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What is Spectrum Manager

FGROW Spectrum
Manager is a user-

riendly Windows base

software application
that uses a visual
approach to develop
and modify structural
loading spectra for
damage tolerance
analysis.
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Primary capabilities and features

* Visual spectrum design
* Spectrum statistics available at a glance

* Sub-spectra may be organized in any user-
defined sequence

e Sub-spectra may be placed in the sequence
more than once

* Sub-spectra may be re-ordered in the
sequence

* Import data from "old" AFGROW text-based
sub-spectrum files

* Import/Export individual sub spectra

e Exceedance curve plotting

 Stress ratio plotting (R-plots)

e Delta Plot View

* 3D Plot R/Delta/Occurrences

* Synchronized data/spectrum plot views

Spectrum level tagging for
environmental effects

Spectrum level damage tagging to
track damage accumulation

Spectra normalization/de-
normalization

Clipping/Truncation capability
Compressive Truncation

Spectrum Generation from Exceedance
Curve Data

Randomize Sub Spectra, Randomize
Sequence

COM support
Context-Sensitive Help
Undo/Redo capability
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Spectrum Structure



LexTech | X AFGROW =
Spectrum Structure - Level

* A spectrum level is the basic
building block of a spectrum.

* A Level consists of Max stress, Min
stress, and number of cycles.
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* In addition, a Level can have any
combination of time dependent

parameters, environmental, and
damage tags.
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Time Dependent Option

* Allows the user to add a Time and Load Type value to a level in a sub
spectrum

e Can be used in AFGROW for modeling corrosion effects and/or time
dependent crack growth

* Enumerated integer values or keywords are used to indicate load

type:
1. Random Cyclic Sequence (assumed to be sinusoidal) | SequenceData |  SpectrumData |
2. Ramp Up (may only have one level describing the ramp Max Min e | l
up) 1 05 1 0 Random Cyclic
3. Ramp Down (may only have one level describing the

ramp down)
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Environment Tag

* Defines the environment for each level in a sub spectrum using a
decimal or integer value.

Sequence Data Spectrum Data

8 0.2 1000 1000 |

* If the environment tag matches the temperature value assigned to a
given material set, the crack growth rate calculation will use the
parameters for that material set.
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Damage Tag

* Allows the user to assign a name consisting of alphanumeric
characters to one or more levels in a sub spectrum to differentiate
levels into various subsets.

| Sequence Data Spectrum Data

1 -0.5 1 Tag

* This can be used inside AFGROW to identify the amount of the total
crack growth that was caused by each subset.

* If this option is enabled, AFGROW will output a damage summary for
each subset as well as each sub spectrum (regardless of whether any
levels in a given sub spectrum have been tagged).
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Spectrum Structure — Sub Spectra

—

1 1 1 -0.5 1
2 2 1.222 0.778 2
3 4 1375 0.778 1
ri
Sub Spectra are made up of one or 2 Sub Spectra Loy ¥ fp o jem o
Flight 1 — 6 8 1222 0.778 4
more Levels. F|ig|"|t ) 7 12 1.222 0.625 1
8 13 1.222 0.778 1
Flight 3 9 24 1375 0.778 1
Flight 4 10 25 1.222 0778 10
. 11 35 1.222 0.625 1
Fllght > 12 36 1.222 0.778 7
Flight & 13 43 1222 0.625 1
. F|ig|"|t_|'r 14 44 1.222 0.778 4
All Sub Spectra added to the project Fight 8 R N = N N
are visible in the Project Window Fight 9 v s s om
F|Ight 10 18 55 1.222 0.778 2
19 a7 1375 0.778 1
Fllght 1 20 58 1.222 0.778 15
Flight 12 21 73 1222 0.625 1
22 74 1.222 0.778 2
23 76 1375 0.778 1
24 ir 1.222 0.778 g
- 25 a5 1.53 0.778 1
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Spectrum Structure - Sequence

* The sequence is made up of one or
more sub-spectra.

* Asub spectrum can be entered into
the sequence any number of times.

* The sequence is the actual spectrum.

* User will not be able to save the
project if no sub spectra have been
added to the sequence.

* The user can check if any sub spectra
have been sequenced with the
“Check Sequence” option.

Exceedance Plot

R Plot | Sequence Data | Spectrum Data

Position

ool d= W e

SubSpectrumMName

Flight 1
Flight 2
Flight 3
Flight 4
Flight 5
Flight 6

@ In order to save the Spectrum, after you have finished entering the SubSpectrum data, add the SubSpectrum to the Spectrum’s Seguences.

Ll

Check
Sequence

Following subspectra are not in use:

SubSpectrum Name
> ||Flight7

All subspectra are in use,

Close

Mark

Close
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Spectrum Generation
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Spectrum Generation from

Sequence Data

* Add data to sub spectrum
e Paste in from excel/text file.
* Import from a previously exported .sub or .sux file.

* Import from two column text file (used as Max and Min for each level, uses 1
as number of cycles value).

* Import from a four column text file (used as Max, Min, Cycle Count, and
Damage Tag values)(Damage tag option must be enabled).

e Can manually enter values in Spectrum Data Grid.

e Sequence sub spectra
* Paste in from excel/text file.
e Can manually enter values in Sequence Data grid.
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exTech Spectrum Generation from
Exceedance Curve

* New option to create a spectrum from
exceedance curve data.

Spectrum Mame:

Sub-Spectrum Label: *

» Select the “Create Spectrum with Exceedance
Data” option in the New project dialogue. Descriptios

Create Options
Create Spectrum with Max/Min Data @

@ Create Spectrum with Exceedance Data @

K AFGROW =

Start Wizard | | Cance
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Exceedance Curve

* Enter/Paste exceedance data
into the grid (table).

* Clicking “Draw Exceedance”
will create a chart visualizing
the data.

Spectrum Generation from

Spectrum Generation Wizard - Input Options

K AFGROW =

Input Exceedance Data 10000007
Minimum # of Occurences Maximum # of Occurences [«]
1 -0.2667 2 1
2 0.2258] 4 0.9183 100000
3 -0.185 5 0.8774 19
4 -0.1441 11 0.8366 43
5 -0.1033 338 0.7957 gs 10000 -
B -0.0624 846 0.7548 164
7 -0.0215 282 0.714 268
B 0.0193 1425 0.6731 4g1
9 0.0602 3366 0.6322 goq =[ 1000~
10 0.1011 10077 0.5914 1038
11 0.1419 14464 0.5505 1631
12 0.1828 15909 0.5097 2271 100 -
13 0.2236 16625 0.4638 3225
14 0.2645 17136 0.4279 4212
15 0.3054 17463 0.3871 5363
16 0.3462 17657 0.3462 6645 10
17 0.3871 17832 0.3054 8644 | ||
18 0.4279 17901 0.2645 12739
10 N ARZS 1793a N F7236 15847 L7 S
Clear Grid | [ Draw Exceedance -0.4030.20.10 0.10.2030405060.7080.9 1 1.1
< Back | | Next » | | Cancel
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Exceedance Curve

* Specify the number of flights
(sub spectra) for the spectrum,
or the number of levels per
flight (sub spectra).

* Ground-Air-Ground cycles can
be included and placed at the
beginning, end, or a random

point inside each sub spectrum.

st Spectrum Generation

Spectrum Generation from

K AFGROW =

Spectrum Generation Wizard - SubSpectrum Options

- Number of Flights

9 Use Custom Number of Flights

1

Use Number of Levels to Determin

e Flights

oY uJ1'"."|,h'.!f!.'l'f.w.' Wil
i [ | _

 Ground-Air-Ground Cycles

@ Use no ground-air-ground cycles

Ground-Air-Ground Opticns

Add Ground-Air-Ground Cycles to

each Flight

d cycles at the beginning

Crannd-Mir-Hreaind ~erlac 3t
Use Ground-Air-( d cycles at a ra

L ir-Ground at the End

A A

. I .
oY r.p'-'l|'||Fﬂ;ﬂ.|l'l,l'l,11'1||'|||\I, it

E}-Ll"ﬂ\'l."'uﬁl'J,|',|,1'f|l'J,l'n'.l'u'w'll\lllh',q'l',\'n'/ﬂ,l'J,h'm'llﬂ' (N A

< Back || MNext » || Cancel
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Spectrum Generation from

Exceedance Curve

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

* Incremental pairing sorts the max
and min values, then sequentially
pairs the greatest max value with the
least min value.

Spectrum Generation Wizard - Generation Methods

@ Use Random Pairing Method

Random Generation Options

Minimum Delta Percentage
Use Custom Seed Value
0%

Random Seed | 5000

i @ Use Default Seed Value

Use Incremental Pairing Method

Random Pairing Method I

Min Values Max Values

-0.5 1 o 1 1
-0.2 2 09| 1
0 i - 0.8 1
.
0.1 | B N 0.5 1
i

0.3 1

< Back || Finish || Cancel




LexTech . o X AFGROW =
Edit existing spectrum

Exceedance Plot | R Plot Sequence Data Spectrum Data
. > 1 1 1 -0.5 1
* Load any saved .sp3 or .spx file. TE 22 om 2
3 4 1.222 0.625 1
* Manually edit values in Sub Spectra RN R U S 77 N |
through Spectrum Data grid. o| . 222 ome B
7 17 1375 0778 1
* Can add tags to spectrum through s 122 oes
. o 19 1.53 0778 1
OptIOnS. 10 20 1.222 0.625 2
. . 11 22 1.222 0778 17
* Reverse, clip, truncate, normalize, ERE" 1
. . 13 40 1.222 0.625 1
denormalize, and randomize . u s :
15 42 1375 0778 1
* Export specified sub spectra. L s oms
17 44 1.222 0.625 1
18 45 1.222 0778 2
19 A7 1375 0778 2
20 49 1.222 0.625 1
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Spectrum Manager GUI
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Default Layout

i Edit
|+ = | #H {aa

Preview Spectrum

Project | Spectrum | Spectrum | Exceedance
ot

Window Data Plot Pl

View

Al

i

LG | AU

@
N

RPiot | Delta |Properties| Notifications | Sequence Reset  Reset
Plot

Zoom  Layout

Sub Spectra -0 x ExcesdancePlot | RPlot |  Sequence Dats Spectrum Data PropertiesWindow - x
4 | TWIST Spectrum, Men Stress = 1,00/ b=z Je)
4 Sub Spectra Library & [ = 1 Flight 1 ~ Spectrum

Flight 1 = 12 Flight 2 Title TWIST Spectrun

Flight 2 ] 3 Flight 3 SubSpectrum Label  Flight

Flight 3 =1 Ta Fight 2 Description

Flight 4 ] 5 Flight 5

Flight 3 ] e Flight 6

Flight & K Flight 7

Flight 7 I 8 Flight & e

Flight 8 ] ] Flight 9 /=

Flight 0 | MNumber Of Levels | 123125

10 Flight 10

Flight 10 ] n Flight 11 Tl Tme :

Fight 11 = o Nomber Of Cycles | 402865

Flight 12 I 13 Flight 13 Ma o

Flight 13 ] i Flight 14 Mo Befta 17

Flight 14 I 15 Flight 15 Min 0

Flight 15 | 6 Slight 16 Min Delta 0444

Flight 16 I Flight 17

Flight 17 I 18 Flight 18

Flight 18 ] 19 Flight 19

Flight 19 [ e

* Multiple display controls to view spectrum data at a glance.

K AFGROW &=

* Controls are toggleable via the View tab and movable via click and drag.
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Exceedance Plot

eeeeeeeeeeeee

* The exceedanceplot -«

graphs the cumulative = = |
number of stress (or = = JJ
load) values in the
spectrum.
* The legend on the left . .
of the exceedance plot = =
list the max values (in = =

red) and the min
values (in blue), along
with the
corresponding
cumulative cycles.
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R-Plot

* The R Plot displays the e
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. Bl |
* The legend for the R plot

is show to the left of the
graph. The legend lists R N I A AR
the ranges of stresses (or

loads) ratios in the
spectrum with their total
number of cycles.
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Delta Plot
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Range Data

[delta range]

0.0 <= x<0.2
0.2 <= x<03
03 <= x<05
05<= x<06
0.6 <= x<0.8
08 <= x<1.0
1.0 <= x< 1.1
1.1 <= x<13
13<=x<14
14 <= x<1.6
1.6 <= x<1.8
1.8 <= x<19
1.9 <= x < 2.1
2.1 <= x<22
22<=x<24
24 <= x< 26
26 <= x<27
27 <= x<29
29 <= x<30
30 <= x<3.2

n

0

0
325839
57463
11818
2581
671
193
63
4020
11

v

OO0 00000 =

350000

300000

250000

200000

150000

100000

50000

Visual representation of the
spectrum stress range values

S AR ST S SO R SR S SR SR SRR~ S,
N N N N N N v v v v v v el el
L % % 1 1 b L L L L % 1 1 1
* * + i + * * * * * * *
f/ y f.f u # # 4 4 f/ f/ #
L L L v L
F P oy Ay & TP f
Q ~ ~ ~ N N N ¥ ¥ Y
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Plots Delta vs R
values vs
Occurrences

Hover over
desired bar to
see values

3D Plot

K AFGROW ==

Y:-0.400 <= x < -0.300

X4 Z:0

Z: Occurences

-3 X Dalts
hS 0.000 <=x < 0.160
0200 <=x < 0.300 2.240 <= x < 2.400
x < -1.000 er, B
400000 ﬁl
L 300000
300000
r L 200000
o
& 200000 —
e o - 100000
3 e -
2 100000 - .,.1«?.3’4;,%’»5'
A .;éf
S, R 0.500 <= x < 0.600

<

£-

TWIST Spectrum, Mean Stress = 1.000

#= Az ol
~ Spectrum
Title TWIST Spectn
SubSpectrum Lab¢ Flight
Description
~ Statistics
Number Of Levels 123125
Number Of Cycles 402665
Max 2.6
Max Delta 1.975
Min 06
Min Delta 0444
v
Properties Notifications
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Sequence Data

* The sequence data
window is where the
user can place each
sub spectrum in the
desired order.

* Cut, Copy, Insert,
Paste, and Delete

options are all
available here.
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Spectrum Data

PY f h . Exceedance Plot R Plat Sequence Data Spectrum Data
It the spectrum is =
I t d t h H H d 1 1 1 05 1 0 Cyclic Flight 1
S e e C e ) I S WI n OW : 2 2 1222 0778 2 0 Cycic Flight 1
H h I f h BE 4 1375 0778 1 0 Cyclic Flight 1
| IStS t e Va u eS O e a C 4 5 1222 0778 2 0 Cyclic Flight 1
I I f h s 1222 0625 1 0 Cyclic Flight 1
eve O t e S p e Ct r u m . | s 8 1222 0778 4 0 Cyclic Flight 1
B 2 1222 0625 1 0 Cyclic Flight 1
. e 13 1222 0778 1 0 Cyclic Flight 1
* |f a sub spectrum is B e e i ae
] . [ o 25 1222 0778 10 0 Cyclic Flight 1
selected in the Project B T e 0 e
. . 12 36 1222 0778 7 0 Cyclic Flight 1
W I n d OW t h e WI n d OW B 4 1222 05625 1 0 Cyclic Flight 1
7. [ s 4 1222 0778 4 0 Cyclic Flight 1
a I I OWS e d ItS to t h e [ s 48 1222 0625 1 0 Cyclic Flight 1
. | s 49 1222 0778 5 0 Cyclic Flight 1
values of each level in e = s w0 ln e
[ e 55 1222 0778 2 0 Cyclic Flight 1
the sub s pe ctrum Do v s om | o o i
* | 20 58 1222 0778 15 0 Cyclic Flight 1
BE Ve 1222 0625 1 0 Cyclic Flight 1
o C ut CO y I n Se rt Pa Ste B 74 1222 0778 2 0 Cyclic Flight 1
) ) .7 ) B 76 1375 0778 1 0 Cyclic Flight 1
a n d D e ete O pt I O n S a re | [los 77 1222 0778 8 0 Cyclic Flight 1
e 85 153 0778 1 0 Cyclic Flight 1

all available if a sub
spectrum is selected.
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Properties

* If the spectrum is selected, the
Properties Window lists the properties
and statistics of the spectrum.

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

* The sub spectrum name and
description are shown and can be
edited in this window.

PropertiesWindow

K AFGROW =

p= |az|

+~ Spectrum

Title
SubSpectrum Label

Description

TWIST Spectrum
Flight

~ Statistics

Mumber Of Levels
Total Time
Mumber Of Cycles
Max

Max Delta

Min

Min Delta

123125
0
402665
2.0
1.975
-0.6

0444
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Spectrum Manager Tools
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Import Sub-Spectrum

Can import either .sub or .sux files

dﬂh—l Edit Preview Spectrum View
Importing a .sux file will present an option to & E r’&
either use the sub spectrum name included in the =
. Mew import/Export Multi  Select Channe
.sux file, or to autogenerate a name for the sub sibpecm P TTIES] Chame .
spectrum based off the project’s sub spectrum | import SubSpectrum
|a bel . Project Windol Export SubSpectrum wceeds

4 foar =T

Note that an imported sub spectrum will not be automatically added to the sequence.



extech Export Sub-Spectrum

New ability to save a single sub spectrum to a .sux file.

H;ﬂml Edit Preview Spectrum View

I < I Click on the Import/Export Sub

o et e o gpectrum button and select Export.

Import SubSpectrum

#& SawveSux =

SubSpectrum

Flight 1
Project Windo Export Subspectrum | ceed Flight 1

Flight 2
4 Falstaff Il ig

Flight 2
Flight 4
Flight 5

Select which sub spectrum to save

Flight 7

Flight &

from the dropdown and click OK.

Flight 10

Navigate to a path to save the file to, |5
and click Save. Fion 12
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Undo/Redo

* The undo button allows the user to reverse @ | o
a previous action(s) by selecting the Undo | Redo | Reverse Cip Truncate
appropriate item(s) from the undo list. The R i
items are listed in descending Cliped Spectrum by 0.65
chronological order, so that the most | eeeeiene
recent action preformed is at the top of the S
list.

* The redo button restores the spectrum to
the state before the last undo action was
removed.
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Reverse

* The reverse option 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.

Falstaff * QX

-0.2667

L] L] T T T T T 1
o 2248 4456 6744 2852 11225 12487 15735 173832

Falstaff * O x

0.2667
0.0132 B ikt ANl
-0.24
-0.4523

-0.7457

L] L] T T T T T 1
0 2248 4456 6744 8352 11239 13487 15735 17383
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Clip

* The clip option limits the maximum stress or R -
load value for the entire spectrum or a selected
sub spectrum.

Upper Bound: *

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

Falstaff

0.7467
0.4933

0,24
-0.0134 T T M

-0.2667

T T T T L) T T 1
0 2248 4456 6744 2352 112339 12487 15735 17583

Falstaff

0.5
0.2467
0.1533

a.0a-{ 1[I TRR RANNTOOY 1 I b o e it e el 1 il L o A Ll . ol o At L o ol R 0§, o o Ll e
-0.1134 1

-0.2667

T T T T L] T T 1
2242 4484 6727 8369 11211 13454 15656 17338
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Truncate

* The truncate option allows the user to
set limits to the difference or "delta"
between the maximum and minimum
stress (or load) values for all the levels
in the spectrum or a sub spectrum.

* The truncate operation ensures that
any level that has a max and min with
a difference less than the delta value
will be deleted.

* |f a sub spectrum would have all levels
deleted, the user is prompted to
delete the sub spectrum.

An example of a spectrum being truncated by .25:

Chart

0.9921

0.1584

2 x

0.0000

-
0.7937
0.5552 |.|||||
1N
L] L]
1] 320

1
641

Chart -

0.9921
0.7537
0.5952
0.3%68
0.1584

2 x

0.0000 -1

1
466
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Compressive Truncation

* New option to truncate by
Compressive Average Only.

* Checking the Compressive
Average box tells the
truncation operation to only
remove levels whose average
value is negative.

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

* This option will normalize the entire spectrum by dividing 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.

An example of a spectrum normalized by 2.6

TWIST Spectrum, Mean Stress = 1.000 * o x

0.63
SO gy e S e o i R L A BT A A A T A

|||||
999999999999999999999999999999

TWIST Spectrurmn, Mean Stress = 1.000 - 3 %
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Denormalize

* Denormalizes the entire spectrum by multiplying each max and min
value by the factor entered in the denormalization dialog.

An example of a spectrum Denormalized by 2.6

TWIST Spectrumn, Mean Stress = 1.000 * Q3 %

TWIST Spectrurn, Mean Stress = 1.000 - Qo o

1.95
1.32
0.63
0.0 S A A P i |||||||||| b S L |l A A P 0 ST R
-0.6
o 50323 150399 251666 402665
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Randomize

* Two options: Randomize Sub Spectra and Randomize Sequence.
* Only available if the Sequence Data window is visible.
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Randomize Sub Spectra

* Will arrange all sub spectra in the project into a &
sequence in random order. T R e

* Each sub spectra will occur in the sequence a —
number of times equal to the Occurrences value
next to the sub spectrum name.

* By default, the random order is determined by a
seed, so that the same order can be repeated in
different instances of spectrum manager, ) e i
provided all other properties are the same. |

* For a non-repeatable random sequence, check 3 TR
the “True Randomize” checkbox. -

Flight 3
Flight 4

* This action will overwrite the existing sequence, if
one exists.

Flight 5

Flight 6
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Randomize Sub Spectra

Example
Project Window ~ 0 x
4 RandomExample
4 Sub Spectra Library < -:Ih_e.:lk Rag—c-
Flight 1 . . H . SE'EIIjIEr‘lC-E
F|ight 5 Sta rtlng Wlth a CIICkIng SEUET] Randomize Sub Specira
. 1 Randomize Seguence
bt 3 Spectrum with Randomize ;
Flight 4 7 sub spectra and seIeFtlng
Flight 5 Randomize
Flight 6 Sub Spectra 1 rue Rardomize
flight 7 gives us the
g ) . ! Spectrurn Mame | Occurences
e following > e |
= oK ||1 Cancel

Notice that all sub spectra have an Occurrence of 1
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Changing the number of occurrences for Flight 4
to 4 and leaving the rest at 1 will resultin a
sequence that has four occurrences of Flight 4

Example Cont.

and a single occurrence of all other flights.

Randomize Sub Spectra

K AFGROW &=

[] True Randomize
Seed: *
1

Flight 2

Flight 3

Flight 4

Flight 5

Flight &

Flight 7

SubSpectrum Mame | Occurences

| oK

Project Window

4 RandomExample

Flight 1
Flight 2
Flight 3
Flight 4
Flight 5
Flight &
Flight 7

Sequence .

Exceedance Plot

R Plot

4 Sub Spectra Library =

Position

Lo o s T O R | B

—h
=]

SubSpectrumMame

Flight 7
Flight 4
Flight 5
Flight 2
Flight 4
Flight 4
Flight &
Flight 4
Flight 1
Flight 3

Sequence Data | Spectrum Data
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Randomize Sequence

* Will arrange all sub spectra in the current sequence into a new sequence in
random order.

* There must be an existing sequence.

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

* The ordering works the same way as Randomize Sub Spectra, based on a seed
value with the option to truly randomize.

* This action will replace the existing sequence, if one exists.



Lextech Randomize Sequence

Example

Exceedance Plot R Plot Sequence Data Spectrum Data | |

Posrhion SubSpectrumName

Figt 1 Starting with a sequence of 7 sub

Flight 2

Fight 3 spectra, with Flight 4 being sequenced

Flight 4

o four times and the rest being
sequenced only once.

Flight 4
Flight 5
Flight 6
Flight 7

— w (== == (=] wn J L ra —

)
=]

[] True Randomize
Seed: *
1

Clicking Randomize and selecting nd O B e

Randomize Sequence gives us the Bl L s ] |
fol IOWing. Sequer Randomize Sub Spectra | ||Flight4 4
Flight 5 1

Randomize Seguence ‘ | Flight & . | 1

oK | | Cancel
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Randomize Sequence

Example Cont.

Exceedance Plot

R Plot

Position

]
2
3
4
3
6
7
8
9
1

SubSpectrumMame

Flight 7
Flight 4
Flight 5
Flight 2
Flight 4
Flight 4
Flight &
Flight 4
Flight 1
Flight 3

Sequence Data Spectrum Data | |

If we go back to Randomize
Sequence and leave all values the
same but change the seed to 2,
we get the following sequence
instead.

Note that the order matches the
previous example exactly, this is
because we used the same seed value
and the same number of occurrences
for each sub spectrum.

K AFGROW &=

Exceedance Plot

R Plot Sequence Data

Position

L=] [} ==l (=11 LN = Lt (=] -t

—
=]

SubSpectrumMame

Flight 3
Flight 6
Flight 5
Flight 4
Flight 4
Flight 1
Flight 7
Flight 2
Flight 4
Flight 4

Spectrum Data
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Context Sensitive Help

* Contains details on every current
feature of Spectrum Manager.

* Also contains guides detailing how to
go basic operations in Spectrum
Manager.

* By clicking on a section of the GUI
and pressing “F1”, the relevant page
in the Help guide will be opened.

K AFGROW =

B £3 Guides

% Creating a New Spectrum

% Creating a Mutti-Channel Spectrum

% Creating a Time Dependent Spectrum

% Creating a Spectrum with Damage and Enviorment Tags

a Adding Damage and Temperature Tags to an Existing Spectrum
B &3 Edit

% New SubSpectrum

[=] Mutti Channel

% Select Channel

5] Add

a Sequence Data
% Spectrum Plot
% Reset Zoom

% Reset Layout
@ Preview Spectrum




gﬂx ec X AFGROW B
extech COM Support

Preform most 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.

File Edit View Inset Format Debug Run  Tools  Add-lns  Window Help

EBE-d #l9 b a W EEY 2@ nscols
roject - VBAProject &

% Simple_SM_COM_Examplexlsm - Modulel (Code)
‘tGeneraI] j |Button1_C\ick

Sub Buttonl Click()
Dim sm As SpectrumManager.BApplication

sm.0penFile (Sheetl.Cells(4, 4))

sm.SaveSpectrumlsSPX Sheetl.Cells (5, 4)

roperties - Modulel

Ll <

lodulel Module End Sub
Jlphabetic | Categorized

(Mame) Modulel




LexTech
Beta Tester Reviews

* “The spectrum generation wizard — exceedance data input — works
very well. | generated a subspectra from exceedance data, which |
was able to import in Afgrow and grow a crack. | compared the results
with the CA crack growth assumptions to verify our approach. | had

no issues and found the interface to be well thought out and easy to
use.”

e “User friendly GUI design which helps me got used to this software
very fast.”

* “Some basic statistics can be visualized instantly in the view section.
Normalization and denormalization function is helpful if
normalization is done with respect to the maximum stress.”



exTech Long Term Future

Development Plans

Spectrum Cycle Counting

Saving uncounted spectrum with count

Improved Undo/Redo

Spectrum Severity Comparison

Combining exceedance curves



LexTech .
Conclusion

* AFGROW Spectrum Manager is a user-friendly Windows based software
application that uses a visual approach to develop and modify structural loading
spectra for damage tolerance analysis. It allows the user to define the max and
min stress (or load) values for the spectrum and modify the data in various ways.
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Questions/Comments?



