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than state-of-the-art white coatings.
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\gased on selected data from over 5000 revolutions covering a period of one
year, it was found that all the coatings initially degraded to a greater
degree than expected, possibly due to contamination. The most stable coatings
were optical solar reflectors and the least stable was a white q-A120

pigmented coating. An experimental fabric material showed greater'stab111ty
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FOREWORD

This report was submitted by the Elastomers and Coatings Branch,
Nonmetallic Materials Division, Air Force Materials Laboratory, Air Force
Systems Command, Wright-Patterson Air Force Base, Ohio. The work was
performed under Project 7340, Job Order 73400703. Daniel E. Prince
(AFML/MBE) was the laboratory project engineer. -

Contributions by Lt. M. Blessing, AFML/MBE, to data reduction and
analysis were greatly appreciated.
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SECTION 1
INTRODUCT TON |

The temperature control of spacecraft is one of the most challenging
technical problems confronting <pacecraft designers today. The ultimate
objective of thermal design is to ensure that the spacecraft will operate
within the prescribed temperature ranges defined by the temperature
Timitations of the spacecraft's materials and components, such as detectors.
batteries, solar cells, and eiectronics, which operate properly and
efficiently only if maintained within specific temperature ranges.

The surface temperature of a spacecraft depends primarily upon
the solar radiation absorptance (us) of the surface, the radiation of 1
solar energy from the surface or surface emittance (<), and the
generation of heat in *'ne body of the spacecraft. Secondary paraneters
that influence the sur: - temperature of a spacecraft are materiai
properties such as thert . conductivity and specific heat of components.
Solar absorptance is defined as the ratio of solar energy absorbed by

a surface to that avsorbed by a blackbody, while emittance is the ratio
of the energy radiated from a surface to that radiated from a blackbody
at the same temperature.

Two techniques are used for regulating spacecraft temperatures:
active systems ond passive systems. Active systems usually employ

electrical power and moving paris which can be adjusted providing a
constantly varying surface in terms of optical properties. Passive

systems, in contrast, require neither electrical power nor moving parts
and rely on surfaces with appropriate thermophysical preperties; namely,
solar absorptance, e and infrared emittance (). Regardless of what
combination of systems is used, the thermophysical properties of the
entire spacecraft surface must be known since it is the average surface
properties which determine the spacecraft equilibrium temperature.

Because of the large role surface coatings play in the passive
temperature control of spacecraft, extensive programs have been conducted
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) tc develop space-stable, low xs/i coatings. Future spacecraft requirements
cail tor the development of coatings with an initial solar absorptance
of less than 0.10 and initial emittance of more than 0.90, with long-term

™

stability (5-10 years) in the space environment; i.e., increase in a_
of less than 107, Low as/‘ surfaces can be divided into three divisiéus:
(1) those represented by diffusely reflecting white piamented coatings,

i or paints; (2) those represented by second surface mirrors that obtain

- pm——————

neir low solar absorptance from the metallic reflection of an aluminum
or silver mirror and their emittance from a selectively transmitting
substrate such as quartz or FEP Teflon; and (3) those represented

by newly emerging white fabric cloth materials.

Many of the previous materials have been extensively subjected to
in situ laboratory simulation exposures, however, most important to the
theimal designer is knowledge of actual spaceflight data and its
correlation with laboratory data. This report describes an Air Force
Materials Laboratory coatings spaceflight experiment wi.ose primary
objective was o determine the cffects of the space environment on the
equilibrium-radiative properties of selected candidate temperature
control coating systems. Its secondary objective was to correlate the
actual space degradation with simulated laboratory data.
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SECTION II
SATELLITE ORBITAL PARAMETERS AND EXPERIMENTS

The Space Test Program (STP) is a Department of Defense program
for the spaceflight of research and development payloads as well as
operational payloads. The STP P72-1 flight vehicle was launched from
vander.berg Air Force Base on ar Atlas-F/BII combination. Liftoff
occurred at 2012.5 Z on 2 Ontober 1972. The satellite orbit was sun-
i synchronous with a nominal inclination of 98.34 degrees (polar) and a
nominal circular altitude of 400 nautical miles. The initial orbital

TN

% parameters and the orbital parameters as of September 30, 1973 are

% i compared to the planned nominal parameters for the 72-1 vehicle in Table I.

v

1 TABLE I

; SATELLITE ORBITAL PARAMETERS

i Flanned

3 Flight Parameters Nominal Actual (Initial) Actual (Sep 1973)

! Maximum altitude (nm) 409.19 411, 41 411. 21

Minimum altitude (nm) 398.13 400, 37 399,27
Eccentricity 0.00041375 0.00039 0.00055995

‘ Inclination (deg) 98. 348 98. 424 98.433

‘.7 ! Period (min:sec) 99:40, 158 99:39, 465 99:309, 217

Z | Rev. No. 1 5191

s

The 72-1 satellite included a payload of six experiments. These
are listed in Table II together with the wvpe of expeiriment, principal
irvestigator, and appropriate organization.
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Experiment No.,

TABLE 11
SATELLITE PAYLOADS

Investigator & Organization

ML- 1

RTD-802

ARPA-501

NNR1L-114

SSD-988A

SSD-988B

D. E. Prince
Air Force Materials Laboratory

A. Y. Harper
ABMDA-Huntsville

J. B. Reagen
Lockheed Research Laboratory

C. S. Weller
Naval Recearch Laboratory

D. R. Croley, Jr.
Aecrospace Corporation

P. Rothwell
AFCRI.:
Hanscom Field

Desc ription

Thermal Control
Coatings

Radar calibration
target
Gan.ma-spectrometer
Extreme UV radiation

Low altitude particles

Low altituds particles
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SECTION III
STP FLIGHT P72-1 SATELLITE SYSTEMS

1. ELECTRICAL POWER SYSTEM

The satellite electrical power is supplied by a solar cell array
that generates electrical energy required to operate the satellite sub-
system and experiments and to charge two nickel-cadmium batteries that
supply electrical power during solar eclipse. The electrical power is

distributea directiy from the main power bus or switched by a relay control
box by uplink command.

2. TELEMETRY, TRACKING, AND COMMAND SYSTEM

The telemetry system transmits all data in PCM/PM at 8 or 64 Kbps
real-time and recorded data at 64 or 512 Kbps. A 2-watt SGLS reference
transmitter is used for the 8 Kbps rate and a 10-watt data transmitter
is used for thc 64 and 512 Kbps data rate. The processor furnishes
multiplexing, analog to digital conversion (where required) formatting,
clocking, and synchronizing signals for the TT&C systems including
the programmer. Three tape recorders are supplied for reliability and
high data capacity for unusually high peak load periods. A1l other
systems are dual redundant. A command system which is also dual
redundant, includes the Command Receiver Demodulator and the Decoder/
Programmer which provides 375 MHz system real-time uplink command capability
and stored program routines for flexible payload and telemetry system
control.

3.  STABILIZATION, ORIENTATION, AND ATTITUDE DETERMINATION

The STP P72-1 satellite operates in a sun-synchronous orbit with
the spin axis nominally normal to the orbit plane within five degrees
with a goal of one degree. The satellite spin speed is controlled
within 12 + 2 rpm.

The Satellite Attitude Control System (ACS), makes use of magnetic
torque coils to control the attitude and spin rate of the highly stable
spinning vehicle. Body fixed earth sensors provide data for primary

T b R s bl g gt
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determination of attitude and rate. Ground commands control the torque
coil current to provide corrcction of observed errors. Wobble damping

is provided by a passive fluid loop damper.

Measurement of the earth's magnetic field is provided by two
three-axis magnetometers mounted on the forward antenna boom. The
associated Magnetometer tlectronics Assembly provides proportional
outputs that are multiplexed into the telemetry stream. The outputs
are used as a polarity sense switch for spin control and provide data
for the backup attitude and spin rate determination.

A dual winding iron-core precession coil is used to maintain the
spin axis within five degrees of the orbit normal. The coil is operated
continuously to provide orbit regression rate. Periodic updates by
ground control commands to the muititap precession coil eliminate any
buildup of errors caused by random disturbance torques or bias in the
satellite magnetic field. Attitude information is provided by a
redundant horizon sensor system. A spin rate control coil, identical
to the precession coil, s provided to update the satellite spin speed
on command from the ground. The coil is automatically commutated by
radial magnetometer output signals. Backup capability is provided by
cross strapping a backup magnetometer through the PCM Processors
to the dual spin coil windings.
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SECTION IV ‘
EXPERIMENTAL PACKAGE

The complete basic design and initial evaluation data are contained
in References 1 and 2. Sample holders used on the 72-1 satellite are
Numbers 7 and 12. Each sample holder weighs approximately 11 ounces
(300 grams), occupies approximately 40 cubic inches, and will accommodate
five test samples and one reference sample. The samples or thermal

S Hhins

% i cortrol coating specimens are 15/16 inch in diameter with the thickness
- depending on coating applied and substrate. The sensor disks used for the
' sample holders are Trans-Sonics T4086-3 platinum resistance thermistors

S cemented in stainless steel sensor disks. FEach platinum thermistor

: ! has been calibrated to an accuracy of +0.5°C at temperatures of -193°C,

- 0°C, and 100°C. The constants for the temperature resistance relationship
: { of platinum are supplied with each sensor and are used in translating
resistance to temperature. A sensor (Trans-Sonics T4086-3) is attached

to the bottom surface of the holders as a temperature reference for
correction of conduction losses from the sample sensors.

DT TR ST

3 The sensors are supported upon 50 layers of super-insulation (1/4
é | mil Mylar aluminized on one side) by a continuous Dacron cord under
. tension. The individual samples and sensors are thus thermally isolated
| from each other with the primary conduction loss through the thin sensor
i leads. A temperature sensor is placed adjacent to the electrical
i connector to permit correction of flight data for this loss. Ten pounds
; of tension is placed on the Dacron thread used to bind the sensors in
4 | place during fabrication. Each sensor is held at three places by the
% cord and is ~emented to the cord at these points. The sensors rest upon

8 a threc mil sheet of Mylar (aluminized side down) which acts as a cover
]
' for the Dacron cord.

The measurement of the resistance of the sensors is obtained by
; g supplying an external voltage (90 millivolts) to the sensors and measurina
: : the voltage drop across each sensor. The voltage drop across each

thermistor is in turn a linear function of resistance which in turn is

g
5
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a linear function of temperature for this range. Th-~ough the calibration
data for each thermistor, the temperature can be determined. Room
temperature calibration was performed in both real-time and tape

recorder modes in the pre-launch satellite acceptance test phase. This
calibration data obtained prior to launch together with the installed
flight hardware is being used for the data reduction and then calculation

of the desired therniophysical values.

Figure 1 shows the ML-101 sample holder with six coatings attached
and Figure 2 shows the ML-101 sample holders attached to the partially
completed 72-1 satellite.

LT i S s A e b

WV’\&"‘”"“@!




R Sl i ey LAl i it Yo il oo il T kb % L nm«%—WWWﬁWWW?WWWWWWTW

e e LR x

iy o i

WP

P o L

T

LB s bt Sl IR L8 L

AR A T 5 WA RS a4 e

AFML-TR-75-17

SECTION V
EXPERIMENTAL THERMAL CONTROL COATINGS

A total of 12 thermal control coating samples were used on two
sample holders for the ML-101 spaceflight thermal control coating
experiment. The sample holders are designated 7 and 12 on all experiment

references.

7-1, In0 (Silicate Coated)/Methyl Silicone (S-13G)

Formulation, processing, and application was performed by IITRI*
in accordance with IITRI Report 4-6053-5-7; Batch No. C-133. The
S-13G was sprayed to a thickness of 8.0 + 1.0 mils.

7-2, Si0, Cloth Fabric

2
2024-T3 unclad 15/16 inch diameter 0.032 inch thick aluminum
substrate was prepared as follows: (1) faced on 240 SiC stationary

grinder, (2) prepolished with jeweler's rouge and buffed, and (3) final
polished using Buehler's Magomet (MQO) on Microcloth. The silica cloth
fabric 1s a 12 harness double layer satin weave woven from 450/1/0

Suprasil yarn. Polyvinylalcohol siziny was removed by hezting, and
filament diameter size was six microns. The fabric construction consists
of 150 ends/inch by 240 picks/inch. The fabric thickness is nominally
0.005 inch and weighs 4.65 oz/yd2. The fabric was bonded to the polished
aluminum substrate with General Electric SR-585 silicone adhesive and

the entire system vacuum outgassed at 375°F.

7-3, Aluminized 5 mil FEP Teflon Second Surface Mirror

This material was manufactured by G. T. Schjeldahl, Northfieid,
Minnesota, Type G400900, lot number 12-33 and was supplied to the AFML
throuch the courtesy of Mr. A. E. Hultquist, Lockheed Missiles and
Space Company of Sunnyvale, California. The material was bonded to a
15/16 inch diameter 2024 NaOH etched aluminum disc in the following
manner. Both the front side of the disc and the back side of the vacuum

* ITT Research Institute, Technology Center, Chicago, Illinois.
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deposited aluminum were primed with General Electric S54004 clear silicone
crimer and then 3M Company's Number 465 adhesive transfer tape was used

on both the disc and the back side of the vacuum deposited aluminum

layer and pressure applied by hand rubbing with 0.125 inch Teflon sheet.

7-4, Zn2T104/Methy1 Silicone

Pigment synthesis, coating formulation, and application was performed
by the I1linois Institute of Technology using Owens I1linois 650 methyl
silicone resin as a binder material. Ccating thickness was 5 + 1.0 mils.

7-5, PV-100

This material is a rutile TiO2 pigment in a silicone-alkyd binder,
better known as Vita-Var heat absorption paint, formulation PV-100,
15966 white. The coating was prepared on 0.040 inch thick, 15/16 inch
diameter 2024 aluminum disks after they were cleaned by solvent wiping
followed with a sodium hydroxide etch and water rinse. Strontium
chromate primer was applied per MIL-P-23377B to a thickness of 0.0005 inch.
The PV-100 topcoat was then sprayed to a thickness of 0.002 inch and air-

dried.

7-6, 3M Black Velvet

This is a two component polyester-epoxy paint, type 401-C10
prepared by dispersing three parts of Part A, Lot No. VC-39-125 and one
part of Part B, Lot No. 16. This was then spray applied onto 0.032
inch aluminum discs which had been sanded, solvent wiped, and primed
with G. E.'s SS4044 primer (thickness less than 0.001 inch). Thickness
of the coating was 0.006 ~ 0.001 inch.

12-1, Ti0,/Methyl Silicone

This coating consisted of a TiO2 pigment (Dupont R-99Z, Lot No. 9980)
in purified RTV 602 (G1638-46 EFG from Hughes Aircraft Company under
Contract F33615-71-C-1155) polydimethylsiloxane A pigment to binder
ratio of 150/100 was used. Thickness was 5.5 + 0.5 mils.

10
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l'"'

12-2, Optical Solar Reflector, 0.008
This is a second surface mirror with the front surface consisting

3 of 0.008 inch of Corning 7940 quartz, and the back surface coated with

é vacuum deposited silver, overcoated with Inconel and a final dielectric
3 back cover. These samples were supplied to AFML through the cooperation
of Mr. E. N. Borscn, Aerospace Corporation and Mr. A. E. Hultquist,

E | Lockheed Missile and Space Company. This material was bonded to the
; aluminum disc using the same procedure as sample 7-3.

Al

- 12-3, Optical Solar Reflector 0.050

Same material as 12-2 except the Corning 7940 quartz was 0.050
inch thick. The same bonding procedure used on sample 7-3 was utilized.

12-4, EUZOQ/MethV1 Silicone

R CRT e

g This coating consisted of a europium oxide pigment (American
Potash and Chemical, Code 1014, Lot No. D1031, silicate treated) in
purified RTV 602 (G1638-46EFG from Hughes Aircraft under Contract
F33615-71-C~1155) polydimethylsiloxane. A pigment to binder ratio of

: 270/100 was used. Thickness was 8.0 + 1.0 mils.

g

| 12-5, uA1203/Methy1 Silicone

This coating was made from an a-alumina pigment (#1013 from
Martin-Marietta Company under Contract F33615-71-C-1410) in unpurified
commercial RTV 602, Lot #242, polydimethylsiloxane. A pigment to
binder ratio of 200/100 was used. Coating thickness was 8.0 + 1.0 mils.

hog il

3 12-6, 3M Black
A duplicate 3M Black per sample 7-6.

X3 i

IR

‘ 7-7 and 12-7 Reference Temperatures
Junction inside each sample holder.

e Bt Db cr i

i3 54-6 Calibrated Resistor
i A 499 ohm resistor in sample holder number 7, used as a check on

voltage variations.

11

blud-.._.-— —
o ¥ e gt oL

als SRR S Bt S e S e

y ﬂ, T ST g U RN T VAT 2 L QUM b A AN SR ¥




-

AFML-TR-75-17 ‘

SECTION VI
OPTICAL PROPERTY DETERMINATION AND ENVIRONMENTAL EXPOSURE

Table III provides initial data for each coating, including mass,

F emittance, solar absorptance, and specific heat. The solar absorptance

{ ' (as) value for each coating was determined utilizing a Beckman DK-2A
spectrophotometer with a Gier-Dunkle Integrating Sphere and a xenon

energy source (Figure 3). Integration of solar absorptance was accomplished
using 25 points in conjunction with F. S. Johnson Solar Spectrum. In-air
infrared spectral reflectance of each coating was measured in-house
utilizing a Gier-Dunkle Model DB100 Portable Infrared Reilectometer

f (Figure 4). Subtracting the infrared reflectance from unity yave the

’ total normal emittance. The theory employed by this instrument has leen

! described by Nelson, et al (Reference 3).

? Figure 5 depicts the AFML In Situ Exposure Device for simulation
1 ! of ultraviolet-vacuum space conditions. The system was operated
3 generally in the ]0'7 terr region during radiation exposure. A xenon

lamp ultraviolet source was used with an ultraviolet sun rate of
approximately 1.25. The coating reflectance values were measured in
situ before and after ultraviolet radiation exposure utilizing a Beckman
DK-2A spectrophotoneter with an integrating sphere inside the exposire
chamber. Figures 6 through 15 present typical reflectance curves, before
and after 500 EUVSH, for the coating samples flown. The pre-test and
post-test solar absorptance values are also given for each coating.
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1.

SECTION VII
COMPUTER DATA ANALYSIS

HEAT BALANCE EQUATIONS
The h=at balance equations, usirg the 1ist of symbols, for a single

sample of a thermal control coating on this experiment are:

Q (input) = Q (direct solar) + Q (conduction) (1)
+Q (senscr dissipation) + Q (reflected solar)

+Q (albedo) + Q (earth emission)

Q (output) = Q (emitted) + Q (eschange with surroundings) (2)

+Q (storage)

The individual terms of Equations 1 and 2 are:

&

2

T Bl s P T R Ty e

Q (direct solar) = a A H (3)
Q (conduction) = K(TgWref) (4)
Q (sensor dissipation) = 12R loss in sensor (5)

Q (reflected solar) = reflected sunlight from
the Mylar upper surface and other areas of

surroundings = Q. (6)
Q (albedo) = a A H_ (7)
Q (earth emission) = fthAan (8)
. _ 4
Q (emitted) = ¢, A oT (9)
Q (exchange with surrounds)
4
Q =A ¢ F § 10
(ne) c e c- soTs ¥ Aore-ma(e‘nl(T4 - T4 ) S10%
S m
S o 4 4
t2 Aer(*-ma‘e(n(Ts - Tn)
Q (storage) = MdeTS/de ()
14
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Combining Equations 1 - 11 results in:

OsA H +K(T -T )+ Q 4 asA 1l 4+ € AN
n s < r rs n r th n

ef p (12)
2 i AoT4-‘A(F 01‘44.A}‘ C€ ¢ (”1‘4-T~1
th n" " s ¢ ¢ e-s s c e-m ¢ m s m
2 - 4 4 N . o £
where I°R and XA ¥ o¢ ¢ (T - T7) are considered nealigible
CC-m e n g n l1/4
terms. lLetting T = [ﬂm(n +H Y/e¢ + H ] /o and solvina
m s r’'m r ’
tor MC de results in the following:
ST
dT
C —— - A(H +H )is+A T ¢ Y (H 4H )
p de n s o ¢ e-m ¢ s r
A T A L
HA T 4 H o+ KT -0
( e e-m L m n(th) P Qrs * K ref (An(th
4 KT,
1A F +A 0 i B 2
g e e-micm e ((' e—s) '15 MC
P
Dividing bv MCp and defining the following:
AA=A (H +H)as+A F € Am (H 411 )
n s r c_e-m e . (14)
MC
P
+ A F 4 + K 4
e _e-mfefm Hp'F I\Treer Qrs . Hp An(th
MC
’ (15)
15
K
BB =
MC
p
{ A
og(A ¢ FAF € € 3 A € ’
cc - n_th e _e-mem € ¢ e-s
] MC
p
; upon substitution into Equation 13 aives:
4 dT
—= - AA -BBT -ccr? (17)
de . S s
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from Equation 15, it can be seen that BB is a constant dependent
only upon property factors. Likewise CC in Equation 16 is dependent
upon che property factor of the particular sample in question. The term
AA in Equation 14 contains the heat inputs, property factors, and the
soiar absorptance term which is the quantity to be calculated.

The resulting differantial equation (Equation 17) cannot be
solved analytically because it is nonlinear due to the T4 term. It can
be solved by La Plac2 transform methods after the fourth order Ti term
is Tinearized by an evnansion such as the Taylor series expansion with

higher order terms being neglected. However, errors result by negiecting
these higher order terms.

Another more accurate method is to use the Runae-Kutta integration
technique with the aid of the computer which is the method chosen
and explained in Section 2.

2. RUNGE-KUTTA INTEGRATION TECHNIQUE AND COMPUTER PROGRAM MB4
The fourth order Runge-Kutta integration method solves the
differential equation (Equation 17) by giving a solution set of values

of the dependent variable, Ts’ for several increments of the independent
variable, 0. *

The method uses a variable step integration with the interval of
integration beiny specified. An interval of 0.001 was used in this
anatysis. This varible step integration is designed to keep the maximum
Tocal relative error of the dependent variable less than 1 x ]0'6. The
method integrates from one point to another. The initial point is assumed
to be at 6 = 0 for the independent variable while the dependent value

of temperature at ¢ = 0 is given as Tso

A program to solve the differential equation of the form of
Equation 17 using Runge-Kutta integration techniques was written and
appears in Appendix I. T[he program integrates from some initiai
condition {iemerature TSo at time T zero) to some final condition
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(temperature TSck at time T check). The program then checks to see if

the temperature found from the integration is the same as that aiven

from telemetry readings to within 0.1°R. If the temperature does not agree
the parameter AA is then adjusted by 1.0 unit until the temperature

agrees. This adjustment of AA by 1.0 unit was found to be the best factor
to use. Should the function begin to oscillate the agreement interval

is increased to 0.4°R and AA adjusted until that interval of agreement

is met.

After the integration is completed and the equation fit to match
that received from telemetry data. the values of AA (fit parameter)
and corresponding values of temperature calculated from integration and
compared to TSck are printed out. The solution set of temperatures
found for the fitted differential equation from time zero to some later
time is printed out. Then these can be checked against further points
from telemetry for a good overall fit if desired.

The portion of the TS versus © telemetry curve that is fit, is the
initial portion where the effect of Hr should be minimized and the points
chosen for the fit shoulc be the same for all the curves in which the
ag are to be compared. The portion of the curve used in this analysis
begins with time zero and temperature TSo at 0.155 hours into the orbit
after just passing into the sun. The final point for which the curve is
fit is at time (.47 hours later or 0.625 hours into the orbit. The
temperature TSck is the temperature from the TS versus 0 curve which
occurs at this time and is used as a check temperature for fitting
the differential equation solution to the telematry curve. Although
this relatively large interval allows more time for the effect of
changina Hr to enter the system, it permits more smoothing of inteyrated

data.

The reason the initial point of 0.155 hours into the orbit was
chosen was that some of the telemetry curves to be compared did not
have telemetry data until that time in the orbit. This is due to
tracking acquisition that occurred on certain revolutions.

17
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During the actual calculation, values of initial temperature TSo
and check temperature TSCk for each sample for a given revolution are
obtained. These are supplied to the program in the following order:

Sample 7-6, 7-1, 7-2, 7-3, 7-4, 7-5, 12-1, 12-2, 12-3, 12-4, and 12-5.

The program then uses the data from the black sample 7-6 to fit the

integrated equation to the telemetry data and obtain the amount of

heat incident upon each of the samples. This is done by calculating

the amount of heat from the equation for a fixed alpha (0.985). This
can _e done because the solar absorptance of the black samples should
not change appreciably with exposure time. This amount of total heat
input is then used to calculate the alphas for each of the nonblack
samples after they are fit to their corresponding telemetry curves.

The alpha values are then printed out along with coating property
information used in the calculations.

3.  ASSUMPTIONS

(a) The heat capacity, Cp, was assumed to be constant and the
values given in Table IIl were used as the correct values for each
sample.

(b) The value of the total solar heat incident on the sample edge,
, was constant at 0.0375 BTU/hr.
(c) The shape factor from the edge of the sample to Mylar holder,

Fa_p> @nd the shape factor from edge of sample to space, Fo_gs Were
constant at 0.5.

Q

rs

(d) The planetary heating flux, Hp, was 18.1 BTU/hr—ftz.

(e) The solar heating flux, Hs’ and the planetary albedo heating
flux, Hr’ were constant and found from sample 7-6 for each revolution.

(f) The constant Hr assumption is made because only the initial
portion of the temperature vs time curve is used where increasing Hr
should have the smallest effect.

4 4 . . . .
(g) The term erFe-ma‘e‘n(Ts - T ) s zero, indicating

neglibible interaction between adjacent sample edges.
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(h) Sensor dissipation or 12R loss of the platinum resistors is
taken as zero since the term at 500 ohms and 100 mv results in a
temperature rise of about 1/4°F, which is well within our temperature
errgr limits.

4.  DEVELOPMENT OF TIME-TEMPERATURE PROFILES

The computer proagram presented in Appendix II was utilized to
convert raw digital data tapes for each required revolution directly
into time-temperature curves. The program utilizes ground based
sensor calibration data and sample holder conduction coefficients to
convert millivolts to resistance to temperature. The program also plots
directly the reference temperature and the resistance of the reference
calibrated resistor. Typical piots for ali sensors are presented in
Figures 16 through 28.

19
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SECTION “IIt

DISCUSSION CF RESULTS

Table IV presents the solar absorptanca changes for the coatings
investigated. Column one indicates the initial laboratory measured
solar absorptance, column two the initial in space calculated solar
absorptance (calculated during revolution number 46 after the satellite
had stabi!ized), and column three the calculated in space solar absorptance
after one year (5191 revolutions, 2160 EUVSH).

One of the most important features to be noted in Table IV is that
the initial in space solar absorptances of the two OSR's are twice those
measured in the laboratory. This indicates scme form of contamination
on the surfaces. This contamination, from all indications, was present
even during revolution number one, indicatirg contamination during
Tiftoff as well as contamination during the initial revolutions fiom
outgassing of volatile constituents from the satellite materials.

The effects of contamination on the initial in space sclar absorp-
tance values for the other coatings appear much smaller with the greatest
change being for FEP/A1. The OSR coatings and the FEP/A1 coating were,
undoubtedly, affected the most because of their low initial solar
absorptance which produced Tow surface temperatures, therefore attracting
condensable contaminants. Also their low initial solar absorptance
values were the most vulnerable to changes caused by small amounts of
contaminant. The two coatings, Eu203/m-silicone and a-A1203/m-silicone
both had initial in space solar absorptances which were lower than those
measured in the laboratory. The reasons for this are not clear, but
these initial calculated values were used for determining the total
solar absorptance changes in Figures 37 and 38.

Figures 29 through 38 present a comparison of laboratory simulated
data and flight data for all the coatings flown, except for 3M black
velvet. These figures also indicate the rate of change in solar
absorptance over the one year exposure period. The flight 2 Co
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in these figures is the change in coating solar ahsorptance when compared
to the initial calculated in space solar absorptance, not the initial
laboratory values. For example, although the OSR(0.008) increased by
0.087 from laboratory to initial in space, it only increased another
0.025 after one year exposure in space and this is the A ag reported.

Each flight curve represents the compilation and analysis of 200
revolutions of data between revolution 1 and revolution 5191. The data
scatter was extremely small, primarily because of the satellite stability
in space and the large amount of data received per unit time (in this
experiment each sample was pulsed every 0.9 seconds), which allowed for
excellent computer data averaging. The actual plots of time-temperature
curves from the raw data tapes showed minimal data scatter and maximum
consistency from one revclution to the next. Over 800 data tapes were
received during the first year which allowed for the selection of
revolutions of primary interest.

From Figures 29 through 38 it can be seen that, in all instances,
after 500 hours, the flight coatings were degrading more rapidly than
the laboratory tested coatings. As indicated earlier, this can best be
explained by the synergistic effect of contamination. If, as it appears,
all surfaces were contaminated, the degradation of the coatings consisted
of a combination of coating solar degradation nlus solar degradation of
the contaminant on the coating surface. Results from the Air Force
Materials Laboratory D024 thermal control coatings experiment aboard
SKYLAB, where samples were returned to earth from space and evaluated,
clearly indicated the detrimental effects of contamination on thermal
control coating stapility. In all instances where contaminationa occurred
during the SKYLAB exposure, solar degradation of the coatings increased
much more rapidly than expected from laboratory tests.

Figures 30, 31, 35, 36, and 37 for SiO2 Fabric, FEP/A1, two OSR's
and Eu203, all indicate an initial solar absorptance increase during the
early revolutions with a gradual leveling of degradation with continued
exposure. This result indicates a trend toward saturation of degradation

21
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for these coatings, however, additional data collection beyond one year
is needed to confirm this as well as determine the degradation saturation
point for all of the coatings.

One further note relative to the figures is that in Figure 38 the
ordinate has been increased, because the degradation of the a-A1203
coating was much more severe than any other coating.
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\ SECTON IX
‘ CONCLUSIONS AND RECOMMENDATIONS

1. CONCLUSIONS

a. Some form of contamination, most 1ikely from outgassing materials

A from the satellite, caused flight degradation of the thermal control

E coatings to be more severe than qround simulated degradation. ]
b. Of all the coatings flown, the Optical Solar Reflectors

b | (OSR's) were the most stable. No significant difference in degradation 4

‘ was observed for the two OSR's of different thicknesses. This would '

indicate that the solar degradaticn was primarily a surface phenomenon
! rather than a bulk pheromenon.

Bt

Bt iy it R

c. FEP/Al was very stable wi_h a Aas = 0.04 after one year at
‘ 460 nautical miles (EUVSH = 2,160 hrs).

i d. Of the white coatings flown, Eu203/m-silicone was the most

R R

‘ stable (AmS = 0.08) and A1203/m-silicone was the most unstable (AaS = 0.20).
e. The silica fabric material flown was more stable than the white
coatings with a hag of 0.08 after one year exposure.

l 2.  RECOMMENDATIONS

i a. This data could also be used to calculate changes in coating
emittance. This was not done due to time Timitations.

| b. Additional thermal control coating experiments should be

‘ flown at or near synchronous orbit to more closely simulate the

i environment of operational Air Force satellites.

S R e e

c. The STP 72-1 satellite has continued to function satisfactorily
even after one year of orbit 1ife. Data from the ML-101 experimznt
should continue to be analyzed to determine the effects of long-term
space exposure on these t'iermal control coatings.

ki o R i

f.’ d. Correlation of t.e ML-101 degradation data with data obtained

! from the AFML D024 experiment aboard the manned SKYLAB orbital workshop
’ should be attempted.
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XP( )

YP( )

TS (1)

P (1)
ACHECK ( )
TSCHEK ( )

AA

BB, CC
NSC
TCHECK

REV
TREF

NEXEC

NS
XMASS
cp
ES

TS0

TSCK

AS
HS
HR
HP

APPENDIX 1
COMPUTER PROGRAM MB4

Theta printout and stcrage array.
TS{1) printout and storage array.
Temperature of sample at time theta.
Highest derivative value.

Storage array for AA values.

Storage array for TS (1) values calculated
and compared to TSCK.

Constant in differential equation which is
changed to fit different equation solution to
telemctry curve in

(s
de
Other differential equation constants.

AA - BBTs - CCTs4)

Sample identifier label check for sample 7-6.

Time value at which differentiai equation solution
check is to be made with curve from telemetry
data.

Revolution number.
Reference sample temperature.
Solar heating constant.

Counter of number of times calculation loop is
executed.

Sample identifier label.
Mass of sample.

Heat capacity of sample.
Emittance of sample.

Initial value of temperature of sample for
integration.

Temperature at which check is to be made of
integrated equation temperature with telemetry
data value.

Solar absorptance.

Solar heat input.

Earth albedo heat input.
Planetary heat from earth.
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TIMEE = Upper limit on time for integration.
QRS = Total solar heat incident on sample edge.
¥ AN = Cross-sectional area of sample.
AE = Area of edge of sample.
FES = Shape factor edge sample to space.
FEM = Shape factor edge sample to Mylar.
EE = Emittance of edge of sample.
AM = Absorptance of adjacent Mylar.
EM = Emittance of Mylar holder.
ZK = Thermal conductance of sample.
SIG = Stephan-Boltzmann constant.
N = Order of equation to be integrated.
[CHECK = Check variable for oscillation of function,
if oscil’ *ing, agreement interval increased to
4 0.4°F.
i THETA = Time.
; DTHETA = Increnent for integration.
NCOUNT = Counter.
E NCT = Counter for printing out every 10th integration
K. solution point.
A NPLT = Counter of number of solution points.
3 SUBROUT INE
A F(THETA, TS,
; P) = Function subroutine for differential equation.
;' RKDF = Runge-Kutta subroutine.
‘; [ER = Error flag.
|
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APPENDIX 11
COMPUTER PROGRAM DAN

This appendix lists the computer program utilized to convert
raw digital data tapes directly into time-temperature profile curves.

e st i e T . S Ry b

O RAS

T QAT AR

ST SR SN STT U O




T B R . "

deoeed

oRE

155

R

3 (S1 336WNN 030033 Nl d0B83 ALIdvd HIE)ILUWM0I 9149 13
J381* %1% ANIbd
1+3381=0301
T ¢ 4031 = iUl &0E i
£0€£°20€°T0€ ((T)RINTI AL
CL00STIVIC(TIIVI) (T*TINL ¥35aa0nC s 0s
£=n
1=C
0=iNJI
0=(Idul 00¢
0002*1=100f GO 662 S%
AvaaY ©BI 3HL 083 D
(F=)alf)3SI=(F)4S] E2Y
6*1=r9f 0U
(0°T39T)ivVkWALA 14
(ST*T=1*(1)21 ) *T% LY3x 94
(0°239T)1Wmd0S 09
(9T*T=4*(I)T4 ) *0% Ov¥3x
0=1131
0=3l A
0=01 st =
0= 121 3
0=33x1 b
E 0=4307 3
0=01 E
b *8/°6 =4 0g
4 *s52/7°006=x
4 (£=-°0°0°0°9)107a 1I¥I
0=0I

L\ 133 SE FPTY
1
<

e T

AR L

32

£69°T=v1:0 1 T4 x
/79549 29*qgc0E* 29T 21%97 (6*3=1*(1)4S1) wive &
74~*ET=*11=%0=*9%=/( 9*T=1*(1) SI} wivU
o /622100000000000000000°6224000000000000000000¢€
A *642200000000000000000%82442700000000000000002 -
; *@2£000000000000000000%6442200000000000000007 0e
*622£00003600000000000/¢ 2°¥=1I*¢1)SUH) VIVO
PR AL TR TAN Y- RET-AL I REPAL PO AL T RAL L AR IS A4 TR 19 AT AR 2421
CHL LI LN 9L 9°E 0 SE9*TH*HEI*L9°9E9%00°2E9/ (N T*T=1*(1)2iB) VvivWU
/70£°959°0£°659°¥0°L5%°96°959°02°46%°68°2459%28°£45%°60°% 591
*22°L5%%99° 9599 L9556 M0°L69°%6°559/ (M1 T=1* (1) T id) wivl S -
SaH*A¥0*03S u3934NI
(009)TA* (009) TXx*Y
(9203)viv0*(971°00n) ax*E
(0F)9aS* (0% 221S5°%2 b
10T)92TS*(0T)G2TIS (0TI 92TS*(0TIE2TS*(0T)IETS*(DIITSTIS*(DTF)IL04S T 03 s
(03)902S*(0T)S0LS*(8T)In0LS*(0F)E0LS*(0T)2045*(DT)IT0LS NOISNIWIG
(67121 *(sT)T1 *E
. (CODZINSI®¢
i (OTINIW®(OT)ISBH (0THARUC(OT)II35*(0T)I3STINT
*(11)210* (9T)TL8*(0002INIS*(b) SI NOISN3IWIU s
(6)SUH® (b)ISI *(4)50H NOISNIWIQ g
(SIRI*T B
(0002)8I1I°(00ST)vI NOISNIWIU
(100*1NAiN0=93dVi*L3a%1*T3aVi®1NAINC*iNaNIINSU WVAO0Bd

POl

T 39vd *9Z°In*1Z %94L/50/72C V=4d0 VL9E-0°EA NiJ 0099 20D NYa wWva20ad

AFML-TR-75-17




v

i R i b

-

oo teicie

T
N

v “mapgar1nww”

AFML-TR-75-17

z

3%vd

*92°1I9°12 WwyL/50/20

Ted=N

((L~IINSI)AVOIdex=1Y
*26%%Aheiz(M)T04LS

(1%2118%T14u° LUINHOC TWD
(N)21a=214d

[(PIRFE-EIFUE-]

T=%

((ESIINSIIIVONdax=4d

Ter=r

e%*08%*1=1002 0OQ

o=r

3ONI1INOD

LE)ISYR*(T+WIBIIANY=  (FTININW
((EISYR® ((S) SI*(T+NIBIIAISIHSIONY” (CLISUN
((SISUYR® ((9) SI*(T+HIGIILISINSIONY= (FT)AVO
((9)SYN* (WIBIIONY= (FM)IJ3STUMNW
C(I)SYR® ((£) SI*(WIMIIIIIHSIONY= N i EPY
Tere=rr

2°099T°TaeT=HL0E OC

o=rr

3ONILNOD

HEANZNN
((T)ISYN*(TT+IIEIIANY=(E+ANINS]
(CTISYR® ((2) SI*(TT4I)BIIASINSIONYS(ZeNNINST
CCTISUR S ((T) SI*(TT+1IOIIASINSIONY=SCT#ANINS]
CCTISVHC (IDHINONYE  (ANINST
21404%41%1=1908 OQ

TeuN=IN

[ES. B

INJI=NN

4/4(Sa7) =1ND1

0T G4 U9 (R9TT*3IN"TIIL
30NILINCD

0T o+m=H

ger=r

(WeB1*C*YI®Q)33A0KW VD

CGTon=N

g+C=r

(WOBI*M*YI*Q)43A0KH Y]

0T+m=H

gefr=r

(W*OI°C*YI*8)43A0KN TWID

0TeH=H

Qo=

(WCHI*F*YI®Q)43A0KM WD

0T eh=n

gel=r

(W*GI*M*YI*2)33A0KW VD
%**TsN508 OO0

T+33u1=2381

16 04 09 (6°D3° N3l

0s O1 09 (66%T°19°(TIHLINIIL
(TIWIIN3=T

T+iIN1I=10N1

62 01 Q9

¥21d0 V¥498~0°EA N14 0099 203

40¢

g0¢

108

NVO

HY¥90ud

|

ik

0Tt

s0T

aoy

AL T R ) i L i R

$6

[1]:3 4

K

PETR RS,

¢

¥

Ll L

0L

69

09




b

o v e b (S A

) unre el

3
.

AFML-TR-75-17

I9ve

i TR 3 M T4

wi/60/720

T=1d0

L(6L+IINSI)AVOIIaX=LD
Ten=x

*2o%e A 2 L1 =(F)E2TS
1%2i4¥°TLLE*LHINHOL VWD
(%) 21y=211y

(X)T1d=T44 0
((SE+1INSI)AVO IdaX=1d
Tex=X

*2owtAal=(l)221S
(L1°2113°T148°%LYINHOE WD
(#)21y=2118

~ [P IRIR-E2PVE]
C(TE+IING1)LV0T4aX=Lb
Ten=M

“Cobwtrel=(C)TETS

(1218 TLAB*LYINHOL VWD
(%) 2Ly=2148

)T18=711¥

(LS4 1INST)AVOIsaXk=1 Y
Texu=H

“Cowtral=(T)LOLS

0-8& IN3S33463¥ 4
(1°2418°T143*LVINHOC WD
X)218=211d

(X)) Trd=T44d
(LT+IINSI)LIVOV4aX=1D
Texa=H

26 +Axl=(l)904S
(1°2110*TL4¥*LBINHOL WD
(A)21¥=2114y

(1) Try=T44 Y

Ten=N
(LECHIINS I LVO snXx=LD
*2oN+Ani=(0)G0LS
(1°2L18°T213%LBINHOT NVY
(X)eiLd=2aly

(STRITERFVR-]

Tex=X
((6T+IINSI)LVON4aX=LD

2o tAalz(TIN0LS
(1L°2113°TL18%L0)NHOES YD
(2)21ry=211¥

(1) T18=T11d

Tenz=i
(USTH+IINSIIAVOTdaX=4D
26N +Aal=Ul)E0LS
(A%2148°TLAY* LUINHOE VTIVD
(X)21¥=2214 %

() Tia=T11s

TexA=N
C(TT+IINSIIAVONdaX=Ld
*Chbr+Anl=(M)20LS
(L%2248°TLABSLBINHOE 1 ND
(A)21ra=211d

(X Ti18=T1La

YL9E-0°EA NLZ 0099 24D

i i i

i

ke

. 1t L e i

=45 3

NvQ

NYUI0Ud

4971

0971

1324

13-24

§61

0nl

194

119

a21

o2t

sT11

34

od

S e

G Budonsa




)

4
W,

- R Ao
e
4
L
3 (FIn2TISenTy =91V 6z2
(FIEZTS+ETY =57V
(F)22Tse2TV =21V
5 (FIT2TS+TTIV =TTy
(Y2048 4V = ov
X (F1904S+ 9V = 9V s3e
3 (£)5045+ SV = S¥
A (FIn0LS+ 4V = #V
; (F)E04S+ £V = ¢V
3 (£12045+ 2v = 2V
2 (FITO0LS+ TV = TV 0%e
C1*T=r00S OU
*0 = %av
*0 =41V
*3 =9%v
*0 =S1v sc2
*0 =1y
*d =gIv
*3 =21¥
*) =11y
*0 = «v cce
*3 = 9v
*0 = sV
°0 = %y
*0 = gV
*0 = 2v s61 3
*0 = 1w B
02+127=1301 b

((OTUXEIGXLETHTI AVNY0OS 212
(S°T=1*CIIHI)*0T2Z iNlda (D°D3°437V)s1 ]
3NNLILNOD D02 139
((9Z+IINSIIAVOVdaX= () 9SS
*ZbnrAsl=(r)L2TS
T-85 IN3S3so3y £21S 3
(L%ZL1¥*TLla® LYINHOL T1IVD
) 2i8=2i4a (1)1 ;
() T1¥=TiL |
((S4IINSTIAVOIFaX=4Y
Tex=X |
“2bneial=(f192TS
(L°244u°T1A8* LUINHOS VWD 087 :
() 2ia=21ie
(1 FTES STE
({94 1INSII VO VdeX =1¥
Ted=X
*2bhtAal=(0)S21S (73 i
(L°2048*T148% LUINHOL 1WI
(X)) Zau=214d !
OO TLI8=TLLY d
((£9+1INSI)IVO1daX =1¥
TeA=M 04t
*Z6% + A o 1 SUFINZIS
(4%Z148*TLL8* LUINHOF VW3
(N 21¥=21128
(1 TA¥=T1Ld

T

5 39vd *92°T9*T12 94/50/720 I=4d0 ¥L9E-0°EA NIJ G099 303 NVU HY390ud

AFMI ~TR-75-17




8

S

W

-TR-75-17

$ I9vé

*82°T9°T2 wL/58/20

0=3HIAN

(SININ=ENINI

(S)SUH=SUHI

($)238=2351

4SYE (YT4II4BIIBX

L3vz (ET¢JI¢UIDHX

9TY= (Z2F4II*VINEX

STys (TT+4Q1%¥IduX

4Ty =(0T7421%8I)8X

€IV =(6 +J1°3IdUX

21V =(8 +J1*3I)uX

TIV = (2 #2131 X

dY =(9 +J1%WINYX

9Y =(5 +JI*VINYX

SY =(% 421I°3I)¥X

4y =(£ +J143IIdX

£Y =(2 +3I*¥I)ux

2Y =(T +JI*¥ldax

Ty = (D21I°¥I)uX

Tedlzdl

1=31

3NNIANGD

662 04 09

009 02 09 (£°03°14I)41

662 01 09 (T°D3°DINJI

T4131=7141

0=37 (0$°39°3W 3]

2407=01
(WICCIC*CIXECT SING T LI9°T 04 T°L49°T°940HT) LYNUO0S
(S)J3SVIH®(SIDISE (SININ® (SISTH  (SIAVO*HSYT
S TIVCOTYCSTYCHTYCCTYC2TYCTT YV LYY SY AV SV 2Y*TY (202%4) 341uM
(S S H ¥H AVO 9-4S He2*e
=27 9=-27 9=L 5-2% $-4 4-2% -2 HIS*T
i=2 £-2% £=¢ 2=-2% 2~4 1-27 T-4 HIYO0HT)LIVNUOS
(102%2) 31I¥M (0°DI°DVSI

(0¥2%4) 31I¥M (0°D3°IN 4T

*0T/45Y= 4SY

0°0T/LTY =LTY

0°0T/9TV =91V

0°0T/S5TY =STYV

0°0T/4Ty =o1Y

0°0T/ETV =£TV

0°0ts2%Y =21v¥

0°0T/¥IV =TTV

D°0%/s vV = 1V

0°0T/ 9V = 9y
0°0¥/ SY = SV
0°0F/ sy = &Y
0°0T/ €V = £V
0°0%/ 2V = 2V
0°0T/ IV = TV

(L) 1554495y =95Y
(F)L2TSe LTV =41V
(£19215+49TV =9TY¥
(F1S2T5+45TY =51V

¥21d0 v.9£-0°€A NAJ 0099 20D

202

102

aes

NYQ

HY390ud

s.2

0L2

$92

$82

082

592

SE2T

s22

%ﬁﬂﬂlmgiﬁam

el

el

W
PN

Ry o

il bl

i

0
b T

TR}

"

oot e o p i B o s b




i — —v-.

T e

i

Ry .

2 4

gt L5

AFPML-TR-75-17

L

39v4

‘921912

w4/50/72C

(T-*0°0*2NL*ST***666°*°666)836ANN TWD
(£°0°0* - HE*ST°**666*°666) 10LWHAS TWI
(T-*0°0*INL*ST**0°6%0°2)936NNN VIVI
(TSO0T* TSN TA*TX)INITS T WI

(2N TAC(TENI TAC 06 "6 9T * NINNVS S3I3¥OI0HHT*0°0*0°0)SIXY I WD
CCZENI TS (TN TX**0**9T*9T~*I3S/NIN/SUH 3IHILHIT*0*0*0*0)SIxy VWD
30NILENOD

(I*F)ux=(r)ITA

N*T=r209 0C

(I)2i=2N1

(I)TL=INL

S1*1=1809 OC

*=(2+N)TX

0T/ (NFINAIVOTS =(T+NITX

("0 atBITXIXISL =xF]

*025(2+N)TA

*OVE=(TeNITA

(GT*I)¥x=(I)TX

N*T=I109 OU

(£°2322%(1°S3X2)ST)LVYNEO S
(N*T=I*(9T%T=C*(C*Idux)) (004°%9) 31IuM
¥I=N

(a 31370H03 NNY &) LVHBO0 3

40T iNIdNa

662 01 G9

((D20X2)90HT) LYNBO 3

(I*T=1*(I}uI)* 01T AINING

(Q3ddINS ON0I3a °°° LYOHS 004 SI HZE*SI ¥ILNAN ON0D3¥ HSTILVHIOS
33¥1 ¢ £1% iNlad

s2 01 09

(T*HI*T°VI*0S)I3A0N VWO

((OTYXE)ISOHT /003y GIBHOTXBCOHT)LIVHYOS
(S*T1=F1*(F1)VII*00T iNING

0¥033% ¥30V3H

0g 01 09

(O3¥FINNOINI 3713 30 ON3 HYC)LVNAO S

€07 INI¥d

(9]* SHO¥¥3 ALI¥Vd 40 HIBWNN 3IHL H62) AVHUO S
L0I * %01 iNI¥d

9 37I40N3

d04S

(00ST NYHL ¥31V3¥9 HI9N3T CUOIIHHTEOHTILVNNOS
(201%9) 3iIuM

662 01 09

1=01

(¢°031407¢ 38 VIIM 96E AINO Sld G6E NVHLI 3IU0H Ta«) iVWHO0 3
119 INIsd

662 0L 09

0=1141

019 04 09 (§6E£°39°3I)5]

INLL=(ST4DI%WIduX
*0D09E/D35X+°09/NIMNX+SBHX=3NIL
INIWI)IVOII=NINX

(SHHI)IVOII=SUHX

(J3SI)1Vv034=33S X

T=4d0 ¥29E=0°EA Nis 0099 200

209

109
004
01

ag
211
£19
01g

cot

s

139

€07
207
20¢
2ot

0s

119
019

NYVO

b}

62¢

o0zg

stg

A%

1134

562

[/

HY¥90¥d

E

Sooe il liat

3

'y

Ciichig Dbl oy DL S e s

37

T i o



38

UN3

N30 L3 Z 07
1 01 09
(°2/7(A8L=~1))+A8L=AB]
€ 04 C9 (01°°37° (ikidSbVII]
AdL=4ziN]

( 9¢20°017 S
/800ABL) (0 °T-¥)aTli 0eVa(0°T-¥)af69 T+ ((00-00T0)/(00-18))a0°00T=4

0°00T/Aa4=% 1

((Qu~00Ta)/(0u-18))e*00%=40)
(1°007a*08°1a) NHOC 3N1IiNCaBnS

3 39vd *R2° 1912 4%¢s$0r2C VT 1d0 ¥49E-0°LA N1d4 0099 202 NHUf 3NILNC¥BNS

GN3
31073 12

AONIANOD €09
(£-%0°0°°22)10%0 1W2

4 I9vd *82°19°12 %./60/20 T=xid0 V29E-0°CA Ni3 0099 202 Nva NY290xd

AFML-TR-75-17

E2

e S S S A

o
e cupl’ gl oo gk




1o

E
w 43p|OH aldues 10|-W "1 34nbi4 .

SRR

W

i o

39

e,

< b il
N e P —————————— e . .

, ;
X _“
’
A
; ; =
E (]
1 [Fe]
¥ 0
k. =
: t
1 <! |
3 - ;
- !
] = .,
i . n r

b

-

T

S

™
S et el sl i it s i b L Lt i R TIR e W Caiia "y -y
e o T S D s T e e b i




R G e

LA ol s o RN e BT

33L11930S -2/ 03 PaYdeIY SUSPLOH a(dwes [Ql-TW g 2nbL4

i o R s - e
VTS

A
. R
k.
4
g 3
g ."
b w
3
. m
x
: :
»
i 3
By
3
. .
3
3 b
4 k <t
e
i
by
b
§
f
3
n -
—
b v I
- [Te]
3 ~
E A
g o
k ﬂ ' =
: L
B .,« <L
1
m.. ]
Y
;
v
3
o e e e i e i P T A T o IO W T e g ety il sl i A TR . o B .t aymios Ar P RN T ) < g L gt AT e e




a4ayds butjeuabajul 3njosqy apyqung
] -d3L9 B YJLM J438WOI0Yd043I3dS Y2-3Q ueundag ‘¢ aanbL4
E )
w ;
m L
j 1
y
- 3
\
E -
4 o ¢
1 &2 .
4 1 =
k 5 i
E =
] az
3 T = M
3 _w
‘ w 3
-
Ls 4 e i Lo iy K Ly ok = b bty ey = o L il ._4 & 3 o 2 it L.H. ol g -




AFML-TR-75-17

J333W03 23| J9y
PaJeJdjul 31qeluod 00180 LSPOW 3{jyung-43iy  *p aunbig

o ST T LT T REE LR

001 84 13908
UIROLITTIIN FIUvesnt

42

4
g
3

e

2 i it g il oy Aben O SR il | el e i N e aba L B

pand g

e




T e T T e Tl R e i OO

b o et s

)i

321A31 gunsodx3 NILS-ul TW4Y

——

*g eanbiry

BN EAEAEs i Ll F




(HSAN3 00S)
9<|-S juautuadx3 noLe|nuts |0L-TM ‘9 aunbryd

YNGR ik 5 2
J .

3
(SNOYIIW) HION3I3AEM -
05°2 82°¢ 002 SL°1 0s°1 52°1 go0"1 08°0D 0s°0 0v°0 02°0 &
L 1 L 1 ] S = ] i3 1 +00°0 h
0002
612° . e
1831-130d
00z° = S» N
183135¥¢ =
m
A
000 & b4
2
—t
A
L m
o
i
m
(m]
—
0009
=z
(m]
m
/\/l\\ 0008
// - M
L 00 "001 %

e

Ey 0

AFML-TR-75-17




.|

R adi b 8 i

L9 B e g e i

ik

T Ry T

Mg i

£

AFML-TR-75-17

05872

z (HSAN3 00S)
Staqey “01s judwiuaadxy uorienuis t0L-TW *f @4nb4

(SNOYIIW) HLIINIIABM

52°¢ 00°¢ SL"1 05'1 521 00°1 06°0 030 or°0 ]
L i 1 1 1 1 ||\-\|| 1 1 ] DD-D
_ s, -00 °02
LLz: =
hmuE%om
OmN. = » -

183 134d =
m
21l
-00 0%
z
a—
21}
1 m
h 1]
r
m
(g}
-
—00°08 »
z
o
m

|\\\/ l\)&.\\\\\\ -00°08

“-00 001

i

£

s, bk s ol

£




J.v o ||14
.
g M
1
w ‘HSAN3 00§
: L¥/d34 Judwiiadx3 uOLIB(NWLS (OL-TW '8 34nbid i
(SNO¥JIIW] HLSNITIABM ;
} 05°z s2'2 ©00°2 SL°1  0S'L  82°f  0C'1 080 €8°0 Ov'0 02°0
u.n [l 1 3 H i A | Ve 1 /] y w DD-D P
4 :
L 4
v”.
d
; . -00°02
2 €g1 = S
: 18317804
eyl = S .
153134d -
m
A
. L00 0¥ &
] z <
L »
U - q
W .
P o
3 —
4 ~00°09 D
¢ z
- ()
. m
/" Locos
J
e
-
~
7 00001
~
o
= .‘
z
=
™ T T e o ey e e S B dia 4 " o ” i i P il i, Caal ¥ Lo i




o
i
m.
3 v 2 (HSAN3 005)
; 06310/°011%u7 Juawiuadx3 uotjeinuLs [Oi-TW 6 4Ly
1 ;
wy
2
[SNOMJIW) HLIINITIAEM
05°2 522 002 SL°1 051 521 001 08°0 0S°D at "o 02°0
L i i L 1 Il |\-\|. 1 1 1 DO-D
: 0002
612° = b
1831-1S0d
oLt = S» |
1831344 =
m
i}
-00"0b & =
=
—
D .
- m i
I.J +
[l H
m
(e)
h i o
r00 09 © ! i
= ;
\ ~
m
P
00 08 |
{ in
2 (%)
3 ~ -00 '00(
] -4
2 [
M U
-
g [
<
“ '
% i s " 4 i FRNS, SRR SR RgTed ket E»%»nyfﬁhggﬁbﬁm@ﬁwﬁ s
= : . ) e, ozax e D R
; b e it R e Lo iR iR i bl e S Al




R

i

bt x G

L3 s

Lot R B

{KSAN3 00%)

001-Ad 3udWL4adX3 uUoLIR(NUWLS [QL-TW 0L 34nbLJ

(SNOY2IW) HION3IT3IAEM

] 3 SLT1 051 GZ'1 00°1 08°0 090 ov-o 02°0
—— L 1 1 i Vgl 1 I 1 oo o
—00 02
oies = S»
1531-1S0d
0e7* = Swe L
158313Y4
00 0%
00 °"09
f'\)/fj[t\lfl.rllllii]u 0D 08
Eﬂ/
o
-
=
G
<<
d ..‘-,aﬁ.,.p...w.nrta. TR i P R QT RTaRar ) e e e e i ™ o et e e

JINHL33743¥ IN3Jd3d

48

ahad® el SR

3
3

g

i e




i
i

i
it

B

S i

it

e 2 (HSAN3 00S)
i 209A14/°011 Juswiaadx3 uotip|rutS 0L-TW *1L a4nbi4

{SNOYJIW] HLIONIIIAGM :
052 547¢ 0602 ST 0S°1 G2'1 g0°1 g 0S°0 or "0 gé-c 3
H 1 1 Il 1 1 |\r\| 1 1 1 DD.D ;
FO00 02
#12° = S»
1831-1S0d
0b1° = So R
183134d =
m
2
-00 "0t & 2 ;
N e
- X
0
| m
o
L
= 3
O E
— 3
-00°09 :
z
O
m
00 "08
i3
s—N 5 _.,,
~-00 001

AFML-TR-75-17

S Tl i & i e R

il i il




{HSAN3 00S) g
¥SO .800° 3Iuswi4adx3 uotje(nuls (01-TW "2l 24nbtd :

(e Bt e il g

(SNOYJIW] HIONITIABM t

0s°? sZ2°2 00°2 SL°1 06 °1 SZ°'1 00°1 08°0 09°0 ob "0 0Z°0 { WMH
P el . 3 K}
T Y T Y T Y — T T T go'o i
T
-00"0¢
=
m
] o
QERT = =% -00°0v B ©
1sd1~1S0d z
£L0°0 = So P
LS EFud - m
=
m
%
~00°09
z
=)
m
fcc.cm
i ) - l{llllll\ll}...frl I1I|-l|l:l|l.l\l|llll.lll.ll.|||-lf.
f =4 .
21 o~ ~00 "001
—
L
=
el
<




(HSAN3 00S)
¥SO 060" judwidadxy uorieinuts 10L-TW €L 34nbiyg
{SNONIIK) HIINI1IAUM
0s°2 22 00°2 GLe1 05 *1 s2°1 00 L 08 "0 09°0 0% "0 0285
L) L 1) L | 1 -— T L Ll Q D
N -00 " 02
$80° = sp o
1SdI-150d »
GL0* = Sp -
ISAETHA -00° 0% & _
4 73
—f
D
L m
i
=
m
a)
00 "09 ©
-4
[w}
m
-
0008
N A -
~
o
2 -0 00!
=
&
[}
=
=
<
™ TR F Wv.zﬂﬁ&&»r.ﬁ‘ﬁ i__,mi. xwﬁ...ww.a... S .,l

e e - m—— e —— e — e A - e &




AFML-TR-75-17

05°¢

(HSAN3 005)
209AL4/E0%n3 quawiiadxy uopre|nuls 0L-TW "yl 34nbLd

{SNO¥JIW) HIONITIAUM

S2°¢ 00°2 SLt 1 0Ss°1 S¢'1 g0°1 08°0 08°0 gv°0 0e2°0
L ] 1 L L 1 |\-\| 1 | _— 1 DD.D
_ s, -00°02
FR) I
1831-180d
0¢1s = 3w R
1831344 -
m
A
-00°0v &
P4
|
x
= m
m
2
m
(@]
L 00°09 D
po'09 2
()
m
-00°08
l\\.\\/.r.ll I~
L0o°001

52

w

o

4 dhanat & ‘ﬁ*

<ok

B




- 3
3 (HSANI 00S) .
E 209414/8021y JudwLJadx3 uotle(nues |0L-TW "Gl d4nbiLj 3
.m t
! (SNONJIW) HIONITIAUM E
: 05°2 G52'2 00°2 SL°1 051 521 00°1 08°0 08°0 o¥"0 02°0 3
3 [ | 1 1 1 A |\—\| 1 1 1 DD.D
3
g -00"02
orr: = »
1831-1804d
o1 = S» u
1631-3¥4d -
m o
2 w
000V
z
)
2
— m
m
E
m
O
-
0009 ©
z
O
m
_“.
0008 3
- |
~ { ”.
a . A
~
o
5 L 00 "001
=
v
=L 3
4
™ " i T T w o B oo e o o el i o o o s - piniaat v ad: SRR ol




e
!
|

Z9Ly Pue 9y SUOLIN|OAY A_
Burang 9g-S 404 3wL] SA Iunjeuadus| JO5UdS ‘gl a4nbr4 i
(SEILAININ) INILL |
501 06 L s 9¢ 81 m
L 1 1 1 [ [ 08 - 1
= 0y - £
H 2
= !
Z :
- 0¥ - m *
" < |
> o E
= e
. =
‘\ i ONI v
= |
. :
= 4
3
- 0 m
f
~ .M
ﬂu_, O A9 Y T !
o 1
Y 29y A9Y e
=
i
& = 0b+
g e - S S e
od Vi il e kg v 3 i i L i i iy it it i i ke Pl P Yoy o




- ‘V ‘.. AR
“.. i L e

R P .."

1
v_ 291y pue 94 suorinjoaay butuang m
oLJqey4 No.Fm A0J awt] SA aJdnjesadun] L0SuIS </l 94nbr4 1
: ]
3 £
. (STINNIW) AWIL |
4
1
_w 801 06 L 4 9¢ 81 M
4 L 1 1 1 1 1 :
08 - M
w. = 09-
.
n by
<
] & D
ov- B
po]
- >
H
¢ ]
m;, e}
pl — 02z- t
# =
3 \
ji
i 0
[
= G RARY  —— = 07+
[Ye)
[
3 Zuly Aoy
Y
& - Ob+
<

i i i ¥ g i 'y i p e o v s T ? 2 o 2 e o S B
e fidaii A T i el vl e il G D s i s b, i i s i b it il il A . 4 i




“ﬂq —e e A, T - -

SN G o B N 4

: butung |Y/d34 404 BuwL] SA 34neJadwad) JL0SudS *gl 24nbL4

b 291t Pue 9y SuUOLIN|OAIY m M

(SHIANIW) ANWIL

0 s A, s g S

=01 06 2L ¥S 9¢ 81
L | 1 F & " oml {
m
i
i
- 09~
H i
) i
< |
Lo} 1
- o0v- o © t
ps} H
: = 9 |
—
)
= 0z2- =
: "o
3 /(l‘\ lrm .
1 I
3 0 i
: i
m H]
| - |
: A —_—— = 2
n. R 0c+ 1
o ]
a2y i 291F Aoy k
38 -7 . ‘
ey = E
. M m_- oy +
e B ¥ b o il o doate i G P T,




AFML-TR-75-17

291t pue gy suoiin|oAdy buting

OmoHO\cc.ﬁNcN 404 BUWL] SA dunjedadwd] saosuds 6L d4nbid
(SAIINNIW! IWIL
%01 06 2L ¥S a¢ 81
L 1 i [ g [

e

9F AQY — ——

291% ~3d

. e o s e R ta R i b e oM ¥

i

TN N R

08-

09-

oy~

0¢-

0¥+

(o) IUNIVIAIWIAL




Z2S8Llt pue g suolIn|oAsy
Burang QQL-Ad 404 BWL] SA dunjedadud] J0Su3S ‘02 94nbL4

(STILANIWI AWIL

501 06 L 1477 9¢ 81
L 1 I 1 A i

~

: o K\

Vo)

~

o 2 /1y A9y e

i

|

=

L

-

T e e - —— ——— - -

cabiie o i o i b o T ”
L. ik Soue, il e iR s AR it R ST e R s e o ke

™

08 - M
3
09~ Y
- &
=
Z
o
ov - 1
= 0
> v el
—
el
o7- = _
ki :
0
i
0z+
oy~




AFML-TR-75-17

791ty pue gp suorinposdy burang

19A[SA A22(g WE J0j duLl SA sunjesadua] Josuds 1z d4nbid
(STINMNIN) ZNIL
801 06 2L 14" 9¢ 81
| . | i i | ]
Op ADY  ——
2y A9y

09 =

oy -

oz -

08 +

001+

ozi+

(I,) AUNIVAIAINWNIAL

59

|

gttty

oo

i s

habbis,

b O e i o i

P

R

o kgt

o T

P T Tt o A ol lhaci R




AFML-TR-75-17

L R A e

29Ly Pue 9p SUOLIN|OA3Y bulung
wcou.:.pm\mo.r— 404 aWL] SA d4njeusadws)] A0SudS

(SHINANIN) ANWIL

"2Z d4nbL4

801 06 2L 14°1 e 81
L i 1 | 1 A
9% A3 Y e
Z9¥y A8 Y

08-

09-

ov-

0z~

0z+

o¥+

(Io,) IYOLVVAINAL

60

—— R T

Fy T o A e

>




AFML-TR-75-17

291y Pu® 9t SUOLINLOASY Dul4ng
(800°0) ¥SO 404 BwL]l SA auanyedadus] A0Su3s ‘¢z 34nbL4

(SALANIW) ITINIL

801 06 2L 145 9¢ 31
H ] ] 'l [} | |
08-
p—
09~
- ob-
— . l\ i 02-
> 0
291% 424
= 0b+

R A P VI L, W e e L bR e i

(J.) JINLVHIINIL

61




g

3 o
Wy

T

i

b

ik

AFML-TR-75-17

Z91y pue gy suolinioasy butung

RN N 4l A et L8 A im o 211 R I

(050°0) ¥SO 40j auwL] SA dAnjedaduwd] Josuas ‘¢ aunbL4
(SHILANIW) ANWIL i
801 06 2L v 9¢ 81
1 i 1
L '] [ T
~ 09-
=
!
:
- 0%- b3
& B3
=
(@
5
g I\\ T 5 i
=
b |3
0
9% AdYy ™ o0z+
2917 Ay ——
- 0%+
i s ikl e il 4 ;W.E.ﬁb A o 1 e et a0 it K o e i e ook il i i i,




AFML-TR-75-17

Z91lp pue gy suoLinjoasy butang
au0d1115/50%n3 404 auL) SA aanjedadwal JOSUBS

(SALANIN) ANWIL

"GZ d4nbLd

1 [ 2 .— 1 -
9F A9Y ——— —
291F ~o YT e —

AR Gt e el e s e e s T i <t i g

08-

09-

0%~

0z-

02+

0¥+

(d,) AYNIVIAINAL

63




i

it o

291 pue gy suoinioady buiung
3 auoot(15/€0% Y- 404 auLl SA a4njedadwd] J0SUdS ‘9z dunblLd

T

i

(SALOANIN) INWIL

N
£l bl

é

3 AT

: 801 06 2L 2 9¢ 81 E
s L i 2 i i A :
0% - |
3 |
P
g }
= 09- |
A H
=
=
- 05~ 9
€ J H
4 (=]
7o}
3 - 02~ o]
| -
_ .,
™~
n 9% noy = = 02+
~
= 291% A2Y e
—
= e 0%+
T
R = m— S e e e T e e s e T
ST R e yoapen i ’ o i o e e o i Lt i e g P L e e Sl (ot S il e e il it i ol .




i

AFML-TR-75-17

29ly Pu® gp SucLIN|oAdY burung IduaL4BY

aanjedadud) J404 dUWL] SA dunjedadud] JOSUIS *f2 a4nbL4
(STLANIW) ANWIL
801 06 L 1 4] 9¢ 81
L Y 1 1 1 'l
pae

9% a3y ——
291y A29 ——

el

/ -

o eemm—————

08-

09-

ov-

0e-

0z+

(d,) IINLVIAINAL

65

ik

AT

b it (e 5

saky S ¥

;




(w0 66%) :
403SLS9Y 9IUIUDFIY 40J BUL] SA IDUR]SLSIY *g2 a4nbr4

{ s
s

SALNANIW) IWI1L | 3
801 06 zL 14 9¢ 81 |
& 1 1 A 1 1 [ ]
, 5 -
.L\ 001 o
s wn
4 =
B wn
; -
1 2
—
, 002 a8
.‘ 3
ke Yy A0y — m
2
Z91% a0y ™ 00¢ &
™~
b ™ 00%
™~
o
—
)
.
r\lr. —— e l
< 00¢%
ik i e i i b S e ki i S50 g i S s, iR Cinccia e 0 i - AT S S




By s

AFML-TR-75-17

9E1-S 403 30 YBL{4 PUR PIIBLNWLS SO UOSL4RAWO)  “6Z BANbLy

(SY4NOH NNS INATVAINDA)
LHOITH SHINOW

(0912) (0s6l!  (0081) (0191) {(se#1' (0s21) (0L01) (068) (022) (o¥s) (ssg) (081)
21 11 01 6 5 L 5 S + ¢ 4 1

L i i L L L i 1 1 ] 1 1

potenidlg

yargd —_—

¥o-°

or-

e

=r

67




AFML-TR-75-17

(0912 (0861) (0081)

s14qey Sous
404 e10(Q 3Yy6L|4 pue pajejnuiS Jo uosiiedwo)

PSR S

"0€ 84nbiy

(SN DOH NNS INATVAINDA)

(o191 (sed1) (0szly  (oLol) (068) (0zZL)

JHOITA SHLNOW

(0¥S)  (ss¢)  {081)

BT e

21 It 01 6 8 L 9 S 14 € 4 1
1 1 2 I 2k 1 1 i i L i L.
\\
- -
-
- -
pajenuulg I —
wyang

20°

v0°

90 *

80 °

or-*

F4%

SoV

i i

Ak i A

ikt



gt

e

G

tv/d34
J40) e3eQ 3ybLi4 pue pajeinuiS jo uostdeduc) £ unbiy

(S4NO0OH NNS LNITVAINDA)
IHODITA SHINOW

(o91z! (owe6l) (00511 (0191 (Se¥1) (0s?l) {0201) (068" (ozL) (5 2=0] (cgg ! (O¥1)
ral 11 01 6 ¥ L & S t < 4 i
[ 1 . 1 A A A (] A A i i |
~\
- NO.
[22)
o
¥0°
T 90
pajenuiIg ______ T 20" >
=
w
qaig
g o1°
"~
3
b
i 71
o
in
—
=
[V
< . L
P1°
—r——— - ~ ——p e - e e
i i G~ |t il S .LTHH o PR A e i i i ¥ ¢.,.£......,.E.Ek;ff.

I
Ly

aihapdiita, 1

S F A

[ .

e T

A1 T et VT

R AT T ST A -
e

P W ) A A P oo TR O

i P

WL

A R Tl o WM N




1; B e . bt T B~ S ——

e

S it

1 6910/ 1uz

404 e3eQ uybi 4 pue pele|riits ;0 uosLaedwo) . aanfiid4

o~
o

T T

o
i
.
wr

LN TTIVALIDA ) §

Li 14 SHINOIW e
= v - i s 71 tilul =1 LGTE lots (2¢y (=1 4
8 o [ | i ] P -
ot 4 _ : ; 1 :
- L 1 1 I 1 A 1 i 1 1 1 1 , ;
: !
3 o

70

1
L
2
P
3
b
3
~ 3
; ke
o :
~ 7
; w_
)
o E
=
; 3
=)
= 2
T L +1
<T
k
o
’ ¥ Py — e o A o bt e e paaitafe v o s for s e L
AP P— i i o s e . il ks A AN o R T Nt i i




00L-Ad 403 ®3BQ I4bL|4 pue pajeinwis Jo

uostJsedwo) ‘€€ duanbiy

(SYNOH NAS INITVAINDA)
LHDI'Td SHINOIN

foulet tasel! (OORL)T (0911 fse#l (OSEl! (0L01 (0eF ! (DZL) wUFS) (S5t ) (OHT)
Zl 11 o1 ti H L 4 S L4 £ 3 L
[ — ' 1 i 1 A 1 1 i 1 i 1
/
LajELWIIg TTTTT s
"
td
-

L (2 B QS —

AFHAL-TR-75-17

20" 62

0 -

71

Q0 °

SpV

80 °

oL

T

st




AFML-TR-75-17

404 ejeq 3ybii4 pue pajeinwis j0 uostJedwor)

auodL[15/%1L
“pg aunbid

(SYNMHH NNS INF VAINDA)
IHDITA SHLNOW

(outz) (0R61) (0os1) (0191) (se#1) (0set)  (oror: (o6H) (ozly (o¥s) (sse)  (081)
Z1 11 o1 6 f L ! < ¥ ¢ z 1
| 1 1 1 1 1 1 1 1 1 1 1
\\l.
l-l.-‘\\l\l
pajE[nIulg R
g
~

20°

+0°

8pV

01

ac

1

72

PR A

R |

T I Y s

3

Eia O e T A

E g Y

EY
M
"

rin

1Y R,




ST s b Al TR T

b o & 200 P

Lk

"

i

AFML-TR-75-17

(800°0) ¥SO
403 eieQ 3ybL{{ pue pajejnuis }0 uusiaedwc)

"6 4nbiy

(SHN0H NS INAIVAIIOA)
11011 SHINOIN

(017 (ogén) (0081) (0191) (se¥1) (0s21) (0L01) (068 ey (0FS) [ERI (os1t
ci 11 01 6 8 L 9 S T § < 1
1 i 1 1 1 1 1 ' 5 1 i, i I

-
—-—

PIIRINUWIG = e

yBug

or°

s oo o

S G AR



~
—_
]
[Te]
~
b
o
-
]
—d
=
e
<

(0s0°0) ¥SO
403 e3eg 3yYbi|4 pue pajepnuis 40 uosidedwo) ‘gg 34nbL4

Y R R A

-

(SHYNOH NNS INIATVAINDIA)

IHOITA SHINOW r

(0912) (ose6l) (Gost: (0191) (s¢¥%1) (0Gc¢i) (0L01) (068) (ocr) (o¥s) (ssg) (081) m.
z1 11 01 6 8 L 9 S ¥ € z 1 4

| - 1 ] 1 1 1 [l 1 A i A1 1 i

P

o ,

— ——————

vo°

L 90-
&
=]
w

- 80°
pejenuwig -——
w3ta - or-

oo 1oy o g et e o ¥



e e—

e

= T 10, O 4 g i B - Yt S R W0 B e e bas el S P

auodt 115/50%n3
4035 e3eQg 3ybLid4 pue paje|nuts jO uospuedwo) /€ 34nbid

(SYNOH NNS INITVAINOIA)
LHOTTA SHINOW

(0912) (0861) (o081) (0191) (se#1) (osei) (oLot) [oeéB) (oze) (o¥s) (sst) (o81)
21 11 o1 6 8 L 9 S ¥ € 2 1
1 1 1 1 1 1 L 1 1

pajeInuuig

w3 s

AFML-TR-75-17




auoat15/50%1y-0
it) eleq ybLy4 pue pajeinul§ O uostJdedwo) Qe a4nbL4

(SYNOH NNS INATVAINOCA)
LHOITA SHINOW

(0912) (08611 (oos1) (0191) (sewl) (oszr) (oLot) (oes; (ogL) (o¥s) (sSg) (oa1)

AFML-TR-75-17

21 11 01 6 8 L 9 S v £ Z 1
L i 1 i 1 1 1 1 L 1 1 L
#
e
e
Pre
-
-
-
— -
pajenuIig —_———
ELEH K

v

3

g ]
¥0°* : | .
- -
80" ~ g i
ae Z
g
o> 3
9r* o &
0e°
¥z°
Bz




