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TTiree conputer programs were written with the objective of predicting 
the structural weight of aircraft through analytical methods. The first 
program, the structural weight estimation program (SWEEP), is a completely 
integrated program including routines for airloads, loads spectra, skin tem- 
peratures, material properties, flutter stiffness requirements, fatigue life, 
structural sizing, and for weight estimation of each of the major aircraft 
structural components. The program produces first-order weight estinates 
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and indicates trends vtfien parameters are varied. Fighters, bombers, and cargo 
aircraft can be analyzed by the program. The program operates within 100,000 
octal units on the Control Data Corporation 6600 computer. TVro stand-alone pro- 
grams operating within 100,000 octal units were also developed to provide 
optional data sources for SWEEP. These include (1) the flexible airloads 
program to assess the effects of flexibility on lifting surface airloads, and 
(2) the flutter optimization program to optimize the stiffness distribution 
required for lifting surface flutter prevention. 

The final report is composed of 11 volumes. This volume (volume V) 
contains the methodology program description, and user's information for the 
air induction system and landing gear modules of SWEEP. 
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PREFACE 

This report was prepared by Rockwell International Corporation, Los 
Angeles Aircraft Division, Los Angeles, California, under Contract 
F3361S-71-C-1922, No. FX2826-71-01876/C093. The work was performed for the 
Deputy for Development Planning, Air Force System Ccnmand, Wright-Patterson 
Air Force Base, Ohio, and extended front September 1971 to June 1974. 

Eugene L. Bahns, ASD/XRHD, was the Air Force program manager. Leonard 
Ascani was the program manager for Rockwell International. Other Rockwell 
personnel contributing to the project included: 

G. Hayase - Mass Properties 
R. Hiyana - Mass Properties 
D. Chaloff  - Mass Properties 
C. Martindale - Mass Properties 
H. Rockwell - Mass Properties 
R. Allen - Mass Properties 
P. Wildernuth - Airloads 
G. Rotharoer - Airloads 
T. Byar - Airloads 
S. Siegel - Structural Dynamics 
S. Mellin - Structure and Fatigue 
H. Haroldson - Theimodynamics 
D. Konishi - Advanced Conposites 
C. Hodson - Structural Dynamics 

The final report was published in 11 volunes; the complete list is as 
follows: 

Volune 

I "Executive Sunmary" 
II "Program Integration and Data Management Module" 
III "Airloads Estimation Module" 
IV 'Material Properties, Structure Tenperature, Flutter, and Fatigue" 
V "Air Induction System and Landing Gear Modules" 
VI "Wing and Empennage Module" 
VII "Fuselage Module" 
VIII '•Programner's Manual" 
IX "User's Manual" 
X "Flutter Optimization Stand-Alone Program" 
XI "Flexible Airloads Stand-Alone Program" 
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INTRODUCTION TO VOLUME V 

The Structural Weight Estimation Program (SWEEP) has been developed as an 
analytical aircraft structural weight prediction tool suitable for use in the 
preliminary design phase of vehicle synthesis.   The functions of data develop- 
ment and assessment have been integrated into various program modules so that 
criteria, design constraints, and environment considerations are consistent. 
The purpose of the two parts of this volume is to present methods and formula- 
tions and to discuss program routines for the air induction system and land- 
ing gear modules: 

• Part 1 discusses the air induction system module, which estimates 
air induction system, nacelle, and engine section structure 
weights 

• Part 2 discusses the landing gear module 

Appendix A presents autof low diagrams and charts of the air induction 
system module.   Autoflow diagrams and charts of the landing gear module are 
presented in Appendix B. 
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AIR INDUCTION SYSTEM hDDULH 
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Section I 

INTRODUCTION AND SUNWARY 

PROGRAM OBJECTIVES 

The objective of the air induction system weight estimation module is 
to provide weight of propulsion-system-oriented structural components during 
the preliminary design phase of vehicle synthesis. In this design phase, 
weight trade-off and point design data sensitive to a wide range of inlet- 
engine arrangements and design criteria are required. 

Design of propulsion systems are, to a significant degree, dictated by 
optimum performance to meet primary mission objectives with compromise for 
other vehicle environmental conditions encountered by the system. Inlet 
boundary layer bleed and bypass requirements are some of many details that 
are not available in the preliminary design phase. These and other factors 
complicate structural arrangement definitions which are required in an analyt- 
ical procedure. 

Methods that are incorporated in this program evaluate those components 
that nay be derived on an analytical basis within the limitations of design 
data that would be available in the preliminary design phase. Empirical 
and statistical formulations are used to estimate the weight for certain 
identifiable components as well as to estimate provisions for items that are 
not readily defined. 

SUWIARY OF ANALYSIS CAPABILITIES AND LIMITATIONS 

The estimating procedure accounts for wing-pylon-mounted or fuselage- 
pylon-mounted engine packages as well as for engines mounted inside the vehi- 
cle fuselage. It is limited to air-breathing engine concepts with inlet 
ducts forward of the engine compressor face. Nacelle-type installation eval- 
uation is limited to two or four nacelle arrangements. The following pro- 
pulsion-system-oriented components are evaluated in this module: 

• Air induction system: 

- Ducts 

- Variable - geometry ramps 

16 



- Auxiliary inlet panels 

- Duct bypass doors 

- Fixed- and vairable-geometry spikes 

• Nacelle and engine section: 

- Nacelles and engine cowling 

- Pylons 

- Fittings 

- Engine mounts 

For the purposes of weight accounting, air induction system structure 
is categorized as part of the propulsion group according to the definitions 
in MIL-STD-254. Nacelle and engine section structure components are cat- 
egorized in a separate group. The weight estimating approach is based on 
calculating weights at the line item level of the detail weight statement 
report form, Figures 1 and 2. 

The program approaches weight estimation for each of the structural 
elements as independent entities. Some interactive compatibility is evaluated 
such as optimum duct frame spacing or for duct requirements due to the pres- 
ence of ramps. 

AIR INDUCTION SYSTEM STRUCITJRE WEIGfT ESTIMATION 

Inlet duct and variable-geometry ramp structure weight estimation pro- 
cedures account for factors such as geometry, type of construction, material 
properties, temperature, inlet pressures, and manufacturing limitations. 
Auxiliary inlet panels, duct bypass doors, and fixed- and variable-geometry 
spikes are estimated by statistical methods. Weights of these items are 
sensitive co specific item function and dimensional and descriptive data input 
by the user. 

Inlet Pressure and Temperature 

Inlet design pressures and temperature are determined for the vehicle 
speed-altitude profile envelope. Nine points on both the level-flight 

17 
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maximum speed (MJ and the limit speed (M.) envelopes are evaluated for design 
pressure and temperature data based on standard day atmospheric properties. 
Total pressure is calculated by using isentropic compressible flow equations 
and inlet pressure recovery ratio. Static pressure is calculated as a func- 
tion of total pressure and airflow. Transient overpressure, referred to as 
hanmershock, is calculated as a function of inlet total pressure and engine 
bypass ratio. Inlet attenuation is approximated to develop longitudinal pres- 
sure variation in the duct. 

Material Properties 

Material properties in the form of stress-strain diagrams, strength and 
fatigue characteristics, and physical properties are stored in a permanent 
data bank. Elevated-temperature properties are obtained by interpolation of 
the permanent file data. Properties for ducts, ramps, and nacelle are inde- 
pendently derived such that different materials may be selected for these 
structural components. 

Since temperature varies with vehicle speed and altitude, separate sets 
of materials data are calculated for each speed profile point. Components are 
designed to the pressure loads and the attendant material properties. 

Inlet Ducts 

The inlet duct weight estimating approach is a multi-station synthesis 
procedure. Geometry is represented as a family of shapes (rounded rectangles) 
that may be defined by straight lines and circular arcs. Shape may vary from 
fully circular to fully rectangular. Inlet geometry is defined at as many as 
10 discrete synthesis locations, starting at the leading edge and ending at 
the engine front face. 

Ducts are assumed to be sheet frame structure designed to pressure require- 
ments. Panels are designed for either milled with lands at frames or unmilled 
construction. Strength, deflection restraint, and fabrication minimums are 
variables; frame spacing may be either fixed or variable. The optimum frame 
spacing search is conducted between predefined minimum and maximum limits. 

Variable-Geometry Ramps 

Either two, three, or four ramp systems are evaluated. Variables in the 
weight estimation approach are differential ramp pressures, geometry, material 
properties, construction, and fabrication minimums. 
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Critical design pressure is determined by comparing the ratio of ultimate 
hammershock pressure to the ramp material compression yield stress at each of 
the points on the speed profile envelope. Differential pressure on each ramp, 
a function of plenum pressure, is based on either predefined or user input 
pressure ratios. 

Geometric descriptions of lengths, widths, angles, and actuator locations 
are combined to develop individual rairp loading diagrams. These loads are 
used to synthesize either stiffened sheet construction or honeycomb panel 
structure. 

NACELLE AND ENGINE SECTION WEIGWT ESTIMATION 

Nacelle structure weight estimates are perfonned for external podded 
engine installations. Geometry is defined in a manner similar to that used 
for the ducts. Synthesis cut geanetry is defined at as many as 10 stations, 
starting at the inlet leading edge and ending at the last complete nacelle 
section. 

Nacelle loads due to inertia effects are considered to be negligible. 
This premise is true for most nacelle systems in which engines are supported 
directly by the pylon strut. The estimating procedure is therefore limited 
to the design for local panel flutter, if critical, and fabrication minimums. 
Within this scope, frame weight and spacing compatibility is maintained for- 
ward of the engine front face. Duct frame weight and spacing are used in this 
forward section. Frame spacing aft of the engine face is defined by input 
definition. 

Pylons, fittings, engine mounts, firewall, and miscellaneous door weights 
are calculated by empirical and statistical methods. 

NPDULE OPERATION 

The program is written in FORTRAN extended language for operation on the 
CDC 0600 computer and is structured to operate within 50,000-octal core loc- 
ations. Execution time varies with the type of inlet-engine arrangement. 
The range of computer core time varies between 1 to 5 system seconds. 

The air induction system module operates within SWEEP either as a stand- 
alone program or in conjunction with other modules. Mode of operation is con- 
trolled by the SWEEP control program, OLAY00. 
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In the stand-alone mode, the SWEEP control program calls only the input 
data processing module and the air induction system module. All input data, 
required by the air induction system module are initially set up by the user, 
read by the input data processing module, and set up in labeled common and 
mass storage records for use by the air induction system module. 

When the air induction system module is operated in conjunction with 
other SWEEP modules, input data are processed in the same manner as those 
used in the stand-alone mode. Part of the data required by the data manage- 
ment module are also used by the air induction system module. In this case, 
duplicated data are transferred to the input data record for use by the air 
induction system module. 

Specific input data requirements and deck arrangement instructions are 
discussed in Volume IX, "User's Manual." 

MODULE INPUT 

Specific input to the air induction system module is discussed in the 
maps and program descriptions contained in Section III of this volume. Fol- 
lowing is a summary of the types of input required by the module: 

1. Basic constants used in synthesis equations: 275 inputs 

2. Air induction system, nacelle, and engine section configuration 
dependent data: 260 inputs 

3. Mach-altitude profile data: 30 inputs 

4. Materials data:  <300 inputs per material used 

5. Program print indicators: 10 inputs 

MODULE OUTPUT 

Basic module weight sunnary results are shown in Figures 3 through 5. 
Optional output, which is controlled by user specifications, consists of 
input data tables, loads and sizing data tables, weight details, and inter- 
mediate calculations. Sample output tables are shown with the descriptions 
of the source routines in Section III of this volume. Warning and error 
messages are printed when erroneous or incompatible data are encountered. 
The program default procedure appears as part of the message. 
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MJÜUU: STRUCTUKE 

The module is structured in u single overlay consisting of a main program 
(AISMN) and 21 subroutines. Figure 6 is a functional flow diagram which 
depicts the major operations of the program. Table 1 shows the routines for 
each of the functional groupings. 

4 
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Figure 6.    Air induction system module functional flow diagram. 
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TABLE 1. FUNCTIONAL SUBROUTINE GROUPING (AIS) 

Overlay (7,0) Subroutine by Functional Groupings 

1. Overlay (7,0) Control and Data Manipulation 

• Program A15WN • Program for AIS overlay, print system data 

2. Develop Temperature and Pressure Data From Speed-Altitude Profile 

• Subroutine SPAL - Set up temp and pressure for 9 PT speed profile 

e Subroutine 1IMPR - Tenp/pressure eval program at given geopotential alt 

e Subroutine USGNP • Set up temp and pressure factors for air induction sys 

a Subroutine MCVlll - Develop material properties from library data 

e Subroutine MAILFl - Material property curve fit program 

• Subroutine M\TLP2 - Material property curve fit program 

3. Ramp Synthesis 

Ramp synthesis and weight for 2 to 4 ramps per inlet 

Determine critical RAMP design criteria 

Weight for spikes by statistical equations 

a Subroutine RAMPS 

e Subroutine PKLCRJ 

4. Spike Synthesis 

e Subroutine SPIKL 

5. Duct Synthesis 

e Subroutine DUCTS - Control and print for ducts 

e Subroutine UCTGEO - Duct geometry evaluation program 

• Subroutine FRM4)3 - Frame node coordinates 61 nodes evaluation program 

e Subroutine FRMELD - Unit pressure ring load evaluation program 

• Subroutine DUCPNL - Duct panel synthesis program 

• Subroutine DUCFRM - Duct frame synthesis program 

e Subroutine DUCWLT - Duct weight evaluation program - per nacelle or A/V 

6. Nacelle Synthesis 

• Subroutine NACELE - Nacelle shell weight 

e Subroutine NCLCcO - Develop nacelle geometry 

7. Miscellaneous Component Weights 

• Subroutine MISGGM - Weights of engine mounts, misc doors, etc; apply K-factor 

8. Pylon Synthesis 

t Subroutine PYLONS • Pylon and fitting weight 

9. Summarize for Output 

• Subroutine SUMARY - Suimarize AIS weights and CGS, and print 
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Section II 

METHODS AND FORMUlAilONS 

GENERAL ÜISCUSSIÜX 

Methods and formulations which are prograjimed in the air induction system 
weight estimation module are discussed in this section. Specific design data 
development and weight calculation functions are performed in separate rou- 
tines which are called by the control program AISMN. The discussions that 
follow present the process within each of these routines. 

1NLH1 COggDINATE SYSIB1 

The air induction system weight estimation module, which is part of an 
integrated structure weight estimation program, provides propulsion system 
oriented structure weight. The procedure evaluates a wide range of propul- 
sion system arrangements that can exist on fighter, attack, bomber, and 
transport vehicle categories. In order to minimize geometry definition 
requirements, an inlet coordinate system is used to locate and define struc- 
tural components. 

The following stability axis definitions are used to define the vehicle 
coordinate system. 
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Propulsion systems, as with other systems such as the wing, are generally 
syrmetrical.    In the following sketch, left- and rißht-hand side engine pack- 
ages are synmetrical.    The inlet coordinate system is located relative to the 
vehicle coordinate system, as shown in the following sketches: 

t 
4Y 

Plan view 

Engine front face 

Al Profile view 

.i  
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'Uns  coordinate system is offset from the vehicle coordinate system by AX, 
AY, und A2. Origin of the system, X^. • 0, is defined to be at the inlet lead- 
ing edge. Origin of the other axes, Y,. ■ 0 and ZN ■ 0, is defined to be at 
the engine front face perpendicular to' the engine axis, X^ - axis is assumed 
to be colinear with the engine axis. 

Two engines may exist in a nacelle, as shown in the following sketch. 
The X . - axis is located colinear with the engine axis midway between the 
engines (nacelle centerline). 

This definition of inlet coordinate system also applies to fuselage- 
buried-engine arrangements. For this situation, inlet and vehicle Y-axis 
are coincident. 

Geometric description and weight estimation of a single unit (one 
nacelle or one duct) can be evaluated. Total vehicle arrangement and weight 
is implied by the relative location with respect to the vehicle coordinate 
system and the inlet coordinate system. For the foregoing discussion of a 
two-engine arrangement, geometry of one inlet duct would be defined and 
presence of two ducts in the nacelle defined by the offset relative to the 
inlet coordinate system. There may be either two or four nacelles on a 
vehicle; i.e., an inboard set or an inboard and an outboard set. Therefore, 
the number of nacelles and their relative location (&X, AY, AZ) can be used 
to determine the total number of detail units (such as number of ducts), 
total weight, and center of gravity. This accounting procedure is followed 
in the weight calculation routines and the weight summary subroutine SUMARY. 
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FLIGHT PROFILE AND DESIGN PRESSURES 

The vehicle speed-altitude profile is evaluated for air induction system 
design pressures and local panel flutter requirements. Methods employed to 
develop and process this information are described herein. Routines which 
perform these operations are: 

• SPAL  Expand the input speed-altitude profile and calculate total 
temperature, total pressure, static inlet duct pressure, and 
dynamic pressure. 

• Tl^lPR Calculate standard atmosphere temperature and pressure at 
speed profile altitudes. 

• DSGNP Calculate inlet duct hamnershock pressures and static pressure 
at the inlet throat. 

SPEED-ALTIIUDE PROFILE 

Input speed-altitude profile data consist of five points on both the 
level-flight maximum speed envelope, ML, and the limit speed envelope. Mi, 
starting at sea level and extending to maximum altitude. Points on the M. 
profile are defined relative to the li. profile. Data type and its use in 
the program are as follows: 

Input Data 
Defining ML 

0.0 

>0; <1.0 

>1.0 

<0.0 

Description 

ML equal to N^j 

Decimal to be added to tyj 

Multiplier of M^ 

Fraction of H. to be added to ti. 

This data set is expanded to define nine points by interpolating between the 
input points.    Intermediate points are taken at altitudes midway between input 
altitudes; corresponding dynamic pressure is obtained by interpolation, and 
speed is then calculated to be compatible with the dynamic pressure and 
altitude.    Figure 7 shows these speed-altitude profile points. 
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Figure 7. Speed-altitude profile points. 
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Ambient Tenqperature and Pressure 

U.S. standard atmosphere temperature, T0, and pressure I*, , are calculated 
in subroutine TEMPR by curve fit equation for different altitude ranges, d) 

Between 0 and 36,089.24 feet, 

T   - 518.67 - 3.56616 (ALT) (1) 

P   - 2116.22 [l.O - 0.00687559 (ALT)]5,25591 (2) 

where 

T     ■ ambient temperature,   R 

P     « ambient pressure, psf 

ALT ■ geopotential altitude, ft/1,000 

Between 36,089.24 and 65,616.88 feet. 

T   - 389.97 (3) o 

p   .422^8  

e 

/ALT-36.089'24~\ 
[    20.80556     ) 

Between 65,616.88 and 104,986.9 feet, 

T   - 389.97 ♦ 0.548641 (ALT-65.61688) (5) o 

Po- 114.345    [l.O +    0.548641^-65.6168^ 
-34.1634 
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Between 104,986.9 and 154,199.5 feet. 

T    - 411.57 + 1.53619 (ALT-104.9869) (7) 

P0. 18.131    [l.O ♦   i-5X1* (^-104.9869)  ] •12'2012 (8) 

Should the altitude exceed 154,119.5 feet, a warning message is printed, 
equation 7 is used to calculate T , and equation 8 is used to calculate P . 

Dynamic Pressure 

Dynamic pressure is calculated in subroutine SPAL by using local temp- 
erature and pressure, equation fit approximation of the acceleration of gravity, 
and assuming constant specific heat ratio. 

g - 32.17405 -  0.00000304 ALT (9) 

p 
P - T*- Cio) 

O 

c
s " >/v«RTo (11) 

where 

2 
g   = acceleration of gravity, ft/sec 

P   * density of air, lb/ft 

R   = gas constant, 53.3 ft-lb/lb/ 0R 
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V ■ ratio of specific heats, 1.4 

C ■ speed of sound, ft/sec 

M ■ vehicle mach number 
o 

q ■ dynamic pressure, psf 

INLET DUCT PRESSURES AND TB1PERATURES 

Inlet duct pressures and temperatures are calculated at each of nine 
points on the level-flight maximum speed envelope, H., and the limit speed 
envelope, M.. Hanmershock pressure is determined at points on the H, and M. 
profiles, and static pressure is determined along the M. profile. Tnese 
pressures are determined at the inlet throat and at the front face of the 
engine. Pressure from the leading edge to the throat is assumed to be constant. 
Pressure at inlet stations between the throat and the engine are determined 
by linear interpolation between pressures at the two points. 

Total pressures and temperatures are calculated in subroutine SPAL. 
Static pressures at the engine face are also calculated in SPAL. Hanmershock 
pressures and static pressures at the inlet throat are calculated in subroutine 
DSGNP. Isentropic compressible flow equations and empirical formulations for 
pressure recovery ratio, airflow, and attenuation are used to calculate the 
required data. The subscript, (1), is used to denote inlet throat station, 
and the subscript, (2), to denote engine front face station in the discus- 
sions that follow. 

Total Temperature and Pressure 

Total temperature, T-., and total pressure, P-,-, are calculated by 
equations 13 and 14. 

T2   o (-^o) Tr,-T   i* -V-M: a« 

Y-l 
PT2 - (PT2/PT0) P0 (l+ ^T"^) (14) 
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where 

P.r,/PT ■ inlet pressure recovery ratio 

Pressure recovery ratio may be user input. However, if it is not avail- 
able, equation 15 from reference 2 is used to calculate recovery ratio for 
supersonic speeds. For subsonic spteds, recovery ratio is assumed to be 1.0. 

PT7/PT0 » 1.0 - 0.075 (M -1.0)1,35 (15) 

StB,% ic Pressure 

Static pressure at the engine face. P., is calculated by equation 16. 

p 
T2 p a LA  (16) 

2 

Iff-*,) 
V-l 

where 

M. ■ mach number of air at engine face 

Mach numoer of the air at the engine face may be use1* input or, if not 
available, is defined by the following approximations: 

M. = 0.3    when M >1.0 2 o 

M « 0.5    when M s 1.0 2 o 

Static pressure at the inlet throat. P.., is obtained from the curve of 
the ratio of static pressure to free-stream total pressure versus mach number 
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(Figure 8).   This ratio, which is the pressure ratio behind the normal shock, 
is calculated by equation 17. 

VPT0 ■ 0.8 - O.OSM (17) 

1   0 

e 
^0.8 

" ' 
- 

0.0 

0.4 
0 O.k 0.8 1.2 1.6 2.0 2.4 2.8 

Mach number  (M ) 

Figure 8.   Throat static pressure ratio. 

Hawnershock Pressure 

Hanrnershock pressure in the inlet system is caused by engine stall and 
consequent airflow cutoff.    This pressure is dependent on internal engine 
geometry.   Hard stall of turbojet engines creates hammershock pressure ratios, 
fyS2/p2» of about 2» which indicates 100-percent inlet flow cutoff.    In the 
case of fan engines, roost of the stalls occur in the high-pressure compressor. 
As the hammershock pulse emerges from the compressor, the fan bypass ducting 
provides a path through which the pulse is vented; step change in fan back- 
pressure is reduced, and pressure rise in the inlet duct is correspondingly 
lower.   As the bypass ratio of the fan is increased, the relative air mass 
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involved with compressor stall decreases, fan air bypass duct volume increases, 
and pressures forward of the fan are lower. Plots of hammershock pressure 
ratio versus total temperature, Tj2, for turbojet and fan engines are shown 
in Figure 9. These curves are based on corrected airflow, fCN^), versus total 
temperature data for typical engines, and hammershock pressure ratio data from 
Reference 3. liquations 18, 19, 20, and 21 approximate these curves and are 
used to calculate the pressure ratio for different engines. 

• Turbojet: 

PHS2/PT2 = 1-019056 " 0-02891561- fe) —(f-) 
/_400_\ 

Vrr2 / 
- 0.064319   i—-] (18J 

• Fan engine: BPR ^1.5 

PHS2/PT2 = -0-00602627 ♦ 0.080725 h^-j + 3.16503 f-^M 
T2 

1.588524   "T^- (19) 

• Fan engine:    1.5 <B1)R £2.5 

PHS2/PT2 " ■O-7™476 + 0.1482515 &)—fe) 

/40Q \ 

lTT2; 
2.114969  l—^-] (20) 
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Ram temperature T  - 8R 

2 

Figure 9. Hammershock pressure ratio. 
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• Fan engine:    2.5<BPR 

P.,»,/!'     ■ 1.538116 - 0.3029697 
lib.    J. ,^f ,.T2 fe) * »•-"- fe) 

te) 
0.4053120 ip1] (21J 

T2 

As the hannershock moves forward in the inlet duct, experimental trends 
show an attenuation behind the shock, due to boundary layer-shock interaction, 
and bleed-off into boundary layer control plenums and bypass exits. Figure 10 
shows a curve approximating the attenuation between engine face and inlet 
throat. Equation 22 is the approximation of this curve that is used in the 
program. 

-> 
Puci/Puei " 0.98^ " 0.0074 M - 0.0263 Nf (22) HSl HS2 o        o                   ' 

Pesign Pressures 

The following factors are used for converting limit pressure to ultimate 
design pressure: 

• Static pressure at M^    - 1.5 

• Hanmershock pressure at ^ - 1.5 

• Hannershock pressure at M^ - 1.2 

These factors are part of the input data set v/hich may be revised for a 
specific design problem. The reduced safety factor for the transient over- 
pressure condition, referred to as hammershock, on the M^ diagram reflects 
the current design practice. Use of this reduced safety factor reflects the 
low probability of simultaneous occurrence of the two transient conditions, 
hanmershock pressure and maximum attainable vehicle speed. 

.WEH I AT PROPERTIliS 

Structural synthesis procedures arc dependent on the modeling of physical 
and mcJi.mical properties of the materials selected for structural design. 
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Figure 10.   Ilaimershock attenuation at throat. 
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Material descriptions must be in a form that can be used to reflect their 
behavior under load so that structures can be synthesized to satisfy conditions 
of strength, stiffness, and stability. 

Subroutines MCM11, MATLF1, and M\TLP2 provide these data by processing 
properties stored in a material data file. This file consists of 20 records 
which describe physical and mechanical properties of different aluminum, 
titanium, and steel alloys. Each record consists of the following data: 

1. Material identification number and descriptive title 

Density -> 

3. Modulus of elasticity at room temperature (80° Fj 

4. Shear modulus of rigidity at room temperature 

5. Fatigue characteristic (reduction of area) 

6. Stress-strain and strength data at different operating temperatures 
(a maximum of five sets of data) 

Properties at temperatures other than those described in the data sets 
are determined by an interpolation or extrapolation procedure, 'bst of these 
properties are discrete allowables and characteristics. 

Inelastic instability solutions require information given by the com- 
pressive stress-strain diagram. Stress-strain diagrams of isotropic materials 
consist of straight-line portions reflecting elastic behavior and curved 
portions reflecting plastic deformations. Material file data consist of the 
definition of key points on the stress-strain plot. Proportional limit defines 
that point on the curve at which the stress-strain diagram departs from the 
straight line that defines the modulus of elasticity. Figure 11 shows a 
typical diagram depicting the proportional limit and the yield stress defined 
by the 0.002 strain offset method. The true yield stress would be used for 
materials which have a definite yield point. Three other points at equal 
strain increments define the curved portion of the diagram. 

A mathematical representation is used to provide a continuous descrip- 
tion of the elastic and plastic properties through the yield stress-point 
and values for strain, tangent modulus, and secant modulus (Figure 12j. The 
general form of the equation used to approximate the stress-strain curve is: 

* ■ | ♦ AeB<r (23) 
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where 

€ = strain, in./in. 

a « stress, psi 

li ■ modulus of elasticity, psi 

A = constant, function of material, in./in. 

B ■ constant, function of material, 1/psi 

e ■ base of the natural logarithm 

The first term of the equation approximates the linear region of the 
curve where: 

^£i 
«pi (24) 

l"he second term fits the plastic region of the stress strain curve. 
If the curve passes through points 2 and 5, the constant B can be determined 
by substitution of the stress-strain data. 

B = log. 5    E 

. 2   E 

f( *5 - o2) (25) 

and 

A = 
0^2 

loh (Vir^-^ (26) 

47 



Similarly, the constants A and B can be derived for curves passing 
through points 3 and 5 and points 4 and S.   All of the data points are eval- 
uated for the least squares selection.    The slope of the curve provides the 
values of the tangent modulus of the material, the key parameter in stability 
equations.    Tangent modulus is obtained by differentiating the equation. 

c       da      1 1 ,~n>t 

d«r      fc 

By definition, tangent modulus is equal to the modulus of elasticity at 
the proportional limit and, therefore, deviation at this point is also eval- 
uatod in the least square fit. 

Other design properties obtained from the library are: 

1. Poission's ratio 

2. Ultimate tensile strength 

3. Ultimate shear strength 

4. Ultimate bearing strength 

5. Fatigue factors, fraction of ultimate tensile strength 

lable 2  lists the materials and alloys found in the initial compilation 
of the material data bank. To allow for ease in identification, each material 
is identified by record number and descriptive title. This title is always 
included in the output data set describing the selected structural material 
for the individual vehicle components being analyzed. This identification 
of the material used is necessary because material alloy and form, along with 
the source of the data, must be easily related to the sol tit ion of each 
problem. Data reflecting properties at several operating temperatures after 
opecific exposure at temperatures are included in this file. These properties 
can he selected when similiar requirements are specified for a problem. 

For additional discussion of the manner in which materials properties 
are established, refer to Volume IV. 
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INLhT DUCTS AND DIFFUSERS 

Inlet ducts are designed as pressure vessels consisting of panels which 
serve as pressure membranes, and frames for maintaining the shape. Duct syn- 
thesis and weight estimation are controlled by subroutine DUCTS. This routine 
controls the estimating procedure by calling the following geometry, design 
synthesis, and weight calculation routines: 

• ÜCTGEO Calculates duct contour data at duct cut stations, and 
surface area and length for segments bounded by cuts. 

• FRMND3 Calculates frame synthesis cut coordinates at each duct 
cut station. Frame synthesis cut coordinates are based 
on equal segment lengths. 

0 FHMELD Calculates unit internal loads at frame segments. 

e DUCPNL Calculates duct panel sizing at specified duct cut and 
frame spacing. 

• DUCFRM Calculates sizing and weight of a single duct frame at 
specified duct cut and frame spacing. 

• DUCWFT Calculates duct panel structure weight. 

Subroutine DUCTS controls a frame spacing search procedure at each of 
the duct cut stations. The search is conducted between predefined minimum 
and maximum spacing. Spacing search starts at the minimum and proceeds at 
fixed spacing increments until the lumped weight of panels and frames indicates 
an upward trend. Increase of weight with increase in spacing or an optimum 
less than the initial spacing abbreviates the search. A final sizing pass 
is made at the spacing prior to the upward trend. Spacings are evaluated 
at fixed increments such that the derived optimum spacing could be in error 
by a maximum of half the increment. Weight-spacing variations are, in 
general, flat in the region of practical design limits such that a more 
precise solution is not consistent with the scope of this program. If 
required, spacing increment may be decreased by the user to obtain refined 
solutions. Controls are also provided such that frame spacing may be 
restricted to a user-determined input value. 

Since all geometric constraints are established by DUCTS, synthesis rou- 
tines FRMND3, FRMELD, DUCPNL, and DURCBI are configured for point design 
solutions. Methods of analysis used to develop duct structure weight are 
presented in the following paragraphs. 
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DULT ÜEOMETRY 

Duct cross-sect ion geometry is defined at as many as 10 duct stations 
starting at the inlet lip, and ending at the front face of the engine. A one- 
dimensional leading edge is described by the single dimension; the next duct 
cut station describes the first section at which the duct is continuous. 

Ducts on a vehicle are assumed to be identical in shape, such that the 
description of a single duct is sufficient. The presence of bifurcated inlets 
on most current fighters which combine to form a single duct at a point for- 
ward of the engine face is defined by description of the lateral coordinate 
of the duct centerline relative to the nacelle center line for podded-engine 
concepts, or the lateral coordinate relative to the fuselage centerline on 
buried-engine concepts. A lateral nonzero coordinate defines the presence 
of two ducts per nacelle or fuselage, while zero indicates the presence of a 
single duct, fhus, if synthesis cuts are spaced close together at the junc- 
ture, one defining the geometry immediately forward, and the other the geo- 
metry immediately aft of the transition, the program is provided with suf- 
ficient logic to make the rational evaluation. 

Duct contour data at duct synthesis stations are calculated in subroutine 
GliOMFl. Calculations in this routine determine shape parameters and perimeter 
at synthesis stations. Segment data calculated in this routine consists of 
length and surface area. 

Section geometry calculations are based on a family of shapes that may be 
defined by straight lines and circular arcs. A sketch of the general shape 
and parameters at a cut follows. 

Hither of two input formats may be used to define the geometry at the duct 
cuts (XO): 

1. Width (WJ, depth (D), lateral centroid (YD), and perimeter (P) 

2. Width (W), depth (D), lateral centroid (YQ) , and perimeter 
correlation factor (Kc) 
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(ref) 

If the perimeter is not readily available, perimeter correction factor 
(Kc) may be used to describe the shape. Figure 13 depicts the significance 
of Kc. The family of rounded rectangle shapes is defined within the region 
bounded by the curves for rectangular, vertical oval, and horizontal oval 
shapes. The intersection point of the curves for horizontal and vertical 
ovals represents a circular cross section. The perimeter is defined by the 
relationship. 

P = Kc Y (Ü + W) (28) 

where 

Kc = 1.0 indicates a circular shape 

Kc ■ 1.273 indicates a rectangular shape 

The perimeter is defined as: 

1' = 4  (DOD + WOD) +  2irR0D (29) 
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and 

WÜU = (W - 2R0D}/2 (30j 

DOD = (D - 2RÜÜJ/2 (31) 

substituting anJ solving for the corner radius: 

2D + 2W - J' ROD = ^^hr^V-1- (32) 

If the input parameters result in RÜIX0 or 2ROI)>W or D, the perimeter is 
maintained and the parameters ROD, 1K)D, and WOI) are adjusted by a factor K. 

If ROIxo, the shapr is adjusted to represents a rectangle in the follow- 
ing manner: 

RÜÜ = 0 (33) 

P = K (2D * 2W) (34) 

p 

If 2R0I)>IV or D, the shape is adjusted to represent a horizontal or 
vertical oval in the following manner: 

ROD - minimum of W/2 or l)/2 (36) 

X " maximum of W or D (37) 

PER - K (2TTR0D + 2  (X - 2ROD)) (38) 

 p  
K = 2ffR0rJ + 2  (X - 2ROD) ^9^ 
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Then the adjusted values for DOD, WOD, and ROD are: 

WOD - K (W - 2ROD)/2 

DOD - K (D - 2 ROD)/2 

ROD - K (ROD) 

(40) 

(41) 

(42) 

Should the geometry require adjustment by "K," a warning message is 
printed to indicate the amount of adjustment made to the depth and width at 
the section. 

At each cut station, duct panels are divided into four sectors represent- 
ing the upper,  lower, and two sides. A 45-degree angle is used to define the 
limits of these sectors. 

(Upper panel) 

-BUD- 

BSD(Side panel) 

(Lower panel) 

The peripheral length of the cover elements in these sectors are: 

BUD - BLD - 2WOD + 4 ROD 

BSD « 2D0D + -i- ROD 

(43) 

(44) 
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Segment geometric data are calculated from the cut data.    The subscript 
r is used in the discussion that follows to denote the segment bounded by 
cuts j-1 and j.    Segment length (DLXD) is determined by taking the difference 
between adjacent cuts.    Surface area (SFD) is calculated by using the average 
perimeter (equation 45): 

SHÜ    - ÜLXD    (P.   ♦ P.  A/l (45) 
n n    j      j-1' K   ' 

A one-dimensional leading edge is described by the single dimension; the 
next synthesis cut describes the first section at which the duct is continuous. 
One-dimensional leading edge surface area and centroid are determined from 
geometric data at the first two cuts. For vertical leading edges, there are 
two possibilities; a third case, although improbable, is also prograrmed. 

Case where lateral coordinates (Y-J at stations 1 and 2 are both positive: 

SFD = DLXD (D ♦ BSD + BUD2 * £LD ) (46) 

where 

SFD. * duct lip surface area 

DLXD = leading edge segment length 

I) ■ depth at station 1 

BSD., » peripheral length of duct side sector at station 2 

BUD ■ peripheral length of duct upper sector at station 2 

BLD., » peripheral length of duct lower sector at station 2 

The foregoing calculation accounts for two separated inlets as would occur 
for fuselage-buried-engine concepts with side inlets. A flat pattern repre- 
sentation of one of these inlet surfaces follows. 

Case where lateral coordinate at station 1 is zero and at station 2 is 
positive: 

SFD1 = DLXDj ü-
4-: 7 + BUD2 * BLD2 (47) 
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Equation 47 represents the case where there are two inlets per nacelle or, on 
fuselage-buried engine concepts, two inlets with a cannon vertical splitter. 

Case where lateral cooi'dinatL at stations 1 and 2 are both zero: 

DLXD. 
SFD 1 = —~    (I)1 ♦ BSD, ♦ BUD2 *BLD2) (48) 

For horizontal leading edges, there are two possibilities. Case where 
the lateral coordinate at station 2 is zero is calculated by equation 49. 
This situation represents a single inlet per nacelle or fuselage. 

DLXD, 
SFU, (W1 ♦ BUI)2 ♦ 2 BSiy (49) 

where 

W a width of inlet lip at station 1 
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The case where the lateral coordinate at station 2 is positive represents 
two inlets per nacelle or fuselage and is calculated by equation 50. 

■n,.t  - |)LXJ)1 (Wj ♦ BUÜ, ♦ -hSb,] (50J 
1     1 \ 1    2  2  21 

DUCT PANEL SYNTHESIS 

Uuct panel thickness requirements at continuous duct sections are calcu- 
lated in subroutine DUCPNL. The synthesis approach assumes that the internal 
pressure is beamed to the frames by the combined bending and diaphragming 
action of the cover panels. 

Strength and Deflection liquations 

Strip theory is used to evaluate the combined bending diaphragm action. 
The maximum cover stress occurs at the supports. The bending moment is maxi- 
mum at the edges, goes through an inflection point, and is smaller at the mid- 
span. Combined bending and diaphragm action result in the second highest 
stresses occurring at the midspan. Therefore, single-thickness covers are 
design by the stress at the edges. Land thickness for milled cover panels is 
determined by the edge stress, and the field thickness is determined by the 
stress at the midspan. The analytical solutions are expressed by numerical 
values of dimensionless coefficients in Reference 4. This same information 
is presented as curves in the Royal Aeronautical Society notes. The log-log 
plot of these curves (Figure 14) suggests a numerical approximation. The 
derivation of thickness as an explicit function of these variables is obtained 
by a curve fit approach. 

The curve fit approximation at the edge of the panel is: 

2      r, /. \ 4T 0.69412 

iß) — [i(r] 
or 

,  ,-, .   D0.894 .0.394 
t = iiMlli §  fsl) 

„1.288 ^i) 
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where 

t » panel thickness, in. 

b ■ frame spacing, in. 

P ■ limit duct pressure, psig 

E ■ duct material modulus of elasticity, psi 

a ■ duct material limit allowable tensile stress, psi 

The midspan thickness and deflections are: 

2 ., , ^iS5596 

1(1)—Id)]0-1 

or 

and 

*-«•** [!(*)] 
4T 0.4 

or 

. 1.5769 b P2-484   1.984 
Z ^4.467     fi ^J 

IL\ 2/3 
0.071853 \E/ b8/3 .... 

t - ^s/3 t53j 

wliere 

6 ■ allowable panel deflection, in. 
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In the foregoing equations, stress and pressure are expressed in terms of 
limit rather than ultimate design. This is a normal design practice when 
internal loads are dependent on deflected shape. 

liquations 51, 52, and 53 are used in a systematic check of strength and 
deflection requirements for pressures at the nine speed profile points. Mini- 
mum gage and, for milled panel designs, an additional constraint of maximum 
allowable ratio of land thickness to field thickness are also evaluated to 
determine the duct sizing. 

Allowable Stress 

Allowable limit stress is obtained by evaluating ultimate strength and 
allowable stress under cyclic loading. Previously discussed safety factors 
are reiterated as follows: 

• Static pressure at M. 

t Ilammershock pressure at H. 

• Hammershock pressure at M. - 1.2 

- 1.5 

- 1.5 

Limit allowable tensile stress is obtained by dividing the duct material 
ultimate tensile strength at the pressure condition temperature by the 
appropriate safety factor. 

Inlet pressures are cyclic occurrences that subject the duct to possible 
fatigue failure. The maximum allowable stress to prevent fatigue failure is 
a preprogrammed fraction (0.5) of the material ultimate tensile strength. 
Limit allowable stress corresponding to static pressure on the ML profile is 
the lower of either that which satisfies strength or fatigue. Hammershock 
pressures are only investigated for strength requirements. 

■ 

Allowable Deflection 

Duct panel deflection is evaluated for static pressures on the ML profile. 
Allowable deflection constraints are predefined nondimensional parameters based 
on frame spacing in the form of 6/b.    This predefined allowable deflection for- 
ward of the throat is 0.03 inch per inch and is 0.06 from the throat to the 
engine face.    Difference between these two values is attributed to flow field 
disturbance being detrimental to inlet performance at the throat and less so 
upon expansion of the air aft of the throat.    If available, user input data 
can be used to override these deflection constraints. 
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Duct t'.eight 

Duct weight calculations are performed in subroutine DUCWEr. The 
procedure consists of evaluating a one-dimensional leading edge segment, nor- 
nal continuous cross-section duct segments, and segments blanked by the pre- 
sence of two-dimensional variable geometry ramps. 

The leading edge segment, should it occur, is assumed to consist of 
structure forward of the first complete cross-section defined at the second 
duct cut. This leading edge segment is estimated at 4 pounds per square foot 
ot" surface area. 

Weight calculation for the remainder of the inlet duct panels is based on 
a linear taper of thickness between duct cuts. Should two-dimensional ramps 
exist, areas blanked by ramps are not required and, therefore, are deleted in 
the weight calculation. 

A weight correlation factor is applied to the resultant weight. This 
factor is considered to be a calibration factor which accounts for design 
parameters and unique conditions not considered in the analysis. 

DUCT FRAME SYNTHESIS 

Duct frames are synthesized at duct cut stations with continuous duct 
sections. Pressure acts at the duct surface and is reacted by a frame with 
a neutral axis half a frame depth outside the duct lines. Pressure reacted 
by the frame is defined as the loading due to pressure times frame spacing. 

The elastic center method  is used to derive internal loads at as 
many as 60 frame segments. In this approach, ring distortions due to axial 
and shear forces are neglected, based on the premise that these distortions are 
snail compared to bending distortions. Iteration on internal loads, sizing, 
and flexibility are not included in this approach. Iteration cycles have 
been emitted to minimize computer execution time. Another economic considera- 
tion is the judicious use of the number of frame segments. Although the 
capability for evaluating 60 frame segments has been programmed, the evalua- 
tion of 20 synthesis segments should provide reasonable accuracy. 

Frame Geometry 

Frame inner cap coordinates at a duct cut station are calculated in sub- 
routine FRMNI)3. Duct contour data are used to calculate these coordinates. 
Cuts are located to provide segments of equal length (DLS) with the first and 
last cuts at the top centerline of the frame. Since frame structure extends 
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outside the duct mold line, neutral axis coordinates are then calculated in 
HRMliLD by projecting outward a distance equal to half the frame depth.    In 
the following sketch and discussions, the subscript i designates a cut, and j 
designates a segment. 

Perimeter of the outer cap,  (Pj, and perimeter of the frame,  (PPJ, are 
calculated by the following summations. 

P -     2rfDLS. (54) 

PP DLSP. (55) 
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Jor most duct frames, the Z-axis is the axis of symmetry for both ring 
geometry and flexibility. Therefore, the rigid arm in the elastic center 
method is assumed to be attached to the top centerline of the ring. The posi- 
tive sign convention and location of redundants and pressure forces are 
shown  in the following sketch. 

Since one of the assumptions is that frame flexibility is constant, unity 
may be used for stiffness (Ij3. and the elastic center and the geometric 
neutral axis are identical. The elastic center (ZZS) is determined by: 

zzs 

ZPB. DLSP. 
J    J 
I. 
JL 

_DLSP. 

SZB. DLS. 
 i L 
ZDLS. 

J 
(56) 

The section inertia about the two reference axes are: 

IOZ - ZYPB DLSP. 
J    J 

lOY = a(zPH. - ZZSJ 2 ÜLSP. 

(57) 

(58) 
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Unit Internal Frame Loads 

Since pressure acts normal to the inner cap surface and is uniform 
around the section, internal loads for any frame shape can be determined on 
the basis of unit pressure loading.   Unit internal loads, when multiplied by 
the design pressure provide the design loads.    Subroutine FRMELD calculates 
these unit internal loads.    Dimension of the unit pressure load,  (p),  is 
1.0 lb/in.  in the equations and discussions that follow. 

Static frame moment, vertical, and horizontal loads are determined by 
combining effects of the unit pressure forces.    Static moment at any cut is 
calculated by equation S9. 

BM . - P    £     (Z    - Z    J(ZP.   - ZB    .) +  (Y    - Y   .) 
i ^    v n      n-r     i        n-1 n      n-r 

n=i 

(YP.  - YB    .) 
i        n-1' 

Static vertical force at any cut is calculated by equation 60. 

(59) 

i     T  n  n-1 n«2 
(60) 

Static horizontal force at any cut is calculated by equation 61, 

A. - P £  (Z - Z J 
i    *■<, v n  n-1 n^Z 

(61) 

Due to ring symmetry about the Z-axis, the redundants at the elastic 
center arc calculated by the three independent equations.    These equations are 
further simplified by the assumption that ring flexibility (El) is constant. 

BMO = - 

M DLSP 
El 

- DLSP 
- El 

SM DLSP 
PP (62) 
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no 

M (ZPB-ZZS)DLSP 
HI  

r(ZPB-ZZS)
2 DLSP 

* El 

gM (ZPB-ZZS) DLSP 
IOY 

(63) 

VO 

M YPB DLSP 
£1 

YPB2 DLSP 
El 

ZM YPB DLSP 
IOZ (64) 

The unit internal ring bending moment, shear, and axial loads at any seg- 
ment are obtained by taking the average of the loads at bounding cuts and the 
loads due to the redundants. 
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AA, [»•(^)k.-vt.-(^)] ■>..,-.,. 
DLS, (67) 

Frame Synthesis and Weight 

Duct frame synthesis and weight calculations are performed in subroutine 
UUCFRM.    The sizing approach assumes shear resistent webs with the caps 
determined by material allowable and flange crippling.    Frame stiffeners are 
assumed to be one gage greater than the web gage.    The structure model and 
geometric constraints are shown in the following sketch. 

TCAP ^   tmin 

FD 

RT? <n ►! 

1                                          1 

-> ,.T^TC
2
AP 

>tmin 

lBC2 > .. • I «- 
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Frame segments are sized for hammershock pressures on the H] and M^ 
profiles and for static pressures on the ML profile. Sizing for each pressure 
condition is compared with minimums and sizing that satisfied all previous 
pressure conditions. Since each condition may be at a different structure 
design temperature, material properties at the appropriate condition are used. 
Ultimate loading on the frame is determined by equation 68. 

w- W b FS (68) 

where 

w ■ frame loading, lb/in. 

W ■ limit gage pressure, psig 

b a frame spacing, in. 

FS ■ factor of safety: 

1.5 for static pressure at ML 
l.S for hammershock pressure at MH 
1.2 for hammershock pressure at ML 

The limit gage pressure (IVJ at the duct cut station is obtained by interpolat- 
ing between pressures at the throat and at the engine face. Maximum cap load 
at a frame segment (j) is obtained by equation 69. 

/BEN.     AA. \ 

v%jiere 

FA. ■ cap load, lb 

BENi. • unit internal bending moment, in.-lb/(lb/in.) 

FD = frame depth, in. 

AA luiit Infernal axi.il load, lb/flb/in.J 
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Cap area that satisfies strength is 

FA. 
A -—L 
c  K F cy 

(70) 

where 

A « cap area, in. 

K « reduction factor on allowable stress (0.9J 

F  * frame material compression yield stress, psi 

Flange crippling allowable is 

K n2 i 
c 

CCR 
12 (1- 

_ (2  TCAP\ 
(71) 

where 

K ■ flange crippling coefficient (0.426) 

Equating strength and crippling stress and solving for cap thickness. 

K F  • F 
K TT E 
c .      (2  TCAiA 2 

cy ' ^CCR 12 (1_//2) \ BC2 / (72) 

2TCAP 
BC2 

K Fcv 12 (l-M ) cy (73) 
K n-^ E 
c 
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A  / K F  12 (1-M ) 
(74) 

Web shear strength is 

w 

F 

W. 
J 

su   FD 1W (75) 

vAere 

F  = frame material ultimate shear strength, psi 

W. ■ unit internal shear, lb/(lb/in.) 

Making the web shear resistant and equating shear stress and crippling 
stress, the web thickness is 

F  s 

SCR 

Ks ff " I: /TW\ 

12(1-M2) lFJ,; 

w |W. 

Fü TW (76) 

where 

K = shear crippling coefficient (7.5) 

TW /-IM F.)i2ri-M2)\ 
1/3 

(77) 

The final web thickness is the maximum of that required for shear resistance, 
shear strength, or half the cap thickness. 
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After all load conditions have been evaluated, the frame weight is 
calculated by the sunnation of cap web and stiffener volume. 

TW ■ 23 [BBZ. (TWW.+0.005) ♦ TCC. 2 BB2. ♦ (78) 

vm. FD] DLSP.RHO 
J 

viiere 

TWT ■ weight of one frame at duct cut station, in. 

BB2. ■ BC2, cap width at a frame segment, in. 

TWW. » TW, web thickness at a frame segment, in. 

TCC. » TCAP, cap thickness at a franv» segment, in. 

3 
RHO ■ frame material density, lb/in. 

TWO-DIMENSIONAL VARIABLE-GEOMETRY RAMPS 

Variable geometry ramp structures are designed by differential pressures 
between the inlet and the plenum compartment behind the ramps. The critical 
design pressure condition is determined in subroutine I iCRT by investigating 
hammershock pressures at points on the vehicle speed-a itude profile. Syn- 
thesis and weight calculations for two-, three-, and tour-ramp variable- 
geometry systems are performed in subroutine RAMPS. Procedures in RAMPS 
consist of: 

1. Calculation of design pressure differentials for each ramp panel 

2. Calculation of local reactions based on equations of static 
equilibrium and component design loads 

3. Structural synthesis based on loads and construction 

4. Tests against minimum practical structure 
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RAMP DESIGN PRESSURE 

Hammershock pressure at each of nine points on both the level flight 
maximum speed and limit speed envelopes are investigated for critical ramp 
design pressure. Subroutine PRECRT selects the critical pressure for use by 
the variable-geometry ramp synthesis routine, RAMPS. 

On two-dimensional variable-geometry inlet systems, boundary layer is bled 
through the ramps into plenum compartments located behind the ramps. In order 
to minimize ramp weights, plenum pressures are maintained as close as possible 
to the average of buzz and hammershock, but at a level which maintains a posi- 
tive pressure differential between the inlet and plenum for steady-state 
conditions. The structural design condition for the ramps is assumed to occur 
during a hammershock condition when the pressure differential is presumed to 
be at its maximum level. 

Different safety factors are used to convert limit pressure to ultimate 
design pressure. The rationale behind use of these factors has been pre- 
sented in the paragraphs discussing pressure derivation. These safety factors 
(FACT) are as follows: 

• Hammershock pressure at M. - 1.5 

• Hammershock pressure at M^ - 1.2 

Structure temperature and corresponding material properties vary with 
pressure condition. The procedure for selecting design pressure evaluates 
these parameters. At each pressure condition, the ratio (PHS/FCY) of ulti- 
mate hammershock pressure to compression yield strength is calculated. Values 
of this ratio are compared for all conditions, and the parameters attendant 
with the largest value of this ratio are selected for ramp design. Following 
are parameters selected at the design pressure condition: 

2 
PHS ■ ultimate absolute design hammershock pressure, lb/in. 
FCY ■ ramp material compression yield stress, lb/in.2 
FSU ■ ramp material ultimate shear strength, lb/in.2 

DENS ■ ramp material density, lb/in.3 

XMAT ■ material type identification 

1 = aluminum 
2 ■ titanium 
3 ■ steel 
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The user has the option of inputing the foregoing design pressure 
condition data. Input of these data precludes the execution of PRECRT. 

These design pressure parameters define the absolute inlet pressure con- 
dition. Since data pertaining to plenum and ramp bleed are normally not 
available in the preliminary design phase, raup pressure differentials are 
estimated as fractions of the ultimate hajiimershock pressure. Estimated per- 
centages are used in the ramp synthesis rortine, RAMPS, to calculate local 
design pressure differential. 

RAMP SYNTHESIS METHODS AND ASSUMPITONS 

This program evaluates either conventional stiffened sheet or honeycomb 
construction ramp panels. Figure 15 shows the structural model of a stiffened 
sheet construction ramp. The ramp is assumed to consist of a panel, which 
resists longitudinal loads, and transverse hinge beams at the forward and aft 
edges. Two hinge points are located on each hinge beam at a fraction, 1^, oi 
the ramp width. Should an actuator be located on the ramp, an actuator beam 
is also present. This beam is assumed to be similar to the hinge beam, except 
that beam depth may be greater than the panel depth. 

The basic assumption in the synthesis approach is that elements may be 
identified as shear members and axial members, and that these elements may be 
sized for shear and bending moment, respectively. Ramps are either pinned 
jointed at both ends or pinned at one end with rollers on the other. Ramps 
with both edges pin-jointed may have axial load introduced at the hinges. This 
axial load is assumed to be negligible compared to bending moment and, there- 
fore, is not considered in the sizing calculations. However, axial load is 
considered in the equations for system static equilibrium. 

Since structure sized by loads may represent less than minimum gage 
structure, tests on minimum weight are also performed. Final estimated 
weights for each of the analytically calculated elements are derived by apply- 
ing indexing factors. These factors are considered to be calibration factors 
for design parameters and unique conditions that are not considered in the 
analysis. Index factors are determined by program calibration runs on existing 
hardware. 

Basic geometry and design data are shown in Table 3. Predefined values, 
which may be revised by user input, are also presented in this table. 
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Figure 15. Ramp structural representation. 
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i 
TABLE 3. BASIC RAMP GEOMETRY AND DESIGN DATA 

FORTRAN 
Name 

Engrg 
Symbol Value Description 

DADII P 
a 

0.1 Adhesive density per honeycomb 
panel facesheet, psf 

DCORE P 
c 

4.4 Honeycomb core density, lb/ft 

DENS P Ramp material density, lb/in. 

FCY F 
cy 

Ramp material compression 
yield stress, psi 

FSU Fsu Ramp material ultimate shear 
strength, psi 

PUS Ultimate absolute hanmershock 
pressure, psia 

Wl w,w1 Width of raup 1, in. 

W2 w,w2 Width of ramp 2, in. 

W3 W.W3 Width of ramp 3, in. 

W4 w.w4 Width of ramp 4, in. 

XCL Kci 0.9 Ratio of effective height 
between axial members to 
total panel depth (stiffened 
sheet construction only) 

xcr «CT 0.9 Ratio of effective height 
between transverse beam caps 
to total beam depth (stiff- 
ened sheet construction 
only) 

XFCY 
KpCY 0.5 Ratio of allowable compres- 

sion stress to compression 
yield stress (stiffened 
sheet construction only) 
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TABLE 3. BASIC RAMP GECMLTRY AND DESIGN DATA (CONCL) 

FORTRAN 
Name 

Eiigrg 
Symbol Value Description 

XFSU 
^SU 

O.S Ratio of allowable shear 
stress to ultimate shear 
strength (stiffened sheet 
construction only) 

XL1 L'L1 
Length of ramp 1, in. 

XL2 L,L2 Length of ramp 2, in. 

XL3 L.L3 Length of ramp 3, in. 

XL4 L,L4 Length of ramp 4, in. 

XIV ^W 0.25 Ratio of hinge position from 
panel edge to panel width 
(0.25 51^50.5) 

Panel Synthesis 

For the arrangement and pressure loading (P) in Figure IS, the reactions 
and shear and bending moment diagrams are shown in the sketch. 

where 

P • differential pressure, psi 

Maximum shear, S, occurs at the hinge, and the maximum moment, M, occurs at 
midspan. 

-I (79) 

M PL W  VL 
8  '8 

(80) 
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V - PWL 

Stiffened Sheet Construction 

Bending moment is assumed to be reacted by the cover and longitudinal 
beam caps. Axial load, F, and required area, A, are calculated by equa- 
tions 81 and 82. 

M 
KCLH 

(81) 

M 
^  iw.„ fU "' K^H K^., F, S (82) 

CY CY   CL  TCY Ct 

where 

H » panel depth, in. 
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Shear flow, reacted by longitudinal beam webs, and required web thickness 
are calculated by equations 83 and 84. 

q" v «« 

t « 3 - =  (84) 
^su Fsu ^CL" ^SU FSU 

Panel weight can then be calculated by equation 85 which combines axial 
load elements and shear members. 

mi = I   P(2ALL+tHLJ 

2M 

,=CY FCY     ^SU FSU^ 
(85) 

where 

I, ■ panel weight correlation factor 

Honeycomb Panel Construction 

For honeycomb panels, bending moment is reacted by the facesheets, and 
shear is reacted by the honeycomb core. Since all of the axial load is 
reacted by the facesheets, panel depth is assumed to be the effective couple 
arm. Furthermore, due to stabilization by the core, the allowable facesheet 
stress is assumed to be equal to the material compressicm yield stress. Equa- 
tions 86 and 87 are used to calculate axial load and facesheet area. 

M 
F - g (86) 

M 
,,FCY 

(87) 
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Panel weight is calculated by equation 88, which combines facesheet, 
core, and bonding material. 

WT. ILL 
/ 2PM 

\HFCY 

PMi     2PW 
♦ C ♦ a 

1728   144 ) 
(88) 

Hinge and Actuator Beam Synthesis 

For the assumed arrangement (Figure 15),  hinge or actuator loads are 
assumed to be distributed to the panel as a uniform shear flow. With this 
assumption, shear and bending moment diagrams can be constructed as shown in 
the sketch. 

R/W 
H 

K R 
w 

K2 RW — 
w 

K W 
w 

_R 
2 

K W 
w 

W 

1 
T 

Shear 

Moment 

In the foregoing diagrams, the maximum shear and moment occur at the 
hinge point. This is true when the value of IC. is equal to or greater than 
0.25. w 
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Stiffened Sheet Construction 

Transverse beam cap area and web thickness can be calculated by using 
equations 89 and 90, which are obtained by substituting terms in equations 81 
through 84. 

k2 RW 
.     m M  m W  .gg, 
"T  Kj^H Kp^ F^  2 K^ Kp^ Fcy 

tT • .   "  F (90) 

where 

H ■ panel depth for hinge beams or actuator beam depth, in. 

Weight of one hinge beam or actuator beam is calculated by equation 91. 

m t = IT P (Z^W + tT HW) 

ITPK.,WR 

T^ HK_      F     4K~F" ™ 

where 

IT • transverse beam weight correlation factor 

Honeycomb Construction 

Transverse beams on honeycomb panels are assumed to be stabilized by the 
core. Weight is calculated by equation 92 which assumes fully effective cap 
and web material. 

hTT-1ipl(wWR(i5^*4) (92) 
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Minimum Weight 

Minimum practical structure is not considered in the preceding synthesis 
and weight formulations. To preclude ramp weights that are not practical, 
minimum structure weight is compared with structure weight based on loading, 
and the heavier weight is used. Minimum weight structure is calculated for 
the same size ramp with assumed practical minimum type construction and 
material gages. 

Predefined fabrication minimums are shown in Table 4. Thickness and 
density values in this table may be revised by user input. 

Panel, Stiffened Sheet Construction 

Minimum-weight panel is assumed to consist of two cover panels and four 
longitudinal beams, as shown in Figure 12. Weight is calculated by 
equation 93. 

Wim VMMvM^K^w)) w 

where 

L  ■ minimum-weight correlation factor 

Panel, Honeycomb Construction 

Minimum honeycomb panel weight is calculated by equation 94. 

mML ■ V1-(2 Pt, * ms' In) w 

Transverse Beams 

Cross-section geometry of a minimum transverse hinge beam is identical to 
that of a longitudinal beam. Weight is calculated by equation 95. 

WIMT » 1PW (3tc * HtJ (95) 
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Minimum actuator beam weight, WIM, is also calculated by equation 95. 
Actuator beam depth is substituted for panel depth, H, in the foregoing 
equation. 

TWO-RAMP SiSTm 

Figure 16 is a schematic diagram illustrating pressure forces, actuator 
location, and geometry assumptions for a two-ramp system. Basic geometry, 
pressure, material properties, and minimum gage data and symbols are pre- 
sented in Tables 3 and 4. Additional detail input data are shown in Table 5. 
Predefined values, which may be revised by user input, are also presented in 
these tables. 

Ramp 2 in a two-ramp system is always assumed to be stiffened sheet con- 
struction. Ramp 1 may be specified to be either honeycomb or stiffened sheet 
structure. 

Ramp Structure Geometry 

Panel lengths and widths are user input data. Panel depths are defined 
as fractions of length and or width. Actuator beam depth is defined as a 
fraction of panel width. Depth of ramps 1 and 2 (H-, H.) are calculated as 
follows: 

IL  - Maximum of (Xin,2 W, or XH21 LJ (96) 

H2 - Maximum of (XHH W2 or XH22 l^ (97) 

Actuator beam depth is calculated by equation 98. 

H^ - XKrA2 W2 (98) 
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TABLE 5. TWO-RAMP SYSTB« VARIABLES 

FORTRAN 
Name 

Engrg 
Symbol Value Description 

ALPHA2 Or 30.0 Angle between projected face of 
ramp 1 and ramp 2,  deg 

XIfrA2 0.15 Actuator beam depth to panel 
width ratio for ramp 2 

XlfTZ 0.1 Panel depth to width ratio for 
each ramp 

XH21 0.1 Panel depth to length ratio 
for ramp 1 

XH22 0.07 Panel depth to length ratio 
for ramp 2 

XIL21 
L 1.0 Ramp 1 panel weight correla- 

tion factor 

XIL22 ll 1.0 Ramp 2 panel weight correla- 
tion factor 

XIM21 hi 1.0 Ramp 1 minimum weight correla- 
tion factor 

XIM22 lM 1.0 Ramp 2 minimum weight correla- 
tion factor 

XITAH2 IT 1.0 Ramp 2 aft hinge beam weight 
correlation factor 

XITA2 h 1.0 Ramp 2 actuator beam weight 
correlation factor 

XITFH2 ij 1.0 Ramp 2 forward hinge beam 
weight correlation factor 

XIT21 lT 1.0 Ramp 1 hinge beam weight 
correlation factor 
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TABLE 5. TWO-RAMP SYSTOl VARIABLES (CONCL) 

FORTRAN Engrg 
Name Symbol Value Description 

XK21 h 0.2 Fraction of length of 
ramp 2 from forward edge to 
actuator location 

XK22 K2 
0.8 Fraction of length of 

ramp 2 from aft edge to 
actuator location 

XP21 0.5 Differential pressure on 
ramp 1, fraction of ultimate 
hammershock pressure 

XP22 0.4 Differential pressure on 
ramp 2, fraction of ultimate 
hammershock pressure 

Resolution of Forces 

Differential pressure on ramps 1 and 2 are calculated by equations 99 
and 100. 

P = PUS XP21 

P2 = PJJS XP22 

(99) 

(100) 

The total force on the panels due to differential pressure is the resultant 
of pressure times the corresponding panel area 

V « P L W vl  ri 1 

V2 = P2L2W2 

(101) 

(102) 
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For moment equilibrium of ramp 1, reactions normal to the panel surface 
at the hinges are equal to half the force, Vj, on the panel. At the hinge 
between ramps 1 and 2, the forces are equal and opposite. Therefore, reaction 
at the hinge is calculated by equation 103. 

*? Zcosa (103) 

Actuator reaction, R, is obtained by solving for moment equilibrium 
about A. 

2:MA-0-RFL2+V^-RK2L2 
2 

(104) 

and 

"r   v2 
(105) 
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Reaction at A is calculated for force equilibrium. 

£F = 0 = Rp + V2 - R - RA (106) 

and 

RA = W R C107) 

Ramp 1 Weight 

Ramp 1 loading is identical to that for the typical structural represen- 
tation (Figure IS). Therefore, component weights are calculated by substitu- 
tion of ramp 1 parameters in the previously derived equations, equations 79 
through 88. 

Maximum panel bending moment, M, is calculated by equation 108. Panel 
weight is calculated by equation 109 for stiffened sheet construction or 
equation 110 for honeycomb construction. 

P1L1W1  V1L1 M - -~-i - -~ (108) 

ll9VlLl   / Ll 1        \ 
^L 2K 2H    K_      F      ^ *        F (109^ 

«L • l& 
I      1 1    ^    c 1 1 +_±1\ nio) 

1   \4H   F 1728 144/ U1UJ 

Hinge beam weight (two hinges) is calculated by equation 111 if the panel 
is stiffened sheet construction or equation 112 on a honeycomb panel. 
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L, PICXV 
wr .2JV 
T   «a 

I!L(_A!I_._L_\ (1u) 
v"! ^CY Fcy ^su Fsu / 

«T-VS^(IK*4) 

Ramp 2 Weight 

Ramp 2 is always assumed to be stiffened sheet construction. Assuming 
that the maximum shear and moment on ramp 2 occurs at the actuator reaction 
point, equations 113 and 114 are used to calculate bending moment and shear. 

ft (-, • ¥4 M - K,L, IR,, ♦ -~ (113) 

S - Rp + K^ (114) 

Panel weight is calculated by equation 115 which is obtained by substitu- 
tion of terms in equation 85. 

I PL  /   2M        S   \ 

L      XCL   \M2 Ta  CY    ^su rsu/ 

The hinge and actuator beam weights are calculated by equations 116 
through 118. These equations are the result of substitution in equation 91. 

wr. VWF /    V: 
TFH "      ^ 

/      V2 i       \ 
H   £     F     * K      v C116) 

\n2 ^cv  a    ^su  si/ 

wr. ^WA   /      V2 
TAH ^ 

/       V2 1        \ 
I H    1C       F      + If       B d17) 
\n2 HCY   CY     ^SU   SU/ 
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ITPKJUl 
WT     «    — 

TA NCT      *  A2 TCY rCY     'TSU   SU/ 

where 

WT-pu - forward hinge beam weight, lb 

WrTAH • aft hinge beam weight, lb 

WT  « actuator beam weight, lb 

THREE-RAMP SYSTEM 

Figure 17 is a schematic diagram illustrating pressure forces, actuator 
locations, and geometry assumptions for a three-ramp system. Basic geometry, 
pressure, material properties, and minimum gage data and symbols are pre- 
sented in Tables 3 and 4. Additional detail input data are shown in Table 6. 
Predefined values, which may be revised by user input, are also presented in 
these tables. 

Ramp 3 in a three-ramp system is always assumed to be stiffened sheet 
construction. Ramps 1 and 2 may be specified to be either honeycomb or 
stiffened sheet structure. 

Ramp Structure Geometry 
  

Panel lengths and widths are user input data. Panel depths are defined 
as fractions of length and or width. Ramp 3 actuator beam depth is defined 
to be a fraction of panel width. Depth of ramps 1, 2, and 3 (H., IL,  H_) are 
calculated as follows: 

H- - Maximum of (XHH V^ or XH31 1,^ (119) 

H = Maximum of (XHH W2 or XH32 LJ (120) 

H3 = Maximum of (XHH W3 or XH33 Lj) (121) 
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TABLE 6.    THREE-RAMP SYSTB1 VARIABLES 

FORTRAN 
|  Name 

Engrg 
Symbol Value Description 

ALPHAS a 30.0 Angle between projected face of i 
ramp 2 and ramp 3, deg 

XHTAS 0.15 Actuator beam depth to width 
ratio for ramp 3 

XHTS 0.1 Panel depth to width ratio for  i 
each ramp                \ 

|  XH31 0.1 Panel depth to length ratio    j 
for ramp 1                | 

XH32 0.1 Panel depth to length ratio 
for ramp 2 

XH33 0.07 Panel depth to length ratio   i 
for ramp 3                i 

|  XIL31 
\ 

1.0 Ramp 1 panel weight correla-   | 
tion factor              ! 

1  XIL32 ll 1.0 Ramp 2 panel weight correla-   ! 
tion factor              j 

XIL33 lL 1.0 Ramp 3 panel weight correla-   i 
tion factor              j 

i  XIM31 lM 1.0 Ramp 1 minimum weight correla- 
tion factor               j 

XIM32 SK 1.0 Ramp 2 minimum weight correla-  | 
tion factor               j 

XIM33 
^ 

1.0 Ramp 3 minimum weight correla- 
tion factor              j 

XITAH3 h 1.0 Ramp 3 aft hinge beam weight 
correlation factor 
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TABLE 6.    THREE-RAMP SYSTB1 VARIABLES (CONCL) 

| FORTRAN 
|  Name 

Engrg 
Symbol Value Description 

| XITA3 
'T 

1.0 Ramp 3 actuator beam weight 
correlation factor 

| XITFH3 "T 1.0 Ramp 3 forward hinge weight 
correlation factor         I 

XIT31 'I 1.0 Ramp 1 transverse beam weight 
correlation factor         | 

XIT32 'l 1.0 Ramp 2 transverse beam weight | 
correlation factor         j 

1 XK31 Kl 0.9 Fraction of length of ramp 1  j 
from forward edge to actuator \ 
location                j 

i XK32 K2 
0.2 Fraction of length of ramp 3  ! 

from forward edge to actuator 
location 

XK33 K3 
0.8 Fraction of length of ramp  3  j 

from aft edge to actuator    1 
location                j 

XP31 0.2 Differential pressure on     j 
ramp 1, fraction of ultimate  | 
hammershock pressure 

XP32 0.5 Differential pressure on 
ramp 2, fraction of ultimate  j 
hammershock pressure 

XP33 0.4 Differential pressure on     \ 
ramp 3, fraction of ultimave 
hammershock pressure        \ 
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Actuator beam depths on ramps 1 and 3 (H. , HA3) are defined as follows: 

«Al = "l a22) 

HA3 • XHTAS W (123j 

Resolution of Forces 

Differential pressure and the resultant forces due to these pressures are 
calculated by equations 124 through 129. These resultants act at the panel 
centroids (.SL, .SW^. 

P1 - PHS XP31 (1243 

P2 - PHS XP32 (125) 

P, - PHS XP33 (126) 3 

I        Vl ■ Wl C127) 

\ V2 = P2W2L2 (128) 

V3 - P3W3L3 (129) 
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Ramp 2, Freebody 

Ramp 3 

Due to hinges at each end of raup 2, reactions normal to the panel at 
B and C are equal to half the pressure force, V2, on the panel. Due to the 
roller at A and actuator orientation perpendicular to ramp 3, all forces 
acting on ramp 3 are normal to the panel. Therefore, reaction at B is 
calculated by equation 130. 

«M- 2 cos a (130) 

Ramp 1, Freebody 
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From the freebody of ramp 2, reaction at C is defined. Actuator reaction 
on ramp 1, Rj, is obtained by solving for moment equilibrium about D. 

V1L1  V2L1 
t      2    2    111 (131) 

and 

"i 

V + V _1 ll 
2JL 

(132) 

Reaction normal to the panel at D, Rpi, is calculated by the equation of force 
equilibrium. 

£V0-V-f-VFI (133) 

«H-Vr - R, 

^■A)^-T) (134) 

Raup 3, Freebody 
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Actuator reaction, R2, is calculated by solving for moment equilibrium about A. 

SMA * 0 * WZ + T1 * R2K3L3 (135) 

and 

^3 
R. --—♦ X3  2K3 

(136) 

Reaction at the aft hinge (roller) is calculated for force equilibrium. 

SFV ' 0 " ^3 + W RA3 (137) 

A3 - R„ ♦ V - R 
^3   3   2 

(138) 

Ramp 1 Weight 

The actuator on this ramp is assumed to be on or very near the aft hinge 
beam, such that the reaction at the forward hinge, RFI» approaches the same 
value as on raup 1 of a two-ramp system. Panel loads for this situation also 
approaches that for ramp 1 of a two-raup system. 

«Fi^if-^l^r^-fJ-y (139) 
*!  - 1 

Panel weight can be calculated by using the same equations as are used 
for ramp 1 of a two-ramp system. 

• Stiffened sheet construction: 

L   2KCL  KKpC Y FCY W FSU SU 
(140) 
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• Honeycomb construction: 

PV,L,   PW,H,  2PW. 

"'L ' 'L1 i \mp^ -air "nr; a41) 

There are three transverse members - forward and aft hinge beams and an 
actuator beam. The actuator beam depth is assumed to be equal to the panel 
depth. Equation 142 is used tc calculate the weight of these beams in 
stiffened sheet construction panels, and equation 143 is used for honeycomb 
construction. 

• Stiffened sheet construction: 

I-PK...W, 

T 
!V1 (p  +!2 + Al   Vi   +   i    \      (142) 

• Honeycomb construction: 

wrT » ITP Vx^^J^K^-t) C143) 

Ramp 2 Weight 

The loading on this panel is similar to that for ramp 1 of a two-ramp 
system. The following equations are used to calculate the component weights. 

• Stiffened sheet construction: 

I. PV„L 
wr  J; 

L   2^ 
ll   I h  .  1   ) (144) 
L   \m2  ^CY FCY   ^SU FSu/ 

ITPKXV 
wr » — 
T    K, 

V^ /  ^2       1   \ 
CT   V 2 ^a  CY TSU su / 
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: 

• Honeycomb construction: 

•<( 

PV2L2 PCW2H2     2 Pa 

^L ' ll1/    [ 4H2 F^ + IfW + ~l44 4 / 
(146) 

wrT » ITP W2hi^;*t) (147) 

Rany 3 Weight 

Ramp 3 analysis is similar to that for ramp 2 of a two-ramp system. 
Equations 148 through 151 are used to calculate the component weights. 

WL VS   /¥3 (2 ^3 ; K2V3)    . ^3 + K2V3\ 
XCL       \    I,3 ^CY FCY Kpj-. F SIJ *su 

(148) 

wr, 
ITpV3Rr3   /    V3 

TFH 
CT (« 3 ^CY FCY     ^SU FSU / 

(149) 

wr. h'Wu 
TAH KCT U V3 

3 ^CY Fa hsu u Fsu' 
(150) 

m. 
ITPK.,W,R 

TA 
W2  / 
KCT        \H. 

V2 
Ä5 KFa FCY ^su Fsu / 

(151) 

FOUR-RAMP SYSmi 

Figure 18 is a schematic diagram illustrating pressure forces, actuator 
locations, and geometry assumptions for a four-ramp system. Basic geometry, 
pressure, material properties, and minimum gage data and symbols are presented 
in Tables3 and 4. Additional detail input data are shown in Table 7. Pre- 
defined values, which may be revised by user input, are also presented in 
these tables. 
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TABLE 7. FOUR-RAMP SYSTB1 VARIABLES 

i 

FORTRAN Engrg 
Name Symbol Value Description 

GANWA Y 20.0 Angle between projected face of 
ramp 2 and ramp 3, deg 

SICMA (T 10.0 Angle between projected face of 
ramp 3 and ramp 4, deg 

XHrA4 0.125 Actuator beam depth to width 
ratio for ramp 3 

XHr4 0.1 Panel depth to width ratio for 
each ramp 

XH41 • 0.1 Panel depth to length ratio 
for ramp 1 

XH42 0.1 Panel depth to length ratio 
for ramp 2 

XH43 0.08 Panel depth to length ratio 
for ramp 3 

XH44 0.1 Panel depth to length ratio 
for ramp 4 

XIL41 II 1.0 Ramp 1 panel weighc correla- 
tion factor 

XIL42 II 1.0 Ramp 2 panel weight correla- 
tion factor 

XIL43 ll 
1.0 Ramp 3 panel weight correla- 

tion factor 

XIL44 h 1.0 Ramp 4 panel weight correla- 
tion factor 

XIM41 lM 1.0 Ramp 1 minimum weight correla- 
tion factor 
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TABLE 7. FOUR-RAMP SYSTEM VARIABLES (CONT) 

FORTRAN 
Name 

Engrg 
Symbol Value Description 

XIM42 hi 1.0 Ramp 2 minimum weight correla- 
tion factor 

XIM43 hi 1.0 Ramp 3 minimum weight correla- 
tion factor 

XIM44 hi 1.0 Ramp 4 minimum weight correla- 
tion factor 

XITAA4 iT 1.0 Ramp 3 aft actuator beam 
weight correlation factor 

XITAH4 iT 1.0 Ramp 3 aft hinge beam weight 
correlation factor 

XITFA4 iT 1.0 Ramp 3 forward actuator beam 
weight correlation factor 

XITH14 iT 1.0 Ramp 3 forward hinge beam 
weight correlation factor 

XIT41 iT 1.0 Ramp 1  transverse beam weight 
correlation factor 

XIT42 iT 1.0 Ramp 2 transverse beam weight 
correlation factor 

XIT44 iT 1.0 Raup 4 transverse beam weight 
correlation factor 

XK41 Ki 0.1 Fraction of length of ramp 3 
from forward edge to forward 
actuator location 

XK42 K2 0.75 Fraction of length of ramp 3 
distance between actuators 

XK43 K3 0.15 Fraction of length of ramp 3 
fron aft edge to aft actuator 
location 
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TABLE 7. FOUR-RAMP SYSTEM VARIAB1£S (CONCL) 

FORTRAN 
Name 

Engrg 
Symbol Value Description 

XK44 K4 0.9 Fraction of length of ramp 1 
from forward edge to actuator 
location 

XP41 0.6 Differential pressure on 
raup 1, fraction of ultimate 
hammershock pressure 

XP42 1.0 Differential pressure on 
ramp 2, fraction of ultimate 
hanmershock pressure 

XP43 1.0 Differential pressure on 
raiqp 3, fraction of ultimate 
hammershock pressure 

XP44 0.4 Differential pressure on 
ramp 4, fraction of ultimate 
hanmershock pressure 

Ramp 3 in a four-ramp system is always assumed to be stiffened sheet con- 
struction. All of the other ramps may be specified to be either honeycomb or 
stiffened sheet structure. 

Ramp Structure Geometry 

Panel lengths and widths are user input data. Panel depths are defined 
as fractions of length and or width. Ramp 3 actuator beam depth is defined to 
be a fraction of panel width. Depth of ramps 1, 2, 3, and 4 (HL, H2, H-, 
and HJ are calculated as follows: 

J^ - Maximum of (XHM ^ or XH41 L ) 

H2 - Maximum of (XHN W2 or XH42 l^ 

(.1S2) 

(153) 
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H3 - Maximum of (XKr4 Wj or XH43 Lj) (154) 

H4 - Maximum of (XHN W4 or XH44 L4) (155) 

Actuator beam depths on ramps 1 and 3 (H.., H.,) are defined as follows: 

HA1-H1 (156) 

HA_ - XHrA4 W, A3       3 
(157) 

Resolution of Forces 

Differential pressure and the resultant forces due to these pressures 
are calculated by equations 158 through 165. These resultants act at the 
panel centroids (.SL, .SW). 

P1 = PHS XP41 

P2 - PUS XP42 

P3 - PHS XP43 

P, » PHS XP44 

P1L1W1 

V. = 

V, » 

P2L2W2 

P3L3W3 

V, - 
4 4 4 

(158) 

(159) 

(160) 

(161) 

(162) 

(163) 

(164) 

(165) 

104 



Ramp 4 Freebody 

Due to the pin joint at B and the roller at A, reactions at the hinges 
are normal to the panel as shown in the freebody sketch. 

Ramp 2 Freebody 
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Ramp 1 Freebody 

Similar to ramp 1 of a three-ramp system, the reactions normal to the 
panel are calculated by equations 166 and 167. 

Vv» 
1  2K, 

^■h^^yr^r) 

(166) 

(167) 
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Ramp 3 Freebody 

■ 

From the freebody diagrams of ramps 2 and 4, reactions at the hinges are 
determined except for the force, Fc.    Fc is determined for longitudinal balance 
of forces on ramp 3. 

LFL-0 4 sino- + F   cosY c 
2 sinY (168) 
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and 

V      V 
2 tanY   4 sin<r 

2     2 cosY 
C169) 

Reaction at B normal to the panel is given by equation 170. 

4 coso- 
A3 (170) 

Reaction at C normal to the panel is obtained by equation 171. 

RP3 - Fc sinY ♦ 2 cosY 

/.,   „  i,  •  \ tanY    2 cosY 
(V2 sinY - V4 sincr) -y- ♦ -^  (171) 

Actuator reactions, R. and R-, are obtained by solving for moment 
equilibrium. 

RA3 K3 L3 ' R: K2 L3 
(172) 
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and 

L3 * R3 K2 S 

v, (3 • h): RA5 ih: h) - «FS h 
V        3  5  

h 

Ramp 1 Weight 

This ramp is similar to ramp 1 of a three-ramp system, 

t Stiffened sheet construction: 

'jä(_h L_\ 
:L     V211! ^CY FCY    ^SU FSU / 

wrT 

t Honeycomb construction: 

^-h1 

wrT = iT P 
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R =  (I/o) 
K2 

^-O- ^3 Ll L3 * V3 (l " Kl) L3 ■ RA3 (K2 + h) (174) 

(175) 

mi  = ^K
I   I-,,, /   . * v    *  c  I (176) 

Kcr     ^ pl   2      1/VHi KFa ^CY   Ssu Fsu / 

/P V, L.       P   W. H.      2PW- \ 



Ramp 2 Weight 

This ramp is similar to ramp 2 of a three-ramp system. 

• Stiffened shut construction: 

IT P V^L 
wr = — L 2 

V
2

L2   /        L2 1 \ 

CL     V ^2 TCY   CY     TSU    SU / 

WrT«  r      Tr-T =—♦r^ =— (181) 
I-PVf2V2   /      ^"2        .        1 \ 

KCT      \H2 ha FCY   ^su Fsu/ 

• Honeycomb construction: 

/PV. L   PWo «o  2 P W \ 

/ ^V W2   1 \ 

no 

i 



Ramp 3 Weight 

"F3 

K L 
1 3 

R2 

K .L. 

"j 

SS /     i 

>       i       i i        i         i          i          III 1 

'AS 

V - P L W 
3   3 3 3 

For weight estimating purposes, the maximum moment is assumed to be the 
maximum of the bending moment at the actuators and at the panel midspan. 

^2 " ¥3   («FS +   2    ) (184) 

\3-K3L3   ks^) (185) 

\2BT  («FS-^I1*2^)^) (186) 

M ■ Absolute maximum of (M--, M-., M,«) (187) 
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Design shear is obtained by selecting the absolute maximum shear of the 
values at points 1 through 6. 

(188) 

(189) 

(190) 

(191) 

(192) 

(193) 

S ■ Absolute maximum of (S., S., S_, S-, S., S,) (194) 

Design shear and bending moment are substituted into equation 85 to calculate 
panel weight as shown in equation 195. 

m   .hJll 2M +__S \ (195) 
L    ^L    \ H3  ha F

CY   hsu Fsu / 

Hinge and actuator beam weights are calculated by equations 196 
through liW. 

sl 'hi 

S2 'hi *¥3 

S
3 •v R2 

S6 ■RA3 

ss -RA3 •¥s 

S4 
= V R

3 

wr™ - ^^2   ^LV . ^^, (196) V) )U  su/ 
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...... V^/^-.^-l 
TAH \H3 ^CY FCY       ^SU FSU/ KCT \H3 ^CY FCY       ^SU FSU 

^TFA 

m 
1TPWZ   I      V3 

TM K^ 

Ramp 4 Weight 

This ramp is similar to ramp 2. 

• Stiffened sheet construction: 

I. PV.L,     /        L 

VW4   /        V4 wr^ ■           
KCT 

t Honeycomb construction: 

/PV.L, PW.H,    2PW.\ 
r i     f     4 4 c 4 4       a 41 
lLL4  \4H4FCY 

+   1728 *   144 / 

/ ^4 1  \ 
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*CT V  A3 TCY   CY       'TSU    SU/ 

(H   Y3   5       *K_1F      ) (199) 
V nA3 TCY   CY       'TSU   SU / 

i 

ILPV4L4     /        L4 1        \ 

L       Z xCL V^^ ^FCY rCY     'TSU^SU/ 

(H  JC^    "JC
1
?   ) (201) 

\ "4 TCY CY   TSU  SU / 

**!. ■ J.^ liFfi-+ -Trfr* -iff) (202 

wrT - Iä^V, [-f-ir- * ir-1 (203j 



l'HRliE-mMENSIÜNAL AXIAL FLOW SYSl'EMS (SPIKES) 

Several types of spike arrangements are generally used in supersonic 
aircraft which are functioi'o of inlet perfonnance and operating environment. 
These include fixed spikes with no area control, translating spikes, and fully 
collapsing spikes for full area control. In the preliminary design phase of 
vehicle synthesis, geometry f »; three-dimensional inlet spike systems is not 
readily available. The estimating equations derived in Reference 6 account 
for this fact and, therefore, are based on inlet capture area which would be 
available in phase zero of configuration synthesis. The equations are the 
result of correlation with available inlet component weight with the signifi- 
cant design parameters. 

Subroutine SPIKE uses equations 204 through 206 from Reference 6 to 
calculate weight estimates for the different types of three-dimensional spikes. 
Spike center of gravity is assumed to be at the inlet throat. 

• Fixed spike weight, WHFS 

WOrS = 12.53 (X.) (A.) (204) 

• Translating spike weight, WFTS 

WFTS « 15.65 (\.)   (A.) (205) 

• Translating and expanding spike weight, WTES 

WES = 5.18 (N.) (A.) (206) 

where 

N^ ■ number of inlets 

Aj ■ capture area per inlet, ft 
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NACLLLE SHELL STOUCnJRE 

Nacelle weight estimating procedure consists of the evaluation of 
structural minimums, local panel flutter, and duct-nacelle compatibility. 
Loads are not evaluated in the current estimating method.   This approach 
has been taken since nacelle shells are normally designed by other considera- 
tions.   Engines, which produce the greatest mpzct on loads, are generally 
supported directly by pylon structure. 

Nacelle synthesis and weight estimation calculations are performed in 
subroutine NACELE.   This subroutine calls NCLGEO to calculate contour and 
segment geometry data. 

NACELLE GEOMETRY 

Nacelle cross-sectional geometry is defined at as many as 10 longitudinal 
stations, starting at the inlet lip, station zero, and ending at the last full 
section of the nacelle.    One-dimensional leading edges are defined as follows: 

1. Horizontal leading edge - input zero for perimeter and actual width 
of leading edge 

2. Wedge leading edges as would occur on nacelles with two inlet ducts 
with vertical leading edges - input zero for perimeter and depth at 
leading edge 

Detail description of continuous section geometry and contour calcula- 
tions is identical to that used to define duct geometry.    Surface area for 
one-dimensional leading edge segments are calculated by equation 207 for 
horizontal leading edges and by equation 208 for wedge leading edges. 

DLXN 
SFN1 - —— CWj ♦ BUN2 ♦ 2 BSN2) (207) 

DLXN 
SFN1 • —^ (BUN2 ♦ BLN2) (208) 

where 

SEN. ■ nacelle leading edge segment surface area 

DLXN. - leading edge segment length 
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W  = width of nacelle lip at station ] 

BUN., = peripheral length of nacelle upper sector at station 2 

BSN- = peripheral length of nacelle side sector at station 2 

BL\' = peripheral length of nacelle lower sector at station 2 

Curvature of the panels, although not pertinent in the current estimating 
procedure, are also calculated. The radius of curvature for circular nacelle 
sections are implicit. However, in the case of noncircular shapes, there is 
no true radius of curvature. Therefore, a nominal (weighted average) radius 
of curvature is defined in the following manner: 

RCSN2 » [RCSN - RON (1 - cos 45°)]2 ♦ (RON sin 45° ♦ DON)2    (209) 

let 

a = RON (1 - cos 45°) (210) 

b = RON sin 45° * DON (211) 

then 

2   2 
RCS - a ^b (212) 
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The nominal radius of curvature for the upper  (RCUN) and lower (RCLN) 
sectors are calculated in the same manner. If the comer radius is less than 
2 inches, the nominal radius of curvature is assumed to be infinite. A value 
of zero for curvature is used to designate the flat panel. 

NACELLE SYNTHESIS 

The nacelle is assumed to consists of an inlet section and an engine 
compartment section. This distinction is made to evaluate structural arrange- 
ment differences in the two sections. In the inlet section, frame weight and 
spacing are determined for duct design requirements. These data a:e developed 
by the duct estimating routines. Frame weight and spacing at nacelle cuts 
are obtained by interpolating between bounding duct cuts. Should two inlet 
ducts exist at a nacelle cut, the corresponding nacelle frame is assumed to 
be equivalent to two duct frames. Frame spacing in the engine compartment 
section is defined by input nacelle data. These frames are assumed to be con- 
structed as shown in the following sketch. Frame weight is calculated from 
the user input parameters, frame depth (c), cap flange width (b), cap thick- 
ness (t )  and web thickness (t ). v r' ^ w' 
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Nacelle cover thicknesses at nacelle cuts are established by minimum 
gage and, for supersonic aircraft, by local panel flutter requirements, if 
critical. The appropriate frame spacing and side sector panel width (BSN) 
are used to determine thi-kness required to prevent local panel flutter at 
each nacelle cut. 

Local Panel Flutter 

Critical panel flutter requirements are derived by the program through a 
process of checking mach-altitude points for each of nine points on the limit 
speed envelope. The user has the option of inputing his own estimates of 
critical panel flutter parameters. These user inputs are checked against 
program-derived values to insure that all reasonably probable panel flutter 
conditions are adequately surveyed. The foregoing process does not evaluate 
subsonic flight conditions. 

The approach used to insure the prevention of local panel flutter is 
based on methods described in Reference 7. This approach consists of the 
determination of the mach number parameter and the baseline design parameter. 
The baseline panel thickness obtained by this approach can then be revised 
by correction factors. These correction factors are independently derived 
to account for in-plane loaded panels, pressure differentials, curvature, 
and other parameters that influence flutter design. 
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The two significant parameters (in-plane stress and curvature) are not 
evaluated in SWEEP.    The effect due to neglecting panel loading could intro- 
duce optimistic panel sizing, while the omission of curvature effects intro- 
duces conservatism in the analysis. 

Hie mach number effects are derived by a curve-fit approximation of Fig- 
ure 19^^.    The curve-fit equations are as follows: 

• For mach 1.0 to 1.4: 

F  (M) - 0.4851674 + 1.66456  (M-1)J (213) 

• For mach 1.4 to 2.0: 

3 

/M - 1.4    \ F  (M) ■ 0.488412 - 0.4037203 Cos  (      S g" w| (214) 

♦ 0.4849271 VM2 - 1 

• For mach > 2.0: 

F (M) • P ■ >/M2 - 1 (215) 

(7) The baseline panel design curve is shown in Figure 20.    The curve used 
in SWEEP (subroutine NACELE) deviates from the proposed baseline curve for 
values of L/W less than 2.   This difference, although less than the curve pre- 
sented in NACA TN D-451 which reference 7 states as "excessive over design for 
some applications," reflects the current design practice. 

The curve-fit approximation for this parameter is as follows: 

(im)1/3
t/L.0B-0.5551841- 

0.1686944 (L/W) ♦ 0.2169992 (L/W)2 (216) 

-0.0007636935 (L/W)3 
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Figure 19. Panel flutter mach number correction factor. 
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Figure 20.   Panel flutter parameter versus aspect ratio. 

121 
■ 



■■■ 

For values of L/W greater than 10, this curve-fit approach is not valid. 
The value 10 is substituted for L/W should this condition occur. Although 
this assumption seems questionable, panels with aspect ratios greater than 
10 rarely exist on nacelle structures. 

The baseline thickness is then determined 

i 

¥ 
th =     i/T (217) ^   poW75 

The critical panel flutter speed is detemdned by investigating the 
vehicle flight envelope in tenns of mach number and altitude. The flutter 
design point occurs when q/F(M) E is maximum. 

Nacelle Shell Weight 

Nacelle component weights are calculated for each nacelle segment. 
Should the first nacelle segment geometry define a one-dimensional leading 
edge structure, weight for that segment is not calculated to avoid duplication 
since the weight for that segment is calculated as part of the inlet duct 
structure. 

Cover weight calculations are based on linear thickness taper between 
the forward and aft boundaries of segments. Cover panels which are replaced 
by engine removal doors are deleted in these weight calculations. Frame 
weight within segments are based on weight per linear inch at the bounding 
cuts. 

Load redistribution structure weight is based on nacelle profile area. 
This calculation is performed for multiple engine nacelle arrangements where 
engine loads are reacted by nacelle structure which then transfers the loads 
to pylons. The weight is calculated at 1 pound per square foot of profile 
area. 

Weight correlation factors are applied to the resultant weights for each 
of the shell components. Center-of-gravity calculations assume longitudinal 
segment weight centroids to be midway between bounding cuts. 

122 



MISCELLAiNEQUS STRUCTURi: IVEIGhfT 

Miscellaneous air induction system, nacelle, and engine section structure, 
should they exist, are calculated in subroutines MISCOM and PYLONS. Table 8 
is a summary of these components. 

TABLE 8. MISCELLANEOUS STRUCTURE COMPONENT WEIOFTS 

. 
FORTRAN 
Symbol Description 

Engine Instl 
Type 

Calculation 
Routine 

WTEM Engine mount weight, lb All MISCOM 

WTAI Auxiliary inlet doors 
weight, lb 

All MISCOM 

WTBP Duct bypass doors 
weight, lb 

All MISCOM 

OTED Engine removal doors 
weight, lb 

Nacelle MISCOM 

WIM) Miscellaneous doors 
weight, lb 

Nacelle MISCOM 

OTFW Firewall weight, lb Nacelle MISCOM 

IVTEF Exterior finish weight, 
lb 

Nacelle MISCOM 

WTSD Engine compartment 
shroud weight, lb 

Nacelle MISCOM 

WTPI Inboard pylons weight, 
lb 

Nacelle PYLONS 

WTPO Outboard pylons weight, 
lb 

Nacelle PYLONS 

WKTI Inboard fittings 
weight, lb 

Nacelle PYLONS 

WFTO Outboard fittings 
weight, lb 

Nacelle PYLONS 

\ 
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ENGINE MOUNTS 

Engine mounts and fittings weight is calculated by equation 218. 
center of gravity is assumed to be at the engine CG. 

The 

mm = o.ois w. (218) 

where 

W ■ engine weight, lb 

AUXILIARY INLET AND DUCT BYPASS DOORS 

The determination of duct bypass provisions or auxiliary inlet require- 
ments are not within the scope of this program. However, should data be 
available for these items in the form of total panel size, the weights are 
calculated by equations 219 and 220. Center of gravity for the auxiliary 
inlet is assumed to be located one-third of the inlet length aft of the 
leading edge. Center of gravity for the duct bypass doors is assumed to be 
located two-thirds of the inlet length aft of the leading edge. 

WTAI - 12.0 S AI 

WTBP - 15.0 S BP 

(219) 

(220) 

where 

S,. = auxiliary inlet panel area, ft^ 

S-p ■ by-pass door area, ft 

ENGINE REMOVAL DOORS 

Equation 221 is used to calculated engine removal doors weight. This 
item is calculated when door width is defined by user input. Door length 
is assumed to extend from the engine face to the end of the nacelle. Center 
of gravity is asstmed to be located at half the door length. 
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WTEU - 2.93 Scn (221) 
ED 

where 

2 
Spj. ■ engine removal door area, ft 

MISCELLANEOUS DOORS 

Miscellaneous doors weight is calculated by equation 222 if door area is 
defined by the user. Center of gravity of this item is assumed to be located 
at half the nacelle length. 

WIND • 2.S S^ (222) 

where 

2 
S-jp. ■ miscellaneous doors area, ft 

FIREWALL 

A firewall is located at engine front face station separating the com- 
bustion chamber from the inlet. Firewall surface area is calculated by 
subtracting the duct(s) cross-sectional area at the engine face from the 
nacelle cross-sectional area at the same location. The weight for this com- 
ponent is estimated at 0.8 pound per square foot. 

EXTERIOR FINISH 

Nacelle exterior finish is estimated at 0.026 pound per square foot of 
nacelle surface area and is located at half the nacelle length. 

ENGINE COMPARTMENT SHROUD 

The requirement of engine compartment shroud is defined by the user. 
Shroud surface area may be input or, if not available, calculated by equa- 
tion 223. The shroud is assumed to extend from the engine face to the end 
of the nacelle. 
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SSD ' N L [f" (D * 5,0) * H] /144 (223) 

where 

2 
St, ■ shroud area, ft 

N ■ number of engines in nacelle 

L ■ shroud length, in. 

D ■ maximum engine diameter, in. 

H ■ nacelle depth at engine front face, in. 

Shroud weight to 0.8 pound per square foot and is assumed to be 
located at halt the shroud lengtn. 

PYLONS AND NACELLE SUPPORT FITTINGS 

Equation 224 is used to calculate pylon weight. Since inboard and out- 
board pylons may be different, separate calculations are performed for each 
pylon. The center of gravity is calculated by equation 225. 

WTPI • 12.0 S (224) 
P 

CG  = CGE ♦ -j sin ^. p (225) 

where 

2 
S  ■ pylon planform area, ft 

CG ■ engine center of gravity, in. 

L  ■ pylon length, in. 

-A. ■ sweep angle of pylon 
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Fittings (equation 21b) at the pylon to wing or fuselage attach points 
are calculated according to the load and nacelle material properties. 

Fittings ■ Load 141.312 P 

tu cy 

78.20 P 

su      bru 
♦ 2.5 x 10 (226) 

where 

material density, lb/in. 

F ■ ultimate tensile strength, psi 

F = compression yield strength, psi 

F » ultimate shear strength, psi 

F, » ultimate bearing strength, psi 

The maximum load is determined by the vehicle maneuver load factor and 
yaw velocity.    liquation 227 is used to determine the maximum load on vertical 
installations, and equation 228 for horizontal pylons. 

,2 Load ■ (N   W   ♦ «r Y b W /(12 G t)    1.5 z    t n 

Load ■ (W   ♦ W   b/t)    1.5 N t       n       ' z 

(227) 

(228) 

where 

^ • vehicle yaw velocity, radians/sec 

N ■ vehicle vertical maneuver load factor z 

W ■ weight of nacelle and contents plus pylon, lb 

W ■ weight of nacelle and contents, lb 

Y = lateral coordinate of nacelle installation, in. 

b ■ distance from the nacelle center to the tie point, in. 

t * maximum thickness of the pylon, in. 

G « acceleration of gravity, ft/sec^ 
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Section III 

PROGRAM DESCRIPTION 

üiNliRAL DISCUSSION 

The air induction system module has been developed to estimate weight of 
air induction system, nacelle, and engine section structure. Methods, equa- 
tions, and logic discussed in the previous section have been programmed in 
FORTRAN extended language for the CDC 6600 computer. The module is structured ■ 
in a single overlay consisting of a control program (AISNM) and 21 subroutines. 
One of the subroutines (MATLP2) is a material properties data print routine. 
>bdule weight summary results are printed by subroutine SIMARY as shown in 
Figures 3 through 5. Optional output of intermediate calculations are pro- 
vided within individual data development routines. 

iirror messages, warning messages, and corrective measures have been built 
into the program such that most user errors will not result in catastrophic 
failure. In some cases, the warning is of a nature for which no user action 
is necessary. In other instances, incompatible data are either corrected, 
revised, or bypassed. The implications, probable cause, and recommended action 
associated with the various messages are presented in the subroutine 
discussions. 

LOGIC FLOW 

Ihe module subroutine flow diagram is shown in Figure 21. System routines 
REALMS and WRITMS are also shown in this diagram to indicate routines which 
read and store data in the mass storage file records. Figure 22 shows the 
logic flow diagram of this module. This diagram shows the major data manipu- 
lation and search procedures within this module. 

GENERAL MAPS 

Data storage and transmittal are accomplished through the use of blank 
common, labeled common, and mass storage file records. Mass storage file 
records are read into and written from data regions in conmon. Certain cal- 
culated variables are stored in the program region of individual routines. 
In this case, these variables are included in the discussion of the applicable 
rout ine. 
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Figure 21. Air induction system module subroutine flow diagram, overlay (7,0). 
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Figure 22.   Logic flow diagram for air induction system module. 
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OMION 

Blank common consists of 4,400 cells which are organized as shown in 
Table 9. Table 10 presents an alphabetical listing of arrays and variables 
within the common region. Items in the table are classified according to type 
as either input (1) or calculated (C). Many items that appear as calculated 
(C) variables may take on values that are input to the air induction system 
module. Ihis is a function of whether or not default values or inputs are 
overridden in the synthesis procedure. However, items designated as input 
(1) types will always take on values that are input to this module. When 
variables in Table 10 are subsets of larger arrays, the higher order array is 
referenced in brackets. 

Tables 11 through 25 are maps of those arrays that have specific signif- 
icane which are not explained in the alphabetical listing. 

LAliiiLLD O0M4QN 

Labeled common arrays are used to transfer program control words and cer- 
tain vehicle design data. 

e FDAT    (Block FDATT) - This array is used to store air induction 
system, nacelle, and engine section (also other components) 
weight suimary data for use in total vehicle summary cal- 
culations and output as shown in Table 26. 

e IP     (Block IPRINT) - Ihis array is used to transmit print con- 
trol indicators to various subroutines as shown in Table 27. 

e XMISC   (Block MISC) - The first location in this block is used to 
transmit the number of different materials which exist in 
the material library file records. Locations 85 through 
100 are used to transmit alphanumeric case title information. 

MASS STORAGE FILL RECORDS 

Mass storage file records used by this module are shown in Table 28. 
Variables in these records are discussed in Uie blank connon region tables. 
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TABLE 9.    CONWDN ARRANGEMENT 

| Common Variable Name Variable Name Variable Name Detail Description 
Location and Locations and Locations and Locations Table Reference 

1  i"80 D(l)-D(80) 11 
81-270 EQU(1)-EQU(190) 17             || 

271-280 EgU(l91)-EQU(200) DATK(1)-DATK(10) 17 
! 281-320 DATS(1)-DATS(40) 16            1 
| 521-400 DATÜ(1)-DATU(80) 12             j 

401-S20 UATR(1)-DATR(120) 16             'j 
521-600 DATN(1)-ÜATN(80) 14 

j 601-640 DATM(1)-DATM(40) 13 
1 641-733 DR(1)-DR(93) IS             | 

734-770 Not used 
771-1700 F(l)-F(930) 18            1 

1701-1900 SUNM(1)-SIM1(200) 20             | 
1901-2000 Not used        | 
2001-2100 T(l)-T(100) S(l)-S(100) Refer to subrou- 

tine discussions 
2101-2200 TOT(i)-Tar(ioo) 24             j 
2201-2210 ALT(1)-ALT(10) 10 
2211-2220 TEM(l)-rEM(10) 10            : 

2221-2230 PO(1)-PO(10) 10              || 
2231-2240 G(l)-G(10) io             i 
2241-2250 CS(1)-CS(10) 10           1 
2251-2260 RllÜ(l)-RIiO(10) 10 
2261-2270 VHCl)-VH(lO) 10 
2271-2280 VL(l)-VL(10) 10 
2281-2290 g}i(i)-QH(io) io        i 
2291-2300 QL(1)-QL(10) 10             1 
2301-2310 EM1(1)-BH(10) 10 
2311-2320 EML(1)-EML(10) 10 
2321-2330 R/\'ni(i)-RA'ni(io) 10 
2331-2340 RATL(1)-RATL(10) io         ! 
2341-2350 TEMl(l)-'iBH(10) 10 
2351-2360 TEML(1)-TEML(10) 10 
2361-2370 P1T1(1)-Pni(10) 10 
2371-2380 PTL(l)-PTLClO) 10             j 

1 2381-2390 PSH(1)-PSH{10) io        1 
2391-2400 PSL(1)-PSL(10) 10 
2401-2410 R1H(1)-R1H(10) io        i! 
2411-2420 R1L(1)-R1L(10) 10            1 
2421-2430 R2H(1)-R2H(10) 10 
2431-2440 R2L(1)-R2L(10) 10 

j 2441-2450 R3H(1)-R3H(10) 10 
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TABLE 9.    OMON ARRANGEMENT (OONT 

Comnon Variable Name Variable Name Variable Name Detail Description 
Location and Locations and Locations and Locations Table Reference 

2451-2460 R3L(1)-R3L(10) 10 
2461-2470 PH1H(1)-PH1H(10) 10 
2471-2480 PHEH(l)-PieKlO) 10 
2481-2490 PHTL(1)-PHTL(10) 10 
2491-2500 PUELCD-PHELCIO) 10 
2501-2510 PST(1)-PST(10) 10 
2511-2520 WOD(1)-WOD(10) 10 
2521-2530 RDD(1)-RÜD(10) 10 
2531-2540 1X)Ü(1)-DOD(10) 10 
2541-2550 BUD(l)-BUD(IO) 10 
2551-2560 BLU(1)-BLU(10) 10 
2561-2570 BSDClhBSD(lO) 10 
2571-2580 DLXD(1)-DLXD(10) 10 
2581-2590 SFD(l)-SFD(10) 10 
2591-2600 Fruui)-KiuH(io) iVTD(i)-nrrD(iQ) 10 
2601-2610 KlUL(l)-FrUL(10) 10 
2611-2620 FCYH(1)-FCYH(10) 10 
2621-2630 FOfLCD-POfLdO) 10 
2631-2640 FSUKl)-FSUJ(lO) 10 
2641-2650 FSUL(1)-FSUL(10) 10 
2651-2660 IMH(1)-B1UH(10) 10 
2661-2670 FMJLa)-FMUL(lO) 10 
2671-2680 ai(l)-EH(10) 10 
2681-2690 EL(l)-ELClO) 10 
2691-2700 FKTH(l)-FK'm(10) 10 
2701-2709 FKTL(1)-FKTL(9) 10 
2710 FKTL(10) RHOD 10 
2711-2720 SFRM(1)-SFRM(10) 10 
2721-2730 TC(1)-TC(10) 10 
2731-2740 TL(1)-TL(10) 10 
2741-2750 FRIVT(1)-FRW(10) 10 
2751-2760 W01M(1)-W0N(10) 10 
27ii-2770 RDNCl)-RÜN(lO) 10 
27V1-2780 IX\MC1)-IX3N(10) 10 
2781-2790 BUN(1)-BUN(10) 10 
2791-2800 BLNI(1)-BLV(10) 10 
2801-2810 BSNCl)-BSN(lO) 10 
2811-2820 DLXN(1)-DUW(10) 10 
2821-2830 SFN(1)-SEN(10) 10 
2831-2840 RCUN(lhRCUNClO) 10 
2841-2850 |    RCLM(1)-RCLN(10) j 10 
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TABLE 9.    COMDN ARRANGEMENT (CONCL) 

Comnon Variable Name Variable Name Variable Name Detail Description 
Location and Locations and Locations and Locations Table Reference 

2851-2860 RCSN(1)-RCSN(10) 10 
2861-2869 ELN(1)-ELN(9) 10 
2870 ELN(10) RHÖN 10 
2871-2880 TCN(1)-TCN(10) 10 
2881-2890 SFRN(1)-SFRN(10) 10 
2891-2900 FRWN(1)-FRWN(10) 10 
2901-2910 vfrQ4(i)-wrcN(io) 10 
2911-2920 WTFN(l)-m,hN(10) 10 
2921-2930 WTLN(l)-mN(10) 10 
2931-3020 Not used 
3021-3080 DLSP(1)-DLSP{60) 10 
3081-3140 BEN(1)-BRN(60) 10 
3141-3200 W(l)-W(60) 10 
3201-3260 1WD(1)-TM)(60) AA(1)-AA(60) 22, 10 
3261-3320 iMD(61)-TMD(120) YB(1)-YB(60) 22, 10 
3321-3380 TM)(121)-TMD(180) ZB(1)-ZB(60) 22. 10 
3381-3440 ■mD(181)-TMD(240) DLS(1)-DLS(60) 22, 10 
3441-3500 TMD(241)-'IMD(300) YPB(1)-YPB(60) 22, 10 
3501-3560 TMCD-1^(60) 2PB(1)-ZPB(60) 21 10 
3561-3621 TMC61)-1^(121) Y(l)-Y(61) 21 10 
3622-3660 •IMC122)-TM(160) Z(l)-Z(39) 21, 10 
3661-3682 'IT(1)-Tr(22) Z(40)-Z(61) 25 10 
3683-3690 TTC23)-TT(30) YPC1)-YP(8) 25 10 
3691-3743 TMS(l)-TMSC5J) YP(9)-YP(61) TWW(l)-11^(53) 23 10 
3744-3750 1MS(54)-1MS(60) ZP(1)-ZP(7) 11^(54)-1W(60) 23 , 10 
3751-3804 IMS (61)-1^5(114) ZP(8)-ZP(61) TCC(1)-TCC(54) 23 , 10 
3805-3810 TMS(115)-™S(120) V(l)-V(6) TCC(55)-TCC(60) 23 , 10 
3811-3865 TMSC121)-'IMS(175) V(7)-V(61) BB2(1)-BB2(55) 23 10 
3866-3870 ™5(176)-TMS(180) A(l)-A(5) BB2(S6)-BB2(60) 23 , io 
3871-3926 A(6)-A(61) 10 
3927-3987 BfI(l)-BM(61) 10 
3988-4100 Not used 
4101-4200 DC(1)-DC(100) Inactive 
4201-4400 ND(1)-ND(200) 19 
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TABLE 11. D ARRAY VARIABLES 

Variable Subroutine 
Loc Name Value Description Reference 

1 Dl 1.0 Constant Most 
2 D2 2.0 Constant Most 
3 3.0 Constant Most 
4 4.0 Constant MATLF1, NACELE, MISCON 
5 5.0 Constant 
6 6.0 Constant 
7 7.0 Constant 
8 8.0 Constant UCTGEO, NCLGEO 
9 9.0 Constant 

10 10.0 Constant NACELE, PYLONS 
11 11.0 Constant 
12 12.0 Constant DUCFRM, PYLONS 
13 20.0 Constant 
14 1000.0 Constant TEMPR, DUCTS 
15 PI 3.1415927 Constant, PI Most 
16 0.01745324 Constant, PI/180 PYLONS 
17 144.0 Constant Most 
18 24.0 Constant 
19 0.5 Constant DUCFRM 
20 1.5 Constant 
21 0.333333 Constant DUCFRM, NACELE 
22 0.95 Constant 
23 0.25 Constant 
24 0.0 Constant Most 
25 ZERO 1.414214 Constant, square 

root of 2 
NCLGEO 

26 
i 

32.17405 Constant, acceleration 
of gravity. Ft/sec2 

SPAL, PYLONS 

27 180.0 Constant 
28 1.732051 Constant, square root 

of 3 
MTLFl 

29 2.5 Constant 
30 1.333333 Constant 
31 0.5 Increment for frame 

spacing search, in. 
DUCTS 

32 Not used 
• To 

38 Not used 
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TABLE 11.    D ARRY VARIABLES fCQNTT) 

Variable Subroutine 
Loc Name Value Description Reference 

39 1.5 Limit to ultimate 
factor for haniner- 
shock at t\it  static 
pressure at ML, and 
basic loads 

PRECRT, DUCPNL, 
DUCFRM, PYLONS 

40 1.2 Limit to ultimate 
factor for hanmer- 
shock at M, 
Number of frame seq- 

PRECRT, DUCPNL DUCFRM 

41 5.0 DUCTS 
ments per quadrant 
(15 maximum) 

42 0.426 Flange crippling 
coefficient, one edge 
free 

DUCFRM 

43 4.0 
44 7.5 Shear crippling 

coefficient for 
flat panels 

DUCFRM 

45 1.0 
46 0.9 Reduction factor 

for frame cap 
conpression yield 
allowable 

DUCFRM 

47 0.75 
48 0.005 One gage increment 

to webs for frame 
stiffeners, in. 

DUCFRM 

49 2.0 Land width for frame 
attach, in. 

DUCPNL, DUCWET 

SO 2.0 
51 0.050 Minimum land thick- 

ness for panel, in. 
DUCPNL 

52 0.032 Minimum field thick- 
ness for panel, in. 

DUCPNL, NACELE 

53 0.145 
54 0.050 Minimum frame cap 

thickness, in. 
DUCFRM 
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TABLE 11. D ARRAY VARIABLES (CONCL) 

Variable Subroutine 
Loc Name Description Reference 

55 0.032 Minimum frame web 
thickness, in. 

DUCFRM 

56 1.0 Minimum frame flange 
width, in. 

DUCFRM, NACELE 

57 0.050 Minimum nacelle 
frame cap thickness, 
in. 

NACELE 

58 0.025 Minimum nacelle 
frame web thick- 
ness, in. 

NACELE 

59 1.0 
60 0.9 
61 0.875 
62 0.3263434 
63 0.050 
64 Not used 
• To 
80 Not used 
81 Refer to Table 9 

2000 

NO ill D array starts at coninon location 1. 
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TABLE 12. DATD DUCT INPUT DATA ARRAY VARIABLES 

Variable Subroutine 
Loc Name Description Reference 

1 1 tO, number of cuts through duct DUCI^            j 
2 KCD, duct geometry-type indicator 

1.0 « perimeter input 
2.0 ■ perimeter correction factor 

input 

DUCTS 

3 Not used 

i 4 Frame depth, in. DUCTS            1 
| 5 Minimum frame spacing, in. DUCTS 

6 Maximum frame spacing, in. DUCTS 
7 Duct panel mill indicator 

0.0 ■ panel not milled 
1.0 ■ panel milled (lands at frames) 

DUCPNL 

1 8 
Not used 

• To 
10 Not used 
11 X0(1) X-station, duct cut 1 referenced from DUCTS, DCTGEO, DUCPNL, 

leading edge station (loc 11 - 0.0), DUCFRM, DUCWET, NACELE, 
in. MISCOM           i 

• • To 
20 X0(10) X-station, duct cut 10, in. 
21 Y-station, duct cut 1, in. DCTGEO, DUCWET, NACELE, 

Distance from centcrline of MISCOM 
vehicle to centerline of duct for 
fuselage - buried engine concept, 
or distance from centerline of 
nacelle to centerline of duct 
for nacelle - mounted engines 

• To 
30 Y-statiou, duct cut 10, in. 
31 Not used 
• To 

40 Not used 
41 Duct depth at duct cut 1, in. DUCTS, DCTGEO 
t To 

50 Duct depth at duct cut 10, in. 

171 



TABLE 12. DATD DUCT INPUT DATA ARRAY VARIABLES (CONCL) 

Variable Subroutine 
Loc Name Description Reference    | 

si Duct width at duct cut 1, in. DUCTS DCTGEO        1 
• To 

1 60 Duct width at duct cut 10, in. 

1 61 Duct perimeter, in., or perimeter 
correction factor at duct cut 1 

DUCTS, DCTGEO, DUCPNL, 

• To 
70 Duct perimeter, in., or perimeter 

correction factor at duct cut 10 
71 Not used 
• To 
80 Not used 

NOTE DATD array starts at common location 321. 
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TABLE 13.    DATM ARRAY VARIABLES 

Loc 
Variable 

Name Description 

1 Level-flight maximum speed 0^) at sea level with 
wing fixed or aft, M 

• To 

5 Level-flight maximum speed at maximum altitude 
with wing fixed or aft, M 

6 Sea-level altitude with wing fixed or aft, ft 

• To 

10 Maximum altitude with wing fixed or aft, ft 

11 Increment from level-flight maximum speed to limit 
speed (ML) at sea level 

0.0 - use general increment in location 31 

<1.0 ■ decimal increment to add to M^ 

>1.0 ■ miltiplier for M^ 

<0.0 + fraction of N^ to add to ^ 

• To 

IS Increment from level-flight maximum speed to limit 
speed at maximum altitude 

16 Inlet pressure recovery ratio at ^ at sea level 

• To 

20 Inlet pressure recovery ratio at N^ at maximum 
altitude 
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TABLE 13.    D/VIM ARRAY VARIABLES (CONCL) 

Loc 
Variable 

Name Description 

21 Inlet pressure recovery ratio at ML at sea 
level 

• To 

25 Inlet pressure recovery ratio at ML at maximum 
altitude 

26 Airflow at engine at sea level, M 

• To 

30 Airflow at engine at maximum altitude, M 

31 DVLG General increment from level-flight maximum speed 
to limit speed 

32 RATG General inlet pressure recovery ratio 

33 Not used 

• To 

40 Not used 

NOTE   UXIU array starts at common location 601. 
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TABLE 14. EATN NACELLE DATA ARRAY VARIABLES 

Subroutine 
Loc Description Reference 

1 NCN, number of nacelle cuts NACELE 
2 KCN, nacelle geometry-type indicator 

1 • perimeter input 
2 ■ perimeter correction factor input 

NATEIJ3, 

3 ICN, engine mounting type 
0 • engine supported directly by pylons 
1 ■ engine supported by nacelle structure 

which is tied to pylons 

NACELE 

4 Not used 
5 Not used 
6 Nacelle frame spacing, in. NACELE 
7 Nacelle frame dtpdi, in. NACFLE 
8 Engine access door(s) width, in. NACEIi3., MISCCM 
9 Nacelle maximum depth, in. PYIJONS 

10 Nacelle maximum width, in. PYLONS 
11 X-station nacelle cut 1 referenced from leading 

edge station (loc 11 ■ 0.0), in. 
To 
X-station duct cut 10, in. 

NACELE, NCLGEO, MISOQM 

20 
21 Not used 

To 
■ 

40 Not used 
41 Nacelle depth at nacelle cut 1, in. 

To 
Nacelle depth at nacelle cut 10, in. 

NACELE, NCLGEO, MISCOM 

50 
51 Nacelle width at nacelle cut 1, in. 

To 
Nacelle width at nacelle cut 10 

NACELE, NTLGFO 

60 
61 Nacelle perimeter, in., or perimeter correction 

factor at nacelle cut 1 
To 
Nacelle perimeter, in., or perimeter correction 

NACFI.F, NCLGEO 

70 
factor at nacelle cut 10 

71 Mach number for critical panel flutter, M NACELE 
72 Altitude that corresponds to critical panel 

flutter mach number, ft 
NACELE 
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TABLE 14.    DATO NACELLE DATA ARRAY VARIABLES  (CONCL) 

Subroutine 
'Loc Description Reference 

75 Dynamic pressure that corresponds to critical 
mach number, psf 

NATFLR            ! 

74 Nacelle panel modulus of elasticity at critical 
flutter condition, psi 

NACELE 

75 Function of mach number for critical flutter 
condition 

NACFl.F            ! 

76 Not used 
To 

! 

80 Not used 

MOTE DATN array starts at common location 521. 
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TABLE 15. DATR AND 1)R ARRAY VARIABLES 

DATR Array DR Array 

Subroutine Variable 
Loc Name Loc Value Description Reference a 

1 XMJM Number of ramps DUCWbT, SUMARY 
2 CONST Construction indicator 

0.0 = standard construction 
1.0 = honeycomb construction 

3 PHS Ultimate absolute haJiimershock 
pressure (refer to loc 18), psia 

PRECRT 

4 XL1 Length of ramp 1, in. DUCWtT, SUMARY 
5 XL2 Length of ramp 2, in. DUCWtT, SUMARY 
6 XL3 Length of ramp 3, in. DUCWET, SUMARY 
7 XL4 Length of ramp 4, in. DUCWET, .SUMARY 
8 IÜ Width of ramp 1, in. 
9 W2 Width of ramp 2, in. 

10 W3 Width of ramp 3, in. 
11 W4 Width of ramp 4, in. 
12 FCY Compression yield stress of ramp 

material (refer to loc 183, psi 
PRECRT 

13 FSU Ultimate shear stress of ramp 
material (refer to loc 18), psi 

PRECRT 

14 DEVS Density of ramp material (refer 
to loc 18), lb/in.3 

PRECRT 

15 XMAT Material-type indicator 
1.0 = aluminum 
2.0 = titanium 
3.0 = steel 

PRECRT 

16 FACT 
or FCT 

Factor of safety (limit to 
ultimate factor) (refer to 
loc 18) 

PRECRT 

17 Distance from leading edge of 
duct to first ramp hinge, in. 

DUCWET, SUMARY 

18 Design definition indicator 
1.0 • locations 3, 12-16 are 

specified in input data 
set 

0.0 = calculate data required 
in locations 3, 12-16 

AISMM 

19 Calculation indicator 
1.0 « calculate ramp weights 

only 
0.0 » calculate all component 

weights 

AISMN 
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TABLE 15. DATR AND DR ARRAY VARIABLES (CONT) 

1    ■ " ■■ ■ ■ ■ —' 

'   DATR Array DR Array 

Subroutine \ Variable 
Loc Name Loc Value Description Reference3 

■ 20 Not used 
21 XCL 1 0.9 Ratio of effective height between 

axial members to total panel depth 
(stiffened sheet construction only) 

22 XFCT 2 0.5 Ratio of allowable compression 
stress to compression yield 
stress (stiffened sheet construction 
only) 

23 XFSU 3 0.5 Ratio of allowable shear stress to 
ultimate shear strength (stiffened 
sheet construction only) 

24 xw 4 0.25 Ratio of hinge position from panel 
edge to panel width (0.25 £ XW 0.5) 

i 25 XCT 5 0.9 Ratio of effective height between 
transverse beam caps to total beam 
depth (stiffened sheet construction 
only) 
Honeycomb core density, lb/ft 1 26 DCORE 6 4.4 

1 27 DADH 7 0.1 Adhesive density per honeycomb 
panel facesheet, psf 

i DAIH location s 28 through 44 contain data for two-ramp system          I 

l 
28 XIL21 8 1.0 Ramp 1 panel weight correlation 

factor 
29 XIT21 9 1.0 Ramp 1 hinge beam weight 

correlation factor 
30 XIM21 10 1.0 Ramp 1 minimum weight correlation 

factor 
31 XIL22 11 1.0 Ramp 2 panel weight correlation 

factor 
32 XITFH2 12 1.0 Ramp 2 forward hinge beam weight 

correlation factor 
33 

1 
j 

XITA2 13 1.0 Ramp 2 actuator beam weight 
correlation factor 

34 X1TA112 14 1.0 Ramp 2 aft hinge beam weight 
correlation factor 
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TABLE 15. DATR AND DR ARRAY VARIABLES (CONT) 

DATR Array DR Array 

Subroutine Variable 
Loc Name I.oc Value Description Reference3 

35 XIM22 15 1.0 Ramp 2 minimum weight correlation 
factor 

36 XP21 16 0.5 Differential pressure on ramp 1, 
fraction of ultimate hammershock 
pressure 

37 XP22 17 0.4 Differential pressure on ramp 1, 
fraction of ultimate hammershock 
pressure 

38 XK21 18 0.2 Fraction of length of nunp 2 from 
forward edge to actuator location 

39 XK22 19 0.8 Fraction of length of ramp 2 from 
aft edge to actuator location 

40 XH21 20 0.1 Panel depth to length ratio for 
ramp 1 

41 XHZ'» 21 0.07 Panel depth to length ratio for 
ramp 2 

42 mz 22 0.1 Panel depth to width ratio for each 
ramp 

43 XHrA2 23 0.15 Actuator beam depth to panel width 
ratio for ramp 2 

44 ALPHA2 24 30.0 Angle between projected face of 
ramp 1 and ramp 2,  deg 

DATR location s 45 through 67 contain data for three-ranp system 

45 XIL31 25 1.0 Ramp 1 panel weight correlation 
factor 

46 XIT31 26 1.0 Ramp 1 transverse beam weight 
correlation factor 

47 XIM31 27 1.0 Raup 1 minimum weight correlation 
factor 

48 XIL32 28 1.0 Ramp 2 panel weight correlation 
factor 

49 XIT32 2r 1.0 Ramp 2 transverse beam weight 
correlation factor 

50 XIM32 30 1.0 Ramp 2 minimum weight correlation 
factor 
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TABLE IS. DATR ASD DR ARRAY VARIABLES (CONT) 

DATR Array DR ^rray 

Subroutine Variable 
Loc Name Loc Value Description Reference a 

SI XIL33 31 1.0 Ramp 3 panel weight correlation 
factor 

S2 XITFH3 52 1.0 Ramp 3 forward hinge beam weight 
correlation factor 

S3 XITA3 33 1.0 Ramp 3 actuator beam weight 
correlatic factor 

S4 XITAH3 34 1.0 Ramp 3 aft hinge beam weight 
correlation factor 

SS XIM33 35 1.0 Ramp 3 minimum weight correlation 
factor 

56 XP31 36 0.2 Differential pressure on raup 1, 
fraction of ultimate hammershock 
pressure 

S7 XP32 37 0.5 Differential pressure on ramp 2, 
fraction of ultimate hammershock 
pressure 

58 XP33 38 0.4 Differential pressure on ramp 3, 
fraction of ultimate hanmershock 
pressure 

59 XK31 39 0.9 Fraction of length of ramp 1 from 
forward edge to actuator location 

60 XK32 40 0.2 Fraction of length of ramp 3 from 
forward edge to actuator location 

61 XK33 41 0.8 Fraction of length of ramp 3 from 
aft edge to actuator location 

62 X1131 42 0.2 Panel depth to length ratio for 
ramp 1 

63 ,K]152 43 0.1 Panel depth to length ratio for 
ramp 2 

64 XI133 44 0.07 Panel depth to length ratio for 
ramp 3 

65 XJIT3 45 0.1 Panel depth to width ratio for each 
ramp 

66 XJ{1A3 46 0.15 Actuator beam depth to panel width 
ratio for ram^ 3 

67 ALPIIA3 47 30.0 Angle between projected face of ramp 
2 and ramp 3, deg 

DATR locatioj is 68 through 98 contain data for four-ramp system 
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TABLE 15. DATR AND DR ARRAY VARIABLES (CONTT) 

DATR Array DR Array 

Subroutine Variable 
Loc Name Loc Value Description Reference3 

68 XIL41 48 1.0 Ramp 1 panel weight correlation 
factor 

69 XIT41 49 1.0 Ramp 1 transverse beam weight 
correlation factor 

70 XIM41 50 1.0 Ramp 1 minimum weight correlation 
factor 

71 XIL42 51 1.0 Ramp 2 panel weight correlation 
factor 

72 XIT42 52 1.0 Ramp 2 transverse beam weight 
correlation factor 

73 XIM42 53 1.0 Ramp 2 minimum weight correlation 
factor 

74 XIL43 54 1.0 Ramp 3 panel weight correlation 
factor 

75 XITFH4 55 1.0 Ramp 3 forward hinge beam weight 
correlation factor 

76 XITFA4 56 1.0 Ramp 3 forward actuator beam weight 
correlation factor 

77 XITAA4 57 1.0 Ramp 3 aft actuator beam weight 
correlation factor 

78 XITAH4 58 1.0 Ramp 3 aft hinge beam weight 
correlation factor 

79 XIM43 59 1.0 Ramp 3 minimum weight correlation 
factor 

80 XIL44 60 1.0 Ramp 4 panel weight correlation 
factor 

81 XIT44 61 1.0 Raup 4 transverse beam weight 
correlation factor 

82 XIM44 62 1.0 Ramp 4 minimum weight correlation 
factor 

83 XP41 63 0.6 Differential pressure on ramp 1, 
fraction of ultimate hammershock 
pressure 

84 XP42 64 1.0 Differential pressure on ramp 2, 
fraction of ultimate hammershock 
pressure 

85 XP43 65 1.0 Differential pressure on ramp 3, 
fraction of ultimate hanmershock 
pressure 
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TABLE 15. DATR and DR ARRAY VARIABLES (CONT) 

UATR Array DR Array 

Description 
Subroutine 
Reference3 Loc 

Variable 
Name Loc Value 

86 

87 

88 

89 

90 

91 

92 

93 

94 

9'j 

96 

97 

98 

XP44 

XK41 

XX42 

XK43 

XK44 

XH41 

XH42 

XH43 

XH44 

xirr4 

x}rrA4 

GANWA 

sicm 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

0.4 

0.1 

0.75 

0.15 

0.9 

0.1 

0.1 

0.08 

Ü.1 

0.1 

0.125 

20.0 

10.0 

Differential pressure on ramp 4, 
fraction of ultimate hammershock 
pressure 
Fraction of length of ramp 3 from 
forward edge to forward actuator 
location 
Fraction of length of ramp 3 
distance between actuators 
Fraction of length of ramp 3 from 
aft edge to aft actuator location 
Fraction of length of ramp 1 from 
forward edge to actuator location 
Panel depth to length ratio for 
ramp 1 
Panel depth to length ratio for 
ramp 2 
Panel depth to length ratio for 
ramp  3 
Panel depth to length ratio for 
ramp 4 
Panel depth to width ratio for 
each ramp 
Actuator beam depth to panel width 
ratio for ramp 3 
Angle between projected face of 
ramp 2 and ramp 3, deg 
Angle between projected face of 
ramp 3 and ramp 4, deg 

UATR locations 99 through 113 contain minimum gage data 

99 
100 
101 

102 
103 
104 
105 

TCA 
TWA 
TSA 

TBARFA 
TBARRA 
TCT 
m 

79 
80 
81 

82 
83 
84 
85 

0.04 
0.02 
0.015 

0.04 
0.015 
0.025 
0.013 

Aluminum cap thickness, in. 
Aluminum web thickness, in. 
Aluminum honeycomb face sheet 
thickness, in. 
Aluminum front sheet thickness, in. 
Aluminum rear sheet thickness, in. 
Titanium cap thickness, in. 
Titanium web thickness, in. 
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TABLE 15. ÜATR AND DR ARRAY VARIABLES (CONCL) 

1 DATR Array ÜR Array 

Subroutine Variable 
Loc Name Loc Value Description Reference* | 

106 TST 86 0.01 Titanium honeycomb face sheet 
thickness, in. 

107 TBARFT 87 0.025 Titanium front sheet thickness. 

108 TBARAT 88 0.01 
in. 
Titanium rear sheet thickness, in. 

109 TCS 89 0.02 Steel cap thickness, in. 
110 TWT 90 0.01 Steel web thickness, in. 
111 TST 91 0.01 Steel honeycomb face sheet 

thickness, in. 
112 TBARFS 92 0.02 Steel front sheet thickness, in. 
113 TBARAS 93 0.01 Steel rear sheet thickness, in. 
114 Not used 

To 
120 Not used 

NOTE DATR arr ay st arts at cormon location 401, DR array starts at conmon   | 
location 641. If DATR values are not defined in the input data set, 

j    DR value s are transfe srred to the corresponding DATO locations.      1 

i aAll variables in these arrays, with the exception of DATO(17), DATR(18), 
1 and DATO(19), are used in subroutine RAMPS. DR array is Only used in     ! 
subroutine RA MPS. 
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TABLE 16. DATS ENGINE SECTION AND AIR INDUCTION 
SYSTEM INPin" DATA ARRAY VARIABLES 

Loc Description Subroutine 
Reference 

1 IPT, nunber of nacelles AISNW, 
SUMARY 

MISCCM, PYLONS 

2 EGIP, engine bypass ratio AISW, DSGNP 
3 IVG, inlet type 

1.0 - fixed duct 
2.0 ■ fixed spike 
3.0 ■ horizontal raup 
4.0 ■ vertical ramp 
5.0 ■ translating spike 
6.0 ■ translating and2expanding spike 

Capture area per inlet, in. 

AISM^ 

4 AISMN, SPIKE 
5 Number of Inlets AI»1N, SPIKE 
6 Distance, leading edge of inlet to throat. AI»M, SPIKE, DUCPNL, 

in. DUCFRM 
7 Number of engines per vehicle AIS^N, 

PYLONS 
NACELE, MISCCM, 

8 Maximum sea-level static thrust per engine, 
lb. 
Weight per engine, lb 

AI »IN 

9 AISWJ, MISOOM, PYLONS 
10 Engine length, in. AISMN 
11 Engine maximum diameter, in. AISMN, MISCCM 
12 Distance from front face to engine center 

of gravity, in. 
AISMN, MISCCM 

13 X-station inlet leading edge of inboard 
engine package, in. 

AISMN, SLMARY 

14 Y-station inboard nacelle centerline at 
engine front face, in. 

AISMN, PYLONS 

15 Z-station inboard nacelle centerline at 
engine front face, in. 

AISMN 

16 X-station inlet leading edge of outboard 
engine package, in. 

AISMN, SUMARY 

17 Y-station outboard nacelle centerline at 
engine front face, in. 

AISMN, PYLONS 

18 Z-station outboard nacelle centerline at 
engine front face, in. 

AISMN 

19 Not used 
20 Pylon, sweep of leading edge, deg AISMN, PYLONS 
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TABLE 16. DATS ENGINE SECTION AND AIR INDUCTION 
SYSTEM INPUT DATA ARRAY VARIABLES (CONCL) 

Loc Description Subroutine 
Reference 

21 Pylon type of mounting 
0 ■ vertical 
1 ■ horizontal 

Alim, PYLONS 

22 Pylon, chord of inboard, in. AISMN, PYLONS 
23 Pylon, span of inboard, in. AlSWf, PYLONS 
24 Pylon, chord of outboard, in. AISMN, PYLONS 
25 Pylon, span of outboard, in. AISMN, PYLONS 
26 Pylon, thickness to chord ratio      2 

Auxiliary inlet door area per nacelle, ft 
Duct bypass door area per nacelle, ft^ 

AISNN, PYLONS 
27 AI»!N, MISOJM 
28 AISMN, MISCOM 
29 Miscellaneous door area per nacelle, ft2 AISIW, MISCOM 
30 Shroud indicator 

0.0 ■ no shroud 
1.0 • shroud 

>1.0 - shroud area, ft2 

AISMN, MISCOM 

31 Duct structural material identification 
number 

AISNW, MCNTLl 

32 Variable-geometry ramps structural 
material identification number 

AISMN, NCNTLl 

33 Nacelle structural material identification 
number 

AISMN, MCNTLl 

34 Not used 
35 Not used 
36 Yaw velocity, radian/sec AISNW, PYLONS 
37 Maximum vertical maneuver load factor AlShW, PYLONS 

NOTE DATS array starts at common location 281. 
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TABLE 17. EQU ARRAY VARIABLES 

Subroutine   1 
Loc Value Description Reference 

1 36.08924 Altitude, 1,000 ft TEMPR 
2 2116.22 Ambient pressure at sea level, psf TEMPR 

1 3 0.00687559 Curve fit constant TEMPR 
4 5.25591 Curve fit constant TEMPR 
5 65.61688 Altitude, 1,000 ft TB1PR 
6 20.80556 Curve fit constant TEMPR 
7 472.68 Ambient pressure at 36,089 ft, psf TEMPR 
8 104.9869 Altitude, 1,000 ft TEMPR 
9 114.345 Ambient pressure at 65,617 ft, psf TEMPR 

10 389.97 Curve fit constant TEMPR 
11 -34.1634 Curve fit constant TEMPR 
12 0.548641 Curve fit constant TEMPR 
13 18.131 Ambient pressure at 104,987 ft, psf THMPR 
14 1.53619 Curve fit constant TB4PR 
15 411.57 Ambient temperature at 104,987 ft, 0 R TEMPR 
16 -12.2012 Curve fit constant TEMPR 
17 154.19948 Altitude, 1,000 ft TEMPR 
18 518.67 Ambient temperature at sea level, 0 R TEMPR 
19 3.56616 Curve fit constant TEMPR 
20 389.97 Ambient temperature between 36,089 and 

and 65,617 ft, 0 R 
TEMPR 

21 0.00000304 Curve fit constant SPAL 
22 53.3 Gas constant, ft-lb/lb/0 R SPAL 
23 1.4 Ratio of specific heats SPAL 
24 0.075 Constant-pressure recovery calculation SPAL 
25 1.35 Constant-pressure recovery calculation SPAL 
26 0.3 Constant airflow at engine, M SPAL 
27 0.5 Constant airflow at engine, M SPAL 
28 460.0 Conversion 0 R to 0 F MCNTL1, PRECRT 
29 12.53 Fixed spike weight estimate constant SPIKE 
30 15.65 Translating spike weight estimate 

constant 
SPIKE 

31 51.8 Translating and expanding spike 
estimate constant 

SPIKE 

32 0.8 Constant-static-pressure calculation DSGNP 
33 0.05 Constant-static-pressure calculation DSGNP 
34 400.0 Constant-hammershock pressure 

calculation 
DSGNP 

35 1.019056 Constant-hanmershock pressure 
calculation 

DSGNP 
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TABLE 17. EQU ARRAY VARIABLES (CONT) 

Subroutine 
Loc Value Description Reference 

36 0.0289156 Constant-hairmershock pressure 
calculation 

DSGNP 

37 1.350112 Constant-hammershock pressure 
calculation 

DSGNP 

38 0.664319 Constant-hammershock pressure 
calculation 

DSGNP 

39 1.5 Constant-hammershock pressure 
calculation 

DSGNP 

40 0.00602627 Constant-hammershock pressure 
calculation 

DSGNP 

41 0.080725 Constant-hanmershock pressure 
calculation 

DSCNP 

42 3.16503 Constant-hanmershock pressure 
calculation 

DSGNP 

43 1.588524 Constant-hanmershock pressure 
calculation 

DSGNP 

44 1100.0 Constant-hammershock pressure 
calculation 

DSGNP 

45 2.5 Constant-hammershock pressure 
calculation 

DSGNP      1 

46 0.770476 Constant-hanmershock pressure 
calculation 

DSGNP 

47 0.1482515 Constant-hanmershock pressure 
calculation 

DSGNP      | 

48 4.371758 Constant-hanmershock pressure 
calculation 

DSGNP 

1 49 2.114969 Constant-hanmershock pressure 
calculation 

DSGNP      i 

50 900.0 Constant-hanrnershock pressure 
calculation 

DSGNP 

51 1.538116 Constant-hanmershock pressure 
calculation 

DSGNP      1 

52 0.3029697 Constant-hanmershock pressure 
calculation 

DSGNP 

53 0.4872335 Constant-hammershock pressure 
calculation 

DSGNP      | 

54 0.4653126 Constant-hammershock pressure 
calculation 

DSGNP      I 

55 700.0 Constant-hammershock pressure 
calculation 

DSGNP 
i 
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TABLE 17. EQU ARRAY VARIABLES (COM") 

Subroutine 
Loc Value Description Reference 

56 Not used 
* To 
60 Not used 
61 1.6 Constant-hamnershock pressure 

calculation 
DSGNP 

62 0.984 Constant-hamnershock pressure 
calculation 

DSGNP 

63 0.0074 Constant-hainmershock pressure 
calculation 

DSGNP 

64 0.0263 Constant-hammershock pressure 
calculation 

DSGNP 

65 Not used 
• To 
80 Not used 
81 0.03 Maximum ratio of deflection to 

frame spacing at inlet throat 
(deflection criteria), in./in. 

DUCPNL 

82 0.06 Maximum ratio of deflection to 
frame spacing aft of inlet throat 
(deflection criteria), in./in. 

DUCPNL 

83 0.071853 Panel deflection equation constant 
for pressure loading 

DUCPNL 

84 0.666667 Panel deflection equation constant 
for pressure loading 

DUCPNL 

85 2.666667 Panel deflection equation constant 
for pressure loading 

DUCPNL 

86 1.666667 Panel deflection equation constant 
for pressure loading 

DUCPNL 

87 1.3769 Panel thickness at midspan equation 
constant for pressure loading 

DUCPNL 

88 2.484 Panel thickness at midspan equation 
constant for pressure loading 

DUCPNL 

89 1.984 Panel thickness at midspan equation 
constant for pressure loading 

DUCPNL 

90 4.467 Panel thickness at midspan equation 
constant for pressure loading 

DUCPNL 

91 1.646 Panel thickness at edge equation 
constant for pressure loading 

DUCPNL 

92 0.894 Panel thickness at edge equation 
constant for pressure loading 

DUCPNL 
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TABLE 17. EQU ARRAY VARIABLES (CONT) 

Subroutine 
Loc Value Description Reference 

1 93 0.394 Panel thickness at edge equation 
constant for pressure loading 

DUCPNL 
1 

94 1.288 Panel thickness at edge equation 
constant for pressure loading 

DUCPNL   j 

1 9S 2.5 Maximum land thickness to field 
thickness ratio 

DÜCPNL 

96 4.0 Duct lip unit weight, psf DÜCWET   | 

1 97 
0.4851674 Constant for calculation of flutter 

parameter, function of mach number 
NACELE 

1 98 1.166456 Constant for calculation of flutter 
parameter, function of mach number 

NACELE 

I " 0.488412 Constant for calculation of flutter 
parameter, function of mach number 

NACELE   | 

100 0.4037203 Constant for calculation of flutter 
parameter, function of mach number 

NACELE 

101 1.4 Constant for calculation of flutter 
parameter, function of mach number 

NACELE 

102 0.6 Constant for calculation of flutter 
parameter, function of mach number 

NACELE 

103 0.484927 Constant for calculation of flutter 
parameter, function of mach number 

NACELE 

104 0.555184 Constant for calculation of cover 
flutter thickness parameter 

NACELE 

105 0.1686944 Constant for calculation of cover 
flutter thickness parameter 

NACELE 

106 0.02169992 Constant for calculation of cover 
flutter thickness parameter 

NACELE 

107 0.000963694 Constant for calculation of cover 
flutter thickness parameter 

NACELE   | 

108 12.0 Pylon unit weight, psf PYLONS 
109 141.3125 Fitting weight calculation parameter PYLONS 
110 78.2 Fitting weight calculation parameter PYLONS 
111 0.000025 Fitting weight calculation parameter PYLONS 
112 0.015 Engine mount weight estimate factor, 

fraction of engine weight 
MISC0M   | 

113 12.0 Auxiliary inlet door unit weight, psf MISGCM 
114 15.0 Duct bypass door unit weight, psf MISCQM 
115 2.93 Engine removal door unit weight, psf MISC0M 
116 2.5 Miscellaneous doors unit weight, psf MISCCM 
117 0.8 Firewalls and shrouds unit weight, 

psf 
MISGCM   1 
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TABLE 17. HQU ARRAY VARIABLES (CONCL) 

Subroutine  1 
Loc Value Description Reference  1 

118 5.0 Engine coiipartment clearance 
constant, in. 

MISCOM     | 

119 0.026 Unit weight of exterior finish, 
psf 

MISCOM     1 

120 1.0 Nacelle load redistribution 
structure unit weight, psf 

NACELE 

121 Not used 
• To 

190 Not used 
191 1.0 DATK (1), Duct weight index factor AISMN, DUCTS 
192 1.0 DATK (2), Nacelle frame weight 

index factor 
AISMN, NACELE 

193 1.0 DATK (3), Nacelle cover weight index 
factor 

AISMN, NACELE 

194 1.0 DATK (4), Nacelle longitudinal 
members weight index factor 

AISMN, NACELE 

195 DATK C5), Not used 
t To 

200 DATK (10), Not used 

NOTE EQU array star ts at common location 81. 
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TABLE 18. F ARRAY RAMP TITLES 

Used With 1 
Locations Title Data AIS Data Loc 1 

1 - 10 21 CL 421 
11 - 20 22 PERCBTT OF COMPRESSION YIELD 422 
21 - 30 23 PERCENT OF SHEAR ULTIMATE 423 
31 - 40 24 XW 424 
41 - 50 25 CT 425 
51 - 60 26 DENSITY OF CORE (PSF) 426 
61 - 70 27 DENSITY OF ADHESIVE (PSF) 427 
71 - 80 28 INDEX RAMP 1 LONGITUDINAL 428 
81 - 90 29 INDEX RAMP 1 TRANSVERSE 429 
91 - 100 30 INDEX RAMP 2 MINIMUM GAGE 430 

101 - 110 31 INDEX RAMP 2 LONGITUDINAL 431 
111 - 120 32 INDEX RAMP 2 FWD HINGE BEAM 432 
121 - 130 33 INDEX RAMP 2 ACTUATOR BEAM 433 
131 - 140 34 INDEX RAMP 2 AFT HINd BEAM 434 
141 - 150 35 INDEX RAMP 2 MINIMUM GAGE 435 
151 - 160 36 PERCENT HAMERSHOCK RAMP 1 436 
161 - 170 37 PERCENT HAWERSHOCK RAMP 2 437 
171 - 180 38 K21 438 
181 - 190 39 K22 439 
191 - 200 40 H21 440 
201 - 210 41 H22 441 
211 - 220 42 HT2 442 
221 - 230 43 HrA2 443 
231 - 240 44 ANGLE RAMP 1 - RAMP 2 444 
241 - 250 45 INDEX RAMP 1  LONGITUDINAL 445 
251 - 260 46 INDEX RAMP 1  TRANSVERSE 446 
261 - 270 47 INDEX RAMP 1  MINIMUM GAGE 447 
271 - 280 48 INDEX RAMP 2 LONGITUDINAL 448 
281 - 290 49 INDEX RAMP 2 TRANSVERSE 449 
291 - 300 50 INDEX RAMP 2 MINIMUM GAGE 450 
301 - 310 51 INDEX RAMP 3 LONGITUDINAL 451 
311 - 320 52 INDEX RAMP 3 FWD HINGE BEAM 452 
321 - 330 53 INDEX RAMP 3 ACTUATOR BEAM 453 
331 - 340 54 INDEX RAMP 3 AFT HINGE BEAM 454 
341 - 350 55 INDEX RAMP 3 MINIMUM GAGE 455 
351 - 360 56 PEKTFNT HAMMERSHOCK RAMP 1 456 
361 - 370 57 PERCENT HAMMERSHOCK RAMP 2 457 
371 - 380 58 PERCENT HAWERSHOCK RAMP 3 458 
381 - 390 59 K31 459 
391 - 400 60 K32 460 
401 - 410 61 K33 461 
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TABLE 18.    F ARRAY RAMP TITLIiS (CONT) 

Used With 
Locations Title Data AIS Data Loc 

411 - 420 02 H31 462 
421 - 430 63 H32 463 
431 - 440 64 H33 464 
441 - 450 65 HT3 465 
451 - 460 66 OTA3 466 
461 - 470 67 ANGLE RAMP 2 - RAMP 3 467 
471 - 480 68 INDEX RAMP 1 LONGITUDINAL 468 
481 - 490 69 INDEX RAMP 1 TRANSVERSE 469 
491 - 500 70 INDEX RAMP 1 MINIMUM GAGE 470 
501 - 510 71 INDEX RAMP 2 LONGITUDINAL 471 
511 - 520 72 INDEX RAMP 2 TRANSVERSE 472 
521 - 530 73 INDEX RAMP 2 MINIMUM GAGE 473 
531 - 540 74 INDEX RAMP 3 LONGITUDINAL 474 
541 - 550 75 INDEX RAMP 3 FIVD HINGE BEAM 475 
551 - 560 76 INDEX RAMP 3 FWD ACTUATOR BEAM 476 
561 - 570 77 INDEX RAMP 3 AFT ACTUATOR BEAM 477 
571 - 580 78 INDEX RAMP 5 AFT HINGE BEAM 478 
581 - 590 79 INDEX RAMP 3 MINIMJM GAGE 479 
591 - 600 80 INDEX RAMP 4 LONGITUDINAL 480 
601 - 610 81 INDEX RAMP 4 TRANSVERSE 481 
611 - 620 82 INDEX RAMP 4 MINIMUM GAGE 482 
621 - 630 83 PERCENT HAMERSHOCK RAMP 1 483 
631 - 640 84 PERCENT HAMMLRSHOCK RAMP 2 484 
641 - 650 85 PERCENT UANWERSHOCK RAMP 3 485 
651 - 660 86 PERCENT HAMMERSHOCK RAMP 4 486 
661 - 670 87 K41 487 
671 - 680 88 K42 488 
681 - 690 89 K43 489 
691 - 700 90 K44 490 
701 - 710 91 H41 491 
711 - 720 92 H42 492 
721 - 730 93 H43 493 
731 - 740 94 H44 494 
741 - 750 95 m 495 
751 - 760 96 HrA4 496 
761 - 770 97 ANGLE RAMP 2 - RAMP 3 497 
771 - 780 98 ANGJ.': RAMP 3 - RAMP 4 498 
781 - 790 99 ALUMINUM TC 499 
791 - 800 100 ALUMINUM TO 506 
801 - 810 101 ALUMINUM TS 507 
811 - 820 102 ALUMINUM TBARF 508 
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TABLE 18.    F ARRAY RAMP TITLES (CONCL) 

Used With 
Locations Title Data AIS Data Loc 

821 - 830 103 ALUMINUM TBARR 509 
831 - 840 104 TITANIUM TC 510 
841 - 850 105 TITANIUM TW 511 
8S1 - 860 106 TITANIUM TS 512 
861 - 870 107 TITANIUM TBARF 513 
871 - 880 108 TITANIIW TBARR 514 
881 - 890 109 STEEL TC 515 
891 - 900 110 STEEL TW 516 
901 - 910 111 STEEL TS 517        i 
911 - 920 112 STEEL TBARF 518 
921 - 930 113 Sim TBARR 519 

NOTE F arrs ty starts at common location 771. 
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TABLE 19.    ND ARRAY VARIABLES 

Variable Subroutine 
Loc Name Description Reference 

1 Not used 
To 

58 Not used 
59 miL Number of arrays of material 

properties in mass storage file, 
records 41 through 60 

AISMN.MCNTLl 

60 MATLI Material identification number MCNrLl,MATLP2 
61 Not used 

• To 
92 Not used 
93 IF3 Material properties library file 

record number 
MCNTLl 

94 IF4 Calculated material properties MCNrLl,PRFCRT, 
file record number NACELE, PYLONS 

95 Not used 
, To 

100 Not used 
101 I Scratch counter, also duct cut DUCTS,DUCPNL, 

counter in routines referenced DUCFRM 
102 J Scratch counter Most 
103 K Scratch counter Most 
104 L Scratch counter, also duct cut DUCTS, FRMND3, 

counter in routines referenced FRMFIJ) 
105 Not used 
106 N Scratch counter MCNTLl ,MATLF1, 

MATLP2 
107 11 Counter through nine speed 

profile points 
MCNTLl ,MATLP2 

108 JJ Counter for N^ and ML at 
each speed profile altitude 

MCNTLl 

109 KK Scratch counter MCNTLl ,MATLP2, 
FRMND3,FRMFI.D 

110 Not used 
111 ITP Number of nacelles AISMN 
112 IVG Inlet-type indicator AISMN,DSGNP, 

1 - fixed duct MCNTLl,SPIKE, 
2 ■ fixed spike DUCWET,SUMARY 
3 ■ horizontal ramp 
4 ■ vertical ramp 
5 « translating spike 
6 » translating and 

expanding spike 
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TABLE 19.    NU ARRAY VARIABLES (CONT) 

■ 

Variable Subroutine 
Loc Name Description Reference 

113 Not used 
114 IGD Duct leading edge-type DUCTS,DCTGEO, 

indicator DÜCWET 
0 « complete section 
1 = vertical lip 
2 « horizontal lip 

115 NC Number of input duct cuts DUCTS,DCTGEO, 
DUCPNL.DUCFRM, 
DUCWEr,NACELE, 
MISCOM 

116 KC Duct perimeter code 
1 ■ perimeter input 
2 « perimeter correction 

factor input 

DUCTS,DCTGEO 

117 ICRT Critical design point on 
speed profile 

PRECRT 

118 IQ Number of frame segments per DUCTS,FRMND3, 
quadrant FRMFI.D 

119 IFF Number of frame segments DUCTS,FRMND3, 
FRMELD,DUCFRM 

120 IC Number of frame cuts OUCTS,FRMELD, 
121 IFRM Frame spacing search pass 

counter 
1 = initial spacing 
2 - second or subsequent 

spacing 
3 ■ final or fixed spacing 

Diicrs 

122 IMIL Duct panel mill indicator 
0 ■ panel not milled 
1 ■ panel milled 

DUCPNL 

123 NCN Number of input nacelle cuts NArF,I.F,,NCLGEO, 
MISCOM 

124 KCN Nacelle perimeter code 
1 » perimeter input 
2 ■ perimeter correction 

factor input 

NACFT.H.NCLGEO 
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TABLE 19. ND ARRAY VARIABLES (OONCL) 

Variable Subroutine 
Loc Name Description Reference 

125 ICN Engine support-type indicator 
0 ■ engine directly mounted 

to pylon or one engine 
per nacelle 

1 ■ multiple engines per 
nacelle with engines 
mounted to nacelle 
structure 

NACFIJ. 

126 IGN Nacelle leading edge-type 
indicator 

0 ■ complete section 
1 - vertical lip 
2 ■ horizontal lip 

NArFI.F,NCLGEO 

127 Nn.T Speed profile point critical 
for local panel flutter design 

NACFLF, 

128 ICNT Design pressure point counter DUCFRM 
129 Not used 

• To 
200 Not used 

MJTE: ND array st arts at common location 4201. 
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TABLE 20. SUM ARRAY VARIABLES 

Subroutine 
Loc Description Reference 

1 Weight air induction system structure per 
vehicle, lb 

SUMARY, AISMN 

X-CG air induction system structure, in. SUMARY, AISMN 
3 Weight duct lip, per nacelle in DUCTS, 

per vehicle in SUMARY, lb 
DUCTS, SUMARY 

4 X-CG duct lip, relative to inlet leading 
edge in DUCTS, in vehicle system in 
SUMARY, in. 

DUCTS, SUMARY 

S Weight duct, per nacelle in DUCTS, per 
vehicle in SUMARY, lb 

DUCTS, SUMARY 

6 X-CG duct, relative to inlet leading 
edge in DUCTS, in vehicle system in 
SUMARY, in. 

DUCTS, SUMARY 

7 Weight auxiliary inlet, per nacelle in 
MISCOM, per vehicle in SUMARY, lb 

MISCOM, SUMARY 

8 X-CG auxiliary inlet, relative to inlet 
leading edge in MISCOM, in vehicle sys- 
tem in SUMARY, in. 

MISCOM, SUMARY 

9 Weight duct by pass doors, per nacelle 
in MISCOM, per vehicle in SUMARY, lb 

MISCOM, SUMARY 

10 X-CG duct bypass doors, relative to 
inlet leading edge in MISCOM, in 
vehicle system in SUMARY, in. 

MISCOM, SUMARY 

11 Weight two-dimensional variable- 
geometry raup structure per vehicle, lb 

SUMARY 

12 X-CG ramp structure, in. SUMARY 
13 Weight fixed spike, per nacelle in 

SPIKE, per vehicle in SUMARY, lb 
SPIKE, SUMARY 

14 X-CG fixed spike, relative to inlet 
leading edge in SPIKE, in vehicle sys- 
tem in SUMARY, in. 

SPIKE, SUMARY 

15 Weight translating spike, per nacelle 
in SPIXE, per vehicle in SUMARY, lb 

SPIKE, SUMARY 

16 X-CG translating spike, relative to 
inict leading edge in SPIKE, in vehicle 
system in SUMARY, in. 

SPIKE, SUMARY 

17 Weight translating and expanding spike, 
per nacelle in SPIKE, per vehicle in 
SUWARY, lb 

SPIKE, .SUMARY 
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TABLE 20.    SU^ ARRAY VARIABLES (CONT) 

Subroutine 
Loc Description Reference 

18 X-CG translating and expanding spike, 
relative to inlet leading edge in 
SPIKE, in vehicle system in SUMARY, in. 

SPIKE, SUMARY 

19 Not used 
20 Not used 
21 Weight engine mounts, per nacelle in 

MISCCM, per inboard engine package in 
SUMARY, lb 

MISCCM, SUMARY 

22 X-CG engine mounts, relative to inlet MISCOM, PYLONS, 
leading edge in MISCOM and PYLONS, in SUMARY       | 
vehicle system in SUMARY, in. 

23 Weight engine mounts in outboard 
nacelle set, lb 

SUMARY 

24 X-CG outboard nacelle engine mounts, in. SUMARY 
25 Weight nacelle frames, per nacelle in 

NACELE, per inboard engine package in 
SUMARY, lb 

NACELE, SUMARY 

26 X-CG nacelle frames, relative to inlet 
leading edge in NACELE, in vehicle sys- 
tem in SUMARY, in. 

NACELE, SUMARY 

27 Weight nacelle frames in outboard 
nacelle set, lb 

SUMARY 

28 X-CG outboard nacelle frames, in. SUMARY 
29 Weight nacelle covers, per nacelle 

in NACELE, per inboard engine package 
in SUMARY, lb 

NACELE, SUMARY 

30 X-CG nacelle covers, relative to inlet 
loading edge in NACELE, in vehicle sys- 
tem in SUMARY, in. 

NACELE, SUMARY 

31 Weight nacelle frames in outboard 
nacelle set, lb 

SUMARY 

32 X-CG outboard nacelle covers, in. SUMARY 
33 Weight nacelle longitudinal members, 

per nacelle in NACELE, per inboard 
engine package in SUMARY, lb 

NACELE, SUMARY 

34 X-CG nacelle longitudinal members, 
relative to inlet leading edge in 

NACELE, SUMARY 

NACF.IJi, in vehicle system in SUMARY, in. 
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TABLE 20. SIM1 ARRAY VARIABLES (CONT) 

Subroutine 
Loc Description Reference 

35 Weight nacelle longitudinal members in 
outboard nacelle set, lb 

SUMARY 

36 X-CG outboard nacelle longitudinal 
members, in. 

SUMARY 

37 Weight inboard fittings per nacelle in 
PYLONS, per inboard nacelle set in 
SUMARY, lb 

PYLONS, SUMARY 

38 X-CG inboard fittings, relative to inlet 
leading edge in PYLONS, in vehicle sys- 
tem in SUMARY, in. 

PYLONS, SUMARY 

39 Weight outboard fittings per nacelle 
in PYLONS, per outboard nacelle set in 
SUMARY, lb 

PYLONS, SUMARY 

40 X-CG outboard fittings, relative to 
inlet leading edge in PYLONS, in 
vehicle system in SUMARY, in. 

PYLONS, SUMARY 

41 Weight inboard pylon, per nacelle in 
PYLONS, per inboard nacelle set in 
SUMARY, lb 

PYLONS, SUMARY 

42 X-CG inboard pylon, relative to inlet 
leading edge in PYLONS, in vehicle sys- 
tem in SUMARY, in. 

PYLONS, SUMARY 

43 Weight outboard pylon, per nacelle in 
PYLONS, per outboard nacelle set in 
SUMARY, lb 

PYLONS, SUMARY 

44 X-CG outboard pylon, relative to inlet 
leading edge in PYLONS, in vehicle 
system in SUMARY, in. 

PYLONS, .SUMARY 

45 Weight firewall, per n.» eile in MISCOM, 
per inboard nncelle set in SUMARY, lb 

MISCOM, SUMARY 

46 X-CG firewall, relative to inlet lead- 
ing edge in MISCOM, in vehicle system 
in SUMARY, in. 

MISCOM, .SUMARY 

47 Weight firewall in outboard nacelle 
set, lb 

SUMARY 

48 X-CG outboard nacelle firewall, in. SUMARY 
49 Weight shroud, per nacelle in MISCOM, 

per inboard nacelle set in SUMARY, lb 
MISCOM, SUMARY 

50 X-CG shroud, relative to inlet leading 
edge in MISCOM, in vehicle system in 

MISCOM, SUMARY 

SUMARY, in. 
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TABLE 20.    SUM ARRAY VARIABLES  (CCWT) 

Subroutine 
Loc Description Reference 

51 Weight shroud in outboard nacelle set, 
lb 

SUMARY 

52 X-CG outboard nacelle shroud, in. SUMARY 
53 Not used 

To 
Not used 56 

57 Weight inboard nacelle and engii ■ 
section, lb 

SUMARY, AISMN 

58 X-CG inboard nacelle and engine 
section, in. 

SUMARY 

59 Weight outboard nacelle and engine 
section, lb 

SUMARY, AISMN 

60 X-CG outboard nacelle and engine 
section, in. 

SUMARY 

61 Weight nacelles and engine section, lb SUMARY 
62 X-CG nacelles and engine section, in SUMARY 
63 Not used 
64 Not used 
65 Weight miscellaneous access doors, per 

nacelle in MISCOM, per vehicle in 
SUMARY, lb 

MISCOM, SUMARY 

66 X-CG miscellaneous access doors, rela- 
tive to inlet leading edge in iMISCOM, 
in vehicle system in SUTIARY, in. 

MISCOM, SUMARY 

67 Weight engine removal doors, per 
nacelle in JttSCGM, per vehicle in 
SUMARY, lb 

MISCOM, SUMARY 

68 X-CG engine removal doors, relative 
to inlet leading edge in MISCOM, in 
vehicle system in SUMARY, in. 

MISCOM, SUMARY 

69 Not used 
70 Not used 
71 Weight exterior finish, per nacelle 

in MISCOM, per vehicle in SUMARY, lb 
MISCOM, SUMARY 

72 X-CG exterior finish, relative to inlet 
leading edge in MISCOM, in vehicle sys- 
tem in SUMARY, in. 

MISCOM, SUMARY 

73 Weight doors panels and miscellaneous, 
lb 

SUMARY, AISMN 
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Subroutine 
Loc Description Reference 

74 X-CG doors panels and miscellaneous, in. SUMARY 
75 Weight engine section and nacelle group, 

lb 
SUMARY, AISMN 

76 X-CG engine section and nacelle group, SUMARY, AISMN 

77 
Hit 

Not used 

200 Not used 

NOTE Sl^M array starts at common location 1701. 

201 

■■■■•^W' 



TABLE 21. m ARRAY VARIABLES 

Engrg 
i Loc Symbol Description Subroutine Reference 

1 Temperature (design), 0F mTLFl,MCNrLl,M/VrLP2 ! 
2 H Poisson's ratio mTLFl,MCNrLl,M/VrLP2 
3 Ac 

Constant for compres- 
sion stress-strain curve 
fit, in/in. 

M/VrLFl,MCmi,MATLP2 | 

4 Bc Constant for compres- 
sion stress-strain curve 
fit, in2./lb 

MATUl,MCmi,MATLP2 1 

5 Ec Compression modulus of MATLF1,MCNTL1,MATLP2 | 
elasticity, psi 

6 FCY Compression yield 
stress, psi 

MATLFl,MCNrU,mTLP2 

7 ^T Constant for tension 
stress-strain curve 
fit, in./in. 

MATLFl,MCmi,MATLP2 | 

8 ^r Constant for tension 
stress-strain curve 
fit, in.2/lb 

MATLFl,MCNrLl,MATLP2 

9 h Tension modulus of 
elasticity, psi 

MATLFl,MCOTLliMATLP2 | 

10 FTY Tension yield stress, 
psi 

MATLFl,MCmi,M/VrLP2 | 

11 Material density, lb/in.3 MATLFl,MCmi,mTLP2 
12 p 

TU 
Ultimate tensile MATLFl,MCNrLl,MATLP2 j 
strength, psi 

13 F 
CPL Compressive stress at 

proportional limit, psi 
MATLFl,MCmi,MATLP2 

14 ^T Modulus of elasticity at 
room temperature, psi 

MATLFl,MCNrLl,mTLP2 | 

15 GRT Shear modulus at room 
temperature, psi 

mTLFl,MCNTLl,MM,LP2 

16 Fsu Ultimate shear strength, 
psi 

MATLF1,M:NTL1,MATLP2 I 

17 FBRU 
Ultimate bearing 
strength, psi 

MATLF1,MCNTL1,MATLP2 

18 KFru Fraction of ultimate 
tensile strength at 
endurance limit for a 
polished specimen under 
cyclic load 

MATLFl,MCVrLl,MATLP2 | 
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TABLE 21. TM ARRAY VARIABLES (OQWT) 

Engrg 
Loc Symbol Description Subroutine Reference 

19 STU Fraction of ultimate 
tension strength for 
shell-bending fatigue 

mTLFl,MCMrLl,MATLP2 

20 Vru Fraction of ultimate MATUl,MCmi,mTLP2 
tensile strength under 
cyclic pressure load 

21- Not used 
30 
31 fA Poisson's ratio 

(interpolated) 
M/VTLFl,mTLP2 

32 •ci Compressive strain at 
point 1 (interpolated), 
in./in. 

MATLF1,MATLP2 

33 «cs Compressive strain at 
point 5 (interpolated), 
in./in. 

MATLF1,MATLP2 

34 
o-Q 

Compressive stress at 
point 1 (interpolated), 
in./in. 

MATLF1,MATLP2 

35 <rC2 
Compressive stress at 
point 2 (interpolated), 
psi 

MATLFl,mTLP2 

36 'CS Compressive stress at 
point 3 (interpolated), 
psi 

mTLFl,MATLP2 

37 (rC4 
Compressive stress at 
point 4 (interpolated), 
psi 

mTLFl,MATLP2 

38 <rC5 Compressive stress at 
point 5 (interpolated), 
psi 

mTLFl,mTLP2 

39 €T1 Tensile strain at MATLFl,fIATLP2 
point 1 (interpolated), 
in./in. 

40 «TS Tensile strain at M/VrLFl,MVrLP2 
point 5 (interpolated). 
in./in. 

41 (rT1 
Tensile stress at 
point 1 (interpolated), 
psi 

MATLF1,MATLP2 
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TABLE 21.    IM ARRAY VARIABLES CCONT) 

Engrg 
Loc Symbol Description Subroutine Reference 

42 (rT2 Tensile stress at MATLF1,MATLP2 
point 2 (interpolated), 
psi 

43 
o-T3 

Tensile stress at MATLF1 ,MATLP2 
point 3 (interpolated), 
psi 

44 <TJ4 Tensile stress at MATLFl,mTLP2 
point 4 (interpolated). 
psi 

45 'TS Tensile stress at MATLF1,MATLP2 
point 5 (interpolated). 
psi 

46 rTU Ultimate tensile strength MATLF1 
(interpolated), psi 

47 P 
su Ultimate shear strength MATLF1 

(interpolated), psi 
48 FBRU 

Ultimate bearing MATLF1 
strength (interpolated), 
psi 

49 Not used 
50 

^ 
Fraction of ultimate MATLF1 
tensile strength at 
endurance limit 
(interpolated) 

51 Xm Fraction of ultimate MATLF1 
tensile strength for 
shell-bending fatigue 

52 ^J Fraction of ultimate MATLF1 
tensile strength under 
cyclic pressure load 
(interpolated) 

53 hw Fatigue factor for 
wing (interpolated) 

MATLF1 

54 KF1U 
Fatigue factor for 
wing (interpolated) 

MATLF1 
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TABLE 21.    m ARRAY VARIABLES (CONT) 

Engrg 
Loc Symbol Description Subroutine Reference 

55 Temperature of material 
property data from 
library at temperature 
lower than design 
temperature, 0F. Data 
in locations 56 
through 79 are in same 
order as they appear 
in locations 31 
through 54. 

MATLF1 

56 y- MATLF1 
\    57 *C1 MATLF1 

58 €C5 MATLF1 
59 'a MATLF1 
60 'cz MATLF1 
61 'cs MMIFI 
62 '04 MKTLFl 
63 ^5 MATLF1 
64 «Tl MATLF1 
65 «T5 MATLF1 
66 'Tl MATLF1 
67 aT2 MATLF1 
68 ^3 MATLF1 
69 <rT4 MATLF1 
70 *rs MATLF1 
71 Pro MATLF1 
72 FSU MATLF1 
73 FBRU MATLF1 
74 
75 Kpnj MATLF1 
76 KFIU MATLF1 
77 KFIU MATLF1 
78 KFTU MATLF1 
79 KFIU MATLF1 
80 Temperature of material 

property data from 
library at temperature 
higher than design 
temperature, 0F. Data 

MATLF1 

in locations 81 
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TABU: 21.    TM ARRAY VARIABLES (CQWT) 

Engrg 
Loc Symbol Description Subroutine Reference 

80 through 104 are in same 
cont order as they appear in 

locations 31 
through 54. 

81 H MATLF1 
82 €C1 MATLF1 
83 «es MATLF1 
83 'Cl MATLF1 
85 'Ql MATLF1 
86 *Q.l MATLF1 
87 <rC4 MATLF1 
88 (rC5 MATLF1 
89 'Tl MATLF1 
90 €TS MATLF1 
91 <rT1 MATLF1 
92 (rT2 MATLF1 
93 ""TS MATLF1 
94 o-T4 MATLF1 
95 irT5 MATLFl 
96 FTU mTLFl 
97 FSU MATLF1 
98 FBRU MATLF1 
99 

100 KFTU MMLFl 
101 KKIU MATLF1 
102 KFITJ MATLF1 
103 KFTU MATLF1 
104 KFTU MATLF1 
105 Not used 

109 Not used 
110 A2.S 

Curve fit constant MATLF1 
for fit through points 2 
and 5, in./in. 

111 V Curve fit constant for MATLF1 
for through points 3 
and 5, in./in. 
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TABLE 21.    TM ARRAY VARIABLES (CONCL) 

Loc 
Engrg 
Symbol Description Subroutine Reference 

112 V Curve fit constant for MATLF1 
fit through points 4 
and S, in./in. 

113 \s Curve fit constant for MATLF1 
fit through points 2 
and 5, in.2/lb 

114 \s Curve fit constant for M/VTLFl 
fit through points 3 
and 5, in.2/lb 

115 Vs Curve fit constant for MATLF1 
fit through points 4 
and S, in.2/lb 

116 Summation of errors 
squared for curve 2,5 

MATLF1 

117 Sunmation of errors 
squared for curve 3,5 

MATLF1 

118 Sunmation of errors 
squared for curve 4,5 

MATLF1 

119 
• 

Not used 

• 

t 

160 Not used 

mt IM array starts at common location 3501 
for interpolation of material data. 

. This array is used 
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TABLE 22. TM) ARRAY VARIABLES 

Variable Engrg Subroutine 

Loc Name Symbol Description Description 

1 M\TLI Material identification number Mcmi 
2 P Material density, lb/in.3 MCNIL1 
3 ^T 

Modulus of elasticity at room 
temperature, psi 

MCNTLl 

4 SlT Shear modulus at roan tempera- 
ture, psi 

MCNTLl 

5 RA Reduction area for fatigue MCNTLl 
6 
• 

Not used 

• 

• 

109 Not used 
110 Temperature of material for 

data in locations 111 
through 134, 0F 

MCNTLl ,MATLF1 

111 fi Poisson's ratio MCNTLl ,MATLF1 
u: «Cl 

Compressive strain at JCNTL^MATLFl 
point 1, in./in. 

113 €C5 
Compressive strain at MCNTLl ,MATLF1 
point 5, in./in. 

114 
'Cl 

Compression stress at >)CNTL1 ,MATLF1 
point 1, psi 

115 <rC2 
Compression stress at MCNILl.mTLFl 
point 2, psi 

116 ^03 Compression stress at 
point 3, psi 

MCNTLl ,MATLF1 

117 <rC4 
Compression stress at MCNTLl ,MATLF1 
point 4, psi 

118 
^CS 

Compression stress at 
point 5, psi 

«mi.MMIFl 

119 «Tl 
Tensile strain at MCNTLl ,MATLF1 
point 1, in./in. 

120 , «T5 Tensile strain at MCNTLl ,MATLF1 
1 
1 point 5, in./in. 

121 (rT1 Tension stress at MCNTLl ,MATLF1 
point 1, psi 

122 a T2 Tension stress at MCNTLl ,M/VTLF1 
point 2, psi 
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TABLE 22.    BID ARRAY VARIABLES (OONT) 

Variable Engrg Subroutine 
Loc Name Symbol Description Description 

123 ,rT3 
Tension stress at MCNrLl,MATLFl 
point 3, psi 

124 TT4 Tension stress at 
point 4, psi 

MCNrLl,mTLFl 

125 '15 Tension stress at 
point 5, psi 

MCmi,MATLFl 

126 *W Ultimate tensile strength, 
psi 

MCNTLl .MATLFl 

127 Fsu Ultimate shear strength, 
psi 

hCNrLl,MATLFl 

128 FBRU 
Ultimate bearing strength, 
psi 

MCNTLl,MATLFl 

129 Not used 
130 ^nu Fraction of ultimate tensile MCNTLl.mTLFl 

strength at endurance limit 
131 KFru Fraction of ultimate tensile MCNTLl,MATLFl 

strength for shell-bending 
132 ^m Fraction of ultimate tensile MCNFLl,MATLFl 

strength under cyclic pres- 
sure load 

133 

tTIJ 

Fatigue factor for wing MCNTLl,MATLFl 
134 Fatigue factor for wing MCNTLl,MATLFl 
135 

r i u 
Second temperature, 0F, of 
material for data in 
locations 136 through 159 

MCNTU,MATLFl 

136 y- Refer to description of MCNTLl,MATLFl 
• 

• 

location 111 through 

• 

159 
^FTIJ 

description of location 134 MCNFLl .MATLFl 
160 nu 

TTiird temperature, 0F, of 
material for data in loca- 
tions 161 through 184 

MCNTLl,MATLFl 

161 * Refer to description of MCNTLl,MATLFl 
• 

• 

location 111 through 

• 

184 h'iv description of location 134 MCNTU,MATLFl 
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TABLE 22. M) ARRAY VARIABLES (CONCL) 

Variable Engrg Subroutine 
Loc Name Symbol Description Description 

185 H Fourth temperature, 0F, of 
material for data in loca- 
tions 186 through 209 

Mcmi,mTLFi 

186 Refer to description of Mcmi,mTLFi 
• 

• 

location 111 through 

209 KFnJ 
description of location 134 MCNTLl.MATLFl 

210 Fifth temperature, 0F, of MCNTLl.MATLFl 
material for data in loca- 
tions 211 through 234 

211 »* Refer to description of MCmi.MATLFl 

• 

location 111 through 

• 

234 KKIU 
description of location 134 MCNTLl ,MATLF 

235 Sixth tonperature, 0F, of MCATLl.MATLFl 
material for data in loca- 
tions 236 through 259 

236 K Refer to description of MCNTLl ,MATLF1 

• 

location 111 through 

• 

259 'STTJ description of location 134 Mmi.MATLFl 
260 Not used 

284 Not used 
285 RMC1J Alphanumeric material MCNTLl ,MATLP2 

• 

• 

descriptive title 

t 

300 RM(16) MCNTLl ,'1ATLP2 

NOTE IM) array starts a t common location 3201. This arr ay is part of 
the permanent data file and is stored in mass stora ge file 
records 41 through 60. 
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TABLE 23.    BiS ARRAY VARIABLES 

Engrg a 
Loc Symbol Description Subroutine Reference 

Locations 1 through 90 contain material properties data for the 
temperature associated with the maximum level-flight speed profile 

W 
1 Temperature of duct 

material, 0F, locations 
2 through 20 contain 
duct material data at 
this temperature 

2 M Poisson's ratio 
3 AC Constant for compres- 

sion stress-strain 
curve fit, in./in. 

4 Bc Constant for compres- 
sion stress-strain 
curve fit, in.2/lb 

5 Ec Compression modulus of 
elasticity, psi 

6 FCY Compression yield 
stress, psi 

7 
^ 

Constant for tension 
stress-strain curve 
fit, in./in. 

8 ^T Constant for tension 
stress-strain curve 
fit, in.2/lb 

9 h Tension modulus of 
elasticity, psi 

10 FTY Tension yield 
stress, psi 

11 P Material density, 
lb/in.3 

12 F,nj 
Ultimate tensile 
strength, psi 

13 FCPL 
Compressive stress at 
proportional limit. 
psi 

14 
** 

Modulus of elasticity 
at room temperature. 
psi 
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TABLE 23.    IMS ARRAY VARIABLES (OWT) 

Engrg ^ 
Loc Symbol Description Subroutine Reference 

15 ST Shear modulus at room 
temperature, psi 

16 Fsu Ultimate shear 
strength, psi 

17 FBRU 
Ultimate bearing 
strength, psi 

18 KPTU 
Fraction of ultimate 
tensile strength at i 

endurance limit 
19 

*FYl} 
Fraction of ultimate 
tensile strength for 
shell bending 

20 KFIU Fraction of ultimate 
tensile strength under 
cyclic pressure load 

21 
• 

Not used 

• 

30 Not used 
31 Temperature of ramp 

material, 0F, loca- 
tions 32 through 50 
contain ramp mater- 
ial data at this 
temperature 

32 K 
33 AC 
34 Be 
35 EC 
36 FCY PRECRT 
37 AT 
38 % 
39 % 
40 r-n 
41 p PRJOT 
42 hu 
43 FCPL 
44 £RT 
45 GRJ 
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TABLE 23. IMS ARRAY VARIABLES (CQNT) 

Engrg a  1 
j Loc Symbol Description Subroutine Reference  j 

!  46 FSU PRRCRT       j 
47 FBRU 

1  48 KFTU 
|  49 KpiU 
1  50 KFTU 

1  51 
!     * 

Not used 

1     * 

* 
60 Not used 

!  61 Tonperature of nacelle 
material, 0F, loca- 
tions 62 through 80 
contain nacelle material 
data at this temperature 

!  62 M 
i  63 Ac 
1  64 BC 1  65 

EC 
66 Fa 
67 Af 

1  68 % 
69 ET 
70 FTY 

1  71 P 
|  72 F-nj 
|  73 FCPL 
j  74 ERT 

75 GRT 
{  76 FSU 

77 FBRU 
i  78 KFnj 
1  79 KFTU 

80 KFIU 
81 

• 
Not used 

t 

• 
90 Not used 1 

I 
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TABLE 23. IMS ARRAY VARIABLES (CONT) 

Engrg a 

Loc Symbol Description Subroutine Reference 

Locations 91 through 180 contain material properties data for the 
temperature associated with the limit spaed profile (ML) . Data are 
organized in the same sequence as noted for locations 1 through 90. 

91 Tenperature of duct 
material, 0F, loca- 
tions 92 through 110 
contain duct material 
data at this temperature 

92 M 
93 Ac 
94 BC 
95 EC 
96 FCY 
97 AT 
98 BT 
99 ET 

100 
1 

Fjy 
101 P 
102 FTU 
103 PCPL 
104 ERT 
105 GRT 
106 FSU 
107 FBRU % 
108 KFTU 
109 KFITJ 
110 KFITJ 
111 

• 

Not used 

120 Not used 
121 Temperature of ramp 

material, 0F, loca- 
tions 122 through 140 
contain ramp material 
data at this temperature 
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TABLE 23. IMS ARRAY VARIABLES (CÜNT) 

Engrg 
a i 

Loc Symbol Description Subroutine Reference 

I 122 
K 

123 Ac 
1 124 EC 
1 125 Be 

126 FCY PRECRT      { 
1 127 AT 
I 128 BT 

129 ET 
! 130 FTY 
1 131 P PRECRT      1 

i 132 FlTJ 
I 133 FCPL 
i 134 ERT 

135 GRT 
1 136 FSU PRECRT 
1 137 FBRU 

138 KFITJ 
139 KFTO 
140 KFITJ 
141 Not used 

• 

• 

150 Not used 
j 151 Temperature of nacelle 

material, 0F, loca- 
tions 152 through 170 
contain nacelle material 
data at this temperature 

152 M 
1 153 Ac 

154 BC 
155 EC 

1 156 FCY PYLONS 
157 AT 

i 158 Br 
| 159 % NAGELE 

160 FTY 
161 P NAGELE, PYLONS 

| 162 FTU PYLONS      i 
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TABLE 23.    IMS ARRAY VARIABLES (CONCL) 

Engrg a 
Loc Symbol Description Subroutine Reference 

163 FCPL 
164 ERT 
165 % 
166 FSU PYLONS 
167 FfiRU PYLONS 
168 KFIU 
169 KFru 
170 KFTU 
171 

• 

Not used 

• 

180 Not used 

I NUTE BIS array starts at conmon location 3691. This array is calcu- 
lated for each speed profile altitude and stored in mass 
storage file records 109 through 117. 

aThis array is defined and written by MCNTLl and read by PRECRT, 
NACE LE, and PYLONS. Using routines are referenced only when 
specific variables in this array are used. 
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TABLE 24. TOT ARRAY VARIABLES 

Variable Subroutine  | 
Loc Name Description Reference 

1 Weight per inch of duct length of 
duct panels and frames at duct 
cut for initial frame spacing, 
lb/in. 

DUCTS       | 

2 Weight per inch of duct length of 
duct panels and frames at duct 
cut for subsequent frame spacing, 
lb/in. 

DUCTS 

3 Duct weight per inch of duct 
length at synthesis cut, lb/in. 

DUCPNL,DUCTS 

4 Duct frame weight per inch of 
duct length at duct cut, lb/in. 

DUCFRM, DUCTS | 

5 Not used 
!     • To 
1 10 Not used 
1 ii Duct surface area per nacelle, 

;« 7 
DUCTS 

12 
in.' 
Nacelle surface area per nacelle, 
in 2 

NACELE.MISCOM 

13 
in.*' 
Not used 

• To 
1 19 Not used 

20 TOTAL Two-dimensional variable- RAMPS,AISMN, 
geometry ramp structure weight SUMARY      | 
per inlet in RAMPS, weight per 
nacelle in AISMN, lb 

1 21 
Duct weight per nacelle, lb DUCTS,PYLONS 

22 Weight longitudinal members per 
nacelle, lb 

NACELE,PYLONS | 

| 23 WTLP Weight inlet lip per nacelle, lb DUCWET,DUCTS, 
PYLONS 

24 RILONG Weight ramp 1 panel per inlet RAMPS,AISMN, 
in RAMPS, weight per nacelle in PYLONS, SUMARY j 
AISMN, lb 

25 RITRAN Weight ramp 1 transverse beams RAMPS,AISMN, 
per inlet in RAMPS, weight per PYLONS, SUMARY 
nacelle in AISMN, lb 

1 26 R2LONG Weight ramp 2 panel per inlet RAMPS,AISMN,  | 
in RAMPS, weight per nacelle PYLONS,SUMARY | 
in AISMN, lb 

217 



TABLE 24.    TOT ARRAY VARIABLES (CÜNT) 

Variable Subroutine 
Loc Name Description Reference 

27 R2TRAN Weight ramp 2 transverse beams RAMPS, AISMN, 
per inlet in RAMPS, weight per PYLONS,SUMARY 
nacelle in AISMN, lb 

28 R3L0NG Weight ramp 3 panel per inlet RAMPS.AISMN, 
in RAMPS, weight per nacelle PYLONS,SUMARY 
in AISMN'. lb 

29 FHINGE Weight forward ramp hinge beam RAMPS,AISMN, 
per inlet in RAMPS, weight per PYLONS,SUMARY 
nacelle in AISMN, lb 

30 FACT Weight forward ramp actuator RAMPS, AISMN, 
beam per inlet in RAMPS, weight PYLONS,SUMARY 
per nacelle in AISMN, lb 

31 AACT, Weight aft ramp actuator beam RAMPS.AISMN, 
ACT per inlet in RAMPS, weight per 

nacelle in AISMN, lb 
PYLONS,SUMARY 

52 AHINGE Weight aft ramp hinge beam per RAMPS, AISMN, 
inlet in RAMPS, per nacelle in PYLONS,SUMARY 
AISMN, lb 

33 R4LONG Weight ramp 4 panel per inlet in RAMPS,AISMN, 
RAMPS, per nacelle in AISMN, lb PYLONS,SUMARY 

34 R4TRAN Weight ramp 4 transverse beams RAMPS, AISMN, 
per inlet in RAMPS, per nacelle PYLONS,SUMARY 
in AISMN, lb 

3S WHFS Weight fixed spike per nacelle, 
lb 
Weight translating spike per 

SPIKE,PYLONS 

36 WFfS SPIKE,PYLONS 
nacelle,lb 

37 WTES Weight translating and expanding 
spike per nacelle, lb 

SPIKE,PYLONS 

38 Weight nacelle covers per 
nacelle, lb 

NACELE,PYLONS 

39 Weight nacelle frames per 
nacelle, lb 

NACELE,PYLONS 

40 WTEM Weight engine mounts per 
nacelle, lb 

MISCOM,PYLONS 

41 WAI Weight auxiliary inlets per 
nacelle, lb 

MISCOM,PYLONS 

42 WTBP Weight duct bypass doors per 
nacelle, lb 

MISC0M,PYL0NS 
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TABLE 24. TOT ARRAY VARIABLES (CQNCL) 

■ 

■ 

Variable Subroutine 
Loc Name Description Reference 

43 WTED Weight engine removal doors per 
nacelle, lb 

MISC0M,PYL0NS 

44 WIND Weight miscellaneo'is doors per 
nacelle, lb 

MISC0M,PYLQNS 

45 WTFW Weight firewall per nacelle, lb MISCOM.PYLONS 
46 WTSD Weight shroud per nacelle, lb MISC0M,PYLONS 
47 WTEF Weight exterior finish per 

nacelle, lb 
MISCÜM, PYLONS 

48 Not used 
• To 

50 Not used 
51 WTPI Weight inboard pylon per 

nacelle, lb 
PYLONS 

52 wrpo Weight outboard pylon per 
nacelle, lb 

PYLONS 

53 WFTI Weight inboard fittings per 
nacelle, lb 

PYLONS 

54 M/FTO Weight outboard fittings per 
nacelle, lb 

PYLONS 

55 Not used 
• To 

100 Not used 

NOTE JDT array starts at common location 2101. 
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TABLE 25.    TT ARRAY VARIABLES 

Loc iingrg Symbol Description Subroutine Reference 

1 Material identification 
number 

MCmi,MATLFl 

-* Jlaterial tenperature, 0F MCmi,mTLFl 
3 A Constant for stress- 

strain curve fit and 
interpolation factor, 
in./in. 

MATLF1 

4 B Constant for stress- 
strain curve fit, 
in.2/lb 

MATLF1 

5 E - V <! Modulus of elasticity, 
psi 

MATLF1 

6 
•l Strain at point 1 MATLF1 

(proportional limit), 
in./in. 

7 •2 Strain at point 2, 
in./in. 

MTLFl 

8 *3 Strain at point 3, 
in./in. 

MATLFl 

9 '4 Strain at point 4, 
in./in. 

MATLF1 

10 c Strain at point 5 MATLFl 
0 

(yield stress), 
in./in. 

11 0" 
1 Stress at point 1 MATLFl 

(proportional limit), 
psi 

12 ^2 Stress at point 2, 
psi 

MATLFl 

13 '3 Stress at point 3, 
psi 

MATLFl 

14 '4 Stress at point 4, 
psi 

MATLFl 

15 's Stress at point 5 MATLFl 
(yield stress), psi 

16 1/E Reciprocal of modulus 
of elasticity, in.2/lb 

MATLFl 
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TABLE 25. TT ARRAY VARIABLES (GONCL) 

Loc Engrg Symbol Description Subroutine Reference 

17 

18 

's - VE 

«2 * «»2^' 

.3 - VE, 

€4 * VE 

Strain increment at 
yield stress, in./in. 
Strain increment at 
other points, in./in. 

MATLF1 

MATLF1 

19 

*s - V 
-5-4 

Stress increments, 
psi 

MATLF1 

20 

1/(1/E ♦ 

ABeB<rl) 

Curve fit calculation 
of modulus of elas- 
ticity at proportional 
limit, psi 

MATLF1 

21 1 - (ay 
dc^/E 

Error in calculated 
value of modulus of 
elasticity 

MATLF1 

22 -n/E ♦ 

AeB<rn; 

n - 1,5 

Calculated strain 
at points 1 through S 

MATLF1 

23 

24 

25 

Error in calculated 
value of strains 
Suntnation of errors 
squared which pro- 
duce best curve fit 
Material temperature, 0F 

MATLFl 

MATLF1 

MCNTLl 

NOTE TT array starts 
for tension ant 

at common location 3661. 1 
compression stress-strain c 

'his array is used 
:urve fit. 
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TABLE 26. FÜAT ARRAY VARIABLES (FDATT BLOCK) 

Subroutine 
Loc Description Reference 

1 Locations 1 through SO are used to 
• store wing, empennage, fuselage, and 

50 landing gear weight data 
51 Air induction system structure weight, lb A1SK 
5J X-CG air induction system structure, in. AISMN 
53 Inboard nacelle and engine section weight, 

lb 
AISMN 

54 Outboard nacelle and engine suction weight, 
lb 

AISMN 

55 Engine section doors, panels, and miscel- 
laneous structure weight, lb 

AI^IN' 

56 Total engine section and nacelles weight, 
lb 

AISMN 

57 X-CG engine section and nacelles, in. AISMN 
58 Not used 
59 Not used 
60 Not used 
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TABLE 27. IP ARRAY VARIABLES (IPRINT BLOCK) 

Figure Subroutine 
Loc Description Reference Reference 

1 Locations 1 through 60 are print 
! controls for other program 

1 60 
modules 

| 61 Output print control of air 
induction system input design 
data 

23 AISW     | 

1 62 
Output print control of vehicle 
speed-altitude profile data 

24 SRAL     | 

j 63 Output print control of duct, 25,26,27 Mcmi 
ramp, and nacelle material (M/VTLP2) 
properties (refer to Table 21} 

i 64 
Output print control of calcu- 
lated material properties data 
(refer to Table 23) 

28 MCNTLl    | 

1 65 Output print control of inlet 
duct design pressure data 

29 DSGNP     | 

| 66 Output print control of ramp 
design criteria 

30 PRECRT    1 

| 67 Output print control of ramp 
design constants, reaction 
forces, and detail weights 

31 RAMPS 

| 68 Output print control of duct 
frame redundants and geometry 
data 

34 FRMFID    \ 

69 (Xitput print control of duct 
frame sizing and unit internal 
loads data, duct geometry and 
sizing, and suimary weight 
data 

32,33 DUCTS     j 

70 Output print control of nacelle 
geometry, sizing, and weight 
summary data 

35 NACELE    j 

71 Locations 71 through 80 are 
• print controls for the fuselage 

80 module 
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TABLE 28.    MASS STORAGE FILL RECORDS 

Record Variables Write Read 
No. § Length Routine Routine Description      j 

28 0(2000) Input data 
processing 
module 

AISMN Input air induction system, 
nacelle, and engine section 
design data; refer to first 
2,000 locations in Table 9 
(locations 1701-1900 are  j 
used for calculated vari- I 
ables, SUNfl array)       | 

41-60 M)(300) Input data 
processing 
module 

MCNTL1 Permanent file material 
properties library data;   | 
refer to Table 22 for dis- | 
cussion of variables     | 

109-117 IMS (180) MLVTLl PRECRT 
NACELE 
PYLONS 

Duct, ramp,  and nacelle 
material property data    ! 
at each of 9 flight pro-   \ 
file points; refer to     j 
Table 23 for discussion   { 
of variables          | 
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PROGRAM AISMN 

General Description 

Deck name:       AISW 
Entry name:      OVERLAY (5HALPHA, 7,0) 
Called by:       OLAY00 
Subroutines called: SPAL, NCNTLl, DSGNP, PRECRl', RAMPS, SPIKE, DUCTS, 

NACELE, MISCOM, PYLONS, SU^RY 

This is the control routine for the air induction system weight estima- 
tion module. This routine initializes the blank cannon region and reads the 
input data from mass storage file record 28. Certain design variables from 
the input data set are printed by this routine (Figure 23). 

Appropriate analysis routines are called, and the resultant weight and 
balance sunnaries are stored in the labeled common array, FDAT. This routine 
is designed to control the evaluation of air induction system, nacelle, and 
engine section structure or only two-dimensional variable-geometry rairps. 

Arrays and Variables Used 

DATK Weight correlation factors (refer to EQU array. Table 17) 
DATR Raup geometry and design data (refer to Table 15) 
DATS Air induction system, nacelle, and engine section data (refer to 

Table 16) 
IP Print control (refer to "Labeled Common Arrays") 
SIHI Weight summary data (refer to Table 20) 
TOT Weight summary data (refer to Table 24) 
XMISC Refer to "Labeled Connnon Arrays" 

Arrays and Variables Calculated 

FDAT  Weight suranary data (refer to "Labeled Cannon Arrays") 
ITP  Number of nacelles 
IVG  Inlet type inductor 

1 ■ fixed duct 
2 ■ fixed spike 
3 ■ horizontal rairp 
4 ■ vertical ramp 
5 ■ translating spike 
6 » translating and expanding spike 
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NMATL Nunber of arrays of material properties in mass storage file, 
records 41 through bO 

T(l)  Number of inlets per nacelle 
TOT   Weight summary data (refer to Table 24) 

Labeled Conmon Arrays 

FDAT Weight sumnuiry data (refer to Table 26) 
IP(61) Print/no print indicator 

0 ■ print input design data (Figure 23) 
1 ■ do not print 

XMISC(l)  Number of arrays of material properties in mass 
storage file, records 41 through 60 

XMIS::(8S)  Alphanumeric case title 
,XMISC(100j 

Mass Storage File Records 

Read by routine; 

Record 28 

Written by routine: 

None 

Error Messages 

None 

SUBRO^INE SPAL 

General Description 

Deck name: SPAL 
Entry name: SPAL 
Called by: AISMN 
Subroutines called: TEMPR 

This subroutine expands the input speed-altitude profile data by inter- 
polating between the input points. Profiles examined are level-flight maxi- 
mum speed, Kti, and limit speed, \, envelopes with the wing fixed or in the 
aft position. 
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Limit speed at the input points is detemined from the input % points 
and N^-N^ relationship.   This relationship is either given for each of the 
input points or specified as a general relationship, as shown in the following: 

Input N^-ML 
Relationship Description 

0.0 ML equal to N^| 
>0.0; <1.0 Decimal to be added to MH 
>1.0 Multiplier of l\\ 
<0.0 Fraction of MH to be added to 1^ 

^; and ML data are input of five altitudes. Intermediate altitudes are 
obtained by taking points midway between the input altitudes, thus defining 
nine altitudes. Subroutine TEMPR is called to calculate atmospheric prop- 
erties at each of these altitudes. Dynamic pressure is then calculated for 
the input points. Dynamic pressure at the interpolated altitudes is obtained 
by interpolating between dynamic pressure at the input points, and speed is 
determined for the dynamic pressure and altitude. 

Pressure recovery ratio and airflow at the engine is either input or 
calculated for the initial five points. Values at the four additional points 
are obtained by interpolation. 

Having determined mach number, pressure recovery ratio, and airflow at 
the engine for the nine profile points, total temperature, total pressure, 
and static pressure are then calculated. 

Arrays and Variables Used 

D Constants (refer to Table 11) 
DATM %)eed-altitude profile data (refor to Table 13) 
DVLG General relationship between limit speed and level flight maxi- 

mum speed (DAIM) 
EQU Equation and physical constants (refer to Table 17) 
IP Print control (refer to "Labeled Common Arrays") 
PRESH S(2), ambient pressure at altitude, psf 
RATC General pressure recovery ratio (QMM) 
TBiALT S(l), ambient temperature at altitude, 0R 
XMISC Refer to "Labeled Conmon Arrays" 

Arrays and Variables Calculated 

ALT  Nine altitudes on speed profile, ft 
CS   Speed of sound at nine speed profile altitudes, ft/sec 
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BH Airflow at engine on N^ diagram, M 
EML Airflow at engine on ML diagram, M 
G Acceleration of gravity at nine speed profile altitudes, ft/sec2 

PO Ambient pressure at nine speed profile altitudes, psf 
PSH Static absolute pressure at engine on M^ diagram, psia 
PSL Static absolute pressure at engine on ML diagram, psia 
PTH Total pressure at engine on 1^ diagram, psia 
PTL Total pressure at engine on ML diagram, psia 
QH Dynamic pressure on }\{ diagram, psf 
QL Dynamic pressure on ^ diagram, psf 
RATH Inlet pressure recovery ratio on MH diagram 
RATL Inlet pressure recovery ratio on \ diagram 
RHO Density of air at nine speed profile altitudes, lb/ft3 

TEM Ambient temperature at nine speed profile altitudes, *R 
TEMi Total tenperature on Hi diagram, *R 
TBIL Total temperature on ML diagram, ,R 
VH Level-flight maximum speed, MH, at nine speed profile altitudes, M 
VL Limit speed, ML at nine speed profile altitudes, M 

Labeled Common Arrays 

IPC62)   Print/no print indicator 

0 ■ print speed-altitude profile data (see Figure 24) 
1 ■ do not print 

XMISC(85) Case title 
to 
XMISCCIOO) 

Mass Storage File Records 

None 

Error Messages 

None 
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SUBRDUriNE TEMPR 

General Description 

Deck name: TB1PR 
Entry name: TBIPR 
Called by: SPAL 
Subroutines called:    None 

This subroutine calculates standard atmosphere terperature and pressure 
by using equation representations which are functions of geopotential alti- 
tude.   Altitude at which pressure and temperature are to be calculated is 
determined by the counter, I, which is defined by the calling routine. 

Arrays and Variables Used 

ALT Nine altitudes on speed profile, ft 
D Constants (refer to Table 11) 
EQU Equation and physical constants (refer to Table 17) 
I Index for speed profile altitude point 

Arrays and Variables Calculated 

ALOFT     5(3), altitude divided by 1,000, ft/1,000 
PRESH     S(2), ambient pressure at ALT (I), 0R 
TO1ALT   S(l), ambient temperature at ALT (I), 0R 

Labeled Conroon Arrays 

None 

Mass Storage File Records 

None 

Error Messages 

• *** WARNING MESSAGE *** 
ALTITUDE IS BEYOND VALID RANGE OF PRESSURE 
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« *** WARNING MESSAGE *** 
ALTITUDE IS BEYOND VALID RANGE OF TB1PERAIURE 

These messages are printed for altitude greater than 154,199.48 feet. 
The pressure and temperature are calculated by the equation for the highest 
altitude range. 

SUBROUTINE MCNTLl 

General Description 

Deck name: 
Entry name: 
Called by: 
Subroutines called: 

MCNTLl 
MCNTLl 
AISMN 
MATLF1. MATLP2 

This subroutine controls development of material property data for the 
duct, two-dimensional variable-geometry ramps, and nacelles.   Material prop- 
erties for these components are calculated at each of the nine speed profile 
altitudes for temperatures associated with level-flight maximum speed and 
limit speed.   This routine reads the material properties library data from 
mass storage file records 41 through 60, calls subroutine MATLF1 to calcu- 
late the material properties at the temperature, and stores this data on 
mass storage file records 109 through 117.    Records 109 through 117 cor- 
respond to the nine speed profile altitudes.   Certain duct structure mate- 
rial properties are also stored in blank common. 

Ducts are assumed to exist on all flight vehicles.   Material properties 
for ramp and nacelle structures are only calculated when they exist. 

Arrays and Variables Used 

DATS(l) Number of nacelles 
DATS (31) Duct structural material identification number 
DATS(32) Variable-geometry ramps structural material identification 

number 
DATS(33) Nacelle structural material identification number 
EQU(28) Conversion e R to 0 F, 460° R 
IP Print control (refer to "Labeled Conrnon Arrays") 
IVG Inlet type indicator 

1 - fixed duct 
2 ■ fixed spike 
3 ■ horizontal ramp 
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4 ■ vertical ramp 
5 ■ translating spike 
6 « translating and expanding spike 

WAIL   Number of arrays of material properties in mass storage file 
records 41 through 60 

TEMi    Total temperature on tyj diagram, *R 
TIML    Total tenperature on \ diagram, *R 
TM     Calculated material data (refer to Table 21) 
IM)    Material properties file record data (refer to Table 22) 

Arrays and Variables Calculated 

EH Duct material modulus of elasticity on N^ diagram, psi 
EL Duct material modulus of elasticity on ML diagram, psi 
FCYH Duct material compression yield stress an MH diagram, psi 
FCYL Duct material compression yield stress on ML diagram, psi 
FKTH Duct material tensile strength under cyclic loading on ^ 

diagram, fraction of ultimate tensile strength 
FKTL Duct material tensile strength under cyclic loading on ML 

diagram, fraction of ultimate tensile strength 
FMUH Duct material Poisson's ratio on M^ diagram 
FMDL Duct material Poisson's ratio on ^ diagram 
FSUH Duct material ultimate shear strength on l\\ diagram, psi 
FSUL Duct material ultimate shear strength on \ diagram, psi 
FTUH Duct material ultimate tensile strength on N^ diagram, psi 
FTUL Duct material ultimate tensile strength on ML diagram, psi 
IF3 Material properties library file record number 
IF4 Calculated material properties file record number 
II Counter through nine speed profile points 
JJ Counter for Mj| and ML at each speed profile altitude 
KK Structural component counter 

1 ■ duct 
2 ■ ramps 
3 - nacelles 

MATLI Material identification nurober 
RHOD Duct material density, lb/in.3 
TMS Calculated material properties (refer to Table 23) 
TT(1) Material identification number 
Tr(2) Material tenperature, 'F 
TT(25) Material tenperature, ^F 
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Labeled Conwon Arrays 

IP(63) Print/no print indicator 

0 ■ print material properties of structural corponents for 
first profile point by calling MA.TLP2 (see Figures 25, 
26. and 27) 

1 - do not print 

IP(64)    Print/no print indicator 

0 ■ print material properties in IMS array (see Figure 28) 
1 ■ do not print 

Mif» Storage File Records 

Read by routine: 

Records 41 through 60 

Written by routine; 

Records 109 through 117 

Error Messages 

e MAIL INPUT ERROR. ASSUMED MAIL NO. 1 III XXX YYY 

The foregoing message appears when the input material number is not 
within the limits of the material library. The total number of materials 
on file (III)» the material number requested (XXX), and the design tenpera- 
ture (YYY) appear below the printed message. If the program assumption is 
unacceptable, the input data should be corrected. 

• MAIL TBIPERATURE ERROR MAIL NO. XXX.X REQD YYY.Y DEC. ASSUMED 
TEMP - Z2Z.Z DEC 

The foregoing message appears when the design tempeature (YYY.Y) is less 
than or equal to zero. The program assumes the lowest tenperature on file 
(ZZZ.Z) and proceeds. If the design tenperature is as indicated, and the 
material properties at that tenperature are required, the material library 
data should be changed to include properties at the design tenperature. 
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SUBROrriNE MATLF1 

General Description 

Deck name: MATLF1 
Entry name: MATLF1 
Called by:       MOmi 
Subroutines called: None 

This subroutine interpolates the material file data for properties at 
the design temperature, and converts the tabulated stress-strain data into 
an approximation equation based on least squares fit. The curves through 
points 1, 2, 5 or 1, 3» 5 or 1, 4, 5 of the tabulated data are examined for 
the best fit. 

Arrays and Variables Used 

D Constants (refer to Table 11) 
TWD Material properties file record date (refer to Table 22) 
TT(1) Material identification number 
TT(2) Material temperature, 0F 

Arrays and Variables Calculated 

TM Calculated material data (refer to Table 21) 
TT Intermediate calculations (refer to Table 25) 

Labeled Cowmon Arrays 

None 

Mass Storage File Records 

None 

Error Messages 

• *** MATL TEMPERATURE ERROR *** MATL NO. XXX.X THERE IS ONE TEMPERA- 
TURE ON FILE REQD TEMP ■ YYY.Y ASSLMED TEMP - ZZZ.Z 

The foregoing message is printed when the file consists of material 
properties at only one temperature which does not agree with the design 
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temperature.   The routines use the properties in the file.    If this assunption 
is not acceptable, the file data should be corrected. 

• *** MAIL TBIPHUTURE ERBOR *** MAIL NO. XXX.X TB1PERATURE IS BEYOND 
RANGE OF TABLE REQD TEMP - YYY.Y   LAST TEMP - ZZZ.Z 

The foregoing message is printed when the program extrapolates the 
material file data.   This message may be followed by a catastrophic failure. 
In most cases, the extrapolation should provide acceptable results and no 
correction would be required.    If the extrapolation results in failure or if 
the results are not satisfactory, the library data should be extended to 
include the design temperature. 

SUBRDin-INE MATLP2 

General Description 

Deck name: MATLP2 
ßitry name: MATLP2 
Called by: MCNTLl 
Subroutines called:   None 

This subroutine is called to print the material properties of the nacelle 
and air induction system components for the first speed profile point if 
IP(63) ■ 0.   The curve fit constants and tabulated stress-strain data are 
presented in the output.  (See Figures 25 through 27.) 

Arrays and Variables Used 

II        Counter through nine speed profile points 
KK        Structural component counter 

1 ■ duct 
2 ■ ramps 
3 ■ nacelles 

MATLI Material identification number 
RM Material descriptive title 
TM Calculated material data (refer to Table 21) 
TMD Material properties file record data (refer to Table 22) 

Arrays and Variables Calculated 

None 
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Labeled Coromon Arrays 

None 

Mass Storage File Records 

None 

Error Messages 

None 

SUBROUTINE DSGNP 

General Description 

Deck name: DSGNP 
Entry name: DSGNP 
Called by: AISMN 
Subroutines called: None 

This subroutine calculates static pressure at the inlet throat and 
haimershock pressures at both the engine face and the throat for points on 
the level-flight maximum speed and limit speed envelopes. 

Arrays and Variables Used 

ALT  Nine altitudes on speed profile, ft 
D    Constants (refer to Table 11) 

EGTP  Bigine type (DATS(l)) 

0.0 ■ turbojet 
+X.X ■ fanjet by pass ratio 

EQU  Equation and physical constants (refer to Table 17) 
IP   Print control (refer to "Labeled Comnon Arrays'1) 
IVG  Inlet type indicator 

1 ■ fixed duct 
2 ■ fixed spike 
3 ■ horizontal ramp 
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4 ■ vertical ranp 
5 « translating spike 
6 - translating and expanding spike 

PTH Total pressure at engine on tyj diagram, psia 
PTL Total pressure at engine on ML diagram, psia 
TEMH Total temperature on % diagram, 0R 
TEML Total temperature on M^ diagram, 0R 
VH Level flight maximum speed, tyj, at the nine speed profile 

altitudes, M 
VL Limit speed, Mj^, at the nine speed profile altitudes, M 
XMISC Refer to "Labeled Coranon Arrays" 

Arrays and Variables Calculated 

PHEH   Hanmershock pressure at engine on M^ diagram, psia 
FHEL   Hanmershock pressure at engine on ML diagram, psia 
PHTH   Hanmershock pressure at throat on MH diagram, psia 
PHTL   Hanunershock pressure at throat on ML diagram, psia 
PST     Static absolute pressure at throat on ML diagram, psia 
R1H    Ratio of static pressure at throat to free-stream total pressure 

on M^ diagram 
R1L     Ratio of static pressure at throat to free-stream total pressure 

on ML diagram 
R2H    Ratio of hanmershock pressure at engine face to total pressure on 

% diagram 
R2L    Ratio of hanmershock pressure at engine face to total pressure on 

ML diagram 
R3H    Ratio of hanmershock pressure at inlet throat to total pressure on 

MH diagram 
R3L     Ratio of hanmershock pressure at inlet throat to total pressure on 

ML diagram 
S        Intermediate calculations 

Labeled Common Arrays 

IP(653 Print/no print indicator 

0 ■ print inlet pressure data Csee Figure 29) 
1 ■ no print 

XMISC(85)  Alphanumeric case title 
to 
XMISC (100) 
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Mass Storage File Records 

None 

Error Messages 

• *** WARNING MESSAGE *** 
RAM TBiPERATURE EXCEEDED FOR FANJET BPR - XXX.X 
RAM TB«> • YYY.Y   IIMIT - ZZZ.Z 

• *** WARNING MESSAGE *** 
SPEED EXCEEDED FOR ENGINE INLET COMBINATION 
BPR - XXX.X   INLET TYPE • I    SPEED - YYY.Y   LIMIT - ZZZ.Z 

These messages are printed when the condition from which the pressure 
calculation curves were formulated are exceeded.   YYY.Y designates the actual 
value, and ZZZ.Z designates the applicable range of the data base. 

SUBROITTINE PRECRT 

General Description 

Deck name: PRECRT 
Entry name: PRECRT 
Called by: AISMN 
Subroutines called: None 

This routine determines the critical design pressure for two-dimensional 
variable-geometry ramps.    Ramp structural material properties are also deter- 
mined at the design pressure.   Critical design pressure is defined by the 
condition which produces the maximum ratio of design pressure to material 
conpression yield stress.    Design pressure is defined as: 

1. 1.5 times the hammershock pressure for points on the level flight 
maximum speed, H., diagram 

2. 1.2 times the hammershock pressure for points on the limit speed, 
ML, diagram. 
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Arrays and Variables Used 

ALT Nine altitudes on speed profile, ft 
D Constants (refer to Table 11) 
BQU(28) Conversion 0R to "F, 460 0R 
IP Print control, see "Labeled Coranon Arrays" 
PHTH Hammershock pressure at throat on tyj diagram, psia 
PHTL Hammershock pressure at throat on M^ diagram, psia 
TENW Total tenperature on K^ diagram, "R 
TEML Total teirperature on M^ diagram, 0R 
IMS Material properties (refer to Table 23) 
VH Level flight maximum speed, ^, at the nine speed profile 

altitudes, M 
VL Limit speed, M^, at the nine speed profile altitudes, M 

Arrays and Variables Calculated 

DENS   DATR(14), rarnp material density, lb/in.3 

FACT   nATR(16), limit to ultimate design factor 
FCY     £1ATR(12), ramp material conpression yield stress at design 

pressure, psi 
FSU     OATR(13), ramp material ultimate shear strength at design 

pressure, psi 
ICRT   Critical design point on speed profile 
IF4     Material properties file record nunber 
PHS     DATR(3), critical ramp design pressure, psia 
S        Intermediate calculations 
XMAT   DATR(15), material type identification 

1.0 = aluminum 
2.0 ■ titanium 
3.0 » steel 

Labeled Comnon Arrays 

IP (66)   Print/no print indicator 

0 ■ print ramp design point data (see Figure 30) 
1 ■ do not print 
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Mass Storage File Records 

Read by routine: 

Records 109 through 117 

Written by routine: 

None 

Error Messages 

None 

SUBROUTINE RAMPS 

General Description 

Deck name: RAMPS 
Entry name: RAMPS 
Called by: AISW 
Subroutines called: None 

This subroutine calculates two-dimensional variable-geometry ramp struc- 
ture weights for either two-, three-, or four-ranp systems. Methods des- 
cribed in Section II of this volume are used to calculate conponent weights 
for either stiffened sheet construction or honeycomb panel structure. 

Arrays and Variables Used 

ALPHA2 Refer to Table 10 
ALPHAS Refer to Table 10 
CONST Refer to Table 10 
DAD» Refer to Table 10 
DATR Refer to Table 15 
DCORE Refer to Table 10 
DENS Refer to Table 10 
DR Refer to Table 15 
F Refer to Table 18 
FCT Refer to Table 10 
FCY Refer to Table 10 
FSU Refer to Table 10 
GAMA Refer to Table 10 
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IP 
PHS 
SIGIAR 
TBAI~FA 

TBARFS 
TR.I\RRA 
T.MRRS 
TBARRT 
TC:t\ 
TCS 
Tcr 
TSA 
TSS 
TSr 
11\A 
11\'S 
n:r 
\H 
w_ 
\V3 
\\'4 
XCL 
xo­
XFCY 
XFSU 
:<I-ITA2 
XHfA3 
XHfA+ 
Xlfi"2 
\1rn 
XHl -l 
'11.' 1 

\11.' . 
.\!).) . 

Xl!32 
XH33 
)l-[41 

XII· . 2 
Xll43 
XH4 4 
XIL4l 
Xlltl2 
XIL43 
XIL44 

Printed contr ol ( refer t o "Labeled Conuoon Arrays") 
Refer t !able 10 
Refer to Table 10 
Refer t o Table 10 
Ref e r t o Table 10 
Refer t o · 'abl 10 
Refe r t o ·1 db lc 10 
R f~r t o · ··tbl 10 
Refe r t o '1 able 10 
Ref r t o 'I 1 10 
Re fer t o fab l~; 1 
Re r t o Tr bJc 10 
Ref e r t o Table 10 
Re [ r t o T bl 10 
Ref er t o Tab e 10 
Re fer t o T:t l c 10 
Refer t o . 'nb c 1u 
Refe r to Table 10 
Re f r to L1ble 10 
Refer t o 'l ab e 1 
Re f er to Table 10 
Re fer t o '! ble 10 
Re fer t o l ·>blc 10 
Re fer t o 'I a e 
I efc r o 'l abl 1 
Ref e r t o · abl 10 
Re fer t o · abl e 1 
Re fer t o 1 able 10 
Rc fer t o I blc 10 
I' · k r t \1 l. tb k lU 
Rl' r r t o I :tb le I 0 
I' ·: , •J l \ 1 .tb k lU 
! ~ , · t·, . t ,, l.t ' l · · IP 
He e r t o I ,tb k 11) 

Refer t o Taol e 10 
efe r ~.-c '! ,bl c 10 

Refe r t o labJe 10 
..... ; r t o " abl 0 

R 1 e t o 1 ab c 1 0 
Re fc r t o ; :1bl c 10 
Rc fe r t o ··ab l e 10 
Ref e r t o ·1 able 0 
Refer t o Table 10 
Refer to Table 10 
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XIM21 
XIM22 
XIM31 
XIM32 
XIM33 
XIM41 
XIM42 
XIM43 
XIM44 
XITM4 
XITAH4 
XITA2 
XITA3 
XITFA4 
XITFH2 
XITFH3 
XITHM 
XIT21 
XIT31 
XIT32 
XIT41 
XIT42 
XIT43 
XK21 
XK22 
XK31 
XK33 
XK41 
XK42 
XK43 
XK44 
XL1 
XL2 
XL3 
XL4 
XMAT 
XNUM 
XP21 
XP22 
XP31 
XP32 
XP33 
XP41 
XP42 
XP43 
XP44 
XW 

Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Itefer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Itefer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 
Refer 

to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 
to Table 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
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Arrays m1d Variables Ca lculated 

AACf 
:\Cf 
AHI~GE 
BNLN 
CG 

cs 

FAC1' 
RU~GE 

<k\:\f,IAH 

HL 
1rr 
H.\ 
1 
1.\D 
I:\0\TE 

Refer to Table 10 
Refer to Table 10 
Refer to Table 10 
Number of transverse members 
Cosine o · angle between proj ected face of raq> 2 and 
ramp 3 of four- r a11p sys tern 
Cosine of angle between projected face of raup 3 and 
rru11p 4 of f our-ramp sys tem 
!~fer to Tabl e 10 
Refer to Table 10 
Angle bet\vcen projected face of r311\) 2 and raq> 3 of 
f our-ramp s s t em, radians 
Pru1el de t , in 
Panel depth , i n. 
. ~,.;tuator beam dept h , in . 
S rat !1 ·ounter 
~linimum weight calculation counter 
P1 ~de fined dat usage indicator 

0 = reo .:ineJ Jat a used 
J. = c r t ain predefined variables changed by user input, 

print revised data information 

~1-\T ~late rial t rpc i ndi a t or 

:--J 

Pl 
P2 
P3 
N 
R 
Rr\ 
1~\3 

RF 
RF3 
IU 
RlLONG 

1 = al u.-ni num 
2 = t i ta:1ium 
3 = steel 

Scratch counter 
Differential press ure on r amp 1, psig 
Di fferential pressure c .. ramp 2, psig 
Di fferenti.a pres sure on ran-q:> 3, psig 
Differential pressure on r amp 4, psig 
Actuator reaction for two- ramp system, lb 
Aft hinge reaction on ramp 2 of two-ranp system, lb 
Aft hinge react ion on ramp 3, lb 
Fon 't'ard hinge re:tction on ramp 2 of two-r~ system, lb 
Forward hinge reaction on ramp 3, lb 
Actuator reaction on ran~ 1 of three- or four-ramp system, lb 
Refer to Table 10 
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R1TRAN 
R2 
R2L0NÜ 
R2TRAN 
R3 
R3LQNG 
R4LQNG 
R4TRAN 
SG 

SICMAR 

ss 

TBARF 
TBARR 
TC 
TG 

TOTAL 
TS 
TV 
VAVG 
VI 
V2 
V3 
V4 
W 
mm 
wrm 
WTWL 
WTMLl 
WTML2 
WIML3 
KTMLA 
WTMT 
WTMTA 
yfmri 
OTMTZ 
*nMr4 
XIM 
XL 
XMAFT 
xmvG 

Refer to Table 10 
Forward actuator reaction on ramp 3, lb 
Refer to Table 10 
Refer to Table 10 
Aft actuator reaction on ranp 3, lb 
Refer to Table 10 
Refer to Table 10 
Refer to Table 10 
Sine of angle between projected face of ranp 2 and 3 of 
four-ramp system 
Angle between projected face of ranp 3 and ranp 4 of four- 
ramp system, radians 
Sine of angle between projected face of raup 3 and ranp 4 
of four-ranp system 
Minimum front sheet thickness, in. 
Minimum rear sheet thickness, in. 
Minimum cap thickness, in. 
Tangent of angle between projected face of ranp 3 and 
ranp 4 of four-ranp system 
Refer to Table 10 
Minimun honeycomb facesheet thickness, in. 
Minimun web thickness, in. 
Design shear, for ranp 3 of four-ranp system, lb 

1 due to differential pressure, lb 
2 due to differential pressure, lb 
3 due to differential pressure, lb 

Force on ranp 4 due to differential pressure, lb 
Panel width, in. 
Minimum actuator beam weight, lb 
Minimun hinge beam weight, lb 
Minimum panel weight, lb 
Minimum ranp 1 panel weight, lb 
Minimum ranp 2 panel weight, lb 
Minimum ranp 3 panel weight, lb 
Minimum ranp 4 panel weight, lb 
Minimum transverse beam(s) weight, lb 
Minimum actuator beam weight, lb 
Minimun ranp 1 transverse beams weight, lb 
Minimum raup 2 transverse meams weight, lb 
Minimun ranp 4 transverse beams weight, lb 
Minimum weight correlation factor 
Panel length, in. 
Bending moment at aft actuator location on ranp 3, in.-lb. 
Design bending moment for ranp 3 of four-ranp system, in.-lb. 

Force on ranp 
Force on ranp 
Force on ranp 
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Xl'l:: 
xt-IH\'D 
21 

7 . 
-~ 
Z4 
zs 
Z6 

Bending moment at midspan on raql 3, in. -lb. 
Bending moment at forward actuator location on raq> 3, in. -lb. 
Shear at point on ramp 3, lb 
Shear a t point on ra.np 3, lb 
Shear at point on ramp 3, lb 
Shear at point on r amp 3, lb 
Shear at point on ramp 3, lb 
Shear at point on ramp 3, lb 

Labeled Common Arrays 

IP (67) Print/ no print indicator 

0 = rint ramp predefined variables, input variables, 
and \"eight and l oad surrmary (see figure 31) 

1 = do not print 

~bss Storage File RccorJs 

None 

Error ~cssages 

~one 

SUBROUTI ~E S 1 KE 

General Description 

De ~.:k name : 
Entry name : 
Called by: 
Subroutines called: 

SPIKE 
SPI KE 
AlS.\1:'-i 
None 

'!his routine calculated the weight of three-dimensional inlet throat 
area control spikes. Statistical equations are used to calculate these 
wei ghts . 
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Arrays and Variables Used 

D Constants    (refer to Table 11) 
DATS(l) Number of nacelles 
DATS(4) Capture area per inlet, in.- 
DATS(5) Number of inlets per air vehicle 
DATS(6) Distance, leading edge of inlet to throat, in. 
EQU(29) Fixed spike weight estimate constant 
EQU(30) Translating spike weight estimate constant 
EQU(31) Translating and expanding spike weight estimate constant 
IVG Inlet type 

1 = fixed duct 
2 ■ fixed spike 
3 = horizontal ramp 
4 ■ vertical ramp 
5 = translating spike 
6 = translating rjid expanding spike 

Arrays and Variables Calculated 

S(l)    Fraction of spike weight per nacelle 
SUNM(13) Weight of fixed spike per nacelle Cper vehicle for fuselage 

mounted engines), lb 
SUNW(14) X-CG of fixed spike relative to inlet leading edge, in. 
SUNM(15) Weight of translating spike per nacelle (per vehicle for 

fuselage mounted engines), lb 
SIM1(16) X-CG of translating spike relative to inlet leading edge, in. 
SUNM(17) Weight of translating and expanding spike per nacelle (per 

vehicle for fuselage mounted engines), lb 
SUNM(18) X-CG of translating and expanding spike relative to inlet 

leading edge, in. 
WFTS    TOT (36), weight of translating spike per nacelle, lb 
WHFS    TOT (35), weight of fixed spike per nacelle, lb 
WTES    TOT (37), weight of translating and expanding spike per 

nacelle, lb 

Labeled Common Arrays 

None 

Mass Storage File Records 

None 
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Error Messages 

None 

SUBROUTINE DUCTS 

General Description 

Deck name: DUCTS 
Entry name: DUCTS 
Called by: AISMN 
Subroutines called: DCTGEO, FRNWD3, FRMELD, DUCPNL, DUCFRM, DUCWET 

This subroutine controls the inlet duct weight estimating procedure 
by calling geometry and design synthesis routines.   Subroutine DCTGEO is 
called to calculate geometry data at each of the duct cuts.    Hie routine 
then controls the synthesis calculations starting at the first conplete duct 
section and oroceeding through the last cut.    Subroutines FRMND3, FRMLD, 
DUCPNL, and DUCFRM are called to synthesize duct panel and frame structure 
at each o^ the duct cuts.    The synthesis cut counter, either I or L, is 
stored in conrnon for use by these routines. 

Duct frame spacing search is performed at each duct cut.   The type of 
program operation is defined by input frame spacing data.    If a thousand 
has been added to the desired frame spacing, a fixed spacing is indicated. 
Frame spacing search is indicated by an input minimum spacing.   Hie search 
starts at this minimum and progresses at fixed spacing increments until the 
combined weight of ducts and frames increases with increased spacing. 
A final pass is then made at the spacing prior to that which produced an 
increase in weight.    Should the initial spacing or any intermediate spacing 
exceed the predefined maximum, the search is abbreviated at the maximum 
spacing.   The indicator IFRM is used to direct the search process as follows: 

IFRM ■ 1    Initial spacing pass 
IFRM ■ 2   Second or subsequent spacing pass 
IFRM « 3   Final spacing or fixed spacing pass 

Subroutine DUCWET is called to calculate duct weight based on the 
sizing data.   DUCWET also calculates the weight of one-dimensional inlet 
leading structure.   Weight correlation factors are applied to the resultant 
weights which are then summarized in the SUM array.    Duct structure center- 
of-gravity calculations assume longitudinal segment weight centroids to be 
midway between bounding cuts.   Leading edge structure center of gravity is 
assumed to be located at two thirds of the leading edge segment length. 
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Arrays and Variables Used 

AA Unit internal axial load at frame segment centroids, lb/(lb/in.) 
BB2 Frame cap width at frame segment centroids, in. 
BEN' Unit internal bending, moment at frame segment centroids, in.-lb/ 

(lb/in.) 
BID Lower sector duct panel peripheral length at cuts, in. 
BSD Side sector duct panel peripheral length at cuts, in. 
BUD Upper sector duct panel peripheral length at cuts, in. 
D Constants (refer to Table 11) 
DATD Duct geometry and design data (refer to Table 12) 
DATK(l) Duct weight index factor 
DLXD Duct segment lengths between cuts, in. 
DOD Vertical flat length of duct contour at cuts, in. 
FRIVT Weight of one frame at duct cuts, lb. 
IGD Duct leading edge t/pe indicator 

0 s complete section 
1 * vertical lip 
2 ■ horizontal lip 

IP Print control, see labeled conmon arrays 
ROD Comer radius of duct contour at cuts, in. 
SFD Surface area of duct segments, in.2 
TC Duct panel field thickness at cuts, in. 
TCC Frame cap thickness at frame segment centroids, 
TL Duct panel land thickness at cuts, in. 
TOT Weight summary data (refer to Table 24) 
TWW Frame web thickness at frame segment centroids, 
W Unit internal shear at frame segment centroids, 
WOD Horizontal flat length of duct contour at cuts, 
WTD Duct segment weights, lb. 
WTLP TOT (23), Weight inlet lip per nacelle, lb. 
XMISC Refer to "Labeled Common Arrays" 

in. 

in. 
lb/(lb/in.) 
in. 

Arrays and Variables Calculated 

FD S(41), frame depth, in. 
I Duct synthesis cut counter 
IC Number of frame cuts 
IFF Number of frame segments 
IFRM Frame spacing search pass counter 
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IQ  Number of frame segments per quadrant 
KC  Duct perimeter code 

1 ■ perimeter input 
2 ■ perimeter correction factor input 

L Duct synthesis cut counter 
NC Number of input duct cuts 
S(l) Summation of duct weight times X-arms, in.-lb 
SFRM Duct frame spacing at duct cuts, in. 
SUNW Weight summary (refer to Table 20). 
TOT Weight sunmary (refer to Table 24) 

Labeled Comnon Arrays 

IP(69)   Print/no print indicator 

0 ■ print detail duct frame, geometry, and sizing data 
(Figures 32 and 33) 

1 ■ do not print 

XMISC(85) Alphanumeric case title 
XMISC(IOO) 

Mass Storage File Records 

None 

Error Messages 

None 

SUBROmiNE DCTGEO 

General Description 

Deck name: DCTGEO 
Entry name: DCTGEO 
Called by: DUCTS 
Subroutines called: None 

This subroutine calculates shape parameters at the duct cuts and length, 
and sufface area for segments bounded by cuts. The surface area is calculated 
for the total number of ducts in the fuselage or, for podded engines, the 
total number of ducts in a nacelle. 
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Data input to this routine consists of depth, width, lateral centroid, 
and either perimeter or perimeter correction factor at as many as 10 duct 
stations. The first cut describes geometry at the leading edge, and the last 
cut describes geometry' at the engine face. Perimeter code, KC, is used to 
designate whether the perimeter or perimeter correction factor is defined. If 
KC is 1, the perimeter is input at the cuts. If KC is 2, the perimeter cor- 
rection factor is input data, and the perimeter is calculated and substituted 
for the correction factors. 

Input geometry describes a single duct. If the lateral centroid at a cut 
is a positive value, two ducts are indicated and the surface area is calculated 
for the two ducts. Should the lateral centroid at a cut be zero followed by a 
cut where the lateral centroid is a positive value, this indicates division of 
a single duct into two ducts. Conversely, two ducts could join to become a 
single duct. In either case, geometry at the aft cut is used to calculate the 
surface area for the segment in which the transition occurs. 

In most instances, the duct leading edge is a complete section. How- 
ever, should there be a one-dimensional leading edge, the single dimension is 
described in the input data set; the perimeter or perimeter correction factor 
is not input for this station. The second cut would then describe the first 
complete duct section. The surface area for this leading edge segment is 
then calculated from the geometry at the two bounding cuts. The segment 
longitudinal centroid is assumed to be two-thirds of the distance aft of the 
leading edge. The longitudinal centroid for all other segments or for a 
continous leading edge segment is assumed to be midway between bounding 
cuts. 

Arrays and Variables Used 

D   Constants (refer to Table 11) 
DATD Duct geometry and design data (refer to Table 12) 
KC  Duct perimeter code 

1 = perimeter input 
2 = perimeter correction factor input 

\C  Number of input duct cuts 

Arrays and Variabl?s Calculated 

BLD 
BSD 
BUD 

Lower sector duct panel peripheral length at cuts, in. 
Side sector duct panel peripheral length at cuts, in. 
Upper sector duct panel peripheral length at cuts, in. 
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DATO(61)- Duct perimeter, in., at cut; calculated   when 
DATD(70) perimeter correction factor input 
DLXD Duct segment lengths between cuts, in. 
DOD Vertical flat length of duct contour at cuts, in. 
IGD Duct leading edge type indicator 

0 - complete section 
1 ■ vertical lip 
2 ■ horizontal lip 

ROD Comer radius of duct contour at cuts, in. 
S Intermediate calculations 
SFD Surface area oi duct segments, in.2 
MOD Horizontal flat length of duct contour at cuts, in. 

Labled Comnon Arrays 

None 

Mass Storage File Records 

None 

Error Messages 

• WARNING FROM DCTGEO IN AIR INDUCTION SYSTEM 
DUCT LIP GEOMETRY ERROR 

The foregoing message is printed Mien a one-dimensional leading edge is 
indicated by zero in input location DATD (61) and neither depth or width are 
defined for the leading edge station.   The surface area calculated for the 
leading edge segment represents two triangular sides and a triangular top. 

• WARNING FROM DCTGEO IN AIR INDUCTION SYSTEM 
SECTION XX IS RECTANGLE OR ROUNDED RECT. CORRECTION IS Y.YYY 

The foregoing warning message appears when the program encounters 
difficulty in fitting the shape, base on input geometry.    XX locates the cut 
at which the difficulty occurred, and Y.YYY is the scaling factor applied to 
depth and width.   The perimeter is assumed to be the independent variable and 
is not revised.   Should the scaling factor indicate a significant revision, 
the input data shoud be examined for possible errors. 
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SUBRÜin-INE FR>ND3 

General Description 

Deck name: FRNMD3 
Entry name: FRNND3 
Called by: DUCTS 
Subroutines called: None 

This subroutine calculates the duct frame node coordinates based on 
rounded rectangle shapes. This routine is entered to perform these calcu- 
lations at each duct station, starting at the first complete duct section. 

Frame synthesis cut coordinates are based on equal length segments 
along the duct contour. The first cut is taken at the top centerline, which 
also defines coordinates of the last synthesis cut. 

Arrays and Variables Used 

D Constants (refer to Table 11) 
DOD Vertical flat length of duct contour at cuts, in. 
IFF Number of frame segments 
IQ Number of frame segments per quadrant 
L Duct synthesis cut location counter 
ROD Comer radius of duct contour at cuts, in. 
WOD Horizontal flat length of duct contour at cuts, in. 

Arrays and Variables Calculated 

DLS Frame segment lengths at duct mold line, in. 
S Intermediate calculations 
Y Y-coordinate of frame cuts at duct mold line, in. 
Y'B Y-centroid of frame segments at duct mold line, in. 
Z Z-coordinate of frame cuts at duct mold line, in. 
ZB Z-centroid of frame segments at duct mold line, in. 

Labled Common Arrays 

None 
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Maas Storage File Records 

None 

Error Massages 

None 

SUBROUTINE FRMELD 

General Description 

Deck name: FRMELD 
Entry name: FRMELD 
Called by:       DUCTS 
Subroutines called: None 

This subroutine calculates internal frame loads for a unit pressure 
loading by the elastic center method. A loading of 1 pound per inch 
normal to the duct mold line contour is assumed to be reacted by the frame. 
Unit internal loads are calculated at the neutral axis of frame segments. 
Inner frame cap coordinates at frame cuts are defined in subroutine FRMND3. 
These coordinates and frame depth are used to calculate neutral axis coordinates. 

Arrays and Variables Used 

D Constants (refer to Table 11) 
DLS Frame segment lengths at duct mold line, in. 
FD S(41), frame depth, in. 
IC Number of frame cuts 
IFF Number of frame segments 
IP Print control, see labeled common arrays 
IQ Number of frame segments per quadrant 
L Duct synthesis cut location counter 
Y Y-coordinate of frame cuts at duct mold line, in. 
YB Y-centroid of frame segments at duct mold line, in. 
Z Z-coordinate of frame cuts at duct mold line, in. 
ZB Z-centroid of frame segments at duct mold line, in. 
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Arrays and Variables Calculated 

A Static lateral load at frame cuts, lb/(lb/in.) 
AA Unit internal axial load of frame segment centroids, lb/(lb/in.) 
BEN Unit internal bending moment at frame segment centroids, in.-lb/ 

(lb/in.) 
BM Static bending moment at frame cuts, in.-lb/(lb/in.) 
END S(43), frame moment redundant, in-lb/(lb/in.) 
DLSP Frame segment length at frame centroids, in. 
HO S(44), frame lateral load redundant, lb/(lb/in.) 
S Intermediate calculations 
V Static vertical load at frame cuts, lb/(lb/in.) 
VO S(45), frame vertical load redundant, lb/(lb/in.) 
W Unit internal shear at frame segment centroids, lb/(lb/in.) 
YP Y-coordinate of frame neutral axis at cuts, in. 
YPB Z-centroid of frame segment at neutral axis, in. 
ZP Z-coordinate of frame neutral axis at cuts, in. 
ZPB A-centroid of frame segment at neutral axis, in. 
ZZS S(42), Z-centroid of elastic center, in. 

Labled Common Arrays 

IP(68)    Print/no print indicator 

0 ■ print duct frame redundants and geometry data 
1 = do not print 

Mass Storage File Records 

None 

Error Messages 

None 
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SUBROUTINE DUCPNL 

General Description 

Deck name: DUCPNL 
Entry name: DUCPNL 
Called by: DUCTS 
Subroutines called: None 

This subroutine calculates duct panel thickness required to satisfy 
strength and deflection criteria for either milled or constant thickness 
construction. The process consists of a systematic evaluation which starts 
at minimum gage and investigates each of the speed-altitude profile points 
in search of the designing condition. 

This routine is called to perform these calculations at each duct 
station, starting at the first complete duct section. Throat pressures 
are used for duct stations forward of the inlet throat. Pressures at duct 
stations aft of the throat are obtained by interpolating between pressure at 
the inlet throat and at the engine front face. 

\rrays and Variables Used 

D Constants (refer to Table 11) 
DATD Duct geometry and design data (refer to Table 12) 
DATS(6) Distance, leading edge of inlet to throat, in. 
EH Duct material modulus of elasticity on % diagram, psi 
EL Duct material modulus of elasticity on ML diagram, psi 
EQU Equation and physical constants (refer to Table 17) 
FKTH Duct material tensile strength under cyclic loading on MH 

diagram, fraction of ultimate tensile strength 
FKTL Duct material tensile strength under cyclic loading on ML 

diagram, fraction of ultimate tensile strength 
FITJH Duct material ultimate tensile strength on M^ diagram, psi 
FTUL Duct material ultimate tensile strength on ML diagram,psi 
I Duct synthesis cut location counter 
NC Number of input duct cuts 
PHEH Hammershock pressure at engine on MH diagram, psia 
PHEL Hammershock pressure at engine on ML diagram, psia 
PHTH Hammershock pressure at throat on MH diagram, psia 
PHIL Hammershock pressure at throat on ML diagram, psia 
PO Ambient pressure at nine speed profile altitude, psf 
PSL Static absolute pressure at engine on ML diagram, psia 
PST Static absolute pressure at throat on ML diagram, psia 
RHOD Duct material density, lb/in.3 
SFRM Duct frame spacing at duct cuts, in. 
XO Duct cut stations, in. (refer to DATD) 
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Arrays and Variables Calculated 

IMIL Duct panel mill indicator 

0 * panel not milled 
1 ■ panel milled, lands at frames 

S(l) Interpolation factor for pressure 
S(2) Ultimate tensile strength, psi 
S(3) Fraction of ultimate tensile strength for cyclic loading 
S(4) Modulus of elasticity, psi 
8(5) Limit to ultimate design factor 
8(6) Limit design stress, psi 
8(7) Limit pressure at throat, psig 
8(8) Limit pressure at engine, psig 
8(9) Allowable panel deflection, in. 
8(10) Limit pressure at duct cut, psig 
8(11) Intermediate calculation 
8(20) Intermediate calculation, panel field thickness, in. 
8(21) Intermediate calculation, panel land thickness, in. 
8(22) Intermediate calculation 
TC Duct panel field thickness at duct cuts, in. 
XL Duct panel land thickness at duct cuts, in. 
TOT(3) Duct weight per inch of length at duct cuts, lb/in. 

Labled Conroon Arrays 

None 

Mass 8torage File Records 

None 

Error Messages 

None 
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SUBRDl/IlNH DUCFRM 

General Description 

Deck name: DUCFRM 
Entry name: DUCFRM 

■ Called by: DUCTS 
Subroutines called: None 

This subroutine calculates duct frame weight for a specified frame 
spacing and duct cut station.   Weight is derived from a frame element sizing 
procedure based on internal loads, material properties, and fabrication 
minimums. 

rhe sizing procedure consists of a systematic evaluation of internal 
loads due to static and hammershock pressure at each of the nine speed profile 
altitudes. The lower limit in the sizing procedure is defined by initializing 
frame elements to fabrication minimums. Internal loads are obtained by 
multipling unit internal loads, calculated by subroutine FRMELD, by design 
pressure and frame spacing, Throat pressures are used for duct stations 
forward of the inlet throat. Design pressures for stations aft of the throat 
are obtained by interpolation between pressures at the inlet throat and the 
engine front face. 

Arrays and Variables Used 

AA Unit internal axial load at frame segment centroids, lb/(lb/in.) 
BEN Unit internal bending moment at frame segment centroids, in.-lb/ 

(lb/in.) 
D Constants (refer to Table 11) 
DATS(6) Distance leading edge of inlet to throat, in. 
DLSF Frame segment lengths at frame centroids, in. 
Dl D(l), constant 1.0 
D2 D(2), constant 2.0 
Hi Duct material modulus of elasticity on MH diagram, psi 
EL Duct material modulus of elasticity on ML diagram, psi 
FCYii Duct material compression yield stress on MH diagram, psi 
FCYL Duct material conpression yield stress on ML diagram, psi 
FD S(41), frame depth, in. 
FMUH Duct material Poisson's ratio on MH diagram 
FMUL Duct material Poisson's ratio on ML diagram 
FSUU Duct material ultimate shear strength on MH diagram, psi 
FSUL Duct material ultimate shear strength on ML diagram, psi 
I Duct synthesis cut location counter 
IFF Number of frame segments 
MC Number of input duct cuts 
PI Oil I Hammershock pressure at engine on MH diagram, psia 
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PHEII Hammershock pressure at engine on MH diagram, psia 
PHIX Hammershock pressure at engine on ML diagram, psia 
PH'IH Hammershock pressure at throat on MH diagram, psia 
PHTL Hammershock pressure at throat on ML diagram, psia 
PI D(15), constant ir 
PO Ambient pressure at nine speed profile altitudes, psf 
PSL Static absolute pressure at engine on ML diagram, psia 
PST Static absolute pressure at throat on ML diagram, psia 
RHOD Duct material density, lb/in.3 

SFRM Duct frame spacing at duct cuts, in. 
W Unit internal shear at frame segment centroids lb/(In/in.) 
XO Duct cut stations, in. (refer to DATD array Table 12) 
ZERO D(24), constant 0.0 

Arrays and Variables Calculated 

AC 0(58), frame cap area, in. 
AMI S(54), minimum frame cap area, in.2 

BB2 Frame cap width at frame segment centroids, in. 
BC2 S(62), frame cap width, in. 
E S(51), frame material modulus of elasticity, psi 
FCY S(47), frame material compression yield stress, psi 
FKC S(48), frame buckling coefficient 
FMU 5(50), frame material Poissonrs ratio. 
FRWT Weight of one frame at duct cuts, lb 
FSU S(48), frame material ultimate shear strength, psi 
ICNT Design pressure point counter 
PAA S(57), frame cap axial load from combined axial and bending 

load, lb 
PAX 5(56), frame axal load, lb 
RHO S(52), frame material density, lb/in.3 

S Intermediate calculations 
TCAP 5(61), frame cap thickness, in. 
TCAP2 5(63), half of frame cap thickness, in. 
ICC Frame cap thickness at frame segment centroids, in. 
TEM2 5(55), intermediate calculation 
T0T(4) Frame weight per inch of duct length at duct cut, in. 
TW 5(59), frame web thickness, in. 
'1WS 5(60), frame stiffener thickness, in. 
TWT 5(67), frame weight, lb 
TWW Frame web thickness at frame segment centroids, in. 
WTF 5(64), frame cap weight, lb 
WTST 5(66), frame stiffener weight, lb 
WW 5(65), frame web weight, lb 
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Labeled Common Arrays 

.None 

Mass Storage File Records 

None 

Error Messages 

None 

SUBROUTINE DUCWET 

General iJescription 

Deck name: DUDVET 
Entry name: DUCWET 
Called by: DUCTS 
Subroutines called: None 

This subroutine calculates inlet duct weight for each of the duct seg- 
ments. Duct weight calculation is based on linear thickness taper between 
forward and aft boundaries of segments. 

Structural arrangement is evaluated so that calculated weights account 
for the total duct weight in a single nacelle or, for fuselage buried engine 
concepts, the total auct weight in the vehicle. These calculations account 
for: 

!. One-dimensional inlet lip 

j. Variable geometry ramps 

5. One or two ducts and the transition from two ducts to one 

One-dimensional inlet lip structure weight is calculated on a unit weight 
basis. Surface area for the first inlet segment is used to calculate this 
structure. Variable-geometry ramps are assumed to form part of duct wall. 
Should ramps exist, that portion of duct which is covered by ramps is deleted 
in the calculation of duct panel weights. One or two ducts may exist in a 
nacelle or fuselage. On some configurations, the inlet system may consist 
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of two ducts which combine to form a single duct. Weight calculation for 
the segment in which this geometric transition occurs is performed by using 
geometry and sizing data at the aft boundary of the affected segment. 

Arrays and Variables Used 

BSD    Side sector duct panel peripheral length at cuts, in. 
BUD    Upper sector duct panel peripheral length at cuts, in. 
D      Constants (refer to Table 11). 
DATD   Duct geometry and design data (refer to Table 12) 
DATR    Ramp geometry and design data (refer to Table 15) 
DLXD    Duct segment lengths between cuts, in. 
EQU(96)  Duct lip unit weight, psf 
IGD    Duct leading edge type indicator 

0 = complete section 
1 = vertical lip 
2 = horizontal lip 

IVG     Inlet type indicator 
1 = fixed duct 
2 = fixed spike 
3 = horizontal ramp 
4 = vertical ramp 
5 = translating spike 
6 ■ translating and expanding spike 

NC     Number of input duct cuts  _ 
R11ÜD Duct material density, lb/in. 
SFD Surface area of duct segments, in.2 
SFRM Duct frame spacing at duct cuts, in. 
TC Duct panel field thickness at duct cuts, in. 
TL Duct panel land thickness at duct cuts, in. 
XO Duct cut stations, in. (refer to DATD array Table 12) 

Arrays and Variables Calculated 

S      Intermediate calculations 
Wl'[) Duct segment weights, lb 
Wl'LP    TOT(23), weight inlet lip per nacelle, lb 

Labeled Common Arrays 

None 
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Mass Storage File Records 

None 

hrror Messages 

None 

SUBROUTINE NACELE 

General Uescription 

Deck name: NACELE 
Lintry name: NACELE 
Called by: AISNIN 
Subroutines called: NCLGEO 

Ihis subroutine is called to estimate nacelle shell structure for 
externally mounted engine installations. Weight and balance data for nacelle 
panels, frames, and load redistribution members are calculated in this routine. 
The estimating procedure consists of the evaluation of structural minimums, 
local panel flutter, and duct-nacelle compatibility. Subroutine NCLGEO is 
called to develop the required nacelle geometry data. 

The nacelle is assumed to consist of an inlet section and an engine 
compartment section. This distinction is made to evaluate structural arrange- 
ment differences in the two sections. In the inlet section, frame weight and 
spacing are determined for duct design requirements. These data are developed 
by the duct estimating routines. Frame weight and spacing at nacelle cuts 
are obtained by interpolating between bounding duct cuts. Should two inlet 
ducts exist at a nacelle cut, the corresponding nacelle frame is assumed to 
be equivalent to two duct frames. Frame spacing in the engine compartment 
section is defined by input nacelle data. Frame weight in the engine compart- 
ment is calculated from predefined shape and minimum thickness. 

Nacelle cover thicknesses at nacelle cuts are established by minimum gage 
and, for supersonic aircraft, by local panel flutter requirements if critical. 
Critical panel flutter requirements are obtained by a systematic evaluation 
of mach number, dynamic pressure, and material modulus of elasticity at each 
of the nine speed-altitude profile points. The appropriate frame spacing is 
used to determine thickness required to prevent local panel flutter at each 
nacelle cut. 

274 



■ 

.Nacelle component weights are calculated for each nacelle segment. Should 
the first nacelle segment geometry define a one-dimensional leading edge 
structure, weight for that segment is not calculated to avoid duplication 
since the weight for that segment is calculated as part of the inlet duct 
structure. 

Cover weight calculations are based on linear thickness taper between 
the forward and aft boundaries of segments. Cover panels which are replaced 
by engine removal doors are deleted in these weight calculations. Frame weight 
within segments are based on weight per linear inch at the bounding cuts. 

Load redistribution structure weight is based on nacelle profile area. 
Jliis calculation is performed for multiple engine nacelle arrangements where 
engine loads are reacted by nacelle structure which then transfers the loads 
to pylons. 

Weight correlation factors are applied to the resultant weights which are 
then summarized in the SUMM array. Center-of-gravity calculations assume 
longitudinal segment weight centroids to be midway between bounding cuts. 

Arrays and Variables Used   

ALT    Mne altitudes on speed profile, ft 
BLX    Lower sector nacelle panel peripheral length at cuts, in. 
BSN    Side sector nacelle panel peripheral length at cuts, in. 
BUX    Upper sector nacelle panel peripheral length at cuts, in. 
D      Constants (refer to Table 11) 
DATD    IJuct geometry and design data (refer to Table 12) 
DATK    Weight correlation factors (refer to EQU array. Table 17) 
DATN    Nacelle geometry and design data (refer to Table 14) 
DAI'S    Air induction system, nacelle, and engine section design 

data (refer to Table 16) 
DLXN    Nacelle segment lengths between cuts, in. 
DON    Vertical flat length of nacelle contour at cuts, in. 
EQU    Equation and physical constants (refer to Table 17) 
FRWT    Weight of one duct frame at duct cuts, lb 
IGN    Nacelle leading edge type indicator 

0 ■ complete section 
1 = vertical lip 
2 = horizontal lip 

IP     Print control (refer to "Labeled Common Arrays") 
NC     Number of input duct cuts 
QL     Dynamic pressure on ML diagram, psf 
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RCSN Side sector nacelle panel radius of curvature at cuts, in. 
RCUX Upper sector nacelle panel radius of curvature at cuts, in. 
RON Comer radius of nacelle contour at cuts, in. 
SFX Surface area of nacelle segments, in.2 
SFRM Duct frame spacing at duct cuts, in. 
I^IS Material properties (refer to Table 23) 
VL Limit speed, M| , at nine speed profile altitudes, M 
WON Horizontal flat length of nacelle contour at cuts, in. 
XMISC Refer to "Labeled Conmon Arrays" 

Arrays and Variables Calculated 

DATN    Nacelle flutter design data (refer to Table 14) 
LLN     N.icelle miiterial modulus of elasticity, psi 
FRKN    iVeiglit of one nacelle frame at nacelle cuts, lb 
ICN    Lngine support ty|)e indicator 

Ü ■ engine directly mounted to pylon or one 
engine per nacelle 

1 = multiple engines per nacelle with engines 
mouited to nacelle structure 

11-4     Calculated material properties file record number 
KCN     Nacelle perimeter code 

1 ■ perimeter input 
2 *■ perimeter correction factor input 

NCN     Number of input nacelle cuts 
NFLT Speed profile point critical for local panel flutter design 
RHÖN Nacelle material density, lb/in.3 

SFRN Nacelle frame spacing at nacelle cuts, in. 
SIJMM Weight summary data (refer to Table 20) 
TCN Nacelle panel thickness at nacelle cuts, in. 
TOT Weight summary data (refer to Table 24) 
IvTCN Nacelle panel weights within nacelle segments, lb 
WEN Nacelle frame weights within nacelle segments, lb 
WTLN Nacelle load redistribution member weights within 

nacelle segments, lb 

Labeled Common Arrays 

(IP(7üj  Print/no print indicator 
0 = print nacelle geometry and weight data (Figure 35) 
1 = do not print 

XMISC(85) Alphanumeric case title 

XMISC(100) 

276 



t «        IT »**<«<« a 
O " (^ «M >* »« 

o o « a • • • • 
PC        «rKirtrc^M 

— <« * * »n >f * 

eooocotrtre 

eocoootriro 

(»^ • 
r • 
o oc e oo o «A »r o ^* « 3 »- *^ »ectMff-'^'Ooc 
»- « <Si-(^«iti«r-r- 
w u 
c 

« 
N 

«•. C9 Ul »« g OOWCN^ ^rxo 
♦- c c 
u u »OOrum^KC^m 
141 irinr««««« 

1 

UJ 
a. 

I > i^ «'^^O^'n — ati-^ 
a O *• « o o -r -^ « -O 9 <0 ori 
HI M .* »< «VJ C\J *Ni 
11 
C3 -< 

coococoooo 
ooceooooo 

u-     oeo*ir*«Mfv- 
M ^ M 

a       00000099 
<^or»ooor»ooo 

o > 

oecirf ^ or ^ c 

c-Otro^rarir^v 

•    ooooeoeo «cccooococ 
K   ••••••••• 
^^ooooa■coo^ 

'*<N;ir<C<CKOw 

a 

r 

2- 

t 
u 
u 
> 
I 

> 

o 
«I z 
« « « 

Mi «OOfCC^COO 
_J      (»•♦»•••••• 

u. C C O C a a. a c C' 

•*   *   ^   IT  «    tf   IT   IT 

K    ••••••••• 
o « T^OCOC^C^' u. a —-'-"■-li-ii-ic'o 

•ooeccoccc 
t-  CCCCffO^Cf 

•xr  IT 4> « a o o 

o — r <») * If « f  SO 

o C i^eeoooooo 
zcoceoooo 

■*• C — <r «r «> IT 
aotn^iHwcto-« 

K     <r «^ IT »- o> » «r, 
Jt     «er»     CM ir 

>o«^i-)iro«o«< 

uomff tr ro «N4 tn *>• 
«"«f-     m t» -« 

t-       (M N ti"!        ^ O IA 
V «4 

<2g§S§§g§ 
tu**»»*»»» 
a>?oo<oaa«iri 
«ooor-^rsjvtir 

ff a. ir ir     « r> cr 
«< n o or      « o «n 

xoooooooe 
•- c occ eo o o o******** zcooc -< « * r- 
u o- o d <c     «ViO^ 

L.viMr'.tir^^o 

e 
e 

IT. 

IM 

* « 

I* 

o 
o 
• 

c 

o 
o • 
a. 
o 

t 

rt 

4) 

to 

I 
•H 

277 



Mass Storage File Records 

Read by routine: 

Records 109 through 117 

Written by routine: 

None 

Error Messages 

None 

SUBROUTINE NCLGEO 

General Description 

Deck name: NCLGEO 
Entry name: NCLGEO 
Called by: NACELE 
Subroutines called: None 

Ibis routine calculates shape parameters at the nacelle cuts, and length 
and surface area for segments bounded by cuts. These calculations are based 
on a family of shapes that may be defined by straight lines and circular arcs. 

Data input to this routine consist of depth, width, and either perimeter 
or perimeter correction factor at as many as 10 nacelle stations. The first 
cut describes geometry at the inlet leading edge, and the last cut describes 
geometry at the last full nacelle section. Perimeter code, KCN, is used to 
designate whether the perimeter or perimeter correction factor is defined. 
If KCN is 1, the perimeter is input at the cuts. If KCN is 2, the perimeter 
correction factor is input data, and the perimeter is calculated and substi- 
tuted for the correction factors. 

For one-dimensional leading edges, the single dimension is described at 
the first cut; the perimeter or perimeter correction factor is not input for 
this station. The second cut describes the first complete nacelle section. 
The surface area for this segment is not calculated, since it is already 
accounted for in the duct calculations. 
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Arrays and Variables Used 

D     Constants (refer to Table 11) 
DATN   Nacelle geometry and design data (refer to Table 14) 
KCN    Nacelle perimeter code 

1 * perimeter input 
2 ■ perimeter correction factor input 

NCN    Number of input nacelle cuts 

Arrays and Variables Calculated 

BLN     Lower sector nacelle panel peripheral length at cuts, in. 
BSN     Side sector nacelle panel peripheral length at cuts, in. 
BUN     Upper sector nacelle panel peripheral length at cuts, in. 
DATN(61)- Nacelle perimeter at cut, in., calculated when perimeter 
DATN(70) Correction factor input 
DLXN    Nacelle segment lengths between cuts, in. 
DON     Vertical flat length of nacelle contour at cuts, in. 
IGN     Nacelle leading-edge-type indicator 

0 « complete section 
1 ■ vertical lip 
2 = horizontal lip 

RCLN    Lower sector nacelle panel radius of curvature at cuts, in. 
RCSN    Side sector nacelle panel radius of curvature at cuts, in. 
RCUN    Upper sector nacelle panel radius of curvature at cuts, in. 
RON     Corner radius of nacelle contour at cuts, in. 
S       Intermediate calculations 
SFN     Surface area of nacelle segments, in.2 
WON     Horizontal flat length of nacelle contour at cuts, in. 

Labeled Common Arrays 

None 

Mass Storage File Records  2  

None 

■ 

Error Messages 

•WARNING FROM NCLGEO IN AIR INDUCTION SYSTEM 
NACELLE LIP GEOMETRY ERROR 

The foregoing message is printed when a one-dimensional leading edge is 
indicated by zero in input location DATN961) and neither depth or width are 
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defined for the leading edge station. Unit inertias are calculated for this 
segment, assuming a horizontal lip-type configuration. 

• WARNINo FROM NCLÜbü IN AIR INDUCTION SYSTEM 
SECTION XX IS RECTANGLE OR ROUNDED RECT. CORRECTION IS Y.YYY 

The foregoing warning message appears when the program encounters some 
difficulty in fitting the shape, based on input geometry. XX locates the 
cut at which the difficulty occurred, and Y.YYY is the scaling factor applied 
to depth and width. The perimeter is assumed to be the independent variable 
and is not revised. Should the scaling factor indicate a significant revision, 
input data should be examined for possible errors. 

SUBROUTINE MISCOM 

General Description 

Deck name: MISCOM 
Entry name: MISCOM 
Called by: AISMN 
Subroutines called: None 

This subroutine is called to calculate weight and balance data for mis- 
cellaneous nacelle and engine section components. Following is a list of 
components which are considered in this routine. 

Engine mounts 
Duct by pass doors 
Auxiliary inlet doors 
Engine removal doors 
Miscellaneous access doors 
Firewall 
Nacelle exterior finish 
Engine compartment shroud 

Statistical equations and rule-of-thumb methods are used to compute 
weight and balance data for all of the foregoing items. Engine mounts calcu- 
lations are performed for all propulsion system arrangements. Tests are made 
to determine whether calculations for the other components are required. 

Arrays and Variables Used 

D      Constants (refer to Table 11) 
DATI)    Duct geometry and design data (refer to Table 12) 
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DATN Nacelle geometry and design data (refer to Table 14) 
DATS Air induction system, nacelle, and engine section 

design data (refer to Table 16) 
DOD Vertical flat length of duct contour at cuts, in. 
DON Vertical flat length of nacelle contour at cuts, in. 
EQU Equation and physical constants (refer to Table 17) 
NC Number of input duct cuts 
ROD Comer radius of duct contour at cuts, in. 
RON Comer radius of nacelle contour at cuts, in. 
TOT(12) Nacelle surface area per nacelle, in.2 
WCD Horizontal flat length of duct contour at cuts, in. 
WON Horizontal flat length of nacelle contour at cuts, in. 

Arrays and Variables Calculated 

NCN Number of input nacelle cuts 
S Intermediate calculations 
SUNW Weight sunmary data (refer to Table 20) 
WTAI TOT(41), weight auxiliary inlets per nacelle, lb 
WTBP TOT(42), weight duct by pass doors per nacelle, lb 
mw TOT(43), weight engine removal doors per nacelle, lb 
WTEF TOT(47), weight engine mounts per nacelle, lb 
WTEM TOT(40), weight engine mounts per nacelle, lb 
WIFW TOT(45), weight firewall per nacelle, lb 
WTM) TOT(44), weight miscellaneous doors per nacelle, lb 
Wi'SD TOT (46), weight engine compartment shroud per nacelle, lb 

Labeled Common Arrays 

None 

Mass Storage File Records 

None 

Error Messages 

None 
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SUBROrriNE 1'YLÜNS 

Central Description 

Deck name: PYLÜNS 
Entry name: PYLONS 
Called by:        A1SMN 
Subroutines called: None 

This subroutine is called to calculate weight and balance data for pylons 
and nacelle attach fittings. Separate weight calculations are performed for 
inboard and outboard pylons should they exist. Attach fitting weights are 
calculated for the nacelle and content inertia loads. Centers of gravity for 
these components are based on engine center of gravity and pylon span and 
sweep angle. 

Arrays :md Variables Used 

D      Constants (refer to Table 11) 
DATX    Nacelle geometry and design data (refer to Table 14) 
DATS    Air induction system, nacelle, and engine section design 

data (refer to Table 16) 
l-.QU     Equation and physical constants (refer to Table 17) 
SUMM(22J X-CG of inboard engine mounts relative to inlet leading 

edge, in. 
IMS    Material properties (refer to Table 23) 
TUT     Weight summary data (refer to Table 24) 

Arrays and Variables Calculated 

II;4 Material properties file record number 
S Intermediate calculations 
SUMM Weight summary data (refer to Table 20) 
WFTI TUT(53), weight inboard fittings per nacelle, lb 
IVFTO TOT(54), weight outboard fittings per nacelle, lb 
WTPI TOT(51), weight inboard pylons per nacelle, lb 
WJ'PO TOT(52), weight outboard pylons per nacelle, lb 

Labeled Common Arrays 

None 
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Mass Storage File Records 

Read by routine: 

Record 109 

Written by routine: 

None 

Error Messages 

None 

SUBROn'IiNE SUMARY 

General Description 

Deck name: SUMARY 
Entry name: SUMARV 
Called by: AISMN 
Subroutines called: None 

This subroutine performs confutations which sumnarize weight and balance 
data for the air induction system, nacelle, and engine section structure. 
These summary results are printed as shown in Figures 3, 4, and 5. 

Data provided to this routine are for component details in the inlet 
coordinate system. These detail data are combined to account for the proper 
number of items, such as number of ramps or nacelles, and to compute required 
balance data in the vehicle coordinate system. Summary results are organized 
for transfer to the labeled common array FUAT by module control routine, 
AISMN. 

Arrays and Variables Used 

DATR    Ramp geometry and design data (refer to Table 15) 
DATS    Air induction system, nacelle, and engine section 

design data (refer to Table 16) 
IVG    Inlet type indicator 

1 « fixed duct 
2 ■ fixed spike 
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3 ■ horizontal ramp 
4 = vertical ramp 
5 ■ translating spike 
6 - translating and expanding spike 

SIM1    Weight summary data (refer to Table 20) 
TOT    Weight sumnary data (refer to Table 24) 

Arrays and Variables Calculated 

S      Intermediate calculations 
SUMM    Weight summary data (refer to Table 20) 

Labeled Conimon Arrays 

.None 

Mass Storage File Records 

None 

Error Messages 

•None 
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The AirrOFLOW product requested for this present document includes th6 

CROSS-INFERENCE LIST 

This list is broken into two parts.- procedural statements and nonprocedual 
statements.    The procedural statements cross-reference list gives the inter- 
connections which will appear on the flow charts.    The presentation lists the 
following from left to right: 

• The card identification from columns 73 through 80 of this card, or card 
sequence number.    When sequence number is used in place of card identifi- 
cation, it is enclosed in parentheses. 

• The page and box number where this card is displayed in a flow chart. 

• The FORTRAN statement number from columns 1 through 5 of this card. 

• The card identification from columns 73 through 80 of the card referring 
to this card, or sequence number. 

• ITie page and box number where the card referring to this card is displayed 
in a flow chart. 
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APPENDIX A 

AtTlUFLOW DESCRIPTIüN 

The Airi'OFI-OW documentation system is a series of software packages owned 
;ind maintained by Applied Data Research, Inc. Rockwell International has leased 
a software system for use in producing flow charts on their IBM 370 system. The 
flow charts arc drawn on a CRT, and a photograph is taken and printed on »aper 
by Microfilm Services. 

because the AlJTOllOh system used is IKM-oriented, the function of the 
BUFFbRIX and BUFFEROUT statements is not recognized, but these statements appear 
in proper order in note boxes. Also, the PROGRAM name does not appear on the 
main program, ;md library routines REAUMS and WRITMS are listed as undefined 
external references. 

listing, a cross-reference list, and the flow charts. 

Li ST IXC 

AUTOFLOW produces an 80-column listing of all the cards in the program. 
The cards are sequenced and grouped by routine. 



(The last two i terns are repeated for eac.t reference l.lltil the list is 
exhausted.) 

Those canis '"hich are not referred to in the procedural list are listed 
bet\\eC'!l thc flo\\' charts.. Typical in the lists are type statements, dimension 
statements, equi\·alence statements, c0111110n block statements, fonnat statements, 
and data statements. Titis COJ11>rises the nonprocedural statements used in 
FORTRI\.~. 

FLOi\ 0 IARTS 

The flow charts produced hy Al1fOFLOW use lJSi\51 conventional symbols. 
Since the flO\\ charts are mechanically drawn from the program source deck, there 
are no omissions or vague generalizations ahout the processing within the boxes. 

!:\·cry hox on each page is lmiquely numhered and may he referred to from 
else\"here in tht> program. '11le source of a reference to a box will he indicated 
by shmdng the page and hox number. If the munher is followed by an asterisk, 
there arc. multiple references to this point, and the others may be foWld by 
using the c ross-reference list • 

.... ~ 

The tnost-often-used symhol is the decision hox. Like all boxes, its hox 
munhcr is aho\·c and to the right of the hox. Its R>RTRI\N statement number is 
aho\·e and to the left of the hox. The decision choices for the paths are 
printed . 

. , he unconditional transfer connecter has its page nuni>er destination 
pr i:1teJ abo\·c o r to the left of the box m.nher destination \dthin the connecter. 
If there is a FOIUHA'\ statement numher at the destination, it is printed belO\" 
! he cnnnccte r. 
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The exit box cxanple shows a connecter from page 9, box 15, 

The subroutine call box includes the calling sequence. The page and box 
numbers of the flow chart of the called subroutine are shown on the left-hand 
side of the box. The page number is above the box number. 

-1—J! 
caw 

.t  •ftn ,»M .1. 
wv- ri .it « pci. 
«• n tf.m. 

The note box encloses comments of a  functional nature, 

as differentiattvl  from the -1 colunui comments, uiiicli are left justified without 
a box,  that shov,  the comment cards  included in the I'ORTRAN' deck. 

i a-> 
c«i IM  i**mm 

t IM   Mn.AlNI .1*1 
^110 .Hit 

«•fW »'     H'fO.li 
ftn .rt 

Clfcl   MM-lAi»*    ht I 
IW»/#V4 •*(!•** ,i*Ji 

he process box  is used to enclose POUTRAN arithmetic statements. 

i > t • i 

ii • i •« 

Input ;uid output arc shown as commimieating with a device, 
follows,  if appropriate: 

The list used 

/l*!«   to (»»/ 

/'"'ir" / 
/rioi fi€ list / 

NOtc    10 

L1»I  •   100 '        Ij 
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BMWBBJ ■—nnf nimiinwim ,■„. „ ,,„.    . ., __—— 

Ilic confuted ("^ IV Ivcomos a branch table showing the page and box number 
of each of the ordered brances. 

.J 
oeMvit» co > 

rot uo 
Etomna <*> 10  ) 

Hi SS    J 
8:1 

T 

1'he column connecters and initial connecters are the only boxes without 
external box numbers,    Tbc  function of the initial connecter is always clear, 
but the label given  is tbe symbol  in the next FORTRAN card, which is often 
blank. 

s~y /r.y 

Ihe coltüiin connector identifies tbe page .-ind box number to which it 
connects. 

^ 
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II« •re.t.at.iM.aanM-.n.t i «ouao 
II* Ml« COMIIMC 
IM C              MOIIIIO 
■IT            c •• Mnr ueiCATon a« COUNTOT •• ooouao 
IM IT» • OAT»II> OMUHO 

IM IM • OATflll 0MII»)O 
IN                 C KVCUr MUD MOriU DATA MOIIMO 
iti irioAimioiiM.w.« 
IM M iriOAniiiiiM,w,iM 
in MC«XM«. «nim 
in tm. (CMILI IMIIMO 

If» tax MO» IMIIMO 
IM *>M TO IHI,IM,IM.IM.IM.MOI.I«* MOIIHM 
IIT cto mo M mmuNn JW ton» mum mm oivm wot m PMIT 

MI IM iriaMRiMii iii.m.igt 
Mi Ml   CA 

III C         to 00 «MM 0M.T OIOIII MMT NDC rWITIVC WUC. 
IM iriOAranoi.oT. o.oi M w MM 

in c twi *»r wun m m wcnif    IPM A.V. ir IMIMMLI row MOII«M 

IM Till • Mltlll M0ll<M* 
IM iriaMini M. o.oi  nit^Araisi/OATtin MOIIVM 

I» WTIMl • TOTlMinill MIII<lM 
I» M M fW.M MHIIIi 
IB M     MTIII • TOTIIMTlll M0n«W 
IM M TO ■<M MMNM 
M C MOIIMO 

•I MM 
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M*Mi. euett 

IflQMIIIII M.Mt.l 

II«   MJLMCU 

iriMiiiii <m.<m.rm 

mmnm otan «r • KV    «M MUCTMN 

tut m 

mum 
«MI1«M 

•Hiitn 
«Mil«! 

•MUM 
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fDWlWI • «Mil •■ 
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numi ' «KRim 
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ITI c 
in e 
in 
in c 
■it c 
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IT» 

i« e 
in 

■•l 

•I* 
til 
tlf 

irMMiriltllMM.IMt.l 

IMONTWC 

C iiimiiiiiiiiiimiiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiiiiiii 

C WMOUriNC ORKO 
C iiiDiiiiiiiiniiiiiiiiiiiiiiiniiiiiiiiiiiiiiniiiiiiiiiniiiiiiiiiiiiiinn 

MMUIM OCIKO MIMI« 
Mtitroi a MO« iwm 

•MMI0) OinMI.TI««ai.OCi|MI.I«IIMI 

■HCMION ountmt 
•MMMMMMM 
WlfMION MDI Itl .MB« Ml ,HD<■•>.Ml 111 JU«I» .•»• Ml 
•li««IM€Un<lll.*MMI MIMIIt 

nviMUMC <oiii.ica«tii.iTiit.i«auM«iii.i»-<ii.TcaNi<iioiii. «IMIM 

IIMMIl.TcaiKMilll 

iMIiMKtli 
: itiii.wiit 

tOUIHMLIMCf ltl«ll),iaDII>l.(TIKII.KOIIII.ITI«lll.0Qeil>l, MIMIK 

i>t<»i>.Mliiii,iri»ii.KSiin.iti9lii,«Diiii 

: ifisniAJSiin.aiaii.irociii 

IMMIdl.ll.lteilWI.JI 

canvwaei iiBiii<ii.Moi,u0iirai.ici.nmiMijci 
c 

C ■*» HBICAIM «0 COWIM 

iru - «i I(.M.M 

e        MUK ooc it t attuf raiiicTDi 
I« 00 It M.« 

IfiMIDiKMn It.lt.W 

II MMKitl • IMDII<«linlMeil«MI • MI0ll«Wll<0ll«l/0(f I 
It CONflMC 

C fit MM 

M M IM t'IM 

iriMMI<«ll M.M.IM 

c Mwm it mm oca m mm 
M iriMmiKWii ».I».« 

C MTIUtLW IMDMKI 
■ ■■• I 

Oimil«MI •MIOflMII 

MUM 
>■ IflftklDIKMM M.M.M 

M MIKlt.MI 

MIMIH 

MIMIH 
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ueui i(«TINO mmtm oum «r • MBP    *I« IMMTIOH «nnx wnu 

til 

tM 

M rMwii mmmm* mm tcnce w «w tmcnw «WIM / m. 
I IMUCT ll» «VCIWr OMM    I 

C MMIMIf«. LI» IIM0I t.f.l 
■ IM« I 

euvii<w> •ouoii'%11 
«MM 

IM im ••ill 
•III • IO«l*IOUSII<MI • aMtUtHII - MID<I<MII' 
ntiti • »id •on«11 
irctiiii iti.iti.iM 

Id till •g*M<l<MI/l»i«)«M»ll<««l ••<tl««tll<MII 
«Itl • 0<l*> 

c 
C OH 

IM tl»l • MWI 10*101 l««l.MTD<l<W>> 
titi • •nMiiQMo<i«i«).o*nii*wi) 
ifi»(»i - o<t>nifii iM.iio.n* 

IM tltl • «ti/Oitl 
tin • OMDii>tai/ioiti>(o<i*i«t<ti • «i»> - eitititm 

e 

IMt WIT|II,MI I. till 
M ratMTi mmtmmm nm tcran m «n imctiM tttioi /1»«. 

I    MRIIM. Ill, «M It MCUMU M MIMO MCt.. MMCCTMH 
t M.I I 

lit titi • t0M0ii«Mi - oitmifntiu'Oiti 
tll( • MMOUXitl - tllltltlKtlll/OIII 
irititn lil.iM.iit 

III titi • tlMI 
lit iritiln in.iit.ut 
II« till -OlIHl 
lit «tin • titi 

«Oil» • *ltl«l<ll 
ecoin • tm 
Mill • 0l«l4fl0lll • OlltlAKO^KOIII 
tioiii •■am 
Hem • om^ooiii • D<iti/»iti<«e<ii 

tMOMIMC 

iriiMi Ao.«M.m 
c        ULauat uuoim mm tunct 

Mt J« I 
tLMIII • MIDI Itl • OUOllll 
IfllM-ll tM,IM.Mt 

Mt iriMTOIMll *lt.tlt.Mt 
c MM« cur it <rrwi ncaTO« ncK m iw uurt t» 

Mt iriOUOltlll MT.ttT.Mt 
t r« «onicA. Lir iMjaMjat LIP. »• itiaaun UM wnicA. 

MT »Olli • ■JDIIMIIOUDttll • MOltll'Oltl • tuem • asim 
MM Ml 

C M.II MIT M N» fVMUK mMB 
Mt vein • ajaiiMitMoitii • Moiti • «Mi • ktiiii 

MWHt 
e INK it »tiMf out m» meau 

III »Olli • RMHI/Oltl'IOMDIUI • ■•ill • MOlli • Ulli I 
HMMt 

C MMMM«, LIP 
Mt ITIMOIMII M«.MH.Mt 

C M MClt M» MMBU 
Ml »till • ■JSIIMlOMtltll • «Mil • MD««l«l)l/Oltll 

Mit Mt 
c «c nut mwoou 

MN vom • euom/o<ti*iiMioitii • tuoiti • tm Mtiin 
e       MotMt ——> MCTIM m mm w m L.C 

MI M MI i«g JC 
■J0ii-ii • oMomiti • WWII«« 

tm •Mti 
ITIOUOIKMII t.Mt.Mt 

Ml intUlil'ltii Mt.MtJM 
Mt tm•tm 

IIMtll 

IMTII 

IWH 
IttIM 

lltltM 
Mllltll 
•ItlMt 
HlltM 
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IMPWI lltf IN* amrvM orni *i • ttr    «M IWUCII«) mm wnu 

fM Wll-ll • K«i|-ll<*ltl<t<ll<<aMDII<MI • OUDll«M>i 

WMT ntMITI« IM OUCtl «I 

DI-II •aLCit-ii«kroii<Mi 

•MP «MwiTiw oc HCI memtm na 
wt«i-ii • tL«ii-ii«>ra<i<«o><eiti 

««IMC 

••• Bit *** 

Mltl(M 

«ItIM 

WltlHt 

MIMM1 

MUlt» 

«mm 
«■•ira 

«MlHi 

■MMM 

«in IM 

C  ■KIIIIIIIIIIIIIIIKIIKIIIIMIIIIIIKIIIIIIIIIKIIIIIIIIIIKIIIIIIIIIIIIKII 

C iiMiimiimitiiiiiiiiiiiiiimiiiiiiimimiimtiMiiiiiiiiimiiiiiiiii 

c 

c 

CMMW icgniw«> 

c 

caw» AUK/ aniCiiMi 
eOVOH /IMIM/ I»IMI 

Mi««l*l MMMI .TlMMl .Kl INI .Wl(Ml 
I <LTII«I 

II« 

III 
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III 

II« 

III 
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IIT 

II« 

II« 

M 

■I 

mmmtm «WMI. 

1 WIM). •Mll««l. 

1 «Mil«». «tun, «Will. 
1 <0«.ll«l. MM III. MklMt, 
«PK.II«I. •IMI«I. niiin. 

• ■MMi, MMMi. «aiii«>. 
• ■Li id. MM III. «•MMI. 
TMntnii, nciii«i. «IflMI 
y . Mftn«> 

•MMM) TIIU<»l 

tmnwuttx lOin.Ttaiiiii.iriii.tcaii«««! II.IKIII.IMR<«MIII 
iaa<ii.ic««i«iii 

mumittt mmM>, WMIIJWIII. 
ii0i»ii.o«n>ii). io«)*»i.t«i*i 

«nw«>ai»iT»),Tiiu<iii 

auiviMici iriii.tuii 

MHWUMCf ITIMII.WIIII. ITIf?ll.«,llll. 
|ITIMI>.IB«HIII, •tian.iDiiiii. (Tisii.nHiin. 

fiTimi^ami. ■TI«ll,Mlilii. lfNMI<MNIIIIa 

MfMIIIJHkllMt ITMniJWIIIi. iTi»iii.aaii)). 
«ITIWIt.«»«!!!, irntiiMLiiii. iTItlll.MIMIIll. 
•ITI«TII.*CMIIII. ITII«II.MIVllll. ItMMIJMUIII, 

•ITIMILPItllll. iTinii.«»n.iii( 

tmnymjta iTi«ii,«,Tiin 

IM 

II« 

I« 

IWIIMI.II.IMIIMI.JI 

IWIIIII.I«*!. IWMIIII.imtl 

»II 

M 
M 

W «• I'l.» 

■HMII • m<Mi • nuini««Mii 
■ittii • «mal • «umimui 

«w» —tit« rm MM rta mwmam m 
MII • imwii/taui»)i 
•Ml • IMfti/IBWIi 

•m • iMiii/aui»>i 
•1*1 • MMSII/1M.III 

« N MM* MM flf 

M.M« 

M lurie 

M «MM • umrni • Mii«ii<«iii • mitft)tit> • miMititi««« 
«■.in • nvmt • tmt<»tn> • nuiiri^Kii • Mit»i<ti«i"« mrmn 

C        raun 
m trmtm • «wan «.«.« 
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mm iitiM wwrti« 

C rauft «r MMMIOUM tMMaiMM. f« l.t MtlMIt 
■ mau • ^rnmtt • nN«ii<(ii> • M«i«(i<«)ti • M*»ii«iti"t mrmm 

«.in • •«•««•i • tminutut • MVIWI«*! • imnif%nt"i mrmm 
c      mm rm mummuff w MM 

IfiWlili • Mnmn M.M.«> 
■t MnmrMi tM».«t,iiiMviwi 
«twmttitm.im.nf' wmm mum —tim, 

MMM) wMMnMi ocaan rw rmct «m •^t.i/iai, 
tiMM wr •^t.t.acnut ..»«.»i 

■ if it»» - MW<«U ■.»,«• Mtntit 
t        rautt vaa.i. i.twr k.t. «i.t. t.t mtmm 

mmmi • -<QU<««> • «««Tttin • nwn*i«ti - MM<<«>n<ti«>« M*I«M 

«I<I> • 4Mt«ai • MtfMTitm • Mwn*i<«ni - MM«ti<t»i*<t iwm 
1r11m.11> - nuiwn •».»•.». 

m Mifiia.Mi nir.iM.iii.Mnw> 

C Tmutt m MM MtM «Utl» MM I.*        MM fM «• «MOtf 
<• WHO • nuitii - HuiHitm • tmttmtiti • HMMimtMt WITMM 

«.III • Mlltll - CMitfKtlll • awMIHItl • HMf>li«l«l«*t   MMTM 
«Mil • «Mil 
«IK • «.111 
iriiM.111 - «HMII m$.imM 

w minii.Mi m*.nuni.MMMI 

c 
M ITIIM - «1 H.M.M 

c        run «CM* mit N»I Mt     MC 

M irmm - tauitin M.M.H 
MMNKIt.WI ni».IIK.llLltl,(gui«ll 

KMtaa rm omu* i«it —MTMW. mrmm 
.i.M.iMitxT rm •.tt.m.mut ».w.t.M. tmrn* 

c «i M MM MIM UM mm m mum. n it 
c                   MTio IMIN r« n* MWt                 n-m-«i MttiM« 

«Mil • IMUIMI • cauiMinMiii - nMMi*w«ii*<ti • «tin M«TIMO 

«.in • IMMMI •nuiHi'Hiii -«M>i«ifciii«ti ««in mtium 
C MtTIMi 
c raicr «IMH Mti» MUIM in« i.t M«t mtmm atriMMfIMS 

c                  MC m MNC fta •       MT-tr Mm. mmm 
c Htnnt 

Hi caniiu MtniM 
C MMIM 

M  «I« ■•■.• Mttll«« 
«HIMIII  • mHIIIMUHIII HMIIM 
ncHin • miiii«M)iii MtriiM 
Mitin •m.iiiMakin HtniM 
na.111 •m.iiiMMkin MITIIM 

Hrill •ntlll/MIUII«IUII MltllM 
tKOMTIIU MVTIMt 

C MfTltit 
iri»lMllMM.MM.Mi 

*M l«l<|irtlTlia)|KlNI.MM.IMl 
Ml tIT    rWMIlMI.Mlt.M.MH«M«r • IMMI M/H^MII 

*M Mim«.«!«) um, IM 

MI tM rwMiiM. MI. MMKIO nanu «MM MWiam. 
M* •      / iw. «i, mmmm mat» ». ir».». MH. MI« •, m i MtriM* 
Mt t IM. «w. «iDriHi, M. ■•ftficiM, i«. MMMCmaa mi / MiTiiM 
Mt I IM. Mkf. IM. MM. M. IHOn MWMC. M. IWMI. MTW. tMTIMi 
MT «M. mrmt, m. mmmm i «MTIII* 

Ml Wllllf.MIIIKLtllI. «MIII.IBIMIIJIIMIIJWillJHHIII.M.tl IMTIMf 
Mt Mi fMMt M. irii.i. in».«. iriT.i. rM.« i HMim 
Mi imillt.Mii tMtl»« 
Mi Hi rMMtiM.>M,«neriu.M.MT«riciu,i«,iWMt«M«i m / Mtnni 
Mi I Ml, MAT. IM. Mt. M. IWH» MWM. M. IMMR. MTI». tMtlMi 
Ml IM. «T«, III. »111«« I MWIIM 
M» imiiii.Hiiii«tiii.«kiii.iM.iiijiii.iiijaiiijatiiii.i«i.ii MtTiMt 
Ml Mimi.HIl HMIMi 
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r U*f« «M iiauctia) trtioi KMUU 

I. IM. MMtK / t». IIIIWBW-m*. •>. I II 
• I 
II 
im«i<«ja«>ii«,fiii.MiMiii^eHiiAM.iii^«t.ii>.>«T<iii. 
i I«I.»» 

ii m. irii.i. int.i. «fM.ai 

«MTt»l* 

C ■IIIIIIIHIIIIIiillltllllllllllllllllltlKlllllillllillllllllOlllllliKlini 

C iiiiiiiiiiiimiDimimiMmiiiliiMiitiiimiiintimiMiniiimmiii 

I—MM tllMI 
I—1 i«rii«i.»«NWi^a«iiw 
MMWI «•<«*•). a»l«tl. KHIMt, 

i «uMi. iMMMi. «Kitii. mmm> 
MWSMM »uti**!. tmmt, mtttt 
»mmtm KM«MI, «eitiiti. »VMIMI,   rHLim. 

i nuMiti. nujiti. OMMI, aiM> 
ummm po<ii>. miiti. MMHWI. 

I nmnti. MLiiti. WIMI 

WIWIM 

mi,* 
tin 

IIIMKIII,« 

I tUVMi. 
» i*<ti.ori. 
I «Ml,»'. 
« •••iti.eir 

l»l\tM>. 

iMnjm. 
IMItlJII*'. 
Wild ^n. 

■ •«mm. 

•»in. «1111. 
■•i«ii.r»i, 
•«IMl^lWl, 
itim^Ki. 
■•IMI^MI. 

«IMtl* 

<t«l«tl.«Ullll 
rannten. 
<t<MI, (I. 
Niau^Mi. 
mmsm. 

I»I«IJ 

mil. 

I i«nti,f«ii. 
t IMWJMI. 
I ItKil.HMI, 
» <tl«l.4CI. 
t itian.ic^i. 
■ •«•ti/.iri, 
1 lUttt.WIt 

mutrnmat MWiULVaiii, 
I «Ml Ml I.«Ml II,      IUL»<IMI,MIIII 

ltlimi,Tlfllll.l*lflll.VWIIII.ItlMII^MIIIII 
ITiailJWIII. ItlMI^LIIII, 

I IfnmiJMMIII,      ItnTII^MMtlll.     IfnMIJMLIIII, 
• iTnCIIJMLIIII.      ItlMll^ftllll,       ItlMII^CMIIII, 
1 itMiii^ntiiii.   ITIMII^WIIIII.   ifwiii^WLiiii, 
• (riMII^IUMIII.      IfNMI/NLIIII.     ItNtlliMIIII. 
• itlWII Aim. IfltltlJMM 

mmmmti ITIMMMMüHI. itiiMi.Mciin. 
i irnMiijaiin 

mnmam IMIIMI. II. «WMII. «. 
i «atini, «i. naiiwi. mi, mwm, mi 

c 
e i  M 

* J 

c « 
viMtii - wmtn 

ia wn • «a* 
c immm 

met ««tiw. urn > 

IMUBMII 
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M/tV* MVf tIttM WWUMCMM«? • 

M     wn • tmtt • «nwii/iMiici • ■Mticii 
c ra 

«i 

Milt   «•! .WT 

MM« 'im> 

MCI» • MM 

■toi • m*mt 
IW mam* 

( 
c 

mm >it 

f> • tu* ** lit 

c   «f w rat » M M •tlHI     « UWL KM* LIWI CUM» MINIM 

t   »MU» 

»<•> • na« ji • «id 
titi • »«• • MH'ititi-tnti MMMIt 

c 
c wn mrm »mi IMIIWUI ■ M 

m «T • fntiji 

rm • fMl.lJ» 

mt» fMLIJI 

i • ftM 
•ni« muLtjt • •■•! 

•I«I« «CL<J> - «■•> 

«•>• ••*•  • Xll'ltltl-«!»!! 

tin» 

10« •t 

Miaw 

c 
c mt irrmvmt mmtt         >mu 

mt tni« MllJt • MCI 

Ml« IMIJ» -•••I 

MM •1*1 • •(ll>(Sltl««l«ll 

WTI« •«•l«IMI>*M«ll 

M« • 1 

' M NM. iMt CUMCl 

IMMI M   mm. LMf MMI 

M«.nK»«««f  »t/oit  /ieiii-nw«<ti<oiM««CT •I«I«H 

MMI »i.wr MMira 
MB • MIlMnitlTllJ« MMlMi 

*M • aillwmiTKMI • MR MMIMi 

«   • MM «)«•• »CT MMIIM 

«tx MIIWn(l«»ITII MNIIIt 

M   • l«iri«lt«l»l•«•»•<•■ «•^■•<« ««nl<f ••«Itll MMIIM 

MMIIM 

»•«l 111 MMIM 

niort    *■•. «it. <M 
tOI 'KSKJ* 

VMM • M«lM)l   «II. «t 

II I« 

VMM .M. Mi        Ml • M 

rut  xi. mi     tc • m 
MMIIM 

MMItil 

M • MMIM. 

iriMmn M. 

«tu •« 

MMM MCMIMMW) 

VMHMl • (4111 <M« 

Ml       MNH • M 
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um* kitrua «Nrtw Man «i • M»     u* rtauctiw ivtrcn woux 

ICCIII • ic4r 

m it <«». *«. IHI. ion 

■Mia* 

«Mill* 

■ •i«»i.irr 

•t«l • ICCI«l«MMI<W4k(rilll« 

•<■■ • niM(l«««,»IIII4M 

imi • tl|»l4Ltr»l«M 

Mir • Mir • tiai 
MM • MfH • •(■■ 
Mitt* MltT« tl»7l 

•■• can IHM 

mr • MIT • HTH • Mm 

nMiin • IMT 

•iw«it 

«Ml»« 

C iKHiiiiiiiiiiiiiiifiiiiiiiiiitiiiniinniiiiiiiiiiiKHiiiKiiMiiiiiiiiii 

C iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitini 

maMvriic OUOM. 

MUTKH I MIL It« 

•• at«.» ouct m«. «nmcf i* 

•IM*M 

•MM« 

•m 

•I* 
«I 

MT 

•UMI« MMMI.TIMMI JCIIMI.«lfMl 
•MMIM MMMtl an 

MMMI« aMIl««! .OUPlMl .Ml 1*1 Mit 

■IMtllMl.lWllMl 

i rntu i*i .rTu.ii*i .(HII*) .a<i*i.nmi i*i .naiiti 

I——I Ml 1*1 J»l Ml ßHlm Ml .NMH Mt ^MILI 1*1 .•Mil 1*1. 

Mil Ml 

•KMl.MIMl.aiMI 

MINI I* 

MIMI« 

••ill.MMIM.Iflll,ieOt>f«lii.lKlll.TCOMiil*lll,   «IMIM 

liMlli,TO*Mi*Mli> 

UUIMUWi lOitlLOUIIIl «I« 

Muitmoa ioi«i>Awtiii>.ieiMi>.o*Toiiii.iati«tiii.aciii 

HblWLOM irui.Min.lTIMII.Mfllli «l«M* 

MUIWLOCI iti«ii^iWMiii,iTiMit.riaiiM.iii*tii.OHiii, «MHM 

i<ti«ii.aii>i.itiMi>^inMiiii.iri7iii.n(Tiiiii,intn.iiei.»ati «INH* 

nuimoac irMniMiii>,ttiaiiMiin>>ifN«»<iMMiii, «IIMN 

iiti«tii.ncMiiii.iTi««ii,Min.iiii,it<»tii.nciii>i. «i«M* 

HfiMli.Mlilii HUM« 

WIWUMI itinii,MMHiti.iriMii,Kiiii.iiinii,n,iiii MIMM* 

auiMUMI IWII*ll.|I.IWll«l.JI.<)0ll«».Kl 

coiimoa <i«iiit>.ici 
: iwiMti.iwti 

IflMUl -OMMll l».lM.I«t 

IM Mil ••IMl 

«M«* 

IM Mil • iMlll • «MIMII/IMIMI - MMMll 

C 

* IMfUklM ««• 
M* Wtt. • «MlT» 

Mill «MM* 

Kill «MMI 

t      mm m mm»«—i m *. 

* • i 

MM • mtiji 

Himi* 

MIMM* 

MltHM 

Ml* 
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O/M/«! r ilffM mmrimt Mt MUCIIM m?pi lltl 

m on • nn.ni 
*• »«• • B.IJI 
•M «Kl • tlMi 

•4 tin • «Kinin 

•■i im • «titiii 
•w irititi • titii nt.iM.at 

•N til %ltl • UTI 

•<• ■• toi • mui - «ui/eciTi 

•IT |)|l • mij'     »OIJlAXITl 

*• tin • vaiin-Mui«! 

•4 iri«iii - Mttitn na.m.»^ 
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i utfMI a/rarvaw otaw «r • MV     AM Haucfiw «Ttim waul 

«■• im«» «t.iw.r» 

MiMfOUIl •tlfil WMIM 

nmmt .oil»i «MUM 

e      rai «nie«, u» WIN IMOHN wrtiw 

iniM .u. i .m». ICH .a. i i « TO Mi Mitim 

«MM «MIM 
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■H iriauMiMii • •ueiiC'Kii Mt.Mi.at «MI«« 
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c        ■•an <n or MI« r«c «MI«M 

■i tin • O«WI<«I • Mmiii «MI«« 

•itt • i*iMi<«i - fttniiii «MI«I« 
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aw inniii-ii>inMHii/v*iiii • nHiii-ii/viwii-iii/Di«i •■JMI-IMMIM 

VllOil M.M.IM «Mlili 

C                    MT MX.  If t CM. K« MC «MltM 

■i     MUXI-ll •nVllM><lO*nHI«MI*0*INII'««ll/OI«l«JHII-ll/«<ITI«MIUi 
MLRll-ll •MTUnl-ll«*nil«l «Ml»« 

Mi wniiu «lit«« 

J ' MM - I «Ml«« 

•in • OUHI «liiiTi 

1«M                               tlfl • ill«! «Ml«« 

Mil                             ill) • Oil«) «MIM 

M«                             «Mt i«I.J «Ml«« 

MM                             MTOMIl • K»OM|l«««iIl «MMI« 

■«•                      Mimm •Minii|i«tni«i «Mi«i 

M«                         wnd • lifllll • min «MliM 

M«                      to»i»i • foii»i • UTOIIII «Mi*« 
IMT                             (OtiMl • T0TIMI • Hlnilll «MM« 

M«                     totioi • rariaifMuiiii «MI«« 

M«                    «in • »in • incN<ii»io»i»ii»io> • o«rNii«ii>i/oiti «liii* 

Mli                                tlfl  • iltl •Minilll>IO*TMII«l«l • i*Mll«llll/OIII «Ml«« 
Mil                     iin • tin •inuiiti«io*nHi>i«i<e*nui«iiii/«iti «Mi«i 

I«I»               at caniMC «MIM 

Ml«                            WdlMi • lOIIMl «MITI« 

IM«                             9ß*i'lt> • WlUi «Ml«« 

MM                             «M«l|i • I01l«l «MlTM 

MM                             «Mil«! • lltl/«U*lini «MIM* 
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MM                     irnoi .«. «i MKiikfiiii/tuniiiii «Mil« 

MM iriiri10llMI.lNI.WM 

i«n «Hi eoniMC 

Mil                  C               ••• ■CKMIMI OUTtVT ••• «MIT» 
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imt m   raN«iriiMi,Mi«,«.iiH» MCM • initi "'lü.Miii 
I««                             Ml|llli.ill             l*l.«CN «MMI« 

MN                       11 fOtMlIM«.»».«»)«" HKtLU «COCnv - «Ctl« Ml« •"' «Ml«« 

IM                  i           /nuMir rat •.II.»>.I*«W« «■ •.ii»«. «Mini 

i«r»                  aan.ai.««iA..ai.McrTM.ai.»«iiin<.«i.«Mn..tt^M.«. «MI«« 

M«                           «•».«.»••.«.•*.•«.••..•».»•».«».MO».«.»«»» «Ml«« 

MH                            WlflM.«! II.B»mi|.|0i.O*Tllll«»«i.«*Il«l««I.O»l»MI««l. «Ml«« 

i«« MW<ii.MMiii.iaiiii.Mi<ii.«j«ii.«Hiii.«t«iiii.«wtii.i«ijan«Mira 

MM                       «rWUIIIT.IVi.il «Ml«» 

IM                             W|IIli.ai «Ml«« 

i«n aroMUi/ai,>cuT,««.iiMU.,««.•««.«..«.•#■.»..».•cavnii «MM« 

IM»                             Wlllli,»" ll,«nill«lll,n*llll.ntMIII.NNIII.I«IJOII «Mlili 
in                 m ro«mtii».iT.F« i.fi.oi «MM« 

M»                          WI(IM.«l «Ml«« 

IMT « roawTi/ M.»an.«>.MMTH.«.«MMCA.«,Mn eaio.«i.Mn nuiMMM 

M«                  • «.imntMOMi «MI«« 

lO*                           J • NM - I «MM« 
MM                    MMIII«.«! ii.eu«iiii,rHiii.incMiii.iflrMiii.MivMiii.i>i.j i «MI«K 

Mil              « reMifiiai.iT.vii.il «MM« 

i*t                    mi«ii.tTi »»n<iiot.i«i.t»Tiiii.toti«i.Toti«i.iBii«i «MI«« 

MM                    IT  «MMfl/MI.«m<L.VII.tl «[««i 
MM                C              ••• «IT ••• «MHM 
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C liiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitmiiiimiimmiiiiiiiiMiii 
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MMtMtUC MUH MMNIt 
c      icififN • mil in HMMM 

C        1» IMMr NMBU «M«r MIMM 

C MMM 
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IWIMI 

Ni*).«eH<ltl.MMI*l,*MII«I.WIIItl.taill*> MIMIM 

I—iw Mil i*' >9m m jmmi m MM i*> Mm m «eiwii* 
•MMM 

MHIWlMi IMD.ICOIIIII.Itlll.lOVMtMIII.IOCIII.ieeRdiltlll.   MIMIM 

H1II.M—III MIMM 
IHIIJMIMIII MIMIM 

Itlll.tll» MIMIM 
mnmjott ifiiwijcMiii.iTiMiijMMiii.iTiTniMwiii. MIMIM 

lltt«llJUH|ll.<fl1MlJU)lll>.lT<MI).MN<ll> MIMIM 

■wmog iii«imu*Hiii.iTiMii.anMui,<TiaiijaMiiii. MIMIM 

MTWtlljaWIM.IflMIIJCVMln MIMM* 
MWf— iWUMMi.MSUMt.« MIMIII 
HMKKMCi MliaiJCW.IIMIftljan.lWIIMI.NNI MIMM* 
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c        mw\ 
in i • «an itjiji 

c        mm en ii * GMLOP MMKIBI MM 

MMM I'ljm Ml« 
VWMMKMII l*.M.II Ml« 

It MHKItMl • IMIIItMI'WMIIMtl • •MIMI<«ll«<l*l/«lt> Ml« 

MMM* ■•IM* 
trWMMKMII M.H.IM 

a wmtmi**« ».*.» 
C «aRIMLC» 
■ Ml« I 

«MMI«MI ••«»•I 

m iri«*Mii<Mii m.m.m 
m im«i*.Mi 

M mum mmmmm mm mum» IM Al* IWCTHN MW0I   / Ml 
1 *m ■iMHllf il» «OCimr n MR   1 Mil 

c        tmumun.» IIMML-CI Mil 

MM)«! MM 
•MMKMI ••UWKMI Mil 
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MM CM 
MM IM Mil •Mil 
MM tttl • «<*)«ie«IMI«*l « 0AI<1ll<Wll • MNII**)!/ 

MM IMWI • Ml«lllll 
MM VWCII IM,IM.IM 
MM IM «II • ■MMI<MI/Wltl«MMI«lM • Mfl<a«IMI«MII 
MM «ft «MMI 
MM C 

MM »«MM 
MM Milni •MWM«WI<MIJMIHt<«ll                                                 MIMM* 
Mil MM «MMUMMIKMIjaMIKMII 
MM iriwtl • Mdllt» IM,IM.II* 

Mil Mi MM « MW/Mf I 
MM Mil ■ MMII<«l/MI«l>Mtni>Mtl • Mm - Wfl-MCIM 
MW C 
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tmn iitiM *i« imcf 1« »«ltd MMC 
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I«N tmiti«.» i. mi 
«   rOMWl MMMMMIW mOM MXOCO IM M* IWUCTIM tfllDI   / 

i in, MKtiw. ill. MI it «ctMU m Muan «CT.. 

• iMOMKiiai i«. irt.i i 

lit «it> • isMMKwi • eiiinifii«t<ii/»iti 

•III • lOMMIMtl - tltltlllltlll/OIII 
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III •■■! • **•< 
IM intim in.nt.lil 

it* tin • ait» 

II« tOMII • titl 

MHII ••iimin 

MNill • «III 

MHII • DltlWHIl • Ollti/OlflllOHIII 

KJMII ••Kill 

•Min ••»KWIIII • oiis>/oiti<«miii 

inwtl • MHIII IK.IM.HO 

IM •III • KMIII'IOCII • •■tIKSItll 

•in • «Hiii<«i«9i/oiti • awin 
•III • Mmttxewoiti • MMill 

■OUMII • Mill«! • llll««ll/eill/«lll 

■EUMII ••MHII 

«•«II • l«lll"t • »l»l"«>/OI»l/»lll 
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IfllMI no.iss.MS 
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OUOtlll • DUWItl - MIMIIII 

irilM- II «IO.tll.MO 
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mi »Will •OJiMII/Oltl'IOMNlOII • Mllll • 0lti«Mltn 
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■JMI-II • MIMIIMOI • a»rMii««i 
•nMMI • CUMII-ll/BIIflOUMIKMl • OMHIKMII 

IM1N 

IMTII 

IIMKI 

i«m 

IMIII 

MINI 

MIIIO 

KIOM 

imm 

MUM 

I110M 
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MIOH 

MUM 

e iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiin 

C lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 

Mirm M wm in 

m onomic airier. Mir eniM Mimu 

mmm nmmii ITIMI 
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•HMMi mum m ^m. i m 

OMMIM INI IMI 

•IM 
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•IM 

•IM 

: i«ii.Teomin.iriii,Kaninoiii.<ociii.itaii«iiiii. MOMIM 

IIWIII.ICMnMIII MOMIM 

UVIWUMX IWIIIAUIIII MOMIIt 

mnmaai i«i«ii.Mmiiii,iMi»iii.iwi.iMmiMi.mi. MOMIM 

lia*milll^MI.IDM«l|i>I.OD«I.IMmiMl.l(WI.IDM*IMI,r«tl MOMIM 

MHIKUMi lllll.lllll MOMIM 

(WIHtlKC ltlMII.A.TIIIl,iriMII.WIIII,ltltni,«LIIII. MOMtll 

|lTI»ill,IDWlll>.ltiail.lM.llll MOMIM 

: itiii«i,Mniiiii.iTi>«ii,maiiii 
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tmi 

c iiiiiiiDiiiiiiiiiini iiiiiiiiiiniiiiiiKiriiiiKiiiiiiiiiiiiiiiiiiiiii 
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C iiiiiiiiiiiiiiininiiiMiiiiiiiiiiiiiiitiiiDiiiiiiiiiMiiitiiiiiiiiiiMiiii 

Minw • «mi. im 

i 
MN MINI 
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m iri«Mii<«ii«.»,» 
■ Wlltll.MI 
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•MWKMI «aMNIKMI 
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«• 
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»mit utTM wieruH oMn et • MP     «I» DfluctioH trttai «HU 

•IT 

•i« 

•it 

•n 
it» 

•n 

IM! MtlfCl«.«!  I, «III 

m rocwri mtmamm nm man IN AM HOUCTION intoi / 
I Hl.    ««KTIW.  Ill, m 11 «KMHOU O» MMD «Ct., 

I ISOMKtlCN It.  Ift.l I 

iit im • iMwi«tti • titmitnniii/titi 

ti» • io*m<i«Mi - titi<tifii<tiii/s<ti 
Ifltltll III.lit,III 

III titi • 0<*l 
lit Ifltltll ll«.llt,IIS 

11» till • Olt»i 
Mt UMIIl -till 

■Mm • tinniii 
tOHlll   • Uli 

«Mill • 01(1401111 • tlltl/DlflllONlll 

■JHII   • «Mill 

HHII •Oltl'OOMUl • tlltl/Dltl«ONlll 

iriMi» -WIIIII nt.iit.iM 
lit till • MNlIKIOlK - Oim/Oltll 

tin • «Minvini/oi» • OONIII 
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«•nil • itilMt • titi"ti/Oiti/tili 
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IflIM - II Ilt.tlO.tN 
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C OLCULAIt ——» ttCTIOM 0» Mit If Ml L.f. 
BO 00 BO ■•J.MOl 

CUHII-II •0*IMII«l*l •MINII««! 
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atconiMC 
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itiooo 

«tint 
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innt 

ltl»iO 
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■•■Mt 
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imttt 

llllllllllllllllllllllllllllllllllllllllllllllllllllllillllllllllllll im im 

itrri» 

M 

itotio 

• ■IIIIIIIIIIIIIIIIIIIDIllllllllllllllllllllllllllllllllllllllllllMDIIIIIII 

m 

io Kiomtc «iriM. M» oniw atinnu 

OMM tcaiiwiooi 
/IMIMT/ IFIMl 

CM oiitooi.Tinooi.Dciitei.icinoi 

pimiai annum 

•MCMIOI tllttl 

Diicwiai «.Tiiti.vHiioi.miioi.rDMiioi.iDLiiii 
•MMIM MINI 111 ^flllltl 

OIMWIM imilMl 

auiMUMX itiii.Ramiii,iTiii,icaiiHtiii,iociii,iwmitiii, «000190 

llWlIl.fMIIHttlll WtMIM 
tauiMuoct lOitD.nuiiii woMiit 

cwiwUMct iti*oii.o«niiiii.io*iitiii.n«i.iautiiti.fCTi, tootoiM 

iie*miiti^«(i.iMniii«i,aMi.iMmiiti.ioMi.ioMiiiiti.f«cTi MOMIM 

COUIMUMCt Itlll.tIDI «tMMt 
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llTI>III.IDOMIII.ITtail,IMll>l MtMUt 
ltn«II^Mmilll,ITMtll,Mllllll tttnnt 
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CAX KiOSIl.THilll.lM.iril 

ti«i • MnuiiviNi/imiai 
ifmn • titii it.n.it 

if mi • iMiNiii 
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rtci • OIMI 

ion« i 
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•in • »ifi 

«titi • mTi.iii<oiMi/nait«i 
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« «• - mm.ii> 
rcr • ncusi 

rw • neu» 

MM« IWIIIII 
r«T • 01*01 
ion • i 

« • i 

tin • ii« 
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c        tnm iLTimn iwmiauui HCIMK IN ne «O KTCRNIW rurt 
c i • Mjmuttt   t • TITMIUI       i - two. 

mm • rm+ici 
mu •tin 

iriODa • (.mi «•.«(.«t 
w aw • oili 

irimt - O.IPI IM.««.«« 
w aw • oiti 

mtmmM 

C Milt OtlTIM. IMP OniMPOlin DMA 
tin • VNiicmi 

tin • iDMiiani - nui«i 
If n - «i to.IB.it 

«tin • «iiicmi 

tio • lotdani - nui«i 
C MIKCUIMI 

It IfliriMIIHOI.SMI.MK 

•Mi Mimt.«! iaii.«.iiicini.fiii,titi.»«.rjci.rcr.ftu.ooa 
« fOWAIMHlXB.IOM." MT OMION (»oiiiaa ■••.in. 

i    »IM" ncan - IFI«I ••// 

iMPi.«MiMi.it>.i<iA«>.»tfLiifia.i«ii.fi«.«/'ia>.««Ptui.in. 

mio.inm.fmmjumm - f.w.no »/-IOJI.IWKS«« - nu. 
m.rK.fAu.mcinii TO ai. f«iai.«.fit.i/<iax. 

W»—W—MW rias.tn.f io.tA«i,«iiu.ii>wi «CM tratst. 
vn.tAM.iMwni«. goainr.iix.rii.il 

e — mi ••• 
w« cam ws 

««■IM 

weraroo 
MOKBIO 

MOMtlt 

«'J07M 

MOKTiO 

C fllllKIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIKIIIIIIIIIIIIIKIIIIIKIIIII 

C lllllllllllllllllllllllllll(lllllllllllllllllllllllllllllllllllllllllllllllll 
c 

MWrMMMM 
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MMMIW Mil«*! jlll«IMI.«nM«l 
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tmit i.t%um «WUM turn mi - M»    «w INDUCTION mm WHU 

MM •INMI«0<MNI,nMMl.acilNl,l«imi MMMH 
MM nm»m mitiitmi mmmm 
Mil •MWIWtMNI.milMl.lmilMI tMMIM 
Mt «Mil« 
MM nuiwUICt ieill,IW«llt.irill,TMIIMtlil.lMl|I.TrM»IMII.   MMOIM 
MM IIWlll.TCOnionill MMttM 
MM CaulMUNK ■•■•ll,MUIIIMtlMli.MI*llll.<»IHII.Mlmill          MMti«« 
MM nuitiiLPci lenmi.MtMin MMMM 

m* nuiuuNcc iTiii.tiKi.iiiiiii.mnit.iTiiMD.iwiin MMMM 

MM nuiMuta iTttitii.HiFii.iroTiHi.unai.itaTiui.irTii. MM«III 

MM UTOTlVil.irTOl MMtlM 
MH cauiwufct (Wivo.ifHi.iNDtien.n MMOIM 

M« lflDM«<MII IM.fM.IO MMWII 
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MM M MIFI • MtTf(Ml4*rt(III/DII1l<nuilMI MMMN 
mm vjmni i • tart MMMM 
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mm IflOMIII) - Olt>> Ht.HO.M MMMM 
mm M inoMtiMn *M,MC.« tmmn 
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Mil «utii»ii • urns MMMM 
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mm tl» Uli • llMl 
mm «til l«I.H 
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MM tUHNTIMC 

MM mi • mi • o»T«iii«o*r«iT>/B»f»iii 
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MM nti • iTMnim • iwiiMii/naiiiii 
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mm nil • auiiHi/nti • tauniii/fiii • uunni 
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MM Ml mi • o*r«ia>"t<o*riii«i/oiiti/oiMi 
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MM •ITI •llll • TOtllll 

•IN nai •nii«nii>nii 

till MI nn • •«•iMi'MfnMi 

tIM irmm nt.nt.t» 

tin m nn ••nn 
MM IM nin • inTi«*niiTi • n«i/nni«iMi 

tIN MWtM 
tIM C               IOI1IWT/IU.T «1110 

tltt Ml nil • OMNIIII/Dltl • MrilHI 

tIM IITl • llll • tOTUll 

tIN nn • »iiKOimniiin 

tilt «MW 
till ri* irrt • niii«n«i 

tilt «MlltTI • ITTI 

till cntiMi • WMIMI • e*mni«imiiMnMt«<MM 

«I* c         M wrniMo rimiM 

till IMOMlill • Oil" NO.MO.MO 
till c         «niMxT wunn M.T 

Ml' Ml •••) • 0*rtlMl**t<«*T«ll»/Olltl/«l»l 

till nn • o*TNiii/oiti • ouniMi 

till nn •nn • WIM» 

tIM nn • ni)iiii<nii 

Ml nn • «anMKMmMi 

MM innni Mt.aw.» 

tIM Mnn •nin 
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MM im^mii<n<ii 

MM •MMMl • ITT* 

MM «MNMI • WMlMl • 0»ttlM>«T<N10»mMl«Ol(«l> 

MM IMMMHIM 
IIM «WM 
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t laoac .Mmi an. 

i iiitfi ,B>mi »n. 

« »iin«.e«ni an, 

• »Mt .OM»I an. 

• lam .Mmi an. 
T tarn  ,o«nii »tu, 

■ MLftMI.OUIII »»11, 
t n'hii jtmi »711, 

ICL      .MIRI Uli.  KTCT    .Mim 21(1, 

im .mmi i»u, iaci .o*i«( nn. 

(0«BI .Mmi I7ii. OILII ,Mm( an. 

«iwi .Mim an. (IILH .Mm( im. 

I>IT«I .Mm( Bll, OITM.MTIIl Hl), 

im .Mmi an. IVS .Mmi I7ii. 

(Ui .Mm( an. IMI .Mr*( ton. 

IKITI .Mmi «in. laiTM .Mm «In. 

»UJi .Mmi «tu, («ITH ,Mm. ^n. 

(«ILII .Mmi «an, ixitv .MTm ««n 
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I iiiTC» .Mmi »in. IIHM .Mmi Mn, I»SI .Mmi Un, 
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mm 1 / 1 
mm c 
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IMtMIMC 
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it f«MMri//i«.iwiiMn oujvr 

i   I«.«IM— or MM                     sit.« 

NM—1 iw iMtne.K—i St*M 

t\%JU 

IM.WUM1M tr Mr 1 inn t\%M 
lai.MCfwnior MT t it«) t\»M 
iM.MMiMiM or Mr 1 IWI J\**l 
IM.WUMIN V MT * IMI JX** 
IM.MMMM or Mr i inn Slt.t/ 
in,«MieiM v tar t iwi Slt.t/ 
IK.WMMM or Mr t IMI Slt.t/ 
in.MMiom or tar « IMI t\»JU 
■«.Meer inn fltJU 
iM.«rtu <«i» Jlt.U 
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o/fi/K tmn avum «nan.« cnat «i • »cv    «in ittucuw mfcit 
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■•• M«M 
MS it • m 
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«Tt mm- mmm 
■M c 
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OTT a. • a.i 
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ai* c 
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an in * • «wti»c.Mr> 
ai« HI . ». 
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ait c 
ai> t* UIH.I »HIM. 
aw mltttt * MINt 
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»>• i« MI . MU notmo 
V* ( tootim 
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«•*•«! tntiitt 
* • «■ tootiiw 
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toot HBO 
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tntint 
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«Otltll 
tootitn 
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H. • ms • v tootiiM 
HI . am • W MtlKlt 
M. • aniiiM.^Ri 
HI • M. 

MI« • mam • m tootiTst 
MM • turn MMIIM 

*•» tOOtlTJt 

» • ■* tntiMt 
■•"•■•t tOMITM 
im-t ttnitn 
«MM nnitit 

C MMItN 
tn um* • MH. «Mine 

mm to i« at «MIMS 

**■ < MMItlt 
air tit >«, • aai • «.i tootino 
an HI . MH • M nnitn 
urn m, • •tMHt.jiii 
IM M«ML 

«*' »"" • «MM MNIHt 
«*• " • I" MMItlt 
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Mi«. • «MM • *inMi ♦ ma 
c 

vimtniMN.tM*.«* 

MWMMI 
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