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Biographies

Thomas Achatz is a licensed professional engineer with over 25 years engineering experience.
He is widely recognized in the automotive industry as a leader in applying all facets of risk
management, reliability, and statistical methods to expedite development and validation of
automotive components. Mr. Achatz holds graduate degrees in Mechanical Engineering from
The University of Michigan and Management of Technology from Rensselaer Polytechnic
Institute. He is currently employed as a Global Technical Integration Engineer in the Hybrid
Power Electronics group at General Motors Company in Milford, M.

John Van Baren is the president of Vibration Research Corporation, Jenison
Michigan, which he founded in 1995. He is a graduate of Calvin College, and the
University of Michigan Engineering School. Van Baren is a registered professional
engineer in the state of Michigan. His experience includes 25 years in R&D of
various capacities in the vibration world. Van Baren has designed shaker systems,
shaker amplifiers and shaker controllers. He was a pioneer in the application of
time-history replication on electro-dynamic shakers, and also the introduction of
“Kurtosion” to the vibration world. He continues to guide the company forward as a

leader and innovator in the field of vibration testing.
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Today’s Goals

 Question #1:

 What random profile is needed (and for how
much time) to accurately simulate the end-use
environment over the life-cycle of my product?

o Question #2:

« My product operates in many different vibration
environments, how can | confidently combine
them into one accelerated test?

* Question #3:
« How can | use the FDS to accelerate my test?
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Background \

 What is Fatigue Damage?

— How does a UUT experience damage?
1) Exceeding characteristic instantaneous stress limits
2) Long-term damage due to fatigue

« How can we shorten tests, or the time
required to acquire data for a test?

— Apply an equivalent amount of fatigue damage,
leaving you free to adjust the time that the test
runs.

* |n theory, a specific amount of damage

leads to failure. @
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Example of fatigue:

1842 Versallles train disaster

Drawing of a fatigue failure in an axle by Joseph Glynn, 1843

Main article: Versailles rail accident

Following the King's fete celebrations at the Palace of Versailles, a train returning to Paris crashed in May 1842 at Meudon after the leading locomotive
broke an axle. The carriages behind piled into the wrecked engines and caught fire. At least 55 passengers were killed trapped in the carriages, including
the explorer Jules Dumont d'Urville. This accident is known in France as the "Catastrophe ferroviaire de Meudon". The accident was witnessed by the
British locomotive engineer Joseph Locke and widely reported in Britain. It was discussed extensively by engineers, who sought an explanation.

The derailment had been the result of a broken locomotive axle. Rankine's investigation of broken axles in Britain highlighted the importance of stress
concentration, and the mechanism of crack growth with repeated loading. His and other papers suggesting a crack growth mechanism through repeated
stressing, however, were ignored, and fatigue failures occurred at an ever increasing rate on the expanding railway system. Other spurious theories
seemed to be more acceptable, such as the idea that the metal had somehow "crystallized". The notion was based on the crystalline appearance of the
fast fracture region of the crack surface, but ignored the fact that the metal was already highly crystalline.

o U
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Example of fatigue

Aloha Airlines Flight 243
April 28, 1988 - Boeing 737
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Calculating Fatigue: \

S-N Curve, Miner’s Rule

 MIL-STD-810G* (Method 514.6, Annex A) states that:

« “The most commonly used method for calculating a reduction in
test duration is the Miner-Palmgren hypothesis that uses a

fatigue-based power law relationship to relate exposure time and
amplitude.” This is the case in our fatigue-based import.

A major assumption that usually accompanies the
Palmgren-Miner linear damage hypothesis is that the slope
of the S-N curve is approximately linear on a log-log plot.
In the Henderson-Piersol! approximations that undergird
much of this algorithm, this assumption is stated as:

N=cxS§SP

IFatigue Damage Related Descriptor for Random Vibration Test Environments

Henderson/Piersol W
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alculating Fatigue:
S-N Curve, Miner’s Rule

* S-N Curve (S for stress, N for cycles):

. Miner’s Rule: \

—b 3 |4 I5 I?
¢ N — C X S Cycles to Failure, N

* C Is experimentally found to be between 0.7 and
2.2. Usually for design purposes, C is assumed

to be 1.
« —b IS related to the slope of the S-N curve
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Rainflow Counting Explained

* http://www.vibrationdata.com/tutorials/
rainflow counting.pdf



http://www.vibrationdata.com/tutorials/rainflow_counting.pdf

RAINFLOW CYCLE COUNTING IN FATIGUE ANALYSIS
Revision A

By Tom Irvine
Email: tomirvine@aol com

August 26, 2011

Rainflow Counting .
i Introduction
Explained — Page 1
The rainflow method is a method for counting fatigue cycles from a time history. The fatigue
cycles are sfress-reversals. The rainflow method allows the application of Miner's rule in order

to assess the fatigue life of a structure subject to complex loading.

The resulting tabular data is sometimes referred to as a specfra.

Algornthm

Reduce the time history to a sequence of (tensile) peaks and (compressive) troughs.
Imagine that the time history is a pagoda.
Tum the sheet clockwise 90°, so the starting time is at the top.
Each tensile peak is imagined as a source of water that "drips" down the pagoda.
Count the number of half-cycles by looking for terminations in the flow occurring when
either:

a. ltreaches the end of the time history

b. It merges with a flow that started at an earlier tensile peak; or
c. ltencounters a trough of greater magnitude.

G W

6. Repeat step 5 for compressive troughs.
7. Assign a magnitude to each half-cycle equal to the stress difference between its start and
termination.

8. Pair up half-cycles of identical magnitude (but opposite sense) to count the number of
complete cycles. Typically, there are some residual half-cycles.

The ASTM standard in Reference 1 gives algebraic formulas using Boolean operators for
carrying out this process. )
An example is given in the next section using the ASTM implementation. ((

VIBRATION RESEARCH



Rainflow Counting Example

STRESS TIME HISTORY

Rainflow Counting
Explained — Page 2

STRESS

TIME

Figure 0.

A stress time history is given in Figure 0.
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Rainflow Counting
Explained — Page 3

RAINFLOW PLOT

TIME
-

Figure 1.

Table 1. Rainflow Cycles by Path

Path Cycles Stress Range
A-B 0.5 3
B-C 0.5 4
Cc-D 0.5 8
D-G 0.5 9
E-F 1.0 4
G-H 0.5 8
H-l 0.5 8

Note that E-F is counted as one cycle because is it considered to contain some of F-G.

o U
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Rainflow Counting
Explained — Page 4

Table 2. Rainflow, Total Cycles

Stress Range Total Cycles Path
10 0 -
9 05 D-G
8 1.0 C-D, G-H
7 0 -
6 05 H-1
5 0 -
4 15 B-C, E-F
3 05 AB
2 -
1 -

Another example is shown in Appendix A.

Eeferences

1. ASTM E 1049-85 (2005) Rainflow Counting Method, 1987.

2. P.Wirsching, T, Paez, K. Ortiz, Random Vibrations Theory and Practice, Dover, New
York, 2006.
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AFPPENDIX A

Single Wavelet Example

RAINFLOW PLOT
Rainflow Counting 06
Explained — Page 5
05
04 Gl//l
. e,
F 03 |
02
0.1
[I 1 1 —ra n 1 P 1 1
16 14 -12 10 8 -6 4 2 0 2 4 6 B8 10 12 14 16
STRESS
Figure A-1.

Each consecutive segment is a half-cycle in this case. W
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Creating the Fatigue Damage Spectrum

« Stress cycle amplitudes are weighted non-

Iinearly (because of power function) — see Henderson-Piersol
assumptions?

e N=cxSP

* Cycles are accumulated to get accumulated
fatigue at that frequency; according to Miner’s
Rule

Z ni N; = number of cycles applied with peak stress, S;

l Ni N i= number of cycles with peak stress, S;, needed to cause failure
b
e D Zi nl’Si

!Fatigue Damage Related Descriptor for Random Vibration Test Environments, (( )
Henderson/Piersol o

D = total damage
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Creating the Fatigue Damage Spectrum

* Process is repeated at a

spectrum of frequencies, with
one fatigue number at each
frequency

* Plot of Fatigue vs. Frequency Is

the fatigue damage spectrum?

g 10°
5

-3

2The Fatigue Damage Spectrum and Kurtosis Control, 10"

John & Philip Van Baren =

Fatigue Damage Spectrum for GM File

: eyl fw, Ch. 1 ]

10 107 10°
Frequency (Hz)



 An acceleration
waveform iIs converted
to a velocity waveform

— By Integrating the
acceleration waveform

— Velocity Is desired
because Henderson-

Piersol equations
utilize velocity?

1Fatigue Damage Related Descriptor for Random Vibration Test Environments,
Henderson/Piersol

How to Compute FDS

|
Acceleration

Constant Multiply fe— k
"k" cancels
itself out. Stress

Narrow Band
Pass Filters

YYYYY Singelornarow

Rainflow Counting srtar;ss wavef:rrr‘:s.
Algorithm

lllll

S-NCurve b —{ Damage
parameters ¢ —| Calculation

Constant
"c" cancels
\ 4 itself out.
k —»| Henderson-Piersol
Cc —» Conversion

|
Fatigue Damage Spectrum

Acceleration
Spectrum

o U
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e Stress waveform is
narrow-band filtered

— Specific Q value is used

e Filtered stress waveform

has stress peak-valley
cycles counted using a
Rainflow counting
algorithm

— Can be calculated with
Matlab’s \Wafo Toolbox3

— VibrationView software
Internally calculates

3Tutorial for WAFO version 2.5. Lund University, March 2011

nnnnnnnnnnnnnnn

Rainflow Cycle Count for GM — E_01 File
Using WAFO tools in Matlab
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Q1: How to Generate a Random Profile

to Simulate End-Use Environment

Import Recording

Set m and Q values
Set Frequency Range
Create Table

E)
:
)
g

1x10°%4

1x10

1105

1x10%4

[
=

Demand Frequency (Hz)

100 1000

[Tabe | Scheciue [ Parameters | Linits | Pre.Tosialichasssied

Select Acceleration time histary ki\GM\Achatz'e_0Lvfw

e ﬂl [ |

[= Summary -
Length: 1814528
Acceleration (Positive): 0.7019 G
Acceleration (Negative): -0.484 G
Acceleration {rms): 0.05933 G
Velodity (Positive): 3.2infs
Velocity (Negative): -2.153in/s
Velocity {rms): 0.2643infs
Displacement (Positive): 0,2512in
Displacement (Megative): -0.1744in
Displacement (rms): 0.02386 in

Kurtosis: 10.3
B Header
Sample Rate: 8192 Hz
Channel count: 1 -
Profle RMS Vel RMS Disp. Pk-Pk
Loaded: 0.3007 G 0.5895 infs  0.03489 in
Scanned: 0.06346 G 0.1861 infs  0.06565 in

Select 5 file containing acceleration time history, a file with table of breakpoints, or create a table recording the mputs.\

Sampling rate

Header lines :

Column File Units |G -

Remove values with low spectral content

Lines | 200 -

zat 1/ 24 octave
g Test Duration
0:03:41.500 0:03:41,500 E 0:03:41,500 E

Kurtosion(R) Time Compression
Kurtosis

Transition Fr

onbne | [ Reseanie {|[ createTable |
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The Product, Unit

Under Test, or
MUUT”
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Shaker Setup
Lo

i
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Fuel Rail Mounted to the
Shaker, accelerometer with
cylinder head input
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Fuel under
Pressure
simulator
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Controlling the
Test

C
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Failure Noted
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lllustration Videos

Engine Run up data (2:21):
http://www.screencast.com/t/IKG9CvumG

FDS import and random profile generation process (4:46):
http://www.screencast.com/t/IgRZX2YR

These two files are also found on our web site, in slightly lower
resolution:

http://www.vibrationresearch.com/fds.html
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http://www.screencast.com/t/lKG9CvumG
http://www.screencast.com/t/IgRZX2YR
http://www.vibrationresearch.com/fds.html

QZZ How to Combine Many Different
Environments into one Accelerated Test

* Import Recording
« Setmand Q values
 Set Frequency Range

 Create Table
 Repeat for as many environments as you

have

FILENAME | REPETITIONS

400

90

100

2000

4000

16

200

200

8

1800

1200

1800

ZIr|R|—|—[T[®|MMm|O|O|(m|>

1600

Dyanmic amplification, Q = 10
Spring stiffness, K =1

SN coefficient, A= 1

SN coefficient, C = 1

SN exponent, b =4

L

b

O 1103y

Fy

w

&

0O 1x10%

c

°

(1]

& 10

C

o

®

o 1l0®

[

5
Scan o 2 10 100 1000 5000
Demand Frequency (Hz)
| Table [ schedule | parameters [ Limits | pre-Test [ channels [ Data | Tables [ cale [R-oR [5-0R [5-0-R Param | Notch | Import \_
[select Acceleration tme history File | K:\GM\AchatzlA_01Lvfw &

= Summary File Settings

-
Length: 743424 W Sampling rate | 5132.0
Acceleration (Positive): 20,18 G Header lines I:I

Acceleration (Negative): -7.034G " "

Col File Units
Acceleration (rms): 0.2168 G alumn fle Lni |G N
Velodty (Positive): 10,65 in/s [¥] Remove values with low spectral content

Impart Method
Velodty (rms): 0.9079in/s (7 Peak hald

Velodty (Negative): -12.86 infs

m

Displacement (Positive): 0,967 in ) Average Lins wl
Displacement (Megative): -0.7323in @ Fatigue Damage m 4 Q0
Displacement (rms): 0.08142in
Kurtosis; 161 | ||~ Fatigue Damage Spectrum Settings
B Header 2 Hzto 1000 Hzat 1/ 24 octave
5 Rate: 8192 H
ample Ra i Recorded File Target Life Test Duration
Channel count: 1 -
0:01:30.750 0:01:30.750 E 0:01:30.750
Profile RMS Vel. RMS Disp. Pk Pk Kurtosion(R) Time Compression

Loaded: 0.2235 G 06551 s 01798 i Kurtosis [ 160813 | Transkion Frea[ 10|tz

Samed: 032§ 08795 s 0.2331 [ combine || RescanFie || cresteTabke |
Select a file containing acceleration time histary, a file with table of breakpaints, or create a table recording the inputs.

Spreadsheet of GM Files and Recommended Number of Repetitions

Lo J[ gl | [ e |

&
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4
Random Test Settin

w
a Ecceleration Spectral Density (G3Hz)

(=]

@
5

@

Combining Recordings

(o] o)

gs

Random Jest Settings

=

%1044

13104

%1054

1x10%4

2 10 00 1000

T
Frequency (Hz)

I R-0R I 5oR I 5-0-R Param |

Table I Schedule I Parameters I Limits. | Pre-Test | Channels I Data Tables | Calc

| MNotch Import | Combine
[E‘.aect Acceleration time history File v] K:\GM\Achatz\m_01.vfw =]
= Summary i File Settings )
Length: 599424 m Sampiing rate | 3
Acceleration (Positive): 0.7695 G Headerines| |
Acceleration (Negative): -0. 7382 G ] . "
Acceleration (rms): 0.09802 G Column File Units |G
velocity (Positive): 3.054 injs [¥]Remaove values with low spectral content
Velocity (Megative): -1.527infs £ || Import Method
Velodity (rms): 0.1869 in/s () Peak hold N v e—
Digplacement (Positive): 0.2924in () Average Hines |M|
Displacement (Megative): -0.1497 in (@) Fatigue Damage m 4 Q0
Displacement {rme): 0.01652 in
Kurtosis: 4,32 | || Fatigue Damage Spectrum Settings
[l Header 2 Hzto 1000 Hzat 1/ 24 octave
Sample Rate: 8152 Hz Recorded File Target Life Test Duration
Channel count: 1 - =]
0:02:02 0:02:02 E 0:02:02
Profile RMS Vel. RMS Disp. Pk-Pk [Clkurtosion(R) Time Compression
Loaded: 0.3007 & 05895 infs  0.03499 in e Ly Transition Freq o
Scanned: 0.09467 G 01795 injs  0.06855 in ( combine (13) ||} ReseanFle || createTable |
Select a file containing acceleration time history, a file with table ofbreakpoints\creahe a iﬁbleﬂ:rding the inputs.

’Aﬁ

(damage)

Scan®
o
m
Scan§g
[0
Scarfd
@
Scana
=

(1]
Scarf

[Faﬁgue Damage

z)

10 100 1000
Frequency (Hz)
‘ Table | Schedule | Parameters I Limits. | Pre-Test I Channels | Data | Tables I Calc | R-0R | S-0R | S-0-R Param
‘ Motch Import | Combine
Recording Target Target
Select Filename RMS(G)  Duration Life! Life Type
@1 A_0Lvfw, Col1 0.2168 0:01:30.750  0:01:30.750  [mme -] -
F2  b_0Lvfw, Cal.1 0.1224 0:00:55.500  0:00:55.500  [Time v]D
]3¢ 0tvfw, Col.1 0.1541 0:00:25,500  0:00:25.500 [ Time -
@4 d_olvfw, Col.1 0.5022 0:03:13.250  0:03:13.250 [Time -
@5 e_0Lvw, Cal.1 0.05939 0:03:41.500  0:03:41.500 [Time -
@6  foLvfw, Col.1 0.1265 0:02:10.250  0:02:10.250 [ Time -
@7  g_01wfw, Col.1 0.1082 0:00:40 0:00:40 [rime -
h_0L.vfw, Col.1 0.1301 0:00:39.500  0:00:33.500 [mime -
i_0%.vfw, Col.1 0.5024 0:00:25 0:00:25 [rime -
10 3_01.vfw, Col.1 0.1084 0:02:54,500  0:02:54.500 | Time -
u
Target Test
Profile RMS Vel RMS Disp. Pk-Pk Life Duration
Combined: 0.4182 G 0.8805  infs 0.2866  in 0:22:35.500 | 0:22:35.500
[ Kurtosion(R) Time Compression
Add another FD'S scan to the cache,

[oc o | [ e |

As many files as are imported, show up in the “Combine” button. Click “Combine” and the
FDS for each file is shown; including the FDS of the Combined plot.

G
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a variety of
environments

are loaded

« Each file had a specified
number of repetitions to

simulate end-use
environment

 The number of repetitions
were entered as “passes” |

under Target Life

« GM'’s durability tests for

3
1
‘1
0.
'1
2 -
1
-3,
-4
3
R
1
&
n 13
2 10 100 1000
Scan 12 Frequency (Hz)
[ Table | schedue | | Limits | Pre-Test | Channels | Data | Tables R | soR | s-oRParam
[ Notch t Combine
Recor Target
Select Filename RMS (G)  Duration Life Type
[@4 d_oLvfw, Col.1 5022 0:03:13250 4
[@5 e_0L.vfw, Col.1 0.05939 0:03:41.500
@6 foLvfw, Col.1 0.1265 0:02:1.250
[@7 g_0tvfw,Col.1 0.1082 0:00
[@)8 h_0L.vfw, Col.1 0.1301 00:9.500
@9 i_o1vfw, Col.1 0.5024 00:45
[@10 3_01vfw, Col.1 0.1084 500
[@]11 k_0Lvfw, Col.1 0.08991
12 L_01.vfw, Col.1 0.1168 .750 -
[@13 m_01.vfw, Col.1 0.09802 ‘

2 84

*

g8
| ®
-
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Total Target Life for combined test was 603 hr.
GM desired a shorter test (16 hr test)

Setting Test Duration

Random Test Settings

(=& ®

Scan 11

_ 1x10°
o 1x10%
o) u
£ 1x10 =5
T xS
= 1x1lr‘1/
i D 1x10%4
Sen e 1x10%4
scan O 1x10%4
o

1x10°%
5""%’ 1x10%
Scanf Ggmbie

scanz  1X10%

10 100
Frequency (Hz)

[ Table | Scheduie | Parameters | Limits | Pre-Test | Channels | Data | Tables | Cac | RoR | SoR | SoRParam
tch | t Combine

¥4 d_oLvfw,Col.1
s e oLvfw, Col.1
[@l6 foLvfw, Col.1
[@7 g_0Lvfw,Col.1
[@]8 h_0Lvfw, Col.1
@]9 i_01vfw, Col.1
@10 3_01.vfw, Col.1
[@]11 k_0Lvfw, Col.1
12 L_01vfw, Col.1
[#113 m_01.vfw, Col.1

Target fatigue life for unit under test.

|
Recordng  Target Target
RMS (G)  Duration Life
0.5022 0:03:13.250  FORN)

0.05939 0:03:41.500 4000
0:02:10.250

1358  infs 0378 in

Transition Freq| 10 |Hz

Lo ]

Note the increase in GRMS:

* From 0.3424 Gt0 0.8483 G

0.1168 0:01:09.750 1800
0.09802 0:02:02 1600
Target

vel. RMS Disp. PkPk  Life

0.548 nfs 0.1521 n 603:02:

TransitonFreq| 10 |Hz
<ify target ife in passes or time.
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(Q3: How to Use FDS to Accelerate a Test

Accelerate a test:

— Use FDS

f = Vil

Displacement (Negative): -0.1744in ©) Fatigue Damage m 4 Q 10
Displacement (rms): 0.02386 in ’
Kurtosis: 10.3 Fatigue Damage Spectrum Settings
Header 2 Hzto 1000 Hzat 1/ 24 octave
" ¥ RI::':: 1;32”2 1l Recorded File Target Life _ TestDuration -
9192:41.500 246:00:00 = 63148 51
Profile RMS vel. RMS Disp. Pk-Pk osipn(R) Time Compression
Loaded: G 0.5895 infs 0.03489 in tosis | 10.3419 Transition Freq| 10 Hz
- : 0.1572 0.4611 infs 0.1626 i | combne || RescanFie || CreateTable
=sired dygation of accplerated test.
Displacement (Negative): -0.1744in '@'Famom ml4 Q 10
Displacement (rms): 0.02386 in
Kurtosis: 10.3 Fatigue Damage Spectrum Settings
- Header 2 Hzto 1000 Hzat 1/ 24 octave
¢ R::nts 1192Hz Recorded File Target Life Test Duration
Channel : =] =]
0:03:41.500 246:00:00 1 6:31:48 =1
Profile RMS vel. RMS oshn(R) Time Compression
Loaded: 0. G 0.1616 infs g furtosis  10.3419 Transition Freq 10 Hz
s 0124 0.4443 nfs 0.1599 in | combne || RescanFie || CcreateTabe |
——

2
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Using FDS to Accelerate Tests

GM file EO1 was imported |

with Fatigue Damage
Import

M and Q defined
Target Life and Test

cceleration Spectral Densi

_.
x

X X
= 2

A
L]

| mits | pre-Test | channels [ pata | Tables [cak  [RoR [soR [s-oRPar

Duration set for desired

levels

Note the increase In
GRMS and PSD

(compared to Average
Import)

[select Acceleration time history Fie | K:\GM\Achatzle_01.vfiv

Acceleration (Positive): 0.7019 G
Acceleration (Megative): -0.484 G
Acceleration (rms): 0,05933 G
Velodty (Positive): 3.2infs

Velodty (Negative): -2.153 infs
Velodity (rms): 0.2643 in/s
Displacement (Positive): 0.2512in
Displacement (Negative): -0.1744in
Displacement (rms): 0.02385 in

[¥]Remove values with low spectral content

0.1616 infs 0.04674 in

VIBRATION RESEARCH



 FDS plots of original imported file with adjusted

Target Life and Test Duration Compare

Random Test Settings E.L
Fatigue Damage -
| [u]
i =
(]
| =
@ ]
2 =102,
£ i
8 x1075
© i
3 110
© ]
L 1x10°%;
2 10 )

Scan

100 1000
Frequency (Hz)

|Td)le ISchedde IParametErs | Limits | Pre-Test I Channels I Da

ta_| Tebles [ Calc | R-oR | SR | 5-o-RParam | Netch | Import |

[5elect Acceleration time history File | K:\GMiachatzle_01.ufiw

= Summary

Acceleration (Positive): 0.7019 G
Acceleration (Negative): -0.484 G
Acceleration (rms): 0.05939 G
Velocity (Positive): 3.2in/s
Velocity (Megative): -2.153in/s
Velocity (rms): 0.2643 infs
Digplacement (Positive): 0.2512in
Displacement {(Negative): -0.1744in
Displacement (rms): 0.02385 in
Kurtosis: 10.3

= Header
Sample Rate: 8192 Hz
Channel count: 1

Length: 1814528 W

m

2 Hzto 1000 Hzat 1/ 24 octave
Recorded File Target Life Test Duration
=

()
File Settings
Sampling rate
Header lines :
Column File Units |G -

Remove values with low spectral content
Import Method
() Peak hold
Average
Fatigue Damage m 4 Q 10

lines[200  ~|

Fatigue Damage Spectrum Settings

Profile RM5 Vel, RMS Disp. Pk-Fk
Loaded: 0.3007 G 0.5895 infs 0.03489 in
Scanned: 0.06346 G 0.1861  infs 0.06565 in

0:03:41,500 0:03:41,500 E 0:03:41,500 E
Kurtosion({R) Ti
Eurkosis | 10,3419 Transition FreqHz

[ combine

|[ Rescanfie || createTable |

Lo J[ cmd | [ e |

Accelerating Test with FDS

Random Test Settings
Fatigue Damage -
(1)
E 1x10™
I =
@ 1x10%4
o
(1)
£ 1x10%
[a]
D 1x10+
=)
8 0%
1x10* : - :
2 10 100 1000
Sean Frequency (Hz)
| Table | Scheduie | | Limits | Pre-Test | Channeis | Data | Tables | cale | R-oR [ S-oR | S-0-R Param | Notch | Import |
select Acceleration tme history Fle | K:\GMAdhatzle_01.vfiv =
[= Summary - File Settings
Length: 1814528 F Samplng rate | 5152.0
Acceleration (Positive): 0.70196 Header lines
Acceleration (Negative): -0.484 G )
Acceleration (rms): 0.05939 G Cobn FleUnts |G -
Velogty (Pasitive): 3.2in/s [V Remove values with low spectral content
vedocity (Negative): -2.153 /s = Import Method
Velodity (rms): 0.2643 in/s ) Paak hold .
Displacement (Positive): 0.2512n © Average . S
Displacement (Negative): -0. 1744in @) Fatigue Damage m 4 Q0
Displacement (rms): 0.02386 in
Kurtosis: 10.3 | || Fatigue Damage Spectrum Settings
= Header 2 Hzto il at 1/ 24 octave
Sample Rate: 8192 Hz
1 i Recorded File . Test Duration .
4 0:03:41.500 | 246:00:00] =
Profile RMS Vel, RMS Disp. Ph-Pk [[xurtosion(R) Time Compresst?
Landed: D307 | osms ne  [oos® In ;[ 10.3419 ransition Freq| 10 |Hz
Scanned: 0.063% G 0861 nfs  0.06%5 n [ combne || ResconFie || createTable |
Desired duration of accelerated test.

L swe |




Accelerate a test:

— Use FDS
— Use FDS and Kurtosion®

(Q3: How to Use FDS & Kurtosione to Accelerate a Test

Displacement (Negative): -0.1744in ©) Fatigue Damage m 4 Q 10
Displacement (rms): 0.02386 in ’J
Kurtosis: 10.3 Fatigue Damage Spectrum Settings
Header 2 Hzto 1000 Hzat 1/ 24 octave
Sample Rate: 8192 Hz % i
" i 1l Recorded File Target Life - Test Duration -
9:93:41.500 246:00:00 = 6:31:48] =
Profile RMS vel. RMS Disp. Pk-Pk tospn(R) Time Compression
; G 0.5895 infs 0.03489 in urtosis | 10.3419 Transition Freq| 10
: 0.1572 0.4611 infs 0.1626 i | combne || RescanFie || CreateTable
=sired dygation of accplerated test.

Displacement (Negative): -0.1744in '@'Famom ml4 Q 10
Displacement (rms): 0.02386 in
Kurtosis: 10.3 Fatigue Damage Spectrum Settings
- Header 2 Hzto 1000 Hzat 1/ 24 octave
¢ R::nts 1192Hz Recorded File Target Life ~ Test Duration .
0:03:41.500 246:00:00 = 6:31:48 =
Profile RMS vel. RMS oshn(R) Time Compression
Loaded: 0. G 0.1616 infs furtosis  10.3419 Transition Freq 10 Hz
scanneff: 0.124 0.4443 nfs 01599 in | combne || RescanFie || CcreateTabe |
—

f — Vil
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Using Kurtosion® with FDS to Accelerate a Test

* Original Fatigue Damage Import assumes
Gaussian distribution. Converting the FDS back
to a PSD (through Henderson-Piersol equations)
assumes Gaussian

« Kurtosion® can be added to Fatigue Damage
mport to further accelerate test

» Kurtosion® will provide the same amount of total
fatigue damage, but do so in a faster time
(because large peaks are restored to the test)
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Using Kurtosion® with

Random Test Settings

=

P

Fatigue Damage -

1x10°4
%1074
11024
1x10°
1107 4

13107

Fatigue Damage (dama

1108
2 10

T
Scan Frequency (Hz)

00

1000

Table | Schedule | Parameters [ Limits | Pre-Test | channels | Data_| Tables [ calc [R-oR [ S-0R [ S-0RParam | Notch | Import |

[select Acceleration time history File | K:\GM\Achatzle_01.vfw

= Summary s
Length: 1814528
Acceleration (Positive): 0.7019 G
Acceleration (Megative): -0.484 G
Acceleration (rms): 0.05939 G
Velodity (Positive): 3.2in/s
Velodty (Negative): -2.153 infs
velocity (rms): 0.2643 infs
Displacement {Positive): 0.2512in
Digplacement (Megative): -0.1744in
Displacement {rms): 0.02386 in
Kurtosis: 10,3

= Header
Sample Rate: 8192 Hz
Channel count: 1

m

File Settings
Sampling rate

Header lines \:I

=

Column

[¥]Remave values with low spectral content

Import Method
Peak hold Lines ZUD—
Average —
Fatigue Damage m 4

Fatigue Damage Spectrum Settings

File Units |

2 Hzto 1000 Hz at

Target Life

1/ 24

octave

Test Duration

E 6:31:43|

&

Profile RMS Vel RMS
0.5395 infs
04611 nfs
rated test.

H Cancel H Apply

J

Random Test Sethi

Fatigue Damage

1x10%4
1104
1x10%24

1x10%4

1x104

1x10%4

Fatigue Damage (damgige)

1x10%4
2 10

100

Scan Frequency (Hz)

1000

[ Table | Schedue | Parameters [ Limits | Pre-Test | channels [Data_| Tables [ Cak | R-oR [ S-0R | So-R Param | Notch | Import |

[select Acceleration time history File v | K:\GMiAchatzle_01.vfiv

= Summary "
Length: 1814528 M
Acceleration (Positive): 0.7019 G
Acceleration (Megative): -0.484 G
Acceleration {rms): 0.05539 G
Velodty (Positive): 3.2in/s
Velocity (Negative): -2.153 infs
Velodty (rms): 0.2643 infs
Displacement (Positive): 0.2512 in
Displacement (Negative): -0.1744in
Displacement (rms); 0.02388 in

m

Kurtosis: 10.3 [
= Header
Sample Rate; 8192 Hz
Channel count: 1 -
Profile RMS Vel. RMS Disp. Pk-Pk
0.1616 infs 0.04674 in
0.4443 infs 0.1599 in

File Settings
Sampling rate

Header lines I:I

Column

File Units |G
[¥] Remove values with low spectral content
Import Method

Lines W

Fatigue Damage m 4

Fatigue Damage Spectrum Settings
2 Hzto 1000 Hz at

Recorded File Target Life

6:31:48

Kurtosion(R) Time Compression
Kurtosis 10,3419

1] 24

Test Duration

ansition Freq 10

Create Table

&)

octave

&

Hz
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 End-Use Environment can be simulated with
Random Profile using Fatigue Damage
Import

« Multiple End-Use Environments can be easily
combined with Fatigue Damage Import

« Random Vibration Tests can be Accelerated
using FDS and Kurtosion®
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QUESTIONS??7?

How to simulate vibration condition on internal combustion engine
mounting condition using FDS, keeping the RPM distribution in mind?

How do you insure that you are not over accelerating your test?
Can signals not acquired with the vibration view software be read?
Can you use FDS to simulate Sine Vibration environments?

What are the limits to the method? e.g. how much acceleration scaling
is valid?

What if | don’t know my m or Q? What should | use?

C

&
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QUESTIONS???

Is it expected that the higher value of Kurtosis, say 6-9 is attenuated
back to 3 during testing?

Can the software tell you if your shaker won't be able to handle
the kurtosis?

What is the default transition frequency resolution?

Co

&
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QUESTIONS??7?

If you would like answers to any of these
qguestions feel free to email us or give us a
call and we would be more than willing to

help out.
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Website Registration

- Goto

http://www.vibrationresearch.com/forums/register.php?do=signup

- In the sign up form, please do not include “HTTPS” in your company’s
website

Co

&
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http://www.vibrationresearch.com/forums/register.php?do=signup

=i

Thank You for Attending!

- To obtain a copy of these Slides:

E-mail: aaron®@vibrationresearch.com

. Tech Support: Ph: 616-669-3028
E-Mail: support®@vibrationresearch.com

- Visit Us Online at: www.vibrationresearch.com

- Next Webinar: March 5, 2015 Topic: v.2015 VibrationVIEW Software

Highlights

&
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