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J FOREWORD

This report contains a detailed discussion of methods and

procedures used to define the vibration damping properties of high

temperature (260'C to 780 0 C or 500OF to 1,8000 F) damping materials.

The work was done by the University of Dayton Research Institute,

Dayton, Ohio in partial fulfillment of Air Force Contract Number

_F'36l5-79-C-5108 for the Air Force Materials Laboratory, Wright-

Patterson Air Fcrce Base, Ohio. Some of the work included here

was also done under Air Force Contract Number F33615-76-C-5137.

The work described was conducted during the period January 1976

through December 1979 under the general supervision of Mr. Dale

H. Whitford, Supervisor of the Aerospace Mechanics Division, andIi Mr. Michael L. Drake and Mr. Charles M. Cannon, Principal Investi-

gators. The material evaluations were conducted by Mr. David M.

j iHopkins and Mr. Richard C. Goodman. The results of 62 material

evaluations using these techniques are presented in the Appendices.

The authors wish to express their thanks and gratitude to

I Mr. Cannon and Mr. Goodman for their help in developing tha test

fixture and the collection of data.
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SUMARY

High temperature vibration damping technology has evolved
to the point where it can be used to reduce resonant associated
vibratory stresses. The material properties defined by this

testing program show that porcelain enamels can be used as a tool

to resolve problems such as high cycle fatigue.

Additional experimental work is indicated to broaden the

knowledge of the thermal aging effects on high temperature enamels.

It appears that one approach to this problem is controlled com-

positional changes to glass components.
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I SECTION I

INTRODUCTION

The use of vibration damping technology to reduce the reso-

nance vibratory stresses in structures has become a common practice

[1]. The vibration damping materials currently being used are

primarily rubber-like polymers and are generally limited to vibra-

tion damping applications below 260*C (5000F). Glass is known to

have the potential to extend the temperature range of vibration

damping technology to near 1,000°C (I,830*F). One of the major

barriers to utilizing damping technology has been the inability to

accurately define the vibration damping properties of materials at

high temperatures. Reported here is the new high temperature

materials property evaluation technique being used by the University

of Dayton Research Institute (UDRI) to determine the vibration

damping properties of various glasses.

The results of the material evaluations listed in Tables 1

and 2 are presented in the Appendices of this report.
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TABLE 1

MATERIALS LISTED BY BEAM NUMBERI
.1

Beam Number Material

01-04-1 0. Hommel R-1199

01-04-2 0. Honmel R-1199

01-19-2 Pemco 79 R 1016

01-32-2 Pemco 79 R 835
I 0

01-37-2 0. Hommel R-7007
I __ 01-37-2 0. Hommel R-7007

01-38-1 NBS - 418

01-39-1 0. Hommel R-7007

01-40-1 Corning 7570

I i-41-1 Corning 8463

I 01-42-1 Corning 7556

01-43-1 UDRI: Borosilicate + 5% Na2 0 + 2% Co2 03
I

j01-44-1 UDRI: Borosilicate + 5% Na2 0 + 2% CO 3

01-44-2 UDRI: 74.5% SiO2 + 12.75% Na2 0 + 10.75% CaO +

1 1 3% AI2 03 + 2% Co2C 3

01-44-3 UDRI: 74.5% SiO + 12.75% Na 0 + 10.75% CaO +
2 2

3% AI 203 + 2% Co203

01-46-1 UDRI: 74.5% SiO + 10.75% CaO + 12.75% Na20

04+ 2% Co203

01-46-2 UDFI: 74.5% SiO 2 + 10.75% CaO + 12.75% Na20

+ 2% Co0

01-46-3 UDRI: 74-5% SiO2 + 10.75% CaO + 12.75% Na2 0

t + 2% Co0i2 3

01-46-4 Pemco 79 R 465

01-46-5 * Pemco 79 R 2633

2



TABLE 1 (Continued)

MATERIALS LISTED BY BEAM NUMBER

Beam Numbex Material

01-47-1 UDRI: 70% SiO2 + 30% Na20 + 2% CoO 3

01-47-2 Pemco 79 R 835 + 20% Alumina

01-47-3 Pemco 79 R 2635

01-48-1 Corning 0010 + 7.5% Al 203 + 1% Co 203

01-48-2 Corning 0010 + .5% Al 203 + 1% Co203

01-48-3 Owens Illinois CV-97

I 01-48-4 Corning 7570 + 2% KHCO3 + 2% Na2 0

01-48-5 Corning 7570 + 2% KHCO + 2% Na2 0-01-49-1 Coring 0010 + 7.5% A120 3 + 1% Co203

01-49-2 Corning 0010 + 7.5% A120 3 + 1% Co203

01-49-3 Owens Illinois CV-101

01-49-4 Corning 7570 + 6% KHCO3 + 6% Na20

01-52-1 Corning 0010 + 10% Al203 + 1% Co2 03

1 01-53-1 Corning 0010 + 10% Al2 03 + 6% Na20 + 1% Co2 03

01-54-1 Corning 0010 + 12.5% Na20 + 2% Co2 03
01-55-2 UDRI: 74.5% SiO 2 + 12.75% Na2 3 + 10.75% CaO +

01-55-3A Na 0% o10.7%Ca3
01-55-4 UDRI: 74.5% SiO2 + 12.75% Na20 + 10.75% CaO +

6% AI203 + 2% Co203

01-55-1 UDRI: 74.5% SiO2 + 12.75% Na20 + 10.75% CaO +6% Al203 + 2% Co203

01-55-4 UDRI: 74.5% SiO 2 + 12.75% aO2 + 1.75% CaO3 +

6.375% Na20 + 2% Co203

01-57-2 UDRI: 74.5% SiO 2 + 10.75% CaO + 6.375% KHCO3 +

6.375% Na 20 + 2% Co203

3
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TLE1 (Concluded)

MATERIALS LISTED BY BEAM NUMBER

Beam Number Material

01-57-3 1 UDRI: 74.5% Sio 2 + 10.75% CaO + 6.375% KHCO 3 +

I 6.375% Na 0 + 2% 00203

01-59-1 Corning 7556

01-59-2 Pemco 79 R 2634

01-60-1 Owens Illinois SG-67-A

01-62-1 Corning 7570 + 4% KHCO 3 + 4% Na2O0

[IJ4
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TABLE 2

INDEX OF MULTILAYER BEAM TESTS

Beam Number Layer Material

01-50-1 11 Corning 0010 + 10% Al 203 + 1% Co203
i2 Nickle Aluminide

3 Magnesium Zirconate

01-51-1 1 Corning 0010

2 Nickle Aluminide

3 Magnesium Zirconate

01-51-2 1 0. Hommel R-1202

2 ;0. Hommel R-1250

01-51-3 1 0. Hommel R-1202

2 0. Hommel R-1250

01-55-1 j 1 Corning 0010 + 10% A1203 + 1% Co203

:2 A12 03

01-58-1 1 UDRI 74.5% SiO 2 + 10.75% CaO + 12.75% Na20

+ 3% Al2 03 + 2% Ca2 03
2 NiCr

01-58-2 1 UDRI 74.5% Si0 2 + 10.75% CaO + 6.375% KHCO 3

1 R + 6.375% Na2 0 + 2% Co20

2 0. Hommel R-1251

01-58-3 1 }UDRI 74.5% SiO2 + 10.75% CaO + 6.375% KHCO3

+ 6.375% Na 20 + 2% Co2032 0. Hommel R-1251

01-58-4 1 UDRI 74.5% SiO 2 + 10.75% CaO + 6.375% KHCO 3

6.375% Na20 + 2% Co2 03

2 0. Hommel R-1251

01-61-1 1 UDRI 74.5% SiO2 + 10.75% CaO + 6.375% KHCO3
+ 6.375% Na20 + 2% Co 2 03

2 NiCr

5



TABLE 2 (Concluded)

INDEX OF MULTILAYER BEAM TESTS

Beam Number Layer Material

01-61-2 1 UDRI 74.5% SiO + 10.75% CaO + 6.375% KHCO

+ 6.375% Na2 0 + 2% Co2O301-61-2~ ~ 2 + 2+1.7%CO+6375 H

2 NiCr

01-62-2 1 UDRI 74.5% SiO2 + 10.75% CaO + 6.375% KHCO3

-+ 6.375% Na 0 + 2% Co 02 2 3
2 0. Hommel R-1252

01-62-3 1 UDRI 74.5% SiO2 + 10.75% CaO + 6.375% KHCO3

+ 6.375% Na2 0 + 2% Co2 03
2 0. Hommel R-1252

01-62-4 1 UDRI 74.5% SiO 2 + 10.75% CaO + 6.375% KHCO 3
+ 6.375% Na2 0 + 2% Co203

0. Hommel R-1252

01-62-5 1 UDRI 74.5% SiO 2 + 10.75% CaO + 6.375% KHCO3
+ 6.375% Na2 0 + 2% Co 02I 2 3

2 0. Horure± R-1252

01-63-1 1 0. Hommel R-1202

2 0. Hommel R-1250

01-63-2 1 0. Hommel R-1202

2 0. Hommel R-1250

6
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SECTION II

jHIGH TEMPERATURE ENAMEL TESTING APPARATUS AND TEST BEAMS
Experiments to measure the dynamic response of specimens at

elevated temperatures are difficult and require sophisticated tech-
niques, especially when making measurements using the resonant beam

technique. Devices such as high temperature accelerometers to

measure the vibrational response are usually large, costly, and in

some cases require an external cooling apparatus. The large accel-

erometers can influence the dynamic response of the test beam.

Strain gages can be used but are effective only for measuring one

or two modes of vibration because the surface strains of the higher

modes of vibration tend to be small. Due to these difficulties,

it is usually best if the response can be measured by a device

capable of measuring the response over a wide frequency range,

mounted outside the furnace in which the beam is being tested.

Exciting the beam into resonance at elevated temperatures is also

very difficult to accomplish.

A unique apparatus was developed to measure the dynamic re-

sponse of glass-coated beams at elevated temperatures. The

apparatus was desiqned to determine the response of five to

six modes of a cantilever beam over a temperature range of 250'C

to 1,0000 C (500°F to 1,8300 F) and a frequency range from 100 to

10,000 Hz. The complete apparatus and the test beam are explained

in the following paragraphs [2].

i. HIGH TEMPERATURE ENAMEL TEST APPARATUS

Standard commerically available electronic equipment is used

to produce and monitor the drive transducer input signal. The
amplified output of a sine sweep oscillator in series with a dc

power supply provides the controlled sine power signal which results

in the desired magnetic field from the drive transducer. A cobalt

disc on the end of the test beam provides the magnetic couple

between the drive transducer and the test beam. By varying the

. - _ _-7



frequency output of the oscillator, resonant vibration is induced

in the beam. The motion of the beam is transmitted mechanically

through the high temperature cantilever test fixture to a force

link. The output of the force link is amplified and provides the

signal for the half-power bandwidth measurement needed to determine

the material's damping properties. Figure 1 is a block diagram

of the high temperature testing apparatus and Table 3 lists the

electronic equipment used in this experimental se--up. A descrip-

tion of the unique components designed for this system to allow

operation at elevated temperatures follows.

a. Transducer

Available electromagnetic transducers were not ade-

quate for excitation of test structures or specimens at high tem-

peratures (up to 980 0C or 1,8000 F) because insulation on the coil

wire burns off and demagnetization of the permanent magnets occurred.

In attempting to satisfy this void, a noncontacting drive trans-
ducer using electromagnets and freon cooling was constructed (see

Figure 2). Use of a static field electromagnet prevents demagneti-

zation when high level dynamic excitation such as white noise is

used.

The transducer body is constructed of mild steel.

The end covering the coil and the core is also mild steel but the

end cap is nonmagnetic stainless steel. A Teflon bobbin holds

the coil in place. When using this type of transducer, a DC

current source is required for the static magnetic field. The

required dynamic signal is applied to excite the structure under

test. The block diagram in Figure 3 shows connection for the

transducer.

A standard 4,000 BTU air conditioner is used to cool

the transducer by removing the evaporator and connecting the trans-

ducer (see Figure 4). With cooling, the transducer will operate

at higher temperature and handle more power.

8

-W-16- WKI

-~ ~AM



z~ ~ <.-

_~ z)

z x E-I!X

02-
CVl,

-- 0ZZ

4

L t0

C-x $-I
U) 0.1

>0

Io

0 cx0

011.
$:4

.- ) x

O3~1.± .10 q

r-

,.-4 E-

IM a ,. X



TABLE 3

LIST OF ELECTRONIC EQUIPMENT

Description Manufacturer Model Number

Oscilloscope Ballantine 1066S

Meter, R. M. S. Hewlett-Packard 3400A

Amplifier, Power McIntosh MC50

Drive Transducer, UDRI fabricated
Freon Cooled

Refrigeration System, UDRI fabricated
Transducer

Preamplifier, MB Electronics N400
Precision

Plotter, Graphic Hewlett-Packard 7035B
x/Y

I Force Gage, Axial PCB 233A
I Power Supply, Harrison 6203A

Current Source
Impedence Transformer, UDRI fabricated
Line Driver

I Oscillator Spectral Dynamics 104-A

-- 1 0

I -



2- Sl ~ -~

4

i- f)

_ = C)



E- Z

IEL _ _ _4_

U.

|z

U) $4)

< 0)

_ _ _ _ _ _ .)-

z u 4-)

z el u

U)

C44
0U

4 -

!43

C-12

E~tJ r4

44

Al-

dbI

12.4-



A F
° II_

JG

10 0

! N 0 0 0

II

I A - Compressor
B - Filter/Dryer
C - Pressure Switch
D - Condenser Air Cooled, Finned Fan Forced Air
E - Orifice
F - Schroeder Valve to Drive Transducer
G - Schroeder Valve to Pick-up Transducer
H - Pressure Gage
I - Manually Adjustable Valve
J - Evaporator, Air Cooled, Finned, Static
K - Return Schroeder Valve from Drive Transducer
L - Return Schroeder Valve from Pick-up Transducer
M - Recharge Valve
N - Receiver

__ 
[

Figure 4. Schematic of Air ConCitioner Used
to Cool UDRI Fabricated Drive
Transducer.
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b. High Temperature Cantilever Test Fixture

The high temperature enamels cantilever test fixture

was developed to maintain a constant clamping force on the test

specimen as the temperature is varied over the test range, and to

transmit the motion of the test specimen to the force gage located
I outside the hiqh temperature furnace. The hiqh temperature enamels

damping fixture number one is illustrated in Figure 5. The fixture

consists of an isolated table, clamping fixture, force couple,

force gage, and air cylinder. The table is a platform mounted to

a wooden frame by isolation mounts. A metal plate is attached

to the table. The clamping fixture is two blocks machined from

Inconel Alloy Number 625. Two bolts machined from Inconel Alloy 625

pass through grooves along the side of the blocks and through the

table and are attached to the top of a force link. The test specimen

is inserted bet"Yeen the blocks and approximately 50 psi applied to

i the air cylinder providing a constant clamping force to the root

of the specimen. The air cylinder is a major innovation for this

system. Any bolting system used to apply clamping pressure lost

torque at the higher temperatures. The air cylinder takes into

account any thermal expansion and this results in a constant clamping

pressure over the entire temperature range. Vibrations in the

beam are mechanically transmitted to the force link via the fixture
block and bolts. Fixture number two (illustrated in Figure 6) is

I t similar, except the blocks and bolts are made cf Hastelloy X. Only

one bolt is used and it is passed through the center of the block

I and specimen root. This arrangement reduces background interference

as seen by the force link.

c. Temperature Control
I=-

To achieve the high temperatures necessary for the

evaluation of high temperature vibration damping materials, a
three-zone tube furnace was modified to accept the enamels test

zixture and the electromagnetic drive transducer. Baffels are usedto separate the zones for more precise temperature control. The

temperature in each zone is independently controlled by a propor-

= tional temperature controller. A control thermocouple provides

14
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11 Figure 6 High Temperature Enamels Damping

Fixture Number 144o.
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I the signal to the proportional controllers. The controllers are

I adjusted to achieve the desired temperature as read on monitoring
j ]thermocouples. Figure 7 is a schematic of the enamels testing

Ifurnace showing the location of the control thermocouples (TC-I,
TC-2, and TC-3) and the monitoring thermocouples (TM-I, TM-2A, TM-

2B, and TM-3). Zone one (fixture end) thermocouples are inserted

into holes in the root of the test specimen. Zones two and three
control thermocouples are inserted through the bottom of the '- rnace

to about one-half-inch below the test specimen. Zones two and

three monitoring thermocouples are set down onto the surface of the

test specimen measuring the temperature of the enamel coating.
The temperature is set and allowed to stabilize. When the temper-

ature is at the desired level, the zone two and zone three moni-

toring thermocouples are lifted and modal damping data is taken.
Even with baffels separating the zones, there is considerable inter-

action between the zones. To achieve more accurate control of the

temperature, two monitoriny thermocouples are used in zone two.

Table 4 shows typical temperature variance between monitoring

thermocouples after the temperature is stabilized at the desired
temperature. The test temperature is considered stabilized when

the variations in Table 4 are maintained for three minutes.

I TABLE 4

tj TEMPERATURE DEVIATION OF MONITOR THERMOCOUPLES

Deviation from
Thermocouple Number Furnace Zone Set Temperature

TM-I 1 1.7 to 2.8*C

TM-2A 2 -1.7 to 2.81C

TM-2B 2 1.7 to 2.81C
TM-3 3 -2.8 to 3.9'C

17

%



YTM -3 TM-2!3 'M-2A

'II

1 'I'C- 3

rC -2 TC-1

Fire 7. Schematic of the Enamrels Testing Furnace
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2. TEST SPECIMEN

a. Beam Specimen

The high temperature enamel test specimens are canti-

lever beams made of Haynes Alloy Number 188, with roots made of

Hastelloy X. Figure 8 is a schematic of the test specimens with

typical dimensions. The top beam is made to be used in test fixture

number one, and the bottom in test fixture number two. Both

specimens are identical except a one-half-inch hole is drilled in

the root of the beams to be used in fixture number two. The beams

are cut from a Haynes Alloy sheet and machined to the required

dimensions. The roots are cut from 0.25-inch Hastelloy X sheets

and machined to size. An 0.125-inch hole is drilled into each root

to allow the high temperature testing furnace's zone one thermo-

couples to be inserted into the beam. The roots are then welded

onto the top and bottom of the test beam. The beams and roots are

welded on three sides to ensure adequate clamping. Since Haynes

Alloy Number 188 is non-magnetic, a high Curie temperature cobalt

disc is welded onto the beam to provide a magnetic couple to the

electromagnetic drive transducer.

b. Preparing the Damping Material

The base glasses are in fritted (powdered) form. The

required amounts of glass, and in some cases oxide additions, are

weighed out on a pan balance. The weighed powders are then mechan-

ically mixed in a V-blender for approximately one hour. The mixed

material is then contained in a platinum crucible, heated, and

quenched by pouring it into a container of cold water. The quenched

glass is then dry-ball milled, using A!2 03 grinding media. The
milled powder is then screened to obtain various particle size

splits. For the test beams prepared the distribution of particle

sizes is obtained by passing the powder through a 100-mesh screen I

and using what remains on a J.50-mesh screen.

c. Damping Material Application

Prior to coating, the metal substrate is sandblasted

using a 36-mesh silicon carbide grit and an air pressure of 75 psi.

19



V)
U) z

0
14,

-u

- X

E-J

(-) a,

E4

0

00 b

E- 4$ *

'-.4 r4 U

LnL

4200
E-4-

0-

~Lrt

0

ua)

-44

UE-~ ~ r-g

UE-

E-44

20



Ii The powdered damping material is arplied to the metal substrate

by plasma spraying. A Metco 3MB plasma spray apparatus is operated

at 400 amps DC, 75 volts DC at 30,000 watts setting with a gas flow

of fifteen scfh H2 and 80 scfh Ar. A gas mixture of 84.2 percent

Ar and 15.7 percent H2 is used. The coated beam is then fired in

a resistance heated furnace fo- approximately three minutes or
until the surface appears to be smooth. Figure 9 illustrates an

uncoated specimen and a coated test specimen [2].
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SECTION III

DETERMINATION OF MATERIAL PROPERTIES

The definition of vibration damping properties by the Oberst

beam testing technique involves four main steps. The damping charac-

teristics of the uncoated beam specimen are determined by the reso-

nant beam technique. After the base line data for the test beam

is known, the beam is then coated with the high temperature damping

material to be eva" ited. The composite beam is then tested to

obtain the damping t-naracteristics of the coated specimen. The

data from the uncoated and coated beam tests are then combined and

entered into a computer program which defines the material's storage

modulus, loss modulus, and loss factor for the specific temperatures

and modes as det-rmined from the beam tests. A reduced frequency

nomograph is developed from these material properties by means of

another computer program. This nomograph displays the vibrationi damping properties of the material as a function of temperature and

frequency for a temperature and frequency range which extends beyond

that of the test data.

1. BEAM TESTING

The method for determining the loss factor and complex Young's

I modulus properties for high temperature free layer materials is

the Oberst beam test [3]. The frequency response and modal damping

as a function of temperature are measured for each undamped test

beam. Accurate measurements of the resonant frequencies are neces-

4 . sary because the material damping properties calculated from experi-

mental measurements are very sensitive to errors in the ratio of

I the coated beam resonant frequency to the unccated resonant frequency

(fc/f especially for thin coatings.

a. Uncoated Test

The physical dimensions for the uncoated beam are

measured and recorded. To determine the material loss factor and

complex Young's modulus, the Oberst equations require the uncoated

beam thickness (hb), length (k), and density ( All of the

23-It
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beams reported here are made of Haynes Alloy 188 with a density

of 9.13 g/cc. (Beam dimensions are illustrated in Figure 8).

The cantilever beam test specimen is placed in the

apparatus illustrated in Figure 1. As mentioned previously, this

apparatus compensates for the thermal expansion and high temperature

I' creep of the fixture and ensures a constant clamping pressure over

the entire temperature range for which the measurements are obtained.

For the uncoated beams, each beam is stabilized at

the highest expected test temperature (usually about 1,000°C) and

the resonant frequency and modal damping of the second through

sixth modes are measured. The temperature is then reduced in 400C

increments, stabilized (refer to Table 4), and the response measure-

ments repeated. This procedure is continued to approximately 300°C.

The resonant frequency and modal damping versus temperature for

each of the modes are then plotted. The resonant frequency versus.1 temperature curve, as illustrated in Figure 10, for each of the modes

of the uncoated specimens tested is a smooth curve, and accurate

resonant frequencies could be picked from this curve for any tem-

perature of interest. The modal damping is determined by measuring

the half-power bandwidth of each of the modes (n = Afn/f n ) and
.4 :plotted versus temperature as illustrated in Figure 11.

Experience showed it was necessary to heat the specimen

to the highest temperature and measure the response of the specimen

as it cooled. The resonant frequencies measured on cooling from

the highest temperature were higher than the resonant frequencies

measured upon heating from room temperature to the highest tempera-

ture of interest. Once the specimen was heated to the highest

temperature and cooled, the resonant frequencies measured going up

in temperature and those measured coming down in temperature were

the same, within experimental error, providing the specimen remained

in the fixture. Other investigators have also noticed this behavior

[4]. It is believed to be caused by the beam "setting in" the

fixture and the relief of surface stresses in the beam introduced

during fabrication. It is not due to the beam material being

24
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annealed. The anneling temperature of the beam material used

(Haynes Alloy 188) is greater than 1,100C.

b. Coated Beam Test

After the uncoated specimen responses are measured,

the beam is then coated on one side with a glass. The coated beam

is heated to the expected maximum temperature for the particular

coating, and the resonant frequencies and modal damping of the second

through sixth modes are measured. The temperature is then reduced

in steps of 250 C and the response is again measured. If the modal

damping decreased upon cooling, the temperature of the specimen is

increased above the initial test temperature in 250C increments until

the modal damping decreases for two successive increases in tempera-

r ture. The specimen is then cooled in 250C steps and new measurements

taken. Figure 12 is a typical plot of coated beam center frequency

versus temperature and Figure 13 is a typical plot of modal damping

versus temperature.

The measurements made upon heating are not used to

calculate the damping properties of the coating for the reasons pre-

viously menticned. Another reason is that a glass is sensitive to

Tits previous thermal history, in particular to the rate at which

it is cooled from its firing temperature. The specimens tested are

fired and then air quenched. This rapid cooling may have caused

large residual stresses and some nonequilibrium structure can be

frozen in. Heating the glass above its softening temperature and

slowly cooling it allows the residual stresses to be relieved and

Ithe glass to maintain equilibrium.

t eThe loss factor of the uncoated beam is subtracted from

the measured loss factor of the coated beam to obtain a "corrected"

modal damping coefficient. Sridharan [4] has shown that for small

modal damping

C s b
where

(b is the modal damping of the uncoated beam;

n is the measured modal damping of the coated

specimen;

27
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cT is the modal damping that would have been observed

if the uncoated beam damping was zero.

| This correction is usually only necessary for temperatures greater

than 650*C (1,2000F). The data recorded for each of the modes and

temperatures are:

T -the temperature of the specimen;

f - the resonant frequency for the nth mode ofn
the uncoated beam;

f - the resonant frequency for the nt h mode of

the coated beam;

Af - the half-power bandwidth of the nth mode of
n

the uncoated beam;

Afc - the half-power bandwidth of the nth mode of

the coated beam;

s  - modal damping of the nth mode of the coated

beam;

nb  - modal damping of the n mode of the uncoatedEl beam.

2. CALCULATION OF DAMPING PROPERTIES

The damping characteristics of the coatings are determined

by measuring the vibration response of a composite cantilever beam

at varying temperatures over the viscoelastic range. It is assumed1 that the enamel is a viscoelastic material; that is, the modulus

!fof the enamel can be treated as a complex quantity

SE' + iE = E (1 + Z
DD D D

where EL is the storage or Young's modulus of the enamel and n.

is the ratio of the dissipative modulus, E0, to the storage modulus.

Consider the metal beam with enamel coatina on one side, as

shown in Fiqure 14.
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Figure 14. Coated Oberst Test Beam.

The formulas developed by Oberst [3] and used by many other

investigators were used to determine the damping properties of the

enamel as a function of frequency and temperature. These formulae
are:

1+2 (ED/EI)(HD/1)A+ (ED/E 2 (hD/hl)
(mn/in)2(l+hDpD/hlpl)= (1)

1+ (ED/EI) (hDh I )

and

+2
nD (ED/EI ) (hD/hI ) [2A+ 2 (ED/E ) (hD/h ) + (ED/EI (hD/hl) I ,

- (2) i
-c [1 + (ED/El) (hD/h] [1 + 2A(ED/EI) (hD/hi) + (ED/E1) 2(hD/hi) (2)

~where

ttwhr A = 2+ 3 (hD/hl) + 2(hD/hl)2  (3)

= natural frequency of the nth mode of the com-
n

posite beam, 2fffn, rad/sec;

(0in natural frequency of the nth mode of the metal

beam, 21Tfin' rad/sec;

h = thickness of enamel coating applied to composite
D

beam;
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r7
h= thickness of metal beam;

P = density of enamel coating;

Pl = density of metal beam;

ED = real part of the modulus of enamel coating;

E1 = Young's modulus of metal beam;

nc = effective loss factor of composite beam;
nD = loss factor of enamel coating.

The quantities of hD, hI, PD' and p1 are known and

are assumed to remain constant with temperature. The parameters

Wn nr Win' and nc are experimentally measured. The value of nD is

determined from

1 n Afnc  = (0 n - f (4)
n c

where Af is the bandwidth at the half-power points of the response

pek oc th
peak for the n mode. The value of E can be determined from the
measured response of the uncoated metal beam using

= L /Eli1 (5)

where:
4 nt hjn= the eigen value corresponding to the n mode

and is a constant, determined by the boundary
~conditions;

1i = Plbhl = the mass per unit length of the metal
beam;

L = the length of the beam;)3
1 1/12 bh = the second moment of area of the

1
metal beam about its centerline.

The values of n for beams with classical boundary

conditions are well known and can be found in reference [5]. Thus,

from the measured resonant frequencies of the coated and bare beams

and the measured composite loss factor, the damping properties of

the enamel can be determined as a function of temperature and

frequency.
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The resonant frequencies and modal damping of five

to six modes of the coated beam, covering a frequency range of
100 Hz to 1,500 Hz can usually be measured for each temperature.
Thus, the damping properties of the vitreous coating over a decade

of frequency at a given temperature can be easily and quickly j
determined. I
3. MATERIAL PROPERTIES

A nomograph developed by Jones [6] is used to present both

the temperature and frequency dependence of the enamel coating.

A computer program developed by King [7], using the technique of

Rogers and Nashif [81, is used to plot the properties on the nomo-

graph. There are two graphs for a coating. One plot is the storage

modulus and loss modulus versus reduced frequency which is illus-

trated in Figure 15, and the other plot is the storage modulusii and loss factor versus reduced frequency which is shown in Figure

16. These plots readily illustrate the variation of the damping

properties of the material with frequency and temperature.

The plot is read by choosing the temperature of interest and

following the oblique temperature isotherm until it intersects

the horizontal constant frequency line of interest (frequency is

iii the right vertical axis of the plot). Follow a vertical line at

that point until it intersects the curve of interest, and read

i1 the properties of interest. Figures 17 and 18 illustrate this

method to identify the damping properties at 500 Hz and 600 0 C.

By reversing this process, the temperature of peak damping can be

determined as illustrated in Figure 19. By defining the effective

temperature range of material damping as the range over which
dlmaterial damping is above 0.707 peak damping (Figure 20), a de-

scription of the shape of the damping peak can be made. These

methods were used to develop the summary of damping properties on

the material damping properties evaluation summary sheet used in

the data presentation Appendix of this report.

thsIt can easily be seen from the nomographs that the data in

this format is amenable to the development of analytical equations

S 733
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which would represent the data. The equations used to fit the

material properties are those suggested by Rogers in reference [81.

The ability to represent the dynamic material properties inIequation form greatly facilitates the ise of this data in analytical
i structural design. A short discuassion of the equations and para-

meters used in the curve fitting routine follows. More detailed

information is in references [7] and [8].

The curves fitted to the data cn the nomographs were calculated

by the computer program mentioned Previously in this Section. The

basic form for these equations are as follows:

Storage Modulus

2 loa10 ( Mr Om
lOgl 0 (E;) log 10(Mf) +

: (from) N

where:

i |  E' is the material storage modulus;

f is the reduced frequency;

M is the inflection point of the storage modulus curvei as read on the Young's modulus scale;

from is the reduced frequency value of this inflection

point;

N is the slope of the curve at the inflection point;

M is the Young's modulus value of the lower horizontal

asymptope of this curve.
Figure 21 illustrates the curve fit parameters Mrom , from' N, and

M

4
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Figure 21. Curve Fit Parameters for Storage Modulus.

t ! i Loss Factor

0 lg 1 0 (n) 0(fro )  +2 l10 + h

f. 2
loogO + ~ l (7)

Where:

n is the loss factor;

fr is the reduced frequency;Ifo is the loss factor value of the damping peak;

f is the reduced frequency value of the damping peak;

S£ is the slope of asymptotic line for low values

reduced frequency;
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S is the slope of asymptotic line for high values of
h
reduced frequency;

C is a parameter which defines the curvature of the damping

peak.

j Figure 22 illustrates the curve fit parameters nfro£, ffo£'

Sy, S and C.

Sh/ \S
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S nfrl- C - Curva ure
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C

II T 0.2--0
R I

0- - I ! , I '
1061 1;- , 10 100 1 102 104 10 6

RUDroi

REDCEDFREQUENCY

Sij
Figure 22. Curve Fit Parameters for Loss Factor.

The curve fit equations for each material are included in
I, the materials damping properties evaluation summary sheets.
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SECTION IV

THERMAL AGING

As porcelain enamels are exposed to temperatures in or above

the vibration damping range, the material loss factor changes with
Ja

time. To evaluate the effect of thermal aging, several test speci-

mens were placed in an oven at the completion of the vibrating beam I

test. After approximately 100 hours the specimens were removed

and retested. Figure 23 shows the change in loss factors for
0. Hommel 7007 glass after 120 hours at 6000C. The loss factor

has decreased slightly and the peak damping temperature for lCr Hz

has shifted to a higher temperature. The effects of thermal aging

is not consistent for different glasses. Figure 24 is a plot for

a borosilicate glass. The loss factor and temperature for peak

damping have increased.

The work done by Graves, Cannon, and Kumar [2] has shown

that the vibration damping properties of a glass can be adjusted

by selectively altering the composition of the glass. Compositional
A

variations also appear to have the potential to control the rate

of change of damping properties with thermal aging. Figure 25

shows the change in damping properties with time for a base glass

compared to a modified glass. The rate of change of loss fartor

has been effected by these modifications.

Table 5 lists the materials tested for thermal aging. Appendix

D prcvides a comparison of the vibration dampiniq properties for

these materials.

ii Extensive research is indicated before any specific conclu-

sions can be made. The effect of thermal aging on material proper-

ties needs to be definea, and methods for controlling the chahaes

of damping characteristics need to be developed.
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TABLE 5

INDEX OF MATERIALS THERMALLY AGED

Beam Temperature Time
Material Number oC Hours

0. Hommel 7007 01-39-1 600 120

Corning 0010 + 7.5% Al2 03 + 01-48-1 * *
-1% Co 203 01-48-2 760 i166.5

01-49-11 * *
01-49-2 760 100

Cornng 7570 +2% Na 0 +2% 01-48-4 *
HCO3 01-48-5 480 121

SiO^ + 12.75% Na20 + 10.75% i01-46-1 * *
PaC 2 + 2% Co 0 01-46-2 760 1002301-46-3 760 314
SiO + 12 75% Na20 + 10.75% 01-44-2

2CaO + 3% A1203+  2% Co2 03  01-44-3 750 98

ISo + 12.75% Na20 + 10.75% 01-55-2 * *
ICao + 6% Al2 0 + 2% Co203  01-55-3 815 100

01-55-4 815 300

ISiO 2 + 10.75% CaO + 6.375% 01-57-1 * 1
KHCO3 + 6.375% Na2 0 + 2% Co2 03  01-57-2 815 112

01-57-3 815 308

Borosilicate + 5% Na 0 + 2% 01-43-1
co 03 2 01-44-1 515 120

i2 3

* As fired
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SECTION V

MULTILAYER PORCELAIN ENAMEL DAMPING SYSTEMS

Experiments were performed to evaluate the potential of a

constrained layer damping treatment for the 300 0 C to 800 0 C tempera-

ture range. These experiments were conducted by applying a higher

melting material over a porcelain enamel. Conclusions from these

experiments appear to show that coating applied in this manner

acts as a free layer damper up to a certain temperature and as a

constrained layer damper above this temperature. The effective

temperature range of a multilayer system is much broader than the

effective temperature range of the single porcelain enamel. The

multilayer damping approach appears to have other positive side
effects, such as greater durability by protecting the base glass

from weathering, erosion, and corrosion.

Appendix E presents the results of the multilayer beam tests

in the same format as the material properties in Appendix A. It

is essential to understand that this data is valid only for the

specific coating geometry as applied to the individual beam test.

The data was reduced as a single free layer damping material. The

data listed in Appendix E does not show general material properties.

It does show general damping trends of multilayer coatings.

The constrained layer method of utilizing porcelain enamels

as vibration damping materials is very promising and should be

very thoroughly investigated.
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SECTION VI

DATA APPENDICES

The results of this testing program are presented in five
Appendices. Appendix A provides examples of the formats used to

present the data in the other four Appendices. Sample calculations

are included in a line-by-line break down of the forms used in

the presentation of data.

The Appendices are as follows:

Appendix A: Data Formats and Sample Calculations

Appendix B: Material Data Evaluations

Appendix C: Uncoated Beam Test Results

Appendix D: Thermal Aging

Appendix E: Multilayer Damping

4 49
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APPENDIX A

DATA FORMS

The vibrating beam test data listed in Appendix B for high

temperature damping materials and the data listed in Appendix E

for multilayer damping systems is in the following format.

Each beam test has a summary, raw data, and reduced property

data tables. Included for each material of Appendices B and E

are two reduced frequency nomographs which display material stor-

age modulus, loss modulus, and loss factor. Vibrating beam test

number 01-43-1 is the example used to illustrate this format.

Beam Number - each vibrating beam test is identified by an

individual five digit number as follows.

XX-YY- Z

I'i The substrate (bare beam) material is identified by the material

1 code "XX." All of the materials testing listed in this report was

conducted using Haynes Alloy Number 188 as the substrate. The

J material code for Haynes 188 is "01." Each beam made of Haynes 188
| was given an individual number as it was fabricated and is indicated

I by "YY." The test number "Z" is the chronological number for each

test of a specific beam, e.g., a beam number of 01-43-1 would in-

dicate the first vibrating beam test for beam number 43 which is

Imade of Haynes Alloy Number 188.
i Summary Sheet - Figure 1-A is the summary sheet for beam

test number 01-43-1. The form serves as a cover sheet for the

test data and provides a brief summary of the beam test as follows.

(a) Beam Number: beam test number.

(b) The date of the beam test.

(c) Damping Material: the material which was

evaluated for damping properties.
,(d) Damping Material Thickness: an average of

random thicknesses as read with a micrometer.
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Beam No. (a)

Date (b)

Damping Material (c)

IMaterial Thickness (d) cm Material Density (e) g/cc

Fixur N. f)Beam Thickness (g) cm)Beam Density (h) g/cc Beam Length Wi cm

Temperature Test Range: Between (j OC and _____

Frequency Test Range: Between (k) Hz and _____Hz

Loss Factor n:
D

Peak 100 Hz ~D ()Temperature______C

100 H ~________ Temperature _______

Range 100 Hz (in) 0 C _______

1000 Hz ______CC

Complex Modulus: ED

IPeak 100 Hz (n) PAS Temperature C

1000 Hz _____PAS Temperature _____

Range 100 Hz (0) 0C _____ 0 C

1 ~1000 Hz ______ 0 C _______

'1 NOMOGRAPH CURVE FIT EQUATION: (p)

1W



hD =h C  hB
where hD is damping coating thickness, hC is

is coated beam thickness, and hB is bare beam

thickness (hD).

(e) Material Density: density of the damping

material (PD).

(f) Fixture Number: fixture used for the bea. test

(see Section 2.1.2 of this report).
(g) Beam Thickness: A random average of bare beam

thickness as measured with a micrometer (hB )
(h) Beam Density: Density of substrate. Density

of Haynes 188 = 9.13 g/cc (p B).

(i) Beam Length: Average length of the specimen
i from the root to the end of the beam as measured

with a scale (M).

i (j) Temperature Test Range: the upper and lower

temperatures at which modal damping was measured
(see Section 2.1.3 of this report) (T).

(k) Frequency Test Range: upper and lower frequencies

measured during the test.

(1) Loss Factor Peak: magnitude and temperature of

peak damping for 100 Hz and 1,000 Hz as read

off the reduced frequency n mograph (Figure 2-A).

(m) Loss Factor Range: the high and low temperatures

for a 0.707 decrease in toe magnitude of peak

damping at 100 Hz and 1,000 Hz as read off the

reduced frequency nomograph (Figure 3-A).

(n) Complex Modulus Peak: magnitude and temperature

of peak loss modulus for 100 Hz and 1,000 Hz

as read off the reduced frequency nomograph

(Figure 4-A).

(o) Loss Modulus Range: the high and low temperatures

for 0.707 peak damping at 100 Hz and 1,000 Hz as

read off of the nomograph (Figure 5-A).

ii!I
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(p) Curve Pit Equations: equations for computer
IJ

curve fit of data on reduced temperature

nomograph (see Section 3.3 of this report).

(q) Remarks: pertinent remarks made during the

material evaluation.

Raw Data Sheet - Figure 6-A is the format for recording the

modal half-power bandwidth measurements during coated beam testing
as folows. 

1
(a) Beam Number: beam test number.

(b) Temperature: the temperature at which the modal
Ihalf-power bandwidth measurement was taken.

(c) Mode: -he bending mode number for the data

pcint.

(d) f center frequency of the modal resonance

peak for the composite beam.

(el f n center frequency of the modal resonance

peak for the bare beam from data in Appendix C.

(f) fL: lower frequency of a 3dB decrease in mag-

nitude of the resonance peak amplitude.

(g) fR: upper frequency of a 3dB decrease in the

magnitude of resonance peak amplitude.

(h) af: half-power bandwidth
f R- fL

ns: composite beam modal damping

R1 -L

f" fc c

corrected modal damping
n~rc =+snb

is bare beam damping from Appendix C.

1k) IdB: due to background interference, some modal

damping measurements were taken for a 1dB
decrease in the magnitudes of the resonance

peak. For these cases: 'f = 1.9652 (f f).
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Reduced Data Sheet - Figure 7-A is a listing of the computer

input and output of the data reduction program.

(a) The damping material storage (real) modulus.

(b) The damping material loss factor.

(c) The temperature at which the data point was

taken.

(d) Composite beam center frequency (fc) from raw

data sheet.

(e) Mode number of the bending mode for the test

specimen.

(f) Bare beam modulus is the storage modulus for

the uncoated specimen.

(g) Composite loss factor is nc from the raw data

sheet.

(h) Bare beam frequency, the center frequency of

the uncoated beam as read from plots of the

.1 data as in Appendix C.
(i) Loss modulus is the damping material imaginary

modulus.

Reduced Frequency Nomograph - Reduced frequency nomographs

are graphical representations of the dynamic modulus properties

of the damping material. Figure 2-A is an example of a nomograph

displaying storage modulus and loss factor. Figure 3-A is an

example of the nomograph displaying storage and loss modulus of the

damping material.
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APPENDIX B

MATERIAL DATA EVALUATIONS

Presented here are the results of the vibration damping

material evaluations in the format shown in Section V of this

report. A step-by-step breakdown of the data presentation format

is shown in Appendix A. Each material evaluation is assigned a

section in this Appendix in beam number order. Each beam test

was assigned a number and includes a two digit beam material code

followed by a two digit specimen number and the chronological

test run numbers of the specimen. An example of this system

follows.

01 01 1

Material code Specimen number First coated
for Haynes 188 (first beam made beam test of

of Haynes 188) specimen 01-01

The bare beam tests are indicated using this same method except

a test run number of 0 is used.

Table 1-B indexes the materials included here by beam number.

Table 2-B indexes the commerically available materials by manufac-

turers. Table 3-B indexes the materials listed in this Appendix

by the peak loss modulus temperature at 100 Hz.

H
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TABLE 1-B

MATERIALS LISTED BY BEAM NUMBER

Beam Number Material

01-04-1 0. Hommel R-1199

01-04-2 0. Hommel R--119901-1-2 Pmco79 R10I
01-19-2 Pemco 79 R 1016

01-37-1 0. Hommel R-7007[ 01-37-2 0. Honunel R-7007
01-38-1 NBS - 418

01-39-1 0. Hommel R-7007

01-40-1 Corning 7570

01-41-1 Corning 8463

E 01-42-1 Corning 7556

01-43-1 UDRI: Borosilicate + 5% Na 0 + 2% C

401-44-1 UDRI: Borosilicate + 5% Na2 0 + 2% Co2 03

01-44-2 UDRI: 74.5% Si 20 + 12.75% Na 20 + 10.75% Ca0 +

3% Al 0 + 2% Co 02 3 2 3
01-46-1 UDRI: 74.5% Si 0 + 1.75% CaO + 1.75% Na 02 2

3Al+ 2% Co 0

01-46-3 UDRI: 74.5% Si 0+1.5 a +127%Na 02 23
+ 2% CoO0

2 3
01-46-4 Pemco 7.%S 0+17 % R a 465.5 N

2 2 2
01-47-1UDRI: 0% SiO + 30 a2% Co 0

633
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TABLE 1-B (Continued)

J IMATERIALS LISTED BY BEAM NUMBER
I

Beam Number Material

01-47-2 Pemco 79 R 835 + 20% Alumina

01-47-3 Pemco 79 R 2635

01-48-1 Corning 0010 + 7.5% A12 03 + 1% Co2 03

01-48-2 Corning 0010 + 7.5% A12 03 + 1% Co2 03

01-48-3 Owens Illinois CV-97

01-48-4 Corning 7570 + 2% KHCO3 + 2% Na20
3 2

01-48-5 Corning 7570 + 2% KHCO3 + 2% Na20

01-49-1 Corning 0010 + 7.5% Al0 + 1% Co0
2 3 2 3

01-49-2 Corning 0010 + 7.5% Al 0 + 1% Co 0
2 23 2 3

01-49-3 Owens Illinois CV-101

01-49-4 Corning 7570 + 6% KHCO3 + 6% Na20 z

01-52-1 Corning 0010 + 10% Al 0 + 1% Co20I 2 3 1% C 2 3

01-53-1 Corning 0010 + 10% Al2 03 + 6% Na2 0 + 1% Co20

01-54-1 Corning 0010 + 12.5% Na2 0 + 2% Co2031 01-55-2 UDRI: 74.5% SiO2 + 12.75% Na2 0 + 10.75% CaO +

6% P.1203 + 2% Co2 3

01-55-3 UDRI: 74.5% SiO2 + 12.75% Na20 + 10.75% CaO +

6% A 2 03 + 2% Co 203

01-55-4 UDRI: 74.5% SiO 2 + 12.75% Na2 0 + 10.75% CaO +

6% Al 20 3 + 2% Co2 03

01-57-1 UDRI: 74.5% SiO2 + 10.75% CaO + 6.375% KHCO3 +

6.375% Na20 + 2% Co2 03

01-57-2 UDRI: 74.5% SiO 2 + 10.75% CaO + 6.375% KHCO3 +
( 6.375% Na 20 + 2% Co2 03

64
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TABLE 1-B (Concluded)

MATERIALS LISTED BY BEAM NUMBER

Beam Number Material

01-57-3 UDRI: 74.5% SiO2 + 10.75% CaO + 6.375% KHCO3 +

6.375% Na20 + 2% Co20

01-59-1 Corning 7556

01-59-2 Pemco 79 R 2634

01-60-1 Owens Illinois SG-67-A

01-62-1 Corning 7570 + 4% KHCO 3 + 4% Na20

IiN"
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TABLE 2-B

I MATERIALS LISTED BY MANUFACTURER

Material
Manufacturer Code Beam Number Additions

Corning 00]0 01-48-1 7.5% A1203, 1% Co203I T

Corning -F0010 01-48-2 7.5% A1 2 0 3, 1% Co2 03

Corninig 1 0010 01-49-1 7.5% A12 03 , 1% Co2 03

[ Corning 0010 01-49-2 7.5% AI2 03 , 1% Co2 03I Corning 0010 01-52-1 10% AI 203, 1% Co203r Corning 0010 01-53-1 10% A 2 03 , 6% Na2 0, 1% Co2 0[ Corning j 0010 01-54-1 12.5% A1203, 2% Co203

Corning 7556 , _01-42-1

Corning 7556 01-59-1

Corning 7570 01-40-1

1  Corning 7570 01-48-1 2% KHCO3 , 2% Na2 03 20

Corning 7570 01-48-5 2% KHCO3 , 2% Na20

0 Corning 7570 01-62-1 4% KHCO3 , 4% Na20

:iCorning 7570 t 01-49-4 6% KHCO 3 , 6% Na2 0

' !Corning 8463 014-
Natioal Breau 418 01-38-1

il i ~of Standards ainlBru 410-3i

0. Honuel 1199 01-04-2

0. Homel 1199 01-04-2

0. Homel 7007 01-37-1

0. Hommel 7007 01-37-2

0. Hommel 7007 01-39-1

Owens Illinois SG-67-A 01-67-1

Oens Illinois CV-97 01-48-3
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TABLE 2-B (Concluded)

MATERIALS LISTED BY MANUFACTURER

Material
Manufacturer Code Beam Number Additions

Owens Illinois CV-101 01-49-3

Pemco 79 R 465 01-46-4

Pemco 79 R 835 01-32-2

Pemco 79 R 835 01-47-2 20% Alumina

Pernco 79 R 1016 01-19-2

Pemco 1 79 R 2633 01-46-5

Pemco 79 R 2634 01-59-2

Pemco 79 R 2635 01-47-3

'i6

ii1

I

67



2 i, I

('4

IRV 0 0) -i 0> ( C1 0) 0) 'D 0) N' O
N' to Ln LA %r 1 ) ('V w ('V I* Ln N

C) En gg~0

fu 4 qN I 0 ON C'4 0 CN a 0 N %D4 '0 Cfl 0 - N
Z U) '.0 H LA '0 '0 N A '0 H . 4 LA

U) W ~ C4

A0 0 0 ,0 C o
Ch r-. I o r- N-

I >- om %1  0 w. 0 - C 0 C0 0
S E-4 rH OP OP dP (12 -4 H V' LA 1. H- N- N- N

rc CT0 '4 0 (J4 LA n -w LA) LA U) I I
E-1 (i ('4 U) ( N - D r- r- -r-i I

04 I + CT + fl + (a --9 0
4J C 0D 0 0 -W IW0
fd r- P NOP NO -P rt4 rq - -Hq -I -1 A' A'4 H S

N- N- - H- 4 0 S-4 Hi 0- 0
>4 H 0 m 0 0 0 0

U)U

H 4 LA r H HHi ' '
00 0 ) 00 ~ (4 O ? N I

Cz) qzr r- V-4 -1 0 A I- i 0m C14 Cl rI

o o 0 0 0 0 0 0) 0 0 0 0 0) 0

4-'
d LA 0) LA LA LA LA 0) 0 LA) LA LA LA 0 LA1
s-a Ln N- 0 C4 '.0 t- Ch a% a% C31 a' N en(L o IIWI r v I r t n L

68



WwOw

U) 0 Ln
.cw4

Ii~w L'U LA 0 0 L 0 (J 0 L L -
04L O L O O O A H Cl L '

000 0 0 0E- 0 N--
E-4 0 ~ l c p' P

.IJ C C) 0 CN 0 LAO LAO MA~

0c ni cP LA c m D L LAI m~ o 00 L 0
U 0 H C ') L C ~ H H C HC

m 0 C ) + W 0 (n Ch W C)

(1)0 0Z~

0 CNri co~ (3 0 P 0Y 0P M 0
4-) 0Z 0u 0: U) 0 0 2 U) LA

0 0 2 0 P *~ () L
5-i (1) f:4 01 04() 0 ~ ~ A - A
0P P.n NN NN N.L C u UCI (Nm d o 4 rI kO rI

E-4 H n m HHI HH0 n C +r3 +r

M) +i 0~ a) 0 0

'C nH ( LA 4N H + ~ Ni +' (N+ H

$4 C 0 0 0 0a 0 (A 0 0 0 N 0 0

0t LA LA LA 0 L 0 0 LA A 0 LA0 LA 0PZ U

5-iC0 LA a4' N C 04 0 0 L
0)0 A LA LA A LA LA A LA ~ ' '3 3 '

0i4 -
E-1 H - H r4 69

-En E~-_ _

___ __ - -~- H



Iz' -4 U 
_ r- _ -

-o o- -- r- r- 00~ c

E- E ccC) - C)

E- 0

(N -4 0C

0~ 0

6pfn k 0 N c1 N .Lr 0L 0  Ln 0 r i IM I Ln I A)(

-li < O.-i <.- 0 dPO -r-rKJi Il douLAL) rI n- n-
LAH N-LA 0 . LA

N M (n +M( -M - r '( r DC DN +d

0 0 -1N000 %oCCl C4 4 CIS., + I-i N 4 L 10 U -10U 0U 0 Cu o - i d I Mdi.1

LI CFO LO * InLnL

1 . -I -' 4 4C

I ~ 0 0 0- 1

:3~
o) CLCA 0 C) INC

*( n OD Nq N N N C

%Do ___ _

__I I :0 11



r-4r

E-4 0

C C> 0 0

0- 0 0 0 0D

0 x-~- 0 .. 0 00

I 0
*1 (N+

* CJ0 0NI- N+N C14 N 0

0 z +0j + CO dP *dp cl r p0

0 mo Ln tn 0 O

O(N !N( I I J ~

> In

<.H -0 10
~* M + I + , o +% 0 .j C4 ,1 0 j . INAi 0 +L lOL + 0

N z N (N 0N LA + ' 0 + ~ 0 c

a N rI Pr C 0

L t houlm71r,1

____ ____ ___ ___ _ 1____________________________Z____:



Beam No. 01-04-1

Date 7/22/77

Damping Material 0. Hommel R-1199

Material Thickness 0.0147 cm Material Density 2.89 g/cc

Fixture No. 1 Beam Thickness 0.0960 cm

Beam Density 9.13 g/cc Beam Length 21.745 cm

Temperature Test Range: Between 565 *C and 440 oC

Frequency Test Range: Between 14 Hz and 1,390 Hz

Loss Factor n
Peak 100 Hz D 0.42 Temperature 485 0C

1,000 Hz nD 0.42 Temperature 525 0C

Range 100 Hz 505 0C 475

1,000 Hz 545 0C 520 0C

Complex Modulus ED":

Peak 100 Hz 7x 109 PAS Temperature 475 oc

1,000 Hz 7x 109 PAS Temperature 520 C
Range 100 Hz 495 0C 455 0C

i 1,000 Hz 535 0C 495 0C

NOMOGRAPH CURVE FIT EQUATION:

1 ~t13rIAL ,e0-O4-1 omw R-19
, ~LOGC(R).LOG(W.)* (2LOC(NEOE9It) )/ 1.•( FRO~q,,FR ):S!4 )

To F01 tow N
Al 2 43 A4

4a5.O .1-1 1.4O0E*S i.c 5.30oE"*9
A*(CL0Q(FR)-LOQ(FWK) )/CLOG(ETYA)-LOr.(ETdkFM:O) ( ($L+$ A (SL-S") ( -$SltT (14 ) ))C,';

To ETM*KIO SL 94 rUOL C
31 32 33 34 Is

4N.0 .433 ."02 -. 799 8.6E-41 .468~LOG(FU )-LOG(F )-i2CT-TO) '(52,'1.3.T-T0)

REMARKS: Beam coated both sides

172
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TABLE 4-B

beam No. 01-04-1

.IF f f fL f f ns n dB

Tem. Mode _ _-_ _ _ __ _

-1050i 1 14.93 15.77 14.90 14.98 0.078 I0.00523 10.00043
1050 2 i 92.69 95.409 2.52 92.931 0.413 0.00445 10.00325 !|
1050, 3 259.10 266.40 258.69 259.65 0.954 0.00368 0.003121050 4 507.90 522.20 506.79 509.11 2.32 0.0045 00421 _

105i 5 840.60 864.40 837.52 842.82 5.30 0.00630 000600
1050 6 1263.60 1 2.10 1260.90 1266.10 11.01 0.00863 0.00663 1

1000O~ 1 I 15.06 15.62 15.01 15.111 0.10 0.00652 0.00202 ___

1000 2 11 93.41 96.48 93.09 93.96 0.87 0.00932 0.00814 _

1000 3 261.50 268.00 260.00 263.26 3.26 0.01250 0.01200 _ i

1000 4 513.10 525.50 508.47 517.47 01 .0.01750 001720 J
_013 . 1282.70 1289.00 12.38 0.00954 0.008941

975 1 15.31 15.67 15.24 15.37 0.127 0.0027 1.00377
,9751 3 1 262.80 268.7S 258.40 266.09 7.69 10.02930 10.02870
~975 j5 1 883.80 871.50 '365.1.3 897.75 1 32.62 0.03691 10.03660 1
975 6 1300.70 1303.45 1281.89 1330.49 48.61 0.03737 ro.O3680
950 1 15.21 15.71 15.11 15.34 0.23 0.01493 .0.01 ,

[950 3 269.10 269.50 267.32 271.62 8.45 0.03115 0.030 I

950 4 528.90 528.20 519.32 536.28 17.04 0.03200 o.03170
1 950 6 1333.90 1305.30 1324.68 1348.25 46.31 0 0.0344 13390 1 X

925 1 
5 .48  

15.63 15.24 15.71 0.467 10.03017 0.0250 X

, 925 I 5 872.30 1 876.56 663.56 881.06 17.50 j;" 02010 0.01980

925 6 . 1297.00 1307.50 1285.35 1309.93 24.58 1:.01895 0.01840

Ffc fn f, fR Af s c IdB

- 900 1 15.61 15.55 15.48 16.09 0.594 0.03800 3370

L 900 3 279.40 270.90 1277.09 281.77 9.20 0.03260 10.03210 x
90 4 549.00 531.00 542.80 554.48 11.70 0.02127 10.02100

~900L 5 915.70 878.80 902.69 J 925.24 I22.55 0.02460 10.02430 ____

900 6 1358.00 1311.90 1349.20 "'1366.87 17.70 0.01304 0.01270

850 1i 16.29 1570.20 16.13 J 16.46 0.332 0.02040 0.01620 [
850 3 283.40 272.30 282.43 285.43 2.85 0.01010 0.00959 1 Z1
950 5 923.00 983.C, 925.67 929.73 7.98 .00864 0.00834
850 6 1382.70 1318.30 1377.80 1386.77 9.00 .00650 0.00600 : |
825 I1 16.53 15.90 16.44 116.64 0.203 .01225 0.0C815 _

-_825 2 102.50 97.72 102.23 103.02 0.80 .00776 0.00690 _

825 i 3 284.90 272.95 284.16 285.80 1.60 .00576 0.00530

1825 4 560.10___ 534.80 558.20 561.30 1 2.48 .00440 0.00412_625 5 ,93.50 085.25 926.53 1 930.32 3.80 D.00408 0.00380 1

821389.70 1321.40 1386. 19.8 ____ 070 0037 ____

'1 ... ,._ _ _ _ _ _ _ _ I __ _ _ _ _ _ _ _ _
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Beam No. 01-04-2

Date 3/6/78

Damping Material 0. Hommel R-1199

Material Thickness 0.0191 cm Material Density 2.89 q/cc

Fixture No. 1 Beam Thickness 0.0960 cm

Beam Density 9.13 g/cc Beam Length 21.745 em

Temperature Test Range: Between 565 OC and 495 C

Frequency Test Range: Between 92.76 Hz and 1,340 Hz

Loss Factor niD

Peak 100 Hz nD 0.26 Temperature 500 0C

1,000 Hz nD 0.26 Temperature 540 C

Range 100 Hz 530 0C 480

1,000 Hz 575 oC  515 0C

Complex Modulus E "-

Peak 100 Hz 6.3x 109 PAS Temperature 495 0C

1,000 Hz 6.3x 10 9 PAS Temperature 530 0C

Range 100 Hz 475 0C 515 °C

1,000 Hz 505 0C 555 °C

NOMOGRAPH CURVE FIT EQUATION:

MATERIAL :01-04-2 O'Houmal R-1199
LOG(M).LOG(ML)(2LOG(ROM/ML) )/( 1+(FROM/FR)ZSIN)

TO FROM MROM H ML
At A2 A3 A4

45e.@ 1.8245E+00 1.2277E+10 .700 S.9529E+09
A-(LOG(FR)-LOG(FROL) )/C
LOG(ETA)-LOG(ETAFROL)((SL+ H)A+(SL-SH)(1-SQRT(1 AX2)))C/2

TO ETAFROL SL SH FROL C
I1 2 33 4 95

450.0 .270 .401 -.663 2.1254E+" See
LOG(FR )-LOG(F )-12(T-Te)/(5B5/1 .8+T-TO)

E REMARKS: Beam coated both sides. At conclusion of test the

surface of the beam was very rough with some pulling away at

__Jp -

77 iT7*



TABLE 5-B

Beam No. 01-04-2

F fc fn fL fR Af ns nc  idB

0 , 92.761 95.40 92.47 93.13 0.65 0.00706 n I.___q_
11050 3 ,j 259.20 266.40 258.08 260.22 2.14 .00824 0.0770 _

1050 4 508.30 522.20 505.97 511.48 5.51 0.01080 0.n1501
1050 15 845.20 864.40 838.43 850.27 11.83 .01400 0.01370

'1050 i 6 1267.70 1292.10 1258.02 1276.81 18.80 b.01482 0.01420

,1000 2 93.80 96.48 93.22 94.36 1.13 .01210 0.01030
1000 3 262.30 268.00 259.96 264.12 4.17 .01590 q.01540 ____

"1000 4 517.40 525.50 512.61 522.88 I 10.27 .01980 0.01950
1 1000 I 4 514.90 525.50 510.73 520.29 9.60 .01860 0.01820

1000O 4 1.542.80 525.50 538.82 546.93 8.10 .01490 0.01460 ____

11000 6 "1 1287.20 1283.90 1270.73 1301.90 31.19 .02420 0.02360

950 2 I! 95.61 96.48 94.59 96.91 2.32 C
3 264.30 ! 270.00 261.71 267.23 5.52 0.02090 0.02040

95 1 3 06 __.02040

950 4 i530.60 528.90 52,.63 37.75 113.12 b.02470 10.0240o

S950 5 i 885130 880.00 879.66 891.98 12.32 .01390 If).11 4
950 6135285.30 805.00 1309.77 1336.36 '27.39 p3.02060 0.02000 ____900,2 98.40 9.00 9.45 99.53 09 02120 0.02010 -

900 12 98.7 97.00 97.9 99.94 2.04 p.02070 0.01960 _

!900 3 1 276.20 1 270.90 274.11 278.78 +4.68 .01693 0.01640

900 4 543.50 531.00 540.28 547.11 , 6.83 1.01260 t0.01230 1
9oo, 4 542.70 531.00 539.20 546.66 I 7.46 0.01340

1900 1904.2, 878.80 894.61 905.22 10.60 .01173 0.01140 j

fn f f f n ndB

f L R ac

!_900 6 1350.40 1311.90 1343.36 1356.85 13.50 0.00999 0.00947

900 I 1352.40 1311.90 1346.10 1358.70 12.60 0.00930 0.00880

I jf _ 40 5 3 4.1 52.90 0.000 0
850 2 100.59 97.48 100.19 101.05 0.87 0.00861 0.00761

850 3 281.10 272.30 2a0.27 282.14 1.87 .00660 0.00610
' 850 4 551.20 533.60 549.81 1 552.72 2.90 0.00526 0.00497

850 5 914.50 883.00 912.08 916.51 4.43 0.00484 .00454

850 6 1369.90 1318.30 1367.10 1372.90 5.81 0.00425 0.0037

9o 2 101.35 95 101.61 102.01 0.40 .00389 .00311

800 3 284.10 273.60 283.74 284.5 0.82 .0028 .00242
[ 800 4 556.60 536.00 555.86 557.48 1.61 o.00289 0.00260

9 00 5 923.40 887.50 922.34 924.64 2.30 10.00250 0.00220

800 16 11381.00 1324.50 1378.73 1384.10 5.34 ;0.00387 0.00340

925 12 97.35 96.74 96.26 98.82 2.57 0.02640 1.02530

925 3 273.40 270.10 271.73 27S.18 6.78 ).02460 0.02410

925 4 538.10 539.50 533.36 543.69 10.30 .01920 .01890

92S 5 893.61 876.30 885.32 899.85 14.03 .01570 .01510

93925 6 11340.50 1307.50 1329.46 1349.35 19.38 .01460 0.01410

__78
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Beam No. 01-19-2

Date 4/79

Damping Material PEMCL 79 R-1016

Material Thickness 0.01839 cm Material Densilty 2.50 g/cc

Fixture No. 1 Beam Thickness 0.09652 cm

j Beam Density 9.13 g/cc Beam Length 21.775 cm

Temperature Test Range: Between 760 0C and _C

Frequency Test Range: Between 84 :iz and 1,400 Hz

Loss Factor nD

Peak 100 Hz nD 0.80 Temperature 635 C

1,000 Hz nD 0.80 Temperature 650 0C

Range 100 Hz 610 0 C 670 0 C

1,000 Hz 680 720 0 C

Complex Modulus ED":

Peak 100 Hz 6.2 x 109 PAS Temperature 565 C

1,000 Hz 6.2x 109 PAS Temperature 620 0C

Range 100 Hz 540 0 C 600

1,000 Hz 590 C 660

NOMOGRAPH CURVE FIT EQUATION:

MAERIAL :JS-16 141TIAL TEST
LOG(MH-LOG(I9L)1(2LOGtfROM/PL )/(I(FROM/FR)xlt)
T1 FROM fMROM N rL

40. 10.eeE-63 Z.1 £E+10 1.000 2.$e4eE~e9
A-(LOG(FR)-LOG(FROL) )'CII LOG(ETA)-LOG(EAFROL) ((SL4SH)A+(SL-SH)(l-SORT(1+ASP ) ))C/2

To ETAFROL SL S" FROL ¢
It 21 2 33 34 Is
4 8 .6" -.6" e.2W$E-e3 .3e

LOGCFR)-LOG(F)-12(T-T0)/(52 '1 .5T-TO)

82i
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TABLE 6-B

Beau No. 01-19-2

- i" c fn L R Sf %

|Tep. Moe 1

1400 2 84.60 88.75 84.20 84.80 0.60 0 -0049
1400 3 239.19 248.00 238.64 239.84 1.20 0.00502 0.00392
1400 4 470.56 487.00 469.34 471.70 2.36 0.00501 0.00421

1400 5 778.07 J808g.00 .h~~j 4.35 0055 0,00439
1400 6 1164.82 1210.00 1160.67 1169.71 9.04 0.00776 0.00465

1350 2 85.39 89.50 85.14 85.59 0.45 0.00527 0.00327
1350 3 241.23 249.80 240.49 241.79 1.30 0.00539 0.00445
1350 4 473.93 490.50 472.66 475.86 3.20 0.00675 0.00607

1350 5 784.51 814.00 780-97 787.38 6.41 0.00817 0.00707 _ _

1350 6 1173.80 1218.00 1168.68 1181.16 12.48 0.01063 0.01009
1300 2 86.14 90.20 85.83 86.43 0.60 0.0q696 0.00511 _

1300 3 243.49 251.60 241.69 245.08 3.39 0.01392 o.01310 ___

1300 4 478.60 494.00 475.51 482.41 6.90 0.00871 0.00813

1300 5 792.16 820.00 784.84 798.21 13.37 0.01698 O.01S91
1300 6 1190.89 1226.00 1176.33 1204.52 28.19 0.02366 0.02319
1250 2 87.151 90.90 86.69 87.80 1.11 0.01274 C.01114

1250J.3 1246.151 253.30 243.73 248.61 4.88 0.01982 0.01908
1250 4 485.97 497.50 479.50 494.49 14.99 0.03084 0.02993
1250 S 801.90 826.00 781.50 814.41 32.91 .04104 0.04014
1200 2 88.32 91.60 86.96 89.39 2.43 .02751 .02591 _

12001 3 250.95 255.30 245.58 256.07 0.49 .01952 0.01273

1200 4 501.23 501.00 488.46 515.04 26.56 .05303 0.05253

t e * f fn fl f Rf ni d 14

1200 5 835.92 831.00 820.29 846.89 2660 0 .12 I 3099
1150 2 89.54 92.30 38.15 90.42 2.27 0.02535 0.02385

,f3 13 257.00 256.05 270f6 4.05514 0452 _

1150 4 525.19 503.50 511.34 59.87 25.85 .0 L 0383

1150 5 874.70 837.00 855.58 838.28 32.70 .03738 0.03660
1150 6 1314.90 1251.00 1293.12 1349.35 56.23 .04276 0.04239

1100 2 96.00 94.20 94.12 97.52 3.40 -03542 0.03397
- 1100 3 277.99 258.80 274.90 279.53 4.68 .01683 0.01625

1100 4 539.63 507.50 533.17 547.80 14.63 .02711 o.02664

1100 5 896.25 342.00 887.80 905.75 17.95 .02002 0601930
1100 6 1344.77 1258.00 1334.90 11355.60 20.70 .01539 01503

1050 2 93.79 93.60 97.73 93.04 1.91 .01933 .01793
1050 3 210.23 260.50 277.15 282.26 5.11 ).01823 0.01760
1050 4 548.74 511.00 545.45 552.30 6.35 .01248 .01202
1050 5 910.56 47-00 906-72 931.90 7.18 .00788 .00720

1 1050 6 1361.65 1266.00 1356.65 i1367.20 19.55 ).01435 .01401

1000 4 558.37 514.00 556.82 559.24 2.42 .00433

1000 5 923.88 853.00 921.67 925.40 .. 3 D.0094 ,

al1000 6 1381.33 1274.00 1377.83 1383.9S .0 .03 ____

950 2 94.90

950 3 ___ 263'90 ____ ____ IiZi30 ________
- -950 4 56. 5 17.50 562.37 564.40 2.03 0.00360

83
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TABLE 6-B (Concluded)

3"M N o 01-19-2

At 1dBfL

950 5 932.15 59.00 931.00 932.87 1.87 .00200
950 6 1393.80 122.00 _1391.98 1396.20 4.22 .00302 _ _

900 2 95.60 ____ ____ ____ ___ ____
900 3 265.60 _

900 4 520.50 _,,,_ _

900 5 864.00 1

9 0 0 6 1 2 89 .0 0 _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Beam No. 01-32-2

Date 4/18/79

Damping Material Pemco 79 R 835

Material Thickness 0.0185 cm Material Density 2.50 g/cc

Fixture No. 1 Beam Thickness 0.0958 cm

Beam Density 9.13 g/cc Beam Length 20.914 cm

Temperature Test Range: Between 480 CC and 760 C

Frequency Test Range: Between 94 Hz and 1,530 Hz

Loss Factor n D:

Peak 100 Hz T D 0.85 Temperature 635 C

1,000 Hz nD 0.85 Temperature 685 C

Range 100 Hz 600 0C 670 C

1,000 Hz 645 0C 735 0C

Complex Modulus E "-

Peak 100 Hz 8x l0 PAS Temperature 585 0C

1,000 Hz 8x 109 PAS Temperature 620 0C
Range 100 Hz 555 0C 615 0C

1,000 Hz 590 0C 655 C

1NOMOGRAPH CURVE FIT EQUATION:
I 

MATERIAL SBEA NO. 01-32
LOG(M)-LOG(ML)+(LOG(NROM/ML))/(1(FRO/FR)ZzN)

TO FROM "ROM N ML
Al A2 A3 A4I 525.0 1.6741E-0l ?.3500E+09 .625 9.S36eE+O8

A-(LOG(FR)-LOG(FROL))/C
LOG(ETA).LOG(ETAFROL)+((SL+SH)A+(SL-SH)(C-SGRT(I+AU32)))C/2

TO ETAFROL SL SH FROL C
31 82 03 04 B5

525.0 .850 .525 -.602 6.9989E-02 .993j! LOG(FR .LOG(F)-l2(T-T6)/(S25/1.8+T-Te)

REMARKS:

W 88
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TABLE 7-B

Been No0. 01-32-2

f c fhn f L f R Af ns c ldB

T Mp. ode ....

1400 2 94.46 96.60 94.31 94.65 0.34 0.00360 0.00100

1400 3 264.32 270.20 263.96 264.75 0.79 0.00299 0.00189

1400 4 517.75 530.00 517.03 518.55 1.52 0.00293 .00226

1400 5 858.87 878.00 857.30 860.60 3.30 0.00384 .00304

1400 6 1283.80 1315.00 1281.90 1286.10 4.20 0.0032? .00282

1350 2 95.18 97.30 95.02 95.37 0.35 0.00368 0.00188

1350 3 266.60 272.20 266.10 266.90 0.80 0.C0300 0.00209

1350 4 522.33 534.00 521.41 523.20 1.79 0.00343 0.00287

1350 5 866.34 885.00 864.31 868.10 3.79 0.00437 0.00362

1350 6 1295.13 1325.00 1292.00 1297.80 5.80 0.00448 0.00403

1300 2 95.94 98.10 95.80 96.17 0.37 0.003P6 0.00238

1300 3 268.70 274.40 268.20 269.30 1.10 0 .00409 0.00331

1300 4 526.50 538.00 525.27 528.00 2.73 0 .00518 0.00469

1300 5 873.50 891.00 870.22 875.90 5.68 0 .00650 0.00579

1300 6 1306.50 1334.00 1300.70 1311.10 10.40 0. 00796 0.00753

1250 2 96.72 98.80 96.05 97.62 1.57 0 .01623 .01503

12501 3 271.20 276.50 270.10 272.30 2.20 0 .00811 .00739

125C 4 531.86 542.00 528.78 534.90 6.12 0 .01151 .01106
| 

122-1 
Ro -n 27.l 

9L 0 1 -97 27427 l--;n 
-Ql 1 O.f4 n

1250 6 1322.70 1344.00 1307.70 1333.50 25.80 0.01951 .01909
1200 2 97.80 99.50 97.12 98.43 1.31 0.01340 ,.01240
1200 3 274.30 278.40 271.60 276.90 5.30 0.01932 .01866

1200 4 539.)0 546.00 533.40 548.20 1 14.80 0.02741 0.02695

OF f f f f Af n1 11 ldBTe Mode

1200 5 872.00 905.00 869.70 875.60 11.60 0.01330 0.01262 X
1200 6 1353.10 1354.00 1341.00 1364.80 46.77 0.03456 G.03414 X

1150 2 99.73 100.20 98.30 101.53 3.23 0.03238 0.03158

1150 3 282.80 280.40 279.60 286.10 12.77 0.04515 0.04451;t1150 
4 .560.50 549.50 548.60 5 78.50 29.90 o.05334 o.0529

il 1150 5 929.40 911.00 920.60 940.50 19.90 0.02141 0.02074

1150 6 1405.40 1363.00 1391.50 1418.80 53.60 0.03814 0.03769 x

1100 2 103.90 100.90 101.96 106.30 4.34 0.04177 0.04111

1100 3 293.60 282.20 289.10 297.00 7.90 0.02693 0.02628 _____

1100 4 583.30 553.00 575.90 592.90 17.00 0.02914 0.02874

1100 5 960.90 917.00 944.50 971.50 27.00 0.02810 0.02744

4 1100 6 1445.70 1372.00 1419.10 1485.90 66.80 0.04620 0.04575

1100 2 104.24 100.90 102.30 106.56 4.26 0.0408 0.0401

1100 3 293.90 828.20 288.70 297.60 8.90 0.03028 0.02968

1100 4 584.90 553.00 579.10 593.90 14.80 0.02530 0.02490

1100 5 963.90 91700 950.40 973.60 23.20 0.02406 0.02339

1050 2 107.24 101.50 106.10 109.60 3.50 0.03263 0.03208

1050 3 298.40 284.00 295.00 302.80 7.80 0.02614 0.02554

1050 4 159400 557.00 589.97 597.95 7.98 0.01343 0.01303S1 
0 5 0 5 9 8 1 . 0 0 9 2 3 . 0 0 9 7 5 . 1 0 1 9 8 6 . 2 0 1 1 . 1 0 o.0 1 1 3 1 o.0 1 0 6 5I

105C 6 1485.80 
1381.00 1472.60! 

1496.80 
24.20 0.0162 0.01581

- 105c 2 J 107.72 101.50 
106.701 109.10 

2.40 0.02228 0 .02173

S105€ 
3 302.50 284.00 300.00 1 304.80 1 4.80 0.01587 0.01527

I 
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TABLE 7-B (Concluded)

- Beam No. 01-32-2

Lf n 1dB

1050 4 593.70 557.00 391.70 599.00 7.30 0.01225 .01185

1050 5 983.30 923.00 987.60 988.40 9.80 0.30997 .00931
1000 2 109.50 102.10 109.00 110.20 1.20 4 0.00109
1000 3 306.90 285.60 306.00 308.00 2.00 0.00652

1000 4 604.00 560.00 602.20 650.60 3.40 0.00563

1000 5 997.00 928.00 994.40 999.30 4.90 0.00491

1000 6 1508.70 1389.00 1504.10 1515.70 11.60 0.00768

950 2 110.50 102.70 110.17 111.20 1.03 0.00932

950 3 310.40 287.30 309.80 310.90 1.10 0.00354
950 4 609.80 563.00 608.60 610.90 2.30 0.00377

950 5 1007.20 933.00 1005.60 1008.40 2.80 0.00278

950 6 1523.80 1397.00 1520.30 1528.30 8.00 0.00525

900 2 111.58 103.20 111.15 112.27 1.12 0.01003

900 3 312.60 288.80 312.30 313.10 0.80 0.00256
i900 4 614.90 566.00 613.90 615.70 1.80 0.00292

i900 5 1014.60 938.00 1013.70 1015.80 2.10 0.00207

I00 6 1530.10 1404.00 1527.20 1534.50 7.30 0.0047

,lam
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Beam No. 01-37-1

Date 6/5/78

enDamoing Material 0. Honwmel 7007

1Material Thickness 0.0178 cm Material Density 2.74 q/cc

Fixture No. 1 Beam Thickness 0.0945 cm

Bear Density 9.]3 g/cc Beam Length 20.904 cm
Temperature Test Rance: Between 675 0 C and 425 0C

I Frequencv Test Range: Between 95 Hz and 1,525 Hz

Loss Factor -D:

Peak 100 Hz InD 0.52 Temperature 530 0C

1,000 Hz .D 0.52 Temperature 570 0 C
Rance i00 Hz 510 0C 560 0C

1,000 Hz i60 600 5 C

Comp1ex Modulus E

Peak 100 Hz 9.7 x i0' PAS Temperature 520 0C

1,000 Hz 9.7x 109 PAS Temperature 550 OC

.Z ae 1 1)0 H 7 495 c 530

2.,000 Hz 520 C 565 C

4 -7CGRA7 rT- T FQATT 'NJ
"MATRI AL :01-37-4C (O'HOM.MEL ?1007;

LOG (11 .'-LOG (ML I+( ;2LOG(ROMAIL ) 1/(i4 (FROr./-R)**M)

Te MFOROM N OIL
: 3 2 A3 A485

480.0 7.0000E- 8.40.see09 .eeE 3e .3 e
-t-LFR )L OG(RC ))/CLOG(ETA )- LOG £TA; ROL ) •' ( L+SH ) ( 5L-SH ) : -SORT ( AZ* ) ) )C*;2

Te ETFROL SL S-4 FROL C
8: 2 R3 84 BS

48e. 0 .520 ,4e -. See 2.eeeeE+0e .see
LOG( FR )-LCG( F)- 12t.T-Tg )1( 5 5/1.$*T--te

[ i 95

I



4 TABLE 8-B

Beam No. 01-37-1

fFf. f L f R a f r I d B

c n L R1
. |Tenu. ModeI

1150 2 06.91 99.30 46.36 __ -___ .0201651 ______

i ::o 3 271.69 2-7-.60 271_.31 2"72.13 0.82 iO00302 1
IIS L01o 533.97 545.0 53299 S3.2 2.3 10004
1150 5 885.2) 903.10 882.20 887.54 5.34 10 00603

II O lS 6L: 1127.10 1350.65 1322.80 1331.50 a. 6 0-00634 _

LIoo 2 , 197.63 99.80 97.-1 . .38 0 .0038Q
110S 3 1 0 273. 279.60 272.98 274.83 1.85 2170.00675

-11001 538.21 s47.80 536.02 541.41 5.39 10 .0100ij ______

1100 5 " 898.59 j 914.40 893.6- 904.20 * 10.54 p3.01173 3"_
1100 6 !1340.00 I1358.90 11328.00 1351.00 I23.00 h- .01716
1055 2 98.5 100.60 97.93 9.15 1.22 p .01238 _

l0551 3; 277. 18 281.30 274.52 280.30 1 5.78 b .-- o8 s

1055 5 905.14 914.40 896. 01 417.76 1 19.74 6.02181 _________

loss 6 1368.00 t1364.45 1338.00 1389.00 1. 00 .03728 ___

1300o1 2 101.01 101.29 99. 24 102.98 13.74 6.03703_____

[1000 1 845 283.50 27 Q. 341290.1,41-A. 10 .__3901

1000 4 566.44 -54.40 556.24 517 95 1 21.71 b.03833

1000 5 947.30 I 921.80 941.18 957.47 16.20 k -01720 , _ _ _

1 000 6 i 1417.00 1 1370.00 1387.00 1438.00 1 S1.00 O .03599 , _

950 2 105.17 j1 101.8 103.30 107.61 .

9 296.61 284.80 291.88 300.81 4.3 .030. __

11F f f f f if dB

,r, ITe=z. IMode I

950 4 585.76 563.Po 5?8.73 592.S9 13.86 0.02366
9 50 5 972.90 926.50 960-29 982-46 22.1-1 0.02279

i950 6 1459.00 1382.00 1445.00 1470.00 21.00 I0.01714

900 108.74 !02.50 107.87 109.92 2.05 0.0188 _

900 3 304.47 286.40 301.90 306.43 .1 oosI
900 4 598.30 560.70 595.12 601.29 1 6.-7 10.01031 190 5 .0 93 10.009459oj I992.91 . 9 987.9-1 99.o 9.

9 1394.00 1478.00 i190.00 12.00 10.00809 !$00 3 1,2.92 289.40 312.39 -5,4 1.12 10.00358i
800 4 613.53 S67.00 612.64 i 614.66 2.02 10.00329

oo00 5 1017.98 944.00 10.32 1019.70 o.00332 1
800 , 6 11519.94 :407.00 117.27 _52229 5.02 .00330

__ , _______1 4
___ ___ __ __ ._ _j __i_ _

96I _ _ -_ _ -_ __ - _ _ _ . . - - -
_ __ _ _ _ _ _ __M_ __
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Beam No. 01-37-2
Date 6/5/78

Dam.. ag Material 0. Hommel 7007

Material Thickness 0.0178 cm Material Density 2.74 g/cc

Fixture No. 1 Beam Thickness 0.0945 cm

Beam Density 9.13 g/cc Beam Length 20.904 cm

Temperature Test Range: Between 675 0 C and 425 0C

Frequency Test Range: Between 95 Hz and 1,525 Hz

Loss Factor nD:

Peak 100 Hz rD 0.40 Temperature 515 0C

1,000 Hz n D 0.40 Temperature 545 0C

Range 100 Hz 505 0 C 530 0C
1,000 Hz 530 0C  570 0C

Complex Modulus ED"
Peak 100 Hz 1.2 10 PAS Temperature 505

1,000 Hz 1.2x 10" PAS Temperature 535 C

Range 100 Hz 480 0C 535 0C

1,000 Hz 505 0 C 590 0C

NOMOGRAPH CURVE FIT EQUATION:

MATERIAL *0l-37-4C(O'HOMMEL)
LOG()-LOG(ML*+2(LOG(RO ML) )/(1.(FiOM/FR)**N)
TO FROM MROM N ML

Al A2 A3 A4
486.0 6.s0S6E400 3.209eE+10 .62S 1.3090E+le

A-(LOG(FR)-LOG(FROT.) )/C
LOG(ETA)-LOG(ETAFROL)+((SL+SH)A+(SL-SH)(1-SRT(1+A*2)),)/2
TO ETAFROL SL SH FROL C

81 52 93 34 B5
488., .388 .630 -.38e 2.S0eE+9e .300

I LOG(FR -LOG(F )-12(T-T),(525/1.8+T-r0)

REMARKS: .1etest of 01-37-1

I

: | 100

°'} !P



TABLE 9-B

Beam No. 01-37-2

oF f c f n f L f R f "s nc  ldB

T .ode

1100 2 97.53 99.80 97.37 97.75 0.38 0.00390

1100 3 273.90 279.60 273.33 274.51 1.18 0.00431
1100 4 537.46 547.80 535.80 539.34 3.54 0.00659

1100 5 892.02 914.40 887.91 896.25 8.34 0.00935
1050 2 98.45 100.60 98.06 98.86 0 .80 o.00813
1050 3 276.86 281.30 274.89 278.56 3.67 0.01326
1050 4 544.08 550.80 539.84 549.85 10.01 0.01840

1050 5 902.95 914.40 890.97 916.00 25.f)3 0.02772

1000 2 100.27 101.29 98.46 101.54 3.08 0.03072
1000 3 282.48 283.50 276.91 286.20 9.29 0.03289

1000 4 561.21 554.40 549.98 569.76 19.78 0.03525
1000 5 934.69 921.80 901.55 951.52 49.97 0.05346
950 2 104.94 101.88 102.07 107.81 5.74 0.05470

950 3 293.41 284.88 288.23 299.21 10.98 0.03742
950  4  

583.82 563.80 575.59 593.61 18.02 0.03087
950 5 972.16 926.50 956.81 983.e7 27.06 0.02783
900 2 108.88 102.50 107.45 109.89 2.44 0.02241

900 3 303.48 286.40 298.75 306.42 7.67 0.02527

900 4 599.87 560.70 595.49 604.12 8.63 0.01439

900 5 995.56 931.90 989.14 1001.82 12.68 0.01274

850 2 111.08 103.00 110.53 111.5 1.06 0.00954
850 3 309.41 287.90 308.15 310.66 2.51 1.00811

F fc fn fL f 6f n n¢dB

emp. Mode I
850 4 609.22 563.80 607.51 611.83 43 .00
850 S 011.48 937.00 1008.19 ! 1014 57 6.38 0 00631
800 2 112.75 103.55 112.49 113.09 0.60 0.00532
800 3 313.06 289.40 312.43 313.83 1.40 0.00447
800 4 6) 6.08 567.00 642 1.0 43 .09
800 5 11022.05 944.00 1020.21 1024.22 4.01 0.00392
600 2 115.56 105.45 115.43 115.71 0.28 0.00242
600 3 320.97 294.60 320.61 321.41 0.80 0.00249
600 4 632.08 579.00 631.05 632.81 1.76 0.00278

600 5 1047.44 959.00 1046.04 1048.47 2.43 0.00232

10

I7
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Beam No. 01-38-1

Date 10/12/78

Damping Material National Bureau of Standards 418

Material Thickness 0.0259 cm Material Density 2.4 g/cc

Fixture No. 1 Beam Thickness 0.0945 cm

Beam Density 9.13 g/cc Beam Length 20.867 cm

Temperature Test Range: Between 870 *C and 650 °C

Frequency Test Range: Between 90 Hz and 1,455 Hz

Loss Factor nD:

Peak 100 Hz 11D 0.40 Temperature 795 0C
1,000 Hz nD 0.40 Temperature 860 c

F Range 100 Hz 760 OC 840 °C

1,000 Hz 810 0 C 0C

Complex Modulus EDPzT tPeak 100 Hz 7x l09 PAS Temperature 760 0c

!.1,000 Hz 7 x 109 PAS Temperature 810 0C

Range 100 Hz 730 °C 790

1,000 Hz 780 0 C 850 0

NOMOGRAPH CURVE FIT EQUATION:

MATERIAL 101-38-418 MIS 418 GLASS
LOG(M)-LOG(IL)+(2LOG(MROM/ML))/(I* FRO,/FR)$ZN)

TO FROM rROI N MLIAl A2 A3 A4
656.9 1.49lE-02 1.3752E410 1.989 5.0008E+09

t A-LOG(FR)-LOG(FROL))/C
LOG(ETA)-LOG(ETAFROL)*+(SL+SH))A(SL-SH)(1-SCRT(1A*l22)))C/2

TO ETAFROL SL SH FROL C
21 32 D3 14 95

6S.0 .400 .59 -.609 1.30SeE-62 .80
LOG(FR).LOG(F)-12(T-Te)/(525-1.8+T-T@)

REMARKS:

-105

e--



J TABLE 10-Bj Beau no. 01-38-1

-F f fn fL f nf ns nc  1d3

1600 2 91.77 91.08 92.33 1.25 0.0136

1600 4 506.00 510.47 502.08 8.39 0.0166

1600 5 839.00 834.93 844.24 9.31 0.0216 X

1600 6 1257.30 1266.64 1247.90 18.71 0.0290
1550 2 92.80 93.64 91.90 1.74 0.0188

1550 3 274.50 280.94 265.82 1S.12 0.055i

1550 4 514.70 S07.32 524.33 17.00 0.0330

1550 5 856.40 867.45 847.71 19.74 0.0450 X

1550 6 1288.00 1266.83 1301.23 34.40 0.0521 X

1500 4 531.26 525.50 546.56 520.28 26.30 0.0495

1500 5 919.70 $72.00 917.86 921-16 3.30 0-0036

1500 6 1403.50 1297.60 1398.10 1409.36 11.26 QQS

1500 4 533.40 525.50 540,00 526.84 13.20 0.0480 X

1500 4 5324.Q 525.50 529.86 526,90 12.96 OOA75 x

1500 5 888.70 872.00 909.98 876.01 33.98 0.03C2

:500 6 1344.00 1297.60
1450 3 279.86 270.40 277.21 282.48 5.27 0.0367 X

1450 4 551.90 529.50 564.12 542.04 22.10 0.0400

1450 5 917.70 879.00 902.09 31.22 0.0340

1450 6 1386.90 1307.50 1392.55 1379.21 13.34 0.00962

1400 2 104.71 97.00 105.43 103.97 1.46 0.0272 X

1400 4 562.50 534.00 568.28 557.88 10.40 0.0185

1400 5 943.901 886.00 944.75 942.40 2.35 0.0025

f f f L fR Af ns c ds
Temp. Mo I i

1400 6 1395.10 1318.60 1390.21 1399.04 8.83 0.00633
1350 2 103.40 99.00 102.80 104.38 1.58 0.0153
1350 4 568.60 537.60 566.22 571.50 5.28 0.00929
1350 5 944.40 893.00 941.54 947.18 5.64 0.0060

1350 2 104.17 99.00 105.25 103.40 1.85 0.01776

1350 3 290.80 274.90 292.38 239.32 3.06 0.0105

1350 4 570.40 537.60 572.98 567.93 5.03 0.008_
1350 5 547.20 893.00 947.44 945.16 2.28 0.00241

1350 6 1415.90 1327.50 1419.32 1412.44 6.83 0.00486

1300 2 105.10 100.00 105.46 104.75 0.71 0.00F76
1300 3 294.13 276.00 294.77 

2
93.41 1.36 0.00462

1300 4 576.30 542.00 577.83 574.74 3.09 0.06536

1300 5 956.43 899.00 957.76 955.12 2.64 0.000276
1300 6 1428.80 1338.40 1430.60 1427.30 3.30 .00231
1250 2 106.77 100.50 106.35 106.00 0.35 0.0033
1250 3 296.94 278.80 297.29 296.63 1.66 0.00222

1250 4 581.65 545.70 582.94 580.44 2.50 .00430

1250 S 965.30 906.00 966.06 964.50 1.56 .00162
1250 6 1442.00 1347.50 1442.80 1449.10 6.30 .00436

1200 2 107.06 101.00 107.16 106.94 0.22 .00205

1200 3 299.38 281 00 299.61 299.17 0.44 .00147
12000 4 586.26 550.00 587.48 585.05 2.43 .00414

j 72.77 1 973.24 972.2 . 00104

106
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1 TABLE 10-B (Concluded)

Beam No. 01-38-1

F f fn fL f Af 1dB

1200 6 1453.00 1358.10 1453.60 1452.44 1.16 0.0008

Te p ad 
_ __ _ __ _ _

107
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Beam No. 01-39-1

Date 9/1/78

Damping Material 0. Horniel 7007

Material Thickness 0.0249 cm Material Density 5.23 g/cc
Fixture No. iBeam Thickness 0.0942 cm

Beam Density 9.13 g/cc Beam Length 20.853 cm

Temperature Test Rance: Between 595 OC and 370 °C

Frequencv Test Range: Between 1,000 Hz and 1,100 HzLI Loss Factor n

Peak 100 Hz D 0.28 TemDerature 54: Cc

1,000 Hz rD 0.28 Temperature 595 °C

R Rance 100 Hz 525 0C 570 oC

1,000 Hz 570 620 VC

Complex Modulus E

SPeak 100 Hz 5.2× 10_ PAS Temperature 535
II 1,000 Hz 5-2× x0 PAS Temperature 580 0C

7| Rance 100 Hz 505 0C 560 0C

. 1,000 Hz 540 0C 610 °C

'" C%'OGA_?H CURVE1 FIT EQUATION:

MATE RIAL :01-29--IHZflrEI 7037LOGt M, LOG (ML'*'ELOG (MRCR/M'_)' 1+ tRG'I/FR,*XN'

TO FROM NRa

45e.0 4.6060E-01 a.7?0 E+IO .746 j.joeeE ±e
A-tLOG(FR)-LOGIFROL))/-
LCG(ETA)-LOG(ETAFROL )4((S L+SH)A+(SL-SN)(I-SQRT(IAXA*2)))C'2

TO ETAFROL SL Sh FROL C81 92 23 24 BS

4se.0 .280 .7SO -.GS le.eee-e SeeLOG(FR)-LQG(F )-I2:T-T3e'/55/1 .8.T-TB)

REMRKS: Prior to testina, was thermal soaked for 120 hours

at 6000C.

Fz I

1-'-_= . . r-- '7 _ . - __ -



TABLE 11-B
j+ ] 

m . 01-39-1

ff Idsf c f. fL fit RC

1100 2 93.43 101.40 9.50 98.01 0.794 0.00307 0.1050

1100 3 276.40 283.00 277.74 274"85 2.8 0.01040 0.1190

1100 4 544.10 555.00 548.35 539.92 3.42 O.01SSO 0.1650
1100 S 902.90 920.00 911.69 393.16 13.53 0.02050 0.2140

1050 2 99.60 102.10 98. ;4 1 lj 0. .01 5 0.2160

1050 3 280.62 235.00 275.01 233.82 8 .8l .0314 00309
1050 4 555.0 559.00 546.72 564.34 13.10 .0326 0.2760

1050 5 93.90 925.00 970.53 955.50 15.00 .0156 0.0321
1000 2 106.25 102.30 104 .3 _.0290 10.0163
1000 3 290.00 236.70 292.S1 286.37 6.54 .0226 - 0.155_
1000 4 582.30 564.00 593.26 570.62 22.60 1.0389 0.2200
1000 5 965.90 931.00 960.38 976.78 16.40 .0170 0.0926

950 2 11. 2 103 5 112.. 2 110S. 2 S. .0541 0.2440

950 3 307.00 233.30 113.54 303.33 1 10- 2 32 o51L.
950 4 599.60 55.50 .. l6.10 592.66 13.43 -.224 05flg __

950 S 1000.60 937.00 1009.30 98.33 21.00 0 0,.093(
950 6 1499.30 1483.04 :511.03 :3.00 .0137
900 2 112.04 104.20 110.95 112.99 2.04 .0132 0.0734

90 3 291.60 290.50 299.11 295.03 5.97 .020. 0.1530_
900 4 610.40 567.00 607.26 613.87 6.61 1.0103 0.04t.0900 5 1020.00 942.00 015.30 1024.50 9.26 )00 1 0.0380

900 6 1470.20 466.!0 1475.90 9.77 0046-- j .5 . . . 24II .19 t... 13.30 114.75 0.945 .00327 0.0331

S ,r 
fe fn L fta sf %0 %

:|( ~Temp. ---

5 0 3 3 1 7 .9 0 2 9 2 .0 0 3 1 . . 97 , 1 . 9 4 OL l L ., o a1 , ? .

950 4 617.50 571.50 620.12 615.12 5.00 .jO8 0
350 5 1031.30 947.00 1034.3 1020.00 054 00217.o50 6 1544.70 1548.40 1540.50 7.90 Oj0 p

00 2 115.69 105.20 115.44 115.95 C51 -0.00439 0-01-- 4
goo00 3 321-SO 293.40 320.99 322.09 1.0 0."342 0.013.-g00 4 631.50 574.00 634.19 629.01 5.18 10.0092 0.0316

o00 5 1042.70 952.00 1044.34 1039.12 5.20 0-01_O]L
go 6 1559.40 1461.70 1556.03 4.96 0O.003 ._t

700 2 116.8 106.15 11-6.72 117.06 0.34 1o.00292 0.0112
700 3 324.90 295.95 .325.34 324.50 0.84 0-0255 0.0101
700 4 637.9 0 L;40. 9( .35 .06 ; 5 -9 10.009 24 0 .0 357

700 S 1054.30 1000.5 0 1 055.0 3.32 !.032 8.0156

57-520..,..._ 1577.SOt 7520 i,80.00 4-73 10.0030

im____ __ I -I____ _ _ _ , __ I ____

Li 112.1 1 1-
4- -, _ 

_

I -.=J~~ ~ -2
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Beam No. 01-40-1J Date 8/14/78

Damping Material Corning 7570

IMate~rial Thickness 0.0249 cm Material Density 5.42 _5/cc
Fixture No. 1 Beam Thickness 0.0945 cm
Beam Density 9.13 g/cc Beam Length 20.904 cm

Temperature Test Range: Between 540 OC and 400 °C

Frequency Test Range: Between 95 Hz and 1,450 Hz

Loss Factor n
Peak 100 Hz nD 0.40 Temperature 465 oC

1,000 Hz nD 0.40 Temperature 480 oC

Range 100 Hz 450 0C 480 °C

1,000 Hz 470 0 C 500

I Complex Modulus E":

Peak 100 Hz 6.2x 109 PAS Temperature 465 C

1,000 Hz 6.2x 101 PAS Temperature 480 0 C

Range 100 Hz 440 0 C 475 °CII 1,000 H7 460 °C 495 jC

NOMOGRAPH CURVE FIT EQUATION:

490.0 1.SS90E@3 1.56IC410 .530 6.2116E9g
Ao(LOG(FR)-LOG(FROL))/C
LOG(ETA)-LOG(ETAFROL)+((SL+SH)A+(SL-SH)(1-SORT(1+Au 8)))C/2To ETAFROL SL SH FROL C

31 12 23 14 9S
490.0 .499 .369 -.4ee 1.3900E+03 .30e

LOG(FR)-LOG(F)-12(T-T0)/(525/1.8+T-T0)

REDAeKS

i 11 C

2n
'-Aff



TABLE 12-B 
P am No. 01-40-1

F f f f f As IdB
c n L R s nC

Temp. !!ode

1100 2 95.51 100.62 95.44 95.60 0.16 0.00168
1100 3 267.90 281.70 267.78 268.12 0.34 0.00125

1100 4 525.90 552.10 525.54 526.26 0.71 0.00136

1100 5 872.30 912.60 871.70 872.84 1.15 0 ZdlJ2II00 6 1304.80 1363.30 1303.95 1305.70 1.77 0.001361050 2 96.17 101.31 96.09 96.27 0.18 0.001861050 3 269.79 283.70 269.59 269.98 0.39 0.001451050 4 529.50 555.90 529.03 529.81 0.78 0.001471050 5 878.00 918.90 877.34 878.66 1.32 0.00150

1050 6 1313.20 1372.70 1312.16 1314.20 2.07 0.001581000 12 1 96.82 101.93 96.72 96.92 0.20 o.00208

000 3 271.60 285.40 271.34 271.24 0.50 0.00185
1000 4 533.00 S59.30 532.42 533.58 1.16 0.002181000 5 884.10 924.50 882.77 885.30 2.53 o.00296

1000 6 1322.50 1381.10 1320.50 1324.74 4.27 0.00323

1000 2 100.30 90.30 88.90 91.60 3.00 0.02990

1000 3 281.00 271.90 271.60 272.20 0.44 0.002201000 4 552.00 533.30 532.30 534.10 1.80 0.00330
1000 5 916.00 893.80 8 21 8 .0 37 .02

950 i 2 97.47 102.53 97.30 97.62 0.318 0.00326

950 4 537.00 562.60 534.82 539.10 4.28 0.00798

850 2 891.90 929.98 885.92 899.00 13.10 0.01470950 6 1335.80 1389.20 1325.91 1345.16 19.25 0.01440

. F f c f f L f R af n s ldB
T mode,.|

950 2 102.50 97.30 57.1n q7.70 0.63 0.00260950 3 286.80 273.60 273.80 274.50 0.75 0.01230

950 4 562.50 537.10 534.90 539.80 4.90 0.00910

950 5 927.00 891.10 884.80 1897.60 12.80 o.nA40

900 2 98.57 103.19 97,8 29.20 0.80 0.00680

900 4 547.30 566.20 539.86 554.53 14.67 0.02680

900 5 912.q8 935.90 905.75 919.22 13.50 0.02880
900 6 1373.10 1398.00 1355.77 1396.37 40.60 0.0'960

850 2 103.50 102.40 100.90 104.00 1.0 0.0090

850 3 290.00 288.20 281.10 291.9 10.82 0.03740

850 4 569.30 568.80 562.00 582.1 0 12.80 0.02250

850 5 943.00 947.20 938.40 953.90 5.50 0.00630850 4 1568.10 569.10 562.94 574.20 11.62 0.0-80850 5 946.20 940.70 937.63 954.02 16.40 0.01730

5- 

-

850 6 1420.10 1405.30 1409.44 1428.30 18.80 0.01330800 2 104.00 106.00 In5.40 107.30 1.90 0.01790800 3 292.00 296.20 29S.00 294.20 0.80 0.00680
800 4 72.00 580.90 579.10 582.40 3.30 0.00566800 5 948.00 964.10 S62.20 966.00 3.80 0.00390800 2 105.58 104.30 104.96 105.99 1.02 0.00970
800 3 295.80 292 04_ 294.79 297.04 2.25 0.00759Boo 0 4 t 5 8 0 .4 0 5 7 2 .30 5 7 8 .7 4 5 8 2 2 3 .3 8 o .9 0 58 2500 11 963.801 946.00 966.02 961.64 4.38 o.00455
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TABLE 12-B (Concluded)

Beam No. 01-40-i

F f C fn fL fR A1 s c idB

Temp. IMode

800 6 6 1441.30 1413.20 1438.50 1440.20 5.68 0.00394
1 750 2 104.60 107.10 107.00 107.30 0.30 0.00280

750 3 293.80 299.70 299.40 299.90 0.40 0.00160

750 4 575.00 587.00 586.3o 587.60 30 0..00220

750 I 5 952.20 974.60 974.10 975.30 1.20 0.00123

OfI

I __ _ _ _ _ _ _'_I_ _ _ _ _

11

t

________________ t

-!-----
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77 -77-:17

S

Beam No. 01-41-1

Date 9/22/78

Damping Material Corning 8463

Material Thickness 0.0188 cm Material Density 6.22 g/cc

Fixture No. 1 Beam Thickness 0.0945 cm

Beam Density 9.13 g/cc Beam Length 20.904 cm

Temperature Test Range: Between 595 0C and 345 C

Frequency Test Range: Between 95 Hz and 1,455 Hz

Loss Factor

Peak 100 Hz nD 0.32 Temperature 520 °C

1,000 Hz nD 0.32 Temperature 560 °C

Range 100 Hz 490 0C 560

1,000 Hz 520 0C 610 0C

Complex Modulus E D"
Peak 100 Hz 7.2x 109 PAS Temperature 490 0C

1,000 Hz 7.2x 109 PAS Temperature 530 0C
Range 100 Hz 470 0C 520 0C
Rg1,000 Hz 500 0C 560 0C

I11 "NOMOGRAPH CURVE FIT EQUATION:
MATERIAL :01-41-8463-1 (CORNING 8463)
LOGRIN.LOG(ML)+(RLOG(HROR/RL))/(1 (FROR/FR)XSN)
TO FROM PRO" NL

Al A2 A3 A4F
450.0 1.045X34 1.9593E410 .811 8.9W3E.09

A- (LOG(FR)-LOG(FROL ) )/C
LOG(ETA)LOG(ETAFROL)+((SL4SN)ACSL-H)C1-SQRT(14 A2)))C/2

TO ETAFbOL SL SH FROL C
21 Be 33 34 35

4s.0 .320 .85 -.618 2.6467E-01 1.647
LOG(FR)-LOG(F)-1Z(T-T*)/(S2:1 .B T-TS)

REMARKS:

122
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TABLE 13-B

Bean No. 01-41-1

F fc fn fL f A it idB

Temp. Mode

1100 2 95.41 99.65 95.56 95.25 0.31 0.00324

1100 3 267.17 279.30 267.68 266.57 1.11 0.00415

1100 4 524.30 550.00 526.37 522.55 3.82 0.00730
1100 15 11870.70 911.00 874.51 866.90 7.60 0.008731

1100 1 6 1305.00 1361.60 1311.50 1299.40 12.10 0.00927
1050 2 96.06 100.4s 96.37 9S.71 0.66 0.00697

1050 3 269.50 281.10 271.26 267.56 3.70 0.01370

1050 4 530.00 552.50 534.25 525.93 8.26 0.01560

£ 1050 5 884.00 915.20 885.11 881.86 3.25 0.00718 1

1050 6 1324.70 1368.10 1338.69 1313.72 25.00 0.01890

1000 2 97.62 100.95 98.42 96.57 1.86 0.01900
1000 3 276.00 2e2.90 277.58 274.04 2.75 j0.01940
1000 4 543.00 556.00 550.89 537.05 13.83 0.02550

S1000 5 901.40 921.00 911.41 890.3e 21.00 10.02330

1000 3 26.00 221376.60 1366.40 1349.10 17.45 0.0190

1000 2 97.32 100.95 98.16 96.40 1.77 0.01820

1000 3 274.90 282.90 276.26 273.67 2.59 0.01840 X

1000 4 541.30 556.00 544.59 538.33 6.27 0.02260

1000 5 900.30 921.00 908.95 887.01 21.90 0.02440

1000 6 1352.50 1376.60 1368.16 1341.91 26.30 0.01940

950 2 99.94 101.45 104.35 101.96 2.38 0.02310

950 4 557.40 559.20 565.44 551.32 14.10 0.0253
,9501 s5 924.901 926.50 933.50 914.50 18.96 10.02050 1

* F fc f n f L f R Af fin fc ldS

i Temp. Mode -

950 6 11389.80 1383-85 1402.56 1177.68 24.90 0.01790

950 2 99.81 101.45 100m78 98.65 2.13 0.02140

950 3 281.81 284.68 283.29 280.22 3.07 0.02120

950 4 555.70 565.44 561.56 549.80 111.76 0.071201
950 5 922.40 926.50 926.72 917.20 19.52 0.02410

QS0 6 1382.40 1383.85 1395.33 1370.84 24.S0 10.01772

900 2 103.09 101.95 104-35 101.96 2.38 10.02310

900 3 . 289.94 286.45 292.06 287.54 4.51 0.01560

900 4 11571.10 565.20 S75.95 566.83 9.12 I0.01600

900 5 947.10 932.00 952.49 941.76 10.73 10.011301
S900 6 1420.62 1382.00 1427.3G 1412.4;9 14.60 0.01030

900 2 102.51 101.95 103.48 101.62 1.86 0.01820

900 3 288.28 286.45 290.25 296.00 4.25 I0.01470

900 4 569.00 565.20 572.10 S63.79 8.32 O.f 460

900 5 941.40 932.00 946.88 936.50 10.38 0.0 1100

900 6 t1410.80 1382.00 1417.04 1404.36 12.69 10.00899

850 2 105.60 102.45 105.45 105.2A 0.72 I.00680

850 3 295.59 288.25 296.19 294.91 1.28 J.C0430

850 4 581.30 565.50 583.23 579.49 3.74 10.O0A40

850 5 961.80 937.50 963.15 960.37 2.78 0.00290

=850 6 1441.90 1389.25 1443.10 1439.9D 3.12 0.0015

a50 2 104.68 102.45 105.02 104.32 0.72 0.nnQ0 ~ ~~850 3 292.70 288.45 293Q 9.2 J13 .N6

i 123
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TABLE 13-B (Concluded)

Beam No. 01-4i-I

.F f f f f f 1dB

850 4 575.76 565.50 577.27 574.04 j 3.23 0.00561

850 5 953.50 937.50 955.01 952.10 2.90 0.00304

850 6 1427.30 1309.25 1429.27 1425.31 3.95 0.00277

800 2 106.7 1029S 10679 10655 0.23 000220Boo0 3 29 .17 290.00 29 .39 297.9 6 0.43 0.00920
Boo0 4 586.02 56 .50 587.40 584.79 2.61 .00445

800 S 969.10 943.00 969.01 968.48 1.33 0.00138

Boo 6 1451.70 1405.45 1451.73 1451.25 0.47 0.00033

800 2 105.61 102.95 105.75 105.52 0.23 0.02210

800 3 295.30 290.00 295.53 295.06 0.46 0.00160

800 4 580.30 568.50 581.43 579.21 2.22 0A
2
392

800 5 960.8; 943.00 961.50 960.35 1.15 0.00120

800 6 1438.30 1405.45 1439.18 1437.63 1.55 .00108
750 2 105.86 103.40 105.94 105.79 0.16 .00147

750 3 295.90 1 290.!0 296.20 295.86 0.34 0.00115

750 4 582.00 570.20 583.08 531.13 1.96 3.00336

750 5 961.41 945.51 960.14 962.67 2.52 .00262
750 6 1443.50 1411.87 1444.00 1442.90 1.10 .00076

700 2 107.83 103.90

700 3 301.301291.40 _

700 4 592.38 571.89

700 5 979.80 948.04

700 6 1467.10 1418.28

I

, ! F c fn fL f " c d

____1mds If_ _ ___ _ _ ___ _ _

1 650 2 iO 107.18 107.06 0.115 0.00110

650 3 299.37 299.52 299.24 0.28 0.00090

650 4 588.60 505.55 587.75 1.80 0.30310

650 5 972.48 973.31 971.25 2.06 0.00210 ___ ____600 2 107.77 107.82 1 107.64 0.13 1.0170

600 3 300.82 300.97 300.68 0.31 0.00100

600 4 591.47 592.45 590.50 1.95 0.00330

121 _ 1 24_ __ _ _ _ _ __
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Beam No. 01-42-1

Date 9/19/78

Damping Material Corning 7556

Material Thickness 0.0168 cm Material Density 4.68 g/cc

Fixture No. 1 Beam Thickness 0.0945 cm

Beam Density 9.13 g/cc Beam Length 20.904 cm

Temperature Test Range: Between 5C and 300

Frequency Test Range: Between 98 Hz and 1,480 Hz

Loss Factor flD:

Peak 100 Hz nD 0.40 Temperature 510

1,000 Hz nD 0.40 Temperature 550 C

Range 100 Hz 485 0 C 550 °C

1,000 Hz 970 °C 585 0 C

Complex Modulus E":

Peak 100 Hz 6.2x 109 PAS Temperature 495 0C

1,000 Hz 6.2x 109 PAS Temperature 520 0C

Range 100 Hz 475 0 C 515 oC

1,000 Hz 500 0 C 545 oC

I NOMOGRAPH CURVE FIT EQUATION:

MATERIAL S01-42-7556-1 (CORNING 7556)
LOG (M)-LOG(ML)+(eLOG(MROM/4 L))/ (I+ FROMeFR) uN)

TO FROM RROM N ML
Al A A3 A4

560.9 3.6596E+61 1.4392E+l .570 4.785SE+G9
A- (LOG (FR)-LOG (FROL)) /C
LOG(ETA),LOG(ETAFROL) ((SL+SH)A+(SL-SH)(1-SgRT(1 +A*22)))C/2

TO ETAFROL SL SH FROL C21 82 33 i4 DS

56.6 .330 .350 -.4SO 2.a*OeE+e01 1.10
LOG(FR),LOGt )-12(T-T6)/(S2S/1.S+T-TO)

REMARKS:

128

, - - --7

7,f ~ '-,



TABLE 14-B
Bean No. 01-42-1

OF f f f fA f ndB

Temp. Mode ....
1100 2 98.16 101.30 98.84 98.13 0.71 0.0072

1100 3 273.88 283.00 274.14 273.61 0.52 0.0019

1100 4 536.50 556.00 537.75 535.29 2.46 0.0046

1100 5 887.20 921.60 892.05 889.41 2.63 0.0030

1100 6 1332.70 1380.10 1334.91 1330.67 4.23 0.0032

1050 2 98.70 101.98 98.89 98.49 0.40 0.0040

1050 3 275.90 294.60 276.66 275.24 1.41 0.0051

100 4 541.70 557.80 544.39 539.21 5.18 0.0096 X|1050 5 099.60 926.60 903.07 896.00 7.17 0.0080
t 1050 6 1348.60 1386.40 1355.50 1342.90 12.60 !0.0093

1000 2 99.63 102.50 100.205 99.133 1.972 0.0110

1000 3 279.24 286.50 280.315 278.312 2.026 o.0141 X

,1000 4 550.23 562.20 553.80 545.11 8.69 .0158

1000 5 813.12 932.00 915.022 909.34 5.675 .0122 x

1000 6 1373.74 1394.70 1386.65 1362.30 24.35 .0177

1000 2 99.88 102.50 100.4, 99.29 i.18 .0118

51000 3 279.40 286.50 281.39 277.24 4.15 .0149

1000 4 550.20 562.20 555.33 545.09 10.25 .0186
i J1000 5 913.00 932.00 922.02 906.06 15.96 ).0175

1000 6 1373.60 1394.70 1386.78 1364.42 22.36 .0163

95 2 100.60 102.7 101.59 199.90 1.69 0.0168

2985 3 287.27 283.6 280.93 2.83 .0196

95 4 ! 56.30 563.90 562.80 550.25 12.49 .0225 __

- l 1400 3.0 ,o± j:uz.u uuo ___

c "F n L fR a ne  d

. .J ~ ~e m p .M o d e. .. ,i
i 975 5 924.60 935.10 933.46 913.38 20.10 0.0217

975 6 1390.50 1396.50 1407.49 1379.33 28.20 0.0203

950 2 102.16 102.94 103.08 101.31 1.77 0.0174 S

950 3 286.30 287.88 288.00 284.88 3.12 0.0213 X

950 4 564.96 565.16 571.18 559.15 12.03 0.0213
950 5 938.50 937.10 946.10 930.30 15.70 0.0168

950 6 1410.00 1400.00 1424.80 1400.40 24.40 0.0173950 12 1101.26 102.94 102.17 100.39 1.77 10.0175

950 3 284.69 287.80 287.61 282.55 5.06 0.0178

S950 4 I560.68 565.16 565.53 555. 1 9.60 0.0171_
950 6 1399.80 .1430.00 1411.83 1391.83 20.01 0.0143'
925 2 103.60 103.16 104.52 102.83 1.69 0.0163

925 3 291.00 288.64 242 38 289.63 2.75 0.0180

925 4 572.80 566.40 577.83 567.96 9.88 .0172

925 5 950.30 939.20 956.23 943.79 12.44 .0131

925 6 1423.80 1406.70 1433.30 1416.07 17.30 .0121

900 1 17.35 0.42 .0241

900 2 104.28 103.42 105.15 103.27 1.88 .0180

900 3 292.41 289.40 294.67 290.55 4.12 .0141

900 4 576.13 568.50 580.62 572.30 8.31 .0144

900 5 954.96 942.90 959.34 950.32 9.03 .0095

900 6 1431.40 1410.20 1425.30 1437.30 11.98 .0034

9104.17 103.42 104.80 103.66 1.14 n1

129
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TABLE 14-B (Continued)
Beam No. 01-42-1

oF fe f f f f dB
n L I R SC

Temp. Modef900 3 29L.41 289.40 290.23 292.93 2. 0093

900 4 572.40 568.50 569.59 971 ' 1 0102

900 5 949.82 942.90 946.53 952.91 . u 0067

900 6 1422.80 1410.20 1419.12 1426.96 . 0.0055

850 2 105.28 103.83 105.56 105.03 0.33 0.0050

850 3 294.91 290.48 295.53 294.41 .11 0.0038
850 4 li579.04 570.36 581.13 577.22 3.90 0.0067

850 5 960.10 945.70 961.60 958.81 2.79 0.0029

850 6 1437.40 1417.00 '139.52 1435.32 4.20 0.0029

850 3 297.65 290.48 298.22 297.09 1.13 0.0038

850 4 585.25 570.36 587.19 583.25 3.94 0.0067

850 5 968.80 945.70 970.02 967.47 2.54 0.0026

850 6 1450.20 1417.00 1448.20 151.69 3.51 0.0024

800 2 107.41 104.36 107.34 107.50 0.167 0.0016

800 3 300.47 291.91 300.65 300.34 0.32 0.0011

800 4 590.60, 573.21 591.93 589.18 2.75 0.0047
800 5 977.14 950.50 976.87 977.50 0.63 10.0006
800 6 1461.90 1419.90 1462.30 1461.20 1.07 ; o.000073

800 2 161 10.6 106.28 105.91 ^,.37 10.0035

80e 3 297.35 291.91 296.99 297.82 0.84 i. 0028
goo 4 583.80 573.21 585.69 582.05 P.4 [.0062

800 5 967.70 950.50 968.64 966.67 1.97 I'..0O
800 6j] 44 8.00 1419.90 1449.40 1446.30 13.06 j0.0021.

F fc fn fL fR af s nc dB

T_____ Mode ____ _________ ______________ _____ ____

750 2 107.57 104.89 107.67 107.52 0.15 0.0014

750 3 301.50 293.40 301.68 301.40 0.27 0.00090
750 4 593.10 576.30 595.46 590.63 4.84 0.00815

750 5 980.50 955.50 980.80 980.12 0.69 0.00071 -_

750 6 1466.10 1428.20 1466.80 :165.40 1.40 0.00095

700 2 107.83 105.48 107.78 107.90 0.12 0.0011

700 3 301.13 295.10 301.06 301.27 0.21 0.0007

700 3 301.12 295.10 301.06 301.25 0.19 0.0006

700 4 590.28 579.63 592.02 588.79 3.23 0.0055
700 5 978.60 962.60

675 2 108.46 105.78 108.49 108.38 0.11 0.0099 -

675 3 303.80 295.95 303.92 303.82 0.10 0.00033 --

675 4 597.60 581.30 598.95 596.09 2.86 0.0048
147675 5 987.90 964.10

675 6 [1477.40 1441.80

600: 2 108.63 106.79

575 2 109.45 107.13

575 j3 306.68 299.80

575 4 603.20 589.00

575 5 996.90 969.00
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TABLE 14-B (Concluded)

Beam No. 01-42-1

F f f fL fR f n dB

~Temp. Mode 
..

575 6 1491.00

75 3 315.07
73 4 620.60
75 5 1024.00

75 6 131.80 j

II
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Beam No. 01-43-1

Date 10/31/79

Damping Material Borosilicate + 5% Na20 + 2% C0203

Material Thickness 0.0196 cm Material Densihy 2.23

Material material _________g/cc
i Fixture No. 1 Beam Thickness 0.0953 cm

Beam Density 9.13 g/cc Beam Length 20.904 cm

Temperature Test Range: Between 900 0C and 540 °C

Frequency Test Range: Between 93 Hz and 1,472 Hz

Loss Factor n D:

Peak 100 Hz nD 0.55 Temperature 620 0C
1,000 Hz nD 0.55 Temperature 675 0C

Range 100 Hz 550 0C 655 0C
j 1,000 Hz 630 0 C 715

Complex Modulus ED":

Peak 100 Hz 6.6x 109 PAS Temperature 565 0C
1,000 Hz 6.6x 109 PAS Temperature 615 °C

Range 100 Hz 550 0 C 610 0C

-1 1,000 Hz 570 0C 670 0C

, NOMOGRAPH CJRVE FIT EQUATION:

SATERIAL :0l-43-3S IOROSILICATE *8%Co203 45%U20 NO HEAT TREAT
LOC(M)-LOC(ML).(2LOCMROI/ML) )/(14(FROM/FR)SN)
To FRO PROM N ML

Al A2 A3 A4
S.9 7." .E-02 1.0500E+l1 .674 2.SOOE.S

*-(LOG(FR)-LQC(FROL))/C
LOG(ETA)-LOG(ETAFROL) ((SL+Sf)A,(SL-SN)C1-SQRT( 14AZ82) )C/2

TO ETAFROL SL SH FROL C
31 32 33 34 as

s".* .537 .9" -.5 1.89WfE-02 .870
LOG(FR )•LOG(t,)-12(T-TS)/( 58/1.8 T-TO)

REMARKS:

I



TABLE 15-B

Beam No. 01-43-1

f c fn fL dB

°Temp. Hoe I_ _

1500 2 93.17 94.91 92.93 93.37 .44 _Q014
- 3 11'60.92 265.8 260.50 261.27 -76 .- 02.. ".nQ.

4 11,12.14 520.7 511.51 512.77 1.26 .002S .0.13
5 849.72 863.0 849.69 850.61 1.91 .00i2
6 1271.6 1292 1270.15 1272.88 2.73 .0021 .00134 1

1450 2 93.95 95.61 93.78 94.12 .32 .00356 .00(96
4 516.1 524.7 515.57 516.73 1.16 .00224 .00136

1281.4 1301.8 1279.59 1283.01 . 00266 00206

1425 4 1.nO 526.7 517.40 . 125 _noeL1 .00166
5 1859.4 872.7 858.21 6.4 2 2 _p2,q .00175

1286.1 1306.8 1283.95 2. 4.14 .00322 .00267
1400 3 265.00 269.5 264.64 26n.2.7 nnn. nlaL

4 520.08 528.6 519.38 S20_78 J. nn
i__ 5 862.65 876.1 6 864_0i6 277 .A.32.1- ._ ?...2L

- 6 1291.24 1311.6 L288.20 1293.60 S in nAAlR nnAS
1350 2 95.41 97.07 95.25 . 54 .29 on L .nnl.q

3 266.95 271.06 266.51 267.3 .-V.4 _n.ol. n
4 524.08 532.5 522.96 52 . L 2 .2 . .O. l nna
5 869.65 872.8 866.93 371.86 4.93 _002&? .OfdA2

I1. 6 1301.7 1321.7 1295.81 1306.27 10.46 _00804 .0075.

f. f L fR cdB

4: TeMp.M I~k

1300 2 96.12 97.74 j5.90 96.29 .39 .00406 .00276
3 269.15 273.4 268.43 269.93 1.50 .00557 .00467

528.52 536.0 526.51 530.57 4.06 .00768 . 712
5 877.51 889.3 372.44 881.51 9.07 - 0103 -0.95
6 1314.6 1329.9 1309.12 - 10.96 .0163 -OjS8 X

1250 2 96.92 99.48 96.52 97.22 .70 .00722 .00612
I _ 3 271.94 275.6 270S2 2-.45 2_1 . -- Ain nL

4 534.68 540.3 530.87 538.7 7.-9 _nl. ni.A2
_____ 5 888.23 go.&-(). .a s . T7L.L i nl U2 . -0

6 1333.51 1341 1319.37 1347.18 27.81 .0209 .02044
1200 2 97.96 99.19 47% ._JL 7r E . n2 . n,

- 3 27 5 .72 277,6 274.54 2 _ 3-61 .2f 5,.0 _

S4 543.5 544.1 537.64 5S0-23 12-q n

5 901.81 902.4 388.62 912.00 23.38 .0259 .0254
6 11359.47 1351.3 1341.12 1377.18 36.06 .0265 .0261

1150 3 281.74 279,f 20342i£& 7 nn~fn n%
4 1555.6 547.4 548.52 563.96 15.44 ,0278 _.0274

5 922.34 908.7 905.67 932.98 27.31 .0296 .0289

6i111390.1 1360.3 1371.75 1409.51 37.76 .02716 .0268
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TABLE 15-B (Concluded)

I

Beam No. 01-43-1

"F fc fn fL fs C M

Temap. modeI
1100 2 101.76 100.54 100.78 102.52 1.74 .0333 .0325 x

3 288.37 281.5 284.42 - - .0274 .028

4 567.8 551.7 561.43 576.80 15.37 .0271 .0267

5 942.6 914.9 929.73 952.85 23.12 .024% .024
6 1420.5 1369.7 1404.92 1435.47 30.55 .0215 .0211

l Og 2 1 6 10I1l 1 lnl A* 1-77 0I302n

3 295.25 283.35 292.68 299.42 5,74 j0.94 ..0194
4 579.7 555.1 575.20 9.0 .0155 .0151
5 961.8 921 955.41 967.77 12.36 .0129 .0122

6 1444.5 1378.9 1436.98 1452.84 15.85 .0110 .0106

1000 2 107.64 101.89 107.05 108.46 1.41 .0131 .0126

3 300.2 285.1 299.01 301.6 2.59 .00863 .no

4 587.4 558.5 584.61 591.11 6.5 .0111 .0108

5 974.16 926.5 971.79 976.46 4.67 .0048 .0042
6 1461.5 1387.0 1458.21 1464.05 5.84 .0040 .0036

950 2 108.58 102.6 108.37 108.82 .46 .00414 .00364

(____3 302.96 286.7 302.58 303.40 .,0 .00271 .U241 !

4 593.9 561.7 590.11 597.26 7.15 .01204 _0116

_____4 594.2 561.7 591.20 596.92 5.72 .09Q .0093

5 981.2 931.8 980.24 982.08 1.84 .00188 -0015
1 6 1470.9 1394.6 1469.68 1472.24 2.56 .00174 .00144
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Beam No. 01-44-1

Date 11/6/79

Damping Material Borosilicate + 5% Na.O + 2% Co2 O3

Material Thickness 0.0193 cm Material Density 2.23 q/cc

Fixture No. 1 Beam Thickness 0.0960 cm

Beam Density 9.13 g/cc Beam Length 20.899 cm

Temperature Test Range: Between 760 0C and 480 0C

Frequency Test Range: Between 90 Hz and 1,500 Hz

Loss Factor nD:

Peak 100 Hz D 0.90 Temperature 650 0C

1,000 Hz nD 0.90 Temperature 696 0C

Range 100 Hz 610 __C 680 0C

1,000 Hz 630 745

Complex Modulus ED":

Peak 100 Hz 7.6x 109 PAS Temperature 590 0C

1,000 Hz 7.6x 109 PAS Temperature 630 0C

Range 100 Hz 555 _ 0 C 61
0  0C

1,000 Hz 590 660

NOMOGRAPH CURVE FIT EQUATION:

MTERIAL 4IROSILICATE + x Co03 + 5% H&20

LOG(M)-.LOG(ML)+(LOG(MROM/ML))/(I+,FROM/FR)S*N)
TO FROM RO t h ML

Al AZ A3 A4

50.e .6eeE-42 s.ee0e+e9 .600 S.SeeeE+08
A* (LOG(PR)-LOG(FROL))/C
LOG(ETA).LOG(ETAFROL)+((SL+SH)A+(SL-SH)(1-SORT(I+A**

2
.))C/2

To ETAFROL SL SH FROL C
91 B2 P3 34 I5

see.. .820 .45e -.See 2.ooSE-02 .Sao

LOG(FR)LOGF)-12(T-T)/cS2S/1.8+T-TO)

REMARKS: Beam was cured in Lindburg furnace for 120 hours at

515 0C prior to testing.

S142



TABLE 16-B
Beam No. 01-44-1

fe f f, f f nc IdD

-TLMp.- Mode 
_____

1500 2 8 MAL 95.41 98,28 48.92 0,64 .00649 .00279

1500 3 276.58 267.10 275,61 -276.98 .37 L2Z . 00496... 2Ai.0030250 8 9 A- .2.2i. 1
1500 4 541.64 524.00 540.26 543.11 2.85 .00526 .00325
1500 5 894.97 869.70 892.72 807.72 5.50 .00615 .00508

1500 6 1336.10 1300.00 1331.21 1340.2? 9.08 .00680 .00604

1450 12 99.48 96.14 1 99.18 99.75 0.57 .00573 .00290

1450 1 3 278.60 269.15 277.86 279.38 1.52 .00546 .00402

1450 4 546.32 528.00 544.42 548.34 3.92 .00718 .00630

1450 5 902.64 876.20 898.29 906.90 8.61 .00954 .00864

1450 6 1343.28 1309.80 1332.92 1353.64 20.72 .01542 .01482

1400 2 100.27 96.83 99.95 100.59 0.64 .00638 .00413

1400 3 280.91 271.20 279.89 282.12 2.23 .00794 .00683

1400 4 551.28 512.08 548.08 554.96 6.88 .01248 .01180

1400 5 991.13 882.00 903.00 919.26 16.26 .01785 .01705

!400 6 130.53 319.90 1349.72 1369.50 19.78 .01454 .01403 X

1400 2 94.70 96.83 94.57 94.87 0.30 .00317 .00097

1400 4 521 32 532.08 520.30 522.33 2.03 .00389 .00322

1400 5 864.80 882.00 862.95 866.69 3.74 .00432 .00352

1400 6 1295.06 1319.90 |1292.04 1298.00 6.02 .00465 .00414

1400 6 1295.44 1319.90 1291.93 1298.95 7 02 .00542 .00491

1350 2 101.16 97.55 100.64 101.63 1.01 .0098 .00818

1350 3 283.79 273.20 281.88 285.96 4.08 .01438 .01346

1350 4 559.11 536.00 552.45 565.77 13.32 02382 .02326

1 °F f f f fR Af 0id

Temp. Mode

1350 5 925.55 889.10 909.42 942.47 33.05 .03571 .03496

1350 6 1394.68 1339.60 1380.58 1407.02 51.96 .03726 .03690 X

1350 2 97.55

1350 4 525.33 536.00 523.37 527.31 3.94 .00750 .00695

1350 6 1306.91 1339.60 1300.70 1313.37 12.67 .0069

1350 2 95.64 97.55 95.47 95.80 0.33 00345 .00165

1350 3 268.02 273.20 267.6( 268.A7 0.81 .00302 .00211

1350 4 526.04 536.00 524.87 527.24 2.37 .0035 .0035

1350 5 872.54 889.10 970.00 075.04 ,04 .00578 .0503

1350 6 1306.82 1339.60 1302.18 1312.00 9.P2 .00751 00706

1300 2 102.29 98.25 101.16 103.29 2.13 .02082 .0193,

1300 3 288.04 275.02 283.76 291.75 7.99 .02774 .02695

1300 4 571.5 540.20 562.02 585.00 12.98 .04020 .01Q71

1300 5 952.46 895.20 928.78 971.OA 42.26 .04437 .04365

1300 6 1434.44 1339.20 1420.76 1447.24 52.03 .03628 .03585

1300 2 96.31 98.25 96.05 96.49 O.A_ .00465 .00309 _

1300 3 270.19 275.20 269.31 271.01 1.70 .00629 .00156

1300 4 530.62 540.20 528.04 533.35 5.31 .01001 .00952

1300 5 880.50 895.20 874.A3 987.14 12.71 .01-143 .01372

3300 6 122.66 1339.20 1312.29 1334.19 21.00 .01656 .01613

121.0 2 104..6 90.90 102.6l 106.72 A.0q .03W08 .0370R
&'50 3 207.13 277.18 ; '93.q ""n. 10.13 .I( 030 .01127 X

0 4 .7 514.00 14 3 1; Q n1417 x
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TABLE 16-B (Continued)

Beam No. N-44-1

'F f£ f fg af Its ,ic Ida
fn L Rd

1250 5 977.40 901.50 963.90 991.36 27.46 .02809 .02739

1250 6 1463.65 1348.80 1450.10 1480.52 0.33 .02072 02030

1250 2 97.11 98.90 96.51 97.42 0.91 .00937 .00817

1250 3 272.77 277.18 271.30 274.24 2.94 .01077 .01005

1250 4 536.81 544.00 532.61 541.55 3.9A .01665 .01620

1250 5 892.26 901.50 881.91 900.89 1.Q8 .02127 .02057

1250 6 1340.59 1348.80 1327. 64 1351.52 23.88 1.01781 .01740

120P 2 107.80 99.66 106.49 109.30 4.56 .04229 .04219 x

1200 3 302.55 279.12 298.91 306.20 7.2Q .02404 .02343

1200 4 596.30 547.63 591.66 603.20 12.0A .02019 .01976

1290 5 993.55 907.75 985.98 1000.32 14.34 OT-A3 .01375

1200 6 1482.88 1358.20 1474.88 1491.88 17.00 .01146 .01104

1200 2 97.94 98.66 97.21 98.67 1.46 .01491 .01390

1200 3 276.86 279.12 27R.81 27q.79 5.98 1.02160 .07094

1200 4 546.85 547.63 540.05 554.66 lA.61 .02672 .02628

S1200 5 910.57 907.75 905.07 9?3.22 lq.15 .01lq93 .01Q25

1200 6 1351.66 1358.20 '1337.44 1361.16 23.72 .01754 .01713

1150 2 110.42 100.30 109.65 111.69 2.04 .01847 .017651150 3 308.64 281.15 206.94 310.2f) 3.26 .01056 i.00992

ioI1150 4 603.26 551.60 600.11 607.9n 7.29 _.01208 .011f6

1150 5 1007.26 913.60 1003.8A IC11.17 7.33 .00728 .00660

1150 6 1502.12 1367.50 1497.81 1506.90 Q.09 .0o605 .00567

150 3 285.11 281.15 281.44 288.24 6.80 .023q5 .02321

"F fc f fL fR Af nn Ida

Temp. Mode

1150 4 559.56 551.60 551.46 570.70 19.34 .03438 .03196

1150 5 933.08 913.60 910.48 952.A8 42.00 .i451 .04434

1150 6 1405.85 1367.50 1387.57 1428.24 40.70 .02892 .0?850

1100 2 111.81 100.95 111.43 112.25 0.82 .00733 .o066

1100 3 312.07 282.90 311.29 312.90 1.61 .00516 .00A54

1100 4 615.40 550.00 613.91 617.24 3.36 .00546 .00505

1100 5 1017.86 919.60 1015.45 1020.02 4.57 .00499 .00382

1100 6 1516.56 1376.40 1513.61 1519.51 5.90 .00389 .00344

1100 2 104.10 100.95 103.6o 105.00 i.aO .01345 .01275
1100 3 295.60 282.90 292.76 298.48 5.73 .03790 .03700 X

1100 4 579.12 555.00 572.35 588.5? 16.17 .02790 .02750 1

1100 5 963.40 919.60 957.04 969.72 11.68 .02360 .02300 X

1100 6 1444.40 1376.40 1431.94 1459.72 27.88 .01930 .01870

1050 2 112.90 101.30 112.60 113.12 0.52 .00461 .0005

1050 3 314.96 284.70 314.44 315.51 1.07 .00140 .00280

1050 4 620.55 558.50 619.44 621.77 2.33 .00375 .00335

1050 5 10,6.77 925.20 1025.15 1028.17 3.02 .On2Q4 .00228

1050 6 1529.70 1384.60 1327.38 1531.5f 4.18 .00273 .00225

1050 2 106.60 101.30 !05.79 107.55 1.76 .03245 X

1050 3 299.60 284.70 ?Q9.51 301.21 2.64 .01744 .OlA X

1050 4 589.62 558.50 585.75 59A.32 8.57 nlsl5 .01413

1050 5 OP1.20 025.20 07.$.O0 np7.nn 12.10 .117 .O n

1050 6 146 6.30 134.80 I S.on 1471.1-0 J. I

144



TABLE 16-B (Concluded)

Beam No. 01-44-1
F fc fp f fR f 

1en dB

Temp. Mode

1000 2 113.86 102.24 1 113.66 114.00 0.34 .00299 .00243
1000 3 317.48 286."17 317.03 317.92 0.89 .00280 .00220

1000 4 625.38 56S.80 624.48 626.29 1.81 .00289 .00249

1000 5 1035.00 930.9- j1033.94 1036.14 2.20 .00213 .00187

1000 6 1541.50 1352.80 1539.96 1399.60 3.00 .00195 .00147 1

1000 2 108.84 102.24 108.54 109.19 0.65 .01165 X
1000 3 304.07 286.37 305.21 309.21 4.00 .01315

1000 4 597.15 561.80 595.53 598.84 3.31 .005i54

1000 5 992.25 930.90 989.73 994.59 4.86 .00490

1000 6 1482.08 1392.80 1478.92 1484.70 5.78 .00390
950 2 110.09 102.80 109.87 110.28 0.41 .00372

950 3 307.11 287.95 306.69 302.54 0.85 .00277

950 4 602.52 564.75 601.74 603.17 1.43 .00237

950 5 1000.88 935.90 999.62 1001.88 2.26 .00226

950 6 1494.10 1400.40 1492.48 1495.40 2.92 .00195

900 2 110.84 103.82 110.74 110.96 0.22 .00195

900 3 309.21 289.50 308.47 309.46 0.49 .00158

900 4 606.37 565.40 605.85 606.89 1.04 .00172

900 5 1006.70 940.60 1005.97 1007.36 1.39 .00138

900 6 1503.52 1407.80 1402.45 1504.92 2.17 .00164

it
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Beam No. 01-44-2

Date 3/79

Damping Material 75.4% SiO 2 + 12.75% Na2O + 10.75% CaO + 3%

A10 3 + 2% Co203
Material Thickness 0.0221 cm Material Density 2.51 g/cc

Fixture No. 1 Beam Thickness 0.0960 cm

Beam Density 9.13 g/cc Beam Length 20.889 cm

Temperature Test Range: Between 815 IC and 540 0C

Frequency Test Range: Between 95 Hz and 1,550 Hz

Loss Factor nD:

Peak 100 Hz r. 0.25 Temperature 675 0C

1,000 Hz nD 0.25 Temperature 700 C

Range 100 Hz 650 0C 700 0C
i1,000 Hz 700 °C 730 OC

i ! Complex Modulus ED:

Peak 100 Hz 8.3 x 109 PAS Temperature 650 C
1' , 000 Hz 8.3 x 10' PAS Temperature 700 0C

Range 100 Hz 640 °C 675 OC1,000 Hz 665 0^ 7 0 C

NOMOGRAPH CURV_ FIT EQUATION:
MiATERIAL :J85-12
LOG( .)-LOG(ML),(2LOG(MROM/L) )/( '(FROM/FR)*Z:N

Te FROM 1iROM IhiL
Al A2 A3 A4[1 619.0 6."eSE-el 3.1*E+le .55 1.7309E4 1

A(LOG(FR )-LOGtFROL ))/C
LOG(ETA)-LOG(ETAFROL) (SL SHI ).(SL-SH)(L1-SORT(1+A$2) )C/2

TO ETAFROL SL SH FROL Ci2i 31 2 53 B4 Is
610.0 . 5 .483 -.350 6.*SOE-0l .3"

LOG(FR)-LOG(F)-12(T-T),CS2S/1.3+T-Te)

RiEMARKS: J85-12, test 1. Beam was retested 01-44-3.

"i !50
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TABLE 17-B

aa :o. 01-44-2

| F fc £n I
f i i'li I

9541 98.92 95_ 0 9. -.64- o°f " t Ji
3 i 276.58' 26769 . , oo.an , oo.g.

4 541.64j 524.0 540.26 543.11 2.85 .00526 .00325 J _
I S , 894.97j 868.7 892.72 897.721 5.50 .00615 .0058
6 l1336.1 1 1300 1331.21 1 1340.29 9.08 .00680 -.00604 __ _

' ; *
1 1450 .2 99.48 1 96.1' 991 99-75__ -- 71 7 n

3 278.60 269.15 277.86 2 79.,J i I i o°,i
ii 546.32J 528.0 544.42 548.14 3.92 I 0f71 f54 .3 - ; |R ,nfin&

. L 5 ,! 902.64j D7. 9.9 I 969 .8 1 i .0954 - 00964

6 1343.28 _1309.8 1332.92 1353.64 J 20.72 .015l! __ .01482

*1400 2 1 100.27 96.83 99.95 100.59 .64 .00638 1.00413 _ _ I
3 ., 28 1137.2 279._9 282.12 _2.23 .00794 .00603 _ _ __;4 551.28i 532.08 348.08 I554.96 I6. 80 .01248 1.0n180,

, ' 911.13 i82 9,0 919.2 i 16.26 .01785 1 .01705

1- 3 'I 2379 ' 273.2 I 281.88 285.96 4.08 .01438 .01346 ; _ __
,t j4 ji 559.11 J536.0 552.4-S S 5 .77 1i 1_7 ni " 2326!

5 925.55 i889.1 __,09.2 942.47 33AS

,6 11394.68 11339.6 380.58 1 1407.02 !1.96 .03726 1-0380 .

f f" f L f Af s td|" c I L IR Sfn, "C d

1300 2 102.29 98.25 101.16 103-29 2-11 -nna7 n .I

3 288.04 275.2 283.76 29.,75 7.99 .. 2L7. n ...lJ..
4 571.58 540.2 562.02 585.00 22-9R nAnn n...a2

5 952.46 895.2 92879 71 A A7 24 -hAA4a33- n*.aa3j5

6 1434.44 1339.2 1420.76 14 4 . . _._OL.3 .7 2. -.).a i.

1250 2 104.66 98.9 102.63 106.72 4n9 n' .A27.L -

297.15 277.18 293.97 299.11 10.10 .03399 -03 327

4 I 588.76 544.0 58-.50 .93L. 7n - .a3A.L -. a.3L2 J-

5 977.40 901.S 963.90 1 991-36 .7.4& n . .nq .. 7",ua s
6 1463.65 1348.8 1450.19 1480.52 30,33 .02702 Zi.2

1200 2 ; 107.80 99.66 106.98 . . . A z.6 n aL* , v

3 302.55 279.12 L.. .. 2.982n 7 2n . n92AU3 n.a.o2A-

4 596.3 S47-61 591-. 6 ..n. Ag n24" .070,q .01976

5 993.55 907.75 985.98 L0.q..2 14-34 .AI&A. nil".-

6 1482.88 1358.2 1474.88 141.2I. 7n |,-lfl- 0104aI. . a

1150 2 110.42 100.3 109,.6. 111-6 . .2L4 01RA7 . n .D17h.S
3 308.64 281.15 306.94 3ln 7 3-.26 .Al . nnQ2

4 603.2; 551.6 600.11 607.4 7-29 _0 120;k_ 1A.hh-
5 1007.26 q13.6 10o3.84 1011.77 7 .. 2-007. 8 on. .I.

6, 11502.12 1367.5 P9.1 IS0o'.9 9- r fl% -06r f
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TABLE 17-B (Concluded)

Bean No. 01-44-2

-F fc fn fL fR Af nCs nc  IdB

Temp.mode

1100 2 111.2i 100.95 11!.43 112.25 .82- .00733 .00665

3 312.07 282.9 311.29 312.90 1.61 .00516 .00454

4 615.40 550 613.91 617.24 3.36 .00546 .00505

5 1017.86 919.6 1015.45 1020.02 4.57 .00499 .00382

6 1516.56 1376.4 1513.61 1519.51 S.90 .00389 .00344 _

1050 2 112.90 101.3 112.60 113.12 .52 .00461 .00405
3 314.96 284.7 314.44 31S.51 1.07 .0034 .0028

4 620.5' 558.5 619.44 621.77 2.33 .00375 .00335
1026.77 925.2 1025.15 107117 3 .02 -294 0022

6 1529.7 13A4.8 1327.38 B.1-56 4-L8 -00273 .00,2Z1
1 0O 2 13.P6 102..2 113.&6f 114,OQ .34 _0022_ -00241

1 317.48 286.37 317.03 3!7.'12 s9 -0029 -0022
10f 138 10. 1.6 .iAQ.......j... ...... DA

625.38 %61.k 24.48 626.29 _l. .0289 .00249
, 930.9 1033.94 1036.14 2.20 .0n213 .00147

t I41.5 I._,2._ , 13,.96 1399.6 3.00 .0019 _ .00147

!A

!M

I I
i

1152
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Beam No. 01-44-3

Date 3/79

Damping Material 74.5% SiO 2 + 12.75% Na2 0 + 10.75% CaO + 3% AI2 03

+ 2% Co203

Material Thickness 0.0221 cm Material Density 2.51 g/cc

Fixture No. 1 Beam Thickness 0.0960 cm

Beam Density 9.13 g/cc Beam Length 20.889 cm

Temperature Test Range: Between 815 OC and 540 0C

Frequency Test Range: Between 98 Hz and 1,550 Hz

Loss Factor nD:

Peak 100 Hz nD 0.22 Temperature 670 0C

1,000 Hz nD 0.22 Temperature 720 0C

Range 100 Hz 640 0C 695 °C

1,000 Hz 685 0C 760 0C

Complex Modulus ED":

Peak 100 Hz 8.2x 10' PAS Temperature 675 oC

1,000 Hz 8.2x 10 PAS Temperature 705 oC

Range 100 Hz 640 0C 710 0C

1,000 Hz 660 0C 750 0C

NOMOGRAPH CURVE rIT EQUATION:
MATERIAL 01-44-3
LOG(M)-LOG(ML)+C2LOG(MROM/ML))/(I*(FROM/FR)I*H)

TO FROM MROM h ML
Al A2 A3 A4

550.0 5.7798E-02 3.875sE+10 .742 2.4152E+10
A-(LOG(FR)-LOG(FROL))/CLOG(ETA)-LOG(ETAFROL)+((SL+$H)A+(SL-SH)(1-SORT(I+A$$2)))C.,Z

To ETAFROL SL SH FROL C
I1 92 33 B4 86

sso.0 .217 .412 -.5O 4.4345E-02 .657
LOG(FR )-LOG(F)-12(T-TO)/(52S/l .8T-TO)

RE ARKS: J85-12 test 2; retest of 01-44-2 after 98 hours at 7501C.

After test, the specimen was soaked for 202 hours at 760 0 C. The

coating deteriorated; could not retest.

J
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TABLE 18-B

Beam No. 01-44-3

F f c fn f L fR af n nc  dB

(Temp. Mode 11

1500 2 99.41 95.41 99.04 99.94 0.90 .00905 .00543

1500 3 277.28 267.10 277.01 279.49 2.48 .00863 .00669

1500 4 545.68 524.00 542.87 548.36 6.51 .01193 .01071

1500 5 902.10 869.70 896.09 907.18 11.09 .01229 .01124

1500 6 1347.66 1300.00 1338.96 1357.98 19.02 .01411 .01335

1450 2 100.24 96.14 99.80 100.68 0.88 .00878 .00595

1450 3 280.65 269.15 278.97 282.17 3.20 .01140 .00997

1450 4 550.24 528.00 546.92 554.02 7.10 .01290 .01202

1450 5 910.22 876.12 902.77 918.10 15.33 .01684 .01594

1450 6 1362.50 1309.80 1350.50 1376.10 25.60 .01879 .01819

1400 2 101.07 96.83 100.55 101.61 1.06 .01049 .01267
1400 3 283.30 271.20 281.10 285.56 4.46 .01574 .01482

1400 4 556.23 532.0P 551.57 561.59 10.02 .01801 .01745

_1400 5 922.59 882.00 908.90 932.85 23.95 .02596 .02526
!1400 6 1381.82 1319.90 1365.20 1404.12 38.30 .02772 .02721

S1350 2 102.21 97.55 101.53 103.11 1.58 .01546 .01365

1350 3 287.32 273 20 283.96 290.22 6.26 .02173 .C2094
1350 4 564.10 536.00 556.07 573.79 17.22 .03141 .030851350 5 937.75 889.10 920.60 951.46 30.86 .03291 .03216

1350 6 1411.84 1339.60 1387.17 1437.21 50.04 .03544 .03498

1300 2 103.60 90.25 102.42 104.88 2.46 .02375 .02228

1300 3 291.19 275.20 286.00 295.76 9.76 .03352 .03273

F1300 5 959.65 895.20 940.00 976.07 36.07 .03759 .03687r!

4
O fC fn fL fR ni s c  idD

Temp. Mode

1300 6 1442.90 1339.20 1416.57 1470.31 53.74 .03724 .03681

1250 2 105.64 98.90 103.83 107.46 3.63 .03436 .03316

1250 3 298.05 277.18 292.34 303.42 11.08 .03717 .03645

1250 5 981.85 901.50 966.46 996.64 30.18 .03074 .03004

1250 6 1469.10 1348.80 1451.10 1490.17 39.07 .02659 .02616

1200 2 108.30 99.60 106.26 110.25 3.99 .03684 .03586

1200 3 305.25 279.12 301.15 309.74 8.59 .02814 .02748

1200 5 998o98 907.25 989.12 1008.46 19.34 .01936 .01868

1200 6 1492.25 1358.20 1480.69 1500.16 19.47 .01305 .01263

1150 2 111.43 100.30 110.37 112.70 2.33 .02091
1150 13 310.50 281.15 308.42 312.88 4.46 .01436

1150 4 611.98 551.60 606.87 615.80 8.13 .01328

1150 5 1013.38 913.60 1008.47 1018.09 9.62 .00949

1150 6 1510.36 1367.50 1506.13 1516.76 10.63 .0704

1100 2 112.47 100.95 111.95 113.06 1.11 .00987

1100 3 314.13 282.90 313.07 315.21 2.14 .00681

il00 4 618.48 550.00 616.,t2 620.38 3.56 .00576
1100 5 1023.78 919.F0 1021.03 1026.33 5.29 .00517
1100 6 1524.87 1376.40 1521.56 1528.47 6.91 .00453

1050 2 113.55 101.30 113.23 113.83 0.60 .00528

1050 3 316.67 284.30 310.00 317.34 1.34 .00423
1050 4 623.06 558.50 622.00 624.28 2.28 .00366

105.fl 5 101.71| 0 0.10 I |03315 1. ! .0031!
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TABLE 18-B (Concluded)

Beam No. 01-44-3

F f f f f 1f n IdB

C n L Ri s C

Temp. Mode I IT__

1050 6 1536.10 1384.80 1534.13 1538.62 4.49 .00292

1000 2 114.44 102.24 114.28 114.62 0.34 .00297 _ _ _

| 1000 3 319.07 286.37 318.68 319.57 0.89 .00279

1000 4 627.89 561.80 627.23 628.70 1.47 .00234 _ _

1000 5 1039.64 930.90 1038.63 1340.75 2.12 .00204 1
1000 6 1548.31 1392.80 1547.08 1550.08 3.00 .00194

____

_____________ ___________...._____________ ______________ ______________

F _ _ _ _ _ _ _ _ _ _V.- __ _ _ _ ___ _
- _ __!_4 -|__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- _ _ __ _.._ __ _ _ __ _ _ _ _ __ _ _ _

- - _ _ _ _ _ _ _ _
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Beam No. 01-46-1

Date 12/19/78

Damping Material 74.5% SiO2 + 10.75% CaO + 12.75% Na 20 +

2% CoO3

Material Thickness 0.0155 cm Material Density 2.34 q/cc

Fixture No. 1 Beam Thickness 0.0960 cm

Beam Density 9.13 g/cc Beam Length 20.950 cm

Temperature Test Range: Between 870 0C and 540 0C

Frequency Test Range: Between 90 Hz and 1,450 Hz

Loss Factor nD

Peak 100 Hz nD  0.93 Temperature 670 °C

1,000 Hz ID  0.93 Temperature 735 0C

Range 100 Hz 650 0C 715 0C

1,000 Hz 700 0C 770 0C

Complex Modulus ED":

Peak 100 Hz 9 .7 x 109 PAS Temperature 650 aC

1,000 Fz 9.7x 109 PAS Temperature 700 0C

Range 100 Hz 630 0C 675 oC
1,000 Hz 665 °C 715 C!

NOMOGRAPH CURVE FIT EQUATION:

PATERIAL IJIS-11 INITIAL TEST
LOG(fl )LOG(MIL ,(2LOG(NROf/ML) )/(1 CFROM,'FR)*t)
TO FROM PROM M L

Al A2 A3 A4
se. 3.OS4eE-02 6.400eE*09 .680 I. ea+o9

A' (LOG(FR)-LOG(FROL) )/C
LOG(ETA)-LOG(ETAFROL)4( ($LeSH)A.(SL-SH )l-SORT( $1+RSS)) )C/
TO ETAFROL SL SH FROL C

31 12 93 34 F
S50.0 .S50 .4SO -. 550 2.SOKe-02 .460

LOGtFR)-LOG(F)-12("-TO )/(525/1 .8+1-TO)

ti

REMARKS: J85-ii, test 1; beam retested twice: 01-46-2 and

01-46-3

16
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TABLE 19-B

=Bc-' ::. . 01-46-1

1600! 2 92 92.12' 93)90 9,7.2 92.52 , .76 .00825 *,

4 589, 58 507.93 [ jQ510 05 ._L. 1..j .0041
7  

-00145

5 ._ 843.93? 958.7 842.5 | 845.42 I 2.92 .00346 .00106

6 1262.821 1287.2 12b6.'6 I 1265.1 4.4 .0
3 2 8  

1

,- 1550 2 93.092 94.78 92 77 93.39 .62 .00666 .00105

4 513.561 522.2 6512.7 514.38 1.
6 8

. :; 851.48; 865.4 850.62 852.12 2 .002 7

1273.87 1297.4 1271.88 ' 1276.2 4.32 .00339 .00205

1500 2 93.92 95.63 1 93.66 f 94.16 I .50 .00532 i .00129

3 : 263.87 268.1__ 263.54 ! 264.15 1 1.19 .00451 .00230
4 517.80 526.5 6.6 519.64 1.68 .00324 .00213

5 858.41 . 872.3 857.48 2 859.2 3.35 1 .00391 .00271

6 1283.98 1307.00 1281.36 11286.77 1 5.41 1 .00421 .0032

1 4 5 0 2 9 4 . 7 0 ' 9 6 .4 5 i 9 4 .5 1_ _ __.,9_ _1 _ _4 0 _ _ 0 0 1 6 9

340' 2____ j 9 . 40 0422 019

- 3 266.00 1 270.2 265.67 266.27 : 1.17., .00440 i .0028

522.40' 530.5 2 521.14 * 523.37 1 2.23 .00427 .0033

5 865.67 879.0 1 863 41 i 868.0 " 4.59 .00530 I .00442

- 6 1295.84 1317.0 1292.10 1 1299.57 7.47 .00576 I .0055

. ; o - i i il

i , i

It

. c L A l -::c "

1400 2 95.46 97.21 I 95.25 95.69 1 .44 -.0.46j 00244

3., 268.41 272.4 1 26".69 . 269.32 .01.63 _ .o607 •__oo45 _

4 526.70 f 534.6 525.G4 528.43 3.39 .00644

-, - - . 85.5 t 869.36 877.12 7.76 .00889 .00817

6 1307.2 I 1327.0 21298.14 1315.02 1 16.88 .0129- . .0109

1350 2 96.29 97.98 96.00 96.56 .56 1 .00582 .00413 i

3 270.60 274.57 269.28 271.81 2.33 I .00935 1 .0085 i

4 -! 531.83 538.7 528.74 535.20 1 6.46 I .01215 .0117 •

U 5 883.00 8 92.0 g 875.01 890.22 " 15.21 1 .01723 .0166

.6 i.1321.92 1337.2 :1303.48 ; 1334.87 31.39 ; .02375 I .0234

1300 2 , 97.12 ' 98.68 96.68 I 97.f8 ; 1.03 1 .01030 .0086

i i__ 3 i 273.30 276.7 271.84 i274.47 5.13 1 .01877 ;.018 ,"

,__4 538.88 542.8 531.85 _545.09 13.24 .2

5_ 897.5 ; 89.4 J884.05 !908.70 24.65 .02747 .0269 _ _

--7 6 ,1339.27 ;1347.3 ,1325.26 i1353.29 54.66 ;..04081 i.040|

S12S_ 2 98.35 99.39 , 97.47 99.49 2.02 : .02054 .020 1
3 271.31 278.76 . 272.92 . 276.01 6.02 .02197 .0212 *

4 550.26 546.9 545.72 . SSS.9
4 

- 19 9L_, 036:w2 .0362 i

5 914.12 904.9 902.48 924.0 22 -o230 _6o .,i-' 1. ; .369.62 1357.0 :37 1 179.1 4!.32 031I . ._ .. i

164'



TABLE 19-B (Concluded)

01-46-1

f. f R a f r. rc i5

_" _'2oo
I  2 _ _ 100.751 100.07 99_,_2. 2.82 _ .02799 1 .02677 1

3 277. 72, 280 64 276.25 278.671 4.72 ' .01699 .01615
I 561.981 550.7 557.36 568.26. 10.90 I .01940 .01901 i

5 i 930.741 911.0 924.3 , 937.231 12.93 .01389 1 .01335 1

6 1395.381 1367.0 1381.43 I 1404.1 i 22.67 1 .01625 I .01588

,1150! 102 100.72 310204 103.851 1.81 I .01761 1 .01639 .

_ _ - 289.201 282.5 , 288.33 I 290.5 1 4.23 .01463 I .01420

4 569.22' 554.5 566.92 571.66' 4.74 .00833 j .00790

5 943 1 917.1 ' 940.0 946.41; 6.41 I .00680 .00627 I

"6 1413.681 1376.0 a 1408.07 1418.28' 10.21 .00722 .00686

1100: 2 104.28 101.37 103.84 * 104.75' .91 i .00873 .00769

3 291.861 284.2 1 291.26 292.45' 2.32 .00795 .00721 .

4 574.87i 558.0 573.78 576.34' 1 47 .00256 1 .00204 1
S-.69 3-76 .00342

6 384. 1424.83 1430,57. 5.74 A .0402 0036C, _

, C- l *!O -,9
6

' _._ ' 0.29 I05.48: ,49 i 00465 i .00315 !
,, .4 j, 50,02* ,6. 579.20 , 580.8 : 1.60 .00276 .00271:

'!5 : 9_61.06: 928.8 "-959.87 462.28: 2.41 .00251 ; .00251'

I ; b )~~~~439.93, 1392.0 ' 478 441 66 3.77 .022 002

• ' ;: d I ;I :.

10O 0, 2 1 106.111 102.52! 105.97 ! 106.27 .30 .00283 00283
_____ 4 584.48.' 564.4 *583.97 585.07 1.10 .00188 ' 00188

5 968.36! 934.4 967 55 .969.77 1.62 1 .00167 -00167

6 a1451.0 I1399.3 1449.66 1452.06 2.40 O0fl65 -00165S_____- - I - I . I I

*. I ,' _ _ _ _ _ _ _ i _ _ _ _ _ _ _ _

I .I

a, • , . t

______ __000 ___ 2_____0_._____02.52_ ______.97___ __0_.______.__0_____002__3_____00283___

a "544] 544 539 8.7 11 018'.08 "-- 968.36 3."75. __.°16 017[_06

i , -- -- , ,.
• :6 : 45 .0 39 .3 ; 44 .6 ,! 15206 .4 .n15 _0153
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Beam No. 01-46-2

Date 12/28/79

Damping Material 74.5% SiO 2 + 10.75% CaO + 12.75% Na20 +

2% Co203

Material Thickness 0.0155 cm Material Density 2.24 g/cc

Fixture No. 2 Beam Thickness 0.0960 cm

Beam Density 9.13 g/cc Beam Length 20.950 cm

Temperature Test Range: Between 815 *C and 540 °C

Frequency Test Range: Between 93 Hz and 1,4b0 Hz

Loss Factor nD:

Peak 100 Hz 1D 0.51 Temperature 675 0C

1,000 Hz nD  0.51 Temperature 730 oC

Range 100 Hz 640 0C 705 °C

1,000 Hz 680 0C 765 0C

Complex Modulus E D"

Peak 100 Hz 7.5x 109 PAS Temperature 615 0C

1,000 Hz 7.5x 109 PAS Temperature 675 0C

Range 100 Hz 605 C 665 OC

1,000 Hz 645 0C 695 0C

NOMOGRAPH CURVE FIT EQUATION:

MATERIAL :JOS-ll AFTER 100.75 HRS *.14002FLOG(M)-LOG(IL)+(2LOG(MROM/ML))/(I+(PROI/FR)**M)

TO FROM MROM N ML
AL A2 A3 A4

550.0 4.4821E-02 1.4335E+10 .686 5.5400E+09
A-(LOG(FR)-LOG(FROL))/C
LOG(ETA)-LOG(ETAFROL)+((SL+SH)A+(SL-SH)CI-SORT(I+A:28)))C/2

TO ETAFROL SL SN FROL C

550.e .S39 .4SO -.510 3.60eeE-02 .460
LOG(FR)-LOG(F)-18(T-Te)/(525/1.8 T-T0) V

REMARKS; J85-11, test 2. Retest of 01-46-1 after 100 hours at

760 0C. Surface of coatina slightly leteriorated.
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TABLE 20-B

Beam No. 01-46 2

F f fn f L f R A ns  n c  IdB

Tenl_. jjode

1550 2 93.72 94.78 93.41 94.17 0.76 .0081 .0025

1550 3 263.34 265.80 262.16 264.45 2.29 .0087 .0054

1550 4 517.79 522.20 516.36 519.06 2.70 .0t52 .0034

1550 5 858.91 865.40 856.64 860.96 4.32 .0050 .0033

1550 6 1286.30 1297.40 1282.41 1290.78 8.37 .0065 .0052

1500 2 94.56 95.63 94.23 94.88 0.65 .0069 .0029

1500 3 265.41 268.10 264.40 266.45 2.05 .0077 .0055

1500 4 522.05 526.50 520.72 523.68 2.90 .0057 .0046

!500 5 865.27 872.30 862.79 867.80 5.01 .0058 .0046

1500 6 1295.12 1307.00 1289.74 1299.52 9.78 .0076 .0066

1450 2 95.60 96.45 95.35 95.89 0.53 .0055 .0028

1450 3 268.06 270.20 267.16 269.20 2.04 .0076 .0060
1450 4 526.62 530.50 524.94 528.16 3.12 .0059 .0057

1450 5 873.28 879.00 869.78 876.25 6.47 .0074 .0065

1450 6 1304.95 1317.00 1293.90 1312.24 18.34 .0141 .0133

1450 2 95.51 96.45 95.23 95.84 0.61 .00639 .0036

1450 3 267.68 270.20 267.10 268.31 2.37 .00885 .00706

1450 4 527.41 530.50 525.26 529.32 4.06 .0077 .0069
1450 5 873.74 879.00 870.20 877.35 7.15 .00818 .00730

1450 6 1307.85 1317.00 1304.53 1311.13 12.97 .0992 .00916

1400 2 96.46 97.21 96.20 96.73 0.53 .0055 .0034

1400 3 271.56 268.41 270 47 272.87 2.40 .0088 .0075
i | ~ ~~~~1400 4 32.26 534.60 502 3.8 ,44 08 07

V
t f f f f Af n nc dB

c n L R a c
STemp. Mode

1400 5 880.57 885.50 875.58 894.92 9.34 .0106 .00998

1400 6 1315.12 1327.00 1306.24 1325.13 18.89 .0144 .0138

1400 7 96.11 97.21 96.00 96.63 0.63 .00654 .00444

1400 3 269.90 272.40 269.21 270.58 2.69 .00993 .00867 x

1400 4 531.56 534.60 530.19 532.54 4.58 .00862 .00802 X

1400 5 A81.78 885.50 876.83 886.66 9.83 .01L15 .01043r 1400 6 1320.27 1327.00 1314.67 1325.67 21.62 .01637 .01576 X

1350 2 , 97.13 97.98 96.76 97.48 0.72 .00741 .00568

1350 3 272.85 274.57 270.00 276.16 6.16 .02258 .02147

1350 4 !34.70 538.70 527.90 538.90 11.10 .02076 .02028

1350 5 892.67 892.00 885.56 901.85 16.29 .01825 .01761

1350 6 1346.00 1337.20 1330.00 1371.50 41.50 .030?3 .(3031

)1150 2 17.21 97,.98 96.82 97.S9 .7 ... 792 .30t,19

1350 3 272.22 274.57 271.28 243.43 4.22 .15 .01440 X

{ 1350 4 1536.01 538.70 532.86 537.79 7.72 .01441 .01393 x

1350 5 891.78 892.00 .87.95 895.62 15.07 .01690 .0162f. x

1350 6 1333.50 1337.20 1325.20 1341.52 32.07 .07405 .02153 x

1300 2 98.14 98.68 97.56 98.69 1.13 .01151 .01001
1300 3 275.77 276.70 274.52 277.02 4.91 .01782 .01682 [ X

1300 4 542.87 542.80 53,.36 345.88 11.83 .02191 .02130 X

1300 5 904.00 893.40 899.02 909.26 20.12 .02226 .02167 X

1300 6 1370.04 1347.10 1364.27 1375.72 22.50 .01642 .01597

1250 2 99.35 9f.3 9.~. )A0,tRA niAn7 fl7f
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OTABLE 20-B (Concluded)

Beam No. 01-46-2

F ff f f Af n 1dB

1250 3 280.36 278.76 278.29 282.02 7.33 .02615 .02525 X
v1250 4 553.50 546.90 549.92 556.77 13.46 .02432 .02393 X

1250 5 922.12 904.90 916.44 927.80 2k.32 .02421 .02365 X
1250 6 1384.05 1357.00 1380.70 1388.80 15.92 .01150 .01146 X
1200 2 101.41 100.07 100.79 102.15 2.67 .02636 .02514
1200 3 286.03 280.64 282.99 299.07 6.08 .02126 .02042
1200 4 565.55 550.70 562.86 568.38 10.84 .01918 .01879 X

1200 5 938.91 911.00 931.31 945.47 14.16 .01508 .01454

1150 2 103.28 100.72 102.22 104.36 2.14 .02072 .01968

1 1150 3 291.12 282.50 290.08 292.35 4.46 .01532 .01454 x
1150 4 572.51 554.50 571.00 374.07 6.03 .01054 .01011 X

S1150 5 948.44 917.10 945.22 952.88 7.66 .00808 .00755

1150 6 1423.34 1376.00 1418.42 1429.69 _11.27 .00792 .00756H
1100 2 104.89 101.37 104.40 105.38 0.98 .00934

1100 3 295.01 284.20 293.97 295.90 1.93 .00654

1100 4 578.43 558.00 577.04 580.08 3.04 .00526

1100 5 958.62 923.00 956.78 960.51 3.73 .00389

1100 6 1436.75 1384.50 1434.04 1439.50 5.46 .00380
1050 2 105.89 101.96 105.61 106.11 0.50 .00472

1050 3 297.49 285.70 296.95 297.95 1.00 .00336

1050 4 583.27 561.30 582.39 584.09 1.70 .00291

1050 5 966.50 928.80 965.21 967.42 2.21 .00229S1050 6 1 447.40 11392.00 11445.96 1449.36 3.40 .00235

-:i F fc fn f fR af ns "cdB

J Temp. Mode

1000 2 106.A2 102.57 106.45 106.77 0.32 .00300
1000 3 299.43 287.30 299 11 299.73 0.62 .00207

1000 4 587.10 564.40 586.52 587.70 1.18 .00201

1000 S 972.55 934.40 971.92 973.34 1.42 .00146S1000 6 1456.57 1399.30 1455.39 1458.00 2.61 .00179

I _ __dL
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Beam No. 01-46-3

Date 1/11/79

Damping Material 74.5% Si02 + 10.75% CaO + 12.75% Na20 + 2%

Co203
Material Thickness 0.0155 cm Material Density 2.34 g/cc

Fixture No. 2 Beam Thickness 0.0960 cm,

Beam Density 9.13 g/cc Beam Length 20.95 cm

Temperature Test Range: Between 815 *C and 540

Frequency Test Range: Between 95 Hz and 1,460 HzLoss Factor nD

0Peak 00 Hz nD  0.35 Temperature 670

1,:00actor ED 0.35 Temperature 725 OC

Range 100 Hz 635 C 765

1,000 Hz 640 715
Complex Modulus E D1:

Peak 100 Hz 6.9 X 109 PAS Temperature 630 oC
1,000 Hz 6.9 x 109 PAS Temperature 680 oC

.iRange 100 Hz 630 665

1,00t Hz 640 C 715 0C

NOMOGRAPH CURVE FIT EQUATION-

MATERIAL IJIS-12 AFTER 314 MRS. 0 14e006F.
LOG(fl)-LOG(flL).(2LOGCMRM/ML) /( ( RONM rR):N ;
TO FROM rROM N ML

Al A2 A3 A4
sse.e 7.e069E-02 1.994bZ+10 .741 9.S945E+09!o} A-(LOG(FRJ-LOG(FROL))/C

LOG(ETA)-LOG(ETAFROL)+((SL+SH)A+(SL-SH)(1-SRT(14Az,))))C/2
To ETAFROL SL SH FROL C9I5 e. 1 12 33 14 as

558.0 .360 .4S@ -.500 3.300E-802 .92e
' LOG(FR)LOG(F)-12(T-T@)/(S25/1.8 T-T)44

;ii

REMRKS: J85-11, test 3. Retest of 01-46-1 after 314 hours at

760 0C. Surface further deteriorated; very rough, but the entire

surface was still coated.
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'1 iTABLE 21-B

-. .:. : . - 6 -

__2 95.52 95.631 95.26 _ 95.92 .66 -_z00691 .00286
. 268.1 266.38 263.56 2.18 .00815 .00575 I

4 526.51. 526.5 525.08 . 527.75 2.67 .00507 .00394 i

. 5 , 872.561 872.3 I 869.82 875.30 5.48 1 .00628 .00507 I

6 135.1 1307.01 1299.8 1310.62 :10.82 1 .00R29 1 .007?0

:1450 2 96.22 96.45 95.97 96.5 .58 .00603 =0333

3 269.30 * 270.2 268.12 , 270.49 2.37 .00830 .00119

; 4 529.86 530.5 527.84 531.46 ; 3.62 i .0068 1i .00558

5 878.82 879.0 875.45 882.12 .- 6.67 f .00759 , .00670

6 1315.59 : 1317.0 1308.20 1321.68 13.48 I .01025 .00949

, 1400 2 97.12 : 97.21 96.84 97.41 .57 .00587 .00367

3 271.98I 272.4 270.44 1 273.27 I 2.93 .01041 .00911 1

... 4.. _534.16 , 532.50 o 5S-47 S4 1 01ni

5 886.45 835.5 ~ 91.04 10.24 -01111r.___
, 6 1328.1 1327.0 1317.77 * 1336.90 , 19.13 !.0144i ;01378
1350 2 97.95 . 97.68 98.36 .68 .00694. .00521

• 3 274.11 274.57 271.31 273.21 3.73 .01362 .01250

S 4 :539.92 538.7 537.97 541.87 ,. 7.66 .01420 .01372

* 5 895.r2 892.0; 887.24 902.79 15.55 .01736 .01672

* 6 1343.81 I 1337.2 I 1335.98 f 150. 29.08 f.0164 .02112

i ! ,*: . *

c -Z3

I,. _ _"_-:-_ _--_ _ _ _ _ _ _ _ _

S300 ___98.85 9.68 , 98.3 99.61 1.26 -01275. .0127.8 i 8 ._ _1 4 64 .z o , 9. 17: 276.7 1 27 . 8--.g 44- l~

4 547.091 542.8 543.82 I 549.96 12 . .02206 :-.02163&1:
5 5 908.43 , 898.4 898.26 918.56 20.30 .02235 ,.02176 -_

, 6 1364.10: 1347.3 1356.68 1372.84 31.76 .02328 .02282

1250 2 100.36 99.39 99.56 ; 101.84 2.28 .02272 .02139 -i :3 ,,283.47 278.76 282.05 • 295.50 
"  

6.78 ".02392 ".02301 ,

4 551.38 546.9 553.72 561.05 14.A0 .02584 i .02545
5 925.97 l 904.9 916.40 935.54 ,19.14 .02067 .02011

| 6 1393.8 1357.0 1386.-7 - d01.7 29.36 .02106 _ _2065

S,1200 ,2 1701.56 100.07 100.90 ,02.19 2.52 .02477_, .02356

3 293.14 28C.64 288.15 292.13 7.R2 .02696 .02612

4 569.27/ 550.7 565.42 571.60 , 12.14 .02137 I .02098

943.50 911.0 940.14 946.86 13.21 _ .01400 .01346

-411.3 1,6.0 1054 41.0 1 .01554 .01516
1150 2 103.48 100.72 1,2.94 104.06 2.20 .02127 .02014

1 292.61 282.5 2q0. 4 2 24.12 3.-.0 .'1264 .01186 " |

4 575.08 554.5 572.70 577.73 5.03 .n0875 .n0832

952.i7 917.1 Q49. ?0 56.16 6i. 4 0M7q .00625 V

6 1428.22 1376.0 1424.00 '411.12 9.12 .069 030
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TABLE 21-B (Concluded) _

a a ::c. 01-46-3

1 i0 105.47 101.37 105.04 10..0.8 .013 014_______

295 28.2 295.05 296.67 1 -62 , .00548 .004,74S4 590t.661 558.0 579.43 , al.85 2.12 .00417 .00364,
I Ns i 96 .87! 9 2.0 960.32 963.5, 3.2 2 .o00335 .00283 i

: 411 18. 489 1443.72 ; 47 .003342 .0026!

1050! 2 106.70 101.96 106,0 16 5 J 1 -00442~ -Ofli2
* 3 298.50 285.7 298.09 ;299.00 .9 0305 .00235

4 * 585.12 561.3 584.52 1 58S.91 1.39 _ .00238 I .00186 ____,__
5 969.30 928.8 968.28 ' 970.13 1.85 i .00191 .00139 1 i

6 1452.04 1392.0 1450.76 1453.62 2.86 .00197 .00161 !
|1o00; 2 1 07.46 102.57 107.32 10]7.60 .e i .00261 ! .0167 ,,-

-- 3 ," 300.46 i 287.3 300.24 1 300.82 jS.8 .00193 ! .00127/| .

i4 58.95 564.4 588.53 _589.46 _ _ _ _009R

5_ _ 975.32 934.4 974.71 975.88 , 1.17 .00120 .00060

6 1461.00 . 9.86 1461.92 2.06 .00141 00105 .O __O

* . , ..

'";: WI'

__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ I_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Beam No. 01-46-4

Date 3/79

Damping Material Pemco 79 R 465

Material Thickness 0.0145 cm Material Density 2.50 g/cc

Fixture No. 1 Beam Thickness 0.0960 cm

Beam Density 9.13 g/cc Beam Length 20.95 cm
Temperature Test Range: Between 870 C and 565 C
Frequency Test Range: Between 92 Hz and 1,470 Hz

Loss Factor n

Peak 100 Hz nD 0.90 Temperature 630 oC

1,000 Hz nD 0.90 Temperature 745 oC

Range 100 Hz 660 0 C 710 0Ci 710
1,000 Hz 710 C 775

Complex Modulus E ".

Peak 100 Hz 1 x 1010 PAS Temperature 645 c

1,000 Hz 1 x 1010 PAS Temperature 690 °C

Range 100 Hz 610 C 685 0C

1,000 Hz 645 CC 745 0C

[j NOMOGRAPH CURVE FIT EQUATION:

flATERIAL IJSS-l7 INITIAL TEST
LOG(M)-LOG(ML)+(ELOG(ROM/ML))/(I (FRCM/FR)$:N)
T0 FROMi tROfl 4 ML

At A2 A3 A4
550.0 S.8564E-02 1.4854E+10 .837 4.2435E+09

A-(LOG(FR)-LOG(FROL))/C
LOG(ETA)-LOG(ETAFROL) ((SLSH)A4(SL-SH)(1-SORT(I+RAX )))C/2
TO ETAFROL SL SH FROL C

R1 32 93 B4 35
sse.e .9e .7eO -.500 1.4030E-02 .400

LOG(FR)-LOG(F)-12(T-T0)/(525/l.8+T-T)

REMARKS:

I 184
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TABLE 22-B

- Eez: No. 01-01-

1600, 9-12 93 90 91 .59 *92 59 11.00 .01086 .0037h _____

., 260.25 263 73 259 45 -6-,-5 2.06 .00792 .00132

4 508. 9u. 518. 1- 507 31 510 28 i 2.9-1 .00584 1.00319

142.0 SZ 52 .5 054

126021, 128 1266.5,_ 160 G 0057q 005

___-_ 93 52__ __. ____ _.009 _ ___7__.0026-__ ___

26-2 265.10 261.59 *263.40 1.68c .00720 .00314)

51:.E- 522-2, I1 24 5 i.; 0.3 7.7 .00546,________

1205 77.30 :272 893V -73 07

1500O 938 9.3 127 9 128 9c.1 9.3 00724 .006254

3 6.0 269.1' 266.26q 2t6.9, . 1.7 .0064 -00343

564.21 530.5,3 Si-.94 523 86 3.94 .. 00756 .006651

E 1 9.0 131-.0 1229 29 .-, 1.2 01125 .. 01043

E

871.8; _ _ _ 8*. 86,2 _ _ _ __ i 

______________ 1150 .01319 .01237

6 104.0, 132.C 29 16 131.4 _01942_____________ .021873

6130249.50 97.9 95.70 __9_.7 __1.02 __.01060 C i0897
MO__ 2 97.c, 9868 9656 E.6 1.8 .01846 .01705

-. 275.68 276.7 I273 21 279.30 6.09 .02209 .02089.
4 541.94 5 42.80 1 534.58 1 548.94 14.36 .02650 .02601
5 901.70 *898.4 9 87.30 914-21 26.91 . 02964 .02925

3 281,2 27.76 79 4 23.9C 6.2 023S 02833
55394 54696 54344 .03082

_2.__0_9_9___94.5 261 G28 .02791

34.44 .052 .024,4

18
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TABLE 22-B (Concluded)

" _____ Li __________

;200: 2 102.011 100.07 " 100.44 103.67 3.23 .31t6: .03044IS3 290. 50 i 280.64 287. 28: 294.79i 7.51 0 .2585 •.02495

4 571.00i 550.70 565.74 579.82 1 14.08 ,02466 .02426
T:I 5 '; 946.70 1i 911.00 93 15 954.95 1 19.28 , 02037 .01983 i

i 6 1416.20' 1366.75 1405.P21 1427.26 ; 21.44 '.01514 ;.01468 i

1150 2_ _ 104.42i 100in% 64 2.34 .02241 .02129;

3 295.301 282.50 I 292.93' 298.11 1 518 -017S4 -0166r,4_ _ , 578.52 554.50 575.13 514.0 8 7 . .01533 -01494 I
5 960.031 917.10 954.23 965.86 11.63 .0121 .01167__

_ _ 6 1435.90 1376.0 1426.0 i 1442.30 1 16.30 .01135 i .01092

1100 2 106.35 101.37 105.75; 106.92 1.17 .01100.00986
3 299.44 284.2 298.09' 300.97 2.88 .00962 .00891
4 586.80: 558.0 584.60! 589.14 4.54 .00774 o.00756

i 5 972.42, 923.0 969.231 975.53 6.30 1 .00648 i .00606
6 1453.24 1384.5 1447.65; 1456.85 9.20 .00633 .00592 i

10501 2 107.60 101.96 107.32 1 107.88 .56 .00520 iQ0..0407

3 302.75 285.70 302.08 303.55 1.47 .,00486 .00424
* 4 592.98 561.30 591.62. 594.23 2.61 .00440 1.00402

5 982.42 928.80 980.60- 984.13 3.53 1 .00359 .00313

, 6 1467.7 1392.0 i465.0 * 1470.4 5.40 .00368 .00329

1186
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Beam No. 01-46-5
f Date 7/30/79

Damping Material Pemco 79 R 2633

Material Thickness 0.0170 cm Material Density 2.73 g/cc

= Fixture No. 1 Beam Thickness 0.0960 cm

Beam Density 9.13 g/cc Beam Length 20.95 cm

Temperature Test Range: Between 535 0 C and 730 0 C

Frequency Test Range: Between 100 Hz and 1,500 Hz

iiSS Factor nD
Peak 100 Hz rD 0.50 Temperature 750 0C

1,000 Hz nD 0.50 Temperature 675 0C

R 100 Hz 645 0C * C

1,000 Hz 600 0C * oC
i Complex Modulus ED"

k Peak 100 Hz 9 x 109 PAS Temperature 570 0C

1,000 Hz 9 x 109 PAS Temperature 620 -C
Range 100 Hz 535 0C 685 0 C

1,000 Hz 565 0 C 615 0C

-NOMOGRAPH CURVE FIT EQUATION:4

MATERIAL SPEMCO 79R-ES36
LOG O(L)LOGML8LOGIROH/L))/(l(FROM/rR)s:N

TO FR31 RROM . ML
At AZ A3 4

523.0 3.5297E-0 1. 691E.1 .77C 2.918 eq0i A. (L0G(FR)-L0G(vROL) )'C
LOGETA)-LOG(ETAFROL ) ( (SLSA i5(SL-SH)C1-SORT 14Axt )))C/'
TO ETAFROL SL SH FROL C

S25.0 .45 .360 -. S71 6.?83*E-O2 .74
LOG(FR)-LOG(FJ-12(T-TO)'(SS/1.8T-T@)

RE-MARKS: After test, the coating aupeared to be wrinkled and

molted, with sharp peaks of crystalline material resembling4 sand paper.

• Not measured.
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TABLE 23-B
Beam No. 01-46-5

F fF n f L fR Af ns nc 1dB
I Temo. Mo e

1350 2 94.31 97.98 93.65 94.99 1.338 0.0142 0.01257

1350 3 265.13 274.57 252.75 268.55 5.797 0.0218 0 02039

1350 4 523.82 538.70 519.38 526.08 6.70 0.01279 0.0122

1350 5 867.49 892.00 854.49 883.58 29.096 0.03354 0.03284

1350 6 1297.16 1337.20 1245.05 1323.94 78.89 0.06082 0.06022F 1300 2 95.38 98.68 94.32 96.54 2.394 0.0251 0.0237

1300 3 269.83 276.68 264-14 274.50 10.36 0.0384 0.0372
1300 4 537.11 542.80 525.92 550.72 2.481 0.00452 0.0041

1300 5 887.86 898.40 879.90 897.03 17.136 0.0193 0.0187

1300 6 1329.58 1347.30 1244.62 1363.54 11.886 0.00892 0.0084

1250 -_ 85.63 99.39 84.25 93.26 9.018 0.1053 0.1040

1250 3 275.91 278.76 268.51 282.21 13.70 0.0497 0.0486

1250 4 543.28 546.96 531.43 553.66 22.24 0.0409 0.0405

1250 5 915.57 904.90 890.94 944.14 53.80 0.0588 0.0583

1250 6 1376.66 1357.00 1347.84 1394.74 46.90 0.0341 0.0356

1200 2 99.66 100.07 97.31 102.26 4.949 0.0497 0.0484

1200 2 283.54 280.64 277.13 291.67 14.541 0.0513 0.0504

1200 4 556.44 550.70 549.99 564.21 14.21 0.0255 0.0251

1200 1 952.65 911.00 930.94 964.73 25.79 0.0271 0.0266

1200 6 1425.50 1366.75 1400.12 1459.75 59.63 0.0418 0.0414

1150 2 102.06 100.72 99.25 104.28 4.967 0.0487 0.0475
1150 3 |290.58 282.50 279.70 296.20 16.50 0.0568 0.0559

115 572.07 588.22 18.4 0.0312. 0.0308

*Ff n fL fR f s nc

t .150 5 960.14 917-1o 94S-21 970.12 24.486 0055 o21

1450.98 1376.00 1432.25 1474.49 42-44 0.22 o.02881100 2 105.61 101.37 103.01 107.27 4.264 0.0404 0.0393
1100.4 299.40 284.20 293.37 303.36 9.99 0.0334 0.00327

! ?1100 I , 592.17 558.00 585.02 598.02 13.005 0.0220 0.0216

1100 6 1472.83 I 1384.53 1459.21 1485.17 25.96 0.017S .0172

1050 2 1 108.37 101.96 106.90 109.48 2.582 0.0238 0.0227

1050 3 1 305.89 285.70 303.05 308.68 5.63 0.0184 0.0178

1050 i 4 1 602.27 1 561.30 298.04 603.98 8.945 0.0149 0.0145

1050 5 1 997.06 j 928.80 990.86 1002.50 11.64 0.0117 0.0113

1050 .6 1494 28 1392.00 1486.89 1503.26 16.37 0.0110 0.0106

1000 2 110.26 £ 102.57 109.67 111.03 1,353 0.0123
1000 !3 1310-15 287.3o 308.62 ,311.62 3.002 0.0097

1000 I 4 609.99 564.40 606.44 611.25 4.81 0.0079

1000 S 5 1007.27 934.40 1004.09 1010.54 6.45 0.0064."

S_ 1508. 6 11399.30 1504.69 1513.53 8.84 0.0059
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Beam No. 01-47-1

Date 1/9/79

Damping Material 70% SiO 2 + 30% Na2 0 + 2% Co203

Material Thickness 0.0196 cm Material Density 2.50 g/cc

J Fixture No. 2 Beam Thickness 0,0960 cm

Beam Density 9.13 g/cc Beam Length 20.836 cr.

Temperature Test Range: Between 870 0C and 480 0C

Frequency Test Range: Between 90 Hz and 1,500 Hz

Loss Factor n D:

Peak 100 Hz nD 0.84 Temperature 595

1,000 Hz nD 0.84 Temperature 665 0C
Range 100 Hz 570 0C 625 0C

1,000 Hz 645 0C 700

Complex Modulus E
Peak 100 Hz 1.2 1010 PAS Temperature 555 C

01,000 Hz 1.2x 101 PAS Temperature 700 oC

Range 100 Hz 540 575

1,000 Hz 585 °C 645 aC

NOMOGRAPH CURVE FIT EQUATION:

MATERIAL *t .-4?-Sl 7006 SIO2, 30*NA2e
LOG(M)-LOG(ML)+(eLOG(MROM/ML))/(I+('RCM/FR)$E )

TO FROM MROM N ML
A1 A2 A3 A4

400.0 1.390gE-03 l.0626E+l 1.213 2.5594E+ 0
A-( LOG(FR)-LOG(FROL))/C
LOG(ETA)-LOG(ETAFROL)+ ((SL+SN )A+(SL-SH)( 1-SORT( 14A *2) ))C/2
TO ETAFROL SL SH FROL Catl 32 !13 B4 85
08e.9 .859 .950 -,.1ee 1.6g5#E-e3 .459

LOG(FR)-LOG(F )-12(T-Te)/(525/l.8+T-TO)

REMARKS:
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TABLE 24-B
Beam No. 01-47-1

-F fi f L R 6f 1 8c

it ode, , !
1600 Z 92.63 94.76 92.21 1 92.99 .78 00842 .001,2

160T 3 259.821 266.16 .8.99. 260.55 1.56 .00600 F.01600
-_Tio, - -10. 522.92 i 509.68I 11.80 2.12 .004,5 1 .0014 5
1600 5 846.78i 866.13 845.25 848.26 1 3.01 O.o00355 ,o0

10 6 1266.83 1 1296.67 1264.66 1268.99 4.33 .00342 .
00 171  

}

1550 2 93.53. 95.52 - 3.20 9.87 0.67 .00716_ .00121

1550 3 62.27, 268.10 [ .261.68 .62.83 j 1.15 .00438 .00150 f
I 1550  4 1 515.431 526.60 1 516.14 1.62 .00314 .00134

155o 5 854.04 ,71.20 852.96 855.46 2.50 "".00293 .00126 i"

1550 6 1277.76 1306.00 1275.83 4 1279.69 j 3.96 .00302 .00172 I
1 1500 2 94.40 96.30 94.13 4 94.60 0.47 00498 1.00058 i

!SOO 3 264.45 270.15 264.04 264.96 0.92 .003411 1.00111

1 1500 4 519.681 530.60 519.05 1 520.43 1.38 .0026t, 1.00136

1500 5 861.36 878.20 860.13 862.51 2.38 1.00276 .00152
100 6 288.56 1316.00 1286.62 1290.60 3.98 1 .00309 1.00209

1450 2 95161 97.04 94.96 5 . 9.36 0.40 1.00419 !.00138

L1450 3 266.82 272.25 266.42 , 267.22 i 0.80 1.00300 1.00150 I

4 524.05 34.60 524.77 1.42 .00271 f.00-2

1450 5 1 868.52i 885.00 867.09 869.84 I 2.75 i .00284 .00186

i1450! 6 1299.09 1325.80 ,1296.71 1301.43 i4.72 .00363 ,.00291

140 2 95.97 97.85 I 95.8 961 0.30 1.00313 1.00109 ____
68.oo - 28.70 o 268.29 269.19T 0.90 .0033

.400[4 538.59 527.12 2-528.85 1.73 1 .00328 1.00258

-. F f€ i fL fR af ns  IdC-

- l I ± I. 1I'.i
= I'r~~~~~n~vip. Mode *___ ______I 48 ____ 67 i i ___

11400 974.981 892.12 1 873.11 i a76.79 3.68 i .00421 ! .00352 I

1400 6 1309.151334.84 1105.68 1,312.51 _ ,.0522 - _ _543 _

1350 2 46.80 18.55 96.67 97.03 0.36 .0372 1 .00204 _
SOl 3 l 270.8'l 276 7 2,0.3 27158 1-28 .-00473. .000363

!I50 4 532.40 542.50 533.90 2.80 -0526 .300460

1350  i ,882.62 98.60 979.40 985,.78 6.38 1.00723 i.00655

13o 6 1320.42 1345.20 1313.65 1326.40 12.75 .00966 .00907
, ,ooQ 47.62 ,,9.,0 1 (7.41 i °7.84 0.43 4_3, .00296

13OO 3 273.09 280.30 272.02 1 274.29 2 27 00051 -00731

1300 3 
7
.
10

1 546.00 1 514.30 539.73 5.43 .01011 .00957
30 5 8001 90.2 884.25 996.45 122 .031 1133 ____

1300 " :31.80 1354.80 1317.98 1343.,5 25.17 .01890 .01840
2 98.58 1.00.40 98.42 q8.99 0.73 _00741 1 .0061 _ _

__5I 1 0074 .00__
1250 i i 275.78 280.25 i 273.89 280.60 6.71 1.0241' .02339 i

,' 542.e 549.75. , 17 .....549.18 112.01 .02212 .0216

12501 3 902.55 412.00 i 889.48 16.06 i 26.58 ..0294 .. 02890
12501 6 1347.70 1364.20 1 1317.34 1368.50 i 51.56 .03826 .03782 i

1200 2 99.43 100.72 98-66 100.27 1.61 i.01619 !.01498 I
1200 L 279.89 282.20 278.00 282.09 8.04 I .02872 I .02780 I _
!--200-1 5 549.04 560.14 ! 21.81 .03929 I .03890 I X

201 4 .555.181 _55"1.50 S.49.04

926.461 94.8.60 , 4.-4 9 1 46.n6 OW .034919 x

- A~iI '6' 00.~. 1 1 .34 Q-_ 70 1 S2. 27 : 21953
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TABLE 24-B (Concluded)

Beam No. 01-47-I

-F fc fn f L fR Af 1s c 1dB

Te Mode
1150 3 286.06 284.05 279.11 293.00 13.89 .04856

1150 4 571.02 557.40 557.10 584.94 27.84 .04875

1150 5 950.15 924.80 929.78 974.79 45.01 .04737
1150 6 1407.10 1383.00 1388.59 1425.60 72.73 .05169 --- _--- _

1100 2 104.31 101.98 101.22 106.92 5.70 .05464

1100 3 296.54 285.80 290.46 301.60 11.14 .03757

1100 4 587.92 561.10 577.19 598.64 21.45 .03648

1100 5 971.46 930.80 959.57 983.34 23.77 .02447

1100 6 1452.15 1391.60 1441.10 1463.20 22.10 .01522

1050 2 108.01 102.59 106.32 109.58 3.26 .03018

1050 3 303.87 287.60 300.73 301.09 6.36 .02930

1050 4 596.23 564.60 592.85 600.75 7.90 .01325

1050 5 985.48 936.20 981.16 989.80 8.64 .00877

1050 6 1473.10 1399.90 1463.92 1480.48 16.56 .01124

1000 2 109.94 103.18 109.16 110.63 1.47 .01337

1000 3 307.99 289.40 306.75 309.43 2.68 .00870

1000 4 603.28. 572.90 601.20 608.38 4.18 .00695

1000 5 994.81 941.70 992.56 997.58 5.02 .00505

1000 6 1489.60 1408.20 1484.63 1491.72 7.09 .00476

950 2 11.10 103.74 110.83 111.55 1 0.72 .00648

950 3 311.22 291.20 310.54 31!.81 1.27 .00408[ 950 4 608.95 571.00 607.73 609.96 2.23 .00366

950 5 1003.66 946.60 1002.55 1005.16 2.61 .00260

I
-F f fn f L f R Af ris nc  UdBI *

STemp.Mode
S950 6 1501.57 1415.70 1499.00 1503.60 4.60 .00306

900 2 112.24 104.30 112.08 112.47 0.39 .00147

900 3 314.02 294.75 313.68 t314.41 0.73 .00232

900 4 614.03 573.90 613.34 614.86 1.52 .00248l

900 5 1011.54 949.10 101.90 1012.70 1.80 .00178
900 6 1513.29 1423.10 1511.54 1514.32 2.78 0,0184

-- ~ ~ ~ ~~~- I_________ _ _ _
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Beam No. 01-47-2

Date 6/27/79

Damping Material Pemco 79 R 835 + 20% Al9 0Oj

Material Thickness 0.0198 cm Material Density 2.50 /cc
Fixture No. 1 Beam Thickness 20.0960 cm.Beam Density 9.18 g/cc Beam Length 2085c
Temperature Test Range: Between 790 0C and 480 0
Frequency Test Range: Between 95 Hz and -,530 Hz

Loss FactornD

Peak 100 Hz nl 0.50 Temperature 645 0

1,000 Hz nD 0.50 Temperature ______I I ! _ _ _ _ _ _ _ _ _ __D

Range 100 Hz 605 0C __ _ __ _

Complex Modulus 1,0 Ez65 0C _____

Peak 100 Hz 5. 9x 10 9 PAS Temperature 595 0

1,000 Hz 5.9 x 10 9 PAS Temperature 655 C

Range 100 Hz 560 635

= 11,000 Hz 605 0 C ______

NOM'OGRAPH CURVE FIT EQUATION:

MATERIAL :JSS-18 INITIAL TEST-~~1 LOG(M )-LOGCIL ).(2LOG(MROM'ML) 2'( XeFROM'FR )S*N)
TO FROM MROM N ML

Al A2 A3 A4
475.0 S.50OOE-03 1.10*E*10 .680 2. SOOK+09I A-(LOG(FR)-LO4(FROL) 3/C

LOG (ETA) -LOGC(ETAFROU)* C(SL+SH IASL- SHC I-SORT I+A*2)))C /2

475.0 .500 .450 -S5O 4.3"SE-S3 .730
LOG(FR).LOG(F)-cTT,521.B-0

RE.MARKS: J85-18 project
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TABLE 25-B

Beam No. 01-47-2

f f f f Af n. ldB
c fl L R SC

Temp. Mode

1450 2 95.18 97.04 94.99 95.5 .51 .0053, .00235

_1 4 524.3 534.6 523.1 525.73 2.63 .00501 .00411

5 868.18 885.0 866.21 870.14 3.93 .00412 .003%5

__ 6 1298.76 1325.8 1295.03 1301.9 6.84 .00527 .00445

1400 2 95.98 97.85 95.75 96.26 0.51 .00531 .00321

3 270.42 274.2 268.87 271.97 3.10 .01146 .00971

4 529.49 538.59 528.02 531.2 3.18 .00600 .00528

5 876.81 892.12 873.3 879.65 6.35 .00724 .00742

6 131C.14 1334.84 1305.54 1317.05 11.51 .00878 .00809

1350 2 96.92 98.55 96.56 97.19 0.63 .00659 .00987

3 273.14 276.75 271.45 274.67 3.22 .01178 .01037

4 1 534.87 542.25 532.43 536.89 4.41 .00829 .00765

5 886.02 898.6 881.36 890.81 9.45 .01066 .0996

6 1325.26 1345.2 1317.61 1336.7 19.09 .01440 .01380

1300 2 98.04 99.3 97.53 98.37 0.84 .00857 .00715

3 276.15 280.3 274.36 277.73 3.37 .01220 .01100

4 540.86 546.0 535.76 544.13 8.37 .01547 .01598

5 879.99 905.2 890.75 905.03 14.88 .01657 .1598

6 1346.07 1354.8 335.29 1359.49 24.7 .01835 .01781

-1f f f Af r 1d3
c n L R s  c

1250 2 9919 100.4 98.45 , 99.76 1. nJ, ,o 1
_ 3 , 279.58 289o.25 277o 2815 i  ,, 01770 f.

' 4 ,, 4.3 549.75! 541.59 555S37 I 13-7R _57-; n7,r. .s 5 914.55,
91.5 912.0 903.12 1926-6 fi _41,.32 -Q.2S50 ngg

1 6 136S.21 1364.2 11361.09 1380.9 3R.93 .02843 1 0279-4

12001 2 , 100.76 100.721 99.5,1 1 101.74 i 2.23 1 .02213 1 Q2091

3I 284.58 i 282.2 1 231.16 1 289.57 7.41 .02603 1 .02514
;" ! 4 ___ __62.24 553.15, 553.61 ; 569.73 I 1.12 .20i267 Q..2S2.933..3 1 % 7 .; ] 91 .6 1 921 .29 j 951.21 .' 29.92 n, 304 l Si ,

2 103.31 101.341 101.53 I 104.73 __02____
3 292.9 284.051 288.12 296.76 8.69 .02950 ,n___-

4 ,77.26 5 568.77 , 584.24 I.47 , . 02681 0220

" ! ; S It 9~58.03 924.8 ;947.22 ,964.38 7R N19 14

1100 2 ., 106.52 101.98
I 
105.39 1 108.09 2.7 .o253r .02421

3 299.71 | 285.0 296.5 302.71 6.21 .02070 .02001
; 4 1 590.31 8561.1 S5 .06 -,96.11 11.05 .01872 ".01834 4

5 978.03 930.8 *970.6 I 9R4.5 13.9 101421 -.01379

,105n 2 108.76 n2.59 108.22 109.46 1.29 01190 I.01027
( 3 305.56 287. 6 3 '4. 27 3 n.94 2.67 .00 7 1 oo . 1 "

4 599.93 564.6 S597.f 692.08 '.OR .00847 .- onqns

. - 993.68 916.2 990.24 )qc p ,.4 1A I- r
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TABLE 25-B (Concluded)

:T t ~~~30..- NO:. 1-4 -

3C r

000 2 103 18 109.72 110.37 .
,3 309.0_ 289- 308 39- g. -

,4 "606.21j 572.9 ;[ 604. R1 607J48 6-2.7 nnA n innAA"5 002.76_ 941.7 1001 16 i1004. 46 . 3- 3 0017__ ....

6 1509.7 140s.2 1502.5 1513.28. 10.78 J.00714. J ' 007 14
950 _2 ili.0 103.75 ,11 .qR_.. 111-27 n '49 nn- _ n_ _ -i_

3 311.54j 291.2 311 17 -12 11 RA
i 610.65 671 609.75 1 1____-_ _ fig_

! 5 1010.28 947 i1009.26 _lo:1. 24 . 4 nnlJ i on_ I

- 6 . 1518.76 1 1416 i1514.75 1521.66 6.0i AnoJA
900 2 111.72; 104.3 * 111.63 1 141.83 Q-2_ -n17q I l

-3 313..45 293 313.19 31a. 0 nn 141; _____"__-_
4 614.56 574 613.83 615.16 1 3 00211 I0711

5 1016.25 951.5 '1015.37 i !n16.71 1 i.3G 000114 ni tiA

'Ii

t
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Beam No. 01-47-3

Date 3/79

Damping Material Pemco 79 R 2635

Material Thickness 0.0221 cm Material Density 250 g/cc

Fixture No. 1 Beam Thickness 0.0960 cm

Beam Density 9.13 g/cc Beam Length 20.835 cm

Temperature Test Range: Between 732 0 C and 540

Frequency Test Range: Between 95 Hz and 1,540 Hz

Loss Factor nD

Peak 100 Hz TiD 0.82 Temperature 630

1,000 Hz n D 0.82 Temperature 685 0C

Range 100 Hz 610 0 C 650

1,000 Hz 660 0C 720 0C

Complex Modulus E":

Peak 100 Hz 8.5 x 109 PAS Temperature 590 C

1,000 Hz 8.5x 109 P.S Temperature 640

Range 100 Hz 565 0C 620 0C
1,000 Hz 605 0 C 680 0 C

NOMOGRAPH CURVE FIT EQUATION'

MATERIAL :01-47-2 PEMCO

LOG(M )- LOG(ML) (ELOG CROP1L ) /(1+(FROM/FR)SSN)
TO FROM MROM N ML

A1 A2 A3 A4
5aO.O 3.8241E-02 9.seeEE+O9 .91S 1.9016E+gg

A-(LOG(FR)-LOG(FROL) )/CLOG (ETA ) a LOG C ETAFROL) + ((SL+SH )A+ ( SL-SH ) (I -SORT (I I'AZ**) ) C/2TO ETAFROL SL SH FROL C
B1 B2 3 4 -0 5 3SOe.0 .829 .6ee -.5S9 2.10e33E- . 3

LOG(FR) )LO (F )-I1 (T-TO)/(525/1.8+T-Te )

REMARKS:
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TABLE 26-B

Ream No. 01-47-3

F fc fn fL f R dB

TeP Mode I __ I_ _j 1350 2 95.99 98.55 95.75 96.12 -17 .n a .
3 270.12 276.75 269.61 270.86 1.25 .4 iOnn8..
4 530.06 542.25 528.82 531.75 2.93 nn.A.D nnA.2.

5 877.06 898.6 873.98 880.36 6.18 _na. haa..
6 1318.41 1345.2 1310.70 1324.66 13.96 .010S9 _A00oI i 1300 2 96.78 44--j qAi Fn 00? nnQ

3 272.56 280.3 271.48 273.56 2j12 .n772 na..
4 535.59 546.0 532.41 538.54 6. 3 _0.1U. .nlnq. .
5 886.69 905.2 879.34 893.08 13.71 0 ,.LcL..AQI
6 1329.75 1354.8 1305.16 1340.77 3S.61 .0026.R7 .D.A.

_100 2 96.92 99.30 96.53 97.19 .600621 ____Ii3 272.50 280.3 271.44 273.61 2.17 J00796 pn7
: 4 535.55 546.0 533.0!. 539.94 6.93 .01294A. .124r,
S5 886.53 905.2 878.11 893.20 15.09 .017Q2 .0164 i

- 6 1 328.62 1354.8 1315.64 1341.60 25.96 .01954 -01900

1250 2 97.81 100.4 97.20 98.34 1.14 ... ll . nALn3
3 275.48 280.25 .2722.5IL8. ..22 5 . .- ..97A9ao;
4 542.52 549.75 536.23 547-d . 11 2 .1.4 __Af..... -5 900.64 912.0 .84-52 Ql36 no. it k-2 Q. . 0 .

f fF fc ffnn

1200 2 99.11 100.8 97.66 100.64 2.98 .930. .-03 02n7
1 3 281.67 282.2 275.73 286.78 l1A05 fl. All3q B. -

4 559.54 553.5 544.25 574.20 29.95 2 .2.
5 937.13 918.6 903.79 956A6 27.. 7 AqS . n

6 1409.4 137.8-F 1 13974 .42&a n 5 .n4 n AnQA
1150 2 102.56 101.4 99.83 105.52 .69 . .n.A..

3 292.7 284.05 284.30 299.20 14.90 .05093 .oSnnA

4 ,84.50 557.4 574.21 598.30 24,59 .04207 .0416R5 967.90 924.8 9)59.15 978.11 37.26 ,03850 .03806 x

6 1449.21 1383.0 1426.68 11469.48 42.80 ,0293 .02910
1100 2 107.46 102.0 105.61 109.41 3.D .ntqi n3 303.92 285.8 29a.79 300.17 ,9.18 .-n inpf 99,.

4 11 600.00 561.1 594.02 606.09 12.07 -02M12 nlqT4
5 J 996.44 930.3 98745 io0-2-1 17 '26 -(0?7 -.017Ad

- 6 1 4 9 2 .9 0 1 3 9 1 .6 1 4 8 6 .2 0 1 5 0 3 .6 6 2 4 .1 6 .0 1 6 1 S _ 0 1 7 q
1050 2 109.89 102.6 109.16 110.80 1.64 -01494 aollan

- 3 309.88 287.6 308.2 5 311.72 3.47 .011 0 .0nq
_ 4 610.22 564.6 61)6.6a 612.1il S.5 0059 _0

5 1010.21 936.2 1006.13 1014.65 8,52 nnRA4I no0oi
6 11.01340.0 lsoSO.6 1519.4.4 I. 07 077

::- 210



TABLE 26-B (Concluded)

Beam No. 01-47-3

OF f f ff af 1dBC n L R C

Temp.! Mode

1000 2 111.44 103.3 111.00 111.76 .76 0.fiA&72 )An3 314.00 289.4 313.08 314.73 1.65 .ool .t _nn0;7
4 617.29 572.9 616.06 618.78 2.72 . 00441 .O.4 .
5 1022.15 941.7 1019.87 1023.82 4.01 .00393 .003936 1532.51 1408.2 1329.04 1534.57 5.53 .00361 .00161

I
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Beam No. 01-48-1

Date 12/21/79

Damping Material Corning 0010 + 7.5% AI2 03 + 1% Co203

Material Thickness 0.0180 cm Material Density 2.89 g/cc
Fixture No. 2 Beam Thickness 0.0942 cm

Beam Density 9.13 g/cc Beam Length 21.031 cm

Temperature Test Range: Between 8 4 r OC and 650 0 C
Frequency Test Range: Between 91 Hz and 1,413 Hz

Loss Factor nD:

Peak 100 Hz 7D 0.60 Temperature 770 °C

1,000 Hz riD 0.60 Temperature 850 °C

Range 100 Hz 720 CC 81G °C

1,000 Hz 800 0 C 850

Complex Modulus ED":

Peak 100 Hz 7.6 x 109 PAS Temperature 730 oC

1,000 Hz 7.6× 109 PAS Temperature 785 0 C

Range 100 Hz 665 CC 790

1,000 Hz 715 0 C 865 0C

NOMOGRAPH CURVE FIT EQUATION:

MATERIAL :J85-9 INITIAL TEST
LOG(M).LOG(ML).(2LOGMROiML) )/tl*(FROfl/FR)Z*N4)

TO FROMg MROM h ML
Al AZ A3 A600.0 4.50OE-03 1.600Ele@ .SO@ 3.500$E+09

A-(LOG(FR)-LOG(FROL))/C
LOG(ETA)oLOG(ETAFROL)+((SL+SH)R+(SL-SH)(1-SORT(1+.AX*)))C/a

To ETAFROL SL SH FROL C1 1 92 23 14 as
609.0 .600 .500 -.4Se 4.eeee£-e3 1.000LOG(FRI-LOG(F)-12(T-TO)/(5S5/1.84T-TO)

REMARKS: J85-9, test 1. Coating Corning matrix M-12; beam was

retested as 01-48-2.
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TABLE 27-B

-a ,;. 01-48-1

i ff f i
C fn fL C1 s C

1550 2 92.591 93.94 93.21 91.98 I 1.23 .01328 1 .0102_.
3 11 260.14i 263.2 257.88 262.22 4.34 I .01668 I .02241

4 510.7 1517.68 505.21 516.23 11.02 I .02158 _.0199 _

5 0.46, 857.57 839.14 861.98__ 22.84 .02686 .0252 _ i
6 . 12:83.32 1265.55 11290.48 24.93 .01949 .01609 _ 1
6 1279.3 1 1283.32 1275.51 11287.60 12.09 1 .01843 .01503 i x

15001 2 93.521 94.75 92.78 94.27 1.49 .01593 _ _ .01383 I j
3 262.701 265.34 258.37 265-75 7.38 .00 .*, 11JI is ~ S ____ .s .02809 i.02399 - .

* i ..4 517.75i 521.54 513.36 I 522.49 1 9.13 .03438 I .0?3286 9 6487..4 .4

14501 21 94.831 %5.52 93.71 1 95.77 2.06 .02172 I .0201

'31 2676. 26
___ 267.6 i 267.4 265.44 269.73 I 4.29 .03126 .0282

4 :528.88; 525.5 526.06 531.98 5.92 1 .02183 .0209 

882.281 870.2 865.75 1898.62 OM287 I076 .0364I_ ___

6 1320.101 1302.5 1308.20 11330.04 1 21.84 1.03226 .0306 _ i
1400 2 96.19: 96.36 94.79 97.73 _ _2.94 _.0306 .0292

t 3 270.94 1 268.96 268.19 :273.12 14.93 .03548 -033 I____
4 1! 533.04 529.47 527.54 T 538.53 I 10.99 I .04020 .0395 i

I 5 : 897.301 877.05 1882.46 912.00 ' 29.5 __.03292 _ _ _0321 _ I
6 i 1341.20 1312.48 11336.27 11348.00 11.73 1 .01705 i .0158 1 ._

LL!.....! i _II

" c ff fR Af ts 11 ldB
-R s 3

3!5 2 798.55 96.9 9634 99.87k .0360_.034
28 , 271.25 276.61 1 280.89 4.28 .02996 .0287 T

4 i 546.5 i 533.4 540.39 552.57 12.18 i .04346 I .0429 : _I 5 911.40 L 883.00 900.85 921.70 20-8S .0229 02226 131.4 32. 1347.55 11374.-,3 27.18 .01996 .0192I
} 1300 2 :i100.56 •97.68 99.70 I101-49 i 1.79 i.0347 .0334 i

;li I 3 il283.8 !273.14 282.06i 285.97 i 3.91 .02687 .0251 i
"; . Si 923.i9 I889.37-i 915.,99 930.33 I 14.34 i.01553 .0149
, i i 6 111382.5 !1330.74 1370.29 11370.08 19.79 i.01431 ! 0135 !

:1300 2, 100.20 97.68 98.55 101.82 3.27 .03264
t 3 i 283.16 i 273.14 280.00 286 17 I 6.17 .0218 ,0200

i 4 155795 537.0 553.14 568.47 _ 15.33 .02748 .02I

S 5 923.26 889.87 916.52 , 930.05 i 13.53 i .01465 ± .0140 I _
6 1381.18 1330.74 1367.49 11390.00 I 22.51 i.01630 .01552 ____

1250 1 2 3t0_ 102.03.1 98.4 1 103.34 I 2.41 -1.022§2 ,0224. _

I 4 1i 566.5 541.1 563.6 569.4 5.79 .020 .0196 _

5 933.38 .895.4 929.101 937.48 I 8.38 .008978 I .00841 _J.1397.1 .1.. .00278
," • 50 1 34 100.9 1402.49 11.79 .00844 .027 I

: i i .,i . . _ _ ' ___ _ i---;21(1 . S 216I
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TABLE 27-B (Concluded)

Bfam No. 01-48-1

F f fn fL f Af s C _dB

1200.8 99.00 104.15 102.70 1.45 .0140 .0127

3 '11 91.11 276.75 1 289.20 1 292.72 3.S2__ .0121 I.0107 ____5 941.861 901.7 939.23 944.64 .41 .00l574 .0521

141049 1349.00 1406.42! 1413-6 7-44 _nn-.7 -nn. 27
!; I _ _ _ _ _ _ 4. _ _ _ _I _ i

2 17_

A1. __

_ _ _ _ I _ __ i._ _ _ I __ __ __ __

', ....... _ _ __ _ _ _ I_ _ _ _ __ __ _ . _ ___ __ __._

____! __ I __ _ _ I __I]i t ;i I I i _; i _ ___ -_
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Beam No. 01-48-2

Date 1/8/79

Damping Material Corning 0010 + 7.5% A!203+ 1% Co203

Material Thickness 0.0180 cm Material Density 2.86 q/cc

Fixture No. 2 Beam Thickness 0.0942 cm

Beam Density 9.13 g/cc Beam Length 21.031 cm

Temperature Test Range: Between 870 OC and 565 0 C

Frequency Test Range: Between 92 Hz and 1,450 Hz
J1Loss Factor nD :

Peak 100 Hz nD 0.50 Temperature 765 0C

1,000 Hz TD 0.50 Temperature 845 0C

Range 100 Hz 710 0C 810 C

1,000 Hz 770 880

Complex Modulus E.":
Peak 100 Hz 8.3× 103 PAS Temperature 680 0C

1,000 Hz 8.3x 109 PAS Temperature 720 0 C

Range 100 Hz 650 0C 725 0C

*1 1,000 Hz 685 0C 775 0CRi
NOMOGRAPH CURVE FIT EQUATION:

FRTERIAL 3JSS-9 M-1 * I X COBALT OXIDE
LOG(M).LOG(cL)(2LOGIRqRoM L))/(I*CFRORFR)1N)

Te FROM MROR h L

Al 42 A3 A45SSe 2.26E -03 1.900E+10l .940 7.4e99E4e9
A-(LOG(FR)-LOG(FROL )'C
LOGCEA)-LOG(ETAFROL,.( (SL.*S)PA(SL-SH)( 1-SORT( 1-A*:2)) )C/2

TO ETAFROL SL SH FROL C31 22 93 94 I
550.e .43e 1.1 O -.415 2.28?GE-04 1.e85

• LOG(FR )-LOCF)-12(T-TO )/CS .8+.ST-Tei

PEM_ARKS: T85-9, test 2. Corning matrix M-12; retest of beam 01-48-1

after 166.5 hours at 760 0 C. Coating lost glossy appearance after

thermal soak, but showed no signs of deterioration. After test.

specimen was thermal soaked for additonal 163 hours at 760 0 C. After

-ten to fifteen minutes at room temperature, entire coating frag-

mented and came off entire surface of beam.
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TABLE 28-B

Ff c f f L f a d

16-10 2 92.12 93.01 91.51 92.16 1.25 1 .01357 .00677
1600 3 259-10 260.77 257.07 260.87 3-79 .01463 1.00983

ifO0 4 !i510.08 513-40 506.13 514.68 8.55 .01676 1-01369

1600 5 847.97 850.77 838.26 856.66 18.40 .02170 1.019301600 6 269.20 1272.71 1258.70 1280.07 .42-00 1.03309 1.02819 x
1550 6 lh283.51 1283.32 1270.79 1294.71 V-00 .-a3662 -03352XS1550 5 1857.91 857. 7 .|844.55 569.215 24 .70 1.02879 -02716

1550 4 516.37 51 " 1 f 5C9.39 521.81 12.42 .02405 .02235

150 2 93.13 93.9 92.45 j 93.77J 1.32 1.01417 j087  1___
1500 2 93.9 94.75 93.08 94.69 1-61 1.01715 0o1-5 I __

1500 3 264.36 265.34 262.66 265.86 6.28 !.02379 .02177 x

1500 4 11 524.88 521.54 517.89 531.8- 13.69 1.02 66; 1.02545 I
1500 5 11870.00 864.06 856.22 885.00 28.7F j.03308 .03184

1500 6 l305.86 1293.12 1296.28 1315.18 36. - .O788 .02548 1 x

1450 6 1321.45 1302.50 1310.56 1332.40 42.93 1.03248 .03078

1450 5 84.57 870.20 877.29 891.85 128.61 1.03285 .02853 1 X

1450 4 529.47 525.50 523.08 535.85 12.77 1.02412 .23230 _

1450 3 269.84 267.40 2C?.99 271.68 7.25 1.02687 -02520 X

1450 I 2 95.13 95.52 94.08 96.15 2. .02176 . ,1866

1400 2 9.56 96.36 95.08 91.38 2.00 .02900 1.02650 1
1400 3 274.33 268.96 272.25 276.30 7.96 .02901 .02761
1400 4 1542.10 59.47 533.47 550.48 17.01 .03138 .03067

- F f f fL fR -f s ' IdD
L R 1c 14

1400 5 901.14 677.05 __8 .47 915.86 27.39 .03039 .02954

{1400 6 1344.4n 1312 . 1332.77 1354.34 42.39 .03153 .03030 x,I 1350 1 6 1364.95 1321-3C 1356.36 1371.54 33.76 1 0 74 .0377 x
L1350 5 914.S6 83.00 905.7. 925.74 20.03 .02190 .02117 _

1350 4 " 55.13 533.40 544.33 559.40 15.07 .02734 .02676 _

1350 i3 20-57 271.25 278.51 282.26 7.36 .02627 -02497 x

1 3 5 o 2 ! I , 3 2 1 9 .9 9 6 .5 3 9 .7 7 3 -2 4 : ± .0 3 2 9 5 .0 3 0 9 S-4; LS_0___a2_1_000_979 98.38 101.63___3-2__ 03295 .030,68 ___

130 3 28.89 2 _.1 281.00 234.68 0.3 2556 .02430 XI1300 4 550.59 537-00 553.28 564.33 11.05 1.01979 0192,
1:3ool S _ 927.4. , 89.37_ 5_1_.16 935.30o 1_.,, !.01740 0167_ _i13001 6 !111367.37 1330.74 1,127S-28 1190.65 24.11 ,.01752 r16,c x
1250 CE 1403.00 1340.30 1,99.0 1405.31 12.: - 8 .0016 X

9250 5 1i 936.00 895.40 931.30 941.38 10.0.8 .01077 .01019

1250 I 564.60 541.10 561.11 563.77 7 66 1.01357 .01312 _

12S0 3 287.48 275.00 284.19 289.92 I 5.73 I.01993 .01868 _

1250 2 101.69 9.34 100.40 102.87 1 2.47, .02429 .02269
100i 2 103.31 I 9.00 102.45 104.52 2.0- .02000 01860

220091 1 1.15 I 276.75 289.33 292.67 3.34 1 .01147 .01021

1 200 4 5 .14 $44.75 56e.43 5-3.20 !-4.77 003 1.73 I
100 45.12 901.70 942.40 948.51 6.11 .00646 00543 _

.4 I1 .60 1349 .0 0 -4 10 .70 I4.s .5 7 . 7 [- . , .004 _- 1
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TABLE 28-B (Concluded)

Beam No. 01-48-2

OF fn fL fR 1f ns  nc  JdB

Temp. Mode I

1150 6 1427.20 1353.70 1424.20_ 1429.50 4.60 .00322 .00264

1150 5 953.51 907.80 951.65 , 955.45 3.80 Q.0399 .00349

1150 4 576.02 548.80 574.74 577.48 _,,2.74 .00476 .00435
1150 3 294.00 288.30 293.02 294.99 1.97 .00670 .00540

1150 2 104.57 99.62 104.01 105.02 1.01 .00966 .00834

S10 2 105.56 100.28 105.16 105.80 0.64 .00606 .00474

1100 3 296.34 280.10 295.72 296.90 1.18 .00398 .00256100 -4 580.49 552.50 579.62 581.40 1.78 .00307 .00268

1100 5 960.56 913.40 959.30 961.96 1.40 .00146 .00098

1100 6 1437.40 1358.20 1435.90 1439.26 3.30 .00230 .00170

1050 6 1447.90 1367.10 1446.28 1448.90 2.62 .00181 .00113

1050 5 967.73 919.20 966.81 968.74 1.93 .00191 .00153
.,1050 4 .584.R6 556.v-'1 584.37 585.53 1.21 .00207 .00168

1050 3 298.63 281.70 298.32 299.12 0.80 .00268 .00088
S1050 2 106.35 100.86 106.19. 106.60 0.41 .00386 .00251

I
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Beam No. 01-48-3

Date 4/2/79

Damping Material Owens Illinois CV-79

Material Thickness 0.0315 cm Material Density 6.30 g/cc

Fixture No. 2 Beam Thickness 0.0942 cm

Beam Density 9.13 g/cc Beam Length 21.031 cm

Temperature Test Range: Between 480 0C and 595 0C

Frequency Test Range: Between 90 Hz and 1,450 Hz

Loss Factor nD:

Peak 100 Hz nD Temperature _C

1,000 Hz nD Temperature 0C

Range 100 Hz 0C 0C

1,000 Hz 0 C 0C

Complex Modulus ED"D

Peak 100 Hz PAS Temperature 0 C

1,000 Hz PAS Temperature 0C

Range 100 Hz _C _C

1,000 Hz _C _C

NOMOGRAPH CURVE FIT EQUATION:

'1'

RE-MARKS: Project: F-107-1; crystallizing glass. Coating

deteriorated rapidly during test between 4800C and 595 0 C. No

meaningful data could be taken.
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I TABLE 29-B

Dean No. 01-48-3

fc fn fL fR Af no Il ldB

ulnn 2 90.61 1M028 90.39 90.81 0.42 0.00464

3 251.78 280.10 251.31 252.25 1.85 0.00734

4 499.32 552.50 498.12 500.01 1.89 0.00379

i5 825.30 913.40 824.00 826.57 2.57 0.00311.

S' 6 1235.50 1358.20 1231.65 1239.6C 7.95 0.00643

1075 COATING )ERIOR D TO POIN WHERE NO P INGFUL ATA COULD E OBTAINE

_000 2 97.33 101.46 96.58 98.25 001716I' _ 3 _ _ _ _ _

3 275.17 283.40 274.16 276.18 3.97 0,01443

535.90 555.95 530.56 539.86 9.30 0.01735 ....

5 886.81 922.40 882.91 892.71 9.80 0.0110S

900 2, 10104 102.44 00.7 _ _3 0 0-55 0-00S44

; 3 282.74 26.35 282.24 283.56 1.32 0.00467

4 557.10 564.40 555.55 558.65 3.10 0.00556

__ 5 916.50 934.50 914.84 919.20 4.36 0.00410

6 1 380.54 1386.60 1375.96 1385.12 9.16 0.00664 ____

850 2 105.24 102.97 100.06 105.43 0.37 0.00352

3 290.70 287.90 290.20 291.19 0.99 0.00341
| i4. 5§8.70 567.10-U 567.42 $7.0 25l 0_00654

1!! 5 940.00 939.20 938.33 1941.65 3.32 0,00353

S6 1409.80 40540 1406.30 1413.37 7.07 0.00501

A
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Beam No. 01-48-4

Date 4/79

Damping Material Corning 7570 + 2% Na 20 + 2% KHCO 3

Material Thickness 0.0472 cm Material Density 5.19 g/cc
Fixture No. 2 Beam Thickness 0,0942 cm
Beam Density 9.13 g/cc Beam iength 21,031 cm

Temperature Test Range: Between 495 0 C and 345 0C
Frequency Test Range: Between 90 Hz and 1,500 Hz

Loss Factor nD
Peak 100 Hz nD 0.50 Temperature 425 °C

1,000 Hz TD 0.50 Temperature 450

Range 100 Hz 445 CC 410 °C
1,000 Hz 460 0 C 430

Complex Modulus ED"

Peak 100 Hz 5x 109 PAS Temperature 405 0 C

1,000 Hz 5x 109  PAS Temperature 430

Range 100 Hz 440 0 C 395 0C

1,000 Hz 455 0 C 410 0C
B

NOD4OGRAPH CURVE FIT EQUATION:

SMATERIAL :3EAn NO. 01-48
LOG(f)-LOG(ML)+(2LOG(NROM/ML)),(1CFROFR,*t,4)

To FROM MROM N ML
Al AA A3 A4

450.0 2.45eOE+63 4.0309E+10 .600 4.090E*09
A-(LOG(FR)-LOG(FROL))/C
LOGCETA)-LOG(ETAFROL)+((SL.SH)A.(SL-SH)(1-SORTCI+At*2)))C/2

TO ETAFROL SL SH FROL C31 22 53 34 as

45.0 .460 .850 -. 45* S.9 E 02 .900
LOGCFR)-LOG(F )-12CF-TO)/a525'1.8.T-TS)

REMARKS: F-107-2 project. Coating smooth and glossy with no

visible signs of deterioration. Coating was retested: 01-48-5.
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TABLE 30-B

Beam No. 01-48-4

e f f iLf ni n 1dBSc n L R s c

925 2 93.39 102.18 93.29 93.53 0.24 .0026

925 3 260.45 295.60 260.06 260.87 0.81 .0031
925 4 1.8 562.90 510.44 512.52 2.08 .00411-____

925 5 I 843.11 932.10 840.91 845.69 4.78 .0057

925 6 1257.30 1394.90 1252.52 1263.12 10.60 .0084

900 2 i 93.66 102.44 93.51 93.81 0.30 .00035 .0033

1 900 3 161.34 286.35 260.79 262.07 1.28 .0049 I
900 4 513.42 564.40 511.33 515.51 4.18 .0081

900 5 846.36 934.50 842.14 851.93 9.79 .0116

900 6 1263.65 1398.60 1256.23 1276.54 20.31 .0161

900 2 93.83 102.44 93.62 93.95 0.33 .0035

900 3 261.341 286.35 260.92 261.58 1.30 .0050 _

j900 i 4 512.821 64.40 510.84 515.00 4.16 .0081 ____

900 56; 846.511 834.50 841.32 853.46 12.14 .0143

j900 6 11264.88 1398.60 1253.80 1276.25 22.45 .0177
875 2 94.11 102.71 93.&4 84.36 0.52 .0055 _

875 1 J3 22.1 287.15 260.94 263.66 2.67 .0102 ____ ____I

875 4 1 515.82 565.60 511.31 520.64 9.33 .0181

7?5 !5 ;1855.12 937.00 843.72 868.02 24.30 .0284 -

875w 6 Ii 1279.14 ;1402.00 1267.14 1286.53 38.11 .0296 - X

850 2 94.45 102.97 j93.91 95.04 1.13 J.0120
850 3 264.27 287.90 259.08 267.65 8.58 J.0325 I

f¢ f. f L f R af 1nc B

Te-.Yo e _ _ __ __ __

850 4 526.10 567.10 514.13 536.08 21.95 .0417

q50 5 864.71 939.20 846.48 884.39 37.91 .0438 -

850 I 6 1313.30 1405.40 1289.20 1368.12 78.92 .0601 _

825 . 2 95.881 103.22 94.17 97.62 3.45 .0360 _

I 825 3 * 268.06 1 28.75 264.00 270.72 13.21 .0493 x

[825 4 534.81 563.60 521.36 552.33 30.97 .0579
825 5 11895.74 , 941.60 881.03 921.94 40.91 .0550

825 6 11383.66 1409.10 13S4.43 1413.64 S9.21 .0428
800 2 97.911 103.46 96.67 98.96 4.50 .0460 X

800 3 !283.70
! 

289.40 278.74 288.21 18.61 .06S2 x40 4_ _ _ 567.21 570.0 551.64 583.69 32.05 .0565

-Boo80 5 :i936.27, 943.80 912.69 9.1 53.44 .0471 |800 .437.30 _41.8 .0563 ____

800 6 1416.40 1 1412.50 1395.50 17.30 41.80 .0318 _

8 0 0 2  j 98.491 103.46 95.79 101.19 5.40 0548 _

•800 ' 3 A*.6 1279.40 271.37 2.4 19.85 .0720 x.-
800 _4 S7.001 570.00 540.22 573.42 33.20 .0596 _

800 5 920.94 1 943.80 884.84 9399 54.45 1.0596 _

800~E~ __ _ 1397.43 1412.50 138.2_41.9__.5 .0297 ______

775 2 101.30 103.72 100.2S 103.07 5.54 .0547 x X
7751 3 1 286.78 290.25 281.41 290.01 16.90 I.0589 x x
77S 4 1 576.08 571.40 563.16 597.97 34.81 .0604 .0470

7IS 5 944.41 946.00 93S.18 94R.67 26.1 j.0281 .0170 X
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TABLE 30-B (Concluded)

Beam No. 01-48-4

°F fc f nfR f ns nc 1dB
T - = .: :OJ : d e ! I
775 6 11454.35 1,416.00 1443.68 1468.48 25.00 .0172 .0230 .

750 2 104.78 103.98 102.96 106.48 3.52 .00336

1750 3 297.28 291.00 295.38 299.27 7.64 .0257 1
750 4 37.03 572.70 580.95 593.85 15.90 .0271

1750 5 971.30 948.70 963.02 980.67 17.65 .0182 1
750 6 1462.42 1419.20 1452.86 1474.65 21.79 .0149

750 2 105.01 103.98 103.36 106.92 3.56 .0339 .0338

I750 3 9.8 291.00 290.42 300.53 10.11 .0342 ___ ____

750 I4 585.92 572.75 579.39 594.88 15.49 .0264 .0266

s750 5 ! 970.72 948.20 960.54 980.14 19.60 .0202 .0199

750 . 6 '1 1469.60 1419.20 1459.63 1482.90 23.27 0158 ,0153
725 2 106.69 104.21 105.47 107.55 I 2.08 .0195

725; 3 301.24 L 291.80 299.18 304.11 4.93 .0164
725 . 4 Ii 593.38 574.10 589.67 596.99 7.32 .0123

725 I 5 1 982.31 950.50 876.18 986.40 10.22 .0104

725 T 6 ;j 1473.61 1422.60 1466.53 1482.46 15.93 .0108

700 1 2 , 107.65 104.46 107.10 108.24 1.14 .0106

F700 3 1 304.55 292.55 303.27 305.76 2.49 .0082

1741 4 598.48 575.40 596.75 500.09 4.34

i675 2 11 108.60 104. 70 1 07.82 108.86 1 -04 .0096 .0059 7

F f f f f f n no 13

Ter. 1%Ode 11

I 675 3 306.80 293.30 306.20 307.56 1.36 .0044
675 4 il 602,05 57,00 601,05 .603 75 2.70 .0045
675 5 996.37 954.70 995.30 998.32 3.02 .0030

6 Si 6 1493.14 1429.00 1489.90 1497.25 I i.3s .0049

I 650 - 2 108.32 104.95 108.15 108.57 0.42 .0039

F60 3 365 294.30 306.31 307.10 0.79 .0026 ____________________
650 I4 602.10 578.50 6u1.12 602.73 7.61 .0027

650 1 5 995.57 957.00 994.90 996.93 2.03 .0020

650 6 1493.70 1432.00 1489.94 1496.5 j 6.60 .0044 .0035

I~_

i _ _
i  

_ ..

,.4 i______ ___;_ ____ __ -_ .1 '___ ___ ____I __

I, "__ __ L I I~
%A
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Beam No. 01-48-5

Date 4/79

Damping Material Corning 7570 + 2% Na20 + 2% KHCO3

Material Thickness 0.0472 cm Material Density 5.19 q/cc

Fixture No. 2 Beam Thickness 0.0942 cm

Bim Density 9.13 g/cc Beam Length 21.031 cm

T emperature Test Range: Between 480 IC and 315 0C

Frequency Test Range: Between 100 Hz and 1,530 Hz

Loss Factor nD

Peak 100 Hz )D 0.60 Temperature 370

1,000 Hz fl D 0.60 Temperature 380 0C

Range 100 Hz 345 QC 410

1,000 Hz 360 0C 435 0C

Complex Modulus E"-

Peak 100 Hz 1.4 x 109 PAS Temperature 370 0C

1,000 Hz 1.4 x 109 PAS Temperature 380 0C

Range 100 Hz 340 °C 410
1,000 Hz 345 0C 435 0C

NOMOGRAPH CURVE FIT EQUATION:

MATERIAL :01-48 CORNIHG 7570
LOG(M).LOG(ML)+(2LOG(MRO /ML))/(I+(FROM/FRJ*2h)

Te FROM MROM N Mt.
At A2 A3 AA

420.0 6.5000E+02 2.30@E+10 .170 1.6000E+13
-K A.(LOGCFR)-.OG(FROL))/C

LOG(ETA)-LOG(ETAFROL)+((SL+SH)A+(SL-SH)(1-SORTdI+R*221)C/2
TO ETAFROL SL SH FROL C

I1 Be 33 B4 35
420.2 .0se .3S2 -.4S9 1.s00OE04 3.4e0

LOG(FRI-LOG(F)-12(T-TO)/(525/1.8T-TS)

REMARKS: 2-107-2 retest. Retest of 01048-4 after 121 hours at

480 0C.
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TABLE 31-B

Beam No. 01-48-5

F fc fn fL fR 4f -s nc  IdB

102.45 102.44 102.29 102.98 j 0.69 _ooC73

3 28.38 286.35 2'.30 289.49 2.19 .'0759
900 4 566.41 564.40 1 564.72 568.67 3.95 .01697

900 I 5 926.4? 93..50 832.48 939.13 j 6.65 .00710

900 i 6 11 1389.2 j1398.60 1385.16 1394.12 8.96 .00645

85o 2 i10437 i102.97 103.96 104.62 0.66 .00632

-850 1 3 :1 293 .61 287.90 292.36 294.25_ 1.88 .00641 _ _ _ _ _ _

8 0 575.74 567.10 573.92 578.13 4.21 .00731

850 5 .i 951.66 ,39.20 948.23 "155.84 7.61 .00800

850 6 I 1412.75! 1405.40 1
4
07.04 1148.2

4  
11.20 .00793 1

800 2 105.60 103.46 105.15 106.04 0.89 .00843 1 _

800 1 3. 296.15 289.40 296.52 298.18 3.26 .01102 x

800 4 ,1 583.91 570.00 581.43 587.99 6.56 .01123
800 5 1 966.84 943.80 961.17 973.33 12.17 .01259

800 6 1437 13 1412.50 1429.71 1445.75 16.04 .01116

750k 2117 103.98 106.57 1103.28 1.71 .0159 2_750! I 302.43, 291.00 300.57 304.93 4.36 1.01492 I_________75 3 9 .014
750 4 : 596.34 572.40 591.86 601.90 0.04 1684
7
501 5 i 933.34 948.20 _ 978.09 994.73 ' 16.64 .01684 _

750 6 1455.28 1 1419.20 1441.71 1465.99 24.18 .01661

7001 2 109.661 104.46 108.97 110.62 1.65 .01505

i700 3 310.61J 292.55 308.35 312.17 4.41 .01420

i

'F f f R af ns  Tc  1dB

700 4 6A=JI 3 ,75.-4n 607.05 614.59q 7-54 .012l7o .1011a.76 5. 0 lnkZ 10671 ____

700 6l 1507.97 1425.80 1500.62 1515.56 14.9 .00991
650 2 11 110.77 104,99 110.57 111.12 t oss .00497

j 650 3 1 312.87 294.10 312.06 313.58 1.32 .00486

650 .41 614.51 578.50 613.12 615.88 2.76 .00499
650 5 1016.20 957.00 1015.00 1017.37 2.37 .00233
650 6 ' 1516.35 1432.00 1515.34 1518.58 3.24 .0P214

600 2 111.55 105.44 111.41 111.74 0.33 .00295

600  - i 314.87 295.60 314.60 315.15 0.55 .00175
600 I4 618.43 580.50 617.47 619.0 1.61 .00260
6Co0 5 1022.06 960.80 1021.46 1022.65 1.19 .00116r 600 l' 6 11 1525.09 I 1438.,7 1524. 18 1526.53 2. 35 .00154

!_ 12_8 ,
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Beam No. 01-49-1
SDate 12/20/78

Damping Material 
Corning 0010 + 7.5% 

A1203

Material Thickness 0.0211 cm Material Density 2.82 g/cc

Fixture No. 2 Beam Thickness 0.0947 cm

Beam Density 9.13 g/cc Beam Length 20.884 cm

Temperature Test Range: Between 845 OC and 565 0C

Frequency Test Range: Between 90 Hz and 1,450 Hz

Loss Factor nD

Peak 100 Hz rD 0.62 Temperature 765 oC

1,000 Hz n D 0.62 Temperature 895 0C

Range 100 Hz 715 0C 885 0C

1,000 Hz 840 OC 960 0C

Complex Modulus ED":

Peak 100 Hz 9 x 109 PAS Temperature 720

1,000 HIz 9 x 109 PAS Temperature 775 0C

Range 100 Hz 660 0C 770 °C

1,000 Hz 715 0 C 840 0C

NOMOGRAPH CURVE FIT EQUATION:
MATERIAL :J85-6 (01-49) INITIALLOG(M)-LOG(ML) (2LOG(MROM/ML))/(I+(FROM/FR)Xlt4)

TO FROM NROM M ML
Al A2 A3 A4

50.0 8.9eOE-e4 ?.50eeE.09 .660 1.50eE+e9
A-(LOG(FR)-LOG(FROL))/C
LOG(ETA)-LOG(ETAFROL)+(CSL+SH)A+C$L-SH)(1-SORT(I+AS*2)))C/2

TO ETAFROL SL 61H FROL C
31 32 33 34 95

550.0 .634 .380 -.50 9.OeOOE-04 .80e
LOG(FR)-LOG(F)-I(T-TO)/(525/1.8+T-TO)

REMARKS: J85-6 test 1. Corning matrix M-12, specimen was retested

as 01-49-2.
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TABLE 32-B

Beam No. 01-49-1

F f f f f Af n) n IdB
c n L R s C

| Tem~p. IMode

1550 2 90.74 93.10 90.12 91.44 1.32 .01455 .00835

1550 3 256.58 261.30 254.61 259.30 4.69 .01828 .01383

1550 4 505.98 513.64 499.58 512.38 12.80 .02530 .02260

1550 5 841.56 851.10 831.91 8 54.2024 .29 -02886 A.2636
1550 6 _1266.06 1274.09 1244.42 1285.44 41.02 .03240 .03070

1500 2 91.79 93.92 91.02 92.56 1.54 .01678 .01238

1500 3 259.70 263.41 256.52 263.04 6.52 .02511 .02313

i 1500 5 857.16 857.74 836.14 875.01 38.87 .04535 .04412

1500 6 1277.32 1283.80 1251.66 1302.98 51.32 .04018 .03945

1450 2 92.92 94.60 91.86 94.02 2.16 .02325 .02055

1450 3 263.70 265.32 258.86 268.15 9.29 .03523 .03373

1450 4 526.81 521.49 514.71 537.31 22.60 .04290 .04131

1450 5 874.30 864.01 854.32 893.08 38.76 .04433 .04372

1400 2 93.91 95.42 92.31 95.51 3.20 .03408 .03198

1400 3 268.74 267.58 265.85 271.80 11.60 .04317 .04194 X
1400 4 534.32 525.90 528.59 540.01 22.27 .04168 .04089 -X

,1400 5 893.44 871.22 875.40 911.82 36.42 .04075 .03995

1400 6 1346.85 1304.00 1336.20 1357.41 41.35 .03076 .03012 X

1350 2 96.43 96.11 94.16 98.44 4.28 .04438 .04273
t1350 3 277.80 269.50 273.60 280.71 13.86 1.050 7 .4 5
|'i1350 -4 546.01 529.69 536.78 555.59 18.81 .03445 1.03381 1
S1350 5 911.12 877.46 1897.89 924.78 26.89 .02951 I. 02882
J,}1350 6 1366.46 1313-35 11357.45 11373.70_ 31.69 .02319 1.02260X

*F f fn fL fR af ns dB

Temp. IMode
1300 2 98.78 96.82 96.59 100.79 4.20 .042S2 .04108
1300 3 282.40 271.30 279.77 284.53 9.28 .03287 .03187
1300 4 555.18 533.24 548.25 562.06 13.81 .02487 .j2442
1300 5 924.72 1883.43 915.66 933.43 17.77 .01922 ..01862
1300 6 .1382.89 1322.22 1366.66 1393.30 26.64 .01926 .01876

1250 2 1100.87 9-7.52 99.20 102.38 3.18 .03153- A0302 3
1250 3 286.50 273.28 283.39 289. 32 S.93 .02070 .01976
1250 4 562.25 537.16 557.97 566.50 8.53 .01517 .01472

1250.. 5 935.07 889.82 -929.69_ 940.81 11,12 .01189 .01134
1250 6 1399.05 1331.72 1394.17 1403.13 17.47 .01249 .01205
1200 2 102.56 98.18 101.47 103.52 2.05 .01999 01877
1200 3 289.86 275.2o 288.02 251.52 3.50 .01207 .01877

1200 4 568.46 541.10 566.07 570.88 4.81 .n0846 .00808
1200 5 944.93 89S.80 941.70 948.20 6.50 .00688 .00637
[1200 6 1414.11 1367.00 1408.91 1419.40 10.57 .00747 .00711

1150 2 11103.60 98.84 103-06 I04-24 1.18 .01133
1150 3 292.22 277.20 291.12 291.29 2.17 .0n743
1150 4 S73.12 544.90 571.53 574.69 1.16 .00S51

i1150 5 952.29 902.00 950.03 954.38 4.35 .00457

115O 6 1426.00 1150.A0 1424.50 1428.0n 6.A2 .0047q

1100 2 104.90 99.118 1114.61 101;.27 n.fi6 0062q
1100 1 295.25 279.n0 244 ',n 201 RO i i- n4,n
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& 'ITABLE 32-B (Concluded)

Bean No. 01-49-1

aF fc fn fL £R Af 1s c 1dB

T Mde _ _

1 1100 5 962.05 907.40 960.61 963.35 2.74 .00285

1100 6 1439.46 1359.01 1437.34 _144.81 4.47 .00311

1050 2 105.88 100.10 105.67 106.05 0.38 .00359

1050 3 297.46 280.60 297.01 297.95 0.94 .00316

1050 4 583.50 551.60 582.85 584.24 1.39 .00238 1

1050 5 969.32 912.60 968.48 970.50 2.02 .002081 1050 6 1450.79 1340.50 1448.70 1452.25 3.55 .00245

_ ___

I

- i
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Beam No. 01-49-2

Date 1/3/79

Dampina Material Cornn 00 0 + 5% A1203

Material Thickness 0.0211 cm Material Density 2.82 g/cc

J Fixture No. 2 Beam Thickness 0.0947 cm

Beam Density 9.13 g/cc Beam Length 20,884 cm

Temperature Test Range: Between 845 0C and 595 0C
Frequencv Test Range: Between 91 Hz and 1,450 Hz

Loss Factor n

Peak 100 Hz rD 0.63 Temperature 760

1,000 Hz 0.63 Temperature 835 0C

Rance 100 Hz 720 0C 820
1,000 Hz 790 0C 090 0C

Complex Modulus E D_":

Peak 100 Hz 1 x I A' PAS Temperature 720 c
1,000 Hz 1 x 1010 PAS Temperature 800

Rance 100 Hz 675 0C 775 0C

1,000 Hz 735 0C 900 0C

:~~Q~72I7CURVE FTT FEQ U 7. P 70N
MATERIAL :J85-6 AFTER 130 HRS. e :403XF.

A2 A3 A4
ssee .~0E-4 :a~:e .53e 3.MO0E409

A-(LOG(FR1-L0G(FQOL)/C
LOG(ETA).LOG(ETAFRCL)- ' (L4SH)A. SL-SH)(I-SORTf 1 2i)3)C/2
T7 ETAFROL SL SN FROL C

R1 32 83 34 S5
550e. .634 .38e -.530 9.eeeE-04 .610

LOGq) oLOG(F)-13 -TO),,S251.8TE

Iff

RE.MARKS: J-85-6, test 2. Retest of 01-49-1 after 100 hours at

7600C. Coating deteriorated slightly. Specimen was thermal soaked

an additional 236 hours at 760 0C. When removed from furnace, after

five to ten minutes at room temperature, the entire coating frag-

mented and came off the beam.
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TABLE 33-B

-1. -. 01-49-2

1600 2 90.86 i 92.36 90-20 91.46 1.26 - .01387 .110667
_3 255.49 . 259.05 253.08 . 258.32 5.24 * .02051 . .016087 4 "504.76 509.55 499.31 .509.11 9.80 .01742 .01680 |

S5 838.88 844.0 823.63 849.14 !20.51 .0214S .02197

6 .12S6.16 ; 2 3 8 1 4.98 1265. 5S 36.88 .02936 .02766

S1550 2 2:1 91.76 J 93-1 91.04 92.49 I 145 .0i580 .00985i

3 -259.65 261.3 256.75 262.55 ! 5.80 .02234 .01944

4_ 511.30 513.64 503.24 . 511.77 13.53 .02646 02472

* 5 . 850.61 351.1 843.77 857.85 . 28.46 .03345 .03181

6 .,1270.16 i 1274.09 .1257.07 1283.26f 51.47 .04052 .03927

1550 2 93.1.71 9j.1 90.99 92.43 1.44 .01570 .c0975

3 259.61 261.3 254.79 - 263.19 S.40 .0*.236 .02946

• 4 509.65 513.64 503.03 516.28 13.25 .02600 .02426

5 849.78 i 851.1 I 42.47 357.08 28.71 __k321 . .. 215 I

! :1270.-3 •_1274-09 1125__6 _ .1282. 0 47.05 .. 03733 .03570

1500 2 92.66 93.92 1 91.77 - 93.57 1.80 .0'943 .01506
3 263.n11 263-41 2S 9.46 26S.68 6.22 .C2364 .02149:

; ; 4 522-2 8 518.-D 510-32 S 34.25 23.93 .04S82 : . 4 5

5 864.42 857.74 . 855.70 . 873.15 3'.29 w .03967 .03844 I

6 ,1286.56 1283.8 1266.79 11 30 6 .3 2  - 77.50 .06038 .05938

I .. •I

T145 2 kj 93.92i 94-6 : " 9S.24 2 .63 0 28oo0 02S19
i 3 268.44 265.32 263.54 273-30 - 9.76 -03636 • .03476

4 52S.63 . 21.49 523.72 533.S9 19.39 -03690 I .035 .
-1354.S8. 123.7 1348.28 i130.89 1 24.75 01829 AIM

100 2 95.92 9S.42 93.52 97.05 3.53 .03707 .03503

4 534.05 525.9 528.34 539.75 22.44 .04202 .04130

S 900.29 3 871.2it892.45 908.13 30.81 .03453 .03373

1400 3 . 271.98 267.58 267.09 27C.83 9.74 .03581 .0348C
4 534.75 525.9 532.37 535.58 5.92 01106 .01046

6 1371.75 1304.0 1365.59 . 1376.73 21.89 .01596 .01535

, 1350 2 97.74 96.11 , 95.59 99.63 4.04 -04133 .03965

4 550.60 . 529.69 * 54f.28 * 555.98 19.06 .03462 .03393

5 915.97 877.46 I 910.09 ;922.01 1 23.43 025-7 02493

1350 3 277.25 . 269.5 1 269.88 281.78 11.9 04292. .04170

4 549.95 529.69 54234 558.74 16.08 .02924 -02876

6 1376.41 1313.35 :1372.3 1381.84 17.06 _01286 .01234

1300 2 99.95 96.82 98.29 101.83 3.54 .03542 .03392 _

3 283.20 271.3 1 274.32 286.52 - 7.2 -02542 " 02442
4 559.13 533.24 555.78 562.41 11 23 02330 -0228 __4

5 929.93 88_394_163j ~ fl~3 0~

6 1391- - 1384.44 1409 -3 2_
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J 'TABLE 33-B (Concluded)

0=n No. 01-49-2

1250 i 2 1! 101.81 9.52 1 10o.;
2 1  

III .02367 .02233
~3I 287.38~ 273.33 284.99 289.7 1 2166 .015

4 5 6 56.2 9- 3 57 .16 563.11 570.14 I 7 03 .01241 I 01202 ___
___ __,940.6 " 989.82 938.08 ,4..13 9.92 .01055 1 .00998 ,

-- 26 I-7 9902
4079 1331.72 1405.11 1412.17 17.80 .01222

,1200 2 I 103.26 98.18 102.46 104.04 .. 58 .01530 .01408 _

3 29P.47 275.2 288.82: 292.5 3.23 01,12 .01028 _ _

1 4 1 571.141 541.1 568.77 3 573.71 A 94 .00865 .00826 1
5 1 949.05 895.8 946.10. 952.57 I 6'47 .00682 I .00628 ,t j
6 , 1420.89 1367.0 I1418.241 1422.72 8.80 1 .0062 .00582

11,0 2 104.40 98.84 103.8 105.79 .93 1 .00891 .00769 I _

-- 3 293.22 277.2 292.221 294.11 _.89 .00367

S4 , 575.68 548.9 57.52 577.33 2.81 .00438 .00380 ___

- !,6 1 1431.54: 1350.0 1428.911 1434.57 1 5.66 .00395 .00359 i

100GO 2 :1 105.30 99.53 105.04 105.61 i .57 .00541 .00436

5 I 964.31 902. 967.0 965.88 2.88 .00299 .00247 I,____

6 ,I 1443.24+ Q5Q.01 1441.03 1444.70 . 3.67 i .00254 .00219

.-A --- .... ..... 2 .. iI

'I
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Beam No. 01-49-3

Date 4/3/79

Damping Material Owens Illinois CV-101

Material Thickness 0.0297 cm Material Density 6.74 q/cc

Fixture No. 2 Beam Thickness 0.0947 c

Beam Density 9.13 g/cc Beam Length 20.884 cm
mn-mnerature Test Range: Between 480 0C and 595 C

3 .c: ency Test Range: Between 90 Hz and 1,400 Hz

Less Factor nD:
C eak 100 Hz D * Temperature *C

1,000 Hz TD * Temperature *C

Range 100 Hz * C * C

1,000 Hz * 0C * C

Complex Modulus ED-

Peak 100 Hz 1.6 x 109 PAS Temperature 495 oC

1,000 Hz 1.6 x 109 PAS Temperature 520 oC
Range 100 Hz 4C5 0C 530 °C

1,000 Hz 480 0C 560

NOMOGRAPH CURVE FIT EQUATION:

MATERIAL SS1.-49
LOG(M)oLOG(MlL)+(2LOG(MROM/MlL.)/(I+(FROM/FRZX/N',

Te FROM MROM N ML
Al A2 A3 A4

see.e a.ee7E+e s.ee 1E+09 .471 6.7816E+e8
A-(LOGtFR)-LOG(FROL))/C
LOG(ETA)-LOG(ETAFROL)+((SL+SH)A+(SL-SH)(1-SORT(I+AX22)))C/2

TO ETAFROL SL SH FROL C
31 32 13 B4 95

500.e .290 .Se8 -.2S0 1.4060E-el 1.000
LOG(FR).LOG(F)-12(T-Te),'(525'1.8+T-Te)

REMARKS: Crystallizing glass. Thermal soaked for 100 hours at

760 0C. Coating deteriorated; could not be retested.

• Could not be measured.
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TABLE 34-B

F f f L fR f ns nc IdB

-.? l ode I1- I

1 1O0 2 1 91.231 99.48 91.13 91.36 I 0.26 .002851100 3 255.89 279.00 255.48 256.17 0.69 .00269

1100 4 500.92 545.00 499.40 501.68 2.28 .00455
1100 5 830.48 907.40 829.38 J 831.81 2.43 .00292

110016 1240.97 1359.00 1238.20 1243.20 5.00 .00403

10SO 2 93.12 100.08 92.95 93.66 0.71 .00762
1050 3 262.62 20.0 261.75 263.17 1.42 .03541 !!

1050 , 4 1 514.87 548.40 513.62 515.70 2.08 .0T404
11050 1 5 85.9 912.60 853.08 856.80_ 3.7 .00435_
11050 6 1 1367.00 1273.81 1281.22 7..1 .o00o80

1000 2 95.37 100.62 94.92 95.87 0.95 .00996

1000 3 267.73 282.00 266.74 268.74 I 2.00 .00722 i

41000 4 524.83 554.50 523.32 525.76 2.44 .00465

1000 5 871.721 917.80 869.54 873.50 , 3.96 .00454
1000 6 1300.141 1374.50 1297.11 1304.20 7.09 .00545
____50 _ 2 I 100.79 i  101.16 100.28 10_ .54 1.26 1.01025

950 
3  

282.80 283.10 281.76 284.00 2.24 1.00792 l

- 950 4 549.661 557.40 547.19 550.96 3.77 .00680 _

950 5 . 911.00 922.40 908.88i 915.49 6.61 .00725 _

95 6 j 1353.341 1381.60 1348.65 1360.29 11.64 i.00860

900i 3 2 87.64 284.30 286.69 288.76 2.07 .00719

R id
-F fc fn f L f R L f l s  nc  !dB

1900 4 11 560.97 560.20 5.5 62.79 3.34 (i,;:-;__

900 5 :1 930.15 927.00 928.31 932.62 4.31 .00463

900 6 I 1373.99 1388.60 1369.04 1379.95 ! 19.91 .00794f 850 2 ii 103.95 102.14 103.80 104.19 0.39 .00375
L50 3 292.84 285.30 292.33 293.23 0 0.91) .00307

! 850 4 i  572.101 562.60 571.38 ! 572.85 1 .472 .00251.

850 5 944.701 831.40 843.55 1 946.10 2.55 *.00270

61 1 39 1.88r 1394.80 13R8.58 1399.01 10.43 .00749
800 1 2 104.85 102.62 104.68 EE 0.23 .,00219

8001 3 . 294.88 286.30 294.55 295.1: 0.56 j.00190

1oo_0_ 4 575.83 565.50 575.18 576.54 1.36 1.00236 _ ,

800 5 951.60 936.00 950.82 952.74 1.q2 1.00201

800 6 1399.34 1401.00 1394.47 11405.90 ,1 11.43 O.00,17 !

I ._ I _ _ II:1_ _ _ _ _ _ I '_ i _ _i_ _ _

.! i 4I i1 I i
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Beam No. 01-49-4

Date 4/25/79

Damping Material Corniiig 7570 + 6% Na2O + 6% KHCO3

Material Thickness 0.0183 cm Material Density 5.04 g/cc

Fixture No. 2 Beam Thickness 0.0947 cm

Beam Density 9.13 g/cc Beam Length 20.884 cm

Temperature Test Range: Between 525 0C and 426 0 C

Frequency Test Range: Between 95 Hz and 1,450 Hz

Loss Factor n

Peak 100 Hz ID Temperature _C

1,000 Hz nD Temperature _C

Range 100 Hz _C °C

1,000 Hz _C _C

Complex Modulus E ":

Peak 100 Hz PAS 2emperature _C

1,000 Hz PAS Temperature °C

Ranae 100 Hz _C _C

£ 1,000 Hz _C °C

NOMOGRAPH CURVE FIT EQUATION:

i

!

I

REMARKS: F-107-4. Coating deteriorated during test. No mean-

ingful data obtained.A
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TABLE 35-B

- :.C. 01-49-4

C Ff nf A-C ' -o - d
. -- 

. ' .' .7

9.7 t 95.371 9R.0 SO 99 __16___-6____________

_278.55 267. 731 277.95 ' 299.55 1160 _

' i 4 545.52 S545 0! 544.2 547.281 .0: 05 8  : I
•5_ 901.60 _ 917.801 1199.73 904.79 I 5.06 I J05

, _ __i, 4. 0 ,1:352. 1357.95 9. 1374..001 1348. 7

975 2 _ - I .99.97 98.261 99.72 1 100.28 -6 .n0
3 281.93 I 275.20 281.26 I 282.54i 1.28 .0045 '. ' _

I553.41 1 555.95! 551.70 55.6 2.76 .0050_______

5 5 15.50 . 920.10I 913.53 i 917.94 4.41 0048 i _

6 479 1378.05 i 1371.S7 .o7Q ng 7 52 nq
950 i 2 * 101.30 1 101.161 100.931 101.53 .5s _ .0054 _

3 '285.88 1 283.10: 285.02 4 86.40 _, 1.3__I .oo____ I-4 559.95 1 557.4 , 958.85 961.30 2.45 .0044

5 * 926.43 * 922.40S 924.05 928.16 4.09 .,1044 ; ; i!6 ' .1392.85 1391.60 i  13,8.75 13s96.94 , 19 ' .o09 ''
! 925 1 2 ., 98.87 101.42 98.44 ;_ 99-54 ' 1 i0n ,,

= j - ~~ ~~3 "279.49 283.70 278.04 281.87 3-_'R'1 - 4 .8 588i 4 .5 , 3 3 , . o5 -f I
4___ _ 549.58 558.8 545.5 553.7 8.58 .0156 _ _______

' : 5 "1 ~~~910.48 i 924.70] 90 .8 9 .3 i' ,

905.48 921.23 15.75 .0173 1 •
6 '1377.55 1385.10 1371.04 1394.48 25.63 .0186 , I

I j , • _____________________________

sf25 2 102.05's 101.42 018 102.30 -47 -on:C ____

3 288.081 283.70 .287.46 *288.4 1-6 n*
4 564.431 558.80 563.55 565.78 _ 2.23 -004

S 933.52: 924.70 932.10 935.54 1 3.44 .0037 ____

90 6 i406.42' 1385.10 1402.00 1409.47 1 7.47 : .0056 _ i

900 2 102.791 101.69 102-55 102.99 7 .40 .0039 ,
3 269.87 284.30 289.43 1_290-46 "__, ___,_0_____J

, ._ 4 8I 6.058 560.20 567.18 56917. 199 .00355 939.58- 927.00 937.71 941.33 6.38 _ .0068 '

6 1413.85: 1388.60 1410.67 11416.90 1 6.23 *.0044_____

800 2 104.771 104.85 104.49 104-9. -A4 , _0042;3 2 9 5 .5 i 2 4 8 2 9 5 . 1 2 2 9 6 -1 5 ;" 1 - 0 1 0 3 4

4 ', 576.08i 575.83 ;574.97/ 580.19 1 5.22 ;.00906

i ;5 ; 958.071 951.61 I 956.42 g 9O.1,6 3.74 .00390 ;
• i 14 42. 70 i 13 9 3 14 39. 35 1446.16 , 6 .81 : .0 472

262I 
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Beam No. 01-52-1

Date 11/28/78

Damping Material Corning 0010 + 10% A120 3 + 1% C0203

Material Thickness 0.0163 cm Material Density 2.82 g/cc
Fixture No. 1 Beam Thickness 0.0960 cm

Beam Density 9.13 g/cc Beam Length 20.900 cm

Temperature Test Range: Between 925 "C and 620 0C

Frequency Test Range: Between 90 Hz and 1,375 Hz

Loss Factor nD:

Peak 100 Hz TD 0.50 Tenmerature 795 0C

1,000 Hz TID 0.50 Temperature 865 0C
Range 100 Hz 755 0C 835 0C

1,000 Hz 820 0C 910 0C

Complex Modulus ED":
Peak 100 Hz 7.6 x 109 PAS Temperature 765 C
Pa 1,000 Hz 7.6 x 109 PAS Temperature 835 0 C

Range 100 Hz 710 C 825
1,000 Hz 750 0C 895 0 C

NOMOGRAPH CURVE FIT EQUATION:

"ATERIAL Z8,5-1
LOG M).LOG(flL)4.( ijcO1~fL) 1+ t FRC~i/vR.'*th

TO FROP MROP 1 nL
A! A2 43 A4

6e.0 z.teOe-a3 i.siE0+0e .sss 5.s5oeE-S9
A .LOGtFR)-LOO(FROL))/C
LOGtETR '-LOOCETAFROL) ((SLSH)A+(SL-SH) 1-SORT(1.RzC )))C/2

TO ETRFROL SL S4 FROL C
$1 82 33 34 B5

600.0 .590 .460 -. 330 i.iseE-e3 .34e
LOG(FR )-LOG(F )-12T-TO)/(S25/1 .8+T-TO)

I RPMARNS: J-85-1. After test thermal soaked for 100 hours at 925*C.

The coating deteriorated by approximately 60 percent; was dis-

colored and the surface was very rough.
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TABLE 36-B

Bea= No. 01-52-1

"F f c fn fL f It f nS tic All

! -'~e=.. M odeIi ,I

I o 91.44 92.50 91.09 91.70 1.19 .0130 .0040
' 1700 3 256.88 258.70 255.96 257.81 3.61 .0140 .0074 1

1700 4 503.91 508.50 499.48 5n8.34 8.86 .0176 .0119

1700 5 837.22 834.00 829.41 844.68 i5.27 .0182 .0133 I
1700 6 1255.85 1262.00 1242.40 1270.17 27.77 .0221 .0186 .

1650 2 1 92.32 94.95 91.98 92.62 1.25 .0135 .0049 X

1650 3 259.83 265.80 758.57 260.93 4.60 .0177 .012S5X

1650 4 510.2S 521.30 504.65 515.70 11.05 .0217 .0177 ,

1650 5 847.71 864.10 837.34 856.69 19.35 .0228 .0197 t

132 1 1 l6-'1650 6 1273.36 1272.40 .255.04 1291.27 36.23 .0285 .0263 I
3600 2 93.31 9St.06 92.84 93-70 1-68 .0180 .0o120 i X

1600 3 262.84 263.70 261.47 264.27 S.46 .0208 .0170 __X

1600 4 516.12 516.20 510.46 523.62 13.16 .0255 1 .0237 T1600 5 859.65 857-00 53.46 865-57 2361- 0275 .05
-1600 6 1292.54 1283.00 1277.16 1315.60 38.54 .0298 .0283

1500 2 95.22 95.68 94.14 96.42 1 2.00 .0294 4
1500 3 258 54' 269.04 266.77 770.05 2.94 .0196 X

500 4 I 53148 2-50 523.09 539.40 16.31 .0307 i ii

00 2 9587 9568 94.87 97.86 2.99 .0312

1500 2 95.89 95.68 95.31 96.68 1.3- .0279 I

15C0 4 531.10 525.50 523.19 539.43 16.24 .0306

1500 6 1303.0021328.45 1312.31 1344.45 32.14 .02412 -!

f A
ft Sf fi dD

aj1450 - T .131 1313.00 1334.80 1 364-30 29.50 -.0218

1405 1 55.o ~.,o S8.72 1.8 .0246 .03
1450 5 903.71 8777.30 892.96 914.79 1.33s 1.024Z -02A4 ____

r- 4 -so 6 t238 .017 -0 169$ €l

1450 6 ~ 3'3 96 73.00-11363.21 1387.04 2.3 t113 ____ ____

1 2 1 -.. 1 9 . !9 98.12 10,.:o0 4.06 .0409

1400 4 548.50 533.40 541.80 555.03 13.23 .0241 I

1
4 0 0  

S 910.551 334.00 405.66 915.34 13.83 .0207 X____

I.00 6 il 367.901 1322.70 138.97 137,.62 19.650 .01449

1915.2 o,7i 97.53 99.75s 101-6Z 1j S : .50162 ___

28.6 27.2 1, S

1350 3 28. 74.20 81.34 283.5 4.37 10155 .X.

.3501 4 i 556.331 531.40 51I.44 9267.0 2. 3 7 .0177

!,i 9. 20.054 013 6 0 13_0 _9

t I

'100i 54 8 0.10 15 4 03 12.23 .0221 X

1300 6 Z 0 :, .381 ?8. 0 84 131.61 19._5 I .Ol. I
" 1 i 28S .331 "6.,0 5 I ,7

1300 ! . 5850 .' ' 0118 ., .2_$ t *00 .: ---- 3 .86 S .1 ss10 5 Q.0 I 8,6 38 00. _____ ____

: o: o;,., o 19 _-__o o : ____ ___ _- I j
5.0 9 .007

;oe 2---.2--.
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TA itE 36-n (Concluced)

Beam NTo. 01-52-

'F f f f af 1dB

50 5 903.40 938.89 .944.31 5.42 .0058 -

12" 1409.28 1342.00 1406.02 413.59 7.57 .0054

568.42 545.00 566.35 570.26 3.91 .0069

942.30 903.40 939.65 945.00 5.31 .0057

1411.33 1342.00 1408.11 1414.68 6.57 .0047

- 104.66 100.10 104.27 105.18 0.91 .0087

1200 3 292.63 279.98 291.68 293.14 1.46 .0050

[:1200 4 573.26 549.00 571.92 574.62 2.70 .0047

11200 5 949.33 909.QO 947.60 951.03 3.43 .0036

1200 6 1421.02 1161.30 1418.67 1423.54 4.87 .0034

1150, 4 578.27 552.70 577.43 579.00 1.57 .0027

1150 5 957.42 915.80 956.34 958.48 2.14 .0022

1150 6 1433.20 1370.00 1431.66 1434.82_ 3.16 .0022

_ _ __ _ __ _ _ _

I 1
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Beam No. 01-53-1

Date 12/1/79
Damping material Corning 0010 + 10% AI2O1+ 6% Na.0 + 1% C0203

Material Thickness 0.0188 cm Material Density 2.82 g/cc

Fixture No. 1 Beam Thickness 0.0963 cm

Beam Density 9.13 g/cc Beam Length 20.914 cm

Temperature Test Range: Between 925 OC and 620 °C

" Frequency Test Range: Between 92 Hz and 1,370 Hz

4 Loss Factor D:

, Peak 100 Hz nD 0.50 Temperature 720 0C

1,000 Hz n D 0.50 Temperature 790 0C

Range 100 Hz 685 0C 760 0C

1,000 Hz 740 OC 825 0C

Complex Modulus ED

Peak 100 Hz 6.3 x 109 PAS Temperature 710 0C

1,000 Hz 6.3 x l09 PAS Temperature 745 0c

Range 100 Hz 645 0C 755 0C

1,000 Hz 685 0C 805 0C

NO 4OGRAPH CURVE FIT EQUATION:

MATERIAL tJ3S-2
LOG(M).LOG( L) IELOG(MROM/ML) 1/(I (FROM/FR *;N)

TO FROM MROM 1 ILSAl AZ A3 A4SS5.0 3.39OE-03 1.15@OE+1 .683 3.861E+09
A-(LOG(FR)-LOG(FROL))/C
LOG(ETA)LOG(ETAFROL)+( SL+SH)A+(SL-SH)C1-SORTCI1AgX2)))C/2

TO ETAFROL SL SH FROL C

31 a B3 R4 5
SS .0 .490 .460 -.420 3.-SOGE-03 .420

LOG(FR)LOG(F)-12(T-TO)/(525/1.8+T-Te)

RE 1RKS: Thermal soaked for 121.75 hours at 815 0 C. Beam was

physically damaged and could not be retested. The coating was

glossy with some signs of deterioration.

270
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TABLE 37-B

Beam No. 1-53-I

F f fn f f If Q. ic IdB

1700 2 92.30 90.00 89.78 90.28 0.50 .0056 .0021 I

1700 3 258.20 253.53 252.44 254.77 2.33 .0092 .0026 |

7 4 0.049854 496.07 500.58 4.51 .0090 .0033 _

1700 61239.23 1235.36 1245.34 10.48 .0035 .0050,

1650 3 26062 25.4 255.35 257.5 8. 23 .0087.0035 i
1650 4 512.80i 50. 501.68 505.85 "I 4.17 .0083 .0043 j
1650 S 849.60 835148 834.00 836.90 5.65 0068 .0036 
1650 6 1271.001152.76 1247.65 1258.50 10.85 .0087 .0065 _________

1600 3 262.90 258.97 257.89 260.05 2.16 .0083 .0045 1

1600 4 517.5 0 508-48 506.36 5 50.85 4.34 .0085 .0043

16 5 860 843.72 838.85 847.83 8.98 .0106 .00

1600 6 1281.00 1265.24 1248.74 1272.80 14.06 .0111 .0096 ,

1600 2292.55 92.86 926.3 I 0.975 .0103 .0059 I X3____ 260.03 25.48.97_ .00 ____

1600 4 5 08.48 506.36 510.25 4 .0082 .0059

1600 5 8560 8432 8438 848.65 7.72 ..0091 .0071 

1600 6_" 1281.00 1225.0 .1271.70 13.20 , .0101 .0089 1ff00 '2 94.11_ 92.__ 92.9F 510.760 97 .0105_ 0059 ____

1550 2 94.97 93.70 93.43 93.98 1.07 .0114 .0087

_155013 265.15 261.70 259.96 263.07 3.11 .0119 .0092 1
,[1550 4 522.20 513.53 510.6-7 516.50 5.83 .0114 .0LO00

1550 5 6350 858.03 11.16 .0131 .0117

-~ _ _T 852.8 847.0 81580 58 001.001276.94 1267.54 1285.80 18.26 .0143 .0133

-F fc f L f nS ic ldB

Tm.Mode _ _ ____

1500 2 95.80 94.10 3.65 94.37 1.40 .0149 .0113 X

1500 3 267.30 264.32 263.15 264.93 3.47 .,)11 .i0111 x

1500 4 526.80 519.17 515.15 523.32 7.97 .0154 .0142 1

1500 5 870.00 863.00 857.80 866.81 17.57 .0204 .0194 _ X

1500 6 1301.60 1288.93 1282.42 1 1295.42 25.35 .0197 .0189 X

1450 3 267.50 266.92 265.66 268.09 4.73 .0178 . 0164.2 X

1450 4 531.20 525.94 519.43 532.42 12.99 .0247 .0238

1450 5 P77.00 1:74 .85 P. f.9 .1c F176.72 20.s .0235 1.0226 j x

1450 6 1311.40 12Q5.25 1276.48 1317.60 41.21 .n118 .0312

1400 4 535.40 523.23 533.95 5'I.i.0 12.65 . 0239 .321 {

1350 2 98.04 97.50 96.73 98.05 2.57 .0264 .0246

1350 3 273.45 276.18 274.18 278.16 7.76 .0281 .0272 x

1350 4 539.40 545.61 537.08 555.50 18.42 .0338 .0332

1350 5 890.00 909.40 902.72 915.21 24.36 .0268 .0260 j X

1350 6 1331.20 1365.28 1355.90 1374.38 36.04 .0264 .0259 X

1300 2 98.75 98.96 98.35 99.58 2.40 .0242 .0227 !

1300 1 275.40 280.41 278.28 282.27 7.78 .0277 .0270 .

130C 4 543.00 553.19 546.09 561.64 15.10 .0273 .0269 _

1300 6 1341.00 1380.68 1369.80 13ql.26 23.4; .0170 .0165

1250 3 277.30 285.13 28 .62 286.71 C-02 .0211 .02n4 x

12S0 4 S46. An ';(,!.48 SSA. 2q 7 .? 2A A,(1 .0194 -Ol ig
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TABLE 37-B (Concluded)

Beam No. 1-53-1

"F fJ f1 fd f s B C 1i
Te p.Mode ,-I

1250 6 1350.60 1398.46 1389.08 1407.26 18.18 .0130 .0126

1250 2 99.42 101.30 100.96 101.64 1.32 .0131 .011Oi .

125C 4 546.60 561.45 555.93 566.20 10.27 .0183 .0179

X250 5 900.30 936.12 933.34 938.66 10.37 .0111 .0104 X

1200 2 100.06 103.20 102.68 103.72 2.02 .0197 x

1200 4 553.50 568.10 565.14 571.40 6.26 .0110

1200 5 909.20 945.91 943.98 947.70 7.25 .0G77 _____ X

1200 6 1360.00 1415.28 1413.30 1418.70 10.53 .0074 X

1150 2 100.72 104.63 104.05 105.29 1.24 .0119

1150 3 280.80 292.52 291.67 293.03 2.65 .0091

1150 4 550.10 574.46 572.54 576.28 3.74 .0065

1150 S 915.60 955.38 953.85 956.43 5.03 .0053 X

1150 6 1369.50 1428.30 1426.50 1430.20 7.21 .0051 X

BE
AI-- 1_
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UU
-; Beam No. 01-54-1

Date 12/7/78

Corning 0010 + 12.5% A1 20 3 - 2% Co20
-amping Material Cong010-
SMaterial Thickness 0.0137 cm Material Density 2.82 g/cc

Fixture No. 1 Beam Thickness 0.0958 cm

Beam Density 9.13 g/cc Beam Length a 20.542 cm
Temperature Test Range: Between C and 870 °

Test Range: Between Hz and Hz
Loss Factor n

Peak 100 Hz nD Temperature _C___

z,000 Hz n Temperature _C_____

Range 100 Hz _C _C1,000 Hz _C 
_C

NO.OGRAPH CURVE FIT EQUATION:

I iI

Id
REj ._AAR~S: J-85-3. While testing above 870C, the coatiniq began

to peel off the beam. No meaningful data was taken.

i 277

_D

Jeak 100 -P Tp t --

lc



6% A20
3 4Ma terial Thickness 0.01, o cm Material Density 2.63 9/cc

Fixture No. iBeam Thickness 0.0903 cm

Beam Dentsit,. 9-13 g/cc Beamn Length 20. 879 cm

Temperature Test Rance: Between 870 OC and 62C cc

Frequency Test Range: Between 98 Hz and 1,500 Hz
°,Loss Factor nD:

Peak 100 Hz "D 0.73 Te.,erature 780 °C

1,000 Hz rD  0.73 Temperature 860 c

Rnaxge 100 Hz 760 0C 805 c

1,000 Hz 800 °C 860 0C

Complex Modulus ED":

Peak 100 Hz 1.3 x 10"0PAS Temperatuze 755 0C

1,000 Hz 1.3,, 101PAS Temperature F05 0C
Range 100 Hz 715 0C 7-0 0C

1,CCO Hz 77C 0C 840 0C

NOOGRP-APH CURVIE FIT EQUATION:

MATERIAIL ZJ&S-!3
LOG.L0GtPfL) tZLOGCC q0LH,"L)L, RC.'I.
Ta FROM FRO. "1_

G7. 1.7SiE-@: 2.450 E.10 .90 :.19eeE+ze: ,. | .1CG~r)-LOG(PEOL I )IC

LOG1ET.A!LO:iETRFROL )((SL'S)A(SL-SH)"I-QRT( 1 i.S2 C))/2
TO ETPROL SL 5. VL C

31 ; 33 14 a5
67S.0 .659 .475 -.4eO 6.800SE-02 .3seLGFR )-LC~t F ;-I2(T-.Te)?t 5z5,1.S+T-T@)

P EMA RXS: J-85-13 test 1. Retested twice: 01-55-3 and

01-55-4.

278
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TABLE 38-B
Beam No. oi-5 Y2

L R ns nc 1dB
} irm . ___ ___Mode_________

1600 2 93.97 93.59 93.45 94.50 1.05 .01117 .00527

1600 3 263.36 262.75 261.44 265.07 3.63 .01378 .0100

1600 .4 516.08 51S.PO 511.8A 521.41 9.55 .01P50 .01586
1600 5 856.06 855.04 846.09 863.3a 37.25 .02015 .01814

1600 6 1280.43 12R1.40 1270.02 1290.P4 AO.91 ."3195 .03045 x

1550 2 94.74 94.56 94.11 96.12 2.01 .02122 .01660

1550 3 265.40 26,4.30 262.68 26P.12 5.A4 .02050 .01779

1550 4 521.68 520.10 515.36 529.32 13.96 .02676 .02502

1550 5 865.72 862.50 850.67 878.63 27.76 .03207 .03066
1550 6 1296.12 1291.20 1281.66 1309.43 50.64 .03907 .03805 X

1500 3 270.32 266.25 269.10 272.9' 7.57 .02799 .02591 X
1500 5 887.43 869.40 870.36 902.41 32.05 .0361? .03501 X

1500 6 1330.30 1301.90 1313.10 134A.60 61.90 .04652 .04572

1450 2 96.26

1450 3 26F.55

1450 4 52R.50

1450 5 876.30

1450 6 1310.401450 2 96.81 96.26 95.80 97.P0 3.91 .04060 .03788 X

1450 3 274.71 268.55 271.68 27A.51 13.O .04015 .04772 X

1450 4 5-3.30 528.50 536.90 550.97 23.(2 .0348 .0A276 X

1450 5 906.50 876.30 896.03 916.0 41.17 .04542 .044l2 X

1450 6 1369.09 1310.40 1354.92 13P2.RQ 54.97 .04015 .03955 X

'F fc fn fL fR Af nS nc  idB

'.emp. i Mode

1400 2 99.89 97.02 98.40 101.20 5.50 .05506 .05282 X

1400 3 283.93 270.80 279.72 287.41 15.11 .05323 .05211 X

1400 a 558.84 530.26 547.7A 568.67 20.93 .03745 .03697
1400 5 928.86 803.10 q13.85 943.87 30.02 .13232 .03152

1400 6 1395.00 1319.80 1386.17 1403.87 34.69 .02d86 .02435 X
1350 2 103.38 97.78 102.18 104.59 4.74 .04585 .04404 x

1350 3 -289.96 273.25 285.41 294.70 9.29 .03204 .03112
1350 4 !69.13 536.60 562.77 575.49 12.72 .02235 .02179

1350 5 945.64 890.00 936.63 953.9 1 17.31 .01831 .01756

1350 6 1413.26 1329.10 1403.70 142A.16 20 .46 .144P .01402

1300 2 105.90 9e.45 105.06 106.75 3.32 .03136 .0298P x
3300 3 294.89 275.20 291.51 297.26 5.75 .01950 .01871

1300 4 578.24 540.60 574.05 53.2A3 P.7P .01449 .01400
1300 5 956.93 906.40 952.28 967.1f 9.A2 .01026 .00954

1300 6 1426.50 1338.30 142.03 1334.9P .1.95 .00766 .00723

1250 2 106.95 99.13 106.38 107.61 1.23 .01150 .01030
120 3 298.A0 277.25 297.70 300.'K 2.32 .0776 .0070-
1250! 4 "582.72 544.20 581.55 583.n7 A.75 .00816 .00771
1250 5 967.78 901.n0 964.92 Q70.17 S.71 .,)0 7 .0,14F7
12 n 6i[ Idd3.55 13J7.40 Ia41.07 44,6-41 4.96 .0014A 0 0

12- - Z 107.94 jg.pn !07.';R 1OP. j .97 000 n0 7 --6

301__ HA 27 .3 1 . 31.
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TABLE 38-B (.Concluded)

Beam No. 01-55-2

f f f f af1dc n L R s  dB

Temp. I Mode II1200 5 976.04 909.02 97A.67 977.60 2.93 .00300 .00232

1200i 6 1456.26 1356.20 1454.48 1457.9d 3.46 .00238 .00197
1150 2 109.0-5 100.45 108.81 109.32 0.51 .A0466 .00344

1150 3 304.70 281.25 304.06 3n5.17 1.09 .00358 .00294

1150, 4 590.55 551.50 589.67 591.86 4.30 .00729 .00687 X
1150 5 984.90 915.80 983.89 985.89 2.00 .00203 .00139

1150 6 1468.76 1365.20 1467.61 1469.94 2.33 tA159 .00116

I280
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Beam No. 01-55-3

Date 3/79

a n t5% + 12.75% Na + 10.75% CaO + 6%Damping Material 7_%S0

£ A120 3 + 2% Co 203  __

Material Thickness 0.0160 cm Material Density 2.63 g/cc

Fixture No. 1 Beam Thickness 0.0963 cm

Beam Density 9.13 g/cc Beam Length 20.879 cm

Temperature Test Range: Between 870 0 C and 620 0C

Frequency Test Range: Between 75 _Hz and 1.450 Hz

Loss Factor n-:
L)

Peak 100 Hz TD 0.60 Temperature 745 0 C

1,000 Hz D 0.60 Temperature 815 0 C

I Range 100 Hz 745 0C 775 0C

1.000 Hz 790 0C 865 0 C
Complex Modulus E :

Peak 100 Hz 9.7 10 PAS Temperature 745 0 C

, 1,000 Hz 9.7 10 PAS Temperature 800 0C

Range 100 Hz 705 0C 05 0C

1,000 Hz 740 C 870 0 C

TNOGRAPH CURVE FIT EQUATION:
MATERIAL SJ85-13 SECOND TESTLOG (M) -LOG (ML)+ (LOG (ROM/ML) )/(1+ FROfl/FR),~t)
Te FRO MROM H f.L

AI A2 A3 A4538.e 1.01!4E-e3 2.859A+ 1.e88 1.3140E+10
A-(LOG(FR)-LOG(FROL))/C
LOG(ETA)LOG(ETAFROL)+(cSL+SH)R+(SL-SH)(1-SRTL1A::2)))C.2

TO ETAFROL SL SH FROL C'ii 22fl 33 S4 BSS39.e .;Ge .60e -.50e 3.eeeE-e4 .as
LOO(FR)-LOG(F-12(T-TO)/(525/1 .84T-TO)

A
REMARKS: J-85-13 test 2. Retest of 01-55-2 after 100 hours at

8150C.
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TABLE 39-B

B 3Beam No. 01-55-3

F f fn fL fR Af 1S idB

1650 2 92.85 92.51 92.27 93.49 1.22 .01314 .00554 |

1650 3 261.34 259.48 259.34 263.35 4.01 .01534 .00984 |

1650 4 514.40 515.70 509.65 19.46 9.81 .0107 01507.

165o 5 851.50 848.40 841.69 8 76 016 .18

1650 1271.60 1276.94 292.80 31.16 .02434 .02204 X

1600 2 94.09 93.59 93.36 94.85 1.49 .01584 .00984

1600 3 264.40 262.75 261.36 266.64 5.28 .01997 .01617

1600 4 521.40 575.80 515.49 536.11 20.62 .03955 .03685

1 1600 5 863.35 855.40 850.72 876.70 25.98 .03009 .02809

1600 6 1204.20 1281.40 1294.00 1314.40 40.09 .03074 .02924

1600 2 93.68 93.59 93.15 94.59 1.44 .01537 .00937

1600 3 264.28 262.75 261.87 266.59 4.72 .01786 .01406

1600 4 520.50 515.80 514.90 531.84 16.94 .03255 .02985

1600 5 863.75 855.40 847.48 874.48 27.42 .03175 .02975 ___

1600 6 1298.18 1281.40 1282.16 1325.75 43.59 .03358 .03205

1550 2 94.92 94.56 94.13 95.84 1.71 .01802 .01332 P

1550 3 267.05 264.30 263.44 270.74 7.30 .02734 .02464

1550 4 528.53 520.10 520.70 541.97 21.27 .04024 .03844

-- I

1550 5 874.70 862.50 859.21 880.80 21.S9 -02468 .02328

f 1550 6 1324.81 1291.20 1298.: 1355.34 67.59 .05129 .05029

1550 2 94.81 94.26 94.12 95.68 1.56 .01645 .0175 _

1550 3 267.47 264.30 264.48 271.2 28.6 0136 .0046 _

1550 4 1328.28 520.10 523.20 532.10 17.49 .03311 .03131 x

f 1 2 f 99R .f n s c IdLB __

155. I5 _ 873.69 862.50 866.61 878.78 !2392 .073 82597

t 1550 6 1323.78 1291.20 120 1340.60 54.83 .052 .04042
1500 !2 9S.11 95.44 .95.00 97.41 2.41 .0SB .02148

1500 4 536.09 524.40 530.44 544.52 27.67 .04008 .050411 1400 * 5 987.82 869.40 877.83 905.57 27.24 .02 .03015 x
1500 2 13S3.00 1301.90 1330.29 138.52 59.23 .. 03618 _

•"1450 1 2 97.75 96.26 96.11 _ 99.6 7 3.56 .0 6 2 .03362

1450 | 4 3.32 528.50 547.67 559.86 23.___ .05 .04241 x

1450i 5 912.55 876.30 902.50 91.12 28.62 1.036 .0
501450 1382.90 1310.40 1371.78 1396.31 48.20 .X

' 1400 2 99.64 97.02 97.30 102.16 4 86 .0 8 8 .4 4

[_1400 ___ 283.5 270.80 1 20.16 287.80 "5.04 .0X

1400 5 940.98 883.10 934.11 945.57 22.52 .Xi 1400 6 14 6 3 319.80 1389 25 i1426.78 37.53 i .2 6 .0 61
1350

; 
4 57.8 53C.60 56S.88 582.00 16.12 :1.02809 o25

950.4 890.00 941.89 958.9? 7 0 .01797 -12

1 135 0 6 42 .0 1329.10 1408.90 _ 1432.80 23.90 i.01682 .01637
S13001 2 98.45 10.28 106.75 3.47 !03311 1.03161

1 3 0 4 5 8 .5 5 4 0 .6 0 i  5 7 6 .3 1 1 5 8 5 .6 3 9 .3 2 . 1 6 5 .1 5 5 7, l
•|1300i 5 ! 960.15, 996.40 958.24 963.36 006 1.01047 .00975

J 3001 6 3 1434.S' i 338.30 -4 8 441.35 qO377 : 0 960 "C091-3
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TABLE 39-B (Concluded)

Beam No. 01-55-3

-F f f fL fR Af ns n¢ 1dB
c nL

Temp. Mode
1250 3 299.46 277.25 297.85 301.07 3.22 .01075 .01003

1250 4 506.73 544.20 584.52 589.56 5.04 .00859 .00814

1250 5 970.84 903.00 968.90 971.75 5.60 .00577 .00487 x
1250 6 1448.25 1?47.40 1444.36 1452.15 7.79 .00538 .00497

1200 2 107.93 99.80 107.51 108.48 0.97 .00899 .0079,

1200 3 296.27 279.30 295.37 297.12 1.75 .00591 .00523

1200 4 592.46 548.20 590.67 594.04 3.37 .00569 .00526

1200 5 978.23 909.20 976.22 979.80 3.58 .00366 .00298

1200 6 1460.41 1356.20 1457.93 1463.53 5.60 .00383 .00341

1150 2 109.30 100.45 108.99 109.53 0.54 .00494 .00414

1150 3 299.20 281.25 298.52 299.82 1.30 .00434 .00370

1 1150 4 598.32 551.50 597.06 599.59 2.53 .00423 .00382

1150 5 988.04 915.80 987.08 989.54 2.46 .00249 .00181
1150 6 1474.32 1365.20 1472.82 1476.10 3.28 -00222 .00179

1100 2 110.33 102.40 110.17 110.47 0.30 -00272 .00206

1100 3 308.44 283-20 309.28 1308.65 0.72 .00236 .00174

1100 4 604.25 555.00 602.84 60S.89 3.00 .00496 .00455

;1100 5 996.85 921.80 996-06 997.65 1.59 .00:&0 .00094

.1100 6 1487.11 1374.00 1485.74 1988.17 2.43 .00163 .00110

ji

2
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Beam No. 01-55-4

Date

Damping Material 74.5% Si02 + 12.75% Na20 + 10.75% CaO + 2% Co203

Material Thickness 0.0160 cm Material Density _2 j, g/cc

Fixture No. 1 Beam Thickness 0.0963 cm

Beam Density 9.13 g/cc Beam Length 20.879 -cm

Temperature Test Range: Between 870 *C and 595 0C

Frequency Test Range: Between 95 Hz and 1,450 Hz

Loss Factor n D

Peak 100 Hz nD 0.51 Temperature 760 0C

1,00(, Hz )D 0.51 Temperature 825 C

Range 100 Hz 725 CC 795 °C

1,000 Hz 795 0C 855 0C
Complex Modulus ED"

Peak 100 Hz 1.4x 1010 PAS Temperature 720 0C

1,000 Hz 1.4 × 1010 PAS Temperature 795 0C

Range 100 Hz 455 0C 530

1,000 Hz 480 0C 560 °C

NOMOGRAPH CURVE FIT EQUATION:

MATERIAL *J-85-13 AFTER 300 HRS HEAT SOAKii '1 1 *M)LUGC ML c 21001 MRON;IIL. /,1+( FROM/.FR ) 1N
Te FROM MROM hi ML

At A2 A3 A4
550.0 1.30eE-e3 2.90eeE+1e .850 1.3000E+le11 A.tL0G(FR)-LOGCFROL) '/C

LOG(ETA)-LOG(ETAFROLI+((SLtS)A(SL-SH)(1-SGRT(I+AuNE;))C/2
TO ETAFROL SL SH rROL C

BI B B3 B4 B5
558.e .446 .708 -.Go 8.eeeeE-e4 .750

LOG(rRJ..OG(F)-12(T-T0),(5251/.8.T-T1

REMARS: J-85-13 test 3. Retest of 01-55-2 after 300 hours at

815 0 C.

I
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TABLE 40-B

fBeam No. 01li-4

F f f f f f n nc  idB

Tmp Modet_____.09 ___

1600 2 qA.JA 93.59 93.76 94.43 1.32 .11399 .00799 .

1600 3 265.1A 262.75 262.58 267.30 4.42 .v1667 .012P7 I

160n 3 522.R2 515.80 516.67 52C.2P 11.61 .C2221 .01951

)600 6 3299.00 1281.40 1288.00 1310.A0 43.31 .03334 .03184

1550 3 268.71 264.30 866.06 271.79 5.73 .02132 .01862
155(l dl 529.51 520.10 522.52 53F.fr 15.56 .1)2939 .02759

155ni 5 Q70.51 862.50 847.20 881.83 14.63 .03978 .03P38

155
A  

2 95.12 9A.56 94.30 95.Q5 1.65 .01735 .01265

1550 4 528.40 520.10 520.30 537.12 17.11 .0323P .03058

155r, s 81.90 A62.50 866.05 F 9 2 .93271 .03131

1500 2 96.23 95.44 95.16 97.39 2.23 .02317 .01957

1500 3 272.52 266.25 270.10 270.24 8.13 .029C5 .0275

350( 4 539.01 524.A0 52P.83 551.r. 22.01 .74083 .03963

150A A 537.A0 52A.A0 525.99 54P.69 22.70 .34224 .04104

1450 2 97.61 96.26 96.58 98.12 3.03 .93101 .02821 X

IASA 3 275.39 26r.55 272.64 27P.12 " 10.77 .13911 .03761 X

1450 2 97.55 96.26 96.18 99.29 1 3.13 .03188 .0290F |

145' 3 277.P4 26A.55 275.14 2PA.67 30.07 .03917 .03767 X

3450 551.07 528.5n 5J4.61 557.6' 25.50 .04647 .04559 X

1459 F 927.22 P76.30 919.09 935.75 31.95 .03446 .03356 X

1.40r 2 ?9.37 97.02 96.95 101.46 4.51 .)453- .0439S |I

1400 3 285.73 270.80 280.64 287.P2 14.11 .0493P .04818 X
1400  

A 565.20 530.26 5S5.09 57P.50 23.A2 .04115 .040A7

"F f f f f 6f dB

Temp.Mode!

1 a e 5 938.q9 QI3.30 924.56 T 949.61 25.07 .0260'
2  

.02590

1400 6 3411.50 1319.80 1396.70 1 1436.10 39.40 .12791 .02741

1350 2 102.39 97.78 101.51 10A.43 5.7A .A5604 .05424 X

1350 3 ?22.16 273.25 289.78 2 295.20 10.65 .036A6 .03. 4 x

1350 573.59 536.60 565.20 52.02 j16.27 .q293 .02P88

1350 5 55.47 990.00 9A3.Pl 967.1l 23.2^ .(1031 .02356

1300 2 101.94 98.45 104.00 105.7P 3.50 .03?'13  .031P3 X
1300 31 295.57 275.20 293.16 r 296.75 7.16 l.307 ,023')0 X

:300 4 Ii 591.0 540.60 576.30 586.00 9.7P .41682 4 .0163e
1300 5 965.64 896.40 5A.62 972.92 14.30 .AlaS1 .014O?

1300 6 1A51.62 133P.30 1A6.79 1456.P5 l'.06 .00693 .00651

1250 2 107.39 94.13 106.71 108.07 2.67 .02489 * .02369 X

1250 3 299.43 277.25 298.36 300.66 4.12 .n1510 .01A38 X

1250 A 587.32 504.20 5R4.29 590.JP 6.19 .0105' .31000

1250 5 q 7.94 903.00 970.98 97t.4
q  

m .0A769 .00609

1250 6 1459.43 13,7.90 1450.97 14 , 1 .00926 .00885
1200 2 1 108.20 90.90 107.77 108.9s ..ii .010( .00926

1200 ? 302.94 279.30 301.62 303.78 2.1A .0071? .6064%

1200 5 982.74 909.20 980.60 9F5.nA e.Ao .10AZP .003P0 i_
1200 6 1 1463.69 135-.20 1460.53 1-466.97 :. 4 .0040! .0036

liIo e 199.27 I10.01, 109.60 109.Ao .n4f'1

1150 3 : 305.72 283.-5 304.96 T A 0. .1 A09 .0134

'3961.0 5 1S~ 59S.A5 0-- . P
L
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I TABLE 40.-B (Concluded)

- I oBeam No. "U- "

f ii" M C fn fL f itf _s ndB

Temp Jmotde -",

1150 5 991.41 915.80 990.47 993.00 2.33 2 B,5 .00187

i f15O 6 1/76.5A 1365.20 147A.84 1479. . .20 .1028A .002 _ _

1100 2 110.29 1C-2,0 110.08 110.A5 0.37 -19335 .10269

1100 3 30S.17 283.20 307.89 308. W .7 1 . ,M016.

1100 4 605.26 555.00 603.94 606.49 2.55 .00421 .003P(,

i1OC 5 999.49 921.00 998.17 1000.2A 2.07 .110207 .0014'

i0 6 1486-55 1374.00 1486.00 148P.56 2.56 .00172 .00127

I --___ _ _ __ ,_ I.,__ _ _ _ _

293
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Beam No. 01-57-1

Date 2/7/79

Damping Material 74.5% SiO 2 + 10.75% CaO + 6.375% Na 0 + 6.375%

KCHCO3 + 2% Co203
Material Thickness 0.0224 cm Material Density 2.24 g/cc
Fixture No. 2 Beam Thickness 0.0960 cm

Beam Density 9.13 g/cc Beam Length 21.608 cm

Temperature Test Range: Between 925 *C and 620 *(

Frequency Test Range: Between 82 Hz and 1,400 Hz
Loss Factor nD:

Peak 100 Hz nD 0.38 Temperature 760 aC

1,000 Hz nD 0.38 Temperature 790 °C
Range 100 Hz 685 0C 820 C

1,000 Hz 750 0C 900 0C

Complex Modulus ED.:

Peak 100 Hz 6.9x 109 PAS Temperature 750 0C

_ ! 1,000 Hz 6.9x 109 PAS Temperature 790 0C

Range 100 Hz 670 C 765 C

I 1,000 Hz 701 C 815 C

NOMOGRAPH CURVE FIT EQUATION:

MlATERIAL :JSS-14 INITIAL TEST
LOG(R)-LOG(c L)(ZLOGCI(ROM/RgL))/(I(FROM/FR)SZN)

TO FROM MROM N NL
Al A2 43 A4

S83.0 l.eOSE-S4 8.000E*9g .450 1.70eE+9g
A-(LOG(FR)-LOG(FROL))/C
LOG(ETA)-LOG(ETFROL)+((SL+SH)A.CSL-SH)(1-SG5R(14A**E)))C'2

To ETAFROL SL SH FROL C
31 32 33 14 35

583.0 .310 .300 -.sse 2.,oeeE-02 1.90,
LOG(FR )-LOG(F )-1(T-TO)'(S25/1.8 T-TO)

REMARKS: J-85-14 test 1. Beam retested twice: 01-57-2 and

01-57-3.

298
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TABLE 41-B

Beam 110. 0

- F fc fn L f R Af nsrc IdD

Mode

1700 2 F2.P6 84.58 82.30 83.31 1.05 ' .A0559
700 3 230.35 237.46 230.03 23.67 3.:2 .0139 .00717 :_

1700 4 459.85 466.45 457.75 460.96 6.31 A1372 .00840 X
1700 5 763.78 773.62 760.41 767.15 13.24 .01734 .01319 X
1700 6 1141.82 1157.33 1137.44 1146.21 17.32 .01509 .01156 X

1650 2 83.88 85.24 83.26 84.51 1.25 .31'9O .0070A
1 1650 3 233.49 239.52 232.68 234.35 3.2V .01406 .00767 x

1650 4 '66.38 470.48 - 462.60 269.66 7.16 .01514 .91104
1650 5 773.7, 779.80 768.16 781.25 13.09 .11692 .01352

1650 6 1157.36 1167.05 1147.20 1167.10 19.70 .^002 .014591600 2 84.87 86.01 84.18 85.49 1.31 .0154A .00823
1600 3 235.96 241.76 234.Al 237.46 3.15 .01293 .00817
1600 4 A72.36 474.54 468.69 47.8 .9 .062 0121

S i1600 5 783.28 786.21 777.2P 787.81 10.53 .01344 .11
16.. 6 1276.30 1186.30 1164.25 119P.131 23.P8 .02030 .01853

1 550 2 86.10 86.91 85.83 86.70 1.34 .11556 .0098

t1550 3 238.26 243.75 236.67 239.P_ _ _ _ _
1550 A 479.07 478.1 474.45 483.26 8.A1 01839 .01661
150 5 76.125 792.57 72.46 789.59 14.01 .01782 .0:621
150 6 1193.17 1185.84 1179.07 1210.P0 31.73 C2659 .02526
150 2 87.32 87.64 86.55 RP.3 1.2 .!1661 .01262

245.19 24 241 247.58 5.63 .02296 .02041

145006 3 235.12 12045.27 11.165.A4.3 042 .32 ___

1400 2 89.80 482.12 483.19 489.00 ]I.2A .02350 .0222

; *F c fn L fR fn 
c  B

- ' j Temp. :Mode

1500 5 837.32 78.9 820.81 850.64 29.87 .02057 .031877

1500 6 213.80 119.P9 1196.76 1230.9
n  

3P.23 .03I 96 .03054

2 9145 2 A55 288.33 87.75 29.37 1.62 .031879 .01561450 3 248.49 7A7.55 245.17 251.37 6.50 .02415 .02221

1450 4 493.51 485.93 -85.65 500.61 14.3 .0729 .02962

1450 5 823.47 822.97 819.05 828.76 19.08 .02317 .02211

1450 6 1235.12 1204.27 1219.51 1257.6 43.13 .0392 .0342014001 2 89.83 R9.00 88.60 98.9A 2.24 .02494 .02269
140010 5 837.32 810.91 820.81 850.6P 29.87 .013597 .03A81A lAO0 6 11256.56 1213.03 1234.40 1278.5 1 4 4.19 . )3516 .03449A

1350 2 91.48 99.66 89.96 92.9P 3.07 .03301 .0311

1350 3 25916 251.16 255.46 264.43 8.97 .n346 .03325

1350 5 853.60 816.77 R36.10 867._ 3!.50 .030_90 .02615
1350 f. 1282.81 1221.80 1250.50 130A.5f 46.06 .q3590 .03520

13001 2 93.35 90.31 91.65 95.01 3.38 .03620 .03454
1300 3 264.92 252.98 260.09 269.30 9.21 .03A75 .03325

1300 a 524.57 496.73 516.78 532.61 13.3 .03017 .02965
G 1300 5 871.16 822.71 F58.02 880.?2 22.80 .',2617 .02553

1300 6 1302.52 1230.63 12F9.18 1316.1-1 26.95 .A2069 .0201f)
1250 2 95.57 9P.96 Q4.84 147=.7- .1112-1 .03771 x
1250 3 268-.51 2*4.7A 2F..93 2 -1.5 6.91 .- A7' 02

• -$3.7 5011.22 "? .9i 33P. ^I f'71 .31775
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TABLE 41-B (Concluded)

Beam No. 0

CfL f R Af ns qC 1dB

1250 6 1324.08 1239.28 1315.02 1330.6 15.59 .01177 .01116

1200 2 97.68 91.61 96.85 98.70 1.P5 .01e93 .01751

!200 3 273.40 256.55 270.64 275.23 a.59 .01678 .01506

1200 4 539.71 503.P0 537.45 547.38 4.93 .00913 .00873t 1200 5 893.41 834.42 890.53 897.16 6.63 .00742 .00683

1200 6 1336.86 1248.16 1332.80 1340.A4 7.64 .00571 .00508

1150 2 9P.66 02.29 98.21 99.27 1.06 .01074 .0091A

1150 3 276.26 258.18 275.22 277.30 1.8 .00681 .00506

1150 A 544.10 507.36 542.84 545.40 7.56 .00471 .00422

1150 5 900.47 840.A7 898.94 902.38 3.44 .00382 .0323

6 1346.90 1257.15 1344.64 13A6.90 4.26 .00316 .00252

.4

| rr

300

___________________________________________________



L WWWWWWWWWWWSJLJWWWWWWWWWLAWWWWWWWWWWWWWwwwwwwwwwwwwwww

4nwmw~nruwwwn('rnwwbwwwu*nor -qo or ,wWQWWuqf OLIQw* ci-

QI a. rnnwwoewwLwww5JFwQwwiaww "nJ.4omiwww1..wrhbbnsm v n v

or wwwwcuwmw~s~Wr wrgu....wmm w r..Q1.

.L . . . .... . . . . . . . . . . . . . . . . .. .
0

0EM~
Q00

FE1

x Ezmviwamu wr-co90 cce.(aWntmow wp a-rumrewinrwwwX co- &&r, E

Ui *.......................................

W ZZ

X WLrIw ll0Q.. cO(U vImr wW-4-4rn1mrnw.4ww mw~cIOWmmm

wwwss~-wo~g w~ wrn wr wew,',wgwta~wo twt L ectcaaorrrt r ccc92

100 rre~I,~m Q .On, Q O ,.o..e..eo
to ( -

WC3+ * 4 * + ++i + * * * + + ++ 4 + + * *g *

z Lwvnt
ONI

or-I" 301... ..... .... ..... ...
:)WO Iw Io

--IA 0~.j -' ~ ~ ________



MMwwwMlww

mo-twrfflJ

wmWW 4MW

orlnwr-OWW-

hfliW(UC

(O IIt r

= I .. 44-44LAM

00000000

:1~~ ~ IwI ommf

t iMri-lelloc4WW

wommomo~wl

I 302



~~77z - ~ 2 __77

IL Lfw =1w'.. LzL IN-I - - 2
I , I ," 'v ...T, ~ mmrT ,4-i._. + L [ ,

4t

_ . .
V = -"=I -.. . _

"- ,- *- IN.

-, N I 1" - ~ -
7 1 C ... ., i"-i

j . . . " N - . " ".. N~
"F - " ' - - .i ? ' . i. : C ). .

ii
', -o -- N 1 .. "I." . . " " . .. . - . . .

NJ N

- ' I- -. ' N 1 "". "AJ+

91N - ILUI .1 lL

NNNCN , ,.~ .

w-

3 0 3 _ _
-- 

_N

- - + - 4 .4
7- -. & _ _ = . . . - , _ + - - -+ " - ' - " +-- - + = -

4 D

.4u~'~i Cij -~ 30

.....

x ~-1--~-



ILwmz> U -M

I) .I 
4C-

K0

I-

a IL

hiI 
Q

II

4 -9

.4 04



Beam No. 01-57-2

Date 2/79

Damping Material 74.5% SiO 2 + 10.75% CaO + 6.375% Na 20 + 6.375%

KHCO3 + 2% C090 3

Material Thickness 0.0224 cm Material Density 2.24 g/cc

Fixture No. 2 Beam Thickness 0.0960 cm

Beam Density 9.13 g/cc Beam Length 21.608 cm

Temperature Test Range: Between 955 0 C and 595 0 C

Frequency Test Range: Between 82 Hz and 1,400 Hz

Loss Factor nD

Peak 100 Hz TD 0.25 Temperature 695 0C

1,000 Hz nD 0.25 Temperature 750 0C

Range 100 Hz 675 0 C 760 0C

1,000 Hz 720 0C 855 0C

Complex Modulus ED"1

Peak 100 Hz 6.8x 109 PAS Temperature 720 0C

= 1,000 Hz 6.8x 109 PAS Temperature 755 0 C

Range 100 Hz 670 0 C 745 0 C

1,000 Hz 700 0C 795 0 C

NOMOGRAPH CURVE FIT EQUATION:

MATERIAL IMATERIAL J85-14 (AFTER 112 NRS. 4 1500 F)
LOG(M)-LOG(ML)+CLOG(MROM/flL))/(I+(FRON/FR)*SN)
TO FROM MROM N MIL

Al A2 A3 A4
S83.0 l9.0000E-04 l.S*OOE+1S .350 5.30e0E*09

A (LOG(FR)-LOG(FROL))/C
LOG(ETA)-LOG(ETAFROL)+((SL+S)A+(SL-SH)I-SORT(I+A9*2)))C/2
TO ETAFROL SL SH FROL C

31 Re 13 34 35
583.0 .190 .300 -.580 2.404E-02 2.066

LOG(FR)-LOG(F)-12(T-T0)/(525/l.8+T-TO)

REMARKS: J-85-14 test 2. Retest of 01-57-1 after 112 hours at

8150C. Coating deterirated slightly. n has double peak: first

peak above 925C; secondoeak as listed above.
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TABLE 42-B

Beam No. 01-57-2

f fL fR &f ns nc  idB
0c fn

Tomp. Mode
1750 2 83.32 83.92 82.96 83.60 1.26 .01510 .00878 )

1750 3 234.56 235.15 232.78 236.43 4.03 .01718 .01042

1750 4 462.46 461.86 459.06 465.71 6.65 .01438 .00853

1750 5 767.46 766.20 762.40 773.30 10.90 .01420 .00842

1750 6 1151.00 1147.05 1142.21 1159.71 17.50 .01520 .01028

1700 2 84.53 84.58 83.92 85.21 1.29 .01526 .00817

1700 3 238.18 237.46 23C.37 240.20 3.83 .01608 .00926

1700 4 469.64 466.45 466.29 473.11 6.82 .01452 .00920

1700 5 779.96 773.26 772.81 784.15 11.34 .01454 .01039

1700 6 l68.15 1157.33 1158.18 1178.13 19.95 .01708 .01355'

1650 2 85.93 85.24 85.28 86.57 1.29 .01501 .00715

1650, 3 241.77 239.52 239.90 '5,.84 3.94 .01630 .00991
1650 4 476.87 470.48 473.51 480.01 6.56 .01376 .00966

1650 t 789.74 779.80 783.98 795.34 11.36 .01438 .01098

1650 6 1186.50 1167.05 1178.70 11q5.50 Ie.80 .01416 .01173

1600 2 87.20 86.01 86.56 87.52 1.26 .01445 .00724

1600 3 244.65 241.76 243.68 245.67 3.91 .01599 .01123 x

1600 4 483.11 4i.54 479.88 486.43 6.55 .01356 .01086

1600 5 901.25 786.21 794.98 806.90 11.92 .01488 .01262

1600 6 1200.90 1176.30 1190.01 1210.44 20.43 .01701 .01524

1550 2 88.30 86.91 87.72 88.89 1.17 .01325 .00750

1550 3 246.94 243.75 246.00 48.17 4.26 .01727 .01399 x

lb50 4 469.05 478.41 485.391 492.52 7.13 .01458 .01228

S ?F f? ff _ _ fR f ns  n IdB

1550 5 810.10 792.57 802.40 816.97 14.57 .01795 .01638

1550 6 1213.20 1185.84 1202.50 1225.90 23.40 .01929 .01796
1500 2 89.40 87.64 88.79 89.94 1.15 .01236 .00887

1500 3 248.78 245.64 246.50 251.33 4.83 .01941 .01689

150 4 495.20 402.12 489.83 48.98 e.15 .01848 .017191500 5 822.16 798.59 815.00 830.25 1S.25 .01855 ".01727

1500 6 1226.90 1194.81 1206.00 1241.60 35.60 102902 .02803
S14501 2 90.64 88.33 90.04 91.32 1.28 .01412 .01129

i14501 3 25f!.43 247.55 248.88 252.62 3.74 .01493 .01299

+ | 1450. 4 502.84 485.93 496.34 508.11 12.07 .02400 .02305

:- 1450 5 835.70 804.87 823.00 845.70 22.70 .02716 .02610

1400 2 91.49 89.30 90.78 92.38 1.60 .01749 .01524

1400 4 508.S6 489.60 500.02 516.70 16.68 .03281 .03210

1400 5 847.08 810.91 834.16 860.57 26.41 .03113 .03032

1400 6 1213.03

t 1350. 2 92.71 89.66 91.68 94.04 2.36 .02546 .02356

1_ 1 1350! ! 521.92 493.14 511.90 531.94 20.04 .03840 .03781
5 863.17 816.77 849.06 876.97 27.9

Al 1350 6 1296.60 11221.80 1294.80 1308.48 46.53 .03583 .03519 X
o 1300 2 94.191 90.31 9,.72 05.62_ 2.90 .03079 .02913

1300. 3 265.291 252.98 262.75 266.83 8.02 I
I

.03022 .02864

p 30C 4 529.801 496.73 523.73 533.44 .71 .01836 .01784
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II TABLE 42-B3 (.Concluded)

Beam No. 01-57-2

oFf f f f n1dB
C n L R & sn C

TeMP. Mode ......

1300 6 1317.86 1230.63 1307.09 1332.46 25.37 .01926 .01867

1250 2 96.31 90.96 94.78 97.66 2.88 .02990 .02836

1250 3 254.70

1250 4 55.75 500.22 533.04 537.90 9.55 .01789 .01737 X

1250 5 888.60 828.47 883.90 895.41 11.51 .01295 .01236

1250 6 1329.50 1239.18 1322.05 1335.50 13.45 .01012 .00951

1200 2 98.03 91.61 96.56 98.47 1.91 .01948 .01806

1200 3 274.88 256.55 274.17 275.80 3.20 .01165 .00993 x

1200 4 542.41 503.80 539.58 544.74 5.16 .00951 .00911

1200 5 896.93 834.42 893.89 899.98 6.09 .00679 .00620

1200 6 1341.85 1248.16 1337.99 1345.59 7.60 .00566 .00503

1150 2 99.36 92.28 98.88 99.79 0.91 .00986 .00856

1150 3 272.11 258.18 276.78 278.17 2.73 .00986 .00809

1150 4 546.45 507.63 545.25 547.60 2.35 .00430 .00381

1150 5 904.45 840.47 902.87 906.01 3.14 .00347 .00288

1150 6 1352.20 1257.15 1350.02 1354.30 4.28 .00317 .00253

1100 2 100.04 92.96 99.75 100.24 0.49 .00490 .00382

1100 4 550.60 511.22 549.92 551.16 1.24 .00225 .00178

1100 5 910.74 846.69 909.89 911.58 1.69 .00186 .00130
i 10 6 161.40 1266.35 1360.08 1362.50 2.42 .00178 .00123

4
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Beam No. 01-57-3

; Date 4/8/79

Damping Material 74.5% SiO 2 + 10.75% CaO + 6.375% Na20 + 6.375%

IKHCO 3 + 2% Co203

Material Thickness 024cm Material Density 2.24 g/cc

Fixture No. 2 Beam Thickness 0.0960 cm
Beam Density 9.13 g/cc Beam length 21.608 cm

Temperature Test Range: Between 925 0C and 620 0 C
Frequency Test Range: Between 82 Hz and 1,400 Hz

Loss Factor nD:

Peak 100 Hz TD 0.io Temperature 725 0C

1,000 Hz T1 D 0.20 Temperature 775 0C

Range 100 Hz 685 0C 770 oC

1,000 Hz 725 0C 840 0C

Complex Modulus E

Peak 100 Hz 5.5 x 1010 PAS Temperature 720 C

1,000 Hz 5.5x 1010 PAS Temperature 755 0C

Range 100 Hz 675 0 C 720 °C

1 1,000 Hz 715 0C 820 0 C

NOMOGRAPH CURVE FIT EQUATION:
A |MATERIAL IJ-85-14 THIRD TEST

LOG( M)-LOG(RL)+ (2LOG( MROI/flL) )/C 1+(FROM/FR)*ZtN)
TO FROM MROM N flL

Al 42 A3 A4
583.0 4.91OE-03 2.3*E+iO .450 1.30@E+1oA- (LOG(F*)-LOG(FROL) )/CLOCCETA -LOG (ETAFROL).( CSL*SH )A+(SL-SH ) ( l-S@RT( i *A* 2) ) C'2

TO ETAFROL SL S14 FROL C
31 22 83 94 95iSX3.0 .170 .SOO -. 600 2.590SE-62 I .se

•LOG (FR)-LOG(F)-12 (T-TO)/(S515 1.8.T-TO)

REMARKS: J-85-14 test 3. Retest of 01-57-1 after 308 hours at

8150 C. No further deterioration.

I
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TABLE 43-B

Beam No. 01-57-3

-F f f" af IdD

I 7o 3_____.__ ______ _____ .___6_ '________ ____._3 I -_-4___'rcz! .. T . _,_____ ioo__'

1700 2 180.907 11 5 _170.90 1 _87. _ __6.4___ .____91 ' .00
1700 2P. 2 3. 85.10 86. 48 1 1.43 .911607 .008471 ,

290. 3 2442 237.46 2 43 243.8 1 3.71 -1.O0o i___
1700i 4 475.61 466.45 472.10 79.20 7.10 .-%113 .00973 I

1700  5 1789.35 773.26 782.12 794.74 12.62 - . 0151A

170016 1180.97 1157.33 1170.90 1187.33 1 6.43 .')1391 .01031

1650 87.16 85.24 86.40 87.91 1.43 .01611 .00871

-±16502.' - 244.91 239.52 243.06 246.78 3.72 .01519 .008691
1650 4 413.47 470.A8 479.81 486.6 6 7.60 .01365 .00966

.u1650 i 801.0 779.80 796.54 007.4. -l.6 ..1354 .01002
150 1 6 1197.35 1167.05 1184.S6 1206.63 .21.59 .01573

160 88.51. 86.01 u 87.79 93.13 I-2A .'1401 .0069. I

1600 3 248.0J 4.76j 247.32 249.19 3.67 .01497 .00837

__LLOJ 4. 490.00 t7-.54 486.47 ~9.0 6.63 .51353 .01083 ____

1600f 5 P10.96 786.21 804.80 F119.-- 1-i.75 .01819 .0165' ____

io1 128.00 1176.30 1206.41 1230.40 21.99 -1969 .018

5501 2 90.03 86.91 89.58 90 7 1.0 o1211 P0531

* - 254.50 243.75 252.83 256.78 3.s .01552 .19

1!50 A 497.13 48 40 43.74 5010OIA 7.3R .91476 .01306

15 5 0Z 5 62A.SS 792.57 817.59 830.93 1 i33 01618p .01458

15 6 -4.62 11185. 3.4 321.93 21.61 !21.68 .0175C .01621
joe3 0.6 87.6A 90.42 91.56 1.14 .025 085

1500j 3 256.98 245.64 254.99 258.96 3.97 S .314. 01225 ______

- IJ" -
4eo 502.57 482.12 507.6e 506.€' If-) 8 .44 1 9O.

2~~A ..' f f dB

-:1 .~~,:i0 - _____._ _____ _____.60_____

. .500 s5 833.JO 79.50 824.61 R1.:' 16.'- -l3 .301661

-- a b 12A.5.6 1!9z.81 1220.4 1250. -1 I -0.-' .'. 2.0223.

!5, 2 9 7 68.33 91,.05 . , -. .016l. .0116, ie

3. -1 6 _1 f I

1-A A 507.986 . 4P5931 501P1 512.07 10.90 . 0 4 .90409

i. I

2- 93.09 _135 92.21 1. 0 :94 .0--4 .0219
- 265.78 249.J2 263.3. 269.6t 6.2- .-;2355 .0218-

1 "0 4 525.75 489.60 15;3.06 52P.40 1tA5 A226 .09S
1
4f0 I Ji 6 .5 6 30 810.97 !6 .4 7-9. -24.s1 .0 o 2774

1 f 'F85.6 .1213.03 1260 4 1 .301.0, t --.47 .3 -,- 4s.03!E

+__ . T___.___ ___ ___

135 265.38 I251.16 262.05 769. 17 7.12 .026V3 .025A2I

130 524.98 1493.14 518.15 532.05 13.90O .02f4r .025C9

:3 n S 8 5 2 16.77 62.64d 87.331 2. 9 .0 C-2e21 .02715
135r 1306_ ____ _____2.40 12IP 2FjO71.04, .:1215 n.2190 *

13501 ~ ~ ~ -. s 2 45 96602 .2i -1242 2 12255__ ____

A 26806- 1 932. f 22- fi .04' .037LI.5p . In J0,74- A2 .

'312 ~.l-.313



TABLE 43-3 (Conclud~ed)_________

Beam No. 01-.I---

"c fn fL fR Af nS c ldB

Temip. Mode

1300 3 270.P7 252.98 267.79 274.2- 6.-5 .02391 .02261

1300 A 533.20 a96.73 528.?2 537.62 C.10 .01630 .0160i
1300 5 8P5.71 C22.71 079.18 894.22 15.04 ."1698 .01639

1300 6 1327.80 1230.63 1319.56 1340.90 21.30 .01670 .03616
- 125n 2 97.77 90.96 96.76 99.09 2.33 .02383 .02253

1250 3 274.37 254.70 272.63 276.-7 4.19 .01527 .01425

1250 4 539.94 500.22 535.28 542.53 7.25 .01343 .01300

1250 5 895.90 828.47 891.50 900.35 8.65 .00966 .00914

1250 6 1339.45 1239.78 1335.35 13*6.31 10.76 .00813 .00763

1200 2 98.97 91.63 98.39 q9.PO 1.42 .'la3S .01313

1200 3 277.04 256.55 276.06 278.43 2.37 .00855 .00765
1200 4 545.42 503.P0 542.78 5A6.82 '.04 .00741 .00701

1200 5 903.11 34.42 900.71 905.37 4.66 .00516 .0046e

115 -
-4.8

1200 6 1349.72 1248.16 1347.24 1352.95 5.71 .00423 .00377

11500 2 99.97 92.2 99.54 100.25 0.71 .00710 .0059

115A 3 279.40 25.18 278.82 280.00 1.1 .00422 .00313!1150 A 5A9.56 507.63 547.86 550.26 2.40 .00437 .00391?
|1150 5 909.34 R40.47 90P.52 91.0) 2.52 .00277 .00233

( 1 1 5 0 6 1 1 3 5 9 .0 9 1 2 5 7 .1 5 1 3 7 -6 6 1 1 . 93 5. 0 2 0 .0 0 2 1 7
1100 2 1100.59 92.96 100.41 100.77 0.36 .00358 .0024A1 1100 L 2.10 260.25 2P.79 281.51 0.72 .00256 .001C5

1100 4 553.04 511.22 552.38 553.15 1.17 .00212 .0017A

1 100 5 911.79 846.69 914.00 915.
A
3 1.43 .00156 .0011aKI

-1 f f fL fR af nc  ldB

1 1100 6 1366.80 1266.35 1365.65 1367.95 2.10 .001C8 .00127
4 1050 2 101.10 93.52 101.00 101.22 0.22 .00218 .00105

+1 1050 3 282.40 261.50 282.11 282 5P .A7 .00166 .00104
1050 4 555.58 514.25 555.20 555.9( 0.7f .n0137 .00099

1050 5 918.83 852.00 91P.50 919.45 f.95 .-0103 .00063

1050 6 1372.12 1273.90 1371.49 1373.2. 1.74 .00127 .01pp

__ _ _ _31.4

_-_ _ i . ... _ _ _ _°__
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Beam No. 01-59-1

Date 3/23/79

Damping Material Corning 7556

Material Thickness 0,0279 cm Material Density 4.68 c!/cc
Fixture No. 2 Beam Thickness 0.0970 cm

Beam Density 9.13 g/cc Beam Length 21.689 cm

Temperature Test Range: Between 315 0 C and 595

Frequency Test Range: Between 89 Hz and 1,350 Hz

Loss Factor n D:
Peak 100 Hz 1D 0.90 Temperature 520 °C

1,000 Hz T D  0.90 Temperature 570 oC
Ranae 100 Hz 500 0 C 540 0C

1,000 Hz 525 0C 595 C

Complex Modulus E :
Peak i00 Hz 5.9 x 109 PAS Temperature 490 0Cia 1,000 Hz 5.9 x 109 PAS Temperature 540 0 C

Range 100 Hz 450 0 C 520 0 C

1,000 Hz 500 0C 585 0 C

NOMOGRAPH CURVE FIT EQUATION:

MATERIAL :01-S9 7S56
LOG(M)-LOG(ML)+(2LOG(MRO,/PL))/(1+(FROM/FR)Z*f4)

TO FRO1 MROM 1 ML
At A2 A3 A 4

S25.0 2.2122E+01 4.eS60E+e9 .500 4.3000E+08
A-(LOG(FR)-LOG(FROL))/C
LOG(ETA)-LOG(ETAFROL)+((SL+SH)A+CSL-SH)(1--SQRT(I+AI*2)))C/2

TO ETAFROL SL SH FROL CBI B2 B3 8.4 95
S25.0 .800 .85 -.570 4.aeeeE+0 1.2S

LOG(FR .LOG(P -12(T-T0)/(525/1.8T-TO)

-K REMARKS: F-107 project.
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TABLE 44-B

Deam No. 01-59-I

-F fc fil fL fR af rl sf IdB

1100 2 89.48 94.94 89.37 89.58 0.21 .00235

1100 3 250.81 266.65 250.33 251.30 0.97 .00387

1100 4 490.51 522.20 489.90 491.32 1.42 .00289

1100 5 812.37 865.00 810.63 814.50 3.87 .00476

1100 6 1215.75 1292.00 1212.69 1220.15 7.46 .00614

1050 2 89.97 95.52 89.77 90.17 0.40 .00445

1050 3 252.57 268.60 251.27 253.52 2.65 .01049

1050 4 494.69 525.20 491.40 498.53 7.13 .01441

1050 5 822.12 870.00 809.96 829.95 19.99 .0?432 ,

1050 6 1237.64 1299.00 1222.70 1252.58 29.88 .02414 4
1000 2 91.40 96.06 90.29 92.70 2.41 .02637

1000 3 258.57 270.15 254.15 263.00 8.85 .03423

1000 4 510.31 528.10 497.97 518.59 20.62 .04041

1000 5 853.52 854.00 831.07 872.30 41.19 .04826

1000 6 1275.87 1307.00 1243.21 1298.40 55.19 .04326

975 2 92.40 96.42 91.09 94.74 3.63 .03929

975 3 260.48 270.80 254.36 265.19 10.83 .04158

975 4 512.80 529.60 503.18 521.56 36.12 .70440

975 5 876.39 877.00 855.31 898.95 43.67 .04983

975 6 1286.87 1310.00 1251.33 1300.09 95.66 .07432

950 2 95.62 96.60 93.65 98.18 4.53 .04738

950 3 267.18 271.7C 264.80 269.60 9.43 .03531 X

9501 4 11 534.081 531.00 1 522.86 1 544.68 21 .84 .04086

F fc fn fL fR Af ns nc  IdB

. Temp. Mode

950 5 899.15 879.00 885.44 914.44 29.00 .03225
950 6 1344.10 1313.00 1330.02 1358.16 55.30 .04114

925 2 98.07 96.84 96.37 100.11 3.74 .03814
925 3 278.20 272.30 276.12 280.28 8.18 .02939 x
925 4 543.22 532.20 538.84 547.60 17.21 .03169

925 5 913.29 881.50 903.62 923.96 20.34 .02226

* 925 6 1370.32 1317.00 1358.85 1387.86 29.01 .02117

900 12 100.25 97.10 99.10 101.39 2.29 .02284

900 3 282.86 273.00 280.65 285.08 4.43 .01566
900 4 556.40 533.70 552.51 559.77 7.61 .012879001 5 924.54 884.00 919.11 929.27 10.16 .01099

900 6 1382.60 1320.00 1375.51 1389.86 14.35 .01038

850I 3 28A.96 274.30 284.37 285.42 1.05 .00368

850 4 562.54 536.40 561.70 5G4.05 2.35 .00418

850 5 933.60 888.00 931.73 935.39 3.66 .00392

850 6 1393.50 1327.00 1392.30 1395.70 3.40 .00244
800 2 101.48 98.08 101.39 101.60 0.21 .00207

800 3 286.86 275.60 286.64 287.09 0.44 .00153

800 4 565.21 534.00 565.88 566.54 0.66 .00117

700 5 943.60 893.00 942.61 944.45 1.82 00193
800 6 1403.17 1333.50 1402.07 140a.35 2.28 .00162t _70 992.08 4,):. ,7
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TABLE 44-B (Concluded)

Beam No. 01-59-1

fF .f f f it 6f i 1dB

n 0 3 289.08 27 5 288.91 289.26 0.1I 001-21

700 4 570.14 539.20 569.98 570.69 0.71 .00124

700 5 949.93 901.00 949.08 950.78 1.70 .00179 1
700 6 1413.721 1320.00 1412.52 1414.72 2.2(0 .00156

650 2 104.60 99.52 104.50 104.70 0.20 00191

650 3 239.51 279.15 293.42 293.72 0.30 .00102

650 4 577.89 546.60 $77.27 578.33 1.06 .00183

650 5 961.06 905.00 960.61 961.40 0.79 .00082

650 6 1419.70 1354.00 1416.40 1423.20 6.80 .0079

600 2 105.94 100.00 105.86 106.06 0.20 .00189

600 3 295.74 280.25 295.62 295.87 0.25 .00085

600 4 1 581.86 549.10 581.39 582.32 0.39 .00160

600 1 5 968.14 908.00 967.84 968.73 0.89 .00092

600 6 1431.50 1360.00 1428.86 1434.34 5.48 .00*83

121 i

! _ _ i- _ _ _ _

I i 1,_ _

I _ _ _ _ _ _ _ _ _k_ _ _ _ t_ _ _ _ I_ _ _ _ _ _ _ _
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Beam No. 01-59-2

Date 6/29/79

Damnping Material Pemco 79 R 2634

Material Thickness 0.0213 cm Material Density 2.50 g/cc
Fixture No. 2 Beam Thickness 0.0970 cm

Beam Density 9.13 g/cc Beam Length 21.729 cm

Temperature Test Range: Betweei, 510 0C and 760 0 C

Frequency Test Range: Between 88 Hz and 1,420 Hz

Loss Factor nD

Peak 100 Hz nD 0.15 Temperature 620 0C

Ran|e1,000 Hz 1D 0.15 Temperature 680 0C

Range 100 Hz 660 0C 590 °C

1,000 Hz 635 OC 740 0C

Complex Modulus ED"

Peak 100 Hz 5 x 108 PAS Temperature 605 0 C

, 1,000 Hz 5X 108 PAS Temperature 650 C

Range 100 Hz 565 0C 640 *C

1,000 Hz 610 0C 700 0C

NOMOGRAPH CURVE FIT EQUATION:

MATERIAL :e1-59-2
!OG(CMI-OG(flL.) (LOG(MROM/ML))/(14(FROM/FR)11N

Te FROM MROM N rL
Al A2 A3 A4

1.18EO-el 4.044SE09 .708 2.3500E.egA-(LOGCFR)-LOG(FROL))'C
LOG(ETA).LOGcETAFROL).(CSL+SH)A.(SL-SHc(i-SORTCI+ASS2)))C/2

Te ETAFROL SL SH FROL C
91 92 83 84 B5

500.0 .ise .60 -.450 2.seeOO-ea .?ee
LOG(FR)-LOG(F)-l2t!'-Te)/(525/1.B-T-TO)

I

REMARKS:
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TABLE 45-B

I Beam No. 01-59-2

R F f f fL f afnsn d
fc c ldB

STemp. Mode

1400 2 88.44 90.90 88.29 88.52 0.45 .00511 .00301

1400 3 248.67 255.75 247.84 249.72 1.88 .00756 .00581

1400 4 488.87 500.50 486.99 490.37 3.38 .00691 .00619

1400 5 810.13 829.00 805.88 813.94 8.06 .00995 .00913

1400 6 1211.70 1240.00 1203.67 1221.20 17.53 .01447 .01378

1350 2 89.26 91.60 88.96 89.54 0.58 .00650 .00487

1350 3 250.76 257.75 249.42 225.39 2.97 .01184 .01043

1 1350 4 494.17 504.50 490.09 497.18 7.09 .01435 .01376

1350 5 817.10 836.00 809.80 823.70 13.90 .01701 .01631

1350 6 1228.20 1248.00 1214.60 1246.95 32.35 .02634 .25740

1300 2 90.20 92.25 89.53 90.69 1.16 .01286 .01145

1300 3 254.8b 259.50 252.32 257.14 4.82 .01891 .01771

1300 4 501.12 507.50 494.57 508.21 13.64 .02720 .02671

1300 5 833.77 842.00 820.35 847.66 27.31 .03275 .03216

1300 6 1246.82 1257.00 1227.29 1269.96 42.67 .03422 .03368

1250 2 91.31 92.90 90.20 92.27 2.C7 .02267 .02137

41250 3 255.92 261.75 252.74 258.99 6.25 .02442 .02340

1250 4 512.28 513.00 502.40 522.25 19.85 .03875 .03827.1 1250 5 857.37 848.00 847.90 863.72 31.09 .03626 .03574 x

1 1250 6 1287.40 1267.00 1262.90 1312.47 49.57 .03850 .03830

11200 2 93.07 93.60 91.34 94.89 3.55 .03814 .03692

1200 3 265.79 263.50 260.71 272.03 11.32 .04259 .04169

' 1200 4 526.88 515.50 516.75 540.58 23.83 .04523 .04483

- I

F f f f f af IdB
cn L R sc

Temp. Mode

1200 5 880.00 854.00 863.11 896.65 33.54 .03811 .03753

1200 6 1301.07 1275.50 1282.79 1231.25 48.47 .03725 .03579

1150 2 96.56 94.43 94.34 98.28 3.94 .04080 .03963

1150 3 272.89 264.28 267.59 278.34 11.25 .04123 .04034

1150 4 545.01 519.25 536.13 550.97 14.84 .02723 .02684

1150 5 903.05 
859.95 

891.08 
915.86 

24.80 
.02746 

.02702
1150 6 1364.26 1285.28 1352.80 1375.72 45.04 .03302 -03259 x

1100 2 99.39 89.48 97.80 101.03 3.23 .03250 .03136

1100 4 551.40 490.51 546.17 556.34 10.17 .01844 .01806

1100 5 920.21 812.37 912.87 928.73 15.06 .01724 .01682

1100 6 1381.72 1215.75 1377.25 1388.96 23.01 .01665 .01624
1050 2 101.24 89.97 100.30 102.35 2.05 .02025 .01908

1050 3 285.78 252.57 283.85 288.03 4.18 .01463 .01392

1050 4 560.98 494.69 558.85 562.6 7.53 .01342 .01304 x

1050 5 930.70 P22-12 926.73 935.53 8.80 .00946 .09060

1050 6 1 1395.80 1237.64 1391.10 1402.81 11.71 .00839 .A9800

1000 2 102.83 91.40 102.20 IG3.35 1.15 .01125 .01125

1000 3 289.33 258.57 288.13 290.40 2.27 .0n785 .00785

1000 4 557.38 510.31 565.69 569.36 3.67 .00647 .00647

1000 5 939.50 853.52 936.95 941.90 4.95 00527 .00527

1000 6 - 1406.00 1275.87 1403.10 1409.70 6.60 I .00469 .00469

950 2 103.64 95.62 103. 16 103.98 0.62 .0059R .00598

,01 3 291.S4 297.,A 211 nlN ZA .. n, n4
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ITABLE 45-B (Concluded)

Beam No. 01-59-.4

I f f f f R s CdBJ Temp. Mode iR

950 4 571.20 534.08 570.64 572.20 1.56 .0C273 .00273

950 5 945.67 899.15 944.49 947.35 2.86 .00302 .00302

9j50 6 1415.50 1344.10 1413.50 1417.70 4.20 .00297 .00297

--

I
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Beam No. 01-60-1

* Date 3/20/79

Damping Material Owens Illinois SG-67-A

Material Thickness 0.0282 cm Material Density 5.38 g/cc

FLxture No. 2 Beam Thickness 0.0970 cm

Beam Density 9.13 g/cc Beam Length 21.73 cm

Temperature Test Range: Between 510 0 C and 400 0 C

Frequency Test Range: Between 90 Hz and 1,400 _z

Loss Factor D

Peak 100 Hz rD 0.51 Temperature 460 0C

1,000 Hz nD 0.51 Temperature 485 0C
Range 100 Hz 445 0 C 470 0C

1,000 Hz 470 0C 500 0C

Complex Modulus E D"Peak 100 Hz 6.9 / 109 PAS Temperature 425 0C

1,000 Hz 6.9,, 109 PAS Temperature 470 Cc

Range 100 Hz 405 0C 445 *C

1,000 Hz 450 0C 495 0C

-4NOMOGPAPF CTURVE FIT EQUATION:

9q4TER:W.. BE~r 10 *:-Sa
LOG21W OWIL 1. tLOZ,11Ofl, 1L) ),Z(I-.FR3r FR )z1hi TO VRO~ll INC"O h P L

45.0 6.OEeSE.ex 1.2G-Ele .770 3.3e"E*e9

PE7MARI(S: -P-107-6. Vitreous frit- Thermal soaked for 100 hours
a5400C. Coating deteriorated badly. The coatingas gon

at .oC~r ~ o{.'LS) L- ) -3T 1 Asgone :./

around the edges for about 0.32 cm and flaked off in center of

332
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I TABLE 46-B

Beam No. 01-60-1

Sf fl. F ns nc  dB

c It fd

950 2 89.42 95.40 89.36 89.52 0.16 .00179

950 3 1 251.49 267.75 251.18 251.80 0.62 .00247

950 4 494.04 524.50 493.02 495.05 2.03 .00411

950 5 818.30 869.00 815.87 821.59 5.72 .00699

950 6 1225.00 1300.00 1219.33 1231.44 12.11 .00989

925 2 89.84 95.70 89.67 90.01 0.34 .00378

925 3 252.25 268.50 251.49 253.02 1.53 .00607

925 4 495.99 526.00 493.75 498.63 4.88 .00984

925 5 824.63 871.00 817.13 830.80 13.67 .01658

925 6 1235.00 1303.00 1223.27 1251.30 28.03 .02270

900 2 90.20 95.90 89.86 90.53 0.67 .00743
900 4 501.58 527.00 494.76 509.62 14.86 .02963

900 5 837.70 1 873.50 821.10 854.30 33.20 .03963

900 6 1256.501 1307.00 1242.25 1271.79 58.05 .04620 X

900 2 90.20 95.90 89.83 90.63 0.80 .00887 ____

,00 3 254.45 265.20 253.29 255.60 4.53 .01784 X

900 4 504.26 527.:,0 494.78 512.15 17.37 .03445

-900 5 841.74 873.50 825.44 857.80 32.36 .03844

900 6 11248.20 1307.00 1224.'D 1271.96 47.66 .03918

875 2 91.16 96.15 89.85 92.46 2.61 .02863

875 3 259.46 269.75 257.32 261.60 8.41 .03242 x

875 4 517.43 528.50 502.60 525.30 22.70 .004387

875 5 866.56 876.00 847.55 885.58 38.03 .04389

S F fc f fL fR IIn nl 1dB
C n L ft S

Tamp. i Mode

- 875 6 1286.65 1310.00 1259.60 1312.70 54.10 .04205

850 2 93.89 96.40 90.80 95.88 5.08 .05411

850 3 26S 62, 270.50 266.28 272.66 12.54 .04668 X
850 5 890.13 878.00 875.71 908.73 33.02 .03710

850 6 1355.25 1312.50 1330.00 1374.50 44.50 .03284

825 2 97.83 96.60 95.53 100.40 4.87 .04978

825 3 279.54 271.00 276.61 281.47 9.55 .03417 X

825 4 551.34 531.00 545.03 557.38 12.35 . .40

825 5 912.64 880.00 904.79 920.49 15.70 .01720

825 6 1365.90 1316.00 1356.50 1374.90 18.40 .01347

800 2 100.40 96.85 99.24 101.44 2.20 .02191

800 3 284.09 271.75 281.60 286.02 4.42 .01556

800 4 559.28 532.50 5i6.04 562.03 5.99 .01071
800 5 923.23 q82.00 919.13 926.12 6.99 .00757

800 6 1375.83 1319.00 1370.93 1380.81 9.88 .00718

750 2 101.72 97.30 101.50 101.94 0.44 .00433

750 3 289.35 273.00 288.89 289.82 0.93 .00321

750 4 568.02 535.00 567.07 568.64 1.57 .00276

750 5 935.5' 886.00 934.90 936.80 1.90 .00203

750 6 1394.22 1325.00 1392.78 1395.42 2.64 .00189
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Beam No. 01-62-1

i Date 3/27/79

Damping Material Corning 7570 + 4% Na20 + 4% KHCO 3

Material Thickness 0.0163 cm Material Density 5.19 g/cc

Fixture No. 2 Beam Thickness 0.0975 cm
Beam Density 9.13 g/cc Beam Length 21.749 cm

Temperature Test Range: Between 455 OC and 315 0 C

| Frzquency Test Range: Between 90 Hz and 1,365 HzILoss Factor nD
Peak 100 Hz 1D 0.24 Temperature 370 °C

1,000 Hz n 0 .24 Temperature 400 °CnD

Range 100 Hz 355 0 C 400 oC

1,000 Hz 380 °C 435 0C

Complex Modulus ED":
Peak 100 Hz 6.2 x 109 PAS Temperature 355 oC

1,000 Hz 6.2 x 109 PAS Temperature 380 0c
Range 100 Hz 325 0C 375 0C

1,000 Hz 370 °c 425 °c

NOMOGRAPH CURVE FIT EQUATION:

MATERIAL :el-62-2+ (CORNING 75 e + 4% Na2 0 + 4% KHC03
LOG(M )-LOGf(iL).(2LOG( MROM/ML) )/( I(FROM/FR IXt )"TO FROM MROM N MAl A2 A3 A4i359.e 2.00e$E~el 1.90eeE~le .600 8.0009E+09

A-(LOG(FR)-LOG(FROL))/C

TO ETAFROL SL SH FROL C
B 92 93 34 9S

350.e .se .580 -.700 2.906E*el 1.0e0
LOGFR)-LOG(F )-1(T-76)/(525/1.8?-T0)

REMARKS: F-107 project.
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TABLE 47-B
Beam No. 01-62-1

F f c fn f L f R f n . c d

F Temp. Mode 

A

1100 2 90.07 93.12 89.95 90.17 0.22 .00244

1100 3 253.24 261.30 252.75 253.38 0.63 .00249

1100 4 495.73 512.00 495.35 495.97 0.62 .00125

1100 5 820.16 848.10 819.87 820.82 0.95 .00116

1100 6 1225.05 1268.80 1224.20 1225.86 1.56 .00127

1050 2 90.77 93.70 90.67 90.88 0.21 .00231

1050 3 254.92 262.90 254.60 255.16 0.56 .00220

1050 4 498.94 515.10 498.63 499.25 0.62 .00124

1050 5 825.40 853.20 824.99 825.99 1.00 .00121

1050 6 1233.20 1276.50 1232.21 1233.68 1.47 .00119

1000 2 91.35 94.26 91.27 91.44 0.17 .00186

1000 3 256.21 264.50 256.26 256.78 0.52 .00203 1
000 4 502.30 518.10 501.98 502.60 0.62 .00123

1000 5 830.98 858.10 830.41 831.34 0.97 .00117

1000 6 1240.84 1284.00 1241.08 1241.68 1.60 .00129

950 2 92.02 94.84 91.94 92.11 0.17 .00185

950 3 258.20 266.10 257.93 258.50 0.57 .00221 1
950 4 505.53 521.1 o 505 21 505.96 0.75 .00148

950 5 836.08 863.00 35.50 836.66 1.16 .00139

f!i950 
6 1249.35 1291.00 1248.45 1250.27 1.82 .00146

900 2 9 2.4 S -9 5 36 92.38 92. 7 0.19 .00205

S900 3 259.74 267.70 1259.42 260.00 0.58 .00223

900 4 508.20 524.05 507.80 508.59 0.79 .00155

- IdD)f 
fL f R & sn

-Temp. Mode

j 900 5 840.83 868.00 840.18 841.55 1.37 .00163

900 6 1255.93 1298.10 1254.81 1257.05 2.24 .00178

850 2 93.07 95.90 92.95 93.18 0.23 .00247

1 850 3 261.24 269.00 260.88 261.60 0.72 .00276

850 4 511.25 526.95 510.68 511.85 1.17 .00229

850 5 846.06 872.80 844.96 847.17 2.21 .00261
850 6 1263.77 1305.10 1261.73 1265.53 3.80 .00301

850 2 -3.0 95.90 Q2.93 93.18 .2S .00263

150 3 261.26 269.0e 260.89 261.64 0.75 .00287

850 4 511.96 526.95 511.36 512.55 1.19 .00232

C50 5 846.96 872.83 845.91 848.05 2.14 .00253

850 6 1265.46 1305.10 1263.50 1267.41 3.s1 .00309

825 2 93.41 96.17 93.27 93.55 0.28 .00300

825 3 262.06 269.95 261.62 262.50 0.88 .00336

825 4 513.15 528.40 512.27 514.03 1.76 .00343

825 5 j 849.08 874.90 847.40 850.75 3.35 .00395

825 6 11268.50 1308.60 12,,5.33 1271.70 6.37 .00502

825 2 91.37 96.17 93.21 93.50 0.29 .00311

825 3 1 262.16 269.75 261.74 262.63 0.89 .00340

825 4 5 13. 4 0 528.40 512.62 514.17 1.51, .003n2

825 5 i849.)S 74.q0 848.41 .47 .04 R.00- .4-
',2(.21 lj Sf: 1 

. 2  -- .,,
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TABLE 47-B (Concluded)

Beam No. 01-62-1

f t dB
-F f C fn f L f R af n. nc  d

Mode

800 3 263.10 270.40 262.50 263.71 1.21 .00460

800 4 515.75 529.60 514.42 517.08 2.66 .00516

800 5 853.60 877.00 851.20 856.00 4.80 .00562

800 6 1275.10 1312.00 1270.10 1280.57 10.47 .00821

775 2 94.34 96.63 94.03 94.65 0.62 .00657

775 3 264.52 271.10 263.54 265.50 1.96 .00741

775 4 519.10 531.00 516.75 521.45 4.70 .00905

775 5 860.30 879.20 855.52 865.07 9.55 .01110

| 775 6 1281.25 1315.10 1270.19 1292.29 22.10 .01725

| 750 2 94.93 96.76 94.42 95.45 1.03 .01085

750 3 266.50 271.75 264.77 268.03 3.26 .01224

750 4 523.80 532.30 519.88 527.34 7.46 .01424
! !750 5 86..14 881.60 861.37 874.90 13.53 .01559

__750 6 1297.72 1318.20 1291.06 1304.39 26.20 .02019 x

725 2 95.79 97.08 94.91 96.52 1.61 .01681
!725 3 268.40 272.30 265.91 270.88 4.97 .01852

725 4 528.48 533.55 524.14 532.58 8.44 .01597

725 5 880.84 883.60 873.09 887.66 14.57 .01654

725 6 1318.22 1321.20 1304.71 1331.73 27.02 .02050

700 2 97.45 97.30 96.75 98.68 1.93 .01981

700 3 273.50 272.95 271.83 274.58 5.40 .01976 X

700 5 11 893.05 885.70 886.19 898.11 11.92 .01335

700 6' 1334.12 11324.30 1329.62 . 19.02 .01426 x

|+ F f C fn fL fR Af ns  nc  1dB

675 2 98.64 97.50 97.17 99.33 2.16 .02190 I

675 3 278.33 273.55 275.87279.93 4.06 .01459

675 4 543.41 536.00 541.80 545.02 6.33 .01164

675 5 9C0.72 887.90 896.95 903.56 6.61 .00734

675 6 1347.54 1327.20 1343.12 1351.86 8.64 .00641

650 2 100.12 97.70 99.78 100.49 0.71 .00709

650 3 280.50 274.10 279.85 281.24 1.39 .00496

650 4 547.56 537.20 546.41 548.7? 2.31 .00422

650 5 906.10 889.90 904.54 907.o.0 2.86 .00316600 2 101.16 98.06 101.08 101.24 0.16 .00158

600 3 282.91 275.20 282.72 283.10 0.38 .00134

600 4 551.67 539.40 551.35 551.99 0.64 .00116

600 5 912.90 893.60 912.50 913.22 0.72 .00079

600 6 1363.50 1335.40 1363.03 1364.17 1.14 .00084

Jl - -I
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Beam No. 01-70-1

Date 7/11/79

Damping Material 0. Hommel 1262

Material Thickness 0.041 cm Material Density 2.86 g/cc

Fixture No. 2 Beam Thickness 0.1255 cm

Beam Density 9.13 g/cc Beam Length 21.659 cm

Temperature Test Range: Between 840 OC and 590 °C

Frequency Test Range: Between 135 Hz and 3,500 Hz

Loss Factor nD:

! Peak 100 Hz 7D 0.28 Temperature 640 0ClD
1,000 Hz nD 0.28 Temperature 680 0C

Range 100 Hz 615 0C 665 0C

1,000 Hz 665 0C 720 oC

Complex Modulus E D"

Peak 100 Hz 4.1 x 109 PAS Temperature 630 c

1,000 Hz 4.1x 109 PAS Temperature 700 c

Range 100 Hz 600 0C 660 0C

1,000 Hz 630 0C 700 °C

NOMOGRAPH CURVE FIT EQUATION:

fATERIAL t41-70-1 0'"He@ l 1262
LOG(fl).LOG(RL)*(2LOG( ROL ) )/(1FROM/FR)U$N)

TO FROR "ROl "L
Al A2 3 A4

6se.@ 7.6WU+* i.s2&*E+1, .570 B.eOeE49
A .(LOG(FR)-LOG(FROL))/C
LOG(ET)-LOG(ETFROL) ((SL*SH)A+(SL-SH)( 1-SORT( I+A 2 )))C/2
To ETAFROL SL SH FROL C

31 22 - 3 34 e5
6N.0 .2" .420 -. 480 3.SWE** 1."#

LOG(FR )-LOGCF )-12(T-T0 )/(C5Sa 1.8T-TS)

REMIARKS: J-85. Coating smooth and glossy with no visible signs

of deterioration.

,
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TABLE 48-B

Be=~ No. Ul.f )-i

SL " 
-

c  dB

1600 i 136.19 13869 135.24 136.88 1.64 .0120460 3 382.501 388.83 381.69 I 383.26 1.57 1.00410 _ _ ,160r, 4 750.961 762.44 749.70 752.30 2 2.60 .00346 _600! 5 11239.22! 1261.33 11236.08 1 1243.52 1 7.44 1.00600 I _ _
1600C 6 1864.42 1869.63 1185800 11868.70 10.70 .00574

'1600 7 A 2604.43' 12600.74 12606.77 _ 6.03 ; - _
_6 ,3 . .00232 i1600 . 3470.64 * 13465.56 I 3475.10 j 9.54 1 .00275 I i "

1550 2 136.961 36. 7 1.40 1.01021550 I 384.6.7 1.20 00312

_1550 754.44 769.30 753.11 744.97 2.86 g.00379
1550 5 . 1245.

6
9i 12,1.88 11242.38 1248.83 6.45 .005181550 61 1871.50o1909.11 1867.18 11875.60 1 8.42 ,.00450 I I _

1550 7 .261.93 25?0.65 9.72 1 .00333
1550 8 3488.30 i3480.94 .3494.67 j 13.73 * 00394 i 8

15, 2 1 137.94 1 141.1 137.36 I 138.49 1.13 1.00819 t _ i500 3 i 387.11i 3-9L.27 386.50 1 3e7.64 1-14 .0094 i____
, 4oo - 4 760.04: 775.-5 1 758.71 61,69 000,§8 .003o _ t ! I_I.00 6 1 36 2 70 122.58 AG 1 112,00 .30478 __

p1500 6 1 188. 1924 .58 1889. 9 5  9.37 -00497 _ , |
o 1500 = 2636.40 2630.70 1264-.00 1 10.3- *.

00 3
91 "____

1500 8 ._3515.03 '3506.70 1352-,.46 l.76 ,.00448 ____
1450 2 139.16 142.24 J 138.54 139.64 1.10 .00790

I

'1450 2 1394.42 14.2 3530.27 13551.54 21.27 .00601 ___ ____J140 2 194 4-4 139.07 j139.85 0.78 .00599 ___ ____-1450 3 390.61 30298.28 39.2 3 390.87 0.86 .00221 x
1450 4 7667 781.40 765.39 768.6 1 2.87 -00374 i11450 5 1 1265.85 I 1291.74 1261.68 11269.78 I 8.10 j .00640

11450 6 :I1903.18 1937.25 1897.46 1908.10 10.64 1 .00559 I

1450 7 266.70 2653.28_ 1266.2 1 13.87 .0052
1450 

.9 0.9
:15 8 . 354.6 " ____ 3536.33 13557.30 1 20.97 1.00591

-1400 2 '. 140.52 143.30 140.12 140.92 i 0.80 .00569
S1400 3 1 393.53 401.49 393.12 393.89 1.51 1 .00385 1 x

1400 4 772.63: 787.44 770.90 724.68 3.78 .00489 i
1400 5 1 1276.08 1301.50 1270.85 1280.28 .4 .00793 _
1400 6 " 1918.46 195 3 .3 0  1909170 1924.47 14.77 .00770 _ _
1400 7 2681.50I 4 

2 670.12  2693.25 23.13 1.006
1400 S 3576.77 . 3561.90 3592.00 31.16 .0084

11350 2 141.59 144.40 I '41.08 142.09 1.01 '.00,71 I
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TABLE 48-B (Continued)

€~~I fn " Rs

1350 4 1 778.84 _74 3.50 776.26 '81.82 5.56 .00V14

1 .1350 5 11 1286.561 1312.00 1277.51 1295.94 18.43 .01433

1350 I, ." 1934.80 1968.00 1920.36 11947.30 26.34 ' .01392 _ _|

1350 7 2708.23' 2687.00 225-20 38.20 1 01411

1300 4 788.23 1 798.60 78213 792.93 I 10.80 .01370
1300 I 8 1 1298.30 1320.43 325.34 019

-1300 6 1963.00 i 1980.36 1946.06 1980.6 34.62 .017.1 71300 7 3 240.82 030 3994.507640.58 * 20 0.02009

1300 7 3661.56. 3634.40 37!3.10 73.0 02146

1250 ' 2 1 144.671 146.50 743.46 145.62 1 2.16 .01493 ,

_125o- 3 " 40o6.53_ _,1o_ _ o 4 . o2.3o0 __o. _ 4 0. .146 _

1250 ' 4 803.,65 04-001 + 791.0 812 08 12.28 .022. 11250 : 5 1314.56 3.0 1 . 331 42.9 o2,

1250 6 1995..31 1 .00 11952.92 42018.18 8 65.2( 0129: .03_-

1250 7 2806.92 -2784.12 '2827.23 ! 84.72 .03018 1 x

S1.1250 8 -r 3750.60 3707.94 13808.63 101.69 .0271-1 _ _ _ _ _

1200 1 2 -, 146.78 147.37 1145.12 f '48.,0 3 3 0231 1 3.S o2

11200 3 1 1.0 412.72 411.65 4!-7.19 10C 2627

1200 4 q1j6 1- 2 024. .40 808 __________ ____ ____ ___

i 2 ° i i 1 .- 0 9 .4 0 I 8 0o -, o 9 -2 6 -7 1 '! i 8 2 7 1 4. '

fc ff f -f ld3
n R

Z ,

"-1 .3 6 20.140- 16 2000.62 7os.6. it 4

1200 2902.82' 
1
214q.15 Z394 A_14 i .3.* I00 . _ _ _ _ _ _ •__ _ _ _ _ _ _ _ ___ ,__ _ _ •__ _ _ __ _ _ _ _ _ _ _ _

1200 a 3R1S.50, 786 385s2..'3 ni - 024SR

*! 0 2 [i 150.69 1 148.50 S 49.91 152.57 1 .3 (7 .t,2434 i

- 0424.S2: 41S.50 'I 421s 428.64 -.49 -1-64 _________

-15 , 835.03' 815.50 724.1 8 . 1 2.02 01431 I __

.3.So.134.00 p1sq.6 14065! 6 .01199 _ _ _

.. 0S . 2077.34 i 202__ __0 4 120 6I _ - ,-..lit

020 -1 0 1 2R -09 ; .

ISO__ 8 89'-9 -Z '.%_ __ _ _ __ _ _

2. ,. 10.'S 
00_ _ _

________ :__ .________ .-____,__.__ ! 1 __ .____ -.__ -_ _- ___ -,-=_ __ __ _ __ __ _ __ _

__ S .. 4 ,

C4208-1 20-9 '2 _________

S1 13 . 1 so1A

r4r

tic
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TABLE 48-B (Concluded)

Beam No. 01-70-1

Ff f fR a fn n 1dB

1000 1 .l 1 )1 1 " ti- 1. 1 1,..19.' 1 4  11.1' 1 .-I .0027
I ,,.--- 1 % w.V,, S .- ,.I I I_ u..h .)I . -.6:, 1.94 .001 1)

M:_

H i _ __-

'I
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APPENDIX C

BARE BEAM EXPERIMENTAL DATA

The bare beam (uncoated specimen) modal resonances and modal

damping were determined by the methods described in Section 3.1 of

this report, and is presented in this Appendix.

The modal damping and resonant frequencies versus temperature

or each beam were determined before the beam was coated by meas-

--ring the half-power bandwidth of the resonance. The calculated

properties for the coating depend on accurate measurements of the

resonant frequencies and damping of the uncoated and coated beams.I Usually the damping of the uncoated metal beams is insignificant,

but experiments have shown that for the type of metal alloy (Haynes

188) used in this study, the damping of the metal beams starts to

become significant at temperatures above 650 0 C (1,2000 F). The

average damping versus temperature for modes 2, 3, 4, 5, and 6 for

several Haynes 188 specimens is illustrated in Figure 1-C. As

shown, the damping starts to peak at 950'C (1,750'F). This is

especially noticeable for the second mode. Other authors have

attributed this behavior to fixture damping [4]. These resultsI indicate the metal behaves as a viscoelastic material and the

modal damping is related to the creep behavior of the material.

t To account for the damping of the metal at temperatures above

650 0 C (1,2000 F), the loss factor of the bare metal was subtracted

'from the measured loss factor of the coated beam for each mode.

Sridharan [5] has shown, for thin coatings, the damping due to

the coating is n T - nB, where nS is the measured specimen

damping and nB is the damping measured for the uncoated beam.

The modal resonant frequencies for modes 2 through 6 were

plotted versus temperature for temperatures between 1,8000 F and

600OF (980 0 C and 3251C). This data was hand-fitted and the modal

frequencies were interpolated from this curve at the desired

temperatures. Figure 2-C is an illustration of mode 2 resonant

frequencies of a typical bare beam specimen.
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FIXTURE NO. 1
0.01 17HL MODE

I0 2,1~

A 34,,I I /

0.001

Ii1050 1150 1250 1350 1450 1550 16 50 1750
0.01

L FIXTURE NO. 2 MDI I 0
S

A4
C

R

1050 1150 1250 1350 1450 1550 1650 1750

Figure i-C. Average Dapn VruTep atefor Haynes
188 Seips ihDmigPa t90C
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Tables 1-C through 31-C present the results of these bare

beam tests. Each beam is assigned a five-digit number in the

following format:
i 01-XX--0

where:

01 is the material code for Haynes Alloy Number 188;

XX is the chronological number assigned to each specimen;

0 is the test code for a bare beam test.

I
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TABLE 1-C

1- . 1f; 2 n ,
i 1600 1 1.3 1 .62! 0S1600 , -2 .8.3 ' IPl t 7:. i ___.___- _,.o______
'___ "_ ____2____.__" i -8.6 i.oa-40

1600 3 1 246.00 , 246.5 245.43 1 .08 03 :

1600 4 480.79 _.40 '.0029-.
1600 5 1 801.00 1 799.70 I 802.57 I 2.82 1.003r-1600 6 . 1197.20 r - _____ ___

16019.0 1198.18 1196.03 I 2.15 1.0018

1500 1 i 14.27 i 14.36 , 14.19 .175 1.0123
1500 2 1 89.26 89.49 I 89.10 .383 !.00429

1500 3 I 250.00 25,.09 249.60 S9. .0020
'. 1500 4 489-00 489.34 1 488.69 .646 1.00132
15 C. 811.50 812.22 I 811.0 1.12 i.00138

1500 I 6 1214.20 1214.92 1213.89 I1.0 .00085'! 1400 1 I 14.94 15=. .06 ! 14.94 .1!-- 10 0"-78"
S1400 i 2 ! 90.87 90.99 1 90.78 2 1.00236 I
]i"1400 3 ,'25:.90 i 254 0l51 253.77 -28Z 1.00112

, . ! 1400 4 497.80 498.01 , 4 ".1 i 4 .0008
5 823.70497.61 .40 OO

1 1400 5 823.70 824.13 i 823.32 I .814 i.0010
1400 6 I 1235.50 1-234.40 1236.90 .44 ,.0020

12' 0250o 15.iA i 15.05 .09 i.00589
1250 2 92.88 92.95 92.80 .16 72

1250 3 , 259.40 259.34 259.35 .195 .00075

-.250 1 4 538.40 1 508.62 508.36 I 26 1.00051
210 841.30 941.61 i 841.18 .425 1.005
1250 6 1262.00 1-262.63 I126 1.1 1 i . .3009

1100 1 15.37 i 15.41 f 15.33 I .078 1.00507
11 00 94.84 94.92 !94.80 .1_ . 1_ .002_

1ioo 3 3 265.00 I 26"-5.14 i 264.99 i .15 .00056
1100 1 4 519.50 5119.63 519.43 i .202 1.000

1100 1 5 1 859.70 8.19.85 I 859.55 .30 _.ooo3

lnoo 6 1______ -102
I 950 [ 1 15.85 15.91 I 15.84 .073 1.004619 s 0 64 9.54 96.=4 1.noo ,

_950 t ? 1269.60  1 269.61 i'4.6 .145 1.0005-

Page of 2
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ITABLE 1-C (Concluded)

'I

Bare B~eam :0.

d.Cn L R

-- 0 528.20 52E.32 5 528 . 25 T .167 - 0032

_________ 74.00 I 874.13 __73.__ S- _____ .26__0003

IIso __5__95 16 0____ 14 . 9 .064__ .0040______

___ __ __ __ _ _ _ _ __ _ _ _ 1325__.30 13232 .068 .62 0048

Ii~C0 __ 1_ _ .1_ _ _

60 6 1340 132815.0 1 .4 -00

_16.7_Ii' 2 _ _

3 290.80

-_ __ _ _

!_ _ 942.7_ 
_

76 _ _ 40_._0

IJ Bare _ _ _ _ 1 ._ _ _ -0_ -_

2_-.~ag 2' .. ef Lf f 2 '

_ I z _ _ _ _ I357

s~___ _ _ _ ____. ____2 32 ___. _ I 1 .0I _ _ _ __ _ _ _._ _ _
• ! -.~~~i _ _.0_ 8413 1 E3 .6 J00

(1 1 oo _ _- _ _ __a.3 13 ._ _5.o 1 _ _ . _ _ _ ooo__

f,, , ._



TABLE 2-C

Bare Bea:-. i:. 01-19-2
I

in-r". ".oce: R o! n L R

750 -4 "56C 15.44 4 1..0103
1 1750 - 81.63 82.44 1 81.24 I 1.2C .0247

2 1-34.03 I234.84 i 233.40 1.4C .006___4
____ 4 460.70 1462.45 459.54 2.90 I.0063

S17,50 5 766.90 7-70.24 1 763.91 6.3C 1.00825
1750 6 1149.20 11152.47 11146.66 1 5.8 1 005o6

11650 1 _ID.55 DDi ! _

1650 3 238.24 1 238.96 237.65 1.31 .00548
1 60 4 468.50 469.53 467.62 1.91 1.00408

_ 1650 I 5 778.60 1 780.52 I 776.85 I 3.7c 1.0047
. 1650 1 6 '165.60 11167.41 i164.48 I 2.92 1.00251

661550 2 6.62 . 86.51 1 86.34 I .51 !.00589

111550 1 3 242.26 1 252.63 - 241. 95 I .68 1.00281

I 504 475.78 -76.28 475.40 .R8 __001865550 i !789.80 790.89 1788.83 1 2.05 1.00261
- I 5 0T 11 1 '

2 ,550 6 1181.60 11181.06 ,1182.59 ; 1.54 .00_3
145 5G 29.20 89.38 89.13 .25 1.00286

453 1 3 246.54 246.72 (246.38 .3-4 1.00138
1450 4 483.37 483.68 -483.19 .49 .00102

S450 _ 802.12 1 802.63 801.47 116 .00144
1450 6 11oo.50 -1200.91 ;-,oc.o 0 .8 1.00072
... ... : , 51 910 94-9 1.4 1.01500 6

1 (1250 ( 3 253.20 253-28 253.09 -. i.00073 i
. :250 4 497.17 7.0 29 1497.02 I .27 ;.00055

.25p- ____ 824.80 S25.15 824.4C I .5 1.000907150 al_____ !234,.6 24.5 R 2 4.3 5 i .59 1.00048

1050 1 2 93.64 93.70 I 92.57 .3014

,05c, ! 3 260.50 260.55 1260.41 1 14 . oo5 S
S!050 _ 5.o.9o 511.09 1510.86 .3 .0004

i05 5 847.501 847.89 ,847.31 .57 .os

1050 1 6 1268.40 :1266.68 h268.25 .43 1.0*03.1oo 2 95.0f ___ l I
, 3 ;264.-3 . i|

Pace I " 2
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TABLE 2-C (Concluded)

Bare Beam No. 0-19-21

,___ ____! --. _ 51.3.2 _____ I_ I i_____

90 ! Io i 56 j. o I______i i ____

I Gflt 6 I 1289.o0 1289.24 1288.76 I .48 I ____

* a i I I
i -i!iI a a

_ _i__ _ _ _ _ I _ _ _

i ti i '*I~ _ = i _ _ _ _I i_ i _ _ L ___________ 
__;______

I7 - * , I
i T

iI I 1! 1

__ _ _ _ _ __, _ i __ _ , I t

,____ i__ i____ !__ I I__ __

P av

_ _ _ __359 _ _

_ _._ _ _ _ _ _ _ i _ ± !i
__ ___________ 1i ___ __

io__________ _____________ ______ ___

359____________________ ____ ____

a *



i
TABLE 3-C

-i

. - 96. 95. 2 94.77 1 -35 003-0

45 9 2 16 9 •z . .. 2 2-0 i

1500 1-0: 25.70 i

I 1500 4 18."1 .90 1 -125. I521.43 .000:i";

I ,3

:sioo , 269 .5 - +[

140 90011

7 _-,_ .0 _ 270.20

- i
--- I i4- 0 : ( 1314.60 ;",

4 V, 163670 1839.18 1!3a.34 1 .85 1 .00046

1300

t . 0 4 537.52

{ i i200 : 2 99.51 i-
4 1209 3 , 278.40

-20 4 545.80
1200 I 5 , 904. 70 _ _ _ _ _ _ _

: i 120o o 1353.7-0 :;'H~ 130: 1.1 71003

1100 3 55_20___ _

1100 1 9 _552.20 _ _ _ _ I _
; i " 1 1 o6 6 + 1 3 7 -+ o i Ci

00 *918.7 ___1___ 1_ ____ .1 .0003____

10o 102 on_ _ __ _ _ __ _ _

; " ne~ j 4 ==59.90

lOOO 5 9 928 -, ,00

1000 I

1 1000 :I~.-

~360

14I
I.j.....9

I , 900 - ., l-+ .0v.



TABLE 3-C (Concluded)

Bare Beam No. 01-32-2

, ,'ode fC fL R
__"_ Hz Hz Hz Hz

900 3 288.78
f 900 4 566.20

900 I 5 I 938.30 _i900 6 1_ 1403-9°0

~900 ~ 7 }1962.01 1961 .86 1962.52 .254 .000331
__ __ _ __ _ 09.38 j73 2 193

73 - 3 306.i9 306.34 306.25 .082 . 000266

73 4 I 599.80 599.99 599.59 .396 .00066

73 5 1 944.30 993.84 99A.43 .59 .00063

73 I _ I2082.50 2081.95 2082.90 .95 .00046

_________ ________ ____..___ I - _____

I~~~___( 2_ O_ _ _ _ f 2 __

361 __ _

I Ii 1 _ _ _ _ __ _ _ _ _ _

______ ______I i...____• ____

I; 361 -!1_ _ _ _I_ _



TABLE 4-C

Darc BeaNa :o. 01-37-1

Temp. ' e C £ L
"z h:' 1:"

1205 2 98.52 98.33 98.71 - .0038

_1205 i 3 I 275.611 275.59 275.70 1 .0003

_1205 1 4 541.02 540.T9 1 541.30 .0011

1205 5 897.631 897.371 898.06 J _ .0007

62 0 6 1342.37 1 1341.52, 1343.54 1 .0015

10oo 2 99.802 i '
1100 3 279.5A_

1100~L. 4 547.7711___
11i00 5 9 057_I lloo , 135 .9LII ,

05 8 5o5.03 _, I 0 2 3

918 3 285.99__ __ _ __ _ __ _

918 4 561.14{ -I _

I 98 j 930.341 ____ ____ ____ ____

__1_ __ 1 194.40~ 1 _ _ _ _ _ _ _ _ _ _

1j0 , i.___°'____705 2 103.52_ _ __

S 8 05 3  T 2 8 9 . 2 3

7 05 6 1407.73__ _____-705 2 104.50

605 3 292.15_____ ___

1 610 ( 4 578.3qI_ _ _ _ _ _ ]_ _ _

i Page , of2
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TABLE 4-C (Concluded)

Ii

Daro Beam No. 01-37-1

L L
I P: 1 1:Z .d L  _A

IIo~ L 1432.77 1 _ _ .
_ _ _ _ _ _ ,,_ _ t' _ _ I- -

_____ ___i-___ I___ I i

__ _ I_ _ _ _ _ __ _ _ _ _ _

_ _ _ _ _ _ _ : _ _ I _ _ _ I

I I j __ _ _ _ _ _ I __ _

[I Ii ... {_ _ __ _ _ _I

* I *-1 -mI
•'I I

_ _ _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _

~----------- *-___1 _ _ _ _ _ _ _ _ _ _ _ _ _A L_ _______ -i

~i -} I- ____ I-I

a (Pae 2 of 2
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TABLE 5-C

Borc Lcar .c. 0138-

c enCu. tR L: 

I 1704 2 92.00 _____ ______ ___ _ _____

1704 I 3 258.00 _ _ _

1704 1 4 5_08.00_

1704 I 5 844.00 _ I _

1 1590 I 2 94.00 _I _1590 3 ,263.00i 1 1 1
1590 4 518.00 !i I _ _
1590 5 1 860. 00 1I i _ I
1500 2 96.001 __________

1500 3 268.00 __ _ ___ _ _ _ _ _ _I

150 4 526.00  _____I____

,1500 8 - 672.00 _ _ i i i1400 1 2 97.00 , , I
1400 3 1 *73.00 4
1400,_O_ 4_ 534.00 _. _ ,_ __ _ _ _

-1400 i 5 886.00 i _ l- I _ _ _

1300 2 j 100.00 _ [ ___I

1300 3 276.00

41300 542.00f 1300 5 899.00 I _ _ _11200 -2 101.001 1 , _ _r 1200 3 281.ao ! _ I _ _

1200 4 i 55 .00 I I _ I_ _

1200 5 911.00

1100 i 2 1102.00 _ -i I

1100 3 7284.00 1_I

1100 I 5 55 .00 _ 1 -

11 .O5 240
_ _ _ _o_, I _ _ _
0oo 2 103.00

1000 3 287.00 _ i
1000 4 564.00

1000 5 935.00
9 2 104.00

Pace 1 of 2
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TABLE 5-C (Concluded)

• are- B ar , ' 01-3 - l

[ eri. " ":C + R

S 895 i 4 570.00
• , 895 I 5 945.00 _ ! [

r

800 , 2 105.00 i _ [

800 3 293.00 _ 4 1
800 I 4 576.00

800 I 5 954.00

_ _ i _ _ _ I i_ _ I _

_ _' .1 _ _........_ _

Paq 2 of 2
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TABLE 6-C

Baie Beam ?4o. 01-39-1

Tc'm:. 1,ode Rf f

___F _ _ Hz Hz Hz lz
1250 I 2 99.0621 ___

1250 3 277.00 I
I 1250 4 ( 4.00 1 _ 1 544-00

1250 i 5 I 902.00 _ _

1175 2 100.00 I
i 1175 I 3 I 280.00 _ _ _ ,

1175 4 549.40

1175 I 5 I 910.90 _ 1
1105 I 2 TO 101. 00

__no__ 2_ ___ _o_ oo__

1 1 0 5 3 2 8 3 . 0 0[ 1105 i 4 555.00 I IiI
1105 5 920.00 _ ____ I

010 2 i 102.00 i , _

1010 3 286.00 I I

1010 4 1 561.00 _ ( i I

i 010 5 1930.00 ,.,

920 1 2 I 104.00 ,

920 1 3 289.00 a I

920 4 567.00 
920 5 a 940.00

820 2 105.00 _ _ _ I Ii

820 3 1293.00 _ _
_ :1 _____ ______ _____ _____ _____ ___

820 4 574.00

820 1 5 950.00 i

710 I 2 j 106.00 __ _ I_ _ _ _ _ _

710 -580 Co 1

710 5 i 961.00 i ! I _

605 2 107.00
605 i 298.00 j _I _ - .i ___o7.oo_ _____, i__. ________ ,____

aCosI 4 o586.00 __ _1

605 no

366
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TABLE 7-C

• Bare 1nflrz Xco. 01-40-"

* . . . , ..- .. "1- ' __ " _ __ _ ,

1300 2 98 _____

130C 274,

1300 *' 5- 3

300 890 i _

1203 99 * i

1203 - 278 i _ _" _____

12 03 4 5 5__

1203 5 903Ii 1108 L5 I i f0
.-0o5 i 052 a1108 96

• 1005 285 I I

1005 5 9 :265_____ -

900 !C3 a I
i900 288 i

900 4566 __ _ _ _ _

! 900 _5 , 938 I_,I ,_ _ _

1805 2 104 I _ _ !

1805 292

80 5 4 566_. Ii iI _

8 -948 _____i_____ ____

7 0105 _ _ _ _ _ _ _ ~ .

700 294, 700 4 8 .-ao . !__ _ _ ____ I _ __i_ _ _ I ____

700 5 957

- AI. i I I

_ _ _ _ _ _ _ __ _

II 6Page 1
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TABLE 8-C
I
I

Lare ::o. 0!-41-_

STe4. o:dc C

"1700 1 2 1 90.81 _ _
i- ........

1700 i 3 254.94 j _ _ _ _ _ _

1700 i 4 501.21: -

r 1700 5 832.36! ______

1700 i 6 1245.80 1 I _ ____
1600 i 2 1 92.77 { _ I _ _

--- i i-- - -'---'---1600 3 2.0.18 I _ _ _ _ _,

1 i 

1600 J 5 847.32 I I
1600 1 6 11268.30,j_ ___

1400 I 2 96.00 1 _ _ _ __ _ _ _ _ __ _ _ _

ic1400 I 3 1 268.71 _ _ _ _1_ _ _ _ _ _ _ _ _ _ _

1400 4 I 527. 161 J - _ {

1400 5 874.10 ......1 {

1400 I 6 1307.871 _ j 1 _

1200 I 2 I 98.89! _ _ _1_ _ _ _ _ _ _ _ _ _ _1200 3 276.64 , 4

1000 1 2 100.90

,1000 282.30

6,-00 4_oo 554.81 _ _ _

800 4565
( 2!

800 5 939!.27o
i } 1ooo0 6 }1405.4o5 }

i -700 3 29 1.40 1
700 4 571.89 [

6Page o 2
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TABLE 8-C (Concluded)

Bore B eamn ::o . 01-41-1

"*: ..o vf, L . R--

o00 948.04 , ,

700 -+, '. i4"_.8 28 14 8 28

VII

i 

;

II. ________ 
___ -___ _

I : ____ _____
* I I ____

* I __ __ __ _

* IM I

_ _ _ _ _ _ _' " _ _ _

__,_i _ ___ I __:

-'i 
- Fi

____i ____ I I ____ ____I_

----
______ __ I __ __ i_

--
__ .1 _ _ .1_ _ _ I I •_ I___i____ _____ _____ .1 I ____-____ ________ 1 ___

1 4 1i I I

I-

I

-I 
. - i -_jPI ,.--j -



TABLE 9-C

! , ._- z ; .:.a:re 01-42-1I L
~~ c

i 1550 i 2 1 95.0 _ _ I ! i
1550 3 i 265.0 _ ' I _ _ I

I 1550 4 1 520.0 __ _ I __ _

°7 "1550 i 5 864.0 ,

1400 97.0

1400 3 271.0
E 1400 4 533. 0 I _ _ i _

I 1400 5 883.0 _ _ I _ I _1250 j 2_ _ 99.2 i I__ _ : I
1250 3 277.6 ii,

r I 1250 I 4 544. 9_i i 1250 i 5 903.5 i i

I 25 - .__ __ .. ,
-12 6 i 1352. 3'I I 1200 2 i 1 o. ,

' 
___________-"____

] 1200 3279.6

1200 4 549.0 :__f , 1200 916 __1C.2_ i _i 1200 i 6 i 1361.9 ,I

11100 . "

1 oo i 3 .

__ _ _ _ -__ __ _ __ __ _ _ _ _

1 1 3 4.. .___11900 4 7 34!_ _ _

1100 5 I 921.6 I

1 , 2 , 101.3 2i 'i 11  ° io - 283.1
I i 0 0 4 i 5 5 5 .7 :Ii] ; 1100 5 921.4

1 oo0 6 1378.I
S 1 0 0 0 , 2 I 1 0 2.5  ,i.

100 3 286 S

1 000 4 i 562.2 |
l I ooo i 5 , 932. 0000 i 6 1394.7

~370
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TABLE 9-C (Concluded)

Bare Beam No. 01-42-1

Tem. oe fc L fR
liz 1-*:. R Hz _ _ _S 900 z _____ ______ _ _ _ _ _ __ _ _ _900 3 289.4 _ I

900 I 4 568.5

: 900 5 __ 942.9 _I

00 i 1410-2
i 7.0 I 

________ _____"_ _____ ______________ ______ I______
1 o700 4 i 579.3

700 _5 960.5 
_

.... _ __I _ _ i. I_ __K 00 1 6 14371

.i i _ _ _ _ _ _ _ _ _ _ _Li _ _ _ _ _ _ _ _ _ _ _ _ _ _

_ __,_ _, _ _ _ _ _ _ I _ _ _ _ I
_______,__ 1 ________ ________ ,I ________ I ________ ______

_ __lI _ _ _ _ _ I _ _I i'_ i i __ _ _ ___ __ _

I _ _ _ I _ _ _ _ _ _ _ _ _ _ _ _ _

, Ii

Paqe 2 of 2-
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TABLE 10-C

Ba'.( i ::c. 01-4--,.-

JR

,; . : :. :h:Hz Hz

500 3 266.2 0

* 1500 4 520.6 _____

1oo . 863. I I _
i1500 6 1292.4 _ i _ i !

1400 2 96.33 ; ! i ! !

1400 3 269.43

1400 4 528.3 1 i
1400 5 876.1 '{ i t ,

1400 6 i31!.0 1 i _ ! !

1300 2 97. 7 3" ______

1300 3 27..4 _ _ _ _ _

1300 4 5 36 .0 , _ ,_ {_ 1
1300 5 888.8
1300 6 329.9 ! _ _ _ _
1200 2 99.. .9 __, ___ ,' _

-oo 3 277.6 , , i

1200 4 . 544.1 --;_ ___ _ _I

1200 90 02.4 ,

1200 6 351.3 1 _ i _

1100 .2 0O.57: i1100 281.5 _____

1100 4 55i.7 , __ .7 _ _

i oo i 914.9 _ i _ _

1 1 0 0 1 6 * 1 3 6 9 .7 I i i_ _ _ ]

1000 2 101.86 I____1{ 00O i 285.1 1

10004 i ;58.6 __ _ '_ j 1
H ,t o o _.,_0 0 9 2 6 . 5 5 .i ! ._ '_,100 cOO 1 1386.8 i II

90 2103e26 i
g"I oo i 3 1 288.25 1
900 4 56 4.'7 I

Pace i of 2
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TABLE 10-C (Concluded)

L ar. bea::. 01-43-1

R Lf [ i ,.'.. ::,. -H ' " - I

90 1._ H____ z _i_

9 5 936.97 _

900 6 1401.7! _ I I

i 800 2 104-04

8 0 3 291.18 ! I I_ _

A ! ~~800 4 I 5-76.331_ _ _I __ _ _ _ _t I !-

800 5 6 946.35i I i I

, *o o~2

1 700 2105.02! _ _ _ _ _ _ _ ____ _ _ _ _ _ _ i
70, I 3 294-05 r ______ I III
700 1 4 1 575.61 _ _ _ _

1 700 6 11429.1 ! _ 4
, _ _ _ i_ _ _ ' _ _ _ _ _ I _ _ i _ _ _ _ _ _

_ _ I _ _ * _ _ I _ _ I _ _ " _ _ i

, __ __ __ _ _ _ ,__ _ _ *_ _ _ _ I __ _ _ _ i _ _ _ _ _ _ _ _* *i . _ _ _

_ _ _ _ _ _ _ _ _ i _ _ 1 _ ' _

I I i'i
_ _ _ _ _ _ I _ _ _ _ i I I _ _ i

______ I I ______ I _____ ____

"_ _ _ _ I _ _ _I _ _ _ *1 _ _ _

I _ _ _ _ _ - _ _"______ _____ ____ ____ _____i____ ,____ 3j _ __ __I i I
___ __ __ _ _ I _ _ _ _ _ I __ _ _1_ _ _ I ____

_ _ _ _ _ _ I _ _ _ _'

I i- - . __--- -1

Page of 2
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TABLE 11-C
-- -. . . . . .. .. ... . . . " 43 ;2

I

27 ; 89.25 i
...C 2 5 5 . 8 4

__ 70_ 4 502.06 i , ! i

'700 5833.9 ,
1700 6 1249.2 ,____ 

_
7- -0--!-1 6 o 2 6 0 -9 E :i1600 4 5

260 584 .9$ __ _ _ __ _ _ __ _ _ -

i-,oc i 6 ! .- .=1400 9. ___I_ :

-4 0 3 269. 6- ______

1400 4 528.56 ________I : i1400 5 8 -5-44 
-

~~qQ - z

S 1200 5 9 .

1 2 0 0 6 3 2 ._ _ _ _

000 2 -~ '_ 
_ _ _ _ _ _ _ _

~120 40 5 54 . E 6 -4 1

303 
--

3 100 , 5 953-33 ______ ______

I , !2006 i 3521B t:

800 0 _ _5_

000 290.90C
T00 4 565 6 I

I Z 4i

4 
-,9-6

374
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TABLE 11-C (Concluded)

Bare Beam No. 01-43-1

S" M ode f c f L f R f

_ _" Hz Hz Hz Hz

600 5 961.27

600 6 1441.01

=0

i _ _

- I I __ __ I _ _ -_ _ _

_ _ I__ _ _ _
t I

_ _ _ 1* _ _ I _ _ _ _ _ _ _ _ _ _

_ _ _ _ _ _± _ _ I _ _ _ _ _IIi i ___ _____ I _______ _____ae __ _ _ _ of__ _ 2 ____I

I _ __ ___il _ ___ __ I2 _ __ _ ______ __ __ __I 375__



TABLE 12-C

Ba :O. 01-44-I

[ tc '}, :,OefC fL fRL f

___ _ llz Hz Ii:' Ilz _

I 14oo0 - 2 tI-96.83 1
1 1400 3 I 271.2 I I_ II ___1400 -4 I.___

I 1400 5 1 882.0 I i I i

1400 6 i 1319.9 i 4 1 1
1 _2oo0 i 2 199.66 iI _1200 3  i 279.12 !

1200 I 4 ! 547. 63 ii

f12oo I 9 076.751 I

1000 _ _i _. _ I 02.24S1000 283 i 6.37

S1000 4 i 561.8 _ _
1000 I 5 I 930.9 1 _ .

o1000 6 1392. __I __ _ I
_8o )0 2 10 4.42 i!1 _ _ _ -

800 3 j 292.38 1 _ , _ _ _

,_8oo0 _ 4 _ 573.3 I I _ _ _

800 5 ___ 95 4 ____8001 6 14021.6 I
600 2 1 106.39 r_ _ _ _

20 97.93 iIIi

600 4 1 584.43 _ _ _ I i
600 5 I 968.4 _ _, 1 -
600 6 1449.0

SPage of
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77 TABLE 13-CI

Bare Beam No. 01-46-1

Temp. nIode ff A f

I Hz Hz Hz Hz

1700 2 91.83 91.54 92.12 Min A0632L 1700 3 258.34 a 257.48 259.19 11.710 .00662
V1700 I 4 I 508.46 507.06 509.761 2.700 .00531

1700 5 5 _ 843.05 840.65 845.41 4.760 .00565

1700 6 1263.05 J1265.59 1260.75_ 4.4 .08

1650 2 93.07 92.74 93.44 .700 .00752
11650 3 61.251 260.50 262.02 1.52 .00582

1650 I 4 514.15 513.08 515.17 2.90 .00406

1650 5 851.79 850.19 853.21 3.03 .00356
1650 _ 1275.50 1273.90 1277.13 3.23 .00253
1600 2 93.92 93.60 94.30 .70 .00745
1600 1 3 1 263.78 263.20 264.40 1.20 .00455

1600 4 518.31 57.66 859.83 206 .00278

11600 J 858.86 857.6 51.0..4004
-_1600 6 1 _285.65" 1284.52 1286.90 2.38 00185'1500 I 2 95.61i 95.41 95.81 .40 -Q.041A
1500 I 3 I 268.05 267.80 ! 268.39 I .59 .00220

1500 4 526.65 526.36 527.01 .65 .00123

1500 j 5 872.57 j 872.05 873.08 1.03 .00118r1500 J 6 j1306.42 I1305.73 j 1307.00 1.27 .00097
1300 1 2 98.39j 98.32 98.47 .15 .00152

1 1300 3 275.99 275.87I 276.15 * .28 .00101
1300 4 I 542.06, 541.95 542.18 I .23 .00042

1300 5 897.89 897.65 898.18 J .53 I .00059
1300 T 6 1344.04 J 1343.76 .1344.36 j .60 1.00045
1100 _ 2 1__01.49 101.43 101.54 .11 .00108
100 _ 3 284.69 284.59 284.80 .21 .000741100 _ 4 ! 559.38 559.30 i 559.48 .18 .00032

1100 5 !926.60 9 26.35i 926.86 .51 .000551
11006 1386.0 1386.60 1387.10 .50 .00036 
900 2 103.67 1P290.63 103.71 f08 200077

29.4-404

900 { 3 290.34 1 9.4 204 .18 .00062

900 4 {570.41 570.35 570.49 .14 .00025l

Paoe I of 2
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TABLE 13-C (Concluded)

Bare Beam No. 01-46-1

Temp. Mode fL L f

_ _ _ liz Hz Hz Hz I

900 [ 5 944.63 1 944..43 1 94A.82 .3 . 4
900 4 6 1413.37 i 1413.10 1413.71 .61 .00043I

700 1 2 i 105.64 _ _ 1 i

700 3 297.78

70014 581.39 __ __ I_ __ _

700 __5 _ 962.77
700 6 12440.05 __

1300 2 I 98.72 98.65 98.80 .15 .00152

1300 3 276.90 276.82 277.00 .18 .00065

1300 4 i 543.77 1 543.68 543.93 .25 .00046

1300 5 1 900.87 900.53 901.12 .59 .00065

1300 6j 1348.46 1348.12 1348.78 .66 .00049

1000 2 102.52

1000 3 I 287.25 _

,.1000 4 564.32 I 1
1000 5 I 934.51 1_ _ I
1000 6 1398.30 _ i _ _

_ _ _ _ _ _ _ _ I _ __

- 'I __ _ _ _ _ __ _ __ _ __ _ _ _ _ _ _ _

i i ___ __ __ _ _ __ _ _

_ _ _ _ _ _ 1 _ _ 1 _ _

4 Page 2 or 2
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TABLE 14-C

II

±Lare Deai No. 01-47-1

! i '-"- "oce f fL f Atc L ZR
H___" __ Hz Hz Hz

1600 2 94.76 94.45 95.10 .65 1.00685
I 1600 2 95.1o___
1600 3 I 266.16
1600 I 4 522.92 i 522.22 523.,8 I 1.36 i.00260

1600 5T 866.431 865.45 86.3 1_.194_.022

1600 6 1 1296.67 1295.63 1297.72 2.09 .00161
_1400 _ _ I 2 97.351 _

1400 3 I 274.20 i ___

~1400 I s 1334.84  ii
____1_00_ ,_ __ _ _ _ ____ .41_ 1 _ __ _ _ _ __ I __ _ _ _II

1200 i 2 I 100.79 1 I I

12004 3 1 282.271 _ _
_ 1200 o4 _ 554.47 _ ' _ _ _

_ _ _ _ _ _ _,__ I _
1200 5 1918.41 ________

1200 6 137389 _ I _ "1|

1000 2 103.22 I I
_oo _ I 2 9 1_0 0 1_i_, I

1000 6 J1408.16 ---------I -

800 I 1o0571 I i

o _I I 9 6. 2
800 5 960.90 1 ____

7 ]f I _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _

800 5 ~ 1437.16 ____ ____ __ __ ____

600 2 j107.57 _____ ____ 1 _ _ ___I
600 f 3 1302.131_ _ _ ___ __ _ _

600 4 j591.65j _ _ 1I
600 5 j979.43 __ _ I__ _ _ __ I _ _I

600 6 _____ 1464.20 _ ____ _ _ _II

I Page 1 of 1
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TABLE 15-C
- I

I

- IC|r

1750 2 89.56 89.21 89.84 .63 .007

1750 3 1 251.66 250.87 252.44 1.57 .0062'
Lw 1 1750 4 495.56 494.09 497.09 3.00 .0061

_175o i 5 j 821.96 820.68 823.18 4.88 .0059

1750 I 6 1 1231.92 1229.00 I 1235.09 6.09 . .0049
1700 2 90.41 1 90.12 90.74 .62 .0069

1700 j 3 254.26 253.42 i 255.02 1.60 j .0063
1700 . 4 1 500.39 498.94 I 501.68 I 2.74 I .0055

1700 i 9 829.78 j 828.76 830.7C 3.90 .0047

1 1700 6 i 1242.06 1240.05 1244.77 4.72 .0038 I

1650 j 2 j 91.27 90.92 I 91.62 .70 .0078
11650 3 I 2.56.62 i 255.87 i 257.38 1.51 .0059

1650 4 _ 504.98 503.85 505.98 2.13 i .0042

1650 I 5 i837.12 8 836.4 837.89 2.79 .0039

1 1650 I 6 i1253.65 , 1251.94 11255.29 3.35 i .0027,i 1600 I 2 i 92.24 1 91.89 92.55 .66 I .0072 
i 1600 I 3 i 259.19 . 253.56 i 259.70 1 .. 14 I .0044
_ _1600 I_ 4 509.52 508.86 510.26 ! 1.40 .0027.

1600 5 1 844.39 _843.30 i 845.42 i2.12 .00256

_16oo0 I 6 1264.02 1262.90 :265.10 2.20 .0017

S1 1 2 I 93.10 92.84 93.38 .54 .0058 I
1550 3 1 261.30 1 260.92 261.69 I .77 .0029

I.1550 4 513.64 1 513.23 1 514.14 .91 I .0018
± __15 5 ! 851.10 850.42 ! 851.84 1-42 001

1550 6 1274.09 ! 1273.12 1 1274.84 1.72 .0013

1500 2 93.92 93.74 94,10 i.36i .0038
_ _1500 __ 3 _ 263.41 263.17 1 263.69 .52 .0020

1500 4~ 517.78 517.37 j518.08 .71 01 4
1500 I 5 1 857.74.. 857.20 858.32 1.22 .0013
1500 I 6 128380 1283.31 1284.63 1.32 I 0010

11450 3 1265.32 !265.12 I 265.52 .4,9 .00151
1450 4 i 21.9V2.27 l 2.70 .43 1

Page 1 of 3
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TABLE 15-C (Continued)

Ba~re , O. 01-49-1

i- R

_1450 D_5_ I 864.011 863.58 1 864.44 .86 I.0010
S1450 6 11293.25 1 292.78 1293.83 1.05 .0008

i14o 0 ' 2 95.42 95.32 i 95.52 1 .20 .0021

, 400 3 267.58 . .34 .00127 .

L 1400 4 I 525.90 525.721 526.10 .38 .00072 g
100I 14°° _5_ 871.22j 870.931 871.64 71 .00081
140004.00 303.54 1 1304.44 T .90 T .0007,

1350 __ _ 96.11 96.04 06.20 .16 .00166
150 3 269.50 269.36 269.63 j .27 I .0010 i

1350 4 i 529.69 529.53 529.86 1 .33 .00662

I 1350 5 877.46, 877.251 877.79 .54 I .00062 ,

I 1350 I 6 1313.35 I 1312.91 1313.71 .80 T .000611

1300 j 2 96.82! 96.74 96.88 I .14 '001451

1 1300 I 3 i 271.30 271.18j 271.48 1 .30 i .0011

1300 I 4 533.24 533.16 533.40 .24 .00045

1300 5 8S3.43 883.17 --883.61 .44 .0005

1300 6 1322.22; 1321.79 1322.37 .48 .000361250 I 2 9752 '___ .

1250 2 97.52 97.45 97.58 I .13 j .0133
1250 I 3 ! 273.281 273.12 273.46 .34 I.124I 1250 i 4 - 537.16 i 537 07 537.28 i 22 .00033]

, 1250 ! 5 889.82 889.55 890.04 .4 .00055i
1250 6 1 1331.'72 1331.44 1331.95 .5! .00038

__100 2___ 99.58 1 99.521 99.64 1 .12- .00121

_1100 I3 279.00 278.881 279.1.4 .26 ! .00093

I 1100 4 54.4 -548.33 548.51 .18 1 .00033

i 1100 , _ . 908.30 I C.09 908.51 .42 .00046

I 1100 6 -359.01 1358.80 1 59.24 ! .44 1 .00032!
900 ' 2 _ ;01.711 , I 1
900 3 I 284.48 I ____I

900 4 ! 560.181 _ __i __

900 _ I 927.67_

900 i 6 1338.06; _ I _ _ __

___O 2 1102.47 -a .... I
Page 2 of 3I%
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TABLE 15-C (Concluded)

Barc Bean: No. 01-49-1

I rmM ode fc f
_______ Hz _______ Hz Hz _______ _ _ _- __ __ _ j _ _ _ _ _ _ _ _

800 i 3 I 286.36_
800 I 4 I 565.52 _

a800 5 936.62 _ _ _ _ _ _ _ _

800 6 1401231

I _____ I _____ _____ _____ _____ ___

__ __i _ ___ _ ___"
_ _ _ _ _ I _ _ _ _ I_

___ I_ _ ...__ _

,_____ ______ _____ ____ I _____ _____ V
_ _ _ _ _ I _ _ _ _ _ _

__ _ _ _ _ _ _ I __ _ _ _ I . .. .__ __ __ __ I __ _ _ _ _ _ _ -
_ _ _ _ _ _ _ _ _ _ _ I _ _

i ______________
_ _ _ _ _ _ _ _ I _ _

r _ _ _ I _ _ _ _ _ _ I _

_ _ I _ _i t _ _ i
_ _ I _ _ _-1 __I 4 _ _I _ _I_ _ _ _ _

Page o _3__________ ....-...-.... I_____ ______ _____382____

_ _ _ _ _ _ I _ _ I _ _ I _ _ _ _ _



TABLE 16-C

-Bare Bezm No. 01-50-1

SMIode fC L fR Lf

______ _'_ __-__ Hz Hz _

2750 290.86 __ _ __ _ _ _ _J

* 1750 3 1 254.70! I
1750 4 501.78 _____ _____I_____

1750 5 832.611_____ _____ ___ _ ____

1750 1 6 11247.73 _ _ _ _

1600 2 93.41

1600 3 1 261.98J+
, 1600 4 1 515.331 ! If 1600 5 1 _54.00I 1600 6 1278.44 i _ _

11 ~1450 1f 2 I95.85 1 f I
1450 3 268.35 _

1450 1 4 52"7.63 ___ 1 ,

1450 6 1308.6
I 1300 1 2 I 97.90 ____ _ _ _ _ ____ _ _ _

1303 274.03 i
1300 I 4 538.89 i _

, 1300 5 892.73 ___

1.300 1 6 1336.11 1 J i
11150 I 2 i10.07h _ _ _

1150 3 279.ii

£s1150 4 i 550.54 1
1150_________ '1912.00 ____ ____ ____ ____

! 1 o I .o I I ________.

1150 S 1364-76_I - ~1000 2 102.00 .1 _ _ _ _ _ _ _ _ _

1 ooo 285.06 I
1000 4 561.04

1 0 0 0 5 9 2 9 .1 5 - _ __ _"

1000 6 1390.281
800 2 104.08 j
800 3 289.75 _ _

Boo _ 4 572.26 _1

Page 1 of 2
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TABLE 16-C (Concluded)

i- ; }" }:z U'Z"I':H
Soo 947.74

1i
:, i Soo i 6 1 416.03 iII

I

600 2 106.04 .600 298,o ; 0

i 600 f 583.32 ; .Ii"
800 5 965.74 7 i

60 , 6 4 .8 1

600 I 96 . I i I I

I i I

!I_ _ _ _ _ I _ _ _ _ _ _ ,_ _ ,_I I ____ ___ ___ _ I [ 2

'i _ _ _ _ _ _ _ _ _ _ _ _ _ _ !

!I _ _ _ _ _ _ _ 1_I I _ _ _ _ _ _ _ _ _ i
_ _ _ I'_ _ __ t '7~_ _I_

I a I ,,. . . .

I I IiI

:I 3 8-

_____-_____1
Page 2 of 2
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TABLE 17-C

I I) ! Dare rD:m aN o. 01-51-1

': fc L £R "
zH:" iz 117

.50 3 256.68 I I

1 1750 - ; 504.64 v I I i N

1750 5 836.82 __ , _ _ _

1750 1253.83

1600 2 94. 2I______ ______

1600 3 263.591 _ _ . _ _ |"

1600 i 4 518. 00 _ __ __ _

1600 5 85857 I

1 1600 I 6 1 284.98j _ i _ _ _

[ 1450 I 2 96.41 ___ ,' _ _

_ _1450 3 269.99
• o .1 _30I _ _

I 1450 5 S 7S.60

1450 1314.86

13o0 2 I 98.53 _ I _ _

I 1300 7 541.'77

! 2oo , 10 .70 !
110 s i '."so_ i 553. ,

I .5 5o I , .oo i

11__0 6 1134232 _ _ _I_ _ _I _ __ _ _

1150O 4 556. 50__ __ _ _ _ __ _ _ _

S100 6 1399.0

1000 3 29588!3 _ _ _ _ _ _ _ _ _ _ _

800 ] 4 js75.6sj

Page 1 of 2
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TABLE 17-C (Concluded)

I-r - . ;. 01-5-!

II
- Bari- Be=

800 5 953.29 i i

oo 6 i 126.52 ! I I
600 2 106.66 , : __

l 0", j ----;.= so !!i;
I . 00 * . SS6.32 ,__;___ , _ _

1 ; 600 5 9".0o5 i __ i _ I _

I * 600 * 6 1452.70 _ _ I t i

*I _ _ _ _ _I _ _ i i__ _ ; _= ------ ---

' I '_ _ _ _ _ I I_ _ _ _ _ _

1 j

- ;1 _ _ _ _ I _ _ I _ _ I i

* It

i I , I " --
_ _ _ _ I i Ii_

_ _ _ _ _ _ _ _ I _ _ _ I

- -ii __ __ _ ,___ __ _ _i_ _ _ I __ __ " __

_ _ _ _ _ _ . _ _i_

--I iIi
i- i_ _ _ _ __ _ _ I _ _

_ _ _ i " _ _ _ _ I _ _ _ I _ _ _

_ _ _ _ _ _ _ _ I i_ i_ _
I _ _ _ -_ _ . _ _ _

'i i_____________ I i________________ i_____________ i_____________ ! __________;_

i! ,_ _ _ _ _ ,_ _ I _ _ I I _ _

I 1 .1i!
I i i_ _ _ I!_ _ _ _

_ _ _ _ _ _ _ _ _ _ _

- ze 2 of 2

386

i i' - i i -

.---=e 2 o



TABLE 18-C

Bare Leai No. 01-52-1

: . c f fR Ln
_ _ _ _ _z HiZ liz 

1650 2 193.01 9 3.50 92.821 .68 .0073
1650 3 261.17 j 262.01 260.50 1.50 -7.0057

1650 A 512.66 511.64 513.741 2.10 .0041

1650 5 850.20 848.68 851.43 2.75 I.00323
1650 6 1272.40 1270.92 127 q2 I .0 .0023
1550 2 94.95

1550 32581550 4 t 521.301 .

1550 5 l 864.1o0II

_ _1550 6 j 1293.10 I -
1400 2 97.19 97.30 97.10 ! .19 t,.00198

1400 3 _ 272.001 272.11 j 271.83 .28 I .00101400 4 i 533.401 533.13 53 3.62 1 .A9 1 .00I' ___ __ ________ oo,__ __ _ _ __ _ _ _ _ _ _ __ _

1400 6 I 1322.7053 I i00

,1200 45900.10 531 9 ___

1200I 279"98 _ _ _ I 279.81200 4 549.oo0

1200 5 1909.904 !

12000o 6 t 1361.30 .

o00 2 102.65 ___1000 3 287. 221I
1000 4 i563.00

, 1OOO 5 933.10Oi
1000o 6 1396.1o i

800 3 293.19

800 4 574.60

800 5 952.55 1____800 6 1424.90

Page 1 of I
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TABLE 19-C

Bare Beam No. 01-53-1

[ Tomp. Mode fc f L f f  11
°F Hz l}:: iz ]lz

1750 [ 2 z125 .z 0063

1750 I 3 255.70 1
1750 4 502.64 ___ .006

1750 5 i 834.131
1750 6 1249.40 1

1650 2 92.97 I I .0074
1650 3 260.62 1 .0058

1650 4 ___12. 2 _5 _ _.0042

1650 5 849.401 _

1650 6 1271.70 1
41500 2 95.83 11500 ___oo , ___ - _____ _____ ____

1500 i 4 _5267.30

1500 5 I 524.70 I

1500 i 6 11301.54
" 1200 I 2 i99.971

! ! 1200 , 3 i-79. 6 3 I

1200 4 , 548.80 1______

1200 5 909.40

1200 6 1360.80

1000 2 102.56

1000 _ 3 _
287.15 1_ _

1 4 I 563.52 1

1000 I 5 933.70 i ..I
1000 6 1397.20 1 _

800 3 j311.50 _

800 4 611.10 1iI
o00 5 11012.20

800 6 11514.40 __ _

75 2 104.60

7 3 292.93

75 _ 4 574.84

75 5 1952.50 1

- Page 1 of 2
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TABLE 19-C (Concluded)

bare Bca;,. hu. 01-53-1

i 2rp. !,ode C L _R_____

Hz _z _ z _

___ I i ~ ~ __ ';_751 6 1 2.2 2o _

i ~ ' I I
S I _ _ _ _ _ _ _ _i_ _ ___ ___ __

_______ I I _____ _____ ____ r ____

_ _ I _ _ I_ _ I _ _ I _ _ _

"____ I- _____ 1 _____1 ____ I ____

_ _ _ _ _ _ _ _ _ _ _ _ _

__ __ ± i_ _ I __ _ _ _ _ _

_ _ _ ! I_ _ _ _ I _ _ _

____ ___ 11. ___ __ _I

S I _ _ _ _ _ _ _ _

I__ ___1 __1 I__ -

_ _ _ I _ _ _ _ _ _

Page 2 of 2
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TABLE 20-C

Bare Beam No. 01-53-1

T eemp. Mode 
fc 

f L 
f R

H z H z H z Rz

1750 
2 

91.24

1750 
3 

255.65

1750 
4 

502.60

750 5 834 20 i
1 7 5 0 

6 
1 2 4 .

2 0

1650 

2 
I 92.95

1650 
3 260.60

1650 
4 512.80

1650 
5 849.60

1650 
6 

1271.00

1500 2 95.80

1500 
3 267.30

1500 4 526.80
1500 5 870.00 1

1500 
6 

301.60_

1200 2 99.95 I

1200 3 279.10 i

1200 45
1200 5 909.20

1200 6 1360.00

1000 2 102.551 ' 000 3 284.00

000 4 563.40

1000 
5 933.10

1000 6 1397.40

800 2 104.56

800 4 574.80

800 5 952'50

_ _ _ _ _Page 

of
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TABLE 21-C

Bare Beam No. 01-54-1

er, 1ode fc fL fR _t

_ _ Hz !l:: Hz Hz 

1750 21 91.62 _ _ I__
1750 I 257.10 _ T _ ,

1750 4 505.50 I _ ___

1750 5 .838.60 i I _
1750 I 6 I1255.80

1600 2 I 94.28 __ _ _ __

1600 j 3 J 264.25 _

1600 4 1519.18
1600 j 5 J860.80 i
1600 6 11288.10 _
1400 j 2 f 97.55 _

II ~~1400 3 j272.985 1~ ____I.

1400 J4 535.95711______ _ I___It
1400 5 888.131

1400 6____ 41328.727
1200 I 2 100.31 __I

1200 3 J280.79 1 1
1200 4 f551.17 ___

1200 5 913.54

1200 6 1366.601000 2 I 102.90
1000 3 _ 288.24 _

1000 4 I 565.55 _

1000 5 I 937.51 ,,_

1000 J 6 J1402.30 1
800 2 104.98

800 I 3 294.06 _

800 4 577.01 _
800 5 I956.31 _

800 6 1430.60

II Page 1 0.
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TABLE 22-C

Bare Beam No. 01-55-1

remp. Ilode fC fL f R Li

_ _F liz !! liz Hz

1750 2 91.201f- _ _

r1750 4 502.90 __ __ _____

[1750 I 5 835.10 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

,1750 6 1 251.40! _

1530 2 95.00 _ 1 _ i

1530 3 266.30 _ _ _ _ _ I_ _ _ _ _

1530 5 I 866.70 _ _ _

1530 6 1297.60 m

1350 2 97.80
1350 3 1273.50_ 4 1
1350 4 I 536.60 I I "
1350 j 5 1870.10 _ _ _ _ _

1200 2 I 99.80 I _ I1200 3 2-9.60
120n 4 11548.20 3 7 I1200 5 909.4o0 I

100 1
o

1 .7
f 1

1060 4 558.60
|800 2 104.67

Soo, 293.13 i
) 800 I 4 577.50 n

800 5 953.51 -l
800 6 11426.3o I I0

SPage I of 1
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I TABLE 23-C

Bare Ecz.. ::c. 01-56-1

_______ _______ _______ H:: Hz _____ ____

1750 ! 2 [ 90.36! 90.631 90.09 .54 .0059
1750 3__ _ 253.31 254.03 252.55 * 1.48 .0059

I 1750 4 498.00 1 499.43 1 496.5 2.93 .0059-,

1750 5 826.40 1821.77 824.00 2.23 I .0027
1750 6 1238.80i 1241.79 2135.64 6.14 .0050t ~1650 ! 2 i 92.131

i 1650 ! 4 507.901 508-.961 506.87 2.09 1 .0041 p
165 5 842.50 844.07 841.50 2.57 .003116 50 1 6 1261.80 1 263.20 1260.20 1.33.00 .0024i t 1450 2 95.471

1450 15 1 870.04 I I

1450 J 6 11302.401 ___ ___ ______

,1250 2 98.36

1250 3~i:. 275.17K I_________
1250 ! 5 8 95.70i

)~ ~ 025 1340.50
g ,l i1050 i 2 1 01.15 ,

1050 3 282.98i II
1050 4 I 555.48-
1050 1 5 1 920.8o0

050 ] i 1378.20 _

900_ 3 I 287.46, -900 4 !564.211
900 5 1 935.30;.

m 900 6 1399.,0 1
700 2 104.80T

700 2 293.30
700 _ 4 575.70

Page 1 of 2
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TABLE 23-C (Concluded)

i are Beam 1.o. 01-56-1

I em, :.ode c , i 1.

__1__ 1_Z lz Hz Hz 

700 1 ~ 5 957.27 _ _ _

700 6 1428.10I * __ - I__ __ __ _

I............__.............._ _ i _ _ _ _ _ _ I _ _

ePg 2_ _ _f_ 2_ _ _ _

h! __ _ _ _ _ __39

_ _ _ _ ' _ I, _ _ _ _ _ _ _ _ _

_ _ _ I I _ _ I _ _ _ _

'i_ i i _

_ _ _ _ I _ _ _ _ i _ _ _ .1 _ _ _ _ _ _
_ _ I _ _ _ I _J _I_ __

__ __,_ I __ _ __ _ ** * * -:: _ _ I _ _ _ i __ _ __!

'I !_ I _ _ _ _I_ _

Page 2 of 2
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TABLE 24-C

Bare Beam 1,. 01-57-1

.oef tf 

.os L R
I Hz lz lIlz liz

1 1750 1 2 1 83.92 J 83.67 1 84.20 .53 1.00632
1750 3 23515 234.38 235.97 1.59 !.00676t 170 ° 4 68 i 60.61 1 463.31 2.70 005
1750 5 I 766.20 763.99 768.42 4.43 l.00578
1750 4 114705 1144.16 1149.80+ 5.64 .00492
1700 ! 2 _ _84-58 84.28 84.88 _ _.60 .00709

1700 3 237-46 236.65 238"27 1.-62 1 .00682,

1700 1 4 466.45 465.21 467.69 2.48 .00532

1700 j 5 I 773.26 771.88 775.09 3.21 00415,_

6 1157.3 1155.41 1159.49 4.08 -00353

1650 2 i 85.24 84.92 4 85.59 .67 .00786

I 1650 3 j 239.52 238.81 240.34 11.53 .00639
1650 4 I 470.48 469.57 471.50 I 1.93 .00410

1 1650 5 I 779.80 4 778.51 781.16 2.65 .00340

1650 1 6 1167.05 1165.56 1168.40 2.84 .00243

1600 2 i 86.01 85.79 86.41 .62 .00721-1

1600 I 3 241.76 241.17 242.32 1.15 .00476

41600 I 4 474.54 I473.92 475.20 11.28 +.00270J
i1600 5 7-36.21 785.24 787.02 1.78 .00226

S1600 6 1176.30 1175.35 1177.43 2.08 [.00177

i 1550 2 86.91 86.64 87.14 .50 I 00571fi
.. 1550 [ 3 243.75_ 243.35 244.15 .80 1.00328 I

1550 4 " J 478.41 I 477.98 478.83 .85 1.00178 I
1550 5 792.57 791.89 793.17 1.28 .00161

I 1550 1 6 1185.84 1184.93 1186.51 1.58 .00133

I 1500 2 87.64 1 87.45 87.80 .35 .00399

1500___ 3 Ii245.64 245.34 245.96 .6 _____ .00133:!i, • _ _ _ _ __ _ _ _ __ _ _ _

1500 4 482.12 481.84 482.46 .62 .00129

1500 5 798.59 798.12 I 799.14 1.02

1500 6 1194.81 t1194.22 1195.40 1.18 .00099]

1450 2 88.33 j 88.21 88.46 .25 .00283 3
1450 3 1247.55 247.33 247.81 .48 .00194

_______ 1 485.93 485.72 486.18 .4

Page 1 of 3
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TABLE 24-C (Continued)

B'ru 1c"J,: 1:o. 01-57-1

i z - :ode f Li

11Z H,-~ ___1___z_ liz _______

4 j 11450 I 5 804.97 I 804.54 805.39 .85 . 00106

1450 1 6 1204.27 1203.89 i1204.761 .87 I .00072
1400 2 89.00 88.90 1 89.10 .20 .00225

1400 3 1249.42 24.1.d249.65 J .46 .00184
1400 1 4 489.60 489.40 489.75 i .35 i .00071

1400 ! 5 '810.91 810.'4 811.2- .70 .00086

1400 J 6 1213.03 1212.67 1212.49 .82 1 .0068 J
1350 I 2 I 89.66 89.57 I89.74 J I1 009IF i 2 I -019
1350 3 -2-1.16 250.99 251.33 .34 .00136 1
1350 I 4 i 493-14 i 492.98 493.27 1 .29 I .00059 1
1350 5 1 816.77 816.47 817.08 .61 00075

1350 6 1221.80 11221.38 1222.23 .85 ! .00070 1
1300 , 2 i 90.31 1 90.25 90.40 I .15 .00166
1300 I 3 252.98 i-52.78 253.18 1 .40 .00158

1300 4 496.73 I 496.60 496.86 I .26 I .00052
1300 I 5 822.71 1 822.44 1822.96 1 .52 .00063
1300 6 ;±230.63 ,1230.25 1230.98 .73 .00059

1250 2 i 90.96 90.89 91.03 .14 i.00154

1250 3 1254.70 1 254.48 254.9. .43 .00046
1250 _ 4 _ 500.22 500.10 500.33 .23 .00046

1250 5 828.47 I 828.22 828.71 .49 .00059
1 1239.66 __76__1250___ __ 6 1239.28__ 1238.90 1239.66 .76 .00061

.200 2 91.61 91.56 91.69 .13 .00142

1200 i 3 1256.55 1 256.23 256.67 .44 .00172
1200 I 4 503-80 503.70 503.90 .20 -00040

1200 5 I834.42 1 834.17 834.66 .49 .000591200 6 11248.16 J 1247.74 1248.33 .79 .00063

1150 2 . 92.28 92.22 92.34 .12 .00130
1150 3 258.18 258.02 258.35 .64 .00251

1150 4 507.36 j 507.24 507.49 .25 .00099"

1150 5 840.47 840.20 840.70 .50 .00059

1150 6 11257.15 1256.76 1257.56 .80 .00064
1100lo 2 92.96 92.91 93.01 .10 .00108

Page 2 of 3
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jTABLE 24-C (Concluded)

IL
Bare Bea o. 01-57-1

:,.ode fL __ _ i
L R

Hz H: Hz Hz _

1100 3 260.25 260.00 260.47 .47 .00181

no1107 4 I 511.22 1 511.13 5 Sl1._37 .24 1.00047 1
i0o 5 : 846.69 i 846.48 1846.95 1 47 .00056

lC0 6 266.35 * 1266.20 1266.0 70 ' .00055
"" 1050 _ 2 93.53 93.49 93.59 1 .10 .00107

1050 3 261.79 1 261.51 1 262.05 i .54 .00206 i

1050I 4 1 514.39 514.30 514.49 I .18 .00035 41050 i 5 i 852.10 851.84. 852.28 .44 I.00052 i

1050 6 11274.53 124.25 11274.81 .56 r.000

900 2 94.981 1_ . I I

900 3 1 265.45 1 I iI I
900 I 4 1522.27 11__

900 5 865.oo _____i

900 I 6 1293.81 1 I 1
Boo_0 i 2 ! 95.93 1 I I 
800 I 3 1 269.85 I _ I1 ~ ~~~800 4 527.51____.____ ___ L
800 5 873 .64 _ _ _ I _
800 6 11306.68 I I I

- _ I_ _ _ I_ _ I _ __j_

I IH! , I_+II

__ __ __ __ __ __ I __ __ _ i _ _ _ _ _ _ _

I_ _ _ _ I _ _
-__ Iii _ I _

Page 3 of 3
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TABLE 25-C

Bare Beam. 1'. 01-58.-1

Mod f -- i.
i (.r ___________ liz l ZH

1750 1 2 [ 85.63 1 85.39 I 85.96 .57 1.0066c
1750 3 I240.43 239.70 I241.19 1.49 1.0062017510 4 473.34 471.83 47459 2.76 1.00583
1750 5 784.86 1782.66 786.99 4.33 .00552

1750 6 1175.55 .1172.62 1178.34 _ __.72 .00487
1 1700 2 2 86.47 . 86.81 .61I .00705

MD 1700 3 1 242.72 t 241.93 243.52 1.59 .0065

I 1700 4 477.72 J 476.47 478.98 2.51 .00525
1700 5 792.09 790.24 793.94 3.70 1 .00467

1700 * 6 1185.95 1183.73 1188.03 4.30 .0036311650 _ 2 87.22 86._89 _ 87_57 _.68 .00 o78o0

S1650 ( 4 (482.02 (481.13 1 483.05 1.92 .00398

, 1650 5 1 799.08 I797.86 j 800.39 2.53 .00317
1650 j 6 11196.01 11194.38 !1197.38 1 3.00 1.00251
1600 2 88.21 87.87 88.54 .70 .00794

1600 3 247.18 246.83 247.58 1.45 .0058-7

1600 4 j486.30 485.63 J 486.91 1.28 .00263

16oo 1 5 ' 815.70 804.86 806.53 1.67 .00207

1600 6 ,125.68 1204.66 1206.69 2.03 .00168

1550 1 2 88.89 88.59 -914 55 .00619
1550 3 249.15 248.72 249.84 1.12 .00450

1550 4 490-02 489.66 490.51 .85 .00173 *
1550 o 5 812.03 811.47 812.64 1.17 1 .00144
1550 I 6 '1215.13 1214.42 1215.89 1.47 I .00121

" 1500 I 2 89 69 _ 89 49 _ 89.86 .37 I 00413

2o I 351.86 251.39 252.34 .95 .03r
1500 4 493.85 . 493.57 494.14 .57 .00115

1500 5 818.23 817.85 8 818.78 .93 .00114

1500 I 6 1224.27 1223.76 1224.84 1.08 1 .C0088
1430 2 1 90.39 90.26 90.53 .27 00299

1450 I 3 253.86 1 253.49 J 254.24 .75 1.00295

1450 4 497.63 497.44 497.89 .45 .00090

Page 1 of 3
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TABLE 25-C (Continued)

-zr eL_:- -No. 01-58-i

- L-

S'k -Hz Hz z Hz

i 1450 1 5 , 824.50 824.16 824.84 .68 .00082

1450 6 1233.53 1233.10 i 1233.94 .84 I .00068 1

1400 2 91.12 91.o 0 91.22 .2o .00219

1400 3 255.6 255.51 256.01 .0 095

1400 4 i501.39 1 9,01.22 1501.60 .38 j 00076
1400 5 30.62 30.6 830.92 .56 .00067

1400 ! 6 1242.59 124-27 1243.00 I .73 .00059

1350 I 2 I 91.92 .992.3 1-7 .o___i

-1350 3 2 i _ 57.84 257.65 258.06 .41 .00159

13 50 4 505.52 ,505.37 55.67 .30 .00059

1350 i 5 637.45 837-18 837.70 1 .52 .00062

1250 I 2 93.11 93.0 93.18 .16 !_.00172

1250 261.20 261.10 I 6.6I.26 .00100
.-. ___ ___

1250 4 5 512.. ! 512.19 1 512.48 .35 .00041 i S

1250 I 848.63 848.42 94F.77 1 .29 I .00057

"250 OO269.5,o 1269.23 1269.86 .63 00050

1oo___5_ 29455 1 9 iI4II 1L IF 14

Kiso 4 199 .- 00036

10501 6 12134.112307.911304238.4 35 .000431

50 2 1974 05.73 ,9.5.o .12 .003125

"_ _ _ __ _ __ _ _ _ __ _ _ __ _ __39 9_ __ _ _ _ _ _ _

___ ___ ___87_.9_ 871.80 872._ 1 .3____ .00036_ 1__ _

____-050 3 1276.81 1303_91 1343 .43_.0003

900e 2 9743

3 27.6. -
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TABLE 25-C (Concluded)

-z .I . ea -' 5 ._. :,. ___ -5_ -_

____-" ___"_ _" -c 4- *R -"

730 5-2.8o0 i , 7
_ _ _ _ _ _ _ _ _ _ I _ _

_____o _" i g.13 90!_ _ _ ± _ _ _ _ _ _ _ _

54 1898-901 _ _ _ _ _ _ _ _

7 0 7 6 11344.26 ' ' _

650 1 2 i 99.7 I, _ _i _ "
[ 65.5 ; 3 279.30 i

650 ____ 1 __7.8o0 ! i 1

_ __650 _ 6 356. o 20. _ _ _ _

! J ,. I !
-_ _ _ _ _ _ _ _I _ _ _ _

_ _ , _ _ _ _ _ _ _ I _ _ _ _

.I iii iii"

,!_ _ _ _ i I _ _ _ _

I I

J _ _ ,_ _ ,_ _ I _ _ _ _ _
l :_ __i i ,_: i _ _

,i i I ii '
I _ _ _ i , i i

IIiiI i

_ _ i_ -- _ _ I _ _ _ _

,I __ I .__ i i__ _ i_
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TABLE 26-C

Bare eLaxr No. 01-59-1

11C L R
± fl

1750 2 f 85.78
1750 3 240.22 1 _ _ _.

1750 4 I 472.65 _

1750 j 5r I 7 8 3.76 I
1750 6 1172.50

1600 - 2 7.95 - -

160 3 246.57 __ _

1450 4 485.26_ _ _

~ 1600 5 1803.91 ___

1450 I 2 90.09 t

1450 I 3 2530581 1 !,_!1450 4 495 99 I, !~450 ! 5 821.52 1
' 1450 6 1228 03

_1300 _2_ _ 92.2_ _ I 92.24]~ ~ 30 0 , 3 259.30
1300 i 4 507.59 I_ _ l1300 840.54 II

I, l~~~~3 0 0 f 6 1256 __ __ _ __ _ __55 ~ ~
r 1150 2 94.43

1150 3 1 265.28 1 l

1150 4 1519.25 _ _
1150 5 859.95

1150 I 6 1285.28 j I

1000 2 96.04 _

1000 3 269.80

1000 4 J 528.15
1000 5 874.531000 I 6 11306.90
850 2 97.52
850 3 1 273"91 562

850 4 53.2'iPage 1 of 2
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------ 17 - -.S i Z -- . .- .-. . ..... . . . . . _ _ . ..

TABLE 26-C (Concluded)

bare Bea-m N~o. 01-59-1

__ _.__ lodefL C L1.

850 1 5 887.9 1
850 6 11326.68 7

700 2 98.97 1

700 3 277.90 _I

700 J 4 544.14

700 5 900.87

700 6 J1346.29
600 2 9 99.92 I

600 3 280.48 I

600 6 1358.35

_ _I _ -. _ _ _

,1 __ _ _ I __ _ - _ _ _ !-- - -_ __ _I_ _

_ _ _ I I_ __H '.______ _ _ _ _

Page 2 of 2
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TABLE 27-C

I

Bare Dean! No. 01-59-1

1100 H:, 84 lz Hz

Ii00 ! 2 ! 89.48 1 89.371 89.58 1 .21 .00235

1100 3 250.81 1 250.53 ! 251.30 1 .97 .00?d7

1100 ! 4 I 490.51 489.90 491.32 1.42 .00289

1-10a 5 j 812.37 I 810.63 814.50 3.87 [.00476
1100 6 11215.75 11212.69 11220.15 7.46 1.00614

1050 2 89.97 89.77 I90.17 .40 1.00445
1050 3 I 252.57 251.72 253.92 2.65 .01049
1050 _4 494.69 491.40 498.53 7.13 .01441
1050 5 822.12 809.96 829.95 19.99 .02432

I
10I0 6 237.64 1222.70 1252.58 29.88 .02414
1000 2 i 91.40 90.29 92.70 2.41 .02637

1000 3 258.57 254.15 263.00 8.85 .03423

1000 _ 4 510.31 497.97 518.59 20.62 1040411 000 5 853.52 831.07 i872.30 4.1.19 104826

S975 1 2 92.40 91.09 94.74 3.63 .03929

975 3 260.48 254.36 265.19 10.83 .04158

975 I 4 512.80 503.18 521.56 36.12 .7044

975 _5 876.39 855.31 898.95 43.67 04983
97 ' 6 1286.87 1251-.33 1300.09 95.66 .07432

950 1  
56 93.65 98.18 4.53 .04738

950__ 6_____ 1344.10 11330.02 11358.16 55.30__ .04114_

__ __ _ __ _ _ _ _ _ _ _ _ _ _ I __ _ __ __ _ _

_ _ _ _ _ I _ _ _ _

__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I ___ ___I
Page 1 of 1
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TABLE 28-C

Bare Beam No. 01-60-1

Tem1p. Moce f L f R t 1

HF Iz 11z H2 Hiz

1750 L 2 1 84.441 ___

1750 3 j 237.56 I _

1 1750 4 467.161 _

1750 5 774.67 _____

1750 6 1159.87 _____ _____11600 2 I 86.90

1 I 1600 _ 4 I 479.50 

1600 6 1188.80

1450 289.15 .___ ____
1450 3 249.98 I

1450 4 J 490.64
1 1450 5 8 1266 _ _

1450 6 1215.90

1300 2 I 91.14 _

1300 I 3 1 255.96 _

1300 4 501.50
1300 5 830.40

1300 6 1242.42

1150 I 2 93.21

I 1150 3 I 261.68 ___ _______ -

1104 512.67 _____.

1150 5 i 848.95

1150 6 1269.7*
1000 2 94.90

1000 3 j 266.21 _ _ _-
_ _O _ _ I _ _ __1_ _ _ iI 1000 4 521.75 ______ __ ___ ____

1000 5 8 863.92 _

g1000 6 1292.30 _

8502 96.39
850 3 270.41

850 4 529.90

Page of 2
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TABLE 28-C (Concluded)

Bare Beam No. 01-60-1

fIjcf i L tf -
I~~ ~ 'i:". ioe f L IR

_ _ _lz Hz 1!z lz

850 I 5 ! 87-7.25 I _ i _ _ _

850 I 6 11312.00 I
t 700___ 2 1 97 691I J _ _

700 3 274.14
700 4 1 537.34

600 I 2 I 98.59 I
600_ I _ I -.1 I 27 6 _

600 4 5 842.16 !____

600 I 8 97.50600 6 113.0 .o

Ii _ _ _ _ _ _ _ _[ I 54 .1 __ __ _ __ __ _ __ _

I. I _ _ _ _ I _ _I _ _ _ _ _

_ _ _ _ _ _ __ -_ 1

: Page 2 of 2
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TABLE 29-C

Bare Beam No. 01-61-1

Temp. Mode fc fL fR Lf

_F Hz Hz Hz Hz

1750 . 2 84.35

1750 3 236.05

1750 1 4 464.08

1750 5 769.95

1705 6 .1153.30

1600 I 2 86.58
1600 3 242.81

1600 4 476.98
1600 5 790.37

1600 6 1182.67

1450 2 88.74

1450 3 248.55

1450 4 488.10

1450 5 808.60

1450 6 1209.80
1300 2 9.1.01

1300 3 254.83
S1300 4 500.42

1300 5 828.95

S1300 6 1240.02

1150 2 92.90
1150 3 260.021150 4 510.70

1150 5 846.94
2150 6 1265.40
1 000 2 94.54

91000 3 264.50 -,1000 4 519.69

1000 5 860.70

1000 6 1287.50
850 2 95.97

850 3 268.24 3

850 4 527.55

Page 1 of 2
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TABLE 29-C (Concluded)

SDare 
Beam No. 01-61-1 3

i'J.o o e C f L f R f 1

_ Hz lz _Z Hz _

850 I 70 " .Io_600 2 .a =33.

600o " 276.0 oo0_ . i600 4 S40.83'
S600 i 5 895.55

600 6 1338 90-_

i i' _ _I_ _ _ _ _ _

Page 2 of 2
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TABLE 30-C

Bare Beam !o. 01-62-1

cde 
f

______________ _______ 2iI:: liz liz ________

S17 2 _ _84.15 f
1750 __ _ 236.50 _ _

175 l 4 1 464.18 _ _ _ _ I _ _"

1750 5 1 770.05 ____ ____ __ __ ____
1750 6 1152.7o0_

_16 0 o0 !_,_._9 I 8 6 . 4 91! ~ ~~~100 3 250.7018 __ __- ___
1600 I 4 1 476.90 _ _ I1600 I 5 I 790.00i

1400 2 , 89.381
1400 3 1 250.7oi0

1400 I 6 I 1217.70 _ _ _ _1200 I 2 91.88 _ _ _

1200 3 2 257.82 I I i 

1200 4 505.651 I ! !
i 1200 5 837.70 I _ I !

1200 I 6 1252.801
1000 2 I 94.24 _ I 
1000 __ 3 I 264.64j _ __ I
1000 4 . 518.351 _ [ _ i

1000 I 6 I1284201000 f 5.6720 ___ __ _

_ _ _ __ooo _ _ _ _ _ _ _ _ _.o _ _ _ _ _ _ _ _ _
80 _ __2 96.32 i__ _

800 1 3 I 270.30 I I
800 I 4 529.55j
80[ 877.02~_o _ I , o '
__oo __ I -_ _ _ I ____.__o -i 1
800 1, 6 1311.401_ _ _600 j 2 I 98.09! I _

600 3 i275.25j j

600 4 539.25 I __

Page 1 of 2
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TABLE 30-C (Concluded)

_ I

Bare Bea: , No. 01-62-1

,±F. i ii

___ __ __ __ ___ __ __ __ __ If:: Hz Hz

60 1 5 893.96i600_ 6 1-1335.30 f_ _ _ _ _ _ _

6 0 0 ! .__ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

_ _ _ _ _ _ I _ _ _ _
_________ ______ ______ I _____ _____ ___

'1 _ _ _ _ _ _ _ _ i _ _ _ , _ _ _ _ _ _ _ .1 _ _ I _

-= 1 I. _ _ _ I. _ _ I _

_ __I _ _ _ _ _ _ _ _ _ I _ _ _1 1 _, 1 _ _ _ _ _ _ _ _ _

_ _ i I _ _ _ _ T _ - _

I 1 _ _ _ _ _ _ I _____

_ _ _ _ _ _ I _ _"

_ _ _ _ '_ i __ I _ I __

I _ I _ _ _ I _ _ _ _ _

Page 2 of 2 =
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TABLE 31-C

Bare Bva n No. 01-63-1

f | fL f Rf
FHz liz Hz Hz

1600 2 . sv 54

1600 , 3 248.11 247.40 I 249.15 , =

1600 4 485.72 484.93 486.27 _

1600 __ 5 _ 804.73 803.75 805.38

1600 i 6 1203.96 1202.21l 1204.88 j1400 I 2 91.18 1 91.10 1 91.26I
~~~~~1400 ! 5.28 256.05 i 268

140 4500.76 I500.65 1 500-911400 5 82.9 82.3 E302

1400 6 1240.92 1239.75 1 1241.39 __

1200 2 9374 93.67 93.81
1200 3 23.09 2 62 .  9 5 15.04 1
1200 4 515.04 j 514.89 _ 515.04 __

1200 j _ 852.55 852.50 852.92 ____

1200 6 .1275.03 1374.68 1275.55
1000 _2 __96.50___ _1000 3 270.59 1!!

S1000 4 529.91
S1000 5 877.44 !

800 2 97.84

800 3 I276.17 __i

800 5 894.63 _

800 6 1337.33
600 2 =100.281 I_ _
600 3 281.10 i _
600 5 , 911.96

600 6 11361.85 I'4 _____ _____ 5 0 6 ____ _____- _ _

III
Page 1 of 1
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APPENDIX DI

THERMAL AGING!I
The porcelain enamels listed in this Appendix were thermally -

aged as described in Section IV of this report. Table 1-D is an

index of these materials, listing the times and temperatures to

which the specimens were exposed. The tables referenced in Table 1-D

are derived by using the nomograph curve fit equations. A fre-

quency of 100 Hz is used over a temperature range which describes

peak damping. The figures associated with these tables are plots

of loss factor versus temperature, and illustrate the change in

damping.

The effects of thermal aging vazy widely for different glasses, 1
as illustrated in Figure 1-D.
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TABLE 1-D

INDEX OF MATERIALS THERMALLY AGED

Beam Temperature Time

Material Number _C Hours

r.. Hommel 7007 01-37-1

01-39-1 600 I120
Morning 0010 + 7.5% AI 20 3 + 01-48-1 * *
1% Co203  01-48-2 760 166.5

01-49-1 * *

01-49-2 760 100

korning 7570 + 2% Na. 0 + 2% 01-48-4**

HO01-48-5 480 121

|3

SiO + 12.75% Na2 0 + 10.75% 01-46-1 *Cao + 2% Co203 01-46-2 7600
a 01-46-3 760 314

Pio + 12.75% Na. 0 j1.5%0-44 -21
CaO + 3% Al2 03+ 2% Co203  01-44-3 750 98

iO 12.75% Na + 10.75% 01-55-2 * *SaO2+ 6% LI20 + 2% Co203 1 01-55-3 815 100a ... C0101-55-4 815 300

+ 10.75% CaO + 6.375% 01-57-i5

_HCO + 6.375% Na20 + 2% Co 203  01-57-2 815 112
IC 3  6 2 01-57-31 815 308

Porosilicate + 5% Na200 + 2% 1-43-1' * *1
Co 5%N00+2 01-44-11 515 120J

* As fired

4
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APPENDIX E

MULTILAYER DAMPING SYSTEMS

The results of the multilayer porcelain enamel damping sys-

tems are listed in this Appendix as describd in Section V of

this report. Table 1-E is a listing of these systems by beam

number. The following sections display this data in the same

format as Appendix A. The data does not represent material proper-

ties; it is valid only for the geometric combinations of coatings

I
and substrates that are listed.

I

4

- ,

I

(I

1
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TABLE 1-E

INDEX OF MULTILAYER BEAM TESTS

Beam Number Layer Material

01-50-1 1 Corning 0010 + 10% A1 2 03 + 1% Co 203

2 Nickle Aluminide

3 Magnesium Zirconate

01-51-1 1 Corning 0010

2 Nickle Aluminide

3 Magnesium Zirconate

01-51-2 1 0. Hommel R-1202

2 0. Hommel R-1250

01-51-3 0. Hommel R-1202

2 0. Hommel R-1250

01-55-1 i1 Crning 0010 + 10% A1203 + 1%,C°203

2 3l 2o0O3

01-58-1 1 UDRI 74.5% SiO 2 + 10.75% CaO + 12.75% Na20

+ 3% A1 203 + 2% Ca20 3

2 NiCr

1 01-58-2 1 IUDRI 74.5% SiO 2 + 10.75% CaO + 6.375% KHCO3
'_ + 6.375% Na 2 0 + 2% Co2 03

2 0. Hommel R-1251
_ I,

01-58-3 1 UDRI 74.5% SiO 2 + 10.75% CaO + 6.375% KHCO3
+ 6.375% Na 20 + 2% Co 20 3

2 I 0. Hommel R-1251A ' 01-58-4 1 UDRI 74.5% SiO 2 + 10.75% CaO + 6.375% KHCO3

+ 6.375% Na2 0 + 2% Co203
2 0. Hommel R-1251

01-61-1 1 UDRI 74.5% SiO 2 + 10.75% CaO + 6.375% KHCO3

+ 6.375% Na20 + 2% Co2 03

I 2 NiCr
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TABLE 1-E (Concluded)

INDEX OF MULTILAYER BEAM TESTS

Beam Number Layer Material

01-61-2 1 UDRI 74.5% SiO 2 + 10.75% CaO + 6.375% KHCO 3

+ 6.375% Na 20 + 2% Co 203

2 NiCr

01-62-2 1 UDRI 74.5% SiO2 + 10.75% CaO + 6.375% KI{CO 3
+ 6.375% Na20 + 2% Co203

2 0. Hommel R-1252

01-62-3 1 UDRI 74.5% SiO 2 + 10.75% CaO + 6.375% KHCO3
+ 6.375% Na20 + 2% Co 203

2 0. Hommel R-1252

01-62-4 1 UDRI 74.5% SiO 2 + 10.75% CaO + 6.37:% KHCO3

+ 6.375% Na 20 + 2% Co203

2 0. Hommel R-1252

01-62-5 1 UDRI 74.5% SiO 2 + 10.75% CaO + 6.375% KHCO3
I+ 6.375% Na20 + 2% Co2 03

2 0. Hommel R-1252

01-63-1 1 0. Hommel R-1202

2 0. Hommel R-1250

01-63-2 1 0. Hommel R-1202

S2 0. Hommel R-1250

43
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Beam No. 01-50-1

Date 12/27/78

Damping Material Three layers: first, Corning 0010 + 10% A12 0 3 +

1% Co203; second Nicle Aluminide; third Magnesium Zirconate

Material Thickness 0.0378 cm Material Density 4.24 q/cc

Fixture No. 2 Beam Thickness 0.0955 cm

Beam Density 9.13 g/cc Beam Length 21.107 cm

Temperature Test Range: Between 870 OC and 595

Frequency Test Range: Between 100 Hz and 1,600 Hz

Loss Factor n

Peak 100 Hz nD 0.66 Temerature 860

1,000 Hz nD 0.66 Temperature 790 oC

Range 100 Hz 715 0C 850 0C

1,000 Hz 775 0C 920 0C

Complex Modulus E D"

Peak 100 Hz 2. 8x 109 PAS Temperature 770 oC

'1 1,000 Hz 2.8 x 109 PAS Temperature 830 0C

Range 100 Hz 695 0C 855 0C

1,000 Hz 740 0 C 25 °C

- I

! OMOGRAPH CURVE FIT EQUATION:

MATERIAL :J35-7 THREE LAYER DAMPING TREATMENTLOG(R)oLOG(ML) {2LOG(MRON/ML))/(I+(FROfq/FR)ZSX)Z
10T PROM MROP N ML

AX A2 A3 A
SSO.o 4.SOeO-04 3.660OE418 .40e 2.70e0E+10

p-iLOG(FRI-LOG(FROL)) C~~~~~~LOG(ETA).LOG(ETAFROL),((SL+SH)A+(SL-SH(-OTIAI))/
T ETAFROL SL SH FROL C

31 32 33 34 Is
Sse. .057 .776 -.3S* 1.0241E-04 1.469

LOG(FR)-LOG(F)-12(T-Te)/(SZ5/1.S+T-T0)

REMARKS: After test, coating was discolored to a darker shade of

white. Thermal soaked for 69 hours at 760 0C. Removed to room tem-

perature after fifteen minutes; the coating flaked off the beam.

This continued for approximately three hours until the entire

coating came off the beam.
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TABLE 2-E

Beam No. 01-50-I

OF f f f f Af n ldB
Ic n L R 6 c

TemP. lMode

1i0 102.30 93.41 101.78 102.90 2.20 .02152 .01432

3 288.37 261.98 286.64 290.10 6.80 .02358 .01908

4 570.68 515.33 568.56 576.00 14.62 .02562 .02292
5 943.3 834.0 93e.68 948.08 18.47 .01958 .01717

6 1436.4 1287.44 1428.75 1441.34 24.74 .01722 .01552

1550 2 104.19 94.2 103.51 104.58 2.10 .02092 .01502

3 292.20 264.3 290.42 293.60 6.25 .02139 .01811

4 577.06 520.43 574.31 580.51 12.18 .02111 .01931

5 961.84 867.2 957.05 967.25 20.04 .02084 .01914

6 1440.50 1288.2 1432.95 1446.67 26.76 .01852 .01722

1 7.. ? .... 105.95 95.01 105.34 106.39 2.06 .01948 .01508
3 295.85 266.65 292.38 299.32 6.94 .02346 .02126

1 4 583.86 524.6 580.82 587.31 12.75 .02184 .02054

5 974.23 867.4 965.73 985.02 19.29 .01980 .01859

6 1470.47 1298.0 1462.41 1478.54 31.52 .02144 .02044

1450 2 106.92 95.85 105.92 107.92 2.00 .01871 .01611

. 3 300.77 268.35 298.09 303.52 5.48 .01822 .01661
__ 4 592.68 527.23 587.21 598.15 10.94 .01846 .01746

5 988.80 874.18 984.13 993.04 17.50 .01771 .01629

6 1487.64 1308.6 1478.48 1496.8 36.00 .02420 .02337

OF f c fn f f Af ndB

Temp.lMode I___ _____________

-1400 2 IOR08001 96.6 10A6.90q 109.06 .6 .098 .01794

- 3 304.30 270.3 301 .66 306.83 5.17 . 01699 .01568
t 4 599.16 532.4 594.04 603.72 9.68 .01616 .01546

5 999.34 880.5 992.47 1006.51 14.04 .01405 .01333i 6 1489.85 1317.5 1480.34 1507.15 26.81 .01800 .01730

1350 2 109.56 1327.0 108.46 110.47 2.01 .01835 .01667
3 Z"7.8 887.2 305.68 310.06 4.38 .01423 .01311

4 605.93 536.0 602.13 609.84 7.71 .01272 .01207
5 1009.7 272.3 1004.34 1015.15 10.8! .01071 .01247

6 1504.66 97.36 1496.4 1514.64 18.24 .01212 .01151
1300 12 110.70 97.9 109.84! 111.48 1.64 .01481 .01338

3 310.56 274.03 308.801 312.33 3.53 .01137 .01037

4 611.4 538.84 608.42 614.45 6.03 .00986 .00932

__5 1018.43 892.73 1015.v 1020.%2 10.65 .01046 .00987

6 1516.7 1336.11 1508-76 1523.54 14.78 .00974 .00974
i2$0 2 112.20 98.8 111.97 112.53 1.10 .00981 .00850

-1-3 313.25 276.1 312.04 314.31 2.27 .00725 .00635

4 616.80 543.5 614.88 618.98 4.10 .00665 .00620

-5 1026.58 900.0 1023.88 1029.51 5.63 .00548 .00492
a 6 1533.8 1345.8 1532.01 1535.60 7.06 .00460 .00412
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TABLE 2-E (Concluded)

Beam No. 01-50-1

F f f f f af IdB
C fl L R s C

1 2 112.87 99.48 112.49 113.36 0.87 .00771 .00643

'1200 3277.80 314.73 36.34 1.61 .00510 .00426

110 21.0 547.10 619.60 622.52 2.92 .00470 .00431 ____

11200 5 1033.93 906.20 1031.87 1035.11 3.92 .00373 .00319 _

j1200 6 il 1545.96-1 1355.20 1544.44 1547.75 6.50 .00421 .00383 X

j1150 I 2 113691 100.07 113.42 114.03 0.61 .00537 .00417 I

1 1150 3 317.63 275.93 317.11 318.38 1.27 .00400 .00322 ___

:115014 ~,625.--1 550.54 624.49 626.70 2.21 .05 .00320 ___1150 5 111041.70 912.00 1040.36 1043.12 2.76 .00265 .00212 1
1100 2 114.81 100.72 114.62 115.08 0.46 .00401 .00297
S1100 ; 3 i!320.59 281.40 320.13 321.01 0.88 .00274 .00200

11100 i 4 630.881 554.24 1 630.08 631.62 1.54 .00244 .00192 _

_ _ _ _ _" _ _ _ _ _ _ _ _ _

:1100 :5 1050.15 917.90 11049.06 1051.14 2.08 f.00189 .00137 _____I

ii __ _t __I_ _ _,_Ii _ _ _ 1 i _ _1 I _

I. iii _I-l

I

tI
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Beaaa No. 01-51-1

Date 1/19/79

Damping Material Three layers: first Corning 0010; second Nickle

Aluminide; third Magnesium Zirconate

Material Thickness 0.0292 cm Material Density 4.57 g/cc

Fixture No. 2 Beam Thickness 0.0950 cm

Beam Density 9.13 g/cc Beam Length 20.95 cm

Temperature Test Range: Between 510 0C and 815 °C

Frequency Test Range: Between 100 Hz and 1,550 Hz

Loss Factor nD:

Peak 100 Hz TD 0.10 Temperature 610 °C

1,000 Hz nD 0.10 Temperature 680 °C

Range 100 Hz 575 0C 715 C

1,000 Hz 625 0C 780 0C

Complex Modulus ED":

Peak 100 Hz 3.6 x 109 PAS Temperature 615 °C
1,000 Hz 3.6 x 109 PAS Temperature 680 0C

Range 100 Hz 600 0C * OC

.1,000 Hz 630 0C * C

NOMOGRAPH CURVE FIT EQUATION:

MAIERIAL :J85-8
LOG( -LOG(ML)+(2LOG(rROM/rL)).'l-(FROM/FR)X*H)

TO fROm PIROM 4 VL
Al A2 A3 A4

558.0 1.40@0E @eO 4.3123E+1e .74? 3.7941E+10
Ao& LOG(FQ)-LOG(FROL))/C
LOG(ET'A).LOG(ETAFROL)+(CSL.SH)A+(SL-SH)(1-SORT1+A*2)))C/2

TO ETAFROL SL 5H FROL C
Bt B2 B3 B4 BS

S50.0 .09S .400 -.PSO 10.0eeO E-ea i.eee
LOG(rRl-'.OG(F )-12(-T0)/(525/1.8+T-TO)

REMARKS: Project J-85-8. Coating began to come off during test

at approximately 7600 C. Terminated test at 815'C.

n has double peak; lower peak listed above upper peak above

range of test.
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TABLE 3-E

Beam No. 0-S-

fc f f R Af C'1 1cdB

1-f?3>:Model ______

1500 2 103.00 95.59 101.62 . 04 ,96 . 34 .. 32 43 . 02f 3

1500 3 294.69] 267.76 292.88~a 7,11.~... ..... J2.....414L.. ... 02LS.. AA
1500 4 581.411 525.90 575.22 589.60 14.38 .02473 .02363

1500 5 . 954.96 872.00 942.28 971.71 29.43 .03082 .02962

1450 2 102.75 96.41 102.23 103.49 2.48 .02410 .02141 X

1450 3 289.60 269.99 286.27 291.88 5 .61 01937 .01776

1450 4 570.80 530.31 566.97 578.39 11.52 .02019 .01938

1450 5 941.76 878.60 833.46 852.12 18.66 .01981 .01893

1450 6 1411.461 1325.03 1420.61 17.98 .01274 .01208 ____

1450 2 106.741 95.59 105.28 108.47 3.19 .02989 t
1450 I 9.01 525.90 589.58 1603.59 14.01 .02351
1 1450 1 5 ij977.47 1 872.00 964.78 993.38 28.60 .02926,

' 1400 2 ,e102.10,1 97.13 101.09 103.09 2.00 .02074 .01864
1400 3 1 290.41 271.65 289.32 291.58 4.44 .01529 .01399 x

1400 1I 571.68 531.70 568.21 576.80 8.59 .01503 .01444

1400 5 945.64 885.60 937.84 953.46 16.08 .01700 .01628

1350 2 102.72 97.91 101.91 103.53 1.62 .01577 .01404

1350 3 290.93 273.60 289.11 292.91 3.80 .01305 .01193
11350! 4 -533 538.20 569.51 578.71 9.20 .01605 .01557 ____I

i1350 1 5 951.20 892.40 942.30 962.46 18.16 .01409 .01845 I
115 j 6~Jj 1434.30 1334.60 1425.69 1449.08 j .01631 .01579__ x____
1300 2 103.54 98.53 102.79 104.40 1.61 .01555 .01405

i

-F fc fn f L f R af nS n c  laB

Te . Iode 5i I___ _ _____ _ ___ _ __ __ _

11300 3 292.981 275.76 290.73 295.46 4.73 .01614 .01514 ____

11300 4 578.81 541.77 574.38 584.58 10.20 .01762 .01720

1300 5 960.58 897.44 951.27 969.10 17.83 .01856 .01797

;1300 6 1446.76 1343.26 1433.07 1463.10 30.03 .02076 .02030

11250 2 1 103.84 97.40 102.91 104.84 1.93 .01859 .01726
I j3 295.81 278.00 293.26 298.80 5.54 .01873 .01789 _

11250 4 584.90 546.20 579.38 591.33 11.95 .02043 .02004

!1250 5 F971.72 905.40 961.82 982.37 20.55 .02115 .20610

;1200 2 105.14 100.10 103.91 106.29 2.38 .02264 .02264

1200 3 299.65 279.70 296.44 302.86 6.42 .02142 .02142 1
1200 4 592.12 549.90 586.28 597.51 1 11.23 .01897 .01897 i
1200J 5 I 983.63 911.40 975.23 992.92 17.69 .01798 .01798 1
12001 6 1 1476.81 1363.10 1465.34 1493.05 28.51 .01931 .01931 I

[1150 2 107.00 100.70 105.83 108.27 2.44 .02280 .02280 I

1150 3 301.m2 281.68 301.01 306.28 5.27 .01736 .01736 i

1150 I 4 596,t6 553.62 594.50 603.18 8.68 1.01450 .01450

1150 5 994.45 917.08 988.66 1000.52 11.86 .0193 .01193
1150 6 1490.24 1372.32 1480.62 1500.30 19.68 .01321 .01321

110 2! 0.0 101.42 107.66 109.56 1.90 .01750 .01750 ____

1100 3 307.10 283.80 305.27 308.80 3.53 .01143 .01143
11I00 1 4 605.08 557.40 602.30 608.13 5.83 +00964 .00964

o I5 1003.29 923.50 999.70 11007.15 7.45 .00743 .00743 . .
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TABLE 3-E (Concluded)

Beam NO. 01-51-1

-F fc f n f L f R f ns  c  1dB

Temp. Mode _I _ _ I
1100 6 1502.34 1381.80 1494.25 1509.54 15.29 .01018 .01018 I
1050 2 109.74 102.00 109.14 110.43 1.29 .01176 .01176

1050 31 309.73 285.55 308.68 311.08 2.40 .00775 .00775

1050 4 610.30 561.80 608.32 612.42 4.10 .00672 .00672
1050 5 1011.71 929.20 1009.32 1014.56 5.42 .OOSIR .00518

105016 1514.89 1399.70 1508.11 1520.46 12.35 .00815 .008154
1000 2 110.74 102.68 110.38 111.26 °0.88 1.00795 .00795 1

100 3 311.94 286.80 311.12 312.90 1.78 .00571 .00571

100 4 614.89 564.50 613.36 616.56 3.20 .00520 .005201000 5 i!1019.27 935.01 11017.31 1021.43 4 12 .00404 .00404

i 1000 6 I 1524.92 1399.08 1522.38 1527.66 10.38 .00680 .00680

95 ; 1 162 103.22 111.28 112.01 0.73 .00654 .00659
950. 3 1 314.43! 289.20 313.88 315.23 1.35 .00429 .00429

950 4 619.401 '67.40 618.06 620.85 2.79 .00450 .00450

950 I 5 1026.521 939.80 1024.96 1028.36 3.40 .00331 .00331

950 6 1 1535.71 I 1407.10 1533.39 1537.92 8.90 1 .00580 .00580,

*1

I , q
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Beam No. 01-51-2
Date 6/8/79

Damping Material Two layers: first 0. Hommel 1202; second

0. Hommel 1250 I
Material Thickness 00221 cm Material Density 3.81 g/cc

Fixture No. 2 Beam Thickness 0.0950 cm 

Beam Density 9.13 g/cc Beam Length 20.95 Cm l

Temperature Test Range: Between 650 0C and 455 0C

Frequency Test Range: Between 95 Hz and 1,580 Hz ii ~Loss Factor nD:i

Peak 100 Hz nD * Temperature * 0C

1,000 Hz nD * Temperature * C

Range 100 Hz * CC *C

S1,000 Hz * C * C

Complex Modulus E D"

Peak 100 Hz 5.4 x 109 PAS Temperature 565 0C

1,000 Hz 5.4 x 109 PAS Temperature 610 0c

Range 100 Hz 520 610 C

1,000 Hz 550 *C 660 0C
j

NOMOGRAPH CURVE FIT EQUATION:

MA7tRIAL zel-51-2
IOGtq)-LOG(ML)+(2LOG(MROM/ML))/(I+(FROM/FR XXH)

Te FROM MROfl N l
Al A2 A3 A4

500.0 7.809SE-63 6.340?E*@9 .444 8.5000E+08
A-CLOG(FR)-LOGCtROL) ¢C
LOG(ETAI)-LOG(ETAFROLJ.((SL+SH)A+CSL-SH)(I-SORTCI+AI*2)))C/2
Te ETAFROL SL SH FROL C

U 1 1 33 34 pS
S99.0 .42e .690 -.3" 3.1868E-04 1.922LOG (FR) -LOG(F) -12T-TO) C 525/1.oS+T-TO)

REMARKS: Retested 01-51-3.

I Not measured.

4
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TABLE 4-E

Beam No. 01-51-2

-F fc fn f f ns nc ldB

STemp. Mode

1200 2 96.20 100 .i 81 97.60 4 .05699
1200 3 276.53 279.70 272.61 280.00 14.52 .05252 X

1200 4 545.60 549.90 I 536.65 559.12 22.47 .04118
1200 5 922.62 j 911.40 896.91 947.16 50.25 .05446
1200 6 1314.54 :363.10 1307.69 1322.67 29.43 .02239
1200 2 97.26 100.10 94.97 100.25 5.28 I .05429
1200 3 279.40 279.70 275.34 282.66 14.39 .05149 x
1200 4 505.68 549.90 542.41 567.96 25.55 .04640
1200 5 883.21 911.41 866.82 892.68 50.82 .05754 X

1200 5 874.42 911.40 865.56 883.28 34.82 .03982 X
1200 6 1316.47 1363.10 1309.38 1325.42 31.52 .02398 X
1150 2 101.49 100.70 99.16 103.98 4.82 .04749

1150 3 288.89 281.68 282.58 294.81 12.23 .04233
1150 4 570.91 553.62 561.84 582.48 20.48 .03650
1150 5 953.40 917.08 936.73 967.70 30.97 .03248
1150 6 1435.28 1372.32 1426.66 1455.49 56.66 .03947 x
1100 2 104.99 101.42 103.27 106.98 3.71 .03534
1100 3 296.35 283.80 291.85 301.38 9.53 .03216

1100 4 585.79 557.40 577.97 595.28 17.31 .02955
1100 5 974.87 923.50 961.53 989.57 28.04 .02876
1100 6 1472.40 1381.80 1459.36 1482.78 46.02 .03126
1050 2 107.96 102.00 106.54 109.58 3.04 .02816
1050 3 305.06 285.55 301.04 309.28 8.24 .02701

"fc fn f Raf ns c JdO

ep. Hode _I oI
1050 4 602.00 561.80 595.12 610.68 15.56 .02585

050 5 1001.66 929.20 990.01 1012.38 22.37 .02233
1050 6 1505.75 1390.90 1492.20 1521.90 29.70 .01972

1000 2 110.48 102.68 109.45 .12.10 2.65 .02399
1000 ' 312.86 286.80 309.48 315.48 6.00 .01918
1000 4 614.28 564.50 .609.25 619.46 10.21 .01662

1000 5 1018.96 935.01 1012.73 1027.18 14.45 .01418
1000 6 1526.85 1399.20 1515.58 1535.61 20.03 .01312
950 2 113.12 103.12 112.43 113.79 1.36 .01202

950 3 318.21 289.20 316.95 319.99 3.04 .00955
950 4 625.22 567.50 622.65 627.79 5.14 .00822

950 5 1036.40 939.80 1032.66 1039.99 7.33 .00707
950 6 1551.50 1407.00 1545.31 1556.21 10.90 .00703
900 2 114.58 103.66 114.25 115.02 3.77 .00672
900 3 322.18 291.00 32!.42 323.13 _ .71 i .00531

900 4 632.04 570.40 630.90 633.90 I 3.10 j.00475
900 5 1047.18 944.50 1044.72 .049-31 4.55 .00438
850 2 115.17 104.19 115.38 lI1.87 _._9_ , .00424

950 4___ 637.3_1__.1
573._ 43 .5 -.. .0038

S 50 5 1055.18 949.10 ! )51.40 56.90 L.ss .00332
9 5^ 6 !590.10 1 421.00 SA'.6 2.' 2 5.1

J452
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Beam No. 01-51-3

Date 6/11/79

Damping Material Two layers: first 0. Hommel F-1202; second

0. Hommel R-1250Ma terial Thickness . /cc

aT0.0221 cm Material Density 3.81

Fixture No. 2 Beam Thickness J.0950 cm

Beam Density 9.13 g/cc Beam Length 20.95 cm

Temperature Test Range: Between 650 OC and 455 °C

Frequency Test Range: Between 95 Hz and 1,580 Hz

Loss Factor n

Peak 100 Hz DD Temperature * oC

1,000 Hz nD * Temperature * C

Range 100 Hz * cC * C

1,000 Hz * 0C C

Complex Modulus E D"

Peak 100 Hz 5.4 x 109 PAS Temperature 610 oC

I 1,000 Hz 5.4 x 109 PAS Temperature 660 oC
Range 100 Hz 560 C 670 0C

1,000 Hz 600 oC 740 °C

NOMOGRAPH CURVE FIT EQUATION:

M.ERIAL :01-$1-3 R' EST of 01-51-Z
LOG -I% *LOGC(fL)+(I LO RttW9 n-I' L )s. 1* FRO)fl R)Z*b

41 42 43 4
SM.* 1.e #4E-e3 6.4386E.*S .344 7.6209Ee8

.1LOGc ET? )-L CCE F CL ;,"$L S $Jft.SL-S c4;1-.G ,3 1T 4212 1),:C=:2-

To £TAFRO- SL S. FROL C
3 38 33 34 Is

S.8 e. e .5', -. 340 3.!SSSE-eA 1.81sLOG( R,.L-OC )-le(T-Te ., L='55il. 8T-TI )

? .PS: Retest of 01-51-2 after 144 hours at 5950C.

I * Not measured.

I
(.5
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TABLE 3-E

Beam No. 01-51-3

f , f R f n idB
,c n LR

Temp. Mode- ____ ___ ____

1200 2 100.09 100.10 97.49 102.60 5.11 .05105

1200 3 285.25 279.10 778.26 291.77 13.51 .04736 1

1200 4 570.61 549.90 559.49 583.51 24.08 .0437q ( _

1200 5 944.90 911.40 926.25 962.80 26.55 .03868

1200 6 1425.30 1363.10 1412.80 1443.80 60,92 .04274
1150 2 103.44 100.70 101.54 105.76 5.22 A5046

1150 3 293.88 281.68 288.04 299.07 11,0 .03750

3150 4 582.23 553.62 572.05 592.21 20.17 .03464

1150 5 964.52 917.08 950.20 981.84 31.64 .03281
1150 6 1457.93 1372.32 1446.24 1476.70 59.86 .041n6

1100 2 106.85 101.42 105.26 108.72 3.46 .03263

1100 3 3 02.30 283.80 297.45 307.25 10.00 .03311

o100 4 598.75 557.40 589.41 607.08 17.67 .02951

100 5 101340 929.20 181.23 1008.41 27.18 .02732

1100 6 1501.50 1381.80 1489.06 1516.26 53.45 .03560 1

1 00 2 109.21 102.0 107.65 114.01 3.36 01077

1000 3 309.00 285.55 104.55 313.74 .19 4 .04741050 4 610,72 561.82 6-11.78 618.1,8 14.80 . 02423

.10 013.40 929.20 1002.74 1024.04 213 .02102

1050 6 1525.00 1390.90 1515.25 15B2.71 34.31 .022501 000 2 113.21 102.68 112.24 114.16 1.92 .01696
1 000 3 318.73 286.80 316.18 1320.76 4.58 .01437 .

I 0 00 4 626.16 %6 . 0 622.46 629.70 7.24 .01156

I F c fn fL fR f c d

1000 5 1035.30 935.01 1030.69 1041.38 10.69 .01033

1000 6 1551.10 1399.20 1543.66 1559 78 16.12 .01039
950 2 114.74 103.12 114.17 115.33 1.16 .01011
950 3 1 322 .94 1 2f 9 2 2 . , 3 4 2 .50 .00774950 4 633.84 567.50 631.68 635.94 4.26 .0672

ii 950 1047.67 939.80 1044.63 050.93 6.30 .00601

% 950 6 1569.78 1407.00 1563.51 1574.44 10.97 .00699

i900 2 116.15 103.66 155.86 116.49 0-.63 .00542

900 3 326.54 291.00 325. 327.28 147 00450

900 4 640.34 570.40 638.98 641.69 2.71 .00423
900 5 1057.13 944.50 1055.7. 1059.84 4.14 .00391

900 6 1582.85 1421.00 1578.54 1586.18 7.64 .00483

850 2 117.07 104.19 116.83 117.30 0.47 .00401

850 3 328.Q0 292.80 328.33 329.41 1.08 .00320

650 4 644.62 523.10 643.58 645.69 2.11 .00327
5 1065.70 949.10 1064.02 1067.05 3:03 .00284

850 6 1595.00 1421.00 i1591.64 1597.45 5.81 .00364

(,.
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Beam No. 01-55-1

Date 12/13/79

Damping Material Two layers: first Corning 0010 + 10% A1203 +

1% Co203; second A1201

Material Thickness 0.0152 cm Material Density 2.93 9/cc

Fixture No. 1 Beam Thickness 0.0963 cm

Beam Density 9.13 g/cc Beam Length 20.879 cm

Temperature Test Range: Between 595 0C and 900 0 C

Frequency Test Range: Between 95 Hz and 1,470 Hz

Loss Factor nlD:

Peak 100 Hz TD 0.24 Temperature 790 0C

1,000 Hz nD 0.24 Temperature 855 0C

Range 100 Hz 735 OC 860 0C

1,000 Hz 790 oC  875 0C

Complex Modulus E D":
Peak 100 Hz 5.5 x 109 PAS Temperature 770 0C

1,000 Hz 5.5 x 109 PAS Temperature 840 c

Range 100 Hz 725 0 C 855 0C

1,000 Hz 765 0C 915 0C

NOMOGRAPH CURVE FIT EQUATION:

MATERIAL 2J85-4LOG (M) sLOG(MlL) .1(2LOG(MlROM/1ML))/ (I+( FROM/FR) *IN)

TO FROM MROM t ML
Al A2 A3 A4S6.0 9.06SOE-e4 1.600E.1 .400 8.00$OE+e9

A-(LOG(FR)-LOG(FROL))/C
LOCCETA).LOG(ETAFROL)+((SL+SH),+(SL-SN)(1-SQRT(I+AXza)))C/2

To ETAFROL SL SH FROL C
31 B2 33 B4 as

600.0 .253 .350 -.350 1.sOOE-e3 1.000
LOG(FR) -LOG (F )- 12 (-TO) /(525/l 1.8+T-TO)

REMARKS: J-85-4 project. After 100 hours at 845'C the beam was

cooled to ambient temperature. After five minutes the entire

coating came off the beam.

461
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TABLE 6-E
Beam No. 01-55-1

f f f af1dB
°F c n L fR f s ce id

oo 2 01.l0 103.44 103.78 0.34 0.00328 0.00258
10 3 i 290.501 283.10 290.23 290.79 0.56 0.00193 0.00133

11O0 4 I 571.22 555.00 570.74 571.77 1.03 0.00180 0.00140
11001 5 1 947.211 921.80 946.50 947.98 1 .A8 0.00156 0,00090

1100 16 1415.92 1374.10 1414.68 1416.89 2.21 0.00156 0.00111

1 1150 2 102.85 100.40 102.66 103.10 0.41 0. () 2 0.00342 _2t_)0032

1150 13 288.42 281.;0 288.04 288.74 0.70 0.00243 0.00179

,1O5 41 567.22 551.50 T 566.68 567.87 1.1 o.00no 00.00168
150 , 9. 5 915.80 90.03 911.76 1.73 0.00184 0.00117

1.101 1406.60 1365 . J 1405.58 1407.80 2.22 A.0011,8 0.00112

-1200 2 101.861 99.80 101.6.1 i102.26 0.62 0.00609 0,00509 i

1200 3 285.93 279.30 285.47 286.51 1 .0 0.0036 0.0026

1200 4 I 562.45 548..'0 261.51 263. 38 I.P7 16.00332 10.00206* __ _I _ _ _ _ ___" _ _ _ _ _

200 _3__ _ ._ 909.70 93:_._ _2 39.2 1 . 0 1 0.90257 0,00189

f 1200 6 1395.78 13'6. '0 I 1394.20 1397.40 3.11 0.00223 0,0018010. .. 98q w). ? [.
2 . 101. 101.71 i 0".38 0. 67 0.006r,7 0.00557

1200 2 6. 15 
,  

'9. v0 285.63 R ,8 0' 0.00367 0.00301

1,00 2 562.86 48.20 562.01 .,( 1 r- 0.00311 0.00.2 ___

{ '210 933.5-1 909.20 J 932.5, 93'03 2.13 0.00260 0.001 2

; 1 - , ,9.80 1316.1n 139-'.39 307..18 1.01 0.00221 6.00178

12f,0 2 I 101.01: 9.20 1 l0o.6,- !01.6o -I.9 o 0.0094 .! 0 (0793

1223. 2-- J 28.82 1 . " .6R ol

C n
4 5 C r, 1 dB

... 04 9 '." ' i 1 31 i.0 -c
I.n ! 13.4( 1 :.61 0.10313 0. 00 2Q

O

s C S. 2o "79 .2 . 0.00879 0.00300

,o 0 90.0 i 5!.27 I -:.36 1,.09 1 0.0073- 1 0.00691 I
_ _ _ _ __ _ _-

0 9 8. f,, .n 915.90 I 6.2 . 0 ,. , 0 ,7 _ 00060"

1700 ,. i5-~e( 540.,0 1 .2 887.36 1 .33 0.007o 0 06,

: : + 2 .n 7.0 9 .I(, q) . 3.68 i 0.0169'Q [ n15 r,
3q" 3 2 - z . 2 02 .97f, I 279.10 i 3. A5 0.0124 0.0(1159

300 %S . -.7,5R-8 131.3.€0 q354. -%30.RI f.97 0.01090 006403J

g0.8 l .8 o 906.66 910.80 8.07 ,0.00999 0.0009

, 29.10 .108 97. I i i6 .3 3 10.62 0.00772 0,0172(

9 7 G 7.4 0 97.23 In% i 1.70 0.01741 0.01519
0 2 377.1 ..1081 . 0.0143

14nq ; 775. 0
'  

20.RA ? 7j.6., I 27t, .3 .I S 1 6 .
130 4o 4,6.94 -0.,.0 1 8.07 0.013R7 0.0!31'J60 :ic C%' 13? 5 32.10 I 15-t81 £ 136.33 0 .827 0.0012 , 0.00726 _____

970 07.23 2 R __'-1__

"1400 ', 1- 7 "! 1. 1 4 110 i 70 (0.01274 0.01513 1

ti I .1 .0!

.. .- 27-2. 20.80 1 274.16 1 4.395 0.01,5i6 0.01673 1

4-0 4 84 8 0.01, 310
.881-w I .,. , 7.10 805,.1,1 * 90.66 1 11.8.' 0.01278' 10.118

462 !

.m -! --------



TABLE 6-E (Concluded)3

Bean No. O--

R f C dB
_________________________________________________ _________

S__ _ _ __ _ _ _ _ 30__ _ __ _ In c_24-1_ s_ _ _ __C._ _______ (.n~o .0 79

2 9S.63 POS v. r, I .)I~I

2(, -', n:.8 IP 4 .3 sr n3 0. n 0,'3

524 6- 2010 1 32A.9 S24.60I n. 2 .n 0A 0 017f
-,f __ __ _ __ _ __ _ __ _ _____ __(,;_ So_ _ __ _ _ ___8_.2________-_0 01:;I

__________________________1109. __________ 38________ I _.20___1304___ S6__________-__69_____Q.___56__ ______0.._____.______A__I__F__

2___________________________ R4______ _______ ii ________________ __3__03___0.___n.0!25__
2 2__ __ 2_ __ _ f___.__?A ._R____1_____0 .0

i 0 S A 5 220 .A .1 1 ;i
8 , 0 n 9 11. O.22 112

f-24 - H,.f7 131 1.i .21
Q2 n0I*!'

12- -2I.0 A.R1 2R I 1 - 11V0 02 1
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Beam No. 01-56-1

Date 2/27/78

Damping Material Three layers: first Corning 0010 + 10% A1203 +
1% Co203; second Nickle Aluminide; third Magnesium Zirconate

Material Thickness cm Material Density 4.24 g/cc

Fixture No. Beam Thickness 0.0958 cm

Beam Density 9.13 g/cc Beam Length 20.942 cm

Temperature Test Range: Between _ _ _ and 0C

Frequency Test Range: Between Hz and Hz

Loss Factor

Peak 100 Hz 7D -Temerature

1,000 Hz i D  Temperature °C

Range 100 Hz 0C 0C

1,000 Hz _C _C

Complex Modulus ED"

Peak 100 Hz PAS Temperature _C

1,000 Hz PAS Temperature :310C 0
C

Range 100 Hz _C _C

1,000 Hz C C

NOMOGRAPH CURVE FIT EQUATION:

°

Iii

iIi

REMARKS: J-85-5. Coating same as 01-50-1 which failed to

,, survive at usable temperatures. Beam was not tested.

I
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Beam No. 01-58-1
Date 6/ /79

Damping Material Two layers: first 74.5% SiO 2 + 10.75% CaO +

12.75% Na 20 + 3% A120 3 + 2% Co 203; second NiCr

Material Thickness 0.0302 cm Material Density 5.48 g/cc

Fixture No. 2 Beam Thickness 0.0970 cm

Beam Density 9.13 g/cc Beam Length 21.67 cm

Temperature Test Range: Between 955 °C and 565 0 C

Frequency Test Range: Between 85 Hz and 1,420 Hz

Loss Factor nSPeak 100 Hz nD 0.10 Temperature 690 oC

1,000 Hz nD 0.10 Temperature 720 oC

Range 100 Hz 670 oc 760 oC

1,000 Hz 690 °C 801 0 C

Complex Modulus ED":
Peak ,00 Hz 4.9 x 109 PAS Temperature 720 °C
Pek1,000 Hz 4.9 × 109 PAS Temperature 720 c

Range 100 Hz 660 OC * 0C

1,000 Hz 685 0C * Oc

NOMOGRAPH CURVE FIT EQUATION:

S! TERI.- t JSS-iS INITIAL TEST' ~~~~LOG~r -L:,c l aLOGptROi,nfl) ).' 1 (FROq'FR)z:lN

T Fe rRO MOM flLAl Ae A3 A4
550.0 4.#H&E-$3 6.6S @lEle .60* 4.9eoE--.1I A LOG (FR)-LO^,(FROL •)/C

LOG(ETA)-LOG(ETAFROL +; SL.$4 A*(5L-Si.-SORT I*AZ.2)))C/2
TO £TAFROL SL SH- FROL C2• 22 B23 94 B

..2d -.90 6.5eE-02 1."e
LOG FR-LOG(F -1i2T-T8)/ 525/1.8eT-Te)

!

I ?RE.ARKS: J-85-15 project. Thermal soaked for 163 hours at 815*C.

The coatina began to Deel off at the edges. Could not retest.

•E" did not go below 0.707 multiplied by peak at upper limit

of test.
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TABLE 7-E

Beam No. 01-58-1

-F fc fn f L fR af nc 1dB

| [~ Te z. IMode i;I
17.o 2 87.87 85.63 84.49 90.80 6.31 .07181

17501 3 247.04 240.43 241.24 252.84 :2.80 1 .09k28 _______ X x
117501i 4 fl487.84 473.34 475.00 497 3.8 .08983 _____

1750i 5 1 829.51 784.86 815.41 843.61 55.42 , .06681

1750 6 11259.47 1175.55 1234.05 1284.89 99.91 .07933 x

1750_ 7_ 1812.01 ______ 1799.40 1825.46 51.21__ .02826 _____

1700 2 90.99 86.47 88.54 93.95 4.61 .05066

1700 3 256.95 477.72 252.43 261.15 17.13 06668 x

I1700 5 1 853.95 792.09 822.00 880.10 58.10 i8O4

17001 6 1 1265.65 1185.%5 1252.06 1278.11 51.19 .04045 

_1650 2 93.20 87.22 -0.85 95.15 4.50 .04828 1

1 65 3 268.76 245.01 262.901 274.94 12.04 .04480

1650 4 523.55 482.02 509.42 537.68 28.26 .0539R

5 5 
8 7 7

.8
1  

759.08 868.94 892.43 46.16 .05259

1650 6 1303.20 1196.01 1290.56 1312.94 44.00 .03376 X

1650 2 94.80 87-22 93.21 96.91 3.70 .03903 .03123

650 3 270.82 245.01 268.40 273.10 9.24 .03411 .02803

16501 4 530.42 492.02 524.12 53-.22 13.10 .02470 .02072

1650 5 1 882.70 799.09 874.20 907,24 32.98 .03711 .03394

1650 6 1308.74 1196.10 1288.32 1326.35 38.03 .02906 .02655

• 1600 2 95.04 63.21 94.20 96.20 3.90 .04108

1600 3 274.24 247.18 26930 278.92 9.62 .03508

1600 4 528.08 496.30 521.96 5*3.60 21.62 .04094

, F fcf fL fR Af s nc  ld R

C fn L R d

- 1600 5 893.44 805.70 885.80 902.59 33.00 .03693

1600 6 1314.68 1205.68 1305.71 1325.80 39.48 .03003

1600 2 96.S2 88.21 94.79 98.25 3.46 .03585 .02791

1600 3 278.87 247.18 272.48 283.51 11.03 .03955 .03368

1600 4 535.49 486.30 523.21 542.62 17.41 .03251 .02983

1600 5 902.24 _ 805.70 889.72 914:76 25.04 .02775 .02568 3
1600 6 1323.40 1205.68 1291.07 1341.95 50.88 .03345 .03677

1550 2 96.73 _89 95-84 97.78 3.81 .03941 x

1550 3 278.31 249.15 276.56 280.31 7 36 -02648

1550 4 543.91 490.02 534.85 551.43 116.58 .03048

15501 S 906.42 812.03 895.10 920.66 25.46 .02809 _ "

1550 6 1336.93 1215.13 1332.42 1349.71 32.01 i .02395 x

1550 2 o58 o 88.89 96.76 99.60 2.84 .02895 .02276

1550 3 280.28 249.15 278.64 281.92 6.45 .02301 .0185: X

1550, 4 548.21 490.G2 544.32 550.63 12.40 .02262 .02089 x

1550 5 912.68 812.03 902.29 923.76 21.47 I .0Z352 .02208

1550 6 1343.31 1215.13 1334.26 1355.96 42.55 .03163 .03042 x

1500 2 98.63 89.69 96.78 100.35 3.57 .03620

1500 3 I 282.42 215.86 278.70 285.95 ' .25 .025671soo1 4 551.36 493.85 547.61 $54.73 13.99 .02S33

15001 S 919.42 318.23 907.85 929.47 21.62 .02538 ____ ___

ISO 1364.2S 24.17 12 5 5. 1374.09 .026.5 2 m

99.40 89.69 98.63 100.79 i.Sf .09,72 .0l%59
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TABLE 7-E (Continued)

Beam No. 01-58-1

-F IdB

c n L R s a

Temp. Mode _

1500 3 283.48 251.86 280.92 286.45 5.53 .01951 .01574

1500 4 555.21 493.85 552.54 558.38 11.48 .02067 .01952 x

1500 5 923.92 818.23 915.52 935.00 19.48 .02108 .01994

1500 6 1374.13 1224.27 1365.45 1382.81 34.12 .02483 .02395 X

1450 100.35 90.39 98.87 101.71 2.84 .02830
1450 3 286.27 253.86 283.251 289.07 5.822 .02033

1450 4 558.75 497.63 551.78 564.43 12.65 .02264

1450 5 931.12 824.50 920.40 941.56 21.16 .02273
1450 6 1384.72 1233.53 1367.58 1404.65 37.07 .02667

1450 2 101.36 90.39 100.30 102.58 2.38 .02348 .02049

1450 3 287.50 285.86 288.62 5.42 .01887 .01592

1450 4 563.94 497.63 558.39 570.61 12.22 .02167 .02077

1450 5 940.35 824.50 924.80 949.90 25.10 .02668 .02586

1450 6 1400.03 1233.53 1391.40 1409.47 35.51 .02536 .02468 X

1400 2 102.07 91.12 100.77 103.49 2.72 .02665

1400 3 290.60 255.76 287.75 293.96 6.21 .02137

1400 4 569.67 501.39 560.90 576.30 15.40 .02703140 5 948.611 830.2 938.48 961.68 23.20 .02446

1400 6 1412.99 1242.59 1395.12 1430.82 35.70 .02527

140C 2 102.95 91.12 101.84 104.08 2.24 .02176 .01957

140 3 291.33 255.76 288.03 294.37 6.34 .02176 .01981

1400 4 573.47 501.39 566.79 580.16 13.37 .02331 .02255

1400 5f 955.15 830.62 943.18 967.97 24.79 .02595 .02528

OF fc fn f L fR Af ns  n 1dB

Temp. Mode
1400 6 1420.80 1242.59 1402.02 1434.66 32.64 .02285 .02226

1350 2 104.51 91.92 103.94 105.20 2.48 .02369 .02184 x

1350 3 296.18 257.84 291.98 299.37 7.39 .02495 .02336

1350 4 583.17 505.52 575.80 589.20 13.40 .02298 .02239

1350 5 975.01 837.45 961.75 986.55 24.80 .02544 .02482

1350 6 1446.02 1252.00 1422.501 1486.70 46.20 .03195 .03138

1300 2 106.46 97.46 105.77 107.27 2.73 .02564 .02376

1300 3 302.02 259.75 297.40 305.66 8.26 .02735 .02605

1300 4 593.66 509.60 587.97 601.66 13.69 .02306 .02248

1300 5 992.80 842.40 982.82 1002.07 19.25 .01939 .01880

1300 6 1473.85 1261.00 1463.16 1487.11 23.95 .01625 .01571

1250 2 108.46 93.11 107.90 109.22 2.59 .02392 .02220

1250 3 307.65 261.20 304.70 310.17 5.47 .01778 .01678

1250 4 602.98 512.34 598.85 607.10 8.25 .01368 .01311

1250 5 1005.08 848.63 999.62 1010.61 10.99 .01098 .01057

1250 6 1489.62 1269.51 1482.58 1497.75 15.17 .01018 .00968

1200 2 110.09 93.84 )09.49 110.99 1.50 .01363 .01203

1200 3 311.64 262.30 310.24 313.08 2.84 .00911 .00822

1200 4 609.45 516.75 607.25 611.68 4.43 .00727 .00676

1200 5 1015.37 854.80 1012.30 1018.33 6.03 .00594 .00556

1200 6 1504.95 1278.90 1499.96 1509.20 9.24 .00614 .00558

1150 2 111.39 94.55 111.01 111.82 0.81 .00727 .00579

115d 3 1 314.82 266.16 314.03 315.58 1.55 .00492 .00414
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TABLE 7-E (Concluded)

I Beam No. 01-58-1

- F f dn fL fR Af nc Ida
~Temp.lMode 11

1150 4 615.00 519.95 613.68 616.30 2.62 .00426 .00369

1150 5 1024.16 861.20 1022.38 1026.13 3.75 .00366 .00332

1150 6 1517.48 1288.18 1514.61 1520.51 5.95 .00392 .00349

100 2 112.40 95.12 112.17 112.63 0.46 .00409 .00273

1100 3 317.48 267.10 317.04 317.95 0.91 .00287 .00216

1100 4 620.05 523.30 619.20 620.92 1.72 .00277 .00233

1100 5 1032.52 866.10 1031.25 1033.58 2.33 .00226 .00191

1100 6 1529.60 1296.00 1527.38 1531.56 4.18 .00273 .00225

1050 2 113.22 95.79 113.06 113.38 0.32 .00283 .00158

1050 3 319.76 268.50 319.51 320.01 0.50 .00156 .00093

1050 4 624.48 526.52 623.88 625.11 1.23 .00197 .00155

1050 5 1039.60 871.93 1038.90 1040.55 1.65 .00159 .0023

1050 6 1540.06 1304.26 1538.60 1541.60 3.00 .00195 .00162

ii
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Beam No. 01-58-2

Datte 6/6/79

Damping Material Two layers: first 74.5% SiO2 + 10.75% CaO +

6.375% Na20 + 6.375% KHCO3 + 2% Co 203 ; second 0. Honmrel 1251

Material Thickness 0.0168 cm Material Density 2.68 g/cc
Fixture No. 2 Beam Thickness 0.0970 cm

Beam Density 9.13 g/cc Beam Length 21.623 cm

Temperature Test Range: Between 870 OC and 565 C

Frequency Test Range: Between 89 Hz and 1,420 Hz

Loss Factor n D:

Peak 100 Hz r)D 0.25 Temperature 730 °C

1,000 Hz n D 0.25 Temperature 790 c

Range 100 Hz 690 0 C 790 0 C

1,000 Hz 735 0 C 850 0 C

|, Complex Modulus E D"

Peak 100 Hz 1.1x 1010 PAS Temperature 700 °C

1,000 Hz 1. 1 x 10 10 PAS Temperature 760 0C
Range 100 Hz 660 0 C 735 0 C

1,000 Hz 710 0C 800 °C

NOMOGRAPH CURVE FIT EQUATION:

MATERIAL :0l-582

TO FROM "Ron N ML
Al A2 A3 A4"sse.0 9.s8eE-3 4.OWE+ .690 2.1 GE

A-(LOG(FR)-LOG(FROL) )/C
LOG ( T ) -LOG ( TA'ROL )+ ( SL+SH ) + (SL-Sm) (1I-SORT ( 1 A" ) ) )C/2

To ETAFROL SL SH FROL C91 22 83 34 Is5894e .2S@ .450 -. SOS) 9.8g"Ee-03 .990
LOG(FR )-LOG(F )-12( T-TO )/(525l'S . 8+7-Tit)

REMARKS: Retested twice: 01-58-3 and 01-58-4.
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TABLE 8-E
Beam No. 01-58-2

*F f f fL f1R af ns nc dB- j

1600 2 89.87 88.21 89.20 90.47 1.27 .01413 .00703

1600 3 252.89 247.18 251.18 254.51 3.43 .01356 .00696

1600 4 496.26 486.30 492.84 499.68 6.84 .01378 .01108

j 1600 5 822.51 805.70 814.78 828.78 13.50 .01641 .01399

f 1600 6 1229.81 1205.68 1221.80 1239.80 18.00 .uii.4 .01283

1550 2 90.73 88.89 90.16 91.45 1.29 .01422 .00742

1550 3 255.76 249.15 253.61 257.80 4.19 .01638 .01185

1550 4 501.67 490.02 497.65 505.38 7.73 .01541 .01371

1550 5 830.95 812.05 824.60 63.25 13.65 .01643 .01483

1550 6 1242.64 1215.13 1231.78 1254.57 22.79 .01834 .01704

1500 2 91.91 88.69 91.14 92.49 1.35 .01470 .01040

1500 3 259.16 251.86 257.69 260.43 5.38 .02087 .01758 x

I 1500 4 507.97 493.85 502.50 513.18 10.68 .02102 .01983

1500 5 841.33 818.23 832.11 852.28 20.17 .02396 .02274

1500 6 1260.40 1224.27 1239.23 1272.04 32.72 .02596 .02495

1450 2 93.11 90.39 92.03 94.05 2.02 .02169 .01869

1450 3 263.18 253.86 259.72 266.11 6.39 .02428 .02203

A 1450 4 516.38 497.63 509.64 524.14 14.60 .02827 .02,36

1 1450 5 851.30 824.50 842.21 864.66 22.45 .02637 .02539 ---

1450 6 1280.65 1233.53

14501 2 93.27 90.39 92.48 94.20 1.72 .01844 .01544

1450 3 264.03 253.86 260.90 266.99 6.09 .02307 .02082I 1450 4 521.261 497.63 1515.05 524.90 19.35 .03714 .03623 x

F fc fn fL fR af nc ldb

j 1450 5 863.66 824 cn 848.18 871.85 23.67 .02741 .02643

1450 6 1271.79 1253.-i, i256.90 1288.51 62.10 .04883 .04801 x

-JUL 2 94-61 91."- 93.70 95.96 2-26 -02387 .02177

1 300 j 267.65 255.75 264.56 269.72 10.16 .03796 .03621
1400 4 529.30 501.39 520.59 538.30 17.71 .03346 .03274

1400 S 877.93 830.62 863.82 392.34 28.52 .0324. .03167

140G 6 1302.50 1242.59 1296.00 1312.90 33.21 .02550 .02481 x

1350 2 96.53 91.92 95.07 98.49 3.42 .03543 .03380

1350 3 273.15 257.84 268.02 277.87 9.85 .03606 .03465

1350 4 538.06 505.52 531.21 547.40 16.19 .03009 .02950

1350 5 896.51 137.45 884.71 910.76 26.05 .02906 .02336

1350 6 1352.10 1252.10 1343.80 1361.39 34.58 .02558 .02498

1300 2 99.18 92.46 97.21 100.94 3.73 .03761 .03620
1300 3 279.81 259.75 275.82 283.90 8.OR .02808 .02768

1300 4 551.83 509.60 545.52 558.75 13.23 .02397 .02348

1300 5 913.85 842.20 905.70 921.20 17.50 .01915 .01856 !

1300 6 1376.15 1261.30 1364.18 1386.23 22.05 .01602 .01548

1250 2 101.62 93.11 100.63 102.94 2.31 .02273 .02143

1250 3 286.20 261.20 28).76 Z88.10 43. 4  .01516 .01414

I25 4 56209 512.34 558.72 S6.0 6.37 .0133 .01_____90_

12501 5 728.65i 848.63 923.79 932.05 8.26 .008R9 .085
1209.5.133.9 1394.90 lO.R8 .0073 .03

120 2 102.9?] 93.85 1102.36 1O3.AS 1.32 .0128I2 .01I&O



TABLE 8-E (Concluded)

Beam No. 01-58-2

,tF f c fin f L f R Af fiS c ldB

Temp. Mode__

1200 3 289.24 263.50 288.00 290.45 2.45 .00947 .00757

1200 4 567.58 513.20 562.45 569.01 3.56 .00627 .00587

1200 5 936.50 854.80 934.70 939.05 4.35 .00464 .00416

1200 6 1401.05 1278.20 1397.55 1405.70 8.15 .00582 .00536

1150 2 104.18 94.55 103.80 104.50 0.70 .00672 .00558

1150 3 292.04 266.16 291.40 292.62 1.22 .00418 .00329

1150 4 572.38 519.95 571.55 573.46 1.71 00299 .00260
1150 5 944.50 861.20 934.27" 945.73 2.46 .00260 .00216

1150 6 1413.35 1288.46 1410.17 1417.92 7.75 .00548 .00505

1100 2 104.94 95.14 104.74 105.14 0.40 .00381 .00267

1100 3 294.09 267.10 293.75 294.47 0.61 .00245 .00174

1100 4 • 576.24 521.60 575.64 576.77 1.13 .00196 .00158
1100 5 950.S0 866.20 949.45 951.13 1.78 .00187 .00145

1100 6 1413.00 1296.00 1411.25 1414.e9 3.64 .00250 .00217

|! 1050 2 105-54 95.79 105.43 105.67 0.24 .00227 .00102

1050 3 295.98 268.50 295.62 296.23 0.61 00206 .0014?

• 10501 4 1 579.62 526.52 579.38 580.19 0.81 00140 .00098

1050 5 956.00 871.93 955.18 956.55 1.37 .00143 .00107

1 1050 6 1420.40 1304.21 1418.70 1421.88 3.18 .00224 .00191

47
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Beam No. 01-58-3

Date 6/79

Damping Material Two layers: first 74.5% SiO2 + 10.75% CaO +

6.375% Na20 + 6.375% KHCO3 + 2% Co2O3 ; second 0. Hommel R-1251

Material Thickness 0.0168 cm Material Density 2.68 q/cc

Fixture No. 2 Beam Thickness 0.0970 cm
Beam Density 9.13 g/cc Beam Length 21.623 cm

Temperature Test Range: Between 870 C and 590

Frequency Test Range: Between 92 Hz and 1,430 Hz

Loss Factor nlD:

Peak 100 Hz nD 0.20 Temperature 715 °C

1,000 Hz nD 0.20 Temperature 770 0C
Range 100 Hz 690 Cc 740 0C

1,000 Hz 730 0 C 830 0C

Complex Modulus ED":

Peak 100 Hz 1.l x 101 0PAS Temperature 710 0 C

1,000 Hz i.i x 1010 pAS Temperature 760 0 C
Range 100 Hz 685 0C 735 0 C

1,000 Hz 725 0C 810 0C

NO'1OGRAPH CURVE FIT EQUATION:

MATERIAL :01-58-3
LOG(?)LOG(ML)+(2LOG(IROM/ML))/(I+(FROM/FR)U*N)
To FROM MROM H ML

Al A2 A3 A4
S89.0 1.9456E-02 5.4344E+10 .788 3.6911E+10

A-(LOG(FR)-LOG(FPOL))/CVLOG(ETA)LOG(ETAFROL)+((SL+SH)A(SL-SH)(1-SORTCI+AZ*2)))C/2iTO ETAFROL SL SH FROL CI B 3 4B
B1 B2 B3 B4 BS5s.0 .200 .408 -.450 1.8475E-02 .341

LOG(rR).LOG(F)-I8 T-T0)/(S25/1.8+T-TO)

REMARKS: Retest of 01-58-2 after hours at CC.
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TABLE 9-E

Beam No. 01-58-3

-F fc fn f fR bf ns nc  ldS

Tem L
M o

d
'
e.

1600 2 92.25 88.21 91.56 92.91 1.35 .01461 .00669

1600 3 260.62 247.18 259.93 261.47 3.02 .0116i .00574 X

1600 4 510.48 486.30 507.63 513.18 5.55 .01087 100824

1600 5 843.58 805.70 839.18 848.17 9.49 .01125 .00918

1600 6 1257.54 1205.68 1246.60 1263.30 16.70 .01328 .01160

1550 2 93.46 88.89 92.90 94.06 1.16 .01241 .00622

1550 3 263.60 249.15 262.04 264.90 2.86 .1085 .00635

1550 4 516.45 490.02 513.46 519.66 6.20 .01021 .01028

1550 5 853.21 812.03 847.57 858.71 11.14 .01306 .01162

1550 6 1271.60 1215.13 1271.80 1282.37 20.77 .01b,4 .01503

1500 2 94.40 89.69 93.91 95.08 1.17 .01239 .00826

1500 3 266.29 251.86 264.62 267.88 3.26 .01224 .00847

1500 4 521.85 493.85 518.19 525.73 1.54 .01445 .01330

1500 5 862.61 818.23 856.55 870.75 14.20 .01646 .01532

1500 6 1288.50 1224.27 1277.27 1299.73 22.46 .01743 .01655

1450 2 95.53 90.39 94.86 96.18 1.32 .01382 .01083

1450 3 269.30 253.86 267.23 271.52 4.29 .01593 .01298

1450 4 528.80 497.63 523.45 534.05 10.50 .01986 .01896

1450 5 874.96 824.50 865.71 885.90 20.19 .02308 .02226

1450 6 1308.70 1233.53 297.03 1335.13 39.10 .02988 .02920

1400 2 96.67 91.12 95.73 97.48 1.75 .01810 .01591

1400 3 273.12 255.76 270.43 2761.70 6.27 .02296 .02101

1400 4 537.58 501.39 529.85 544.01 14.16 .02634 .02558

-F fc f fL fR Af ns  nc  ldB

Temp. Hodo

1400 5 889.95 830.62 878.42 903.19 24.77 .02783 .02716

1400 6 1342.75 1242.59 1329.71 1373.80 44.09 .03280 .03225

1350 2 98.06 91.92 96.85 199.37 2.52 .02570 .02385

1350 3 277.49 257.80 273.67 281.28 7.61 .02742 .02583

1350 4 546.60 505.52 538.55 555.01 16.46 .03011 .02952

1350 5 909.20 837.45 894.73 918.88 24.15 .02664 .02602

1350 6 1365.00 1252.10 1248.85 1381.19 32.34 .02375 .02322

1300 2 100.31 93.11 19.00 102.02 3.02 .03011 .02870

1300 3 283.97 259.75 280.62 287.7 7.13 .02511 .02391

1300 4 559.63 509.60 554.56 568.19 13.63 .02436 .02387

1300 5 923.86 842.20 916.69 931.10 14.42 .01561 .01502

1300 6 1384.50 1261.00 1375.39 1394.00 18.61 .01341 .01290

1300 2 100.03 92.14 98.48 101.58 3.10 .03099 .029'58

1300 3 .283.92 259T.75 280s64 287q54 6.90 .02430 ..02310

1300 4 559.00 509.60 555.83 562.80 13.69 .02450 .02401 X

1300 5 922.21 842.20 915.54 930.61 15.07 .01634 .01575

1300 6 1382.73 1261.00 1374.62 1392.33 17.71 .01281 .01227

1250 2 102..36 93.11 101.24 103.50 2.26 .02208 .02078

1250 3 288.171 261..20 286.18. 290.30 4.12 .01430 .,01328

1250 4 566.041 512.34 563.09 569.78 6.fi9 .01182 .01139

1250, 5 933.94i 848.63 930.00 938.00 6.00 .00857 .00805
i20 6 19.01269 -51 1392.51 1402.43 9.92 .00711 .00661

1 12001 2 1 .103.921 93.85 [-103.36 104 .43_ 107 .0160 2 90
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TABLE 9-E (Concluded)

Beam No. 01-58-3

-F fc fn fL fR Af ns nc  ldD

Temp. Mode _

1200 3 291.35 263.50 290.46 292.48 2.02 .00693 .00603

1200 4 571.74 513.20 570.06 573.30 3.26 .00570 .00530 I

1200 5 942.56 854.80 940.32 944.45 4.13 .00438 .00390

1200 6 1406.28 1278.20 1406.19 1411.68 5.49 .00390 .00344

1150 2 104.93 94.55 104.72 103.27 0.55 .00524 .00407

1150 3 294.04 266.16 293.52 294.58 1.06 .00360 .00271

1150 4 576.25 519.95 575.42 577.17 1.75 .00304 .00265
1150 5 949.95 861.20 948.93 951.43 2.50 .00263 .00219

1150 6 1419.34 1288.46 1417.50 1421.10 3.60 .00254 .00211
1100, 2 105.83 95.14 105.69 106.00 0.31. .00293 .00179

11001 3 296.24 267.10 •295.98 296.60 0.62 .00209 .00138

1100 4 580.55 521.60 580.10 581.26 1.16 .00200 .00162

1100 5 957.78 866.20 956.34 958.10 1.76 .00184 .00142

1100 6 1429.03 1296.00 1427.88 1430.64 2.76 .00193 .00152

1050 2 1 95.79

!1050 3 268.50

•1050i 4 526-.52

S10501 5 871.93

1050 6 1304.21
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Beam No. 01-58-4

Date 7/10/79
-3 I

Damping Material Two layers: first 74.5% SiO 2 + 10.75% CaO +

6.375% KHCO3 + 6.375% Na20 + 2% Co203 ; second 0. Hommel R-1251

Material Thickness 0.0168 cm Material Density 2.68 g/cc

Fixture No. 2 Beam Thickness 0.0970 cm
Beam Density 9.13 g/cc Beam Length 21.623 cm

Temperature Test Range: Between 870 0C and 620 0C

Frequency Test Range: Between 88 Hz and 1,421 Hz

Loss Factor D
Peak 100 Hz 1D  0.15 Temperature 705 °C

1,000 Hz nD 0.15 Temperature 760 0 C

Range 100 Hz 665 0 C 745

1,000 Hz 715 °C 810

Complex Modulus ED":

Peak 100 Hz 9 x 109 PAS Temperature 675 0 C

1,000 Hz 9 x 109 PAS Temperature 750 0 C

4 Range 100 Hz 675 0C 725 0C

1,000 Hz 720 °C 780

NOMOGRAPH CURVE FIT EQUATION:

IATERIAL :01-58-4LOG (M) -LOG (ML)+ (2LOG(MROMl/ML) )/(I+( FROfM/FR Y*Jt )

To FROMI flROM lL
R R R2 3 A4

6te.a s.a: E-ot S.Sleok+wa .69 h 4.t80 0 E+hAo(LOG(FR)-LOG(FROL))/C
LOO(ETA)-LOG(ETAF ROL)+((gL+SH)A CSL-SH)(1-SQRT(I+AX22)))C/2

To STro L SH FROL C

up wl 3 4 c5690.0 .162 .380 -.450 ?.5o"eE-e2 .6ee
LOG(FR)*LOG(F)-12(T-TS)/(S25/1.8+.--TO)

RDRS:Rtsof0-58-2 after 376 hours at 870*C. Resumed

thermal soak: total soak was 927 hours at 8700C. Coating held

up well, but disc came off beam; will not retest.
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TABLE 10-E

Beam No. -594

F f f Lf ns  n1 dD

1600 2 9s.26 88.21 92.58 93.93 1.35 .01448 i .00738

1600 3 262.66 247.18 261.29 265.11 3.82 .01454 .00794
1600 4 515.21 4C6.30 512.56 518.09 5.53 .01073 .0080

1600 5 850.04 805.70 844.93 R54.30 9.37 j .01102 .00860_ _ 1 _ _"_ _ _ r_ _ 1 _

1600 6 1268.10 1205.68 1259.80 1275.30 15.50 .01222 .01041 

1550 2 94.36 88.89 93.75 94.89 1.14 .0i

1550 3 266.07 249.15 264.84 267. Si 2.75 1 .0134 .00 81 I
1550 4 520.73 490.02 517.895 523.59 5.70 1 .01094 .00924 !I

1550 858.70 812.03 853.35 863.30 10.04 .01169 .01009

!550 6 1281.22 1215.13 1271.55 1288.99 17.44 .01361 .012311

1500 2 95.25 89.69 94.76 95.83 1.07 .01123 t.00693 I
1500 3 268.77 251.86 267.22 1270.46 13.24 .01205 .00885
15001 4 527.21 293.85 1 522.83 1 530.41 7.58 .01438 .01319

1500 5 866.90 818.23 861.46 874.20 12.74 I.01470 01348 _[1500, 6 1293.92 1224.27 1281.45 1303.67 1 22.22 I 01717 .0161f6
1450 2 96.49 ,  9G.39 95.79 97.0 1.22 .01264 .00961
1450 3 , 27-.611 253.86 269.99 L273.57 3.58 .01318 .01093 _

1450 4 531.88 497.63 528.34 537.27 8.93 .01679 .01588

1450 5 878.261 824.50 869.12 086.41 k 17.29 .0196 ;:118"11450, 6 i1308.74i 1233.53 1285.83 1348 13.3 .0260 !.21

1348 3 . 0171 .02138 ____

I14001 2 ! 97.661 91.20 97.07 98.39 1.32 .01352 i.01142

140 275.141 255.76 273.40 2.1 4.71 .01712 .01537

14001 4 1' 540.081 501.39 ,34.9 45.50 10.46 .01937 .01865

-F fc fn f L f R Lf qs nc  ld!3

ITemp. Made_ _ _ _.

L 1400 5 892.22 830.6i 880.53 904.63 24.10 .02701 .02619
1400 6 t 1346.90 1242.59 1353.34 .

S350 2 * 98.55 91.92 97.34 99.66 2.32 .02354 .02191

1:350 3 279.30 257.80 276.15 282.94 6.79 .02431 .02290

1350, 4 545.78 505.62 * 540.17 552.49 12.32 .02257 -02198
13501 5 907.93 837.45 896.15 919.03 22.88 .02520 .C2450
1350 6 1252.10 " _

I350 2 98.08 91.92 96.93 99.16 2.23 .02274 .0
211 1  

_

13350 3 279.29 257.80 275.79 .282.877 7.08 .02535 .02394

1350 4 545.12 505.62 540.92 555.09 14.17 .0251

1350 5 905.28 837.45 883.16 914.79 31.63 ,.03494 .- 3424

1350 6 1332.79 1252.10 1327.20 1340.77 26.67 .02001 _.01941 X130 2 99.82 52.46 98.53 10.21 2.6 06R .0254A "

1300 3 283.31 259.75 279.97 287.11 7.14 .02520 .0400 I
1300 4 558.10 509.60 552.50 564.99 12.49 1 .02238 .02189 _
1300 5 1 919.031 842.20 909.62 926.39 16.77 .01825 .0174A -
1300 1343.21 1261.00 335.60 18 25.90 .01928 .11874 -

E 1 2 5 0 2 1 0 2 . 1 0 9 3 . 1 1 1 0 1 .0 2 1 0 3 . 3 4 2 . 3 2 1 ) '.0 2 2 7 2 .0 2 1 A 2

1250t 4 528. 5 2.34 2863.14 56907 4 6 1 ( . 01 AM .0105 o

' 2 01 5 ' 930.90, 848.63 926.18" .69 .51 .0914 .0862 --

1250 C. 1346 69.51 1349.09 !6.1 2.4 i.! .I4

3i 492



Ii _

I . TABLE 10-E (Concluded)

Beam io. 01-58-4

-F f f fL fR Af nS 1c 1dB':i ,Tomp. 'qo de

1200 3 291.85 263.50 390.62 292.75 2.13 .00730 .00640

1200 4 571.01 513.20 569.80 573.49 3.69 .00646 .00606
1200 5 938.79 854.80 936.63 941.12 4.49 .00478 .00430

1200 6 1360.80 1278.20 1357.50 1366.40 17.49 .01285 .01239

1150 2 104.60 94.55 104.41 104.96 0.55 .00525 .00408

1150 3 294.24 266.16 293.76 294.89 1.13 .00384 .00294

1150 4 576.07 519.95 575.21 571.00 1.79 .00311 .00272

S1150 5 946.31 861.20 945.23 947.57 2.34 .00247 .00203

1150 6 1419.34 1288.46 1417.49 1421.23 3.74 .00264 .00221

,- 9 -

_ -_ I~1
Ii - ___ _1I_ _i_
I ~~ ______ ____ ____ ___

__________ ____________ __________ ___________ ___________ __________ ___________

_________ __________ _________ __________ _________ _________I__________

____ ____I____ ___ ____ ____ ________

__________ ___________ __________ _________ _____________________ ___________
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Beam No. 01-61-1

Date 3/79

Damping Material Two layers: first 74.5% SiO 2 + 10.75% CaO +

6.375% Na20 + 6.375% KHCO3 + 2% Co203 ; second NiCr

Material Thickness 0,0305 cm Material Density 4.61 q/cc

Fixture No. 2 Beam Thickness 0.0973 cm

Beam Density 9.13 g/cc Beam Length 21.768 cm

Temperature Test Range: Between 955 CC and 595 0C

Frequency Test Range: Between 84 Hz and 1,375 Hz

Loss Factor nD:

Peak 100 Hz _D  0.12 Temperature 705 °C

1,000 Hz nD 0.12 Temperature 745 0C

Range 100 Hz 680 0C 770 °C

1,000 Hz 695 0C 840 0C

Complex Modulus E D":

Peak 100 Hz 4.3 × 109 PAS Temperature 715 0C

1,000 Hz 4.3 x 109 PAS Temperature 745 0C

Range 100 Hz 670 C 765

1,000 Hz 690 0C 805 0C

NOMOGRAPH CURVE FIT EQUATION:

MATERIAL :J85-16 IZNITIAL
LOG(M)-LOG(ML)+(2LOG(MRO/ML))/( 1 (FROM/FP)l]kN)

TO FROM MROM N ML
Al AZ A3 A4

600.0 S.9423E-e5 1.75S6E+10 .132 4.9644E*09
A (LOG(FR)-LOG(FROL))/C
LOG(ETA).LOG(ETAFROL) CSL+SH)A (SL-SH)(1-SORT(I+A$$

2
)))C/

2

To ETAFROL SL SP FROL C
01 92 B3 84 B5

698.0 .15 .310 -.375 5.4468E-ea .800
LOG(FR).LOG(F)-12(T-TO)/(525/I.9+T-TO)

REMARKS: J85-16 test 1. Retestcd as 01-61-2.

498
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TABLE 11-E

Beam No. 01-61-1

FP f fn f L fR n Af "a nc IdB

Tm!I__. Mode

1750 2 84.87 84.36 84.21 85.56 1.35 .01591 .00891
1750 3 239.04 236.00 237.97 240.08 4.15 .01735 .01073 X
1750 4 470.77 464.00 467.10 474.49 7.39 .01570 .00980
1750 5 781.25 769.60 775.02 787.78 12.76 .01633 .01073
1750 6 1175.35 1153.60 1169.60 1181.37 23.13 .01968 .01496 X
1700 2 85.98 85.13 85.31 86.72 1.41 .01640 .00880

1700 3 241.94 238.25 241.05 243.06 3.95 .01633 .00923 X

1700 4 476.27 468.30 472.69 480.14 7.45 .01564 .01044
1700 5 790.50 776.60 783.38 797.10 13.63 .01724 .01277
1700 6 1186.10 1163.70 1178.34 1196.5P 19.24 .01538 .01179

1650 2 87.16 85.90 86.49 87.88 1.39 .01595 .00825

1650 3 245.30 240.50 243.43 247.16 3.73 .01521 .00871
1650 4 482.50 472.50 479.05 486.08 7.03 .01457 .01057

1650 5 801.04 783.60 795.37 807.10 11.73 .01464 .01112
1650 6 1201.20 1173.60 1192.70 1211.70 19.00 .01582 .01320

1600 2 88.40 86.62 87.64 89.04 1.40 .01584 .00874
1600 3 248.30 242.70 247.33 249.36 3.99 .01607 .00947 x
1600 4 488.53 476.70 484.70 491.87 7.16 .01466 .01196

i1600 5 810.00 790.40 803.60 818.03 14.43 .01781 .01539
1600 6 1229.2 1193.20 1205.78 1236.10 20.32 .01671 .01490

1550 2 09.40 87.40 8.8 90.05 1.37 .01532 .0085
1550 3 250.94 244.80 249.99 251.95 3.85 .01535 .0102 X
1550 4 494.12 481.00 490.14 497.97 7.83 .01584 .01414

-F c n f, fR Af qlq ldB
!~~ 1. R¥,,e ~o I.

150 5 821.34 797.80 815.17 828.70 13.53 .01647 .01487
1550 6 1229.29 1193.20 1218.09 1239.65 21.56 .01754 .01624
1500 2 90.52 88.14 89.83 91.23 1.37 .01513 .010831500 3 254.22 247.00 252.42 256.66 5.2 .01992 .01767

1500 4 505.20 485.00 495.20 504.40 9.201 .01840 .021

1500 5 831.34 803.80 822.86 839.97 17.11 .02053 .01931
1500 6 1242.80 120100 1226.5 1254.32 27.47 .02210 .0219
1450 2 91.46 88.87 90.77 92.23 1.46 .01596 .01296

14 0 3 2 0. 43 249.10 255.00 260.12 5.12 .01992 .01767
140 4 505.26 489.10 499.64 510.8 11.14 .02205 .02114

1400 5 854.40 816.40 831.68 858.2 21.55 .02558 .02960
1450 6 1258.01 1212.40 1244.90 12667 41 .0 36 .0200
1400 2 92.65 89.58 92.69 94.9 1.74 .01878 .01668

140 3 260.40 251.10 259.2. 262.50 6.41 .02460 .02285 x-- 40 4 513.75 493.00 505185 520.83 1.8 .21

1400 5 854.00 816.40 842.31 868.35 26.04 .03047 .0294
"I400 6 1266.04 1221.90 1248.67 1281.26 67.9d .05169 .05300 X115o -I - 'T 9 0. 29 92.69 -4.92 2.21 .02375 .02212

52554.30 496.7o 516.13 532.97 168 03206 .03]147- 11 0 1 . 3 2 6 0 a-- -.1 6 8 8 4 4 5 6 23 1 0 9 4 7
1501 6 1295. d 201 -31.F 0 282.13 130H.-1 S'.: 7

''! ,,., _ '! ! . ,o499
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TABLF 11-E (Concluded)

I eam tic. 01-61-1

" f t, ff iIt l

1300 3~ 268.76 254.90 1266.70 211. 80 10.C2 j.03729 .03609 ____
1300 4 531.57 500.50 5 .60 537.61 1.0, .20 7,0 02 6_,

I 1300i L 5 L8'6.8 f2.70 87'0 -97.45 21.65 .02441 .02382
1300 6 1325.50 1240.00 1 1317.25 1 131.43 27.84 .02101 .01561 x

1250 2 97.56 91.61 96.13 98.98 2.e5 .02921 .02791
1250 3 .27!.16 256.75 269.51 279.39 9.88 .03591 .03489
1250 4 540.00 504.20 534.56 545.92 9.36 .01733 .01690

1 - 899.35, 834.40 893.20 905.70 12.50 .01390 .01338

1 0 2 0 99.21 92.81 90.4i 00.20 1.9 .091 3 .01681I100- 3 22 -5 A 21.53 3.97 31 420 .013 _0

1200 6 j 1355.78 127.20 1352.08 1368.90 4.49 .00322 .00276I 1-1 50 I 2- " 00.----49 92.88 100.07 100.99 0.92 .00916 .00799 -

15 . 3 282.05 i  260.00 281.09 283.11 2.02 ".00716 .0062-1SOi-; --- 0,.o , .48 553.1f, 2.64 .-°°478 .0439 l
_ - -' - 915.86I 845_.3o 917.25 417.53 3.28 _.00358 -.00314
-115 6-' 3-- I 01- 12 

3
.
4

0 101. 16 8.90 4.40 _oo32 _ r.0o2.,9

110. 2 M .. 9. 10. ,7 0.51 .00503 .0038'
11G0i 3 1 284.0_. 26.60 i- 283.S7 284.77 1.20 .0042? .00351

1100' 4 5. 514.00 <5.20 556.90 1.70 .. 00306 .00268
1 01, 5 922. 850 . S21 .39 .. 923.44 2.05 .00149 .00107

f "C c fn 11L f R t.f ,i c IdB

T m 11 0 e 2 . ~ 5 . 0 5 1 3 k .. I _ _ _ _ _ _ _ _

_'e .t~.id ii ____ i - _ _ _ .0_ _2 _ __001,

113 .801_,273.10 1374.40 1377.50 3. 0 .0622 001

- --- ---- 1 ---

Jii __._ _ ,______:1-______

500
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Beam No. 01-61-2

Date 3/9/79

Damping Material Two layers: first 74.5% SiO 2 + 10.75% CaO +

6.375% Na20 + 6.375% KHCO3 + 2% Co20 3 ; second NiCr

Material Thickness 0.0305 cm Material Density 4.61 g/cc

Fixture No. 2 Beam Thickness 0.0973 cm

Beam Density 9.13 g/cc Beam Length 21.768 cm

Temperature Test Range: Between 595 0C and 955 OC

Frequency Test Range: Between 89 Hz and 1,385 Hz

Loss Factor nD:

Peak 100 Hz nD 0.065 Temperature 690 0C

1,000 Hz D 0.065 Temperature 740 0C

Range 100 Hz 655 0C 720 0C

1,000 Hz 705 0C 785 0c

Complex Modulus ED":

Peak 100 Hz 2.6 x 109 PA- Temperature 685 0 C

1,000 Hz 2.6 x 109 PAS Temperature 740 0C

Range 100 Hz 655 0C 720 0C

1,000 Hz 705 CC 785 0 C

NOMOGRAPH CURVE FIT EQUATION:

MATERZAL :J85-16 AFTSR291 HRS.
LOG GM) LLOG(L),C2LOG(flRO/ML))/(l1(FROM/FR):*N)

TO FROMl "ROfl h ML
Al A2 A3 A4

S7S.0 1.a.eOE-0e 3.80@OE+1 .1e2 2.0660E.e1
A-(LOG(FR)-LOG(FROL))/C
LOG(ETA).LOG(ETAFROL) (($L+SH)A+(SL-SH)(1-SqRT(I*A*2)))C/

Te ETAFROL SL SH FROL C
81 22 33 34 I5

575.e .065 .31e -.445 S.456eE-e2 .50e
LOG(FR)oLOG(F)-12(T-TO)/(525/1.8.T-TO)

REMARKS: J85-16 second test. Retest of 01-61-1 after 100 hours

at 8451C plus 191 hours at 870CC.
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TABLE 124-E

Beam No. 01-61-2

°F f c fn f L f R Af ns nc  ldB

STp.ModeIi 1750 2 89.49 84.36 88.77 90.32 1.55 .017516 .01052

1750 3 251.44 236.00 249.49 253.14 3.65 .019516 .00772

1750 5 821.86 769.60 815.60 826.65 11.05 .011445 .0078
1750 6 1226.60 i153.60 1216.76 1234.90 18.14 .014789 .01007
1700 2 90.61 85.13 89.84 91.34 1.50 .016554 .00895
1700 4 500.30 468.30 496.50 502.80 6.30 .012592 .00739
1700 5 828.91 776.60 824.20 835.06 10.86 .013101 .00845
1700 6 1239.98 1163.70 1231.34 1247.23 15.89 .012815 .00922

1650 2 91.90 85.90 91.16 92.49 1.32 .014363 .00666

1650 3 I 257.06 240.50 255.14 259.14 3.99 .015521 .00902
1650 4 1 505.77 472.50 502.64 508.42 5.78 .011428 .00742

1650 5 839.89 783.60 835.75 844.36 8.61 .010251 .00673
1650 6 1254.94 1173.60 1246.43 1261.77 15.34 .012223 .00960

1600 2 92.95 96.62 92.20 93.45 1.25 .013448 .00635

1600 3 248.45 242.70 246.14 250.11 3.97 .015979 .00938
1600 4 510.94 476.70 507.56 512.53 4.97 .09730 .007041600 5 847.73 790.40 843.59 951.58 7.99 .009425 .00731

1600 6 1266.60 1183.40 1259.12 1272.19 13.07 .010319 .00851
1550 2 93.84 87.40 93.38 94.38 1.00 .01065 .00385
1550 3 262.40 244.80 261.28 263.68 2.40 .00915 .00462

1550 4 515.25 481.00 512.43 518.35 5.92 .01149 .00979
1550 5 856.42 797.10 851.77 860.27 8.50 . 00992 .00832

1550 6 1279.52 1193.20 1272.87 186.90 1. 01096 .00966

F f f fL fR Af ns nc idO

Temp.:Mode I

1550 2 93.79 87.40 93.32 94.42 1.10 .01172 .00492

1550 3 262.71 244.80 261.36 263.77 2.41 .00917 .00464
1550 4 515.86 481.00 513.10 518.08 4.98 .00965 .00795

1550 5 856.74 797.10 852.24 860.84 8.60 .01004 .00844

150 6 1281.65 1193.20 275.52 128.67 13.15 .01026 .00896

1500 2 94.94 89.14 94.39 95.27 0.93 .00928 .00498

1500 3 265.15 247.00 263.73 268.15 2.42 .00913 .00593

1500 4 519.89 485.00 51.77 522.24 8.47 .01629 .01430

1500 5 865.05 803.80 860.59 869.r72 9.23 .01067 .00945

1500 6 1293.75 1203.00 1285.32 304.67 0.35 .07 .00945
1450 2 95.62 88.87 95.20 96.13 0.93 .00972 .00672

1450 3 267.30 249.10 268.1 8 8 2-90 .1G4 .00860
1450 4 527.60 489.0 52. 531.42 6. .0li09 .01105
1450 5 872.60 sl|0.20 867.76 878.11 !0.95 .0125S .01157

1450 6 1306.05 1-212.40 1294.-1 = 122.51 27.81 6. 2119 1.02047

i4 , 3 270.12 { 2S .10 268.13 2-- oA 4 .91Z 1.0'.R25 01o,5 ,

1400 5 883.0316.40 R78 rs ___._ ;T ' h1 2  
"

____.

2 97.54 90.29 n. - I s
o 

__
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I TABLE 12,-E (Concluded)

Beam No. 01-61-2

°F f ff f R Af ns n IdB

Temp. ModeI ____ __ _ _ _ _ _ _ _ _ _ _ _,1 !350 5 892.721 822.60 88.5 899.95 13.80 .01545 .01476

1350 6 1335.26 1231.10 1325.46 1348.11 22.6S .01690 .01636

1300 2 99.52 90.95 97.67 91.16 1.49 .01512 .01371

1300 3 276.93 254.90 273.53 278.94 6.41 .01953 .01833

1300 4 542.20 500.50 534.16 545.16 11.00 .02028 .01979

1300 5 901.89 828.70 896.59 908.24 11.65 .01291 .01232

1300 6 1348.00 1240.00 1342.23 1356.59 14.26 .01057 .01003

1250 2 99.70 91.61 98.89 100.45 1.56 .01565 .01435

1250 3 280.55 256.75 277.7E 281.79 3.81 .01360 .01258

1250 4 549.06 504.20 546.20 551.54 5.34 .00973 .00930

[1250 5 911.35 834.40 907.78 914.38 6.60 .00724 .00672

L250 6 1360.90 1248.70 1356.80 1364.70 7.90 .00580 .0053u

1200 2 100.82 92.26 100.26 101.35 i.09 .01081 .00953

1200 3 22.56 258.70 281.38 283.58 2.20 .00779 .00689

1200 4 553.27 501.60 551.86 554.96 3.10 .00560 .00520

1200 5 917.92 840.10 915.95 919.93 3.98 .00434 .00386
1200 6 1 369.20 1257.20 1366.90 1371.70 4.80 .00351 .C0305

1150 2 101.70 92.88 101.39 101.69 0-57 .0051;0 .00443
t1150 3 284.58 261.00 284.10 285.24 1.23 .00432 .00343

S1150 4 55.40 510.90 556.61 558.33 1,72 .00309 1.00270

1150 5 924.29 84S.30 923.21 925.48 2.27 .00246 !.30202

1 1150 6 1378.34 1265.40 1377.02 1380.68 3.06 .00222 .00179

I 1100 2 102.241 93.47 102.06 102.40 0.34 .00332 .00218

fc f f fa d

n L R s  c  Id
Temp..Mode 11

1100 3 286.78 261.60 285.88 286.86 0.80 .002"9 .00208 ]
1100 4 560.58 514.00 560.04 561.26 1.22 .00217 .00179 I
1100 5 929.64 850.60 928.85 930.44 1.61 .00J73 .00131
1100 E 1386.00 1273.10 1384.84 1387.09 2.20 .00158 .00117
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Beam No. 01-62-2

Date 6/4/79

Damping Material Two layers: first 74.5% SiO 2 + 10.75% CaO +

6.375% Na20 + 6.375% KHCO 3 + 2% Co203 ; second 0. Hommel 1252

Material Thickness 0.0183 cm Material Density 2.64 q/cc

Fixture No. 2 Beam Thickness 0.0975 cm

Beam Density 9.13 g/cc Beam Length 21.75 cm

Temperature Test Range: Between 870 0C and 620 0C

Frequency Test Range: Between 84 Hz and 1,400 Hz

Loss Factor nD

Peak 100 Hz nD 0.70 Temperature 765 0C

1,000 Hz nD 0.70 Temperature 830 0C
Range 100 Hz 720 \C 830

1,000 Hz 770 0C 895 0C

Complex Modulus ED":

Peak 100 Hz 1 x 1010 PAS Temperature 715 0C

1,000 Hz 1 x 1010 PAS Temperature 765 0C

Range 100 Hz 665 °C 760 0C

i 1,000 Hz 720 0C 815 0C

NOMOGRAPH CURVE FIT EQUATION:
MATERIAL t*1-6e-a
LOG(i)-LOGtML)*(2LOG(MROM/ML))/ (I+(FRON/FR) :*STo FROM MROM H M

At A2 A3 A4
600.0 6.SOOE-03 1.030fE+10 .500 1.9000E+09

A-(LOG(FR)-LOG(FROL))/C
LOG(ETA).LOG(ETAFROL)((SL SH)A(SLSH)(1-SORT(I+AZ22)))C/2

TO ETAFROL SL SH FROL C
I1 Be 33 34 B5

600.0 .730 .700 -.660 4.00GE-103 1.6ee
LOG(FR)*LOG(F)-12(T-T0)/(52S/I.B+T-TO)

REMARKS: Retested three times: 01-62-3, 01-62-4, and 01-62-5.

I
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TABLE 13-E

Beam No. 01-62-2

F fc f f Af1, dB

L R

1600 2 84.60 86.40 83.9- 85.21 1.2? .01442 .00732

1600 3 238.08 243.00 236.37 240.72 4.35 .01827 .01167

1600 4 469.08 476.50 466.07 472.64 6.39 .01362 .01092

1600 5 777.97 789.50 771.52 784.34 12.82 .01648 .01406

1600 6 1166.06 1182.00 1154.45 I 1177.72 23.27 .01996 .01815

1550 2 85.79 87.16 85.09 86.31 1.22 .01442 .00762 T
1550 4 474.78 480.40 470.7C 480.01 9.31 .01961 .01791

5 786.8 795.80 777.26 .795.28 18.02 .022q2 .02132

.1550 6 179.92 1191.00 1152.07 1193.68 31.61 .02679 .02549

1500 2 87.00 87188 86.08 87-67 1.61 .01851 .01421

500 4 11483.64 484.20 476.20 49.12 16.29 .03498 .03379100 5 791.62 801.90 781.70 1804.30 22.60 .02855 .02733

1500 6 1193.20 :200.00

1450 2 88.43 88.60 87.32 89.45 2.13 .02409 .02109

1450 3 248.37 248.90 245.21 249.9, 9.32 .03750 .03525 X

1450 4 491.39 488.00 480 11 499.74 19.63 .03995 .03957 _

14501 5. 816.16 808.00 810.25 826.73 32.-29 .03qfiB .03870 ! X

1450 6 1229.85 1209.10 1220.17 1247.87 54.43 .04426 .04344 ,
S1400 2 90.20 89.30 88.82 92.03 3.21 .03559 .03349

1400 3 254.88 250.e0 251.93 257.97 111 87 [ 04657 .04482 X

1400 . 4 508.58 491.70 495.89 524.52 28.63 .05629 .05557

1400 5 835.02 814.00 813.67 855.34 41.67 .04990 .04908

1400 6 1263.56 1218.10 1240.52 1281.17 40.65 .03217 .03148

-F fc fn fL fI Af no nc  dB

Temp. Mode

1350 2 92.68 89.9b 90 77 94.83 4.06 .04381 .04218

1350 3 261.83 252.70 257.29 264.77 14.70 .05694 .05533 x

1350 4 520.7' 495.50 513.47 | 534.03 20.56 .03948 .03888

135C 5 !59.89 820.00 842.43 876.24 33.81 .03932 .03862

1350 6 1293.34 1227.10 1281.72 1303.86 43.51 .03364 .03304 X
26.2i5. 18~24 2 1.5 .04524 .038

1350 2 92.49 89.98 C0.00 94.04 A.04 .04368 .04205
1350 3 261.92 252.70 258.20 1264.32=  11.85 .04524 .04383

1350 4 522.36 495.50 512 -3' 536.97 24.97 .070 042

1350 5 860.50 820.00 84A.68 867.86 37.69 .04380 .41

1350 6 129559 1227.10 1286.6 1305.60 37.20 .02871 .02811

1300 2 95.00 90.64 92.10 96.24 4.14 .04358 .04217

1300 3 7 'i.34 254.60 260.67 274.17 8.50 .03155 .03035

1300 4 535.08 498.90 527.15 543.35 16.20 .03028 .02973 --.

1300 5 881.57 825.90 874.43 886.93 24.57 .02787 .02728

1300 6 1370.29 1236.00 1360.48 138C.48 20.00 .01458 .01404

. 1 2 5 0  2 )7.37 91.30 95.89 Q8.39 2.50 .02568 .02438

1250 J 3 274.94 256.45 272.25 278.08 5.83 .,220 .02018

1250 4 539.60 502.40 535.68 542.89 7.20 .01334 .01291

1250 5 891.01 831.80 886.73 897.95 11.23 .01258 .01206

1250 6 1386.9o 1244.50 1376.91 1397.51 20.60 .01485 .01435

1200 2 99.36 91.92 .R 75 99.96 1.21 .01218 01096

1200 3 278.91 258.25 1-7.6 20.O8 2.52 .00904 00814
L 12o 5o.0 HOa. S7.58 1.45 F612 .0)592
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TABLE 13-E (Concluded)

Beam No.

rF fC fn oL _R f _s  IdB

1200 5 903.90 837.20 1901.: 906.07 5.06 .005.tf .0512

1150 2 100.32 92.52 1" 02 100.68 0.66 .00658 .00541

1150 3 281.52 259.80 A4... 282.10 1.26 .00448 .00359

1150 4 530.84 508.90 549.94 551.80 1.86 .00338 .00299

1150 s 91".08 842.80 90q.25 912.90 3.6S .00401 .00357

I~~~ ~ -f______

1

it4
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Beam No. 01-62-3

Date 6/5/79

Damping Material Two layers: first 74.5% SiO2 + 10.75% CaO +
6.375% Na20 + 6.375% KHCO3 + 2% Co2O3 ; second 0. Hommel R-1252

SMaterial Thickness 0.0183 cm Material Density 2.64 g/cc
Fixture No. 2 Beam Thickness 0.0975 cm

Beam Density 9.13 g/cc Beam Length 21.75 cm
Temperature Test Range: Between 870 *C and 620 0 C

Frequency Test Range: Between 85 Hz and 1,370 Hz

Loss Factor D:

Peak 100 Hz nD 0.35 Temperature 765

1,000 Hz TD 0.35 Temperature 830 °C
Range 100 Hz 700 CC 885 0 C

1,000 Hz 750 0 C 860 0 C

Complex Modulus E D"

Peak 100 Hz 9 x 1 0 0 PAS Temperature 705 0C

1,000 Hz 9 x 1010 PAS Temperature 745 0C
Range 100 Hz 700 0C 750 0C

1,000 Hz 670 0 C 810 0 C

NOMOGRAPH CURVE FIT EQUATION:

MATERIAL :61-62-3 QEEST 01-62-2
LOG(M).LOG(ML).(BLOG( ROI/VML))/( +(FRON,-FR)zH)

To FROM MRnM N ML

Al A2 A3 A4
600.0 1.3181E-02 1.9912E+10 .663 7.3367E-09

A.(LOG(FR)-LOG(FROL)1/C
LOG(ETA)-LOG(ETAFROL+(tSL+SH)+(SL-SHIl-SQRTCI*Ax1 2)))C/2
To ETAFROL SL SH FROL CB1 22 23 94 BS

60e.e .31e .300 -.611 3.01SOE-02 2.116~LOG(FQI-LOGF-IacT-T0),CSSIj.8 T-TO)

REMARKS: Retest of 01-62-2; no thermal soak.
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TABLE 14,E

oBeam :. 01-62-3

f n f f af
.M Lode _ _

1600 2 85.70 86.40 84.93 86.29 1.36 .01587 .00877
1600 3 240.80 243.00 438.47 242.33 3.86 .01603 .01003
1600 4 473.88 476.50 470.22 478.00 7.78 .01642 .01372
1600 5 785.70 789.50 779.22 791.20 11.98 .01525 .01283
1600 6 1175.50 1182.00 1168.69 1183.24 28.59 .02432 02251 x
1550 2 66.83 87.16 86.18 87.54 1.36 .01s66 .00886
1550 3 243.47 244.98 241.68 246.51 4.83 .01948 01531
1550 4 480.45 480.40 475.04 484.11 9.06 .01886 01716
1550 5 795.30 795.80 787.63 803.30 15.67 .01970 01810
1550 6 1199.24 1191.00 1192.33 1206.38 27.61 .02302 02172 X
1500 2 87.88 87.8 87.19 88.67 1.48 1.01684 .01254
1500 3 246.76 246.95 243.45 248.93 5.48 .02221 .01901
1500 4 487.23 484.20 482.60 493.84 11.24 .02307 .02188
1500 5 809.80 801.90 804.13 819.13 15.00 .01832 .01730

[1500 6 1218.36 1200.00 1210.30 1225.70 30.46 .0250 .02399 X1450 2 89.28 88.60 88.22 90.08 1.86 .02085 .91785

1450 3 250.00 24.90 247.71 251.52 7.49 .02995 .02770 X
1450 4 498.15 488.00 493.37 501.79 16.55 .03322 .03231 X
1450 5 823.701 808.00 811.40 34.73 23.33 .02807 .02704
1450 6 1235.33 1209.10 1228.04 1246.87 137. .02996 .02914 X
100 2 90.46 89.30 89.17 91.76 2.59 .02863 .02653j 1400 3 253.16 250.80 249.38 255.2 12.06 .04766 04591 X
1400 4I 508.96 491.70 502.00 56.3 11.3 .0463 .04731x

c n Ls cB

10 5 84.9 814.00 830 85.7 40.03 .04758 .47

150 2 10 0 9.589.9 5 910 0 5 .03.57 .06 4
130 3 26.7 252.70 26229 29.31 7.04 .065 021

31  4 53.31 17.85130 5 6 820.00 85252 9.26 3.0 '32 35

1 9 . - 1 2 2 7 .1 0 2 0 - 1 3 0 5 - -.9 0 3 1 .2 3 4 7 7 2 4130 90.64 9.0 96.84 3.74 .091 036
1 3 0 3 2 9 4 2 5 4 .6 0 2 4 9 2 7 4 .0 5 9 .5 6 0 5 3 . 4 2

10 4 53.6 498.90 52.0 536.93 11.93 .026 019
130..0 5 1880,2___5 825.90 868.68 890.03 2..35 .225 .02197
1300 6 7396 23f.00 T305.70 1331.46 25. T6 T01952 .01899

170 2 97.41 91.30 96.08 98.92 2.8 7572 9 1 S 072794
1250 3 275.33 256.T5 272.39 278. 1-------'-2-15.03"'-- .ofo13-
1250 4 -------53927 502.40 535.13 543.16 8.03 .01489 T01446
125o 5 894.92 831.80 89.95 898.84 8.89 ;00993 .0-0941
1250 6 1337.36 1244.50 1331.6h 1343.10 11.44 .0085 .00805
1200 2 99.21 91.92 9.56 99.89 1.31 .01320 .001198 -120 3 27910 -25 8.25 277.56 280.47 2.9=1 .003 09

1200 4 546.10 505.60 544.28 547.96 3.68 700674 .00634
1200 5 903.80 37.20 901.60 906.38 4.78 .00529 1.041

12 0 6 134 .66 12 3.00 I 14 9. P2 1352.88 5.06 .A0449 .0040 1
115 2iJ 0040 92 2 9993 10.A5 0.72 .0n717 .00400
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TABLE 14-E (Concluded)

l :Bean No. 01-62-3

-O! F fc C £ f L f R Af ris nc  IdB

] Temp. Mode
[1150 3 281.63 259.80 280.95 282.36 1.41 1.00501 .00412

1150 4 550.82 508.90 549.98 S51.83 1.85 .00336 .002971150 5 911.20 842.80 909.66 912.1s 2.52 .00277 .00233
1150 6 1360.42 1261.00 1358.38 1361.90 3.52 .0025v .00216
1100 2 M.01 93.12 100.85 101.22 0.37 .003 6 .00252

1100 4 554.20 512.00 553.60 554.73 1.13 .00204 .00166
1100 5 916.54 848.10 91S.61 917.32 1.71 .00187 .00145

1100 6 1368.01 1268.80 1366.87 1369.35 2.48 .00181 .00222
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Beam No. 01-64-4

Date 6/12/79

Damping Material Two layers: first 74.5% SiO 2 + 10.75% CaO +

6.375% Na2 0 + 6.375% KHCO 3 + 2% Co 203 ; second 0. Hommel 1252

Material Thickness 0.0183 cm Material Density 2.64 g/cc

Fixture No. 2 Beam Thickness 0.0975 cm

Beam Density 9.13 g/cc Beam Length 21.75 cm

Temperature Test Range: Between 870 'C and 620 0 C

Frequency Test Range: Between 88 Hz and 1,380 Hz

Loss Factor nD

Peak 100 Hz nD 0.30 Temperature 780

1,000 Hz nD 0.30 Temperature 725 °C

Range 100 Hz 740 0C 750 oC

Complex Modulus ED":

Peak 100 Hz 9 x 1010 PAS Temperature 729 oC

1,000 Hz 9 × 1010 PAS Temperature 775 0C

Range 100 Hz 740 0C 690 0C

1,000 Hz 800 0C 730 0C

[I NOMOGRAPH CURVE FIT EQUATION:

MATERIAL 301-62-S 0'homweI R-1252/UDRI JSS-14
LOG(M )LOG ML )+ 2LOG(MROM/ML) )./( l+(FROM/FR)**N)

TO FROM MROM h ML
Al A2 A3 A4

609.0 3.4eeeE-e2 3.3600E+le .500 1.8000E+l
A-(LOG(FR)-LOG(FROL))/C
LOG(ETA)-LOG(ETAFROL)+((SL+SH)A (SL-SH)(1-SOR7(1+AXZ2)))C/2

TO ETAFROL SL SH FROL81 Ba B3 B4 D5

600.0 .286 .360 -.430 3.0070E-ea .aeeLOC(FR )- LOG (F)-12( T-T )/(525/1.8+T-TO )

REMARKS: Retest of 01-62-2 after 136 hours at 8700 C.

525
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TABLE 15-E
Beam NO. 01-62-4

' fef7 fLf f It 'ic l

1601) 2 88.429 86.40 _8., 249.67 8 Z 0

.00 41 8.7-0 476.50 ,85.56 491.41 _._ .01.197 .00027
S 809.3, 89.0 804.41 814.72 10.31 .01274 .01032

~1600 2 89.16 8.1 884.61 84.71.0 1___ 1.00.31_____
1182.00 1204.81 1221.42 16.6" .01370 .0118921 o 96.1 .6 187.1f, 88 6 -- 1 1.0 . 1 34 .0 5

!550 3 250.88 244.98 250.19 251.85 3.26 .01300 ..0847

15o0! 5 816.92 795.80 810.64 823.06 12.42 .01520 .01360

1 50 6 1221.58 1191 00 1211.60 1 23.20 21.60 .01769 .01638 _

1500 2 11 90. 13 87.88 8956 90.75 1.19 .01320 .00890

1500 3 I 253.84 246.95 252.92 254.99 3.97 .01564 .01244

1500 41 498.26 484.20 493.78 502.67 8.89 .01784 .01665

1500 5 826.68 801.90 818.36 834.96 16.60 .02008 .01886 ,,

f 1500 6 1235.85 1200.00 1221.98 1249.23 27.50 .022S0 .02104
1450 2 91.15 8? 10 90.69 92.06 1.37 .01500- .01200

1450 3 ,7.o9 248.90 256.00 259.15 6.19 .02407 .02182 x
1450 4 504.68 488.00 497.80 511.25 11.45 .02665 .02S94

1450 5 838.60 808.00 833.15 845.94 25.13 .02997 .02893 x

1450 6 .. L12.01 1209.10 1227.44 1271.22 43.78 .03494 .03412

1400 2 92.94 89.30 91.64 93.47 1.83 .01979 .01769

1400 3 261.15 250.80 259 '5 263.05 7.27 .02784 .02609

14 9 IJ 513.52 491.70 [ 506.20 523.80 17.20 .03319 .03273

'F fc fn f f s 1dB

Temp. Mode _ _

1400 5 855.04 814.00 838.86 868.60 29.74 .03478 .03396

1400 6 1277.60 1218.10 1243.40 1294.00 50.60 .03961 .03892 _

1350 2 94.17 89.98 92.71 95.53 2.82 .02995 .02832

1350 3 265.76 252.70 263.53 267.87 8.53 .03209 .03068 x

1350 4 526.32 495.50 521.62 531.93 20.26 .03850 .03791 x

1350 5 873.80 820.00 859.31 885.90 26.59 .03043 .02973

1350 6 1302.54 1227.10 1292.97 1309.20 31.90 .
- -fF.24 .02389 17

1300 2 96.32 90.6' 94.73 98.00 3.27 .03395 .03254
1300 3 272.27 254.60 268.32 275.77 7.45 .02736 .02616

1300 4 536.62 498.90 531.24 541.30 10.06 .01875 .01826

1300 5 889.16 825.90 881.11 896.44 15.33 .01724 .01665

1300 6 1337.00 1236.00 1328.80 1351.50 22.70 .01698 .01644

1250 2 98.55 91.30 97.37 99.56 2.19 .02222 .02092

1250 3 276.85 256.45 274.61 278.88 1 4.27 .01542 .01440

1250 4 542.74 502.40 539.72 545.78 6.06 .01117 01074

1250 5 899.33 831.80 895.84 903.49 7.65 .00851 .00799

1250 6 1350.61 1244.50 1345.41 1357.17 11.76 .00871 .00821

1200 2 100.00 91.92 99.48 100.48 1.00 .01000 .00878

1200 3 280.14 258.25 279.16 281.12 1.q4 .00693 .00603

1200 1 4 548.31 505.60 546.77 549.69 2.92 00533 00493

1200 5 907.24 837.20 905.00 90.13 4 13 .004S; 00407

1200 6 1364.50 1253 00 13,59.05 [_1368.14 9.09 .n66 .o0620

.iL5JL ! 2. .J.1 1 16 9..5. 2 0 10. .5 0.40 [ .003 , 00278

526
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FABLE 15-E (Concluded)

Beam No. 01-62-1

'F fC fn fL fR af Vs  iC  1dB

Temix Mode

1150 3 282.48 259.80 281.89 282.96 1.07 .00379 .00335

1150 4 552.44 508.90 551.83 553.29 1.44 .0026. .00222

1150 5 914.16 842.80 913.09 915.20 2.11 .00231 .00187

1150 6 1375.30 1261.00 1372.06 1379.31 3.25 .00236 .00193

1100 2 101.58 93.10 101.49 101.70 0.2, .00207 .00093
1100 3 284.21 261.30 283.98 284.52 0.54 .00190 .00119

4 555.75 511.90 555.36 556.29 0.93 .00167 .00129

1100 5 919.42 848.20 918.74 920.02 1.28 .00139 .00097

1100 6 1381.93 1269.20 1379.26 1385.28 6.02 .00150
100 2 93.63

1000 3 264.80
100 4 514.90

,100 5 853.50100 6 1277.10100 2 94.20
100 3 264.69

100 4 518.35

100 5 858.67

1000 6 1284.20

,1, - _52

527



w \ r-wwwr-or
..............1-Y.WWU ~ l W.- ... .. .. ... . ......... n o~ n w ......

C.,

E T

.. N .4~ .. . . . .- ......4

0

II IA
(i mwwww~wWwwwww wwwwwwwwwwwwwwWwwwr-2 W 'Wwwww

00

W WNww02mvwww2Wwwww mm2p mw mmQW'wW.mwftUW I'
"1 z02 r

cu W1 ILI

Q E WWWWW.W4'00M Wt.WWW.42000.000.0'0

0 0

00 I

z om C ~
:C 0.

Qw- ZX ..... ... 4 W03Wl+WU03.......4 l-2.. + ..........
IC -~. 0 nfuww.wwwww4.4.4.4.'Wwa wwwwwwIUiIJ wwwwwwwww

WI: C O

I-- &528



Vmnoo,voh

OVLA uleJW

0 nimn im' 1

WnJLn (!L

.4 .4Do,

WWLAJWJ

(UW(oe- wn

r w ou worM to)

L -n n t Di

02.4(0 V529



jLLWWOflWZO-> L TN

Z:0

I-r

L I- 11 -1 1111 1- 1 1

>ODZGv) W zolcn-D(A Z\E**(U

I& c~ 0 (k w I- c

530



- - 'S

-~-~< -

LLa~wc'~wz0> L~- TN

~.: - Q
0 0~Fft..~i I 1iFI[TTTzzT~~~ii N. 'I

____ 
-~N.

N. I II

- N. INN. K

"~N~ ~N~NN ~t, NNNN *1:-I----- --- 4

_____ ___ I ~'

~N N N N

____ N -1-- Ax -.

- N I w
IN N. gN

N. N. '..N.k N
uJ N.~ N. NN ~ 1NN -

Lii N -

N I~iYNN. ~4
~N. N .-

N. NIi-N.~.
I-'- N.

'-.~ I NN.!N~ 'N.-I

N.N~N. 'NN1 N.N N~&NIN..N. -

-4

A I
I

-4
0 & 0 0

-4

>O~ZC~(fl W ~O~fl.-JD(J~ Z\E~**W I01 10



Beam No. 01-62-5

Date 7/3/79

Damping Material Two layers: first 74.5% SiO 2 + 10.75% CaO +

6.375% Na2O + 6.375% KHCO1 + 2% Co203; second 0. Hommel R-1252

Material Thickness 0.0183 cm Material Density 2.64 g/cc

Fixture No. 2 Beam Thickness 0.0975 cm

Beam Density 9.13 g/cc Beam Length 21.75 cm

Temperature Test Range: Between 870 *C and 620 0C

Frequency Test Ranae: Between 89 Hz and 1,370 Hz

Loss Factor

Peak 100 Hz rD 0.24 Temperature 715 0C

1,000 Hz nD 0.24 Temperature 765 °C
!Range 100 Hz 745 0C 735 0C

1,000 Hz 810 0C 690 0C

Complex Modulus E D"

Peak 100 Hz 9 x 1010 PAS Temperature 710 0C

1,000 Hz 9 x 1010 PAS Temperature 760 0C

Range 100 Hz 695 0C 735 0C

1,000 Hz 720 0C 795 °C

NOMOGRAPH CURVE FIT EQUATION:

MATERIAL :e1-62-S RETEST
LOG(M)-LOG(ML)+(2LOG(MROM/ML))/(l+(FROM/FR)ZIH)

TO FROM MROM N ML
Al A2 A3 A4

680.0 3.9633E-02 3.74e4E e10 .831 2.454eE+10
A-(LOG(FR)-LOG(FROL, )/C
LOG(ETA).LOG(ETAFROL) (CSL+SH)A (SL-S)(1-SORT(IA*22)))C/2

TO ETAFROL SL SH FROL C
31 82 33 B4 B5

608.0 .236 .273 -. 40;3 4.78e6E-e .259
LOG(FR),LOG(F)-12(T-TO)/(525/1.8+T-TO)

REMARKS: Retest of 01-62-2 after 400 hours at 870*C; coating

deteriorated only slightly. Resumed heat soak for a total of

951 hours at 879*C. Coating still in very good shape and will be

U recoated as soon as possible.

1532



TABLE 16-E

j Beam No. 01-62-5

C fn fL fR As nc IdB

1600 2 88.98 86.40 183 9$ 1.2R 01439 .00729
1600 3 250.69 243.00 249.09 252.38 3.29 .01312 .00652
1600 A 491.24 476.50 488.23 494.07 5.84 .001R9 .00919

1600 5 614.27 789.50 809.65 819.65 10.00 .01228 .00986
1600 6 1217.50 1182.00 1210.64 1227.25 16.61 .01364 .01183

1550 2 89.93 A7.16 89.39 90.57 1.18 * .01312 .00632
1550 3 252.89 244.78 251.18 234.94 3.76 .01487 .01034
1550 4 495.94 480.40 492.67 499.07 6.40 .01290 .01279
1,50 5 822.03 795.80 816.25 828.08 11.83 .014 3c .01279

1550 6 1229.60 1191.00 1218.21 1240.32 22.11 .01798 .01668
1500 2 90.82 87.88 90.18 91.37 1.19 .01310 .00880
1500 3 1 255.74 246.95 253.96 257.84 3.88 .01517 .01197
1500 4 501.50 484.20 497.24 505.35 8.11 .0617 .01498
1500 5 831.20 801.90 823.79 839.25 15.55 F.01871 .01749
1500 6 1244.62 1200.00 1228.05 125'.80 29.75 .02390 .02289
1450 2 91.57 88.60 90.90 92.22 1.33 .01452 .01152
1450 3 258.58 248.90 256.08 261.06 4.98 .01926 .01701
14501 4 506.52 488.00 501.75 512.48 10.73 .02118 .02027
1450 5 842.16 808.00 831.74 853.30 21.56 .02560 .02462
1450 6 1257.32 1209.10 1233.20 1276.00 42.60 .03404 .03322
1400 2 i  92.58 89.30 91.70 93.39 2.69 .01806 .01596
1400 3 261.95 250.80 259.08 265.80 6.72 .02565 .023901 1400 4 _515.78 491.70 508.16 523.25 15.09 .02926 .02848

-F f c fn f L f R Af n s nc  IdB

1400 5 858.34 81A.00 344.90 C72.02 27.12 .0316
1400 6 1283.44 1218.10 1251.80 1301.62 49.82 .03882 .03813
1350 2 94.24 89.98 92.94 95.57 2.63 .02791 .02628
1350 3 266.50 252.70 263.00 271.27 8.27 .0310 .029621350 4 529.46 495.50 520.23 538.69 18.46 .03417 .03428
1350 5 879.03 820.00 863.10 889.96 26.86 .03056 .03056

1350 6 1306.16 1227.10 1285.04 1329.08 44.04 .03372 .03312 _

1350 2 94.72 89.98 93.32 96.10 2.78 .02935 .02772
1350 3 266.55 252.70 263.27 2)1.94 8.67 .03253 .03112 _

1 1 4 529.16 495.50 524.14 533.19 17.78 .03361 .03302 j x
1350 5 877.55 820.00 866.31 891.08 1 24.77 .02832 .02762

1350 6 1314.49 1227.10 1296.62 1335.09 38.47 .02927 .02867
1300 2 96.7 90.64 94.85 1 97.95 3.10 .03217 .03076 _1 10 _ _ 1_ _ 27.8 _ _- _ _ _

254.1250 37.1 
276.34_ 8.19 .0282 .26

1300 42 538.93 498.90 532.0 . 14.10 .02616 .025_7_.300 5 890.95 825.90 883.85 897 589 .01783 .01724

_______899._ lZ0 :;2'~ i.~

1300j 1 302 1236.00 1319.92 1342.27 22.35 1.0168C .01626
. ' 98.54 91.10 9-1.60 99.61 1  2.01 .02040 .019l0G50I! ! 1250131'| i[277.92 256.4 276.17I 280.-7 i4.3G .157 044 ,i

,1250
i 4 ! 544.75 502.40 541.92 547.58 . 5.66 .01039 1.0099612501 5 902.61 1 831.80 898.85 906.71 7.8r 08| .0!

125 ____ 
.0087 .008_______

533

--



ITABLE 16-E (Concluded)

Beam No. 01-62-5

-F fC fn f, f1 f n qc 1dB

I~ ~~~~~~-F Tcr3. Miode K : : : II________
1200 3 280.2 258.25 279.14 281.45 2. 31 .00824 .00734 _

1200 4 549.73 505.60 547.67 550.83 3.16 .00575 .00535

1200 5 , 909.71 837.201 907.33 911.80 4.47 .00491 .00443

1200 6 !11354.40 1253.00 1 1351.58 1356 .951 10.55 .00779 .00733
S 2 80.67 92.52 100.29 i 00.82 0.53 .00526

1150282.48 259.80 282.00 283.10 T.!0 .00389 _

1150 4508.90 552.61 554.10 1.49 i .00269
1150 5 915.95 842.80 914.74 1 917.00 2.26 I .0024

11501 6 1363.30 1261.00 1361.00 1366.02 5.02 0368
1100 2 101.55i 93.10 101.43 1 01.65 I 0.22 .00217

11f0 284.51 261.30 284.25 284.77 0.52T .00183 -,

4 55696 511.90 5 557.32 0.8 1 .00145
11001 z " 921.50 848.20 923.89 922.10 1.21 .0131

11o0 6. 1269.20 x _ _ _ _ _

I I _ ir _ _ _3

I I t I

I I _ _ , I_ 1 __,_

I

*1
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Beam No. 01-63-1

Date 4/22/79

Damping Material Two layers: first 0. Hommel R-1202; second

0. Hommel R-1250

Material Thickness 0.0345 cm Material Density 3.84 g/cc
Fixture No. 2 Beam Thickness 0.0965 _m

Beam Density 9.13 g/cc Beam Length 21.669 cm

Temperature Test Range: Between 760 *C and 455 0 C

Frequency Test Range: Between 86 Hz and 1,525 Hz

Loss Factor -D:

Peak 100 Hz TD 0.50 Temperature 665 0C

1,000 Hz rD 0.50 Temperature 705 0 C

Range 100 Hz i20 0C 710 0C

1,000 Hz 675 0C 730 *C

Complex Modulus ED":

Peak 100 Hz 5.8 x 109 PAS Temperature 620 0C

1,000 Hz 5.8 x 10 PAS Temperature 675 OC

Range 100 Hz 575 0 C 660 0C

1 1.000 Hz 620 0 C 730 0C

NOM0GRAPH CURVE FIT EQUATION:

IMATERIAL :01-63-1 TUO LAVER
TLOG A -LOG CHU + (2LOV(RO.-ML) ),It 1- FQOr./FQ)Z2 ,TO F:ROM 4RCM f r1L

At 2 A3 A4
500.0 3.30et-03 6.3*ee0g .4" ?.Se.@*8

A-C(OG(FR)-LOG(FRC- )/C, ; ~~~~~~LOG(KETA ;-LOG (ETARCRL ).C CSL.SH ,A- (.L-S4)t. -SGRTCI .At15) )C'2

TO EOFROL SL S14 FROL C1 31 Be 33 34 I5
5- -.. .51 .?e -. 450 3.3eeK-e3 .ne

?.EPtARKS: Retest of 01-63-2.
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TABLE 17-F

Deem No. 01-63-i

9c 3 n E .. f SR . " ts tic idB

rem ode --- -1400o 3 2.25 1" Z5i. 75 23 .7 743.68 I.Qi .00797

1400 4 8 500, so A76.O 8 d70.29 4.34 .
} 1400 5 792.,40 829.50 ,788.57 7-6.21I 7.66 .n09(7

1400 6 1187.60 1241.n0 '117q.68 10 5.52 12.13 .02621 X

1350 2 87.68 91.87 97 29 98,W)5 0.110 -. 09132.4. -__...._ __
1'50 3 245.00 257.60 24'.38 247.06 3.68 .0 1502

.1350 4 f483.40 j5.4 47.04 A88.7., P.1.72 .0221P2

1350 5 806.45 8 -,0.88 6 .__.,_.8.01226 X

150 6 1206.64 1249.50 1202.5 1210.7c)5 16.15 .01339

1300 2 88.f3 92.47 87.8? $', 42 1 60 1 .01805

1300 3 257.00 .259.55 255.5 258.95 7.66 .02982 X

1300 4 494 50 508 if) 48;.87 509 67 25.90 .05217
1300 b 821.97 829.50 909. 1 831.1t 42.86 .05211 Ix

- 1'00 6 1309 93 1258.20 1283.70 1322.34 38.64 .2 5

n125. 2 90.05 93.17 R.51 Q1.45 2.94 .03265

1250 2 90.901 93.17 88.95 Q1 60 3.55 .030,
1
4

1250 3 255,71 261.45 1 253 21 258 14 Q.69 .0378Q y

1250 4 508.37 511.75 48? 30 522.08 
34

.78 .06841

1250 5 847.,79 948.n30 828.19 859.4, 61.47 .07251 X

1250 6 133- 75 !267 on i318.11 1350.77 12.66 02441

1200I 2 9)3.26 Q 51.8 RA 0 16 05.53 5737 .05758

13 [ 24" 2! 262. x.115

-F f f fL fR A t 4 c IdB

.200 4 532.00 515.A9 518.71 545.42 26.71 1_ .050.?

11200 5 882.00 853.00 8 73.20 992.!'8 '47.60 .04274 _____i 1200 6 1326.94 1275.501308 55i 1142. 135 " _4 92550

~11.50 4 ,,,, 540.80 si no 3._5 547,97 14-_ 2. n_________

iso 1; I 897.301 859.90 882.09 912.S9- 10. ( )34
1 0 , --- 0 ..... " ' X

!5o01 2 .50 4 52 A8 4.m-' .,,,8,dii " 2 I. ... , " .. ' , 48 ... .. . . .... -2 .1 / .045 X_____

1150 3 276.52 265.10 268.88 284.77 15.89 .05746 x
11 50 4 544.41 519.40 S 40.43 155n.92 2.107

..... 20-41i,.. .037.. ... . ._
115n~' - 916.00 5,59.9) 902.95 . 91.12 28.1- 03075

133.60 10 134. 1375.50 013 .02242

'1909 In9*j 95.18 97.1 10.)1,I 9724
O00 I 3 ! 279.61 266.80 277 5 /  ,81.79 1 "' 03'l i

... 100 5 548 25 221 5 ,42.93 156.46 13 ,3 . 02,1'5

n's80 8 .0 912 90 92;.Q! 25.6 02'97

:: ~~362 2 9 2o- -, fj !I.2 361),°.,, r ,o 4o1,
I !,.n-o . . ---- .1 .... _" __n__

I no 2AA ~(I 2s,2 _ -_- . ... .. . -

I.141 IJ • L i 
1  

f I8 I'i§L an1,
Z1 _____
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J TABLE 17-E (Concluded)

Beam No. 01-63-1

OF f f f L f R Af na 8 c ldB

. jTemp. mode
1050 2 104.37 95.80 102.56 10S.82 3.26 .0312A

1050 3 294.88 260.50 291.64 296.37 9.20 .03152 X
1050 4 582.20 525.90 576.35 590.70 A.35 .02455
1050 5 965.17 871.40 954.47 978.A8 24.01 .02A88
1050 6 1457.66 1300.60 1443.15 1470.&0 27.25 .01869

1000 2 104.60 96.44 102.09 105.95 2.76 .02639

1000 3 294.01 270.75 290.19 297.10 6.91 .02350
1000 4 579.53 529.20 574.88 586.02 11.14 .01922

1000 5 960.65 877.00 932.69 969.61 16.92 .01761
1000 6 1446.09 1309.00 1437.35 1458.68 21.33 .01475
1000 2 107.54 96.44 106.36 108.70 2.34 .02176

1 000 31 302.35 270.75 299.35 305.19 5.84 .01932S1000 4 594.23 529.20 590.08 598.53 8.45 .01A22
1 000 5 984.96 877.00 979.27 991.80 12.53 .01272

1000 6 1481.22 1309.00 1466.04 1488.59 22.55 .01S22
950 2 109.44 97.01 108.83 110.14 1.31 .011q7
950 3 307.49 271.80 306.15 308.80 2.66 .00n65

950 i 602.38 532.15 600.18 605.04 4.66 .00774

950 987.80 882.90 994.95 1001.71 6.86 .A0688I 950 6 1499.85 1316.50 1492.60 1504.46 11.86 .00791
' ) 900 2 110.84 97.60 110.54 111.23 0.69 .00623

900 3 310.80 273.35 309.88 311.49 1.61 .00518

900 4 608.86 535.15 607.54 610.40 2.R6 _ .00470 I

OF fc fn L f R Af dBc Id

I Temp. _Me

900 5 1007.54 886.90 1004.38 1009.38 5.00 .00496900 6 1513.20 1324.00 1508.66 1516.74 8.08 .00534
850 2 111.81 98.12 111.55 112.01 0.46 .00414

850 3 313.05 274.90 312.55 313.69 1.14 00364
850 4 613.40 538.10 612.17 614.29 2.12 .00346
650 5 1014.50 891.20 102.98 1016.32 3.34 .00329
850 6 1523.10 1330.70 1519.38 1526.5 7.12 .0046"
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Beam No. 01-63-2

Date 6/20/79

Damping Material Two layers: first 0. Hommel R-1202; second

Hommel R-1250

. Material Thickness 0.0345 cm Material Density 3.84 g/cc

Fixture No. 2 Beam Thickness 0.0965 Cm

§ Beam Density 9.13 g/cc Beam Length 21.669 cit

Temperature Test Range: Between 760 *C and 480 0 C

Frequency Test Range: Between 86 Hz and 1,495 Hz

Loss Factor iD:

Peak 100 Hz nD 0.45 Temperature 665 0 C

1,000 Hz nD 0.45 Temperature 730 0 C

Range 100 Hz 600 0C 715 0C

1,000 Hz 650 0C 810 0C

1 Complex Modulus E :
Peak 100 Hz 5.5 x 109 pD Temperature 600 C

1,000 Hz 5.5x 109 PAS Temperature 650 0 C

Range 100 Hz 550 CC 650 C[1 1,000 Hz 590 CC 725 0C

NOMOGRAPH CURVE FIT EQUATION:

MATERIAL :0163-2
LOG(M)oLOG(MLf)(LOG(LL ROM/ML) )/( 1 FROM/FR)T20)

TO FROM MROM N ML
Al A2 A3 A450S.0 3.9174E-e3 6.g9E+09 .415 9.4827E.08

A(LOG(FR)-LOG(FROL))/C
LOG(ETP) LOG(ETAFROL) ((SL+SH)A+CSL-SH)(1-SORTCI+A*$2)))C/2
T ETAFROL SL SH FROL CSBI 22 23 34 PS
59e.e .406 .60e -.314 3.3237E-e3 .657

" LOG(FR)=LOG(F)-12(T-TO)/(5S/1.9+T-TO)

REMARKS: Retest of 01-63-1 after 144 hours at 595CC.

I54
Iw



I
TABLE 18-E

Beam No. Oi-63-2

F fc fn fL fR t.f PC IdB

Temo. Mode
1400 2 86.92 91.60 86.53 S7.0 0.56 .9C645

1400 3 242.93 255.75 241.99 243.91 1.82 .00749

1400 4 478.43 500.50 47S.86 480.58 4.72 .00987

1400 5 793.25 829.50 789.19 797.11 7.92 .00998

.400 1 '182.83 1241.00 1174.40 1191.70 17.30 .01463

1350 2 87.49 91.78 87.16 81.89 0.73 .00834

1350 3 245.15 257.60 243.40 246.88 3.48 f .01420

1350 4 483.00 505.40 478.63 487.17 8.54 .01769

1350 5 800.66 835.50 793.25 809.79 16.04 .02003

1350 6 1211.45 1249.50 1201.75 1225.25 23.50 .01940

1300 2 88.54 92.47 87.69 89.25 1.56 .01762

1300 3 248.93 259.55 245.42 252.43 7.01 .02816

1300 4 491.95 508.10 483.80 4q99.70 15.97 .03246

1100 5 922.70 829.50 806.41 933.65 27.24 .03311
1300 6 1226.30 1258.20 1209.96 120.01 40.05 .0326

.300 __ 840.480 84.934.6260;____ _ _ _1250 2 90.26 93.17 88.87 91.84 2.97 .03290

1250 3 254.45 261.45 249.34 259.83 10.49 .04:23

1250 4 505.23 511.75 49i.84 515.24 23.40 .04632

1250 5 844.00 848.00 824.39 864.06 39.67 .04700

1250 6 1262.00 1267.00 1235.23 1282.09 9.09 .07297 x

1250 6 1263.9 1267.00 1249.02 1284.22 69.17 .05473 X

1200 2 92.3 93.86 90.86 95.03 4.9 .05_5 _ _

1200 3 263.43 263.25 256.74 269.52 13.78 .04850

F " fc C f fL fR f ns n Ida

1200 4 519.79 515.60 504.54 532.4 27.66 .05321
1200 5 862.98 853.00 845.53 890.56 43.51 .05941200 fi 131.74 1275.5a 1294.18 1332.01 37.83 . 2
1200 2 92.94 93.86 90.66 95.00 43

12 00 4 - 5 22 .13 5 15 .6 n 509 .58 5 37 .7 fi 2 . 19 . 39 7
i 1200 5 A72.27 853.00 862.62 RP4.56 43.11 .04940

1200 6 1333.46 1275.50 1317.97 1248.95 60.88 .04566
1150 2 9(.3? 94.52 94.02 99.03 S.01 .05199

110 1 2-7 I,5,0 270.64 282.66 11."8 .04346
1150 4 550.91 519.00 544.30 555.67 11.27 .02064

-150 6 1284.10 _

1So 2 96.30 94.52 93.60 | 98.80 5.20 .01400
150 273.52 265.10 269.55 2-7761 15.IA .05793

1150 4 35 51900 530.6" 26.60 .94 _150f 5 ] 909.55 j 9.90 9.0 .0. 04840

5550 6 31.0 LW8.10 ,____ _____,,_.1__37,

510 I 4 0. ~ '.8 9 4 10.3 4.9.) ..04QS
line 286.54 20c.80 279. J " ' _._ ._44 1 A

1100 4 5398A S22.45 1.9

1100 L 91~ w) 6.0 ~~0 .9~

• __, 4 2 , .4 . _r.

546



TABLE 18-E (Concluded)

- Bearm tlo. 01-63-2

f, f Ida

SC ., . -d

z35o I 2 I iO".66i 95.8c 103.16 16.34 I 3.18 .03C-39

1050 1 3 294.89 266. 5.1 291 O., 298.33 7.328 •n2-8f
E2 5.90 575.06 586.00 10.9: , .01885

100 4 580.2 ____.9__ 5.____ ____ ________

100 583.0 954.38 969.85 15.47 .01608 ____

_______ .6 1___ 11435.68 1457.4 4 2:::: -015___________2_

30! 21 0.41 96.44 1104. 55 L12 1.57 .046

1,000o 1 3 3-1.4 270.25 __299.54 302.71 3,17 .01053

;.Ot') , 4 590.301 529.20 i  587.57 593.02 5.45 .00923

5 900- 7.86 , 77.0. 975.8- 979.92 7.98 .008x6

~~~iv 10' ~4$3~1~ 0 1460.23 * 172.06 1.83 .00807-1
95 2 11 1 8.25 i --.01 108.46 109.32 0.86 .00.90

1 50 3 I'3l51 218 304.23 3066 1.74 .00570
596.04 599.35 32 .00556

950 -1 597.53 532.15 13
950_1 5 991,.)2 82.00 987.70 992.61 4.9 .00496

950 716 14 8 2. 41 1316.50 14 79.04 -49.50 .4 .005 n2
_____90-,i 2 _.3 9-.60 109.73 110.33 I0.60 1 .005-5 -

I Go 1 3 307.94 27-.35 307.28 308.48 1.20 .00390

S001 4 602.95 535.15 601.66 603.94 2.28 .00378

900 5 ' 99I G 88 ., 99 .4 99 .6 1 .8 .0 3I900 6 444 1324.00 1 4 9 1 .IQ 1497.22 6.53 .00473

L. R 9. 3.~38 .033

:I

:I
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