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ABSTRACT

Interlayer materials like Polyvinyl Butyral (PVB), Silicone and Urethane
are viscoelastic in their mechanical behavior. Mechanical properties of
a viscoelastic material are not only dependent on temperature, but also
highly dependent on frequency or strain rate. Dynamic mechanical
analysis provides an effective experimental tool to measure the visco-
elastic properties over a wide range of temperatures and in the time
range of a few seconds up to 10- 5 seconds. It is especially suitable for
studying the viscoelastic nature of interlayer materials since the
temperature and strain rate conditions for windshield design and service
are within the measurement and analytical capabilities of DMA

For illustration of the above facts, the viscoelastic properties of PVB-
3GH and PVB-AG2 interlayers have been studied using DMA. Compression
modulus and tan 6 curves at 40C increments from 30 to 70cC, in the
frequency range of 0.1 Hz to 100 Hz have been measured. Master curves
for complex modulus and tand with respect to frequency at the reference
temperature of 390C have been obtained by applying the time-temperature
superposition principle to the above data. G', G" and tan dvs.
temperature characteristics have been measured for the same materials
ranging from -100 to 140o0C.
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INTRODUCTION

Interlayers in windshields perform important functions under conditions
of large variations in temperature and strain rate. For commercial
aircraft windshield application, this temperature range is approximately
from -650F to 130OF and the strain rate range is from a low of 0.01
in./min (.00017 in./in./sec) to a high of 12000 in./in./min (200
in./in.sec)1 . In the case of low strain-rate loading and high
temperature environment, the interlayer must transfer loads without
excessive deformation or permanent set, which depend on good elastic
properties. Under high strain rate conditions and low temperature
environment, good plastic properties interlayers are needed to absorb
shock loads like a bird impact.

The mechanical properties of interlayers under these varied but important
conditions can be measured more easily and reliably using Dynamic
Techanical Analysis (DMA).

DMA

DMA tests measure the response of a material to a sinusoidal or other
periodic stress. Since the stress and strain are generally not in phase,
two quantities can be determined - a modulus and a phase angla or a
damping term. There are many types of dynamic mechanical test
instruments. One type is schematically illustrated in Figure 1. The

general types of dynamic mechanical instruments are free vibrations,
resonance forced vibrations, non-resonance forced vibrations, and wave
and pulse propagation instruments.

Although any one instrument h1as a limited frequency range, the different
types of apparatus are capable of covering the range from a fraction of a
cycle per second up to millions of cycles per second or a time range of a
few seconds up to 10- 5 seconds. Whenever the frequency range on any one
instru ent is not adequate for the application, a master curve covering a
wider frequency scale can be generated by conducting the experiments at
different temperatures using the available frequency range of the
Inot*'ument. This is possible to do since most polymers especially
i%-er'layers lend thembclves for the application of time temperature
superposition principle.

The master curves for median batches of PVB-3GH (99081) and PVB/AG2
(57150) are illustrated in Figures 2-5. These plots at the reference
temperature shown yield the required data in the strain rate rahge of
interest for the application to windshields.
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Discussion of DMA Data on PVB Interlayers

2Dynamic mechanical results are generally given in terms of complex

moduli or compliances. The notation will be illustrated in terms of
shear modulus G, but exactly analogous notation holds for Ycuni modulus
E. The complex moduli are defined by:

G* = GI + i G" (I)

where G* is the complex shear modulus, G' is the real part of the modulus

and i = 4 -. G" is called the loss modulus and is a damping or energy
dissipation term. The angle which reflects the time lag between the

applied stress and strain is d and it is defined by a ratio called the

dissipation factor.

tan 6 G"/G' (2)

The 'tan 9' is a darping term and is a measure of the ratio of energy
dissipated as heat to the maximum energy stored in the material during
one cycle of oscillation. For small to medium damping, G' is the same as
the shear modulus measured by other methods at comparable time scales.
The loss factor G" is directly proportional to the heat H dissipated per
cycle as given by,

H 7V G" Yo (3)

where Yo is the maximum value of the shear strain during a cycle.

Figures 6, 7, 8 and 9 show G', G" and tan vs. temperature plots for
PVB/AG2 interlayer. Figures 10, 11, 12 and 13 show the same plots for

PVB/3GH interlayer.

The dynamic modulus or the modulus measured by any other technique is one
of the most basic of all mechanical properties and its importance in any
structural application is well known. Damping is often the most
sensitive indicator of all kinds of molecular motions which are going on
in a material even in the solid state. These motions are of great
practical importance in determining the mechanical behavior of polymers.

The absolute value of the damping and the temperature and frequency at
which damping peaks occur will be of considerable interest in the
selection and comparison of interlayer materials. Many other mechanical

properties are intimately related to damping; these include toughness and
impact strength and fatigue life.

606



b ( b

LAP%

u01

ONE"

U4 U4L4 L4L4 L
-S

omC

LIE

%MO0O



i I<!!! 4
S tltil i i ,.

O l~l +ll l J ..I+++ I 0w ] -)I + P II I , _

+ C~ llflll i I llll -," 0
- - - .I : "

I I[!"'_ 0
', ', ', I

+.II' +I EU
4,

0)€



0I

00

U4 L4

E EW

c -c



TM

TM

610~



nx-711TK-1 azi - !Y%0

co

E) E

0 0
a wo 0



ei _

CAC _ __l i ' (0I

L
E

612

, ll ii __ __,]o

!-, IIII
++ml llla u

ilII 612



00

iim

E E

610)



Cf-

IIm

-O 0

__ 0

'mu

614 I



CC
0~0

0 0

-a c m 0  0 E

E x

00 0 0

400
.3 

)c. ~ Cl 
a

0 ~~ 49 0.(

It : 51~0 0

615~ C (~.



Frequency is expressed using the units of Hertz (1 Hz 1 cycle/sec.).
X1 Time period of a cycle is the inverse of the frequency value.

Table 1 summarizes the damping characteristics for PVB/AG2 and PVB/3GH
interlayers. A major damping peak for 3GH plasticized vinyl occurs at a
lower temperature and strain rate than AG2 vinyl, but the peak values of
tan are slightly smaller.

The secondary damping peak for AG2 vinyl at colder temperatures is an

attractive feature of this interlayer. AG2 vinyl has better impact
resistance than 3GH vinyl at colder temperatures.

CONCLUSION

DMA offers an important test method to study mechanical behavior of
interlayer materials 'in the temperature and strain rate ranges of
interest for windshield applications. This analysis can also aid in
material formulation and quality control.

The author is grateful to Mr. Ken Tanino of Boeing Materials Technology
for conducting the necessary DMA experiments and producing all the plots
included in this paper.
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