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J. Soovere*, M.L. Drake**, and V.R. Miller***
ABSTRACT

>The effectivenzss of polymeric damping materials in controlling resonant
vibration problems has been established through many successful applications.
The area of these applications range from aircraft structures to jet engine
Structures. An effort is underway to develop a viscoelastic damping design
guide for use by designers. This paper provides a brief outline of this
effort. C—

1. INTRODUCTION

Aerospace structures and equipment mounted in these structures are
required to operate under a wide range of dynamic loads. When structural
resonances are excited, the dynamic loads can produce excessive vibration
levels in the structures and equipment. These vibration levels can be signif-
icantly reduced by increasing the damping in the dominant modes through the
application of viscoelastic damping technology.

The above vibration problems are often encountered following some
initial in-service exposure. The high cost of subsequent structural changes
has made the application of viscoelastic damping technology both attractive b
and cost-effective in solving these problems. In many instances the reduction L
in resonant vibration response has been quite dramatic (Figure 1), exceeding L
that possible with stiffening for the same weight increment [1]. The need for

greater accuracy and reliability has extended the application of this tech- T
nology to guidance systems, optical systems, and circuit boards to name a few. gagf
It has been used to reduce the vibration in stiffened aircraft structures and S
jet engine parts, the cabin noise in the aircraft, the noise emitted by diesel Rt
engines, and the noise transmission in buildings. The use of viscoelastic ]
(passive) damping is also expected to increase in space applications, in E:::

conjunction with active damping, since the inherent damping is very low in
aerospace metals and high modulus graphite/epoxy composites. These latter
materials are being used in increasing quantities in space structures.

Vibration testing and data analysis capability has increased dramatical-
ly in recent years. The resonant frequencies and damping in structures can
now be determined much quicker and with a greater accuracy. The dynamic loads
and vibration environments encountered by aerospace structures and equipment
are reasonably well known. Damping materials covering a temperature range
from -65°F to 1500°F have been developed. The theory [2,3] for simultaneously
curve fitting the measured modulus and loss factor for improved accuracy and
consistency has been developed for these materials. The basic Ross-Kerwin-
Ungar [4] analysis methods for application of viscoelastic damping to beams
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and plates and the subsequent work by many authors [5,6] have been
complimented by the development of finite element methods [7,8] which enatle
the damping technology to be applied to more complex structural designs. Many
successful applications of the viscoelastic damping technology have been
reported in the literature. Consequently, it should be possible to anticipate
resonant vibration problems and apply the damping technology at the design
stage. This approach would not only reduce the cost relative to a subsequent
design change, but could also result in a lighter design (Figure 1). This
need is becoming more evident as 1imits of current technology are being
approached.

To fully capitalize on this viscoelastic damping technology, it is first
necessary to bring all of the pertinent information together in a damping
design guide. For a wide appeal, the design guide must be suitable for use
by designers. This paper provides a brief outline of such a program,
performed in three phases, over a period of 34 months. The program will be
completed in July 1984.

2. TECHNOLOGY SURVEY

A technological survey was conducted, primarily in the United States, to
identify the aerospace companies, government agencies, research institutes,
and individuals active in the field of viscoelastic damping technology. A
questionnaire was developed to identify the scope of this activity. An
eighteen percent response was obtained to the mailed questionnaires. The
results indicate a wide field of application (Figure 2) for the damping
technology, primarily for vibration control, followed closi:ly by noise control
and fatigue suppression (Figure 3). The data in these figures have not been
normalized since many of the respondents were involved in nore than one field
of activity. The classifications of the individuals involved in this activity
is indicated in Figure 4. The research and development (R&D) and the manage-
ment columns combined represent 93 percent of the individuals active in the
field. Consequently, most of the design and production activity is also being
supported by the R&D engineers. This result indicates a need for greater
dissemination of the damping technology, a primary objective of the damping
design quide.

3. DAMPING DESIGN GUIDE FORMAT
The damping design guide has been organized into three volumes.

Volume 1 is intended to be a reference volume summarizing the work
performed to date on the application of damping technoiogy and the allied
fields. It also contains a bibliography of the published articles in these
fields and an assessment of future needs.

Volume 2 is intended to be the user oriented design guide. This volume
contains a brief introduction to vibration and damping, and a general dis-
cussion on how to identify potential vibration problems and how to select the
cppropriate damping treatment. One chapter will feature design
equations/nomograms for predicting the dynamic response of common structural
members, both with and without damping treatment. This will be followed by a
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chapter on worked examples based on successful applications of damping
technology. The worked examples are divided into the major fields of
application, each introduced by a summary of the preblems encountered in that
field and followed by a single example for each type of problem.

A11 of the worked examples and analysis methods have been obtained from
literature. The worked examples include a comparison of predicted and
measured results such as illustrated in Figures 5§ to 7 for circuit boards [9],
bolts [10] and exhaust ducts [11], respectively, to name a few. Finite
element methods, and results of finite element analysis, involving application
of damping, are also included. A typical finite element model of a turbine
blade [12] damped with a surface glass treatment is illustrated in Figure 8.

A total of 234 elements were used to define the damped blade. The
cross-section of the blade (Figure 8b) consisted of fifteen elements for the
blade and twelve elements each for the nickel and glass layers. The analysis
was performed at temperatures of 800, 925 and 1000° Fahrenheit (427, 296 and
538° Centigrade). The peak damping was obtained at the temperature of 925°F
(see Figure 9) in the first mode.

This volume also contains a brief summary of other case histories
available in literature for which complete information is not available. The
purpose is to broaden the scope of application beyond the worked examples.
Measured damping Tevels in typical aerospace structures and materials are
included for use in the analysis when measured damping data on the actual
structures are not available.

Volume 3 contains the damping material data required by the designer.
The damping material modulus and Toss factor are presented in the form of the
reduced temperature <omogram [13] (See Figure 10) which is accompanied by a
data sheet, Table 1, containing other pertinent information. The use of this
standardized data format is explained in the introduction of this volume. The
organizations from which these damping materials can be obtained are also
listed in this volume.

The damping application can be designed using Volumes 2 and 3. These
volumes are intended for use in loose-leaf binders to permit undating of the
design methods, in 1ight of experience gained, and of the damping materials
which are subjected to change from the normal market pressures.

4. CONCLUSIONS

A design guide is being developed to encourage and permit the applica-
tion of viscoelastic damping technology at the design stage. It is recognized
that the designers will require assistance from dynamicists in the initial use
of Volumes 2 and 3 of the design guide until they become familiar with dynam-
jcs and viscoelastic damping. They will also require help with finite element
analysis, dynamic loads/vibration levels/test specifications, and test meth-
ods/data analyses required to verify the performance of the damping treat-
ments, which are usually the responsibility of the dynamics engineer. The
widespread use of this relatively specialized, but essential technology is,
therefore, dependent upon the assimulation of this technology by dynamics
engineers outside the R&D classification. The damping design guide, it is
hoped, will speed up this process.

vv-4




REFERENCES

1. L.C. ROGERS 1978 Conference on Aerospace Polymeric Viscoelastic Damping
Technology for the 1980's (L.C.Rogers Editor) Wright-Patterson Air Force Base
Report - AFFDL-TM-78-78-FBA. Damp It: A proposed advanced development
program.

2. R.L. BAGLEY 1979 Air Force Materials Lab. TR-79-4103. Application of
Generalized Derivatives to Viscoelasticity.

3. L.C, ROGERS 1981 The Shock and Vibration Bulletin, No. 51, Part 1,
55-69, Damping: On modeling viscoelastic behavior.

4, D. ROSS, E.E. UNGAR and E.M. KERWIN, Jr. 1959 Structural Damping,
American Society of Mechanical Engineers (J.E. Ruzicka Editor) Damping of
plate flexural vibrations by means of viscoelastic laminae.

5. B.C. NAKRA 1976 The Shock and Vibration Digest 8, 3-11. Vibration
control with viscoelastic materials.

6. B.C. NAKRA 1981 The Shock and Vibration Digest 13, 17-20. Vibration
control with viscoelastic materials - II.

7. M.S. KLUESENER, M.L. DRAKE 1982 The Shock and Vibration Bulletin No. 52,
Part 5, Mathematical Modeling: Damped Structure Design Using Finite Element
Analysis.

8. C.D. JOHNSON, D.A. KIENHOLZ, and L.C. ROGERS 1981 The Shock and Vi-
bration Bulletin No. 51, Finite Element Prediction of Damping in Beams with
Constrained Viscoelastic Layers.

9. J.M., MEDAGLIA 1978 Conference on Aerospace Polymeric Viscoelastic
Damping Technology for the 1980's, Wright-Patterson Air Force Base Report
AFFDL-TM-78-78-FBA, SMRD Damping.

10. R.C, PELLER, General Dynamics Corvair Division Report, Damping in Mirror
Mounts and Composite Structure.

11. J. J. DeFELICE, A.D. Nashif 1978 The Shock and Vibration Bulletin,
No. 48, Part 2, 75-84, Damping of An Engine Exhaust Stack.

12. Same as Ref 7.

13. D.I.G. JONES 1981 Journal of Aircraft 18, 644-643. An attractive method
for displaying material damping data.

Vv-5

~ - -
...........................
.

N T .
v\ '™

B A N A SR LA A L RO Lol A e Mg e 1A g g o

4




. N - - - — T T T d o - T - g SR e Lo gl I & oot ¥ uind Cw W LT R T YT e R,
4 - —— T . & T TV U N YW P et B SRt Sl Tl e Aaar el o Lt il e i el AP N A S e e T
AR IO - ot R A T .'j‘- At it ARt R N T e e L e T Sl T ST e Te e e e ot

et ATt P P ks ~ - S -

100

INTEGRAL
CAMPING

2
o
S T 41
> INLEY
S » aension B -
« » suu FAIRING § S
a BULKNEAD i
=~ . 'l
[ 3 : M
o . ;
10 > X
[ 3
'O_ r”{ }
z < PR
o « -
" 4+ © -
i > < neno Fiv
£ % 27 suksenine
& 2F & 20 g AFFOL TR 76312
w L 7’
« o
- [-Y
i1l o 1 1 |
o 10 20 30 40
PERCENT WEIGHT INCREASE

FIG. 1 LIFE EXTENSION OBTAINED WITH ADDITIVE
DAMPING ON EXISTING HARDWARE

Ny

30% RO
m IR
o AT

N ]

25% }
- 24% 23%

L 4
y

M
H
$

21%

20%
18% 18%
ﬂ

—

¢ SEESEES TS SRS NN SRR R A
“a AIRCRAFT  TUNBINES RAVY SPACE AUTOMOTIVE  MISSILES  ELECTRONICS  MMACMINES
AND sHIPS STAUCTURES orTICS AND
EQUIPMENT AND AND MACHINE
EQUIPMENT LASERS TOOLS
-‘: FIG. 2 APPLICATION OF DAMPING “SCHNOLOGY
3 8o%
55%
28%
‘. 19%
- VISRATION NOiSE nisH soniC
: CONTAOL CONTROL CYCLE FATIGUE i
FATIGUE
FIG. 3 PURPOSE FOR USE CF DAMPING TECHNOLOGY :-.::-.:_4
PG
V-6 P

T S Y
R IR .t
IS IS AR A
LI R R N R

.
S o
SRR A R SRS G S




T Y R e T N T e T e Ry W, WU TR W T, TV, RN TGN g W g W T
R A A A SO

76%

34%

22%

17%

s oEsign PROOUCTION  MANAGEMENT
FIG. 4 CLASSIFICATION OF INDIVIDUALS ACTIVE IN
THE APPLICATION OF DAMPING TECHNOLOGY

12¢ UNDAMPED
PREDICTION »
10}
UNDAMPED (A12)
3 ot
e DAMPING
-] ¢ o} |conTrolLeo soTH
us MODES
o DAMPED PREDICTION|
Q 4r
<«
2} DAMPED (A3Y) | |
'I
0 » o I}
1 10 100

o

FREQUENCY (H2)
FIG. & REDUCTION IN CIRCUIT BOARD VIBRATION WITH
ADDITIVE DAMPING

2oAL LN

cont Lo



,.
‘i

~ ALY A

T TR Lt 3 S INTTETNOTVANOITE | 4 S A T T S s Y S SR T Y T KT TR T W TR WY k" AT AN AL At AWE G S i S
St 7t - v e * AT T LT O L R T R AR T DU ST R Ak S 4 e

SYMMETRICAL YOKE

MOUNTING STRUCTURE CONFIGURATION
-\ WA A

AW ) | ) § P\ S
k }

. \

"

(L ICAARNL A S F L A

e
— CAGE A
DAMPER PURREN.

2

»
o

0.375 IN.

PANaaiE

3 p)a BOLT
“-—a ) | 1

,
»
e
S W L

.
. e
. ~t
v b

e
PREDICTED S e
e

8007 4 A MEASURED —

R Aaioaiiintiote e 2l 20N ¢

FR

I
+*ACTOR N

w

>

500

o

FRENAIENCY He
N
I
>4
-

200

SYSTEM L i3

LEONONRL TN/ L bl

0. 0 | ] ] 1 }
40 50 60 70 80 90

TEMPERATURE (°F)
FIG. 6 INCREASE IN LOSS FACTOR OBTAINED
WITH DAMPED BOLTS

o UNDAMPED ‘
ewe=see DAMPED T Ly
=2 foe ::
10k
] -4 !-_T_
163 ' ' l | -
Al
b l |
|6‘ - "]
\/'/
ORIVING POINT
L1t [N
10 100 t000
FREQUENCY (H2)
FIG. 7 EFFECT OF DAMPING ON HELICOPTER EXHAUST
DUCT VIBRATION
Vv-8
N AL TR T S T L N
I G T T, S Y TS G S el A ST AL ST - VN




(A
"

TR RN 6 TR TR Y AT W Yy -
N RSOSSN NSRS R R ol

R T T T T LS R L v S

; y
Yy

!y
s

7
et

]

-"'-"I";
LWy

»s
"

S
>
A

(o)
()

FIG. 8 FINITE ELEMENT MODEL OF TURBINE BLADE

FIRST MODE PESPONSE
1N FULL GLASS COATING ]

a.h L 0.0022 -

RS 1

RT1 - )

» .‘. LR
: b fn Ve, d
v N1} - !
¢ .
] .
¢ AR B o
P
S0k “ ‘*— © -
- e
- i T o
. " [
k. - .
- o -y
o LS .
o KR - !
8. 1 -

.p; S

o 1 1 | 1 1 1. 1 :
¢ ..-“ 200.00 909.08 910.00 20.00 238.00 940,08 0.0 00.90 L“—-'
FREAENCY

FIG. 9 FIRST MODE BLADE RESPONSE WITH FULL GLASS
COATING AT THREE TEMPERATURES

oo

PR

)

i 7
.

0 e, e g
2 0 "-‘}

' e

Vv-9

L)

SR P N I TS )
LT ':\"- e, . R A '.-”—- A
e tatatetatatal 0 L N R R L S e A e,

.,
S




TEMPERATURE T DEG, € AT = 10°

10 10t ' 10
s
H _
3
Y
10 'tr1e’ o ?
L / 3
o o 3
5 9 E
s |n 1 o
0 - v
F oo
o i
c10 *fL 10 —i1e
= ¢
T Ju 3 v
0 s -
R —
N 1 F
E /
T n -1 H
A _'t s 2
1072 19 —e !
2 . =
10 go L ’
107 10 10! 10 ¢ 10 10" 10

REDUCED FREQUENCY FR H2
FIG. 10 TYPICAL REDUCED FREQUENCY DAMPING MATERIAL NOMOGRAM

TABLE 1 TYPICAL DAMPING MATERIAL DATA SHEET

MATERIAL MN MANUFACTURER THE SOUNDCOAT COMPANY
MAX LOSS FACTOR N, 2 1494 MODULUS & SHEAR O YOUNG S

MODULUS AT ", 08 PSI413E2 PASCALS

MAX MODULUS 194ES6 PS1134E9  PASCALS

MIN MODULUS an PS1 2 84 PASCALS

MAX SURVIVAL TEMP LONG TERM NA oF °c

MAX SURVIVAL TEMP SHORT TEAM NA  OF °C FOR MINUTES
ULTIMATE TENSILE STRENGTH NA PSH PASCALS

DENSITY 030 LBS/IN3 083  G/CC

POISSON S RATIO NA

MAX ALLOWABLE STRAIN LEVEL NA

EFFECTS OF CONTAMINANTS NA

EFFECTS OF RADIATION NA

OUTGASSING NA

THERMAL CONDUCTIVITY NA BTU IN/FT2 HR OF KCAL/SEC METER °C

CONFORMARILITY EXCELLENT

SUPPLIED AS (FORM) AVAILABLE AS SOUNOFOIL - DAMPING MATERIAL WITH
ALUMINUM CONSTRAINING LAYER

BONDING AND/OR APPLICATION PROCEDURE MN IS SELF-ADHESIVE AT ROOM

TEMPERATURE CLEAN SURFACES TO BE BONDED WITH SOLVENT AND APPLY WITH

MODERATE PRESSURE

LOWER LIMIT UPPER LIMIT | MODULUS AT | MODULUS AT
FREQ TEMP FOR N, | FOR 270% %, | FORM2T0% Mo | LOWER LIMIT | UPPER LIMIT

He Of oC °f oC %F, °C PSI Ps PS! Pa

10 -21 -294 48 433 10 -122 180€) 1 241€7 | B 7E1 6 OFES
100 13 -108 -16 -261 6t tos 182E3 1 255E7 [ 8 4E1 5 79€E5
1000 54 122 21 -8 % 372 183ED 1 202E7 | B 4EY & TIES

TEST NUMBER 81 01
1o 10 °C -122

MODULUS CURVE PARAMETERS LOSS FACTOR CURVE PARAMETERS
FAOM 2 0E3 ETAFROL 21
MROM 6 9E6 SL 04
N 03 SH 06
"L 2 8E4 FAOL 123E)
c 10

ADDITIONAL COMMENTS




