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e Shaker table link

* Preload (static, thermal or both)

 Partitioning algorithm for complex load definition
« Random analysis for mid-range frequency

* Boeing DADT Lifeworks interface for load
spectrum generator

e Reduced method for cross-correlation
 Modal strain energy




Shaker Table Link Capabilities

Sound Pressure Level
(plane wave)

SPL
(dB)

Frequency (Hz)

Rassaian et al. US
Patent # 6,363,789

2009VPD

Vibro-acoustic Analysis

Setup
= [
Description

Job Nagaga]
action] Setup FRF & Run — |

Analysisl Vibro-Acoustic — | I

Loading Plane Wave —

=

Forcing Frequency 0pti0n5...|

Pick Plates For Press. Load... |

Dir: X —~

Input Parameters:

Wt->Mass factor:|[0.002588

Damping Options... ‘

Boundary Condition Select... ‘

Nastran Run Options... |

-Apply- Cancel

Vibro-acoustic Post-
processina

= ]

Description |

Action: Review Results —
Job Name: [Ishape_v16

Object: Shaker Table Link —

Select Allinone XDB file... |

XDB: | |

Random Pressure inpuls., |

L0ad5:|

Nodal Tolerance:
0.05

Unpost XY Plot

—Apply- Cancel

@aﬂflﬂa

Acceleration PSD
Derived Environment

Acceleration
'PSD (ngz)

Fr.equency (Hz)

Shaker table input
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Preload Capabilities

EBOEING

Couple thermal exhaust wash effects
with high-speed aerodynamic effects [ sure siess
in the same structural model

1.20e+0%
1.00e+05"

E.00e+02w
max: 8.30e+03, &.00e+02w
min: 3.68e4+00, ¢

= B
Setup/run preload Description

SOL106 (nonlinear) job
[ Job Name:’m

Action:  Seltup s run — i

4.00e+02"
200e+02w
0.00e+00+=

Preload: Thermal -~ No thermal - Surface Stress
1 1 Preload Setup, | effects 5.00e+03+
Notify user if run successful, |
. . Mna 4.002+03%
failed or buckling load exceeded P .. _I_I_Ijr
_icreate NarmamEESSISUE 300e+03w
(thermal preload) loading  Plan oo BRECRTEETS ol
T | Pr A rax: 7.85e+03, Z.00e+03w
i ; Thermal Lt - Create -\ mal NrddeEdack TEE min: 1.57a+01,
Regions: F ¥ Create Frii i AL L EBX 1.002+03
SIETLUE Preload Pre _ICreate Normal Mdes deck 0.008+00>
End Temp [~ Create Freq. Response deck e
Selection M

If SOL106 run Okay RESTART with : |« screen{ Preload Pressure:[§:0  psi

With thermal
modified shape. Run SOL111 (FRF) Fiter | Selection Method

. . et “1| +~Screen Select ©* Groups effeCtS
OR SOL103(Strain Energy) job | |
Filter * frequency, Hz
ﬂ Group(s) for Press. preload: 10 100 1000 10000
bot_left a 1.E+00
bot_right J 1.E-01
vl X 1E®
R 1 £ 1E03 /“\ i
No“fy user Select All Groups é: 1 Eg;‘ )(\
If run falled Thermal Load: Constant — g j‘E:E? \)Z‘\\
. & 1E-08
Start Temp (F):|70.0 % 1eoe \_{\t\/\
End Temp (F): z 1E-10 \ \ i
© 1E1N i
z L WA
= 1E-12 %
Rassaian et al. Invention ° e LY
Disclosure # 08-1050
——no thermal load — negative thermal load — positive thermal load ‘
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Partitioned Fine Mesh

= EEES

MSaSoftware‘

N
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\

ilities

Standard Partition Method

Capab

itioning

Part
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Rassaian et al. Invention
Disclosure # 03-1237
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Modal Strain Energy Capabilities

Damping Estimation

Modal Strain Energy evaluation

- Elements groups: Skin, frame, and
stringer

- Cases. Unpressurized and pressurized

Action: Set up SE & Run — |

Z SEI Preload ‘ None - I

% = system loss factor for
a given mode of vibration | SOL103 EIGRL Card Definition:

xn = 2"X SE Job Name: [preids se w3

. . = mat’ loss factor e —
- A hlgh |e\/e| Of Of mOdaI strain energy Ei = is the strain energy in the Min [1.0  Max [2000.0 (Hz)
=>high levels of modal displacement ith element for a given Fmax Factor:  1X — |
. . mode of vibration I Limit Number of Modes:l?
=> effective damping treatment
- 002
’"*."i’c:‘ f.';"ﬁ;”:j'-ﬂ:afa. e ; o i
Modal Response | : | | ous A
(SOL 103) T === ; L
> : I g R 0.01 M " : - — M
L st e gl Liee] et Lot — : D e
==asii=E8 0.005 - *
i ""““““va‘"’“""“’”’]‘““ i “”‘;‘; e T 0 ‘ ‘ ‘ ‘
e 0 100 200 30 400 500

Detailed FEM

Modal Strain Material Loss System Damping
Sol 106 Pre-Load Energy Factor (Modal)
Rassaian et. al,
Disclosure # 08-1075 For preload, an approximate and accurate MSE: (Proctor’s and Harder’s methods)




Pre-Processing Features

@aﬂflﬂa
= spo [ fasia
Menu: Setup FRF & Run Analysis Description |
Job Name: [Ishape_p2000
Purpose: Setup analysis job for one of the Action: ~ Set up FRF & Run | C Lagem
- - a$
following: rrecat:  none — «——Optional
» Acoustic Lond
O Random Vlbratlon ) Analysis A eauEie 4| analysis | Random Uibratil;n _|| ,A?l@ Vibro-Acoustic —
: £ oadin lane wave —
. \S/|h brst|o$ T)Td Iﬁciustlc (for Loading pans wave < Leadine gase e ding  Planew
aker Table Link) Regions Plane Wave+Reflec Point Source
Forcing Prog Wave w/o decay Harmonic Input

pick Pl FroasReflac w/io decay
Prog Wave w/ decay

ProgRefleo w/ decay Plane Wave (In Phase)
Aero Turbulence(TBL) I I I I I I I I I I I I
Reverberant  \

— \ -

_>_’ Progressive Wave

h

Turbulent Boundary Layer

[ |
A A
Uncorrelated
Reverberant Wave

\ARZ2VA
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Post-Process Features 7 moeme

PSD XY Plot = ] RMS Fringe Plot
Power Spectral Density Response Description |
Acceleration, DOF 3 - Tz
Y-Scale = 1/386 400*2 -
Job Name: |Ishape_2001
mS _Job Name: b rss s Dostive Croseier L0e Action: Review Results — |
4 A . -
10 Object: RMS fringe plot
. s Miles E . ——em PSD XY plots
i 10
; IHes uation . .
H q Miles Equation
D Selecgt”
) 1 Modal Contribution
2 q .
w' _|* G rg Shaker Table Link "\
Grms - fil f Go .
495 View Mode shapes
10
Threshold Criteria
Freqny (52) 1 §
Select f check Preload Effégct
View Modal SE
/
4 ]
View Mode Shapes Check Preload
MSC Patran 200012 23-Oct- 01 0943:53 = T | Modal SE tabldpl ot MODES
Mol nergySummry i
Deform: Load Case 1, Al:Mode 5 : Freq. = 580.16: Eigenvectors, Translational (NON-LAYERED, Mazx Gff{@ mode~ 2)= 132.29932 Modal , Job Name= 767 _crown
s 30 552 T S Thresnold Criteria
1| 14933 2.7 0.45 77.85 44017153 0.412 =] Element Threshold Exceeded Results 1]
all faed 1277 el iR DU i 020 Threshold(Stress—VONM) At Z1 loc= 6000000.
MODES COMPARE 3|_167.50 2.7 R 2 r
4 23.97 e Elem Id Exceed val =
5 16.48 upr chor LF=13 1 5 79303765
2 24 2 5 11631459 .
7 s
s 5% el S i 3 ? 15831470,
B 5% o ‘ 4 s 20447074 .
10|_2za3 3.4 o e 5 ) 25416102 .
g £ oo Coan [ 10 30695788
i 700 iz 7 14 7091951 .5
7777777777777777777777777777 | < - REE 8 15 9640725 .
8 saol R s 9 16 12456616 .
”””””””””””””” & g - Aooibo 10 17 15609150,
% 300 = ;
7777777777777777777777777777 —Apply| = 2 N
100 o Fo
' v 300. 600. 900. 12‘DD 1500. 1800. SAVE | CLOSE ‘
Frequency(Hz)
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Applications
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MSE: Response to Turbulent Boundary Layer

Adam A700 Full Door Model @HHEINE

Emergency Door
Replaced with Composite
Test Panel

a 1.E+03 7\, . N
— N— N PF1

o £ e PF2
c « A

<
§ o vevor ! wﬁ% P
= I | /4 ~—
A J\M ) ——PF
o <
2 1.E+01 - = \—/

—
1.E+00 o

0 500 1000 1500 2000

Frequency, Hz
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Noise Control Design 7 saeme

TBL Source Field SRA/ NFEARA Validation Against Flight Data

Test vs. Analysis

VAIRZV\
Random Acoustic

Ambient Environment

Frequency, Hz

Results show good

agreement between test &
Random Acoustic Analysis analysis

Pressure

2009VPD MSC A Software
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CMC Material for Hot Structures

_ @ BOEING
Preload + Plane Wave Analysis

mex: 1.18e+03, node 2673 Ternperature
min: 5.73e+02, node 4040
118e+03r

Hot day idle condition

1.00e+03»

5.00e+02»

8.00e+02»

Coupled thermal-

4.07e4+03

8.73e+02»

acoustic response

2.372e+02

Sound Pressure Level

150
148
146 -
144 4
142 -
140
138

Von Mises Stress o

Souned Preseurs Leval (SPLY [UE e 20 Pa)

Integrated approach to heat transfer,

300 Hewr

136 g
10 s e thermal stress and acoustics

Fraquency [Hz) (3rd Octave Band Width)
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Tool Validation

EOEING

TBL B
Progressive Wave

9 N-FEARA vs SYSNOISE
N-FEARA LE-09 —
Max: 12120 p=i/0.774 = 15660 pgi R S S 8 I o
" LE-10 i
. I S e A
a R P ST,
¢ g 7 %\—/

- r & LE-13 H — Test [
4 A = - SRA E=
3 1E-14 /I 1 T 11

; . SYSNOISE-Old e
2
1 - LE-15 : - .
% - . 100 Frequency (Hz) 1000 Diffused

x TBL SRA vs Test Data
i stress
Bms vonMises N-FEARA vs SRA .

/

. a A\
Progressive Wave == TR . N
/
SRA _
Max: 16,600 psi
Frrem s tovn .'.““:,. o s e ;E ) IR | N S N | N N S IO I IR S R PO

=2
3
[
g | N N AN e
b-alvg

Verification for pre-load using
SYSNOISE, N-FEARA,
NASTRAN, ATLAS

Rms vonhlises stress

ZOOQVPD MSaSoftware'
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*SRA Is a Boeing standard analysis tool used for
cert by analysis

—Validated for a variety of platforms

—Automates set up of random loads in a single
Patran menu system

*SRA is primary for noise control design:
— Damping, Isolators
— Evaluation of complex structure
— Complex source fields

*» SRA historical uses:
— Pressure and temperature pre-load

— Modal strain energy
— Aero-acoustic source in structural response.

2009VPD MSC A Software
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Next Generation Utilization

* MSC SimXpert *

'SYSNOlSE/_ VL (!-MS) * Deploy as an Enterprise Standard
Interface using SimMgr Tool

» Simplified damage
assessment of composite
structures “

* Deploy as a Standard Tool across
Industry

* Composite Durability Tool
* Nonlinear Reduced Order

*BEM/ FEM Coupling

* Engage MSC to incorporate SRA in SimX (MSC Random)

2009VPD MSC A Software
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Contact Detalls: @aﬂflﬂa

For further information please contact

Mostafa Rassaian

Boeing Company

P.O. Box 3707 M/S 42-25
Seattle, WA 98124-2207
USA

Telephone Number
206-544-7543

Email Address: mostafa.rassaian@boeing.com
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