- @ https://ntrs.nasa.gov/search.jsp?R=19670012851 2020-03-16T18:01:21+00:00Z

_ TECINICAL REPORT
29% [IREC/5485-1 29%~ _
24¢C. LMSC/HREC-A712552 ERD

! LOCKHEFED MISSILES & SPACE COMPANY.
AHUNTSVILLE RESEARCH & ENGINEERING CENTER 3

HUNTSVILLE RESEARCH PARK _—

P

4800 BRADFORD DRIV jUNTSVILLE, ALABAMA“ )~

5 AUTOMATED NOSE FAIRING

DESIGN -- RING po
AND SKiN CONSTRUCTION (o)

2% Contract NAS8-15485 -29f N

N g ".‘ /" &l

o~ Je S, Farrior
Resident Manager
Huntsville R & F Center

q November 1765 \QOCN



LMSC/HREC A712552

FOREWORD

This Technical Report describes one of three computer programs
which were developed as tools for generating parametric weight and design
data for nose fairings suitable for Saturn-class payloads, The work was
performed by Lockbeed Missiles & Space Company, Huntsville Research &
Engineering Center, with support from the LMSC/Palo Alto Research
Laboratories, for the National Aeronautics and Space Administration/
Marshall Space Flight Center under Contract NAS8-15485, from July
through November 1965,

The three computer programs developed under this contract are
described in the following three reports,

1, Automated Nose Fairing Design -- Ring and Skin Construction,
LLMSC Technical Report LMSC/HREC A712552, November
1965,

2. Automated Nose Fairing Design -- Ring, Skin and Stringer
Construction, LMSC Technical Report LMSG/HREC A712572
November 1965,

3. Automated Nose Fairing Design -- Honeycomb Sandwich
Construction, LMSC Technical Report LMSC/HREC A712573
November 1965,

Many of the subroutines and the methods of specifying external geometry
and aerodynamics loads are common to all three programs,

This report (which describes the computer program for ring and
skin construction) supersedes LMSC Technical Report LMSC/HREC A711099
which describes an earlier version of the same program, Major contri-
butors to the development of this computer program wer . B. Burns % HRL ciQV
the Palo Alto Research Laboratories and E, S, Hendrix and I, M. Landis
of Huntsville Research & Engineering Center, Appendix K of this report
was written by A, B, Burns, and the remainder was written by I, M, Landis,
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SUMMARY

The computer program described in this report determines the
optimum design for ring-stiffened sheet metal nose fairings with an external
geometry consisting of up to ten intersecting conical frustums (or cylinders)
capped with a spherical nose cap, The combined effects of bending moments,
axial loading due to drag, and lateral pressure are considered in performing
the design, Only standard gauge materials are used in the design of the
shell and rings, Because of the difficulty of applying the more powerful
mathematical techniques to optimizing such a design, the designer is limited
to time-consuming "cut-and-try'" procedures in his search for the minimum
weight design, These procedures have been methodically arranged and
mechanized in the Fortran IV computer program described in this report,

The main part of the report is devoted to description of the logic
foliowed in designing a fairing, description of the computer program, and
instructions on operation of the program, The program listing and details
of the methods of analysis used in design of fairing appear in the Appendixes,
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INTRODUCTION

The computer program described in this report determines the
optimum structural design of ring stiffened, sheet metal nose fairings.
When external geometry, aerodynamic loading, and a practical set of
design constraints are given, the computer program selects the combination
of sheet metal thickness, ring cross-section and ring spacing which results
in the minimum fairing weight. (Sheet metal will be referred to as "skin"
throughout the remainder of the report.) Only standard sheet metal gauges
are considered for design of the skin and rings. The external geometry can
consist of up to ten intersecting conical frustums (or cylinders) capped with
a spherical nose cap, Figure 1 illustrates both the external geometry and

the type of construction,

A condensed flow chart illustrating the major logical steps performed
in the program is shown in Figure 2. Design begins at the base of the fairing
and moves toward the nose cap. Each bay is designed to withstand loads
imposed by the interaction of bending moments, axial loading and lateral
pressure. The combination of skin thickness, bay length and ring cross-
section which results in the minimum weight-to-volume ratio for the bay
is considered to be the optimum design for the bay. An additional constraint
placed on the design of the top frustum and nose cap is the maximum tempera-
ture to be reached by the skin due to aerodynamic heating. The computer
program does this by computing the minimum skin thickness to be used in each
of these areas.

The computer program consists of the main program and fourteen sub-
routines. The logical steps to be followed in designing the fairing and minor
design calculations are performed in the main program. Specialized functions,
such as computation of aerodynamic loads, are performed in the subroutines.
This arrangement permits the methods of analysis used in designing the
fairing to be easily modified.
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Section of the Fairing.
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TECHNICAL DISCUSSION

1.0 THE MAIN PROGRAM

1.1 Terminology and Geometric Parameters

Following are definitions of terms used in this technical discussion.
The terms are also illustrated in Figure 1.

base = the bottom end of the bay, frustum or fairing

bay - the section of skin between two rings plus the
ring at the upper end of this section

frustum - the section of fairing consisting of all bays
having the same half angle

nose cap - the spherical segment which closes the top
of the fairing.

The external geometry of the fairing is specified by the base diam-
eter of the fairing (DBAS), by the half-angle of each frustum (THTA (NF)), and
either the ratio of the top diameter of each frustum to the base diameter of the
fairing (DOVDB (NF)), or (mandatory when the frustum is a cylinder) the length
of the frustum (ALF (NF)). Frustums are numbered by index NF starting at the
base of the fairing, Frustum geometry is completely described by the same
parameters used to describe fairing geometry. Bay geometry is described by

the base diameter of the bay (DSUBB), the half angle of the bay (THETA), and
the length of the bay measured along the axis of symmetry (ALB), Bays within

a frustum are numbered by index I starting at the base of the frustum, The
outside diameter of a ring associated with a bay is equal to the top diameter of
the bay, All dimensions of the ring cross-section are expressed in terms of
the material thickness used to form the ring (see Figure 3), This thickness

will be one of the standard gauges stored in the program,

1,2 Design Logic

The major logical steps followed in designing a nose fairing are
shown in the condensed flow chart in Figure 2, In Appendix A, more detailed
information is provided by a program listing which includes detailed comments
describing in words the operations being performed, Definitions of the more
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commonly used variable names in this listing appear in Appendix B, The
discussion which follows is supplemental to the information in the flow chart
and program listing, and in genera] follows the sequence of the listing,

1.3 Required Input Data

The following input data is required by the computer program:

1,

-2,

External fairing geometry (Figure 1)

Design specifications

a, Type of ring cross-section
b, Minimum distance between rings
C. Minimum skin gauge to be used for each frustum

and the nose cap
d. Maximum skin temperature (if no value is input,

the value stored in the program for the material
specified will be used,)

Structural material (Properties for five materials are
stored in the program. ( See Section 1.5.)
Aerodynamic data at a design point in the trajectory
a. Mach number

b. Dynamic pressure

c. Angle of attack

d. Difference between internal pressure of fairing
and free-stream pressure

Factor of safety (If no value is input a factor of 1.4 will
be used.)

Program controls

a. Is pressure profile data input? If so, the type of
lift data is indicated.

b. The desired type of output is indicated. (See Section 1. 14)
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c. The magnitude of the increment to be used in
perturbing bay length.

7. Pressure profile data (optional). If a pressure profile
is not input, it is computed in Subroutine AERO.,

Detailed instructions on how to input this data are provided in
Section 3.

i.4 The Pressure Profile

Whether input or computed, the system used to specify the pressure
profile in the axial direction on the section of fairing composed of conical
frustums is illustrated in Figure 4. LT is an index indicating station number,
starting with the first station at the junction of the nose cap and top frustum.

Uniform spacing between stations is not necessary. Two stations must be lncated

at each intersection of the conical frustums. Where discontinuities in the
pressure profile exist, two stations can be indicated for the same location.

The following three parameters are required by the computer
program at each station.

1. CPO (LT) - The pressure coefficient at zero angle of attack.

2. CPA (LT) - The difference between the pressure coefficient
on the windward side when flying at an angle of attack and
CPO (LT).

3. XOD (L'T) - The axial distance measured from the tip

of the nose cap divided by the fairing base diameter.

When the pressure profile is input to the program, three options
are available for inputing lift data.

1. CPA (LT) as described above
2. CPA (LT) per radian angle of attack
oC
3. 3 N
(x/D) du
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In option 3

Cyn = the normal force cocfficient with the fairing base as a
reference area

a = angle of attack in radians

x/D = distance from the leading point in calibers

After they are read into the program, the lift data in Options 2 and 3 are
converted to the form of Option 1. A sinusoidal pressure distribution (see
Figure 5) in the circumferential direction is used in converting Option 3 to
Option 1. Provisions can be made to read in other types of lift parameters,
if the parameter can be converted to CPA (LT) after it is input.

The option is available to either compute or input axial force and
lift data for the nose cap. In either case they are specified by the following

three parameters:

i. Drag coefficient with the base area of the nose cap as the
reference area

2. Normal force coefficient per radian angle of attack with
the base area of the nose cap as a reference area

3. The location of the center of lifting pressure measured
from the base of the nose cap.

1.5 Material Properties

Properties for the following five materials are now stored in the
program in Subroutine PROPTY:

1. Aluminum

2. Magnesium

3‘. Titanium

4. Stainless steel
5. Lockalloy

10
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Figure 5 - Circumferential Pressure Distribution
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Additional matcrials can be readily added to this list. Properties
which are stored are as follows:

1. Modulus of elasticity

2. Poisson's ratio

3. Density

4. Maximum allowable temperature.

If a value is input for maximum allowable temperature the stored
value is not used.

1.6 Thermal Considerations

The maximum temperature reached by the skin due to aerodynamic
heating can be controlled by placing a lower limit on the skin thickness to be
used in the nose cap and the top frustum. These minimum thicknesses are
computed in Subroutine THERML. The minimum thickness computed for the
nose cap is based on heating at the stagnation point, and the minimum thick-
ness for the top frustum is based on heating at the point at which the nose cap
is tangent to the top frustum. The equations in Subroutine THERML are based
on a nominal trajectory of two-stage Saturn V vehicle ascending to a 100
nautical mile circular orbit.

1.7 Standard Skin Gauges

Only standard gauges are used in designing the shell portion of the
bay and the stiffening ring. The stiffening ring cross-section has the shape
shown in Figure 3. The standard gauges are listed in ascending order starting
with 0.032 inch. (See BLOCK DATA subroutine in program listing in Appendix
A.)

1.8 Design Loads

The individual bay is subjected to bending moments, axial forces
and lateral pressure loads. Bending moments and axial forces at the base
of the bay are computed in Subroutine LOAD, using the pressure profile data.
These loads are then converted to line loads {(force per unit of length on the
circumference) on both the windward and leeward sides of the bay, and the
factor of safety is applied.

The lateral pressure used in design of the bay is the difference
between external and internal pressure multiplied by the factor of safety.

i2
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The maximum lateral pressures occurring along the length of the bay on
both the windward and leeward sides are computed in Subroutine PRESUR,
using pressure profile data and the input aerodynamic data.

1.9 The Weight Index (Does not apply to cylindrical sections, )

When designing a given bay; bay length, skin thickness and ring
size can be varied within limits. A number of designs which will withstand
the loading conditions are possible. In order to select a design as optimum
it is necessary to have a measure of merit. In this program the measure of
merit is the weight index -~ the weight of the bay divided by its volume. The
bay configuration having the smallest weight index is chosen as optimum.

The behavior of the weight index as the length of a typical bay is
increased is shown in Figure 6. An abrupt change in the weight index occurs
whenever an increase in skin gauge or ring gauge is necessary. The weight
indexes computed by the program correspond to the low points on the curve.
In general, the minimum weight index occurs at a relatively short bay length.

1.10 Estimation of Bay Lengths (Does not apply to cylindrical sections, )

Up to seven different skin gauges for each bay are considered in
the search for the best design. For each skin gauge there is a bay length at
which the skin stiffness is fully utilized. Because of the complexity of the
equations it is necessary to determine this length by iteration. Much computer
time can be saved by estimating this length before the iteration procedure is
started.

After the first of the seven skin gauges has been established for a
bay, the bay length associated with the next skin gauge is estimated by
equations developed in Appendix I. One of the parameters in the computer
program used to compute this approximate length is AK (J), which is defined
as follows:

3.28

AK (J) :-TT(%

in which T (J) is the Jth stored standard skin gauge. AK (J) has been computed
for each skin gauge listed (except the first) and stored in the program.

After assi gning an approximate length to the bay, the design is

checked, and length increments are either added or subtracted until the correct
length is found.

13
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b, 11 Last Bay in the Frustum (Does not apply to cylindrical sections, )

Before beginning the design of a bay, a check is made to determine
if there is sufficient length remaining on the frustum for one more bay of
minimum length. If there is not sufficient length for one more bay, the
tength of the last bay designed is added to the remaining undesigned length,
and a routine is then begun to determine the minimum weight configuration
of either one or two bays which completes the design of the frustum.

First, a check is made to determine if there is sufficient length
remaining for two more bays of minimum length. If there is not sufficient
space, one bay is designed, and the program goes on to the next frustum or
the nose cap.

If there is enough space for two more bays, the program determines
the weight of a number of two-bay configurations. While designing the last
bay (the length of which was added to the undesigned length), the bay length
and weight associated with each of the seven skin gauges were stored tempo-
rarily. These weights and lengths are now used for the first bays of the
two-bay configurations. Weights of second bays, which fill out the frustum,
are added to each of the first bay weights (within the constraint that second
bays must be minimum length or longer). After exhausting these possibil-
ities for two-bay configurations, the second bay length is set equal to mini-
mum bay length, and the first and second bays are designed accordingly.
Another possiblity is to make one long bay. The weights of all of the above
configurations are compared and the configuration having the smallest weight
is chosen to fill out the frustum.

Additional weight is added to the top ring of each frustum to provide
for attachment to the next frustum or nose cap. The magnitude of this

additional weight in pounds is 10% of outside diameter of the ring in inches.

1.12 Nose Cap Design

Both structural and thermal requirements are considered in the
design of the nose cap. The thickness required to limit the temperature to
the specified maximum is computed in Subroutine THERML. (For details
of the thermal analysis see Appendix J.) The thickness required to withstand
aerodynamic loads is computed in Subroutine TNOSST. (For details see
Appendix H.) In both cases thickness is determined for conditions at the
stagnation point. The greater of these two thicknesses is then used to design
an unstiffened cap with uniform skin thickness. Nose cap skin thickness is
not limited to standard gauges.

15
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1.13 Design of Cylindrical Sections

On cylindrical sections of the fairing axial forces and bending
moments are the predominant form of loading with lateral pressure playing
a minor role, Whereas, on conical frustums, crushing pressure is likely
to predominate. For this reason, the design procedure for the cylindrical
sections differ from that of the conical frustums,

The design procedure for the cylindrical sections is based on A, B.
Burn's adaptation of the Baruch-Singer General Instability Analysis (see
Appendix K), This analysis assumes uniform skin thickness and equally
spaced rings of uniform cross-section,

After determining the bay length which will give equally spaced rings
without violating the minimum bay length constraint, the required skin
thickness for the bottom bay of the cylindrical section is computed by the
same methods used for the conical frustums (see Appendix F), The first
value of the stored standard gauges is then assigned to the web thickness
of the stiffeners ring, Assuming that this ring cross-section and the
first bay loads and skin thickness prevail throughout the cylindrical section,
the adequacy of the design is checked by Subroutine BARUCH, If the design
fails, the ring web thickness is increased until the smallest standard gauge
which provides a satisfactory design is found, This web thickness is then
assigned to all rings in the cylindrical section,

Having determined the ring spacing and ring’cross-section, skin
thickness for each of the bays is computed by the same methods used for
the conical frustums, using the loads acting on each of the bays,

1,14 OutEut Data

Three options are available on the amount of detail provided by the
output data,

1., Design summary only (Figure 7A)
2, Design summary plus design details (Figure 7A, 7B and 7C)
3. Design summary plus design details plus loads details

(Figures 7A, 7B, 7C and 7D).

Most of the headings appearing in the output are self-explanatory,

However, there are several in Figure 7C and 7D which require some comment

Listed below for Figure 7C are several of the column headings and their
definitions,

Weight Index - Weight of the bay divided by the inclosed

volume of the bay,

16
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Line Load - Force per running inch of circumference,
parallel to the skin surface, normal to
the circumferential direction, A factor
of safety has been applied to this force,

Stress Ratio, Axial - The ratio of applied line load to the line
load at which the skin buckles,

Stress Ratio, Press, - The ratio of design pressure to the
pressure at which the skin buckles,

Load Index - A parameter which indicates that the skin
design is satisfactory when it has a value
equal to or less than 1,0, (See CHKWND
and CHKLEE in Appendix B).

In Figure 7D, the design pressures listed represent the maximum
value occurring along the length of the bay, These values include the factor of
safety, The axial load, skin load and bending moment listed occur at the base
of the bay, These quantities do not include a factor of safety,

17
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2.0 DESCRIPTION OF SUBROUTINES

2.1 Subroutinc THERML (Thermal Computations)

This subroutine computes the minimum thickness of skin required
to limit the skin temperature to the specified maximum. Minimum thick-
nesses are computed for both the nose cap and top frustum. The analytical
basis for the computations performed in Subroutine THERML is presented
in Appendix J. The analysis is based on a nominal two-stage Saturn V ascent
trajectory to a 100 nautical mile circular orbit.

The equations and stored coefficients in Subroutine THERML were
developed by means of a multiple regression analysis of a large amount of
analytical data generated for the trajectory mentioned above. Details of the
multiple regression analysis are also presented in Appendix J.

The parameters required from the main program for computations
in Subroutine THERML are RCAP, THETA, TMPMAX and MAT. Returned
to the main program are TCONTH and TCAPTH.

2.2 Subroutine TNOSST (Nose Cap Structure)

Subroutine TNOSST calculates the nose cap skin thickness required
to withstand the pressure differential, PDSPH, at the stagnation point. The
method used to calculate PDSPH and the structural analysis of a spherical
nose cap are described in Appendix H.

Parameters required by Subroutine TNOSST are PDSPH, E, RCAP
and TMINN, Returned to the main program is TCAPST.

2.3 Subroutine AERO (Pressure Coefficients)

When a pressure profile is not input to the program the pressure
coefficient data for the profile is computed in Subroutine AERO. The analytical
basis for the computations performed in this subroutine is presented in Appendix
C. Because of the assumptions made in computing this data, the pressure coef-
ficient at zero angle of attack and the change in pressure coefficient due to angle
of attack are uniform over the length of each frustum. The pressure profile
is then constructed by assigning the pressure coefficient data for each frustum
to the beginning and end points of each frustum. Double points occur at the
intersection of two frustums.

Parameters required to make the computations in Subroutine AERO

are NF, THTA (NF), AMACH and ALPHA. Returned to the main program are
CPOO and CPAA.
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A sinusoidal pressure distribution in the circumferential direction,
such as that illustrated in Figure 6, is used in computing CPAA.

2.4 Subroutine LOAD (Bcending Moment, Axial Force and Shear Force)

Using the pressure profile data, Subroutine LOAD computes the

bending moment, axial force and shear force at the base of each bay. Bending
moment and axial force are then converted to line loads (force per unit length

of circumference) for both the windward and leeward sides of the bay, and the
factor of safety is applied to these line loads.

When Subroutine LOAD is called upon for loads on the first bay,
the bending moment, axial force and shear force are computed at the base of
the fairing. As design of the fairing moves from the base to the nose cap,
increments of the loads contributed by the pressure profile between the
previous bay location and the new bay location are substracted from the pre-
vious totals. Derivation of the equations used in this subroutine appear in
Appendix D.

Information required for the computations in Subroutine LOAD is

1. Pressure profile data:

LTMAX

CPO (LT) LT =1, LTMAX

CPA (LT) LT =1, LTMAX

XOD (LT) LT =1, LTMAX
2. Fairing geometry:

NFMAX

DBAS

ALF (NF) NF =1, NFMAX

THTA (NF) NF =1, NFMAX
3. Aerodynamic data:

AMACH
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QBAR
DELTAP
ALPHA

4. Miscellaneous:
DSUBB

Cc2

FS
LFLG

LTRIG

Parameters computed by Subroutine LOAD are ANFIMX, ANFIMN,
FSUBZ and LTUNCT (NF) for NF = 1 to NFMAX,

2.5 Subroutine PRESUR (Lateral Pressurc)

Using pressure profile data, Subroutine PRESUR computes the
pressure differential across the skin along the length of the bay. The maximum
differential occurring along the bay length is determined for both the windward
and leeward sides, multiplied by the factor of safety and returned to the main
program. The equations used in this subroutine are developed in Appendix E.

Parameters required for computations performed in Subroutine

PRESUR are
1. Pressure profile data
L TMAX
CPO (LT) LT=1, LTMAX
CPA (LT) . LT=1, LTMAX
XOD (L.T) LT=1, LTMAX
2. Other parameters: LPFL, C2, DBAS, DSUBB, ALB, QBAR,

NFMAX,NF, DELTAP, FS and LTUNCT (NF) for NF = 1 to NFMAX,

Parameters computed in Subroutine PRESUR are PDESMN, PDESMX,
ALN and ALX,
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2.6 Subroutine CHKLOD (Checks Adequacy of Skin Design)

When given the line loads, lateral pressure, geometry of the hay
and skin thickness, Subroutine CHKLOD determines whether the skin is
thick enough, The criteria used to appraise the design are presented in
Appendix F,

Parameters required to perform the computations in Subroutine
CHKLOD are DSUBB, DELTAS, ALB, Cl, C2, C3, C4, ANFIMN, ANFIMX,
FE, PDESMN and PDESMX,

Parameters computed in Subroutine CHKLOD are RPMIN, RPMAX,
RAXMIN, RAXMAX, CHKWND, CHKLEE, and CHK,

2.7 Subroutine DIAM (Local Diameter)

When given the parameters describing the external geometry of
the fairing and the distance from the tip of the nose cap in calibers this
subroutine computes the local fairing diameter,

Parameters required by this subroutine are:

ALTOT

ALF (NF), NF =1, NFMAX
THTA (NF), NF = 1, NFMAX
DMN (NF), NF = I, NFMAX
XN

NFMAX

The local diameter, DLOC, is computed by this subroutine,

2.8 Subroutine DLOD (Incremental Loads)

When given the geometry and pressure coefficient data for an
incremental length of the fairing this subroutine computes the contribution
by this increment to the total bending moment, axial load and shear load,

Input parameters are XOD1, XOD2, D1, D2, CP0l, CP02, CPAI,
CPAZ2, A3, A4, and DP,

Parameters computed in Subroutine DLOD are FSBZ, BND, and
AXLOD,

2.9 Subroutine RING (Ring Strength and Stiffness)

When given the cross-sectional shape of the ring and the skin
gauge from which is to be fabricated this subroutine computes the moment
of inertia of the ring with and without the effective skin, its cross-sectional
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arca, eccentricity and torsion constant, This subroutine also calls
Subroutine RSTRES which computes the local stress level in the ring,

Input parameters required by RING are E, IKIND, AOT, BOT,
COT, WSEF, J, K, PI, and T(J) when J =1, 30,

Output parameters are AIRING, AISTT, AST, A, Z, ECC and
TCONST.

2.10 Subroutine RSTRES (Local Stress Level in Ring)

When designing a stiffener ring it is necessary to check for local
instability in the ring flange or web (see Appendix G), Subroutine RSTRES
computes the local stress level in the ring, This computed stress level
is then compared to an input flange buckling stress level, and, if necessary,
a greater web thickness is assigned to the ring,

Input parameters for Subroutine RSTRES are A, T(J), Z, PDESMX,
DSUBB, CTH, AL(J), AST, and AISTT,

The output parameter is FRING,

2,11 Subroutine JREQ (Required Moment of Inertia)

This subroutine computes the stiffening ring moment of inertia
requirements to prevent general instability of the structure, The methods

used to compute this required moment of inertia are described in Appendix
G.

Input parameters are THTA (NF), C6, AL(J), DSUBB Cze,
PDESMX, T(J), PI, ANFIMX, E and ALCONE,

The output parameter is AIREQ,

2,12 Subroutine PROPTY (Material Properties)

Properties of several commonly used materials are stored in this
subroutine,

The material for which properties are desired is indicated by
the input parameter MAT.

Output parameters are the material properties E, AMU, RHO,
and TMPMAX,

2,13 Subroutine BARUCH (Designs Rings for Cylindrical Sections)

When given a skin gauge, crushing pressure, ring spacing and
ring cross-section, Subroutine BARUCH computes the line load at which
general instability of the composite structure of a cylindrical section occurs,
The procedure followed in designing a cylindrical section is discussed in
Section 1,13, and Burn's adaption of the Baruch-Singer analysis (which
is used in Subroutine BARUCH) is discussed in Appendix K,
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Subroutine BARUCH requires a large amount of tabular infor-
mation which, for reasons of convenience, is read into the program as
regular input data, This data is physically located immediately after the
program deck followed by a comment card stating, "END OF BARUCH-
SINGER DATA CARDS - - BEGIN NOSE FAIRING DATA CARDS." Nose
fairing data cards for a number of nose fairing designs can be stacked
in the usual manner after this comment card,

The complete Baruch-Singer analysis as used in this program
consists of five subroutines, However, all communication with the main
program is channeled through Subroutine BARUCH, Input parameters
required by Subroutine BARUCH are AST, ECC, AIST, DY, DELTAS,
AMU, E, RCYL, ALF (NF), TCONST and either PDESMN when checking
the design on the leeward side or PDESMX when checking the design on
the windward side,

The output parameter from Subroutine BARUCH is ANFICR,
the line load at which failure will occur,
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3.0 INPUT FORMAT

In addition to the data cards required by Subroutine BARUCIH
(see Section 2,13), which should be considered a permanent part of the
program, input data describing the fairing to be designed is required by
the program, These nose fairing data cards should be physically located
after the comment card stating "END OF BARUCH-SINGER DATA CARDS --
BEGIN NOSE FAIRING DATA CARDS." A number of nose fairing design
cases can be stacked in the usual manner after this comment card,

When the pressure profile and nose cap lift and drag data are to
be computed in the program, the following three types of input data cards
are the only types required,

Types 1 and 2, Parameters which apply to the entire fairing,

Types 3 and 4, Parameters which apply to individual frustum
yP PPLY
(one of each per frustum),

When lift and drag data for the nose cap are to be input, or when
a pressure profile is to be input, the following additional card type is re-
quired,

Type 5. Lift and drag data for the nose cap,

When pressure profile data is to be input, two additional card
types are required,

Type 6. Pressure profile data points (one card per data
point),
Type 7, Card indicating end of pressure profile data,

The detailed format for these cards is as follows:

Type 1t Format (5 F 12,8, I 12)

Data: DBAS - Base diameter of fairing, in.

DELTAL - Increment by which bay length is changed
during design iteration (usually 0,1 inches), in,

QBAR - Dynamic pressure at design point in the
trajectory, le/Sq. ft,

AMACH - Mach number at design point in the trajectory,

ALPHA - Angle of attack at design point in the trajectory,
degrees,

KEY - An integer indicating the type of output

desired, The code is as follows:
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(0) Design summary only. (Sec Figure 7A).

(1}  Decsign summary plus design details
(Figures 7A, 7B, and 7C.

(2) Design summary plus design details plus
load details (Figures 7A, 7B, 7C and 7D).

Type 2: Format (216, 4F12.8, 112)
Data: MAT An integer indicating the material to be used. The

code is as follows:
(1) aluminum
(2) magnesium
(3) titanium
(4) stainless steel
{5) Lockalloy (a Be-Al alloy)

NFMAX The number of conical frustums in the fairing.

TMP The maximum allowable skin temperature for
the nose cap and top frustum, °F. (If no value
is input, the value stored with the material
properties is used. If a value equal to or greater
than 10, 000 is input, no thermal constraint is
imposed on the skin thickness. )

TMINN The minimum skin gauge to be used in nose cap
design, in.

DELTAP Difference between internal and free-stream
pressure, psi

FS Factor of safety. (If no value is input, a factor
of safety of 1.4 is used.)

LPRES An integer indicating whether nose cap lift and

drag data and/or pressure profile data will be
input. If pressure profile data is input, LPRES
also indicates the type of lift data to be input.
The code is as follows:
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(-1) Lift and drag data for the nose cap is
input, but no pressure profile data is
input,

(0) No nose cap or pressure profile data
is input,

(1) Nose cap data and pressure profile
data with CPA (LT) as defined in
Figure 5 and Appendix B is input on
Card type 5,

(2) Same as (1) except that CPA (LT) per
radian angle of attack is input for CPA
(LT) on Card type 5,

(3) Same as (1) except that

d acN
X \ oo (See Section 1,4) is input
for CPA (LT) on Card
type 5.
(One Type 3 and Type 4 card is required for each frustum ,)

Type 3: Format (4F12,8)

Data: ALF (NF) Ratio of top diameter of frustum to base
diameter of fairing or length of the frustum
in inches, If the number is equal to or
greater than 1, it will be treated as frustum
length, For conical sections, either the
diameter ratio or length can be used, For
cylindrical sections, only length can be
input,

THTA (NF)

Frustum half angle, degrees,

ELMIN (NF) Minimum bay length to be used in designing

frustum, in,

Minimum skin thickness to be used in
designing frustum, in,

TMNC (NF)

Type 4: Format (I5, 6E12,8)

Data: IKIND - Indicates shape of stiffener ring (see Figure
3 for code),
AOT - The ratio A/t (see Figure 3),
BOT - The ratio B/t (see Figure 3),
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COT - The ratio G/t (see Figure 3),
FCFB - Ring outstanding flange buckling level, PSI,
The next card type is required only when nose cap lift and drag
data or a pressure profile is read in (LPRES =-l, 1, 2 or 3 in Card Type 2).
If a blank card is inserted for Card Type 5 when LPRES = 1, 2 or 3, the
- program will compute CDCAP, CNCAP and XBCAP,

Type 5: Format (3F12,8)

Data: CDCAP - Spherical nose cap drag coefficient with nose
cap base area as a reference area,

CNCAP - Normal force coefficient per radian angle of
attack for the nose, Reference area is nose

cap base area,

XBCAP - Distance from base of nose cap to center
of pressure for the nose cap, in,

The next two card types are required only when pressure profile
data is input (LPRES = 1, 2 or 3), (See Section 1.4 and Figure 4, )

Type 6: Format (3F12,8)

Data: CPO (LT) - Zero angle of attack pressure coefficient
at station L T,

CPA (LT) - Lift parameter at station LT, See LPRES

on Card Type 2 and Section 1.4 for options
which are available,

XOD (LT) - Axial distance from nose in calibers,

(One card is required for each data point, starting with the first point at
the junction of the nose cap and top frustum,)

Type 7: Format (71X, I1)

Data: LSTOP =1 - This signals the computer that the last
pressure profile data point has been read in,

The set of data cards described above will design one fairing,

A number of fairings can be designed with one computer run by placing
several sets of data cards behind the program deck,
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4,0 SAMPLE PROBLEM

The following sample problem illustrates the input format of the
program, Input data is as follows:

Fairing geometry:

DBAS = 260,0 inches
NFMAX = 3

ALF (1) = 349.0 inches
ALF (2) = 0,72

ALF (3) = 0,03

THTA (1) = 0,00 degrees
THTA (2) = 12,5 degrees
THTA (3) = 25,0 degrees

Design specifications:

ELMIN(1) = 16,0 inches
ELMIN(2) = 16,0 inches
ELMIN(3) = 16,0 inches
TMNC({l}) = 0,032 inches
TMNC{2) = 0,032 inches
TMNC(3) = 0,032 inches
TMINN = 0,032 inches
TMP = 600,0 °F

One ring shape is specified for all three frustums,

IKIND = 2

AOT = 20,0

BOT = 10,0

COT = 0.0

FCFB = 30000,0 psi
Material:

MAT = 1 (aluminum)

Aerodynamic data:

AMACH = 1,5
QBAR = 765,0 1bs/sq ft
ALPHA = 8.5 degrees
DELTAP = 0, psi
Factor of Safety:
FS = 1,4 (It is not necessary to input this value,

since 1,4 is the value which the program
uses when no value is indicated,)
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Program Controls:

LPRES
KEY

1
2
DELTAL 0

{1 I | ]

.1l inches
Nose cap lift and drag data:

A blank card is inserted in the deck in place of Card Type
5, causing the program to compute this data,

Pressure profile data:

Data for the pressure profile is taken from Figure 4
and listed in Figure 8 under Card Type 6,

This input data is arranged in key-punch format in Figure 8,
The computer output for this problem is shown in Figures 7A, 7B, 7C and 7D.
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APPENDIX B

DEFINITIONS OF VARIABLE NAMLES



A

AC
AIST
AISTT

AINDEX(J)

AIREQ

AIRING

AK(J)

AL(J)
ALI(J)
ALB
ALCAP
ALCONE
ALF (NF)

ALMAX

ALMIN

ALMN

ALMXI
ALMX2

ALN

ALPHA

LMSC/HREC A712552

Ring cross-sectional dimension (see Figure 3), in,
Area of the base of the spherical nose cap, sgq, in,
Moment of inertia of ring, in,

Moment of inertia of ring and effective skin, in,

Weight index (weight of bay divided by volume of bay),
lbs/gcu in,

Moment of inertia ‘fequired of the stiffening ring
cross-section, in,

Moment of inertia of the stiffening ring, in,

A factor used in making a first estimate of bay
length when increasing skin thickness from T (J-1)
to T (J)

Bay length, in,

Length of next to last bay in frustum, in,

Bay length, in,

Axial length of nose cap, in,

Frustum length, in,

Length of frustum number NF, in,

Maximum bay length, (For the first three skin gauges
tried, ALMAX is equal to ALMX 2, and for the last
four skin gauges ALMAX is equal to either ALMXI or
ALMXZ2, whichever is less, ) in,

Minimum length specified for bay, in,

Either ALMIN or the bay length computed for next
smaller skin gauge, whichever is greater, in,

ALMIN plus 40 inches, in,

Axial distance from base of bay to top of frustum, in,
Axial distance from base of bay to point at which
lateral pressure on the leeward side of the bay is

greatest, in,

Angle of attack, degrees when read in and radians
when used in computations,



ALOPT(I)
ALTOT

ALX

AMACH
AMU

ANFIAL

ANFIAX

ANFIB

ANFICR

ANFIMN

AST

AT

AXLDCP
AXLOAD

AXLOD

BEND

BND

BNDCAP

LMSC/HREC A712552

Optimum length for Ith bay, in,

Total length of fairing, in,

Axial distance from base to bay to point at which the
lateral pressure on the windward side is a maximum,
in,

Mach number,

Poisson's ratio,

Maximum allowable line load for a given bay
configuration, lbs/in,

Line load contributed by axial loading on bay, lbs/in,

Line load contributed by bending moments on bay,
1bs/in,

Critical line load, lbs/in.

Total line load on windward side of fairing multiplied
by factor of safety, lbs/in,

Motk V12 1 o 3 L 1 o . Y e LI I b
VUtdal 1ie 10ad 011 LeecWwald Side 0Ol laliring muitipiied

4

by factor of safety, 1bs/in,

The ratio A/t (see Figure 3)

A coefficient determined by "'least squares" techniques
for the linear equation representing heat input to the
nose cap skin at the stagnation point,

Cross-sectional area of ring, sq in,

A coefficient determined by "'least squares' techniques
for the linear equation representing heat input to top
frustum skin at its junction with the nose cap.

Axial load contributed by nose cap, lbs,

Axial load at some specified location on fairing, lbs,

Axial load contribution of a segment of the pressure
profile, lbs,

Bending moment at some specified location on fairing,
1bs/in,

Bending moment of a segment of the pressure profile
computed about the point on the segment nearest the
fairing base, lbs-in,

Bending moment of the nose cap about its base, lbs-in,
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BOT - The ratio B/t (see Figure 3)

Cl - A constant defined by Line No. RS202630 of the program
listing in Appendix A.

oy - A constant defined by Line No. RS202640 of the program
listing in Appendix A.

C3 - A constant defined by Line No. RS202650 of the program
listing in Appendix A. -

C4 - A constant defined by Line No. RS201540 of the program
listing in Appendix A.

C5 - A constant defined by Line No. RS202660 of the program
listing in Appendix A.

Cé6 - A constant defined by Line No. RS52026700f the program
listing in Appendix A.

Cc7 - A constant defined by Line No. R5202680 of the program
' listing in Appendix A,

CDCAP - Drag cnefficient f5r the splhierical nose cap with the base

CHK - A parameter computed in Subroutine CHKLOD which
indicates the adequacy of the design. The code is as
follows:

1.0 More than adequate
0.0 Adequate
-1.0 Less than adequate

CHKLE(I) - A parameter computed in Subroutine CHKLOD which
indicates the adequacy of the design on the leeward
side of fairing. The design is adequate when CHKLE(I)
is equal to or less than 1.0.

CHKLEE - Same as CHKLE(I).

CHKWD(I) - A parameter computed in Subroutine CHKLOD which
indicates the adequacy of the design on the windward
side of the fairing. The design is adequate when CHKWD(I)
is equal to or less than 1.0.

CHKWND - Same as CHKWD(I).



CL

CNCAP

CPA(LT)

CPAA
CPMN
CPMX
CPO(LT)
CPOO
CPSTG

CSUBP

CTH
CZALFA
D (1)
DBAS
DBASE
DELTA

DELTAL

DELTAP

DELTAS

LMSC/HREC A712552

A constant defined by Line No, RS5204180 of the program
listing in Appendix A.

Normal force coefficient per radian angle of attack for
the spherical nose cap using nose cap base area as a
reference area, /radian.

The change in pressure coefficient on either the wind-
ward or leeward side of the fairing due to angle of attack
at station LT. (See Figures 4 and 5.)

Same a CPA(LT).

Pressure coefficient on the leeward side of the fairing.
Pressure coefficient on the windward side of the fairing.
Pressure coefficient at zero angle of attack at station LT.
Same as CPO(LT).

Pressure coefficient at stagnation point of the nose cap.

Coefficient of critical buckling pressure (See Equation
F'5 in Appendix F.)

Cosine of THETA.

Normal force coefficient per radian angle of attack.
Small diameter of the Ith bay, in.

Base diameter of fairing, in.

Base diameter of a frustum, in.

Same as THETA.,

Increment by which bay length is perturbated while
designing a bay, in.

Difference between internal and free-stream pressure,
psi.

Bay skin thickness, in.



DMIN
DMN(NF)

DUSEI

DUSE2

DSUBB

DY

E

ECC
ELMIN(NF)
ENFIMN (I)
ENFIMX (I)
FCFB

FCCR

FRING
FS

FSBZ

FSBZCP

FSUBZ

FZ (1)

HUSE

IKIND

IMAX

LMSC/HREC A712552

Small diameter of frustum, in.

Small diameter of frustum number NF, in.

Diameter of area useful for payload at the base of the
bay. (See Line RS2074200of program listing in Appendix
A)

Diameter of area useful for payload at top of bay. (See
Line R§2074300f program listing in Appendix A.)

Base diameter of bay, in.

Bay length, in.

Modulus of elasticity of structural material, in.
Distance from ring centroid to skin centerline, in.
Minimum bay length for frustum NF, in.

ANFIMN for Ith bay, lbs/in.

ANFIMX for Ith bay, lbs/in.

Maximum allowable local stress in ring, psi.

Compressive stress at which skin buckles in the ab-
sence of other loading, psi.

Local stress in ring, psi. ¢
Factor of safety.

Shear force contributed by an increment of pressure
profile, lbs.

Shear force contributed by nose cap, lbs.

Shear force at a specified location on the fairing,
1bs.

Shear force at the base of the Ith bay, lbs.

Useful axial length of nose cap (see Line No. RS209670
in Appendix A), in,

Code number for ring cross-sectional shape. (See
Figure 3.)

Total number of bays in fairing.
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IMX(NF)

Iw

JF

JMIN

KEY

LPRES

LSTOP

LTMAX

MAT

NBAY

NF

LMSC/IIREC A712552

Number of bays from bottom of fairing to top of
frustum NF.

Index indicating bay number within a frustum.

Index indicating parameter associated with skin
thickness T (J).

Index of skin thickness which is optimum for a bay.

Index of the smallest skin thickness which is equal
to or greater than the minimum thickness specified.

Index indicating ring parameters associated with a
ring using thickness T (K).

Input parameter indicating type of output desired. (See
Section 3.0 of the TECHNICAL DISCUSSION. )

An index used to identify a particular two-bay con-
figuration designed to complete a frustum.

An integer used to control manipulation of candidate
configurations for completing the design of a frustum.

An integer used to control computation of loads during
completion of frustum design.

An integer used to control computation of lateral
pressures.

An integer indicating type of pressure profile to be read
in. (See Section 3.0 of TECHNICAL DISCUSSION. )

An integer indicating that the last pressure profile
data card has been read.

Total number of pressure profile data points.

An integer indicating the material to be used. (See
Section 3.0 of the TECHNICAL DISCUSSION. )

Number of bays in a frustum.

Index indicating frustum number.



NFMAX

OMEGA

PCOLL

PCRT

PDE SMN
PDESMX

PDSPH

QBAR
RAXMAX
RAXMIN
RAXMN(I)
RAXMX(I)
RCAP
RCYL
RHO
RPMAX
RPMIN

RPMN (1)

LMSC/HREC A712552

Total number of frustums in the fairing.

Defined in Line No. RS213660in the program listing
in Appendix A.

Pressure at which nose cap structure will collapse, psi.

Lateral pressure at which skin buckles in the absence
of other loading, psi.

Maximum pressure differential across the skin, multi-
plied by the factor of safety, on the leeward side of the
bay, psi.

Maximum pressure differential across the skin, multi-
plied by the factor of safety, on the windward side of

the fairing, psi.

Maximum pressure differential across the nose cap
skin, multiplied by a factor of safety, psi.

T ice-sireamm pressure, psi.
Dynamic pressure, psi.
Dynamic pressure, lbs/sq. ft.
ANFIMX/ANFIAL
ANFMN/ANFIAL

RAXMIN for the Ith bay.
RAXMAX for the Ith bay.

Radius of spherical nose cap, in.
Radius of cylindrical section, in.
Material density, lbs /cu. in,
PDESMX/PCRT

PDESMN/PCRT

RPMIN for the Ith bay.



RPMX (1)

RUSE

SCAP
SLOPT
STH

SUMAL

T (J)
TCAP

TCAPST

TCAPTH

TCONST

TCONTH

THETA
THTA(NF)

TMINC

TMINN

TMNG(NF)

TMP

TMPMAX

LMSC/HREC A712552

RPMAX for the Ith bay.

Radius of nose cap volume which is useful for payload.
(See Line No. R5209660 of the program listing in
Appendix A.), in.

Surface area of spherical nose cap, sq. in.

Sum of bay lengths within a frustum, in.

Sine of THETA.

Distance from the base of the fairing to the base of
the bay, in.

A standard skin gauge stored in the program, in.
Thickness of nose cap skin, in.

Thickness of nose cap skin required to withstand
pressure loads, in.

Thickness of nose cap skin required to limit its
temperature to the maximum specified, in.
Torsion constant of ring, in. 4

Thickness of skin required on the top frustum to limit
its temperature to the maximum specified, in.

Frustum half angle, radians

Half angle of frustum NF, degrees.

Minimum skin thickness to be used in designing a
frustum, in.

Minimum skin thickness to be used in designing the
nose cap, in.

TMINC for frustum NF, in.

Maximum allowable temperature for both the top
frustum and nose cap, °F.

Same as TMP,.



TR (J)

TRING (I)

TSKIN (I)

TT

VCAP

VGROSS

VSEG (J)

VTOT

VUSE

WCAP
WCONE

WR (J)

WRING (I)

WS (J)

WSEF

WSEG (J)

WSKIN (I)

WT (LAST)

WTDEX (I)

WTOT

LMSC/HREC A712552

Thickness of ring material requirced with a bay design
using a skin thickness of T (J), in.

Thickness of ring material for optimized design of
the Ith bay, in.

Thickness of skin for optimized design of the Ith
bay, in.

Ring web thickness, in.

Volume of nose cap which is useful for payload (see
HUSE and RUSE), cu. ft.

Gross volume of fairing, cu. ft.

Volume of bay designed for a skin gauge of T (J),
cu. in.

Useful volume of fairing (see DUSE1l, DUSEZ,
HUSE and RUSE), cu. ft.

Useful volume of frustum (see DUSE1l and DUSEZ2),
cu. ft. :

Weight of nose cap, lbs.
Frustum weight, lbs.

Weight of ring when the skin gauge for the bay is
T (J), lbs.

Weight of ring for the Ith bay, lbs.

Weight of skin for bay design using skin gauge T (J),
lbs.

Width of skin which contributes to ring stiffness, in.

Weight of bay when bay is designed using a skin gauge
of T (J), lbs.

Weight of skin for optimized design of the Ith bay, lbs.

Weight of two-bay configuration required to complete
the design of a frustum, lbs.

Weight index, weight to volume ratio for the optimized
design for the Ith bay, lbs/cu. ft.

Total fairing weight, lbs.



XBCAP

XOD(LT)

LMSC/IIREC AT12552

Length of pressure profile increment, in.

Distance from base of nose cap to center of lift
pressure on the nose cap, in.

Axial location measured from the forward-most
point on the nose divided by base diameter.
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AERODYNAMIC PRESSURE COEFFICIENTS
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When data for the fairing pressure profile is not input, the pressure
coefficient at zero angle of attack, CPOO, and the maximum change in
pressure coefficient due to angle of attack, CPAA, are computed for each
conical frustum in Subroutine AERO. For the purpose of computing these
parameters, each frustum is treated as a complete cone with an attached
shock. Both CPOO and CPAA will then be uniform in the axial direction
for each frustum. In order to construct the pressure profile as described
in Section 1. 4 and Figure 4, the values computed for CPOO and CPAA for
the frustum are assigned to the stations at the ends of the frustum. That
is

CPO (LT) = CPOO
CPO (LT+1) = CPOO
CPA (LT) = CPAA
CPA (LT+1) = CPAA

In which LT is the station at the small diameter of the frustum, and (LT+1)
is the station at the large diameter of the frustum.

Using the ground rules indicated above, CPOO can be readily determined
through the use of equations developed by Simon and Walter in Reference 2,
which agree within a few percent with data presented in Chart 6 of Reference
3 (NACA Report 1135). These equations have been programmed in Subroutine
AERO and are used in computing CPOO for each frustum.

When flying at an angle of attack the pressure distribution in the circum-
ferential direction varies with circumferential position. This circumferential
pressure distribution is assumed to be sinusoidal (see Figure 5). Since each
frustum is treated as a complete cone, the distribution in the axial direction
is uniform. The pressure distribution over the entire frustum can now be
described by equations specifying the circumferential pressure distribution.
These equations, as illustrated in Figure 5, are

Cp = Cpo - &Cpsing (Cl)

P = Ppy - OP)qpxsin¢ (C2)
In which

Cpo = CPOO

Cp = CPAA

The normal force, AFy» produced on an incremental length, 84X, by
this pressure distribution can be computed as follows:
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27

0E = 4X J (-Psin? ) () d¢ (C3)

[¢)

in which D is the diameter of the increment. When the expression for P
(Equation C2) is substituted in Equation C3, and the integration performed

i

AFN = —2— D ( 8X) (APMAX) (C4)
In which

8Pyax = (8Cp) g
and

0Fy = == D (8X) (4Cp) q (Cs)

The normal force on the same increment of cone can also be computed
by using the normal force coefficient, Cy. For a complete cone the normal
force, FN’ is expressed by

FN = CnaA (C6)

in which A is the base area of the cone. The incremental normal force,
AFp» produced by a short length, 4X, of this cone is

AFNy = Cna( 84 (C7)

in which AA is the surface area of the increment projected on the cone base,
expressed by

A = 42 () | (c8)
The change in diameter, 4D, for a change in length, 4X, is
AD = 2 ( 0X) tan® (C9)

in which 6 is the half angle of the cone. Substituting Equations C8 and C9
into C7 yields the following expression for AF

AFN = Cngq ( "D) ( 8X) tan® (Cl0)

When the two expressions for AFN (Equations C5 and Cl10) are equated
and solved for ACP, the following expression is obtained.

8Cp = 2 Cy tanb (Cl1)
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In Chart 8 of Reference 3 CN“ is plotted as a function of cone half

angle ¢ and Mach number. C is defined as
No

. [N
CNa = da @ = 0 (Cl2)

in which a is the angle of attack. For small angles of attack the following
relationship is valid:

Cn = (Cnglo (C13)

For the study for which this computer program was developed maximum loads
occur in the neighborhood of Mach 1.5. In this region Cno  is not a strong
function of Mach number. Therefore, a plot was made of CNa Versus 6 at
Mach 1.5. The points fell on a straight line expressed by the following equation.

CNg = 2.03 - 1.26 (C14)

In Equation C14 both o and 6 are expressed in radians. Substituting Equations
Cl3 and Cl14 into Cll yields the following equation which is used to compute
CPAA in Subroutine AERO (CPAA = & Cp).

ACp = (2 tang) (2.03 - 1.28)a (C15)

In Equation C15, &C_ is the difference between the pressure coefficient on the
windward side of the fairing and the pressure coefficient at the neutral position
on the fairing.
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APPENDIX D

BENDING MOMENTS, AXIAL LOADS AND SHEAR LOADS
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In order to design a bay within the nose fairing structure, it is
necessary to know the magnitude of the loads to which the bay is subjected,
In addition to lateral pressure there are bending moments and axial loads
which are used in computing line loads (force per running inch on the cir-
cumference) for the bay being analyzed, These computations are per-
formed in Subroutine LOAD using the pressure profile data which was
either computed in Subroutine AERO or input to the program,

The pressure profile data consists of a number of points connected
by straight line segments as illustrated in Figure 4, In order to compute
axial loads, shear loads and bending moments, it is necessary to compute
the contribution of each of these pressure profile increments to the total
load, In computing these incremental loads the point on the increment
nearest the base of the fairing is used as a reference point,

First, an equation is derived to represent the shear force contributed
by a pressure profile increment at its reference point, Nomenclature for

this derivation is illustrated in Figure D1, The expression for ACP as

a function of X/D between locations (X/D)1 and (X/D)2 is as follows:

ACPI - ACP

- - 2 -
8Cp = ACp, - 7B 7B [%/P); - (x/D)] (o1)

At a specified location ACP is the difference between the pressure

coefficient on the windward side of the fairing and the pressure coefficient
at the neutral position on the fairing (see Figure 5), The relationship
between the variables in Equation DI and Figure 4 are as follows:

AC CPA (LT+1)

Pl

AC CPA (LT)

P2
(X/D)1= XOD (LT+1)

(X/D)?_: XOD (LT)

Let
L ACp) - ACp, 02)
¢~ (X/D); - (X/D),
A, =ACy, - Az(x/x))1 (D3)
Then, combining Equations D1, D2 and D3
ACL = A + AZ(X/D) (D4)
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Axial location measured
from the nose in calibers.

Change in pressure coefficient
due to angle of attack (identical
to CPAA in program listing).

Local diameter of fairing

Half angle of
frustum

X/D

Figure Dl - Nomenclature Used in Derivation of Bending Moment Equation
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In a similar manner the following expression can be obtained for
the local diameter D,

D=Ap + ADZ(X/D) (D5)
In which
D, -D
A 1 2

D2~ (X/D), - (X/D),

App = D) - AL, (X/D)

In Appendix C an equation for the normal force, A.FN. for an

increment of length, AX, was derived for a sinusoidal pressure distribution
in the circumferential direction, This equation (Equation C5) is as follows:

I
AFy =5 D (8X) (AGp) q

N

in which q is dynamic pressure, Using Equation C5 the running load in
the axial direction, w, is expressed as follows:

D (ACp) q (D6)

By combining Equations D4, D5 and D6, the following expression is
obtained for w,

w =% q [A Ap, + A AL (X/D)+ A,ApL (X/D) + AZADZ(X/D)Z]

1" Dl 1
(D7)
The shear force, v, at any point on the increment is
X
V= _/- w dX
X} - x/p
== Dyage w d(X/D) (D8)
(X/D),

D-4
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In which D is the base diameter of the fairing, When the integration

base
is performed, the following expression is the result,

v = -[% aD,,.. |8 [X/_D - (X/D)z] + 8, [(X/D)2 - (X/D)SJ

+ By [(X/Df' - <X/D)§] (D9)
In which
B1=414p)
6, - A1Ape : A28p1
8, - Az;“Dz

The incremental shear force, v, at the reference point of the ith

increment (the point nearest the fairing base), due to aerodynamic
pressure acting on the ith increment, is obtained by substituting (X/D)1

for X/D in Equation D9,

The incremental bending moment, M;, about the reference point

of the ith increment is expressed as follows:

X1
Mi = f v dx

X,

(X/D),

u

Dy.se v d(X/D) (D10)

(x/D),

By substituting Equation D9 into Equation D10 and performing the integration,
the following expression is obtained,
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My =F aDp, f:zl [(X/D)f - (X/D>§]
- B,(x/D), [(x/D)1 ) (X/D)zj + —%2- [(X/D):;’ - (X/D)g]
- B?_(X/D)g [(X/D)1 - (X/D)zj + .%3_ [(X/D)‘i - (X/D)‘é}
- 53(X/D)g [(X/D)l - (x/D)Zj (D11)

These incremental shear loads and bending moments are now

used to compute the shear load, Vbase' and bending moment, Mbase’

at the base of the fairing,

Contribution

I
Voase = Z Vit of nose cap (D12)
i=1

I

Contribution

Mbase _Z (viLi + mi) * of nose cap (D13)
i=1

in which [ is the total number of increments and Li is the distance from

the base of the fairing to the reference point of the ith increment, The
shear moment contribution of the nose cap are discussed below,

As design of the fairing moves from the base toward the nose cap,
shear and moment contributed by each of the increments of pressure profile
are subtracted from the total shear and bending moment, In moving from
the reference point of the (i-1)th increment to the reference point of the ith
increment the shear and bending moments at the ith reference point are

- computed as follows:
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Vi = Vi - vio (D14)

Mj =M ] - my_ ) - Vixi) (D15)

in which x is the length of the increment.

Usually thelocation of the base of a bay will not coincide with the beginning
or end of a pressure profile increment. In this case the pressure profile

increment is divided at the base of the bay and each part is treated as a complete
increment.

Computation of axial loads is handled in much the same manner as
computation of shear force. Using nomenclature similar to that used previously
for the 4Cp calculations (see Figure D1) the equation for the pressure
coefficient within a pressure profile increment is

Cp = B} + B,D (D16)
in which
C -C
By = Cp, - 2L _"R2 D, (D17)
D) - D,
C,. -C
_ “p1 P2

The incremental axial load is

D,

bF,y = L (q Cp - 6P) (nD) -‘;—13 (D19)
1

in which 0P is the difference between fairing internal pressure and ambient
pPressure. When the expression for C, is substituted into this equation and
the integration is performed, the following equation is obtained.

(D20)

m

) 1 ) 1 3
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Total axial load at the base of the fairing is computed by summing up the
incremental loads plus the drag contributed by the nose cap. As design of the
fairing progresses from the base towards the nose cap, increments of axial
load are subtracted in a manner similar to that employed in computing shear
loads.

When the bending moment and axial load are known at the base of a bay,
the circumferential line load can be computed. This is the load per unit length
of circumference parallel to the surface of the skin. The axial load places a
uniform compressive load on the circumference. The bending moment places
a compressive load on the leeward side and a tensile load on the windward side.
The line load due to the axial force is

F
_ ax
Nelpx = TBCoss (D21)
in which
F_ x = Axial force at the base of the bay
D = Diameter at the base of the bay
6 = Semi-vertex angle of the bay

Using the assumption that the strain in the skin due to bending is proportional
to the distance from the neutral plane, the maximum contribution of bending

moment to the line load is computed by the following equation:

M

J{ .
- D
4

1
2 COS ¢ (D22)

(N¢)gEND

When line load due to bending is superimposed on line load due to axial
force the total becomes

]

(No)wnp = (Ndax = (NO)genD (D23)

(No)ppg = (N¢)ax * (Nelgpnp (D24)

The subscript WND indicates windward side, and the subscript LEE indicates
the leeward side.
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The contribution of the nose cap to axial load, shcar force and bending
moment are computed by means of the nose cap drag coefficient, Cp, normal
force coefficient per radian angle of attack, CNa’ and X, the distance from
the base of the nose cap to center of pressure on the normal plane. The
reference area for Cp and CNa is the base area of the nose cap. These param-
eters can be read into the computer or computed in Subroutine LOAD.

The computations for the nose cap Cpy in Subroutine LOAD are based on a
computed pressure coefficient at the stagnation point, (CP)st » and a pressure
distribution over the nose cap described by the following equation:

2

C = sin 25
P = Cp, ¢ (D25)

in which ¢is the angle between a plane tangent to the nose cap surface and the
line of flight.

In order to compute (CP)stg’ the pressure at the stagnation point is assumed
to be equal to the stagnation pressure downstream from a normal shock with
upstream Mach number equal to that of the vehicle. For one-dimensional flow
of a perfect gas with constant specific heat and molecular weight the ratio of
downstream stagnation pressure, P_, to upstream static pressure, P _, is

o o
expressed by the following equation taken from Reference 11.
Y 1
Po Y+1 1 2y y-11 1-v
Peo I- 2 le T M - +1] (D26)

in which y is the specific heat ratio of air and M is the Mach number of the
vehicle. When Y= 1.4, Equation D26 reduces to

Po 166.92 M’
P = (TMZ-1)2-5 (D27)

An expression for P, derived from basic definitions is as follows:

= T (pz8)

For air, Equation D28 reduces to

P,,, = W (ng)
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Using the definition for pressure coefficient

Po - P
q

(CP)stg

_ | Po P,
) (T": - ) q (D30)

Combining Equations D27, D29 and D30 yields the following equation

ey o 166.92 M’
( pStg - 0.7 M" (7M2_1)2.5 -1

(D31)

The pressure coefficient, C,, at all points on the nose cap is now defined
by Equations D25 and D 31. By integrating Cp over the nose cap surface the
following expression is obtained for Cp.

| 2

in which 6 is the half angle of the top frustum. The axial force contributed
by the nose cap is now expressed by the following equation:

in which A is the base area of the cap.

For small bluntness ratio (less than 0.2) the bending moment contribution
of the nose cap can be approximated by assuming that the nose cap is re-

placed by a cone having the same half angle as the top frustum. Cn. can
then be computed by Equation C14 which is derived in Appendix C. = ¢

Cny = 2.03-1.20 (D34)
a

Shear force contribution of the nose cap is

vcap = 4 Cn a4 (D35)

10

W)
]
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For a complete cone the normal force (shear force) acts a point one-third
of the distance from the base of the cone to its apex.

— 1 d
X = T 2 tan 6 (D36)

In which d is the diameter of the nose cap base. The bending moment at
the base of the nose cap is expressed as follows:

Mcap = X Ycap (D37)

D-11
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APPENDIX E

LATERAL PRESSURE

E-1
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The lateral pressure used to design the fairing is the difference between
internal and external surface pressure multiplied by a factor of safety. This
pressure is computed on both the windward and leeward sides of the bay, using
the pressure profile data and input aerodynamic data.

Pressure coefficients on the windward and leeward sides of the bay are
expressed by the following equations.

(Cplwnp = Cpo * 4Cp (E1)

(CplLEeg = Cpo - 4Cp (E2)
In which

(CP)WND = pressure coefficient on windward side

(CP)LEE = pressure coefficient on leeward side

Cpo = pressure coefficient at zero angle of attack

CP = change in pressure coefficient due to angle of attack

The difference between surface pressure and free-stream pressure is expressed
by the following equations.

(Pslwnp - Pw = (Cplynp 9 (E3)

(PglLeg - R = (CplLgr (E4)
In which

Pg = surface pressure

P = free-stream pressure

q = dynamic pressure

Recall that the difference between internal pressure and free-stream pressure
is an input parameter.

0P = P, - P, (E5)
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In which
AP = the input value of pressure difference

Pint = absolute pressure inside the fairing

Combining Equation E3 with E5 and E4 with E5 the following equations for
pressure difference are obtained.

(PslWND - Pint = (Cplynp d - 4P (E6)

(PgliL,EE - Pint (CpI)LEE 9 - bP ‘ (E7)

Design pressures are obtained by multiplying these pressure differences by
the factor of safety, F'S.

(Pges)WND FS [(CP)WNDq - AP:] (E8)

| (Pges)LEE = FS [(CP)LEEq - AP] (E9)
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When bay geometry, bay loading and shell thickness are specified the
adequacy of the shell design is determined in Subroutine CHKLOD. In
analyzing a bay design both line load (from Subroutine LOAD) and design
pressure (from Subroutine PRESUR) are considered on both the windward
and leeward sides of the fairing. An interaction relationship is used to
account for the combi ned effect of these two types of loading.

The following interaction equation, which is used in Subroutine CHKLOD,
was developed by Paul Seide (Reference 12).

RA 2 RAX
(RP)al = l+(.‘/__§_) - 2(—17—_3_— X

L
Rax 2’ Rax
— Fl
\/\/1+(1I_3> +(-\IT) (Fl)
In which
R = _P (F2)

P Pcrt

(Rp)y1 = maximum allowgble Ya}ue for Rp

N¢

RAX = w7 — (F3)
(N‘»crt
P = design pressure
Pert the external to internal pressure difference at which the
shell would fail in the absence of other forms of loading
(critical pressure)
N¢ = circumferential line load
(N¢)crt = the compressive circumferential line load at which the
shell will buckle in the absence of other loading (critical
line load)

Critical pressure for the shell is computed by the method presented in
Section 6.23.2, Reference 4. This is the "equivalent cylinder' technique of
Reference 13 applied to the elastic design of truncated cones with a taper

F-2
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ratio ( 1 - R}j/R,) < 0.95 and a semivertex angle ¢ = 75 deg:

where

and

CP T!ZE ¢ 2
Pep = > (;) (F4)
12 2 l1-4u
0.875 2 +1.122 VZ
= ) F5
CP 4,385 + Z (F3)
Vi 2 (L) [R)
n. \RZ o\t cos 8
nr = 0.60 (0.70 +R1/RZ) (F7)
n R
£ = _T 2 F8
(t) cosé (t ) ' (F8)
E = modulus of elasticity
W = Poisson's ratio

L. = length of shell

t = thickness of shell

6 = semivertex angle of frustum
p = an equivalent radius

R} = small diameter of frustum
R, = large diameter of frustum

(For computational convenience the form of the above equations has been
altered in the design program.)
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The critical line load is computed by equations for short monocoque
cylinders (Section 6. 11.2 of Reference 4) modified by E. Hendrix, Reference
14, for use in the analysis of conical frustums. The basic equation is

Fert = C [y (F9)
In which
crt ° the critical compressive stress
C = the buckling coefficient
E = modulus of elasticity
n = plasticity reduction factor

The ratio, p/t, is computed by Equations F7 and F8 above.

The buckling coefficient, C, is expressed by the following equation:

0.871
C = p. m-1 1_,) n (F10)

In which
n = 2 (m-1)

Values for m are presented graphically in Figure 6.11-2 of Reference 4 for
three different levels of probability -- average, 90% and 99%. A curve-fit
of the 99% probability curve yielded the following equation which is used in
the design program.

-2
m = -0.378 [1n(;.’.2' + 0.3[1n (-t"-)} +0.792 (F11)

The parameter 7 in Equation F9 is a plasticity reduction factor which
is equal to one for the low loading intensities typical of nose fairings.

Since loads are expressed in terms of line load it is necessary to convert
the critical compressive stress to the critical compressive line load. This
is done by the following equation

(Ngl. ., = (Fep) (©) (F12)

crt
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The ratios indicated in Equations FF2 and F3 can now be calculated, and
a value for (R5)_, can be computed by Equation Fl. If RP is equal to or less
than (Rp),) the gesign is satisfactory.

For use in the program it is desirable to define a new parameter, Cy,
which is equal to or less than 1 for a satisfactory design.
Algebraically, Cg, Ry and (Rp),) are related as follows:

CK = 1+ RP - (Rp)al (F13)

CK is computed for both the windward and leeward sides of the fairing,
corresponding to the variable names CHKWND and CHKLEE in the computer
program. When both CHKWND and CHKLEE are equal to or less than one
the design is adequate. In the computer output under "Design Details of
Conical Frustums' some of the ratios and parameters developed in this
appendix are listed for both the windward and leeward sides of the bay under
the following headings:

N¢ - Line Load
Rax - Stress Ratio, Axial

Rp - Stress Ratio, Press.

CK - Load Index
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APPENDIX G

STIFFENING RING DESIGN



LMSC/HREC A712552

After the shell portion of a bay has been designed, it is necessary

to provide a ring of adequate stiffness to prevent general instability of

the composite structure, i,e,, to prevent the entire side of the fairing from
caving in, This ring is placed at the upper end of the bay, For tapered
conical sections, lateral crushing pressure is normally the dominant factor
in ring size determination, For these sections, the required moment of
inertia of such a ring is expressed by the following equation which was
used by Nevins and Helton in a similar study reported in Reference 1,

4/3
L b \2[i)? [Pges)wnp Db G1)
~ “bay \2 cos 8 t 11,02 E tan 6

req
in which
Lbay = length of bay, in,
D = small diameter of bay, in,
e = semivertex angle of bay
t = skin thickness, in,
(Pdes)WND = thfe f:rushln.g pressure on the windward side of the
fairing, psi.
Db = the base diameter of the fairing, in,
E = modulus of elasticity of the material, psi,

This equation is a modification of the general stability equation
developed by Becker in Reference 5,

For cylindrical sections, axial loads are higher and lateral collapse
pressure much lower than in conical sections, hence rings are sized on a
different basis, As stated in Section 1,13, the cylindrical section is divided
into bays of equal length using stiffening rings of identical cross-section,

Skin gauge for the first bay is determined by the same methods used else-
where in the fairing, Then assuming that the skin gauge and loading determined
for the first bay prevail throughout the cylindrical section, the minimum

ring cross-section required to prevent general instability is computed by

the method of Baruch-Singer adapted for use in this program by A, B, Burns
(see Appendix K),

After computing the moment of inertia required of the ring, the
ring cross-section which will provide this moment of inertia is selected.
The three types of cross-sectional shapes which may be specified are
shown in Figure 3, Also to be specified are B/t ratios of the web(s) and
flanges, When designing the ring, the computer program selects the
smallest standard skin gauge which provides a ring cross-section with
moment of inertia equal to or greater than that required, providing that the
selected ring has no buckled flanges,
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It is necessary to check for flange (or web) buckling because large
B/t values may be input, and these large B/t values present a definite
possibility of local instability occurring, In making this check, a small
(one percent) ovality tolerance was assumed, and bending stress due to
this ovality effect are added to the hoop compression stress, The total
flange stress thus obtained, is compared to an input flange buckling stress
level (FCFB), and if excessive, the ring web thickness is increased as

required,
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APPENDIX H

STRUCTURAL DESIGN OF SPHERICAL NOSE CAP
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The nose cap design is analyzed structually as an unstiffened, non-
shallow spherical cap with uniform shell thickness. The method of
analysis used is presented in Section 6.23.1 of Reference 4. From
experiments it is observed that non-shallow (the ratio of height to radius
is greater than 1/6) spherical caps buckle in the form of a small dimple
in some area of the surface of the cap. Therefore, the critical buckling
pressure for non-shallow caps is independent of the height to radius ratio,
depending only on the radius to thickness ratio and the modulus of elasticity
of the shell material.

The equation recommended in Reference 4 is

P _ 0.606 E (H1)
crt (I_{)Z 0.04 VR/t
Tl €
In which
P..t = critical buckling pressure
R = nose cap radius
E = modulus of elasticity
t = shell thickness

A trial and error procedure is used in determining the minimum shell
thickness required for the nose cap. When R, E and design pressure are
known the shell thickness is increased by 0.001 inch increments until Pt
is equal to or greater than the design Pressure computed for the nose cap.

Maximum design pressure for the nose cap occurs at the stagnation point.
Assuming that the pressure on this point is the same as the stagnation pressure
downstream from a normal shock, the pressure coefficient, (CP)st , is

expressed by Equation D30, and the design pressure is expressed ~ by the
following equation:

(Pglcap = (FS) [q (CP)stg - AP} (H2)

in which
FS = factor of safety

q = dynamic pressure

0P = internal to free-stream pressure difference

H-2
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APPENDIX I

DERIVATION OF APPROXIMATE BAY LENGTH EQUATIONS

I-1
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Because of the complexity of the equations relating bay geometry and
acceptable loading level it is necessary to determine bay length by an
iterative procedure. Computer time can be saved by making a good first
guess for this bay length. After establishing the bay length for the first
of seven skin gauges to be used in the search for the optimum configuration,
the lengths corresponding to each of the remaining six skin gauges can be
scaled by using the ratio of the skin gauges and the previous bay length,
both of which are known. Because lateral pressure is the dominant type
of loading the derivation of the scaling equation which follows is based on
the equation in Appendix F relating critical buckling pressure and bay
geometry.

These equations are as follows:
- “p g 1

12z [T 2 (o/t)?

Pcr

(I1)

c - 0.875z2+1.122VZ (12)
P 4.385+ \[ 7

(I3)

rh cos g DB E—

Vil 2 (ZL)Z (DE,)

3
e
4
o
o
o
~J
+
i
~—

(14)

(I5)

nlo
I

0O

o 3
w |
<

TN
Sl o
los]

~—

In which
cr = lateral pressure at which the skin buckles
= modulus of elasticity
= Poisson's ratio
= half angle of bay
= bay length
small diameter of bay
B = large diameter of bay
skin thickness
= an effective bay radius

o TOgU0rex 1
!

1-2
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In equation Il the only parameters influenced by bay length and skin
gauge are Cp, Z and ¢/t. Therefore, the following relationship can be
written, using subscript 1 to indicate the parameters associated with the
bay which has been designed and subscript 2 to indicate parameters
associated with the bay whose length is being estimated.

(CP)Z Zl (p/t)l
(Cp)y  Z, ©re, | =1 (16)

A log - log plot of Cp versus Z using Equation I2 reveals that Equation
I2 can be replaced by the following approximafe relationship.

0.64

CP = 0.37Z2 (17)

From which

(Cp); [zz> 0.64

Cph |21 (18)
Substituting into Equation I6

2z, 0.36 (o/t) 2

z, ( o/t), (19

Again dropping terms not influenced by L and t, the following ratio is
obtained from E quation I3.

Z, "R2 L\ ¢,

And from Equation I4

"R1 0.7+ D,/Dp
e, -+ 0.7 +D;/Dp

(I11)

I-3



LMSC/HREC A712552

Which can be written as follows using the trignometric relationship
between D, Dpg, and ¢ .

Ll '
n 1.7 - 255 tanb
R1 _
n - L, (112)
R2 1.7-2 - tang
B
From Equation I5
Colth _ ("r1 ) (2 (113)
(o/tlz = \"rz / \t

By substituting Equation I10 and I13 into Equation I9 the following relation-
ship is obtained.

n 2.28 ¢ 3.28
L2 R1 ) 2 (114)
Ly R2 1
However, it is necessary to have a value for L, before computing the
ratio an/ 2 using Equation I12. A close approximation to L, can be obtained
by letting %1/"1{2 be equal to 1 in Equation I14. The ratio /" , can then

be computed using Equation 112, and the ratio L;/Ij, can be obtained from
Equation 114.

1-4
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The maximum temperature reached by the skin due to aerodynamic heating
can be controlled by placing a lower limit on the thickness of skin to be used
in critical locations. Provisions have been made in the program to place such
constraints on both the nose cap and top frustum of the fairing, either by
specifying the minimum skin thickness to be used or by specifying the maximum
temperature to be reached by the skin.

Design curves for determining the minimum thicknesses have been pre-
pared by LMSC/HREC. These curves and the methods used in generating the
data for these curves are presented in Reference 6. The trajectory used in
this analysis was a nominal two-stage Saturn V ascent trajectory to a 100
nautical mile circular orbit.

Both laminar and turbulent heating occur during the flight. Laminar flow
was assumed to exist when the Reynolds number based on momentum thickness
of the local boundary layer was equal to or less than 500. Turbulent flow was
assumed to exist at Reynolds numbers above 500. When the flow was laminar,
the method of Fay and Riddell (Reference 7) was used together with the laminar
heating rate distribution of Lees (Reference 8). When the flow was turbulent,
heating rates were calculated by using a method from Reference 9 (Bromberg,
Fox and Ackermann). Radiation from the outer surface was also taken into
account, ‘

Other assumptions were that the heat flow is one-dimensional, that at any
time or location on the fairing the skin temperature is uniform throughout the
thickness of the skin, and that the inner surface of the skin is perfectly insulated.
These latter assumptions were found to have only a minor effect on the final
results.

Maximum temperature constraints are applied to the nose cap and the top
frustum. The thickness of material required to limit the maximum temperature
of the nose cap is based on heating at the stagnation point of the nose cap, and
the thickness required for the top frustum is based on heating on the nose cap
at its junction with the top frustum. Thus, the heating data required to establish
these constraints can be obtained from a spherical shell.

Several hundred data points were generated for each of the following five
materials: aluminum, magnesium, titanium, stainless steel and Lockalloy.
Each data point for a specified material is completely described by the
following four parameters:

n

R
6

radius of spherical nose cap
the angle between the line of flight and a plane
tangent to the nose cap at the point of interest
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T the maximum temperature reached by the skin, °F

max

t thickness of the skin

When applying this data to nose fairing design, 6 is equal to 90° at the
stagnation point and to the half angle of the top frustum at the junction of the
nose cap and top frustum. (Note that ¢ in Reference 6 is the complement
of 6.)

In order to avoid the necessity of storing all of these data points in the
fairing design program, a set of linear alge braic equations which fit the
data within a few percent was developed by a technique commonly referred
to as multiple regression analysis. A detailed de scription of multiple
regression analysis can be found in many statistical text books such as
Reference 10, Chapters 4 and 5.

Two major steps are involved in such an analysis. First, it is necessary
to establish the form of the equation relating the variables which describe
the data points. This step can be based on intuition and/or a knowledge of
the physical laws relating the variables. This equation must be reduced to
linear form, which is then referred to as a linear model. The linear model
has the general form

Y=C1X1+C2X2+...+Cnxlq (Jl)

The variables y and x], X2, ---, X, may be grouped parameters such
as (Tax-70) and Tmax / YR . However, these variables must be such that
numerical values can be obtained for each variable for each data point.

Having developed a linear model the next step is to determine the set of
coefficients (c], ¢, ---, c,) which give the best fit to the data. This is
done by means of the "least squares' curve fit technique. Usually several
different linear models are tried in an attempt to curve-fit a given set of
data.

For this application two models were developed, one for the stagnation
point and the other for the point of tangency between the spherical nose cap
and the top frustum. A set of coefficients was computed for each of the two
models for each of the five materials, making a total of ten sets of coefficients.
The equations and coefficients appear in Subroutine THERML.

The linear model representing heating at the stagnation point is based on
laminar and radiative heating theory. It is postulated that the following

J-3
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relationship is approximately true.

K, 4
oCpt (Tray - 70) = Ky + = (K3 = Trap) = Kg @ (Tpay + 460)

(J2)

in which
P = density of skin

Cp = specific heat of skin
€ = emissivity of skin

The terms in Equation J2 represent the following physical quantities:

Cpt(Thax-70) = the maximum quantity of heat stored in a unit
area of skin during the flight
K] = a constant
K, .
—_ (K3 - Tihax) = convective heat input (laminar flow) to the unit
VR area
Kge(Tpax + 460)4 = radiative heat loss from the unit area

When material properties are dropped (coefficients are determined for
each material) and when the multiplications are performed Equation J2 reduces
to the following linear form.

max

VR

1
t (Tmax-70) = aj +ap ---R- + asj

(7 3)

tay (Tpax +460)%

max
Comparing this to Equation J1
y = t(T

max‘70)

X1=1

J-4
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1
2 7 TR
x3 = E_rll_a'_l(
VR
X, = (T +460)%
4 max

Using the data generated in Reference 6 the coefficients a, ap, a3 and ay
can be determined by the least-squares technique.

A more complex model is required to represent heating at the point at
which the nose cap is tangent to the top frustum. Turbulent flow occurs
during part of the flight, and laminar flow occurs during the remainder.

It is also necessary to specify the angular location, 6 , on the sphere. The
following model was postulated:

K

PCpt (T, -T0) = K| + —== (K4 + sin% ) (Kg-Trnax)
K3 2 4
" -—R()'.—'z— (Kg +sin"6) (Kg=T ) -Kg€(Tmayx + 460)

The additional terms in this equation have the following physical significance:

K
2
""_\/"—"'" (K4 + sin? 8) (Kg - Tryax) = convective heat input during
R laminar flow
K3 2
5 (K4 + sin“6) (KS - Tmax) = convective heat input during
R 2 turbulent flow

in which (K4 + sinza) accounts for pressure variation with angular position

on the nose cap. When material properties are dropped and the multiplications
are performed the quantities corresponding to the variables in the linear model
are as follows:

Y =t (Tmax'70)
Xl = 1
X =

1
, = —
VR
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X - Tmax
; =
VR
X, = (T + 460)%
4 max
_ sin g
s VR
Tmax sin” 9
X6 -
VR
X = —
R0-2
x = max
8 R0.2
_ sin2 0
X9 L 0.2
X _ Tmax Sinze
10 ©
RO 2

Note that y and X1, X2, X3, and x4 are identical for both the stagnation
point and tangency point models.

Coefficients were determined for each of the five materials at both the
stagnation point and the tangency point. A summary of pertinent information
about the curve fit is presented in Table J1.

The coefficients stored in Subroutine THERML were determined for a
nominal two-stage Saturn V ascent trajectory to a 100 nautical mile orbit.
If the subroutine is to be used for trajectories which differ greatly from this
trajectory it would be adviseable to determine a new set of coefficients based
on thermal data for the new trajectory. The linear models used in Subroutine
THERML will probably be valid for a wide range of trajectories.

J-6
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THE BARUCH-SINGER GENERAL
INSTABILITY ANALYSIS

Analytical Basis

The equations presented by Baruch and Singer (Ref. 1) may be easily modified
to predict the classical buckling load for the general mode of instability in
stiffened cylinders subjected to a combination of axial compression and either
internal or external lateral pressure. In the present analysis, modified
Baruch-Singer equations have been written in a form which yields the classical
axial load-carrying ability of the cylinder given a particular ring geometry
and spacing, and a specified lateral pressure. These equations have two signifi-
cant features: (1) they include the effects of ring eccentricity, and (2) they
assume that local instability does not precede the onset of general instability
in any of the eiements of the composite cross-section. In addition, they apply
to cylinders'stiffened with equally spaced rings of identical cross section.

Of course, the classical buckling loadvis usually much too optimistic for
cylinders carrying predominantly axial loads, and a practical method for adjust-
ing the classical buckling downward is required. The method utilized here is
that recommended in Ref. 2. Briefly, the critical buckling load is equal to
the minimum postbuckling load (the lower bound), plus a percentage of the
difference between the classical buckling load (the upper bound) and the
minimum postbuckling load, depending upon the geometry of the cylinder. Thus:

(&) = ..1\19&- l: .—-—Nmin -+ C(l - Nmn)]
RE/cr RE Nc£ ch
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When Nmin = ch , i.e., when the upper and lower bounds to the critical

buckling load are equal, the critical buckling load is set equal to the
classical buckling load and the term containing the factor c¢ 1is zero.

When Nmin <N , the factor ¢ has the form:

cld
c = (¢ - 0.12)/0.88

where ¢ , an empirical reduction factor, is defined as follows:

® 1.0 when (R/t)e < 33.

6.1+8(R/t)'0'51‘ when (R/t)e > 33 .

@ e

where:

(R/t)e = R/t (tx/t)o'5 [5.1;6(Ix/t3 + Iy/t3)]'°‘5

Note that the formulation for (R/t)e reduces to R/t for monocoque cylinders.
Thus, the reduction factor is tailored to apply to stiffened cylinders ranging
from those with minimal stiffening to those with extensive stiffening.
Although the classical buckling load calculated here is dependent upon the
applied lateral pressure, the minimum postbuckling load is calculated assuming
zero pressure. This procedure has been adopted in the interest of expediency
because a major effort beyond the intent of this study would be required to
obtain minimum postbuckling loads which represent the combination of axial
compression and lateral pressure loads on the cylinder. Likewise, the correc-
tion factor ¢ 1is also calculated assuming zero pressure since it is expected
that axial compression will be the predominant loading on cylinders analyzed
with this subroutine. Under these circumstances, these limitations are expected

to result in minor conservatism.
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Computer Solution

The subroutine which has been written to solve the above noted equations
accepts data relative to the rings in a general form; ring area, ring moment
of inertia, ring centroidal distance, ring spacing and ring torsional stiffness
are required. Therefore, any ring cross-section may be subjected to analysis
in this subroutine for which the above noted properties have been written in
a common form and are made available elsewhere in the program.

The classical buckling load is obtained by setting m = 1 and systemati-
cally investigating increasing values of n until a minimum ch is obtained.

The value of m 1is then increased and n is again varied. If N =N ,
c£m=l cﬂ'm>l

the cylinder is short; that is, the natural axial half wave length is greater

than the length of the cylinder, and Nc is accepted as the classical

zm=l

buckling load. If N >N ,» the cylinder is long, and the value of
czmzl czm>l

m 1is increased in increments (and for each increment, the value of n is
Varied) until the lowest value of ch is found. As part of these calculations,
an effective width factor Y is applied to the skin between rings, as required,
to account for shear lag effects which reduce the bending stiffness of the
composite section in the circumferentiel direction. Note that the skin is

still assumed to be non-buckling. The minimum postbuckling load 1s subsequently
calculated. Information pertinent to this quantity is stored as constant data
in the program. This information has been taken from the work of Almroth

(Ref. 3) wherein Almroths graphical fesults have been converted here into
tabular form. Additional subroutines are used to interpolate between adjacent
points in the constant data. Initial calculations for the minimum postbuckling
load establish whether the cylinder is long or short, and are carried out in

a manner similar to that. described above relative to the classical buckling
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load. If the cylinder is long, either subroutine TERP 4 of TERP 5 is called
for interpolation purposes, depending upon the value of the geometric parameter
Y . If the cylinder is short, subroutine TERP 7 is called.

Having calculated the classical buckling load and the minimum postbuckling
load, the correction factor c¢ is calculated as outlined above and these
gquantities are then used to calculate the critical buckling load.

The pressure applied to the cylinder may be positive (collapse pressure )
or negative (burst pressure). For positive pressures, the subroutine may
yield negative critical buckling loads in the early stages of sizing the rings,
which indicate that the shell geometry is critical under the applied pressure,
and tensile axial loads are required to maintain stability. Positive critical
buckling loads (compression) will be obtained as the rings are increased in
size.

The subroutine computes an elastic critical buckling load. Corrections
for plasticity (or maximum permissible stress) are made elsewhere. Although
the present subroutine has been written for internally stiffened cylinders,
cylinders stiffened externally with rings may also be analyzed, if desired, by
setting the control IRECC appearing at the beginning of the subroutine equal

to -1



Notation

ch

min
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correction factor
Young's Modulus

moment of inertia per unit of circumferential width of cylinder
wall cross section, taken about the centroid of the cross section.

moment of inertia per unit of length of cylinder wall cross
section, taken about the centroid of the cross section

number of axial half-waves
number of circumferential full waves

classical buckling load per unit of circumference for the general
instability mode

minimum postbuckling load per unit of circumference for the
general instability mode

applied axial load per unit of circumference

applied pressure per unit of surface area

cylinder radius

cylinder wall thickness

equivalent thickness in the axial direction (see Ref. 2)
equivalent thickness in the circumferential direction (see Ref. 2)
effective width correction factor (see Ref. 2)

It y/IytX

empirical correction factor
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Subroutine Symbols

AIST ring moment of inertis

AST ring area

CR critical buckling line load (pounds/in)

D ring centroidal distance

DY ring spacing

E Young's Modulus

P collapse pressure (psi); burst pressure if entered as

negative quantity.

R cylinder radius

T cylinder wall gage
TK ring torsion constant
XL cylinder length

XMU Poisson's ratio
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