning physical test data for use in FEA modeling

Copyright © 2004 - 2012 Bodie Technology, Inc. Bodie Technology, Inc & -

Smart-Tools for Analysis™ "',_ f




Abaqus/Standard Quasi-Static Rolling

* Analyzing Paper Motion in Copiers

= Understand media transport, influence of roller deformation, frictional
effects, roller viscoelasticity ...

i
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"5,5555"'3’:3‘9 FEA quel

Z%,jfxf of ro;clatlng
roller
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Abaqus/Standard Quasi-Static Rolling

* Nonlinear quasi-static model predicts the
torque (moment) required to rotate foam roller.

= Results from same model, just 4 different
output requests.
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Abaqus/Standard Quasi-Static Rolling

e Nonlinear quasi-static model predicts the
torque (moment) required to rotate foam roller.

= Correct model results using proper DSP techniques.

k=4 1.5 4
§ 1 ” HIHHHI|“llH|x|HH|ll‘|HH|“I:|H|HHIII"I‘MII lHI Abaqus/Standard Quasi-Static Rolling —

< \'“ , ||”H ”‘[“WM “l”'”””lm”” ””” ‘ ’ I - Monlinear quasi-static mode| predicts the AI|aS|ng

% 05 ], torque {moment) required to rotate foam roller. |

g M = Results from same model, just 4 different errors:

|Y Output every l ind| —— FEA output output requests
(251 total points) After lowpass filtering
0. L L | &
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i :

Pseudo Time

Outpeit every 11inc
(24 tatal paints)
™ :

Solution noise caused by mesh
discretization interacting with contact
during rolling.

B v
| Output every 18 inc
{15 total points)

Using proper DSP el b
approach, steady state -
answer achievable with

Y% the run-time!
) &,,.
Copyright © 2004 - 2012 Bodie Technology, Inc. Zzgr‘f_rzglcsr:;o)\ggzs‘im o

10

Quasi-Static Snap-Fit Via Explicit Dynamics FEA

Preliminary scouting analysis of a Snap-Fit design _

» Understand sensitivity to lower arm

angle and influence of friction. _—
a

¢ Simulate both insertion and retraction

= Implicit FEA will have difficulty with “snap” 3 angles: 0,, 0,+5°, 0,-5°
and retraction, so simulate with Explicit FEA.

“Form” of expected physical
response during insertion

force

*-'K Step: Step-1, Irlwt
Inarement SMTH‘M-OO

displacement

Smart-Tools for Analysis™

) &,,.
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Quasi-Static Snap-Fit Via Explicit Dynamics FEA g

Insertion Results Using Different Output Requests

Every increment 100 increments 80 increments 50 increments
~35,000 incs .
( ) Unfiltered
Force vs Disp (Insertion) Force vs Disp (Insertion) Force vs Disp (Insertion) Force vs Disp (Insertion)
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Quasi-Static Snap-Fit Via Explicit Dynamics FEA
Retraction Results Using Different Output Requests
Every increment 100 increments 80 increments 50 increments
~35,000 incs .
( ) Unfiltered
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10 10

Aliased Aliased Aliased

5] 5]
3 |
E of }‘ ' 0)
—5 -5
—~10 -10
0 5 10 0 5 10 0 5 10 0 5 10
Displacement Displacement Displacement Displacement
Lowpass filtered until smooth
Force vs Disp (Retraction) Force vs Disp (Retraction) Force vs Disp (Retraction) Force vs Disp (Retraction)
4 T T 4 T T T T
0,-5° 0,+5°
. Important part | ) o |
g 7
2
-2 -
0,
Aliased Aliased
1 1 1
0 5 00 5 10 5 10
Displacement Displacement Displacement Displacement
Bodie Technology, Inc of

Copyright © 2004 - 2012 Bodie Technology, Inc. Smart-Tools for Analysis™ -,7_“‘. f




Quasi-Static Snap-Fit Via Explicit Dynamics FEA g

Energy Methods, Derivatives, and DSP to Improve Analysis
Estimating Frictional Influence

Energy vs Disp (Insertion) No filtering

5 T T T T
4 External work —_ %
| Frictional energy s o
o ¥ Internal energ § 03
i |
q £ o1
Kinetic Ienergyl/'l )
) 2 4 6 8 10 0 . 5 7 5 5 10
Displacement Displacement
With Filtering
0.5 T T T T
F - 8(U friction) 5 Filtered via
fric = 6(u) 5 bi-directional lowpass
g 6™ order butterworth,
é ,=0.005-f,
Similar computations for 8
other cases of 3
0,+5° and 0,-5° =
0 2 4 6 8 10
Displacement . &.ﬂu
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Quasi-Static Snap-Fit Via Explicit Dynamics FEA
Energy Methods, Derivatives, and DSP to Improve Analysis g
Estimating Frictional Influence
Orig. Simulation, COF = 0.3 =
+ I I I I Quasi-Static Snap-Fit Via Explicit Dynamics FEA
Energy Methods, Derivatives, and DSP to Improve Analysis
Estil ing Frictional infl e
60+50 i S s e ; =
—— ;
8 nctonal enegy
S Internal energy.
i .I? : i
ireicgemy— | P "
__eit'.,‘,,]
Displacement - éu)
Similar computations for
. . other cases of
Prediction equation 6.+5"and 6,-5°
COF,
tmal‘COF:new = FtOtaI‘COF:O.B + ch‘COF:O.S ’ (COFZ%V.‘% - ) T S e T i e
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Quasi-Static Snap-Fit Via Explicit Dynamics FEA
Energy Methods, Derivatives, and DSP to Improve Analysis

Estimating Frictional Influence
Orig. Simulation, COF = 0.3

0,+5°

Force

Prediction equation

15

Se—

Energy Derivative Predictions, COF = 0.5
1.5 T T

Force

os ./

ST Three FAST

e predictions of
- 1 COF change
*~-| from 0.3 t0 0.5

"~ ~~._._ | (FEAmodel

NOT re-run)

08| cor —new

=F
total] o o3

fric‘COF:O.S

{

new
COF=0.3

)

Validating predictions by running

actual full FEA models for all three

angle cases with COF = 0.5
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Severe Impact of Plastic Housing

9 Experimental measurement
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raw
data
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Explicit Dynamics FEA Simulation
0

Aceeleratlon (ki)

o

B

5

B ‘,r,=sl.9 MHz &
fepieene | Cell phone
s lens impact

Why do 2 engineers find completely different results starting with same data?

* Result after lowpass filtering with 6®-order Butterworth filter, 5 kHz cutoff.

Copyright © 2004 - 2012 Bodie Technology, Inc.

Accaleration (kG)

Improved Experiment/CAE comparison (proper DSP usage)
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Engineer A
“NO correlation”

Aliasing distorted
analysis

Engineer B
“Good Match”
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Successful Analysis of Challenging Data:
Accelerations and Displacements

Mathcad - [lem-ball_impact_csmpact,smcd]

Ll Fie Edt Vew most Fomat Took Symboks Window el

D-#d &R ¥ B o TE MPRE RO e ¥ 0

N il e W A i e ™ ot el

Lewpass Eilter
B A il ow 1§ <E T of W | omccos ¥ do Defining, assess, spply foedii o=t oo dRne et 0 Sk 6
b — = X
Baw Data = o
Aterieriisn (Rrpesmcisl) Aceslesation (FEA Silatios) i = FRFplot T, ™) By o= FRPmg lge, 11,77 ) ) = heY_bn, e, "t s e’ |
L i, = 20000HE J o iy = 25000 ] FRF Magnitisde plot Fitered Accsberstion Results
] - ‘*,__._. Rl (Y 2 —— —
) { v 0
LA |
i e 1 1 3 & 3 - TR N T T R [ To‘l -3k
L} M —
ey - _
1. :
Desnate L8 _.[_],., TR S
armgie 2
ale a8 eaperment ! ty = X Kty | fe, = sumplmgFre_ L, " |
Actalenaten Expremestaly Aceslaration (FEA Smmdation, Decmated)

&= n.pm:_;{: o0 0 w) Testing hypothesis that FEA materisl law too sof (not
! T e accounting for eram rate influence of pobycarbonat)

3 , .
“ o *,.._.__ - e Compraied Diisplacemeris iy}
w g - fa = 367 210384 | —— T K_atse = —'TH ¥_patie = 1133
w -3 a, = 28000 1 W, Ly = . ] N 7 iy
-1 4 »y
p ey iy R ‘" L =il / _nitie = fF i £_ratio = 1064
=L@ 1 ¥ 3 a4 3 4 ST 8 1 2 31 4 35 4 '1 : ,
3 /
k. 8 H, = b b bt
- e B 3 w i::-w- E_ntio Tratis
Easriss Anabysis

= PO Y Testing Stiffess Hypothers
M, = fousisilag b haen k"t 08} * £, = fousinFeng By, | -boo1 2 3 4 5 6 1 T ——
L = 3
Full Spectrum Specinum (Lowes Frequencies) g pvery

Exblem Feference.

Do, T, o1 al, “Apphcations of DSF 10
Explicit Dynamic FEA Simulations of T Expa
Elastically-Dominated Impact Probiaens FEA (amind)
dournal of Shock and Vibraton, Vol 7, No 3, -

Bl (Bl
I
i N

1 0 1 3 3 4 5 &
noh
e .
© >
B — por P Fi o . T o

. . Bodie Technology, Inc
Copyright © 2004 - 2012 Bodie Technology, Inc. Smart-Tools for Analysis™

18
Shock Response Spectrum
(SRS and PVSYS)
* Methodology to assess impact severity
from acceleration data. Applicable to
= FEA
= Physical tests

» Methodology based on assessing how a
spectrum of Spring/Mass/Damper systems
respond to transient acceleration input

» Useful to answer questions such as

= “Will a sensor or other component survive
the impact event?” Examples include:

e Cameras
» Motion-sensing electronics
* IC chips

= Applicable to cell phones, smart-bombs, ...

. . Bodie Technology, Inc
Copyright © 2004 - 2012 Bodie Technology, Inc. Smart-Tools for Analysis™
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Raw FEA Data - Model 2

SRS and PVSS
Penetrator Example

Gi g g
ven = =
E i
* Acceleration data from: oy N [
) 0 10 20 30 40 50 0 2 4 [ 8 10
= Experiment Time (msec) Time (msec)

= Explicit Dynamics model
Zoom from O to 5-msec

e Spec on absolute max shock Raw Experimental Data Raw FEA Data - Model 2
for device to be placed near I~ | | @
nose cone: é osf - §
(as stated by customer) 3 = ¥ i W 3
*» 6,000-G for 0.1-msec ~ °f - k<L
= 2,000-G for 0.5-msec BRI I B T
Time (msec) Time (msec)

How to compare the following data to the specs?
» Experiment and FEA Peak Accel = 700-G and 4,000-G
e Experiment and FEA data look totally different!

How to relate 0.1 and 0.5-msec from spec to Test and FEA data?

Bodie Technology, Inc &“

Smart-Tools for Analysis™ 'f-_l"
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[ I Mathcad - (Workshop_Moon_penetrator_withSRS smed] =@
fd) File Edit View Insen Format Tock Symbolics Window Help — ~1&x]
SRS and PVSS D=1 5&:}’ Boo|": meps|aBRO _m* = @
(15w o || @A E Do

Penetrator Example

Faw FEA Data - Model 2

Given : |
* Acceleration data from: : 2-
= Experiment e

= Explicit Dynamics model A L) T

e Spec on absolute max shock oo Shock P o Compopc e M
H i ' ' — Spec 1 This was done to be consistent with the
for device to be placed near e 4\ oemerta i FEArsort
nose cone;: % /| | fre-all inclded
- | I| Not including free-fall will distort low
(as stated by customer) | 5 SN oty ot f RS nd PSS
= 6,000-G for 0.1-msec T e

= 2,000-G for 0.5-msec

First convert specs to Haversine shock pulses
» Easily done with Kornucopia® functions

Bodie Technology, Inc &“
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SRS and PVSS

_r“ Mathcad - leﬁmmmﬁm

D-FH SRV L@ o

| M) File Edit View lnsen Format Took Symbolics Window Help “l®ix
[Tt (mo=|n@0|wn - @)

[ ) am [8 <
Penetrator Example - o @FH REPIS
Given s
= o
e Acceleration data from: £
= Experiment
= Explicit Dynamics model FN——— esbeld = 01
P R e )
e Spec on absolute max shock Spes Mol oo
for device to be placed near s it A
§ x:nla!_dnn data which also did not have
nose cone: 3. fisinicie
- Hot inchuching free-fall will diston low
(as stated by customer) " focy ot I SRS VIS
= 6,000-G for 0.1-msec
= 2,000-G for 0.5-msec cmesn
ot L L SRR |
Then compute SRS Abs Accel
and PVSS Spectra on i
* Haversine shock pulses £
+ Experimental data i
« FEA data : A
1 B T T PO T S T T A 10 100 110’ 1xa0* peae et
SMD Natura! Frequency (Hz) SMD Natunal Frequency (Hz)
Copyright © 2004 - 2012 Bodie Technology, Inc. ﬁ;i'm, : =% o ?'
t_:= vectorBySampling_k(fsHaver ,500,"") threshold = 0.1
SRS ANC PN m sy s i |
Penetrator
Haversine Shock Pulses from Component Specs Note:
6 r ' . Free-fall not included in Pulse calc.
Given — Spec1 This was done to be consistent with the
e — Spec2 I and FEA transient
. § I acceleratlon data which also did not have
» Acceleration | = free-fall included.
L] Experim E 3 1 Not including free-fall will distort low
.. 3 : : ’ frequency portion of SRS and PVSS :
- EXp“Clt[ 0 02 04 06 08 spectra below. (o
Time (msec)
e Spec on abst¢
for device to
nose cone: | EECREEESARCCIDIGTGT) IEENRSERNCAICIT)
(as stated by S
= 6,000-G
= 2,000-G | g 3
: £
Then compute 2 E
and PVSS Spet § ;
* Haversine s FH i |
. IIIIIIIIIIIHIIIII......--......-.....I 1l
« Experimenta : : TN T
10 100 110 1x10°  1x10 1=10 10 100 lxloj 110*  1x10 110
* FEA data SMD Natural Frequency (Hz) SMD Natural Frequency (Hz) =
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SRS and PVSS
Penetrator Example

Given

* Acceleration data from:

= Experiment
= Explicit Dynamics model

e Spec on absolute max shock
for device to be placed near
nose cone:

(as stated by customer)

= 6,000-G for 0.1-msec
= 2.000-G for 0.5-msec

Then compute SRS Abs Accel
and PVSS Spectra on

pe

[ 1 Mathcad - (Workshop_Moon penetrator_ withSRS smed] &

IanWVmMFmeWsMM _l®ix
D-6d &R ¥ Bl oo |7 wmos|ap0|s - @
[y see s ee BAEH=EEhan

Raw FEA Data - Model 2

Acoel (1000G)

Aeeel (1000G7)

Time (msec)
‘Q = vectorBySampling_k(fsHaver 300} threshold = 0.1
Haversme Shock Pulses from Component Specs Hote
T T T i Free-fall not included in Pulse calc

\ — Spec] This was done to be consistent with the
& |I Spec experimental and FEA transient

E | | acceleration data which also ded not have
= il free-fall included
E o 4
= | ! Hot including free-fall will diston low
i ", , , frequency portion of SRS and PVSS
"o 02 04 (Y] [T spectra below.

* Haversine shock pulses g !
« Experimental data ; ;
« FEA data § i
* Need estimate of natural . Sl Tl
. . 10 100 1=10 =10 1=10 1=10 10 100 B3 ) 1=10° =107 1=10
frequencies of device S Mot o 20 SoAD Mt iy G
Copyright © 2004 - 2012 Bodie Technology, Inc. t?_"ms.mﬂw- =% s ?' J
{1 Mathcad - [Workshop, Moon penetrator withSRS xmed] el
Iﬂmm\rmnmrmmmw:mm _l®ix
SRS and PVSS D-GH &R Y Bloo|TE WD S| 60| @
yse e e | | @BAEH=EDan
Penetrator Example — —

Given

* Acceleration data from:

= Experiment
= Explicit Dynamics model

e Spec on absolute max shock
for device to be placed near
nose cone:

(as stated by customer)

= 6,000-G for 0.1-msec
= 2.000-G for 0.5-msec

Then compute SRS Abs Accel
and PVSS Spectra on

» Haversine shock pulses

e Experimental data

 FEA data

* Need estimate of natural

frequencies of device
Copyright © 2004 - 2012 Bodie Technology, Inc.

Aeeel (1000G7)

Pulse calc

also did not have

Pccel {1000 (7}

Il distont low
S and PVSS

Metibcei 'V 55 (mieec)

1 w0 10 ' et e’ JUR T T T S ST T

SMD Natural Fraquency (Hz) WD Natural Frequency (Hz)

|Press F1 for help. Cale B9 NUM Page?
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Integrating Acceleration Da

Why does this measured accelerati

76-mm

157-mm

Steel ball impacting
aluminum plate

Answer:

Low frequency distortion in
accelerometer data

e Very common with
measured data

Copyright © 2004 - 2012 Bodie Technology, Inc.

Accel (g)

ta — Another Big Challenge!

on produce aridiculous displacement?

1
20
Time (msec)

60

100, T T

— 0 X

IS benchmark

£ -100- g

= -200~ Integrated -

-g _a0F from accelerometer —— /<

— 400 L L 7
0 20 40 60
Time (msec)  |mplausible

result!

Bodie Technology, Inc
Smart-Tools for Analysis™

Example Templates in Library Help Meet the Challenge!

¥ Kornucopia Help
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+ |B] Decimating Data

# |N] Derivatves and ifegrals of Discre

+ 1] General nterpolation via Paramate

#  [3] Highpass Fiter of Piste Shock

4 [K] Hysteretic and Cyckc Data Proces
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{¥] Learning DSP

% |N] Lens-Bell inpact

+ - |N] Moon Penetrator
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+ |K] Processing o Packed File Efficient!
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This example worksheet

to potentially salvage severe
dnfting in integrated
displacement data

.

# [B] T-beacket Fadure
\_ # [N] Tricks for Plotting Muliple Cur
[P

"y
=/ This is an HTML version of
i

¥
<

demonstrates how the use of
highpass filtering as a method

Salvaging PE Shock Data
Using Highpass Filtering
(Compact version)

Measured Accel vs Tume Dhurect Integration

1

NOT Plausible
{Huge Drift) 7]

Salvaged Displacement via Highpass Fitering
T T T T

g "J.'-g Plausible Result
iq 1
ad | /\’\/\/\/\/\/\/—
T A 1
' A 1 A
1] o002 004 006 one 01
Tiime (sec)

the worksheet It is intended to be used for fast browsing.
i
~

¥
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Salvaging Data via Highpass Filtering

Plot of Raw Acceleration Data

Measured Acceleration vs Time
T T T

o

2 fs = 50.000-kHz

Successive integration to obtain displacements

Computed Displacement vs Time (no filtenng)
T T

200, T T
0
3 -m
- 400
= 600]
_ 1 1 1 1
% » @ ) @ 100
L
meec &
Copyright © 2004 - 2012 Bodie Technology, Inc. Inc .
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Salvaging Data via Highpass Filtering

Plot of Raw Accelaration Dats

[THRRp— .

o= 0 it

Fourier Analysis

Fourier of the actual data Maé = founierMag_k(8,hann_k,"") f = founesFreq Mt,"")

To help interpret the Fourier Signature, we compute the Fourier Signature of a a simple Quadratic curve.

L L
BeY .

H
B
8
L]
B

: 2
t : LL]
. 6qm = =700 -mm- [m) qud = founerMag_ki qud,hm_k. ]

1x10%
M 10
mm
01
Mawad
mm o 1x107
1107
1 10 100 110* 1x10*
£
Hz
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Salvaging Data via Highpass Filtering

Highpass Filtering to Remove Drift

Plot of Raw Accelaration Dats
Mhraaed el o3 Tene Guided by the Fourier analysis above, it looks like we should start filtering around 100 Hz

o Try the following filter cutoffs: 100 Hz, 50 Hz, 25 Hz, 10 Hz, 25 Hz, 30 Hz, 28 Hz

*  Your goal when removing drift is to use as low a cutoff as possible so that the low frequency portion caus

o= 0 it

the drift is removed but the higher freg , phy p ts are not

Define filter cutoff fec = 28-Hz = g

Define filter coefficients

Apply filter to data

Select which signals o

__n: — ] Select the curves you desire to appear in the plot. use to drive Y-axis scaling
= = 4
: . Select which signals to tuin on in the plot below Al
5 CE 0 ] S= ¢ 2x Laser
= [F Unfitered| [ Filtered| [ Laser| @ 2x Filtered & laser
™ 5x Filtered & laser]
Fourier Analysis jif Filtered and Benchmark
Fourier of e sclusl dats M = foumedMag k8 bee k") = foucaFreg M| ' - : T

Ta haip wterprat the Founer Signatore, we compute the Founer Sgnature of 3 3 sumple Guadral

Hggaq = Ml [ﬁ]2 Mg = bl g b 1,7

(B
Mk 10
= -
e g
HE ] w o e 10’ Ravy FI |terled . i
p 0 0.02 004 006 0.08 0.1
Time (s6c)
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Salvaging Data via Highpass Filtering

Measured Accel vs Time 1 Direct Integration
4 mﬁ T L T T
9 e NOT Plausible
Z; '8';'3 2 Integration E (Huge Drift) ]
B -200
= 0 2
8 _g- - 400
4 -2 g — 600k
Steel ball impacting an _a [ T B 300 A R T

aluminum plate with dimensions 0 2 4 60 =0 100 ) 20 4 60 80 100

157"mm x 76" mm x 1.57"mm Tl i) 2 Tizme (moec)

Salvaged Displacement via Highpass Filtering

Plausible Result

Displacement (ram)

0 002 004 006 008 01

Time (sec)
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Preparing & Cleaning Challenging Data via Kornucopia®

Processing Experimental Data

Fika wath baginning and ending markers for each dataset

D-&#d &R ¥

B oo

Challenging data to
(multiple datasets, hea

) i ————————T N L T

Eunaca FER ] @A ) v (8 € D) a8 B | raracoon ~ @ Clean data and converi to Stress vs. Strain
Read single data file and unpack datase {2 [
Read i “L‘wl[.w\ﬁmwwlp'm.:»-:rsm- P heal, = |tmp lmn_l{ddlﬁ‘.wduﬁ,i JJo0g, n.:. r ] -y
data file Y sumey oA, ™) = "(25746) g mm_r{-;m- g, 2,00 m.[ '::" 'Ij_ ]]
L R P =’ __oa0: | entDes i et 0,
EEEEEEEEE S { ) (3., (oo .,‘I ? ronp P p—
Ta® To= emt g ———
Unpack and . L,
~separate ram ,Tl.mm{,._u_;
d at as ets ave = averageXY WET,"s" "nomm:yes®) | pit = nestPlot_eT,"")
[er { I Stoess ﬂsmm
Crouping key = Specimen s info s Faw ¥E.
S = Average
1516’ 1 - 13
Plot raw § et /ﬁw 1 % 1. datasets and
L =
datasets e I " o plot final
005 0 085 01 013 + d results
Dt {m) ] 40
£ >
Press F1 for bhelp. Cak Fo N
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Cleaning High-Rate Data

e With high-rate measurements, there is a

greater likelihood that noise and
oscillations appear in your data

= Often caused by excitation of

mounting fixtures or testing frames.

* In many cases, the FEA analyst
deal with the data “as is”

Copyright © 2004 - 2012 Bodie Technology, Inc.
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Wi Mathcad - [highRateData.omed) AR
Ad Fde Edt View Inset Formast Tooks Symbokics Window Help =i=lx]
D-F@| &R Y Boo|[": | WP =| RS0 |
[Reerucopa o BAMH=EETsn |
=
himer I = read ASCH_k(highRateData csv™ , “comma® , "head: 2*)
\ o
header = o o™ g '| summary_kiraw,"") = "{2162}"
L. M ) =
Raw Data
12 :
- 1oor A AN
g /\ ‘;" Y
1T M
3 /-
£/
11, |
it +
."II
L L 1 L
o 4 3 8 1]
Nominal Strain (%)

Bodie Technology, Inc &'- i
-

Smart-Tools for Analysis™ "-.'I f




Cleaning High-Rate Data

» With high-rate measurements, there is a
greater likelihood that noise and
oscillations appear in your data

= Often caused by excitation of
mounting fixtures or testing frames.

* In many cases, the FEA analyst must
deal with the data “as is”

Copyright © 2004 - 2012 Bodie Technology, Inc.

(Wi Mathcad - [nighRateDatamed] =
Ad Fde Edt View Inset Formast Tooks Symbokics Window Help =i=lx]
D-FW &R Y Boo|[": | WP =| RS0 |
[Reerucopa o BAMH=EETsn |
=1
himer I = read ASCH_k(highRateData csv™ , “comma® , "head: 2*)
\ o
[ "nomanal strain™  “nomenal stress” ')
header = S i | summary_k{raw,"") = “{2162}"
L~ MP )
RawData
1 :
100 AN
¢ AN
= V
1T M
3 /
£/
11, |
utf +
."II
L L L L

~ Plot Raw Data
= Plot Cleaned Result
=z o 1
g 7
P 1
T o 4
5 |
= 1
b 4
i i L i
o 2 4 6 3 10
Nominad Strain (%) -
« '
|Press F1 for help. Calc F3 NUM Page2 |

Enhancing Material Characterization from Raw Data

PR = S S

{

Flastic Stmin (%)

Copyright © 2004 - 2012 Bodie Technology, Inc.
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Basi c Step S fo r retum "}’"“::2* if elvctm "03% offent “yiold_prm = 3135 MR
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A. Clean and average e e RSN el o] [
raw data Evahsation of Onset d'Yqum‘. ;E F
X 150} -—I'lnl_stlﬂlu True Strun P -
B. Convert nominal oo st
stress/strain to true ; Joa}- Pl = *heP" = ] )
stress/strain “ P i
. @t = 4 j
C. Determine modulus : ~Sfamn -
D. Obtain yield stress % e :
vs plastic strain .
| O] Yield Siress vs, Plastic Strain
curve —— Compiie Gain cuve Pick which dilE.l you want
. 50 |es Proposed pombs to cetput 1o output for FE madeling
E. Output to ASCII file T 1
for FEA or other Eom
- o
use S
. ] {
.......................... oviat -~
"o m = @ __' :

e I BEPRUSE R SRR TS PRer L N
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Cleaning Hysteresis Data via Kornucopia®

- . e e Jf i et [ el gl e g
Mathcad - [hysteresis. xmcd] [; "EHR
" Plotting Cleaned Data
r] Fle Edk WView Ircert Formet Tooks Symbolics Window Hep . & X
B+ [;;;] xm ]g <F gj'qs - 'm.um v | grGo Specify smoothing factor for smoothFac = 90 %
final result
Initial Plot of Raw Data
Raw Data Specify a specific cycle Set  S=3 * Highbght On
3 to highlight Cycle 54 " Highlight Off
= sumumary_k{raw,*") = *[2325,2)*
i‘ 200 _ 3] Process to find cycles
g Plot By Each Set of Cycles
109 7 — St 1 : ’ /
. — 5m1 ,’( ]
—— Set3
o

Use Stress Derivatives to Detect Cycles
emthDiee,*)

Hominal 5tress (pei)

smthDeniy = 80.% Tamth = smaoth¥_W(Tr

Use the smoothed data to I“Q" !
compute the dervative - —

Demrvative of Stress vs. Data Fomt

Hr

0 110* 20
Diata point counter

COPYTIGM s s IS s, gy g Attt o IRttt )

Hommnal Stean (%) ~

Hormalized Stress Dernvative

gy, Inc &
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Free, Self-paced Kornucopia® Training on BodieTech.com
’Q Bodie Tech - Jumpstart Training - Mozilla Firefox Lol e )

E|1e Edit View Higtory Bookmarks Tools Help

| [} Bodie Tech - Jumpstart Training | = |
(" {1 www.bodietech.com/Jumpstart.htm i e ;0"_ Lol o

" BODIE TECHNOLOGY, INC.

s

-:.f" Smart-Tools for Analyzing Noisy & Challenging Problems™
) -
oPr | Aboutus | | Contactus |

| Home || Kornucopia [l Training || Consulting || Resouroes&vldeos" News&Events”

Training - Jump-Start into Kornucopia® and Mathcad®

¢ i T]r £ data
— clean

Mathcad /-\mlmnl e e [ aw

Nunerical Experimental
average

Mathcad and Kornucopia® can help make all sorts of calculations and data analysis faster, easier, and more
accurate. If you work with any of the following this free, web-based training is for you!

A e g e P . e S e
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Analyzing Noisy Data via Filtering and DSP
3 or 4 Day Customizable Training Seminar
Instructor: Ted Diehl, PhD

Training specially designed for
FEA Users & Experimentalists

Learn how to turn this mess ...

Aeerl (1000 g)

Aceel (1000 )

2Ty
bl oy

Failure

fiy = 11223 MHz |

Equipment

Impact &'
Buckling

Performance

'
£
o

4 L 8 0

Time (msec)

Kece] (1000 g)
.

Accel (1000 g)
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Stress (MPa)

‘Time (meec)

A
0 10 20 3 40 50

Strain (%)
Advanced Material Testing

Bodie Technology, Inc &'--'-‘
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Course Content

Lectures

1. Motivation for Using DSP with
Simulations and Experiments

2. DSP Fundamentals

3. DSP Using Various Software

4. Developing a DSP Strategy for a Given
Problem

5. Using Energy to Enhance Analysis

6. Working with Experimental Data and
Validating Simulations/Experiments

7. Working with Transient-Dynamic Models

8. Shock Spectrum Analysis (SRS, PVSS)

9. Working with Quasi-Static Models from
Explicit FEA

10. Improving the Modeling of Failure

11. Creating Viable FEA Material Data from

Noisy and Challenging Material
Measurement Data

Copyright © 2004 - 2012 Bodie Technology, Inc.
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Workshops

1.

Experiencing Common DSP-related
Mistakes

Learning DSP Using Simple Signals
Transient Impact of a Structure

Transient Penetration - Comparing
Models and an Experiment

Salvaging Shock Data via Highpass
Filtering

Quasi-Static Cam Mechanism
Analyzing Failure and Crack Propagation

Computing Derivatives and Integrals
From Noisy Data

Creating Elastic/Plastic Material Law
From Slightly Noisy Experimental Data

10. Cleaning Problematic Hysteresis Data

Smart-Tools for Analysis™

Bodie Technology, Inc &'--'-‘
L2
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POR T Smart-Tools for Analyzing Noisy
N..%. & Challenging Problems™

5
_ 2 9 U.S. ARMY

Aberdeen Proving Ground

“Your DSP course taught
techniques that helped me create a
standardized approach for

“Without Kornucopia® | really processing noisy Explicit Dynamics
doubt the quality and quantity of simulations. This has improved my
work would have been what it analysis and helped me deliver
was. The 1 on 1instruction was more useful FEA results on recent
invaluable” projects - your course is the best |

Lt. Col. Kelly Laughlin, PhD have taken in a long time.”

A5 AT, PISETITIT ASEE, Michael J. lacchei, Mech. Eng.

Analyzing large-caliber ballistics from U.S. Army, AMSAA
both Explicit FEA and tests

) &,,.
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¢¢7  Smart-Tools for Analyzing Noisy

H -
v..0. & Challenging Problems™

< BD

ikl "Kornucopia® has helped greatly in
I y lives

breaking down difficult data sets
from experiments, in an easier,
automatic, and understandable way.
This has helped us setup,
scrutinize and understand the
experiments faster, which is
priceless... It helps make the

“We congratulate the
Kornucopia® development
team for creating such an
effective and simple-to-use
toolkit for engineers

worldwide. organization move faster...”
Arun Nair, Ph_-D-_ David McCalib, Mfg. Engineer
Becton Dickinson & Co. - Blount International

) &,,.
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Bodie Technology Roadmap
Upcoming Kornucopia® V1.6 Release

e Shock Response Spectrum
= SRS Absolute Acceleration, PVSS, and more
= Easy-to-use Pulse Generation functions

» Convert component shock specs to SRS for
direct comparison to SRS of FEA or physical
accelerometer data

= Specifically designed to handle Explicit Dynamics
simulation data as well as experimental data

= Example templates demonstrating SRS technology usage

* Other Enhancements
= Run/Loop other Mathcad worksheets from a Kornucopia® worksheet
= Enhancements to file reading, averaging, integration, & derivatives
= New example templates

* SRS data analysis, Slice/Dice data, and more

Smart-Tools for Analysis™

) .
Copyright © 2004 - 2012 Bodie Technology, Inc. Bodie Technology, Inc .6
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R |_Zj d9- " |= Lenslmpact.xdsm - Microsoft Excel |
BOdle TeChnOI()gy Roadmap “ Hom | Inser | Page Form | Data Revie View | Add- Acrol | Team
Future Kornucopia® Xornucopia -|
PlathrmS _-: Data Clean-Up
E Data Adjusting
L DSP (Filtering and More) Yl > g
Independent Kornucopia® Engine | %o Integration and Demwatives | %3¢ pso 6
. ) Read and Write '{;. FEiltering | | M
e A”OWS KOI’nUCODIa® teChl‘I0|Ogy {= Array Manipulation WY SRS and PVSS accel
to be connected to a variety of S| Seing Manipulation Py Ry —_l(onen/ec)
w 0 0 0
software packages -‘? gaol.i‘a:-w -8.21E-09 5.15€-10 -4384346.49
7 3.37e-07 -7.16E-08 4.49e-09 -15382336.6
In |t|a| Platform Targets 8 _i,d‘SE-IJ? -3.29€-07 2.07e-08 -38928470.6
° Abaquslviewer b £ Abaqus/Viewer 6.11-1 [Viewport: 1] L= B
. %w Besult Plot Animate Report Options Tools | Plug-ins Help K? . =i U] L X
* Microsoft Excel (LB PO R : It >} € B Viastion ek [ ) ~
1: Visualization E| oDB: * C:a’Usels.’Teda'dpp!}ata.-’lo:aL{h . A" n—";';. h:_ n = eas % E a;]
+ Python - o 5w
{ e o Tools (3 Data Adjusting
° Mat h (o ad é r ., About Plug-ins... Data Clean-up
: - : FeT
Integration and Derivatives Filtering
Read and Wiite PSD
SRS and PVSS

Bodie Technology, Inc
Smart-Tools for Analysis™
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Bodie Technology, Inc

Smart-Tools for
Analyzing Noisy &

Analytical
Creativity ‘
+

Perspective

Numerical Experimental

Bodie Technology, Inc &7;‘-‘
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Instructor’s Profile -Ted Diehl, Ph.D.

» Expert in Nonlinear Mechanics with 20+ Years Experience
= Experimental, computational, and theoretical approaches
= | ed nonlinear mechanics efforts at Kodak, Motorola, and DuPont

Engineering Tools
= Mathcad & Kornucopia®, Abaqus nonlinear FEA, and experimental methods

Engineering Success in Industry

* NASA spacecraft = Paper motion in copiers = Nonlinear nip mechanics
= Cell-phone impact = Simulating fabrics = Ballistic protection
= Peeling mechanics = Flexible structures * Nonlinear materials

Created unique DSP algorithms
= Enhance analysis of noisy data from experiments & Explicit Dynamics FEA

Developer of Kornucopia® and President of Bodie Technology Inc.
= Smart-Tools for Analyzing Noisy & Challenging Problems™

Bodie Technology, Inc &7;‘-‘
NOF
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