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PURPOSE




* NASA still depends heavily on the attenuation methods of the Pyrotechnic Design
Guidelines Manual for preliminary pyroshock environment estimation.

* Project Goal: Understand and quantify how various composite panel properties impact the
composite panel’s response to a pyroshock environment.

ATTERUATION FOR HNONEYCOMD STRUCTURR

SHOCK LEVEL REMAINTRG

TERCINT OF ORICINAL

Kacena, W. J., McGrath, M. B., & Rader, W. P. (1970).
Pyrotechnic Shock Design Guidelines Manual. Denver:
NAS5-15208.
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Purpose Cont’d...

* Project Process: Use design of experiments (DOE) techniques to quantify differences in
effects and variability in responses due to changes in input factors.

* Challenge:

* Shock environments can be very difficult to quantify. The most common methods are...
* Time history based: shock pulses (half-sine pulse, etc.), wavelet reconstruction,...
* Response spectrums: SRS, pseudovelocity (PV)

* Analysis methods team starting with single value inputs; shock tends to be

characterized with a spectrum.

* Response spectrums for pyroshock tend to show similar trends (slope, frequency break

point, plateau), but enveloping response spectrums can be very subjective.

SRS

Peak Accel [G]

Max G

Natural f [Hz]
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Purpose Cont’d...

*Goal 1: Eliminate human subjectivity by automating
* Post-Processing of acceleration time history data
* Use first 20 ms
* Remove bit-error
* Detrend
* Enveloping of Shock Response Spectrum
* Enveloping of Pseudovelocity
* Goal 2: Determine and calculate single value inputs that can characterize the shock
environment
* SRS Envelope Parameters
* PV Envelope Parameters
* Temporal Moments
e Spectral Moments
* Goal 3: Analyze additional spectrums used for characterizing shock
* Fourier spectrum
* Energy Spectral Density
* Time-Frequency spectrum
* Goal 4: Utilize statistical processes to evaluate the data
* |solate non-essential parameters
* Develop scaling method for composite structures
2013-11-07 NASA: MSFC 6




TEST SETUP & DESIGN




2013-11-07

Test — Parameters

Group I - Thickness Ply and Orientation Fill LSC Core | Number
Monolithic (inch) Load of Tests
Composite {gpl)
Thin 0 d_egiee,_ N/A solid 10 4
umdirectional, tape
Thin Quasi1 Isotropic, fabric | N/A solid 10 4
Thin Quasi Isotropic, tape | N/A, solid 22 4
Thick Quasi1 Isotropic, tape | N/A solid 10 4
Thick Quasi Isotropic, fabric | N/A, solid 22 4
Group II - Thickness Plv Orientation Fill LSC Core
Filled Load
Composite
8 Ply Fill Quasi Isotropic, tape | Al _ 10 4
Honeycomb
8 Ply Fill Quasi Isotropic, tape | Rohacell 10 4
Foam

NASA: MSFC
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Test Outline

Group I — Solid Compaosite Panels

Test Panel LsC
Number Material ; Ply Orientation Type Core
Thickness
Load
! Eil?“?ifgfo Thin Fabric 0-Deg, 18 ply Solid 10
2 Composite, +45°/-45°, 0° (2x),
IM7/TC350 Thin Fabric +45°/-45°, Solid 10
90° (2x), 18 ply
3 Composite, +45°/-45° 0° (2x),
IM7/TC350 Thick Tape +45°%/45°, Sohd 10
90° (2x), 54 ply
4 Composite, +45°/-45°, 0° (2x),
IM7/TC350 Thick Fabric +45°/-45°, Solid 22
90° (2x). 27 ply
5 Composite, +459/-45°, 07 (2x),
IM7/TC350 Thin Tape +45°/-45°, Solid 22
90° (2x), 38 ply
Analyze results from Tests 1-5 and re-plan as necessary
6 ET?“?}?;EO Thin Fabric 0-Deg, 18 ply Solid 22
7 Composite, +459/-45°, 07 (2x),
IM7/TC350 Thin Fabric +45°/45°, Solid 22
90°, 18 ply
8 Composite, +45°/-45° 0° (2x),
IM7/TC350 Thick Fabric +45°/-45°, Solid 10
90° (2x), 27 ply
9 Composite, +45°/-45°, 0° (2x),
IM7/TC350 Thick Tape +45°/-45°, Solid 22
90° (2x). 54 ply
10 Composite, +459/-45°, 07 (2x),
IM7/TC350 Thin Tape +45°/45°, Solid 10
90° (2x), 38 ply
NASA: MSFC
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Group II — Sandwich Composite Panels

Fanel Test Panel LSC Caore
Number Order Material . Fill'Ply Orientation Type
. Thickness Load
Number
11 1 Composite, 8 Ply Al 90 °.-"—45_°.-"415‘3.-"'0”.-"0 °f _
IM7/TC350 Fill Honeycomb -45°/+45°/90°, Sandwich 10
& Tape 8 ply both faces
12 4 Composite, 8 Ply Al 90 ".-"—45_'3.-"—45'3.-"'0”.-"0 °f _
IM7/TC350 Fill Honeycomb -45°/+45°/90°, Sandwich 22
& Tape 8 ply both faces
13 3 Composite, 90°/+45°/-45°/0°/0°/
IM7/TC350 ?i: Iy Foi?;f;;lpe 45°/+45°/90°, Sandwich 10
8 ply both faces
14 2 Composite, 00°/+45°/-452/0°/0°/
IM7/TC350 ii: ly Foi‘ﬁ‘;f;l . _45°/+45°/90°, Sandwich 22
P 8 ply both faces
15 7 Composite, 8 Ply Al 90 °.-"—45_°.-"—45‘3.-""[}”.-"0 °f _
IM7/TC350 Fill Honeycomb -45°/4+45°/90°, Sandwich 10
& Tape 8 plv both faces
16 5 Composite, 8 Ply Al 90 “:"—45_'3.-"45‘3.-"'0”.-"0 °f _
IM7/TC350 . Honeycomb -45°/+45°/90°, Sandwich 22
Fill & Tape 8 ply both faces
17 8 Composite, 00°/+45°/-45°/0°/0°/
IM7/TC350 8 Ply Rohacell 45°/+45°/90°, Sandwich 10
Fill Foam &Tape
8 ply both faces
18 6 Composite, 00°/+45°/-45°/0°/0°/
II~*I?.-"¥C350 8 Ply Rohacell -45°/+45°/90°, Sandwich 22
Fill Foam &Tape

8 ply both faces

Evaluate results from tests 11-18 and determine test panel configuration for tests 19-28

NASA: MSFC
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Test Article

Test Panel

aluminum plate

LsC
mnstalled on
shims

N

Support plate

NASA: MSFC 11



Test Article Cont’d...
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Test Instrumentation

Test Panels 7 and 9

0.875 in
21 mm

Test Panels 8 and 10

PCB 350C02 PCB 350D02 [l

2013-11-07 NASA: MSFC 13



SINGLE VALUE INPUTS




Single Value Inputs — Shock

Response

* A shock response spectrum can often
be enveloped knowing three parameters =
(assuming a frequency range of 100 to Slope
10,000 Hz):

* Frequency break point (Hz)

* Max Peak Accel or plateau value (G)

* Slope (dB/oct)

Max G

Peak Accel [G]
//i?

Natural f [Hz]
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Single Value Inputs - PV

* A pseudovelocity spectrum can be

. Pseudovelocity
enveloped knowing three

parameters (assuming a frequency Wsen = .
range of 100 to 10,000 Hz): g| P / /
* Mean Pseudovelocity (ips) >/\ﬂ fz/\

* Max Peak Accel or plateau
value (G)
* Slope (dB/oct)

Maturalf[Hz]

2013-11-07 NASA: MSFC 16
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Single Value Inputs — Temporal

& Spectral Moments

Single Value Inputs: Temporal and Spectral Moments

Temporal Moment Calculated Values

Spectral Moment Calculated Values

Temporal Energy

Spectral Energy

Temporal Mean

One Sided Spectral Mean

Temporal Variance

One Sided Spectral Variance

Root-Mean-Square Duration

One Sided RMS Bandwidth

Variance Normalization

Variance Normalization

Temporal Skewness

One Sided Spectral Skewness

Temporal Kurtosis

One Sided Spectral Kurtosis

Root Energy Amplitude

NASA: MSFC
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AUTOMATING THE PROCESS




SRS Enveloping - General

Algorithm

* Read in SRS plot points.
* Determine a temporary frequency break
point (Lowest frequency that is one standard

deviation below the highest peak value). | T
* Calculate the slope of the data points from S S T o o T -

100Hz to the temporary frequency break point — Shook Response Spectun
(Least Squares Fit). ‘ . ?‘t‘lt;\:‘;t?

* For the plateau, calculate the mean value of

the data points from the temporary frequency

break point to 10,000Hz.

* Calculate where the sloped line and the
plateau intersect; this is the new frequency
break point.

* Create the sloped portion of the curve from
100Hz to the new frequency break point.

* Create the plateau from the new frequency
break point to 10,000Hz.

* Output the frequency break point, the slope,
and the plateau values.

=

Peak Accel (g)

Matural Frequency (Hz)

2013-11-07 NASA: MSFC 19



PV Enveloping — General

Algorithm

* Read in PV plot points.

* Determine break points (lowest and highest

frequencies that correspond to peaks that are

two standard deviations below the highest BT, - 25

Pseudovelocity Envelope; Q=10
e T —

* Calculate the slope of the max displacement SN i S @R S
line.

* Calculate the mean of the max
pseudovelocity line.

* Calculate the slope of the max acceleration
line.

* Calculate the two break frequencies by
calculating where the max displacement and
max acceleration line intersect the max —wenry T
pseudovelocity line. LI ) (N A1) QNN
* Create the enveloping curves. Frequency, Hz

* Qutput the max displacement value, the

pseudovelocity, and the max acceleration

value.

:\.X/Eux.

2 72 K
NNE SN v

o o

SRS A

]

Pseudo Velocity, ips

=t

Pseudovelocity *§ L X
Max Displacement Line o

BB
::ﬁ:’__'""_:-&?::"';:‘\ TP DR A
ANS :
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Post Processing Automation —

General Algorithm

* |Import time history data.
* |dentify the beginning of the shock pulse in the time history.
 Remove the bit error from the time history.
e Take the first 20msec of the shock pulse.
e Detrend (linear) the shock pulse.
e Perform calculations on post-processed data.
* Time history plots
* Shock Response Spectrum
e Pseudovelocity Response Spectrum
 Temporal Moments
e Spectral Moments
* Fourier Spectrum
* Generalized Harmonic Wavelet Transform
* Print and plot results for statistical evaluation.

2013-11-07 NASA: MSFC 21



PRELIMINARY STATISTICAL
ANALYSIS




Max Acceleration Stats Analysis:

Na¥

Adequate Model Significant Factors
* Distance (tOp Maximum Acceleration, Overall Means
graph) has an <
overall effectof ~ § = .
decreasing from6 2 —
to 42 inches, then 2
|eve|ing OUt g | 6 1l8 30 42 54 66
e The attenuation Maximum Acceleration, Panel Thickness

appears steeper " Thickness - Thin
and may bottom e Thiskness = Thick
out at a lower Ay

—E O

value for Thicker

Maximum Acceleration

panel than for T
Th i nn e r ( botto m Distance, inches
graph)

2013-11-07 23



Max Acceleration Stats Analysis:

Adequate Model Significant Factors

e |SC Core Load Maximum Acceleration, LSC Core Load
—4—Max Acceleration, LSC
may Or may nOt :7\\ Core Load=199pf
R . o =—-Max Acceleration, LSC
be a S|gn|f|cant \:‘ Core Load = 22 gpf

factor (top) N

Maximum Acceleration

6 18 30 42 54 66
Distance, inches

* Ply does not
appear to be a Maximum Acceleration, Ply
significant driver Ry

S Ply = Fabric
of Maximum : \ ey Tape
Acceleration, < —9
given this model 5

E | | |
( b Otto m ) i b Dist::ce, inchv.a:‘2 . %

2013-11-07 24



P~ Max Acceleration Stats Analysis:
| Graph of Data with Full Adequate Model

NAS]

Maximum Acceleration: Data and Overall Expected | t=thin

Values by Distance T=thick
X A Data, Panel 2 =a— t [Fabric,10
O Data, Panel 3 T ,Tape,10
» Data, Panel 4 T ,Fabric,22
o + Data, Panel 5 -4-- t Tape?22
o 0O ¥ Data, Panel 7 «oXe+ t Fabric,22
0O ¢ Data, Panel 8 —¢— T Fabric,10
@) % Data, Panel 9 —x=— T Tape,22
& O Data, Panel 10 -0-- t Tape, 10

Maximum Acceleration

6 18 30 42 54 66
Distance from Panel Edge, inches

2013-11-07 25



S Temporal Energy: Visual Analysis NA

* Ingeneral, there Dol Tabe= 130708151155 Compaste ShockProcesed
appears to be a Graph Builder R |
decrease in Temp s
Energy with Distance |
 Tape may show a | —
larger response than | =
Fabric — or we may be 1 —" i
seeing noise ¥ =
* Top/Bottomseemto ¢
replicate each other §
well | 4 .
" AR
 0and 45/90 appear to ‘ j”
replicate one another - =
Fabric Tape Fabric Tape

Ply
Where(24 rows excluded)

2013-11-07 26



/. Temporal Energy: Visual Analysis

* Thicker panels appear to T p—— |
h ave |OW€ r Te m p E ne rgy g:;ﬁ:{:?:;;io??g 1311 SBU Composite ShockProcessed
th an Thin Graph Builder
Temp Energy vs. Panel Thickness Distance

— The effect is very noisy LSC Core Load 1
— may be difficult to 10 2
pick out in quantitative -
analysis OR may not
exist T

— Panel 2 (Thinner Fabric
10 gpf) might have i
given low values —
factor combination not
on retest list, though
Panel 2 is

* Panel 5 (Thin Tape 22 1 & AR
gpf) seems to be noisy AR,
close-in g
— Likely not of great | ~
concern to analySiS’ Thin Thick Thin Thick

but could be useful to Panel Tickness
knOW Why Where(24 rows excluded)

D B W N

1<
aluqe4

b <ol

Ad

Temp Enerqy

ade]
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e Visual analysis:

Usually, Core Load
doesn’t make a
difference

 BUT data is equivocal

2013-11-07

Usually, Tape gives
a higher response
than Fabric

Usually, Panel
Thickness doesn’t
matter

BUT Thin Fabric is
guite sensitive to
Core Load (3-way
interaction)

07/09/2013 1:45 PM

Data Table=130708 1346 SBU Composite ShockProcessed

Results Tests 1-10
Graph Builder

Mean PV

Mean PV vs. LSC Core Load

Fabric

Ply

1 il 1
P+ 4

Is this apparent
response due to
when these tests
were run?

+++ + +

Hi+

LSC Core Load

uiyL

»IYL

SSauUILL [oued

Test

.« & @ . ®
- O 00 ~NO O & WN -
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/" - Graphs of Mean PV Data

07/09/2013 1:45 PM

Y Mean PV by Test Data Table=130708 1346 SBU Composite ShockProcessed

Results Tests 1- 10

N um be r Graph Builder

— Range of
variability — i
suggests | 2
measurement is : |
noisy in particular 1
instances

— What are the
instances?

. | "4
* |n particular, Test 9 | .
has several wild ’_ ,
points 1 2 3 4 5 6 7 8 9 10

Mean PV vs. Test

Mean PV

+++E + +
xxxx”‘xi‘

2013-11-07 29



S Max Acceleration: Bottom Lines NA

 Max Accel generally decreased with increasing Distance

— Some panels showed a knee at ~18”, with maximum values
there for a few panels

 Little difference seen between Fabric and Tape panels
* Thin panels gave higher Max Accel responses than Thick
Panels over a longer distance
— Thick panels” Max Accel tended to fall off steeply before 18”
e 22 gpf Core Load tended to result in lower Max Accel

values at 6” than 10 gpf

— Thin panels’ Max Accel values increased to a maximum at 18”
Distance

2013-11-07 30



Temporal Energy: Bottom Lines

 Top accelerometer TE values are considerably and
fairly repeatably higher than Bottom

 TE generally decreases with decreasing Distance

— Some panels’ curves show a knee at ~30”
Distance, with a few even showing a maximum
there

* Thinner Thickness results in higher TE than Thicker
* Variability increases with increasing TE

— Analyzed logarithm of TE — analysis was of little
use without this transformation

2013-11-07 31



Mean PV: Bottom Lines

 There are a number of wild points that seriously inhibit
guantitative analysis.

— Recommend looking at these points in the data to see if
there is something driving this.

— Test 9 exhibits particularly high variability.
* |n visual analysis, after attempting to identify and

disregard these wild points, the following conclusions
might be made:

— Core load and Panel Thickness usually don’t make much
difference.

— Fabric usually gives lower Mean PV than Tape.

— BUT Fabric at Thinner Thickness and 22 gr Core Load
appears to have higher Mean PV.

— 0-degree panels may respond similarly to 45/90 panels.

2013-11-07 32



Forward Work

Evaluate noise in the data.
* Check if algorithms are too sensitive.
* Review time histories and any other factors that might
explain noise and outliers.
e Search for trends in data.
* Understand the physical meaning of parameters.
 Some pseudovelocity results are counter to expectations.
e Consider retesting panels after non-destructive evaluation of
panels.
 Complete all test series.
* Develop useful tool for a composite panel’s response to a shock
environment.
* |dentify non-significant parameters of composite panels.
* Develop scaling methods for composite panels, if possible.

2013-11-07 NASA: MSFC 33
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¢~ Single Value Inputs — Temporal

Moments

Accel = Accelerati onTimeHist ory (i—’;)

* Temporal Energy, Tnrg = Z Accel* * At

Accel*

Tnrg

* Normalization, Anorm =

* Temporal Mean, Tmean = Zz‘* Anorm * At
 Standardization, 10 =7 — Tmean

* Temporal Variance, T var = ZtO2 * Accel > * At

* RMS Duration, D =+/T var

. . t
* Variance Normalization, 70 = D « Temporal Skewness, Tskew = Z t0° * Accel > * At

. T
* Root Energy Amplitude, Trea = \ ;gg » Temporal Kurtosis, Tkurt = 2104 * Accel * * At

Hacker, J. (2012, May 30). Index of ula time-frequency matlab scripts.
Retrieved from ftp://shockwg@drop.aero.org/

2013-11-07 NASA: MSFC 36



Single Value Inputs — Spectral

Moments

Accel = Accelerati onTimeHist ory (;%)

X (f) = fishift (fft(Accel))* At

XX (f)=|X(Nf
* Spectral Energy, Fnrg = > XX (f)*Af
* Normalization, Xnorm = XX (/)

Fnrg

* One Sided Spectral Mean, Fmeanl = Z (Jf‘ * XX(f))*Af
* Two Sided Spectral Mean, Frmean 2 = Z (f * XX(f))* Af
* Standardization, /1= f — Fmean1
f2=f
* One Sided Spectral Variance, F varl = Z (fl2 *XX(f))* Af

» Two Sided Spectral Variance,F var2 = )" (f22 * XX(f))* Af

Hacker, J. (2012, May 30). Index of ula time-frequency matlab scripts.
Retrieved from ftp://shockwg@drop.aero.org/
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Single Value Inputs — Spectral

Moments Cont’d...

* One Sided RMS Bandwidth, Bl =+/ F varl

* Two Sided RMS Bandwidth,B2 =+/ F var2

* VVariance Normalization, f1 :ﬁ 2= ﬁ
Bl Bl

* One Sided Spectral Skewness, Fskewl = Z([flf *XX(f))* Af
* Two Sided Spectral Skewness, Fskew2 = Z(f23 *XX(f))* Af

* One Sided Spectral Kurtosis, Fkurtl = Z(fl“ >“X)((f))* Af

* Two Sided Spectral Kurtosis, Fkurt2 = Z(f24 *XX(f))* Af

Hacker, J. (2012, May 30). Index of ula time-frequency matlab scripts.
Retrieved from ftp://shockwg@drop.aero.org/
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Velocity (ips) Acceleration (g)

Displacement (inch)

Time Histories -
MNEST1-02,046-Ch 1

0.005 0.01 0.015 0.02 0.025
Time (s)

0 0,005 001 0015 0.02 T ooz

Time (s)

0 0.005 0.1 0.015 0.02 0.025

Time (s)

Accel ||n.v‘se|:2 1

NEST1-02,048 - Ch 1 Fourier Spectrum

Frequency [Hz]

NEST1-02,048-Ch 1
SRS Envelope Comparisen, Q=10

——— Shock Response Spectum
Constant Velocity Line
Piateau

Matural Fteciuencv (Hz)

8
B
2
=
%
a
a
»
&
7
$
>
=3
o, 3
* &

NES 048 -Ch 1
Pseudovelocity Enveloy

Border Points

Max Displacement Line
Mean PV
Max Accel Line

NASA: MSFC
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Results — Output Figures

Cont’d....

g ¥ 1dime History % 10" Temporal Density - Amplitude ((in/sz)z)
E T
@
k=
=2
=
£.
( R —
Hlrmiei(s) Harmonic Wavelet Transform Spectrum - Amplitude ((in/s2)2/Hz)
T T T T T T b4 1U 3
2
®
c
[H)
a
=
©
[(H]
o
73]
Amplitude ((in/s*)2-$092) Time (s)

Hacker, J. (2012, May 30). Index of ula time-frequency matlab scripts. Retrieved
from ftp://shockwg@drop.aero.org/
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Contents

2013-11-07

Determine the intermediate frequency break point of the slope and plateau

Find envelope line properties
Create envelope curve

= Plotresults
] = L

Creates a plot and return 3 the

functicn [ enw

=3}

{line

Not enough input arguments.
Determine the intermediate frequency break peint of the slope and plateau

[pks, locs]=findpeaks (sra{:,2));

s=3td (pks)
pl=zeros (length{pks),1l);

13=1;

for ii=1:length{pks)
if pks(ii)>=(max(pks)-1*s)

epl{jj)=locs(ii);

33=33+1:

tial frequency break point

use the firat point as t

NASA: MSFC

fhi=pl(1):
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Find envelope line properties

find line properies from 0Hz to the initial breakpoint

mdl=LinearMadel.fit (loglO({£({1:£bi)),logld{g({l:fbi))};

cients{2,1};
ficients{l,1};

or exponent

Create envelope curve

Determine counter for envelopes

33=1;
while f(s3)<ib
33=33+1;
if ss>length
break

%

f3lope=zeros(33,1)
y3lope=zeros(ss,1);
for gg=1:33:

{end) /vslope (1)) /1logl0 (£3lope (end) /fslope(l)):

cc=cc+l;

& eXCe33 Zeros

plateau:

NASA: MSFC 42




2013-11-07

Plot results

loglog(f, g, "LineWidth", 2)

hald on

leglog{fslope,vslope, "r', "LineWidth", 2)
loglog{fplateau, yplateau, "'g’, 'LineWidch', 2)
grid on

NASA: MSFC
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Stage 1 Ignition Event
SRS Envelope Comparison; Q

Vs
-
O
e
(q)
=
=
=
=
-
)
—
O
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<
o]0
=
o
9
)
>
C
Ll
(aatf
.S

=10

Shock Response Spectrum

Constant Velocity Line

Stage 1 Ignition Event

[ ——
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-25
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Contents

Determine the frequency break points

= Create curve

nvelope

te figure

= (Calculate PV parameters

function [ env ]

Determine the frequency break points

[pks, locs]=f{indpeaks (pseudo(:,2));
s=3td (pks) ;

pl=zeros (length(pks),1);

% 3e

¥=[1,pl(1),pl

:k(2),1)),loglo{pseudo (k{1) :k(2),2))

% y=b*xN
N 1=mdl 1.
b 1=10~ndl 1.

ficients{2,1}; %
ficients{l,1}:

e first br
1)~ (/061

(4),2))):

% y=b*xN
N_2=mdl_2.C
b 2=10~ndl_2.

ficients{2,1}; %i ept
ficients{l,1}:




2013-11-07

Create curve envelope

Determine counters for envelopes

33_1=1;
while pseudo(ss_1,1)<fb 1
33_1=355_1+1:
if 33_lrxlength(pseudo(:,1))
break

end

end

33_l=33 1-1;

35_2=1;

while pseudo(ss_2,1)<fb 2
33_2=33_2+1;

if 3s5_2>length(pseudo(:,1))
break

mdispl=zeros(ss_1l,2):
for gg_l=l:3s_1;
mdispl{gg_1,1)=pseudo{gg_1,1):%frequency

mdispl{gg 1,2)=b l*pseudo{gg 1,1)"N_1;3%pseudovel

pvplateau=zeros (s3_2-33_2,2);

for hh=33 l:ss 2
pvplateau({cc, 1) =pseudc (hh, 1) ;
pvplateau(cc, 2)=yp; %ipseudovelocity
cc=cc+l;

gg_2=33_2Z2:length(pseudo(:,1)):
maccel (gg_2,1)=pseudo{gg_2Z,1); %frequency

maccel (gg_2,2)=b_2+*pseudo(gg_2,1)~N_2; iIpseudovelocity
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Create figure

loglog (pseudo{:,1) ,psendo{:z,2), "'b", "LineWidth"', 2}
hold on

loglog (mdispl{:,1) ,mdispl{:,2), "'m’
loglog (pvplateau(:,l) ,pvplateau(:,
loglog {maccel{:,l) ,maccel{:,2), 'r", 'LineWidth', 2)
loglog (paeudo(k, 1) ,pseudo{k, 2), "k*", "LineWidcth', 2)
hold an
FourcpDF
hold off
title([w
legend ("

'LineWidth', 2)

arargin, " Pseudovelocity Envelope; R=10"]1)

Calculate PV parameters

Max value of max displacement line

mexdisp=max (mdispl {:

r
% Max value of max ac

elergtion 1ine

maxg=-naX (maccel (:,2) .*maccel (:,1)*2*pi () /386.1);

env=[naxdisp, yp,maxg] ;

2013-11-07
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Post Processing

Prepare Accel Time Data for Post Processing or load existing processed data

First, check to see ifthe data has already been saved in a .matfile of the name test_set.

check=dir([test_set,
if isenpty(check)==
check=([1):
check.name=

I

false';

end

if strcmpi(check.name, [test_set,'.mat'])==
lcad{check name?

elae ¥ If

inf c—dlr{'*._ S
test= struct{[]?.
ff=1:length(info)

teat (££) .name=regexprep (info (f£,1) .name, ' - CAP H
teat (££f) .data=cavread (info (££,1) .name, 5,0} ;

end

clear info ff

counter= cnes{l length{testJJ.
if length{test(l,l).

for ff=1'length{test:
for jj=l:length(test(l,ff).data(:,1))
biterror=max(ab3(test({l,£f).data(1:10000,2}))):
if test(l,ff).data(jj,2)<=biterror
counter (£f) =counter (££)+1;
else
break
end
end
if counter(f ?> 100000

end

test(l,ff) .data=[test(l,ff
test (1, .data=[test(l, £
t 3o that it starts a
dt=test (1, ff).data({2,1)-test (1, £ff).data{l,1);
N=length(testc(l,£f).daca(:,1)});

test {1, ff) .data=[(0:N-1) "*dt, tesc(l, £

.data {counter (£

ZETO

.data(:,2)]:
end

.data{:,1),test(l,ff).data(:,2)-mean(testc(l, £L
f) :counter (££)+20000,1) ,detrend (test (1, ££) .data (counter (££) :

Automation

.data(l:counter(ff),2))]1;
counter (££)+20000

$2)) 17



/" Post Processing Automation Cont’d.

Data is now ready to be post processed.

Save figure of time histories (accel, veloc, disp)

for f£fi=1:length(teat)

timehistplot (test (1, £f) .data, test (1, £f) .name) ;
get {gcE, "Units", "nomalized"’, "CuterPosition”, [0 0 1 1]):
saveas (gcf, [test(l, ff) .name, ' time'], "Jjpeg’);
close;
end
clear ff
clf
% Calculate SRS and SRS envelop and save figures

for f£f=1:length (teat)

teat (ff) .srs=srafunc(test(l,ff).data);
teat (ff) .ars_env_prop=srs_envelope?l (test(l, ff).srs, test (1, £f) .name) ;
get {gctf, "Units", "normalized’, "CuterPosition', [0 O 1 1]) >
saveas (gcf, [teatc(l, ff) .name, ' 3rs envelop'], "ipeqg’);
close
end
clear f£f
clf
close
% Calculate BV
for £f=1:length (tesat)
teat (ff) .pv=pvasmax(test(l, £ff) .data);
teat (£f) .pv_env_prop=pv_envelopel (teat (1, £f) .pv,teat (1, £ff) .nane) ;
get {gcE, "Units", "nomalized"’, "CuterPosition”, [0 0 1 1]):
saveas (gcf, [tesc(l, ff) .name, ' FV'], "jpeg’);
cloage
end
clf
close

2013-11-07




/" Post Processing Automation Cont’d.

for fif=1: length{test)

teat (£f) .fr=fouriergeb{test(l,ff) .data):

genmilogy (test{l,ff).fr{:,1) ,test{l,£L).Exr(:,2), "LineWidth", 2);
grid on

title([test(l,ff) .name, " Fourier Spectrum']);

xlabel {"Frequency [Hz]")
vlabel ("Accel [infsec~2]')
set {gcE, "Units", "nomalized"’, "CuterPosition”, [0 O 1 1]):
saveas (gcf, [test(l, £ff) .name, ' Fourier'],"jpeg'):
close
end
clf
close

% Calculate Temporal Moment

for f£f=1:length (tesat)
tesat (£f) . tm=tmoment DP(teat(l,£ff) .data(:z,1),tesc(l, ff).data(:, 2))r
end

% Calculate Spectral Moment
for f£f=1:length (teat)
test (£f) . sm=3amoment DP(teat(l,ff).deta(:,1l),tesc(l, ff).data:,2));

end

for £f=1: length{test?

[test (E£) .5, test (££) .F, test{' ) .H]=ghwt_DP(test(l, ff).data,test(l, ff) .name);
set{gc_ '"Units", "normalized', "OuterPosition”, [0 O 1 1]) >
saveas (gcf, [teat (1, £f) .name, ' ghwt'], "Jpeg’);
close
end
clf
close



Write parameters to a text file.

\n');
requency Breal

id, 'Shock Response Spectrum
id, "Output Name' t\t\ticht!

=1:1ength(test)
fprintf (fid, "¥s\

.3r3_env_prop);

end
fprintf (£id, '\
fid, "Output Nan

Pseudoveloci

{gim');

- {ipa) X

:length (test)
fprintf (fid, "%s\t

r

‘\n',test(l, £ff) .name, test (1, £f) .pv_env_prop) ;

id, "\nTempora
id, "Output Name
:length (test)

3 \LE2.5eh :2.5e\n",test (1, £f) .name, test (1, £f£) .tm(1,:));

tTenp

wo Sided Spectral Mean\t\t\tOne Sided Spectral Variance\t\t\tIwo Jided Spectra

fprintf (fid, "%s" t33.41%

end
fclose (fid) ;

save (test_set, "teat'):

clearvars -exc
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Analysis Procedure

* Procedure

— Look for potential model(s) using ANOVA on
columnized dataset.

— Examine model using repeated measures analysis.
* Obtain model parameters.

— Reanalyze using ANOVA on columnized dataset
with model parameters from repeated measures
analysis.
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* Graph of 45/90 data

By input factor
combination

Distance indicated by
color

Log-scaled Max Accel

* There appears to be
decrease in Max Accel
with increase in Panel
Thickness

Decrease may be
more pronounced
with Tape than Fabric,
but Tape may have a
larger Max Accel at
0.2 Panel Thickness
than Fabric

 There appears to be
greater variability:

2013-11-07

Closer-in Distances
10 gpf Core load

07/18/2013 1:09 PM

Data Table=130717 1527 1 - 12 repeatmeasures

Graph Builder

Max Accel 06 & 5 more vs. Panel Thickness

Fabric

Ply

Tape

Max Accel 06 & 5 more

Where(4 rows excluded)

Panel Thickness

0k

44

peoi alod 081

* Max Accel 06

Max Accel 18
Max Accel 30
Max Accel 42

« Max Accel 54
= Max Accel 66
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e Similar to previous
graph, but showing
individual points

e Variability in Tape 22
gpf now seems
especially small
compared to other
factor settings

* 0degree appears to
track 45/90 degree
data
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07/15/2013 4:22 PM
Data Table=130715 1607 Tests 1- 12

Graph Builder

Max Accel vs. Panel Thickness

Ply
Fabric Tape
\,’\.
&
B
o &
f‘.g»A — Z
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‘g 2
3 2 ¢
Qo
»
o
o
=
=
o
o
<
>
o
=
A
v A
AT
Vo w A R
X % i
e X
X

Panel Thickness
Where(24 rows excluded)

o

(44

peom 8100 2871

Distance
* 6
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* 66
6
18
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54
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Stats Analysis, Temporal Energy:

Unconstrained Model

o Model with main effects and a Temporal Energy: Data and Modeled Expected Values by Distance
number of interactions is a DetaPanel2 —a— t Fabrc 10T t Fabric,10B
1 o 1 —f— i ;
adequate fit to data Data, Panel 4 T Fabne.22T T Fabne22B
: Data, Panel 5 ==#=« t Tape22T Tape22 B
— Log TE modeled: says $ DotnPond? semes t FabiGeT ¢ Fabre22B
variability increases with © Data Panel 8  emmtmm T Fabric10 T T Fabric,10 B
: : Data, Panel § === T Tape22T Tape 22 B
Increasing TE | X o Dote.Panei 10 ===+ 1 Tape.d0T ¢ Tape 0B
* Significant, persistent L TR X-.
difference between Top (darker ? B
lines) and Bottom (lighter) 2 T eo s Y
. . g @ \‘-.‘@ ‘,—’ ‘.-.__+
* Ingeneral, Thinner thick panels & L e S SN
give higher TE response than s T S ¥ "":;g,.
Thicker '953 o X 9 8“‘-..__%-'-'.:;...-
A g

 Panel 5 (green crosses, 0.2,
Tape, 22) shows odd low values
at close distance(s)

— Max at 30” also seen in Panel
9 (violet X’s), possibly 2 (red
triangles) and 7 (blue
asterisks)

t=thin

6 18 30 42 54 .
Distance from Panel Edge, inches T=th|Ck
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™  Stats Analysis, Temporal Energy:

Reduced Model

° ConStrainin g the Temporal Energy: Data and Modeled Expected Values by Distance
model results in some 8 O pos —e— 1 rapedny " Tapeits
ill fits, but on the e R { Fabeait

. . o data, Fanel o —— T apnc, 1o T abnc
whole it is probably . X | % Diebwds —e=yimalir —— 7 Imeds
still useful | X X....

_ ” O Y %-'..
Knee at 30” may not & §~-~~~:-§ _____ ‘.
represent some e Boosl %
panels’ data — see g N O I TN
Panels 4 (yellow . " AQ SRR S

dashes) and 8
(indigo diamonds)
e Largest responses
now clearly result
from Thinner
Thickness

6 18 30 42 54 T=thiCk

Distance from Panel Edge, inches
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07/09/2013 1:45 PM

[ ) C I d b Data Table=130708 1346 SBU Composite ShockProcessed
O O re Results Tests 1-10

Graph Builder

D i Sta n C e Mean PV vs. Test Distance

— Distance § - 4
appears to )

have little [+ % v 3
effect in this
measure 2

Mean PV

o
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