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Test-Anchored Vibration Response Predictions for an Acoustically Energized Curved Orthogrid
Panel with Mounted Components

A rich body of vibroacoustic test data was recently generated at Marshall Space Flight Center for
component-loaded curved orthogrid panels typical of launch vehicle skin structures. The test data
were used to anchor computational predictions of a variety of spatially distributed responses
including acceleration, strain and component interface force. Transfer functions relating the
responses to the input pressure field were generated from finite element based modal solutions
and test-derived damping estimates. A diffuse acoustic field model was applied to correlate the
measured input sound pressures across the energized panel. This application quantifies the
ability to quickly and accurately predict a variety of responses to acoustically energized skin
panels with mounted components.

Favorable comparisons between the measured and predicted responses were established. The
validated models were used to examine vibration response sensitivities to relevant modeling
parameters such as pressure patch density, mesh density, weight of the mounted component and
model form. Convergence metrics include spectral densities and cumulative root-mean squared
(RMS) functions for acceleration, velocity, displacement, strain and interface force. Minimum
frequencies for response convergence were established as well as recommendations for
modeling techniques, particularly in the early stages of a component design when accurate
structural vibration requirements are needed relatively quickly. The results were compared with
long-established guidelines for modeling accuracy of component-loaded panels. A theoretical
basis for the Response/Pressure Transfer Function (RPTF) approach provides insight into trends
observed in the response predictions and confirmed in the test data.

The software developed for the RPTF method allows easy replacement of the diffuse acoustic
field with other pressure fields such as a turbulent boundary layer (TBL) model suitable for vehicle
ascent. Structural responses using a TBL model were demonstrated, and wind tunnel tests have
been proposed to anchor the predictions and provide new insight into modeling approaches for
this environment.

Finally, design load factors were developed from the measured and predicted responses and
compared with those derived from traditional techniques such as historical Mass Acceleration
Curves and Barrett scaling methods for acreage and component-loaded panels.
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Introduction

Finite Element Analysis is one of the premier tools for calculating not only displacement, velocity, and
acceleration response, but also forces and strains.

Working with Structural Finite Element Models to estimate the force and strain response from energies applied
over a surface interface with a fluid medium is a developing field for which few experimental validations have
been supplied.

Recent measured structural response results from ground Acoustic Tests Conducted at Marshall Space Flight
Center should help to fill that gap.

Additionally, the correlated FEMs produced for the test project may allow us to evaluate response interface
forces for several configurations of equipment mounted to a flight like vehicle panel test article.

Modal Survey Test Set-Up

This Presentation will Summarize

Curved Orthogrid
Test Panel

— Response Estimates from a Highly Correlated
FEM.

— Several analysis approach choices necessary
to converge to the measured solution

Reverberant
Chamber

A series of FEM'S is presented which
demonstrate sensitivities to some popular - e
modeling approaches employed in developing i | ¥ I |Modutators
FEMS of launch vehicle orthogrid panels. B o 4 i

Horn
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Introduction

* The presentation will help to answer the following questions:
How does APTF Response Compare with Measured Response?
— Acceleration PSD, Strain Cumulative RMS?

— Strain PSD, Strain Cumulative RMS? Measurements from the two orthogonal
Rosette Strain channels are carefully aligned with the corresponding FEM element
response output.

What can we say about convergence of solution with increase in number of patches across
the surface?

— Convergence from below. Need adequate patch density to achieve adequately
conservative solution. High frequency.

— Convergence from above. Need adequate patch density to prevent or avoid over
estimates of the solution. Low frequency.

What does the Convergence of RMS Velocity and RMS Displacement look like? Can either of
these be used to indicate the convergence of RMS strain or RMS force?

— The convergence evaluation for strain includes both analysis estimates and
measured test channels.

— Since Force was not measured directly in the acoustic test series, it was necessary to
produce the force frequency band convergence cumulative RMS from the analysis
estimate.
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Test Article Finite Element Model Pedigree

* High-fidelity Finite Element Models (FEMs) were developed to support a recent test program at Marshall Space Flight
Center (MSFC). Admirable correlation was shown for five configurations of the Test Article.

The FEMs correspond to test articles used for a series of acoustic tests.

Modal survey tests were used to validate the FEMs for five acoustic tests (a bare panel and four different mass-
loaded panel configurations).

Modal survey tests did test-validate the dynamic characteristics of the FEMs distinguishable modes used for acoustic

test excitation studies.
1U Mass Sim./3-Increment Plates Test Mode 1: 66.40 Hz / Analysis Mode 1: 66.49 Hz

® Correlated with dense array of response points
. . Patran 2010 64-Bit 16-May-11 10:50:54
Modal Survey Tests: 32 tri-axial accels for the TO1-66.40 Hz / A01-66.40 Hz,
. . . T01=66.40 Hz / AD1=66.49 Hz,
empty fixture, 77 tri-axial accels for the bare panel,
and 85 tri-axial accels for each of the mass-loaded
panel configurations.
Bare Panel Test and Analysis Correlation Summary

2.31+00f
2.16+00f
2.00+001
1.85+00f
1.70+00f
1.54+00f
1.39+001
1.23+00f

TEST | TEST FEM FEM CROSS-| FREQ
MODE | FREQ | MODE | FREQ MAC |ORTHOG| DIFF 1.08+00
1 101.21 1 97.20 0.96 -0.99 -4.0% 9.25-001
2 110.01 2 106.67 0.95 0.97 -3.0% 7.71-001
3 150.75 5 143.04 0.93 -0.91 -5.1% 6.17-001
| 4 159.82 7 155.33 0.94 -0.98 -2.8% 462001
5 186.64 9 181.98 0.90 0.90 -2.5% 3.08-001
| 6 207.79 10 198.37 0.86 0.92 -4.5% 1.54-001
7 208.64 11 202.65 0.51 -0.54 -2.9% R o
| 8 218.95 14 211.19 0.92 0.98 -3.6% Max231 @Nd 213
9 242.66 17 233.96 | 0.75 -0.86 -3.6% Nt Dot
|10 251.70 18 243.28 0.91 -0.97 -3.4% Max2.31 @Nd213
| 11 281.13 21 268.45 0.39 0.60 '4-524 MAC = 0.95/ Cross-Orthogonality = -0.96 / Frequency Difference=+0.1%
' E 233::; §§ iﬁ?;ﬁ g:;g ‘f;‘jgﬁ §$j FEMs Suitable For Estimating Vibroacoustics Response
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|
I Mounting
| | Brackets (4)
2. Designators for 1350 Model Variants (XX-EX-PXX-WX) d \ r
Placeholder (X) | Designation Description = = 1 Mass
ES Explicit Shell . = Simulator (1)
XX EB Explicit Beam 3
SC "Smeared” Composite
1 1x 1=1Elements/Cell
EX 2 2x 2 =4 Elements/Cell
G 6 x 6 =36 Elements/Cell
01 01x 01 =1Patches/Panel
02 02 x 02 = 4 Patches/Panel o oy .
: : E1 R . ~ Increment
o 1 12 12 = 144 PalchesiPane e [E2 0 Plates (0-3)
20 20 x 20 = 400 Patches/Panel
: : L [
30 30 x 30 = 900 Patches/Panel L:, e
UL Unloaded Panel (Mo Component) Curve_d
0 Component with 0 Increment Plates, 4¥W =0 (Ib) Orthgrid
WX 1 Component with 1 Increment Plate, AW =154 (Ib) \\ Panel
2 Component with 2 Increment Plates, 4% =30.8 (Ib)
3 Component with 3 Increment Plates, AW = 46.2 (Ib) ]
Figure 4. Typical configuration of the test article

Table 1, Panel Assembly Configurations

Primary Increment Total
Description Mockup Flate Stack Component
Weight (Ib) Weight (Ib) Weight (k)
LIL Unloaded (Bare) Panel 0 0 0

Wi Panel + Primary 95.0 0 93.0
W1 Panel + Primary + 1 Incr Plate 95.0 15.4 110 4
W2 Fanel + Pimary + 2 Incr Plates 95.0 30.8 125.8
W3 Panel + Primary + 3 Ipgr Plates 95.0 46.2 1412

Configuration
Mame




Large Mass Simulator

_ Anchored Vibration Response
Acceleration Measurement Locations used for Comparison
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Z direction
Measurements were
normal to curved
vehicle panel.

X direction
Measurements aligned
with the hoop ribs.

Y direction
Measurements aligned
with the axial ribs.
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Acceleration Response Comparison to Measurements

Comparison of Measured vs. Calculated
Liftoff Bare Panel Responses

Responses at location 11z

normal to the Vehicle Panel ; T ] T T T
Bare Panel and Mass Loaded T Red Solid curves 5!
Response: The dashed analysis & represent 1 | Y-S ,'
i e = Measured Data. /I ./ 0 by 3
estimate traces compare well with g Fra AR Wiy By | ]
the measured 5 Hz constant EE ] R R AR i
bandwidth Acceleration Spectral 2 | 028
Density results. § | A
Comparison of Measured vs. Calculated 3
Liftoff Panel Responses : Large Mass Simulator +3 ]
7 ™ ; | E— T T
_ R 1| Large Mass Simulator
E fiza | 1
- 5 “,' :'-=_1¥T'E:.: =
0 ] : % .:-".'}:_:'r-h'” | )
@ 5 o | Location 11
E | | L] '._'E '
o | | 43 1 — J -
w I 3 B T-:"\-'I W :
S | Bare Panel Results Comparison
< : Above
Channel 112 f . .
: _ Node 10584 1515 Pach | LATGE Mass Simulator + 3 increments
10 . O . I1I;II] I . o 1I‘III.'I On Left

Frequency (Hz)



Acceleration PSD (g 2/Hz)

Comparison of Measured vs. Calculated
Liftoff Panel Responses : Large Mass Simulator +1

T T T 1 1
——Node :8062 H | : : : : :

10

—Channel 154 |

S e e R

L T
5 ——Channel 152 | : :

Frequency (Hz)

Measurement Location 15 near center of
Large Mass Simulator +1.

Acceleration Response Comparison to Measurements

Anchored Vibration Response JACOBS

ESTS Group

Large Mass Simulator |

|

CIN

—he i
“ Location 15 I
|

_I

".I

e

Lump approximation of
Increments was used, but the
comparisons were reasonable.
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Strain Measurement Locations Used for Comparison

Large Mass Simulator |
i Location 10

Location 14

All strain gauge locations
were three channel rosettes
with on axis aligned parallel
to rib edge

another axis was aligned in
the z normal to panel
direction

Location 25

Location 23

Location 24
10
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Strain Response Comparison to Measurements

Comparison of Measured vs. Calculated
Bare Panel Strain Responses, Liftoff

T —— T T T T T ] T T T T T T T T ]

£ —— Channel:10Z
1 MASTRAN Element: 77726 :10Z
IR MNASTRAN Element: 77737 ;102
§ ——Channel:10A

e NASTRAN Element: 77726 :10A
""'NASTRAN Element:ﬂﬁ? :10&

Dashed curves
represent
Analysis results.

PSD 1 € 2/Hz

bandW|dth Straln Spectral DenS|ty results for H
|nd|V|duaI legs of the Rosette Straln Gauge
100 1000

Frequency (Hz)
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Strain Response Comparison to Measurements

Liftoff Panel Straln Responses Large Mass Simulator +3

E R
H —— Channel: 10z A clamped boundary condltron was
L roeeeee NASTRAN Element: 77726 :10Z =
| NASTRAN Element:77737 :10Z | ..., 22 i Lo SHTIPIOYEH IDL NG SEHEs DLTESUIS
5 ——Channel:10A - R presented here 1n WhICh explalns the
[ o NASTRAM Element:77726 :110A | = | 2% @ ¢ 5:'
| NASTRAN Element77787 108 | | o & frequency shn‘t in first feW modes
T USSR WO SRR SO A oy (K14 %
o~ £ : : s
0 - Dashed curves
e represent ...... . '_:
3. F . : 1
Analysis results. N
Q :
U‘J b e e e e R e eeeee et |, AR P U N DR RO ey Rty Ly AU APy _l:
(ol :

fband\rwdth Strain: Spectral Densﬂy results for

individual legs of the Rosette Strain Gauge |
100 1000

Frequency (Hz)

PPNy Tl
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Frequency Range of Interest: Measured Strain/Acceleration Results

Cumulative RMS Fraction
Liftoff: Large Mass Simulator +0,+1,+2,+3 Increment Plates

Accel Ch:11Z
-------- Accel Node:10584
Vel Ch:11Z

vel Node: 10584
Disp Ch:11Z
........ Disp Node: 10584
— Strain Ch:10Z
-------- Strain EIm:77726
-------- CBUSH Force

e
w

e
[

e
-]

e
o

VeIomtv* Is an excellent indicator
7/ of the Frequency Band

Cumulative RMS Fraction
o
I

04 ............ ........... ............. i, . Converg en Ce_lof Force and Stral N

0_3______*_____E.arthquake _____ . ol ReS p_On,S__e ______________ |
Analyses make |l = A e | _

0.2--use of Velobity' = N .. R_ed___G__re_e_n____and____BI_u_e___ar_e Acceleration, Velocity, and
as best measure _,_ T D|splacement Cumulatlve RMS fractions respectively.

01+ of Damage ............ e s.i! ....... ...................... 0 ..... Magenta Is. the Force Qverlaid (CBUSH Interface Force)_
Potential 7 * Blackis the Stram Cumulative RMS Overlaid.

QIO | | | — i101‘](] | | | e 1000

Frequency (Hz)
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Frequency Range of Interest - Measured Strain Results on Panel

Why is this true?

The Strain and Force Spectral Density Results roll off more quickly than the Acceleration
Spectral Density. But the roll off for Velocity is very similar ~ 12 dB/Octave.

Velocity is an excellent indicator of the Frequency Band Convergence for Force and
Strain.

Strain and Vibration Measured Spectral Density Results from Large Mass Sim +0

Response Data for Channel 10Z & 10A Velocity Response -Channel 15H, 15A, & 15z

3 T
S =
< o T —
] 2 [
o — .f' |
0 O
o , 7] el 0 S N
] o 1 —15H_Velocity
—10Z 4 —15A_Velocity
10A | —152_Velocity .
—Strain_Rolloff 12 dB/Octave —Welocity_Rolloff 12 dB/Octave
7 #0000 2% . 10060 10000
Frequency (Hz) Frequency (Hz)

14
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Methodologies

Start

Y

Archive Flight

C )
L7 )

Scaling/Similarity Methods,

1

Band-Averaging

/ SPL SPEC

/
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1

Acreage (Skin) /
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APSD SPEC /

System FEM
Skin + Component

System FEM
Skin Only
System FEM System FEM H, (w)
Skin Only Skin + Component :

APTF Response from Di

Pressure

!

H, (w)

RESPONSE | MATCH

Acreage (Skin) / / Component /
Component
/ APSD APSD Prosi
Acreage (Skin) Component Component
APSD SPEC APSD SPEC APSD SPEC

Applied
PRESSURE

Applied
Acceleration

Barrett

Empirical|Scaling
Respgnse

Component
APSD SPEC

/

Barrett
Scaled
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*Acceleration/Pressure Transfer Function (APTF) Method (Direct)

Direct application of the pressure field across the panel can be accomplished by assuming that

pressure autospectra defined at the center of each patch occur on the diagonal of the pressure matrix,
with pressure cross-spectra appearing on the off diagonal terms (set P, =P, ). If spatial functions y(@,R)
are defined that relate the autospectra to the cross-spectra, then the applied pressure field may be

written as:
711Pu AT Yin, Fing A
Vo1 F’5 Vo P22 e Yon A2N \;Vhe.re.f Pbch — \/ Pblp Pcc |
B, (@)= T | e e ()
5 5 5 0< Re(o)f <
_7/Np1Ple 7/sz|:)2Np 7/NprPNpr_ R, (®)P.(®)

The represented stationary gaussian random pressure field with non-zero cross-spectral density can be further
defined as a diffuse field if the cross spatial functions are expressed as follows:

Where: Rbc is the distance between the
sin ( Rbc K (Ct))) area CGs of patches b and c,

R, k() Kk(w)=wlC, , (2)

ybc (0), Rbc) =

And CO is the speed of sound through the
fluid medium adjacent to the patch material.

16
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Accelerat/on/Pressure Transfer Function (APTF) Method (Direct)

* Finally, since the patch autospectra may be expressed as products of frequency-dependent scaling
functions Wi, (@) and an arbitrary reference autospectrum P (@). (The reference autospectrum
selected could be one of the patch autospectra, but this is not required.) :

1y 7aW, o leN :
where: P, (@) =W.. (@ )
V12 Wi Yol - 7’2NpVVZNp oo (@) =Wy (@) By (@)
?Np (0)) = : : . : ref (a)) (3)
leleNp 7/2NpVV2Np 7/NprWNpr And: Wbc(a)) :\/Wbb () ch(a))

» The acceleration/pressure transfer function for a single patch may be expressed explicitly as the sum
of weighted acceleration/force transfer functions. The weighting factor is the static force F, at each
input location k on the patch due to a unit pressure (from an OLOAD request in NASTRAN SOL 101):

Where: H, , () is the transfer function between acceleration at point jand pressure p, on patch b,

a;/py
F, is the static force at point k associated with a unit pressure on patch b,

P is the m™ mass-nomalized mode shape at response point j,

&, ., is the m™ mass-nomalized mode shape at point k in the pressure patch,
O R L Y.
jm Fkm w is the circular frequency,
o (@)= 21 ) . e @
a;/py k 2 2 2 @, is the circular natural frequency of mode m,
1 mol| 0, —0 +124, o, 0 _ - o
&, is the critical damping ratio for mode m,

N, is the number of GRIDs in the pressure patch,
M is the number of retained modes.

17
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Acceleratlon/Pressure Transfer Function (APTF) Method (Direct)

» The acceleration PSD response at point j to the applied random pressure spectral density on a single
patch is the squared magnitude of the acceleration/pressure transfer function in (4) multiplied by the
pressure PSD:

Ajb (a)) = ‘Ha-/p (a))‘2 Pbb (a))

(5)
‘Ha ™ (a))‘ Wi, (@) P

*The total response at location  jncludes the response from the pressure autospectra on all of the
patches and also from non-zero pressure cross-spectra between any two patches:

Z‘Ha/p‘ Pbb+ZZHa/pb a/pc

c#£b

Ny Np
*
=Zb:Z:Haj/praj/pC Pbc
c

*Expressing eq (6) in terms of the reference pressure spectral density and the spatially dependent cross-
spectra of egs (2) and (3), we obtain:

(6)

N, N

Np Np . P Sln(KRbC) *
w)=§2 Voe Woe Ha,/p, Harp, Pres :Zb:Z NIR H, /p, Ha i Pret (7)

bc

Note that the spatial functions
reduce to unity forb =c.

18
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Acceleratlon/Pressure Transfer Function (APTF) Method (Direct)

The Matrix Form Notation for MATLAB is:
A, (w)=[Ha,.¢W rvW H] ] ot (@) (8)

where "denotes the Hermitian conjugate and

H, (w) = [Haj,pl Harp, =+ Ham, J (a/p transfer functions from eq (4)),
W, 0 ]
W22 . .
W(w) = . (pressure autospectra scaling functions from eq (3)),
0 Wy, w,
_1 sin(xR,,) sin(xRyy, ) |
kR, KRle
sin(xR,, ) ) _
INw)= 1 P (spatial functions from eq (2)).
KRox,
SYM :
- 1 -

19
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Accelerat/on/Pressure Transfer Function (APTF) Method (Direct)

« Dividing both sides by the reference pressure spectral density, P, , we obtain the
squared transfer function between the total response at location and the entire diffuse

pressure field:
‘Ha/p(w)‘ \/_1—‘\/_ HT _ J(Cf)) (9)

ref (0))
= R esponse Matching Method (Delta Configuration with Component ) s

* Now consider the case when a component is mounted to the skin. The applied pressure
does not change, but the transfer function in (9) developed for the bare skin must be
generated for the component-loaded skin. Eqs (4) — (9) are applied at a response location
using the modes of the component-loaded skin, and (9) becomes

A )
A, @) =A, VW IVW H] = Alw) (10)
ref (C())
where the tilde denotes the component-loaded acceleration/pressure
transfer function and skin response.
» If the pressure is unknown, but the acceleration on the unloaded skin is known from
measured flight data or computatlonal models the component-loaded response at any
point ¢ may be obtained by eliminating P, (@) from (9) and (10) :

a(/p(a))‘ (11)
‘Haj/p(a))‘z

where the acceleration/single-patch pressure transfer functions in
eq (9) for the bare skin are obtained from eq (4)

AZ (w) = Aj (w)-
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“Response Matching Method (Delta Configuration with Component)

» The acceleration/pressure transfer functions ﬁ », (@) for the component-loaded skin may be obtained
from: Ni 27 7
—Q ¢ém ¢km
a/p, (@ Fe 12
//pb( ) Z{ Z[ _a) +|24/ C() w» ( )

» Force and moment responses at specified interface elements (e.g., CBUSH) may be obtained in the
same fashion by replacing the first mode shape term in eq (12) with the modal forces and moments
obtained in a NASTRAN RESTART in SOL 103. The —@? term in the numerator of eq (12) is also
dropped. The expression for the response force (or moment) at location is similar to that for

accelerationin eq (11) : ‘ - ( )2
H,, (o ‘
q/P

‘Haj/p(w)‘z

where |f (w) is the force (or moment) PSD at location (.

. Hf P Is the transfer function between the total force (or moment) at location g and the pressure:
v v F, (@)

‘Hf/p(a))‘ :Hf W I'vW HTf = (14)

ref (C())
* The individual transfer functions |-| (a)) in H between the force at location g and each single-

patch pressure on any patch b are @lven by "

A { M |: l/7qm 5km (15)

F, (o) = A (o) (13)

@ — o’ +|2§ @, O
where l,//qm is the m™ modal force at location q. 21
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High Mesh Density
6x6 within one Cell
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Three mesh densities were considered

Description of Modeling Approach
Ribs with Shell Elements

Smear Ribs as Composite Layer
Ribs with Beam Elements

1x1 within one Cell

Anchored Vibration Response
Array of Models Used for Sensitivity Studies
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Array of Models Used for the Sensitivity Stud
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Bare Orthogrid Panel Model w/ Explicit Ribs, Liftoff Event, Diffuse Pressure Model, Accelerometer #11 Normal Direction

_ Anchored Vibration Response
Acceleration Response Sensitivity Patch Density — Bare Panel
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Acceleration PSD Sensitivity te Patch Density:

Patch Density

Acceleration PSD {g*/Hz)

i T T ]

The High frequency
Response converges from

'below as Patch density

increases.

PE0XID
PItxZR
xlsbi
PRI
paixg
P
piExis
1 pioxis
phdxdd
pindd

T T 7

Typical Bare Panel configuration 7

T ] | T T T ] T T T

Freq g

. 0-200 1.0%
©200- 600 1.5%

. 600-2000 1.0%

Sp10x10
| poexng
(il
praxDe

N T | . I T R R A

poIRz

10

100
Freguency (Hz)

Cumulative RMS Acceleration (g)
[

RMS Acceleration (g)

Cumulative RMS Acceleration Sensitivity to Patch Density

RMS Acceleration Sensitiviiyio Patch Density

puonEn
piexis
VESER

r,l.
|
|
|

T 20

8 10 ;
Patch Density

p2ix24
patxa2

paoazn
piExis
p1Bx3I6
piixid
piixia
A proxi0
PUEsEE
pOGslF
pr4xDe

When the patch density is
inadequate, certain cases
produce overestimate of low |
frequency results.

1 i i i 1 i i |

-
=

100 1000 oo
Freguency (Hz)
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Accelerat/on Response Sensitivity Patch Density —Large Sim +0

Acceleration PSD Sensitivity to Patch Density: FudikiB
Orthogrid Panel Model w' Explicit Ribs & PO Mass Sim, Liftoff Event, Diffuse Pressure Meodel, Accelerometer #11 Normal Direction

303D

E — r I 1 1] ' ‘ ' — 1 3
=} = FIExER
s L Typlcal Mass Loaded ] o
S F conflguratlon | 3 e
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Strain Response Sensitivity Patch Density Large Sim +0
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Acceleration PSD (g°/Hz)

Cumulative RMS Accel (g)
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PSensitivity Model Approach Rib-Beam, Smeared PCOMP, Explicit

Acceleration PSD Sensitivity to Model Form (Beams vs Smeared vs Shells):
Bare Orthogrid Panel Model w/ High Mesh and Patch Densities, Liftoff Event, Diffuse Pressure Model, Accelerometer #11 Normal Direction
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Response Sensitivity Mesh Density — Bare Panel

Acceleration PSD Sensitivity to Mesh Density:
Bare Orthogrid Panel Model w/ Explicit Ribs, Liftoff Event, Diffuse Pressure Model, Accelerometer #11 Normal Direction
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® Convergence to total RMS have been presented from both measurements and analytical studies. The
convergence data can be used to Identify the necessary Frequency Range of Interest for estimating

response.

® |n particular, the authors were interested to identify and recommend frequency range of interest for
Component interface forces appropriate for this assembly. This frequency range of interest can be
contrasted with that necessary for Acceleration Vibration Environments:

Cumulative RMS Fraction
Large Mass Simulator +3 increment plates
Frequency [Hz] Acceleration Velocity (N:10584) Displacement CBUSH Force Strain
(N:10584) (N:10584) (E:800010012) (E:77726)
100 0.23 0.74 0.95 0.60 0.77
150 0.26 0.77 0.96 0.81 0.86
200 0.39 0.87 0.99 0.86 0.89
250 0.45 0.90 0.99 0.94 0.93
300 0.57 0.95 1.00 0.95 0.96
1015 0.95 1.00 1.00 1.00 1.00

® The frequency range of interest for strain and interface force convergence is similar to that for
convergence of RMS Velocity. Therefore Velocity PSDs should be a better indicator for conclusions
about Component Loads Band Width of Interest than acceleration or displacement PSDs for other
representative assemblies.

® The correlated FEMs using the APTF Method to compute response from a Diffuse Acoustic Field
assumption provided more than adequate estimates of measured strain and acceleration response.
Both the method and the models were therefore well suited for drawing conclusions concerning
estimates of Component Loads.
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Conclusions and Methodology Comparisons

The early sections of this paper provide evidence that the models and approach used to analytically estimate the
structural vibration response from the energies provided during a ground acoustic test performed admirably.
Furthermore the approach can be said to be robust because the method provided these very suitable estimates for a
compliment of 5 different configurations of the test articles.

The analytical estimates of vibration response were verified for both acceleration measurements and for strain
measurements. The ground test set up and test articles were presented. Additional data was provided to describe the
satisfying correlation that was achieved for the models when compared to observations from tap modal tests conducted
on the hardware configured in the ground test facility.

Additionally, the authors have explored the frequency range of interest for component interface forces, strains and
stresses. The velocity Spectral density was found to be a better indicator of the frequency of interest for such
component loads than either displacement or acceleration spectral density. The cumulative RMS calculated from the
velocity spectral density was found to converge over the frequency domain at about the same rate as the interface force
and strain results.

After demonstrating the adequacy of the models and the approach, the later sections of the report were prepared to
demonstrate the sensitivity of such a vibration response analysis to several parameters.

Although mesh density and model form were among the parameters explored, the analysis proved to be more
significantly sensitive to the choice of patch density. A large number, 855, permutations of these analyses completed.
The different patch densities were explored over models of 3 different mesh densities and configured to represent 5
different configurations of the test article.

The patch density sensitivity verified that spatial correlation of the pressure field is important to demonstrate the more
lively response that is observed (measured) for panels at the coincidence frequency. The frequency range above
coincidence also proves to be more responsive when the patch density is fine enough to adequately represent the
spatial correlation of the fluid sound pressure wave lengths. The frequency range above the coincidence frequency is
said to be acoustically fast.
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