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ABSTRACT

The complex modulus of boron/epoxy and graphite/epoxy laminates
has been measured in forced vibration tests at frequencies ranging from
20 to 17,000 Hz and temperatures varied between -50° and +300°F.

The data was analyzed using response surface methodology. Based
on the response surface time-temperature shift parameters, master curves,
and probability relations have been developed.
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SECTION 1
INTRODUCTION

The significance of the role of advanced composite materials in
many engineering applications is increasing. Environmental effects on
the material properties of composites is an important aspect of design
considerations.

To determine the long term influence of the individual contributions
of time, temperature, and humidity on composite materials would require
extensive numbers of specimens and tests. In order to isolate signifi-
cant variables experiments have been designed for maximum utilization
of specimens.

Due to wide variation in the information obtained from experimenta-
tion a statistical analysis of the data was conducted. Multiple re-
gression techniques were employed and the significance of the individual
variables was tested.

This experimental program resulted in the development of response
surfaces for the complex moduli of composite materials.

SECTION 11
REVIEW OF PERTINENT LITERATURE

Environmental effects on the mechanical properties of advanced
composites have received only Timited theoretical analyses. Most of
the work done in this area has been experimental in nature because of
the complexity of the problem. The choice of fiber, matrix, and lay-
up of fiber reinforced, laminated composites are important in the
consideration of environmental effects.

Kaminski, Lemmon, and McKague [Reference 1] discuss a regression
analysis method for establishing temperature allowables. This approach
places scatistical significance on a temperature retention curve. The
statistical model suggested by them is

= 2
y bO + b]T + b7+ e

where y is the response (stress or strain), T is the test temperature,

and e is random error. The error term, e, accounts for the variation in
observed results at a constant temperature and is assumed to be normally
distributed with mean zero and variance o2. The variance of e is assumed



to be the same for ali temperatures. The constants b,, by, and b, are
regress fon coefficients and are estimated from least quaJ‘es tedmﬁiqus.

Reference 2 describes an experimental approach for finding humidity
and themal effects on graphite/epoxy composites. These tests involved
hygrothermal exposures (combinations of comstant temperature and constant
humidi ty) and dynamic exposures (changing temperature and/or humidity)
of the specimens. The specimen lay-up and thickness is varied in this
approach. Tests to determine water desorption as well as absorption be-
havior were conducted. The effects of moisture on certain properties
were determined by mechanical tests. The effects of increasing the
mois ture content is seen to increase the creep of the material. Also
it is seen that at elevated temperatures there is a loss of flexural and
shear strength with incressed moisture content.

Brownirg and Whitney [Reference 3] find that the effects of absorbed
moisture on the elevated temperature mechanical properties of fiber-
reinforced laminates is highly dependent on the lay-up of the material
and the type of loading. For example, a quasi-isotropic boron epoxy
laminate when tested in tension at 350 F after exposure to high humidity
has approximately the same tensile properties as it did at 350 F before
misture was absorbed. The same material, with a uni-directional
lay-up and tested in flexure, shows a 50% reduction in its 350°F flexure
strength, although the same amount of moisture was absorbed as in the
first specimen.

It is also found in Reference 3 that in the epoxy laminate systems
water behaves as a plasticizing agent that disrupts the strong hydrogen
bonds. The reversibility of this water absorption process is shown by
the change of properties from "dry" to ‘wet" specimens. The 'wet"
specimens, after being dried, exhibit the same properties as they did
before exposure. Fiber controlled composites have much less dependence
on moisture absorption than matrix controlled materials. However, both
exhibit this reversibility.

Pritchard and Taneja [Reference 4] state that the rate at which hot
water degrades a glass fiber reinforced resin is accelerated by stress.
The resin, fiber, and coupling agent are all susceptable to hydrolysis.
Swelling and crack formation have been observed in low molecular weiyht
cons ti tuents. These phenomena occur more rapidly when the laminate is
stressed. Specimens which were exposed to water on one side only were
used to determine the rate at which water permeates into them. A de-
pendence upon the molecular structure of the resin, the void volume and
the mobility is seen. The rate of degradation is expected to have a
relationship upon the permeation rate of water in the material.

Reference 5 states that the effect of moisture is generally to
reduce the strength and ultimate strain of a composite. However, the



stress-strain characteristics and the initial modulus are not greatly
al tered by exposure to ihunidity. No significant change in strength or
modulus was seen in cross-ply laminates.

Halpin [Reference 6] states that although the range of inierest
for the 1inear viscoelastic behavior of polymers can cover a large
nunber of decades in time or frequency the range of any given experimental
instrument is 1imited. In order to obtain values of the response function
over a wide range of frequency or time, a suitable procedure is to change
the effective time or frequency scale by changing the ambient conditions,
such as temperature.

It 1s found in many cases that observations of the material response
taken over a range of frequency or time at one temperature will result
in good superposition uwon observations taken at a different temperature
if a simple translation along the log time axis is made. This means that
a change in temperature is equivalent to a change in the time scale. A
master curve can be developed for a reference temperature from which all
other temperature curves can be developed by a time shift. This
relationship between the temperature and time scale can be represented
by a shift factor a,. This shift factor is the ratio of the time scale
at an arbitrary temgerature to the time scale at a reference temperature,
T.. A function of the reference temperature and the arbitrary tempera-
thre can be used to define 3 [Reference 6].

There is a similar effect of water absorption upon the time scale
which can be characterized by a water concentration shift factor a_. A
mas ter curve can also be developed at a reference hunidity. A simfn -
taneous change in temperature and water concentration could be approx-
imated by a reduced time, t/aTac[Reference 6].

Acceleration of testing can be obtained by using these time shift
factors. The effect of increasing temperature and water concentration
is to decrease the time required to carry out experimentation.

In addition to time shifting there are vertical shifts in the
storage moduli predicted by the kinetic theory of rubber elasticity.
This theory indicates that for ideal rubber-like networks the storage
modulus should be inversely proportional to the product of absolute
tempereture and density. The response is therefore shifted by a factor

where p and T are the density and absolute temperature that correspond
to the response E' and o is the density taken at the reference temper-
aiure Tr‘ The response it the reference temperature is E 'r [Reference
6].



Composite materials consisting of elastic fibers and a viscoelastic
matrix behave in a more complex manner than do thermo-rheologically
simple, 1inear viscoelastic materials. It {s, however, possible to de-
velop time-temperature superposition methods for such materials based
mos tly on experimental evidence, though the theoretical explanation of
some of the nonlinear characteristics is not yet available.

The experiments and the analysis of the data presented here show a
methodology for the determination of shift parameters and indicates the
accelerating effects of various environmental variables.

SECTION III
SPECIMENS

The specimens chosen for the experiments were fiber controlled
laminates with epoxy matrices. One metallic fiber and one non-metallic
fiber was used. The Brunswick Corporation of Marion, Virginia fabricated
the specimens.

The metallic fiber, boron was purchased from Avco Corp. as 55-05
boron tape with specific gravity 2.012. This tape was layed up as
follows: 0°, #45°, 0°, 0°, +45°, 0°, with each angle measured from
the longitudinal axis of the specimen. These eight ply specimens have
a thickness varying from .040 to .045 in. The material was fabricated
in panels approximately 12 to 15 in. wide and 15 to 21 in. long.

The second material was fabricated from Hercules X3501A-S graphite
tape in an eight ply laminmate identical to the boron epoxy lay-up. The
panels were approximately 12 in. wide and 16 to 21 in. long. The
specific gravity of the graphite specimens 1s 1.476.

Test specimens were routed from the panels using a slotted router
ooated with 60/80 diamond grit. This insured minimum fiber breakout
at the ends. The ends were kept perpendicular and the edges parallel
to the fiber direction. The specimen width was .75 in. in four dif-
ferent lengths, 5, 10, 15, and 2 in. [Reference 7].

SECTION IV
VIBRATION TESTS
Advantages of Vibration Testing
Forced vibration testing as a means for obtaining experimental data

has several desirable features. Since the test {itself is non-destructive
many observations can be taken from a single specimen. This drastically



reduces the need for a large number of specimens. The ease with which
observations are taken makes the collection of a large amount of data
possible. This was essential for the statistical analysis used.

Measurement of the Complex Modul us

The complex modulus is determined from a forced oscillation exper-
iment in which the lag angle, &, between the imposed sinusoidal strain

€= e exp(Jut) (1)
and the resul ting sinusoidal stress
o= E*e = |E*| €g €XP J (wt-5) (2)

is measured. In equations (1) and (2) ¢, 1s the strain amplitude, w is
the circular frequency, j is ¥1, t is time, and

E*= E'(1+] tan &) (3)

is the complex modulus. The storage modulus, E', is the real part and
the loss modulus, E", is the imaginary part of the complex modulus.
When the lag angle is small,

E"= Im(E*) = E'tan 6 = E' § (4)

Forced vibration experiments were performed using transverse and
axial excitation on both materials. For low frequencies (20-5000 Hz)
specimens were vibrated in a double cantilever bending configuration by
clamping them at midspan to an accel erometer fastened to the moving
element of an el ectromagnetic shaker. For higher frequencies (4,000-
17,000 Hz) the specimens were vibrated axially (vertically) by clamping
one end of each specimen in the accel erometer as shown in Figures 1 and 2.

The experiments were carried out in a temperature controlled cabinet
with six temperature levels ranging from -50°F to +300°F. The excitation
frequency was varied continuously by a sweep oscillator and the
acceleration of the moving elanent of the shaker was kept constant by an
electronic servo/monitor in a feedback loop (Fig. 3).
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Figure 2. Test Configuration for Axial Vibration
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An XY plotter recorded a force/acceleration versus frequency
curve for each observation. These curves (Figure 4) reached a maximum
value at the anti-resonant fre;uency and a minimum yalue at the resonant
frequency. The anti-resonant frequency was used to determine the
modulus and damping characteristics of the specimen. The effect of the
mass of the accel erometer and specimen holder are not present at
antf-resonance. If the resonance had heen used additional electronic
equipment would have been necessary to provide for mass cancellatfon
(Figure 5). For transverse vibratfon the lowes: three anti-resonant
peaks were observed. In the axial tests only the first vibration mode
was observed because the frequency response of the test system was not
high enough to monitor additional modes. (The upper 1imit of the
system was approximately 20 kHz.)

The storage modul us and 1ag angl e (damping ratio) were calculated
with the aid of isotropic beam and bar theories. Since the ratios of
length to thickness ranged from 455:1 to 110:1 the effects of shear
were negligible and Euler's bending theory was used.

For a homogeneous isotropic bar in axial excitation the normal{ zed
driving point impedence, Z, is given by

z Ry
'—n—'m‘ﬂnn*l"’y (5)

where F, {is the driving force, a, is the acceleration of the transducer

of mass m,, M = oAz is the mass Lf the bar with o th ss density, A

the cross-sectional area and 2 the length; n* = w vyp and y = m]/M.
)

The relation between the storage modulus and the frequency is given
by
2. El (6)

where C, the wave speed is
C=fa (7

Here f, 1s the frequency in Hertz at an anti-resonance and A  is the
wavelength for the anti-resonance.

For the fixed-free boundary conditions used here

) < 4 ...
A-l = 42’ Az -3'—. X3 5'- 'y (8)
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Therefore 1t follows thu; at first anti-resonance
E' = 160512 (9)

At anti-resonance Z reaches a maximum.

For small &, at an anti-resomance, it can be shown that
L 7

é

“n n
] ]

where f_ {s the nthanti -resonant frequency and f, and f. are the half

power fPequencies as shown in Figure 6. At the falf pover points the

impedence is equal to .707 times its peak value at anti-resonance. The

half power points are 3 Db below the peak when 6plot:t:cl on a logaritmic

scale. The impedence, Z, is plotted in Fiqure 6 resulting in 2 maximum

at the anti-resonance frequency.

It can also be shown that the storage mocdulus for vibration of a
:bub}e cagtﬂevu' beam driven by a sinusoidai force at the midpoint
s given by

' 481r2fn2p L 2 (" )
¢ - == [h)

where h is the thickness of the beam. Values of the parameter "na" are

given in Snowden [Reference 8]: na; = 1.879, na;r- 4.6941, m?]- 7.8548.
a

The value of the damping ratio 1s again computed from equation (10).

SECTION V
DEVELOPMENT OF A RESPONSE SURFACE

Multiple Regression Procedure

The response surface problem is to find the response, vy, which
depends upon a set of k controllable varfables, Xps Xgs eoer Xps that
is

y = f(xl. Xos voes xk) (12)

The form of f in equation (12) 1s unknown but is assuned to be a
polynomial function of low order.
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Figure 6. Measurement of Damping Ratio
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If k=2 one might assune a model for y of the form

Y = Bty ety ey ey gt (13)
where B,, B1» ...» By, are coefftcients to be estimated, y is the
muswedores nse, and ¢ {s random error.

If n experimental observations are made the data can be written
in the following form

The number of observations must he greater than the nunber of
coefficients to be estimated. The {th observation can be written as

2 2
Yy ® BgtByXy tBRatB Xy ko Hey Xy Xoitey  (14)

where ¢, is a random variable. It is assumed that ¢, is independent
from oblu'!ation to observation and §s nomally diséibutd with
ae.

variance The model of equatfon (14) can be written in matrix
notation as .
y=[Xg+e (15)
where
v '
Yy .z. s ET 1': (]5)
n “n

14



g= /862 (1»7.)

12

2 . 2

Voo % M X i*g
2 . 2

T X2 X M2 X2 M2 | (18)

2 2
L In *2n *1n %20 X1n¥2n

The method of T1east squares 1s used to estimate the regression
coefficients of equation (17). The 1east squares method uses as
an estimate for g the vector that minimizes the sun of the squares
of the errors

L= g,, el=ce . (19)
L can be written as

L= (g-[xIp) (x-[x]D) (20)
where g is the vector of estimates for g.
Expanding tihe right hand side of equatfon (20)

L = y'y~([X18) 'y "([X1R)+([X]g) "([xJp)

L = y'y-26'TX] e X1 '[¥IR (@)

To find the éwhich minimizes L, equation (21) is differentiated.

15



55 = -2Ix]'welx) X (22)

Setting the partial derivative to zero and solving for E_. the least
squares estimator is

8= ([x1'D ' Ix1y (23)

These equations are called the "normal equations” for estimating g.
The preceding develupment follows that of Myers [Reference 9].

Statistical Analysis System (SAS{ computer programs were used to
conduct the least squares regression [Reference 10]. Estimates were
made for the regression coefficients for several polynomial models.
Temperature, T, and the natural logarithm of time, t, were used as
the independent variables in the models, where time is the period of
oscillation at anti-resonance. Because of the assumption that the
errors, €., are normally distributed, the implication that the
component! of the complex modulus can take on negative values exists.
This is due to the fact that the normal distribution extends to plus
and minus infinity. This physical impossibility 1s resolved by using
InE' and 1nE" as the dependent variables in the regression analysis.

The computer program not only estimates the regression coefficients
but chooses the model that produces the maximum R2. RZ is the mul tiple
correlation coefficient which is a measure of the percentage of
variance in the dependent variable that has been accounted for by all of
the independent variables combined [Reference 11]. Tests of significance
are also conducted on the regression coefficients.

Although models up to fourth order were tried, the computer program
showed that models above second order did not offer any appreciable
improvement in fit. Therefore second order models were developed for
the responses which include only those coefficients deemed significant
by the computer program.

Response Surfaces
Using the above procedure response surfaces were developed for

1ns, InE*, and InE" for both boron epoxy and graphite epoxy. These
surfaces were of the form

Tny = A + BInt + C1nt + DT + ETZ + FTInt (24)

16
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where y is either 5, E', or E". The values of the coefficients are
given in Tables 1 and 2. The multiple correlation coefficient, R2,
:nth:: e;ror standard deviation, ¢, is also given for each surface
n Table 1.

"To aid in visualizing these surfaces contour plots are given
(Figures 7, 8, 12, and 1?3. These plots were drawn by m XY plotter
controlled by a digital computer which used the regression equations.

The temperature scale 1is the abcissa and time (period) is the ordinate.

There are plots for both the storage and 1oss moduli of boron epoxy
and graphite epoxy.

When temperature is held constant the result is a two dimensional
curve which is the intersection of a constant temperature plane and
the response surface. Such constant temperature cuts were made using
the experimental temperatures with the results shown for boron epoxy
in Figures 9 and 10 and for graphite epoxy in Figures 14 and 15.

The regression relation, Equation 2, estimates a mean surface
(mean 1ine for constant temperature). It is possible to establish
confidence bands for this mean surface. It is also possible to
estimate tol erance bands for new observations.

The probability that a new observation will fall within the
1imits prescribed by y' 1s a/2%, where

Y vz 0 (4 X(OXID0 T /2 (25)

In this equation y is the value of the response (1ns, 1nE', 1nE") on
the regression surface defined by equation (24) and

X = [l.lnt.lnzt. T,Tz,Tlnt] (26)

o is the error standard deviation given in Table 1, z,/,» is the normal
statistic corresponding to the a/2 probability of excgeéence. x([x]'

[X])-1x' is a quadratic form with x' the transpose of x (Equation 26)
and the [X] matrix is defined by Equation (18). Due to the nature of

this particular experimental design and the large number of observations

the value of the quadratic form is negligible compared to 1. In fact,
an error of less than 1% is incurred if it is assumed to be zero. For

95% probability 20/2 is 1.96 and Equation (25) becomes

y' 4y + 1.960 (27)

Plots of the regression with 95% probability curves and the data
are given for the damping ratio at -50°F for both materials in Figures

11 and 16.
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TABLE 1

RZ. o, and the Coefficients of Equation (2) for Degrees Kelvin

Boron Epoxy
1né InE'
R? .66 .58
] .33 .05
A 242 1648
B 1.642 -1.89910°2
c 1.015%107" 2.15x1073
D -1.352107 0
E 1.594x10°° 0
F -5.362x107 74384107
Graphite Epoxy
1né L
R? .70 .25
5 a1 .04
A 4 .65 15.93
B 2.285 -7 817x10°3
c 1.478x107" 1.7351073
D 1 .519x1072 3.317x1074
E 1.183x107° 0
F -1.036x10°3 8.050¢10"°

22

Int"

38
18.90
1.623
113610
-1.351072
1.594x10°°
4.618x107

1

Int"

45
20.58
2.277
1.495x107"
-1 .486x1072
1.183%10°°
-9.55610°4
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TABLE 2

Coefficients of Equation (24) for Degrees Fahrenheit

Boron Epoxy
1né 1nE'
10450072 1648
1.505 0
1018007 21151073
-2.%88x10™ 0
4 .920¢10° 0
2.99x104 4.032¢107°
Graphite Epoxy
1ns Int'
1.547 16.0
2.021 1.224x1072
1.478x107] 1736107
-5.081x10 1 8431074
3.650x10°° 0
-5.754x10™ 4 472107

23

Int"

16.49

1.505

1136107
-2.988x10

3 9201076
-2.565107¢

1

1nE"
17 .56
2.0

1 49510
-4.897x10°7
3.650x10°
-5.307x10™"

1
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SECTION VI
TEMPERATURE SHIFT PARAMETERS

Although response surface analysis does not necessarily give a
physical explanation for the underlying principles of the material
behavior, a great deal of information can be obtained from this approach.

The surface may be extrapolated to various temperature levels and
to testing times.

It is also possible to compare these results with the time-tempera-
ture superposition methods of 1inear viscoelasticity.

Curves of storage and loss modulus versus Int at a constant tempera-
ture can be shifted horizontally along the I1nt axis with changes in tem-
perature. A vertical shift due to density changes also exists for
thermorheologically simple materials [Reference 6 Halpin].

Similar horizontal and vertical shift parameters may be established
for the fiber reinforced composites tested.

The horizontal shift can be obtained from the equation of the
response surface. At the reference temperature, denoted by Tr, the
response (Equation 24) function becomes

ny, = A +Bux+Cx’ (29)

where y_ is the response (E' or E"), x = Int, A, = A + DT + ET 2, and
B =8F% FTr. The stationary point on the constant tenpeFaturE curve
(Figure 17)"can be obtained by differentiating equation (29) with
respect to x and equating the resulting derivative to zero.

d(In v.)
T= Br + Xx= 0 (30)
The coordinates of the stationary point are thus given by
Br Br2
xr='2'5,]"yr=Ar'T (31)
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The stationary point can similarly be found for a curve at another
temperature and the difference

X - X, = ln-:-: 'E'C (T-v,) (32)

is the horizontal shift parameter.

The vertical shift is 1ikewise obtained and is given by

2
= - BF F 2 2
Iny-Tnyein g-r =0 -y (T-T )+ (E-gg) (T°-T.5) (33)

Both the horizontal and vertical shifts are functions of the
temperature and the regression coefficients of the response surface.
The time shift exists only if C and F, the quadratic (1nt) and
interaction (TInt) coefficients, are nonzero. The vertical shift is also
a function of these coefficients. Tables 1 and 2 show that these para-
meters are monzero. The shifts can be shown to be valid at all points
on the curves and not just at the stationary points. Figures 18 and
19 show these shift parameters as functions of temperature with 80°F
taken as the reference.

The time shift shows that an acceleration of testing time can be
achieved for the storage modulus by increasing the temperature above
the reference tanperature. A new reduced time scale is given by
t = t a;, where is the time at the reference temperature and a; is the
time gh‘ft parameter, t/tr. For example, lna, for the storage
modul us of graphite epoxy at 300°F is approxi%ate]y -2.83 (Figure 18)
and ar is about .06, reducing the time scale to 6% of the 80°F time scale.

An jncrease in the time scale occurs when the temperature is
elevated for the 1oss moduli, but this is much smaller than the de-
crease in time for the storage moduli.

According to Halpin [Reference 6], the storage modulus for an
ideal rubber-like material should behave according to
E' _ o Ty (%)
Er . ol

However, the vertical shifts obtained from these response surfaces for
the storage moduli do not exhibit this behavior. For example, the
largest storage modulus shift, E'/Er ', occurs for graphite epoxy

32
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and is approximately .98 at 300°F (422K) with the reference temperature
being 80°F (300K). (See Figure 19). The above equation indicates a
density ratio, p/p.,» Oof about .7 which is much larger than the actual
density change. This shows that the composite materials studied here
behave according to some other mechanism that {s not yet understood .

Using these temperature shift parameters, master curves have been
constructed for the storage moduli and are given in Figures 20 and 21.

SECTION VII
HUMIDITY EFFECTS

The response surface model given in the previous section is second
order in temperature and time with an interaction term (TInt) included.
To account for humidity effects a new model would include a third
independent variable. This new model may be of the form

3 3
2
y: B + 2 Bx, + 2 B. X. +22 B..X X.+e (35)
0" 4y i g i jj W
i<j

where the g's are constants, y is the measured response and ¢ is random
error. The independent variables, x,s X, X,, are time, temperature,
and hunidity or some function of thele vdriables.

A response surface given by Equation (35) would not only give
the temperature shift parameters but would give additional shift
parameters due to the absorbed water in the material.

Experiments currently being performed will be used to estimate
the parameters of Equation 35.

SECTION VIII
CONCLUSIONS

A non-destructive testing technique was used to determine the
environmental effects on the complex moudlus of composite materials.
A large number of experiments were conducted to obtain data at various

34
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L e e

temperatures. These data were used to obtain response surfaces for
the complex moduli of boron epoxy and graphite epoxy.

Information about the material behavior can be obtained from the
equation of the response surface. Horizontal and vertical shifts were
developed to show the changes in the time and vertical scales due to
changes in temperature.

To develop shifts due to humidity the same procedure could be
carried out after gathering sufficient hunidity data to fit a response

surface.

It has been shown that an appreciable acceleration of testing time
can be achieved by elevating the test temperature.
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APPENDIX
TABULATION OF VIBRATION DATA

The experimental observations are listed in a computer p 1. in
order of decreasing period (increasing frequency) for each test tem-
perature. The temperatures are given in degrees Fahrerheit and the
period (which is the reciprocal of the frequency in Hertz) is given in
seconds. The damping ratio is a nonrdimensional quantity and is com-
puted by using equation (10). The storage modulus is given by
equations (9) and (11) and is in units of psi. Each specimen is coded
using two characters. The first character is numeric with the
numbers 1, 2, 3, and 4 signifying transverse excitation of speicmens
of length 5, 10, 15, and 20 in. respectively. The rumbers 5, 6, 7, and
8 are for axial vibration and also denote lengths of 5, 10, 15, and X
in. respectively.

The second character is alphabetic ranging from A to E. This code
identifies each of five specimens having nominally identical dimensions.

Specimens were excited at the first three antiresonant frequencies.
The first appearance of a code number in the tabulation signifies the
lowest antiresonant frequency, second appearance identifies the next
highest frequency etc.
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Vel9Suk=ul
JolGDJr'Uz
velbScuin=02
JelDoar=vl
velboul=-u2
Jelvadi=02
JoiS?Jt-dd
Jelbavk=-u/
Vet 7Jdr=U3
Uehttade=UJ
Jertiusb~-J3
JelYbdi=vd
Vel%oUb=03
JelGbHoL=03
Jel9aui=-u3
Oelllul-u3
UolB“Ut‘O’

DAMPING RATIU

Vel240E-01
Jell0VE-OL
Qo3bb££‘01
Vedbbut=-01
Je3530t=01
Je34T0k=01
Ue2886UE-O01
UeldlT70E=-01
Jel39uE-VUl
0e2240E-01
Vel lT0E-0L
Je216Ct=Ul
velt@Ut=ul
Je2140€~01
Ve2le¢UE=VU1
do?bOvE-Oz
Ve 6500t=02
Ve HLUUE=V2
Ve TUUUE~0Q2
Ve 0UG0UE=02
ve 130UE~J2
vebT0UE=-02
0.8uC0t-C2
Ue4400E-02
LeOLCUOE=-U2
Vel lIOE=Ve
vob?QUE‘QZ
Ve490Qut=-02
ve4G00FE=-J2
Je4TOVE=-0Q2
Ve DoV JIE=UZ
JedbuUE=02
b049055-02
Je6900E-02
Je 0500t ~0¢
Ve 71700t-02
Je 6200t-02
Ge34JUE-02
Je53UVE=ULZ
Je 1200€E-01
Uclb?dt‘Cl
Je lHBUE=O1
Oeleb6UE=-01
Vel5T0E=01L
Ue 1690E-01
Je96uUVE~-02

41

STCRAGE MEDULUS

Jel T34F
Oe)ub4E
0.1417F
Ue 144 J)E
ColbalE
Jelé52E
UelaG4t
00154l£
Vel 5CSF
JelGl3t
UelaSTYH
0.15C6F
JelS1lut
Je1529E
Vel 963E
Vel 205l
Uelbubf
Oel4lof
Lelblar
Jel43liF
Cel4dlt
Uel5U5F
“el5l1lt
celHY9t
Celo25F
VelfobF
Tele 1t
Uelbleat
Jel b33k
Uelbd23¢E
Tel532¢L
VelHnlf
Celb4bL
Vel b4oL
Uelb021
JelLTIF
Celb6:5E
Uelb2uF
OellSKF
Celb5u3T
ODell1l06E
JelbB4Ul
Celu4b4at
vel85]t
Celb589L
CelT44t

JH
vb
vl
(07}
va
us
CH
ct
ub
(VX J]
u8
Vo
LY
ot
v
g0
Ja
(W
Gh
uB
JJ
vB
L8
0]3
v
¢l
vd
Ul
LH
Co
v J
UH
Jo
oo
08
g
u8
LE
Uh
s
Jy
Ge
vt
v
v
v

SPeC

%C
98
4t
4l
e
4C
4A
3t
E1))
3C
JA
2t
P4
2D
2k
4f
4n
<
4C
4A
3A
3C
3H
JD
1C
10
1A
2A
2F
<0
20
K
3
3A
3n
3C
v
1C
1D
1A
1A
[43
T8
TC
1A
et



ouUrUN EPOXY VIBRATIUN DATA

TemP PEkILY NAMP MG RATI( STOKAGLE MGLJLUS SPLC
=25 Veld2ut=vs 0.1070k=-01 Gel78)ll U ol
-25 Jel3lut=u1 JelUGCE=~U] UelbUS[ °8 &t
-¢> DebIuvil=ul Ve 8 NUE~YZ JelB3bt U bl
=25 VeldBIt-ul Je 1L 30E-01 Celd81E 04 bA
-2b Jeh330E=-04 Vel210E=01 velé&lol 08 5C
-c¢H 10 0G92IE~Ve Ve l250E-01 Vel€22t ud 5A
=25 Vet LlIL=04 UellTOE=-01 Cel627F QF 58
-¢5 JeodavE=L4 Jell3CE=CI Jelb63t CH S0
-4% UenT4uE=-VS Uellbut=-Jl Oel7u9tf U3 S
v Ued(74c=-0U1 Ue335VE~01 Celd2lE 0B 4¢
v VedubbL=-0l Je 3360uE-Jl Uel4aldlt ub &)
J JebublE=Ll Ue328ut=-Ul Cel4aut un 42
v Jedudui=ol Ve3280E-01 Lel@dbt Y 4C
J UDe“Tul=vl Vel T3VE-0OL LVelbETt U4 44
J Jel T@dr=-ol Je26e70E-01 Jelb4ul Lb 3N
v JelT21lE-01 vell5OE=-0U1 JeldTut uR 3t
J DedCudbt=U1 Jed420E-U] Ueitbl3t VOE ic
V] Jeld3al-ul Je 21 TUE-01 vel4STE U8 24
v DelddIou=ul Jel98UE-UI VelbUbL UB 20
J Velcd3dli=ov1 JelB4ut-01 velSlot 04 2k
V] Ueddidlc-0l Uel990F=-G1 Oe1516L 08 2H
Y Jeng#dt =ud Ue 65 0UE-02 Jel3ITIE o 4t
J Jesloldue=-0C<Z Veb610uk-02 Lel4U3t uR 4
0 Jeulauk=02 Uebb500t-02 Jel40Yl o8 4C
J Jellovk=-u2 Ue 69 JIE=-U2 LelbOBE vl 4y
J JeBuUYIR=u2 Je bUOUUE=02 Uel&¢9fF uB 'Y
J DJebudJdt-u2 CeoTUUL=-02 Oelé 98tk Ub 3C
J Qed2T)z=L2 Le 650ULE-Q2 Cel592F (ke 3n
v vestduc=ul 0e620uk=-0d Oel516t+ J& 1C
J VesUlub=uc Ue6VUOUE=-D2 O.1582t & 1
v Cestlut=02 Le6UCUE=-U2 CelS62F o L
v JeldGTui=02 Ue5Y00E-02 Cel63UE i LA
V) JelGTuk=2 Je3GUlE=-J2 LelBLal b Z2A
J VelYout =42 ve 250UE=-02 Jelb520F uh 2L
J Jelbout=u/d Ce Tolue=-Q2 Vel 535t b 2C
v JeltbirL=0d Ue 590uUt-02 Del532t uUb Z2h
)] Jelb3IE=Y 0e930UE~-V2 Oelvodk (8 2R
0 lelbTiL=-02 vebULUUE-DO2 Uel1538EF U4 3E
v Jelbbul~(C2 Ge0500E-02 Uelbvbut U8 3A
“ Jelduut =2 J.bE,’u‘Jk-OZ welvb5bt Uu D
J Jelobul=ul Je D0 QUE~-UZ Uelb569t vt 3C
v Je#9J)IL~-C3 Je@YU0OE-02 0el5201 & 1C
v JedbHJL=C3 Ue4YCUE-0C Uel550t 0Oub 10
J VebtlIL=03 Uel920E-01 Ue1580t 0¥ ia
J jelYBur=C3 ve L390E-Cl JelTEIF 06 7A

42



TEMP

ocCccCc CcCCcC

[

g0
b
By
Bu
3J
(-3V]
8J
AV
8y
by

dv
vo
oJd
oJ
cd
39
by
80
.19
8U
3v
t3V)
HN)
du
By
8
by
8y
By
<1V

dORCN EPUXY VIBRATION [ATA

Permltit)

VelYuuE-L)
JelG5)=U3
Jel9o,t=-C3
JelT20t~03
Vel3dbul=~L3
Veldudt~03
Jel3edt=u3
Jel31l0t=-0
UelIOUE=03
JonIUh-oq
Je0950t=C4%
JedYhuc=L4
Jebbbut-04
JeoTuur=04
vebLuwdi=21
vebluwde=ul
uoSLlst-Ul
vedludit=ul
d.%96df-u1
do‘?“bf‘Ol
DelT4ok=-01
JedlTudu=ul
Jelevbi=ul
J.1842L-bl
Jel233t-ul
Leld29t=ul
Jell98E=-C1
)'HZJJt°(2
Jerlodi=ud
Vel LIvE=-LZ
J.HIIJE_UZ
JeBlUUE=V2
Velbdut=02
Jebb4uut=v2
Jet390c—-uv2
Veidl9Jde-U2
JeJuauvi=-u2
Ceduadt-u2
JelUiddic=02
JelGsuc-02
velYyuvE=-02
JelGTut =u2
JelGlTut =02
JolS’JL’OZ
Jelb7UE-02

DAMP ING KATIC

Cel590E-01
O.1660E-01
Ge L48IOE-VL
Jelb4ut-01
Ce 970Ut =02
UelCBUE-OL
V.9500f-02
Le9400LE-02
VelC4UE-01
UalébLt-01
val2950E-01
sellEVE~CL
JeTUOLE=OL
Velllut=01
Je24 TuE-01
J.2470k‘01
Uel2llut=-01
Je2850E-01
Ue2LS0UE=01
Jel720C~01
0.1720e-01
ve l3%JE~-UIL
Uel5608-01
0e.15%uk-U1
Uel540k-vl
velT2JE-01
Uel680i-0l
JeHdQUE-G2
Ue 5J0060E-02
Ue 450UE-02
Ve6300t-02
Ue5TCOE-02
5e95300t=02
Ue4400t-02
Ue 1503E-02
Ue 620UE~-0¢
ce61GLE=-02
Ve 61 0VE-0U2
0e6100€-0¢
Le990CE-02
ce490Vt~u2
0. 75006-02
Je470VE-02
Ce4l0O0L-02
Ue0300E-02
Ce63GCE-02

43

STCKRAGE MULDULLUS

CelBL5F
Ve 1833
CoelBITF
UelbbTt
UalT16E
UelT44E
UelTo0GE
celdlak
Uslti43r
CelGOUF
OeleUTE
UQICUQF
Cel€&52E
Vel %3¢
vel44bF
Ce la46t
vel4tlE
Uel&LYF
Ve l48GE
J.1545¢
VelbalrF
C.lSqlt
Uela78¢t
Celé&ditL
Jel 510K
vel521C
De 1601t
Uel2b6LF
Cel409E
Cel4blat
Uel422F
Uel424E
O.IblﬂF
Cel532¢
velbiadtl
velb06L
Lel553L
Uel553E
GelbE3F
JelaS3TE
veléuTt
Ce15J8E
OelSllce
Uel5U3L
Oelb26t

C8
vl
VY.,
Ja
oF,}
va
Y
J8
ue
ob
uk
J8
Ul
CH
8
(3 Y]
on
ub
Jb
Ot
v
vl
ul
Cc
ua
Jd
o0&
0]
08
vd
Ub
Ky

J8
o8
Cg
J &
vb
o],]
¢3
o4
ou
9% ]
uvd
v
8

-
o

SPeC

I48
73
1C
l4
&C
6L
6t
6t
6A
Hh
5t
SA
510
5C
4D
&t
41
4(
4A
3t
E 1
3D
2A
-
(0
2L
2R
4
4C
4b
4A
4
3C
30
3k
1C
1A
lE
1n
ZA
2C
28
20
pas
3A
3D




TEmP

8
249
89
oJ
89
8J
gu
30
-1V
B
Sv
)
&)
o)
Yy
g
3J
ge
8u
89
80
gJ
200
2uv
1519}
2U)
2uv
20U
200
20U
2uv
2910
29V
oy
2Uv
20V
290
2uv
2u)
29V
20V
24U
29V
2uu
22UV
2J¢C

AUKULN EPUXY VIBRATIUN UATA

PERTIY

Delbéle=u2
welbaout=L2
JelS50b=i¢
Je49300=03
Je49luc-ul
u.%SOJ[-Gb
Je4B9Ui=U3
velulde=i3
JelbGBJE-UJ
VelGbut=03
JelGBIh=()
Jel9TUF=-03
Vel THUE=LS
Vel3DUt=LJ3
Jel340t=-03
Jel34ut=-u3
Jel330E-03
velslit=u3
JelU9uL=-U4
veTLlut~L4
Je0YBJL=U6G
JebBuubL=Ua
vebluli=il
Je209Tt =0l
vedloidtk=-ul
JeUH6L-0U1
JedU4dE=-C1
velbllEt=Gl
Jecbulti=ul
J02755h°;1
JeldT70t=01
veldodr=t1
Jelebol=ul
Jelevut=L1
Velci8E=ul
Je30UE=02
veld2udb=02
Jedldut~u?l
Ja0l6JE~U2
JeBluut=u2
Jed 51l =CY
Jeb4wouc=-ul
JededVk=02
\)0‘0‘03\)['\)2
Jedludt=-02
Je30TUL=-U2

UAMPING RATIU

Ve520G0E=-0¢
Le6300E~02
Ue3900£-02
Ue4400F~02
vel&T0UE=-0L
0eH40UE-02
Ve5900E=-02
O.18610E~-01
Ve 1190E~01
vel€&l0E-01
Ue L 78CE=0L
Jel26VE-01
UQQBUQE-OZ
UeB85G0F=-02
UelUGVE=-O]
Ce 8B40CE-02
Uel0TUE=-O1L
Ve lUEUE~DOL
Je1G80E-C1
Je LZTUE-O1L
0.1400L-0l
Je lU6Gt-01
Ve2190F=~01
00224dt-01
Je 20BUE-C1
Ve202UE=~VUL
(e2(02it-01
Uel760E-U1
Je le20E-01
Ve l720L=-Ul
O.1580t=-01
Uel250E-U1
Vele6UE-OL
Ve 163JF=01
Jelbbut=01
CebL00E-02
Je 5300t=02
Le530U0F=-02
Ue 5HLUE-02
Je 5400GE~C2
Ce T30uUt=02
Ue4500E-02
C.67G0E-02
Ce TTUCE-02
Ve 124VE-01
Ue6T30E-02

44

STCRAGE MODLLUS

Uel546E
Col»th
velL 70E
Le1505¢L
O«.1513E
O0e152UE
Je 15 28E
Cel TV
JelTb3F
Ve lT780E
ColTETL
Qol?gﬂg
CelSLTF
Lel69TL
Jei730C
Oel T44F
Oe L T48E
VelbuGL
Oel1541lt
Je1556E
Uel996F
OelobOF
CelallE
Velélat
2el@33F
Dela@3?c
Vel&43b
Vel aT2F
GelaBLl"
Celb534c
Uel&a 24t
Uelé45lE
Ueléb5t
Gel455¢L
Uel497E
Oel355F
Uel39l¢
Uel397:
Lel&G3F
Vel & UbL
Cela54t
Vel &85E
O.l4G1t
velbllF
Cela97t
Celb25E

uvd
JY
OH
o8
ot
GO
D
vt
DY
vt
oe
vl
vt
vt
vt
J&
uB
ol
o8
Co
Go

Jb-

oh
L8
ue
(0}
NT}
a8
Uh
vl
o8
Je
ve
-8
(051
Ve
“ve
)
Ge
o
uH
JH
Ll
\.’H
QR
(e

SPEC

aL
3
3t
1c¢
18
1€
1A
I
74
lo
43
1C
1A
«C
50
6&
6A
ol
5t
5A
50
oC
4k
40
4
4C
4A
s€
ab
3C
2C
2F
24
2n
28
4t
43
Al
4A
4C
3A
3D
P ¥o]
3C
1C
ie



T et s L e et e A

T D o s,

TEwp

2Jv
240
<CU
200
Zuv
2uu
pAVIY]
2uv
2Uv
26
2uV
PR
Pav1Y]
Sy
2l
290
ok S
200
e
oo
20u
29V
P
2u0
)
20
200
PV
200
29V
2Ju
20u
20vV
U0
29v
BNV
3oy
30v
UV
LTV
3Jde
300
300
uu
Sud
399

BUKUN EPUXY VIBRATION LATA

Pt’KllJl)

JeduluE=(2
Ve 300UE-U2
Je3UHUE=-C2
JedUdUI=02
Jelulut=U{
UedUult=u2
Vel UUUE=U2
Je lG9de =2
Veloluk=u2
VelbIul=C4
Jalo9vr =02
Jelbdr-u2
Je49dUcr-0J
Je4498uUt=-L4
JebhYour-03
Ue#950E=U3
Jell4ue=-03
JelUwui =yl
JecVadE=UI
Vecuivt=(CJ3
Veclidb=03
Je LGJut =0 §
Jelllul=U3
Jelbtivdb=u3
vellTYit=03
Jel4lut=ul
e l3buii=u3
Ueld ,U(:"'U}
Jeldouit-C3
J 013"'0:-\)5
Jelduit=U4%
Jelllot=ué
JeTl3dE=-U4%
CefLUJL=04
Qeblovr=-0ul
Jebléar~-ul
J .blj(OC"Ol
Jedlive=vl
U.‘)l.lb‘,"L"'\l‘.
JelbisL=-1
Jectder-01
Je219T7c-0C1
J.l! ’d{“ul
Jelelébk=-0l
-J.ldl’ot-(ﬂ

CarPING KATIC

Ce6100E-02
Ve0lJUE-G2
Oe10U00E=-QL
CeUCLUE=-02
Le6LO0E-02
Ve T200E-02
Ve BUCUE=-D2
LebT0OE=-02
Je660CE-02
Ve460VE=-02
Ve 650 JE=-02
Qe6400E-02
Je45UO0E-V2
Ce 8900E-02
Qe 600VE-02
Ve 340UE-02
Ve l43uE=-0O1
Je220ubE=-0l
Vel 53VUE-01
Velbb&OtE=-01
Vel4bUOE-01
ve tioCutk=02
Je T2 OUE=02
Je l44UE-01
Ue9C00E-02
UVelU1CE=-O1
LebIUCE-0D2
JellOuE=-0QL
Je 8600E~(2
Ue LUBUE=-OL
ve23G0E-VI
VelZ9UE=V]
Vel710£-01
VelOGUE-OL
J.2170E-01
Ve2L LVUE-CL
ve2l30E-01
Ve 1940LE-VL
VelLBUE-OL
LelLTCCE-01
Cel750E-01
Uel750€-01
Oel340uE=-01
Jel218E-01
Je140CE-01

45

STURALE MGDULUS

Cel521c
Oe 1536t
Oel543F
Delé38tE
Del4adSut
Gelé4olt
Celaclt
Lel&a73L
Uel4a65H
Cel@Gbt
Cel4out
VelaURE
OelbUusGt
Cel4T6F
DeléT6F
Velé8 it
vel&GlL
Uel&T2¢
O.le&H0tb
VeltT2L
CGelTO3F
Uel71lC
Jel250¢H
Uelée¢ut
Cela3dbt
CelébaTt
Jelb93F
Celé2Ik
Uel&SoL
(.’olb?.”:
Cel759L
Cela7ut
CelillE
Vel H30F
UelSULTE
Uel3nuFr
Cel3bel
Lel3G4t
CelaC7C
LelGl21t
Velé4att
vel&78c
L‘ol‘t’Of’E
UeléJ6L
CoelaldE
Oelal Sk

Ca3
Vb
Jb
ob
v
v
28
Ce
vé
u8
o8
v
ufr
b
vl
08
JR
(VX
Y
JE
GE
JR
v8
o8
Vb
OR
ce
i
06
o
Ue
LB
Ob
w0
v
uk
oy
ut
vb
v
vl
vil
(B
vl
v0
v

SPEC

1A
l&
10
2C
2t
20
2A
28
3A
SR
3
3C
N
1G
13
1C
1A
TA
1=
TH
1C
4]
19
18
lE
1A
e
6
6A
HE
L
5E
5A
b
5C
G,
4C
40

1Y)
4A
D
3L
3C
2L
20
2F

2 ms



TEMP

300
3o
3uv
3uu
Jouv
3uJd
300
3uv
Juu
3uv
LIV
300
Ja
KIVN
EYVIV)
30v
390
3.0
30
30U
LIVIV
30V
300
3uJ
3oL
3uJ
J0C
3o
3Jv
352
3u0
3Jdv
3Ju
314)\1
3J0
3vy
30
300
JJu
300V
ENY;
3uJ
340
30v

BORMCN EPUXY VIBRATIUN CATA

PERIJUL

Jel274E-Cl
Jel202E=L1
Jet3Tut=-u2
Jeb3dcuk-C2
Jed3JOR=y2
Dedl0Ut=02
Jeudhdc=92
Jek 5(3-)'__-\12
Jetbdit=ud
VetDl0t=02
Jet4BIi:=L2
JedlduL=02
Jed9IE=-.2
Jeluwtdr=u2
'JQZ\;OUE-OZ
UcLU‘th"UZ
Jed'vavuli=C<
JeldullL-u2
Velt2IE=0U2
Jelbic=u2
Jelolur=~32
Jelb20E-04
veltlJdE=UZ
JedLLUE=ULJ
JebL%4JL~-UJ
UedU%JF=(3
JelU9UE=-U3
JelU9JL=u3
Jveliur-C3
JelUTuL=-ul
Jelubub=L 3
Uel®3uc-C3
JelGUUCE=33
Jela29C-0U3
Jeléut=-ul
Jel39ut-03
vel3dydc-ul
Jel3TuL=u3l
\.)o ,"4\)2-0"0
Jel12T0UL-04
Jel2lIL=04
Jellbli=V4
Jall2M-=us

DAMPING RATIO

Jel430E-01
0. 1890E-01
Ve7100E=-02
Ce 83C0E~-02
Ve 7T100E-02
Ue T400E=02
deb1CuUE-V2
Je7800E=-02
Qe 6800t-02
Ue5¢GUE-D2
Ve TOLUE=02
Je218UE-01
Jelcz4aUE=01
Ce 6£0UE-02
Uell50E-01
Ve l34LE-O]
VelG20CE-V1
Ve T300E=-C2
Jell20E-01
0« TUOOE=02
Ue6TCLE-DZ
Ve 7000.:’02
Ve B8lOut~u2
Je750uE=-02
Cel515E-01
Ve 9L UUVUE=-02
Je 5G00E=-02
Ve lL50E-UL
Ve 1320E-01
Je 1270E=-01
Vel320E~01
Oelt30E-01
Ve9000E-02
C.8900E-02
Cs1920E-01
Vel390E~01
Ve.B8100E-02
Oel1390E-01
Jelllut=-01
Ve3050E-01
Vel530t=-VU1l
Jel98It=-01
ve2080UE-01
Uel71CE-0O1

46

Oel4l15C
Veléa2F
Jel335¢E
C.l351t
O.1355E
Vel36OE
Cel1365E
0s.1413F
celébv2E
Uel&ab8F
JelaT2F
velé479r
Uel@bGE
CelHU6E
Ve L 3T78E
Cel3TSE
Vel 409L
Cel42lE
O.1418E
Oel443t
Qeléé3c
Oelé4F
G.l’#‘oZt
Uel458E
Oel425¢
Uel4a3Gt
O«.1439F
vel 5GYE
Ue 1598E
Jel&6(1E
Je 1635¢
Vel 645E
Uel241F
UVeldG4t
Cel540F
Cel5FOL
CelGLl6F
Uel6llE
CelbS0L
Uel404L
Oel4€9E
Cea146G5L
0.1514F
Jelb32+

STGLRAGE MODULUS

oe
U8
0b
v
vy
oe
Ub
J8
08
ub
o8
V1]
(€3]
(W3
($27]
Ob
ve
il
abk
J8
o8
vl
oB
Ut
Cb
vh
L8
(0.}
(#].]
Jo
vh
vl
Ub
LY
Gt
V)]
ob
oe
B
OR
B
of
()}
CE

SPEC

2A
24
4t
oC
4t
44
40
3A
3D
3
38
1C
143
1o
2C
2E
20
2A
FAN
33
3t
3A
iD
3C
1A
1t
1C
17C
T
70
I43
TA
19
1€
6C
60
6E
6A
on
5L
5A
LM
50
5C



GRAPHITE €POXY VIBRATION DATA

TEMP PERIUD VAMP ING KATIC STORAGE MUDULUS SPEC
-5J ve953uE-Cl Je 443VE-VI 0.£8C0E 07 4A
=50 JeS49dt=vl Ve 4840E-Ul 0.89208 V7 4B
=5y Jeb406uk=01 Ue4420UE-0U1 0«904J€ 07 4t
e V) Jed3cde=vl Ue5.70&-01 04520k V7 4C
-5 ve3dlOUE=Ul Je 405VE~01 Ves523E 07 38
=5V UeldiolE=-Ul Je3850E-01 0.8540E 07 3A
-5y ve3l4uc-ul Ve 370VUE-O1L 0.865JE U7 3D
-5y vesdluvi-vul ve3780E-01 U.8890€ 07 3t
=50 CedUoUE=01 Jewl60E-01 0e%09VE (07 3C
=5V lela3Je-0l Oel78VE=-01 Ue¥26JE 07 2C
=5J Jel4dut=-ul Uelt20E=-Q1 0.8610E 07 2t
=50 Jeld9ut-ul Uel6TUE=-0L Vet TLIE CT 2A
=5J Jel3TdE=01 Ue 1850E-01 0.¢970E 07 20
-5y UelsTut-01 Ve lObut=01 Ueld96JEF 7 2t
=3y Vel dlJE~-U2 0.3110E-02 Jef630E U7 40
=5V VebtIJE=02 Je 71560E-02 U.8680E U7 4A
=5v vebT4ut~L2 Ve TETOE-02 J.88UIE 07 48
-5y vedbLIt=02 Ve T700E-02 0.9260E C7 £33
=50 VeubdlIL=02 Je 1550E-02 CeSGTOE VY 4C
=59 VedUUUE=u2 Ue5500UE=~-02 0.8680E 07 3A
=53 Je4990E-02 0.602CE-02 0.6710€ C7 3E
=50 JeaYdVUE-U2 Ue5970E-02 0.8T6JE 07 a8
=5u Ue4YTut-02 Ue b450E-02 Ve BUJE O7 30
-5y Ue489dt=02 0e5940Uk-02 0.9090F 07 3C
=50 Jeds80t=-02 Ue6260E-02 0.8690& 07 1C
-5u De34170r-02 Je5610E-02 V.8720EF 07 18
=2y Oe3370L-02 Ve 6TBCOE=-02 Ce9250E 07 1§13
=5v Jedsdut=L2 0«740VE-02 0.5390E V7 10
=59 Vesd IVE=Q2 VebT4UE=-02 0.98490E 07 1A
=5V Ce22TUE=-02 0.495ut=-02 Ue8340E 07 2C
=20 velzeut-ud Je H430E-02 0.d550E U7 28
=50 Ue2240E=-02 Ue4HTOL=-02 0.86SJE V7 2¢
=50 0.2180C=02 Ve 5TTUE-0Z 0.9G40E 07 20
-5 «21380c=-u2 Ve SUUVE=U2 Ue9020F 07 2C
=20 Uel790E=02 0.5750E-02 Oe660t U7 3A
=5y UelT783t=02 Ve 63860E-02 Cets740E L7 38
-5v UelTbub-u2 VeT13VE-02 Osb871UE 07 3t
-5y Vel Tlut=G2 Ue5090E-02 0.880J0E O7 3D
=59 Vel75uf-uc Ve4580E-02 0.5080t U7 3C
=50 cedbUUL=U] 0e3500E-32 Ue8540E CT7 1C
=-5v Ued55ut-03 Je 3890Ut=-02 Cen7U0E 07 18
=50 Ged4TJE-03 0e3830€E-02 0. 6960 7 1E
=50 Ueb360L=03 0e420V0E-02 0.9310E CO7 10
-5 Ve29VE~UI Ue 5290E~-02 09570t U7 1A
=-5vu vedUYTE-CS 0462C0E-02 0.9510& o7 88
-5v Gesdulul=03 Ue5500LE=02 VeS6TUE 07 BA
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TEMP

=50

=50

B

=25

-cY
)
=25
-¢5
-5
=25
-25
=25
=25
-¢5
=25

-2

=25
=25
=25
=¢5

GRAPHITL EPOXY VIEBRATIUN DATA

PERTUD

VedU49E=-03
JeJULZOE-UI
vedUZ22E-U3
Vel3b4t~03
Ve23T79E-03
Ved349E-u3
Jedd49E-03
Vel340dE=-03
UelbuoE=U3
VelCudE=03
Uelt v2E-G3
velST72t~-U3
Jel512E-03
VeludbE=-u3
Jell2BE=-L2
UolOZJE‘U)
velUlot=03
velULCE=-C3
UeT99V0E=-U4
Ue IY0UE=U4
UeTbOUE=-D4
De7L9vt=-04
JeTULOVE=Q4
et JduE=ul
Veb4ydk-0l
JeY4uJlE=U]
Ven32Jk=vl
Vedloude=01
ve3sl9Jt=-0l
Ve3louk=0l
Je3dlliut=01
Jedvoub-01
Oel43VE-0L
vel4OuE=-ul
001390&'0[
Jel370E=-VUIL
UeladTOt=01
Vell9eJE-02
JesY<uE-02
vebTlut-ue
JeBb64IE=-(2
UeBH6ULE=-02
Ue5(luE=-v2
vedUUJE~UZ
ve498uUE-(2

DAMPING RAT]U

0.4600E-02
0.64006-02
J«580CGE=-02
Ve l72VE=-01
0.1820E~-01
ve lGOUE=-01
Vel51UE-0L
0.112V0€E-01
ve 1290E-01
JeT200E-02
Ve lU10E=-O1
Jell30E-01
J.1270E-01
Ue4T00E-0Q2
Je510VE-02
0.5100E-02
Je3T0UE-O/
Je.95100E-02
Ve4400E-02
Ue2l60E=-OL
Vec540k-01
0e.2010t-01
Ue9ZUUE~Q2
J.4710E-01
0.4260E-01
0.4400E-01
0.4370E-01
Je 5CUUVUE-DL
Ue3610E-01
0e3560E~01
0.3590E-01
0.3730€-01
0.3800E-01
V. 18€0UE-O1
0.1610E-01
Uel740E-01
0e161CE~01
U.lblOE-Ol
Ve TEVUE-02
0. T690E-02
Je 7T680E-02
V.7500€-02
Qe 7490E-02
Je4510E-02
Je 6QU0E-02
0e548CE-C2

48

STCRAGE MODULUS

0.9810E
Je996VE
Ve S980E
Ve9020E
Ve%200E
0.5300¢
Ve 9290E
Ue9300F
ve8b30F
C.R840F
Let8id8UL
0.9220E
Ue©220F
Ue9440L
0.95170¢
Ve9TIUE
V%810t
ve98YGE
0«3%91ut
veb98OE
Ve5<20F
Ue9640F
C.9740t
Oebb30E
08810
Ve692VE
G.%020F
0.9520L
J«8510t
Ce8620F
Je 86GOF
Ue5840E
0.9080E
Ceb19VE
C.u580¢
Uo&?OOE
Ue8950F
CeH4910t
CebSTUE
0.8620L
0.8910E
Ve%200E
0e9360E
Cesu630F
Ceu680F
Ve TH0E

07
o7
o7
07
o7
vl
Q7
7
07
07
u7
vl
07
ol
07
Q7
07
07
07
Q7
u7
07
u7
Q1
97
L7
07
c7
u7
07
07
o7
o7
o7
o7
07
0T
07
7
07
o7
c7
07
ul
o7
ul?

SPEC

8D
ac
8E
70
Tt
7C
78
7A
68
6A
6t
6D
6C
a8
3A
8C
80
3E
SA
50
5t
5C
5
41)
4A
48
4t
4C
3A
30
38
3¢
ac
2C
28
2A
20
2E
40
4A
48
4t
4C
3A
3E
3D



.

Temb

-5
=<5
=25
-<Y
=25
=29
=25
-29
-25%
-2
=25
-2
=295
=25
=25
-2)
=25
=25
)
-¢5
=Y
-2
-2
=25
=29
=25
=29
=29
-29
-29
-2Y
-2Y
=25
=25
-2
-Zb
-Z25
-<d
=25
=d5
-25
=25
=25
-25
=¢b
-<h

Roproducod from

best available copy.

GRAPHITE £POXY VIBRATICN DATA

PERTUD

Le49ddt-U2
CelbIut=-u2
Ue349ubE=-u2
Veld4uuE=02
Je340uc-u2
Ve3300E~-02
ved23dE~L2
veddluk=02
Jeccudtb=U2
Jedd 3VE~-u2
vellBuL=02
vellBul=d2
Ve lTYHUE=G2
vel TYUE-02
Vel Tyur=u2
Ve lTouc=-02
Vel790E=-02
Ve262VE-UJ
Qev50ut-ul
Ves48JE~(3
Ved3TUt=u3
vedldYIl-U3
e YlulE=03
Jeldubdr=-03
J.iUOIE-OJ
Jeiuadc-U3)
J.JUQJE“C3
Jel4uec=ul
vel3bui-u3
Velduli-u3}
Jecdbdc—-o3
Jeli4Ji-03
velbllE=-VU3
JelLJ9t=-C3
JelGUdE=-U3
velboldr-yl
Velb5ilit=-u3
veld3¥e=-L3
velUdut-ul
JelUcat =03
Je lvcdt'\);’
CelULTE=UD
Jeduldr=uéb
Jel4duk=04
Je 19¢ub=U4
Je I7ldt-04

DAMPING RATIC

Je 5550E-02
0e5420t-02
Ue6220k-02
Ve 6950E~02
U.Dthf'OZ
0.6110E-02
UobbBOE‘OZ
Je SLOOE=-V2
Ve4520E-02
Ve 4450L-02
Ue5T80E=-02
Je&560t-02
Veb9YBUE-0Z
Uub“3GE‘02
Ve »030E-02
Ve #990CE-02
Ue4960E-02
Uo“SOOt-OZ
Ve 4640E-02
Je4390E-02
Je@3(CLE-02
0.9290E-02
Jeb5CC0UE-V2
Je6500E-02
Je5400t-02
UeT300E-02
De bOUUE~-02
Jelo2GE-01
dol290E°Ol
Jel64uUE=-UI
Ue 1580E=-U1
0.109Ut-01
Ue dUC0E-0V2
Je3T00E-02
Je 520VE=02
Ce71UUE-D2
0«91J0E-02
Je 5200E-V2
Je 59GUE-02
Ve 540UE=-02
ve5100E-02
Ve 5L 0UVE=02
Ge5208Ut-02
Uel960t-01
Jel030E-D1
Uel2850E-01

49

STURAGLE MLDULLUS

CottT4JE
0.9070E
Ued03V¢E
Q.87Y90E
Je9130E
Le932vE
0.9770¢L
Vs 8300L
0.£510E
C.t6GOE
G.CUZOE
Det!GEHUE
Je8E5UE
C.0680F
Ve B8590E
Vet THOE
Ue9G2UE
Je 8480¢F
\:’08080[
Ce852JE
ve928JE
Je5580F
0e9%440L
Ve 960UE
Ue¥6S0E
Ue 98 3IVE
Ue986UL
O.6870L
UeSU LIt
U.%1T70E
Uev340L
0.93060E
CebTTOF
Ce i BUJF
Vs E840E
Ve9090E
Ue9120F
VeG3TUF
0.9540¢
QeY66uUF
Ve9T3VF
Je0TRIE
D.8880E
Vet 950L
G50 1VE
0.“590L

o7
07
o7
07
o7
07
o7
T
o7
07
o7
o7
07
07
07
ut
07
o7
o7
ui
o7
o7
(o)}
o7
07
07
vl
07
7
¢7
(7
07
07
ol
Jg7
u?
vl
07
u7
07
ot
07
07
u?
ul
u7

SPEC

B
3C
1C
18
1€
1u
1A
20
28
2A
20
2F
3
3F
3aA
k1))
3c
1C
18
lE
10
1A
ag
8A
8D
8C
8k
7t
10
T8
7C
TA
6A
6L
6B
6D
6C
ot
8A
ac
a0
8k
5A
5D
5€
5C



TEMP

U
[\ ¥
Lo cdcroueocococgegcoocoecocccecoacaeaeececceoecrcoccocoecocococow

C

CcocCcecc.Cc o

C:

GRAPHITE EPOXY VIBRATIUN DATA

PFRIUU

Gele9dt=-04
ve55%uc=-01
Je55LJE~CL
Ue249JE~-0v1
Jeb4uut=ygl
Je534UE-01L
UeldiuJE=-yl
GedlodE-Ul
Jedlduc-01
se3ldie=-0t1
Jeavevt=uJl
velbTut-vl
Jeladut=-ul
velidwidlL-ul
vel3dbuce=-0l
Vel37ut=-0l
vebOHUL -2
JedB8duL=0L¢
et Tluk=i2
Vvenbbub=Ld
Jeub5dutb=L2
D.buZOE‘UZ
Ve U0JE=-UL
Je4G8IE~-L2
Ue49T0E=-L2
Uea5UVE=- 02
Ledbulk=u2
Jed4dlE-ul
GoJ“&JF-JZ
Jed30LUtE=-V2
JealYUE-LZ
Ueldbul=-u2
Uedcsaut=0¢
Jell4ut—-u2
U.ZIQUE'UZ
Yol l9ul=u2
U.l7th’dz
Je LTUE=LY
Vel 7dut-U2
vellTTUL=v2
Jel750E=-02
JeD03JE~03
Je2HTUE=-U3
iJe25JIE=03
JeYi9uk-03
vel3vut-u3

UDAMPING RATIU

0.96U0E~-02
Ve458UE-0]
Ve 3B83V0F-01
Je4UOVE=-QL
0.4090E-vl
Ve 4220E-01
Je3410t~-01
0e3420t-01
Ue 3LVUE-OL
Je 3J5TCE~VL
Je 3430E-01
Uel5Tut=-01
Jelbl10E-Ul
Ve l740t=-ul
Vel550E-01L
Uel1580E-01
U. 71340t-02
Je 7100E=-02
0.7240C-02
Ve6400E-02
veT120E-02
Ue3990E-02
U.600ut-02
J.#980E-02
Ve 0U10E=-02
Ue5420t~02
00 6300E-02
0+4960E-02
UebUl k=02
Je58TUE=-02
JeUOLIOE=-02
Je&lSUE=-02
Ue4930E-02
Ve 4UHUE=0L2
Je 5430t-u2
Ve 453JE-02
Ueb4TUE-02
Je50U50E-D2
005760E-02
Oe95V10F=-U2
Ue4240E-02
Oe5V60E-02
0.5040t-02
Je JB50E~U2
Ve4850E-02
De%770E-02

50

STORAGE MCOLULUS

Ve9630E
0.8630E
Lot T30
J0e06930¢E
0.9020L
Ve9450F
0ed9550E
UeESLOE
0.8€610F
0.877Jk
Ue9100F
Je829)E
Oo&S?JF
Cot 6 T0F
U« b820F
0.6970¢F
Leb56IE
U £TO0L
VebYlul
0«91 T0F
0.9320E
UeBG1UE
G.8080L
U08740E
G.8T780E
Ve9050F
Let6UUE
Je8T1lUE
veY 1 VVE
vef330Ut
0.,9710¢
Le62H0E
Ueb529E
Oetb58UL
ve#950L
0.£930¢
Vet TUE
Oeth610t
0.66T70E
JebT790C
Ue9C10C
Je 846JE
0.8630E
Ve UBOUE
Ve9230L
C.9530E

u?
o7
07
7
o7
o7
C7
o7
ut?
07
07
o |
07
ul
07
vl
07
u7
ul
07
NY |
C7
L7
o7
o7
07
L7
u7
vl
JT7
27
07
o7
¢7
07
vl
vy §
o7
o7
u7
7
o7
ul
o7
vl
o7

SPEC

58
40
4A
4B
4E
4C
38
3A
30
3t
3C
2C
28
2A
2t
20
4U
4A
48
4E
4C
3A
3t
3V
36
3C
1C
18
lF
10
1A
2C
26
2A
20D
2t
3B
3A
ar
3D
3C
1C
18
l1E
1D
1A



TEMP

CocoococoecocooccecococcouocoocLceccodbcooo

T O ET &
oo occCcaeo

80
8u
o0
oy
89
80
80
Bu
89
. 1V]
du
8V
80
8J

GRAPHITE EPOXY VIBRATION DATA

PERIUD

0e3127E~U3
Je30P4E-03
0e3062E-03
0.3054F-C3
0¢2989E~-03
Jel2405E~U3
Uel386E~-0V3
Qe I00E-U3
Ueld303E=-V3
0.‘355&‘03
vel621E=-03
Velblot=03
JelbllE=-v3
Uel590E-03
VelS8TE~-(]
VelU43E=-U3
CelU34E-03
velC20E-03
J.1021FE-C3
Jelul9e-03
VedUDVE=U4
Jed0uuc=04
Jel1S9TUE~04
De7730E-04
0.’7ZUE‘04
Ue5500E=-01L
0.5510E~C1
Ved43JE-OL
Jeb4lUE~-(C]
Ve232V0E-01
0.31405-01
Ue3l40E-C]
Ve3l4uE-CL
Vell3JE=-01
Qe3U5JE-U1
Jel43vE=-Cl
Uel390E-0O1
Vel38uE-01
Jel370E-01
Jel3T7ut~Cl
JedBIVE-02
VedBBUE=-02
V.8L00E-02
JeTOUE=V2
Ve 858UE-C2
0e9030e-02

DAMP ING RATIO

Y.0300E-02
Ve6200E-02
0.7500€-02
0.6200E-02
0.7700E-02
0e1620€-01
0.1290€E-V1
Je 1890E-01
Jel380E-01
0.155CE-01
C.8700E-02
0.1170€-01
Ve 050UVE-02
Ve 8COUE=-02
Ve 9200E=-02
0.6100E~-02
0.620V0E-02
0.5500E~-02
0e510VUt=02
V.610CE-02
Ve5200E-02
Ce.1800E-01
Oel560E-01
0.2900E-01
C.8500€-02
0.3060€-01
0.2760t-01
0.2660E-01
Ve2b810E-01
0.3240E-01
0.3520€-01
0.2450E-01
0.2030€-01
Ve2360t-~01
0e2360E-01
0.122CE-Q1
Je1270E-01
0.1250E-01
Ve lU40E=-0]
Je1180&-01
0.6220€-02
0.6080E-02
0e6010E-02
0.5700€E-02
0.6080€E-02
0.375CE-02

51

STORAGE MOUULUS

0.9320E
0.9520E
0.9720¢E
0.9770¢
0.9610¢t
03870
v.9010t
0.9163E
V.9180E
0.9220E
C.8670E
0.8720E
Le8T9JE
ve9020t
0.505JF
0.5300E
0.5460E
C.S610F
0.9700E
C+9T40E
O.B800E
0.6900E
0.8980C
0.9540F
G.9560E
0.8730E
0.8860¢E
G.9120¢
C«9190E
0.9520¢
0.8620E
Ve 8620E
Ue8660E
Uet680E
0.9150k
0.u190¢
08690t
V.8790F
0.9010L
U«598BUE
0.865680E
C.5T00E
0.88670E
0.9070E
Ce5310F
V.8570¢

07
o7
07
o7
07
07
o7
vl
07
o7
o7
(4
w7
u7
vl
o7
u?
o7
07
7
o7
J7
o7
o7
u7
u?
o7
07
u7
o7
(v) 4
o7
07
o7
o7
07
u7
07
o7
cr
o7
07
07
07
07
07

SPEC

88
R4
8C
8t
a0
TE
70
18
TA
7C
6A
6E
68
ol
6C
8H
8A
8C
aD
13
SA
5D
St
5C
58
40D
4A
48
4t
4C
3E
3A
3D
3y
3C
2C¢
28
2A
20
2E
4A
4D
48
4E
4C
3A



TEMP

dJy
8u
3V
dJ
89
ay
]
84
60
3J
by
L 1V)
gJ
39
830
bu
dJ
69
V]
80
Buv
8u
6u
HJ
yo
6
5
5J
87
Hu
3
U
1Y)
8y
39
8y
gV
ol
gu
80
890
8y

39
8u
gJ

e et ottt o s et

GRAPHITL EPOUXY VIBKATIUN DATA

vExlud

Ve299uE~02
Ve49dJE~u2
0+4970E=-0¢
Ve490JE~U2
Ued49IE-02
Je3490E-02
Oe238UE~UL
Ve330U=-02
ve 33UOE-U2
02270E=-02
Vec240e~-C2
JedddVE~T2
Jecl9ie=-C4
Jecldut=02
JeldUVE=-U2
Jol?’Qt’&J
selTHUE=UZ
JeblTTuL-02
Jel759E=(2
Ve d:2ub =03
Jeb4d0E-uU3
Ved3uJdE=u3
Jev3uwdtk~-03
Ce3ladE~-ul
vesll3E~-(C3
VelUY4E-U3
Ue30dut=03
VedVOLTE=-U3
Jel24uTE-03
Jeldost8okE=-0L3
Uel373E-03
Jecdvot=-U3
Jel2300E-03
Jelo3duk=03
Jelb23E-03
Delb523E-03
Jeld5Yot=uJ
Jelbdbi=U3
VelUol2E=-03
VelUadE-C(3
VelU34E~-L3
Velv3duwE=~-(Q3
VeluloE-03
Vet l2UE=04%
JebdutJdlL-U4

DAMFING RATIC

0.5020€-02
Je54T0E-02
Ueb4«708~-02
03%920E-02
Ue4210€E-02
0e3520E-02
0.54108-02
0.4730€E-02
Je3340E-02
Ve4150E~02
Ue4C10E-02
Je3600E-02
0¢3970E-02
Je4850E-02
0.5080E-02
Ve 5060E~02
Je50U10E-02
Ue43V0E-(2
Ve4250E-02
Ve3950E=-U2
Ue4590t~-02
Ue3850E-02
0.4310€E-02
Ue3T10E-02
0.63C0F-02
ve690UE-02
0.4900E-02
0.7T700E-02
Ve0200E-0Q2
v.1080€-01
Je 1$30E-0O1
0015005‘01
0.1810E-01
Ve L7TUCE-O1
Je8lUUVE-D2
0e7300E-02
0.7400E-02
0e.1240E-01
Ve900UVE~02
0.63C0E-02
ve L1O0E-01
Ve 5500k=-02
Je5200E-02
Ve5700L~02
0.570¢vE=-02
0.238VE-01

52

STURAGE MuuULUS

Ue8T720L
Oe8TTIE
0.8790¢
UeGC50F
0.8620E
O« 8660L
0e9220F
0.,9310¢E
CeG640F
G 8280t
Ued520t
0.8590t
C«8980VF
Ue 8990k
UeB590L
Ve T JE
Je8720E
G.H820E
0.6040F
O.8470E
Ues86lUE
0.8910E
V9250
Ue9540L
Ue9200E
Ce94lUE
Ue9520E
U.9610t
0.9690E
0.84850E
0.9020¢
0.9110¢E
0«9160F
0.9160E
0.8580L
0.8600E
Ce 860UUE
008950&
0.9060E
0.9150E
Ue92170E
Ge3460E
U.9540L
0.9610E
O+ d640E
V«B770F

Q7
o7
07
o7
07
07
o7
o7
o7
07
07
o7
u7
o7
ul
o7
Q7
u7
07
u7
07
o7
vl
07
o7
07
o7
o7
o7
o1
"
v?
o7
o7
o7
o7
o7
c7
c17
vl
07
07
al
oi
o
07

SPEC

3t
34
3D
3C
1C
1B
1€
1D
1A
2C
28
2A
2E
20
3A
e
3E
3D
3C
1C
18
1€
10
1A
8
3A
8D
AC
8E
70
1€
74
8
7C
(13
6A
ét
oD
60
88
3A
8C
80
BE
SA
5D



TecMP

9]

80

89
2Vu
230
29V
20y
200
290
2090
200
2uv
2Iv
290
REIV]
2U4
20v
PNV
2V
200U
2JU
209
200
2949
209
<0V
290
V49V,
2530
20V
200
20V
2J¢
PAVIY
2J0
20V
2J¢
200
200
2uJ
29V
PV
20V
290
2490
200

GRAPHITE EPOXY VIBRATIUN DATA

PERIOD

vellu2uE=U4
VeTTLUE~O4
Je TT6VE=L4G
Ued58uE=-DL
JVedbbut=(Cl
Jeb540VE~01
Je243UE-01
U-DZQOt'Ol
Ve3dl5JE=01
De3levE~(l
Jeslide=0Cl
VeallJE=-CUl
Ve3Uuuk-ul
Jela3JE=-yul
Jel@due=-ul
Jelavut=-ul
Jel38ul-01
Uolj?JE'Ol
CetuYadl~-U2
veY3de=U¢
VedbiIdL-u2
u.87UUt-02
Je0bUJE=0L
u.')L.5Jt-b¢3
Uedudvt=-C2
Ve2VUJdUE=U2
Je@9I0E-02
Je492UE~-uU2
J.Jﬁlut"dz
Ve3500E~U2
Ve339Ut-02
d.33b0[-02
Vedcut=02
U.dZdOﬁ-CZ
Je2i5Vt=-02
Yeld4ut =02
Ue22V00E-02
VellIUL=-02
Je LUt =02
NelBIUE=~G2
Vel T9uk-u2
CelT9JE-02
vel7out-02
Uebt3Ut-03
J.ﬁblUt-Oi
Je®520k=-313

ODAMPING RATIUC

0.1620E-01
Ve lOBUE-O1L
002560&'01
0.2570E-01
Je2440E-01
0.2350t-01
Je2280E-01
Ve2330E-01
0.1890t=-ul
Uelo20€-01
Uel&90E~OL
Je2u50E-01
Je243CE~-O1
J«1030E-01
Ve lOTUE=-O1
Uell4UE=-01
Oe1C20€E-01
0.1190€-01
Ve 5810E-02
Ue0250E-02
ve5910E-02
Ue5200E-02
Ve5670E-02
0.3540E-02
0.4550E-02
0.5000t-02
Ue4(20t-02
0.3940E-02
0.3530E-02
U.3500E-02
0.4840€-02
0.3400t-02
Ue4730E-02
0e3670t=-02
Ve3620E-02
Ue3590E-02
0.3610E-02
0.3380€-02
Ue438UE-02
Ve3590E-02
Ve4340£-02
ve3600L=-02
0.35uVE=Q2
Ve.2840E-0¢
Je3360E-02
C.3320E-02
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O.88B7UE
094 70E
Ve946UE
0.8650E
Ceb730E
0e9UL20E
0.9120¢
0.5620E
U.b600t
Je8620F
GeB68IE
Ve bTSOE
0e9070L
0.bC3VE
Ve 8620E
0ebb560F
Je E8SJE
(«6940E
0.8590t
Ced0 Q0L
C.8TGUF
0.5050t
Ue928uE
C.8510F
U«8620E
O« 86L0E
Ceb710F
Oe 8960E
U.8540E
O.EELDE
0.9150E
0e%210F
Ce9T00E
O.t220E
Ue b4 40FE
0.8550¢
0.8890¢t
0.8930¢E
U.8520¢E
0.8590F
0.50683t
C. 8600t
Ve E9TUL
Ve 8320F
UeB610E
Ceb812E

STURAGE MGOULUS

07
07
("}
L7
o7
ul
(4
o7
o7
ot
u?
u?
o7
o7
¢7
o7
oy 4
C7
C7
07
o7
07
ol
97
07
07
oy |
07
07
c7
v
67
o7
07
o7
(7
c?
07
o7
07
o7
o7
a7
a7
(V¥ §
o7

SPEC

St
SR8
5C
40
4A
48
4t
4C
3a
38
iD
3E
3C
2C
2hn
2A
20
2t
4D
4A
4B
4t
«C
3A
3¢€
38
30
3C
1C
L8
1t
10
1A
2C
28
2A
20
2t
3A
3t
in
38
3C
1C
16
1§



Temf

290
290
2ul
2IV
29V
2J9
FAVN]
20
2
2uv
20u
2ud
2Ju
AN
233
2Jv
200
2uv
2Ly
29U
200
208
290V
2930
PAVIV}
2ud
2Uu
EVIV)
304
LYVIV]
3oy
3ul
309
300
300
3oV
300
3ul
30
300
3uv
300
390
3350
3C9
30u

LGRAPHITE EPUXY VIBRATIUN DATA

PERILL

Oeb4lVE-uv3
Oed330E=u3
Ued21l5E-C3
Oe3192t-03
vealadt=-u3
J03131C'U3
O«.3125E~-03
Jel4alE~L3
Jel43TE~-C3
Vecblyc-ul
Decd4l+£-03
Jel4luE-u3
C.loé&E-OJ
velboidt~(3
Celowat-ul
veltlle=u3
Jelé&2Je-U3
JeluTei-ui
veluTic-ul
Oel(C5d~-C3
JelU4ot~v3
Ve LLA4L-33
Ded3dbut=u4
UeocdvE=-04
JeuldJdi=04%
ve TEDuUL=-V4
JeTb4aui-04
ve2508Uc=-0U1l
Jebbout-01
00547Ut-01
Jed43VE=-yUl
Jed32vE=UL
Jeslbul-L1
Jedlaul=-ul
Vedlalce=-ul
Jedlluk-uUl
Ue3dUGIE-UL
volQQJE-Ul
vel4dut-ul
vel39Jt=-U1
Jel3Tut-vul
Jelslue=0l
VetSlur=02
vedY4JdE=u?2
J-?SL}JE-UZ
Ued70dtE-02

VAP IIRG RATIO

063220E=02
Ue42TUE=-02
Ve 9T7C0E~-D2
0e1790E-01
Ve 50V0E~02
VeI400E-02
0.7900E~02
O 1370E-01
Ve 2060E=-01
Jel74GCE-01
Ue178VE=-U1
Je 152VE~01
UelU50E~-U1
G.940CE-02
Ve 820VE~DZ
Oelc30E~-0O1
Vel31l0F-01
Jed600E~02
Ue 204UE~-UI
Uel320E~DT1
Ue8400E-02
0.4900t~-02
Vel750E-0Cl
velG0CE-U1
Jel210E-01
Le430CE=-02
Jelu40t=-01
042450E-01
Je2390E-Cl
QoZlQUE-Ol
Ce222ut=01
Je2290F=-01
Velb30E-01
0.1890t-01
V.1820€~01
Uel79ut-01
Uel840E-01
0.9330€-02
Ve9520£-02
0.972UE'02
Ve 9390E-02
0.lUbUE=-O01
Ve 5450E-02
Ue5370E-02
Je5300t~02
Je5200E-02

54

STORACE MODULUS

CeSl4ut
0.%9420E
VedB82IE
0. 8950E
0e4220E
0.5500F
0e9340F
0e85T0F
Ve bt 40t
Ve T60E
Qe n8uul.
O.u830tL
Ve 8200E
VeB8250E
Led34UF
O« 86 TOE
Vel BOL
CebB1UE
O.EB84JE
Ue9040E
09290t
UVeG290E
0.8170E
0.6420C
Uet6SOE
0e.S230L
0.9200L
O« B6G0E
CebT3UE
CeS010F
Oe.¢120E
Je9530E
VeE56IE
Cet&20L
0.6620¢
Ue£800F
0etsG 10t
Lebl 708
Ueb550L
Ceb730L
Uet9Y0E
0.¢010E
Cet520E
0.EST0E
b.b&UQE
JeG0T0E

01
u7
7
ol
07
o7
o7
07
c7
07
07
o7
o7
o7
7
07
07
o7
07
o7
07
L7
ol
o7
c?
7
c?
<7
vt
U7

)
~

o7
ot
ur
o7
g7
o7
07
o7
o7
c7
u?
7
07
o7
u?

SPEC

10
1A
a8
AA
a0
1
8E
70
42
TA
78
7C
6A
M)
6t
6C
6D
-]
8A
5C
13
30
5A
50
¢
54
5C
4«0
4A
4R
4t
4C
3a
3t
306
3v
3C
2C
2B
24
20
2t
4A
4D
48
4t



DU

TEMP

ETH
300
30V
30
300
300
300
300
300
30V
3ue
300
3uL
300
30u
300
300
30v
3uJ
300
300
3u0
300
300
3uo
300
K YY)
330
300
300
339
E TV
300
300
300
300
30v
30V
CIV]
ENN)
300
300
300
3cu
3uv
300

OGRAPHITE EPGXY VIBRATIUN DATA

PERIUD

Oebb30utE-02
JeHCHIE- G2
ved(U3IVE=-02
JeS5CoVE-02
0.5010t=-02
JetYuk-~u2
Ue3db20t=-02
Oe390VE-02
Je 34Jdut=U2
UessIIE-02
Je dI3uuwE=-L2
Je2290E=0u2
u.i‘buE-CZ
0ed206IE-(2
Oel2190E=-02
Vel l9ul=~u2
Jel8lue~-0Z
JelbtlLJE-UZ2
Vel 79uUt-02
UelTBUE=-02
Del760E-02
0e5¢30E-03
'J.bblut-o )
Je92530UE-(3
LVe2430E-03
Ved340E=vU]
Ve3dc3lt=-03
UelZ235c-03
Ved151E-03
Ye3lalE-C3
Vel40Ll=-U3
Jelhbi3L-L3
Jel@2lt=03
Velhclt=y3
Ueld420Lt-03
Delb96L-C3
Coelol2c-03
DelCb66E~03
Ve lot4t~-03
velO4UE~-U3
VelOTBE~03
CelCl4E~(3
QDelU6GPE~D3
Vel{4T7C-(3
Jed300t=04%
Ve300t =04

DAMPING RATIC

Je5690E-02
0.6060E-02
Ve4520E-02
Ue 3520E-02
Ve4540E-02
Ue 338UE-02
Je3520k-0¢
0.2110€8-02
ve3b30E-02
Ve 3550E-02
Ue4610E-02
Ue5960E-02
UonlGE'UZ
0.5‘03\)*'02
Ue3590E-02
Je5160E-02
ve3dbL10E-02
Ue4360E-02
UeH01UE=-02
Us 4990E-02
Je4270L-02
0e.284VE-02
Ve 394uE-02
Je2TTuUE=-02
Je2720E-02
0.3200€6-02
Ue 194uUE=-01
Ue3170E-01
0.1900t=-01
Ue4400E-02
0e930CuE-0V2
Je166VE=-V]
Ue 1350E-01
0e 170U0E-01
Uel740E-01
0.1530E-01
Ce7500E-02
Uel200E-01
Vel26CE~Ul
0.125%0t-C1
UelUBULE=-U]
0.2320E-01
UelE20E-01
0.3200E-02
Uel760E-01
Ve2080E~-01

55

STGRAGE MULULUS

0.9210E
C.B500E
0« 6590F
Ve 8549CF
0.8640L
0.S5060E
0.8490L
0.85TVE
CeSCO0F
0.9160¢
Ce%690E
O«Bl5ut
C.ttalUt
Us8410F
0.b910E
Ce1920L
Ce €500t
Cet530¢E
O«8620E
0.88170F
Ve B960E
O«8310F
Cetb20E
Ve tTTOE
Qe9CBIL
CeS41VE
0.8T0OE
0.H8720E
0.9180F
Ce9240F
Ce8470F
0.8520F
0.8710F
0.6750F
V.6T60E
0.7930F
Ue8160F
0.8220E
0.R430F
Ceb8480F
Ot TOQUE
0.e770C
0.8860F
0.927T0¢
Ve B0O90E
0.8280¢F

07
o7
07
o7
07
7
07
o7
7
07
07
¢7
o7
o7
o7
C7
07
vl
07
o7
u?
ol
c?
u7
¢1
07
c7
07
7
07
07
07
o7
c7
07
7
7
o1
c?
7
07
o7
o7
Jd7
07
L7

SPEC

4C
3A
38
3F
3D
3C
1C
18
1t
10
1A
2C
28
2A
20
2k
3e
3A
3t
in
3ic
1C
lb
1E
10
1A
848
8A
a8c
80D
70
TE
7C
1A
18
oA
68
6E
6C
60
88
g4
8C
8D
5A
50



TeMp

300
300

GRAPHITE EPOXY VIBRATION DATA

PERIUD DAMPING RATIC STORAGE MCOULUS SPEC
0.8130E-04 0.1680E-01 0.8610E 07 5¢
Ve T6BUE=-04 0.39500€E-02 G.9190€ 07 58

56
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