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Background

MAP = Microwave Anisotropy Probe

MAP Spacecraft Level Acoustic Test
- Conducted August, 1998

— Flight spacecraft bus with mass
mockups

— No thermal blanketing or electrical
harnessing

— Instrument mass simulator

— ETU Solar Arrays

Acoustic test performed to Deltall
7425-10 protoflight levels (142.9

OASPL) MAP Acoustic Test Configuration
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Problem Description

« High acceleration response | WAF Spacecraf Acousit Test
measured at thruster locations | pp,, PO TEEERRE TR :
on top deck ; JE'I'mT“hsrtLiJlﬁst-1|-3?5'1.:5'él-1jie'iu pec —-—-—- ;

« Acceleration levels exceeded R /\f\
the qualification levelsfor the | ;[
thrusters 5 / k | A

g A bl
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— 20Grms / ! Vlhﬂ

«  Measured test levels . / . k\

— 44Grms n.oo L . e Jl
_ A 100 1000
116 G"2/Hz @ 140 Hz Frequercy 1He)

 Problem addressed by adding
damping treatmentsto
spacecr aft
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Spacecraft Configuration
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High Acceleration Response
At Thruster Bracket Tip
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Spacecraft Configuration - Cont.

« MAP Top Deck Configuration

— 5/8" thick aluminum honeycomb
panel

_ 015" M46J/934 faceshests é ‘Q

— Hexagonal shape " —
» 94" across hexagon points ' .
» 36" central cut-out W/

— Center supported at hex-hub

— Outer corners supported by truss sna 1 Th
members

g
Brachat — Support Struis

Seis 3 Eoch
3 Setls Shomsn)

MAP Top Deck with Thruster Brackets
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Spacecraft Configuration - Cont.

e Upper Deck Thrusters

— 4identica 1-Ib thrusters mount to
MAP upper deck

— 2thrusters per thruster bracket
(upper and lower)

— Each thruster mounts to small
bracket which attaches to large

Top Deck
Mounting Flange

bracket

— Large and small brackets built up / oo | sk
from TBOO/EX 1515 laminate flat Torgrter taurting=L_
stock

5

Detail of MAP Upper Deck Thruster Bracket

— Mounting faces are .072",
remaining faces are .036”
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Modal Survey

A modal survey was performed to

deter mine mode shapes 5
contributing to high thruster | e
response '/2’1". ty v
e 5x5mesh of single axis | At

accelerometers used on the top
deck

e Triaxial accelerometersat each of
the mounting bracket locations
and at tip of large bracket

e Reaultswerecorrelated with FEM
model
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Modal Survey - Cont.

Resgonse &t Far Smal Brackel (Loc 32)  mzorm
Drive Point #1 - Bracket Base

 Test data showed several candidate
modes in the 120-200 Hz range which
excited high thruster response

« Candidate modes showed a combination oo b
of deck deflection and local bracket
deformation N L

* FEM resultsdid not match test data e
exactly but had sufficient accuracy to
captur e contributing modes

X (G}

0.001

z(a)

ThuJan 21 15:03:34 1993
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Modal Survey - Cont.

Small Brackel Rasponse, Acoustic Prassura Tep Dack

e Acoustic test analytically simulated oo
* Good correlation with X and Y /\WV / M Mo :
response ﬂ 1
o Zresponsedid not show same "
degree of correlation I [ T
 Not ascritical because Z responseis By Jj/v*\ - 1
i i i = 8 A f‘.r ™ 1
significantly lower below 200 Hz - \;\ﬂ el
. . ool | .-fJ 1 E
e Conclusion: Model and loading / , "
conditions could be used to define
damping treatments I ' | ]
.';I". i vl \ il §
oo r 'jill \I!-:'l‘._./“ _\‘I" ;II I,;“"' \ 1 :
0001 ,” i/”. ‘ LA hﬂl. .lllk =

FREQ (Hz)
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Damping Treatments - Thruster Brackets

 3M Scotchdamp |1 SD-242
applied to thruster brackets

« GSFC Heritage: Scotchdamp
used by TRW on EOS-PM
spacecr aft

« FEM analysisused to deter mine
size and placement of damping
treatments

o .004" layer of scotchdamp with
Gr/Ep constraint layer

o Constraint layer material and
. . ,036* Comstraint Layer
thickness selected to match on Larga Brockat S:das
thruster bracket surface

4 mil Scotchdomp end .072° Constroint Loyer an
Large Brocket Interfoce Plote and
Small Brocket Thruster Mounting Foces
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Damping Treatments - Top Deck

L ockheed-Martin SMRD strips
appllecl tO deCk edges Bottom Side of Top Deck Top Side of Top Deck

GSFC Heritage: Used on XTE
spacecr aft

4" thick SMRD strip with
honeycomb constraint layer

SMRD strips designed to tar get
deck modesdriving thruster
response

Scotchdamp applied to top and
bottom surfaces of top deck

Scotchdamp targeted at higher
frequency response (300-500 Hz) &%

Scotchdamp + Constraint Layer
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Damping Treatments - Cont.

0.25" Qutar Compeoeite Facasheat
(M6 954 ]

Y ] 1 Al Honeycamb Core
/ {3-18-5052-_0D1P)

a.4* =MED
{100F=90)

0.015* Inner Compozltie Faoceshaet
EM4B 234

Hotes:

1 SMRO strip width - 1-

z FM73 film adheaiwe used to assemble SMRG atrips

3 E£9309-3Me paste adheslve used to bond SMRED assemb |y
to tep deczk

May 18, 2000 (SAG) FEMCI Workshop Page 13



Mechanical Systems Analysis Branch/Code 542
Goddard Space Flight Center

Analysis Methodol ogy

 Methodology outlined in “Finite Element Prediction of Dampingin
Structureswith Constrained Viscoelastic Layers’, C.D. Johnson and D.A.
Kienholz, AIAA Journal, Vol. 20, No. 9, Sept 1982, pp. 1284-1290

» Approach usesstandard NASTRAN elementsto model VEM damping
treatments
— Solid elements (HEXA and PENTA) for the VEM Layer
— Thin shell elements (QUAD4) for the constraint layer
« Equivalent modal damping developed based on % strain energy in VEM
for aparticular mode

« Equivalent modal damping can then be used in standard NASTRAN
dynamic solutions to calculate damped response.
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Analysis Procedure

 Add solid elementsrepresenting VEM and shell elementsrepresenting constraint
layer to FEM structural model

* Run normal modes solution and recover % strain energy in the solid elements
representing the VEM

« Calculate modal damping associated with the VEM for each mode by applying the
following equation

—gxp + |C(T)/ «eE,/ ©
ZV _.5 hV \/ /Gvref f/gtotala

W here
Zy = Ratio of critical damping due to VEM
hy = VEM damping loss factor. This quantity is temperature and frequency dependent
Gy(f) = Shear modulus of the VEM at the specific frequency of the mode of interest
Guet = VEM shear modulus at the frequency at which the damping treatment is being
targeted. Thisis the shear modulus used in NASTRAN for the normal modes
analysis
SE em/SEiota = Ratio of strain energy in the VEM to the total strain energy for the specific mode of
interest
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Analysis Procedure - Cont.

total damping for that mode

on spacecr aft

acoustic test

VEM Material Properties used to Calculate Damping

May 18, 2000 (SAG)

Properties @ t=70 F and f=140 Hz

Description Damping L oss Factor | Shear Modulus
hy Guret (psi)

3M Scotchdamp 1.0 1050
|SD-242 (1)
Lockheed-Martin 1.0 4000
SMRD 100F-90C (2)
Notes:

(1) Material datafrom nomograph supplied by 3M

(2) Material datafrom Lockheed-Martin

FEMCI Workshop

The VEM modal damping (z,) isadded to the nominal modal damping to get the
For the MAP dynamic analysis, nominal modal damping was 1.6% of critical based

The VEM material propertiesused in the analysis are shown in the table below:
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Anaysis Verification*

 Beam couponswith and without scotchdamp wer e tested to verify methodology
« Analytical predictions showed good correlation with test data
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*Data from Steve Hendricks at Swales Aerospace
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Analysis Results

Total reduction of 17 dB
predicted dueto Scotchdamp
on bracket and SMRD on deck

This still does not meet
manufacturersthruster qual
levels

Several additional factors
Blanketing & harnesses (10dB)

— Rubber shims at small bracket
interface (3-9 dB)
— Scotchdamp on top deck (3 dB)

May 18, 2000 (SAG)

PSD (G*2/Hz)

1000 g — . . —
E : Baseline Bracket
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|ntermediate Acoustic Test

Aug98 (44.9 Grms) ------

(©dB)

* Acoustictest performed July 1999 to assess effectiveness of damping treatments
* Flight MAP spacecr aft bus, most spacecr aft electronics, electrical harnesses and
blanketing as close to flight as possible, ETU solar arrays, no instrument or
simulator
 Measured reductions sufficient to show thrusters qualified for flight environment
T = G
~ // \ . : o 116.7 g"2/Hz (0 dB) \’"
\\ 0.0001 / \//

Frequency (Hz)
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A nal ytl Cal pr Ed I Ctl on WI t hl n 3 Aebiste Proseure Top Beck
dB of peak test response at 120 /\ W e —
H y4 1 L INY. VA

Over predictsresponse above
and below target frequency

0.1

PSD (G"2/Hz)
o
4

Analysis does not account for
reduction in input or other
factors

0.0001 |

Analysis snows poor |
correlation with data from T e T T
spacecr aft acoustic test
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Damping Predictions - Test vs Analysis

« Several factors may have accounted for poor correlation between
analytical predictions and test data

— NASTRAN model may not have sufficient resolution to accurately predict damping
for the complicated mode shapes driving the thruster response

— Analytical technique for predicting modal damping was not verified for SMRD

— Low level (-7 dB) acoustic data was scaled to full level. Damping may not be fully
effective until higher levels of input

— Expected acoustic reductions may not be cumulative.

— Expected acoustic reductions may not be fully effective for localized thruster
response.
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Conclusion

e Addition of damping treatments successfully reduced acceleration
response at thruster mounting locationsto acceptable levels

 Methodology used was straightforward to implement and could be used
with existing NASTRAN models

 Modal damping technique used to optimize damping treatments as well as
predict response

« Techniquedid not accurately predict peak acceleration response

* Predictions of dynamic response should be verified by testing the
structure under representative loading conditions.
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