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SECTION 1

SYSTEM DESCRIPTION AND OBJECTIVES

The Airborne Pointing and Tracking (APT) Open Port modification

design and analysis was performed to demonstrate that the APT can he

safely tested in airborne operation with an Open Port modification which

incorporates protective structural elements.

This design and analysis task was performed and detail elements of

the structural components were drawn in preparation for final fabrication.

An instrumentation system concept was formulated for the required testing

in the Airborne Laser Laboratory.
The major objectives to be accomplished with the hardware designed

for this system are

Fly Open Port, all configurations and determine restrictions
Measure torque on gimbal axes
Verify wind tunnel data

Determine improvements which can be incorporated into high
power Open Port modification

Determine propagation characteristics

This report deals with the design and analysis which demonstrates

that it is feasible and safe to fly and test the APT Pointing assembly with an

open port.

BACKGROUND

The pointing assembly of the APT system is currently designed to

operate as a sealed, environmentally conditioned unit. Temperature is

maintained at approximately 70°F. Internal pressure is maintained at 3 psi

above external ambient pressure. Input and output windows fabricated with

zinc selenide optical rmaaterial will be installed in the Pointing Assembly (PA)

1-1
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in order to allow the PA to retain its environmental seal while propagating a
low power carbon dioxide laser beam. It has become apparent, however,
that certain inflight experiments will be required with the output window
removed. The objective of the technical design was, therefore, to design
modifications to the pointing assembly that will allow safe operation of the
APT system with the output window removed.

To back up the feasibility of open port operation of the APT, the Air-
force performed wind tunnel testing™® on a 0.3 scale model of the APT with
an open port. The results of data reduction from this test indicated that open
port operation would result in satisfactory system performance if the inner
gimbal mounted telescope was properly shrouded from wind loading, and a
suitable aerodynamic fence was used around the periphery of the open port,

The existing plexiglass window assembly and the Low Power Window
assembly and its ancillary equipment bound the approximate weight and cg
location for an Open Port modification weight. Since this weight is relatively
high, it was decided early in the design phase of Open Port that a very con-
servative approach was feasible that would result in an economical flight safe

design.

FUNCTIONAL DESCRIPTION AND OPERATION y

The APT Open Port modification Figure 1-1 consists of structural
shrouds which are designed to reduce or eliminate wind load torques on the
fine gimbal-mounted elements of the APT pointing assembly when it is flown
with the eyelid retracted. The modification also incorporates an instrumen-
tation systemn which will measure residual wind load torques and collect
pressure distribution data on the shroud elements for comparison with the
0.3 scale wind tunnel model. In order to decrease aerodynamic disturbances
inside the open cavity, the modification includes a 50 percent porous fence
around the periphery of the open port. Since the pointing assembly is still

thermally conditioned, it was necessary to design a positive eyelid pressure

*Reference AFWL-TR-73-17, '"0.3 Scale Open Port ALL Turret Wind
Tunnel Test Results' Volume 1, April 1973 (Confidential),

1-2
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sealing system so that the environmental control system could condition the
pointing assembly until the port was opened in flight.

The airborne operation of the Open Port modified APT system will
consist of the following sequence of events, assuming that the APT is func-
tioning normally with the eyelid closed and the environmental control system
operating properly. The internal pointing assembly should be at a nominal
70°F and pressurized to a nominal 3 psi above ambient. The instrumentation

system should read steady-state values of pressure, temperature, and strain.

De-compression

The first event required for Open Port operation is the de-compression
of the pointing assembly to a point where very little AP occurs across the
eyelid seal. The pressure transducers should indicate a new lower steady-
state pressure., To de-compress the pointing assembly, the environmental
control pressurization system is turned off, A vent valve solenocid (Figure 1-2)
in the turret is energized which opens a port to the aircraft exterior, exhaust-
ing the pointing assembly to ambient. The vent valve is then closed to prevent
airflow through the APT pointing assembly when the eyelid is opened.

If the eyelid fails to open or only partially opens, switches in the
existing eyelid system should indicate the failure. Analysis indicates that a
partially open aperture does not affect flight safety.

The inflatable seal is then deflated and the eyelid opened. This defla-
tion method should limit the amount of debris that moves past optical surfaces

since the major airflow will be out of the base of the pointing assembly.

Data Recording

Power is applied to the Instrumentation and Signal Conditioning Module

(ISCM) whenever APT secondary power is present. Thus, turret temperature,

strain, and dynamic pressure instrumentation is active and available for
recording, The drive motor to the static pressure multiplexing ''Scanivalve"
is activated with a pushbutton switch that is located on the Instrumentation and
Signal Conditioning Unit (ISCU) panel. Thus, static pressure instrumentation
is active and available for recording whenever the ICOM is powered and the
drive motor is energized. The position of the APT turret eyelid does not have

any control over instrumentation operational status,

1-4
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Figure 1-2. Open Port overboard dump.
Re-compression

After the data required are recorded, the unit is re-pressurized by
closing the eyelid. The pneumatic seal is inflated after receiving a lid closed
signal. The environmental control system is then activated to recondition the
pointing assembly.

MECHANICAL MODIFICATION KIT ..

The Open Port mechanical modification kit was designed with the
primary emphasis on a kit that could be installed without removal of the APT.
pointing assembly from the aircraft and with minimum disassembly of the
pointing assembly. As designed, all of the elements of the mod kit can be
inserted through the front opening of the pointing assembly after removal of

‘ the plexiglass window or the lower power window assembly. ,
L :
5
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Initially, the pointing assembly must have work performed on it that
anticipates modification. Such work would include installing the required
signal harness, drilling the mounting holes for the instrumentation mod kit,
and drilling the several mounting holes for transducers and brackets for the
inflatable seal assembly.

With these elements incorporated, the mod kit as presently designed,

should not require removal of the nointing assembly from the ALL aircraft.

Mechanical Mod Kit Elements

Figure 1-3%* is a breakdown of the mechanical elements of the Open
Port modification kit. As shown, the kit contains two (2) major shroud ele-
ments, the secondary mirror shroud and the covers which surround the
three (3) strut elements and a telescope liner. Except for the exposed
secondary mirror(s), this shroud assembly, (Figure 1-4) completely covers
all exposed area and eliminates wind load torquer and forces on these ele-
ments, The trailing edge of the strut shroud is tapered to simulate a mirror
which might be required in an eventual high power modification of the APT.

The telescope liner (Figure 1-5) is a right circular cylinder which
lines the inside of the telescope assembly from the front opening of the
coarse elevation shroud back to the auto alignment reference mirror. The

front flange of the liner is bolted to the existing holes which mount the low

.power window and has several screened holes in its periphery which provide

a path for exhausting the air from the pointing assembly.

The cylindrical portion of the assembly has three (3) slots which allow
the assembly to be installed over the secondary mirror struts of the tele-
scope. After installation, the three cover plates are bolted over the slots so
that the assembly acts as a homogeneous structure., The bottom of the cylin-
der has attachment holes for the brackets which support the primary mirror
shroud cover (backplate).

This backplate assembly is designed to be installed in three segments
around the beam steering assembly, and is bolted together in place with three
doublers. A protective cover for the beam steering mirror assembly (Fig-
ure 1-6) must be installed prior to installation of the three primary mirror

cover parts.

*Figure 1-3 1s a foldout and appears at the end of this report.
1-6
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Figure 1-4. Open Port layout.
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NOTES: UNLESS OTHERWISE SPECIFIED

1 REMOVE ALL BURRS AND BREAK
SHARP EDGES

2 SURFACE FINISH 126,/
3 FUSION WELD PER MIL-W-3004

) MARK CODE IDENT AND PART NO
PER HPB-5, TYPE |, CLASS 3, GRA,
FORM 2, LOCATE APPROX AS SHOWN

Figure 1-6. Protective cover.

The mechanical modification kit also includes two aerodynamic
fences which are mounted external to the pointing assembly aperture. One
fence is designed to extend as far from the aperture as possible without
interference with the eyelid of the pointing assembly. The second fence sticks
out a minimum of 1. 65 inches from the aperture and is basically a minimum
design which was scaled from the 0.3 wind tunnel model. Only one fence at a
time is installed on the pointing assembly for the Open Port tests.

The eyelid seal assembly on both the plexiglass and the low power
window assembly is designed to act only as a dust seal. The Open Port
modification requires a seal which must withstand differential air pressure
without leakage. Figure 1-7 is an inflatable seal assembly which is required

for the modification. It consists of a pneumatic seal, a seal mounting ring,

!
/
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Figure 1-7., Seal, inflatable.

3 a pressure regulator, a pressure bottle, and a fill valve with a pressure
gauge. The seal operates with a 20 to 26 psig inflation pressure and seals
against the inside of the spherical eyelid assembly. The seal pressurization
equipment is mounted by brackets to the inside ball structure of the APT
pointing assembly. They are designed so that they can be inserted into the

opening of the APT pointing assembly and fastened with screws.

SYSTEM DESCRIPTION, INSTRUMENTATION MOD KIT

- The instrumentation mod kit is designed to measure static and
dynamic pressures, temperature, and mechanical stresses in and around
the open port cavity. The mod kit incorporates three functional sub assem-
blies, 1) transducers and attendant interconnections, 2) pointing assembly
mounted signal conditioning module with interface leads to an off gimbal con-

nection bulkhead and 3) lid sequence package contained in the pointing assembly,

1-11
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1'his mod kit is designed to interface with the Open Port mechanical mod kit

§
and the APT system so that removal of the pointing assembly from the ALL s %
aircraft is not necessary for installation, i

¢
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SECTIONIII

DESIGN REQUIREMENTS AND CRITERIA

The design requirements and criteria are covered in the ALL Manual,
the statement of work, the data and results from the 0.3 scale wind tunnel

model test, and from initial design review technical direction.

g

ALL MANUAL REQUIREMENTS ARE OUTLINED IN
ATTACHMENT I DESIGN CRITERIA AND INCLUDE:

Acceleration; 8g crash load in all directions since the pointing
assembly Open Port can nearly look in all
5 directions.

2g limit load in all directions — flight.

Safety Factors; 1.5 for ultimate
5 « 1.15 for yield
T~ Altitude; 7 Sea Level to 40, 000 feet
| Temperature; -659F to 130°F* Operating
‘i ' Vibration; Power spectral density of Figure 20F ALL Manual

CRITERIA FROM 0.3 WIND TUNNEL MODEL TEST

The 0.3 scale wind tunnel model test results when scaled up to the
APT size add additional environmental requirements for the Open Port mod-
ification. The Open Port adds a dynamic input to the fine gimbal elements
which is not present with a windowed turret. It also presents additional
torque loads to the coarse gimbal axes.

The 0.3 scale model data were evaluated (see analysis section) and

basically it was found that the additional loads were insignificant compared

¥
: *Revised by technical direction to -40°F to +130°F. See the last para-
graph in this Section.
t f 2-1
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to the 5-psi static load and the 8g crash landing loads from a structural
design standpoint.

Heam

|
INITIAL DESIGN REVIEW AND OTHER TECHNICAL DIRECTION

At the initial design review held at Hughes Culver City, further
design criteria direction was given,

l. The design of the porous fence was to assume that 4.0 psi acted
on the entire fence area including the holes.

2. The design of the liner and strut covers was to be based on a

pressure of 1-1/2 times the maximum recovery pressure or
5 psi.

3. The temperature, operating, was limited for the AT structure
elements from -40°F to +130°F. The shroud for the secondary

mirror, struts, and the cylinder was analyzed for -65°F to
+130°F.

4. The low power input window was to be re-analyzed using Weibull
analysis criteria.

5. The eyelid analysis was to be re-analyzed for Open Port loads.

2-2




SECTION III

SYSTEM DESIGN

This section covers the description of the instrumentation design,

and the mechanical design of the open port elements,

INSTRUMENTATION DESIGN

The instrumentation package design comprises primarily three parts:

(See Figure 3-5 for block diagram)

1. transducers and interconnections,

2. signal conditioning module with output leads for off gimbal
interface to ALL aircraft recording equipment, and

3. turret lid sequencer package.

There are 14 dynamic pressure transducers that will measure RMS
pressure from 0.01 psi to 1.0 psi over a frequency of 5 to 1000 hertz.

Static pressure is measured at 11 points and mechanically time multiplexed
to a single pressure transducer. Temperature is measured at 16 locations.
A reference pressure transducer is provided for turret ambient pressure.
Four strain gauges will measure stress conditions in the open port structure.
All transducers are connected to the signal conditioner by wiring harnesses
organized according to type of measurement; e. g., pressure sensors in one
bundle etc.

The instrumentation signal conditioning module (ICOM) provides power
to drive the transducers and amplifies the resulting output signals. A two
value gain programming capability is provided for the dynamic pressure
channels. This capability allows the setting of all amplifiers in each of
three amplifier groups to either of two different gains. A calibrate function

is provided that puts a known reference voltage at the input of each
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conditioning channel. Conditioned signals will be in the 0-5 volt range with
low output impedance.
The lid sequence module (LSM) controls the opening and closing of the

turret's protective eyelid. Upon receipt of an eyelid open/close instruction,

BT TR o R R T P T vy

the sequencer will generate the control signals and monitor the responses
that prepare the turret for the eyelid action. When the turret has been
properly prepared, the sequencer will issue the eyelid open/close instruction
to the drive motor. Proper turret preparation actions involve the pressuriza-
tion state of the turret, the gaseous nitrogen supply, the system abort inter-
locks, and the inflatable open port seal. A motor driven valve is located in

the turret to control venting operations,

MECHANICAL DESIGN

Design of the Strut Covers and the Telescope Liner

The strut cover elements consist of a diamond shaped enclosure
constructed of aluminum sheet with solid leading and trailing edges. The
non-removable leading edge portions are fastened with monel rivets while
the trailing edge and the attachments to the jcriphery of the cylindrical
liner are fastened together with screws. The strut covers support in 3
places a can-shaped cover surrounding the secondary mirror. A 0.125 inch
thick solid aluminum cylindrical liner extends back into the telescope cavity
and has a bottom structure attached to the liner which simulates the primary
mirror. This entire bucket shaped device is cantilevered off of the front
face of the APT opening and forms a shroud for most of the exposed area of

the telescope assembly, Figure 3-1 is the detail design of the shroud.

Porous Fence

The porous fence or aerodynamic fence consists of a thin rim or ring
into which a uniform hole pattern is drilled such that the complete periphery
has approximately half the metal removed. The purpose of the fence is to
decrease air turbulence and dynamic pressures within the cavity. Fig-

ure 3-2 is the detail design drawing of the fence,.
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Sealing System

The sealing system consists basically of an inflatable type seal which
presses against the closed lid thus allowing the entire turret to be pressurized.
The seal itself is pressurized with dry nitrogen from a 2100 psi pressure i
bottle through a step down regulator. The seal operating pressure is 26 psi.

The bottle can be easily refilled through a special filler valve adjacent to
which is a pressure gage. The pressure reading can be monitored through
a window and is visible near the front rim of the shroud assembly. Fig-

ure 3-3 is the detail design of the sealing system.

Depressurization System

The depressurization system is shown in Figure 1-2. The sequence
of operation is as follows. The overboard vent valve for the entire turret
is actuated to permit returning the turret internal pressure from a positive
3 psi over outside ambient pressure back to ambient pressure. It will take
approximately 8 to 10 seconds to depressurize the pointing assembly. At
this time, the seal itself is depressurized which allows any remaining
cavity di{ferential air pressure to bleed out pass the seal. The eyelid door
is then opened which takes approximately 3 seconds. The aircraft over- -
board dump has been closed to prevent circulation of air due to the open air
path from the pointing assembly opening through the turret, to the vent
valve.

The pressurization sequence is a reversal of the depressurization
process. The eyelid door is closed, and the inflatable seal portion inflated

to seal against the door, and the turret pressurization reactivated.

Instrumentation Installation on the Telescope Shroud

The shroud instrumentation consists of static pressure sensing tubes
and dynamic low level pressure transducers. The latter devices are capable
of measuring pressure levels down to 0.01 psi RMS,
The static tubes are connected to a mechanical multiplexed ;

Scanivalve that is also mounted on the shroud.
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The shroud instrumentation is located in approximately the same

location as similar transducers on the 1/3 scale wind tunnel model.

addition, there are temperature sensing elements and strain gages mounted

in key structural areas. The strain gauges sense the torsional forces on

the secondary mirror shroud which result from air loads on the 3 strut

covers., Figure 3-4 depicts the installation of the transducers ‘a.nd Figure 3-5

shows the associated interconnection lines. Figure 3-6 provides further

information on instrumentation sensor locations.

SCANIVALVE

TYPICAL DYNAMIC

PRESSURE TRANSDUCER .042 DIA
TYPICAL STATIC 48 TUBES (REF)
PRESSURE TUBE

BACK
PLATE

SIDE VIEW

Figure 3-4., Instrumentation installation,
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Figure 3-4.

Instrumentation installation.
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SECTION 1V

SYSTEM ANALYSIS

INSTRUMENTATION SYSTEM ANALYSIS

The system analysis tasks (with reference to the criteria and

requirements discussedinSection2) willbe made available in a separate report.

STATIC AND DYNAMIC STRUCTURAL ANALYSIS

This section summarizes the results of the structural analysis per-
formed to demonstrate structural adequacy of the APT Open Port Modification
and the APT Protective Door (Eyelid).

APT Open Port Modification Environmental Design Criteria

All components of the APT Open Port Modification have been designed
to satisfactorily withstand the static loading conditions presented in
Table 4-1 and the unsteady pressure power spectral density plot shown in
Figure 4-3,

The three 8g acceleration load cases are those for the crash landing
condition in each of three mutually perpendicular directions,

The four pressure load cases represent hypothetical worst case pres-
sure distributions. The magnitude of the peak pressure, 5 psi, is two times
the stagnation pressure differential existing on the nose of an object in a
Mach 0,50 sea level air stream, This stagnation pressure is consistent with
the steady pressures measured in 0, 3-scale Open Port ALL Turret Wind
Tunnel test results for a forward-looking port. (HAC IDC 2712, 22/527,
dated 6 February 1974),
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TABLE 4-1. ENVIRONMENTAL DESIGN REQUIREMENTS

Load Condition

Al — A3
Pl

P2

P3

P4

Tl

8G crash landing load in any direction
5 psi proof pressure

P, (6) = 5 psi uniform radial pressure acting on
the liner shell combined with a P, = 5 psi normal
pressure on the primary mirror cover and a

Pg = 5 psi normal pressure acting on one side of

each of the secondary mirror support struts. See
Figure 4-1,

Same as load condition P2 except P, (6)
= 5 cos @ psi

Same as load condition P2 except Pr (6)
= 5|cos 6|psi

Cold soak at -65°F

Figure 4-1, Definition of pressure
distributions,
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The - 65°F cold soak case represents the worst case temperature
differential condition, relative to a +70°F installation temperature, that can

be approached by the liner in flight, This is substantiated by Figures 4-2

and 4-3, taken from the APT Open Port thermal analysis (HAC IDC 277740, 1/292,
dated March 1974), which show that the liner cylinder and the s>condary mirror
cover cool uniformly and rapidly reach their steady state values fuyr the Open
Port Condition.

The unsteady pressure data are presented in Figure 4-4 as a power
spectral density versus frequency plot for the maximum rms pressure condition
found in the 0.3-scale Open Port ALL Turret Wind Tunnel test results for
Open Port Configuration 11 at sea level at Mach 0,75 (HAC IDC 271222/527,
dated 6 February 1974), This worst-case condition envelopes all test data.

It occurs on the primary mirror when the APT orientation is at 0° elevation
and 45° agimuth, This data can be scaled to sea level operation at Mach 0, 50

using the following conversions:

0.29630 PSD1

0,75 E
1.0 x (0.—5) fl £ l.5f1

All loading conditions are considered to be limit loading conditions, Maxi-

mum working stresses and loads must not, therefore, exceed 2/3 (1/1.15) of
their minimum guaranteed ultimate (yield) values as published in MIL-HDBK-5B.
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Hand Stress Analysis of the Open Port Liner

Appendix 1 of this report documents the hand stress calculations A

AN A TR S
s Sl S

performed to demonstrate structural adequacy of the following components

of the APT Open Port Liner: the aerodynamic fence, the primary mirror .
cover and its support straps, the secondary mirror cover and its support

struts, and the liner shell and its mounting provisions for the environmental

design criteria cited in this Section,

Minimum margins of safety are summarized in Table 4-2 for the
three acceleration (Al-A3), the four 5 psi pressure (Pl-P4) conditions, and
the -659F cold soak condition (T1l). The three acceleration loading conditions
are considered non-critical because the equivalent pressures, Peq = 8pt
= 0, 8t psi, are small. Since all minimum margins of safety are greater than
zero, the aerodynamic fence, the primary mirror cover and its support
straps, the secondary mirror cover and its support struts, and the liner

shell and its mounting provisions are considered structurally adequate,

Static and Dynamic STARDYNE Structural Analysis of the
APT Open Port Liner

Appendix 2 of this report documents the static and dynamic STARDYNE
structural analyses perform~d to demonstrate structural adequacy of the fol-
lowing components of the APT Open Port Liner; the aerodynamic fence, the i 4
primary mirror cover and its support straps, the secondary mirror cover
and its support struts, and the liner shell and its mounting flange for the
environmental design criteria cited in this Section,

Peak nodal deflections and elemental stresses are summarized in
Table 4-3 for the three 8g acceleration (Al - A3), the four 5 psi pres-
sure (Pl - P4), and the -65°F cold soak temperature (T1) load cases. Since
these peak deflections and stresses do not exceed their allowable values, the }
aerodynamic fence, the liner shell and its mounting flange, the secondary
mirror cover and its support struts, and the primary mirror cover and its
support straps are considered structurally adequate,

The extremely high stresses predicted for the -65°F cold soak con-
dition are due to the fact that the perimeter nodes of the mounting flange,

nodes N136 through N147, were restrained against translation along the

4-6
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three global axes to conservatively simulate the flexibility of the liner to
outer elevation gimbal interface. This is equivalent to applying radial forces

to nodes N136 - N147 of sufficient magnitude to move these nodes outward

radially a distance 6t

b, = 0,4 RAT = 13x 10 x 14.188 x 135 = 0.0249 in.

where ap is the coefficient of thermal expansion for thc aluminum liner,
Rb is the flange bolt circle radius, and AT is the temperature differential,

In reality, the distance 6, Will be less than:

by =( app - aFE) R AT = (13 : 5.5)x 107 x 14.88 x 135 = 0.0144 in.

where Qg is the coefficient of thermal expansion for the glass epoxy shell
of the outer elevation gimbal. The actual stress levels will therefore be
less than 58 percent of the predicted stress levels cited in Table 4-3.

The results of the Householder -QR eigenvalue extraction are pre-
sented in Table 4-4, Those results indicate that the in-plane rotation
and translation modes of the primary mirror occur at 82 Hz and 95 Hz,
respectively, while its out-of-plane translation mode occurs at 224 Hz, The
results also indicate that the first four symmetric breathing modes of the
liner cylinder occur at 291 Hz, 317 Hz, 365 Hz, and 455 Hz, respectively,
while its first two asymmetric breathing modes occur at 318 Hz and
365 Hz.

The results of the random response analysis, also summarized in
Table 4-3, indicate the three-sigma responses and stresses are small
compared to those for the static loading conditions., These results were
obtained using the 10 modes described above, assuming 5 percent viscous
modal damping, suppressing response cross-covariances, and assuming that
the random pressure power spectral density used in this analysis (the PSD

shown in Figure 4-4 for Mach 0, 5 flight at sea-level) is spacially correlated,
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TABLE 4-4. APT OPEN PORT LINER MODES AND FREQUENCIES

Mode Frequency
Number Hz Mode Shape Description
1 82 In-plane (X4) rotation of primary mirror cover
2 95 In-plane vertical (X3) translation of primary
mirror cover
3 95 In-plane horizontal (X2) translation of primary
mirror cover
4 224 Out-of-plane (X1) translation of primary
mirror cover
5 291 First liner cylinder symmetric breathing mode
6 317 Second liner cylinder symmetric breathing
mode
7 318 First liner cylinder asymmetric breathing
mode
8 365 Second liner cylinder asymmetric breathing
mode
9 365 Third liner cylinder symmetric breathing mode
10 455 Fourth liner cylinder symmetric breathing
mode

Static STARDYNE Structural Analysis of the APT Protective Door

Appendix 3 of this report documents the results of an analysis of the

protective door or eyelid which covers the Airborne Pointer and Tracker

(APT) telescope window.

MRI's STARDYNE Structural Analysis System of

computer programs was used to evaluate the deflections and stresses induced

by an 8 psi internal pressure on a 3/8 inch thick solid 2024-T4 aluminum

eyelid.

The results of the analysis indicate that the eyelid can satisfactorily

withstand a proof pressure of 1.5 x 8 = 12 psi without permanent set and a

burst pressure of 3 x 8 = 24 psi without rupture. Tables 4-5 and 4-6
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TABLE 4-6. SUMMARY OF RESULTS OF THE STARDYNE
ANALYSIS OF THE APT EYELID

P e MU, Jy - o e (e T <L ey

Critical Deflections for the 8 psi Peak Working Pressure Load Condition

Lo i e

Rotation about Axis
Deflection Normal Tangent to Surface Y-Axis
Node to Eyelid Surface in X-Z Plane Deflection
Number (inches) (radians) (inches)
N1 0.1081 .0.0 0.0
N15 0.0621 0.0 0.0
N36 0.0458 0.0 0.0
N57 0.0695 0.0 0.0
N71 0.1236 0.0 0.0
N4 0.0548 0.0116 -0,0153
N18 0.0339 0.0051 -0. 0056
N39 0.0315 0.0029 -0.0029
N60 0.0389 0.0057 -0.0062
N74 0.0464 0.0125 -0.0147
N7 0.0063 -0.0023 -0.0227
N21 0.0021 -0.0017 -0.0216
N42 0.0022 -0.0013 -0.0216
N63 0.0020 -0,0017 -0,0231
N77 0.0067 -0.0023 -0.0244
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present stress levels and deflections for critical sections of the eyelid.
Maximum deflection normal to the eyelid surface for the 8 psi peak operating
pressure was 0,12 inches. The minimum margin of safety was 0,08 for the
mounting screw on the outer corner.

These results are predicated on a design with 160 ksi steel 1/4-28
screws replacing the existing 10-32 screws and an additional 1/4-28 screw

added at each corner.

WEIBULL ANALYSIS OF THE APT ZnSe AUTO ALIGNMENT
INPUT WINDOW

The results of theoretical studies on the effect of nonuniform multi-
axial stress fields encountered in simply-supported, uniformly loaded cir-
cular plates on the fracture of brittle materials are described in Appendix 4.
Derivations were carried out to determine the risk of rupture assuming the
material obeyed the Weibull distribution function for volumetric flaw
distribution.

The method has been used to predict the risk of rupture in the APT
Zinc Selenide Auto Alignment Input Window for various pressures. The
results of the analysis, using both the von Mises and maximum shear criteria
for equivalent uniaxial stresses for multiaxial stress systems, is presented
in Table 4-7.

The values of the Weibull parameters used in this analysis were
derived by Dr. J.C. Wurst of the University of Dayton by performing a
Weibull analysis on flexural strengths of 83 Raytheon CVD Zzinc Selenide

test bars obtained in four-point bending tests.

THERMAL ANALYSIS

The thermal analysis for the APT Open Port modification (Appendix 5)
was limited to analysis required for inputs to the structural analysis and to
determine if any damage could occur to APT internal components due to
thermal effects of an Open Port,

As shown in the analysis, the temperature of the added shroud ele-
ments rapidly decreased toward ambient due to their relatively low mass,
but the structural elements of the telescope very slowly approached ambient

due to their high mass.

4-13

b E T SO L e e S R




TABLE 4-7. WEIBULL ANALYSIS OF UNIFORMLY LOADED,
SIMPLY-SUPPORTED CIRCULAR PLATE

PLATE RADIUS RO = 3,15

PLATE THICKNESS TO = .3

POISSON'S RATIO VO =.3
WEIBULL SHAPE PARAMETER M =17.3
WEIBULL SCALE PARAMETER SO = 3845
WEIBULL LOCATION PARAMETER SU =0

] PRESSURE PLATE RELIABILITY PLATE RELIABILITY
VON MISES CRITERION MAX SHEAR CRITERION

1 1 1

2 1 1

3 1 1

4 j I 1.

5 . 999999 . 999999
6 . 999998 . 999997
7 . 999994 . 999992
8 . 999983 . 999¢78
9 . 999961 . 999949
10 . 999916 . 999889
11 .999831 . 999778
12 .999681 . 999581
13 . 999428 . 999249
14 . 999018 .998711
15 . 998376 . 997868
16 . 9974 . 996587
17 . 995956 . 994691
18 . 993868 . 991954
19 .990914 . 988083
20 .986814 .982718
21 .981226 . 975415
22 . 973735 . 965646
23 . 96385 .952792
24 . 951006 .936151
25 . 934565 . 914951
26 .913831 . 888385
27 . 888082 .855653
28 .856603 .816041
29 .818754 .769015
30 . 774047 . 714342
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The very low heat transfer to the main telescope structure results
from the insulation provided by the required shroud elements. Figure 4-5
and Figure 4-6 are two temperature versus time curves for a linear versus.
the strut element shielded by the liner.

The thermal analysis demonstrates that Open Port operation for up
to 30 minutes results in only a 20°F drop in temperature of any of the struc-
tural elements of the pointing assembly. The APT pointing assembly was
designed to operate within optical specifications over a range of +30°F. It is
structurally safe to fly the pointing assembly much lower than 0°F so flight
safety of the APT would not be affected by a failed Open Port. If the aircraft
were landed in less than one (1) hour from the time of failure even water
cooled mirrors would provably not be damaged.

ALTITUDE: SEA LEVEL

STATIC TEMP = —60°F
MACH NUMBER = 0.5

Figure 4-5. Temperature
region of steel struts.

TEMP OF BEAM EXPANDER
HOUSING — °F
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ALTITUDE: SEA LEVEL
STATIC TEMP = —60°F
MACH NUMBER = 0.5

LOW FILM COEF.
TSTAT = —60OF

HIGH FILM COEF
TSTAT = —B0OF

HIGH FILM COEF.
TsTaG. = —40°F

Figure 4-6. Temperature of
secondary mirror cover.
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ELECTRICAL LOAD ANALYSIS

The anticipated loading of APT power supplies by the instrumentation
package is 20 watts of +20 VDC power, 10 watts of -20 VDC power, 140 watts
of +28 VDC power on an intermittent basis, 34 watts of +28 VDC power on a
co:utinuous basis,

Power will be obtained from existing sources in the pointing assembly.

The increased load can be handled by the present APT supplies.

ELECTROMAGNETIC COMPATIBILITY ANALYSIS

No problems are anticipaied with the instrumentation as a receiver of
EM noise. All signal input leads will be properly shielded. The conditioner
electronics will be packaged in a shielded enclosure., Differential input
techniques will be used for low level signals to minimize common mode
noise. The conditioner amplifier will be designed to allow a high signal to
noise ratio before transmitting the sensor signals off gimbal.

The instrumentation modification provides three new EM noise
sources. The static pressure mechanical multiplexer (Scanivalve) is driven
by a 28 VDC motor. Shielding and filtering will be accomplished to minimize
the EM effects. The inflatable seal has a 28V Solenoid control. Shielding and
diode suppression techniques will be implemented to minimize EM effects.
The turret de-pressurization is controlled by another 28V Solenoid. The
same EM suppression techniques will be used here.

The instrumentation system will be tested after installation to verify

the efficiency of the suppression techniques used.

SYSTEM SAFETY ANALYSIS

The APT Open Port modification to the Airborne Pointing and Tracking
System must be designed so as to minimize the danger to personnel working
on the equipment in the laboratory and must be designed for flight safe opera-
tion when installed into the aircraft. The major task from a flight safety
standpoint, is the determination of the actual environment to which the modi-
fication must be designed and to instrument any weak links in the system so

that operation can be curtailed until the unsafe condition either no longer
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exists or the aircraft is landed. The major task from a laboratory standpoint

is to evaluate all potentially hazardous conditions and to either design out the

hazard or unmistakably flag the hazard so that a operator unfamiliar with the

equipment is aware of potential danger.

Subsystem Hazard Analysis

The environmental criteria for the open port modification of APT is
covered in detail in Section 2 of this report. The criteria comes from the
ALL Design Manual, the 0.3 scale wind tunnel testing, the Statement of Work,
and from specific technical direction from AFWL. The pointing assembly has
been previously designed to meet closed port airborne environment and has
flown in the ALL aircraft during cycle I testing. This hazard analysis
therefore, covers only the Open Port modification of the PA and its effects
on the PA and on airborne and laboratory safety.

The extensive test data from the 0.3 scale model testing and the ALL

requirements manual have been analyzed and incorporated into the detailed

stress and structural dynamic analysis of the Open Port modification. This
analysis is covered in detail in Appendices 1, 2, 3 and 4, and demonstrates
that all margins are positive and that the resultant modification is fligh'. safe.
Since the Open Port modification does differ from the 0.3 model tested (see
Figure 4-7), additional aerodynamic analysis was performed (Appendix 6)

to determine the effects of these differences. The major difference is that
the APT-PA is not a clean closed cavity like the 0. 3 scale model, so it has

some different characteristics. It has several volumes that are coupled to the

i .

+

CLOSED CAVITY COUPLED CAVITY
0.3 SCALE APT

Figure 4-7. 0.3 scale model
compared with APT.
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main telescope cavity which in effect suppresses the normal sharp fundamental
tonal frequencies of a clean cavity and results in less of a dynamic disturbance
on th.. pointing assembly. As indicated by the aerodynamic analysis, there
will be some acoustic noise or "Tones'" which might be audible inside the air-
craft. This noise will in no way affect the flight safety of the pointing assem-
bly as is demonstrated by the structural and dynamic analysis.

Labora ory operation of the APT pointing assembly with the Open
Port modification incorporated does add a potential hazard. Since there is
no window in the PA aperture, the eyelid could be a hazard to personnel work-
ing on or near the secondary mirror. To negate this hazard, the hydraulic
drive source to the eyelid could be disabled, or a warning flag could be
attached to the PA which hangs across the open cavity. This flag should also
be used when the pointing system is installed on the aircraft,

The Open Port modification also requires the use of a pressurization
'system for an inflatable seal. This pressurization systemis periodically
filled from a high pressure nitrogen source. A fill valve and a pressure
gauge which monitors the seal supply pressure are available. A warning E
decal should be mounted adjacent to the fill valve and/or pressure gauge
which indicates the maximum pressure allowed for safe operation.

The electrical equipment used in conjunction with the open port mod-
ification is mostly of low voltage signal level. All 28 VDC power to solenoids
and other equipment is routed through connectors with the source as the
female side of the connections so that potential shock hazard is eliminated.

All wiring harnesses and pneumatic equipment is designed to meet the ALL

manual requirements.

Detail System Safety Analysis,

A major effort of the preliminary hazard analysis was the search for
a weak link in the system which could be instrumented such that an indication
of impending failure could be detected. The analysis indicates that there is
no such weak link. Two potential weak links were thought to be the exterior

structural covers of the unit and the low power input window,
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The analysis of the structural covers (with Open Port incorporated
into the pointing assemblies) quickly demonstrates that the stractural load on
the covers actually decreases with Open Port operation. The major struc-
tural load on the covers occurs when the output port is closed and the unit is
pressurized. The low power input window was analyzed using a Weibull
analysis (Appendix 4) and was found to be structurally adequate and not a weak
link,

All structures of the APT and the elements of the Open Port modifi-
cation are designed for the 8 g crash landing load case, .and for a static
5 psi load. These cases result in loads which are much higher than any
structural loads measured on the 0.3 scale wind tunnel loads imposed by
flying open port i.e,, loads measured on the 0.3 scale wind tunnel model

extrapolated to full scale.
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APPENDIX 1

APT OPEN PORT LINER STRESS ANALYSIS IDC 27122/599

Al.1 INTRODUCTION

This section of the report documents the hand stress calculations
i performed to demonstrate structural adequacy of the following components
| of the APT Open Port Modification: the aerodynamic fence, the primary
F mirror cover and its support straps, the secondary mirror cover and its

support struts, and the liner shell and its mounting provisions,

Al.2 ENVIRONMENTAL DESIGN CRITERIA

All components of the APT Open Port Liner have been designed to

satisfactorily withstand the landing conditions presented in Table Al.2. 1.

The three 8g acceleration load cas::s are those for the crash landing

condition in each of three mutually perpendicular directions.

The four pressure load cases represent hypothetical worst case
pressure distributions. The magnitude of the peak pressure, 5 psi, is two

times the stagnation pressure at sea level at Mach 0. 50,

The -65°F cold soak case represents the worst case temperature
differential condition, relative to a +70°F inst=1llation temperature, that can

actually be seen in flight,

All loading conditions are considered to be limit loading conditions.
Maximum working stresses and loads must not, therefore, exceed 2/3
(1/1.15) of their minimum guaranteed ultimate (yield) values as published
in MIL-HDBK-5B.

Al.3 SUMMARY OF RESULTS

Minimum margins of safety are summarized in Table Al, 3.1 for the
three acceleration (A1-A3), the four 5 psi pressure (P1-P4), and the -65°F
cold soak condition (T1). The three acceleration loading conditions are con-
eq = 8pt = 0, 8t psi,

are small. Since all minimum margins of safety are greater than zero, the

sidered non-critical because the equivalent pressures, P

aerodynamic fence, the primary mirror cover and its support straps, the
secondary mirror cover and its support struts, and the liner shell and its

mounting provisions are considered structually adequate,

Al-1
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TABLE Al.2.1 ENVIRONMENTAL DESIGN CRITERIA

Load
Condition Load Condition Description
Al-A3 8G crash landing load in any direction
Pl 5 psi proof pressure
P2 Pr(O) = 5 psi uniform radial pressure acting on the liner
shell combined with a Pz = 5 psi normal
the primary mirror cover and a P, = 5 psi normal
pressure acting on one side of each of the secondary
mirror support struts, See Figure Al.2.1,
P3 Same as load Condition P2 except P _(6) = 5 cos 0 psi
P4 Same as load Condition P2 except Pr(e) =5 I cos Ol psi
Tl Cold soak at -65°F

P 18,2)

Figure Al.2.1 Definition of Pressure Distributions

Al-2
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Al.4 STRESS ANALYSIS OF AERODYNAMIC FENCE (P/N 3432706)

}

Al. 4.1 Screen

It is conservative to assume that the porous screen behaves as a
cantilever, with effective width a function of hole size (d = 0.250 inch) and
spacing (s = 0.375 inch), because the beneficial effect of hoop membrane

k| action in the cylinder is ignored.

SCREEN

/= 2.244"..|
— ———L 0.126"

AR R

The bending stress at the flange, where there are no holes, is

2 2
- = 3ps;c . 3x5x0.375x&.2&44 - 4834 psi
st 0.375 x 0. 125

The bending stress at the innermost hole is

2 2,
3psx2 R 3x5x0,.375x1.75 2:8820psi
(s-d)t (0.375 - 0.25)x 0,125

o =
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The minimum margin of safety in the 6061-T6 aluminum, screen per
MIL-HDBK-5B, is

F. (6061-T6)
MS = - R T
LS¢ 1.5 x 8820 e

4

Al.4.2 Flange

It is again conservative to assume that the cantilever moment M from the
screen acting over an effective width a is reacted by the flange with a bolt load

PB and a heel reaction acting over an effective width b,

— |._ y—

«jﬂ];_
D

M_Pnl2

The effective width a is assumed to be 7 times the fence diameter D_, divided by

F
the number of attach bolts ng so
D
goa—d o CBER O B grn.
nB 24

The effective width b is assumed to be the sum of the 10-32 attach bolt head

diameter ZDB and twice the edge distance e so

b=(ZDB+Ze)=2x0.19+2x0.35)=l.08'm.

The maximum bending stress in the flange then becomes

e . 6M  3pat®  3x5x2 95x2 275 ,
- - , = 10570 psi
(b-Dp)t?  (b-D)t*  (1.08 - 0.19) x 0. 156

Al-5




The margin of safety in the 6061-T6 aluminum flange, per MIL-HDBK-5B,

is

F. (6061-T6)
Ms = —B chl s e BO000" 5L TG e 5
: 1.5 x 10570 e .

Al.4.3 Attach Bolts

The attach bolt load PB is

2 2
IM _ 3pat® | 3x5%2.95%x2.2757 _ /4 1bs

Pp = 26 ~4¢  ° 4 x 0,35 -

The margin of safety in the 10-32 160 ksi UTS bolt, per MIL-HDBK-5B, is } :

Pult(10-32 @160 ksi) 2892

M5 = I.5P, -1 = T5x16s "1 = HI2




Al.5 STRESS ANALYSIS OF PRIMARY MIRROR COVER (P/N 3432818)

Al.5.1 Cover

Assuming the primary mirror cover behaves as an annular plate
simply supported along its outer radius and subjected to a uniform normal
pressure, the maximum stress, per case 13 in Table X of Roark's Formulas

for Stress and Strain, is 3
I t=0312"

P=5PSI

# ) Ml

"max —%-z—la4(3+v) t b (1-v) - 4a bz |l + (1+v) log b”

4% (a°b%)

4 2

x0.7 -4x11.25% x 4

- 3x5 2[1125 x3.3+ 4
4 x 0.312% (11.25%-4%)

1+ 1.3 log(ll.ZS )ﬂ = 11870 psi
4

The margin of safety in the 2024-T4 aluminum cover, per MIL-HDBK-5B, is

Ftu(2024-T4)
1,15¢

42000

DAy 2 1.15x 11870

-1 = -1 = +2,08

Al.5.2 Primary Mirror Cover Doublers

The doublers and their attach bolts must be capable of carrying a

moment M, where

Al-7
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ot 2 2
i p6.p 3 11870)2.312 - 192.5 in-lb/in

as shown in the sketch below

v, 0280"
M 14—1 — Y ]
] o
ST ] L ?) }
T = j
e=032%" (TYP) ¢e=0378"(TYP)
secriona-a

Assuming the doubler free-body diagram takes the form

| koo —bfe 0378 fe—
ty= 0.280"
e AN

the bending stress in the doubler becomes

ca= M. 0x1925 15480 psi
tq? . 250

The margin of safety in the 2024 -T4 aluminum doubler, per MIL-HDBK-5B,

is

Al-8
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1
1
|
]

o F,,(2024-T4) . 42000 _ | 00
- 1.150 * 1.15x 18480 =~ ~ = ==

Al.5.3 Doubler Attach Bolts

Referring again to the doubler free-body diagrams, the bolt loads,

for spacing s, become

P, = 3Ms 3 x 192.5 x 2, 000
B~ 2e 2x 0,375

= 1540 1bs

The margin of safety in the 10-32 160 ksi UTS bolts, per MIL-HDBK-5B, is

uS - pun(lo-32 at 160 ksi)“l i 2892 o s Lo 2
B 1.5 Py = 1.5x 1540~ -~ —=——mb

Al.5.4 Support Straps (P/N 3432710)

The primary mirror cover is supported by twelve 2024-T4 aluminum

support straps as shown below.

0.4 —T

132

PRIMARY
12SUPPORT STRAPS MIRROR L
EQUALLY SPACED ON COVER F=
22.80 IN. BC

044 020 OB

TS




Strap Spring Rates

The spring rates of the support strap suspension system can be

obtained using the following procedure

Equilibrium requires

n
. o :
ZF,_ = 2, (kr 6r cosei - kt 6ti sani)

X .
i=1 '
n
EFY = 2 (kr 6ri sing; + kt 6ti cosei)
i=1
(1)
n
IF, = z ky 8,
r i
i=1

Al-10




n
=M, - Z k & R

Compatibility requires

o
"

8. ; i :
" x cosOl + 6y sin 01

o
|

== 6x si,nei + 6)' cosOi + RO;

on
U

2 6z+ 0x R smOi - OY R cos e

The subsitution of Equation 2 into 1 gives

(2)

n
) 2 . 2 .
ZF, - z [6, (k cos“8, + k, sin“e;) + by (k_-k,)sing; cose, - @, k, R sin0]
i=1
n
_ , 2 2
EFy = z [6x(kr-kt) mno.l cos Oi + 6y(krcos Oi + kt sin Oi) + Ozkt R cos ei]
i=1
n
ZF, = D k6, + 0, R sing - 6, R cos)
i=1 (3)
n
M, = z k_(6_ R sin®, + © stinzo -0 R_zsino cos@,)
x z'% i x e ¢ i i
i=1
n
. 7 2 2 2
ZMy Fu ol k (-6, R cosOi - 6,R sinO.l cos® + OYR cos O-l)
i=1
n
. 2
M, = z kt(-bx. R smoi + Ey R cosO.l + 6,R")
i=1
Al-11
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If the n springs are equally spaced, then

n n n
z sin@. = 2’ cos @, = 2 5in@. cosB, = 0
i i i
iz 1 i=1 i=1
and
n n
z sinze. = z cosze, = =
1 i 2
i=1 1=

= . n 2
M, = ZkZR 0%

=M, - %k, R®

y -2 By

M, = nkt R.2

The system spring rates therefore become

n
k = k == (k_+ k,)
1 3% FY 2 'r t

(4)

(5)

(6)




LU

The spring rates of the individual support straps, assuming they behave as

i A R —

fixed-pinned beams, are

E 3EIS
ko= =
] L7(1+ 'Ds)
3EIr
k_ =—4 (8)

8 3
L7(1+ Qr)

EA
ky* T
where
3!:'31r S
o =
5 LzAr.
(9)
3EIs
¢s = =z
L AsG

Assuming the effective length L = 7. 95 inches and the effective cross-section

of the support straps to be

4
.-—Tr— 0.128
1.00
= /S
S @— v
0.12!-1
8O 1 f

A_=A_=1.875x.125= 0.234 in®

T-75=(0.875x. 1252+ 1.00% x . 125)/(2A ) = 0.29 in

Al-13
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=,0218 in4

c=3 875 x . 125° + 1.000% x . 125) - A

1 =2x1%x.125%/2 - A T5- -4.887x 107> in*

3x 10 x.0218

7.95% x 0. .34 x 0,24 x 10

7

7.953 x 1. 0184

7
. -1—07’59;1—233 - 2.947 x 10° 1b/in

- 6x2x1278= 1.534 x 10% 1b/in

12 x 2. 947 x 10° = 3.537 x 10° 1b/in

k. = 6x2 947 x 10° x 11, 25% = 2.238 x 10® in-Ib/rad

My

12 x 1278 x 11, 252 - 1. 941 x 106 in-1b/rad

Primary Mirror Cover Weight and Inertia

mpt (a? . b?) = mx.1x.3125 (11, 252 - 4. 00%) = 10.

W2+ b?) - 1085 11,257 4 4,00%) = 774 1b-in?
Strap Natural Frequencies

K 4
_ 13 1.543 x 10
z f = 3,13 —X = 3, e R
F \/'W e g 0 - A8 R

Al-14
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\/ 3. 537x'10
= 3,13 = 3,13 “Jo0.8%5  ° 1790 Hz

| / i . [2.238 x 108
£ - = 3 13\ - 3.13 /25221 - 2380 He

7

M 1. 94)
3. 13 'IJ = 3. 13 ._,W— = 157 HZ
z

Strap Stress Levels

X lO6

A conservative estimate of stress levels in the straps can be obtained

by considering a cylinder with a flat head closure for which the free-body

diagram is shown below

o =5ps

% 1 8 [ W
[Ltitiy

£

a=11.25"

’/\——DV v‘—(\M

£=795

The load deflection relation for the flat head closure, per cases 1 and 12 in

Table X of R, J. Roark's Formulas for Stress and Strain, is

€ 3
3pa 12Ma
. e ':[‘p BT 3](1-V)

2Et Et

Al-15



3x5x11.25° x (1-0.3) 12 x 11.25 x (1-0. 3)M

2x10 x.312° 107 x .312°

=0.024612- 3,11149 x 10'4M

The load deflection relation for the n = 12 straps per linear inch of

circumference is

7.95 x 12M
3x 107x.0218x21rx 11, 25

= 2,06366 x 10'6M

Solving for M gives

0, 024612

T = 78,6 in-lb/in
+ 2.06366 x 10~

M_.

3.11149 x 10~ b

The end moment M, shear Vo and axial load P, on each strap becomes

_ 2raM _ 2w x 11.25 78.6 = 463 in-lb

s ng 12
M
s_ 463 _
Vr=T—7.95~ 58.2 1b
_2ma pa 27 J 2 _
Pz--n—s-. > --l-szxll.ZS = 3311b

The stress levels in the effective cross-section shown below can be analyzed

using the method of effective bending moments as outlined in F.R. Shanley's

Strength of Materials.

Al-16
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B e s = e e

k

0.125

i

> 3

Rl .
P o—o—o

j— 0.125

t1

T A = 0.234 N2
reog = 0.206 IN

1.00

|

<)

ky =k, = I__/I = -022417

=1, = 00218 N
lpg = -0.004887 IN*

1
k3 =1 - klkz = 0. 94975
M + k.M
* r 1 s _ 0, 22417 il e
Mr = k3 = =0.94975 94975 x 463 109 in-1b
M + k,M
* s 2°r 1 - .
M! = k3 =0 94975 x 463 487 in-1b
*
P Mr* M,
o, = + —=— 35, - r.
i A Ir i Is i
Pt; Ty 5 %
1 0.704 | -, 296 -15792
2 -0.296 | -.296 +9507
3 -0, 296 . 704 +4507

The minimum margin of safety in the 2024-T4 aluminum strap, per

MIL-HDBK-5B, is

Fy,(2024-T4)

MS = 1. 150

B T e e e

42000

“l= 1% 15792 !

Al-17
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Al.5.5 Support Strap Attach Bolts

The support strap attach bolt loads are

T
1

—_—P,
A

P M
Tz s_33l 463

Py *t125= 7 ti z5- 5361bs
v
__3_5_8'_&_

Vp= =355 29.11bs

The margin of safety in the 10-32 160 ksi UTS bolts, per MIL-HDBK-5B, is

P
MS = TEx(10-32 @160 ksi) -1 = e DR T
P8 1,5 x 538

Al-18
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Al.6 STRESS ANALYSIS OF SECONDARY MIRROR COVER
AND SUPPORT STRUTS (P/N 3432705)

A free body diagram for worst case loading of the secondary mirror

support struts is shown below.

SECONDARY MIRROR

Figure Al1.6.1 Free-body diagram for worst case loading of secondary
mirror support struts,

Al-19




E The rotation e, M of the outer ring due to moments Mo , Mo , and

M can be shown, usirllg Figure Al1.6.2, to be . =
3

0 =T Mo Ko (=0°) + M, Kg (6=120°) + M, K_ (¢=240°) 1)

: M Ro [
oo 1 2 3

[l

.25 M -,025 M -.025M
EoIo ( o1 oZ o3>

M. =M_ =M_ =M 2)
01 02 O3 o]
and
0, M-, M- M- M 3) :
] 2 3
SO
M R
o.M _ 9o
o —O.ZEI 4)
(¢ o]

The rotation 6, i of the outer ring due to shear forces P

o P, and P
] e °3
can be shown, using Figure Al.6. 3,to be
R 2
P _ o _n0 _ 1500 v o
% " = BT |Po, K¢ 4=0°)+ P, K (0=120°) + P, K_ ($-240°) 5)
1 o0 1 2 3
R,C
=g (o.o43p -.013P_ -0,013 P )
oo 4 °2 °3
Al-20
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P 3
. {
Ka
0.08
0.06
b
0.02 :
i .
-0.02
-0.04
. ~0.06
-0.08
P B e TR [N TS 0 [y 90 - PR S 0 Pt Y|
20°  4° 0° #0° 100° 120° 140° 160° 180° 200° 220° 240° 260° 2m0° 300° 320° 340°
Figure Al. 6.2, Load Deflection Relations for Moment Loading of Rings. :
1‘.’
L - Al1-21




e

Ka Ky

0.02 — 0.05

0.03
0.0 p—
] 0.02

0.0

~0.01
=0.02
=0.0) |—

-0.03

-0.04

-0.02 L- -0.05

| |
20° 40° 60° 80° 100° 120° 140° 160° 180° 200° 220° 240° 260° 200° 300° 320° 340°

Figure Al.6.3. Load Deflection Relations for Shear Loading of Rings.

‘
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Symmetry requires

P =P =P =P 6)
ol oZ o3 o
and
P P P P
e = ) = 9 = eo 7)
9 ) 3
so
2
P R
P 00
¢ = ,017 8)
o EQIo

Combining Equatfons 4 and 7 gives

2
M R P R
M P o o o_o
4 =6 + 6 =.2 +0.017 9)
o o Eolo EoIo

Since the same considerations apply to the inner ring we may write

M.R, PR’
9i=o.zifil+4L0171§37- 10)
11 11
For the inner ring, equilibrium requires
FM=0=R, Pi+P‘+Pi -M, -M, -M, 11)
! LB S U

Al-23
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This expression, in view of Equations 2 and 6, may be recast in the form

M.

BN 12)
1

For the struts, shear and moment equilibrium require, respectively,
E’V:O:P0+Pi-q(Ro-Ro) 13)

and

_ B . _a R
M-()-M0+M.1+Pi(R0 Ri) Z(Ro Ri) 14)

The Dummy Load Method can now be used to obtain the load deflection

relation for the struts, Consider the figure

Al-24




The Dummy Load method requires

RO-Ri
8 -0 - Mm 15)
o i EBIB
0
where
xZ
M(x)=- M_+ Pox-ﬂr 16)
Evaluation of this integral yields ®
P 2
D S - 3
% %S Eply [2 R, -Ry) -M, R, -R)-4d(R, -R) J 17)

Equations 9, 10, 12, 13, 14, and 17 may be recast in the matrix form

(] [x] = [B] 18)

where

|x'| = < tor 19)

Al-25




0 0 0 0. ZRO
0.2R, 0.017R.> -EI 0
i i ii
[a] =
0 1 0 0
1 (Rg - Ri) 0 1
0 0 -FBIB (Ry - Ri)
Solving for IX} gives
x| = {4 [=]

A GE 265 Time Sharing computer program has been developed to evaluate

the vectorIXI and compute stresses in the inner and outer rings.

Al-26
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P = - 5 -

The program listing is:

10 DIM a(6,6),B(K,1),CC(6,6),X(6,1)

15 MAT AzZER(6,6)

20 MAT 3=ZER(S,1)

25 MAT C="ER(S,6)

30 MAT X=ZER(G6,1)

35 READ R0,20,TO,R1,B1,T1,12,N

40 EO:=El:=EZ=10.5E€¢

45 10=BOxTOt3/]2

50 I1:=BIx=Tl¢3/12

55 L=RO-RI|

60 ACl,1)=AC4,2)=AC4,5)=A(5,1)=A(5,4)=]

65 A(5,2)=A(6,4) =],

70 ACl,2)==RI\AC2,4)= .2%xRO\A(C2,5)= .01 ™RO*2

75 A(Z,6)==EO0*IO\A(3,1)=.2%RI\AC3,2)=,0]1 ™*R| 2

80 A(3,3)=-EI*II\A(6,3)==-FE2%I2\A(6,5)==L12/2

85 A(6,6):==-A(6,3)

S0 MAT C=INVCA)

95 3(4,1):0%L\B(5,1)=B(4,1)*L/2\B(6,1)=<B(5,1)%L/3

100 MAT X=C*B

105 PRINT "STRESS ANALYSIS OF APT OPEN=PORT STRUTS™\PRINT

110 PRIMT "RI ="Rl,"BIl ="B1,"TI ="TI

115 PRI®T "RO ="RO,"BO ="B0,"TO ="TO

120 PRINT "12 ="12,"Q ="Q .

125 PRINT "Ml ="X(1,1),"PI 2"X(2,1),"Al ="X(3,1),"SI ="6xX(1,1)/B1/T1?2
130 PRINT "MO ="X(4,1),"PO ="X(5,1),"A0 ="X(6,1),"SO =" 6xX(4,1)/B0/T02
135 DATA 11.3,12.4,:156

140 DATA 3.9,7.4,.125

145 DATA .480,6!

150 END

Al-27




For the case when the inner ring properties are

R, = 3.9in - 18
i 4
b, = 7.4 in
3 ! 1
ti = 0,125 in | 3
byt;” 4
Ii = 13 ° 0.001204 in
E = lO7 psi

i

and the outer ring properties are

R, = 11.3 in
bo = 12.4 in
t, = 0.156 in
3

bt

oo . 4
Io = 13 0.003923 in .

_ 7 2

Eo = 10 psi

and the strut properties are

P/N 3432728

PIN 3433721
P/N 3432722 \ _/

0.082

| R

-
(]

—

=y
N—

Iy = Exl2>x2.2+2(1.2-0.062)% x 8.00 x 0,062 = 0. 480 in* ,

A 4

EB = 10" psi &
q = 5x12,2=261psi -

Al-28 z




the results become

STRESS ANALYSIS @F APT QPEN-PQRT STRUTS

RI = 3.9 BI = 7.4 TI = .125

RO = 11.3 BO = 12.4 TO = .156

12 = .48 Q = 61

M1 = 479.814 Pl = 123.029 Al = 3,21091E-02 SI
MO = 279.948 PO = 328.371 AO = 3,26645E-02 SO

Al-29
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in the inner and outer rings and the struts

The stress levels 'O’i, 0'0, and ¢

B
are
M,
0, = i - 3X479.81d _ 15449 psi
i pt?  7.4x0.125°
11
M
6l » it 3X 219,048 47y
bot,>  12.4x 0.156
M, c
~Mi°B . 479,814 x.6 .
I = IS * 0., 480 G0

The stress levels s in the 3432787 (3432790) angle brackets and the axial
load PB in the Monel rivets at spacing Sp securing the inner (outer) cylinders

to the strut are

A 2
2 2

q
’ »

—_ /2
T2
s *s b/2
ANGLE BRACKET @
B p—
srnur-"'"" .
SN _AM
. 3M.,
e b= 12 - 3x479.814Z = 12449 psi
B b.t 7.4 x 0,125
iB
Al-30




3M.s

T TG T T P, o —— s

b _ iB _ 3 x479.8!4x1,00 _
- Pp = B - Zx7.4x0.32 304, Hine
M

% o 02 3 x 279, 9482 - 2783 psi
E B bt 12.4 x 0. 156
i oB

o IMosp 3 4279.948 x 1.8

Py = =pp - = 160 1b
o 2 x12.4 x 0,38

The minimum margin of safety in the 6061 -T6 aluminum outer and
6061 -T6 aluminum inner cylinders, per MIL-HDBK-5B, is

F, (6061-T6)
MS = I, -1

42000 _
I.5 x 12449 <1 % flges

The minimum margin of safety in the 2024-T4 aluminum struts and angle
brackets, per MIL-HDBK-5B, is

Fty (2024-T4)

MS = . -1
1.15 x WB
42000 i
115 x 12445 - ! = *1.93
Al-31




The minimum margin of safety in the MS20427M4C Monel rivets, per
Northrup Structural Design Manual Section 201. 1, is

I:’ult

i
1.5 PB

-1

446 _
T5x309 - ! = =20:.02=0

A conservative estimate of the peak stress level in the 6061-T6 aluminum
3432709 secondary mirror cover cap shown below may be obtained by
treating it as a uniformly loaded circular plate with fixed edges (Case 6 in

Table X of R.J. Roark's _Formulas for Stress and Strain)

v

1

i ol

2 2
3p1§ . 3x5x 3.295 = 23400 psi
4t 4x .05

The margin of safety becomes

Ftu(6061-T6) :
1.5¢0¢ ¥

42000 Hre +0.20>0
1.5 x 23400 E




=— S S — A1 7T-STRESS-ANALYSIS OF LINER AND DOUBLERS

Al.7.1 Uniform Internal Pressure

For the uniform internal pressure condition (p(¢) = 5 psi) shown

below

t'. 0.1“"

NO. 10-32 SCREW
(TYPICAL)

.
Kﬂg‘ (TYPICAL)

the combined membrane and offset bending stress in the 0. 156" thick

S ==

6061 -T6 aluminum liner and doublers becomes
- pR 6pRt = PR
Al 'f%" =

7x5x11.25
0.156

i

= 2524 psi

Al-33
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The corresponding margin of safety, per MIL-HDBK-5B, is

e Fm(6061-T6) o 42000 N
- 1. 5¢ - T 1.5 x 2524 © bt}

The axial Pb and shear Vb bolt loads for s = 2" spacing are

_ 3pRts _ 3x5x11.25x0.156 x 2 _
B = e 2 x0.36 AT
Vb = pRs = 5x11.25x2 = 112.5 lbs

The margin of safety in the 10-32 160 ksi UTS bolts is high.

i Al.7.2 Asymmetric Internal Pressure

For the asymmetric internal pressure condition (p(¢) = 5¢cos ¢ psi)
shown below

Al-34
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The internal load distribution is

Q@) = 0

Mi(¢)
See Figure Al,7.1

N(¢) -pR cos ¢

The combined membrane and offset bending stress in the 0, 156" thick

6061 -Té6 aluminum line and doublers becomes

s - PR , 6pRt _ 7pR
t ¢2 t
7x5x11.25 _ :
0. 156 = 2524 psi

The corresponding margin of safety, per MIL-HDBK-5B, is

s o e T . W ARRRE i . g
l1.5¢ 1.5 x 2524

The axial Pb and shear Vb bolt loads for s = 2' spacing are
_ 3pRts _ 3x5x11,25x0,125 x2 _

Py = =5 ° Zx .36 533 1-Tps
Vb= pRs = 5x11.25x2 = 112.5 lbs

The margin of safety in the 10-32 160 ksi UTS bolts is high,

Al-35
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Figure Al.7.1. Internal Ring Load Distribution for p = P, cos 0.
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Al.7.3 Symmetric Internal Pressure

For the symmetric internal pressure condition (p(d) = 5|cos ¢|psi)
shown below

alé) = Q‘lCOIOI

€T

symmetry permits us to consider a quadrant for which the free-body is shown

below,

ate) = agicoss¥

L
=0

Al-37
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Equilibrium requires

fu
2

/

0

P g

q(0) sin @6 rde

I

2
/ sin B cos 6dg

Al-38




The moment at any point may be written as

Mle) = Mo+ Fr(l - cos 0)

2]
-f q cos ¢ rd ¢ sin ¢ r(cos ¢ - cos )
0

-j q cos ¢ rd ¢ cos ¢ r(sin @ - sin ¢)
0

6

= Mo + Fr(l - cos @) - qrzf (cos 0 cos ¢ sin ¢ - sin 6 COSZ $)dé
0
6
o 2 -
=M_+ Fr(l - cos 9)-qrz[‘i°_’;zeﬁ_q’_sine(§+sm ;os )]
0

2
M(0) = Mo+ Fr(l - cos 9) -qaz'(ﬁsinﬁ)

Symmetry requires rotation at 6 = 0 and % be zero so Castigliano's Theorems

can be used to determine the unknown Mo' thus

L
S

- M _(6)

U-Z Ei rd o




I

2

oU_ . 2 :

aMo z 0 = EI/ [M0+Fr(l - cos 0) -qoxz(esm 6)lde
o

Divide by r/EIl and integrate:

x
2

2
qr

[M09+ Fr(@ - sin @) - 22— (sin 0 - OCOSOJ

2

) =0.1366 q_r?

The maximum moment occurs at

2
9{1)\/[9(9 Fr sin 6 -3%-(9cose+sin9)

2 2
= 325_ sin 6-35_ (6cosB+s8inb)

= fcos

It follows therefore th.t the maximum moments occur at @ = 0, -g- where

ST 1 2
M(8= 0) = M_ =0.1366 q_r




vl i

ke

i el LRSS

=

e L MR

A . 2
M (o= z) = -.14878 q_r
q,r
F(6=10) = F°= -
L
2
F(O:%):/ q(8) cos @ rdo
o
T
2

n
£
(=]
e }
(2]
o
®
[y
-]
o
(o)

(T

el hoe
—(qorz+4sln26)
o

950

CNE]

The ¢ombined membrane and bending stress in the 0, 156" thick 6061-Té

aluminum liner and doublers becomes

_Iy_ 1 =x LR
max(¢- Z) = 4%t Skl WPT th
o JosB) -} 5x11.25 (14878 x 5x 11.25% x 6
max 2 4 0.156 0. 1562
= 23495 psi

Al-41
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The corresponding margin of safety, per MIL-HDBK-5B, is

Ftu(606l -T6) 42000
MS = T 50 -1 :—-—m2345-l = +0,19>0

The axial Pb and shear Vb bolt loads for s = 2'" spacing are

T
P, = 3M(0_ 2)5 o 3x0.l4878x5x11.25sz = 743 1b
- > = 2 x 0.38 B i

v, = F(e:-'zf)s - Fx5x11.25x2 = 88,4 lbs

The margin of safety in the 10-32 160 ksi UTS bolts, per MIL-HDBK-5B, is

pult (10-32 @ 160 ksi) \

1 2892
L

b T 1.5x

MS - +1.59>0

-1 =

Al-42
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Al.8 STRESS ANALYSIS OF LINER MOUNTING FLANGE AND ATTACH BOLTS

Al.8.1 Asymmetric Internal Pressure

The APT Open Port liner is secured to the APT Outer Elevation
gimbal by ny = 24 10-32 180 ksi UTS bolts on a ZRb = 28.375 inch bolt circle.

The worst case pressure loading condition that the attach bolts can
experience is that for the asymmetric pressure condition, p(@) = 5 cos @ psi,

acting along the entire liner length L = 27.1 inch. For this case the over-
turning moment is

2m
LZ
M = —Z-f q(6) cos6rde
o

2 2w
. L 2
= q.r 2/ cos 6de
o

2m

. qor7('g + i-sin' 20)

a,r L% = x5 x 11,25 x 27,12 = 64900 in-1b

i
(N1 E]
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The bolt load becomes

2M 2 x64900 o0 o

B w= = =
b anb 24 x 14,188

The margin of safety in the 10-32 180 ksi UTS bolts, per MIL-HDBK-5B, is

MS - Pult(10-32 @ 160 ksi) - 3253 - HI
- 1.5Pb " 1.5 x 381 r

The stress level in the mounting flange, assuming the effective width of the

flange fans out at 45° from the bolt head diameter Db = 0, 38", is

- |—t-0200

6P_e
5L B > = 6 x 38] x 0,313 s = 17860 psi
(2e + Db)t (2 x 0.313 + 0.38) x 0.200

The margin of safety in the 6061 -T6 aluminum liner flange, per MIL-HDBK-

5B, then becomes

MS = Py E001T6) o] = 32000 . _ $057>0
J 1.5¢ © 1.5x17860 " ~
Al-44
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Al.8.2 -65°F Cold Soak Condition

For the -65°F cold soak condition, the free radial displacement of
the liner mounting flange is restrained by the outer elevation gimbal, The
free thermal contractions of the aluminum liner 6;’ and the glass-epoxy skin

of the outer elevation gimbal 62 are

-6 n
6‘; = -, R AT = -13x 107" x 14, 188 x (-65 - 70) = 0. 02490 in,
(1)
-6
6‘; = -o LR AT = -5.5 x 107" x 14,188 x (-65 - 70) = 0, 01053 in,

Consider the figure

g:..:ﬁ EPOXY _"'..-l l‘__"_'
. Vg v, 4— . r
L 3 [

ALUMINUM
FRAME

GIMBAL LINER FREE-BODY

GIMBAL SHELL FREE-80DY

Compatibility requires

82+ 5, = 62 - 8 (2)
Equilibrium requires
Ver Vl =V, (3)
Al-45

N
2
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L
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- o - v — = = = v - e b . Fromm—

The load deflection relations for both shell and liner may be expressed in

the form &

6 =aV, (4) I
6y = 3V, (5)
Solving for Vy liner gives
89 - 63
Vy, = ;F—a—s (6)

The shell flexibility a_, per Table 2, 33-2 of E, H, Baker's Shell Analysis
4 Manual (NASA CR-912) is

R
a = }:{: sin ¢ _(2k sin é_ - p cos ¢_) (7)
where
5 1/4 .
2 Rs
k= 13(1-p )?-
8

p = Poisson's Ratio

Al-46
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Lk e e,

'}

Vb.‘_

:

o1+ '

b
_-
M‘:h

Py — Y,

Liner Flange/Cylinder Free-Body

Compatibility requires

6,.=8_ (8)
6, = &) - 0.l (9)
6, = 6p - 0.(0, + L) (10)

Equilibrium requires that the flange rolling moment M p and shear L be

M_ =Vl +V I -M (11)

-V (12)




The load-deflection relations for the flange are

The load deflection relations for the cylinder, per Cases 10 and 11

in Table XIII of R. J. Roark's Formulas for Stress and Strain, are

where
2'|1/4

3(1 -

A
Ret

ccC o

e

D=

12(1 - )

Equations 8 - 16 may be expressed in matrix form as

[AKx} = {BL
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Solving for {X} gives

{x} = [a]"1{B}

B The listing of the GE265 Time-Sharing Computer program developed to

evaluate the vector {X} is

; HBLMAN 8:33 THURS. 06/06/74

5 DIM A(9,9),K(9,9),B(9,1),X(9,1)

10 PRINT "STRESS ANALYS1S OF THE APT SPEN PSRT LINER/FLANGE"
15 PRINT "FSR THE COLD SSAK CONDITISN"
20 READ RI,El,Al,I1,L1,R2,E2,T2,L2,TO
25 PRINT

30 PRINT "Rl ="R1,"El ="El,"Al ="Al,"I1 ="11,"Ll ="LI
35 PRINT "R2 ="R2,"E2 ="E2,"T2 ="T2,"L2 ="L2,"TO ="T0
40 PRINT

45 D=E2xT2t3/12/(1=.312)

50 L=(3%(1=,312)/R2t2/T212)t(]/4)

55 MAT A=ZER(9,9)

60 MAT K=ZER(9,9)

65 MAT X=ZER(9,1)

70 MAT B=ZER(S, 1)

7 All,l1)=-1

80 AC1,4)=RI112/E1 /Al

85 A(2,2)=-]

90 A(2,3)=RI112/EL/11

95 A(3,5)=-]

100 AC3,7)=1/2/D/L*2

105 A(3,8)=1/2/B/L*3

110 AC4,6)=-1

115 ACA,T)=1/D/L

120 ACA,8)=1/2/D/L12

125 A(5,2)=1

130 A(5,6)=~1

135 A(6,1)=1

140 A(6,2)=L1

145 A(7,2)=LI1+L2

1350 AC7,5)=1

155 A(g,3)=1

160 A(8,7)=1

165 A(8,8)=-L2

170 A(8,9)=-L1

175 A(9,4)=1

180 A(9,8):=1

185 A(9,9)=+]

190 B(6,1)=TO

19% B(7,1)=TO

A1-50

il ang

AT
k4




i o e S0

T S e S T R A TS s

200 MAT X=INVCA)

205 MAT X=X#B

210 PRINT "FLANGE:" "T| 2"XC1,1),"R1

215 PRINT "LINER:","T2 2X(5,1),"R2 =
220 PRINT "BSOLT SHEAR:™,"VO ="X(9,1)

225 DATA 12.2,1E7,3.1118,13.1518,1.64
230 END

The flange section properties are

="X(2,1),°Ml ="X(3,1),"V1 =~
X6 1)," R =°XCT,1),"V2 ==x

»11.25,1E7,.125,4.9,1

Al-51
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CRSEC* 13:02 TUES: 06/04/74
CR@SS-SECTIZNAL PRZPERTIES PROGRAM
SECTI@ZN 1
ENVELQPE
VERTEX X COQRD Y CA@PRD.
1 2.35 0
2 2.35 1.9
3 = 25 lc 9
4 -.25 -4.8
5 0 1.4
6 0 1.4
7 2.163 0
8 2.163
AREA= 31118
IX[ CG] = 13.1518
IY{CG]= 2.53397
IXY[CG] = 3.16884
PHI= -15.4163
IMAX[ CG] = 14,0256
IMIN[ CG] = 1.66016
RH@P[ MAX]= 2.12303
RH@[ MIN] = ., 730413
X-BAR= .566232
Y-BAR= -9, 85732E-02
IXX= 13.182
IYY= 3.53167
Subbing values
Rb = 14, 188 in,
Ry = 27,80 in,
E_ = 2.5x 10° psi
g - ¢2x10 psi
tg = 0.400 in,
R
_ PO < o
‘bs = 180 - arcsin R - 149.3

Al-52




R = 12.2 in.

E_ = 107 psi
A_=3,1118 in.

| -13.1518 in. 4
. = 1. 64 in.

R = 11.25 in.

E_= 107 psi

t = 0,125 in,

c
lc=4.9’m.
6€=l

gives for the gimbal shell

. . > 1/4 H
.' k= |3(1 - 0.3%) 5—"—%—] - 10.716
| 0.4

K = 21.8 sin 149, 3°(2 x 10. 716 sin 149, 3° - 0.3 cos 149, 3°)

Z.Sx.IO x 0,4

1.58849 x 10™° psi

Al1-53
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and for the liner gives

HOLMAN 8:36 THURS. 06/06/74

STRESS ANALYSIS QF THE APT QPEN PQRT LINER/FLANGE
FQR THE COLD SQAK CONDITIQN

R1 = 12,2 El = 10000000 Al =3,1118 Il =13,1518
Ll = 1,64

R2 = 11.25 E2 = 10000000 T2 = .125 L2=4.,9

TO = 1

FLANGE: Tl = .647963 R1 = ,214656 M1 = 189675 V' = 135470,
LINER: T2 =-,403853 R2 = ,214656 M2 = 2529.7 V2 =-4581.95

BQLT SHEAR: VO = 130888,

e " I, - b .
kl—V(-) = {308 = 7. 64013 x 10 ~ psi

The shear Vb then becomes

. 0. 0249 - .0, 01053 — = 611 1b/in,

b 2 64013 x 107+ 1.26174 x 10

The shell loads at ¢ = ¢s’ per Table 2, 33-2 of E. H. Baker's Shell Analysis
Manual (NASA CR-912) are

~k(¢,-9)
Q¢(¢s) = Vb - V2 sin ¢s e * cos[k(c|>s -¢)+ %]I .
- b=d,
= -V, sin ¢ = -312 Ib/in.
Ny(d,) = -4(¢) coté |¢=¢

Vv, sin ¢  cot ¢ = -525 1b/in,

Al-54
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Ne(cbs) = Zka sin ¢s e cos k(cbs - o)
$=¢
= 2V k sin ¢ = 6679 1b/in,
Ry . k(g -4
M¢(¢os)= Vy T sin ¢s e sin k(¢s -¢’)|¢=¢
s
=0
VbRs . 'k(¢s'¢) ] m
VbR
= - ZRZS sin ¢ _ cot ég = 63. 6 in-1b/in.

The corresponding stresses become

Ny 6Mg 525

0’¢=—t';+-;2'= E—4':l310p81
S

No, M 6679, 6x63.6_

2] ,
¢, = — + 2 = 19080 psi
¢ tg & 0.4 0. 42

S
Q312 :
T¢ = % -6._' = 780 psi

The equivalent uniaxial stress for this combined stress condition per the von

Mises Criterion is

2 2 2
(0, = 0,) + (o, = 0,) + (¢ -0,)
Il o L 2 3 . 20160 psi

A1-55
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where

\[2
7 2 .
=N +T¢ = 1019 psi

1674 psi

+
-
11

-364 psi

]

J. = U'P = 19080

The minimum margin of safety for the glass epoxy gimbal shell, per HP16-107,
Grade B, using MIL-C-9084, Type VIII, glass cloth, is

P 0,67 x 48000 , _+0.6>0
MS =1 5,5 -1 =1 5x20160 "'~

The shear load on each of the 24 attach volts on the 28.375 inch B.C. is

v T 428375V = 3.71441 x 611 = 2268 lbs,
b 24 b

The margin of safety in these 10-32 180 ksi UTS attach bolts, per MIL-HDBK-
5B, is

W
MS = — 9 (1032 @ 180 ksi) - 1= pooigrn- 1100820
1 5Vi§; -
The shear-out stress in the 0. 200 in. thick liner flange is
v
b
2268 - 17860 psi

b (Ze-d)ts= (2x 0.412 -0.19) x 200

The margin of safety in the 6061-T6 aluminum flange, per MIL-HDBK-5B, is




i AR STOAT  ERHITS PRIN

v CogeRel-TR) popgg . s.g.BL- D
1.57 * T.5x17860 ~ '°

i gLl b e R L - B I e 4

ST Tt

=l

The combined axial stress in the liner flange due to the hoop tension force

A ARSI R R

P = V_R_ and flange rolling moment M, = M R :
z rr x r e

v
» 1 K 135470 U
P.=V, (—vo) R, = 611(130888)::12.2 = 7710 lbs

Mz = Vb(—va) R+ 611(130888)3:12.2 = 10795 in-lbs

is

CRSEC* 8:40 THURS, 06/06/74
CR(@SS-SECTIQNAL PRQPERTIES PRGGRAM

SECTION 1

ENVELOPE
VERTEX X COORD. Y COORD.

2.35
2.35

-.25 .

-, 25 =
0 3
0
2.163
2.163

[« JES W T B SO
O == b D = O
W W 00 00 \C O

e
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s L - S abmotern, A Frombear, o e e R e NS R = AR s OIS Rl AN 0 TR S et i R SR e SRR

shile e
ke

AREA= 3,1118
IX[CG]= 13.1518
IY[CG] =  2.53397
IXY[ CG] = 3.16884
PHI= -15.4163
IMAX[ CG] = 14.0256
IMIN[ CG] = 1.66016
RHO[ MAX]= 2.12303
RHO[ MIN] = ., 730413

RO o L e S

R

X-BAR= .566232
Y-BAR= -9,85732E-02
IXX= 13.182

1YY= 3. 53167

LOAD CASE 1 MX= 10795 MY= © Fz= 7710

COMP@NENT N@DE X COPRD. Y COORD. C@MBINED STE
1 1 -.25 1.9 -1069. 33
1 2 2.35 1.9 2750, 34
1 3 2.35 0 4982. 4
1 4 2.163 0 4707, 68
1 5 2,163 1.4 3063.
1 6 0 1.4 -114. 665 )
1 7 0 -4.8 7168. 91
1 8 ~s 26 -4.8 6801, 63

The margin of safety in the 6061-T6 aluminum flange, per MIL-HDBK-5B, is

Fm(6061-T6)_1_ 42000 H
.50, = T.5x 7169 ~

M=

The liner cylinder loads M, and vV are

M2 ) 2530 \ . .
4 vb (—v—a)- 611 x (130888) = 11, 80 in-1b/in.

M

B v2 )\ _ -4582 ) _ Y
V.= v‘D (vo) = 611 x (130888) = -21. 38 1b/in.
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The liner cylinder stresses at x = 0, per Cases 10 and 11 in Table XIII of

R. J. Roark's Formulas for Stress and Strain, are

R%t% 11, 25% x 0, 125°
cC

31 - pl L 3(1 = 0.3%) oo
A = [—LLP—J] - L -"1. 08395

;

6M

o= Zc £ 6xll.gO = 4531 psi
" t 0. 125
¢
2R A
S = (Vo t MY+ ke,
. &x “-0251;‘51- 08395 (.21.38 + 1.08395 x 11.80) + 0.3 x 4531
= =317 psi
v
_ _c _ =21.38 _ .
x* f T 0.1z - lTipst

The equivalent uniaxial stress for this combined stress condition per the Von

Mises Criterion is

x \/“'1 -0t 4 oy - et (0 - oy
ok = = —

2

Al1-59

= 4707 psi




The minimum margin of safety in the 2024-T4 aluminum liner cylinder, per
MIL-HDBK-5B, is

F
_Fyy 4y 1w 42000 _HI
MS = 77555 (2024-T4) - 1 = === -1
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APPENDIX 2

APT OPEN PORT LINER — STATIC AND DYNAMIC
STARDYNE STRUCTURAL ANALYSIS

‘This section is # condensed version of:

IDC 271222/563, dated 5 April 1974
IDC 271222/577, dated 1 May 1974

A2.1 INTRODUCTION

This report documents the static and dynamic STARDYNE structural
analyses performed to demonstrate structural adequacy of the following
components of the APT Open Port Modification: the aerodynamic fence, the
primary mirror cover and its support straps, the secondary mirror cover

and its support struts, and the liner shell and its mounting flange.

A2.2 ENVIRONMENTAL DESIGN CRITERIA

All components ot the AR T Open Port Modification have been designed
to satisfactorily withstand the static loading conditions presented in
Table A2.2.1 and the unsteady pressure power spectral density plot shown
in Figure A2.2. 4.

The three 8g acceleration load cases are those for the crash landing
condition in each of three mutually perpendicular directions.

The four pressure load cases represent hypothetical worst case
pressure distributions. The magnitude of the peak pressure, 5 psi, is two
times the stagnation pressure differential existing on the nose of an object
in a Mach 0. 50 sea level air stream. This stagnation pressure is consistent
with the steady pressures measured in 0. 3-scale Open Port ALL Turret
Wind Tunnel test results for a forward looking port. (HAC IDC 271222/527,
dated 6 February 1974).

The -65°F cold soak case represents the worst case temperature
differential condiiion, relative to a +70°F installation temperature, that can
be approached by the liner in flight. This is substantiated by Figures A2.2.2
and A2.2.3 taken from the APT Open Port thermal analysis (HAC IDC

A2-1
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277740.1/292, dated 27 March 1974), which show that the liner cylinder and
the secondary mirror cover cool uniformly and rapidly reach their steady
state values for the Open Port Condition.

The unsteady pressure data is presented in Figure A2.2.4 as a power
spectral density versus frequency plot for the maximum rms pressure con-
dition found in the 0.3-scale Open Port ALL Turret Wind Tunnel test results
for Open Port Configuration 11 at sea level at Mach 0. 75 (HAC IDC 271222/
527, dated 6 February 1974). ThLis worst case condition envelopes all test
data. It occurs onthe primary mirror when the APT orientation is at 0°
elevation and 45° azimuth., This data can be scaled to sea level operation at

Mach 0. 50 using the following conversions:

PSD

[\}]
]
—
t“INt"
f-.v
——
—
2l
"
e,
wn
_U

1 0.29630 PSDl

it
—
o
]
—
\I_/
w
i)
0
o
1

"

| ENTAAY
£ 2 szll

; 1.0x(9i-)fl = 1.5¢

w

0.5

All loading conditions are considered to be limit loading conditions.
Maximum working stresses and loads must not, therefore, exceed 2/3
(1/1.15) of their minimum guaranteed ultimate (yield) values as published
in MIL-HDBK-5B.
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TABLE A2.2.1. ENVIRONMENTAL DESIGN CRITERIA

Load Condition

Al - A3
Pl

P2

P3
P4

T}

Load Condition Description

8G crash landing load in any direction
5 psi proof pressure

P,(6) = 5 psi uniform radial pressure acting on the linear
shell combined with a P, = 5 psi normal pressure on the
primary mirror cover and a Pg = 5 psi normal pressure
acting on one side of each of the secondary mirror sup-
port struts, See Figure A2.2.1.

Same as load condition P2 except Pr(e) 5 cos @ psi

Same as load condition P2 except P,(6) 5|cose| psi

Cold soak at -65°F

Figure A2.2.1. Definition of pressure distributions.
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TEMPERATURE OF SECONMDARY MIRROR COVER, °F

TEMPERATURE OF LINER CYLINDER, *F
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=4l
=40
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HIGH FILM COEFFICIENT

HIGH FILM COEFFICIENT ~Toyar = 40°F

0 1 2

Figure A2,2.2,
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Temperature of cylindrical liner.
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Figure A2, 2. 3.
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Figure A2.2.4. Full scale APT primary mirror unsteady pressure
power spectral density for sea-level flight at Mach 0. 75,
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A2.3 METHOD OF ANALYSIS

MRI's STARDYNE Structural Analysis System, available on CDC's
6600 CYBERNET System, was used to analyze a combined model consisting

of the aerodynamic fence, the primary mirror cover and its support straps,

the secondary mirror cover and its support struis, and the liner shell and
its mounting flange, for the loading conditions cited in Section A2.2. STAR-
DYNE is a batch processing computer program that employs the finite ele-
ment method whereir the three-dimensional continuous structure is repre-
sented mathematically by a system of finite elements interconnected at a
finite number of nodal points where loads are applied and displacements are
calculated. The finite element library includes beams, plates, cubes, tetra-
hedrons, rigid links, springs, and direct stiffness additions. The program
uses the direct stiffness method to synthesize the elemental and system
stiffness matrices and the normal mode method to determine dynamic

responses for transient, sinusoidal, random, and acoustic excitation.
A2.4 SUMMARY OF RESULTS

A2.4.1 Static Analysis

Peak nodal deflections and elemental stresses are summarized in
Table A2.4.1 for the three 8g acceleration (Al - A3), the four 5 psi pressure
(P1 - P4), and the -65°F cold soak temperature (T1) load cases, Since these
peak deflections and stresses do not exceed their allowable values, the aero-
dynamic fence, the liner shell and its mounting flange, the secondary mirror
cover and its support struts, and the primary mirror cover and its support
straps are considered structurally adequate.

The extremely high stresses predicted for the -65°F cold soak condi-
tion are due to the fact that the perimeter nodes of the mounting flange,
nodes N136 through N147, were restrained against translation along the
three global axes to conservatively simulate the flexibility of the liner to

outer elevation gimbal interface. This is equivalent to applying radial forces

A2-6
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to nodes N136 - N147 of sufficient magnitude to move these nodes outward

radially a distance 6b:

6b = aALRbAT = 13 x 10-6x 14,188 x 135 = 0.0249 in.

where N is the coefficient of thermal expansion for the aluminum liner,
Rb is the flange bolt circle radius, and AT is the temperature differential.
In reality, the distance 6b will be less than:

=its .
6b = (arAL - QFE)RbAT = (13 -5.5x10 " x 14.88 x 135 = 0.0144 in.

where g is the coefficient of thermal expansion for the glass epoxy shell
of the outer elevation gimbal. The actual stress levels will therefore be less

than 58 percent of the predicted stress levels cited in Table A2.4. 1.

A2.4.2 Dynamic Analysis

The results of the Householder - QR eigenvalue extraction are pre-
sented in Table A2.4.2, Computer plots of the three orthogonal projections
of the mode shapes described in this table are given in Figures A2.4,1
through A2,4.30, These results indicate that the in-plane rotation and trans-
lation modes of the primary mirror occur at 82 Hz and 95 Hz, respectively,
while its out-of-plane translation mode occurs at 224 Hz., The results also
indicate that the first four symmetric breathing modes of the liner cylinder
occur at 291 Hz, 317 Hz, 365 Hz, and 455 Hz, respectively, while its first
two asymmetric brzathing modes occur at 318 Hz and 365 Hz.

The results of the random response analysis, also summarized in
Tahle A2.4.], indicate the three-sigma responses and stresses are small
compared to those for the static loading conditions, These results were
obtained using the 10 modes described above, assuming 5 percent viscous
modal damping, suppressing response cross-covarianres, and assuming
that the random pressure power spectral density used in this analysis (the
PSD shown in Figure A2,2,4 for Mach 0,5 flight at sea-level) is spatially

correlated,

A2-7




“61°1 + YiBuaays plath 30 g1 + syIduaals jwwNn PaduwIEnd UMWTENG Y3 JO IISWI] 3 €T yiuazis aqEAOTI® YL

. . ., . -, ~< ’.Hl .‘- a
8% 95 °0 1% €9 154 6°81 1% 6°81 sy 6°81 | - 19801 1811 .y 560 = 1% G-9f | X2TY3 sayduy mMmmw Eu:ua.mh._-ﬁnm
i . X i h IV 9L-1
Y 970 .2y 1% 6°11 1wy 6 11 w61 | - (LI ] IR A 1% 09°0 e sy 82 | w21ys sayomy .2”@” auzapg Azwmrag
. . ! . ] 1V $1-920 sinais 1a0ddn:
Y 910 . peLy LLE TN 6 161 6°7 LRI S ) 60°0 1% 60°0 154 90°0 3 15y 6°9¢ | oMy sayour now.u 29Au) IWIITN Nalouum
. i . . . 1V 91-1909
184 0f "0 183 0°97 18 g6 .y ECTL 1. 2% & Y p10 1.y 910 1y 120 5 1wy gz | aorys sayout g21 g | 29AuD susaN Azepuudsg
X : i . . IV 91-1909
% 62 °0 1% $°9 1.4 0°y 8% g5 18 §°2 S LIRS 8] 134 510 .Y E1°0 2 my gz | oy sayour 7710 #1289nD) afuw(y z2ur]
. .. - - - ~< o.ﬁl—go
154 20°0 LLE NN 14 189 GE 0 1% L0 1y 22°0 - .4 20°0 1% 20°0 153 100 o 1wy g7 | AOTYI SAYIUL 00§ "0 shuvr g zaury
UL £700°0 | "W 9650°0 | "Y1 0L10°0 "L OZZ'O | "Wl 96200 °0 - | *ut 95000°0 {4t @5000°0 | U! Z€000°0 | “
i 4 ] ) t t 00 °0 | "ut 5290 °0 1V $1-9202
1% $2°0 1. £°97 .y 76 1% 501 IR I3 14 12°0 Y2170 18 070 & % 6°9f | wdo1y saydur 621 0 aapunh) Jaury
. " . . . 7 9L-1909
LER Al 18y €92 Y 88 1% 8°8 LR = 170 .y 2100 %% 02 °0 2 Wy gz fA .h._!: Sw.o 3dusjosay
unw--u.w..: m— 1L vd (¥ 2d 14 137 v v wondayaq | ssang [ReN wavodwu)
7 5 ’ alqemullV | ajqemonIy
hEmuoh 218821 APSIISISS S uoneIAIIIY DF
o

SUO1IIIYJI(] PUT SITEIIIS NI

VIANIT 1304
ANV JOILVIS INAQYVLS FHI 40 S1TASTY 4O XIVININAS

NAJO 1dV IHI JO SISATVNV DINVNAJ

*1°¥ 2V dTdVL

A2-8

AN




T

apow Suryjeaaq dtrajpurwrAs Japurdd> 13Ul yianog GS¥ o1 \
spow Sumyjeazq dtrjawrwrks zaputfdd Idur PIWYL G9¢ 6
apow Suryjeaaq drijowrwrise Japulfdd U PUOIIS 69¢ 8
apow Suryieasq dtIjPdwIwLse IIPUITAD JaUIf ISILT 81¢ L -
apow 3uwyieaaq dtIjdwrurLs I9pUTITAD JIUI] PUODIS L1E 9 \
o
apow Suwyiedaq drrjduruis 1apur(Ao Jaury Isarg 162 S M.
19A02 J0oastw Aseunad jo uorjejsuely (1X) suerd-jo-inQO $22 ¥
19402 Joxxtwu Axewtad jo uonersueay (ZX) reiuoziioy auerd-ur G6 € b
13205 zoastwx Axewrtad jo uorje(suely (gX) [ed13a9a aduerd-ur 66 2
13A00 Joggtwr Axewrad jo uonejoa (yX) auerd-ul 28 ¢
uonydradsag adeysS apoiN ZH JIaqumN
KAousanboaa g spoN | &

SAIDNANDIYA ANV SHAONW YANIT LI0d NIJO L4V

—
e

e L e e e ™

T T g o e MLy TPV W BT TUNe

*2°y eV A1dVyL



QAPT - OPEN PORT - PLOTS OF HDOE SHAPES

O1SPLRCENENT CRSE )

MR]/STARDYNE FINITE ELEMENT NODEL PROJECTION DN X2-X3 PLANE CRSE NO. 2

Figure A2.4.1. Computer plot of mode shape number 1 for
STARDYNE analysis of APT open port liner.
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APT - OPEN PORT - PLOTS OF MDOE SHAPES
OISPLACENENT CASE )

NN

N A
U

L 2

MR1/STAROYNE FINITE ELEMENT NMOOEL PROJECTION ON X3-X] PLANE CRSE NO. 2

X3

Figure A2.4.2. Computer plot of mode shape number 1 for
STARDYNE analysis of APT open port liner.
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3 APT - OPEN PORT - PLOTS OF MODE SHAPES
DISPLRCENENT CASE 1

e P Y

N e e P ] —'

NXDX X
4 XK X

<"\

MRI/STARDYNE FINITE ELEMENT MOOEL PROJECTION ON X3-X2 PLANE CRSE NO. 2

/ 3 _‘J‘
Figure A2.4.3. Computer plot of mode shape number 1 for | 3
STARDYNE analysis of APT open port liner, I !
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APT - OPEN PORT - PLOTS OF MDDE SHAPES

OISPLACEMENT CASE 2

MR]/STARDYNE FINJTE ELEMENT MODEL PROJECTION ON X2-X3 PLANE CRSE NO. 2

Figure A2.4.4. Computer plot of mode shape number 2 for
STARDYNE analysis of APT open port liner.
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APY - OPtN PORT - PLOTS OF MOOE SHAPES
OISPLRCEMENT CASE 2

MR]/STAROYNE FINITE ELEMENT MOOEL PROJECTION ON X3-X] PLANE CRSE NO.

X3

Figure A2.4.5. Computer plot of mode shape number 2 for
STARDYNE analysis of APT open port liner.
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RPT - DPEN PORT - PLOTS OF MODE SHAPES

DISPLACENENT CASE 2
X2
t

]9
1 1

L L

i
ir

MR1/STARDYNE FINITE ELEMENT MOOEL PROJECTION ON X1-X2 PLANE CRSE NO. 2

Figure A2.4.6. Computer plot of mode shape number 2 for
STARDYNE analysis of APT open port liner.
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RPT - DPEN PORT - PLOTS OF MOOE SHAPES

DISPLACEMENT CRSE 3

MR1/STARDYNE FINITE ELEMENT MOOEL PROJECTION ON X2-X3 PLANE CRSE NO. 2

Figure A2.4.7. Computer plot of mode shape number 3 for
STARDYNE analysis of APT open port liner.
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APT - OPEN PODRT - PLOTS OF MODE SHAPES
OISPLACEMENT CARSE 3

N N
Ntﬁ?&\ SRNP

h-..

\ VNS
WIS
V' AN\

MR]/STAROYNE FIN)TE ELEMENT MODEL PROJECTION ON x3-X] PLAKE CRSE NO.

X3

Figure A2.4.8. Computer plot of mode shape number 3 for

STARDYNE analysis of APT open port liner.
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APYT - OPEN PORT - PLOTS OF MODE SMRPES

OJSPLACEMENTY CRSE 3

HR]/STAROYNE FINITE ELEMENT MODEL PROJECTION ON X)-X2 PLANE CRSE NO. 2

Figure A2.4.9. Computer plot of mode shape number 3 for -
STARDYNE analysis of APT open port liner, [
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APT - OPEN PORT - PLDTS OF MODE SHAPES
OISPLRCENENT CASE 4

MR]/STRROYNE FINITE ELEMENT MOOEL PROJECTION ON X2-X3 PLANE CRSE WO. 2

Figure A2.4.10. Computer plot of mode shape number 4 for
STARDYNE analysis of APT open port liner.
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APT - OPEN PORT - PLOTS OF MODE SHRPES
DISPLACEMENT CASE 4

NSRNRTRNT
NN WA ,
INPASNNG

X3

L l-—ﬂ--ul-.\

HR1/STRROVNE FINITE ELEMENT MODEL PROJECTION ON X3-X1 PLANE CRSE NO. 2

Figure A2.4.11. Computer plot of mode shape number 4 for
STARDYNE analysis of APT open port liner,
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APY - OPEN PORT - PLOTS OF MDDE SHAPES

OISPLACENENT CRSE 4

X2
1

.|_ 3

X]

A‘:ig

]
L1

NXX

O<IX

e —_——|m" _— T
| —— m—  —

N

.l A\

Y

=

N\

|

A

N

MRI/STARDYNE FINITE ELEMENT NMODEL PROJECTION ON X1-X2 PLANE CRSE NO.

X
X
Y

X

Figu.2 A2.4.12., Computer plot of mode shape number 4 for
STARDYNE analysis of APT open port liner.
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APT - DPEN PORT - PLOTS OF MODE SHAPES

DISPLACEMENT CRSE &

PR]1/STARDYNE FINITE ELEMENT MODEL PROJECTION ON X2-X3 PLANE CRSE NO. 2

‘

Figure A2.4.13. Computer plot of mode shape number 5 for
STARDYNE analysis of APT open port liner.
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APY - OPEN PORY - PLOTS OF MOOE SHRPES
OJSPLRCENENY CRSE S

K BN
m!‘ ,:gm T

ZENN N
g"* TR 1

Jﬂ-i‘

MR]/STAROYNE FINITE ELEMENT MOOEL PROJECTION ON X3-X] PLANE CARSE NO. 2

X3

Figure A2.4.14. Computer plot of mode shape number 5 for
STARDYNE analysis of APT open port liner,
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APT - OPEN PORY - PLOYS OF MOOE SHAPES
DISPLACENENY CASE S

W

=
N

AU\

i ) T ——

AT\

‘

MR)/STARDYNE FINITE ELEMENT MODEL PROJECTION ON X)-X2 PLRNE CRSE NO. 2

Figure A2.4.15. Computer plot of mode shape number 5 for
STARDYNE analysis of APT open port liner.
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APT - OPEN PORT - PLOTS OF MOOE SHAPES

DISPLACEMENT CRSE 6
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Figure A2.4.16. Computer plot of mode shape number 6 for
STARDYNE analysis of APT open port liner.
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Figure A2.4.17. Computer plot of mode shape number 6 for
STARDYNE analysis of APT open port liner.
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Figure A2.4.18. Computer plot of mode shape number 6 for
STARDYNE analysis of APT open port liner,
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RPT - OPEN PORT - PLOTS OF MODE SHAPES

DISPLACERENT CASE 7

MR]/STARDYNE FINITE ELEMENT MODEL PROJECTION ON X2-X3 PLANE CRSE NO. 2

Figure A2.4.19. Computer plot of mode shape number 7 for .
STARDYNE analysis of APT open port liner,
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Figure A2.4.20. Computer plot of mode shape number 7 for
STARDYNE analysis of APT open port liner,.
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Figure A2.4.21. Computer plot of mode shape number 7 for
STARDYNE analysis of APT open port liner.

A2-30




APT - OPEN PORT - PLOTS OF MODE SHAPES
DISPLACENENT CRSE O

MR} /STRAROYNE FINITE ELEMENT MODEL PROJECTION ON X2-X3 PLANE CRSE NO. 2

Figure A2.4.22. Computer plot of mode shape number 8 for
STARDYNE analysis of APT open port liner.
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Figure A2,4.23. Computer plot of mode shape number 8 for
STARDYNE analysis of APT open port liner.
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APT - OPEN PORT - PLOTS OF MODE SHRPES
OISPLRCEMENT CRSE 8
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Figure A2.4.24. Computer plot of mode shape number 8 for
STARDYNE analysis of APT open port liner.
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APT - OPEN PORT - PLOTS QF MODE SHAPES
DISPLACENENT CRSE 9

HR1/STARDYNE FINITE ELEMENT MODEL PROJECTION ON X2-X3 PLANE CRSE NO. 2

Figure A2.4.25. Computer plot of mode shape number 9 for
STARDYNE analysis of APT open port liner.
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Figure A2.4.26. Computer plot of mode shape number 9 for
STARDYNE analysis of APT open port liner,
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Figure A2.4.27. Computer plot of mode shape number 9 for
STARDYNE analysis of APT open port liner.
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0)SPLACEMENT CRSE 1D

MR]/STAROYNE FINITE ELEMENT MOOEL PROJECTION ON x2-X3 PLANE CRSE NO. 2

Figure A2.4.28. Computer plot of mode shape number 10 for F
STARDYNE analysis of APT open port liner. 3
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Figure A2.4.29. Computer plot of mode shape number 10 for
STARDYNE analysis of APT open port liner.
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Figure A2.4.30. Computer plot of mode shape number 10 for
STARDYNE analysis of APT open port liner.
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A2.5 MATHEMATICAL MODELS

The finite element, lumped mass, mathematical model for both the
static and dynamic STARDYNE analysis of the APT Open Port Liner consists
of 202 nodes, 108 beams, 320 triangular plates, and 45 quadrilateral plates.
Computer plots of three orthogonal and three rotated views of this model are
shown in Figures A2.5.1 through A2.5.6.

Mathematical models of the major components of the liner, namely,
the aerodynamic fence and liner cylinder, the liner flange, the secondary

mirror cover, the secondary mirror cover support struts, and the primary

mirror cover and its support straps, are shown in Figures A2.5.7 through
A2.5.11, respectively. The schedule of associated beam and plate elements
is presented in Table A2.5.1, and beam section properties are given in
Table A2,5. 2.

The flexibility of the liner mounting provisions were conservatively
simulated by restraining the perimetef nodes of the mounting flange, nodes
N136 through N147, against translation along the three global axes.

For the static base acceleration analyses, the automatic weight gen- =
eration feature of the STARDYNE program was utilized. The STARDYNE
program automatically computes the volume of each finite element, multi-
plies it by the associated material density, and distributes the weight so
obtained equally to the associated nodes.

For the Householder - QR eigenvalue extragtion analysis, the weights
were lumped in manner that would minimize the dyr;amic degrees-of-freedom
but would adequately represent the breathing modes of the liner and the
in-plane rigid body translation and out-of-plane bending modes of the pri-
mary mirror cover. This task was accomplished first by creating individual
coordinate systems for the liner and secondary mirror cover nodes in such
a manner that the X1 direction of each of the individual coordinate systems
would correspond to the radial direction at the nodes. Then the static nodal
weights of the liner were lumped radially to every other node and the static
nodal weights of the secondary mirror cover were lumped radially to six
nodes, three at each end. One-fourth of the total primary mirror cover

weight was lumped in the global X2 and X3 (in-plane) directions at each of
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four equally spaced nodes on the outer perimeter of the cover. Half of the
- total primary mirror cover weight was distributed to six evenly spaced nodes
on the inrer perimeter of the cover in the global X1 (out-of-plane) direction.
In this fashion, the model was reduced to 77 dynamic degrees-of-freedom.
For ihe random response analysis, the nodal areas of the liner and
secondzary mirror cover cylinder were lumped radially to every one of their
respecti-e nodzs, while the nodal areas of the primary mirror cover were

lumped to every one of its nodes in the global X1 (out-of-plane) direction.
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Figure A2.5.1. Computer plot of mathematical model
for STARDYNE analysis of APT open port liner.
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STARDYNE analysis of APT open port liner. i
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Figure A2.5.3. Computer plot of mathematical model for
STARDYNEF analysis of APT open port liner.
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Figure A2.5.5. Computer plot of mathematical model for
STARDYNE analysis of APT open port liner.
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Figure A2.5.6. Computer plot of mathematical model for
STARDYNE analysis of APT open port liner.
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Figure A2.5.7. Mathematical model for STARDYNE analysis of APT N
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Figure A2.5.9. Mathematical model for STARDYNE analysis of APT
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A2-50




X2-X3 PLANE
OPIENTATION

NI N113 N108 N11Z N2 N1

N118 N110 N118

N133 N127 N119 N109 N128

UNWRAPPED WAL LS

Figure A2,5,10. Mathematical model for STARDYNE analysis
of open port liner-unfolded secondary mirror
cover support struts.
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TABLE A2,5.2, SCHEDULE OF BEAM SECTION PROPERTIES

BEAM PROPERTY 1

i j— 32 ————| A =04 in2
4 12 = 0.341333 N4
0.125 yoorssssosssrey. s B «] 13 = 0.000521 IN®
‘ J = 0002083 IN®
1 SF2= SF3 = 083

X2
BEAM PROPERTY 2
b A = 0.1125IN2
; { |‘_°*9_’ 12 = 0.030375 IN®
0.126 TSNS — X3 13 = 0.000147 IN:

T J = 0000586 IN
SF2= SF3 = 0.83

BEAM PROPERTY 3

A = 0012272 IN2
12 = 0.000012 IN*

I3 = 0.000012 IN
J = 0000024 IN*

——l 0125 L— SF2= SF3 = 0.901
A2 = 045 IN2

jo-oru §
122 = 0004“”“

1.8 —®& X3 132 = 0081 IN

8EAM PROPERTY 4

SF2= SF3 = 087

nz

n2

BEAM PROPERTY 6 *
$ A = 125IN2
12 = .0621 m:
X] -—— Fa ] |3 = 0.434 IN

0.1116 IN*
SF2- SF3 = 0.87

8EAM PROPERTY 6

A = 0.003019 IN?

@ 12 = 7.263€-7 IN}
|3 = 7,263E-7 IN

= 1.451E-6 IN*

lo‘mzl SF2 SF3 = 0.901

BEAM PROPERTY 7

j—— 10 —=f A2 = 0.125 IN?
12 = 0.0104 IN4
— X3 |3 = 0.000163 IN*
= 0.000881
l SF2+ SF3 = 0.901 4
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APPENDIX 3

WEIBULL ANALYSIS OF APT ZnSe
AUTO ALIGNMENT INPUT WINDOW
IDC 277720, 4/541

8 April 1974

The results of theoretical studies on the effect of nonuniform multiaxial
stress fields encountered in simply-supported, uniformly loaded circular
plates on the fracture of brittle materials are described. Derivations
were carried out to determine the risk of rupture assuming the material
obeyed the Weibull distribution function for volumetric flaw distribution.

The method has been used to predict the risk of rupture in the APT Zinc
Selenide Auto Alignment Input Window for various pressures. The results
of the analysis, using both the von Mises and maximum shear criteria

for equivalent uniaxial stresses for multiaxial stress systems, is pre-
sented in Table 1.1.

The values of the Weibull parameters used in this analysis were derived by
Dr. J. C. Wurst of the University of Dayton by performing a Weibull analysis
on flexural strengths of 83 Raytheon CVD Zinc Selenide test bars obtained
in four-point bending tests. The results of the test program are shown in
Figure 1.1.

The applicable theory and GE 265 TimeSharing program listing, in XBASIC,
are attached.
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TABLE 1.1

WEIBULL ANALYSIS OF UNIFORMLY LOADED, SIMPLY -SUPPORTED
CIRCULAR PLATE

PLATE RADIUS RO = 3.15

PLATE THICKNESS TO = .3

POISSON'S RATIO VO =.3

WEIBULL SHAPE PARAMETER M =17.3
WEIBULL SCALE PARAMETER SO = 3545
WEIBULL LLOCATION PARAMETER SU = O

PRESSURE PLATE RELIABILITY PLATE RELIABILITY
VON MISES CRITERION MAX SHEAR CRITERION

1 1 1

2 1 1

3 ] 1

4 1. 1.

5 - 999999 - 999999
6 . 999998 . 999997
7 . 999994 - 999992
8 . 999983 .999978
b . 999961 .+ 999949
10 . 999916 . 999889
11 . 999831 . 999778
12 .999681 . 999581
13 . 999428 . 999249
14 .999018 .998711
15 .998376 . 997868
16 . 9974 . 996587
17 . 995956 . 994691
18 . 993868 . 991954
19 .990914 .988083
20 . 986814 .982718
21 .981226 . 975415
22 . 973735 .965646
23 .96385 .952792
24 . 951006 .936151
25 . 934565 . 914951
26 .913831 . 888385
27 . 888082 .855653
28 . 856603 .816041
29 .818754 . 769015
30 . 774047 . 714342
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THEORY

WEIBULL ANALYSIS OF UNIFORMLY LOADED, SIMPLY-SUPPORTED CIRCULAR PLATE

Stress Distribution

The radial, or, tangential, ae. and transverse shear 5 Trz, stresses
a uniformly loaded, simply-supported circular plate are (Reference 2):
2

= oy
or(z,r) 2 pPR"z (3 + V) (}'%7)

t

o [t,r)= 3pR? (3 + V) 1-r2>
r 72
2 2 R
8¢

o, (z,r)_ 3pR3z
® 4t [3 +v -(1—3\:):2]
R?

¢ L R?

og [t,r) = 3pR? -3 +v- (1—3\:)52]
of5) -

4t t

Toy S6F) = Spx -1’(32)5]

=3

Equivalent Uniaxial Stresses for Multiaxial Stress Systems

The equivalent uniaxial stress for a multiaxial stress sytem per the

von Mises criterion is represented by the following mathematical expression

(Reference 3, 4):

- -g )2 2 e T
6) o J(O’ 0,)* + (0,-0 )* + (3,~0)
2

where




it Sa

) i M S e o e

9) o =g

2
10) = r+1

2
7 e
4

The equivalent uniaxial stress for a multiaxial stress system per the
maximum shear criterion is the absolute value of the largest difference in
principal stresses, that is, (Reference 3, 4):

11) o = Max (Iol-ozl. |cx-03|, loz-oal)

Analysis of Fracture Reliability Using Weibull Theory

For a uniaxial stress field induced by pure bending in a homogeneous
isotropic material, governed by volumetric flow distribution, the Percent
failed, F(n), as a funciion of maximum outer fiber tensile stress, 0, is given
by the Weibull equa.’:mn (Reference 5):

12) F(n) = l-e >

where

13) B= V¥ o-0 \®
2(m+1) oo‘"

is the risk of rupture and

m = shape parameter or flaw density exponent

Q
L}

location parameter or zero probability strength
O, ™= scale parameter

V = atressed volume

In a test program conducted by Dr. J. C. Wurst of the University of Dayton,

the flexural strength of small zinc selenide test bars were measured in carefully
A3-5

u
; - - — " SR
P T R !

SRR R, T B i Y :

s \




CE T e B T CL RN oT T T o,

conducted four-point bending tests (Reference 6). On the basis of these tests,
the strength of Raytheon CVD zinc selenide was characterized in terms of percent-
failed as a function of maximum, outer fiber, tensile stress through Weibull
Analysis. Figure 1 is a Weibull plot of flexural strength data for a set of
83 samples. For this set of 83 samples, the values of Weibull parameters were
as follows:

m=7.3

g =0

u
o = 3545 psi
o

V=0.12 in®

For a uniformly loaded, simply-supported circular plate, the cross-section
at any radius r is in a state of pure bending if the transverse shear stress can
be neglected, and the risk of rupture in the infinitesimal volume, 2mrtdr, becomes:

14) B = 1 o(t -
T(wtD) 3* ©) -0,

(o]
o

2nrtdr

where o(t, r) is the equivalent uniaxial outer fiber stress at radius r. The
2
risk of rupture in the entire plate volume then becomes

R
15) B= _ 1 o(t,r) - o [*
ICTSY) / 2 Incgie

0 %

Al-b
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WEIBUL

1 READ RO
S PRINT
10 PRINT
15 PRINT
20 PRINT
25 PRINT
30 PRINT
35 PRINT
40 PRINT
45 PRINT
50 PRINT
55 PRINT *
60 PRINT

65 FOR PO
70 B(1) =
75 FOR R =
80 s1
8552 =0
90 s3 = 3/
95 S(1) =
100 Sé4
105 s5
110 s6

A

115 s(2) =

+T0.,V0,MO0,00,U0

“WEIBULL ANALYSIS OF UNIFORMLY LOADED SIMPLY-SUPPORTED CIRCULAR PLATE"

"PLATE RADIUS RO = "RO

“PLATE THICKNESS TO = "TO

"POISSON'S RATIO VO = "VO

"WEIBULL SHAPE PARAMETER M = "MO
"WEIBULL SCALE PARAMETER SO = "00
"WEIBULL LOCATION PARAMETER SU = "UO

"PRESSURE", "PLATE RELIABILITY", "PLATE RELIABILITY"

“¢ "VON MISES CRITERION" , "MAX SHEAR CRITERION"

=170 30
B(2) =0
0.1*RO TO RO STEP .01%RO

3/8%*PO*(RO/T0)"2%(3 + VO)*(1-(R/R0)"2)

8%PO*(RO/T0)"2%(3 + VO - (1+3*%V0)*(R/R0)"2)
SQR(S172 +5272 +§372-51*52-51% $S3-52*S3)

ABS (51-S2)
ABS (S1-S3)

BS (52-53)
S4

120 IF S(2)>S5 THEN 130

125 s(2) =
130 IF S(2
135 s(2) =
140 FOR J

145 B()) =

150 NEXT J

$5
)>S6 THEN 140
sé
=1702
B() + .062831853*RO*TO*R/2/(MO + 1)*(1-U0/S(J))* ((S(J)-U0)/00) MO

155 NEXT R

160 PRINT

PO.1/EXP(BC1))," "+ 1/EXP(B(2))

165 NEXT PO
170 DATA 3.15,.3,.3,7.3,3545,0

175 END




APPENDIX 4

STARDYNE STATIC ANALYSIS
OF THE APT PROTECTIVE DOOR

IDC 271222/399
6 August 1973

Reference: IDC 271222/265, "Structural Analysis of the APT
System", by R. E. Holman, dated 5 February 1973

The attached report presents the results of an analysis of
the protective door or eyelid which covers the Airborne
Pointer and Tracker (APT) telescope window. MRI's STARDYNE
Structural Analysis System of computer programs was used to
evaluate the deflections and stresses induced by an 8 psi

internal pressure on a 3/8 inch thick solid 2024-T4 aluminum
eyelid.

The results of the analysis indicate that the eyelid can
satisfactorily withstand a proof pressure of 1.5%8 = 12 psi
without permanent set and a burst pressure of 3x8 = 24 psi
withovt rupture. Maximum deflection normal to the eyelid
surface for the 8 psi peak operating pressure was 0.12
inches. The minimum margin of safety was 0.08 for the
mounting screw on the outer corner.

These results are predicated on a design with 160 ksi steel
%-28 screws replacing the existing 10-32 screws and an
additional %-28 screw added at each corner.




g s ik . L

STRUCTURAL ANALYSIS OF THE APT PROTECTIVE DOOR

INTRODUCTION AND SUMMARY

This report presents the results of an analysis of the protective
door or eyelid which covers the Airborne Pointer and Tracker (APT)
telescope window. MRI's STARDYNE Structural Analysis System of
computer programs was used to evaluate the deflections and stresses
induced by an 8 psi internal pressure on a 3/8 inch thick solid
2024-T4 aluminum eyelid.

The results of the analysis indicate that the eyelid can satis-
factorily withstand a proof pressure of 1.5x8 = 12 psi without
premanent set and a burst pressure of 3x8 = 24 psi without rupture.
Tables I and II present stress levels and deflections for critical
sections of the eyelid. Maximum deflection normal to the eyelid
surface for the 8 psi peak operating pressure was 0.12 inches. The
minimum margin of safety was 0.08 for the mounting screw on the
outer corner.

These results are predicated on a design with 160 ksi steel %-28
screws replacing the existing 10-32 screws and an additional %-28
screw added at each corner.

METHOD OF ANALYSIS

The eyelid was analyzed using MRI's STARDYNE Structural Analysis
System of computer programs, available on CDC's 6600 CYBERNET
System. It is a batch processing computer program that employs the
finite element method wherein the three-dimensional continuous
structure is represented mathematically by a system of finite
elements interconnected at a finite number of nodal points where
loads are applied and displacements are calculated. The finite
element library includes beams, plates, cubes, tetrahedrons, rigid
links, springs, and direct utiffness additions. The program uses
the direct stiffness method to synthesize the elemental and system
stiffness matrices and the normal mode method to determine dynamic
responses for transient, sinusoidal, random, and acoustic excitation.

DESCRIPTION OF MODEL

The finite element, lumped mass, mathematical model of the eyelid
is shown in Figures 1 through 6. This model consists of 119 nodes,
50 beams, 62 rigid links, 120 triangular plates, and 12 direct
stiffness additions. Advantage was taken of symmetry to model
only one-half of the structure. The APT Outer Elevation Gimbal
model (reference) was cut at the vertlcal plane of symmetry with
the appropriate restraints applied (& =3, = 0). The result-
ing stiffness matrix was reduced to txat for the ring of odd-
numbered nodes, N99 through N121. This ring of nodes then formed
the base structure to which the Eyelid structure was attached.
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T e

Structural Analysis of the
APT Protective Door

A concentric ring of nodes, connected to the base structure by rigid
members, represents the eyelid bearing. A third concentric ring of
nodes was used to model the ring carried on the eyelid bearing and
to which the eyelid is attached. The only nodal restraints imposed
on the Eyelid model were those required to maintain ﬁy =Zy =7, =0
at the plane of symmetry.
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Math Model for STARDYNE Analysis of the
APT Eyelid Structure (Triangular Plate Elements Shown)
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TABLE II

Summary of Results of the STARDYNE Analysis of the APT Eyelid

Critical Deflections for the 8 psi Peak Working Pressure Load Condition

. Rotation About Axis
. 2§fé§§§§:§g§g‘:: Tangﬁn,t(-tz:opigzgace Y-ij(.gngﬁ :Sction
(Radians)
N1 .1081 .0 .0
N15S .0621 .0 .0
N36 . 0458 .0 .0
N57 .0695 .0 .0
N71 .1236 .0 .0
N4 .0548 .0116 -.0153
N18 .0339 . 0051 -.0056
N39 .0315 .0029 -.0029
N60 .0389 . 0057 -.0062
N74 .0464 .0125 -.0147
N7 .0063 -.0023 -.0227
N21 .0021 -.0017 -.0216
N42 .0022 -.0013 -.0216
N63 .0020 -.0017 -.0231
N77 .0067 -.0023 -.0244
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APPENDIX 5

APT OPEN PORT THERMAL
ANALYSIS

SUMMARY

This is a study to determine the thermal response of various
components within the APT turret subsequent to opening the window port.
An attempt to bracket the response was made for three flight

conditions - sea level hot, sea level cold, and 31,000 ft. cold.
Components with large surface area/mass ratios, i.e., cylindrical
liner, secondary mirror cover, have rapid thermal responses, whereas
the other components have a notably slower response.

INTRODUCTION

Components in the APT ball are, during flight, exposed to the ambient when
the port is open and the thermal response of each varies with respect

to location, shape und physical properties. The purpose of this study
was to determine the boundaries within which the thermal response of a
sensitive component will lie since no convective heat transfer values
are presently available for the interior of the ball.

ANALYSES

The following three cases were studied:

Case 1. Sea level hot, mach number = 0.5, temp = 103°F,
2. Sea level cold, mach number = 0.5, temp = -60°F

3. 31,000 ft. cold, mach number = 0.87, temp = -85°F

The components in the ball were divided into 23 thermal nodes and solution
for Fourier's equation

190 v2

where: q # t . 1l 9t (1)

pc a dT
190 N p
q = heat generation per unit volume
P = density
cp = gpecific heat capacity
t = temperature
T = time
a = diffusivity
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was obtained at each node by using HAC's CINDA-3G thermal program
vhich solves Eq. (1) by the finite difference method.

Reliable data on convective heat transfer coefficients within cavities
such as the APT ball are not reported in the literature. Theréfore,

it was decided to bracket the probable values by making assumptions
with respect to flow patterns.

At one extreme, values representative of heat transfer coefficients
obtainable under free convection conditions was used. The equation
used, from Ref. 1, was applied to all surfaces where no direct airflow
would occur, i.e., primary mirror, tracker imager, beam expander housing,
and in the second case to all surfaces as a lower limit,

7= 0.3 (am)l/t (2)

h = average heat transfer coefficient
AT = temperature difference between air and surface

The other extreme is represented by a condition where air flowed through
the turret as if it was a duct open at both ends. Coefficients were
calculated based on the particular surface geometry, air velocity

within the duct was taken as that of the airplane speed.

These high coefficients were applied to those surfaces within the
cylindricel liner, i.e., strut covers, liner, secondary mirror covers.

The front section of the secondary mirror cover was taken as a disc
perpendicular to the air stream, film coefficient from Ref. 2.
Aluminum strut covers were considered as flat plates parallel to the

airflow, Ref. 3. The other surfaces are cylindrical and the tubular
flow relations were used, Ref. 3.

Values of representative film coefficients under the three flight
conditions analyzed are listed in Table 1. These values were applied in

conjunction with Eq. (1) to obtain transient temperature responses of
the components,

Internal air temperatures are external static where the low convective

coefficients are used, and stagnation temperature where the high values are
used.

The components of interest were:

1. O5teel struts

2. Beam expander housing
3. Primary mirror

4. Cylindrical liner

5. Tracker/Imager body

6. Secondary mirror cover




Initial conditions were calculated for each case by a steady state analysis
with internal air at 70°F and natural convection, and air external ”
environment - based on the flight condition. 1 1

R
-

RESULTS

Results of the analysis are shown in Figures 1 - 18, which show component
temperature range as a function of time from opening the port. It is
seen from Figs. 16 and 18 that the cylindrical liner and secondary
mirror cover have short thermal responses due to their high surface

to weight ratio. The other components have a notably slower response.

Table 1 - Heat Transfer Coefficients h ( BV/nr gt2or)

Condition
Sea Level Hot Atm Sea Level Cold Atm 31,000 ft Cold Atm
Surface h-High h-Low h-High h-low h-High h-Low
1. Secondary Mirror 22 .T 21 .8 14 9
Cover, Disc
2. Strut Covers 8u T 88 .8 50 ° .5
. 3. Cylindrical Liner 50 T Sk .8 ! .5
4. Remainder L | it .8 .8 i .5 3

References 1) Perry, Chemical Engineers Handbook, 3rd Edition
2) Jakob, Proc. Phys. Soc. 59:726 (19L7)
3) Eckert and Drake, Heat and Mass Transfer, 2nd Edition
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Figure 1. Temperature region of steel struts.
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APPENDIX 6

APT OPEN PORT AERODYNAMIC ANALYSIS

APT Aerodynamic Flow Field Results

The APT open port liner and aerodynamic fence have been studied from

both structural integrity and acoustic vibration viewpoints,

It is concluded that the present design is sound based upon available
information from both the 0.3 scale wind tunnel test model and flight test
bed.

Aerodynamic load on this protection cover will be small, But the
disturbing torque about outer azimuth axis may become excessive, This is
a situation that needs to be closely monitored,

This protection cover has been designed to avoid a possible 300 Hz
acoustic excitation, It is also believed that APT open port should provide
better acoustic absorption than test model because of various built-in

acoustis resistances,




APT Open Port Flow Field and Acoustic Radiation Study

References:

1. 0.3-Scale Open Port ALL Turret Wind Tunnel Test Results,
Capt. L, J, Otten end Lt, J, A. Devis, AFWL-TR-73-17, Vol. 1,
April 1973 (Confidential)
The Dynamics and Thermodynamics of Compressible Fluid Flow,
A, H, Shapiro, The Ronald Press, 1953
Principles of Aerodynamics, J, H, Dwinnell, McGraw-Hill, 1949
Boundary Layer Theory, H. Schlichting, McGraw-Hill, 1960
Basic Aerodynamic Noise Research, NASA SP-207, I. R, Schwartz Editor,
NASA, 1969
"Wind Tunnel Experiments on the Flow Over Rectenguler Cavities at
Subsonic and Trensonic Speeds," J, E. Rossiter, TR No. 64037 Royel
Aircraft Esteblishment, 1904

1.0 Introduction

This analysis is based primarily on the test results of the 0.3 scele
model. It is realized that since standard sea level air had been used throughout
the test program, Reynolds numbers of flight conditions have not been simulated.

However, steady state pressure distribution over the turret should be
very similar to the test results et corresponding Mach numbers beceuse pressure
coefficient is usually not sensitive to variations in Reynolds number for high

Reynclds number air flow,

The difference in Reynolds number and temperature for the same Mach number
does lead to different Prandtl number between flight test and wind tunnel model
test. This indicates thet boundary layer flows of the two types of tests may
not be "similar", Some deviations in fluctuating pressure field will be expected,
According to recent flight envelope data received from AFWL, there is a possi-
bility that rms disturbing torque about outer azimuth gimbal may become ex-
cessive (e.g., 2,700 in-1b for M = 0.75 at H % 20,000 ft) so that to cause the
error in ezimuth engle more than 0,22 mrad.

Deviations between flight test end wind tunnel test under the same free
stream Mach numbers will also be reelized because of the additional pertur-
bations caused by the fuselage. For example, e 10X velocity perturbation at

the nose of the eircraft may generate local sonic flow while M_ is below 0,65,

which means shock end shear layer interection may happen much sooner than expected,
A6-2
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2,0 Flow Field Analysis

h Configuration 17 of the wind tunnel test wmodel is used as reference for
this study. In this configuration, front fairing is removed for wider coverage,
but the aft fairing is used to reduce wake formation.

The turret itself is a half-sphere and short cylinder combination., Or-
dinarily the flow pattern over a sphere or a cylinder is represented by the
corresponding pressure distribuiton curve shown in Figure 1 and Figure 2

where the theoretical curves indicate non-viscous flow over these bodies.

Figure 1, Pressure Distribution Around a Sphere
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. Figure 2. Pressure Distribution Around a Cylinder
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The use of an aft fairing has greatly modified the flow field from that
of a sphere. Results from wind tunnel tests indicate that pressure coefficients
at different Mach numbers have had little changes. They all show a maximum

value of

CP - 1. 10 at stagnation point

for high subsonic flow. While the peak negative pressure coefficients have

always been near

C =-0.5
|

For gAz = 90° and up. This trend indicates the large adverse pressure
gradient produced by the open cavity most likely has forced the boundary over

the aerodynamic fence t{o separate from the turret wall (Figure 3).

Maximum Dynamic Pressure

For isenhopic flow,

Y .2
qQ= 5 pM

since Y=1.4
for air

this means that

q =0. 7pMZ

According to the flight envelope data (see Figure 4), the following case most

likely will creat the dynamic pressure: of maximum magnitude:

Mg = 0. 75 at 20. 000"
M_=1.02

x
9, 2.8 psi, p = 6.7 psia

From these
Po =Pyt g9, = 9. 5 psi
which, according to the flight envelope data, gives

q, = 0.7 (0.5128)(9. 5)(1. 02)° = 3. 55 pai
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Figure 4. Dynamic pressure envelope,
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In the design of aerodynamic fence, a maximum value of 4. 00 psi is used.

For a 50%porous fence this value is considered to be conservative.

Acoustic Vibrations

It appears that at low gimbal angles, air column inside the open and closed
end pipe is excited by the boundary layer to vibrate at a broad band of
frequencies. According to recent test on configuration 11, the random torque

about outer azimuth axis has reached a value of
T = 140 in-1b.
0. a.

for gaz = 0o, oel = 280, This means that for APT open port operation, a

corresponding torque of

T'o = E 9.59 x 140 = 1, 350 in-1b. at 33, 000'

can be realized. Since the maximum allowable disturbance torque for outer
azimuth axis is 2, 000 in-1b for 0 to 0.4 hz frequencies and 4, 000 in-1b for

0.4 to 100 hz frequencies, this fluctuating torque should be carefully monitored.
Using the dynamic pressure envelope of Figure 4, this disturbing torque may
exceed 2, 700 in-1b at lower flight altitude (e.g. 20, 000 ft at Moo~ 0. 75).

At higher gimbal angles, accoustic vibrations are more likely produced by
vortex shedding. Because of the flow before the front lip of the cavity can be
supersonic at higher free stream speed, this indicates that greater interaction
between shock waves and shear layer flow. The predominant frequency for
this type of vibration has been about 1, 100 Hz for the 0.3 model, so that it

is expected for APT a corresponding vibration of 330 Hz (Figure 5).

3.0 Mechanical Desig_n

Aerodynamic Fence

Taking q = 4 psi

and ¢ = 1" for unsupported length.

Figure 6. Aero. Fence
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Bending moment at section C

2, 2 in-1b/in. of screemn

5 3
MC Iq!.

Cross sectional moment of inertia
in4/in. of screen

Maximm bending stress is given by

t
Mt: 6 Mt: 12

J.-— [ ] L]

I t t
for ‘I% in. solid plate, this is
o = 3,100 psi
It is noted that sectionAis not really built-in. But in reality the dynamic pressure q is
also a lot less than 4.0 psi because of the porosity of the screen. It is reasonable to
assume that

o< 3,100 psi

By considering a unit length of the fence as a cantilever beam, its fundamental frequency of
vibration can be estimated to be

3
$> 3%(3.52)] 10% iz

o. (1o =00 H

Wind Load On Strut Covers

Consider the typical case of H = 2.(5k
M= 0.9
% =2.9psi




T R

e

e— 16"
E / =Y
[} -—

)

Flat Plate at Small 13

FIGURE 7

Aerodynamic Load On Strut Covers

since
A= .12- (11416) (9) = 121 in®

the lift force on each strut is given by

LeC gAY (1.0) qA = (2.90) (121) = 350 /b

and the moment on it is

M, =Ld 350 (4.5) = 1,580 "-# (Mament on #1 strut)
so that the total moment due to wind load is

"'"1“;’"1'%"1'7”""

For the present strut cover of 3x:o"mch thick, this means maximm flexural stress of
129 ~ 2,000 psi
h (cross sectional area)

Force And Deflection Of The End Plate
The wind pressure, p = 2 psi gives

Total pressure on plate
Peph¥2n (9%-4%) = 410 ¢

Elongation of supports (unstiffened)
§ o308 ., 2x10Y

E, NW(pmaz
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Figure 8 Deflection Of Plate Due To Distributed Load
Amrdu‘nj 40 TI""OS'\cnko,
&= x, _p_.;
Eh
with
I&=0.060 for the present construction, and

h= 25"
p*=2psi
so that

4 -
8= 0.06 %- (12) .9 * @3 10* 7 = 5x10%n.

which means that the deflection is small even if the aerodynmmic load is doubled.
Resonance Fr Of Cylindrical Liner Mode
Before gassets are used, its bending mode vibration has a frequency of

£l 12,200 x 386
1.5

- 282 Hz K g= 12,200 1h/in

Fiqure 9. Liner Vibraton

This resonance frequency is probsbly close to one of the daminant accoustic excitation
frequency which is expected to be in the neighborhood of 330 Hz to 370 Hz. Thus, it is
recamended to stiffen each of the bracket with a suitable gasset. Doing so, the final
bending vibration of the end plate will have a frequency exceeding 500 Hz.

Accoustic Absorption

The telescope cavity can beviewed as Volume {, and the rest of the space inside the turret
uybeviewednsecpivalenttovz, the sum of all the large and small openings on the porous
liner as well as the telescope itself can be considered as the neck of the Helmholtz

resonator.
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P.HJ v,
1_[s
sy

Fiqure |0 QA
Equivalent Low Pgss Fluid Filter

case 1 Porous Wall (}" screen, A = 20 in?)

k

F-‘,. 10b Physical Model

20

£, (cutoff freq.) = -2 AQeck) 12,000 T % o1 Hz

2n 1l 2 n

case 2 Slot Between Primary Mirror And Telescope Tube

4
1.4X10°X 4

v 28 H

£, (cutoff freq.) ¥ _12,000
* N
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4.0 Window Cover Pneumatic Seal

. g Figure ]] is a schematic of the bottle and seal. The seal will be
completely inflated when its pressure reaches 24 psi. The bottle is designed
to supply enough air at an initial pressure of 2,100 psi. The design data 1is:

% v, - 22 13
. 3
Vs s 24 in

fo, Vo To

Figuref{ . Window Pneumatic Seal

Consider the process to be isothermal, then for 40 shots, it requires a
volume of high pressure air to be given by

' ' -
P'y V'y Pg (40 Vs)

40 Ps vs

] - ] -
or Vg T P'y Py

. 40 (24 + 14.7) (22)
2100 + 14,

which means that the final bottle pressure will be

22 - 16,1
Pg ( ey ) (2114.7) = 560 psi

Since leakage and temperature changes are not considered here, the real final
pressure inside the supply bottle should be lower than this,.

A6-13/A6-14



gl =

PRECEDING PAGE BLANK.NOT FILMED

e T

o gt i

oy R

[ 3284100100
| POINTING ASSY

——— o — s

]
- e e
™ 3273000
| TURRET ASSY

—_————
]

3!
2

—_———d e

| 3432336

| APT OPEN PORT
|

PPPPPPP

34359729
CABLE ASSY UWI097

3459727
CAME ASSY UWI09!

3459668
CHEATER TO LSM UWI098

3439616
EXT. CARE XUWI1095

3439617
EXT. CAME XUWI096

3459618
EXT. CAME XUWI097

3459634
SCANI EXT. CAME XUwW1091

.@.{

3459448
LID SEQUENCER UNIT

3459555
SCHEMATIC

_@_ 3459445
WIRE DIAGRAM
e 3459449
INSTALLATION DWG

3459447
CHASSIS

345446
COVER

_@.{

3432820
TUBING ASSY-SHROUD

‘ 3432793

D~ MMACKET, PROTECTIVE-MCKPLATE
3432817

b BRACKET, SCANIVALVE

_@_ 3459003
BRACKET, TRANSDUCER

3432705
SHROUD, MIRROR
3432709
COVER SECONDARY MIRROR

3432728-1 & -2
COVER STRUT

3432790-1 & -2
ANGLE CYLINDER

3432787-1 & - 2
ANGLE, COVER

3432722
STRUT, TRAILING EDGE

3432721
STRUT, LEADING EDGE

3432702
CYLINDER LINER, SHROUD

3432707-99
WINDOW, CO VER

b
D AT, cove
b~

3432703-2
PLATE, COVER

Ly 367031

PLATE, COVER

- 2529
LINER SHROUD

3432508
SUPPORT RING

343270798
WINDOW, COVER

3432885
INFLATABLE SEAL SYSTEM

3432874
MANIFOLD

3432842
RETAINER, CYLINDER

3432841
$ SADDLE, CYLINDER

3432839
SEAL INFLATABLE
3432838

RIM SEAL

3471130
PLATE REGULATOR

1 3

3459273
EXTENDER

——
-$-‘




& =
| 3284100-100 i
i POINTING ASSY |

—_——————

[}
P = —

- s Ea—— e P = Bg W
3273000 ] 3273002 1___ [ 327303 i i r 3320280 Ny
' I TURRET ASSY A7 & EL GIMBAL ASSY I yurReT Assy I =1 switcH AsSY DOOR DRIVE !
3 e Lsr e ey b =) = S ) C———————- J
g (]
E g _ hnEE { 71114
:  oiars } :’ BRACKET, VALVE
| APT OPEN PORT | ._@_ U71115
= T = ARM LEVER VALVE
$ I 3459273 I 3432710 3459241 345972|
SYSTEM EXTENDER CARD '@' BRACKET BACKPLATE '@'{ OVERBOARD DUMP ASSY '$‘| TRANSDUCER CABLE ASSY ]
3432712
3459272 B~ POTECTIVE COVER, MIRROR ‘ 3459222 59722
D ART WORK 24az70e '@‘ PORT OVERBOARD DUMP-OUTER BRACKET P33
345927 '@' AERODYNAMIC FENCE, SHORT 3459223 3459723
R, CYLINDER BRACKET ey '@' PORT OVERBOARD DUMP-INNER BRACKET PLATE
'@‘ AERODYNAMIC FEN 459245
CYLINDER 243t : i b uicm, PLATE MOUNT 459661
i L$" BACKPLATE, MIRROR _@_ 3459246 '@'{ TEMPERATURE SENSOR SKIN ASS)
BRACKET, TUBE MOUNT
: e '@‘I mﬁ;?ONNEC!ION MLOCK DIAG J '—‘ Tewe o1 |
3432838 : TEMP SENSOR
RIM SEAL Sw S s
ICOM UNIT T ARTWORK
ULATOR 3459667
4 3459274 == HEAT SINK _
SCHEMATIC

=

3459275

WIRING DIAGRAM
3459276
INSTALLATION DWG
3459084

FRAME

3459085
cover

3459086
WRAP AROUND

[ TTTT]

3459087
PRESSURE PCB A)

3459008
ARTWORK Al

3459089
PRESSURE PCB A2

3459090
ARTWORK A2

3459091
TEMPERATURE PCB A3

3459092
ARTWORK AJ/A4
3459095

- —

LLSTRAIN PCB AS
| 345909

ARTWORK A5

3459097
RETAINER

3459098
[~ OLT

[ 345935
SPACER

459094
TEMP SENSOR AlR ASSY

A59093

TEMP SENSOR
‘ 3489277
" ARTWORK

@ I BRACKET CONNECTOR |
a8 3459666
N | BRACKET




3459647 3459528

COVER, DUMP PORT CABLE ASSY - UW1090
3459006 3459529

ANGLE, ICOM CABLE A5SY - UWI093
3459002-1 & -2

1ICOM ANGLE SUPPORT

TRANSDUCER CABLE ASSY

3459722
BRACKET P33

3459723
BRACKET PLATE

_@_{ 3459664 I
TEMPERATURE SENSOR SKIN ASSY

3459093
_| TEMP SENSOR |
® 50277
ARTWORK

459667
HEAT SINK

345930
CABLE ASSY - UW1092

3459728
CABLE ASSY - UW1095

3459878
CAMLE ASSY - UW1096

3432995
ICOM BRACKET

345973799
GUIDE RAIL

3459737-98
GUIDE RAIL

b~
o—
fég&ogrur b~ caf:fg ASsY - w104
b
b

PPPPPPP

3459094
TEMP SENSOR AIR ASSY

459277
ART WORK

$ | 3259730 I
BRACKET CONNECTOR

/e 59666

1 BRACKET

Figure 1-3, Open port drawing
breakdown.

A6-15/A6-16

T Ao



HQ ./SAF (AFRDPS/Lt Col Chiota)

HQ JSAF

AFSC 2XRLN/Maj Walton)

AFSC (DLCAW/Capt Pulley

SAMSO (XRTD/Capt DeMaio

SAMSO (DY/Col Johnson)

AFAL (CA/Dr. Eppers)

AFAL(TEL (405B)/Capt Matassov)

AFAL (WRW/Mr. Totog

AFAL (TEO/Mr. Hutchinson)

AFAL (RWI/G. Fitzgibbon)

RADC (OCSE/Mr. Urtz)

RADC (OCTM/Mr. Rehm)

RADC (OCTM-1/Mr. Ogrodnik)

ESD (XRT/A. Anderson)

AFML (LPJ/Maj Elder)

AFML (LPO/Dr. Frederick)

AFRPL (LKCG/B. Bornhorst)

AFAPL (CC/D. Cheatom, Jr.)

CINCSAC (INEP)

ARL (AP/Lt Col Duggins;

AFFDL (FX/Dr. VanKuren

AFFTD (PDTR/Lt Faehl)

AFFTC (ETEO/R. Buxton)

AF Academy (FJSRL/Capt Asher)

CIGTF (Col Clark)

AFWL (HO)

AFWL (SUL

AFWL (LRL

AFWL (LRP

AFWL (LRE

AFWL (LRO

AFWL (DY

AFWL (PG

AFWL (AL)

AFWL (ALO)

AUL (LDE)

AFEWC

Dep Ch of Staff for Ops
zDAMO-RQD/LTC Mayhew)
DAMO-RQD/LTC Fox)

USAMC R&D (W. Jennings)

USAMC R&D (AMSMI-RGN/G. Scheiman)

ABMDA (CRDABH-0)

ABMDA (ATC-R/D. Schenk)
ABMDA (ATC-M/A. Carmichael)
ABMDA (ATC-0/W. Davies)

BRL (E. Alcarez)

BRL (R. Eichelberger)

BRL (F. Allen)

USACDC, Air Def Agency
USACDC, Dir Mat/Ms1 Div

INAKA/Lt Col Truesdell)

| e (p) et (JY b (P i ad and (\) el cad cnd wd ed d rd s s cd ) wd sd wd sd wd wd s s s el d el d ) wmd snsd

—t e wwnd cd wed ond sl b amd b wed b o=

DISTRIBUTION

USAFA (P. Ravelli)

USAFA (M. Elnick)

USAEC (AMSEL-XL-H/R. Buser)
0ff of the Ch R&D (DARD-ARS-P)
Off of the Ch R&D (DARD-DD)

Asst ch of Staff §DAFD-AD/Maj Bradle
DAFD-SDF/1TC Fryan
Safeguard Sys Off (Mr. Bast, Jr.)

Asst Ch of Staff
ABMDA (RDMC-NC/Mr. Zlotnick)

USAME R&D (SMEFB-MW)

USAMC (AMSMI-RNS

USAMC (AMSMI-RGN

USAMC (AMCRD-T/Dr. Stefanye)
USAMC (AMCRD-T/Mr. Chernoff)
USAMC (AMCRD-T/Dr. Zarwyn)
Armament Command (AMSAR-RDT)

Air Def School (ATSA-CTD-MS/Capt Poage)
T&E Command (AMSTE-ME/Dr. Pentz)

gy

USA Ord Ctr & School (ATSL-CTD-MS-R/

LTC Stewart)
Off Nav Rsch (F. Quelle)

NRL (Dr. Linvingston/Code 5560)

NRL (Dr. Shenker/Code 5%07)
NRL (Mr. McLaughlin/Code 5560)
NRL (Dr. Walsh/Code 5503)

NRL (Dr. Connolly, Jr./Code 5503C)

NRL (Dr. Schriempf/Code 6330)
NRL (Dr. Wenzel/Code 6461)
NRL (Dr. Rice/Code 6130)
NRL (Dr. Milton/Code 6504-3
NRL (Mr. Anderson/Code 6550
ONR (421/F. Isackson)

ONR (W. Condell)

HELPO (PM0-405/Capt Wilson
NOL (Dr. Schindel/Code 310
NOL §Dr. Harris/Code 313)
NOL (Mr. Enkenhus/Code 034)
NOL (Mr. Wise/Code 047)

NOL (Mr. Nikirk/Code 422)
NWC (Bittel/Code 3014

NWC (Niccum/Code 5114

Nav Ops (OP-982F3/Capt Greeley)
Nav Material (Dev (Mr. Gaylord/MAT0328B)

NMC (Gibbs/Code 5352)

Nav Postg~ad School (Lib/Code 2124)

ARPA (S. Lukasik)
ARPA (STC

ARPA (TID

DDC (TCA)

DIA (DT 1D/S. Berler)
ODDR&E (Dr. Cooper)

A6-17

{)

Rock Island Arsenal (SARRI-LR/McGarvey)

FRECEDING PAGE ELANK~NOT FIIMED

o AL 4/

-t [\ md P\ ot ot cd d wd d nd i el cand s s d) wd wd) ) d ) sl nd ok i wd s i s sond

—d wnd wnsd woid wod wand wnd wed wnd wnd wid () b wwud el wd wd wwnd el

W .S

i, Sones Sl Sl




DISTRIBUTION

CIA (Mr. Nall)

ERDA (Dr. Killion)

NASA (Dr. Dunning, Jr)

NASA (“** McKenzie)

NASA (... Billman)

NASA (R. Saunders II1)

NSA (Mr. Foss)

Analytic Services (Dr. Davis)
Aerojet Electro-Sys (E. Dryden)
Aerospace (Dr. Milburn)
Aerospace (Dr. Warren)
Airesearch Manuf (Mr. Stancliffe)
Atlantic Res (Mr. Naismith)
AVCO (Dr. Sutton)

AVCO (Dr. Dougherty)

Battelle (Mr. Tietzel/STOLAC)
Bell Aerospace (Dr. Solomon)
Boeing (Gamble/Org 2-1360 MS 8C-88)
C.S. Draper (K. Fertig)
Electro-Optical Sys (Dr. Jensen)
Environ Rsch (R. Kauth)

ESL (A. Einhorn)

GDC (F. Kuffer)

EG (Mr. East)

GE (Dr. Anderson)

GE (Dr. Sigismonti

GE (Mr. Harrington

General Rsch (Dr. Holbrook)
General Rsch (Dr. Crimi)
Hercules (Dr. Voris)

Hercules (Dr. Preckel)

Hughes Rsch (Dr. Foster)

Hughes Rsch (Dr. Chester;
Hughes Rsch (Dr. Entulov

Hughes Rsch (Dr. Picus)

Hughes Aircraft (Dr. Alcalay)
Hughes Aircraft (Dr. Peressini)
Hughes Aircraft (Dr. Fitts)
Hughes Aircraft (Mr. Welch)
Hughes Aircraft (Dr. Yates)

" Inst for Def Anlys (Dr. Schnitzler)
Inst for Def Anlys (Dr. Musa)
ITT Gilfillan (T. Dixon)

JHU (Dr. Stone)

JHU (Dr. Gorozdos)

JHU (R. Bruns)

LLL (Dr. Kidder)

LLL (Dr. Teller)

LLL §Dr. Fleck)

LLL (Dr. Emmett)

LLL (Mr. Haussmann)

— — et ) ) —t ol — ) —— — — — — — — — — — —— — — — — — — — —— — — — — — T\ — — — — — — — — — — — — —) —) — — —

LMSC (B. Dunn)

LASL (Dr. Boyer)

LASL (Dr. Judd)

Lulejian & Asso

Lockheed (Lunsford)

Math Sci NW (Mr. Rose)

Math Sci NW (Dr. Hertzberg)
Martin-Marietta (Mr. Chapin)
Martin-Marietta (Mr. Giles)
Martin-Marietta (Mr. Wudell)
MIT (Dr. Edelberg)

MIT (Dr. Marquet?

MIT (Dr. Freedman)

MIT (Dr. Dinneen)

MIY (Dr. Rediker)

MIT (Dr. Kingston)

McDonnell Douglass Astro (Klevatt)
McDonnell Douglas Res (Dr. Ames)
MITRE (A. Cron)

Phy Sci (Dr. Pirri)
Northrop (Dr. Hasserjian)
Northrop (Mr. Wenninger)
Northrop (Mr. Longmire)
Pacific Sierra Rsch (Dr. Lutomirski)
Perkin Elmer (N. Schnog)
P&W Aircraft (Dr. Sziklas)
RAND (Dr. Culp/Mr. Carter/H. Liefer)
Raytheon (Dr. Horrigan)
Raytheon (Dr. Statz)
Raytheon (Dr. Mehlhorn)
Raytheon (Dr. Sonnenschien)
RCA (Mr. Mayman)

RRI (Dr. 0'Neill)

RRI (Dr. Bose)

RRI (HPEGL Lib)

RRI (Dr. Skurnick)

R&D Asso (Dr. LelLevier)

R&D Asso (Dr. Hundley)

RI (Mr. Kumagai)

RI (Mr. Hovda)

RI (Mr. kraus)

Sandia Labs (Dr. Narath)
W.J. Asso (F. French)

SRI (Dr. Armistead)

SRI (Mr. Malick)

Sci Applications

Sci Applications (Dr. Asmus)
Sci Appli (Mr. Peckham)

Sci Appli (Dr. Meredith

Sys Consultants (Dr. Keller)
Sys Sci & Software (Mr. Klein)

e e el el el ) e ) ] ) — —) o () d wd b —) —) — — — — — — — — — — — — — — — — — — — —t — —t — — — ——d — d o—




DISTRIBUTION

TI (MS 208/Dr. Coale)
Thiokol Chemical (Mr. Hansen)
p TRW (Mr. Campbell)
UARL(Mr. McLafferty)
UARL(Mr. Angelbeck)
i UARL (Mr. Grose)
UAC P&W (Dr. Schmidtke)
UAC P&W (Mr. Pinsley)
VARIAN Asso (Mr. Quinn)
Vought Sys LTV Aerospace (Mr. Simpson)
Westinghouse (W. List)
Westinghouse (Dr. Riedel)
Westinghouse (Mr. Hundstad)
MIT/Lincoln Lab/Code LRO/AFWL/KAFB
OSU (Prof Scbesta)
u Aeronutronic Ford (Mr. Verble)
; Analytic Sci (A. Gelb)
USA Tng & Doctrine (ATCD-CF)
| Combined Arias Cntr (PROV)
i 0ff1 Record Cy (LRO/Maj Boesen)

—t ot ol d d e (Y i d (0] d d P\) e d d (1) d b b

e A6-19/A6-20 4

e s e SRR e e o T e b s L e e L sl i Sl



