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ABSTRACT

This thesis generates closed form equations for signifi-
cant and frequently used NATOPS performance charts for the
SB-3D and SE-3H helicopters. These equations are developed
into interactive software for the Hewlett-Packard HP-41CV
hand-held programmable calculator. With this software
installed in the calculator the user is able to calculate
numerous NATOPS performance parameters (expeditiously, with
reduced risk of error) both prior to and in flight.
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I. INTRODUCTION

A. COORDINATION OF EFFORT

A similar software development for the H-U46D helicopter
was conducted at the same time as this development by Caram
[Ref. 1]. Because of the nature and complexity of the
problem, the initial stages of these investigations were a
joint effort. As a result, the Approach to the Probienm
{Chapter II) and the basic method of Solution (Chapter III)

of this work and of Reference 1 are very similar.

B. BACKGROUARD

Performance planning is an essential task to ensure the
safe conduct of <£f£light for aircrew flying any aircratt.
Naval aircrew use the ©Naval Air Training and Operating
Procedure Standardization (NATOPS) manual to acguire all
recessary performance data. For the most part, NATOPS
performance informaticn is presented in a graphical format
often requiring the user to trarsit several subcharts, which
may be located on different pages, to obtain the desired
performance parameter. This procedure is time consuming,
prone to error, and impractical in flight.

The purpose of this thesis 1is to correct these NATCPS
deficiencies by transforming selected performance charts
into interactive, user-friendly, computer software for a
hand-held programmable calculator. This solutior would
enable aircrew to ottain performance data with increased
accuracy, reduced time and effort, and also permit use in
flight.

Previously there have been several succesful efforts in
NATOPS computerization. The @wmost recent study [Ref. 2]




developed software for the A-6 aircraft utilizing the
Hewlett-Packard HP-4 1CVY hand-held programmable calculator.
This research demonstrated the feasibility of NATOPS
performance data computerization.

C. GOALS

The first goal of this study was to generate a closed
form equation for each selected NATOPS chart or subchart.
The equations were required to be of a form such that inde-
pendent variables were the specific chart input parameters
and the dependent variable, the output parameter. The egqua-
tions used to "fit"™ each NATOPS chart had to allow an
explicit calculation of the dependent variable.
Furthermore, they had to consist of standard functions (no
differential/integral equations) which could be programmed
on a calculator or computer.

Once the eguations representing the verformance charts
Lad beern derived, it was necessary to select the hardware
which would be used for software design. The HP-41CV
programmable calculator augmented with an extended functicns
module and two extended memory modules was selected. his
selection was based on the small size, relatively large
memory capacity (6.4 K) and the successful use in the past
of the HP-41CV.

Upon completion of the software development the ultinate
goal of this research was the testing of that software by a
Fleet 3Replacement Squadron (FRS3) or fleet squadron for
fleet-wide implementation.

10




II. APPROACH TO THE PROBLEM
The overriding problem encountered was the generaticrn of
closed form equations which accurately represented each
performance chart with the minimam numker of terms.
Minimizing the number of terms was desirable because of the
calculator's 1limited memory space. For the majority of
charts considered there were two indepeandent input variables
that yielded a single dependent output variable. This was
visualized as a three dimensional surface in space.

The fitting of an equation to an arbitrary surface
required the utilization of a numerical regression computer
routine. These routines are numerous and have been devel-
oped into several software packages for mainframe computers.
The software chosen for this study was the Biomedical
Computer Program (BMDDP) statistical package [Ref. 3],
installed on an IBM 3033 mainframe computer 1located at the
Naval Postgraduate School, Monterey, California.

A regression is linear in mnature no matter how many
indeperndent variables are involved. However, nonllinear
functions may be used in a regression if they are first
"linearized". For example, if the nonlinear functions x2,
%3, ard1 1ln({x) are transformed into inlepenient variables
U,Y, and Z, respectively, then a ragression can be fperformeqd

to yield an eguation of the form

S = aU + bY + cZ + d (ecn 2.1)
where a, b, and ¢, are the regression coefficients, d is the
intercept, and S is the dependent variable.

The specific BMDP program used for a majority of charts

analyzed was the "all possible subsets"™ nultiple regression

11




TABLE II
Supplementary NATOPS Performance Chart Reference

HP-41CV NATOPS CHAKT NATOPS FIGUEE
PROGERAM TITLE TITLE NOMBER

MIN Q Engine Performance-Toppin 3-12
Poger {7219C T5) Charip J

RPM Low Pitch Autorotative 3-14
RPM Chart

ENP Temnperature Conversion 11-2
Chart

NP ¢ Engine Performance-Normal 11-7
Power (660°9C 7T5) Chart

ENVLP Ability to Mainptain Level 11-22
Flight® One-Engine Chart

ROLL landing Distance Ground 11-26

Roll-pPower Off Chart

is entered erroneously, or in excess of a paticular chart's
range, the output will be in error.

In the cases where a chart has limitations such as
Ability to Haintain Llevel Flight - One-IZngine Chart [Ref. 4:
P- 11-37])], these have been taken into account within the
program and the output will tell the wuser if they exceed
that limitation. If the user is ever in doubt as to the
validity of the calculator generated performance data, the
NATOPS manual slkould ke consulted.

D. INITIAL CALCULATOR PREPARATION

The tasic use instructions assume the user has a calcua-
lator that has all the performance software installed. If
the user merely has the calculator (with two extended memorv
moduies and an extended functions module), a card reader,
and the NATOPS software program cards; several steps must be
taken before the calculator can te wused as descriked

earlier.

25




5. After all the prompts reguired have been answered the
calculator will execute the progran. fhile the
calcualtor is working "PRGM" will be visible imn the
display. As the calculator generates answers they
are shown 1in the display. Some charts yield more
than one performance parameter, so it is necessary to
note each parameter displayed and then push the K/S
key to continue executior

6. Once all performance parameters have been calculated,
pushing R/S will display "READY" which tells the user
lie has been given all available output and the calcu-
lator is ready to execute the next progranm.

7. Before executing the "PP" program ensure the calcu-
lator is turned off. With the printer also turred
off, plug the printer input chord into the only
reraining extension port. Turn the calculator arnd
printer on, select the normal mode on the printer,
and push the "EP" key. All other instructions remain

the sanme.

B. SUPPLEMENTARY PROGRAMS

In addition to the performarnce charts listed in Table I,
six additional charts have beer computerized and 1l1listed in
Table I1. Due to their large sizes and/or aplicability only
to Functional Checkflights, they were developed strictly as
stand-alone programs. They must be loaded and executed as
discussed ir Section D of this Appendix. After execution
begins, these programs will appear to the user to operate
exactly like the programs listed in Table I.

C. GEBERAL USER INFORMATION

The NATOPS software should gjenerate accurate answers

within the range of a selected performance chart. If jata

24




The programs listed in Table I are assigned to the
correspondirg keys shown in Figure A.1. The key marked "“PP"
(Preflight Plananing) executes all 10 programs successively
and Fproduces a hard copy of the output. This progran
requires that a printer is attached. To execute a progran
follow the steps presented below.

1. Turn the calculator on.

2. Press the "XEQ' key. At this point "XEQ _ _" will be
displayed. Press the *ALPHA' key and observe "XF¥Q _"
and the word "ALPHA"™ in the display. Type in the
word "PLIGHT" and again press the 'ALPHA' key. You
will see "PRGM" flash in the display followed by a
constant "READY".

3. Find the key with the paticular performance chaart
desired arnd push it. As the program is initiated the
calculator will prompt the user for any needed infor-
mation. The exact prompt meanings are defined below:
e PA? (FT) - pressure altitaude in FT.

e DA? (FT) - density altitude in FT.

e OAT? (C) - outside air temperature in °C.
e GWT? (LB) - gross weight in LB.

e WIND? (KT) - head wind in KT.

e NR? (%) -~ rotor RPM in per cent.

e <BANK? (DEG) - angle of bank in degrees.
e FUEL? (LB) - fuel on board in LB.

4. Ansver the prompt by pushing the <correspording
nunbered keys until the desired value is seen in the
display. If a mistake is made, simply push the key
with the horizontal arrow (far right columu, four
keys from the top) and re-enter the nuamber. I£ the
number to be entered is negative (negative 0AT), push
the key marked CHS after the number has been entered
in the display. When the desired number is displayed
in the window push the key marked R/S (run/stop,
bottom right key).

23
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APPENDIX A

NATOPS PERFORMANCE SOFTWARE USER'S GUIDE

A. BASIC USE

The NATOPS performance software designed for the HP-41CV
calculator is simple and expeditious to use. The calculator
keyboard configuration is depicted in Figure A. 1. As you
can see, tte first top two rows have albbreviated progran
names over the keys. The exact meaning of each perforaance
chart abbreviation and its NATOPS [Ref. 8] figure referernce

are contained in Table I below.

TABLE I
NATOPS Performance Chart Reference

HP-41CV NATOPS CHART NATCPS FIGURE
PROGRANM TITLZE TITLE NUMBER

DA Density Altitude Chart 11-3

E PERF Engyine Performance-ullltary 11-6
Power (696°C TS5) Chart

IGE Indicated Torque to Hover irn 11-8
Ground Effect-10 Feet Chart

OGE Indicated Torque to Hover 11-9
out of Ground Effect Chart

STALL Blade Stall Chart 11-5

ING Maximum Ran 11-13
Two-Engine hart

ENDR Maximum Endurance- 11-16
Two-FEngine Chart

WIE T/0 Single En 1ne Water 5-9
Pakéofr C

SE RNG Maximum Range— 11-24
One-Engine Chart

SE ENDR Maximum Endurance- 11-25

One-Engine Chart

21




V. CONCLUSIONS AND RECOMMENDATIONS

et ———m -

From the results of this thesis it can be concluded that
graphical NATOPS performance data can be computerized. To
effectively accomplish this, computer oriented numerical
regression routines must be utilized to generate closed formnm
equations.

Oonce the eguations have been derived computer software
can be developed that executes the programs in an expedi-
tious, accurate, and portable fashion. Furthermore, this
software can be designed for wvirtually any type of computer
from hand-held programmable calculators to rersonal
computers.

It is recommended that the NATCPS performance software
developed in this study be submitted to a fleet squadron or
Fleet Replacement Squadron (FRS) for test and evaluaticn.
Since the software can be utilized as is, with off the shelf
Hewlett-Packard components, the cost of testing would be
minimized. If this software proves itself to be applicable
fleet-wide, Hewlett-Packard should be contracted to develop
plug-in application modules which would increase reliability
and decrease execution time.

20




The results presented in Appendix B are for the
SH~-3H NATOPS performance charts referenced in

SH-3D and
Appendix A.

Future modification of these charts would invalidate the

performance software for those paticular charts.

19




IV. RESULTS

At the onset of this study 16 different NATOPS perform-
ance charts were selected for conputerization based on their
significance and frequency of use. It was anticipated that
the final performance chart programs would be too voluminous
to be collectively stored in the HP-41CV nemory. This would
have necessitated using an external mass storage device or
executing individual prograas piecemeal. Both of these
alternatives would have had unacceptable detrimental
effects. The only other alternative would have been that of
contracting Hewlett-Packard to develop ore or more plug-in
applications modules containing the NATOPS software.

Fortunately, the majority of programs were reasonablie in
length and could reside in the HP-41CV's nmemory (augmented
with extended memory) simultaneouly. A master program named
"FLIGHT" was written which functioned as a software manager
and assigned performance charts to specific calculator key
locations (Appendix A). The master program tranferred subor-
dinate programs from inexecutable extended memory to the
executable work space in main menory, and interactively
comnrunicated with the user.

Appendix A contains the simple user instructions to
execute any of the 10 listed NATOPS charts desired. With a
printer attached a complete performance profile can be
executed and printed for any mission plan. Appendix A also
contains a 1listing of supplementary performance charts
developed as stand-alone programs which coull not resiie
simultaneously in the calculator's memory. Appendix B lists
all surface regression equations, flow charts, and calculaor
program code. It should be noted that the regression equa-
tions can be programmed for use with any capable systenm.

18
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regression analysis due to exceeding tolerance limits (6),
the regression R2 (.99965), and other fit statistics. The
high R2 value indicated that the selected polonomial trams-
forms were representative of the surface.

The next step was to determine if some of the ratained
transforms could be eliminated without significantly
effecting the fit. The six out-of-tolerance terms were
deleted from the transforr selection and@ the program was
executed with the "pethod is Cp" option in effect. This
resulted in ap elimination of 10 more transforms while only
degrading the R2 value to .99952.

The equation for the surface was tested by writing a
program stub with which all data points were checked to
ensure accuracy. Since the surface could not be f£it in its
entirety, an interpolation rountine was required in the final
calculator program to calculate torque when the pressure
altitude was between 2000 feet and sea 1level at ambient
tenperatures at or below -20° C.

16




JII. THE SOLOTION

The polynomial transform program yielded acceptable
regression results in the majority of cases. For the
performance charts that had difficult surfaces to fit (R2 2
.99900 could not be achieved), accuracy demanded that influ-
ence lines be fit individually and interpolation be
perforeed between then.

A. EXAMPLE SURFACE REGRESSION ANALYISIS

An engine performance chart (Figure 3.1) was chosen to
illustrate the regression technique since it demonstrates
the capability of numerical regression to generate an accu-
rate closed form equation while also showing procedures for
handling surface discontinuities.

The first step in the solution of this performance chart
was to create the data file for the regression program.
Data sets were taken along each pressure altitude influence
line at ircrements of 20° centigrade (C) with additional
points added for the sea level and 1000 foot altitude lines,
due to their discontinuities. Also, a data set was included
on each end of an influence line for accuracy. Each of thLe
75 data sets consisted of two independent variables (temper-
ature and altitude) and the resulting dependent variable
(torque) . The flattened parts of the sea level and 1000
foot lines were omitted because of their discontinuities at
ambient temperatures at or below -20° C.

A numerical regression was performed with the "method is
none" cption selected and using the standard fourth crder
polynomial program (22 transforms) discussed earlier. The
resulting output listed the terms excluded from the

15




cn the first execution of each regression apalysis
"method is none" was selected in the P9R program. This
instructed the BMDP software to use all offered transforms
for the regression analysis. during execution, matrix
algebra was performed with the independent variables and
transforms. If this algebra created numbers outside the
tolerance range specified in the program (default tolerance
= .0001), the ‘"method is norne” option would eliminate the
offending variable, or transfdrm, and continue execution.
The resulting output contained the k2 value along with other
fit statistics and listed all terms eliminated for low
tolerance. Performing a second iteration with the out-oi-
tolerance transforms eliminated, and with "method is Cp"
selected, allowed the BMDP software to analyze subsets of
the remaining transforms. Performing this two step process
yielded the best fit with fewest terms for each surface.

14




and the corresponding dependent variable value. For a three
dimensional surface each data set consisted of three values.
It was critical to ensure that the data sets extracted fronm
a performance chart were as accurate as possible and that
the data file clearly defined the surface. Obviously, those
surfaces that contained "irregularities" required signifi-
cantly nore data sets than smoother or more "well behaved®
surfaces. If a surface contained a sharp point or disconti-
nuity, this portion of the surface was eliminated from the
regression analysis due to the ipability of the software to
accurately fit abberations.

The tranformed variable selection was the key to
successful regression analysis. Through experience one
gained an intuitive feel for what type of transformed vari-
ables would yield a close fit to a surface. Fortunately,
most of the surfaces responded well to regression analysis
utilizing combinations of the independent variables raised
to powers between one and four (polonomial regression). A
standard polonomial regression program was developed
containing all the fossible polonomial terms up to fourth
order. This standard program was used as a first attempt
for fitting all charts.

For a few surfaces, obtaining a close fit by regression
analysis was not possikle without retaining an unacceptably
large number of ternms. An alternative tc this was to fit
each of the dspicted influence curves and develop the final
computer software to interpolate between curves. The trade
off with an interpolation scheme was increased accuracy at
the expense of increased calculator program complexity. Two
examples of this method are the calculator programs "HTR
T/0" and "SE RNG" found in Appendix B. Additionally, 1in a
few cases it became necessary to use other transforms of the
independent variables such as exponentials and/or high order
fractional combinations of teras.

13




program (PY9R) which allows the user to iLput a large selec-
tion of transformed independent variables to be examined
during the regression analysis. The P9R program included an
option to either use all the transformed variables offered
(nethod is none), or perform the regression selecting
subsets of the offered transforms and output the subset with
the best fit statistics (method is Cp).

The dominating criteria used to determine the best fit
statistics was the squared multiple regression correlation
(R2). Accuracy was gauged by how close R2 was to the ideal
value of 1.0. The required R2 for an acceptable fit was
found to vary between performance charts, and was a function
of what dependent output variable was being generated, the
"irregularity" of the surface, and the number of indeperndernt
input variables. For each chart, multiple regression anal-
yses were performed varying the offered transforms in number
and/or type, until a closed form eguation was generated that
yielded output that was within the accuracy of manual chart
interpolation. From experience it was found tkat an E2
value of .99900 (or greater) yielded a sufficiently accurate
fit.

The accuracy with which a NATOPS chart could be read was
subject to the design of the individual chart. In general,
the following tolerances for dependent variables were estab-
lished (for the regression analysis).

airspeed: +2 KIAS

indicated torque: +1 %

unit range: +.001 NM/LB
fuel consumption: +10 LB/HR
ground roll: +10 FT

Prior to the execution of the regression program, a Jdata
file for each surface was created. The file consisted of
data sets which were merely the independent variakle values

12




1. Become familiar with the HP-41CV owner's manual ani
the operating instructions of all peripherals. #hile
the occasional user can avoid an in depth knowledge
of the system, initial set up requires someone who is
familiar with the hardware and procedures 1listed in
References 5,6, and 7.

2. With the extended nmemory and extended functions
modules in their proper ports, and with the card
reader attached, loading the programs into main and
extended memory can begin.

e Load the following programs into extended memory:
"DA, E PERF, IGE, OGE, STALL, RNG, ENDR, WTR T/O,
SE RNG, and SE ENDRY.

e Load "FLIGHT" into main memory. You may also load
"TEMP" if required.

3. Ensure the only programs in main memory are the ones
listed above and erase any other progranms.

4. Ppack the programs in main memory.

5. Execute the program "FLIGHT".

When "READYY appears in the display the calculator is

ready for program execution.

E. CALCULATOR FLAGS

Flags 1 through 3 are used for condition checking in the
execution of some programs. If the programs are always
allowed to run to completion (the user presses ER/S until
"READY" appears in the display) these flags will be cleared.
If the user stops execution before completion and executes
another program, there is a possibility that the second
program will produce an output that is in error.
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F. CALCULATCR HEHORY R

EGISTERS

Memory registers and their contents are shown below:

Registers
00-07
0

o

09
10
11

—t
F-F-F_FINTRINTININTIINTRTINTING SINTSTRT ST ST S TN] ST S ey s ey Y
WA= OV OO £ WN - OWO~INNEWN OV ~IW |

b

&

Note: An
Appendix B.

explanaticn

@

=

=
cndun

HOGE

Blade Stall KIAS

Max Range KIAS

Max Randge Onit Range

Max End@rance KIAS .

Max Endurance Fuel Consumption
Engine Performance (Military) Q
Water Takeoff KIAS

S/E Max Range KIAS

S/E Max Range Unit Range

S/E Max Endarance KIAS .
S/E Max Endurance Fuel Consumption

of abbreviations may be found in
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APPENDIX B
REGRESSION EQUATIONS AND SOFTWARE DOCUMENTATION

This appendix contains all regression eguations and
curve fits generated for each NATOPS chart considered. it
also contains the associated calculator program code, <£flow
charts, and the tested accuracy of the output. Altbough
regression equations are of the form shown in equation 2.1,
they are presented in tabular form due to their large sizes.
The flow charts use standard symbology aad depict the
general programming logic but 1little detail. The computer
code 1listings are im the Reverse Polish Notatien (REN)
language developed by Hewlett-—Packard.

TABLE IIX
Variable Abdreviations

ABBREVIATION YARIABLE UNIT
B1li "ith" Base line -—
{nunber omitted if only one)

(k) CaS Calibrated Air Speed KT
DA Density Altitude FT
EaS Equivalent Air Speed RT
GWT Gross 3Jdeight 19):]

{K) IAS Indicated Air Speed T
Nr Rotor Sreed RPH
OAT Outside Air Temperature oC
PaA Pressure Altitude FT
Q Indicated Torgue ]
TAS True Air Speed KT
OR Unit Range NM/LB
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)
A. ENGINE PERFORMANCE - TOPPING (721°C T5)
Program Title: MIN Q
Accuracy: 1% @
Independent Variables:
A = PA/1000
B = OAT
kelationships:
For PA = sea level OAT £ 10
Q =-.070 B + 119.7
For PA = sea level OAT 2 10
Q = -.811B + 127.1
For PA = 1000 0AT £ -10
; Q0 =-.067 B + 119.3
3 For 2A = 1000 -10 £ 0AT £ 10
Q = "-250 B + 117'5
For PA = 1000 OAT 2 10
Q =-.778 B + 122.8
For PA = 2000 OAT £ =22
Q = -.056 B + 118.8
For PA = 2000 -22 £ D0AT £ 10
Q = 113.5 exp[-.00248 B]
For PA =2000 OAT 2 10
¢ =-.756 B + 118.3
Tor PA = 3000 OAT < -32

Q=-.100 B + 116.3

29




Remainder of chart
dependent variable.
Tern
%ntercept

is regression eguation with 9 as the

Coefficient
122,151
-4.30544
-.378299
-316746 x 10-7
5.33051 x 10-2
-5.69557 X 1(0-e
=.726407°% 10-8
1.27824 x 10-2
2.19656 X 10-+
~7.45649 X 10-3
-9.76376_X 10-5
.228517° % 10-s
30




MIN Q

START
INPUT 1
0AT, PA DETERMINE
APPROPRIATE
0AT
RANGE
PA €10007>YES !
CALCULATE
NO LOWER
Q VALUE
PA <€20007°>YES
CALCULATE
NO HIGHER
Q VALUE
PA<30007>—TES L BAT »-327
NO YES
INTERPOLATE
Lbl 08
CALCULATE
Q
ouTPUT
Q
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14 2708

15 T
41
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P
-

5T 82

re
oo

o
(%)

i
23wy
24 1y
25 0T @3¢
FEAR 3T
27 370 97
23470 D
290LEL B8
W2
I RCL 82
3 AT
ITLTH 67
R E

3% 270 @7
L GTh T
TG W7
273

9 RCL @2
42 2y
41 5T 23
42 -32

4T PLL et
44 ¥y
45 570 83
45 RE0 ¢
47 5Th g7
4: GT0 B
45 BL 43
<9 RIL 22

T

ShoCnoLn o Ln cn
[ALL SRV |

»m R
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e ad P e DD

AL LR o]

o
wn
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“p

63
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71
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4
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Do e e A )

S SAD D D oD

O
LN T T B SE e R ]

TR
g

442
$Tg 83
ROL
142

2T B4
REL @l

3
Y%

9 870 a5
al

RIL

¥

370 8n
LAY E-D
%
122,151
+

RCL @2
-4, 38544

L - 726407 E-8

37 4

D D
~d

L D
£

18

=SS

Rl 8

RCL B2
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181

182 ,8127524

183

184 +

185 RCL 82

18 RCL 24

197 =

182 .88A219655
189 =

118 +

111 RCL 24

112 -. 88745649
113

114 +

115 RCL 85

{18 -, 9888975376
117 *

{18 +

119 570 @7
128¢LBL D

21 TOME @

122 *KIN 8= *
127 ARTL 67

124 b %

125 PROMPT

126 570 “NIN @
27eLBL B

125 1

129 RCL 22

138 K=Y?

121 TR H

32 =g

137 6T 1

134 XE@ H

135 XER |

136 RCL 45

137 -

135 RCL 82

133
148 ®
141 ¢+
142 §
143 R
{44¢LR
145 2
145 PCL @2
147 ¥=y?
143 470 6
149 %EQ G
154 XEQ H
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——

-

151 RLL B¢
Xcﬂ -
157 RCL @2
154 1

1es -
152 «
STORCL Bd
192

_ 153 5T 67
168 RTH
TEleLBL C
122 2
163 ROL 82
{£4 ¥=y"
1¢S5 70 F
[66 XFE F
157 ¥EG §
162 POL 83
189 -
{78 RBOL @2
171 2
ivz -
173 +
174 RCL 83
175+
178 370 &7
177 RTN
{7aeLEL F
178 ROL 81
128 -.1
121
{22 116.3
187 +
124 575 @3
135 BTH
laeelBL §
137 -2z
138 BOL B
139 ¥Wye
130 £T0 &1
191 -, 8%
132 0%
137 113.2
194 4
195 <75 84
135 RTH
1“‘0L5' N
135 1a
1“4 REL
ew ‘~

-

Jde ¥

287 ST0 @4
223 PTH
2RGeL8L @2
218 RCL &4
Ell :

12«

217 113,
714+

2195 570 84
216 RTH
2174LBL H
215 -1%
219 kL 81
eI S
221 GT4 @3

dog b
214

234 119.3
225 4

226 8T 85

237 RTH
225+LEL @3

“79 1R

234 H'L!
231 0y
232 f'ﬁ A4
23y -, 35
234 ¢

235 17.S
PECER

237 5T @5
2735 RTN
2% 8L ud
24m RCL @1
41 - 772
47 »

247 122,68
244

245 ST0 w5
4% FTH
Z474LBL 1

243 19
243 RTL Al

AL run
254 ¥y

251 CT9 25
252 -.87

257 =

254 119.7
255 ¢+

256 STO 66
257 BiY
253eLBL 89
25% FLL @!
N -3

A
251
2L
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B. LGOR PITCH AGTO RPH
Program Title: RPHM
Accuracy: Exact

Independent Variables:

A = PA
B = CAT
C = GHT
D= N (for GWT = 17,000)

Relationship:
For the table value (CWT = 17,000)

D= [A + 10001500 + 100 + (B + 10 /5
The table value is corrected for the actual GWT by

Nr = 3.5{C/1000 - 17] + D
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RPM

START

CALCULATE

Nr
(GWT=17,000)

INPUT

CORRECT
Nr FOR
GWT

4

QUTPUT
Nr

STOP

Y
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C. SINGLE ENGIEE WATER TAKEOFF
Program Title: WTR 1,0
Accuracy: 1 KIAS

Independent Variables:
A = OAT/10
B = GWT

Relationships: All influence lines are of the form

KIAS = 10 [a exp(b A) + c exp(d 1) ]

GKT a b c d
15,000 1.367275 -.588256 .385220 .554372
16,000 1.781077 -098331 2015070  1.250304
17,000  2.329929 .082539 .012430  1.319411
18,000 2.715378 .082631 .027075  1.205079
19,000 30227943 .074984 -010291  1.675218
20,000 3.792946 .070861 2003270  2.524752

Note: This program is not valid for GWT > 20,000. Also, if
the computed RIAS 1is greater than 70 KT, the display will
show 999 KT indicating an inaccurate output. If the
computed KIAS is less than 15 KT, the display will show 15
KT indicating that a takeoff is possible regardless of the

wind conditions.
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WTR T/0

( START )

[
DETERMINE
APPROPRIATE
INFLUENCE
LINES

[

CALCULATE
UPPER GWT
LINE VALYE

|

CALCULATE
LOWER GWT
LINE VALUE

S

INTERPOLATE

[
RETURN

WTR T/0 KIAS STORED R39
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E PERF

START

PA< 10007

Lbl 04 Lbl 05 Lb? 03 Lbl 03
CALCULATE CALCULATE CALCULATE CALCULATE
Q @ 10007 Q Q @ SEA LV Q@ SEA LV

Lb1 05 Lb1 05 Lbl 04
CALCULATE CALCULATE CALCULATE
Q @ 2000 Q @ 1000 qQ @ 10097

[ /
INTERPOLATE INTERPOLATE INTERPOLATE

o e

RETURN

ENGINE PERFORMANCE 7

STORED R
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H. ENGINE PERFORMANCE

Program Title: E PEFF
Accuracy: 1% Q

Independent Variables:

A = PA/1000
B = QAT
Relationships:
For PA = sea level OAT £ -20
Q = -.05B + 120.5
For PA = 1000 OAT < -32
Q = -.0938 B + 118

Remainder of chart is reyression

dependent variable.

- MILITARY (696°C

T5)

equation with Q as the

Term Coefficient

Intercept 115.448

A -3.76123

B -.40879

A2B 9.78404 X 10—

AB -9.34240 X 10-3

AB3 . 749596 X 10-5

B2 -8.34115 x 10-3

B3 -7.24488 X 10-S

B4 . 164096 X 10-5
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STALL

‘ STARY >

CALCULATE
BL,

CALCULATE
BL2

CALCULATE
BL3

CALCULATE
CAS

CALCULATE
IAS

< RETURN )

BLADE STALL KIAS STORED R33
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Third Chart
Independent Variables:

A = GWT/1000
B = BL2
Relationships: Regession egquation with
dependent variable.
Term Coefficient
Intercept 10.396600
A P -.599163
B 1.00460
A2 7.47972 X 10-2

Bottom Chart
Independent Variables:
A = angle of bank
B = BL3

Relationship: Regession

dent variable.

Tern Coefficient
Int t -7.79009 X 10-2
A ercep -.120130
B 20.0189
A4 -.327492 X 10-5
A2 ~-1.22325 X 10—2
AB ~7.49109 X 10-2
AB2 1.39609 X 10-2
AB3 -7.73984 X 10-¢
48
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BL3 as the

equation with CAS as the depen-




Program Title:

BLADE STALL

Accuracy: +2 KIAS
Upper Chart

Independent Variables:

A = PA/1000
B = OAT
Relationship:

dependent variable.

N W

STALL

Regression

Coefficient

N
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equation with

as

Second Chart

Independent Variables:

A
B

BL1
Nr

Relationship:

dependent variable.

Iernm
gntercept

B
AB4
B3

Regression

Coefficient

X 10-22
X 10-17
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START

Ug

CALCULATE
DA, CNV F

I
RETURN

DA STORED R10
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F. DENSITY ALTITUDE
Program Title: DA
Accuracy: Exact

Variables:

T = ratio of OAT to SSL temperature

P = ratio of atmospheric pressure to SSL pressure
D = ratio of air density to SSL density

H = actuai tapeline altitude (FI)

Hr = DA

Hp = PA

k = temperature lapse rate for standarad atmosphere

Relationships:

p

DT= TS.-260%59 {Ref. 8]
T =[273.15 + OAT1/288.15 = 1 - k H

P =[1- X Hp]S-260SS9

D=1 -k HrJ]%.2605s9

TAS = D— -5 EAS [Ref. 9]
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CALCULATE
°c

TEMP

START

INPUT
°C

CALCULATE
°F

ouTPUT
DESIRED
TEMP
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E. TENPERATURE CONVERSION
Program Title: TEMP
Accuracy: Exact

Independent Variables:

F = OF

C = oC
Relationships:

F = (9/5)C + 32

C = 5(F - 32)/9

41




—

bi

D. AIRSPEED CALIBRATION
Program Title: (not developed as a separate program)

Accuracy: .25 KIAS

Relationship:
IAS = 1.03581(CAS) - 5.530087

Note: The climb curve and the descent curve were not fit.
Although the level flight curve was not developed as a sepa-
rate progranm, the relationship was used in several cther
programs to convert CAS to IAS.
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I. ENGINE PERFORMANCE - NORMAL (660°C T5)
Program Title: NP Q
Accuracy: 1% Q

Independert Variables:

A = PA/1000
B = OAT
Relationships:
For PA = sea level OAT < -18
Q = -.0568 B + 119.4800
For PA = sea level -18 £ OAT £ -7
Q0 = -.2727 B + 115.5914

Kemainder of chart is regression eguation with Q as the
dependent variable.

Tern Coefficient

Intercept 111.627

A -5.76421

B -.797907

A4B2 .847954 x 10-6

A3 -.0144287

A3B3 -.252248 X 10—s

A2 - 336850

A2B 1.61809 X 10-3

A2B2 -3.23450 X 10=¢

A2B3 -45389 X 10°S

AB2 2.96853 x 10-3

AB3 -2.90769 X 10-S

B2 -1.18752 X 102

B3 1.73129 X 10—+
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NP Q

)

Lb1 05
CALCULATE

‘ Q

[

y

Lb1 09
CALCULATE
Q@ SEA vt

Lb1 06

CALCULATE
Q @ 1000’

INTERPOLATE

ouTPyT
Q

STOP
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RISLEL "NP G* M- 191 2L 82

g2 PR Y - 2y 192 RCL 685

R 4@ 53 0T A9 103

B4 XTOA 54 prooas 184 1,£1683 E-3
RS HFT- §5 -7 185

a5 41 b les

]
!
]
+
A7 ZTOR 37154 187 ¢
B35 PROMCT P&t 185 R
x

L
o

23 1 £2 S9eLBL 18 P

19 - e RCL 3 118 -3,2245 E-4
11 2710 8 A1 RCL 1# 1t «

12 *0RT 2 - 6 - 12+

i3 48 §3 RCL 88 113 RLL @2

14 570k £4 % 114 pOL &

{5 ke €3 - 15 #

16 41 At RTH 116 45329 E-5
17 =10 &7eLBL 25 117 +

13 PRONPT 83 ROL 81 15 +

13 570 &5 69 2,084 119 ROL 8t

28 82 M 70 HER @7 128 RLL 8¢

21 FIZ 8 7IeLBL 24 124 %

23 TOHE @ TeRCL M 122 2.96853 E-3
27 == - 73 ~5.78421 234

24 ARCL ¥ [l 124 +

75 np 4 5 111627 125 RCL 21

25 PROMPT TEo+ 126 REL @7

27 FI¥ 4 77 RTL 83 127 ¢

23 §TOP i3 -.7975%87 128 -2.96769 £-5
29 G0 “HP §- [ 127 &

WeLEL B! S8 + 136 +

3Rl Az N oRCL B4 131 RCL 84

I €, a0 82 RiL 84 2 -.e1187%2
37 HE0 A7 83 % T

4 RCL M 84 ,B479%4 E-6 124 +

75 a5 ¥ 35 RCL 27
N ) Bt 176 1.72129 £-4
77 474 25 27 RiL €3 ol

-7 82 -.#144257 135 +

29 grL A% 8% x 133 kTN

43 €0 A+ 14ael 5L 87

41 6T 89 EHE K 141 7D @2

42 BL 8 32 ROl w7 142 2930Y

43 5T aE RER 143 RIL ¥

41 94 -,252248 E-5 144 R7L ¥

45 575 ot 9 » 145 ¥12

45 2,884 M+ T4ce Bl @3

47 ¥E0 07 3 RCL 82 147 STQ IHD 89
43 ¥ 84 2% ,33880 143 «

43 570 18 ¥ . 145 155 09

56 oL 8o 184 + 158 70 w2

57




151 PTH
152¢LBL 83
153 RCL 85

154 -.8583

155 %
158 119,58
157 +

153 610 18
15% .END.

AT e
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J. TORQUE TO HOVER

Program Title: IGE

Accuracy: 1% Q

Upper Chart

IN GROUND EFFECT

Independent Variables:

A = DA/1000
B = GWT/1000
Relationship: Regression eguation with BL as the depen-

dent wvariable.

Tern
}ntercept
B

A4B3

A3

A2B4

AB3

ABe
B4

Lower Chart

Coefficient
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Independent Variables:

A = ¥Wingd
B = BL
Felationship:

dent wvariable.
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kegression equation with Q as the depen-~
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< START )

|

CALCULATE
BL

{ CALCULATE
Q

RETURN

HIGE Q STORED R31
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K. TORQUE TO HOVER OUT OF GROOND EFPFECT
Program Title: OGE

Accuracy: +1% O

Upper Chart
Independent Variables:
A = DA/1000
B = GWT/1000
Relationship: Regression equation with BL as the depen-
dent varialble.

Ternm coefficient
Intercept 4,29541

A -7.98310 X 10-2
B -1.29853

A4B4 .765896 X 10-9
A2B* -225432 X 106
AB* .392898 X 10-S
B2 7.75365 X 10-2

lower Chart
Independient Variables:

A = Wind
B = BL
Relationship: Regression equation with Q as the depen-

dent variable.

Tern Coefficient
Intercept 54.9889

A ~-. 152276

B 5.00758

A4B2 -.137789 X_10=¢
2 ~1.70953 X 10-2
A2B2 1.06374 X 10—¢
AB -1.23812 X 10-2
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0GE

< START >

\

[ CALCULATE
BL

CALCULATE
Q

\
RETURN

HOGE Q STORED R
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L. MAXIMUM RANGE - TWO ENGINES
Program Title: RNG
Accuracy: 1% KIAS, +.001 NM/LB

Independent Variables (all three charts):
A = GWT/1000
3 = PA/1000

Upper Chart (This chart was not programned.)

Kelationships:

For PA = sea level GWAT £ 18,000

Q = 34.047755 A-262953
For PA = sea level GWT 2 18,000

Q = 27.175861 [4.984697 X 107 J**a-1
For PA = 2000 GHT £ 17,000

Q = -11.2467 1ln (A) - 29597407 A—6 + .178 X 10-948 + 100.6
For PA = 2000 GNT 2 17,000

Q = 649.485192 A- -792411

For PA = U000

Q = =2.9459 A - .56081 X 109A4~7 + _ 15477 X 10-9A8 + 110. 325
For PA = 6000

Q = -.151820 A2 - 3402987 A-S + .635606 X 10-9 A8 + 96.4384
For PA = 8000

Q = =-.227207 A2 - 4646405 A-S + 146173 X 10-8% A€ + 107.055

For pPA =10,000
Q = -79.9623 a**A-1 + .803736 X 109 A~7 + 138.181
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Middle Chart

Relationships:
For PA = sea level GNT > 18,000
CAS = [4.1€747 X 10-S(A - 14,1227)2 + 7.11631 X 10-3 ]
For PA = sea level GWT <€ 18,000
CAS = [7.19502 X 10-6{a - 13.4511)2 + 7.60263 X 10-3]-1

Remainder of chart is regression equation with CAS as the
dependent variable.

Iernm Coefficient
Intercept 86.8528
a 4.55657
Ae -4,02861 X 10-¢
AsB 1.18176 X 10-¢
4A3B -2.64073 X 19-3
A2B2 -6.85829 X 10-3
AB2 .103665
AB*¢ 5.71337 X 10-¢
Be -9.58130 x 10-3
Lower Chart
Relationship: Regression equation with Unit Range as
the Jdependent variakle.

Tern Coefficient

Intercept «3117152

B -8.62852 x 10-3

A4B -.577580 X 10-7

A%B3 -.108601 X 10—8

A2 -5.26033 X 10=S

AzB2 -.648423 X 10-6

A2B3 <412269 x 10-6

AB 9.71483 X 10-9

AB* -.162898 X 10—
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RNG

Lbtl 05
CALCULATE
CAS

Lbl 05
CALCULATE,
CAS @ 2000

CALCULATE
CAS @ SEA LV

\

CALCULATE
CAS @ SEA LVL

o

INTERPOLATE

bl 09
CALCULATE
1AS
MAXIMUM RANGE:
IAS STORED R,
) UNIT RANGE STORED R
CALCULATE
UNIT RANGE
RETURN
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NMAXIMUM RANGE ~ CNE ENGINE

o.

SE RXNG

Title

Progranm

+.001 NM/LB (valid only for FA < 6000)

+1 KIas,

-
-

Accuracy

Independent Variables (all three charts):

A = GNT/1000
B = EA/1000

GW17/10,000

C =

Upper Chart (This chart was not programmed.)

Relationship:

Reyression equation with Q as the depen-

dent variable.

Coefficient
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CALCULATE
8L

ouTPUT
INACCURATE

ACCURATE?

OUTPUT
“NO ENVLP"

STOP DETERMINE
APPROPRIATE
INFLUENCE
LINES

CALCULATE
LOMER V
VALUE™ X

[

CALCULATE
HIGHER Vi
VALUE

INTERPOLATE

** | If necessary

]

ouTPUT
Vma X

y
CALCULATE
HIGHER Vpq,,
VALUE

CALCULATE
LOWER Vmin
VALUE

|

INTERPOLATE
If necessary| **

OuUTPUT
Vmin

STOP

** Under certain conditions the
BL value lies outside the last

influence line. In these cases
Vmax and Vmin are based solely

on the last influence line.
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figure are

for the entire

Although the curve fits

-
-

Note

the progranm

accurate (except as noted on the figure itself),

ENVLP is valid only for GWT 2

15,875.
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N. ABILITY TO AAIEBTAIN FLIGHT - ONE ENGINE
Program Title: ENVLP
Accuracy: #1 KIAS (valid only for GWT 2 15,875)

Independent Variables:

A = TA/1000
B = GWT/1000
Cc = Q10

Upper Chart
Relationship: kegression equation with BL as the depen-
dent variable.

Term Coefficient
Intercept 13 1709

B 3.24579

ASB4 .384129 X 107
aA3B 1.69462 X 10-3
A3B3 -2.75020 X 10-5S
A3B4 .808802 X 10—6
A2B3 2.41848 X 10-S
B2 5.11714 X 10-2

Lower Chart

The influence lines were curve fit individually and are
identified as being above the baseline (Vmax) or ftelow the
baseline (Vmin) and corresponding to a GWT influence line in
the upper chart. All the lower chart influence lines have
the form

KIAS = 10[(a + c C + €C2 + g C3)/(1 + bC+ dc2 + £ C3)]

o4

Vmax
GWT a b c 4
14,000 205.1069251 -3.172488 -52.767525 . 136842
16,000 15.366945 -.343431 6.089327 -.080259
18,000 158.178056 -.195222 -23.152443 -.181632
20,000 377.359873 -4.019234 -71.947887 . 130297
21,000 142040.814 -1559.5132 648.6062 -220.3889
75
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ENDR

[

Lb) 05
CALCULATE
CALEH;ATE CAS @ 6000”

y

Lb1 05
CALCULATE
CAS @ 4000’

INTERPOLATE

CALCULATE
I1AS

, MAX ENDURANCE :
) IAS STORED R36

FUEL
CONSUMPTION

[
RETURN
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CALCULATE FUEL COMSUMPTION STORED R37
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Bottom Chart
Relationship: Regression equation with
Fuel Consumption / 100 as the depenient variable.

Term Coefficient
Intercept 6.19995

A -103193

B -.226709

As32 -.780189 X 10-7
A4Ba . 188099 X 108
A3 2.08597 X 10—+
A3B3 -.773409 X 10—6
A2B2 7.46164 X 10-5
B2 4.87393 X 10-3

Note: This program and curve/surface fits for all three

charts are only valid for PA £ 6000.

1




M. HBAXINUNM ENDORANCE - TWO ENGINES
Program Title: ENDR
Accuracy: *1 KIAS, 10 LB/HR (valid only for PA £ 6000)

Independent variables (all three charts):
A = GWT/1000
B = PA/1000

Upper Chart
kelationship: Regression equation with ¢ as the depen-
dent variable.

Tern Coefficient
Intercept 2.16247

2.34699
A3B 139390 X 10—+
A6 B6 .341286 X 10—12
ASBe -.564025 X 10-11
ASB «572765 X 10-7
ASB -.143151 X 10-5

Middle Chart
Relationships:
For PA = 6000 GWT 2 20,750
CAS = -7.00 A + 214.25

Remainder of «chart is regression egquation with CAS as
the dependent variable.

Tera Coefficient
Intercept 38.5672
A 1.21284
A 2.86275 X 10-5S
A3R2 -2.73779 X _10-5
A6R6 -.47u676 X 10-12
ASBe .168795 X 10-8
A6B ~.958807 ¥ 10-7
A6B2 -.470741 X 10-8
ASB .270604 X 10-s
A-2 217.383
B-S -.496303
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Bottom Chart

A1l influence lines are of the form

Relationship:

(a+cC+eC2+gC3)/[10(1 +bcC+dacez+ fcC3))
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SE RNG
( START ’

DETERMINE
APPROPRIATE
INFL. LINES

[

CALCULATE
UPPER CAS
VALUE

CALCULATE
LOWER CAS
VALUE

INTERPOLATE

CALCULATE

IAS

CALCULATE
UPPER U.R.
VALUE

CALCULATE
LOWER U.R.
VALUE

.

INTERPOLATE

|
RETURN

83

S/E MAX RANGE:
IAS STORED Rgq

UNIT RANGE STORED Rq)




02 PIL Ra
83 870 |2
84 2.9ac82
67 &7 {:
Baelgl 2
87 RLL 12
83 INT

83 RCL aa
18 ¥i=y2
167G a7
12 156 12
367G a5
14 470 a2
150480 &7

s -

t? 2

iig

a0

i

1% 570 14

20 4EQ IND 12
2t ¥

22 HER tFIT-
23 570 4@

........

51 RDN

%2 8% @2

RERNCH

34 8715 93

33 RTH

Jeelpl ag

¥ o-18

3§ -7.84 £-4
<

39

6l 5,277 €-3

64 52

63 /TN
Ecelpl g2
&7 -2824,3
£3 20,74

RY 1676 €2
78 KEG @3
71428,
72 -3461 €3
73 -TER
74175126 €2
73 RTH
TEelBL B4
77,4274
7 2.1 E-3
79 -19.94
8 XEQ 99
& -2
22 235

8% 1.3474
B4 -22¢

8% RTH
CE+LBL B¢
87 -1.5462
&8 -.83207
23 -4,495
0 YEQ @3
3 2978

32 21¢é

97 5788

54 6983

9% RTH
PaeLEL (3
97 18

% 87
9

Sy -

~ 13

b
2t
188 3T+ 2

U -

8y

181 XEQ IND 12
182 Y@ 1!
183 XEQ FIT*
184 579 41
185 2

188 §7- 2
187 XEQ IND 12
183 XEQ 11
189 XEQ -FIT-
118 RCL 41
11 -

112 RCL 14
17

114 5T+ 44
HE 18

11g §7/ 4
117 RTH
T18eLEL 12
119 -, 15322
128 -, 1948
121 6825
122 XE@ 23
123 .8993
24 -1.179
125 -1.487
126 ,9253
127 RN
128LBL 12
129 2283.514
138 1539.5
121 -9863.¢
132 XEQ a9
133 -7108

34 9369

135 5185

135 1384.4
137 RTH
1354LBL 14
139 -16.376
148 -48, 229
141 -23,113
142 XEQ A%
143 198,955
144 AT an

145 -125.6M4
He 212,08
147 RTH
H3oLBL 16
145 -39, 12
159 -51.75

—




154

48,2965

152 ¥EQ 99
187 194,3%¢
154 173,857
199 -191.87%
156 =284, 717
157 ETH
{S2eLBL @9
159 570 24
188 RIN

161 375 &S
162 REN

163 STD 85
164 RTH

165 ,END,

85




P. HAXIMUN ENDURANCE - ONE ENGINE
Program Title: SE ENDR

Accuracy: +1 KIAS, +10 LB/HER

Independent Variables:

A = GRI/1000
B = PA/1000
C = GWT/10,000

Upper Chart
Relationship: Regression equation with Q as the depen-
dent wvariable.

Tern Coefficient
Intercept ~51.2108

A 10.8546

A4B3 ~. 104315 X 10—~
AABe .B51402 X 10~®
Az ~.167166

AZB2 1.70126 X 10—+
AB -1.96415 ¥ 10-3
B¢ -1.12832 X 10~»

Middle Chart

Relationship: Regression equation with CAS as the
dependeant variable.

Iexrn Coefficient
Intercept 83.4630
ABS3 -1.56384 X 10~-+¢
As -835430 X 10-7
ASB -.221193 X 10-%®
ABS® -720428 X 10-7
A-2 -2818.02
Bx%p—1 -8.27505
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Bottom Chart

All influence lines are of the form

Relationship

+ c exp (4 C) ]

= 1000{a exp(b C)

Fuel Consumption

Lol

Ot

Ql

ol

)
ail

AOIOON
~Ooon,
oaNOoOuno~N
NSO
o ToMNMm
~ONOMo
v ¢ 8 00
m e
mm
1

(=]
HWOOOO
HOOOOO
Jel{=lolola}
naNFoooe

87




SE ENDR

( START )

DETERMINE
APPROPRIATE
INFL. LINES

[

CALCULATE
CAS

[

CALCULATE
I1AS

CNSMPTN VAL. |

CALCULATE
UPPER FUEL

1

CNSMPTN VAL.

.

ey

CALCULATE
LOWER FUEL

INTERPOLATE

RETURN

88

S/E MAX ENDURANCE:
IAS STORED R4p

FUEL CONSUMPTION STORED Ra3




BILEL *SE ENpR-
a2 2.818e:

#3 STO 8¢

24 RCL 8%
BSeLEL 15

#5 RTL ar

LEAR T

8% X:y?

A9 GTD a5

18 RDN

11 ¢F 8¢

12 186 46

{3 470 15

14 1

15 510 8¢

1EeLEL @5

7 -

182

13 s

26 AT0 @7

21 FRoC 8t

22 GTY ¢7
22480 12

24 ROL 09

25 RCL 19

26 ¢

7 -1,56334 E~4
i

% 83,443

+

RCL 26
33543 g-7

¥

4+

35 RCL 26

36 RTL B8

T s

38 -, 201197 £-8
I8

49 +

41 RCL @9

42 RCL 21

43 »
4,
45 %
45 +
47 RCL 22
42 1Y

43 -2815.82
58 #

™ P ra

8 v R

[0 JEXY RRY Ry I
i

720428 E-7

31 ¢

S2 RCL 83
33 RCL @8
TR
S5y

56 -§,2758%
57«

3%+

59 FS2C 82
£B RTN
GleLBL a0
62 1,87581
83

64 5,53
8% -

&6 810 42
&7 GTO 1
ESeLBL 83
£9 570 o5
783

71 y4y

72 570 13
73 2

74 570 21
75 RTH
JEeLBL 87
77 &F g2
78 RLL a8
7% 8T0 14
88 2

81 XED 83
82 XED 12
21 R0l ¥
84 ROL B9
35 .A341
BE x

87 Et¥

83 35,9733
89 %

a3 -

91 RCL &7
2

97 4+

43 RCL 14
95 ¥EQ 83
9% PIN

97 GTD 89
936/ BL 11
99 YEO THE 9¢
184 &EQ {3

89

181 XEQ 14
182 570 85
187 2

184 ST~ @5
185 %£@ IND 9%
186 XEG 13
187 KEQ 14
183 RCL 45
183 -

118 RCL @7
111«

112 RoL @5
{13 -

114 1 £3
115 ¢

1165 [HS
117 ST0 43
118 RIN
119¢18L 12
128 S0 83
121 RGN
122 S0 @2
127 RDN
124 570 2}
125 RN
126 STD @8
27 RTH
1284LBL 14
129 RiL 84
130 RCL 99
131 18

132 »

133 870 12
{34

135 48
136 RLL w8
137 »

133 REL a3
139 RCL 12
140 =

141 E4¥
142 RCL 82
143 »

144 +

145 RTH
146018 8
{47 767279
148 434862
149 -, 41385
158,449




151 RTN
152¢LBL 82
133 3.671693
154 ,37879¢
135 -3.357239
135 ,389355
137 RTH
133eLBL 84
139 947504
168 .5818¢1
161 -.853854
162 .5881¢
163 RTH
1edeLBL g¢
165 -31

158 279

167 2523
163 530124
169 RTH
178LBL 8¢
171 -31,327759
72 -263.5
173 236572

74 611284

I76+LBL 18
177 .535295
78 916854
179 -.678%39
168 ,922¢5
121 RTH

182 LEND,

—

90




Q. GROUND ROLL - POWER OFF
Program Title: ROLL

Accuracy: 10 FT

Upper Left Chart

This chart is a modified version of the Density Altitude
chart. The relationships developed for the Density Altitude
chart are valid for this chart, also.

Upper Right Chart
Independent Variables:
A DA/1000
B GWT/1000
Relationship: Regression eguation with BL as the depen-

n

dent variable.

Tern Coefficient
Inteccept 6. 25495
A .130801
AB4 . 364592 X 10—¢
B¢ -1.47043 X 10-5S
AS . 142700 X 10-6
BS .279130 x 10-7
B-1 -67. 1310

Lower Chart

Independent Variables:
A = Wind
B = BL
Relationship: Regression eguation with Ground FRoll

Distance as the dependent variable.
Term Coefficient
Intercept 1.49721
A P 1-1318d4
B -500958
AS -.839100 X _10=¢
A2 2.01268 X 10-3




~—

RoLL

START

/

CALCULATE
BL

CALCULATE
GROUND ROLL

[
sTop
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aielp 3 31 G70 i 181 RTN

B2 - S2eLBL 82 182 LEMD.
27 42 53 RCL 14

#4 XTOR 54 1383091

i S 35 ¢

BE 41 5t 6,25435

87 ®70R 57+

B2 PROEPT 38 RCL 18

3% 1889 99 RCL 24
G 8 x

11 870 1@ 6! .364592 £-4
HE N HIR £2 *

13 49 6l ¢+

14 %745 o4 ROL 24

15 *HLB* 63 -1.47043 E-5
1€ 44 B *

17 XToR £7 +

128 PROMPY 63 RCL 19

19 1ppe £9 ¢

29 TH oYX
RG] 71,1427 €5
22 4 72

RETR S 4 73+

24 370 4 74 RBOL 26

25 RCL 2% 75 ,27917 E-7
RESS ) 76 %

7 T+

a3 STD 2% 78 REL @9

2% *NINR 7 - 73 10%

38 48 8 -57.131

31 ¥ThR 8 o«

32 "hE7e 22 +

T4 1 ,588952

34 %704 £4 *

15 PROMPT 25 1.4972
36570 14t 85 ¢

37 #12 87 RCL 14

33 5To 28 85 - 12184¢
3% K42 39 »

48 370 29 93 +

41 2D a2 a1 riL 29
2FI% 8 92 -.839! E-4
43 TONE 8 a3 x

44 “ROLL= - 94 4+

5ORRCL R 95 RCL 28

4% "+ FT" 95 2.81262 £-2
47 PROMRT 97 »

42 Fly ¢ 9+

43 pTH 9 140

SheLBL -RALLe 187
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R. MASTER PROGRAA
Program Title: FLIGHT

Accuracy: {(not applicable)

Purpose: This program resides in main memory and contirols
the input, execution, and output of the following programs
(residing in extended memory):

DA

E PERF
IGE
OGE
5TALL
RNG
ENDR
WIR T/0
SE RNG
SE ENDR
PRINT

Additionally, through subroutine A& (Preflight Planning) and
a subordinate program PRINT, this program (FLIGHT) will
execute all of the programs listed above ir suczession, and
if a printer is attached, produce a printed output of the
results., The subrcutines included in this program are:

1)
(1=
i3

® Y a O @ e = In
[}
=
t
te
[
®

Corresponding Program

PP

DA

E PERF

IGE

OGE

STALL

RNG

ENDR

|
|

94




F WTR T/0

G SE RNG

H SE ENDR

01 Input OAT

02 Input PA

03 Input CWT

04 Input Wind

05 Input DA

06 Input Fuel

07 Clear flags, Fix 0
FILL Load required registers
FIT Perform function:

a + ci+ e X2 + g X3

1 + b X+ 3 X2 4+ £ X3
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e

FLIGHT

< START ,

/
SIZE
MEMORY
TO 044

GO TO
'USER MODE'

[
(ser DISPLAY ?

/

Lbt 07
CLEAR FLAGS
FIX 0
XEQ DESIRED
SUBROUTIN

96



FLIGHT Subroutine A

TNPUT OAT, j
PA, GWT, WINI
EXECUTE
ENDR
EXECUTE
DA ‘I‘
EXECUTE
WTR T/0
EXECUTE
£ PERF
EXECUTE
A SE RNG
EXECUTE
1GE
& EXECUTE
SE ENDR
EXECUTE
0GE
l EXECUTE
PRINT
EXECUTE
STALL
& RETURN
EXECUTE
RNG

97

-




FLIGHT Subroutines a,B.C,c,0,E,e,F,G,H

INPUT
VARIABLES

EXECUTE
DESIRED
PROGRAM

!
UTPYT

CALCULATED/ -

PARAMETERS

RETURN

ALL OF THE NAMED SUBROUTINES HAVE IDENTICAL LOGIC FLOW.

ONLY THE INPUT

VARIABLES, CALLED PROGRAMS, AND QUTPUT PARAMETERS VARY AS SHOWN IN THE

TABLE BELOW.
Program
Subroutine Called Input
a DA PA, OAT
8 E PERF PA, OAT
c IGE DA, GWT, WIND
c 0GE DA, GWT, WIND
D STALL PA, OAT, Nr, GWT, AOB
E RNG GNT, PA, FUEL
e ENDR GNT, PA, FUEL
F WTR T/0 OAT, GWT
G SE RNG GWT, PA, FUEL
H SE ENOR GWT, PA, FUEL
98
3

Output
DA, CNV F

Q

HIGE Q

HOGE Q

STALL IAS

MAX RNG TAS & DIST
MAX ENDR IAS & TIME
WTR T/0 IAS

SE MAX RNG IAS & DIST
SE MAX ENDR IAS & TIME




_————‘

BloLBL “FLIGHT-
82 44

83 PSIZE

84 SF 23

85 ¢F 7
B6eLBL 07
av e

28 XOF

93 FIX @

18 “RERDY-
11 PRONPT
12 FI¥ 4

13 RTH
14elBL A

13 Ay

le Xe@ a1

17 AbY

18 XEQ 82
19 ARV

20 XEG 93

21 ADY

22 YEG 84
23 “DR-

24 GETP

25 XER -pa-
26 RCL 10
7 3

23 X
29§10 27

18 “E PERF-
31 GETP

32 XEQ °E PERF-
i3 “IGE-

34 GETP

35 XEQ -IGE-
36 “DRE-

37 GETP

J¢ XEQ -0GE*
19 “STALLe
40 GETP

41 188

42 ST0 00
438

44 ST0 @i

45 XEQ °STALL"
46 "RNG-

47 GETP

43 XEQ “RNG®
49 “ENDR"

58 GETP

v e

51 XEQ “ENDR*
52 “NTR T-Q~
53 GETP

54 XEQ “NTR T/0-
33 “SE RHG-

36 GETP

97 XEQ *SE RNG*
38 “SE ERDR®
59 GETP

€0 XEQ SE ENDR"
€1 “PRINT"

62 GETP

63 BEEP

64 FS? 21

65 XEQ ~PRINT-
66 CT0 87
674LBL 3

€8 XEQ 62

63 XEQ 8)

78 “DR"

71 GETP

72 ¥EO A"
73183

7 2

73 TONE ¢

76 “DR= -

77 ARCL X

78 "k FI-

79 PRONPT

88 FIX 3

Bl RCL @2

82 SORT

83 1%

B4 “CNY F= -
85 ARCL ¥

86 PROMPT

87 CT0 87
88eL8L B

89 XEQ @2

99 XEG 01

91 "E PERF-

92 GETP

93 XEQ °E PERF-
94 TONE ¢

95 @= -

95 ARCL 18
9k x"

98 PRONPT

99 6T0 o7
1080181

99

181 XEQ 85
162 XEQ @3
183 XEQ 94
194 -1GE-
185 GETP

186 ¥EQ -IGE"
187 TONE @
183 *IGE Q= -
189 ARCL 31
1e =t 2=

111 PROMPT
112 670 97
H13elBL ¢
114 XEQ 85
115 XEq @3
116 XEQ @4
117 -0GE-

118 GETP

119 ¥€Q -0GE"
128 TONE @
121 -0GE @< -
122 ARCL 32
123 =+ %=

124 PROMPT
125 G710 ¢7
126+LBL E
127 Xeq 83
128 XEQ 82
129 “RNG-

138 GETP

131 XEQ “RWG-
132 TONE 8
133 *1RS= -
134 aRCL 34
135 "k KT*
135 PROMPT
137 XEQ @6
138 RCL 35
139 »

148 TONE 9
141 *RNG= -
142 ARCL X
143 * Nn-
144 PRONPT
145 GT0 @7
146¢LBL ¢

147 XEQ 03
148 XEQ 92
149 “ENDR"
158 GeTP



151 XE@ “EMDR"
152 TONE @
153 ~IAS= -
154 ARCL 36
155 “F KT-
156 PRONPT
157 XE@ 8¢
158 RCL 37
159 1/%

1¢8 *

161 FIX 1
162 TOKE 8
163 “ENDR= *
164 ARCL ¥
165 =+ HR"
166 PRONPT
167 GTD @7
168¢LBL D
169 XEQ 82
178 XEQ 81
171 "R ? -
172 48

173 ¥T0R

IO

173 41

175 ¥T0H

177 PROMPT
178 ST0 69
179 XEQ @3
188 ~4BANK? -
181 48

182 X70A

183 -+DEG"
124 41

185 XT0R

186 PROMPT
187 ST0 81
183 “STALL"
189 GETP

198 XEQ "STALL®
191 TONE 9
192 *1AS= -
193 ARCL 33
194 =+ KT
195 PROMPT
196 GTO 87
197¢LBL F
193 XEQ 61
199 XEQ 43
208 “WTR T/0°

-

284 GETP
202 YER “WTR T1/0°
283 TONE @
284 “IfS= -
285 ARCL 39
286 °F KT®
207 PROMPT
288 GTC @7
209¢LBL G
218 XEQ @3
211 XEq @2
212 “SE RNG"
213 GETP
214 ¥EQ “SE RHG-
215 TOME @
216 "IAS= -
217 ARCL 48
218 *F KT~
219 PROMPT
228 XED 86
221 RCL 41
222 *

223 TONE @
224 “PHG= -~
225 RAREL X
226 b HM-
227 PROMPT
228 GT0 87
229¢LBL H
238 XEQ 83
231 XE@ 82
232 “SE EMDR"
233 GETP
234 XEQ "SE ENDR"
235 TOME @
236 “IAS= *
237 fARCL 42
238 “F KT"
239 PROMPT
240 XEG 65
241 RCL 43
242 174

243 »

244 FIX |
245 TONE 9@
246 “ENDR= -
247 ARCL X
248 “F HR"
249 PRONPT
258 GT0 87

100

2510LBL 81
252 "0AT ? -
253 49

254 XT0A

255 *HC"

236 41

257 XTOA

258 PROMPT
259 STO 30
268 15.017
261 XEQ@ “FILL-
262 RN
2634081 82
264 *PA > °
265 48

266 XT0R

267 “HFT-

268 41

269 XT0A

278 PROMPT
271 1 &3

272 7

273 STO @8
274 18.92

273 XER “FILL*
276 STO 21
277 RN
278eLBL 83
279 “GHT ? -
208 48

281 X108

282 *HLB"

283 ¢

284 XTOR

285 PROMPT
286 1 E3

287 ¢

288 ST @9
289 22.82¢6
298 XEQ °FILL-
291 RTH
292¢LBL 84
293 "NIND ? -
294 49

295 X108

296 °HKT*

297 4l

298 XT0R

299 PRONPT
8@ STO 11



381 xt2
382 ST 28
383 X2
384 5§70 29
385 RTH
J8celBL 85
387 *M? -
388 48

389 XT0R
318 “HFT"
31 4

312 XT0A
313 PROMPT
4183
35/

316 ST0 18
317 3

J1E Y
319 ST6 27
328 RTN
321eLBL 06
322 "FUEL ? -
327 449

324 RT0A
335 “HLB®

d Cad &
ro
Y-
-]
—
=z

330eLBL “FILL"
1570 12
XY

RCL X

334 ROL ¥

335 REL X

336 2
J37¢LBL 10
338 5TO IHD 12
319 ¢

349 156 12
341 GTO 18
342 RTH
J43eLBL “FIT-
344 RCL 13
345 3

46 Y1X

347 RLL X

348 RCL 86
349 s

358 PCL 13

T ]
4 Cnd

[V 21

o,

“d <

4

)

-

351 A2
352 RCL 94
152«

354 +

355 RCL 13
356 RCL 82
I *

358 +

359 RCL 00
368 +

36t RCL Y
362 RCL @5
367

364 RCL 13
355 ¥12
366 RCL 93
367 »

368 +

369 RCL 13
378 RCL 91
KA

2+
1

373

174 +
s/
376 END
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S. PRINT PROGRAN
\ Program Title: PRINT

Accuracy: (not applicable)

Purpose: This program resides in extended nmemory and is
called by subroutine A to print a hard copy of the output
parameters stored in Registers 10 and 31 - 43,
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PRINT

< START ’

\
PRINT

CALCULATED
PARAMETER

b
‘ RETURN )
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R —

GLoLBL “FRINT- 31 apy
82 aby 32 RDY
83 Ay ' 33 ADY
@4 RCL {9 54 ADY
83 1 E3 33 *S/E PERFORMANCE -
86 » 36 PRA
& - - o -
83 ARCL ¥ 38 XEQ 83
- 89 b FT- 39 °F 2-
1e PRA 68 PRy
1t apy 6i “ WR T/ -
12 31,849 62 XEQ 98
I3 *HIGE @ - 83 KT+ -
14 XEQ 88 64 PRA
15 =+ 3= 65 AQY
1& PRA 66 * 5/E NAX RNG*
[? "HOGE @ - 67 PRA
18 %EQ a3 68 " IR -
19 =k - €3 XEQ 93
28 PR 78 *F KT-
21 *BLADE STALL - 71 PRA
22 Xeg 83 72 FIX 2
23 *F £T- 73 % UNIT RNG -
24 PRA 74 XEQ @9
25 A 75 *F NH/LB*
26 ALY 76 PRA
27 “HAX FHG" 77 ADY
‘ 23 A 78 * S/E MAX ENDR-
h 2% - [ag - 79 PRA
: 38 XEp @2 g8 FIx @
31k KT el - Ips -
12 pRO 82 XEQ 48
JIFIX 3 &3 KT~
34 * UNIT pNg - 84 PR
35 YEQ 0% 85 * BuRN -
38 ¢ NM-LB" 86 XEG @2
37 PrA 87 *F LB/Hp+
32 RV 83 PRA
39 ApY 83 RTN
48 "MAX ENDP- 9BeLBL B
41 PR 91 ARCL IND ¥
42 F11 9 92 IS X
7 15 - 37 AdY
44 XEQ 83 ' 94 RTH
5 °F kT- 95 LEND,
46 PRA
47 = BURN -
43 XE0 ag
49 *F LB-HR-
38 PRA
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