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FOREWORD

This report has been prepared and published for the National Aeronautics
and Space Administration (NASA) in compliance with the design loads require-
ments provisions outlined in Item 24b of the Centaur Documentation Require-

ments Plan, General Dynamics/Convair Report Number 55-00207E, 11
January 1965,
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SUMMARY

This external design loads report for the operational Centaur vehicles (AC-6
through AC-15) presents all design loads, parameters and environments necessary to
ensure operational vehicle structural integrity, maximize reliability and to provide the
design department, analysis department and configuration (desigu) review teams with
primary structure analytical supporting data within one report.

This report is conveniently divided into ten sections as follows:

I Introduction VI Propellant Tanks
I Nose Fairing - VII Liquid Hydrogen Tank Bolt-ons and
II Liquid Hydrogen Tank Weldments
~ Insulation Panels VIII Liquid Oxygen Tank Bolt-ons and
IV Interstage Adapter Weldments
V  Payload Adapter (Surveyor IX Atlas Booster Vehicle
Type) X  Bibliography.

v/vi
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SECTION I

INTRODUCTION

1.1 PURPOSE AND SCOPE

Tkis report presents data upon which all analytical strength evaluations and struc-
tural test requirements are based in order to assure structural integrity and ensure
mission accomplishment. The external design loads and associated loading parameteis
presented herein, when used in conjunction with the applicable structural design criteria
(Reference 1-1), shall provide the official source for all structural design criteria and
design loads for Centaur Vehicles AC-6 through AC-15.

1.2 APPLICATION AND REVISIONS

This report is intended to apply to the operational Centaur vehicle configuration
and necessarily reflects the most severe environment expected on Atlas/Centaur -
Surveyor Flights AC-6 through AC-15, However, when significant changes in specific
vehicle configur~tion or performance occur (e.g., addition or modification of two-burn
peculiar hardwa. e), suitable revisions and/or addenda will be established to effect
agreement with current project thinking, Each revision will be identified by change
letter suffix (i.e.,, GD/C-BTD65-017-X).

1.3 GENERAL

The residuum of Section I contains structural load parameters (of a general nature)
which affect the total vehicle (i.e., mission design trajectories, propulsion system
thrust histories, vehicle stiffness, inertia versus time data, etc.).

Sections II through IX present specific loads and loading parameters as related to
individual structural components and/or systems., Section X presents a bibliography
of Centaur Project, referenceable internal memoranda relating to a given structural
component and/or system.

1.3.1 FACTORS OF SAFETY. All loads and load factors contained in this report
are given as limit, consistent with the definition within Reference 1-1.

1.3.2 MISSION OBJECTIVES, Adequate vehicle strength shall support mission
objectives for all operational Atlas/Centaur flights. Mission objectives are presented
in the Centaur Unified Test Plan (Reference 1-2) for each operational vehicle.

1.3.3 MISSION DESIGN TRAJECTORIES. The data presented in Figures 1.3-1

and 1. 3-2 present the most extreme conditions expected during the first 200 seconds of
flight. The vehicle external design loads and temperatures are predicated upon these

‘1-1



GD/C-BTD65-017
1 May 1965

trajectories and are consistent with vehicle design trajectory data (Reference 1-3).
Three-sigma (30) dispersions about nominal performance parameters on drag, axial
acceleration, and alpha-q are accounted for in loads data contained in other sections
of this report. Figure 1.3-1 presents the low-limit (-30) trajectory parameters, and
Figure 1,3-2 presents the high-limit (+30) values.

During Centaur firing, air loads are considered to be negligible, and the only sig-
nificant trajectory parameter affecting loads is vehicle axial acceleration. The max-
imum (+30) and minimum (-30) values of axial acceleration during Centaur firing are
presenied in Figure 1.3-3. It should be noted that the referenced time t = 0 corrésponds
to the time of Centaur main engine start (MES).
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1.3.4 PROPULSION SYSTEM DATA. All components of the Centaur structure
are subjected to thrust loads imposed by the Centaur main engine system, the Centaur
attitude control system, and the Atlas vehicle engine systems. The thrust loads and
parameters of each are given below.

1.3.4.1 Main Engine System - Centaur Stage. The main engine system of the
Centaur stage has two Pratt & Whitney fixed thrust, single-chamber, regeneratively
cooled engines. These arc gimbal-mounted to the aft bulkhead of the liquid oxygen
tank and are controlled by hydraulic actuators. Each engine has its own turbopump
to supply liquid propellants (oxygen and hydrogen), and each has a thrast regulating
system.

After termination of the first stage of flight and Atlas vehicle separation has oc-
curred, the thrust produced by the Centaur main engines provides the major portion
of the propulsion that is required to accomplish the mission.

Three models of the Pratt & Whitney engines will be structurally considered on
operational Centaur vehicles. These are designated RL10A-3CM-1, RL10A-3-1, and
RL10A-3-3. Each is rated nominally at 15, 000 pounds of thrust except the RL-3-3,
which may be uprated to a nominal 17, 500 pounds of thrust. In this report, loads data
are presented for both the 15K and the 17.5K engines whenever the 17.5K engines cause
critical loads on the structure. Table 1.3-1 presents the thrust loads and parameters
for both engine thrust ratings consistent with Reference 1-4.

TABLE 1.3-1, CENTAUR MAIN ENGINE THRUST LOADS AND PARAMETERS

15K 17. 5K

Parameter Units Engine Engine

Sea level thrust ' Pounds 7.000 8,200

Maximum thrust (altitude) Pounds 15, 000 17, 500
Thrust tolerance Percent 2.0 2.0
Angular thrust misalignment | Degiees +0.5 +0.5

Lincar thrust misalignment Inches +0. 125 +0. 125

et mn = % b o v < e mon e

1.3.4.2 Attitude Control and Ullage/Propellant Settling System - Centaur Stage,
The attitude control engine system has two 3-pound thrust rockets and four 1.5-pound
thrust rockets, The 3-pound and the 1.5-pound thrust rockets are used during coast
periods for pitch and yaw/roll attitude control, respectively. The ullage/propellant
settling system has two 2-pound thrust rockets and four 50-pound thrust rockets. The
2-pcund rockets are used for ullage settling and the 50-pound rockets are used for pro-
pellant settling during the coast phase of a two-burn mission only. The controi and
propellant settling engines are monopropellant. The thrust loads and load parameters
of the attitude control and propellant settling systems are presented in Table 1.3-2,

1-6
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TABLE 1.3-2. CENTAUR ATTITUDE CONTROL AND ULLAGE AND PROPELLANT
SETTLING ENGINES - THRUST LOADS AND PARAMETERS

f’aramete1° Unit 3-Pound [1.5-Pound| 2-Pound | 50-Pound
Engine Engine Engine Engine
Sea level thrust ' Pounds — N —— —
Maximum thrust (altitude) Pounds 3.0 1.5 2.0 50
Thrust tolerance Percent| +3.0 £3.0 +3.0 +3.0
Angular thrust misalignment | Degrees| +4.0 £4.0 3.0 £3.0
Linear thrust misalignment | Inches +0.062 +0.062 +0.062 +0.062

1.3.4.3 Atlas Booster Vehicle. The Atlas booster vehicle has two booster en-
gines, one sustainer engine, and two vernier engines producing thrust during the first
phases of the Atlas/Centaur flight. The thrust loads and parameters of each type of
these engines are presented in Table 1.3-3. Their thrust history profiles are presented
in Figure 1. 3-4 where thrust is plotted against time.

TABLE 1.3-3. ATLAS BOOSTER VEHICLE ENGINE THRUST LOADS

AND PARAMETERS
Booster Sustainer Vernier
Parameter Units Engine (2) Engine Engine (2)

Sea level thrust/engine Pounds 165, 000 57, 000 650
Maximum thrust (aititude) Pounds 187, 900 81,900 950
Thrust tolerance Pounds +1, 500 940 30
Angular thrust misalignment Degrees ), 6 30.5 2.0
Linear thrust misalignment | Inches 0. 125 +0, 125 %0, 125

1.3.5 VEHICLE STRUCTURAL CONFIGURATION, Two views showing the gen-
eral outline of the upper stage portion of the Atlas/Centaur vehicle are presented in
Figure 1.3-5. This illustration shall be used for reference only. For specific details
of structure or of structural components, reference shall be made to applicable specific
sections of the report.
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1.3.6 VEHICLE STIFFNESS, Figure 1,3-6 presents EI (bending stiffness) and
AG (shear stiffness) plotted versus vehicle station for the operational Centaur stage
and the interstage adapter. The values presented represent an analytical model with
minimum stiffness assumptions. These data should not be used where maximum stiff-
ness would be critical, without discussing their intended use with the GD/C Stress
Group (Centaur).

1.3.7 STANDARD SIGN CONVENTION AND COORDINATE AXES. The standard
sign convention and coordinate axes for all structural analyses are shown in Figure
1-2. 7.

1.3.8 VEHICLE MASS PROPERTIES VERSUS TIME, Vehicle mass properties are

presented in Table 1.3-4 (for a typical operational vehicle) based on nominal weights
and C.G. data. Moments of inertia are defined as follows:

a. I;-; Moment of inertia about an axis passing through the vehicle center of
gravity and parallel to the Z axis (roll inertia).

b. Iv-y Moment of inertia about an axis passing through the vehicle center of
gravity and parallel to the Y axis (yaw inertia).

c. L-x Moment of inertia about an axis passing through the vehicle center of
gravity and parallel to the X axis (pitch inertia).

1-10
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SECTION I

NOSE FAIRING

2.1 INTRODUCTION

The Surveyor low drag nose fairing is a lightweight conical shroud which is attached
to the front of the Centaur/Surveyor vehicle.

The primary function of the fairing is to encapsulate the payload and protect it and
the electrical/electronic equipment mounted on the forward bulkhead from ambient en-
vironments prior to and during launch. In addition, the fairing reduces aerodynamic
heating and loads on the vehicle, electronic equipment, and payload during ascent
through the earth's atmosphere.

The fairing consists of a nose cone, a cylindrical (barrel) section, a fairing skirt,
a thermal bulkhead, an environmental control and fuel venting duct assembly, and a
separation system. The nose cone and cylindrical section is comprised of two halves
joined during installation onto the vehicle. The base of the fairing bears on the Station
218.9 tank ring, which is attached to the liquid-hydrogen tank of the Centaur upper
stage. See Figure 2. 1-1 for configuration. A split line along the vehicle X-X axis
allows the fairing to be jettisoned during flight. Explosive latches are provided; they
carry the tension loads between the fairing halves. Hinge fittings that attach to the
nose fairing and liquid-hydrogen tank are provided to permit jettisoning of the fairing.

Vent holes are located in the thermal bulkhead and around the periphery of the for-
ward portion of the barrel section to provide for venting the environmental control
gases overboard during ground operations. The vent holes (Station 154.5) also tend to
equalize internal and external pressures as the vehicle ascends through the atmosphere,

The nose fairing separation system is designed to separate and jettison the fairing
during flight. Separation occurs after aerodynamic loads and aerodynamic heating have
diminished essentially to zero. Electrical signals from the Atlas booster activate the
system,

2-1
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STATION -46,50—

STATION -26,00 ———---= - -

STATION -17.50 ————-—--m ———

e NOst CAP

-

P

THRUSTOR BOTTLL FRAMI

e THRUSTOR ROTTLE FRAML

. FZF 2 — DEFLECTOR BULKHEAD
QUADRANT I (NFAR SIDE) ——-— ===~ __~— QUADRANT 1l (NLAR SIDE)
QUADRANT IV (FAR SIDL) ((/ - QUADRANT 11l (FAR SIDE)
i
SUi i0RT STRUTS
(FOR TH! RMAL BULKH}E AD) — —/ -————7
/ ' ft—14.5°
STATION 125.82 ——=-/- ——= \
- , / g N
Thl RA A N S S __—— PAYLOAD ADAPTER
DEAFFIRAGM (REF ) - ol T o\ (RLF)
SN ~ ! | THERMAL BULKHEAD
/ AN M /o
STATION 146,75 — i W L .~~~ VENT HOLES
- CoTsay PN A ¥
STATION 154.5—| o D3yl oNl70 o o /6~ \ _
STATION 156,65 —| ———-— : e R ¢z | ———FIELD SPLICE
. — e
=:'._7L..§: e ‘—*_‘L = /— UMBILICAL PANEL
) ~ QUADRANTS I AND 11
/ N 7
STATION 187,45 —
/ / AL NI
. / \ | T~ FORWARD
/ BULKHEAD (REF)
/ \
, STATION 219'°°j£ !I N
STATION 219,5 ¢ HINGE POINT

[AB731V]

Figure 2, 1-1.

Surveyor Nose Fairing Configuration
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2.2 BASIC SHELL

The basic shell structure is phenolic Fiberglas sandwich, with cloth faces bonded
to a honeycomb core. Figure 2.2-1 presents basic dimensions of the Fiberglas shell
structure.

2.2.1 CRITICAL CONDITIONS. Severe loads are imposed on the subject fairing
at primarily three times during the course of flight, These flight times are known as
transonic flight, booster engine cutoff (BECO), and fairing jettison and occur in the
sequence as presented. The nose fairing may also be subjected to a critical loading
condition during vehicle erection, whereby ground winds and inertia may impose servere .
loads on the handling fittings.

2.2.1.1 Transonic Flight., During transonic flight, the barrel section experiences
fluctuating pressure aft of the shoulder or Station 146. The maximum steady-state
aerodynamic loads also exist at this time; consequently these two load contributions
comprise the transonic flight loads. Maximum or extreme temperature conditions do
not occur at this point in flight,

2.2,1.2 Booster Engine Cutoff. At BECO, the maximum inertia loads become
apparent and must be considered along with maximum temperatures which exist along
the surface of the fairing. Aerodynamic loads (steady-state and fluctuating) have di-
minished essentially to zero at this time, therefore these should not be considered for
any load contribution at BECO.

2,2.1.3 Fairing Jettison. During fairing jettison, each half of the fairing is sub-
jected to bending caused by rapid angular acceleration. The applied loads at the
thruster bottles are presented in Subsection 2.8. High temperatures exist at this time
if no Thermolag is used on the fairing.

2.2.2 WEIGHT AND CENTER OF GRAVITY DATA. Since Thermolag is planned
for use on the operaticnal vehicle, two sets of data are presented tfor the purpose of
proper design and/or analysis at a particular time during the life of the fairing or
vehicle, i.e., before and after sublimation of Thermolag.

Respective of the particular analysis, the following must be taken into account:

a. Nose fairing weight should be considered with Thermolag for all ground
handling conditions and flight conditions up to and including BECO (see Table
2.2-1).

b. Nose fairing we'ight after Thermolag sublimation should be used for loads
during nose fairing jettison (see Table 2.2-2).

c. Figure 2.2-2 is presented to indicate the distribution of nose fairing weight
versus station at time of jettison,

2-3
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55-72012 Y Zone A
Fairing Cap _\ y/
1 Station- 35
!
/ \ \
Station 0 -———f— -} .Q 2
3
Station 20— 45 |
Zone B
55-72007 _
Cone Assembly
Zone C
o
55-72023 - Tal
Cover Assembly \‘\ﬁy | . Station 142
: + N.E )- p Station 151
55-72017 : T |
Barrel Assembly ™ |, [ Zone D
+ I
_ ]\S/ i |
55-72152 | | |
Hinge Pod (2) *\\(I 1\ l
© W . L ~-L Station 220
1
Outside skin Inside skin Core
Zone | Station thickness (inches)| thickness (inches)| thickness (inches)
A . | ~-46 to -35 0.03 0.03 0. 14 (solid)
B .
1 -35 0.06 0.06 0.50
2 0 0.06 0.06 0.70
3 0 . . 0.05 0.04 0.70
4 20 0.05 0.04 0.80
5 20 0.04 0.04 0.80
6 142 0.04 0,04 1.50
C 146 0.02 0.02 0.15
D7 154 0. 04 0. 04 1.50
[4B74LV]
Figure 2.2-1, Survevor Nose Fairing Shell Geometry
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TABLE 2. 2-1. NOSE FAIRING WEIGHTS DATA - HANDLING
AND TRANSPORTING CONDITION*

Weight™*
Unit (li‘;
Complete Nose Fairing 1980
Heaviest Conical Half 556
Heaviest Cylindrical Half 511
NOTES:

*Also to be used for flight conditions up to and
including BECO.

**aA weight contingency factor of £10% shall be
considered for strength evaluation.

TABLE 2.2-2. NOSE FAIRING WEIGHTS DATA - JETTISON CONDITION*

‘Weight** C.G.
Item (1b) A y p 4
Complete Nose Fairing 1879 123.6 -0.2 1,9
Quadrants I & IV Combined 902 122.0 30.0 0.0
Quadrants II & III Combined 9717 125.0 -29,0 3.0

Mass Moments of Inertia about C.GQG.

I Ivy Lix
Item (in.2-1p) (in.2-1b) (in.2-1b)
Quadrants [ & IV Combined 1,496, 000 8,282, 000 5,573, 000
Quadrants II & IIT Combined 1,784,000 8,796, 000 5,802, 000

NOTES:
*To be used after sublimation of Thermolag,

**A weight contingency factor of £10% shall be considered for strength evaluation,
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2.2.3 THERMAL DATA. All data presented in this section assumes the maxi-
mum heating trajectory which would reflect the most severe thermal environment for
any of the operational vehicles. Maximum temperatures representing each station
along the fairing are given in Figures 2.2-3 and 2.2-4, A typical station (just forward
of Station 146) outside bondline temperature plot is shown in Figure 2.2-5 as a function
of time to correlate approximately when maximum temperatures occur. The outside
bondline temperature distribution during nose fairing jettison is described in Figure
2.2-6 while the inside skin temperatures for this time will be the same as shown in
Figure 2,2-4.

2.2.4 INERTIA LOADS. Steady-state inertia loads on the nose fairing are deter-
mined from the T-D/W versus time curves shown in Figures 1.3-1 and 1.3-2. Vibra-
tory inertia loads which result from buffet response are represented as equivalent
steady-state loads in Paragraph 2.2.6.

The inertia load factors which would be applicable for all ground handling conditions
may be found in Reference 1-5.

2.2.5 STEADY-STATE AIR LOADS. Ground wind loads during fairing erection
are found in Figure 2.2-7. With the fairing installed on the vehicle, the bending mo-
ment at Station 219 due to ground winds = 120, 000 in.-1b.

During flight, maximum air loads occur at transonic velocitics. Maximum axial
drag, shear, and bending moment are presented in Figure 2.2-8, and maximum wall
AP is presented in Figure 2.2-9. The above mentioned loads include the effects of an
angle of attack of 4.5 degrees. The unsymmetrical circumferential pressure distrib-
ution due to angle of attack is presented in Figure 2, 2-10.
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NOTT ¢
STEADY STATE LOADS SHALL BE

MULTIPLIED BY A FACTOR OF 2,0
TO ACCOUNT FOR OSCILLATORY LOADS.

THIS APPLIES TO BOTH CONE
AND BARREL SECTIONS.

SECTION A-A

DRAG-=153 LE

oy

A

- —
WIND DIRECTION

CYLINDRICAL (EARREL)SECTION

< ) —— -——
DRAG

SECTION A-A

DRAG:174 LB

'F igure 2.2-7. Nose Fairing Components Steady-State Wind Loads

during Erection
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NOTE: The maximum local changes of pressure due to angle of
attack are determined from the normal force distributions
by assuming that the normal force at a given station is
produced by a change of external pressure which is equal
and opposite on the windward and lee sides and varies as
the cosine of 8. Circumferential pressure distributions are
obtained by superimposing the effect of angle of attack upon
the wall differential pressure ata = 0,1.e. =

+ or(AP )(ose

W( a=0)

T~ USE: & = 4. 5°

PR
-

L.ampwa)

This contribution has been
accounted for in the pres-
sure envelope (Figure 2,2-9)
for cos 6 =0°,

Figure 2.2-10. Nose Fairing Circumferential Pressure Distribution Due to
Angle of Attack
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2.2.6 BUFFET AND FLUTTER LOADS. During transonic flight, the barrel sec-
tion is subjected to high fluctuating pressures due to oscillation of and turbulence at
the normal shack., The response of the barrel section to these pressures is presented
in Table 2.23 in terms of deflections and internal loads. Symbols and sign convention
for loads aud deflections are presented in Figure 2.2-11.

\/\/\& X3 RADIAL
N

N ~
\ ~

N "

(CIRCUMFI RENTIAL) !
|
|

DISPLLACEMENT OF A
b OINT ON THE
MID-PLANE OF

THE SHFLL.

X; LONGITUDINAL

Z

Nz. Ngi Mz, Mg, Nz AND M5 0(«Mg,) ARE POSITIVE AS SHOWN

NOTE: Symbo!s and skin convention for {nternal barrel section.

Figure 2.2-11. Nose Fairing Barrel Section Symbols and Sign Convention for
Buifet Response

[ Q-]
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TABLE 2.2-3. NOSE FAIRING BARREL SECTION BUFFET RESPONSE

DISPLACEMENTS
Mach Number 0.70-0.85 Mach Number 0.80-0.990
2nZ TZ
x, = -0.0018 Sin 58 Cos T X, = -0.016 Sin 48 Cos T
2nZ TZ
xz = -0.0077 Ccs 56 Sin BN X2 = -0.053 Cos 48 Sin N
2mZ VA
Xa - 0.050 Sin 58 Sin BN Xa = 0.22 Sin 48 Sin I
; INTFRNAL LOADS
=" Case
Mach Number 0.70-0.85 Mach Number 0.80-0.85
Load
T 2nZ TZ .
! N, Ib/in. +28.4 Sin “= Sin 56 ~142.4 Sin —= Sin 4
, .. 2nZ . ML,
Ng, lb/in. -27.4 Sin X Sin 58 -5.33 Sin TSm 48
nZ
M, in.-1b/in. +48.2 Sin 2{——2 Sin 59 +63.2 Sin -I-Sin 40
mZ
Mg, in.-lb/in. +43.0 Sin ?llr:g Sin 58 +113.8 Sin T Sin 48
7 ‘ ¥
Mzg,lb/in. -37.5 Cos _2_LZ Cos 56 -155.3 Cos - Cos 48
2 TZ
Mzg,in.-1b/in. +35.2 Cos —-ﬂL—z Cos 56 +62.8 Cos I Cos 40
NOTES:
a. The N,, Ng, M, and Mg loads have maximum values at increments of
8 - % at Z =% and Z = %I:- for the first case and at increments of
Kn L - )
§ = — at Z = — for the second case, where K = 1,3,5,7, etc.The max-
imum values for N, g andM,g are at increments of @ = 3.5’.7 at Z = 0, .12;

and L for the first case and at increments of 8 2;1‘_1_1_7 at Z = 0 and L for

the second case, where j = 1,2,3,4, ete. The maximum stress may oc-
cur atlocations other than for the above stated maximum individual
loads.

c. Reference Figure 2.2-11 for explantiva of symbols and signs.
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2.2.7 MISCELLANFEOUS LOAD PARAMETERS. During nose fairing jettison, each
hall of the fairing is subjected to bending due to thrustor bottle forces. The total jet-
tison forees, which are imposed to each fairing half, result from three effects:

a. Thrustfrom the bottle.
b. Gas impingement from the opposite thrustor bottle.

¢, Static pressure within the nose fairing upper cavity.

Figures 2. 2-1. through 2.2-16 are to be used as input data for the basic shell bend-
ing calculation, and arce all based on an initial bottle charge pressurc of 2450 psi. The
bending stiffness parameter (Figure 2. 2-16)results from a somewhat wide range of
Young's Moduhus (F} which is always associated with 2 Fiberglas material. This data
as presented, along with the respective weights and C. G.'s (reference Paragraph

total jettison forces as defined above.

For local effects on the upper cavity basic shell wails, a burst pressure distribu-
tion as described in Figure 2.2-17 should be used as design loads for purposes of anal-
vsis. This prossure distribution includes static pressure, gas impingement, a dynamic
impact factor which considers the sudden application of load as shown in Figure 2,2-12,
and the response characteristics of the structure. The stagnation pressures P, and P,
occur directly opposite the thrustor bottle exhaust nozzles and receive direct gas im- )
pingement. These pressures along with their respective locations vary with time as
described in Figure 2.2-18. For the QuadrantI - IV fairing, the pressure along the
Y-Y axis forward cf the stagnation point is assumed to vary linearly from the stagnation
point pressure (P,) to the pressure labeled as P, at Station -22 (Reference Figure
2.2-19), while that below the stagnation point is assumed to vary linearly from the stag-
nation pressure (B,) to the pressure labeled as P at Station -5.0 (Reference Figure
2.2-20). Circumferentially, the pressure varies with the angle § according to:

Piw) B (B -F) cos2 8 (Reference Figure 2.2-17)

For the Quadrant II - III fairing, the pressure along the Y-Y axis forward of the
stagnation point is taken as that of the stagnation point (P,), while that below the stag-
nation point is assumed to vary linearly from the stagnation point pressure (B,) to the
pressure labeled as P, at Station -22 (Reference Figure 2.2-19). Again, the pressure
varies circumferentially according to:

Pis) = B+ (P - B)cos®8 (Reference Figure 2,2-17)

Figure 2,2-20 indicates the variation of pressure (P,) with time, In this arca,
the pressure also varies circumferentially according to:

Pen) =B + (B - R)cos® 8 (Reference Figure 2.2-17)
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2.3 NOSE CAP

The nose cap is a solid hemispherical shell composed of a phenelic Fiberglas in-
terior layer covered by a high silica glass outer laminate. Figure 2.3-1 presents
brisic nose cap configuration,

2.5.1 CRITICAL CONDITIONS, The nose cap is subjected to high crushing pres-
sares during the Max ¢ portion of flight, and receives maximum temperatures at time
ot BEC( At nose tairing jettison, the cap reccives high burst pressure and inertia
load=1n ¢ snbination with elevated temperatures.

2.3.2 WEIGHTS AND CENTER OF GRAVITY DATA. The following weight and
C. G. location shall be used for structural design and analysis.

[ Weight | z y [ X
(1b) (in.) (in.) | (in.)
= T
18.0 -37 0 [ 0

2.3.3 THERMAL DATA. Maximum exterior temperatures of the nose cap for
various times in flight are presented in Figure 2.3-2. The temperature gradients
through the laminate for maximum temperature condition and for fairing jettison are
presented in Figure 2,.3-3. This thermal data represenms the worst expected environ-
ment for any flight,

2.3.4 INERTIA LOADS, At BECO, the cap receives a maximum axial accelera-
tion of 5.8 ¢g's (acting aft).

During nose fairing jettison, the angular acceleration of the nose fairing half
causes additional inertia loads of magnitudes and directions as defined below,

a. Tangential inertia force = 100 g's (assumed to be concentrated at the C.G.
for simplicity). This load acts perpendicular to the axis described between
the C. G, of the nose cap and the center of rotation in an opposite sense to the
direction of rotation (see Figure 2.3-4).

b. Radial acceleration or centrifugal inertia force - 15 g's (assumed to be con-
centrated at the C. G. for simplicitv). This force acts along the same axis as
defined above and directed away from the center of rotation (see Figure 2,3-4),

NOTE:

These loads must be applied simultaneously with the pressure loads described
in Paragraph 2.3.7.
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3. Nose Cap Fairing Temperature Grad
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Figure 2.3-4. Nose Cap Acceleration Forces at Jettison

2.3.5 STEADY-STATE AIR LLOADS. The wall AP envelope presented in Figure
2.2-9 should be used for stress analysis of the cap for maximum air loads.

2.3.6 BUFFET AND FLUTTER LOADS, Buffet loads on the nose cap are negli-
gible.

2,3.7 MISCELLANEOLUS LOAD PARAMETERS, The nose cap receives burst
pressures during firing of the thrustor bottles at nose fairing jettison. This pressure
is suddenly applied, which causes stresses higher than those due to gradual load appli-
cation, This impact effect is included in the equivalent static pressure presented in
Figure 2,3-5, The inertia loads due {o fairing acceleration presented in Paragraph
2.3.4 must be combined with this pressurc load.

?
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. b SHOULDER ¢ OVER

The shoulder cover is 4 solid laminate Fiberglas fairing which provides a smoot
acrodvnamic surtace bhetween the nose cone and barrel section. Figure 2.4-1 presen
4 prass. seetion through the shoulder cover which illustrates the method of attachmen
to the basic shell.

STATION
146,75
I
FORWARD
—* anma————
== B ==
!
L .
’/
!~ - BARRFL
S CTION
£mnost
FAIRING
L CONE.
J

(it v l

Figure 2.4-1. Nosc Fairing Shoulder Cover Configaration

1.1 CRITICAL CONDITIONS, The shoulder cover receives high steady-state
and flllL tuating acrodynamic loading during transonic flight. No clevated temperatures
exist during time of maximum airloads. The maximum temperature exists at BECO,
when aerodynanic loading is negliginle. Duc to the small mass of the shoulder cover,
inertia loads are not considereq critical.

2.4.2 WEIGHTS AND CENTER OF GRAVITY DATA. Loads imposed by inertia
are not critical.

2 4.3 THERMAL DATA. Figure 2.4-2 prescnts 2 tempcerature history of three
points on the shoulder cover, reflecting the most severe environment expected on any
operational vehicle,

2 4.4 INERTIA LOADS. Inertia loads are not critical
2 1.5 STEADY-STATE AIR LOADS. Figure 2. 4=3 presents marimum steady-
state differential pressure across the shoulder cover n both bursting #nd crusiing

directions. This steady-state load shall be combined with the fluctuating pressure
presented in T ara.raph 2.4.6.

2-00
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2.4.6 BUFFET AND FLUTTER LOADS. During transonic flight, the air flow
discontinuity at the junction between the nose cone and barrel causes fluctuating pres-
sures to act on the shoulder cover. The stresses due to response of the shoulder cover
are equivalent to a static pressure as showr in Figure 2.4-4. This loading may occur
at anytime between Mach numbers 0.85 and 1.30. Thercfore, this condition should be
considered simultaneously with the steady-state airloads presented in Paragraph 2.4.5.

2.4.7 MISCELLANEOUS LOAD PARAMETERS. No other loads are critical.

by - +10 P8I Py = £1.0 P41
| \

B/ARREL SECTION

CONIC AL
SECTION
| —_————
FWD
STATION
146,75

Figure 2. 4-4. Nose Fairing Shoulder Cover Equivalent Static Pressure due to Buffet

Response

2-38



GD/O-BTDEH-01Y
1 May 1965

2.5 NOSE FAIRING SKIRT

The nose fairing skirt provides protection to the forward edge of the insulation
pand I+ and the mating tank rings at Station 218. 9 from aerodynamic heating. The skirt
- ettisoned along with the nose fairing as it is attached to the aft end of the cylindrical
(harrely section, It extends aft over the mating tank rings and circumferentially around
the vohreles A flegible seal provides attachment to the insulation panels, which is sev-
cred e oshaped charge at fairing jettison,  Sece Figure 2,.5-1 for skirt configuration.

20000 CRITICAL CONDITIONS. The environment considered to be most severe
regarding the nose tairing skirt exists during the transonic phase of booster operation.
Acrodynaniic loads reach a maximum at this time since steady-state wall differential
pressures and fluctuating pressure effects must be imposed simultancously on the sub-
jeet skrt, Detrimental temperature eftects should not be considered at this time.

The maximum temperature condition (excecessive heating of Fiberglas surfaces)
oceurs at a later time in tlight whereby material allowables must be altered accord-
gy, However, during this portion of tlight, the acrodynamic loads have reduced to
a negligible magitude.

2.5.2 WEIGHTS AND CENTER OF GRAVITY DATA. Due to the nature of this
particular component. inertia loads are of an inconsequential magnitude compared to the
acrodynamic loads discussed above. therefore. weights or C. G. data is not applicable.

2.5.3 THERMAL DATA. Thermal data on the skirt is presented in Paragraph
6.3.3.

[y

2.0, INERTIA LOADS. Load contribution from inertia ¢tfe cts are not to he
considered lor this component (sce Pavagraph 2.5, 2).

2.0.0 STEADY-STATE AIR LOADS, The static loading of the nose fairing skirt
is considered to result from a differcential pressure acting radially across the skirt,
Figure 2. 5-2 presents an envelope of wall differential pressures for the nose fairing
skirt considering only a zero degree angle of attack. It is assumed that the flexible sea!l
remains intact until insulation panel jettison. therefore venting occurs only through one
hinge pod. The data at Mach number 0,94 includes an increment of 1,0 psi to account
for an assumed venting lag. This analysis is valid only if the flexible seal is not rup-
tured in any way prior to the predeterined {light time,

Angle of attack corrections for @ - 6 degrees .1« wecounted tor in Figure 2,5-3;
therefore, for any smooth or clear area on the skirt instaliation the total AP would be
sum of the values obtained from Figures 2.5-2 and 2. 5-3.

2-59
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The total acrodynamic drap or axial load imposed to the skirt is given in Figure
, 8 &

al

<.o-bas wtunction of Machk number.  This load accounts for only the smooth portion o

the hasic skirt.  Axial) loads tor the protuberances are given where applicable.

M local areas near protiberances such as the hinge fairings. inferfercence effects

ot the nose fairiy, skirt shosld ve considered as additional contributions to differentia
pressures. These incremaonts should be applied along the full {ength (stationwise) of

the shin as shown o Figure 2.0-5.

It should he noted that positive values indicate

crushing - nd negative Vilues indicate bursting.,
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’ (1) ADJACLNT TO ALL HINGE FAIRINGS

AP = +1,50 PSI
OR =0,60 PSI

- TYPICAL HINGE

p = +1,50 PSi
OR -0.60 PSI

A

+ CRUSHING
- BURSTING

SKIRT

(2) ADJACELT TO THF
UMBILICAL ISLAND
i AIRING
AP, ~ ~0.60 Psl

-

—]

QUAD 11 INCLUDES HYDROGEN
VENT STACK INTERFERENCE

UMBILICAL ISLAND FAIRING
Ap, = + 1.00 PSI

QUAD II

g (3) ADJACENT TO
DETONATOR FAIRINGS

~AP = ~1,5 PSI
-0.6 PSI

} TY P, BOTH SIDES

(4) ADJACENT TO
INSULATION PANEL JOINT FAIRINGS

NOTE: ALL DIMENSIONS IN INCHES

0 4BlO2LYV

o]

—s— AP =+ 1LOPSH| .
- 0.8 PSll TYP. BOTH SIDES

-

ALL VIEWS LOOKING FORWARD AT STATION 2189

Figure 2.5-5. Basic Skirt - Local Interference Loads from Fairings
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2.5.6 BUFFET AND FLUTTEDY LOADS, For design of the nose fairing skirt, an
cquivalent static pressure can be used to represent buffet loads, which in the case of
the nose tairing skirt, is r 0,50 psi. The so-called transonic buffet effect can occur at
anv time between Mach 0,85 and 1. 30, therefore this condition must be considered

simultancously with the steady-state conditions in Paragraph 2.5.5. Assume this pres-
sure to act as indicated in Figure 2.5-6

‘ ‘t +0.50 PSl

(FC N

-
o

LED)

Rl = 1 ol
:

[4b108LV]

Figure 2. 5-6. Nose Fairing Skirt Transonic Buffet lLoads

2.5.7T MISCELLANEOUS LLOAD PARAMETERS, No other loads should be con-
sidered for this component.

\
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2.6 STATION 219 SEAL

A flexible seal made of lightweight plastic provides attachment between the insul-
ation panels und the nose fairing skirt arrangement as shown in Figuare 2.6-1. This
~ . while remaining intact, also establishus the proper venting conditions for the in-
suiution panel - LHo tank cavity during ascent thrcugh the atme.phere. This seal is
then ~evered by a linear shaped charge at t:¢ proper time to accomodate insulation
pancl and nose fairing jettisons.

/ NUSE I AIRING SKIRT
( 7 LINEAR SHAPE U CH ARG

o /—51 ATION 244 51 AL
/s , )
H._.] -- __/[ﬂ , S+ al RETAINR
’ o -

- LN JETTISUN AR |
s /,v’ INSUL ATION FANT |
/ Ve
' i “\\ .
vt ~
IU \ 5
- - --i - Wt
- l ‘
STA , — Ltz TANK SKIN

Ll 104! V|
Figure 2.6-1. Station 219 Seal Configuration

2.6.1 CRITICAL CONDITIONS, The critical loading condition for the Station 219
seal oceurs during the trinsonic period of {light. At this time, the steady-state air
loads must be combined with the buffet type air loads due 1o dynanne response ot the
component,  The maximum heating condition need only be invesdgated from a thermal
standpoint since the aerodynamic loads have essentially diminished to zero.

2.6.2 WEIGIHTS AND CENTER OV GRAVITY DATA. The seal weight is of an in-
consequential magnitude; therefore, weighis and C. G. data are not upp}icabl«;,

2.6.3 THERMAL DATA, The temperature o. ‘ory of the subject seal is present-
od m Figure 2,6-2, which represents the most severe thermal cuvironment for any of
thy operational vehicles,

2.6.4 INERTIA LOADS, The scal weight is so small that inertia loads are neg-
ligible (see Pavagraph 2.6, 2).
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Figure 2.6-2. Station 219 Seal Temperature History

2.6.5 STEADY-STATE AIR LOADS. Steady-State air loads are given as differ-
ential pressures across the Station 219 membrane. For purposes of analysis, the fol-
lowing maximum differential pressures should be considered as determined from ex-
perimental wind tunnel data. '

+3.3 psi (Crushing)

=
4 -2.5 psi (Bursting)

These loads occur during the transonic range of flight.

+

2.6.6 BUFFET AND FLUTTER LOADS, As the Atlas,Centaur vehicle flies through
transonic speeds (Mach numbers from 0.85 to 1.30). an additional AP can result from
the effeets of buffeting (alternate boundary layver scparation and attachment). Due to the
dynamic response of the membrane to this effect, an equivinlent steady-state &P of £0.50
psi should be superimposed with the steady-state loads desci .hed in Paragraph 2.6, 5,
thus accounting for fluctuating pressure.

2.6.7 MISCELLANEOUS LOAD PARAMETERS. No other loads should be con-
sidered for this component. ‘
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2.7 DETONATOR FAIRINGS

These items are simply protective Fiberglas fairings used to isolate the detonator
installation which in turn activates the linear shaped charge at the Station 219 jcint
area. Two fairings are used to protect the pyrotechnics from the severe environmental
conditions which exist during the vehicle's ascent through the atmosphere. Both fair-
ings are positioned 20 degrees from the X axis in Quadrants I and III respectively, See
Figure 2.7-1 for the fairing configuration.

NOTE:
TYPICAL FOR TWO PLACES IN STATION 219 AREA

FIBERGL AS A ~—
.10 (10 PLY MIN)

5TA
195,72 +
' U ‘
z 2,60
—aTT % ""!
[ e B
Lo o~ l
| W— - am - - S’I:A
219,90
NOSE / VIZW B-B A
FAIRING

€ SYM

[--'—3.*;0"‘——-{

|

!
= =
\
— ' —
B SECTION A-A

L_mm 20° TO **X ** AXIS TYP IN
QUADS I AND 1l

|4B 106L.V]

Figure 2,7-1. Detonator Fairing Configuration

2.7.1 CRITICAL CONDITIONS. The critical loading conditions for the detonator
fairings occur during transonic flight when both steady-state and fluctuating air loads
are at 2 maximum and are also acting simultaneously. Additional considerations shou;
be made when surface temperatures attain their maximum values and immediately
prior to nose fairing jettison when the l:near shaped charge is activated to sever the
219 seal,
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2.7, 2 WLHIGHTS AND CENTER OF GRAVITY DATA. Duc to the nuture of this
component. inettia losds are of an incouscquential magnitude; theretore, weights and
C.G. dat ire not apphicable,

2.7.5 «HERMAL DATA. The data presented herem represents the maximum
temperatures exnected for any of the follov -on vehieles,  Temperature histories are

Sivenin Ploae 27 2 for two typical pomts along the surface: namely, o point on the
Podegr oo vaimp i - md a point on the surtace parallel to the vehicle fongitudinal axis.
che e temge rature - assumed to be apphicable for the entire surface length within

the respective areas coeribed,

oo 4 INERTIA POADS,  load contribution from inertia efteets are not to be con-

dleved tor thic component (sce Paragrapin 2,.7.2).

2.7 STEADY-STATE AIR LOADS, sweadv-state ditferential pressures at zero
v ol oteck are presented in Figure 2,73, A uniform distribution over the respece-
Coc aen -hed! be assumed for purposes of analysis. The data for Mach number 0,91
incrades anmerement of 0,5 pst to aceount for an assumed venting lag.  Venting occurs
theoush the at end of the tairings,  An additional £ 0.6 ps1 should be considered as a
lomd contribution to he superimposcd with the values {rom Figure 2.7-3 due to a 6 de-
cron anglo ol attack.

Total axial drag and side loads for each fairing are given in Figure 2.7-4. The
drag and side loads shall be assumed to act tarough the centroid of the projected frontal
and side areas respectively. These loads represent only the cxternal pressure effects
om cach pod, whereas. the wall AP also considers internal pressure.  Conseguently,
the loads should be used accordingly in the analysis of the structure.

2 7 6 BUFFET AND FLUTTER LOADS, Fluctuating serodynamic pressures are
imposed on the detonator fairings during transonic flight (Mach No. 0.85 to 1,30).
For design of this hardware. an equivalent static pressure of 2,90 psi can be used to
represent bultet loads which resuies from the dynamic response of the structure. Con-

sider this pressure to act on the subject fairing as described in Figure 2.7-5.

These loads occur simultaneously with the steady-state air loads given in Para-
graph 2.7.5.

2 7.7 MISCELLANEOUS LOAD PARAMETERS. Ins cediately prior to nose fairing
jettison, the churges underneath the detonator fairings arc we avated which in turn im-
poses a pressure shock load to the respective fairings. Due to tn extremely short
duration of this load, its effcct on the structure is not entirely defined, therefore the
structural integrity ol the subject fairings will be proven by test.
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NOTI : ~
LOADS RE] RESENT ONLY (i
ONE FAIRING .
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Figure 2. 7-4. Detonator Fairings Total Drag and Side Load versus Mach Number
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Figure .. 7-3. Detonator Fairings Transonic Buffet Loads

2-53



GDAC-BTD6LH-017
1 May 1960

BHIS PAGE INTENTIONALLY LEFT BLANK.



GD/C~-BTD65-017
1 May 1965

2.8 INSULATION PANEL JOINT FAIRINGS

The insulation panel joint fairings (four in number) are located in the Station 219
area, circumferentially aligned with the longitudinal splices of the insulation paneis.
They actually form that portion of nose fairing skirt at these points and provide a pro-
tective shield over the panel splice angles. See Figure 2.8-1 for the fairing configura-
tion and locations.

2.8.1 CRITICAL CONDITIONS, The critical loading conditions for these fairings
occur during transonic flight when steady-state and fluctuating ajr loads are at a max-
imum and are also acting simultaneously. Further consideration should be made at the
time of maximum surface temperuature even though the air loads have essentially di-
minished to zero,

2.8.2 WEIGHTS AND CENTER O¥ GRAVITY DATA. Due to the nature of these
items, inertia loads are of an inconsequential magnitude; therefore, weights and C. G.
data are not applicable.

2.8.3 THERMAL DATA. A temperature history for the insulation panel joint
fairings is presented in Figure 2,8-2, This data reflects the maximum temperatures
expected for any of the operational vehicles. The temperature, as described, is ap-
plicable to any point within the 15 degree ramp area and is assumed as representative
of the entire surface length.

2 ¥.1 INERTIA LOADS, Load contributior from inertia etfects are not to be con-
sidered for these components (see Paragraph 2.8.2).

2.%.5 STEADY-STATE AIR LOADS. Steady-state differential pressures versus
Mach number at a zero angle of attack are given in Figure 2.8-3. Yor purposes of
analvsis, these pressures shall be assumed to act uniformally over the respective arca
of the fairing. These fairings were assumed to have a venting arrangement similar o
that described in Paragraph 2.7.5, sothat the AP at Mach number 0,94 includes 0.5 psi
due to venting lag. An additional = 0,6 psi should be used to account for a 6 degree
angle of attack, Therefore z0,6 psi should be superimposed with the values from Fig-
ure 2,%-3,

Total axial drayg and side loads tor each fairing arc given in Figure 2,.3-4. Both
the drag and side loads shall be assumed to act through the centroid of the projectod
frontal and side areas respectively. These loads represent only the external pressure
effects on each fairing; whereas, the wall AP also considers internal pressure. The
loads should be utilized accordingly in the analysis of the structure.

2.8.6 BUFFET AND FLUTTER LOADS, For purposes of analysis, fluctuating
acrodynamic pressures which are induced to the fairings, may be represented by an
equivalent static pressure.  The load, jn this case £3.30 psi, actually results from the
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Figure 2.8-1. Insulation Panel Joint Fairing Configuration
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dynamic response of the structure to this phenomena. This condition ¢an occur at any

time during the transonic range of flight (Mach No. 0,35 to 1,30) therefore, considera-
tion of these effects must be made simultuncously with the steady-state air loads given
in Paragraph <. 8.5, Assume this pressure to act on the subject fairing as described

in Ficure .~-7,

2.5, 7 MiSCELLANEOUS 10OAD PARAMETERS. No other loads should be con-

sidered for this component.
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2.9 JETTISON HINGES

The jettison hinges (Figure 2.9-1) are part of the nose fairing separation system
since they provide the pivotal point about which the nose fairing rotates during jettison.
Fach fairing half utilizes one hinge which is located approximately at Station 219 on the
Y-Y axis of the vehicle. These components also serve as the reaction point for load
transfer between the fairing and the Station 218, 9 ring during this time.

NOSE FAIRING
/ SHELL

FORWARD

L.H2 TANK SKIN

TANK RING

’ - STATION 219,2 -

e HINGE PIN

SHE AR PIN
\-HINGE
PL ATE

HINGE SUPPORT

Q)

SUPPORT LONGERON
N /

Figure 2.9-1. Nose Fairing Jettison Hinge Configuration
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. 2.9.1 CRITICAL CONDITIONS. The nose fairing hinges are exposed to high tem-
peratures at time of fairing jettison. A longitudinal gap is preset in each hinge before
flight to prevent air loads and thermal deflections from loading up the hinges during
transonic flight.

2.9.2 WEIGHTS AND CENTER OF GRAVITY DATA, See Paragraph 2.2.2 for nose
fairing weights which are used to compute hinge loads during jettison,

2.9.3 THERMAL DATA. The maximum expected temperatures for various points
on the nose fairing hinge assembly are presented in Figure 2, 9-2 and Table 2.9-1.

Thermal deformations resulting from chilldown and subsequent flight phase (includ-
ing nose fairing jettison) shall be based on these temperatures which are representative
of the most severe thermal environment for any of the subsequent operational vehicles.

TABLE 2.9-1. NOSE FAIRING HINGE-HALVES AND NOSE FAIRING SECTION -
TEMPERATURE TABULATION

Location ~ Flight Time (sec)
Reference

Figure 2,9-2) 0 70 140 215%*

ﬁ A All temperatures are 112 112 111 108

B given in °R 113 113 111 108

C 97 96 96 95

D 88 87 86 84

E 97 917 88 81

F 97 97 86 78
G 95 94 81 73

* Approximate nose fairing jettison time

2.9.4 INERTIA LOADS., The loads on the hinges due to inertia effects at fairing
jettison are included in Paragraph 2.9.7.

2.9.5 STEADY-STATE AIR LOADS. The hinges are not designed to transmit aero-
dynamic loads from the nose fairing. No direct air impingement loads act on the hinges
since they are covered by the hinge pods.

0 2.9.6 BUFFET AND FLUTTER LOADS. Buffet loads on the hinges are negli-
gible,
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2.9.7 MISCELLANEOUS LOAD PARAMETERS. The sequence of nose fairing
jottison imposes the most severe loading to the jettison hinges. However, at some
predetermined time prior to this condition (BECO +30 seconds for single-burn missions
and BECO 50 seconds for 2-burn missions) the insulation punels are jettisoned. At
this time, in.¢ shaped charge cuts the tension tie at the Station 218,9 joint. Conse-
quently, any tension or shear loads which may occur up until nose fairing jettison must
be transferred through the only remaining path, namely, the jettison hinges., The de-
»ign leads for thus specific condition are as follows:

f- | Load , Units Nominul 30 Dispersion
é "

; Shear 37 1 256

% Axial loasd ib 2,320 2,436

]

| Bending Moment | in.-Ib | 18,760 25,190

The data presented above is based on the following assumptions:
a. Aerodynamic coefficients based on Reference 2-15,

b. Nominal and 3~-sigma trajeciory parameters based on Reference 1-3, i.e.,
angle-of-attack, dynamic pressure, axial acceleration, etc.

c¢. Jettison times based on BECO + 30.

At nose fairing jettison, additional loads are induced to the hinges which resuit
from jettison bottle thrust and fairing 10tation. These loads act on the tank at Station
219.5 and may act either simultaneously or independently, whichever is more critical.
Figure.2.9-3 is presented to correlate the fairing angle of rotation with time from ini-
tial bottle thrust: Figure 2.9-4 and 2.9-5 associate the longitudinal and radial loads,
respectively, with time, In this case, an envelope of loads is employed to account for
the dispersions in the many load input variables such as nose fairing weight, modal

response of the fairing, dynamic characteristics of the tank, thrust buildup, thrust
decay, ete,
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2.10 DEFLECTOR BULKHEAD

The deflector buikhead is located in the nose fairing directly heneath the jettison
bottles. Its purpose is to prevent the escaping jettison bottle gas from impinging on the
payload. The configuration of the deflector bulkhead is shown in Figure 2.10-1.

VEHICLE
€
!
FORWARD
F—n INGED BULKHI: AD
UPFLR QUAD I/IV
BULKHF Al
STATION- [ '
-5.72 l t\i
/ | L= STATION -2.87
s -
/] A ey ., \ =
oy \ 2= LOWER QUAD 11, Ili
/;\ Lo ‘ N PULHEAD
s - :‘-’:—"4'- <
d ,/// e \‘\-——H!NGE )
e j .
FOAM BUMPER
——
- SUFFORTING-~ 1
CENTFR BEAM
“TIFFENER -

-

(i)

Figure 2.10.1. Deflector Bulkhead Configuration
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2.10.1 CRITICAL CONDITIONS. The deflector bulkhead is subjected to a high
differential nressure during nosc fairing jettison. All other loads during flight are not
critical, .

2.10,.. WEIGHTS AND CENTER OF GRAVITY DATA., The weight, C. G. position,
and mass moment of inertia for the hinged bulkhead are presented below.

Weight - 10,1 1b
1 342 Ib-in. 2

ER F R

2.10.3 THERMAL DATA, Temperatures are not critical.

2.10.4 INERTIA 1.OADS. Inertia loads on the deflector bulkhead are not criti-
cil.

2.10.5 STEADY-STATE AIR LOADS. Since the deflector bulkhead is located
within the nose fairing cavity. direct air impingement loads are not applicable.

2.10.6 BUFFET AND FLUTTER LOADS. Buffet loads are not to be considered

. for this component, (Not critical.)

2.10,7 MISCELLANEOUS LOAD PARAMETERS., The deflector bulkhead is sub~
jected to maximum differential pressure loads during nose fairing iettison when thruster
bottle gas is released. The effects of static pressure, direct gas impingement, and
impact are included in the pressures presented in Figure 2. 10-2,

-

Another consideration should be mude regarding the design of the bulkhead when
the hinged portion (see Figure 2.10-1) strikes the Stafoam bumper. This condition
occurs approximately 0.09 seconds after thruster bottle comm:nd for nose fairing jet-
tison. The resulting reaction on the hinge mechanism at this time attains a maximum
magnitude of 3000 pounds as shown in Figure 2. 10-3,
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Rl ACTE DD ACROSS
THRIt HINGES (ANY
DIR! CTION NORMAL
TC HINGE LINE)

HINGED
BULKHEAD

REFERE.NC!
FIGURL: 2.10-1

[4B1400v]

Figure 2. 10-3. Deflector Bulkhead Hinge Reaction at Jettison
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2011 THRUSTOR BOTTLES

The thrustor bottles function is to provide the jettison forces for the two nose fair-
ing halves. The locations and configuration of the bottles are shown in Figure 2.11-1,

2.11-1, CRITICAL CONDITIONS. The thrustor bottles are subjected to high longi-
tudinal acceleration at BECO, and are subjected to a severe combination of inertia,
thrust, and gas impingement loads during nose fairing jettison. No other times in
flight are critical.

2.11.2 WEIGHT AND CENTER OF GRAVITY DATA, The following weights and
C. G, locations shall be used for structural design and analysis.

Weight C.G.
Item (1b) z y X
tUpper Bottle (Full) 25.2 -26 +6 0
Lower Bottle (Full) 25.2 =17 -6 0

2.11.3 THERMAL DATA. High temperatures do not exist on the thrustor bottles.
Therefore this condition is not applicable.

2.11.4 INERTIA LOADS. The thrustor bottles must withstand the following in-
ertia loads at time of BECO:

N, N AT

Condition &'s) (g's)
Maximum Longitudinal Inertia +10.0 +1.0
Maximum Lateral Inertia + 6.0 +6.0

During nose fairing jettison each bottle is subjected simultaneously to an inertia
load caused by vehicle acceleration, a thrust load from its escaping gas, and an ex-
ternal force caused by impingement of gas from the opposite thrustor bottle, The
longitudinal inertia load acting at the C.G. of each bottle = +1,5 *1.0 g's (+load acts in
the aft direction). Thrust loads and impingement loads are presented in Paragraph
2.11.7.

2,11.5 STEADY-STATE AIR LOADS. Since the thrustor bottles are located with-~
in the nose fairing cavity, direct air impingement loads are not applicable.

2.11.6 BUFFET AND FLUTTER LOADS. The effects of these loads are not cri-
tical,
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Figure 2.11.1. Thrustor Bottles and Support Structure Configuration
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2,12 SEAL BULKHEADS

The seal bulkheads are located between the nose cap and top-of the conical shell,
and serve to prevent leakage at this portion of the nose fairing sp}'t line. The configur-
ation ¢f the seal bulkheads is shown in Figure 2,12~-1,

NOSL. CAP

UPPEFR SEA] —
BUI KHEAD

LOWER SLAL >
BULKHE AR

FORWARD

NUSE FAIRIN 3ELL

/. ANDS

Figure 2.12-1, Scal Bulkhead Configuration
2.12.1 CRITICAL CONDITIONS. The seal bulkheads receive critical loads during
nose fairing jettison due to gas impingement and static pressure inside the nose fairing.
2,12,2 WEIGHT AND CENTER OF GRAVITY DATA, Inertia loads are not critical.

2.12.3 THERMAL DATA. Temperatures do not become critical on the seal bulk-
heads.

2.12.4 INERTIA LOADS. Inertia loads are negligible in comparison to the im-
pingement pressure louus during nose fairing jettison.
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2,12.5 STEADY-STATE AIR LOADS. The steady-state air loads which may occur
during transonic flight (Mach numbers from 0.85 to 1,30) are insignificant in compari-
son to rressure loads which occur at nose fairing jettison (reference Figure 2.2-9 and

Paragraph 2. 12, 7)., The pressures as shown in Figure 2.2-9 could result from leakage
through the exterior seal.

2,12.6 BUFTFET AND FLUTTER LOADS. Buffet loads are not critical.

.

2.12,7 MISCt LLANEOUS LOAD PARAMETERs. ihe nressures, which occur at
fairing jettison and are presented in Figure 2,12-2 for each of the seal bulkheads, in-
clude the effects of static pressure, gas impingement, and sudden application of load.
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Figure 2.12-2, Seal Bulkheads Differential Pressures at Nose Fairing Jettison
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2,13 THERMAL BUiLKHEAD

The thermal bulkhead senarates the surveyor payload compartment from the Cen~
taur equipment arca. The configuration i8 shown in Figure 2,13~1, The purpose of the
thermal bulkhead is to ensure a sterile environment for the Surveyor payload, and to
prevent mixing of the Surveyor compartment and the equipment area air conditioning
gases. The thermal bulkhead is composed of Fiberglas sandwich, and is supported
during nose fairing jeitison by struts attached to the inboard edge. The joint between
the inboard edge and the payloud adapter is sealed to prevent excessive leakage.

2.13.1 CRITICAL CONDITIONS. The thermal bulkhead receives its critical loads
from a combination of differential pressure and inertia loads, Maximum AP loads
occur during transome flight, (Mach numbers from 0. 85 to 1.30) when rapidly changing
external pressure cereates hagh flow rates through the vent holes, Inertia loads on the
thermal bulkhead are caused by transonic buffet response of the nose fairing barrel
section,

High inertia jouds on the thermai bulkhead also occur during nose fairing jettison.
These loads act 1n .:.ombination with the L. P caused by thrustor bottle gas leaking past
the deflector bulkheud and impinging on the thermal bulkhead.

2.13.2 WEIGHTS AND CENTER OF GRAVITY DATA. The following weights and
C.G. locations shall be used for structural design and analysis.

ot e e s as e - - a—

Weight C.G.
Item b) Z v X
Quadsrants { - IV Halt 55,4 150 +38 0
Quadiants 0 - I Half 53.7 156 i -38 0

2.13.3 THERMAL DATA. TLhe thermal bulkhecad remains at or near room tem-
perature throughout flight,
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t SPLICE
(TYPICAL AT 15°)

RIB
(TYPICAL AT 45°)

VIEW
LOOKING
AFT

NOSE CONE

STRUT

FORWARD

STATION
146,75

U T
. ) t /)
N/F 15 ey
BARREL
|~ ' SECTION
THERMAL
4B146LV BULKHEAD

Figure 2.13-1, Thermal Bulkhead Configuration
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2.13.4 INERTIA LLOADS. Inertia loads on the thermal bulkhead and struts arc
. presented below for critical conditions during flight, These :nertia loads are to be
combined with differential pressures presented in Paragraph 2, 13.5 where applicable.

a. Loads During launch: Vibratory Inertia.

3 1 x ?
NOSE LOAD ON STRUT = 40,0 SIN 3;- g's
FATRING -
WHERE:

X = DISTANCE FROM END OF STRUT

L = LENGTH OF STRUT

FORWARL)

LOAD ON THERMAL BULKHEAD
= & 4,0g's (UNIFORMLY DISTRIBUTED)

To the above loads, add a steady-statc longitudinal inertia of +1.30 g's.

b. loads at BECO: Vibratory inertia.

The vibratory inertia loads at BECO are the same as presented above,
however the steady-state inertia load at BECO = +5,8 g's.

c¢. Loads at Jettison:
1. Maximum Tangential Acceleration.

These loads are :1.ssumed concentrated for simplicity. See Paragraph 2.13.7 for
AP acting at this time.

FAIRING

Ty
.....

1s.0g's acting perpendicular to radius
through N/F hinge
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2. Maximum Radial Acceleration.

4,5 g’s ACTING ALONG RADIUS
THROUGH N/F HINGE

These loads are assumed concentrated for simplicity, No AP «
/ across the thermal bulkhead exists at this time,

2.13.5 STEADY-STATE AIR LOADS. During transonic flight, the thermal bulk-
huad is subjected to a differential pressure of 0.40 psi acting aft. Ti.is load acts
simultancously with buffet response loads presented in Paragraph 2.13.6.

2.13.6 .BUFFET AND FLUTTER LOADS. During transonic flight (Mach numbers
from U.55 to 1.30), the thermal bulkhead is excited by the response of the barrel sec-
tion to fluctuating air loads. The equivalent static pressure due to unsteady pressure
actine on the thermal bulkhead = 0.1 psi. This acts simultaneously with the steady-
state AP presented in Paragraph 2. 13. 5.

2.13.7 MISCELLANEOUS LOAD PARAMETERS. Other loads acting on the ther-
mal bulkhead are as follows.

a. Deflection Consideration:

The inboard edge of the thermal bulkhead is in proximity to the payload
adapter and is attached fo it by a flexible seal. This joint must be designed to
prevent interference between the thermal bulkhead and payload adapter consider-
ing a relative lateral motion of £1.0 inch.

b. Differential Pressure Condition at Nose Fairing Jettison:

The differential pressure during nose fairing jettison is 0.4 psi acting aft.
This pressure reflects the effects of a suddenly applied load, static pressure,
and gas impingement forces. For purposes of analysis, this pressure force
should be considered simultaneously with the inertia loads described in Para-
graph 2.13.4c.
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2.14 HINGE FAIRINGS

The hinge fairings are Fiberglas laminated sandwich structures which protect the
nose fairing hinges from aerodynamic loading. The location and configuration of the
fairings is presented in Figure 2, 14-1.

2.14,1 CRITICAL CONDITIONS. The critical loading conditions for the hinge
fairings occur during transonic flight when steady-state and fluctuating air loads are
highest, and later in flight when temperatures reach maximum values. Inertia loads
are negligible due to the light weight of the pods.

2.14,2 WEIGHTS AND CENTER OF GRAVITY DATA. Loads imposed by inertia
are not critical.

2.14.3 THERMAL DATA. The inner and outer skin temperatures on the hinge
fairing ramp are presented in Figure 2,14-2,

2.14.4 INERTIA LOADS. inertia loads on the hinge fairings are not critical.

2.14.5 STEADY-STATE AIR LOADS. Steady-state wall differential pressures at
a = 0 degrees, which consider the maximum bursting and crushing conditions, are pre-
sented in Figures 2,14-3 and 2.14-4, An additional pressure increment of +0.675 psi
should be considered as the contribution due to an angle of atftack of 6 degrees. Con-
sequently, the total design wall differential pressure for any area on the hinge pod
would be a summation of the AP at n = 0 degrees (Figures 2,14-3 and 2, 14-4), the angle
of attack correction, and the transonic buffet effects presented in Paragraph 2.14.6.

The total aerodynamic drag and side loads for each of the hinge fairings are pre-
sented in Figures 2.14-5, 2,14-6, and 2.14-7. The drag and side load on the fairings,
represent only external pressure effects, while, the wall AP includes fairing internal
pressure. Thus, these loads are to be used for different purposes in the stress analy-
sis of the structure.

2.14.6 BUFFET AND FLUTTER LOADS. During transonic flight (Mach numbers
from 0. 85 to1, 30), the hinge fairings are subjected to fluctuating aerodynamic loads.
The equivalent static pressure due to response of the structure is presented in Figure
2.14-8, -

2,14.7 MISCE LI:.ANEOUS LOAD PARAMETERS. No other loads exist on the hinge
fairings.
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Figure 2.14-1. Nose Fairing Hinge Fairings Configuration
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