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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 +300oF. 

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. 

111 

\ 



TABLE OF CONTENTS 

I INTRODUCTION   1 

II REVIEW OF PERTINENT LITERATURE   1 

III SPECIMENS  4 

IV VIBRATION TESTS   4 

Advantages of Vibration Testing     4 

Measurement of the Complex Modulus  5 

V DEVELOPMENT OF A RESPONSE SURFACE      12 

Multiple Regression Procedure      12 

Response Surfaces      16 

VI TEMPERATURE SHIFT PARAMETERS   30 

VII HUMIDITY EFFECTS   34 

VIII CONCLUSIONS  34 

APPENDIX       39 

Boron/Epoxy Vibration Data   40 

Graphite/Epoxy Vibration Data     47 

IX REFERENCES        57 

iv 



__.   „ 

1 

LIST OF ILLUSTRATIONS 

PAGE 

1. Test Configuration for Transverse Vibration   6 

2. Test Configuration for Axial Vibration   7 

3. Schematic Diagram of Vibration Testing System   8 

4. Typical Axial Vibration Test Results on Boron 
Epoxy Specimens at Various Temperatures   10 

5. Effects of Mass Cancellation on Resonance and 
Anti-Resonance Peaks   11 

6. Measurement of Damping   13 

7. Contour for the Storage Modulus of Boron Epoxy   18 

8. Contour for the Loss Modulus of Boron Epoxy  19 

9. Constant Temperature Curves for the Storage 
Modulus of Boron Epoxy   20 

10. Constant Temperature Curves for the Loss 
Modulus of Boron Epoxy   21 

11. 95% Probability Curves for the Damping Ratio of 
Boron Epoxy at -50° F  24 

12. Contour for the Storage Modulus of Graphite Epoxy   25 

13. Contour for the Loss Modulus of Graphite Epoxy  26 

14. Constant Temperature Curves for the Storage 
Modulus of Graphite Epoxy  27 

15. Constant Temperature Curves for the Loss Modulus 
of Graphite Epoxy  28 

16. 95%  Probability Curves for the Damping Ratio of 
Graphite Epoxy at -50oF   29 

17. Horizontal and Vertical Shift   31 

18. Time Shifts Due to Temperature Changes  33 



mr- 

LIST OF ILLUSTRATIONS (continued) 

PAGE 

19. Vertical Shifts Due to Temperature Changes 35 

20. Master Curve for the Storage Modulus of Boron/Epoxy 
for a Reference Temperature of 80oF (300oK) 36 

21. Master Curve for the Storage Modulus of Graphite/Epoxy 
for a Reference Temperature of 80oF (300oK) 37 

vi 



LIST OF TABLES 

PAGE 

1. R , a, and the Coefficients of Equation (24) 
for Degrees Kelvin   22 

2. Coefficients of Equation (24) for Degrees Fahrenheit .... 23 

v11 

1 



_ 

SECTION I 

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 
«tensive 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 ind 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 II 

REVIEW OF PERTINENT LITERATURE 

Environmental effects on the mechanical properties of advanced 
composites have received only limited 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 

y = b0 + ^T + b2T2 + 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 a2.   The variance of e is assumed 



to be the same for all temperatures.   The constants b*, b-i, and b« are 
regression coefficients and are estimated from least squares techniques. 

Reference 2 describes an experimental approach for finding humidity 
and thermal effects on graphite/epoxy composites.   These tests involved 
hygrothermal exposures (combinations of constant temperature and constant 
humidity) 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 
moisture 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 increased moisture content. 

Browning 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 
moisture was absorbed.       The   same material, with a uni-directional 
lay-up end 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   wot" specimens.    The "viet" 
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 
constituents.   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 
altered by exposure to himldlty.   No significant change In strength or 
modulus was seen In cross-ply laminates. 

Halpln   [Reference 6] states that although the range of Interest 
for the linear vlscoelastlc behavior of polymers can cover a large 
nunber of decades In time or frequency the range of any given experimental 
instrument Is limited.   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 Is 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 upon 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 aT.   This shift factor Is the ratio of the time scale 
at an arbitrary temperature to the time scale at a reference tenperature, 
T .   A function of the reference temperature and the arbitrary tempera- 
ture can be used to define a^ [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 
master curve can also be developed at a reference hunldlty.   A simul- 
taneous change In temperature and water concentration could be approx- 
imated by a reduced time, t/a^a [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 
temperature 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 p   is the density taken at the reference temper- 
ature Tr.   The response at the reference tenperature is E'r [Reference 
6]. 
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Composite materials consisting of elastic fibers and a vlscoelastlc 
matrix behave In a more complex manner than do thermo-rheologlcally 
simple, linear vlscoelastlc materials.   It Is, however, possible to de- 
velop time-temperature superposition methods for such materials based 
mostly 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 Marlon, 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 X3S01A-S graphite 
tape in an eight ply laminate 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 is 1.476. 

Test specimens were routed from the panels using a slotted router 
coated 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 20 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 n on-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 mount of data 
possible.  This was essential for the statistical analysis used. 

Measuranent of the Complex Modulus 

The complex modulus is determined from a forced oscillation exper- 
iment In which the lag angle, 6, between the Imposed sinusoidal strain 

e - €o exp^t) (1) 

and the resulting sinusoidal stress 

o • E*e «  |E*| e0 exp j (ut-6) (2) 

Is measured.   In equations (1) and (2) e. is the strain amplitude, u Is 
the circular frequency, J Is y-1, t Is time, and 

E*- E'(l+j tan 6) (3) 

1s 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' 6 (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 then at mldspan to an accelerometer fastened to the moving 
element of an electromagnetic shaker.   For higher frequencies (4,000- 
17.000 Hz) the specimens ware vibrated axial ly (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 element of the shaker was kept constant by an 
electronic servi»/monitor in a feedback loop (Fig. 3). 
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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 antl-resonant freauency and a mlnlmun value at the resonant 
frequency.  The antl-resonant frequency was used to determine the 
modulus and damping characteristics of the specimen.  The effect of the 
mass of the accelerometer and specimen Holder are not present at 
antl-resonance.   If the resonance had been used additional electronic 
equipment would have been necessary to provide for mass cancellation 
(Figure 5).   For transverse vibration the lowest three antl-resonant 
peaks were observed.   In the axial tests only the first vibration mode 
was observed because the frequency response of the test systan was not 
high enough to monitor additional modes.   (The upper limit of the 
system was approximately 20 kHz.) 

The storage modulus and lag angle (damping ratio) were calculated 
with the aid of Isotropie 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 Isotropie bar In axial excitation the normalized 
driving point impedance, Z, Is given by 

7        Fi /ai     1 

where F, Is the driving force, a1 is the acceleration of the transducer 
of mass m,, M • pAi Is the mass of the bar with p the mass density, A 
the cross-sectional area and I the length; n* ■ w vVp/E* and Y * m,/M. 

The relation between the storage modulus and the frequency Is given 
by 

C2 - fl (6) 

where C, the wave speed Is 

C - Vn (7) 

Here fn Is the frequency In Hertz at an antl-resonance and x   Is the 
wavelength for the antl-resonance. 

For the fixed-free boundary conditions used here 

*! = **. VT-, x3 -r» '•• (8) 
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Figure 4.  Typical Axial Vibration Test Results on 
Boron/Epo*y Specimens at Various Temperatures 
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Therefore It follows that it first tntt-resonance 

At antl-resonance Z reaches a maximum. 

For small 4» at an antl-resenance, It can be shown that 

n n 
th ' ' 

where f   Is the nantl-resonant frequency and f2 and f. are the half 
power frequencies as shown In Figure 6.  At the naif power points the 
Impedence Is equal to .707 times Its peak value at antl-resonance.  The 
half power points are 3 Db below the peak when olotted on a logarithmic 
scale. The Impedence, Z, Is plotted in Flqure o resulting In a maximum 
at the anti-resonance frequency. 

It can also be shown that the storage mtfulas for vibration of a 
double cantilever beam driven by  a sinusoidal force at the midpoint 
Is given by 

48it2fn
2p    r.      "I4 

IT 
where h Is the thickness of the beam.  Values of the parameter "na" are 
given In Snowden [Reference 8]:   na, ■ 1.8751, na2 ■ 4.6941, na« * 7.8918 
The value of the damping ratio Is a^aln computed from equation flO). 

SECTION V 

DEVELOPMENT OF A RESPONSE SURFACE 

Multiple Regression Procedure 

The response surface problem Is to find the response, y . which 
depends upon a set of k controllable variables, x,, x9,  .... x., that 
Is i     * K 

y ■ f^, x2 xk) (12) 

The form of f In equation (12) Is unknown but Is assuned to be a 
polynomial function of low order. 

12 
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Figure 6.  Measuronent of Damping Ratio 
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If Ic2 one night •stun« a model for y of the form 

X" *o+Blxl*ft2x2+6n1l2+82^22+e12xlx2+e ^ 

where  6*, ß^» ...» el2 ere coefftclents to be estimated» y Is the 
measured response» and c Is random error. 

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

yl     xn     x21 

y2    x12    x22 

•«• ••• ••• 

yn    xln    x2n 

The number of observations must be greater than the number of 
coefficients to be estimated.  The 1th observation can be written as 

y1 • ßo+ßlx11+a2»21+ßnx112+ß22X212+ß12x11x21+e1       ^ 

where €1 Is a random variable.   It Is assumed that e1 Is Independent 
from observation to observation and Is normally distributed with 
variance o2.   The model of equation (14) can be written In matrix 
notation as 

y.- CX]l+ c (15) 

where 

(16) 

14 



and CX] 

60 

6l2 

^l    x21 

x12   x22 

^l     x21 xllx21 

(12    x22    xl 2X22 

1 xln   x2n    ^.n 

• • • • « • 

^n    xlnx2n 

07) 

08) 

The method of least squares Is used to estimate the regression 
coefficients of equation (17).  The least squares method uses as 
an estimate for §_ the vector that minimizes the sun   of the squares 
of the errors 

t-1 V « c'e  . (19) 

L can be written as 

L - (HX]i)fc (*.-[X]i) (20) 

where & Is the vector of estimates for £. 

Expanding the right hand side of equation (20) 

L - l,^-(CX]fi),iL-^([X]i)+([X]i)'([X]i) 

L •a.'^gjm'y+itxnxli 
(21) 

To find the iwhich minimizes L. equation (21) Is differentiated. 

15 
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Setting the partial derivative to zero and solving for £. the least 
squares estimator Is 

i- ([XPIX])-1^ (23) 

These equations are called the "normal equations" for estimating £.. 

The preceding development 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 antl-resonance.   Beciuse of the assumption that the 
errors, e., are normally distributed, the Implication that the 
components 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 Is resolved by using 
InE' and InE" as the dependent variables In the regression analysis. 

The computer program not only estimates the regression coefficients 
but chooses the model that produces the maxlmun R2.   R2 Is the multiple 
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 
1n£, InE', and InE" for both boron epoxy and graphite epoxy. These 
surfaces were of the form 

Iny » A + Bint + C1n2t + DT + ET2 + FTInt (24) 

16 



where y Is either 6, E', or EM.   The values of the coefficients are 
given In Tables 1 and 2.   The multiple correlation coefficient, I?, 
and the error standard deviation, cr. Is also given for each surface 
In Table 1. 

To aid In visualIzlna these surfaces contour plots are given 
(Figures 7, 8, 12, and 13).   These plots were drawn byai XY plotter 
controlled by a digital computer which used the regression equations. 
The temperature scale Is the abclssa and time (period) Is the ordlnate 
There are plots for both the storage and loss 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 31, estimates a mean surface 
(mean line for constant temperature).   It is possible to establish 
confidence bands for this mean surface.   It Is also possible to 
estimate tolerance bands for new observations. 

The probability that a new observation will fall within the 
limits prescribed by y' Is a/2%, where 

^ " yiZo/2 a {1 + ^(CXl'CX]"1)^'}172 (25) 

In this equation y Is the value of the response (In«, InE', InE") on 
the regression surface defined by equation (24) and 

x = [l,lnt,ln2t, T.^.Tlnt] (26) 

o Is the error standard deviation given in Table 1, z /? 1S ^e normal 
statistic corresponding to the a/2 probability of exceedence, x([X]1 

DOMx1 "'s a quadratic form with x' the transpose of x (Equation 26) 
and thF [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 \% is incurred if it is assumed to be zero.    For 
95% probability z „ is 1.96 and Equation (25) becomes 

y' * y + 1.96o (27) 

Plots of the regression with 95% probability curves and the data 
are given for the damping ratio at -50oF for both materials in Figures 
11 and 16. 
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TABLE 1 

R2, o. and the Coefficients of Equation (2*) for Degrees Kelvin 

Boron Epoxy 

1n5 InE' InE" 

R2 .65 .58 

0 .33 .05 .38 

A 2.42 1648 18.90 

B 1.612 -1 .899x10' 2 1.623 

C l.UBxlO"1 2.115x10" •3 1.136(10"1 

D -1.352x10"2 0 -1.352x10'2 

E 1.594x1 O*5 0 1.594x10"5 

F -5.362x10"4 7.438x10" •5 -4 .618x10"4 

Graphite Epoxy 

Inö InE' InE" 

R2 .70 .25 

0 .41 .04 .45 

A 4.65 15.93 20.58 

B 2.285 -7 .817x10' -3 2.277 

C 1.478X10'1 1.735x10" •3 
1.495X10"1 

D -1 .519x10'2 3.317x10" •4 
-1.48exl0"2 

E 1 .183xl0"5 0 1.183x10"5 

F -1 .036x10"3 8.050x10' ■5 
-9.555x10"4 
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TABLE 2 

Coefficients of Equation (24) for Degrees Fahrenheit 

Boron Epoxy 

Inö InE' InE" 

A 1.145x10'2 16.48 16.49 

B 1 .505 0 1.505 

C 1.115x10'1 2.115x10° 1.136(10'1 

D -2.9R8X10"3 0 -2.988X10'3 

E 4.920x10'6 0 4.920X10"6 

F -2.979X1O"4 4.13 2x10'5 -2.565x10"4 

Graphl te Epoxy 

ln6 InE' InE" 

A 1 .547 16.01 17.56 

B 2.021 1 .274x10"2 2.034 

C 1.4 78x10"1 1 .736x10"3 1 .495(10"1 

D -5.081X10"3 1 £43x10"4 -4.897X10"3 

E 3.650x10"6 0 3.650xl0"6 

F -5.7 54x10"4 4.472(10'5 -5.307x10"4 
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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 linear viscoelasticity. 

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

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 tanperature, denoted by Tr, the 
response (Equation 24) function becomes 

in yr = A
r 

+ V + Cx2 (29) 

2 
where y   is the response (E1 or E"). x = Int, A   = A + DT + ET   , and 
B   = B V FT .   The stationary point on the constant temperature curve 
(Figure 17) can be obtained by differentiating equation (29) with 
respect to x and equating the resulting derivative to zero. 

d(ln yj 
dx   ■   = Br + 2Cx= 0 (30) 

The coordinates of the stationary point are thus given by 

30 



co 

c 

o 
rsi 

i- o 

(U 

31 



The stationary point can similarly be found for a curve at another 
temperature and the difference 

x -xr = ln^= -^ (T-Tr) (32) 

is tne horizontal shift parameter. 

The vertical shift is likewise obtained and is given by 

2 
In y - In yr= In ^  = (D - ^)(T- y + (E - Jg-) (T2 - Tr

2) (33) 
r 

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 (ln2t) 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 nonzero.   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 80oF 
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 temperature.   A new reduced time scale is given by 
t ■ t a     where V is the time at the reference temperature and aT is the 
time shift parameter, t/t .   For example, lnaT for the storage 
modulus of graphite epoxy at 300oF is approximately -2.83 (Figure 18) 
and a,, is about  .06, reducing the time scale to 6% of the 80oF time scale. 

An increase in the time scale occurs when the temperature is 
elevated for the loss 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'   _ prTr (34) 

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'/E  ', occurs for graphite epoxy 
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and Is approximately .98 at 300oF (422K) with the reference temperature 
being 80oF (300K).   (See Figure 19).   The above equation Indicates a 
density ratio, p/p . of 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 Is 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 hunidity effects a new model would include a third 
Independent variable.   This new model may be of the form 

3 3 2 
y = 6n +    S     ß x. +    2     ß..x/+ 5X ß..x.x.+e        (35) 

u       i-1    1 1       i=l    11 1       i j    11  1 '' 
i<j 

where the 6's are constants, y is the measured response and e is random 
error.   The independent variables, x,, x«, x-, are time, temperature, 
and hunidity or some function of theie variaBles. 

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 
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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 hunldlty 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   n..«. In 
order of decreasing period (Increasing frequency) for each test tem- 
perature.   The temperatures are gi;en In degrees Fahrenheit and the 
period (which is the reciprocal of the frequency in Hertz) is given in 
seconds.   The damping ratio is a nondimensional 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 numbers 5, 6, 7, and 
8 are for axial vibration and also denote lengths of 5, 10, 15, and 20 
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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-Svy j.tic^ot-uH J.UOOE-Ol 0.lo*»4E ^.b •>H 
-Üü 'j.aC(S2L-Ol -.356Ct-0l 0.1<»17F GH **l 
-if'j J.5o5it-Gi ü.3b5wE-0l G.1<»<»JE GH Hi) 
-L'j ^.3wiÜf.-Jl J.3530t-0l C>,lA^7e wd kv 
-l\* J«3UJuC-ul j.3^7öt-0l 0.1^'>2E OH 4C 
-tt) a.H95JL-ol U.2H8OE-01 ü.lt94{- ÜH 4A 
-2^ u.^74öt-j; o.2l7üb-0l ^.li>4U G8 ^E 
-2> J.272.»t-Cl J.239o£-Jl Ü.15C5F jb Jl) 
-£>> J•*:^.aJL-ol ü.224üfc-01 J.I613E oc 4C 
-i\> o.lkSö'-.-ol u.^l70£-üi G.l^S7r 08 2 A 
-i*) -.1235C-01 3.2l6Ct-Jl Ü.15c6t Jb 2 t 
~IJ U.12.11L-CI ^.l«4Jt-0l Ü.lSlüt. 1,0 21, 
-lj 0.i22v>h-ül J.214CE-01 J.l52qE JH 2D 
-IJ ■J.i2i2!.-ul U.ZliüE-Ol u.l5f.3E uö 2^ 
-2t) J« o20 JL-O/! J.7t0^fc-02 ,     0.1?h9l Gii <f?: 

-2t. 0.i<lajL-J2 i;.65ÜÜt-02 G«l4GfaE Jfl 4tt 
~2i Q.dl3üL-02 o.6oGÜE-02 O.l^lof. L^l ••D 
-^"J ^.OIJJL-J2 j.fG0öE-02 c.uue Gb tC 
-2 5 J.öJdjL-o2 ü,690üt-02 Ü.1431F. 0« <tA 
-2^ :'.t<i7jL--2 ^.73üJt-02 G,14f12F jj 3A 
-t3 Ua^H^Uk^ü^ «.670Gf-ö2 0.i5J5F ufi 3C 
-2'J J.'*'» »Jf:-u2 0.8uC0E-G2 J.151U 06 )rt 
-<:•} j.^.ioor-J*: 0.4^00E-Ü2 :-.l5 5^L DE 3Ü 
-2'? J.Jl./jr.-J2 ü.C»l0üE-u2 G.l325f 08 IC 
-25 ^•JVyJ»JJ--0 2 o.oi JOh-Ot 0.lSo5f Cß 10 
-25 J.<:99JL-J2 wa 57oOt-J2 C.IclüE oa IA 
-«;5 O.l9/Jc-02 O.t^üuE-Ui G.151<»E 0 3 2A 
-25 J,l9^jL-:2 j.''»<iOJF-02 J.l5"idF K;H 2F 
-25 ü.l95vjh-j2 0.47OJE-Ü2 ü.l53de Crt 2D 
-25 J,lfi5Jt--ü2 ü.5üUJt-U2 C.1512t wO .^C 
-^j w.lStUr.-Üi J» (35L; JE-Ü2 G,l5Hlf 0» 2H 
-^3 J. 15üjr-u2 L.^SO^E-üa C.lb46t Ob 3E 
-2J w« i >«JL-J2 ü.60üüC-Ö2 L(.1546E Oö JA 
-25 vi,l5jJi:-02 0.b5Üüt-02 U,lbt.2f 08 in 
-2 5 O.L55Jt--2 Ü.77ü0e-02 :.ii>7 7r Ct' 3 f. 
-25 J.l55ui:-J2 ü.6200t-02 C.1565L 08 30 
-23 U.tt *jr-J3 Ü.390JE-02 'j.lb2üF LS IC 
-/i5 O.^t'^JL-Oi J.53üOfc-ü2 O.ltbHF Oft ID 
-t5 J.-ttiUJh-Jj J.1200E-01 C.lSöir '£ IA 
-^ ^ U.lVCJir-O j U.l57Ut-Gl O.iPIGfc Ob 7 A 
-Z5 J.1S5JL-ÜJ G.1580E-01 J.i«40E 08 7L 
-23 J.105JL-'J3 0.1t6'JE-01 C.lo44f UC 70 
-t5 0.lS»tjL-ü3 O.l570t-0l 0.1851t Or- 7C 
-23 ü.I/1W.:-J3 0.lö9Gb-0l 0.1589t Jo IA 
-l'j vJ.l3^ut-Ü3 0.96oOE-02 G.1744F u3 tc 
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J 

u 

O.JKON   bPOXY   VIrtÄATIiiN   DATA 

TtMP               PfckluJ DAMPIM,  «ATU.        STÜKAOL   MQUULUS SPCC 

-2b O.li^Jt-Ci 0.1O7üt-0l O.iTHlt  0« uC 
-^3 J.lJUt-Ui O.lÜftJE-Ul Ü.1H05C   "fl 6fc 
-«ia >).IJOJL-OJ ü.8^0üfc-0ü u.KUbt:   J6 ftb 
-2b u.l23Jt~o3 Ü.U30E-01 G.IB91C   Od 6A 
-21) J.f>^3jf-04 0.l2lüt-Öl VJ.1616C   Ofl 5E 
-tb j.G9^JE-Jt ü.l2bÜE-0l Ü.l622t   uci bA 
-2b o.clUJE-04 ü.ll7üt-Ül C.i627(:   üfi 5B 
-2t) J.ot»4ofc-L4 U.lUCe-Cl 0.1663f   C« 51J 
-^'■i ü.ö74Jt-ü4 U,ll5ul:-Jl 0.17ü9L   ü^ SC 

0.3&7ti:-0l ü,'J350t-Ol 0.l<»2/f   OR <»(■ 
J ü.3w6oL-^l J.3i90E-jl 0.l4.3lf    JH t*ii 
j J.bo^lE-ol ü.i^BvJfc-Ül 0.14'»Ul    UH <»;' 
0 U.JO'VJf-wl 0.3280b-0l Cln^bf   vii **C 
J U.H^7JL-UI J.2730E-01 o.l4f:7l   0M -VA 
0 0.274Jt-ul 0.2't7Ct-0l 0,lt>4bL   ^b J!) 
J J.^?^!^-^ J.^l50E-0l 0.13701   u« 3E 
0 U.2tiii>t:-Ul J.<l42Üfc-0l 0.i613E   Ot 3(' 
ü J.l23dL-i-l 0.217ÜE-01 u,l<»97E   u8 2A 

O.li.'J-Jti-ul J.l980E-ül O.lbÜ&f.   08 20 
U.l2JlC-wl Ü.lS4Jh-0l c.lblbE   OH 2h 

J o.i23lü-Ül ÜI.IV90F-01 n,l5l6r   OH 2H 

'J j..-»i-4Jb-j2 Ü,ö50üt-02 0.137^E   ».6 ^t 
J j.nloJc-CZ G.6l0ufc-02 c.l^u3t    oH 4L: 

0 0.ol-»jt-'J2 u.bb0üfc-U2 0.l<t09r   oti ^C 
ü J.i;l3Jfc-u2 ü.6bJJE-02 u.l^üüf   od <tü 
J J.H09jf--o2 Ü.65oot-Ü2 0.14^9F   u8 <»A 
j J.^A^3t-u2 O.7t50tt-02 Ü,1469E   Co 3A 
J 0,4^Jt:-o2 0.ü7OOE-02 Ü.149af-    Jb 3C 
J :.'Vi7Jr-C2 C.6b0oE-02 C,15'>2E   Ci JO 

y..iL."ljc:-u2 G.620jt-02 ClblbH   Jb IC 
J O.lOlsJt-Oc J.6ÜÜ0E-02 0.1b82t-   ÜÖ 10 
0 C.vClKt-w2 ^.600üt-ü2 ü.l5r.2F   uii U 
o j,29Tor-02 0.5SÜ0E-02 C.163JE   uit IA 
J j.l97ut-i-2 0.3SÜ3E-02 o.lbcoL   v. ti ^A 
J o.i9i>jr-u2 o.b900E-02 0.1b2üE   jfi 2L 
J J«lSüL-v2 J.7oOOt-02 Ü.IÜ35E   Üb 2C 

J.lV^Jt.-02 O.b^Oot-02 0.l532t   ub 20 
0 J.lS3Jt-C2 Ü.930UE-Ü2 O.l^obf-   08 2H 
0 ).lb7jL-02 w.4oJvJE-02 U.lb3ÖF   üd »E 
u J.ll>bvjC-C2 b.bbü0£-02 0.lb5bt-   ü8 3A 
J J.lDojt-v.2 J.b2b'Jb-02 o.libbt   Ou ID 
0 J.labJl.-ü2 j.bo0uE-u2 u.lb(»9t   u8 3C 
ü J.'tVJJL-CJ 0.VVÜ0E-O2 0.1520r   w8 IC 
o O.'Vbbjr.-Cl U.49CÜE-02 u.l550t   Ob Ui 
0 u.<tHlJL-J3 Ü.1920E-ÜI O.lbPOb   ÖH IA 
0 u.lV8wi--0J :.139JE-01 Ü.17t53F   06 7A 
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riORCN   EPUXY   VIBRArifJN   f-ATA 

TtMP PtrtlUO ÜAMPI^G  KATIC        STCKAt.f   MU)OLUS        SPtC 

J 
'J 
U 
J 
•J 

u 
Ü 
0 
■J 

j 
0 
J 

0 
Ü 

dQ 

HJ 

•iJ 
bo 
bJ 
bJ 
bj 
bJ 

ao 
üJ 

oJ 
üJ 
eJ 
bJ 
bJ 
dU 
b„ 
bu 
3J 
HJ 
aj 
do 
bu 
bü 
bj 

b-, 
bj 

19OJE-CJ 

liHÜt-Oi 
lii:Jt-ü3 

UOOt"-03 

b^bJt-U^ 
o7bor-C4 
'jctJil-Ol 
ljü>»0c-ul 

t)GöJt-v)l 
^bdir-ül 

i:7aiL—wl 
l^tüc-ol 

U9bt-0l 
f'ZJjfc-C ? 

blJjF.-^^ 
MllJi>o2 
blUUt-02 

<>4UJL-U2 
/»äSJc-u2 
3C^Jc-ü2 

3ü^JL-ü2 
30JJc-Oj 
l9dJc-Ü? 
l'jbjE-O^ 
l97jt-o2 
iwjt.-a2 
IS7JL-G2 
Ii7ü:-U2 
i^rjfc-ü2 

0.166JE-01 
0.L48JE-Ü1 
0.lb4üE-ni 
C.97üüt-02 
O.lCPüE-01 
ü.95Ü0f-ü2 
C.94Ctf-02 
u.lC4üt-0l 
ü.,146Ct-ül 
ü,, I290t-ül 
j. HEGE-01 
O.7u0üC-ül 
0.1l2üh-0l 
0.2<.7uE-01 
J.2470E-01 
J.2UJL-01 
J.2&50E-01 
G.2c9'Jfc-01 
0.1720L-01 

J.17i:Ot-01 
u. ldsjt-ul 
Ü.l56öt-öl 
0.l^;ut--ül 
0.l540b-ül 
o.l72Jt-Gl 
0.1680L-GI 

•J.!>dOÜh-02 
Ü.5000E-02 
Ü.45Ü0E-02 
Ü.O30ÜL-02 
ü.f>7GOt-ö2 
'J.5JaOt-02 
J.44üGfc-G2 
ü.7i»00E-02 
G.6200E-02 
w.6lCct-G2 
J.61Ü0E-U2 
ü.6lüÜE-0^ 
C.590CE-0? 
:.'t90üE-o2 
0.7900fc-02 
0.47GJE-02 
«:.4l0üE-02 
G.ü3Uut-Ü2 
0.Ö300E-Ü2 

C.1815F 00 
Ü.1H33E JS 

C.lb37E Jö 

U.l!)67t J8 
Ü.I/16E Ofi 
U.1744E Ob 
u.i7o6K oe. 
:.1314E OS 
G.lb43f üi> 
C.lOÜJF OB 
ö.l6Ü7f V* 

o.lfcO^I- ja 
C.i652E üb 
0.1tjf;3c ili 
w.144öE :Q 
C.1446t ob 
o.l4tlE GH 
0.146'^ üb 
u.l4?Sf. üb 
0.154^ Ob 
G.lt>4lF üb 
0.1591b üb 
ü.1478': ob 
Ü,l4a>Jt. bi 
O.iilöf: 08 
V.152U Ob 
0.1601E 06 
Ü.1361F 08 
C.14G9E 08 
C.1414L cd 
Ü.14221- Gß 
0.1424e 06 
G.lt>lbf Jb 
G.lb32f 08 
o.liridC oe 
o.lbG6L jR 

L,1553r üb 

G.1553E Ob 
G.1363E L3 

J.1497E 08 
o.1497b Ob 
C.l53bE Ot 
Ü.iSllt: uö 
ü.l5u3L üb 
0.1t>27b 08 
C).l526b 1 d 

7 t 
7G 
7C 
IA 
6C 
6G 
6E 
6f. 
6A 
bB 
5f 
5A 
50 
5C 
4D 
4 t 
4« 
4C 
4A 
3 b 
äC 
3!) 
2 A 
2C 
2C 
2b 
2ft 
4 t 
4C 
<»b 
4A 
4i) 
30 
30 
3H 
IC 
IA 
lb 
II) 
2A 
2C 
2H 
21) 
2E 
3A 
30 
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duKLN   tPUXY   VIBKATlüiM   ÜftTA 

TErtP PC KI 00 ÜAMP1KG   RATIO S1CHAGE   MODULUS SPb 

BJ 0.1t>t.Jc-c2 o.b2Güb-0<l 0.154ÖE oti iG 
':lj 0» ibojfCZ C.6300E-02 L.il»46fc OB JB 
«J 0.i5äJf-c^ 0.3900L;-Ü2 u.lWüE OB 3 b 
öj 0.4^3JL-G3 Ü.440CF-02 G.l5ÜbE oa K 
80 0»49lüc-u3 ü.l47üt-0l 0.1513E G« 18 
tij ^.^•»OJC-OJ Ü.t)4ÖOE-02 0.152üb ..ib IE 
du J.^öVJL-UB 0.&QÜ0J-Ü2 0.lb2Rr ,1t 1A 
du u.2ulOc-03 O.lblOE-01 0.172 7» ut; 7;) 
du O.lS«Jt-03 J.U90E-0I J.17b3l- Ob 7A 
dj ü.lSdJt-0 J u.ltlOE-01 0.l7riOb üb fo 
a« J.lSbOh-03 0.l7BCfc-01 G.l7fc7L DP 7E 
uJ J.iv7JH-03 0.l260t-01 0,l7Sbe 08 7G 
dJ J.l7t>0fc-0i o.93ü0f-02 G.lbWF Ob IA 
Ol) j.l3aot-c;i o.db00e-02 C.l6y7b ob <G 
du i).l3'»0t-ü3 ü.lüSüt-Ol 0.i73OE Ob bl) 
ßj J.134ut-J3 C.84Üüt-02 0.1744F Jb hi 
9J 0.1330E-03 0.IÜ70E-01 0.17^6F oB bA 
8^ u. lJlJt-u3 O.lu60b-01 C.l6u<H CH bB 
do o./0f}0L-0<» 0.1980E-01 0.15)4/E 08 5E 
bJ J.7L /OC-W4 J.127ÜE-01 0.1bt>6E Go :M 
HO j.oyöOL-C<> O.IAOOC-Ol 0.lt>96f OB 5U 
dJ J.bdoOL-O«» O.l060t-0l O.lobOF Ob- JC 

?Q0 ^•^Iv2i.-L.l 0.2190^-01 Cltllb Oh *t 
tyjj O.öO^/t-ol Ü.224ot-01 0.1414b tb %0 
2Uw o.50o3l--Ol J.20BtJE-Cl :..14i3F 08 Vü 

200 J.^O^dL-Ol 0.2Ü2(JE-01 0.1H37L 08 4C 
2wJ J.50t3h-Cl ü.202Jb-0l 0.1443F ^b 4A 
200 J.281lt-Cl O.l76üt-Ol 0.1'«72F Ob JE 

20ü O.toult-01 O.Io20E-Ol o.i^öir Üb 3D 
200 0.273ib-wl Ü.l72Gt-Ol G.153^t Ob ^t 
20o 0.12701-01 Ü.lSöüE-Ol 0.lA2^b 08 2C 
200 o.l2Jdt-tl O.1250E-01 O.IAülE Ob 2F 
2JO O.Uböf-Ul o.l26uE-0l u.l4b!)f OB 2A 
£'JU vj. l^^üL-Ll U.1630F-01 G.U55t .8 20 
«fOo ü.i2iat-oi l.lbbvi-Qi 0.14*)7£ 08 2rt 
200 0.b300E-02 0.lJt00F-O2 0.l3t)SF Or. 4r 
200 -.02ü0t:-C2 O.i>30&b-02 0.1391F ■je. 4^ 
2oJ J.dldjt-ü2 0.5300f-02 0.1397t: C8 HU 

2^0 J.ol6Jf:-U2 0.3t)l.0t-02 C.I4G3F Gö 4A 
2JO O.Blojt-u2 0.54G0E-Ü2 O.I^GfaE Ob 4C 
2JO O.^i)i0t-C2 C.730ut-Ü2 C.l46dt uH •JA 
20ü 0.^«*OJc-02 G.45ÜÖE-02 0.1485t 08 ifJ 
2J0 0.'»^t)0K-02 C.6700E-02 0.149U ^b 3b 
200 0.*430C-O2 0.770Ge-02 U.1511F 08 3C 
200 0.3l00t-G2 0.1240E-01 G.1497E OH IC. 
2JC J«3070c-ü2 O.b700b-02 0.lb2iE Cb 18 
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Tti'P Ht.KliJO 

2Jj 0.3w/ub-02 
200 O,3Ut>0h-O2 
^Öö J.3obJt-C2 
100 0.<:u20t—02 
ivu 0.2ulut-02 
200 0«2üuJh-u2 
2Uö 0.2GJjt>02 
2u0 o.i*.,»oe-o2 
2JO O.lül0h-o2 
ZüO J.liiyjfc-ü2 
2oÜ vj.lt>-*ot-ü2 
^c J J.l39ut:-U2 
2J'J J.lJ»yOt-02 
2üJ 0.*t9d0t-UJ 
ZoO o.4sao!--oj 
20J 0.<rSöJt-Ü3 
2L.J o,«t95Jt-.-ui 
20 u 0.204Jc-01 
2C'. i.^ütJL-tj3 
£ JiJ •J.tu^Jt-Oj 
20o ».;.<iüi0t:-03 
20J J.«.o2Jt-03 
tOU J.LOJuf-oi 
2uO J.ldlOu-üi 
20 j J.i{.-Jh-u3 
2u.J u..i74yjl—03 
2üÜ i),l4Uuc-u3 
2ÜJ U.r3VuE-03 
200 0. 1.3 /Jr-o3 
20 u 0. 13oJL--iJ3 
2Ju J.13'*JC-03 
2ÜU 0. 72ojt-0<» 
2au ü.rwofc-04 
^oü O.7lJ0t-O4 
? Jw J.VtUJt-04 
JOO 0.t>luOt-ül 
JeJ J.td'mc-Ol 
3ÜJ vJ.liU4c-01 
Juw J.Sllot.-ul 
iJU U.^Oö^L-Ol. 
30^ J.2bUL-Cl 
300 >1.i;e.J4u-0l 
30- 0.2797c-01 
300 J.iifbl-Oi 
ioo j.l274h-t)l 
300 J.127'»1-ÜI 

rtLKLN   fcPÜXY   VIBKATIO\  ÜATA 

DAMPING   hATIL       STUHAot   MODULUS SPtC 

C.CIOOE-02 0.i52lL   G3 1A 
0.6lÜOb-0^ ü.lb34t   Ob It 
O.OlOJt-ü2 0.li43F   Ob 1U 
Ü.lÜÖOE-Ol 0.1438t   Ob 2C 
C.O0C0t-ü2 0.145ut:   wb 2b. 
C.6000f:-02 C.140lfc   08 20 
O.720üt-Ü2 ü.l40ir   00 2A 
Ü.aoOoE-02 0.1473F   Cfi 2R 
O.ö700b-02 0.1465t   08 iA 
0.6bÜCt-02 0,14f/üe   08 JR 
0.4600E-02 U.H^Ofc   ü8 !£ 
0.65&0E-O2 0.l4liOt   08 K 
0.64ÜOE-U2 Ü.l4bSt   or JO 
0.4bOOE-02 G.1476F   Ob IC 
O.dSfOOt-02 0.l47bF   Ob 13 
0.6Üö0t-02 0.1483c   08 10 
0.Ü4ÜOE-02 O.USIL   OB lÄ 
0.l43uE-0l 0.l672tr   OB 7A 
0.2200E-01 O.lfcrtöt   .6        ,'      7!: 
0.1530E-01 0.1fc72E   Ofi 7i) 
O.1040t-Ül 0.17O3K   08 7C 
0.l4t>OE-01 ü.l7Uf:   OH 7rt 
c.bhOuE-02 :,12t>0(-   cb 10 
0.720OE-02 0,i420E   08 18 
J.1440E-01 0.l43t)e   Ob IF 
0.9600fc-02 0,1447t'   08 IA 
O.IOIOE-Ol 0.1b93r-   C8 of. 
C.b/OCE-02 Ü.162')r   iü 60 
O.llOoE-01 0.1fcr)6t   DR bA 
O.b600fc-02 0.167JC   Cb CE 
O.lOöuE-Ol 0.1739b   08 bt 
-;.2390E-01 Ü.147'jt   üb 5E 
0.l2*iOE-Ul 0.1512t   Ob 5A 
0.1710f-ül ü.1'J30F   ob l>ü 
o.lto40t-ül 0.15b7f   vy 5C 
0.2170E-01 u.l3oOF   ob 4L 
U.2LC0E-GI C.13bcC   Ob 4C 
0.2i3OE-0l 0.13<i4t   u8 '♦U 
0.1940E-ÜI I;.1HG7C   »b '»e. 
0.208^E-01 U.142U   w8 4A 
i,.l7COh-0l 0.14406   üb 30 
C.l7büE-ül ü,l47dL   ÜH JL 
0.1730E-01 ü.l4bi)t   08 3C 
Ü.134ufc-0i 0.14ü6t   üb ^L 
O.IBIOE-Ül C.lHlbr.   JO 20 
0.140CE-01 0.1415t   üb 2r 
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BORHN   tPi)XY   VIBRATION   DATA 

TtMP PEHIJIJ DAMPING   RATIO       STt.PA&t   I^UOULUS SPEC 

3ÜO ü.liJ7«te-0l J.1430E-01 Ü.1415C   Üfi 2A 
i*,~ J.l^62L-Cl 0.ir90E-01 o.l^42F   06 2* 
iJü 0.837jc-UiJ J.71Ü0E-02 0.1ä35fc   Ob 4E 
3uo 0.oä^oE-C2 C.8JC0E-02 0.l3&lh   06 tC 
3Ju J.oJJJ^-o2 0.7100t-02 O.I35äe   06 4H 
3uJ u.d2äJfc-U2 0.740ÜE-02 0.l3fc9fc   OP 4A 
JQO J.'.2>JJC-ü2 o.6lCüt-J2 0.136^   Ofa 41) 
3üJ ^.^5rf0:-o2 J.7d0üE-02 O.UIJE   J8 3A 
3uü J.'fb2Jt-u2 0.6b00L-ü2 C, l4b2E   08 3!) 
.JuJ a.-»t>lJfc-02 ü.5tC0E-02 G.1458F   üb 3C 
30w J.448J;--L2 0.7faoJ£—02 0.1472t   OB 3H 
30J J.il2JL-ü2 J.21bÜfc-0l 0.1479^   üfi IC 
3JO J.JllJ^-ü2 J.I24üt-0l ü.l<t«bE   OH If 
3üJ J.3. -yjt-;2 ü.620'jE-02 0.1i06E   tl 10 
3üo .1.2JüOC-02 0.1150E-01 ü.l37bf.   üfi 2C 
iOu j,2\.ovt-02 u.I34oE-01 C.1375E   Ob 2E 
30J u.iU<*Jt-o2 O.I020t-Ol Ü.1409E   oB 20 
3J^ J.2UJUi;-C2 O.7300E-C2 C.l42ie   Lb 2A 
3v.J J.2w30L-u2 0.1220E-01 0.141ÖE   08 2b 
300 ü.lt2JE:-ü2 0.7O0ÜE-02 ü.i443E   Jö 33 
3vu J.l62J£-^2 0.6 7CtE-02 0.14432   Ob 3t 
300 U,l62ut;-02 v>.7ü00t-02 0.I442F   OP 3A 
300 j.i62Jh-ü2 O.HlÜ0e-02 0.1442t   08 10 
3oJ ü.icia£-u2 0.7&0OE-02 Ü.1458fc   Ob 3C 
3^0 j.,Ji/OJt:-u3 O.lilOt-Ol O.I42bt   Ob LA 
3JJ O.L>O40L-U3 ü.'JCUOE-02 0.1439E   üb lt 
30^ 0.^040^-03 0.5Ü00E-Ü2 0.L439F   LÖ IC 
3WJ J.2u9uE-03 0.1U50E-01 0,l59dE   Cb 7C 
30ü 0,^u90C-u3 Ü.1320E-0I 0.1598E   Üb 7P. 
300 J.2t90r-C3 O.I270t-Ol J.lbilE   Ob 70 
3J0 J.^07Jü-UO 0.132ÜE-0I O.I^OS^   uß 7E 
Jj- .i.2o6jt-C3 O.U30E-Ü1 0.1645E   OH 7A 
30u U.l«>iuc-03 u.9000t-02 Ü.1247E   üb 10 
30o 0.1<»OOE-03 C.b900E-02 0.1294t   LU IC 
300 ).l420E-03 0.1920E-01 C.l540f   Cb 6C 
3LO 0.i40jE-o3 J.1390E-ÜI O.ISPOE   Ob 60 
30^ j.l3^Jt-03 O.8100E-02 G.1616(-   OR 6E 
30ü ü.l3yjc-o3 O.l390t-01 0.1611t   06 6A 
3UJ J.137üL-O3 O.lllüt-Ol C.l6^6t   cG 6H 
300 0.7440c-ü4 0.3050E-01 0.14041   Ob «iE 
30iJ J.727Ut-04 0.lb30t-0l 0.1469E   OB 5A 
300 0.721JL-04 O.l980t-01 C.1495E   Ob 10 
3O0 J,7l60L-04 U.2080E-01 0.15l4r   Üb 50 
3ÜJ J.712Jt-w4 0.1710t-01 0.1b32l-   06 5C 
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GRAPHITE   EPOXY   VIbRATION  DATA 

TEMP PEkluü UAMPINÜ  RATH. STORAGE   MUOULJS        SPEC 

-5J ^.^i)3jr-Cl 

-5w J.i>46Je-ül 
-bü ü.ä32Jt:-Jl 
-3J o.JlaJt-Jl 
-DU ü.iioJE-ül 
-iü «j.3l4üc-üi 
-i)w> Ü.3lJJj;-Ul 
-aü c.iObUE-Ol 
-5ü :.l^3Jt-ol 

-50 J.lbQJt-Jl 
-50 J.l3?Jfc-0l 
-50 O.137JC-01 

-JJ u.bJlJE-02 
-DO 0.oc9Jt-02 
-5ü 0.ö7<»Jh-o2 
-5u J.d6i3t-02 
-50 0.o5lJL-02 
-50 ü.bOUüL-uZ 
-5J O.«tyy0h-02 
-50 0.tc>d0li-ü2 
-5J 'J.4S7jfe-02 
-50 0.<»b90t-ü2 
-50 0.34aüt-Ü2 
-5o 0.3^7Ot-O2 
-DJ 0.337ut:-G2 
-5vJ 0»Jj5jiI-02 
-50 o.j*:70E-02 
-5U Ü.2^7Jb-02 
-DO u«2i:HiJL-u2 
-50 0.222Jt-02 
-50 0,^ltsUL-O^ 
-DO 0.21(}Qc-w2 
-DO 0.17s»0t-02 
-50 Ü.l7bJt-C2 
-5u G.17bjE-u2 
-D\ji 0.l77Jt-02 
-50 0.l75OF-tJ«: 
-5u C«D60JI:-O3 

-5u 0.355Jt-03 
-50 O.D47Jb-03 
-DO G,i»360£-03 
-50 U.D2yOE-Ü3 
-5u ^.3Ly7E-C3 
-50 0.3U7OL-03 

J.443ÜE-01 
0.4h^0E-01 
0.4420t-01 
0.5i.7ü£-0l 
0.4Ü50E-01 
0.3Ö50E-ÜI 
0.370UE-01 
Ü.37Ö0E-01 
J.tl60E-01 
0.l780h-Ol 
O.lf20E-01 
0.lb70E-Ül 
0.1850E-01 
0.l5büt-0l 
ü.ailOE-02 
0.7560E-02 
0.7670E-02 
Ü.7700E-02 
0./550E-Ü2 
0.5500fc-Ü2 
0.602CE-02 
U.5970E-02 
Ü.C450E-02 
Ü.5y4üE-02 
0.626ÜE-02 
0.5610t-02 
0.67bOE-02 
0.74Ü0E-02 
Ü,674uE-02 
0.49Sut-02 
0.5430E-02 
0.4H7Üt-02 
0.5770E-Ü2 
u.5u0uE-02 
0.5750E-Ü2 
O.6360fc-02 
0.7130E-02 
0.5bVoE-ü2 
0.4580E-02 
Ü.390GE-02 
O.3b90fc-02 
0.383ÖE-Ü2 
0.43ÜOE-02 
0.5290E-Ö2 
Ü.62CÜE-02 
0.550ufc-02 

O.eeCOE 07 
Ü.8920E 07 
0.9Ö40F 07 
0.V52ÖE 07 
o.b520E 07 
O.eSAOE 07 
ö.ö65je 07 
ü.8890fc 07 
0.9Ü90E 07 
0.^26 JE 07 
0.8610E 07 
U«b7oOE C7 
0.e970E 07 
0.tJ960t 07 
0.P63JE 07 
Ü.Ü680E 07 
O.tJSGOE 07 
0.9260E 07 
P.947aE U7 
0.b680E 07 
0.b7lJE 07 
0.ii760F 07 
u.^eöoe 07 
0.9090E 07 
ö,b690E 07 
U.b720E 07 
C.9250E 07 
0.9390E 07 
0.9840E 07 
0.8340E 07 
0.d550t 07 
0.b690E 07 
0,9G40E 07 
G.9Ü20F 07 
ü.t660t 07 
0.b740E 17 
Ü.b71JE 07 
O.BbOOE 07 
0,9080fc 07 
ü.b540E 07 
G.H700E 07 
0.b960E 07 
0.9310E 07 
0.^570E 07 
0.951ÜE 07 
U.9670E 07 

4A 
4B 
4E 
4C 
3rt 
3A 
3D 
3E 
3C 
2C 
2B 
2A 
20 
2E 
40 
4A 
4B 
4E 
4C 
3A 
3E 
38 
30 
3C 
IC 
ie 
1E 
10 
1A 
2C 
2B 
2 A 
20 
2C 
3A 
38 
3h 
3D 
3C 
IC 
lö 
IE 
ID 
LA 
3B 
9A 
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ÜKAPHITL   EPüXV   VIERATIliN  DATA 

UMP »»fcklüt) DAMPING KATIÜ   STüRAüE MODULUS   SPtC 

-bo Li.joH9e-u3 
-50 j.Jü25t-UJ 
-5u u.Jo22t-U3 
-*>ü ü.4J304b-C3 
-50 0.2379t-03 
-50 Ü.^i49fc-u3 
-50 O.Üi^yt-OS 
-50 0.<!3'»dE-03 
-53 ü.lfcOoE-03 
-50 0.itu5fc-ü3 
-5ü 0,U^2E-0i 
-50 o.l572t-Ui 
-5u 0.lt)/2fc-03 
-50 J.lüiät-uJ 

-50 u,l02Jfc.-Oi 
-t)ü u.lOlot-03 
-50 *.lol^E-C3 
-50 O.7900E-U4 
-5U 0.79oOE-04 
-5u ü.7bb0b-04 
-50 0.7tVot-04 
-50 0.7C50E-04 
-tu c.36JJt-ül 
-25 0.55JÜfc-0l 
-25 U.5<.90t-Ül 
-25 0.5Ao0t-01 
-2t> ü.^320h-ül 
-25 O.iioOt-Ol 
•<.5 w..Jl5Jb-öl 
-25 0.3l5ufc-0l 
•2!s 0.3lijL-Ol 
•^5 J.3uoJE-01 
■^5 0.1A30E-Ü1 
•25 ^.KOoE-ul 
-25 O.l39üfe-0l 
•2b 0.1370E-01 
-25 ü.lJ70b-0l 
-<:5 J.aS'rOE-02 
-25 3.0^^-02 
-i!» o«h77jE-u^ 
•25 J.ät)<>Jt-02 
■25 U.856Jb-02 
•25 0,5CIOE-J2 
•Zb o.300Jb-02 
•25 o.HydJE-C2 

0.46ÜÜE-02 
0.6400E-02 
0.58ÜÜE-02 
U.1720E-01 
0.1820E-01 
U.IC60E-01 
J.15lüt-01 
Q.1120E-01 
0.129ÜE-01 
0.7200E-02 
O.iOlOE-01 
0.1130E-01 
0.127JE-01 
0.47üOb-02 
0.51OOE-O2 
0.510ÜE-02 
0.370UE-02 
0.5100E-02 
U.4400E-02 
u.2l6o£-0l 
0.2540t-01 
0.2blUb-Ol 
0.92üüE~02 
J.^71Jt-0l 
0.4260E-01 
Ü.4400E-01 
0.437ÖE-01 
0.50üOfc-Ol 
0.3610E-01 
0.35&Ob-0l 
Ü.359ÜE-01 
0.3730fc-01 
0.38ü0fc-0l 
0.18eüE-0l 
Ö.1610E-01 
0.l740fc-01 
0.l6lOE-ai 
Ü.1610E-01 
ü.76006-02 
ü.7t90E-Ü2 
0.7680E-02 
0.7500t-ü2 
0.749ÜE-02 
0.4510E-02 
0.600ÜE-02 
Q.548ÜE-G2 

0.9810b 07 
0.9960t u7 
O.o9ö0t 07 
0.9C20E 07 
0.92006 07 
G.93Cöt 07 
J.9290E 07 
Ü.9300F C7 
o.dbSOF 07 
0.P840F 07 
l/.bdbOh 07 
0.Ü22ÜE o7 
O.V220r 07 
0.9^40C 07 
0.^5/06 07 
0.97J0F 07 
Ü.V810L 07 
O.9890E 07 
0.99lUfc 07 
v..b980f. 07 
0.9220f- u7 
0.9640E 07 
0.97AJb 07 
Ü.b530fc 07 
O.H81jr 07 
Ü.8920E 07 
Ü.*,020f- 07 
Ü.9b20t 07 
O.RSlÜt u7 
C.8620f 07 
0.86001- 07 
0.6840t 07 
0.9ü80t 07 
C.bl9ÜE 07 
C.o580t 07 
u.e700E 07 
0.r,950F 07 
O.HVIOt 07 
C.üb70E C7 
0.8620E 07 
0.a910t 07 
0.92Ü0E 07 
Ü.9360E 07 
C.6630t 07 
0.«6b0f 07 
o.b7t)0t u7 

8Ü 
8C 
BE 
70 
7fc 
7t 
7B 
7Ä 
6B 
6A 
6b 
6D 
AC 
80 
3A 
8C 
BO 
ab 
5A 
50 
5E 
5C 
5H 
40 
4A 
4B 
4t 
4C 
3A 
30 
3ß 
3E 
3C 
2C 
2B 
2A 
20 
2E 
40 
4A 
4B 
4E 
4C 
3A 
3E 
30 
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sr-SÄUÄ 

ÜKAPHITL tPÜXY VIBRATUN PATA 

TtMM PtKlÜD ÜAMPING  KATl 

-^t> C.4Sjl0t-Ü2 0.5üüfc-02 
-is C.4b9Jfc-u2 Ü.5420t-02 
-ib O.J^JE-u2 U.622üt-02 
~C'J u.34o^£-02 J.6S5üE:-02 
-2!> •J.34JJL-ü2 0. 3'»60t--02 
-2'J 0.33o0t-Ü2 0.6110E-02 
-2J u.i2d0t-o2 Ü,6c3üfc-02 
-15 a,2^7JL-02 0.5L00E-02 
-l'j 0.^*HJt-ü2 J.4e)20E-02 
-2-} .J.22.iJE-02 y.<»A50L-02 
-IJ w.2iajt-02 ü.57e0t-02 
-IJ W.21öJL-02 0.4i.60b-02 
-Sb j.l74üt-02 Ü.4S8CL-02 
-lb W.17^0E-Ü2 ü«643oE-02 
-2 3 «J.17^ut:-u2 ü.!?0 30E-02 
-£i J. I7oui;-02 ü.'»99CE-02 
-lb ü.l7t)0H-ö2 Ü.4960E-02 
-lb ü.i62üE-03 U.4500fc-02 
~lb 0.-jb6Ji:-o3 0.'»640E-02 
-cb u.j^tdJE-OJ Ü.43S0E-Ü2 
-l* J.^3701-^3 0.43CCt-02 
~tb ö.'j2l>jr-03 0.i)290E-02 
-Z-j j. Uj7e-J3 0.6CC0E-Ü2 
-lb 0.3uö2c-ü3 0.650ÜE-02 
-lb J.3üo7f:-03 a.i<»00t-02 
-lb J. j^*«t>c-Ü3 ü.73ü0t-02 
-i.b J • Ju*» Jb-C3 0.t>b0oE-02 
-2b J.2<«ü<tc-03 J.lo20e-0l 
-li C •23boi:-o3 J.129ÜE-01 
-li O.^3oll:-ü3 0.1ö40E-ÜL 
-lb J.^34<>t-u3 ü.l58üE-Ul 
-lb J.234JE-Ü3 O.lo9üt-Jl 
-tb j.lf>l2t-03 J.dÜÜÜ£-ü2 
-Lb Ü. loJ^h.-C3 J.97Ü0E-02 
-l-j J. loOdE:-03 3.62UÜE-02 
-lb w.lbo3L-ü3 0.7l00fc-02 
-lb u.lbJlt-03 Ü,9100t-02 
-lb o.i J3yt-C> J.5200E-02 
-lb ^ • l(j 3JL-U3 a.^G6E-02 
-lb J. 10^41-03 0.540Ut-02 
-lb J.l^tut-C3 u.biOÜE-02 
-lb u .ioi7t:-ü3 Ü.,>t00£-02 
-lb J« 6o Ut-J4 0.32CUt-02 
-lb J.^rijf.-CK Ü.iy60E-0l 
-lb j. 7y^Jt-0<» J.1630E-01 
-lb JW71JC-04 J.28t)0E-01 

STüPALt MtlUULUS   SPEC 

3B 
3C 
IC 
IB 
IE 
lü 
LA 
2C 
2B 
2A 
20 
2F 
3 b 
3E 
3A 

30 
3C 
IC 
10 
IE 
10 
U 
BB 
SA 
BD 
ÖC 
«t 
7t 
70 
7e 
7C 
7A 
6A 
6E 
öR 
60 
6C 
db 
BA 
ac 
du 
8t 
5A 
5ü 
5E 
5C 

C.e74Jt G7 
0.9070E 07 
ü.d63v)E L7 

Ü.«7S0fc 07 
O.SIBOE 07 
L.<)32jt 07 
O.S770t 07 
U.b300fc ü7 
O.tblOE 07 
C.bbOOE 07 
O.Cü20fc 07 
O.J'9bÜE 07 
O.PtbüE 07 
0.ü680F 07 
u.R590t 07 
O«b7b0C J7 

0.yC2JE 07 
O.d^bül- 07 
w.aböOF 07 
0.fl92JE u7 
v;.<;2öoe 07 
j.9i>«ör 07 
O.S440[ 07 
U.96ÜUE 07 
U.9690E 07 
ü.9ö3Jt 07 
Ü.986ÜE J7 
0.b870b 07 
Ü.9C10F 07 
Ü.9170E 07 
U.^34ÜE L7 
Ü.r'36ÜE 07 
U.fa770F 07 
C.t'BOOF 07 
O.fb^OE 07 
Ü.9090t U7 
0.9120F 07 
0.937JF 07 
ö.9b40t 07 
Ü.966UF 07 
o.973JF Ü7 
0.97B0t U7 
O.dbdJE 07 
U.n95JL 07 
C.9üMfc 07 
O.^S^OE 07 
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GRAPhlTt   EPOXY   VIBRATlUN DATA 

TEKP PFKiUU DAMPING  PATIb STDfvACE  MODULUS        SPEC 

-Lb G.7tyjL-04 
0 J.5b9üi:-0l 
0 G.bbOJE-Cl 
Ü 0.549Jb-ul 
0 ü.i)<»oOt-Jl 
J O.i)34Jfc-0l 
u 0»JiaJE-01 
J G .3 lo'Jt>ül 
U i.JliOc-Ol 

G G • JUCOL-Jl 
«j L', I'JTJC-GI 

J G.i*»Jjb-Ol 
0 j.l^yGL-bl 
G ü«13bJL-Ol 
ü U.137UL-GI 

G O.döH^L-L.^ 
G G.ü7/Gt-G2 
G ü .Mo'jUt-b«: 

G J.t)02Gt-G2 
U u.tjOOJE-Ga 
G J.<t9faJE-u^ 
U G.^^Tub-oZ 
U G.-VSUGL-OZ 

J ü.3t»JÜt-G2 
u J.34äGt-0^ 
w b.3AcJF-J2 
0 J«o36Gb-vJ2 
Ü G.j^VGE-UÜ 
0 G.^bGt-u2 
G CJ.cii^üt-O^ 
J J.2^4je-u2 

G J.^l<yoC-u.? 
G u.l79Jb-J2 
o J.l79ub-U2 
o o.l7<3Jt-Ü2 
w ^.l77GL-u2 
j G.l7bGt:-02 
J J.t)C3Jb-0i 
0 J.'3b7GE-G3 
Q J.abJGt-Gi 
G G.lJ.HGb-03 
G v«j3GG£-ij3 

0.96Ü0E-02 
G.458UE-01 
u.383Jf-0l 
G.4o6GE-0l 
0.4Ü90E-ÜI 
G.422GE-01 
G.34lük-0l 
0.342üfc-ül 
G.3CÜÜE-01 
J.357CE-ÜI 
j.i430t-01 
G.l^üh-Gl 
J.ltlOE-Jl 
G,l7«»Jt-Jl 
G.lt)50E-ül 
G.lböOE-Ül 
G.73401-02 
J.7lOüfc-G2 
0.724GC-02 
O.64O0E-02 
U.712GE-Ü2 
G.39S0E-G2 
G.6ü0Gt-02 
G.4«»ö0fc-Ü2 
G.6GlGt-ü2 
Ü.S42Üt-ü2 
0.63üGfc-02 
0.4960E-Ü2 
G.6öCCL-G2 
G.5H7Gb-02 
G.Gtl0E-02 
G.415Gfc-02 
G.4V30E-G2 
ü.40bGE-ü2 
J.5'»30L-G2 
G.4rj3Jt-G2 
U.647Gfc-02 
G.5Ö5ÜE-02 
G.3760E-Ü2 
G.iJlOF-02 
0.4240E-02 
0.5Ü6GE-02 
G.5ü40fc-02 
0.3bbÜE-G2 
Ü.485ÜE-02 
G.4770t-Ü2 

Ü.9630E 07 
0.b63GE 07 
U.ö730t 07 
G.ö930f C7 
0.9G20L 07 
Ü.94b0F 07 
O.dbbOE C7 
O.t-SIGE 07 
0.d6l0f ü7 
0.677JE 07 
Ü.910ÜF 07 
J.021»Gc 07 
0.ft57Jf- 07 
C.c670f- 07 
0.b820E G7 
ü.b970F u7 
C.b560E 07 
O.t-700t 07 
o.bsijr G7 
0.917J»: 07 
0.9320t 07 
O.bCtlGt 07 
C.bbHOf ü7 
C.P74GE 07 
Ü.678GE 07 
U.905JE 07 
0.t6v>jb L7 
J,b7lJfc 07 
vi.^lGuF u7 
c.fi33jE J7 
0.971GF 37 
t.b2«Üt 07 
U.b520E 07 
O.tbeJE C7 
u.M950t 07 
ü.b930t ü7 

G.fce.7Jfc 07 
0.b610t 07 
0.b670E 07 
o.fa7-*or 07 
Ü.9ÜIJC 07 
J.Ö460t 07 
0,ri63Jt w7 
0.b86Üt 07 
0.9230E u7 
C.'>53GE 07 

55 
4Ü 
4A 
40 
4E 
4C 
3d 
3A 
3U 
3L 
3C 
2C 
2B 
2A 
2t 
2D 
4U 
AA 
4B 
4E 
4C 
3A 
3fc 
3D 
3& 
3C 
10 
lb 
IF 
lü 
U 
2C 
2f. 
2A 
2D 
2t 
3B 
1A 
3t 
3D 
3C 
IC 
Lb 
IE 
ID 
1A 
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GRAPHITE   EPOXY  VIBRATION   DATA 

TEMP PfcKlüD DAMPING  RATIO        STORAGE  MODULUS       SPEC 

0 0.il27t-ü3 D.O300E-02 0.9320E 07 8ß 
0 0.*Ori*t-Oi J.6200E-02 O.9520E 07 RA 
0 ü.306^E-03 0.7SO0E-02 0.972ÜE 07 80 
ij 0.30t)4(E-C3 0.6200E-02 0.9770F 07 8E 
Ü J.^SdyE-03 0.77OÜE-02 0.9610E 07 80 
0 J.2405E-Ü3 Ü.1620E-01 0.a870E 07 7E 
Ü O.^SdbE-üS 0.1290E-JI 0,9010t 07 7D 
J 0*^^6oE-03 J.Id90E-01 0.9160E 07 7B 
J ü.23o3fc-J3 J.l3äOE-01 Ü.9180E 07 7A 
Ü j.^j3di:-03 ü.lb5CE-01 0.9220E 07 7C 
Ü o.l621c-03 C.6700E-Ü2 C.8670E 07 6A 
0 ü.lölöt-03 0.1170E-O1 0.872JE 07 6E 
j J.i6llE-ü3 ü.bbOüE-02 L.B190E   J7 öd 
J u.ij>9je-03 J,äC00E-02 o.902üfc 07 oü 
0 o.l5d7E-C3 O.92Ü0E-02 0.9050E 07 6C 
Ü ü.I0'»3E-03 0.6100E-02 0.930JE 07 8H 
Ü C.lU3<»E-03 Ü.620ÜE-02 0.9A60E 07 3A 
0 u.lC'2oE-ü3 0.5I»0üE-ö2 C.96I0F 07 8C 
Ü J.1021E-C3 0.5lOOfc-02 0.9700E 07 du 
Ü J.1019E-03 Ü.6100E-02 0.9740E C7 dE 
Ü j.du5oE-J4 0.5200E-02 Ü.8800E 07 5A 
0 J.30Jji:-04 W.1800E-01 0.690ÜE 07 5D 
J J.797Jb-0<» a.l*>60E-01 0.898Üt 07 5t 
0 0.773ÜE-Ö4 Ü.290UE-01 0.95^0F 07 3C 
0 O.f72üfc-04 C.85O0E-02 C.9560E 07 5d 

dO O.äSoüE-Ol 0.3Ü60E-QI 0.8730E 07 40 
ÖJ 0.5!>10E-Gl 0.276Ob>01 0.8860E 07 4A 
so o.34iJE-Ol 0.2660E-01 0.9120t 07 4B 
do J.^lüE-Cl ü.2bl0E-0l 0.9190E u7 4E 
du Ü.5320C-ÜI 0.324ÜE-01 0.9520E 07 4C 
du O.ai^JE-Ol 0.3520E-01 O.böüOE 07 3E 
so O.J140E-C1 0,2^50E-01 0.6620E 07 3A 
ao Ü.3140E-CI 0.2030E-01 0.8660E 07 3D 
do 0.313JE-01 0.234Üfc-0l O.ebSÜE 07 3U 
öu 0.io5JE-ül 0.236ÜE-01 0.9150t 07 3C 
OÜ J.143JE-CI 0.i22CE-01 0.bI90t 07 2C 
do 0.l3yOE-ül J.127ÜE-01 0.b690t 07 2B 
do 0.13düt-0l 0.1250E-01 0.8790t 07 2A 
do J.1370E-0I U.lOAOE-Ol 0.9010E 07 20 
dj 0.137JE-C1 J.1180E-0I 0.8980E 07 2£ 
bü J.c»8yJE-02 0.6220E-02 0.8680E 07 4A 
bü Ü.dääüt-02 0.6Ü80E-02 0.Ö700E 07 40 
dO O.dbOOE-02 0.6010E-02 0.8870E 07 4B 
do 0.»70üE-02 0.57O0E-02 0.S070E 07 4F 
ao 0.d5äOE-C2 O.bGdOE-02 C.931öt 07 4C 
dj 0.bü3JE-Ü2 0.3750E-02 0.8570t 07 3A 
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TEMP 

CrUPHlTt   cPOXY   VIbKATlÜN   DATA 

MtKlüO DAMPING  RATIÜ        STOKAGfc   MüJULUS SPEC 

do O.'i^^oE-O^ 0.5Ü20E-02 0.87206 07 36 
60 0.<»SdJ£-o2 0.5470fc-02 O.b770E 07 3B 
3u 0.4970E-üiJ Ü.4H70t-02 0,87906 07 3Ü 
00 O.^OJE-02 0.3920E-02 O.9C50f 07 3C 
60 O.J^90t-02 0.42106-02 Ü.8620E 07 IC 
a« J.349Üt-02 Ü.i!>20t-G2 0.6660E 07 16 
»0 0.i3duE-Ü2 0.54l0t-02 0.9220e: 07 IE 
80 O.iiöOC-OZ 0.4730E-02 0.9310h 07 10 
ÖÜ j.i3oOE-ö2 J.3340E-02 C.9640F 07 1A 
do 0.2270fc-02 O.4150E-02 C.8280E 07 2C 
bO ö.i2'*Jc-C2 0.4:i0£-02 0.85201 07 2ö 
60 V;.^2JOE-C2 0.3600E-02 Ü.8590t 07 2A 
dJ o.^l^Jt-C^ 0.3970E-02 0.89606 07 26 
do o.^ldot-C2 J.4850fc-02 0.8990F 07 2D 
BO 0,lbOJh-ü2 0.5üb0E-02 0.8590E 07 3A 
bo j.iT-^ou-o*: 0.5Ü6ÖE-02 0.üb7JE 07 3B 
dJ ^.l7dsjE-02 0.5GIÜE-02 O.W720E 07 3E 
60 O.l77ot-Ü2 Ü.430ÜE-Ü2 0.8620E u7 3Ü 
60 J.l7p0t-C2 0.423ÜE-02 0.9040F 07 3C 
ÖÜ 0. J62O*:-03 0.395OE-Ü2 0.64706 07 IC 
du O.-jSdOc-Oa 0.4590t-02 Ü.öblüfc 07 Iß 
dO J.t)4düE-03 0.38506-02 0.8910E 07 16 
60 J.^idOb-o3 0.4310E-02 0.9250E o7 10 
«0 Oo3oOfc-03 J.3710E-Ü2 0.95406 07 IA 
UO 3.3l'»dE-o3 0.63CÜF-02 0,9200E 07 8b 
bO o.Jil3E-C3 ^.690ü£-02 C.941JE 07 8A 
so 0.3ü«*4t-03 0.490ÜE-02 0.95206 o7 8D 
00 0.3Cd0L-Ü3 0.770ÜK-02 0.96106 07 *C 
60 0.30Ci7E-C3 Ü.o200E-Ü2 0.969DE 07 dE 
do J.24o7t-ü3 O.L060E-01 0.86506 07 70 
dJ 0.2jÖ^t-b3 0.IS30E-01 0.90206 o7 7E 
do O,2373fe-03 0.lt>üüE-0l 0.9110E u7 7A 
dO O.^3cot-03 0.181ÜE-01 0.91606 c7 7rt 
80 C.23büfc-Ü3 0.17ÜCE-01 0.9160E 07 7C 
60 o,i6Joh-03 0.81ÜOE-02 0.6580E 07 6E 
60 0.l62dc-ü3 0,73ÜOE-02 0.8600E 07 6A 
dO 0.1fe<i3E-03 0.7400t-02 0.6600E 07 6e 
60 O.lb^oL-OJ O.l^^OE-Ol 0.B9!)06 07 bO 
du 0.lt»66t.-03 o.9öüOE-02 0.90606 07 6C 
bü U,iOiZt-Oi 0.63C0E-02 G.91f»0E o7 au 
60 y.iu«tbt-ü3 u.HÜOE-Ol 0.9270E 07 8A 
60 o.lÜ34fc-u3 ü.550Üfc-02 G.9460E 07 8C 
bu J.IC3^E-Ü3 J.5200E-02 0.95406 07 80 
do 0.1o2öE-03 J.570öfc-02 0.9610E 07 8E 
HKJ u.öl20h-Q* 0.570OE-02 0.6b40E 07 5A 
do j .äut»0E-ü4 U.2360E-01 O.8770E 07 50 
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GRAPHITE EPOXY VIBKATIGN DATA 

TcMP l'tKlOD DAMPING  RATKJ STORAGE   MGOULUS SPfc 

du ü.rtü20t-0<> 0.1620E-01 0.8ö7üE   07 5L 
BO O.TTüJfc-Ot O.IOÖOE-Ol 0.9470E   07 50 
bo 0.7760fc-uA 0.2!>60E-01 0.9460E  07 5C 

lou 0.3&büt-Dl Ü.2570E-01 0.8650E   07 40 
ijü O.ät>öoh-Cl J.244Gfc-0l 0.b730E  07 4A 
200 0.5^o0C-0l 0.2350fc-01 ü.9ü20E   07 4B 
töu J.iA30t-Ül 0.2280E-01 0.9120t  07 4E 
^OÜ 0.3290t-0l U.233ÜE-01 0.9620E   07 <»C 
200 u.äl&Ot-Ol Ü.lß9üfc-0l O.böOOfc   t7 3A 
2ü0 l.Sl^OE-Cl 0.1o20E-01 0.8620f-   07 3B 
200 O.jlJOc-Ol 0.1<,9GE-01 O.BfcBOfc   o7 3D 
Z<J\J O.jllOt-Ül J.2u&0t-0l 0,b790E   o7 3E 
2Ju U.3UüJE-üI J.243CE-01 0.9070fc   07 3C 
20Ü J.l'öOE-ul 0.1C3ÜE-O1 0.bC3JE   c7 2C 
JüU O.l^OOE-ul 0.1Ü70E-ÜI 0.8fr2üE  07 28 
2U0 O.l'tOOt-Ol 0.ll4Üt-0l ü.bbbJE   07 2A 
20J J.l3av;C-Ül 0.1C20E-O1 0.f;ö50E   C7 20 
^Ju u.liTot-Ol 0.U9ÜE-01 0.b940E   07 2 t 
2JJ ■:.oV'»o[:-o2 0.5B10fc-02 0.ö590t   07 40 
2J0 u,oVJOc-0<i 0.6250E-02 C.dböOC   07 4A 
2J0 0. JbiJL-02 J.591CE-02 0.8790f   07 4B 
20J u.L7iJ0h-02 0.5200E-02 0.9ü50t   07 4E 
200 j.o600e-0J 0.5670E-02 ü.92bOt  07 4C 
200 ^.'jL30t-o2 Ü.3*>40E-02 C.8510F   07 3A 
200 0.3JZJfc-C2 0.455UE-02 Ü.8620E   07 3t 
ZOO O.ou00t-u2 0.5üÜOt-02 ü.86fcOE   07 3B 
200 1.4S90t-02 0.4C20b-ü2 0.b710E   07 3D 
2uu O.«t920E-u2 0.i940E-02 0.h960E   07 3C 
20 j 0.j5ljt-02 0.3b30fc-ü2 G.fa5A0E  07 IC 
200 O.Ji>00t-O2 Ü.3500E-02 O.teiOE   07 18 
200 0,33'90t-ü2 0.4ä40E-02 0.9150E   u7 1t 
200 J.3360C-02 0.34Güt-02 0.9210F   07 LU 
200 O.i^^Ot-O*? Ü.4730E-02 O.9700E   07 IA 
2JJ ,J.<i200L-G2 ü.3670t-02 Ü.8220E  07 2C 
200 0.22501-02 0.362ÜE-02 0.b440F.   07 28 
200 J.2240t-02 0.359ÜE-02 0.e550E   C7 2A 
200 0.2200F.-02 0.36l0t-02 0.8890t   07 2D 
200 U.2190L-02 ü.33aüE-02 0.8930E   07 2E 
200 j. it);joi:-o2 Ü.43bOE-02 0.8520E   07 3A 
200 0.180oe-ö2 0.3590E-02 0.P590E   07 3L 
200 0.1790^-02 y.4340t-02 o.fabboe 07 3D 
200 o.i790E-02 Ü.360ÜE-02 C.fcbOOfc   07 3B 
200 u.l7ojb-ü2 0.3bOOE-02 0.t97Jt  J7 3C 
200 0.5t^0L-03 ü.2e40E-02 0.8320F   07 IC 
200 O.f>ol0t-G3 0.336ÜE-02 Ü.8610E  07 16 
200 J.o52jfc-03 C.3320E-02 o.baufc 07 lt 
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TtftP 

2ji) 
20U 
2w0 
2J0 
2Jj 
2J0 

ioj 
2JQ 

200 
2 JU 

2üü 
2-0 
2Jü 
200 
200 
2J0 
20J 
20iJ 
2LVJ 

2'JU 

200 
2U0 
20J 

200 
200 
2*0 
2JJ 

30w 
300 
3Uu 
3U0 
JOO 
300 
300 
300 
3w0 
300 
3u0 
3 JO 
300 
3<jJ 
300 
300 
300 
3C0 
30o 

oKAPHlTt   tPUXV   VIPKATluN   DATA 

PfciUoU OAMPIUG RATIO        STORACE   MODULUS 

0.b^lO6-ü3 
O.i>ä30fc-u3 
O.J2li>fc-C3 
ü.3192t-03 
O.jl<»&t-o3 
0.313U-O3 
Ü.3125E-03 
J.24'»7t-03 
0,24i7t-03 
0.2*il,Jc-u3 
O.^^UE-03 

0 . lot.öc-0 3 
C.l6o3k:-03 
0•looJt-u3 
j.l621t:-03 
J.U20d-U3 
0.1VJ72L-03 

^« lo70i:-03 
0.lC5dr-C3 
O.i04of:-o3 
0# IO^^L-OB 

O.H3t)Jh-u^ 
0.O23J£-ö4 

0.«lOJt-ü4 
O«7b3jL-Ü4 
J.7btoL-04 
u.o5ö0c-0l 
J.i>bo0fc-01 
O.t)^7ot-01 
j. j'»3ofc-01 
0.332ue-0l 
O.JltijL-Ll 
O.JI^OC-01 

O.^lHOc-Ol 
•j.3llJt-Jl 
o.30<)0E-i>l 
w.lA40t-Ol 
o.l'tOoE-ol 
u.l590c-0l 
J.l37jt:-Ol 
J«lj7jt-Ol 
O.tS/OL-02 
O.<<S40E:-O2 

0. (>t3Jt-02 
ü.J700e-02 

0.3220t-02 
0.427ÜE-02 
0.97C0E-02 
O.1790E-01 
O.5ÜÜ0F-O2 
0.94Ö0E-02 
0.790ÜE-O2 
0.137Ü6-01 
0.2060E-01 
0.174Gfc-01 
0.l7dOE-0l 
0.1t)2OE-Ol 
0.105ÜE-01 
0.9400E-02 
o,ä20uE-02 
Ü.U30E-01 
0.13l0f—01 
O.ri600t-02 
0.2c^OE-Ol 
0.1320E-01 
O.840ÜE-02 
0.4V00E-O2 
0.1750E-01 
0.190CE-Ü1 
0,1210E-01 
0.^30Cf-02 
O.lb^üb-Ül 
0.2^506-01 
0.2390E-ol 
O.2190f-Ül 
0.222oL-01 
0.229ÜE-01 
0.1Ö30E-01 
0.1890t-0l 
0.182ÜE-01 
0.l790fc-01 
0.164ÜE-01 
0.933ÜF-02 
o.9b20E-02 
0.972^t-02 
O.9390E-02 
O.lObUE-Ol 
O.54bOE-02 
0.537ÜE-02 
0.53ü0t-02 
0.52OOfc-02 

C.9U0C 07 
0.9420E 07 
o.06206 07 
0,89506 07 
0.t'220E 07 
0.9^006 07 
0.9j40f- 07 
0.8*>70E 07 
O.LtAOt C7 
u.b760E 07 
O.Mtfüut. 07 
O.bfi30fc o7 
u.a200E c7 
Ü.82!>0fc 07 
0.83406 C7 
0^670t 07 
O.Ü600L 07 
G.bblOE 07 
O.t840E 07 
0.90406 07 
0.92906 07 
O.S2906 o7 
0.61706 07 
ü.ci420E 07 
0.L69Ü6 C7 
0.92306 07 
0.92tOC 07 
0.86606 07 
O.b7i06 07 
C.S010F o7 
0.^1206 07 
0.Si)30f 07 
Ü.b560E 07 
0.tt206 07 
0.8620F 07 
0.f;800F 07 
0.e910fc 07 
0.bl706 07 
Ü.b350t 07 
0.b730t 07 
0.fc'9906 07 
O.^OIOE 07 
0.fc52ü6 07 
0.85706 07 
o.oÖwOE C7 
0.^0706   o7 

SPEC 

11) 
IA 
8b 
fMi 
80 
8C 
8E 
70 
7E 
7A 
7B 
7C 
6A 
6 a 
66 
6C 
60 
db 
8A 
8C 
SE 
80 
5A 
50 
5t: 
5JI 
5C 
40 
<tA 
48 
4f 
40 
3A 
36 
30 
3U 
3C 
?C 
28 
2A 
20 
26 
4A 
40 
4B 
46 
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ortAPHITt   tPDXY   VIBKATIUN   DATA 

TErtP PtRIüD DAMPING   RATIO        STGRAGt   MUOULUS        SPEC 

300 0.b630t-02 0.56<iOE-02 0.9210E 07 4C 
300 O.itt>0t- ü2 0,fa060E-02 C.8500E 07 3 A 
300 ü.i»C30£-02 Ü.452ÖE-02 0.b590E 07 3B 
3u0 O.bCiJE-02 O.3b2c£-02 O.ü5y0F 07 3E 
3o0 0.50101—02 U.4540E-02 0.8640L 07 30 
300 vj.4tiyje-u2 0.3380E-02 0.906JE 07 3C 
300 0.352ut-02 0.3b20t-0^ 0.6490E 07 IC 
300 0.3i»00E-02 0.2110E-02 Ü.6570E 07 IB 
300 0.3400h-02 0.3Ü30E-02 C.9C90E 07 It 
300 0.j5yOE-02 u,3D50fc-02 0.9160E 07 10 
300 j« J3WWE<*02 0.'t6lÜE-02 C.9690E 07 1A 
300 0.22yOE-u2 0.5060E-02 O.Plbut 07 20 
3JC o*^^OoE-02 O.361GE-02 C.t'AlOE ^7 28 
300 0.^260E-G2 0.5^3uE-02 0.8410E G7 2A 
300 O.XISiOE-uZ 0.3byOE-02 0.b9lOE 07 2t> 
30O C.21SOC-J2 J.,il6GE-02 0.89 DOE C7 2fc 
300 O.l8l0h-0^ J.3C10E-02 C.8500fc 07 38 
iOu J.ifcOJt-02 Ü.4360E-02 C.hi>30E 07 3A 
3U0 0.179ut-u2 G.!)0l0E-02 0.B620E 07 3fc 
30o 0.i700t-02 O.4990E-02 0.8870F 07 30 
300 0.1760E-Ü2 J.'»270L-02 O.B960E 07 30 
300 Ü.5>fctJOL-03 Ü.2e^0E-02 0.8310E 0 7 10 
300 O.bOlut-O i O,39'»0E-02 G.bb20E C7 lb 
3U0 O.bbiOfc-Oi u.277oE-02 0.b770E 07 IE 
3JO o.5^30t:-G3 0.2720t-O2 o.«vcaor C7 ID 
300 u.5340t:-u3 0.3200E-02 0.94lüE 07 LA 
300 0.3i37t-03 Ü.1940E-01 0.8700E 07 38 
300 0,J233C-0i 0.3170E-01 0.8720E 07 8A 
300 0.3lblE-0J 0.1900fc-01 0.9180F 07 80 
300 J,31*»lt-C3 Ü.440ÜE-02 C.9240E 07 80 
300 U.24olt-03 0.930uE-02 G.Ö470E 07 70 
300 0.2<»t>3E-O 0.166GE-01 0.8520E &7 7E 
300 0.i.**ift-ui Ü.1350E-O1 0.P710E 07 70 
30 J ü,24^lt-03 0.17OOE-OI 0.fa750F 07 7A 
3J0 0.<iA20t-03 U.17<»GE-01 Ü.6760E 07 78 
300 O.lbSöt-üi 0.1530E-01 0.7930E 07 oA 
30 u C.l672fc-03 O.75C0E-02 O.blbOF 07 6B 
300 0.lfc66r:-Ü3 Ü.120ÜE-01 0.ri220E C7 6E 
30 J 0. lt.'»4t-03 G.l26Cf-ul 0.R430F 07 6C 
3J0 ü«16^UE-03 U.l2b0t-01 C.B^SOE C7 60 
300 u.l078t-03 O.loBGE-Ol 0.fc700E 07 8B 
3J0 0.1C7tE-03 0.2320t-01 0.b770E 07 8A 
300 O.lGüVE-03 O.IB20E-01 0.8860? G7 80 
30 j 0.1047C-03 0.3200E-Ü2 0.9270t J7 80 
3uO 0.d3l>0t-04 0.1760E-01 0.b090E 07 5A 
300 0.o3J0t-0'» U.20H0E-01 0.H28OF 07 50 
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■  l 

GRAPHITE EPOXY VIBRATION DATA 

TtMP      PERIOD     DAMPING RATIO   STORAGE HCOULUS SPEC 

3ÜO    0.9130E-Ü4     0.1680E-01       Ü.8610E 07 5E 
iOO    u.768uE-04     0.3900E-02       G.9190E 07 5B 
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