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Abstract

The Fatigue Damage Spectrum (FDS) software is easy to use, but there is a sequence of steps that must
be followed in order to properly utilize this software. The goal is to start with a single or multiple time
history file(s) that represent the vibration a product will experience through its life, then create a
Random PSD that is the damage equivalent to one lifetime of that product based on the imported files.

Question
What is the process to create a test using the FDS software?

Answer
Step 1: Create a new FDS Test in VibrationVIEW

Select “New Test” and choose Fatigue Damage

Fatigue Damage

Step 2: Enter the appropriate m and Q values for the product.

Table Schedule Parameters Limits Mator Control Pre-Test Channels Data Tables Cale RoR
So-R So-R Param Motch Impaort
Select Acceleration time history File | |C\Users\iade" Desktop'\Forklift Recording'. |" |
File Settings
Summary
Header Sampling rate I:I
Body Header lines l:l

Column l:l File Units |5 v

Remove values with low spectral content

Import Method
() Peak hold 200
() Average

(®) Fatigue Damage m (8 Qo

Fatigue Damage Spectrum Settings

[2 | Hzto [327678 | Hzat 1/[24  |octave
Profile RMS Vel. AMS Disp. Pk-Pk = =
Loaded [0.3007 |G [05835 /s [0.03489 |in Kurtosion(R) Time Compression
Scanned:l | | | | |
Export Combine FDS Scan File Create Table

Select a file containing acceleration time history, a file with table of breakpoints, or create a table recording the inputs.

As discussed in V-Note #0017 there are general values that can be used (m = 8, Q=10), but these values
do have an effect on the FDS generation and test compression. To increase accuracy V-Note #0018
provides instruction for developing more precise m and Q values for a product.

© VIBRATION RESEARCH CORPORATION e 1294 Chicago Drive ¢ Jenison  Michigan e USA ¢ 49428
Phone 616-669-3028 ¢ Fax 616-669-5337 ¢ www.vibrationresearch.com



http://www.vibrationresearch.com/

Creating A Fatigue Damage Spectrum Test V-Note # 0019

Step 3: Import the time history file(s).

Table Schedule Parameters Limits Moatar Control Pre-Test Channels Data Tables Cale Ro-R
SoR 5-0-R Param Motch Import
Select Acceleration time history File |C:""-“r'b'a“°“v' EW\Recording| 2
= Summary | | File Settings _ e
Acceleration (Positive): 3.103 G Sampling rate 213.2
Acceleration (Negative): -3.381G Header lines
Acceleration {ms): 0.7127 G )
Velocity (Positive): 17.96 in/3 Column File Unts G
Velocity (Negative): -15.78 in/s Remove valuss with low spectral content
Velocity {rms): 3.888 in/s Import Method
Displacement (Postive): 0.599%in () Peak hold -
Displacement (Negative): -0.6623 in ) Average cuu
Displacement {ms): 0.1603in (@ Fatigus Damage m |g | Q |1|} |
Kurtosis: 3.1
Length: 264256 Fatigue Damage Spectrum Settings
= Header [3 | Hzto [327679 |Hzat 1724 |octave
Samnla Rate 813 188 H hd
amnle Hate z Reconded File Target Life Test Duration
Frofile RMS Vel. RMS Diisp. Pl-Ple |D:D5:22.5?5 | |D:D5:22.5?5' | : |D:D5:22.5?5' | :
loaded (03007 |G (05835 |in/s [0.03489 | [JKurtosion(R) Time Compression
Scarned (06833 |G [4122 |k 07322 |m 09785 1
Export Combine FDS Rescan File Create Table

Select file to impart.

The time history files should be representative of all the vibration that a product experiences in a
lifetime. The files do not have to be a 1:1 replication of a lifetimes of damage, but it is important to be as
accurate as possible. The FDS process analyzes the time history data using a single degree of freedom
oscillator, automatically adjusting for each frequency. For each degree of freedom, a Rainflow count is
taken to create a volume integral, the cumulative amount of damage for each frequency bin.

Step 4: Enter the Target Life.

For a single imported time history file, the target life is the amount of time or number of cycles the time
history file should be run in order to represent 1 lifetime of damage to the product. This could also be

the length of a product warranty, or simply how long the product should survive when exposed to the
imported time history file.

Fatigue Damage Spectrum Settings

Hzto Hzat 1factaue

Recorded File Target Life Test Duration
00524688 | [1000:00:00  [S{[1000:0000 |5
] Kurtosion{R) Time Compression

11.3617 10

For multiple time history files, the sum of the target life for each imported file is equal to the total target
life of the product. Assigning different target life values to each waveform is the method of weighting
the effects of each waveform in the lifetime of the product.
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Table Schedule Parameters Limits Metor Control Pre-Test Channels Data Tables Calc Ro-R
5o-R 5-0-R Param Natch Import FDS
Fatigue Damage Settings
mes | afin ] [3 | Heto [327679 | Hzat 1/[24  |octave
FDS Data Recording
Select  Filename RMS (G) Duration
[A1  [ASTM Truck Level 1 K=9.vfw, Col.1ChT |[0.7047 ||m05:24688 [[250:0000 | Time ~
(A2 [ISTA Integity Test Project 1C K=3.vfw, Col.1Ch [[1.138 |[0:05:25.157 |[250:0000 || Time v
3 |ASTM Rai Level 1 K=3.vfw, Col.1ChT | 03981 |[0:05:25235 [[250:0000 || Time v
(A4 [forkift_lap5 -fast.vfw, Col.1Ch1 |[1.127 |[0:00:26071 |[125:0000 || Time v
5 |pallettestexpansionioint 13.vfw, Col.1 Z-mds |[0.3618 ||mo059.662 J[125:0000 | Time v
Target Test
Profile RMS Vel. RMS Disp. PPk e Duration
Add Scan Combined:3474 |G [4765  |nss [0775 | [100000:00 |[1000:00:00
[ Kurtosion{R) Time Compression
Clear Cache 11.3617 10 Export Create Table

Specify target life in passes ortime.

Step 5: Accelerate the test.

The test profile can be accelerated, but an accelerated test is not the same as running for the full
amount of time. The less the test is accelerated, the more accurate representation of the real world
data. Also, the test acceleration is only as accurate as the m value selected for the product. The more
the test is accelerated, the more important the accuracy of m becomes. At a minimum, the
instantaneous stress limit of the product cannot be exceeded.

MIL-STD-810G recommends the acceleration factor should generally not exceed values of 1.414/(S1/S2)
or 1.4147m). Thus, for a product with m = 8 the maximum ratio between in-service time and test time

can be 1.414/8 = 16. If the target life of the product is 1,000 hours, it is recommended to run the test in
no less than 62.5 hours.

Table Schedule Parameters Limits Matar Cortrol Pre-Test Channels Data Tables Calc Ro-R
S5o-R S-0-R Param Motch Import FDS
Fatigue Damage Settings
me ] afin ] [2 | Heto [327679 | Hzat 1/[24 |octave
FDS Data Recording Target Target
Select  Filename RMS (G) Duration Life Life Type
(A1 [ASTM Truck Level 1 K=9.fw, Col.1ChT |[0.7047 |[0:05:24688 |[250:0000 | Time v
[A2  [ISTA Integrity Test Project 1C K=9.vfw, Col.1 Ch1 1138 0:05:25.157 |[250.00:00 || Time v
3 [ASTM Rail Level 1 K=9.vw, Col.1Ch1 0.3991 0:05:25235 |[250.00:00 || Time v
A4 [forkift_lap5 -fast.vw, Col.1Ch1 |[1.127 |[moo:26071 |[125:0000 |/ Time ~
5 |pallettestexpansionioint 13.viw, Col.1 Z-ads |[0.3618 |[m:00:59.662 |[125:00:00 || Time v
. ) Target Test
Profile RMS Vel. RMS Disp. Pk-Pk Lfe Duration
Add Sean Combined:4913 |G [6738  |ne [109%6  |n [wo00m00 |[s230:00 |
[ Kurtesion{R) Time Compression
Clear Cache 11.3617 10 Export Create Table

© VIBRATION RESEARCH CORPORATION e 1294 Chicago Drive e Jenison ¢ Michigan e USA ¢ 49428
Phone 616-669-3028 * Fax 616-669-5337 ¢ www.vibrationresearch.com



http://www.vibrationresearch.com/

Creating A Fatigue Damage Spectrum Test V-Note # 0019

Step 6: Add kurtosis
Table Schedule Parameters Limits Moatar Control Pre-Test Channels Data Tables Cale Ro-R
S5o-R S-0-R Param Motch Import FDS

Fatigue Damage Settings

me ] afin ] [2 | Heto [327679 | Hzat 1/[24 |octave

FDS Data Recording Target Target
Select  Filename RMS (G} Duration Life Life Type
[A1 [ASTM Truck Level 1 K=9.fw, Col.1ChT | [0.7047 |[0:05:24688 |[250:0000 || Time v
2 [ISTA Integrty Test Project 1C K=8.vfw, Col.1 Ch 1138 0:05:25.157 [[250:0000 | Time v
3 [ASTM Rail Level 1 K=9.vfw, Col.1Ch1 0.3991 00525235 |[250:00:00 || Time v
(A4 [forkift_lap5 -fast.vw, Col.1Ch1 |[1.127 |[woo:26071 |[125:0000 |/ Time ~
5 |pallettestexpansionioint 13.vfw, Col.1 Z-ads |[0.3618 |[o:00:59.662 |[125:00:00 || Time v
Profile. RMS Vel. RMS Disp PPk Lot i

Combined:[2.955 |G 5645 |ne [1005 | [100000.00 |[[623000 |

Add Scan
Kurtosion{R) Time Compression
Clear Cache Kurtosis Transttion Freq Hz Export Create Table

Lowering the Ggms of the test is a primary reason for adding kurtosis. Another valid reason is to increase
the kurtosis of the random PSD to reflect the peaks of the imported time history files, especially when
the kurtosis of the input waveform is very high. Using Kurtosion®, it is possible to introduce this
kurtosis, and vary the transition frequency to create peaks that are representative of the original files.
The FDS software will automatically adjust for the added kurtosis to ensure that the generated profile is
the damage equivalent of the input waveform(s). Notice the difference in the Combined Profile RMS
before and after the addition of kurtosis.

Step 7: Create the breakpoint table
Table Schedule Parameters Limits Matar Contral Pre-Test Channels Data Tables Cale Ro-R
5o-R 5-0-R Param Natch Import FDS

Fatigue Damage Settings

mes | afin ] [3 | Heto [327679 | Hzat 1/[24  |octave

FD5 Data

Recording Target Target
Select  Filename RMS (G) Duration Life Life Type
[A1  [ASTM Truck Level 1 K=9.vfw, Col.1ChT |[0.7047 ||m05:24688 |[250:0000 || Time ~
(A2 [ISTA Integity Test Project 1C K=3.vfw, Col.1Ch [[1.138 |[0:05:25.157 |[250:0000 || Time v
3 |ASTM Rai Level 1 K=3.vfw, Col.1ChT | 03981 ||o05:25.235 |[250:0000 | Time v
(A4 [forkift_lap5 -fast.vfw, Col.1Ch1 |[1.127 |[eo026071 [[125:0000 | Time v
5 |pallettestexpansionioint 13.vfw, Col.1 Z-mds |[0.3618 ||moos9.662 [[125:0000 | Time v
' ) Target Test
Profile RMS Vel. RMS Disp. Pk-Pk Life Duration
Add Scan Combined:2.955 |G [5645  |n/s [1005 | [1000:00:00 |[62:30:00
Kurtosion(R) Time Compression
Clear Cache Kurtosis Transition Freq Hz Export Create Table
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Step 8: Run the Test

View 1 (Acceleration Spectral Density)

. Acceleration Spectral Density

£
3

X107

Acceleration Spectral Density (G*/Hz)

Frequency (Hz)

Fatigue Damage

328
Frequency (Hz)

The Random PSD generated is the damage equivalent to the lifetime of the product based on the
imported files, m and Q values, Target Life, Test Duration, and kurtosis. This is valuable information in
every phase of testing from initial product development to re-creating field failures in a lab
environment.

For more information, please watch our webinar on the Fatigue Damage Spectrum software or contact
an application engineer at VRSales@vibrationresearch.com
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