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U FOREWORD

This report presents results of werk conducted by the Boeing Company, Seattle,

Washington, under Air Force Contract F33615-77-C-3054 "Application of the EASY

Dynamic Program to the Analysis of Air Cushion Systems on Aircraft" during the

period from 15 April 1977 to 1 June 1979. This contract was conducted under

the sponsorship of the Air Force Flight Dynamics Laboratory, Wright-Patterson

Air Force Base, Ohio with Mr. Peters Skele and Lt. D. L. Fischer as project

engineers.

This report is comprised of three volumes.

Vol ume I - Component Mathematical Models .-

Volume II - Component Computer Programs PAG S +
(Parts I & II)

Volume III - Description of Simulations

In addition, a User's Manual (Reference 1) has been written to provide a

concise reference for day to day usage.

The results presented were developed by the Boeing Aerospace Company. The

program managers were A. J. P. Lloyd, H. H. Straub and J. R. Kilner. The

principal investigators were M. K. Wahi, G. S. Duleba, J. R. Kilner and

P. R. Perkins.
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SECTION I

INTRODUCTION

The EASY-ACLS Model Generation and Analysis Program is documented in three

main volumes. Volume I contains the mathematical models for the standard

components of the program library. This includes derivation of the dynamic

equations of motion for dircraft, trunk-cushion landing systems, an air bag

skid system and an arresting gear system, and a discussion of required inputs

and outputs for component models. Volume 11, this volume, contains a detailed

description of all the component subroutines, including macro-flowcharts and

detailed listings. In addition, the standard subroutines and functions called

by the component subroutines are described, and sample outputs are shown.

Volume III contains a description of the development, results and conclusions

of EASY computer simulations accomplished during this contract. These consist

of landing, takeoff, free flight and drop test simulations. A summary

document (Reference 1)* has also been prepared as a User's Manual.

In the EASY program, a user defines the system to be analyzed by specifying

the individual components and their interconnections. Each of these

components is a subroutine of the main program, and each has input data

requirements which must be supplied by the user. In addition to the library

of component subroutines, there is also a set of standard subroutines and

functions which are called automatically as they are required, and for which

the user need not supply any input data. Such standard functions and

subroutines are described in Section 3 of this volume. In addition, Section 3

also contains a description of certain linear routines such as first and

second order transfer functions, time delays, general controllers, and

switches. Subroutines associated with particular ACLS components are

described in Section 4.

*References are located in Volume II, Part I.

1N



-WR -If -N ___

rr

For each function or subroutine described in Sections 3 and 4, the theory and

data sources are given or the appropriate Section of Volume I is referenced.

Macro-flowcharts and some micro-flow charts shov.ing the main decision points

and cilculation procedures are shown. For all functions and subroutines a

listing is given. Included in the listing is a detailed description of the

input/output list. The inputs and outputs are divided into the following

classifications:

o Output State

o Output Derivative

o Integrator Control

o Output Variable

o Input Variable

o Input Parameter

These terms are discussed fully in Reference 2, but will be reviewed briefly

here in order to assist in understanding the subroutines and functions. An

Output State is a variable whose derivative (Output Derivative) is calculated

within the subroutine. The Integrator Control is an integer whose value is

set by the main program. The Output Derivative is calculated within the

subroutine unless the integrator is "frozen" by setting the Integrator Control

equal to zero. For every Output State there is one Output Derivative and one

Integrator Control. Output Variables, as the name implies, are variables

which are calculated within a function or subroutine and are then output from

that function or subroutine. Similarly, input variables are variables which

, to a function or subroutine. Input Parameters are also input to a

function or subroutine, but are generally constant during a simulation. For

example, the inlet flow rate or temperature to a component would be an Input

Variable, whereas a controller gain or duct length would be an Input U

Parameter. In general, the program user must supply data inputs for all input

Parameters; however many Input Variables will be automatically satisfied by

the interconnecticns between adjacent components. This is discussed more

fully in Reference 2.

2



The functions and subroutines described in Sections 3 and 4 contain error

controls which are of two types, namely for fatal and non-fatal errors. The

latter type are by far the more common, and occur when, for example, fluid
properties are sought outside the range for which valid data are available.

It is desirable that non-fatal error diagnostic messages should not be printed

everytime they occur; for example, during the course of finding a steady state
~solution, it is of no significance if invalid data are used provided the final

steady state point is based on valid data. The printout of warning

diagnostics is controlled by the parameter IERR (= 1 for printout) which is

set by the main program and is communicated through the common block ERMESS.
For errors which are of sufficient significance to warrant a program stop, the

parameter IFATAL is set equal to I within the subroutine or function and is

communicated back to the main program through the same common block ERMESS.

Other common blocks which are used in the functions and subroutines are:

CTIME - For time

CIO - For read and write control

3-
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SECTION II

SUMMARY

The EASY Model Generation and Analysis program is documented in three main

volumes. Volume I contains the mathematical models, Volume II (this volume)

the component subroutines, and Volume III the description of various dynamic

simulations. A User's Manual (Reference 1) has also been prepared to provide

a convenient reference guide.

This volume contains a detailed description of the component subroutines, and

of other standard functions and subroutines which are called by the component

subroutines. Flowcharts and listings are given, including a full description

of the input/output lists. Theory and data sources are given, or the relevant

section of Volume I is referenced. Sample output is included where

appropriate. The procedures for running single components on the EASY program

are briefly reviewed, and guidelines to assist users in writing their own

subroutines are described.



I SECTION IIIII
It

STANDARD FUNCTIONS AND SUBROUTINES

3.1 Introduction

The EASY Model Generation and Analysis program contains a number of standard

functions and subroutines which have been divided into six categories, namely:

Property functions and subroutines - Section 3.2

Flow functions and subroutines - Section 3.3

Transfer functions and subroutines - Section 3.4

Miscellaneous subroutines - Section 3.5

Table look up functions - Section 3.6

Initial condition functions and subroutines - Section 3.7

Supporting subroutines for Foster-Miller - Section 3.8

trunk component

The property, the flow, the table look up, and the inital condition functions

and subroutines are all called by component subroutines, and their input data

requirements are automatically satisfied by the calling subroutine. The

transfer functions are generally used to model part or all of a component, and

are therefore included in the library of standard components (see Reference 1).

However, as they are general dynamic models and are not associated

particularly with any one type of ACLS component, they are included in this

section rather than in the component subroutines discussed in Section 4 of

this volume. The miscellaneous functions include routines for providing input

data to the models in tabular form, and for changing variable or parameter

inputs during a simulation. Table 1 lists all the standard functions and

subroutines and briefly describes their purpose. A full description of each

routine is given in the following sections.

45
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Table 1 STANDARD FUNCTIONS AND SUBROUTINES

FUNCTION OR
SECTION SUBROUTINE
NO. NAME PURPOSE

3.2.1 SHCP Specific heat of humid air

3.2.2 PRO' Property of fluids

3.2.3 PRND Prandtl number of fluids

3.3.1 FNFLOW Flow rate in a duct given pressure and
loss factor, using tabular data

3.3.2 FSFLOW Flow rate in a duct given pressure
and loss factor, using tabular data

3.3.3 PERF Trunk element orifice areas for flow
to cushion and atmosphere

3.3.4 PERFB Air bag element orifice areas for
flow to atmosphere

3.3.5 AMACH Mach number in a duct

3.3.6 RENVX Reynolds number

3.3.7 HI Convective heat transfer coefficients
for flow in ducts and across cylinder

3.3.8 VLX Flow across butterfly, gate and globe
valves

3.4.1 LA First order lag (time constant form.)

3.4.2 LG First order lag (pole forn)

3.4.3 LL Lead lag (time constant form)

3.4.4 LE Lead lag (pole-zero form)

3.4.5 TF Second order transfer function with first
order numerator

6
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Table I STANDARD FUNCTIONS AND SUBROUTINES

FUNCTION OR N
SECTION SUBROUTINE
NO. NAME PURPOSE

3.4.6 TZ Second order transfer function with second
order numerator r

3.4.7 RG Rate Gyro Dynamics and Saturation r
3.4.8 FG F ight-ground controller

3.4.9 AP Autopilot pitch controller (Jindivik)

3.4.10 AR Autopilot roll controller (Jindivik)

3.4.11 IT Integrator with saturation

3.5.1 SW Switch control for one variable

3.5.2 SX Switch control for two variables
3.5.3 SY Switch control for three variables

3.5.4 SZ Switch-control for four variables

3.5.5 TA Tavular input routine for two
variables

3.5.6 TB Tabular input routine for four variables

3.5.7 AF Analytical function generator

3.5.8 MA Multiply and add

3.5.9 FU Arbitrary function generator

3.5.10 MC Multiply and add with three variables

3.5.11 SA Saturdtion

3.5.12 SB Saturation with dead band

3.5.13 MB Multiply, add and divide

3.5.14 FV Two dimension function generator

7



Table 1 STANDARD FUNCTIONS AD SUBROUTINES
I

FUNCTI 0 OR
SECTION SUBRCUTINE
NO. "M. PURPOSE

3.5.15 RA Rando. number generator function

3.5.16 RN Random number generator tI

3.5.17 $2 Sm forces and moments (2 sets of
inputs)

3..18 S3 Su-n forces and mo.ents (3 sets of

inputs)

3.5.19 TG Transform en-ine thrust into body axis

3.5.20 TR Transform vectors body to earth axis

3.5.21 XP Transform angular rates

3.5.22 XT Transform torques

,Linear interpolation (one 4nd.
vari able)

3.6.2 ML2 Linear interpolation (two ind.
variables)

3.6.3 TBLUI Polynomial interpolation (one ind.
variable)

3 .A ' BLU2 Polynomial interpolati4-n we nd

variables)

3.6.5 rLU3 Polynomial interpolation ',three ind.
variables)

3.6.55 TB2 Linear interpoiation 1_wo independent variables)
Supports TS

3.6.7 E.33 Linear interDolation (hree independent variables'
Suports TS

3.7.i iC initial condition Dackage -runK'



Table 1 STANDARD FUNCTIONS AND SUBROUTINES

FUNCTION OR
SECTION SUBROUTINE
NO. NAME PURPOSE

3.7.2 ICB Inital condition package (air bag)
3.7.3 ICFS Free shape equations (trunk)

3.7.4 ICFSB Free shape equations (air bag)

3.7.5 ICLS Loaded shape equations (trunk)

3.7.6 ICLSB Loaded shape equations (air bag)

3.7.7 KINK Kink wave angle equations (arresting
cable)

3.7.8 RES Arresting cable strain equations

3.7.9 TERRA Terrain model

3.7.10 VPRIN3 Air bag arrays print control

3.7.11 VPRINT Trunk arrays print control

3.7.12 ELAS Initial condition package for elastic trunk TS

3.7.13 ELFX incomplete elliptic integral of the 2nd kind

3.7.14 ELKX Complete elliptic integral of the 2nd kind

3.7.15 ELWR Prints properties of elastic trunk TS
3.7.16 ENDFS Equations for elastic trunk-end element-free shape
3.7.17 ENDLS Equations for elastic trunk-end element-loaded

shape

3.7.18 SIDEFS Equations for elastic trunk-side element-free shape V
3.7.19 SIDELS Equations for elastic trunk-side element-loaded

shape

3.7.20 XXPRT Prints elastic trunk parameters during simulation

9



Table I STANDARD FUNCTIONS AND SUBROUTINES

FUNCTION OR
SECTION SUBROUTINE
NO. NAME PURPOSE

3.8.1 CDVCHP Updates cushion volume-pressure parameters (FM)*

3.8.2 CLRNCE Ground clearance for trunk segments (FM)*

3.8.3 COORDN Ground coordinates of trunk segments (FM)*

3.8.4 DYNFAN Fan dynamic characteristics (FM)*

3.8.5 FLOW Dynamic flow in ACLS (FM)*

3.8.6 FMFAN Fan static characteristics (FM)*

3.8.7 FMWRIT Prints ACLS input data (FM)*

3.8.8 FORCE ACLS forces (FM)*

3.8.9 HYCURV Side trunk height (FM)*

3.8.10 OUTFM Updates variables during simulation (FM)*

3.8.111 PARAMS Default values for ACLS parameters (FM)*

3.8.12 PROFILE Defines ground elevation (FM)*

3.8.13 ROTATE Vehicle-to-initial vector transformation (FM)*

3.8.,14 SEGMNT Divides trunk into segments (FM)*

3.8.15 SHAPE1 Initial estimates of ACLS areas and volumes (FM)*

3.8.16 SHAPE2 ACLS areas and volumes (FM)*

3.8.17 STATIC Load maps and static equilibrium conditions (FM)*

3.8.18 STEQU Defines ACLS state derivatives (FM)*

3.8.19 TRUNK Trunk cross section parameters (FM)*

3.8.20 VALVE Relief valve orifice area (FM)*
R

*FOSTER-MILLER ACLS MODEL

10



_ _ V_-

3.2 Property Functions and Subroutines

3.2.1 Function SHCP

The purpose of function SHCP is to calculate the specific heat of an air-water

vapor mixture. The function is called by many of the component subroutines

for calculating specific heat, and hence the gas constant and the ratio of

specific heats. The method is described in Reference 2, Volume I, Appendix A

and uses property data from References 3 and 4. The function is valid for

temperatures of 300-16000 R, and a warning diagnostic message is printed if the

temperature is outside this range. Table 88 shows a flowchart and Table 214 F
gives a detailed listing. Required inputs are the temperature (T) and

specific humidity (SH).

3.2.2 Function PROP

The purpose of function PROP is to calculate the properties of several fluids.

The properties, all of which are assumed to be functions of temperature only,

are specific heat, viscosity, thermal conductivity and density. The fluids

included in the routine are:

o Dry air

o Water at saturation pressure

o 60% /40% Ethylene Glycol/water

o Heat transport fluid FC-75

o Fuel JP-4 (MIL-F-5624)

o Heat transport fluid DC-331

o Hydraulic fluid (MIL-H-83282)

o Hydraulic fluid (MIL-H-5606)

The function uses polynomial approximations to property data obtained from

References 3, 5 and 6. Table 73 shows a flowchart and Table 199 gives a

detailed listing. Limitations on the allowable terioerature rano e fnr eeAc

f'uid are shown in te listing. A warning diagnostic is printed if

kA[r
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temperatures are outside the allowable range. The density calculation for dry

air is invalid, and the perfect gas equation should be used instead. Required

inputs are integers identifying the fluid and the required property, and the

absolute temperature.

3.2.3 Function PRND

The purpose of function PRND is to calculate the Prandtl number of fluids.

The function calls PROP (Section 3.2.2) to calculate the specific heat,

thermal conductivity and viscosity, with the exception that the specific heat

of moist air is obtained from SHCP. As discussed in Reference 2, Volume I,

Appendix A values of thermal conductivity and viscosity for dry air can be

used in the calculation of Prandtl number of an air/water vapor mixture with a

neglible effect on accuracy. Nn diagnostic messages are included in PRND, but

will be called from PROP and SHCP (Section 3.2.1) if the temperature lies

outside the valid range for the particular fluid. Table 71 shows a flowchart

and Table 197 gives a detailed listing. Input requirements are an integer

identifying the fluid (as in PROP), the absolute temperature and the specific

humidity. The latter input is used for the case of air only.

3.3 Flow Functions and Subroutines

3.3.1 Subroutine FNFLOW

The purpose of subroutine FNFLOW is to calculate the flow rate and Chester

Smith function for flow in a constant area section, given tho upstream and

downstream pressures, temperature, effective area and K (pressure loss)

factor. The method is described in Reference 2, Volume I, Appendix F. The

Chester Smith function is stored in a data array as a function of pressure

ratio. Jhe subroutine can also be used to calc,'late the flow across anF

orifice, in which case the K factor should be set equal to one. The inputtN

value uf K factor must a:ays be greater than zero. In the event that the

input value of downstream pressure exceeds the upstream pressure, the A

subroutine ca'culates negative flow rates and Chester Smith functions.

12.



A flowchart for the subroutine is shown as Table 37 and Tdbie 163 gives a

detailed listing which includes the full input/output list.

3.3.2 Subroutine FSFLOW

The purpose of subroutine FSFLOW is the same as that of FNFLOW except an

additional output parameter "SFN" has been added. Parameter SFN is the slope

of compressible flow factor FN with respect to the pressure ratio P1/P2.

Subroutine FSFLOW is used exclusively for calculating cushion to atmosphere

flow rate in the trunk subroutine TK.

A flowchart for the subroutine is shown as Table 41 and Table 167 gives a

detailed listing which includes the full input/output list.

3.3.3 Subroutine PERF

This is a special purpose subroutine called only by the trunk component TK.

The purpose of subroutine PERF is to calculate orifice areas for flow to

atmosphere and to cushion through the lubrication holes provided on the

underside of a trunk. Thirteen combinations of performation arrangements are

treated and are functions of free or loaded trunk shape and perforations being

on the flattened or free parts of the trunk.

A flowchart for the subroutine is shown as Table 69 and Table 195 gives a

detailed listing which includes the full input/output list.

3.3.4 Subroutine PERFB

This is also a special purpose subroutine called only the the Air Bag
Component AB. Its purpose is same as that of the subroutine PERF except the

perforation arrangements which are limited to six and there is no cushion

pressure.

13
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A flowchart for the subroutine is shown as Table 70 and Table 196 gives a

detailed listing which includes the full input/output list.

3.3.5 Function AMACH

The purpose of function AMACH is to calculate the Mach number of moist air

flowing in an element of known cross-sectional area, given the pressure,

temperature, flow rate and specific humidity. The method is described in
Reference 2, Volume I, Appendix F. The function f(M) defined in equation F-2

is stored in two data arrays. The first array covers a range of values of
f(M) from zero through 0.50 at increments of .02, corresponding to Mach

numbers of zero through .632. The second array covers the range .50 through

.58 at increments of .01, corresponding to Mach numbers of .632 through 1.0.
A warning diagnostic message is printed if the calculated value of f(M) lies

outside the range covered by the data arrays.

A flowchart for the function is shown as Table 5 and Table 131 gives a

detailed listing which includes the full input/output list.

3.3.6 Function RENVX

The purpose of function RENVX is to calculate the Reynolds number of fluid

flowing in a duct of circular cross-section, given the flow rate, temperature

and duct diameter. The function calls function PROP (Section 3.2.2) to

determine the fluid viscosity at the given temperature. As discussed in

Reference 2, Volume I, Appendix A, values of viscosity for dry air can be used

for the calculation of Reynolds number of an air/water vapor mixture with

negligible effect on accuracy. The function output is the absolute value of

Reynolds number, irrespective of the sign of the flow rate.

A flowchart for the function is shown as Table 76 and Table 202 gives a

detailed listing which includes the full input/output list.

14
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3.3.7 Function HI

The purpose of function HI is to calculate the convective heat transfer

coefficient for fluid flow in ducts and for flow across cylinders. The latter

capability is primarily of significance for determining the response rate of

temperaturi sensors. The function uses conventional correlations for Nusselt

number against Reynolds rumber and Prandtl number for transitional and

turbulent flow in ducts, and for Nusselt number against Graetz number f',

laminar flow in ducts. For flow across cylinders, a correlation of N',.selt
number against Reynolds number is used for air, and Nusselt number against

Reynolds number and Prandtl number for liquids. The complete equations and

references are given in Reference 2, Volume I, Appendix F. Fluid properties

are obtained from function PROP (Section 3.2.2).

A flowchart for the function is shown as Table 46 and Table 172 gives a

detailed listing which includes the full input/output list. Figure 1 shows

heat transfer coefficients for air flow in ducts and across cylinders.

3.3.8 Subroutine VLX

The purpose of subroutine VLX is to calculate the weight flow of air across

butterfly, gate and globe type valves. For butterfly and globe valves, theB

geometric flow area is first calculated, and the effective area is then

determined assuming discharge coefficients of 0.&1 and 0.80, respectively.

For gate valves the flow is calculated using a table of K factor versus

fractional opening. A full description of the method and equations is given

in Reference 2, Volume I, Section 3,7. In the event that the downstream

pressure is greater than the upstream value, the calculated value of flow will

be negative. For globe valves, the input value of poppet diameter must be

greater than or equal to the poppet seat diameter.

The valve opening (degrees or fractional opening) is an input to subroCtine

VLX. In a system analysis, the valve opening will generally be an output

Lt
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variable from, or calculated within, a control component such as a pressure

regulator or temperature controller. During the course of searching for a

steady state solution, it is possible that the valve opening will lie outside

the normal range. For example, a butterfly valve opening of -i0° or 1050

might be input to VLX. Although such a value is clearly not a valid in a

steady state solution, it is desirable that subroutine VLX calculate

reasonable values of flow rate at such values in order to permit convergence

to the correct steady state solution. The method incorporated into VLX is

illustrated in Figure 2(a) for butterfly valves, and Figure 2(b) for globe and

gate valves.

A flowchart for the subroutine is shown as Table 120 and Table 246 gives a

detailed listing which includes the full input/output list.

3.4 Transfer Functions and Subroutines

3.4.1 Subroutine LA

The purpose of subroutine LA is to simulate a first order lag defined as:

FO Gain 3.4-1

FIN (I + TC x s)

where

FO is the output GAIN is the gain

FIN is the input TC is the time constant

and s is the Laplace operator

The time constant TC must not equal zero.

Table 56 shows a flowchart for the subroutine and Table 182 gives a detailed

listing which includes the full input/output list. Figtre 3(a) shows a

typical calculated response to a unit step change in input. which 2gre"es with

the analytical response given by

177
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FO = (I - e-t/TC) x GAIN 3.4-2

where tis time. Figure 3(b) shows the frequency response.

3.4.2 Subroutine LG

The purpose of subroutine LG is to simulate a first order lag defined by:

-

FO ZO 3.4.3

where L

FO is the output ZO is the zero location

FIN is the input PO is the pole location

and s is the Laplace operator.

A flowchart for the subroutine is shown as Table 58 and Table 184 gives a

detailed listing.

3.4.3 Subroutine LL

The purpose of subroutine LL is to simulate a lead-lag defined by:

FO GAIN + TC1 x s) 3.4-4
F IN A (1 + TC2 x s7

where

FO is the output GAIN is the gain

FIN is the input TC and TC2 are time constants

and s is the Laplace operator.

The time constant TC2 must not equal zero.

z0
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Table 59 shows a flowchart for the subroutine and Table 185 gives a detailed

listing which includes the full input/output list. Table 4(a) shows a typical

calculated response to a unit step change in input, which agrees with the

analytical response given by

FO = +(TCI - TC2) e-t/TC2, 3.GA4N5+ e' x GAIN

where t is time. Figure 4(b) shows the frequency response.

3.4.4 Subroutine LE

The purpose of subroutine LE is to simulate a first order lead-lag defined by:

FO S + ZO 3.4-6Ir R GA IN sr---5

where

FO is the output GAIN is the gain

FIN is the input ZO is the zero location T

s is the Laplace operator.PO is the pole location

A flowchart for the subroutine is shown as Table 57 and Table 183 gives a

detailed listing.

3.4.5 Subroutine TF

The purpose of subroutine TF is to simulate a second order transfer function

with first order numerator defined by:

FO ZI x s + ZO 3.4-7

IN T_ _S + P1 x s + PO

where FO is the output

z-
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FIN is the input

ZO, Z1, PO, and P1 are coefficients

and s is the Lapla-:e operator

Table 109 shows a flowchart for the subroutine and Table 235 gives a detailed

listing which includes the full input/output list. Figure 5(a) shows the

cilculated response to a unit step change in input, which agrees with the

analytical response given by

FYt B -A -Yt 3.4-8
FO Ae Cos Wt + ( e Sinwt - A

where

zo

ZI -ZO x P1
" R---

2 = PO- _(P1)2
2

P1Y : -i
Y~7

and t is the time

Figure 5(b) shows the frequency response.

'.6 Suibroutine TZ

The purpose of subroutine TZ is to simulate a second order transfer function

with second order numerator defined by

FO Z2 x s2 + Z! x s + ZO 3.4-9

S + P1 x s + PO

where FO is the output

23
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FIN is the input

ZO, Z1, Z2, PO, and P1 are coefficients

and s is the Laplace operator.

Table 117 shows a flowchart for the subroutine and Table 243 gives a detailed

listing which includes the full input/output list. Figure 6(a) shows the

calculated response to a unit step change in input, which agrees with the

analytical response given by

FO = Ae Coswt + ( e sinwt + 3.4-10

7nl
A Z2- 7-

ZO xP1B = Z1

zo

Pt 2

and t is the time.

Figure 6(b) shows the frequency response.

3.4.7 Subroutine RG

The purpose of subroutine RG is to simulate dynamics and saturation of three

(roll, pitch, yaw) rate gyros. The same 2nd order dynamics and saturation

limit is applied to each rate gyro. Saturation is applied by increasing

feedback signal around integrators by a factor of 100.

Z5
L.

tFI-
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A flowchart for the subroutine is shown as Table 78 and Table 204 gives a

detailed listing which includes the input/output list.r

2M7
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3.4.8 Subroutine FG

The purpose of subroutine FG is to simulate a simple general purpose flight

and ground controller for aircraft.

MX2

MX1 2 X2
X23

FIN XI G1 X +1 FO

FOO

A flowchart for the subroutine is shown as Table 29 and Table 155 gives a

detailed listing.

3.4.9 Subroutine AP

The purpose of subroutine AP is to simulate JINDIVIK autopilot for pitch

control and is therefore a special purpose subroutine. The pitch autopilot

function is

28



n = .28 ( - Gd) + .533 (e-( d )  3.4-11

where rj = elevator angle
= pitch rate

d = pitch reference rate

6 =.pitch angle

d = pitch reference angle

The elevator seivo transfer function is

1 + .32S 3.4-12

rd (1+,4S)(1+.llS+-0063 s2)

where s is the Laplace transform operator.

A flowchart for the subroutine is shown in Table 6 and Table 132 gives a

detailed listing.

3.4.10 Subroutine AR

The purpose of subroutine AR is to simulate JINDIVIK autopilot for roll

control and is only a special purpose subroutine.

The lateral autopilot function is

d .196 - + .42 ( + .2R
+ K fRdt + .O082ffdt 3.4-13

rI

where = aileron angle commanded
d
$= roll rate

=roll reference rate (10deg/sec)

i= roll angle

d roll reference angle

R = yaw rate

K = 0.35 for flight and approach
r
K : 0 after touchdown (t=O)
r
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1 + .32s 3.4_14

•d (1+.4S)(I+.IIS+.0063 s

where s is the Laplace transform operator.

A flowchart for the subroutine is in Table 7 and Table 133 gives a

detailed listing.

3.4.11 Subroutine IT

The purpose of subroutine IT is to simulate an Integrator with limits on the

upper and lower limits of the output. Table 54 shows a flowchart of the

subroutine and Table 180 gives a detailed listing which includes the full

L input/output list. The values of AMA, AMI and GKL can be selected using the

same logic described in Reference 2, Volume I, Section 3.4-10.

3.5 Miscellaneous Subroutines

3.5.1 Subroutine SW

The purpose of subroutine SW is to provide the capability to switch the value

of a variable during the course of a simulation. The subroutine output (VOI)

is initially set equal to one or other of the input variables (VAl and VBI),

depending on the initial value of the switch control (SWI). At time TC1 the

output variable is switched, and at time TC2 (with TC2 greater than TC1) the

output variable is switched back. P
-N

The subroutine may be used t provide forcing function inputs such as step

changes or impulses, to the ooundary conditions of a system, as shown in

Fig:re 7(a) and 7(b). (Arbitrary time dependent inputs can be obtained from

subroutines TA and TB described in Sections 3.5.5 and 3.5.6 respectively).

The subroutine can also be used to change the value of an input parameter of a

component. For example, the K factor of a duct could be changed during a

simulation in order to determine the effect of a partial flow blockage; this

---
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is illustrated in Figure 7(c). Also the subroutine can be used to switch tile

output signals from two seperate components as inputs into a single component,

(Figure 7(d)).

A flowchart for the subroutine is shown as Table 94 and Table 220 gives a

detailed listing which includes the full input/output list.
I

3.5.2 Subroutine SX

The purpose of subroutine SX is to provide the capability to switch the values

of two variables during the course of a simulation. The subroutine is very

similar to SW (described in Section 3.5.1) except that there are two outputs

(VOI and V02), with two inputs for each output (VAI and VBI for VOI, VA2 and

VF2 for V02). The outputs are both switched at time TC1 and then switched

back at time TC2 (with TC2 greater than TCI). Pssible applications of

subroutine SX are as discussed in Section 3.5.1 and illustrated in

Figure 7.

The flowchart for the subroutine is shown as Table 95 and Table 221 gives a

detailed listing which includes the full input/output list.

3.5.3 Subroutine SY

The purpose of subroutine SY is to provide the capability to switch the values

of three variables during the course of a simulation. The subroutine is very

similar to SW (described in Section 3.5.1), except that there are three

outputs (V01, V02, and V03) with two inputs for each output (VA1 and VB1 for

VOI, VA2 and VB2 for V02, and VA3 and VB3 for V03). The outputs are all

switched at time TC1 and then switched back at time TC2 (with TC2 greater than

TC). Possible applications of subroutine SY are discussed in Section 3.5.1

and illustrated in Figure 7.

The flowchart for the subroutine is shown as Table 96 Table 222 gives a

detailed listing which includes the full input/output list.
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3.5.4 Subroutine SZ r
The purpose of subroutine SZ is to provide the capability to switch the values

of four variables during the course of a simulation. The subroutine is very

similar to the SX (as described in Section 3.5.1) except that there are four V
outputs (VO , V02, V03, and V04) with two inputs for each output (VAI and VB1

for V01, VA2 and VS2 for V02, VA3 and VB3 for V03, and VA4 and VB4 for V04). V
The outputs are all switched at time TC1 and then switched back at time TC2

(with TC2 greater than TC1). Possible applications of subroutine SZ are as

discussed in Section 3.5.1 and illustrated in Figure 7.

The flowchart for the subroutine is shown as Table 97. Table 223 gives a

detailed listing which includes the full input/output list.

3.5.5 Subroutine TA

The purpose of subroutine TA is to provide the capability to input up to four

variables as functions of time. Inputs to the subroutine are four

one-dimensional tables (A2TAB, B2TAB, C2TAB, and D2TAB) with time as the

independent variable. The corresponding outputs are the variables A2, B2, C2,

and D2.

The value of time is obtained within the subroutine from the common block

CTIME.

A typical application of the subroutine would be to calculate engine bleed and

fan air pressures and temperature during a throttle burst or chop.

Alternatively it can be used to input other time dependent variables such as

electrical heat loads. Step changes or impulses can be input more efficiently

using the "switch" subroutines SW, SX, SY and SZ (Sections 3.5.1 through 7

3.5.4). Subroutine TA should be used where there are four or three time

dependent inputs (in the latter instance one table is a dunmmny); for two or one

time dependent inputs, subroutine TB (Section 3.5.6) is more appropriate.
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A flowchart for the subroutine is shown as Table 100 and Table 226 gives a

detailed listing which includes the full input/output list.

3.5.6 Subroutine TB

The purpose of subroutine TB is to input up to two variables as a function of

time. Inputs to the subroutine are two one-dimensional tables (A2TAB and

B2TAB) with time as the independent variable. The corresponding outputs are

the variable A2 and b2, The value of time is obtained within the subroutine

fron the cornon block CTIME.

This subroutine is very similar to TA (Section 3.5.5) except that it is

limited to two input tables and corresponding outputs, whereas TA has the

capability of up to four input tables. Typical applications of both TA and TB

are discussed in Section 3.5.5.

The flowchart for the subroutine is shown as Table 101. Table 227 gives a

detailed listing for subroutine TB, including the full input/output list.

3.5.7 Subroutine AF

The purpose of subroutine AF is to generate several analytical functions, with

time as the indepedent variable. The output from the subroutine can be used

as an input to a system in order to determine the system response to the

particular form of excitation. The analytical function is selected by an

input code as follows:
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COD =U ObPUT=
i C!  Sin (C3 t + C4).

SC I + C2 Cos (C3 t + C )

" ~r 3C ^e-5t Sin (C t + C4)

3.5-1
4 CI  C2 e-C5

t Cos (C t + C4)

5 3

- ---- __

S6 e +3~

where CC 2 C C and C are constants and t is time.

" -Table 4 shows a flowchart for the subroutine, and Table 130 gives a detailed

listing which includes the full input/output list.

3. 5. 8 Subroutine MA S

- - =The purpose of subrutne MA s to reset the value of a variable accordinq_ to

the equation

FO C1 x FIN + 'C2 3.

where FO is the output

FIN is the input

eand C1 , C2 are inut constants

A typical application for subroutine b would be to simulate a sgie netricail

flow merge, for exmple where the flow from twc engine bleed systems merge t

flow into a single air conditioning pack For such a case FIN would be the

T 1 row f rom a single engine, FO would be the pack flow, C would be set equal to

2 and C2 to zero.
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Table 60 shows a flowchart for the subroutine and Table 186 gives a detailed

listing which includes the full input/output list.

3.5.9 Subroutine FU
The purpose of subroutine FU is to provide the capability of simulating an

a y one-dimensional table y= f(X). The user has the capability 6f

specifying the degree of interpolation and whether or not extrapolation should

be permitted.

Table 43 shows a flo thart for the subroutine and Table 169 gives a detailed

listing which includes the full input/output list.

3.5.10 Subroutine MC

The purpose of subroutine MC is to reset the value of a variable according to

the equations

FO C1 x FIN + C2 x FIO + C3 x FIP + C4 3.5-3

where FO is the output

FIN, FIO, FIP are inlet variables

and C1, C2, C3 and C4 are input constants.

A typical application for MC would be to simulate a summation of several
variables in a control loop. Table 62 sLws a flowchart for the subroutine

and Table 188 shows a detailed listing which includes the full input/output E

list.
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3.5.11 Subroutine SA

The pulpose of subroutine SA is to simulate a saturation, A typical
application would be to limit the output from a controller to within
prescribed values. The use of zero slopes in the saturation region should be
avoided if possible, since the severe non-linearity will slow down the steady I
state solver.

Table 82 shows a flowchart for the subroutine and Table 208 gives a detailed

listing which includes the full input/output list.

3.5.12 Subroutine SB

The purpose of subroutine SB is to provide the capability of simulating a
saturation function with a dead band.

Table 83 shows a flowchart For the subroutine and Table 209 gives a detailed
listing which includes the full input/output list.

3.5.13 Subroutine M:

The purpose of subroutine MB is to calculate the value of a variable according
the the equation

FO = CI*FNA+C2*FNB+C3*FNA*FNB

+C4*FNA/FNB+C5 
3.5-4

where FO is the output,

FNA and FNB are input variables, and
C1, C2, C3, C4, and C5 are input constants.

Table 61 shows a flowchart for the subroutine and Table 187 gives a detailed
listing which includes the full input/output list.
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3.5.14 Subroutine FV

The purpose o, ;routine FV is to provide the capability of simulating an

arbitrary two-dimensional table Z=f(X,Y). The user has the capability of

specifying the degree of interpolation and whether or not extrapolation should

be permitted.

Table 44 shows a flowchart for the subroutine and Table 170 gives a detailed

listing which includes the full input/output list.

3.5.15 Subroutine RA

The purpose of subroutine RA is to generate random variables for the gust wind

model GW. Discre-te random variables with mean zero and variance equal to

twice the time increment approximates a unit variance white noise. RA can

only be used with the fixed step integrator which is specified by the command:

INT MODE = 3. A flowchart of the subroutine is shown as Table 75 and Table

201 gi~es a detailed listing.

3.5.16 Subroutine RN

The purpose of subroutine RN is to generate a normally distributed random

number. This subroutine is called by the subroutine RA.

A flowchart of the subroutine is shown as Table 79 and Table 205 gives a

detailed listing.

3.5.17 Subroutine S2

The purpose of subroutine S2 is to sum two sets of 3 axis forces and moments

and is thus a sunning junction. The two sets of forces must be in the same

axis i.e. body, stability, or wind.
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A flowchart of the subroutine is shown as Table 98 and Table 224 gives a

detailed listing.

3.5.18 Subroutine S3

The purpose of subroutine S3 is to sum three sets of 3 axis forces and moments

and is also a summing junction. A flowchart of the subroutine is shown as

Table 99 and Table 225 gives a detailed listing.

3.5.19 Subroutine TG

The purpose of subroutine TG is to transform engine thrust into body axis

forces and moments (torques) by using user provided direction cosines and

moment arms.

A flowchart for the subroutine is shown as Table 110 and Table 236 gives a

detailed listing.

3.5.20 Subroutine TR

The purpose of subroutine TR is to transform a set of vector quantities from

body axes to earth axes using roll, pitch, yaw angle inputs and direct

multiplication method.

A flowchart for the subroutine is shown as Table 113 and Table 239 gives a

detailed listing.

3.5.21 Subroutine XP

The purpose of subroutine XP is to perform static transformation on three
vector quantities (angular rates) from one coordinate system to another

coordinate system using a matrix transformation technique.
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A flowchart for the subroutine is shown as Tbie 124 and Table 250 gives a

detailed listing.

3.5.22 Subroutin XT

The purpose of subroutine XT is to perform static transformation on three

vector quantities (torques) from one coordinate system to another coordinate

system using a matrix transformation technique.

A flowchart for the subroutine is shown as Table 125 and Table 251 gives a

detailed listing.

3.6 Table Lorkup Functions

3.6.1 Function TBLI

The purpose of function TBL1 is to perform linear interpolation on one

independent variable. It is & special purpose function as it is called only

by subroutine TK to interpolate the trunk shape parameters.

A flowchart for the function is shown as Table 102 and Table 228 gives a

detailed listing.

3.6.2 Function TBL2

The purpose of function TBL2 is to perform curvilinear-to-rectilinear

transformaticn and to linearly interpolate on two independent variables. This

is also a special purpose function as it is called only by subroutines TK and

AB to interpolate the trunk/bag shape parameters.

A flowchart for the function is shown Table 103 and Table 229 gives a detailed

listing.

40



3.6.3 Function TBLUI

The purpose of function TBLUI is to perform table search and Lagrangian

polynom;al interpolation on one independent variable. The function uses a

binary search technique to locate the proper position within a table, and then

uses a Lagrangian interpolating polynomial of user-defined degree.

A flowchart for the function is shown as Table 104 and Table 230 gives a

detailed listing.

3.6.4 Function TBLU2

The purpose of function TBLU2 is to perform table search and Lagrangian

polynomial interpolation of user-defined degree on two independent variables.

A flowchart for the function is shown as Table 105 and Table 231 gives a

detailed listing.

3.6.5 Function TB!L3

The purpose of function TBLU3 is to perform table search and Lagrangian

polynomial interpolation of user-defined degree on three independent variables.

A flowchart for the function is shown as Table 106 and Table 232 gives a

detailed listing.

3.6.6 Subroutine ETB2

The purpose of subroutine ETB2 is to provide table look-up for a function of

two independent variables a = f(x,y). The subroutine was designed to support

the elastic trunk component TS and utilizes equal increment data point spacing

and linear interpolation.
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A flowchart for the routine is shown as Table 26 and Table i52 gives a

detailed listing.

3.6.7 Subroutine ETB3

The purpose of subroutine ETB3 is to provide table look-up for a function of

three independent variables a = f(x,y,z). The subroutine was designed to

support the elastic trunk component TS and utilizes equal increment data point

spacing and linear interpolation.

A flowchart for the routine is shown as Table 27 and Table 153 gives a

detailed listing.

3.7 Initial Condition Function and Subroutines

3.7.1 Subroutine IC

The purpose of subroutine IC is to solve for trunk element parametric data for

free and loaded ACLS trunk shapes at inital conditions. The concept is based

on the so called Digges Parameter Calculations for an inelastic trunk (see

AFFDL-TR-71-50, Theory of an ACLS for Aircraft by K. H. Digges, June 1971).

It is a special purpose subroutine called only by component TK. The model can

generate and store up to six sets of parameter data each representing an

element of size and shape specified by the user. Each parameter set can be

generated as a membrane model or a frozen model (see Volume I document). The

trunk section properties are then evaluated from the stored arrays using table

look-up routines (Section 3.6) during the model execution.

A flowchart of the subroutine is shown as Table 48 and Table 174 gives a

detailed listing.

4Z

ORM



3.7.2 Subroutine ICB

The purpose of subroutine ICB is to solve for an air bag element parametric

data for free and loaded air bag shapes at inital conditions. The function

solves membrane geometry and force-balance equations for even increments of ZO

(the vertical distance between aircraft hard structure and bottom of the air

bag) and MUT (the bag-runway interface friction) and stores parameter values

for table look-up arrays. It is a special purpose subroutine called only by

component AB.

A flowchart of the subroutine is shown as Table 49 and Table 175 gives a

detailed listing.

3.7.3 Subroutine iCFS

The purpose of subroutine ICFS is to define inital condition free shape Digges

model equations for an inelastic trunk. It is a special purpose subroutine

and called only by the iterative equation solver routine QNWT in subroutine IC.

A flowchart of the subroutine is shown as Table 50 and Table 176 gives a

detailed listing.

3.7.4 Subroutine ICFSB

The purpose of subroutine ICFSB is to evaluate geometry equations for a free

shape air bag element. The equations used describe an inelastic membrane

subject to uniform internal pressure. This subroutine is called only by QNWT

in subroutine ICB.

A flowchart of the subroutine is shown as Table 51 and Table 177 gives a

detailed listing.
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3.7.5 Subroutine ICLS

The purpose of subroutine ICLS is to define initial condition loaded shape

Digges model equations for an inelastic trunk. Like ICFS it is called only by

QNWT in subroutine IC.

A flowchart of the subroutine is shown as Table 52 anti Table 178 gives a

detailed listing.

3.7.6 Subroutine ICLSB

The purpose of subroutine ICLSB is to evaluate element geometry and force

balance equations for loaded shape air bag element. Equations describe an

inelastic membrane subject to uniform internal pressure and ground

reaction forces. Like ICFSB, this subroutine is called only by QNWT in

subroutine ICB.

A flowchart of the subroutine is shown as Table 53 and Table 179 gives a

detailed listing.

3.7.7 Subroutine KINK

The purpose of subroutine KINK is to calculate the arresting gear cable kink

wave angle at landing impact. This is a special purpose subroutine called

only by the arresting gear component AS.

A flowchart of the subroutine is shown as Table 55 and Table 181 gives a

detailed listing.

3.7.8 Subroutine RES

The purpose of subroutine RES is to evaluate the arresting cable strain. This

is also a special purpose subroutine called only by subroutine KINK.
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A flowchart of the subroutine is shown as Table 77 and Table 203 gives a

detailed listing.

3.7.9 Function TERRA

The purpose of function TERRA is to simulate a rough terrain with random

profile or a sinusoidal and (1-cosine) bump profiles. For random profiles the
vertical elevation is stored in tabular form as a function of position.

A flowchart of the subroutine is shown as Table 108 and Table 234 gives a

detailed listing.

3.7.10 Subroutine VPRINB

The purpose of subroutine VPRINB is to print, as output, the user supplied

input data arrays for the air bag element dimensions, perforations etc., the

various stored arrays calculated in the initial condition routine ICB, and

element geometry and forces calculated during execution/simulation as a

function of time.

A flowchart of the subroutine is shown as Table 1111 and !able 247 gives a

detailed listing.

3.7.11 Subroutine VPRINT

The purpose of subroutine is to print, as output, the user supplied input data

Rrrays for the trunk element dimensions,perforations, scaling factors etc.,

the various stored arrays calculated in the inital condition routine IC, and

element geometry and forces calculated as time-history functions.

A flowchart of the subroutine is shown as Table 122 and Table 248 gives a

detailed listing.
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3.7.12 Subroutine ELAS

Subroutine ELAS computes the data arrays for elastic trunk component TS.

Subroutines ENDFS, ENDLS, SIDEFS and SIDELS are called by QNWT to determine

trunk cross-sectional shapes. Data arrays are then filled with computed trunk

variables.

A flowchart for the routine is shown as Table 19 and Table 145 gives a

detailed listing.

3.7.13 Subroutine ELFX

Subroutine ELFX computes incomplete elliptic integrals of the second kind

E (0,,). The subroutine was designed for use by the elastic trunk component

(TS) to compute arc lengths for ellipses. If Boro are less than zero, the

routine will return E = 0.

A flowchart for the routine is shown as Table 20 and Table 146 gives a

detailed listing.

3.7.14 Subroutine ELKX

Subroutine ELKX computes complete elliptic integrals of the second kind E (,
11/2). The subroutine was designed for use by the elastic trunk component (TS)

to compute arc lengths for ellipses. If 0 is less than zero, the ruutine will

return E = 0.

A flowchart for the routine is shown as Table 21 and Table 147 gives a

detailed listing.

3.7.15 Subroutine ELWR

Subroutine ELWR supports the elastic trunk component (TS) to provide printout

of the trunk element property arrays.
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A flowchart for the routine is shown as Table 22 and Table 148 gives a

detailed listing.

3.7.16 Subroutine ENDFS

This subroutine is used by elastic trunk component TS to compute the free

shape of a trunk end element. The trunk cross-section is assumed to be

elliptical in shape and in point contact with the ground. The shape equations

incorporate membrane theory and consider elastic deformation in the trunk hoop

and meridian directions.

A flowchart for the routine is shown as Table 23 and Table 149 gives a

detailed listing.

3.7.11 Subroutine ENDLS

This subroutine is used by elastic trunk component TS to compute the laded

shape of a trunk end element. The trunk cross-section is assumed to 'e

comprised of elliptical arcs (2), one on each side of a straight section which

is in ground contact. As in ENDFS, the shape equations incorporate membrane

theory and consider elastic deformation in the hoop and meridian directions.

A flowchart for the routine is shown as Table 24 and Table 150 gives a

detailed listing.

3.7.18 Subroutine SIDEFS

This subroutine is used by elastic trunk component TS to compute the free

shape of a trunk side element. The trunk cross-section is represented by

circular arcs and is assumed to be in point contact with the ground. The

shape equations incorporate membrane theory and consider elastic deformation

in the meridian direction only.
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A flowchart for the routine is shown as Table 89 and Table 215 gives a

detailed listing.

3.7.19 Subroutine SIDELS

This subroutine is used by elastic trunk component TS to compute the loaded

shape of a trunk side element. The trunk cross-section is represented by two

circular arcs, one on each side of a straight section which is in ground

contact.

A flowhart for the routine is shown as Table 90 and Table 216 gives a

detailed listing.

3.7.20 Subroutine XXPRT

This routine is used by elastic trunk component TS to provide printed output

of trunk variables during non-linear simulation.

A flowchart for the routine is shown as Table 126 and Table 252 gives a

detailed listing.

3.8 Supporting Subroutines for the Foster-Miller Trunk Component (FM)

Of the twenty subroutines which make up this section, eighteen were written by

Foster-Miller Associates Inc., (IFMA) as part of their model for an air cushion

landing system (ACLS). The remaining two subroutines (FMWRIT and OUTFM) were

developed by the Boeing Company to replace FMA input/output routines which

were incompatible with the EASY program.

3.8.1 Subroutine CDVCHP

This subroutine calculates the valve of DVCHP which is the ratio of cushion

volume change to change in cushion-to-trunk pressure ratio.
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A flowchart for the routine is shown as Table 10 and Table 136 gives a
detailed listing.

~3.8.2 Subroutine CLRNCE

The purpose of this subroutine is to calculate the trunk-ground clearance for

each trunk segmient.

A flowchart for the subroutine is shown as Table 9 and Table 135 gives a
detailed listing.

3.8.3 Subroutine COORDN

This subroutine calculates the X and Z coordinates of the ground paint

corresponding to each segent, for a particular ACLS orientatio.

A flowchart for the routine is shown as Table 11 and Table 137 gives a

detailed listing.

3.8.4 Subroutine DYNFAN

This subroutine models the dynamic behavior of the ACLS fan. Fan pressure is

calculated fro a user defined polynoaial function of fan flow.

A flowchart for the routine is shown as Table 16 and Table 142 gives a

detailed listing.

3.8.5 Subroutine FLOW

This subroutine calculates the ACLS flow and pressure variables during dynamic

simulat ion.

A flowchart for the routine is shown as Table 32 and Table 158 gives a

detailed listing.
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3.8.6 Subroutine FMFAN

This subroutine models the static behavior of the ACLS fan. Fan flow is

calculated frum a user define polynomial function of fan pressure.

A flowchart for the routine is showr as Table 34 and Table 160 gives a

detailed listing.

3.8.7 Subroutine FTWRIT

This subroutine was developed by the Boeing Company to print a list which

describes each ACLS input variable and the corresponding value input by the

user.

A flowchart for the routine is shown as Table 35 and Table 161 gives a

detailed listing.

3.8.8 Subroutine FORCE

This subroutine calculates the forces and torques associated with a particular

ACLS orientation.

A flowchart for the routine is shown as Table 38 and Table 154 gives a

detailed listing.

3.8.9 Subroutine HYCIR.V

This subroutine calculates the side trunk height as a function of pressure

ratio.

A flowchart for the routine is shown as Table 4 anj Table 173 gives a

detailed .sting.
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..8.10 Subroutine OUTFM

This subroutine was developed by the Boeing Company and r'places FMA routine

OUTPUT. The purpose of the routine is to calculate v- ious time dependent

variables during ACLS dynami., simulation.

A flowchart for the routine is shown as Table 67 and Table 193 gi/ts a

detailed listing.

3.8.11 Subroutine FARAMS

This subroutine provides default values for various ACLS parameters. The user

may override these default values by inputing the desired values.

A flo,,chart for the routine is shown as Table 68 and Table 194 gives a

detailed listing.

3.8.12 Subroutine PROFILE

This user-supplied subroutine provides values of ground elevation Yg(i) which

correspond to ground coordinates Xg(i) and Zg(i). A default subroutine is

included in the ACLS library to simulate a flat ground surface. The user may

input a different PROFILE using Fortran statements in the model description

da'a file.

A flowchart for the routine is shown as Table 72 and Table 198 gives a

detailed listing.

3.8.13 Subroutine ROTATE

This subroutine i.ransforms vector data from thF. vehicle frame to the inertial

reference frame.

A rlowchart for th routine is d is Table 80 and Table 206 gives a

detailed listing.
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V 3.8.14 Subroutine SEGMNT

This subroutine divides the ACLS trunk into a number of segments and assigns

initial properties to the segments.

A flowchart for the routine is shown as Table 84 and Table 210 gives a

detailed listing.

3.8.15 Subroutine SHAPE1

This subroutine provides an initial assessment of ACLS trunk areas and volumes

assuming no ground contact.

A flowchart for the routine is shown as Table 86 and Table 212 gives a

detailed listing.

3.8.16 Subroutine SHAPL

This subroutine calculates current ACLS trunk areas and volumes as a function

of vehicle orientation.

A flowchart for the routire is shown as Table 87 and Table 213 gives a

detailed listing.

3.8.17 Subroutine STATIC

This subrcutine provides static simulation of an ACLS. Equilibrium conditions

are calculated and include the position of the aircraft center of gravity;

orientation of the aircraft in terms of pitch arid roll angles; equilibrium

pressure in the trunk, cushion and plenum; equilibrium flows in different

parts of the ACLS and the theoretical power required to operate the ACLS.

The static simulation also generates load maps whirh are useful in evaluating

behavior of the ACLS in pure heave (up-down), pitch and roll modes.
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A flowchart for the routine is shown as Table 91 and Table 217 gives a

detailed listing.

3.8.18 Subroutine STEQU

Subroutine STEQU calculates the time derivatives for the set of ACLS state

variables. The routine calls subroutine FLOW and FORCE to update the values

of flows, forces and torcues associated with the current set of state

variables.

A flowchart for the routine is shown as Table 92 and Table 218 gives a

detailed listing.

3.8.19 Subroutine TRUNK

This routine calculates the values of variables associated with the ACLS trunk

cross section shape.

A flowchart for the routine is shown as Table 114 and Table 240 gives a

detailed listing.

3.8.20 Subroutine VALVE

This subroutine calculates the pressure relief valve area as a function of

valve displacement.

A flowchart for the routine is shown as Table 119 and Table 245 gives a

detailed listing.
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SECTION TV

COMPONENT SUBROUTINES

4.1 Ducting Components

The component subroutines covered in this section include ducts (DU), splits

(FS) and merges (MG).

It should be noted that it is possible and often desirable to represent

ducting components in u4 'er ways. For example, the flow merge between two

bleed air systems coulu -e simulated using the merge component MG as shown in

Figure 8(a). However if only one of the bleed systems is being modeled in

detail, and if the flow from each bleed system is assumed equal, then it would

be preferable to use the multiply-and-add standard subroutine MA (see Section

3.5.8) as shown in Figure 8(b). The advantage of using MA in this instance is

that less input data is required, and one less state variable would be

required. Component MA can of course also be used to simulate a flow split.

Ducts can often be omitted, with pressure, temperature, and flow capacitance

effects being "lumped-in" with other components.

The detailed models tor ducts, splits and merges should be used where the high

frequency flow dynamics effects are considered significant; otherwise

alternates should be used as described above.

4.1.1 Duct OU

The duct component DU is a simple single-state model in which the only dynamic

effect simulated is flow capacitance, with pressure being a state variable.

The theory for the model is given in Reference 2, Volume I, Section 3.1.1,

which also describes the theory for more complex models which can be supplied

by the program user if desired.
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Figure 8 Altaemats R~epresentations of-Fow ert
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A flowchart for the subroutine is shown as Table 14 and Table 140 gives a

detailed listing which includes the full input/output list. A warning message

will be printed in the event that the temperature change exceeds 3000 F, since

in this event a more complex model with temperature nodes in the wall and

possibly also in the fluid may be desirable.

4.1.2 Split FS

The split component FS models a flow divide, and has a single inlet port and

two outlet ports. The basic approach is very similar to that of the duct

component DU. The flow in each outlet leg is calculated based on input values

of K factor and effective area for each leg. Heat transfer is calculated

based on an inpuz value of hydraulic diameter (for calculation of Reynolds

number) and heat transfer area. The theory for the Split model is given in

-Reference 2, Volume I, Section 3.1.2.

A flowchart for the subroutine is shown as Table 40 and Table 166 gives a

detailed listing which includes the full input/output list. A warning

diagnostic will be printed in the event that the temperature change exceeds

3000F, since in this event a more complex model with temperature nodes in the

wall and possibly also in the fluid may be desirable.

4.1.3 Merge MG

The merge component MG models a flow junction, and has two inlet ports and a

single outlet port. The basic approach is very similar to that of the duct

component DU. The flow in the outlet leg is calculated based on input values

of K factor and effective area for that leg. Heat transfer is calculated

based on an input value of hydraulic diameter (for calculation of Reynolds

number) and heat transfer area. The theory for the merge model is given in

Reference 2, Volume !, Section 3.1.3.
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A flowchart for the subroutine is shown as Table 63 and Table 189 gives adetailed listing which includes the full input/output list. A warningdiagnostic will be printed in the event that the temperature change exceeds300 F, since in this event a more complex model with temperature nodes in the
wall and possibly also in the fluid may be desirable.

4.1.4 Valve In a Duct DV

The "valve in a duct" component DV simulates a valve (butterfly, gate orglobe) in a duct. The basic approach is similar to the duct component D11,except that the flow is calculated by calling the subroutine VLX. Inputs toDV include a parameter defining the type of valve, and the valve opening. Thetheory for the flow calculation is given in Reference 2, Volume I,
Section 3.7.

A flowchart for the subroutine is shown as Table 15 and Table 141 gives adetailed listing which includes the full input/output list. A warningdiagnostic will be printed in the event that the temperature change exceeds3000 F, since in this event a more complex model with temperature nodes in thewall and possibly also in the fluid may be desirable.

4.2 Fan and Ejector Components

4.2.1 Ejector EJ

The purpose of the component EJ is to model an air ejector with co-verging-diverging nozzle and subsonic or choked flow conditions. The subroutine usesa two dimensional input table of flow ratio (total/primary) as a function ofthe two pressure ratios (total/secondary) and (primary/secondary). 
For chokedthroat flow upstream pressure is computed to match flow and for subsonic flowthe exit pressure equals secondary supply pressure. A flowchart for thesubroutine is shown as Table 18 and Table 144 gives a detailed listing.
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4.2.2 Fan with Hysteresis Fli

The purpose of the component FH is to model an externally driven axial fan

with transition time constant between stall and recovery. It is assumed that

transition from normal to stalled operation occurs Wien the pressure ratio

exceeds the stall pressure ratio (user supplied) and that transition from

stalled to normal occurs when pressure ratio falls below a reverse pressure

ratio (user supplied).

A flowchart for the component is shown as Table 30 and Table 156 gives a

detailed listing.

4.2.3 Fan with Surge Analysis FR

The ccmpressor/fan model FR calculates the component performance using steady

state maps. Inlet pressure is the one state variable for the model.

The model is capable of reverse flow analysis and can accommodate pressure

ratios less than 1. The theory for the model is shown in Reference 2, Volume

I, Section 3.2.2.

A flowchart for the subroutine is shown as Table 39 i-nd Table 165 gives a

detailed listing which includes the full input/output lists.

4.2.4 ACLS Turbofan FT

The purpose of fan component FT is to simulate a hub or tip driven axial

turbofan as used on the Jindivik ACLS vehicle. The subroutine uses input

table defining steady state characteristics of tubine and fan. Drive air

turbine inlet pressure is a state variable.

A flowchart for the subroutine is shown as Table 42 and Table 168 gives a

detailed listing.
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4.2.5 Inlet Fan FN

The purpose of this component is to model a fan which is located at the inlet

of a duct. It calculates the fan's flow rate, irlet pressure, inlet

temperature and outlet temperature. The flow rate is determined from tabular

data which is input as a function of pressure ratio (PR) and fan RPM. If this

flow rate data has been normalized for 0/76, where e is the air temDerature
divided by the air temperature at sea level on a standard day and Sis the air

pressure divided by the air pressure at sea level on a standard day. FN will

account for this normalization if CORFN is set to any value except 0.0 and

.99999. The inlet pressure and temperature are determined by the inlet ram

efficiency. The outlet temperature is calcuated from the fan efficiency.

The user has the option of inputing stall line data as a function of pressure

ratio. When this data is input, the program will print after each print cycle

"The fan is operating in the stall region" whenever the fan is stalled.

A flowchart for the subroutine is shown in Table 36 and Table 162 gives a

detailed listing which includes the full input/output lists.

4.3 Aircraft and Aerodynamic Components

4.3.1 Generalized 6DOF Component SG

The six degree of freedom component SG simulates the aircraft rigid body of

motion equations. The component receives as input all body axis forces and

moments including gravity. Parametric inputs include mass, and moments and

cross products oT inertia or the aircraft. uutputs rrom tne component incluae

the accelerations and velocities (linear and angular) in the body axis

coordinate system, Euler angles and earth axis positions. The differential

equations for the twelve states representing the linear and angular velocities

and positions are contained in this component- The derivation of equations is

described in Section 2.4.1, Volume I. Table 85 shows a flowchart and

Table 211 gives a detailed listing.
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4.3.2 Six DOF Component OS

This component is same as the component SG except that the X-Z plane is

assumed to be a plane of symmetry. Therefore the cross product of inertia

terms I and Iyz and associated terms are taken out simplifying the equationsxy y
of motion. In addition the airplane positions in X and Y earth axis are not

state variables and only rates (velocities) are output. It is recommended

that this component be used for inflight models when there are no trunk or

ACLS components involved and the optimal controller is being used for finding

trim.

A flowchart for the component is shown as Table 13 and Table 139 gives a

detailed listing.

4.3.3 4DOF Rigid Body Dynamics FD

The four degree of freedom component consists of the saie types of inputs and

outputs and uses the same coordinate system as the 6DOF component DS. The

degrees of freedom are forward and side velocities and roll and yaw (U,V,P,R)

and the model is applicable to ground directional control studies. Table 28

shows a flowchart and Table 154 gives a detailed listing-

4.3.4 3=0F Longitudinal Rigid Body Dynamics TL

This is a simplified version of the six DOF component OS where only

longitudinal equations of motion are treated. The degrees of freedom are

forward and vertical velocities, and pitch (U,W,Q). The model is applicable

to long period longitudinal stability analysis (Phugoid). Table 112 shows a

flowchart and Table 238 gives a detailed listing.

60



--

4.3.5 3DOF Lateral Rigid Body Dynamics TD

This is also a simplified version of the six DOF component DS where only

lateral equations of motion are retained. The degrees of freedom are side

velocity, roll and yaw (V,P,R). The model is applicable to lateral stability

analysis. Table 107 shows a flowchart and Table 233 gives a detailed listing.

4.3.6 2DOF Longitudinal Rigid Body Dynamics TT

This component is similar to the component TL, above, except that the degrees

of freedom are vertical velocity (or heave) and pitch (W,Q). The model is

applicable to drop test simulations and for inflight short period longitudinal

oscillations. Table 116 shows a flowchart for the subroutine and Table 242

gives a detailed listing.

4.3.7 Aerodynamic Variables Component VA

The model adds total wind perturbation onto the aircraft velocity states,

output from 6DOF component, and computes aero variables such as

angle-of-attack, sideslip, dynamic pressure, and Mach number. The body to

stability axis transformation is achieved wherever applicable. A switch is

used to assure compatability with various DOF components. The derivation of

equations is described in Section 2.4.7, Volume I. Table 118 shows a

flowchart and Table 244 gives a detailed listing.

4.3.8 Longitudinal rorces and Moments Component OL

liputs to this component include external forces and torques (e.g. due to

trunk, engine) and aerostability derivatives for the three longitudinal

degrees of freedom. The external forces and moments are combined with the

linear aern forces and moments in body axes and output as total force and

moment vectors about the aircraft c.g. The module also s3lves for the linear

accelerations U and W in order to compute the implicit aero terms due to a and

(. The body axis linear accelerations and the torques are then passed to the

equations of motion module DS or SG.
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The aero derivatives can be specified in either stability axes or in bodyo,

axes. For more details see Section 5.1 of the User's Manual (Reference 1) and i

Volume 1, Section 2.4.8. A flowchart for the component OL is shown as Table

65 and Table 191 gives a detailed listing.

4.3.9 Lateral Forces and Moments Component DL

This component is identical in design to component OL and computes the lateral

set of forces and moments. A flowchart for the component is shown as Table 12

and Table 138 gives a detailed listing.

4.3.10 Aerodynamic Coefficients Table Lookup ACP

This component provides for one dimensional table lookup capability for the

six basic aerodynamic coefficients; lift, drag, pitch moment, roll moment and

yaw moment as functions of angle of attack (CL) and the side force coefficient

as a function of angle of side slip ($)- The user should carefully read the

code before using this component or use FORTRAN to input tabular data for the

various non-linear aero coefficients. A flowchart for the subroutine is shownR

as Table 3 and Table 129 gives a detailed listing.

4.4 Engine and Thruster Components

4.4.1 Engine Model (Simple) ES V

See 4.4.2 for description.

4.4.2 Engine Model (Comptex) EC

Two engine components were developed. Both calculate engine thrust and engine

bleed-and-fan-air pressures and temperatures. The model ES is dynamically
~simple, with all dynamic effects accounted for by a first order lag for the

thrust calculation.
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In the second, more complex model, EC, the engine pressure ratio (EPR) is

computed as a function of the power lever angle. Engine transient conditions

are accounted for by introducing a first order lag for engine deceleration and

a second order lag for engine acceleration. Net thrust (forward or reverse)

is computed as a function of Mach number and the actual engine pressure ratio.

The second order function requires user inputs for engine sPinup, natural

frequency f(EPR) table and damping ratio constant. The first order lag

requires only the engine time constant.

The bleed and fan air pressures and temperatures are calculated as functions

of corrected engine speed which is a two dimensional table lookup with Mach

number and calculated thrust as independent variables. This calculation is

common to both components.

A flowchart for the model ES is shown as Table 25 and Table 151 gives the

detailed listing. A flowchart for the model EC is shown as Table 17 and

Table 143 gives a detailed listing.

4.4.3 Yaw Control Thruster YC

The purpose of component YC is to simulate the effect of an auxiliary yaw

thruster used to augment lateral dynamic stability of an ACLS equipped

aircraft. The vectored thrust is a function of aircraft yaw angle or an input

control signal. The vectored thrust may or may not be dependent on engine

thrust i.e. the thruster could be powered independently.

A flowchart for the component YC is shown as Table 127 and Table 253 gives a

detailed listing.

4.4.4 Pitch Control Thruster PT

The pitch control thruster provides longitudinal dynamic stability to an ACLS

equipped vehicle. The component is identical in design t- YC (4.4.3). A

flowchart for the component PT is shown as Table 74 and Table 200 gives a

detailed listing.
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4-4.5 Roll Control Thruster RT

The roll control thruster is also identical in design to the other two

thrusters, YC and PT, and provides roll stability. A flowchart for the

component is shown as Table 81 and Table 207 gives a detailed listing.

4.5 'Aind Components

4.5.1 Gust Wind Model GW

A wind gus model component developed under Contract F33615-76-C-3165 has been

adapted for the ACLS library. The model simulates random wind gust components

based on Dryden Spectra, in accordance with Section 3.7, MiL-F-8785B. The

equations used in the computer code are directly taken from the MIL-F-8785B.

Table 45 shows a flow chart, and Table 171 gives a detailed listing.

4.5.2 Steady or Shear Wind Model WS

The purpose of this component is to simulate wind shear or steady wind

components. The wind magnitude quoted at control tower altitude of 50 feet is

modified by a non-linear shear factor to reflect the change in wind with

altitude. The wind vector is assumed parallel to the ground plane. The wind

magnitude modified by shear is resolved along the runway coordinates North and

East (fwd and side) and transformed into body axis. The derivation of

equations is described in Section 2.5.2 Volume I. Table 123 shows a flowchart

and Table 249 gives i detailed listing.

4.5.3 Sumnation of Wind Vectors SV

The total wind components are obtained by the summation of gust and

steady/shear wind profiles in the body axis system and the summation is

carried out in the component SV. Table 93 shows a flowchart and Table 219

gives a detailed listing.
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4.6 Air Cushion System Components

4.6.1 Inelastic Trunk Model TK

'odel represents the geometry and pneumatic characteristics of an

;>.stic trunk enclosing a cushion of air. The trunk is described by a

finite number of elements which need not be uniform in cross section, width,

or location on the vehicle.

The trunk is composed of three parts: side elements, fore elements and aft

elements The side elements have unconstrained outward movement subject to

ground -ontact or changs in the cushion runk pressure ratio and are

representd with a membrane model. The fore and aft elements experience

little or no outward motion due to constraining peripheral stresses and are

represented by a frozen model or a constrained membrane model (user option).

The inputs required are related to the trunk neometry such as section

properties, attach points, coordinates, perforation aryangements etc., which

can be obtained from detailed trunk drawings. The other data inputs needed

are trunk damping coefficient as a function of trunk flattened area, relief

valve opening as a function of trunk pressure and various flow discharge

coefficients. For details see Reference 2, Vclume I. A flowchart for the

c ponent i shown as Table 111 and Table 237 gives a detailed listing.

4.6.2 Elastic Trunk Model TS

The io,'el represents the geometry and pneumatic characteristics of an elastic

trunk enclosinq a cushion of air. The trunk is described by a finite number

of elements which need not be uniform in cross section, width or location on

the vehicle.
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The trunk model is comprised of two basic units: side elements and end

elements. The end elements take into consideration membrane loads and

deformations in both the hoop and meridian directions. For the side elements,

the membrane loads and strains are computed for the meridian directiol only;

deformations in the hoop direction are assumed to be zero. As a user option,

each element may be designated as a pillow brake element.

Inputs required include load/deflection characteristics for the membrane as

well as inputs related to the trunk geometry such as section properties,

membrane attach points, coordinates, perforation arrangements, etc. Other

required data are trunk damping coefficient as a function of trunk flattened

area, relief valve opening as a function f:f trunk pressure, pillow brake

actuation signal, and various flow discharge coefficients. A flowchart for

the component is shown as Table 115 and Table 241 gives a detailed listing.

4.6.3 Foster Miller Inelastic Trunk Model FM and 00

This model was developed by Foster Miller Associates Inc. and adapted by the

Boeing Company for inclusion into the EASY program. The model includes the

ACLS vehicle body dynamics using two orthogonal coordinatn frames of

reference; an inertial frame fixed in space and a vehicle frame fixed to the

vehicle. The model also represents the geometry and pneumatic characteristics

of an inelastic trunk enclosing a cushion of air.

The trunk model is made up of side segments and end segments, Side segments

are represented by a simple two-dimensional membrane, and end segments a-e

represented by a frozen model.

Inputs required must describe not only the trurk geometry as with cvponent

TK, but also the fan pe.formance (static and dynamic) as polynominal

functions, the :ide membrane height as a polynominal function of pressure

ratio, relief valve dimensions, trunk perforation details, etc.
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The component FM may be used in the Foster Miller mode (user option) to

duplicate all static and dynamic analytical capabilities of the FMA/NASA ACLS

program. The component may also be used in the EASY mode (user option) to

perform the standard EASY analyses i.e. steady state, linear analysis and

simulation.

The component 00 was developed to display variables of interest during program

execution, and must be used in conjunction with component FM.

Flowcharts for components FM and 00 are included as Tables 33 and 66

respectively. Subroutine listings are provided as Tables 159 and 192.

4.6.4 Air Bag Model AB

The model represents the geometry and pneumatic characteristics of two

parallel inelastic airbags. The bags are described by a finite number of

elements which need not be uniform is cross section, width, or location on the

vehicle. The air bag elements have unconstrained lateral movement subject to

ground friction forces in the Y-axis and are repr:ser~ed by a membrane model.

The basic design concepts for the air bag model are identical to those for the

trunk model. For derivation of model equations and other details, see

Reference 2, Volume I, Section VII.

A flowchart for the model is shown as Table 2 and Table 128 gives a detailed

listing.

4.6.5. Arresting Gear Model AS

The model simulates the dynamic response of a Water Twister type of arresting

system composed of a steel cable pendant, nylon tape and a water twister

energy absorber.
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The Water Twister (Registered Trademark) is a simple water brake that ;onverts

kinetic energy to heat through turbulence. The brake consists of a fluid

filled steel casing, with internal stator vanes, which houses a vaned

centrifugal rotor. The rotor is mounted on a shaft which extends out of the

top of the casing. A storage reel for a nylon tape purchase element is

mounted on and splined to the top end of the rotor shaft. The tape is wrapped
on this storage reel, layer on layer, forming a spiral wrap. Pulling the tape

off the reel causes the shaft and vaned rotor to revolve within the fluid

filled casing, creating turbulence. For derivation of model equations and

other details, see Reference 2, Volume I, Section VIII. A flowchart for the

model is shown as Table 8 and Table 134 gives a detailed listing.

4.7 Optimal Controller OC

This section pertains to a unique component in the EASY library, the optimal

controller OC. User inputs for utilization of this ccmponent are described in

Reference 2.

A complete description of the calculation methods and theoretical basis for

the optimal controller are presented in Reference 2, Section 4.5. Further

elaboration is presented in Reference 2, Volume IV. A flowchart for the

subroutine is shown as Table 64 and a listing of OC is presented in

Table 190.
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4.8 Atmospheric Flight Conditions FL

The purpose of model FL is to calculate the ambient data given the airplane's

altitude and Mach number. Outputs from the subroutine are the ambient

pressure, ambient temperature, ram pressure and ram temperature. The ambient

a,.. ram temperatures are calculated by defining the type of day, i.e.:

Day = 1 MIL-STD-210B Operation (1 percent risk) Hot Day

2 MIL-STD-210A Hot Day

3 MIL-STD-210A Tropical Day

4 U.S. Standard Atmosphere (Default)

5 MIL-STD-210A Polar Day

6 MIL-STD-201A Cold Day

7 MIL-STD-210B Operational (1 percent risk) Cold Day

The ram pressure is calculated assuming 100% recovery.

A flowchart for this subroutine is shown in Table 31 and Table 157 gives a

detailed listing.

[
I
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SECTIOK 
V

FLOW CHARTS

This section contains all the EASY ACLS subroutine flow charts in alphabetical

order by subroutine name.
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Table 2: FLOWCHART FOR SUBROUTINE AB I
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Table 2: FLOWCHART FOR SUBROUTINE AB (CONCLUDED)
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Table 3: FLOWCHAiT FOR SUBROUTINE AC[

XSUBROUTINE AC(CLT. CDT. CKT.CYT. CLBT. CNBT.CL. CD.CM).CY. CLE. CNB. Ii.BE)[

C VERSION 1. JUN 1977
C
C PURP'OSE STANDARD JINDIVIK AERODNAMIC DATA - REF, AERO TEal MIEMO
C 222. USED FOR TASK 2 TRIM AND DYNAMIC FLIT CONDITIONS.
C
C METHOD AERODYNAMIC COEF AR~E INTEWRPLTED FROM TABLES.
C
C CALL. SEQUENCE
C w-- TABLES .us
C CLT -QEF OF LIFT VS.NGLE OF RTTADK
c Cir, -UEF OF DRAG VS. COEF OF LIFT
C : COEF OF PITOMENT VS. Clrf IF IFT
C 9 C OET O SDE I EOLN F ORCENGLE O SIDE SLIP V NL FATC
C CNDT -DERIV'TIVE ROLING MOMENT WNE TO SIDE SLIP VS ANGLE OF ATTACK
C sowe OUTPUTS imom"

-COEF OF L IFT
-c COEF OF DR~AG FORCE

C Ch -COEF OF PITCH MOMENT
C CT -COEF OF SIDE FORCE

C ci -POLL 40MENT DERIVITIVE
C CHI -TAW4 MOMENT DERIVITIVE
C meowi INPUTS w

C ALU -AN4GLE OF ATTACK
C E D BE -SIDE SLIP ANGLE I

C

(C WITTEN BY JONN C VOY I
CI

NCD1-CDT 0

CD-TILUI (CL, COT N. .CUT (NCDTN) * I .-NCDT)

(C-mw NTOLATE CM)

F JtxT-CmT 0
CM.TR.U1 (L.. ClT N4 . CRT LMaIT-40 1.* -NCMT)

C6wwINTEIIPOLATE, CY

CYTmTLUI BECTT('&,CYTTIN TT4f.1.-KnC I

NCNBT-CNRT 0'.
CNB1T3LU1 ()I-. CNBT (4. ,CNIT !NCNBT'44) . 1. -NCNBTI
CDa-CD
RETURiN
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Table 4: FLOWCHART FOR SUBROUTINE AFI

vii
START

3I

DAMPED

SINUSOIDIN DAMAEPENTA

CALULTEOUTPUT OUTPUT
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-~ Table 5: FLOWCHART FOR SUBROUTINE AMACH

FQFX

CALCULATE
FLUID

PROPERTI ES f
MACH NUMBERL
FUNCTION F(M)

0.5 0.

ZF(M)

CALCULTE CACULA-

MACH NUMBERIACHNNUTBC
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Table 6: FLOWCHART FOR SUBROUTINE AP
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Table 6: FLOWCHART FOR SUBROUTINE AP' (CONCLUDED)r

Icz-w:Wi E mmmam

IF
IF

IF.
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V7 Tabl e 7: FLOWCHART FOR SUBROUTINE AR

C VESO 2. EVIED CT .lO

C AP IJTPUTS

C alL ARII.JON DEFLECTION DEG
c zU.ETmD.IZT RltkRONSERWDFLECioNWE=.RRTE.LNTEwTioN cowm
C ROO..POW..IBM ROLL GYVVB NCE LE (DE~MIE IET ONM IT

C AID RILE"O SE0 DeM I*IGLEEE FRALT00ILC
C Rl.RlD.IRt SERVO MOTOR P5WIETERAMTE.IXT CONTROL,
C F12.8211.IR2 SERVO MOTOR PIW*EER. TIONTRO
C XI.ID.It WERV MOTOR I EAETE.Ifff cmimPA

C X2.X)l. IX2 SERVO MOTOR INT 0MIRTEJI EINT CONtROL
C -s IMwIS su

C GRm AILDRIRI T CMFtSEI- 0-MMI2ISE.MMG
C DC FI4L MJME EROR (-DEG)
C RO MXL ~xEAz. aW A IHWUg CLW E .

C ROLD RIROWT AW. IANGLE RIIEM-ECSEC
C R aIROVFT TARE DEG/SEC
CCCCC GLI GRIN FOR GYMO REF ANGLE LIMITS

C tN.2 GAIN FOR INtEr5TEITW LITS ON AILEION SERVO ANGLE
C
C WRITTENIS r J.J.MROT AND N.K.WANI SEPT mn7
C-%INT WISE CinI!HRL BY GROUND CWDS.
C'mmwGROJND CONTROL CGEAD LEFT OR RIGHT TURNi WI0 CAUSES ROL.L GYMO REF
C ANGLE TO ROTATE AT !0 DEC/SEC GTRO REF ANGLE IS LIMITED TO + 30 DEG
C SMFIGHT COMWND CUSES GYRO AERNGLE TO DEROTRTE AT 10 DES/SEC
C UNTIL REF ANGLE IS ZER.
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Table 7: FLOWCHART FOR SUJBROUTINE AR (CONTINUED)

r TffFM-- -0.L

IFI
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IF
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Table 7: FLOWCHART FOR SUBROUTINE AR (CONCLUDED)
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Table 8: FLOWCHART FOR SUBROUTINE A'S

IMF

AMA

15m

iA

I F



rable 8: FLOWCHIART FOR SUBROUTINE AS (CONTINUED)
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Table 8: FLOWC.HART FOR SUBROUTINE AS (CONCLUDED)
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Table 9. FLOWCHART FOR SUBROUTINE CLRNCE
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Table 10: FLOWCHART FOR SUBROUTINE CDVCHP
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Table IT: FLOWCHART FOR SUBROUTINE COORDN
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Table 12: FLOWcHART FOR SUBROUTINE OL
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Table 13: FLOWCHART FOR SUBROUTINE DS

IOUTUUT

INTEGRATE LIRQAE AOMNGULARQES

VEVELOCITEES

Q YEIOS RATOO

OUTPUTS
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Table 14: FLOWCHART FOR SUBROUTINE DU I

CALOUTE
FLUID
PROPERTIES

CALCULATE
OUTLET
FLOW

CALOAAT

OUTLET

TEMPEPTURE=



Table 15: FLOWc-HART FOR SUBROUTINE OVI

START

CALCULATE

CALCULATE
OUTLET FLOW
UIN YLI

CALCULATE

OUMU

PRINT
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Table 16! FLOWCHART FOR SUBROUTINE DYNFAN
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Table 17: FLOWCHART FOR SUBROUTINE EC M
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Table 17: FLOWCHART FOR SUBROUTINE EC (CONCLUDED)
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Table 18: FLOWCHART FOR SUBROUTINE EJ
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Table 18: FLOWCHART FOR SUBROUTINE EJ (CONCLUDED)
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Table 19: FLOWCHART FOR SUBROUTINE ELAS
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Table 19: FLOWCHART FOR SUBROUTINE ELAS (CONTINUED)
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Table 19: FLOWCHART FOR SUBROUTINE ELAS (CONTINUED)

FIRA
J" A

IF~

M To to 11

IFj

To8

-Jff1

*R"6---0 P



Table 19: FLOWCHART FOR SUBROUTINE ELAS ONTINUED)
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Table 19: FLOWCHAR~T FOR SUBROUTINE ELAS (CONTINUED)
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Table 19: FLO61CHART FOR SUBROUTINE ELAS (CONTINUED)
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Table 19: FLOWCRART FOR SUBROUTINE ELAS (CONTINUED)
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Table 19: FLOWC.ART FOR SUBROUTINE ELAS (CONTINUED)
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Table 19: FLOWCHART FOR SUBROUTINE ELAS (CONTINUED)
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Table 19: FLOWCHART FOR SUBROUTINE ELAS (CONTINUED)
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Table 19: FLOWCHART FOR SUBROUTINE ELAS (CONCLUDED)
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Table 20: FLOWCHART FOR SUBROUTINE ELFX
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Table 21: FLOWCHART FOR SUJBROUTINE ELKX
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Table 22: FLOWCHART FOR SUBROUTINE ELWR
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Table 22: FLOWCHART FOR SUBROUTINE ELWR (CONTINUED)
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Table 22: FLO3WCH{ART FOR SUBROUTINE ELWR (CONCLUDED)
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Table 23: FLOWCHART FOR SUB-ROUTINE ENDFS
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Table 23: FLOWCHART FOR SUBROUTINE ENDFS (CONTINUED)
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Table 23: FLOWCHART FOR SUBROUTINE ENDFS (CONTINUED)
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Table 23: FLOWCHART FOR SUBROUTINE ENtJFS (CONTINUED) 1
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Table 23: FLOWCH(ART FOR SUB~ROUTINE ENDFS (CONTINUED)
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Table 23: FLOWCHART FOR SUBROUTINE ENOFS (CONTINUED)
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Tabe 2: FOWCARTFORSUBOUTNE NDF (CNCLDEI
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Table 24: FLOWCHART FOR SUBROUTINE ENOLS
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Table 24: FLOWCHART FOR SUBROUTINE ENOLS (CONTINUED)
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Table 24,: FLOWCHART r-OR SUBROUTINE ENOLS (CONTINUED)
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Table 24: FLOWCHART FOR SUBROUTINE ENDLS (CONTINUED)
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Table 24: FLOWCHART FOR SUBROUTINE ENDLS (CONTINUED)
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Tab le 24: FLOWCHART FOR SUBROUTINE ENDLS (CONCLUDED)r
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Table 25: FLOWCHART FOR SUBROUTINE ES i
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Table 26: FLOWOIART FOR SUBROUTINE ETB2
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Table 27: FLOWcXART FOR SU8ROUTINL ETB3
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table 28: FLOWCHART FOR SUBROUTINE FD

*_4

' 3 ISTINE FV U U It) V. YO. IV P.P0. IP.A.RD.I A ER.Rm..R

CPROEF"I OEM OF FCE& RIGID MST EU0TIONS CF MOTEWE

CLII~.A VELOITIES -Way fmS
c U.111 III - X AXIlS UNE-A YMOCflTa.AE.1 CMFX FT/S~c
C ~.8IV y AXI S EA vE8CIT.i~A.ENT CNTM. FUE

C okLAVacITIES -w =E
C R RIP - X AXIS AiSMkM V teTT.A:c~.UT CDK1RW. xct/src

C BEA RMQ.ES -EARTH 70 BDY - T;WfTC.M

' C POSITION - EA~R111
C xv -EAMIS LINEAR YU.OC'-TT. FT/=3~
C YD - T AXIS LIEA VELOCITT. FT/SEC
C Lz 1? z 'AXIS POSITION tA1f.v ELOCTY.INT CW(TAW.FT
c Amst". kLenMTi&4 - saiT wXs
C PlOT - X MIES AWMANI $CCLLL~qTIN. DMC/S=
C ROT - Z MXIS ANS.LM ACCrflIa N. DEXLSEC2/
C UPJTS -l

C M-13 1.c9fMARTEOIRT ONT JTQS5
U16wT -XTAXIS LINEM OM ON FT/SEIF I
VWT.T - X. MIS~ Tl W. FTSE

C ?61Mt Mw INMTIR
C xxf. ZU -X AxMIS hiow5of INWRIR. SAB-MT
C xII - PAtOf I NERTTIA StUG-F"12
c am MalQ. - Am To T8I- PIT

c E PITCH ANGL.DEG
C WRITTEN IT K.M. WAN1 !gr 51

c.s

OK a.m 
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3mIm MI
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Table 28: FLOWCHART FOR SUBROUJTINE FD (CONTINUED)
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Table 28: FLOW1CHART FOR SUBROUTINE FO (CONTINUED)
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Table 28: FLOWCHART FOR SUBROUTINE FD (CONCLUDED)
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Table 29: FLOWCHART FOR SUBROUTINE FG
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Table 30: FLOWCHART FOR SUBROUTINE FHItM"T
VER91" 1. eri. 1119:

Qm&;441ATJf II" FlW9 TLE

toIF S AI FLSIO E

cV..musewI

MI, ONT-a



z Ni
Table 30: FLOWCHART FOR SUBROUTINE FH (CONCLUDED)
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Table 31: FLOWCHART FOR SUBROUTINE FL
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Table 32: FLOWCHART FOR SUBROUTINE FLOW I
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Table 32: FLOWCHART FOR SUBROUTINE FLOW (CONTINUED)
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Table 32: FLOWCHART FOR SUBROUTINE FLOW (CONCLUDED)
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Table 33: FLOWCHART FOR SUBROUTINE FM
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Table 33: FLOWCHART FOR SUBROUTINE FM (CONTINUED)
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lable 33: FLOWCHART FOR SUBROUTINE FM (CONTINUED)
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Table 33: FLOWCHART FOR SUBROUTINE FM (CONTINUED)
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mhiTable 33: FLOWCHART FOR SUBROUTINE FM (CONTINUED)
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Table 33: FLOWCHART FOR SUBROUTINE FM "CONTINUED)
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Table 33: FLOWchART FOR SUBROUTINE FM jCONTINUIED)
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Table 33: FL06CHART FOR SUBROUTINE FM (CONTINUED)
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V Table 33: FLOWCHART FOR SUBROUTINE FM (CONTINUED)
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Table 33: 'FLOWCHART FOR SUBROUTINE FM (CONTINUED)
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Table 33: FLOWCHART FOR SUBROUTINE FM (CONTINUED)
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Table 33: FLOWCHART FOR SUBROUTINE FM (CONTINUED)
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Tabel 33: FLOWCHART FOR SUBROUTINE FM (CONTINUED)
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Table 33: FLOW'CHART FOR SUBROUTINE FM (CONTINUO) I
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Table 33: FLOWCHART FOR SUBROUTINE FM (CONTINUED)
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Table 33: FLOWCHART FOR SUBROUTINE FM (CONTINUED)
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Table 33: FLOWCHART FOR SUBROUTINE FM (CONCLUDED)
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K ~ Table 34: FLOWCHART FOR SUBROUTINE FMFAN
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Table 35: FLOWCHART FOR SUBROUTINE FMWRIT
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Table 36: FLOWCHART FOR SUBROUTINE FN
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Table 36: FLO1WCHART FOR SUBROUTINE FN (CONCLUDED)

CC ~ ~ 71 M FM ThEML.Ni
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Table 37: FLOWCHART FOR SUBROUTINE FNFLOW
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PRESSURE(PS) PRESURE (PS

PRESSRE RfTIO PESSUR RATI
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Table 38: FLOWCHART FOR SUB,3,JUTINE FORCE
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Table 38: FLOWCHART FOR SUBROUTINE FORCE (CONTINUED)
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,. Table 38: FLOWCHART FOR SUBROUTINE FORCE (CONCLUDED)
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Table 39: FLOWCHART FOR SUBROUTINE FR

START

LLUIDPORIPERTTESI
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C.ALCIJIK'I

TE)UPEATURE
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WORK

CALCULATE
PRESSURERAI
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Table 40: FLOWCHART IFOR SUBROUTINE FS i
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Table 41: FLOWCHART FOR SUBROUTINE FSFLOW

CIWM 16 CALRTE FILM On) rAnDCR C"2ESTER SI;Th ce1pi5ME

C Pc4 J?4LTIME "F GIVEN LSTREM~ RN!) JN5TRER.n PPEMS~f
C 'P RtID PV~ TD V"RATLF M .* EFFECTIVE ARM fCA fND L =S

C BE NEGRTIVE. FN IS -.15EP ON P/P5.
C FM aRFICE CFCC.LRTIONS. IPUT WN-1.

C flCfliOD - LU!S TAI.LM R TR FA V-(?KC59WE RTIO)
C

c3)'TE B - AM LLora LATEST FIEVISION FED 78
C

C P2 DCWSTRE#I PRESSLOEPI MJ
zTE1?ERATL~f -EG /h

ZCA ufFE1
TVE PREP I N2 INPUT

w. w FACTM (?tAT NOT CU ZM hftUT
c N COVS3IDLE FLcw FACTH - W)TPUT
C SFN S..CPE FM WEIT Pt/P2 - U T

-w1 FLCE NMT LDaf IN WTPUT
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Table 41: FLOWCHART FOR SUBROUTINE FSFLOW (CONTINUED)
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Table 41: FLOWCHART FOR SUBROUTINE FSFLOW (CONCLUDED)
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Table 42: FLOWCHART FOR SUBROUTINE FT

SUBROUTINE FT Mh. TOT. T3.W.PI.PIDf§T. IP1.T1.W1.T2.P2.P.VOL.FC3

C VERSION 2. SEPT 16 197
C
C PUPIPE SIMULTE A HBOR TIP IVENXL1TURBO FANRAS
C USED ON THE JINDIVIK AICLS VEHICL.E
C
C PEThO - USES INPUT TABLES DE~FINING STEADY STATE C1ARCTERISTICS

C OF ITURBINE AND FAN. IVE/B.EED AIR TURBINE INLET
C PRE53M 1E 4 STATE.
C
C CALL SEQUENCE TC
C -- im TABLE
C WC -TALE OF CORRECTED TURBINE FLOW AS A FUNCTION OF
C -DIVE (LEED AIR) TO CJSHIOR/TRJ#I PRESSURE RATIO.

TO -MNE DLNENSIONA. TABLE O
C TO, -TPLE OF TOTAL. FLOW FROM TURBOFAN A UCINO
C -aMIVN/T KM PRSS(IPSFG] AND DRIVE PRES5(NiE(PSIA]

C-TWO DIMESOA TABLE
C M-m CAITPUTS memo"w
C T3 -TEWfERITTUE OF FAN AIR EXIT. BEG RAINKINE
C W3 -TOTAL FLO1W FROM T1NRBOFAN TO CUSHIONTIf. LBAIN"RT NO

C P1 -DRIVE/BLEE AIR PRSMEPIPORT NO 1)
C PIDOT -DERIVATIVE OF P,S5PJIEP5IA
C IPI -INTEGRATOR CMMWh FOR Pt iC usm-m INPUTS sm-mmsC TI -DRIVE/BLEED AIR TEMPERAMMIE. BEG RR#IME
CCCCCCC WI -DRIVE/LEED AIR FLOW RATE, LW/MIN (PORT NO 13

C c P2 -AMBIENT AlR P!SSUAE PSIA (PaRT NO 23
C ft -EEO F AIR T.PSIG PS RT NO 31
C SUEO VOL -INTERiNM. VOLmW.T.C FT -RPEC CNRLO t F.E .

C C T -A VM UE AIR FGTERTHANR 
BEG ER E R

CC WR~ITTEN BY ?MINMDER WAHI JUNE 1977'A
C
C CLCUL.ATE TUR~BINE FLOW RATE FROM INPUT TABLE

I~54M TOT[33

US-~ ~ AR 8OT!U2 LS.1. WC.MO.OCT(N23..1 -N3.-I.3?4
W~iiX WICL- Su.So)ISRT(I

1699T_ 
(tw( 
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Table 43: FLOWCHART FOR SUBROUTINE FU

'x _SUBAOUTiNE FUL TA.FO.FIN.AN/

C PUfRPOSE - TO CALCULATE OUTPUT FO AS AN PRBIT RY FUNCTION OFC INPUT FIN USING TABILAR INPUT FTA GIVING FO=F (FIN)
C
C METHOD - SELF EXPLANATORY
C
C
C LIMITATIONS - NONE
C
C
C WRITTEN By - ADAM LLOTD LATEST REVISION NOV 75 :.C
C INP'T/OUTPUT LIST 

-
C F' TR&AR INPUT FO4 (FIN) ANT INPUT TABLEC FO OUTPUT ANY OUTPUT VAIC FIN INPUT ANT INPUT VAR/C AN DEGREE OF INTERPOLATION - INPUT PFa9PIC A NEGATIVE VALUE OF AN WILLC PREVENT EXTRAPOLATION BEYONDC IT LE LIMITS
C

Nf,-FTA (2) f.,N/ABS tAN)

N--BS tN]F5-T?_Ul (FIN. FTA , FTR{ NB). N. NA)
RIET)IN

170 w



II Table 44: FLOWCHART FOR SUBROUTINE FV

SUB ROUTINE FV U:nAFOFNA, FNBAN, BMO,r

C LIUTAOS - HAX Q LCLA IE OUTU FOASABAR ARY FUCTO OF INPU

C 'VARIABLES FNA AND FNB. INP=UT TABL.E FTA IS USED GIVING
C FO=F IFNA. FNI
CC MET[HOD TWO DIMENSIONAL TABLE LOOKUJP
CC
C LIMITATIONS - MX ALLWBLE SIZE OF TABRLAEVR A 15 12X12.
C
C
C

C INPUTIOUTPUT LIST

C F-R TABULAR INPUJT - INPUT T
C F0 OUTPUT ANT mUTiuT
C FM INPUT A ANY INPUrT

C N .tTBANT INPUT
C AN DEGAEE OF INTERPOLATION FOP FNA - INPUT
C A NEGATIVE VALUE INDICATES THAT THE NEAREST END
C POINT IS TO BE USED UPON EXTRAPOLATION.
C BN DEGAEE OF INTERPp4LATION FOR FNB - INPUT
C A NEGATIVE VALUE INDICATES 'T;AT THE NEAREST END
t. POINT IS TO BE USED UPON ATRAPOLATION.C

NI=FTR t3 +U
2=FTA (23 +FTA (3

N3-FTR (23
?FFTA (23
NS- FTA I2 ABS!A JANJ
NB, FTA (3) wAS [BM JBN
NA1-RBS (AM
NBN-ABS tBIN
F*aTILU2 FNA. FNB. FTA (Nil .FTA M43 FTAN3 .,XAN, NBN. NS. X.3,RETURN -p
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Table 45: FLOWCHART FOR SUBROUTINE GW
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C AIS.LM %-ArX XSNO W
C AXIADex X o -;T 5
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Table 45: FLOWCHART FOR SUBROUTINE GW (CONTINUED"

IFi

IF

IF
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IFi

GRINU. ~ .EU SIK=UUW4*Jf/I
MW- 0.7G s07s"omX

GAINj. sn.msMT I SJSJ PI) m

CCEF- 01 u~ F .P/ fl XI
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Table 46: FLOWCHART FOR SUBROUTINE HI
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Table 46: FLOWCHART FOR SUBROUTINE H! (CONTINUED)I

0m

CALCULATEI
HEAT TRANSFER E
COEFFICIENT

IrLr

TABLCUE P.3- T
NUMBEHRr FRO RN NUMBECFRO PN

HI (CONTICUULK

CALCULATE NUSANOTi.CLUAEPAO
NUMBER ~~~FROM RDUdEF.O PR')£
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Table 46: FLOWCHART FOR SUBROUTINE III (CONCLUDED)

F

CALCULAT'EBUL
CALCULATE AND WALL
HEAT TRANSFER VISCOSITY
COEFFICIENTFOMPP

CALCULATE
HEAT TRANSFERL

COEFFICIENT

IFL

FOW OF L.IQUID CALCULATE
CROSS CYL.INDERS REYNOLDS NUMBER

LCULATEFROM RENVX
RYNOLDS NUNBL~q

"FOM RENVXf

t :ALCULATE
CALCULATE RANDTL NUMBER
HEAT TRANSFER ROM. PRND
COEFFICIENT

CALCULATE
HEAT TRANSFER

REYNOLDSCOEFFICIENT
NUMBER WITHIk No

~ALLOWABLE
RANGE?

1%1-1REYNOLPS
YESIAGOT RE~NOBERESAGEOS - WIHI
]SAGS OUTPUT

ALLOWABLE?

I-i3E

RETURN
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Table 47: FLOWCHART FOR SUBROUTINE HYCURVI
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Tabe 8: FLOWCHART FOR SUBROUTINE IC
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Table 48: FLOWCHART FOR SUBROUTINE IC (CONTINUED)
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Table 48: FLOWCHART FOR SUBROUTINE IC (CONTINUED)
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Table 48: FLOW04ART FOR SUBROUTINE IC (CONTINUED)

- 71

nm TET.SLL I

W jai,"E I K1I1

r w u x.m

noo u."W3

WIIPST "ML moo t.

cmim

"MU X

11~f*



Table 48: FLOWCHART FOR SUBROUTINE IC (CONCLUDED)
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Table 49: FLOWCHART FOR SUBROUTINE ICS

SU~~TIN ICJ INSET. P4TS.R. 3.LG. GR. GI.D(.

C PtWOSE - SOLVE FOR AIR SAG ELEMENT PAWOERIC DATA FIB FRE
C AND L*X AIR WG ELtEMENT &WrES AT INITIAL COatDflTIMtS
C( C MEhD FOR EV IN tTS OF ZO AND HUT AND STWES l

C LIITTIO4S - CALLED OM.T BY ThE AR MG MIODEL CMPNE41 Al
C-CALL SillZENCE-

C AWAS YO.I.I.L3,RS FOR VARIOUS fa AND~ UTj

C SET.)PTS.A.3.L0.GA.G3.,A7No W WSE AIR WG NOE.'.

C WRlITTEN 1Y J.RUUL'IO APRIL 10,1978

4-N

IPT113PTS~

Ip P(31.

P (03 CO.SwG (1833

xII-025*0 OIll

C SMVE Ffl FREE SHAE PN4CTER DATA

RITO 11) -X ll (I. -M~ IX M) I

IF
0~d..001)

I IITE (IWEITE. N)& AS. 'NSET
STOP
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I Table 49: FLOWCHART FOR SUBROUTINE ICB (CONTINUED)j
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Table 49: FLOWCHART FOR SUBROUTINE ICB (CONTINUED)
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Table 49: FLOWCHART FOR SUBROUTINE ICB (CONTINUED)
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Table 49: FLOWCHART FOR SUB3ROUTINE ICB (CONCLUDED)
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L Table 50: FLOWCHART FOR SUBROUTINE ICFS

C MMMP~E - DEFINE INITIAL CONDITION FRiEE StiAE DIGGES MODEL
C - FORACLS TLN(( C HEH~ID - SEE PfFDL-TR+-71-SO. THEORY OF AN ACLS FOR RIBiWT
c - BT KENNER.T Hi. DIGGES. JUNE 1971.
C LLNITAT16R5 - USED ONLr Br RMJTINE QN IN SU&3MJTINE IC

CC WRITTE14 BT - J.H.KILN11i AD! ?.K.IRII WT. 21 19771b
CP

Ai~l) -X It) -x 02m M((.-P (533R 0 -p' "LI -X (1) aX (3) -X 0 MX ML
R (3) -P 0 -X (1) NSIN EX (W)) -X 0J .'5P4 O (W)9 W=F0 -X U1) od I.-CO5 EX (3) X 0w(~ EX. O(M)))

189
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Table 51: FLOWCHART FOR SUBROUTINE ICFSB

PUPS - EVA SLUTEO EOTMTYEQA F ORMTH FREE ITER/:TI

C METHOD - ETINST DECR NLSI EBAES&TT
C P -I UNOMINTRNL PTION
C LIMTATON -NDONLY BYRUIEUTT1 UROTNC

CI

C P,,,E SOTIN ET ]IMTE FTE LST ITER~TIONPC2. THE(N ESTDUAI, VECTR/I.NEFRPSIG:TTI RESTIAT E V UNE FRYP T

C P(1 INT CONROLUT OTON iT~iSFRF~E * I A
C P-0 N PNTOU

C P-K ~UNFOR~ PINT OUT AT PEVSEKT TRT11

C MEK DIMENSION INDICAiTOR FOR X ANT J MATRICES

C

C WRITTEN BY J.R.KILNER EPRIL t0. I9N8

C

A (1 AP TE -X (1) toE L ST X T3E)A

A ('2) -,e 0 2-X (1) to (SIN 0((2)) SIN1 (M)) )R C3) j-P (M -X (1) CO NCRS OC(3)) -COS C(2) ) ) I
s EITE Y .. KLE

190
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L Table 52: FLOWCHART FOR SUBROUTINE ICLS

SUMIJTMIt CLSOC.N.K.A.P)

c PURPOSE - DEFINE INITIAL CONDfT1aN LffdWD SHAPES DICGES MODEL
c - FORAaS TRiIS

C ~iOI - SEE JFL-TW-7i-Mf. THEORY OF ANJ ACLS FORi RIROVIVT
c - O'r PENiiEOLT H. BIGGS. uJE 197t.
c Lz~rFTI4Sm - useu r or 3P RINE, w* IN sUmfnirTNF- IC

C WRITTEN BY - J.R.KLnEXi ANdD ft.K.IUOT.21W
C
C

191 MAE I



Table 53: FLOWCHART FOR SUBROUTINE ICLSB

C LMTO S - USDONYB RUEQt N SUBIITNEI

C~ LII1TA S -ANSD ONLYU~ SEE ROU~TINE WINFSUIO7N C

C

C FO IN ANDOUTLIT~ SE 01-OUTNE IWFI

IF,

1+2 147 EF1

R~~~*' Ill -X-)- P()*



Table 54: FLOWCHART FOR SUBROUTINE IT

SUBROUTINE IT (FO.FODOT ,IFO, FIN, GKI, GK1.,RMA,AMI)_/

C VERSION 2. REVISEDt OCT 8 1976

C PURPOSE - SI|IULATION OF RN INTEGRATOfR WITH SATURATION

C
C METHOD - SEE CODING
C
C
C LIMITATIONS - t"XCESSIVELY HIGH VALUES OF GKL MAY REF5.T IN POOR
C STEADY STATE CONVERGENCE
C

CC WRITTEN BY - RDAM LLOYD LATEST REVISION - NOV I5

C
C INPUT/OUTPUT LIST
C 

UC FO INTEGRATOR OUTPUT ANY OUTPULf STATE
C FODO'T OUTPUT DERIVATIVE ARNY OUTPUT DERIV

If INTEGRATOR CONTROL -P ROGRAM' VAR
FIN FUNCTION IPUT ANY INP°UT VAR
S I= INTEGRATOR GJRIN PRY INPUT PARAII
GL DERVATIVE LIMITER GAIN ANY I NPUT P"VW1

C AMA UPPER LIMIT OF OUTPUT AM INPUT PFPRA
C iHERE DERIV. LIMITER STARTS

C AMI LOWER LIMIT OF OUTPUT ANY INPUT PAPJA4

C - *.ERE DERIV, LIMITER STARTS)

~R

3___C

IPAGE 2 PAGEI

-3

+": + "+"' 
_ _ - 5_



Table 54: FLOWC;iART FOR SUBROUTINE IT (CONCLUDED)

IFIIFF
IF

tt

II
lI

IF- FIIN- I- -4I00

iv I

En- f IN - O.s1FO-.l)

I ,,

GE

194[F

F



Table 55: FLOWCHART FOR SUBROUTINE KINK

C M ME - DETEFMIINE ARESTING CABLE KINK WNAVE ANGLE

C MOITOD - SEE A iRESTING SYSTEM DOCUMENTATION.VOL I. FIN L AEPOATC
C LIMITATIONS - CALLED ONLY IT THE WESTING SYSTEM C2ONENT AS
c ., CILL SEQtJENCE
C mm INPUTS *on
C

VO - VEHICLE VELOCITY FT/SEC
CS1 - INITIAL CRBLE SThESS LBS/SQ IN
EC - CALE MODILUS OF ELhTICITY, LBS/SQ IN

C NC - CABLE WEIGHT DEINSIT. LBS/CU IN

C
k. ' OUTPUT,,,

C P904 - KINK WAVE ANGE. BAD
C C - CALE SONIC VELOCITT. FT/SEC
C CSTR - STRAIN IN IK(E OF TRANSVERSE WAVE. W14/INC
C WRITTEN IT - J.A.IKILNEi MAY 1978
C
C

CaSQFT 386. EC/DNC) /12.
VC.-Vo/CP t -sVC*VC
P (33 -CSI/EC I
PI) MO.IF (D) =50

SINPKW'VC/SRT &X (t) d: -I.X (1) 1 )
PKNASIN(SlNPWO
RE19N

195
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Table 56- FLOWCHART FOR SUBROUTINE LA

C PURPTET - RD0 LLJA7 IROD E LGES RFO N NOV
C 

7 I 1 ,-CS
C
C LIN9rTION - TE aING O4TN CSOL O QF.!R
CR
C
C WIT/TEN LI-ST LODLTETRVSIN NV7

C

C FNTO UT LT1SEFUCONOTUAN WTU AE

C FODOT TWI#4SFER FUNCTION OWU DERIV. ANY OUTPUT STATE
C IFO ItflEGE1'RTO CONfTRL'.- PROGRAM VAR~
C FIN TRANSFEF FUNCTION INPUT ANY lINPUT VP4 /
C GAI TRANSFER FUNCTION GAIN INPUC T PARA
C TC TIME CONSTANT SECS I NPJT PW

IF
(IFO. NE.M0

FODOT- IGAI4FIN-FO/iFT

RETURN

196 PAGE I
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Table 57: FLOACHART FOR SUBROUTINE LE

C__VERSION2. REVISEDi SEPT1796
C P1JfVOSE: PROVIDE FIRST ORDER LERD-LRG TRANSFER FUNCTION
C 6 - GS- Z)N
C CL
C ILSEQUENCE: FNS P

C XI.XID.IXI -STRTE.ARTE.INT CONTROLM
C FIN I Wt~JT
C GRI - HIGH FREgIJENCT GRIN/
c 20O ZERO LOCATION /f
C PO POLE LOCATION

Lco ESGNED BT- J. 0. ItPRCJGiS MAY 1976

i GFIN-GRI..FIN
FDO-XIGF1N

IF
(MX. NE. 0

XID=GFIN.-Oma

13ETLJRNti

197 PAE
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Table 58: FLOWCHART FOR SUBROUTINE LG

WJJ INE LG[FO.FOD.IFO.FIN.Z0.P03 /

ERSION 2. REVISE SEPT 17 1S76
C PURF3SEt PROVIDE FIRST ODER LAG TPRASFER FUNCTION
C FO 70

C FIN S , P

C 
CLL 

SEQUEMCEI

FO. FOD. FO - VJTPUT STATE.fTE.INT CONTROL
C FIN - INMT
C 1 - NUMERTOR COEFFICIENT

PO - DNOINATiOR COEFFICIENT
CD IfSIGNED BYt J. D. RJPNi5GHS MAY 197SO

: , IF

(FI4F I N-K.OFO

t12:

190
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Table 59: FLOWCHART FOr. SUBROUTINE LL

C 
FIVTTIgI U - -T2N

C ME~IrrN r - ELF 00 UMTORYnurs vsot ioc
c

C LxIM T EGR -OTl 
-

Nw? i

C WITN I -sF~ UN CT Iff UTAT UU

C TC2 TIMM UT CLI ST RH W EwIsT E S IM U

C FOL TMNSFERl FUNCTIO VRN-litT P (A

C XAD SEC 6I.WN-FO

199
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iaDe 60: !fLVAc-I.ART FOR SUBROTINE MA

C PLMlOSE - TO ShI9J.R-t-E DE EaX0 ION MJMUT*CluIlP'JT C2

C ?I-THD - SEE CD

C WITEN 3T - ADhM ILO'TD L'iTEST REVISICS ;CV 7S
c
L ITArTIONS - t D

C L'iUT/wJT -LIST j1
cC O CUMUT VFfiIAB.E ANT rPUJT 'VFf

' C FIN ue'jr VIRJE INPUr $T/
\ C l CONKSTRINT ?W9J..TIER -ZeTP I
\1C C2 COISTANT ADDITION -Iwe6xr Lop~

FOCjaeFI.% - C

200 ?~~IKR
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Table 61: FLOWCHART FOR SUBROUTINE MB

C WR~ITTN BY GEORNGE DURING IISONTEB S T TO ISO MAY0

DIAGNOSTIC MESSAGE IS GIVEN.
C
C
C INPUT/OUTPUT LISTL
C FO OUTPUT VARIABLE ANY OUTC FNA INPUT VARIABLE AAN PC FND INPUT VARIABLE I N IN

0sAD7VEVRAL ANYTEIWRT 20)P
FcnF 1wNw.E2

IF;
OET O 30REUR

20eL
PAGE 1 L

IFB



wr

Ta bI e 62: rLOWCHART FOR~ SUBROUTINE MC

,~~~~- 8-5-1~ RWIUUT TE QUIAT ON FO.CloFINtC2"FIOC3NfIp*.c'
C
C
C METHOD -~ SEE COI37NG

C WfITTEN PY - AWMH LLMTU LflESI REVISION NOV 75

C 'UMOTIONS- NONE

C
C
C IMPULO.'11PUT LiSI

C AoOJPJ VII~1NY OUTPUT VPA

C I"P'T VflRIfADU ~ ANY IW4UT Vw
c Flo ltfltT VARie'i i
c. FIP INP'UT VAAI!ADLE ANY I ftJT Vff
C ct c.oNSTANT MLTIPU.ER -i4'MPW

C C2 CONSTANT MULl IPLIE i INPX) PAWP4

C U3 CONS1TNT t#AIPIMEA- I NPE'tr1"I
C C14 CONSTANT ADDIT ION IN1I1 PL.-

rFOU;CIHFjN-C-.FIOCSW- IPtC,4

W--- _ MITHN -



Table 63: FLOWCHART FOR SUBROUTINE MG

I

CALCULATE

CALCULATE1
FLUID
PROPERTIESJ

CALCULATEf
OUTLET
FLOW

CALCULATE
OUJTLET

TEMPERATU03

isYE



Table 64: FLOWCHART FOR SUBROUTINE OC

C U~ C G S. PIK. l(X X M TZ MINT O S TO VO.f. Y

C VERIO 1.UW CONVhOi MY 8 I
C NPT -L

C x- STCIATE..TE5 VECO ew~~
INER VC TOR

IM-

c c 
FK 

D.C 

GAINMATRIC C OP IPUT PERAINGPOIN OFFET VCTO

U& _W wrmaMIT FFETVETO



Table 64: FLOWCHART FOR SU3ROUTINE OC (CONCLUDED)

A r r Yp

T FORZER C~TMEA OM

AGE

PAGE 2

Z~cc

205



Table 65: FLOWCHART FOR SUBROUTINE OL

FOMSAMMM .AMVRIANU S COMM SLRMffS INNT

um04
DIS

II NIS WUES IF ESLE
I?-cpm aiflUvV

40_______________

NoI
Mnm3

DIMIS0K n "I

FORM M MM W3 m AN PIM

So~vtto
somol

SM AXS so " AXI



Table 66: FLOWCHART FOR SUBROUTINE 00

207
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Table 67: FLOWCHART FOR SUBROUTINE OUTFM

am aft"

"Not
KewI

atI

too cafr~xi

77tti

NARN

=---i-208



Table 67: FLOWCHRT FOR SUBROUTINE OUTFtI (CONTINUED)

w
rmmr

IfI

Go 6

IVTF4

209



77

Table 67: FLOWCHART FOR SUBROUTINE OUTFM (CONCLUDED) I

FIX ve

as _________ IF %

210



irk;
Table 68: FL.OWCHART FOR SUBROUTINE PARAMS

ksI-

E

MIA-

IsI

to smm o

PAZ I

211



Table 69: FLOWCHART FOR SUBROUTINE PERF

I P. * (C % ." .c ) .
° 

c
s

PP ) I 1 ,r ; ' t

* .[I *i2c*[Ci-ZI.k €k .13 -A I T ,,;

t Id %"to %1

I (, (

f .) 'Ifs

ca (% at "3 ' ""

at1;'

Tfl

Lw
LUeI 24 A 1 at, El 

N0"a'

212,A, ' I'I" a



ax:R MP1

Table 69: FLOWCHART FOR SUBROUTINE PERF (CONCLUDED)

C (cas. $I

F j ut I 
Us

t 5m 3. s t

cat 6 P-

V~ Ncu ca f

*r I
I i I

213



Table 70: FLOWCFART FOR SUBROUTINE PERFB

(Lox!=P S~PE) _________________________E)____

L- .- Lp * I ,-L

.40 (CASES I.2.3)S0

YES

ES r ' A 1

24

YES

(CASE)

26

122 (CSS4SI

it;t

0 N (CASE 4)

(I 3 rh)"

21



Table 71: FLOWCHART FOR SUBROUTINE PRND

START

AIR AIR OR LIQUID

LIQUI D

U I.
CALCULATE CALCULATE
SPECIFIC HEAT SPECIFIC HEAT
FROM SHCP FROM PROP

CALCULATE
THERMAL CONDUCTIVITY
AND VISCOSITY FROM
PROP

CALCULATE

PRANDLT
NUMBER

ZI5

215



Tab~le 72: FLOWCHART FOR SUB"OUTINE PROFILE

Ui

211z



Table 73: FLOWCHART FOR SUBROUJTINE PROP

START

DETERM INE II
PROPERTY To BE
CALCULATED

CALCULATE
FLUI ID
PROPERTY

TEMPEATURE NN 0
W Nh

WITHIN

At I RANG
YES

DIAGNOSIC ONO

PRNTCNTO
?I



Table 74: FLOWCHART FOR SUBROUTINE PT

etc~

WQ I PT (FL FxDOT. IM FT, TT. ED. TA9. ST. SA. C1. C2. Mf.

VRfS~ ION 1. T~ I Afi ST 19.tor

11h~~ D"1DCNCE INDICRTD;J1S 1 tqCOIE 3S

T ~ )C S! AVAILRL

C FX IIA
CFXNt M E vTiOf iX~

ED ("jS ? EE.104 ~.O0 MM

T AS MW ON EC MJD

C 510 RI LW C n STS MTVI 0 0T9

an 3L

6211

1:0 To:

kt

-t - 2



Table 74: FLOWCHART FOR SUBROUTINE PT k'CONCLUDED)

C-AVAfLAP.E VECTIMED T1AUSI

I TVA.ST-TH

RI CSRI10"mI INTE1 EPT

CAI 9-

N-P1

GO 109



Table 75: FLOWCHART FOR SUBROUTINE RA

SU.gBROUTINE P {XNU, XNV, XlN, XW")"

C VERSION 2. REVISED OCT 22 1976
C PIPOSEt GENERATE RANDOM VARIABLES FOR WIND MODEL
C METHODt DISCRETE RANDOM VARIABLES WITh MEAN ZERO AND
C VARIANCE -2,iTINC IPROXIMATE UNIT VARIANCE ,HITE NOISE
C
C w.wwww OUTPUTrS my ....
C XNUXNV.XNW -NOISE ,SAMPLES FOR U V W GUST VELOCITIES
C x!, -NOISE SAMPLE FOR P ANULM RATE GUST

\ C DESIGNED BT A.I1.W ARR EN ET*17c

SIG- SWT (TINCf TINC7
CALL RNtXNU, JUMSIG. 0.)
CALL RNoXNV DIUMSIG.0.)
CALL RN D(W, DUM, SIG.0.)
CALL RN O(NP, DUM, SIG, 0.)
RETURN

220
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Table 76: FLOWCHART FOR SUBROUTINE RENVX[

START

CALL -UNCTION
PROP TO 

ICALCULATE
VISCOSITY

---- CALCULATE

NUMBER

RETURN

I-k
771

221



Table 77. FLOWCHART FOR SUBROUTINE RES

*W .fINE FU IX. M. K.R,P)

/ C PUF"8E - EW4UIATE CAME STMAIN EWAT1ON

f C LINITATIMN - CALLED OILY BT WUJINE QNMT IN FiOJTNE UI
c WRITIEN BY J.R.KILNMi I

cI

- I: - I - X (1 -P 3



Table 78: FLOWCHART FOR SUBROUTINE RG

C flPW~1MI ~1~TS ~ TE ht:

v~ftU 6 FEI. AEV13M dM I ITA

DC NWMIM FEEM GU F

C CAL E5ZUI~t: .. 3s Q4 ~ J
CXQXf 11M *IaMSMTRT

c 3L L

CC - MOL ANT



Table 78: FLOWCHART FOR SUBROUTINE RG (CONCLUDIED)

IFi

IF f

1Fe
122. ME.

IF

RX.b ME

PAGE 2

224
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Table 79: FLOWCHART FOR SUBROUTINE RN[

xSUBROUTINE AN (U.RX. SIG,iN/

C PURPOSE - GENERATES R M~.L MSISLTDRAkNDOM NMBER
C CALL SEQUE14CE
C U - THE RANDOM NUMBEER WTPUT
C R( - A START PARAETER WICH~ CONTRO...S THE BEGINNING POINT

COF THE OUTPUT SEQUENCE. AX SHOULD RE ANT ODD NUI.MBER
CGREATER THAN ONE. THE DEFAULT VALUE or Ax IS 143146971.

C SIG-. THE DESIRED STANDAD DEVIATION OF THE SEQUENCE
C Ai0- THE DESIRED MEAN OF THE SEQUENCE
C DE-SIGNED BY ROGER W. CALL bEPT. 1976

IF
XEL.93 9

AiXs431469.

U-SL*-6. 03 W0SIG.

RETURN

PAGE I



Table 80: FLOWCHART FOR SUBROUTINE ROTATE

1

226
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Table 81: FL.OWCHART FOR SUBROUTINE RT

\gjffMTWE NT IFXWIT. IFX.FL TX. 1T.ST. 9 CJ.C2. Si..

c Yv7Im m.awJ 13. 1977

c KrWUS NS.L CUEImusTmT

c1 15 IGI I~J nw PI7--%WI Cmma~ ST51 cwm w~

I C ILME~g is~ NIrT mm E2 SEV~T~S AVAIJSc rrmu IW Te A CUdTWE.

C FZ VECTMZD FWM

C~ ~ EWW WVtIF ~We IT£ATM.

C st SAM~ FCA VECTWO THW ST 9 1ftTISS OF VWE -MM

c C2 SOLM156 S1.w
C SIG AKPT CMM"L~ SI!V6 SKGWL TO DIVIMT

CGA FIM SAW LA2 GAil*~TC FUtMTUM TDE C5W CW/

(G To tPTE It2U~1

227



L Table 81: FLOWCHART FOR SUBROUTINE RT (CONCLUDED)

Lia -,AVm

C~la SAIPiiiiF)

cML CS&12~~~C NE

CALLT 3Aw.Im ~ 2U61 REWc

IF~

22
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Table 82: FLOW'TART FOR SUBROUTINE SA

SUM~OUTIN'E SR (FO, FIN C1, C2, C3,C4 CS, C6)

C PURPOSE - TO SIMULATE S3ATURATION
L
C METHOD - SEE CODING. C3 AND CO ARE VFLUES OF THE INPUT AT WHICH

C SATURAYION OCCURS. C3 IS GREATER THAN CO. THE ROUTINE v
C CI1N SIMULATE A CHANGE OF SLOPE AT THE ORIGIN (IMNE.CVJ
C PROVIDED CS IS LESS THAN ZERO. SIMILARL( THE SLOPES
C IN THE SATURAtION REGION (C2 AND CS) CAN DIFFER.
C THE SLOPES CAN BE POSITIVE OR NEGJATIVE l
C
C
C WRITTEN BY - ADAM LLOYD LATEST REVISION - NOV 7S
C
C LIMITATIONS - USE OF ZERO SLOPES (C2-0 OR CSaO) IN THE SATURAfION
C REGION SHOULD BE AVOIDED. IT IS DESIRABLE THAT THE
C SLOPE RATIOS CI/C2 AND CV/CS SHOULD NOT EXCEED 100. I
C EXLESSIVE SLOPE RAT=O MAY HESULT IN VERY SLOW
C CONVERGENCE
C
C

'~INPUT/OUTPUT LIST

,- C C3 SATUiRATION INTERCEPT) ANYINU
C _ _ _ _ _ bCND AY NU

SKURIO SLOP PAG

IF

- (F I tLT. CB)
GO TO 2,0

-4

N~~G~V SATRR I ONUPTE

20 FO-CI1swC6#.CS (FIN-CS)
GO TO 100

229 PAGE I



Table 82: FLOWCHART FOR SUBROUTINE SA (CONCLUDED)

Ut -0i IWc

1 230



Table 83: FLOWCHART FOR SUBROiTINE SB

SJVOINE SaiFc.riN.C1.C2.C3.CqI.C.C.C?.CJ

C PQMPM - 70 SIML&AE SATURTION WITH A MAD &AND
C

f w EE CODING.

C
C LIMITATIONS - CI MUST BE P03!1IVE
C C3 mUST GMMEJTRIHA CI

C C7 GREARTER 74N 0.
CC r. HWY BE NEGATIVE

A CS MST BE NEATIVE
C C3 MUST BE GRETER TWA 0.

C CN~lor PUTLiIS ~
C FC M;11RIRM PS UPU A

C FI I~f7 MMRBL 4NY INPU VA

CI PSITIE DED 8ND LN FI PNC2 NGATIE DAD &~g N FI rL
C3 ANY !________VAR

PeSIE SM ION NTEREPT l ~lIIn

C4 NEAIV STMIN NEFCETA231PT A
cs PS17VE ATURTIO LMT O Fa NY NPU VA
0 SAUAR IONLIN17 C FO ANY NPU VA



Table 84: FLOWCHART FOR SUBROUTINE SEGMNT

-- 1 10
CcsIi sm 0f

232



Table 84: FLOWCHART FOR SUBROUTINE SEGMNT (CONTINUED)

233
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Table 84: FLOWCHART FOR SUBROUTINE SEGMNT (CON1INUED)

*1'r
~~~~~~~~m -j1 ELT 4t '. 1.

1cr.3

L GITUO 

234
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Table 84:. FLOiWOiART FOR SUBROUTINE SEGMNT (CONTINUED)

235
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Table 84: FLOWCHART FOR SUBROUTINE SEGMNT (CONTINUED)

SEIN

236



Table 84: FLOWCHAART FOR SUBROUTINE SEGMNT (CONTINUED)

iftf

,~

237



Table 84: FLOWCHART FOR SUBROUTINE SEGMNT (CONTINUED)

MM 7

238



Table 84: FLOWChART FOR SUBROUTINE SEGMNT (CONTINUED)

U WL~ffL COL A

trr

Z39



44 
4 
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Table 84: FLOWCHiART FOR SUBROUTINE SEGMNT (CONTINUED)

It s1mzaf m

240



Table 84: FLOWCHART FOR SUBROUTINE SEGM'T (1CONCLUDED)

tf 0

241



Table 85: FL(COHAR1 FOR SUBROUTINE SG

jLINEAR AM-aRATOI" (8ODM VES)

TMJZEnk camss mm=ac

IF N YALME stP!!.!E BY

P6TEGRATE

AMELEPATIN

VELOCITIES AND 
_ _ _ _OuTPW AccEEMTIM

IIEA

MTMAT

OUTM~aJt3

MR ALTITM

242



Table 86: FLOWCHART FOR SUBROUTINE SHAPE1

-sawlM 2wf UML

1 V %.sa Yi UH

-T r oRfa

S n Wp 1

sm mi MKP1 Tm m E mmmmt5

iLIn

Sir,

___________________ 431



Table 86; FLOWCHART FOR SUBROUTINE SHAPE1 (CONCLUDED)

rmr

M.G 2

Z44



Table 87: FLOWCHART FOR SUBROUTINE SHAPE 2

Nffima -mulnAM" m A" WNI

Qu~~ W" TV MT "'m Si

cc Mo s W1E

245S



Table 87: FLOWCHIART FOR SUBROUTINE SHAPE 2 (CONTINUED)

II

J mm a'm WM

MT ry on mm-r mm U

ti

_ _ IWol ecfr

W.L~fI,

C I!SON V IhTI

ac[

M ~2

'46

L



Table 87. FLOWCHART FOR SUBROUTINE SHAPE 2 (CONTINUED) 1

in]

t ML IS

to 247fa



Table 87: FLOWCHART FOR SUBROUTINE SHAPE 2 (CONTINUED)

24a



Table 87: FLOWCHART FOR SUBROUTINE SHAPE 2 (CONTINUED)

iFPl l! ~ ~ h9

kc co" Pswm

ccc" r

~I

~1Le4140D>

(c F uwa W vWAS X T249 amm



Tabl e 87: FLOWCHART FOR SUBROUTINE SHAPE 2 (CONTINUED)

C

a M ,1114%

C~~ coo=U im anE~ MM)flS o~i c~

U1 139 elf em
Ml US-La4Ito

" ~ C caw= CMIACI ftI

250im-MR M

1Bu



Table 87: FLOWCHART FOR SUBROUTINE SHAPE 2 (CONTINUED)

251



W Table 87: FLOWCHART FOR SUBROUTINE SHAPE 2 (CONTINUED)

25?

AMi



V Table 87: FLOWCHART FOR SUBROUTINE SHAPE 2 (CONTINUED)

corm womioaN mom

CC CormUM! TEN mo

CC co~mf~

CORWq1 US8 I B3
RfltPIZ

CC Popu- 31m ?onmu

253



Table 87: FLOWCHART FOR SUBROUTINE SHAPE 2 (CONTINUED)

Ccarvmmm a--
70 -fto

C Cap= TR1W WillS oM

-K -- NJ- n m ,



L Table 87: FLOWNUART FOR SUBROUTINE SHAPE 2 (CNTINUED)

Luimmi

Cc Lw a WOR mi PRn lum- w mmn uhma

038 W a.WWI

4L-L



Table 87: FLOWCHART FOR SUBROUTINE SHAPE 2 (CONCLUDED;

- -i

1 mP2

256
@ _a

=:g256



Table 88 FLOWCHART FOR SUBROUTINE SHCP

START

CALCULATE
SPECIFIC HEAT
OF DRY AIR

CALCULATE
SPECIFIC HEAT OF
AIR/VAPOR MIXTURE

ID~

WITH N

OFF-



Table 89: FCOWOiA2,T FOR SUBROUTINE SIDEFS I
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Table 90: FLOWCHART FOR SUBROUTINE SIDELS
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Table 91: FLOWCHART FOR SUBROUTINE STATIC

INIT
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_ Table 91: FLOWCHART FOR SUBROUTINE STATIC (CONT'INUED)
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Table 91: FLOWCHART FOR SUBROUTINE STATIC 'CONTINUED)

< >

In

PACE 3
STATIC
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Table 91- FLOWCHART FOR SUBRUIESAI CNIUD

IL-

"ow us~j->K

MM 2 ms. 1-

IF
n Is Mot

WTIST tIwn C
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Table 91- FLOWCHART FOR SUBROUTINE STATIC (CONTINUED)

5977

mi I.A.I0

mm 5
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Table 91: FLOWCHART FOR SUBROUTINE STATIC (CONTINUED)

IFI

ITI

26'i



Table 91: FLOWCHART FOR SUBROUTINE STATIC (CCNINUED)

SM&I.0

do0.
(c Tm~ To A ~ g owm) P.

IMIKT. [

266 -
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Table 91: FLOWCHART FOR SUBROUTINE STATIC (CONTINUED)

IL-

TOTIM VNIM

* MiTDM

~in ~ iam n

lit nwosTstifricw
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Table 91: FLOWCHART FOR SUBROUTINE STATIC (CONTINUED)

IF

'41

268



Table 91: FLOWCHART FOR SUBROUTINE STATIC (CONTINUED) V-

It--
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IA

XTJ F

~rcrmimic

269~41M
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I Table 91: FLOWOIART FOR SUBROUTINE-STATIC (CONTINUED)

7u7

Lo

927*24T

277



21; Z,

Table 91: FLOWCHART FOR SUBROUTINE STATIC (CONTINUED)

IMIFIN 3 e

(DM

o1u
logoE 12
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Table 91: FLOWCHART FOR SUBROUTINE STATIC (CONTINUED)

C TEST hff

IMA

PAGE 13
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Table 91: FLOWCHART FOR SBUROUTINE STATIC (CONTINUED)

in
Tod 1

w M.TIC

go TV2is



ak Table 91: FLOWCHART FOR 14U3ROJTlNE STATIC (CONTINUED)

-- ~p r~wl

STATIC

274
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Table 91: FLOWCHART FOR SUBROUTINE STATIC (CON'ITINUED)

,IZ 15
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Table 91:. FLOWcf,:ART FOR SUBROUTINE STATIC (CONTINUED)

1"____ IO

fmvia sof I
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Table 91: FLOWCHART FOP SUBROUTINE STATIC (CONTINUED)

- ---- - -- 2 M = -p n " " m M

-r MMUNL"

mme-mmm M3
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Table 91: FLOWCHART FOR SUBROUTINE STATIC (CONTINUED)

r

hm.w

STATI c
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Table 91: FLOWCHART FOR SUBROUTINE STATIC (CONTINUED)

- m~mt 't~ ST Up PR V

m 1410

awll
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Table 91: FLOWCHART FOR SUBRDUTINE STATIC (CONTINUED)

Emi I "~

C Irmfos Wow5 uE LT
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Table 91: FLOWCHART FOR SUBROUTINE STATIC (CONTINUED)

STATIC
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Table 91: FLOWCHART FOR SUBROUTINE STATIC (CONTINUED)
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Table 91: FLOWCHART FOR SUBROUTINE STATIC (CONTINUED)
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Table 91: FLOWCHART FOR SUBROUTINE STATIC (CONTINUED)

Uto

STATIC
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Table 91: FLOWCHART FOR SUBROUTINE STA[ic (CONTINUED)

STATIC
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Table 91:, FLOWCHART FOR SUBROUTINE STATIC (CONTL'WED)
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Table 91: FLOWCHART FOR SUBROUTINE STATIC (CONTINUED)

VI oi

STA_
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Table 91: FLOWCHART FOR SUBROUTINE STATIC (MONTINUED)

STATIC
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Table 91: FLOWCHART FOR SUBROUTINE STATIC (CONTINUED)
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Table 91: FLOWCHART FOR SUBROUTINE STATIC (CONTINUED)
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Table 91: FLOWCHART FOR SUBROUTINE STATIC (CONTINUED)

[ra c mw
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Table 91: FLOWCHART FOR SUBROUTINE STATIC (t'oONTINUELQ
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Table 91: FLOWCHART FOR SUBROUTINE STATIC (CONTINUED)
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Table 91: FLOWCHART FOR SUBROUTINE STATIC (CONCLUDED)

ww MI"F YAM ToIm meJ 51 mmR

STATIC
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Table 92: FLOWCHART FOR SUBROUTINE STEQU

t ~~ ~ fwa __M__TM___________9131__

Lc
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I STESa
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Table 92: FLOWOIART FOR SUBROUTINE STEQU (CONTINUED)

Ile

CC nmn DWES o mwlm 2
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Table 92: FLOWCHART FOR SUBROUTINE STEQU (CONTINUED)

(C MOLM MITIM N TM
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Table 92: FLOWCHART FOR SUB3ROUTINE STEQU (CONTINUED)

T



Table 92: FLOWCHiART FOR SUBROUTINE STEQU (CONCLUDED)
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Table 93: FLOWCHART FOR SUBROUTINE SV

SUARTINE SV M, VW. ,P ,, 4W.UWS.VHS,WWSUVO, VG,, PG,. .AG '

TDD SET S OF3 MIS VELOCITIES ND TOM TE
C GUST CmIPONEt4TS AND GUST AMP"A~ RATES
kC CAL SEQUENCE
G ommoom OUTPUTS 

omomm.
C UW.VW.WW -SUM OF X.Y. 7 XIS WIND VELOCITIES. FT/SEC
IC LINEAR VELOCITIES - BODY AXES

C PW.GM.FIW -SUM OF X.YZ AXIS ANGULAR VELOCITIES, DEO SEC

IC 
AN 

W""VE 

O 
I 

IE" 

OD 

E

C .LINEIR VELOCITIES - BODY M(
C US, VS, WHS -X.Y.Z AXIS STE '9DT/SHEAR HIND COWPNENTS. FT/SEC
C UG.VG.14 -X.Y.1 AXIS GUST WIND COMONENTS, FT/SEC
C AWUL VELOCITIES - BODY AXES
C PQG.RG -X YA XIS GUST ANQJ COMPONENTS. DEG/SEC
C WRITTEN BY MAHINDEM WHI WIAY 1977
C o- SUM LINEAR VELOCITIES

lflWa VMS 'G

C Sum ANGUAm VELOCITIES " )

L Q -
GO

IET-RG

300

PAGE I



Table 94: FLOWCHART FOR SUBROUTINE SW

STSW - SWI
(INITIAL VALU f
JF SWITCH
:oNrROL)

TIME .GT..TCI
(AND TIME.LT. ,TRUc

TC2

rFALSE

SW *ABS

(SWI .

OUTPUT
VOI VAI

0



Table 95: FLOWCHART FOR SUBROUTINE SX

SURUINE SX(VOI,V02.VR1.VR2.VBI.VB2.SWI.TCI.TC2_

C PURPOSE -TO1 PROVIDE A SWITCH COMPONENT FOR TWO VARIABLES
C
C
C METHOD - SEE CODING
c.
C
C WRIITTEN BY - ADAMt LLOYD LATEST REViSfON NOV 7S
C
C
C LIMI'TATIONS - NOT MORE THAN TWO' SWITCHINGS AiT TIMES TCI AND TC2
CI C
C INP'UT/OUTPUT LISTIr

C
C VUl OUTPUT VARIABLE NO I ANY OUTPUT VAR
C V(12 OUTPUT VARIABLE NO 2 ANY OULTPUT VAR
c VR2 INPUT 'iARIHBLF. NO A2 ANY INPUT VAR
C VP.2 INPUT VARIAIBLE NO A2 ANY INPUT VAR
C VB1 1NPUT VARIABLE NO D2 ANY INPUT VARC VB2 INPUT VARIABLE NO B2 ANY INPUT VAR

C 5141 SWITCH CONTROL INITIAL VALUE -INPUT PARIVI
C -1. VO-VE
C -0. VO-VA

TCic TIME FOR FIRST SWITCH 4ES IPTPRf
C TC2 TIME FOR SECOND 'AJTC SECS NU PARIAt

C [TC2. GT. TCI)

SW-BS(SW71)

I lREUNI

30ZVA

PAEF

-- -S--G - - 1

--- ~V- V ---1



Table 96: FLOWCHART FOR SUBROUTINE SY

SUIRCUTIME SYNT V.O6.VR.V2.VR3.VSI.V!2.VB3. 5k. TCI.TC2) -

CMYPOSE - TO FPOVZDE A SW4ITCH C*VWEKT FOR THREE YAR.V..ES

C 14CTH6 - ME CODING

C WRITTEN IT - RA U.OTO LATEST REVI1I NOV 75
C
C
C LIMITATIONS - WT6 HME THN WO 14 SWITCM114GS AT TIIhS TC% AN31 TC2
C
C

C LaIOTPT VAMRLE NO I AT CITUTVAR
C V02 OJUT AIL OAY CTU A

C TC1 OUTI F FAIRST No AN VA

C TA3 ITi FU'sA L N3 ANY NF VA

C .1Y IOVAI

Vol-VAI

VC~pAR2
VMPVST
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Table 97: FLOWCHART FOR SUBROUTINE SZ

I__gjuq.TC St aVlOY3YYIV2YSVVIY2V3V4

C
c Z1PJTIWT - PA LSTLAETREIIN Y7

C UMTIO -JTNOT MMIP 7 TO 4WTHP A IK r M W91 V2

C VR I.'4J Y IA3L NO I3 wrT UC$ VAR
C V4 MAMEN 2 AMY wtU V'AR
c CM M~ 1Tn VARZRIE NO 3 _Y 51'mT VAR
C V04mif Z~UVMRLLNd ta MT ItCUT VAR

cVI INMUT YMR NO 32 AtT Alf i'Ut Vm
c ~ ~ ~ ~ ~ E VM Mflf'dEN A of IUT Vo

C VAI& IN4T VMRUI3.E NO 34; Af IINUT VAR7II vit_ ;wTVIA~ e r INVVA

c 3 ITVM Nm 2Ia intv

c V3 IwU VA! No" Af .1u'
c VI IINIT VPURE NO 9I4 A.TUJLT.TcVA

Sul 3WnCKCONT~c OINI~TIA A
vVAV~

CUT PA!"
C -0. V0 y"4

03 AZ JI

-J 304



Table r7: FLOWCHART FOR SUBROUTINE SZ (CONCLUDED)

I

tF

737
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Table 98: FLOWCHART FO3R SUBROUTINE S2

SU RnJE S2".F-.F3 3 N,~.T,1

C tEJGN

C --

c OUTPUTSH

C303
C INPUTS



Table 99: FLOWCHART FOR SUBROUTINE ZS3

StJBMfflTNE S3 (M.F4.F4 . c. 1. FI. FYI 1.AI .Am', NI.
I FX2. Fr2. F2. qL2. IM2. '2. IX3. Fr3. FIS. L3. IBI.RN3I

C VERSION 1. REVISED. MATr 21 1976
C PURPOSE: SUM THRlEE SETS OF 3 AXIS FORCES AND MIOMENTS
C CJLL SE.OUENCE--

C FX4. rlI. F14 - SIM OF FORCES
C ILUAL4.R. n_ - SIll OF MOMENTS
C--------INPUTS
C FXIFT1,FZ1 - FORCES INPUJT P0ORT I
C ALL.II,ANI - MOMENTS INPUT PORT I
C FXZ.FrM.F72 - FORCES INPUT PORT2
C RL2 4p- A N2 - MIOMENTS INPUJT PORT 2
C F13.FY3.FZ3 - FORCES INPUT PORT3
C FL3.Ri3.RN3 - MOMENTS INPUT PORT '?
C DESIGNED BY- J. B. XWMGJS fAT 1976 /
C -- - 'SIM FORCES ~* =

FXW~X1fX2 FX3
~lFTl- 2-MT

FZ.F!1*f2#fl3

I
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Table 100: FLOWCHART FOR SUBROUTINE TA

START

DETERMINE NUMBER
OF INPUTS IN EACH
INPUT TABLE

I

CALCULATE VALVE OF
OUTPUT VARIABLES
USING STANDARD
TABLE LOOKUP ROUTINES

RETURN
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Table 101i: FLOWCHIART FOR SUSROUTTMP -B

C -2 TBL fI USES IF DEREE INTE Wilt T~illC~~~N M2 NULIiltlT eF V4LPJLE 3 RIM UAflTRL
C WRITEN E TARIM S LLE LAES OlVIEO ?CKENIOW

C IdrT TAMLRINPU OF VA31BLENO F12 IPUT ABL

C A2 VA~RALE .'2 AT OUTPUT VAR

Mq~R2T23
NIR2TrN,2~.2oIq 0 ~
B 2.TMXjj (TIn1E. B2Ts M0 B2T DWJj).4 -.x4J

309 Q.
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F Table 102: FLOWCHART FOR SUBROUTINE TBL1

FUNCTION( TBL1(PR.AXO,DPR,?NPTS,1S,NA)

NO

Ii-PRfl4PTS

TBLI, - (AZO(I+z,IS)-AZO(T,IS))
*(PR..PR*II)/PpR

+AZO(I,IS)

4::UR
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Table 1.04: FLOWCHART FOR SUBROUTINE TBLUI

(WU DE CA Ot '
Lo aIL

Dt m a srY o INTU ta

TWIM r PA~~(T.1ls mr xA

I" F, L 1 r 3

WM3 N Nx K" ITM

(NOX I L T" ZEN
LO~01 ~Jj~ 3 flU

c fpTFmu N"
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F Tab~e 104: FLOWCHARr FOR SUBROUTINE TBLUI (CONCLUDO)

A 
ITEW UTZ

200 TMD)('. -
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Table 105: FLOWCHART FOR SUBROUTINE TBLU2

(I )
A INX d" I1TI14C1

NLA

PNg
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L Tablti 105: FLOWCHART FOR SUBROUTINE TBLU2 (CONTINUED)

(c TET F M'M INM I OR 2U NKIO

INI

GoT 15 fX

L20 ------- --)



Table 105: FLOWCHART FOR SUBROUTINE TBLU2 (CONCLUDED)

1= TU TL

PAGE 3
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Table 106: FLOWCHART FOR SUBROUTINE TBLU3

FdC'd TX OT.IUJS z.F~x .zN~rmm~rm 7

c - tm-

~~~~~ MN . O M~Ft~A

c I,1 P INT T I T XINFORI

aUA .IF NEUTIM

c MTME -DINEIAS1U GNGffS FO F3 AMT

2 " A X NI.P T 5~ Z NOT DES I TINCT

C 

31R



Table 106: FLOWCHART FOR SUBROUTINE TBLU3 (CONCLUDED)

I

I - fl(.IT~fz

II

if

S I3 . TE25 . 'ToL . ~ Tf 21I~ ZJK

PACE 2
13LUS
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Table 107: FLOWCHART FOR SUBROu1TINE TO

C RE"ITIEI.IIPI t.M 4RRMI.L , W
c TS.ISX1TAff OI"M fut,;1IL.xim u1.xzzjm~o

c vim . TV.WZaX V 1577jr

C1 A=~NT - oo

C IE ~T, E - ar .S A

c reMITM"!L

c YD 80!YTS U3JM VaMM1T. FYI=E
c WLM RCCeLzTIU - mama ~

C meow laws ~~A
C TU MUS6L

6 in UOW IT 
- i M MMSI

m e ijg M aTM -iNT~
C WZ War&"%T &8S JPEMR,9WI. FT/SCC

CA MM UPM vcTO UMXINS

IF
tIVAE.0

VabVIIT

<+ 13
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Table 107: FLOWCHART FOR SUBROUTINE TD (CONTINUED)

TF

PAGE 2
TD
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Table 107: FLOWCHlART FOR SUBROUTINE TD (CONCLUDED)

11II s
MAE

FP I A
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M ag _

T,-%,)e 1O8: FLOWCHART FOR SUBROUTINE TERRA

N.1 A Z1)MR ()'cD()'

DISCRETE E M TERA0 R5I(.CS623~ ED))

PR~flNO

it- c YE
3No



Table 109: FL3i4MARr FOR SUSROUTIAET

-PRWDSE TO S I'MQ.ATE P E 39N ~RE4 TiRiNSFE1R FUNCT1MN AITH
C~ ~ FIS CE S2ERT5M

S *plftS.?0

C MEWhD - F EXLCATOR

C LIHITRTIAI4S- NONE

WR ifIEN BY AaFl" LU 3 LMqEST REVISION OV 7-

c 'PJT WS~tPJT LIST

c. xi IN'TECEDIATE ST~riE VARIRLE ;.xT 'JST
A.-5 q~~E ~~L: BMDIVATIVE --w, Iri~i 5-1-7.E

L Ix, r, COWR COINTB -- evv4 v*
C FO ;NSFEH9 F1NCT I N 5 -WI jT MfJTN' STATE
C rFlifT -INNSFER FUNCT'M MjTP'JT DEFIZ. A14T --. STARTE
C U5O rmTEgwR~ CcidTRi - ~ mli.

NC FIN T:fRNSFE.9 RUNCTION !&JT aII W L -7 V~ R-

M~E.R~ ANF!;ETRT i Wul
"-qCR1 10 N1.4T CE -ICENT IiEC .fL W

P1 cE~!NT IOEFICIENT .s~ Z, -r ..,VA

R:1.E.01

1F

323



Table "10: FL3WCriART FOR SUBROUTINE TG

C VEBSIM? 1. fEY1SEDs SEPT n-) '.768
C PLFIPSE: TIWISFOM ENGIN4E MhJST INTO 3MDY A~XIS FflCES Af4D
L TO~gaS
C CAL SE~j1EkCE:( C FX. FY. F -X.Y.! MCIS FOFTES AM~i C.G.. LBS

C. TN -ENGSINE fi3S N B
rGFD(.GFAW.,F"iZ -X.Y.2 AXIS DIRMCION COSINES

X0.T0oZQ - T ftiST LOCATION C*9'0)NE.TfS
C DESIGNED BT R.II. RW9E SEPT. 1.976

H. H-' *.i I
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Table 11: FLOWCHART FOR SUBROUTINE TK

104 cwwf

ZV * From7. A rl el

MT I (Ipu Coutr Rl t
4MtL F ~ J~' r om~.

IM I.* Tim
calcmI~ a 2 jtnt

Calculate Lt Pate,

Set to Umap 
ete

1.2 21 m Filoor ,0 u 11 419
Calt 1 1. Trunk nu)f ace)

c f re woo (out a
1%0f :hoLCffctp:}we

Jzotamk~cka
rat0F~o fp

Ammn f5

let *--- sof-- 
es



Table Ill: FLOWCHART FOR SUBROUTINE TK (CONTINUED)

CLW Ivo A

VI

ft 1 % (t

411

1 [ it%
f#(" P'"

Vm IA toevW
fy
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Table 111: FLOWCHART FOR SUPROUTINE TK (CONCLUDED)

IH;7t I.-I'

At It(1 10204 111 c * (a
.A 1. 7# 2A

1" zo - o e

c

11 * It- T

Yr * 
T  

c .

A, A -0) :£

A fs

Aw +M. cm~ P b* Ta. ,Y '-I. S~v I '.

#. To
pt -1.2 IT? -I - V -t PsNwt
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L Table 112: FLOWCHART FOR SUBROUTINE TL

VRIN1. APM O WT.L
ME DOM OFL FPO"BS RIGID BykU Lt f N~tI

LIEA V OC IIES NOT AX(ES

A l.ZD.IZ -- ZISM 3VRM.ACCE.IYCNTL..FT
ELLP E L~To,4 c

FO______S && I AGLE. tE 191 C.TON. DE/C2

C LINEA ACaXMTI0MS - OTY AXE3
C UDOT - x Amj;M 2Ua F/E

~~ - Y AXIS TOPM.E. MI/

c Tri - Y AX(IS N~SOF INERTIA. S.UG-FT2
ME NLE8f.S - EATH T -ROLL. YAW

CT
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Table 112: FLOWCHART FOR SUBROUTINE TL (CONCLUDED)

C m~u-msm~ UEMAfLiV.EJ1I

QC MIAi~e A6S M E EWaf ZaN ain. Io

j ~ ~ ~ ~ T IET-I.XE. T
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Table 113: FLOWCHART FOR SUBROUTINE TR

\SUMSJT INE Th IPE.PYEPIE.PXDPYI.PID.Rft.PIT,YTAW

C
C-PIWOE TRANSFORMq VECTOR QUANITIES FROM BODY AXES TO EARTH AXES

C-44ETHOD MATRIX ?tLTIPLICRTION

C-CR.LSEQUENCE

C PXE.PYE PIE VECTOR QUANTITIES AL.ONG EAR~TH X.Y AND 7 AXES
C -wu'~ INAUS ww.."
C PXs PTD,PZB VECTOR CO"ENS OF BODY COORDINATE SYSTEMI
C ROL.PIT.YAW BODY ROLL.PITCH.Rt4D YAW ANGLES
C
C-I-WITTEN BY J.J.IIAVfff
C
C CONVERT FROM DEGREES TO RADIANS

PIT-PIT/57. 3

cc-EAN1r LONGIMBfINL CGE'O?4ENT

I
1PXE-PXD*CCS (PIT) %MCO MWAN #flb (-COS M~J "SIN (RI*I I PT CS(A)qZ"(I T "& RU+O Y M M
3 SIN 0317)

EARH LATUIAL ~ONN

IPYE-eX~COS (IT) .%SIt4 t-I.4) -PY2h (COS (TAN) -COS M~ +$1.4 (TA).
[L~i~52wIN (PIM ) -Pm* t-COS (TA1) eLSIN M~C +SIN (TaN) ,COS Imi.

C-ERTh E.RICrm cariONENT

[PZex&.siHU'I1T- T~WCOq (IT) ,SIN moi-ZSt J (Rau - IsPIT)
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V Table 114: FLOWCHART FOR SUBROUTINE TRUNK

c W" A 1'l IWV- Ia

C MEM rm~wr gJo

CC WIN ~r M331.mf



Table 114: FLOWCHART FOR SUBROUTINE TRUNK (CONTINUED)

Li

"I
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Table 114: FLOWCHART FOR SUBROUTINE TRUNK (CONCLUDED)

C TRMg ex. KUM~

it
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Table 115: FLOWCHART FOR SUBROUTINE TS

NUTTM II. I 1179

PC"~ - TW MA~W I*U W O5IJ

-M CMN01-FRM T-I43

V n - wmc~~

N LV4Jg

4
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Table 111i: FLOWCh3ART FOR SUBROUTINE TS (CONTINUED)

Omr.
6

E

OU 8m, 75

MM 2
Ts
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Table 115: FLOWCHART FOR SUBROUTINE TS (CONTINUED)

non

at w

133

336



L Table 115: FLOWCHART FOR SUBROUTINE TS (CONTINUED)Fi

211

pv
36 27 1

337



Table 115: FLOWCHART FOR SUBROUTINE TS (CONTINUED)

(C M -nMM FM LL IUIS U.T!

AULE

*o 5

338
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Table 115: FLOWCHART FOR SUBROUTINE TS (CONTINUED)

Us
13

FA 01~1A3rE

Ts

,139



Table 115. FLOWCHAR.T FOR SUBROUTINE TS (CONTINUED)

C ~ .1SnTWrr

fmC eVMmo a A~WO "A

MII WI OMU irMN rI ON MBIM

PXIT#<M*

ccc WTOM M~t M340T-



Table 115: FL.OWCHART FOR SUBROUTINE TS (CONTINUED)

Is

4 1



h Table 115: FLOWCHART FOR SUBROUTINE TS (CONTINUED)

AT Q
POT

34



L Table 115: FLOWCHART FOR SUBROUTINE TS (CONTINUED)

~j~Lum TFU( ImenTm FmW fm FM M

vt ar

*i

F~ou~From I p

5WC ~ sftlf).~ V RCVZ
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Table 115: FLOWCHART FOR SUBROUTINE TS (CONTINUED)

'F
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Table 115: FLOWCHART FOR SUBROUTINE TS (CONTINUED)

dR OOMI

:1

C-.* e5 c-a/N

4-, FtIUVL~ t
345-



L Table 115: FLOWCHART FOR SUBROUTINE TS (CONCLUDED)

TT
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Table 116: FLOWCHART FOR SUBROUTINE TT

r IITINE Ty dW.1.0 D 0?1PT.II.!

W ~OE .TWO DEGREE OF FREEDOM RIGID BOVT EgJARTIONS OF M9OTIOmG.NG)
V ON ARIL 29. 19n7.

C CALL~EJC
C - WSm
C LIEARVELOCITIES B OUT AXESC d.&dD. U - Z AXIS LINER VELOCIT. CCEL. I M cMauiM.. FT/SEC
C RMWLM VELOCITIES - 30BY AXESC 9.os.19 - AXIS ANUA MiOCMACC.IXTu COTO.MEc O.LE ANaGLE -EARTH TO SOOT - PITCH
C PIT P111,IPIT - PITCH ANGLE.RATE&XT COTRL XG
C PflSITIN - EARTH AXI
C 7. ZD. 17 - -Z AX S POSITION IRT)hVELOcITT.INT CO(MOL, FT

C RQLM RCCELERWIW - BOUT AXES
C GOOT - T AXIS ANGJ. ACCELEMTION. DEG/SEC2

LINEAR RC0.TONS - IMD AXES
C WDOT Z AXIS LINEAR ACCELRATION. FT/SEC?

c TT - Y AXIS MIOMNTS OF INER. SJJG,-FT2

C (XLER iMES -EARTH TO BODY - POLL.T I C ROL - PA GLE DOG
C U - X AXIS LIRt. VELOCITY.FV/SEC

C WR~ITTEN AT MAHINDER WANI APRIL. Or7

C

7*3-SI P1T.1f

347
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Table 116: FLOWCHART FOR SUBROUTINE TT (CONCLUDED)

CC -i - -LIEA VELXITT EMM12a6

CC ALIU YMOCITV Eakqme -m .

IF

C mnm M IR Mal MO~L ETION

IF
PrTD.Qma

-s--w-~. POITION E~f. MaS~u~.u
c - TEST !F X ANID T LRTITUDE AN(D LOWIDO ME XmT Mm)!E

IF
12a. 

CC u-mUME PaaZTIaSFN M TPIT KMES MP&fl

PAGE 2
T
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Table 117: FLOWCHART FOR SUBROUTINE TZ

SUBROUTINE T7 (Xi. XIDOT. 1XI. X2.X2DOT. IX2, FO. FIN, ZOZI.72.PO.PI)

C NUEFRAT R 2

C

C LIFITATIONS - NONE
C

C PRPITTEN Y - D, AM LLOYD LADTEST REVISION NOV 7.5

SI NT/OUTPT LIST

C

C XI FIRST STATE V;IABLE RNT OUTPUT STATE

, XIDOT FIRST STATE VP691BLE DERIVRTIVE ANY OUTPUT STATE
C IXi INTEGRATOF9 CONTROL PROGRAM VAR
C X2 SECOND STATE VAIABLE ANY OUTPUT STATE
C X2DOT SECOND STATE VARIABLE DERIVATIVE RN OUTPUT STATE
C IX2 INTEGRATOR CONTROL PR(!GRF? VAR'
C FO TRANSFER FUNCTION OUTPUT ANY OUTPT VAR

C FIN TPANSFER FUNCTION INPUT INPIUT VARi
C ZO t&JERATOR COEFFICIENT INPUT P.PR:M
C 1IUIERATOR CO1FFrICIENT INPUT PRAPM
CH 2 NUMERATOR CtEFFICIENT ANT INPUT P.ARA14
C Po DENOMINATOR COEFFICIENT IJSEC2 INPIUT P L A,
C Pi DENMI1NATCR 1JSEC INPUT PA-AM

'Ic. NE.I= 0) N-D"{

X2DdTI=XI* ImF I 4-P 1iF

349 PE
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Table 118: FLOWCHART FOR SUBROUTINE VA

2~ERION 1 MMM.0M9 1M M MC.fS&A
p t~~~~ 0.4 1. .SS. W...MM bidT

C c . AJLP VA M3S, 3 ST AD DE

C GSTMff VfMA-

C W T6 DI BUT MTSWM
C QN.m 6ADf -OT9 L I T[NWAFF "CE' S

CSAE VMIRJLES-
C UVW -.. I 311(15. LU AM YAINSTIE3 X3s~

C 
P.. 

-XT4:T 
t 1.M PATES 

. EJZ.SCCW

C ? ~ J% I -&I1 EN RL .. F
C 'WT 1. -Pl1 ( AP (l~hO XSPZI AI3 EOT AS .IM 11Q..WM D
c 1NC? -U7~a AN REOM OM F ELCIE5 DOMD MSMT
C E. EV 0W -xTMIT A IES I UN M .. V

mm VSCFj&f~m

C STTEV.5 UE

c P.SR -X. NW.E

c ~ ~ ~ ~ ~ ~ ~ P PI M *IggA F a* AUS.2

c -u MI. OWL.
C :vD I ~1U I T Ras77a

C ICrrIPJT-TZO

c vs IFc LEO. M Jps
c ~ e NORM

c win TM3 -

c IN. w.350



Table 118: FLOWCHART FOR SUBROUTINE VA (CONTINUED)

IF
.ELA .U.

aRV. !0

IF

WPUSS CL

MZLEL3a

~T3SO
:F

WICr.ElIL2

sIo TO

351W
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Table 118: FLOWCHART FOR SUBROUTIN A(ONIUD

U

IF

4V4
52my:WM



Table 718: FLOWCHART FOR SUBROUTINE VA (CONCLUDED)

Iwro AND5I3 YV afl

f*M *I ~ s.lll.X~U

4:
5 ~ ~ ~ ~ ~ ~ ~ ~ ~ P~ Of4I(3 IU41 jjn.Z-

A(12 I, RU '+0 -A(M~ M-17

wso pw 11353R



Table 119: FLOWCHART FOR SUBROUTINE VALVE

354



Table 120: FLOWCHART FOR SUBROUTINE VLX

Q "TYPE OF 2 (GATE VALVE) OA

(GLOBE VALVE) VALVE)

1 (BUTTERFLY VALVE)

.~50 VALVE ,900

CALCULATE - CALCULATE CALCULATE

EFFESTIVE AREA EFFECTIVE EFFECJIVE AREA
AT 5 OPEN AREA AT 90 OPEN

CALCULATE 0  CALCULATE CALCULATE0
FLOW AT 5 OPEN FLOW FROM FLOW AT 9C
FROM FNFLOW FNFLOW OPEN FROY FNFLOW

ILCULATE ICALCULATE
FLOW AT ACTUAL FLOW AT ACTUAL I
VALVE ANGLZ VALVE ANGLE

35K
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Table 120: FLOWCHART FOR SUBROUTINE VLX (CONCLUDED)

FACTO VANVE T 1..PI

ALVE OPENING

BACTORAC N FORCORAN

A T .05 OPENING GECORIAN AT 1 .0 OPENING

3FECIV6AE

1-UL T F-.-~-q -A C L T - -- - -- LOW



Table 121: FLOWCHART FOR SUBROUTINE VPRINB

ROM 2. UVIY 20 tX97IB

LIMITNTIM MiXEF SLY Uf CfSt" no AI At)

IFN

357fimL
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L Table 121: FLOWCHART FOR SUBROUTINE VM INB (CONCLUDED)

22 M

-. 27. OT

.Apoi.

PAT 
In SQ.'jJjA 

1

3S80r~nIM



Table 122: FLOWCHART FOR SUBROUTINE VPRINT

%0t02. pot= w it um

La isi u If ar ur

II

IL

359



Table 122: FLOWCHART FOR SUBROUTINE VPRINT (CONCLUDED)

MEE
LEE-l4

360mi~



Table 123: FLOWCHART FOR SUBROUTINE WS

C4%E FACTOR T. REFOt 31M7
C ~ of INUE ~.LT MIND WfI~x .*M VfER si

C r TO THE EGS.U&-NLJ.T R PfNtfM MODFIED
c Am 1 AStIVED &MGI 7HE RM COOM TS MORTH

C An EAffTt #ii SIDDAKA INW&M INTO 331 M3.
C

C 115 -wE DO(NI* TAWE OF WIND SEAS FACM AS A
C-RENCTI~ ft R4Cs ITITMD

C - ME( C UA4M vELCTE-D9w MM
C 1345 -X AXIS STER1 EM WIND VE=.IT. FT/SEC
C vMS -T AXIS OR 24MS MINDY MI. FT/SEC
C 415 -Z AXIS OR 54M WIN VELXITT. FT/SEC
C - IPPIS
C WKC -WIIND UDET At SO FEET (T546M. FT/SEC

C WAN -ft"EBEEE W M MIN VEcT8 A"4 II~ CENTmINIE.0mE
C MLT -1IAME Cr M.TI1U=. FT
C PIT -*ITCH MOlLE EFW TO M81. DMS
C IN3ICRTR FOR STSAU M~ 54M WIND
C Me. 0 54CM MIND TALE LMKJP FACT

_C STEI4I MIii. FACTM-.

C IITrN IT IIDEPI WA4I MRT 1977

IF r

.EL .

EL .in

IF
IT. Ea.

IT-0.

PAM
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Table 123: FLOWCHART FOR SUBROUTINE WS (CONTINUED)

Mq~( 2

362



B7
Table 123: FLOWCHART rOR SUBROUTINE WS (CONCLUDED)

7 074
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Table 124: FLOW FOR SUBROUTINE XP

SUBROUJTINE xP(TP.Q2.2P1.io-

C -VESIoNi 1. REVISEDt JUNE 13 1976
C Ptff"SE: PERFORM STATIC TRANSFORNRTI6!t ON THREE YECDORif
C ME.L SEQUENCE-
C T - TRANSFOIRTION t'ATR1X

c P2.92R2 - M UT VECTOR COI4PONENTS
C DESIGNED BTz J.D. BURROUGHS JUNE 1976

P2*PluiT (10) *-QI*T H 1) .RlatT 12)
02-PlooT (13) *U1wT (14) +1-T IISI
R2--PI.T 1161 *91#iT (17) +Rad 1181
RETURN4

364 PAGE1
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Table 125: FLOWCHART FOR SUBROUTINE XT

SUBjROUIN XTfT,P2.Q2.R2.pI.2LR1/

CR*' 1 VE9SIOT (17 REISs JN [18) 97

36SGNE BT-E 1.BROGH UE17

asi 
__



Table 126: FLOWCHART FOR SUBROUTINE XXPRT

c bamTEIr- 0LEP

R~~~~-ThJ~j wTJR Ti w" lrc 7RM
C L VwI T - I 3 ToT S m rca~ Ai

C

lmT.ML2? >
(GO TS to.> -i

Dr

INTE. 1)-

Go TM

CLIQW 5I~ r

I=~ PRMICMa

36

8cuj* alli-



Table 126: FLOWCHART FOR SUBROUTINE XXPRT (CONCLUDED)

2 MIK

PAE

(DW.M2367



Table 127: FL.OWCHART FOR SUBROUTINE YC

YC~r~rX Y.If.FY7X.Z.O.M.3.SMCl.C.31 SR

V-merin M T isAmcI Wo IGI itUM SYTtwp nV

XL , ~ aL RRLf.

CiC FAaM SI

CI

FT DRIED-- -SIDE-



Table i27: FLOWCHART FOR SUBROUTINE YC (CONCLUDED)

C Csj-C3 uI
CC SAUMMO FUNIICNRISI

F I

(ED-0-0.5

IV ST

3~SS C' ~ON INMUE )(~.IP44


