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LexTech  What is Spectrum Manager

-
Lol

* Next evolution in AFGROW & -ﬂ \ " GeER N 49 O 8
Spectrum generation using oL n e ms e s s e
XML capabilities. - | J *l
* Used to Generate Spectrum : Z — | -
files for use in AFGROW. | ] I g
* Create, Edit, and View | =1 =S
Spectra Data through | =
multiple detailed windows. = | - -

e Customizable window layout.

* Resulting Spectrum files are
cycle-counted
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Lleijech Basic Capabilities
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* Sub-spectra organized in any S T |
user-defined sequence E—

......

* Spectrum statistics at a glance . = s
 Exceedance curve plotting e e
* R-plots . |

» Sub-spectra tagging for future ~ © : o = . =
analysis e

* Synchronized data views
e Spectrum level damage tagging

e Spectra normalization/de-
normalization

mh il
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* Clipping/Truncation capability
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Creating a new Spectrum Project with
Spectrum Manager



LIeExTech Spectrum Generation from
Max/Min Data

* Select the “Create Spectrum with B
Max/Min Data” option in the New oo Spectom Lo
project dialogue Descrpton.

 Start with an empty project

Create Options

* Create new sub spectra with cycle © Crete Specrum with Mox/Nin Dt @
COU nted MaX/M i n/CycleS data = Create Spectrum with Exceedance Data @
Opticns
* Use the GUI to edit level data el
[] Time Dependent
* Create a sequence from sub O] Emironment

spectra library
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L;XTech Spectrum Generation from BT .

Exceedance Curve

e Create a spectrum from exceedance curve
data.

Spectrum Mame:

* Select the “Create Spectrum with Exceedance [ *=m=="
Data” option in the New project dialogue. Descriptios

Create Spectrum with Max/Min Data @

@ Create Spectrum with Exceedance Data @

Start Wizard | | Cancel
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ngxTech Spectrum Generation from
Exceedance Curve

Spectrum Generation Wizard - Input Options

* Enter/Paste exceedance data

H H Input Exceedance Data TR
into the grid (table). ; e )
Minimum # of Occurences Maximum # of Occurences % |
1 -0.2667 2 1 2
2 -0.2258] 4 0.9183 o (] %9997
3 -0.185 5 0.8774 19
.. py " 4 -0.1441 11 0.8366 23
* Clicking “Draw Exceedance s oo s omw 58 || so0m-
. . L. 6 -0.0624 846 0.7548 164
will create a chart visualizing 7 oo s o7 268
8 0.0193 1425 0.6731 261
th e d at a. 9 0.0602 3366 0.6322 goa |S| 1000
10 0.1011 10077 0.5914 1098
11 0.1419 14464 0.5505 1631
12 0.1828 15909 0.5097 2271 il
13 0.2236 16625 0.4688 3225
14 0.2645 17136 0.4279 4212
15 0.3054 17463 0.3871 5363
16 0.3462 17697 0.3462 6645 10-
17 0.3871 17832 0.3054 8644 | |
18 0.4279 17901 0.2645 12789
1Q N ARRQ 17Q2Q N 722/ 16217 I | 1 = : : =T i : = ; g e
Clear Grid | Draw Exceedance -040.30201 0 0.10.2030405060.70809 1 1.1
< Back ‘ ‘ Next > ‘ | Cancel




ngxTech Spectrum Generation from  E&ITTTTT] .

Exceedance Curve

° SpeCIfy the number Of ﬂlghtS Spectrum Generation Wizard —7SubSpectrumr Optiohs 7
(sub spectra) for the spectrum,
or the number of levels per

@ Use Custom Number of Flights

fl |g ht ( sub s pectra ) . 1 "u,llllllﬁlll'hjlil‘ﬂ,l‘l,'Jp'lf:,ﬂ't,‘*1l'n.ulllm'llnluI il

0 12 3 kL] b &2 73 83 o

Use Number of Levels to Determine Flights

 Ground-Air-Ground Cycles

@ Use no ground-air-ground cycles 3 l

Add Ground-Air-Ground Cycles to each Flight

* Ground-Air-Ground cycles can I b ﬁgvl"".fl,l"\r"l‘m’l,'m’l.l(»\l”,l'l,ﬁ'l‘l’|‘a.‘!.l‘st.l",'\"~
be included and placed at the oo || EE————
beginning, end, or a random
point inside each sub spectrum.

ll""l\f.ll"!\'."'”“l,’lklIIr\‘|.|lll}ll}1“l|"1:l:lll’fl:‘lllmlllll' iy il




ngxTech Spectrum Generation from X AFGROW =
Exceedance Curve

* Random pairing will match the Max
and Min values randomly.

[ Random Generation Options

© Use Default Seed Value

Minimum Delta Percentage
Use Custom Seed Value

Random Seed | 5000

* Incremental pairing sorts the max
and min values, then sequentially
pairs the greatest max value with the
least min value.
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Spectrum Manager GUI
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|
E AFGROW =%

Exceedance Plot

* The exceedance plot | e
graphs the cumulative 5o s
number of stress (or v & J }
load) values in the . J ]
spectrum. _V H

* The legend on the left |
of the exceedance plot | H
list the max values (in =
red) and the min ] i
values (in blue), along
with the corresponding
cumulative cycles.

B Max Dona
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LeXTECh R_Plot -NET

* The R Plot displays the
ranges of min over max
stress ratios versus the
number of cycles for the
entire spectrum. Users
can plot R values from -
100 to 1.

* The legend for the R plot
IS show to the left of the = ——HE
g}raph. The legend lists |
e ranges of stresses (or
loads) ratios in the
spectrum with their total
number of cycles.



LexTech Delta Plot

Spectrum Dty

* Visual representation of the
spectrum stress range values

* Legend displays the
occurrences of each level’s
delta value. (Max — Min)
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LexTech R/Delta/Occurrence 3D Plot

* Plots Delta vs R
values vs
Occurrences

e Hover over T T e i il
desired bar to see
values

* Plot can be
zoomed and
rotated for
alternate views of
data

00000 -4
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Sequence Data

* The sequence data | | | | q p
window is where the | = =
user can place each = :
sub spectrum from I IC—
the library in the B -
desired order. B !
- Cut, Copy, Insert, o
Paste, and Delete B
options are all _ B
available here. o o
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Spectrum Data

° If the Spe Ctrum I S .Ex}ceedance Plot R Plot Delta Plot 3d PIDtR"DeItaccurence Sequence Data Spectrum Data
selected, this window - O O S - S O T
Ists the values of each T
evel of the spectrum. :; - i  om s o

* If & sub spectrum Is | R L = ——
selected in the Project e s m om s eew
Window, the window 2 O N N T ST
allows edits to the values T NN N -
of each level in the sub | O PO IS - S F—T
spectrum. s v e Jom 5 Jaem

« Cut, Copy, Insert, Paste, Wl = e e 1 e
and Delete options are . ———
all available if a sub (o e em s e
spectrum is selected. — PO R I N
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Spectrum Plot

* VVisual representation of the spectrum
* Shows the spectrum’s/sub spectrum’s stress vs cycles plot
* Cycles are plotted as vertical lines indicating Max/Min

TWIST Spectrum, Mean Stress = 1.000 * 0 x

2.60

1.96

1.32

S0 0l M0 0 O 0t O 0
L O 1 N .- Sl - - " AN Ml BN LI | | S - S| 1 1 - - 1] Ml

0.04+

0-80315 19696 26577 33458 40338 47219 54100 50981 67862
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Preview Spectrum

e Z/00m control

* Allows user to focus spectrum plot on selected section of
spectrum/sub spectrum

ﬂﬂk.J Edit Preview Spectrum View

TWIST Spectrum, Mean Stress = 1.000 > nox

2.604

1.964

1.324

0.684

g L IMAIINA NN N Ly [ R RO T T

0-80706 32556 33407 34257 35108 35058 36808 37659 38500
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Properties

+ If the spectrum is selected, the . '
Properties Window lists the e
properties and statistics of the S Spec e
spectrum.

* If a sub spectrum is selected, the
Properties Window lists the
oroperties and statistics of the .
sub spectrum. o

» The sub spectrum name and -
description are shown and can
be edited in this window.
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Spectrum Manager Commands



ngxTech Export Sub-Spectrum BTV

e Save a single sub spectrum as a .sux file.

“Jgpu-‘ Edit Preview Spectrum View

g [ &8 X * Click on the Import/Export Sub

—

Pl s Premd i St spectrum button and select Export.

Import SubSpectrum

#& SawveSux =

SubSpectrum

Flight 1
Project Windo;} Export SubSpectrum ceed Flight 1

Flight 2

SBE gl || o
ight

Flight 4

Flight 5

* Select which sub spectrum to save ||;=::

from the dropdown and click OK.  [|rims

Flight 10

Navigate to a path to save the file ||&::

. Flight 13
to, and click Save. e 14

ight 15
Flight 16
Flight 17
Flight 18




Stech  Import Sub-Spectrum  ERCICITT] -

* Can import either .sub or .sux files Mg | ot Preview Spectrum View

* When importing a .sux file, an option e 7 e
will be presented to either use the Q w "\
sub spectrum name included with the New import/Export | Multi  Select Channe
suX file propertiesl or to SubSpectrum | SubSpectrum ~ | Channel v
autogenerate a name for the sub _J Import SubSpectrum L:
spectrum based off the current Project Windo Export SubSpectrum xceed:
project’s sub spectrum label. 4 Ealdiaf | z T-

* An imported sub spectrum will not be
automatically added to the sequence
and must be added through the
sequence data window
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Reverse

« Multiplies the maximum and minimum stress values by negative
one, which will reverse the sign of the max and min values in
each level of the spectrum (upper vs lower wing skin).

TWIST Spectrum, Mean Stress = 1.000 > 0 X

2.60

1.96

1.32

0.68

L Tt TR STt e

0.04

-0.603 50333 100666 150999 201332 251666 301999 352332 402665

TWIST Spectrumn, Mean Stress = 1.000 * 0 X
0.60
-0.04 L 0 00 G AR A R L
-0.68

-1.32

-1.96

-2:609 50333 100666 150099 201332 251666 301999 352332 402665
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entire spectrum or a selected sub spectrum.

Clip

* The clip option limits the maximum stress or load value for the

K AFGROW =

* If the max and min values of any level exceed the upper bound,
that level will be removed.

TWIST Spectrum, Mean Stress

=1.000
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 Allows the user to set

!'Iml'[S to the difference, or
delta®, between the bt
maximum and minimum - ’ - | i ——
stress (or load) values for .~ lliikilialii bttt e bd it st bt ol Ll
a” the IeveIS In the e T et T AR 0T TR N O LT (N O e e o TR AT T

0.04 1A A Rt R ST LR R R LR TR TR RS 0 BE AR R O L R EER AT IR 1SR N LT
spectrum or a sub A O 0 A1 R g1

spectrum.

* Ensures that any level that
has a max and minwitha ..

difference less than the o
delta value will be deleted.  **
* |f a sub spectrum would b

have all levels deleted, the
user is prompted to delete
the sub spectrum.
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LexTech Compressive Truncation E AFGROW &5

* Truncate by Compressive Average
Only.

::::::

* Checking the Compressive
Average box tells the truncation
operation to only remove levels A
meeting the truncation criteria o m o em e | Bt
whose average value is negative. R —

* A prompt will appear to remove
any resulting empty sub spectra.



| exTech

Normalize/Denormalize

 Divides each max and min value by the factor entered in the
normalization dialog.

By default, the normalization factor is the maximum value in the
spectrum setting the max value in the spectrum to 1.

An example of a spectrum normalized by 2.6

iTWIST Spectrum, Mean Stress = 1.000 * o X

0.68
0.0 LTSI VTR I AR O O PR T B B 1 inh i il |l|i .1;nll Y T AT AR WRLI N 11 1 mi nIIi TS TS AR RTTT YUY ST | 1 TR [ | TR RO T T TR R i i g

000000
000000

0.2614
o.0152JNRRTAT AR VY IO AT I | (UMDY T O i 1 TR i.ll LT A 0T MY O AT T .|¢ul|.il 0y n.n w0l el il.lul.n T
| i LR R | ‘ | |

:::::
100666 150999 201332 251666 301999 352332 402665




ngxTech Randomize Sub Spectra  RLITTTIT]

* Arranges all sub spectra in the e —— &
project’s Sub Spectra Library 4 swSpetmtiy &1 G Tl loms D | 0%, i
Into a sequence in random .
order. o —_—

* Each sub spectrum will appear -
in the sequence a number of
times equal to the Occurrences -
value next to the sub spectrum N
name. o

* Uses the seed value set in o
project options. o B T

* Will overwrite the existing o B TR
sequence, if one exists. » T

Flight 21 ok || Concel
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Will arrange all sub spectra in the
current sequence into a new
sequence in random order.

There must be an existing
seguence.

Each sub spectrum will be appear
in the sequence a number of times
equal to the Occurrences value
next to the sub spectrum name.

Uses the seed value set in project
options.

Randomize Sequence

¥ AFGROW

= Check  Randomize

ccccccc

ect Chan Add t P
Exceedance Plot R Plot
> 1 Flight 1
[ | 2 Flight 2
[ | 3 Flight 3
| 4 Flight 4
| 5 Flight 5
| 6 Flight &
[ | Flight 7
[ | 8 Flight 8
[ | g Flight 9
[ | 10 Flight 10
[ | 1 Flight 11
[ | 12 Flight 12
| 13 Flight 13
| 14 Flight 14
| 15 Flight 15
[ | 16 Flight 16
[ | 17 Flight 17
[ | 18 Flight 18
[ | 19 Flight 19
[ | 20 Flight 20
[ | 21 Flight 21
: 22 Flight 22

[ [ [T

Flight 1

Flight 2
Flight 3
Flight 4
Flight 5
Flight 6

OK

[l
o




. 1
LExTech . X AFGROW =
Randomize Levels
* Will shuffle the order of levels in a sub @
spectrum by levels or by cycles pr— i

 Randomize by cycles splits each level into a number of
equivalent levels with one cycle each, shuffles them,
then combines adjacent equivalent levels
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Additional Features
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Preference Options

* Enable damage tags, -
environmental tags, and time ot
dependent parameters. ] Time Depencert
[ ] Environment
* You can interchange the x and y o
iIsplay Uptions
axes of the Exceedance chart [ Flp Exceedsnce
Chart Text Size 12
 Set the text size, number of e

Random Seed Value |0

decimal places, and the seed
value for randomization functions

OK Apply Cancel
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Context Sensitive Help

C t . d d . t . |
] =
Information on ever el
0] Somcin Maraer
o Aechcaton Mew
C u rre I l e a u re O o Octom For most applications, structural loading s random and can be recorded 85 a function that vanies over time, To be able 1o wse this
i) Tere Depardent The spectrum manager allows the user to define the spectrum of max and min stress (o load) values the model In question under|
) Davage Teg of sub-spactrum{s) with one or more stress (o load) levels. This sllows the user 1o use multiple sub-spectrs to define different lod
) Evviroranant the abllity to sequence the sub-spectrums in tha order desired 1o define the averall spactrum. Once the spactrum is defined, spec
u 5 103 Gusdes ¥ q P P
2) Crecting 3 New Soecinm and sub-spectrums. The spectrum manager also gives the user the ability 1o define a spectrum as 3 time dependent or multi-chan
1) Creating » M- Charnel Spec Spectrun
- [ ] = - =) pe <
2] Cwatng & Teme Onpencers Spactum
* Also contains guides ot - =
1) Addey Damage ane! Terperatune Tage 32 an Edstng Specinm [P oo
[ - <] - \
New SubSpectrun
A Charewt ~5 .
.

basic operations In
Spectrum Manager.

By clicking on a section of
the GUI and pressing
“‘F1,” the relevant p_alge
In the Help guide will'be
opened.

(CACAC

BLELE T e
3

7‘"'t,lt.t.l-,L?ur,<.?,
N IJ?“ e A




ngxTech COM Support

* Preform most often used Spectrum Manager actions through COM

* Create a new spectrum/Edit existing spectrum

Get statistics of spectrum/single sub spectrum

Reverse, Clip, Truncate spectrum/single sub spectrum

* [t Yiew jwet Fgemat Debog Run  Joolh  Adddns  Window  Help

i Vi
Em-d N9 P B A SNYY @ intCols
Foject - VBAPropect x| e — -
| 4 (
! & Smple_S_COM_Example2lsm - Module! {Code!
W) Shenti Ghentt) ~ '
._] N cheet? (Generai) »| |Battont_Clck
) Sheetd Sheetd) [T = ssccon: citexq
3 Thswordbook Dim sm As SpectrumManager.ipplication
Hidues s = CreateQbiect {"SpectrumManager.fpplication®
vy Modue ]
froperties - Madulel X are, SavaSpeccruxAsSFX Sheecl.Cells (s, 4)
Hodulel Modie
At te ,Ca?l"‘.tf.?'}j
Name) Nodube 1
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History Log |

* Log of major events cpecum neversed e s/ 2021 1257

. . Spectrum Normalized 6,/29/2021 10:18

° Examples |nclude Cl | p, zpectrum Reversed 6/29/2021 13530

. ] pectrum Mormalized - 6/29/2021 13:31

Tru ncate’ Ra ndom Izatlon’ Spectrum Sequence Randomized 6/29/202113:31
Reversal, and Normalization

* Includes the time, date, and
description of the event
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]
| exTech Download Spectrum
Manager

P{AFGROW .

° D | d b f d Fracture Mechanics and Fatigue Crack Growth Analysis software tool
O W n O a Ca n e O u n O n AFGROW | Purchase Download Support | User Workshop Products | Applications | Blog My Afgrow | Admin | About Afgrow
AFGROW.net o
Please read our usage disclaimer prior to downloading AFGROW. Additional documentation, references, and related information are available on the document downlo
o ‘ u r re nt I y S e p a ra te Itis also advisable to browse the changes that have taken place since the lastrelease.
Downloads
installation from AFGROW
AFGROW Version 5.3 is available for download and is free for users who have current AFGROW maintenance

* Available to anyone with a

Download update from AFGR
Download update from A

AFGROW Release 5.3

5.24 (318/12020).
3 (3/19/2019).
3(10/19/2018)

AFGROW Spectrum Manager

Spectrum Manager 1.1.1.3 is available for download. The software will make it much easier to create new AFGROW spectrum files, includes the capability to create 3-c

. Download update from AF(
curren icense
(for axial, bending, & bearing loading), and includes additional features/capabilities that we hope that many of you will find useful. Spectrum Manager requires a AFGRC

e Version 1.2 to be released
with upcoming AFGROW
release 5.4 and included in
AFGROW installation
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LEXTech Conclusion X AFGROW &=

* Spectrum Manager v 1.2 brings several new features including Spectrum
Generation from Exceedance Curve data, improved application speed,
randomization options, a new preview selector and spectrum chart, and COM
support.

e Version 1.2 will be available to licensed users with the next release of AFGROW
5.4
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Questions/Comments?



