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ABSTRACT

This thesis generates closed-form equations for signifi-
cant and frequently used NATOPS performance charts for the
H-46D and H-46A (with T58-GE~10 engines) helicopters. These
equations are developed into interactive software for the
Hewlett-Packard HP-41CY hand-held programmable calculator.
Fith 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

e R e

A. COORDINATION OF EFFORT

A similar software development for the E-3D and 4d-3H
heiicopters was conducted at the sane time as this develop-
ment by Curtis [Ref. 1] Because of the nature and
complexity of the problem, the initial stages of these
investigations were a Jjoint effort. As a result, the
Approach to the Problem (Chapter II) and the basic method of
the Solution (Chapter III) of this work and of Referemnce 1
are very similar.

] B. BACKGROUND

Performance planning is an essential task to ensure the
safe conduct of any aircraft and crew during their flight.
. Naval aircrew use the Naval Air Training and Operating
Procedure Standardization (NATOPS) wmanual to acquire all
necessary performance data. For the most part, NATC?S
performance information is presented in a graphical format
often reguiring the user to transit several subcharts, waich
may be located on different pages, to obtain thke desire?l
performance parameter. This procedure is time consuming,

prone to error, aand impractical in-flight.

The purpose of this thesis is to propose a correction to

these NATOPS deficiencies by transforming selected .
performance charts into interactive, user-frienily, computer fi
software for a band-heid programmable calculator. This :?
solution would enable aircrew to obtain performance data [J
with increased accuracy, reduced time and effort, and permit ??
in-flight use. -]
T4
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Previously there have been several successful efforts in
NATOPS computerization. The most recent study [Ref. 2]
developed software for the A-6 aircraft wutilizing the
Hewlett—-Packard HP-4 1CY hand-held programmable calculator.
This research demonstrated the feasibility of NATOPS comput-

erization and was a prime motivator for this thesis.

C. GOGALS

The first goal of this study was to generate a closed-
form equation for each selected WATOPS chart or subchart.
The equations were required to be of a form such that inde-
rendent variables were the specific chart input parameters
and the depenient variable, the output parameter. The equa-
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
differewntials/integral equations) which could be programazed
on a calculator or computer.

Once the ejuaticns representing the performance charts
nad been derived, it was necessary to select the hardware
which would be used £for software design. The HP-41CV
programmable calculator was selected Jue to its small size,
relatively 1large memory capability (6.4 Kbytes), and
successful use in the past.

Upon conmpletion of the software developzent the ultimate
goal of this research was the testing and implementation of
the end product into the fleet.

10
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II. APPROACH IO THE PROBLEN

The first and foremost problem encountered was tiae

I

=
- 4
"_l
R

generation of the closed-form equation in a manner which 31

-1
. e

accurately represented each performance chart with a minimum
number of tersms. For the majority of charts considered
there were two inderendent input wvariables that yielded a

single dependent output variable. This was visualized as a

. o
FRPU I W N W )

three dimensional surface in space.

To accomplish fitting an egquation to a surface of irreg-
ular nature required the utilization of a nunmerical regres-
sion routirne. These routines are numerous and have beea
developed 1into several software packages for main frame :1
computers. The software chosen for this study was the 3
Biomedical Computer Program .(BMDDP) statistical package
[Ref. 3], installed on an IBM 3033 main frame computer

. located at the Naval Postgraduate School 1in Monterey,
California. A regression is linear in nature no matter how
many independent variables are involved. Howevar, nonlinear 5
functions may be used in a regression if they are first
"linearized". For example, if the nonlinear functious
x2,x3, and 1n(x) are transformed into indepentent variables
(transforms) U,Y, and Z, respectively, then a regression can

be performed to yield an ejuation of the fora:
S = al + bY + cZ + d (eqn 2.1)

where a, b, and c, are the regression coefficients, d is the
intercept, and S is the dependent variable. The specific
BMDP routine used for the majority of charts analyzed was
the "all possible sulset™ nulitiple regression routine (P9%)

which allows the wuser to 1input a large selection of

11
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and the NATOPS software program cards; several steps must be
taken before the <calculator can be used as described
earlier.

1. Become familiar with the HP-41CV owner's manual and
all peripherals operating instructions. While the
tasic user can avoid an in depth knowledge of the
system, the initial set up rejuires someone Wwho is
familiar with the hardware ani procedures 1listed in
[Refs. 5,6,7].

2. With the extended memory and extended functicns
modules in their proper ports, and tne card reader
attached, lcading tae programs into main and extended
memoiy can begin.

e Load the following programs into extendeda mermory:
HIGF, VTOG¥W, HITQ, HOTCQ, SE/EV, VNE, RNG, ENDA, and
EZNDB.

e Load the <following programs into main memory (in
the order listed): MAIN, QD, DA, and IQAV.

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

4. ©Pack the programs in main memorye.

5. Execute the program MAIN.

The calcualator is now loaded and positionel to the main
proJgran. 3y pressing the user key the performance programs
are assigned to their respective key locations and the

calculator is ready for program execution.

25
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are shown in the display. Some charts yield more
than one performance parameter, so it is necessary to
note each parameter displayed and then push the R/S
key to continue execution.

6. Once all performance parameters have been calculated
pushing R/S will display "NEXT" which tells the user
he has been given all available output and the caicu-
lator is ready to execute the next program.

7. Before executing the PRE I'WT program ensure the
calculator 1is turned off. With the printer also
turned off plug the printer input chord into the only
remaining extension port. Turn the <calculator ani
printer on, select the normal mode on the printer,
and push the PRE FLT key. All other instructions
recain the sane,

B. GENERAL USEE INFORMATION

The NATOPS software should Jenerate accurate answers
within the range of a selected performance chart. If data
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
density altitude [Ref. %: p. 11-9], these have been taken
into account within the program and the output will tell the
user if they exceed that limitation. If the user is ever in
doubt as to the wvalidity of the <calculator generated
performance data, the NATOPS should be coansulted.

C. 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 memory

modules, and an extended fuactions module), a card reader,

24
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programs listed in Table I are assigned to the

corresponding keys shown in Figure A.1. The key marked "PKE

FLT" performs all 10 programs and produces a hard copy of

the

output. This proyram requires tkat a printer |is

attached. To execute a program follow the steps presented

below.

1.
2.

Turn the calculator on.

Ensure thke <calculator is in the user mode, if the
word user is nct visible in the display push the user
key.

Fipd the key with the paticular performance chart
desired and push it. As the program is initiated the
calculator will prompt the user for any needed inror-
mation. The exact prompt meanings are defined below:
e PA? FT - pressure altitude in f*t.

OAT? C - outside air temperature in ©C.

GW? LBS - dJross weight in 1bs,

WIND? KTS - head wind in kts.

CLIMB? FPH - climb rate in ft. per min.

e FUEL? LBS - fuel on board in lbs.

Answer the prompt Dby pushing the corresponding

numbered 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 columz four keys
from the top) and re-enter the number. If the nunmber
to te entered is negative (nejative OAT), push the
key markxed CHS after the number has been entered in
the display. Wken the desired number is displayed in
the window push the key marked R/S5 (run/stop, bottonm
right key).

After all the prompts required bave been answered the
calculator will execute the progyranm. Phile the
calcualtor is working "PRGM" will be visible in the

display. As the calculator dgenerates answers they

23
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) HOTQ SE/EV RNG VNE END
- CHS -
| PRE FLT
- 7 8 9
- 4 5 6
]
. 1 2 3
- 0 . R/S
;
)
\ Figure A.1 Hewlett-Packard RAP-841CVY Calculator
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APPENDIX 2
NATOPS PERFORMANCE SOPTWARE USER'S GUIDE

A. BASIC USE

The NATOPS performance soiftware designed for the HP-41CV
calculator is siample and expeditious to use. The calculator
keyboard configuration is depicted in Figure a.1. As you
can see the first tcp two rows have abbreviated program
names under the keys. The exact meaning of each performance
chart abbreviation and its NATOPS [Ref. 4] page reference
are contained in Table I below.

TABLE I
JATOPS Performance Chart Reference

HP-41CV NATOPS CHART NATOPS PAGE
ABBREVIATION TITLE NUMBER

DA Density Altitude Chart 11-3

TQAV Engine Performance Chart 11-5
(Military Power 100% Nr)

HIGW Max Gross Weight for 11-9
Hovering in Gfound Effect

VTOGH Hax Gross Weight for 11-1
Vertical Takedif

HITQ Iorgue Required to Hover 11-12
in Ground "Effect

BCTQ Torque Required to Hover 11-13
Out "of Ground Effect

SE/EV Ability _ to Maintain Flight 11-37
One Engine Operating (100% Nr)

KNG Max Range (100% ¥Nr) 11-22/3

VNE Indicated Never Exceed Speed 1-173

END Max Level Flight Endurance 11-32/3

21
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V. COECLUSIONS AND RECOMMENDATIONS
From the results of this thesis it can be concluded that xﬁ
grapkical NATOPS performance data c¢anh be computerized. To Ny
effectively accomplish this, computer oriented numerical [‘

regression routines must be utilized to generate closed-forn
eguations.

Once the equations 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 virtually arny type of computer
from hand-held programmable <calculators to personal
computers.

It is recommended that the NATOPS performance software
developed in this study be submitted to a fleet squadron or
Fleet Replacement Squadron (FRS) for test and evaluation.
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 proved to be fleet applicable,
Fewlett-Packard should be comntracted to develop ©plug-in
application modules which would increase reliability and

decrease execution time.
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code. It should be noted that the regression eguations can
be programmed for use with any capatble systen. The results
presented here are for the H-46D and modified H-46A (with
T58-GE-10 engines) NATOPS performance charts referenced in
Appendix A. Future modification of these charts would
invalidate the performance software £for those paticular
charts.
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IV. BESULTS

At the onset of this study 10 different NAIOPS perform-
ance charts were selected for computerization bised on their
significance and frequency of use. It was anticipated that
the final performance chart programs would be too voluminous
to be collectively stored within the HP-41CV memory. This
would necessitate using an external mass storage device or
executing individual programs piecenmeal. Both of these
alternatives would have had serious degrading effects,
forcing the only other alternative of contracting
Hewlett-Packard to hardwire one or more plug-in read-only-
memory (ROM) modules containing the NATOPS software.

Fortunately, the majority of programs were reasonakle in
length. With efficient programming technigques employed, and
two external memory modules in series with an extended func-
tions module (total memory of 6.4 Kbytes), it became evident
that all programs could be simultaneously stored within the
calculator. With this in mind a master program was written
which functioned as a software manager wahich assigred
prerformance charts to key locations (Appendix A), called
programs from inexecutable extended memory to the executatble
work space in main memory, and interactively cowmmunicated
with the user. In general the master program functioned as
a communications system and manager between thLe user and
pecrformance chart software im an interactive and  user-
friendly mode.

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 B lists

all surface regression ejuations, £low charts, and progranm
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NAVAIR 01-250HDB-1 Section XI
Part 1
MODEL. H 48D ROTOR RPM 100 FEACENT
ENGINES. (1) T58 GE 10 FUEL GRADE P 4IPS
DATA BASIS: FUGHT TEST VERTOL REPOAT

AQ2ADOOS DATED 3 MARCH 1967

NDIES
1 Shalt horsepower tndiced 92 pecrent tor installatinn iosses
2 Engine specificabnn £1081 14 June 1963

T

TORQUE - PERCENY

1EMPERANIIRF  °C N11/82

Az oy op

Figure 11-1A. Engine Performance (Military Power — 100 Percent N;)
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Figure 3.1 Engine Performance (Military Power - 100% Nr) .
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Next a numerical regression was performed with the
"method is none" option selected utilizing the standard
fourth order polonomial (22 transforms) discussed earlier.
The resulting output listed the terms excluied from thae
regression analysis due to exceeding tolerance 1limits (4),
the regression R2 (.99342), and other fit statistics. The
high R2 value indicated that the selected polonomial trans-
forms were representative of the surface.

The next step was to determine if some of the retained
transforms could be eliminated without significantly
effecting the £fit. The four out-of-tolerance terms were
deleted from the transform selection and the program was
executed with the "method is CP" option in effect. This
resulted in an elimination of eight transforas while only
degrading the R2 value to .99936 (Appendix B: p. 38).

The equation for the surface was tested by writing a
program stub and checked to ensure accuracy. Since the
surface fit did not consider altitudes below the 2000 foot
line, an interpolation routine was required in the firnal -
program to calculate torque when pressure altitude was
between 2000 feet and sea level.
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III. THE SOLOTION

The polonomial transform program yielded acceptable
regression results in the majority of cases. For the
performance charts that had difficult surfaces to fit,
requiring as many as 38 transformed terms (Appendix B: o
58), it was found to be advantageous to take the penalty of
a large regression egquation rather than fitting influence
lines and interpolating between then. Of all the surfaces
considered (23), only the single engine envelope (Appendix
B: p. 64) required nonlinear transformed terms, specifically
exponential and high order fractionms.

A. EXAHPLE SURFACE REGRESSION ANALYSIS

The engine performance chart Figure 3.1 was chosen to
illustrate the regression technique since it demonstrated
the capability of numerical regression to generate an accu-
rate closed form egquation of a fairly irregular surface.

The first step in the solution of this performance chart
was to create the data file for the regression program.
Pata sets were taken along each pressure altitude influence

line at increments of 10° centigrade (C) with additiomnal
points added for the 4000 to 6000 foot altitude lines, due
to their close proximity to each other. Each of the 155

data sets consisted of two independent variables (tempera-
ture and aititude) and the resulting dependent variable
(torque). The sea level altitude line was oaitted since it
could be calculated directly (linear eguation) and Jdue to
its discontinuities at -5 and 15 °C causing difficulties in

fitting the surface.
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transforms. If this algebra created numbers outside the
tolerance range specified in the program (default tolerance
= .0001), the "method is none" option would eliminate the
offending variable, or transform, and continue execution.
The resulting output contained the R2 value along with other
fit statistics and 1listed all teras eliminated for 1low
tolerance. Performing a second iteration with the out-of-
tolerance transforms eliminated, and with "method is CP"
selected, allowed the BMDP software to analyze subsets of
tie remaining transforms. Perforeing this two step process
yielded the best fit with fewest terms for each surface.
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a performance chart were as accurate as possible and that
the data file clearly defined the surface. Obviously, those
surfaces that were irregular in nature reguired signifi-
cantly more 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 1inability 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 ™msossible polonomial terms up to the
fourth order, for three and four dimensional surfaces.

‘ For a few surfaces, obtaining a close fit by regressiorn
analysis incurred the penalty of retaining a large number of
transformed terms. An alternative to this was to fit each
of the depicted influence <curves and develor the final
conmputer software to interpolate between curves. The trade
off with an interpolation scheme was increased accuracy at
the expense of inordinate program size and complexity,
causing the result to be unacceptable. In a few cases it
became necessary to use nonlirear transforms of the indepen-
dent variables such as exponentials, and high order frac-

{2 tional combinations of terms (Appendix B: pp. 64-65).

iﬁ On the first execution of each regression analysis

‘i "methcd is none" was selected in the P9R prograum. This

keyed the BMDP software to use all the offered transforms

for the regression analysis. During execution, matrix
algebra was performed with the independent variables and
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transformed independent variables to be examined during tke
regression analysis. The P9R could be selected to either
use all transformed variables offered (method is none), or
perform the regression selecting subsets of the offered
transforms and output the subset with the best fit statis-
tics (method is CP).

The dominating criteria used to determine the best fit
statistics was the sguared multiple regression correlation
(R2) . Accuracy was dauged by how close R2 was to the ideal
value of 1.0. The required R2 for an aéceptable 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 indeperndent
input variables. For each <chart nultiple regression anal-
yses were performed varying the offered transforms in number
and/or type, until a closed form ejuation was generated that
yielded output that was within the, accuracy of maanual chart
interpolation.

The accuracy with which NATOPS chart could be read was
subject to the individual chart's characteristics, but in
general the following tolerances for dependant variables
were established (for the regression analysis).

airspeed: within 2 knots

altitude: within 100 feet

weight: within 150 pounds

torgue: within 1 %

distance: within 1 mile

time: within .1 hour

Prior to the execution of the regression program, a data

file for each surface was created. The £file consisted of
data sets whkich were merely the independent variable values
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 fron
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REGRESSION EQUATIONS AND SOFTWARE DOCUMENTATIONS

This appendix contains all of the regression equations
generated for each NATCPS chart, associated flow charts, and
resulting computer code. For the most part, the regression
eguations are listed in a tabular form due to their size.
The actual equations are of the form shown in equation 2.1
The R2 and standard error fo estimate for each regression is
also 1listed. The standard error of estimate is the average
error expected over one standard deviation of the surface's
area. The flow charts use standard symbology and depict the
general programming logic but are not detailed in nature.
The computer code 1listings are in the Reverse Polish
Notation (EPN) language developed by Hewlett-Packard.

Table II lists all the variables used in the regresion
equations throughout the progranms. Table III lists the
programming flags used and their definitions. The following

is a listing of memory storage registers and their contents.

REGISTER VARIABLE/TRANSFORM

LN

00 A
01 A
02 A
03 A
04 B
05 B2
06 B3
07 B4
i 08 C
e 09 c2
L 10 c3
- 11 ce
- 12 D
r 13 D2
. 14 D3
L 15 Da
. 16 E
- 17 E=
b 18 E3
. 19 E®
4 20 F
o 21 G
.5 22 scratch
@
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scratch
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scratch
scratch
scratch
scratch

TABLE IX
Variable Definitions

DEFINITION
ssure Altitude)/ 1000
side Air Temperature) /1000
ss Weight) /1000

(Pensity Altitude) /1000

Wind
{(Fue
(Ver
(Tor

1) /100
tical Climb) /10
gue Available) /100

Standard temperature (END)

Base
Base
Base
Base
Base
Base
Unit
Base
Base

Base

Line Gross Weight No Wind (HIGW)
Line Gross Weight No Wind (VTOGW)
Line Gross Weight No Climb (VTOGH)
Line Average Torque (HITQ)

Line Average Torque (HOTQ)

Line Unit Range (RHN3)

Range (RNG)

Line Indicated Airspeed (RNG)

Line Time (END)

Line Toryue (SE/EV)

27
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TABLE IIIX
Flag Definitions

FLAG DEFINITICNS
01 Pre Flt program in execution
02 Do not display register contents
03 Recalculate endurance for new weight (END)
21 Print a hard copy of results

28
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A. HASTER PROGRAM (MAIN)

1. Equations~ This program serves as the software
manager and and dge not contain
equations in itself.

2. Flowchart- See Figure B.1.

3. Program listing- See pages 31-32.
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DENSITY ALTITUDE (DA)

LA
)
]
]
VLAY B TRTRLNEN

1. Equations- DA = (1-a-234711) /6_.863%10-3
b/c

[ 1-6.863X10-3 (A) ]5-260559
(273.15+B) /288.15

where a

and

and c
2. Flowchart- See Figure B.2.

3. Program listing- See page 35.
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C. ENGINE PERFORNANCE (TQAV)

1. Equation/Fit statistics-

Regression equation- For Figure 11-1A
chart [Ref. & p. 11-5].

k2 = .99936
Standard error of estimate = .539449 kts.
VARIABLE/ REGRESSION
TRANSFORM COEFFICIENT
INTERCEPT 104,758
A -3.56893
B -.394746
A4B2 -. 1717152107
A2 0324431
A2B -.000340744
A2B2 .0000147638
A2B3 « 144471X10-6
AB -0107422
ABa -.346277X10-7
B2 -.0080%9738
B3 -.0000582075
B4 .189613X10-5

2. Flowchart—- See Figure B.3.

3. Program listing- See page 38.
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START

IF
PA<2000

COMPUTE H

COMPUTE

H PA=0

AT

l

COMPUTE
H AT
PA=2000

l

INTERPOLATE

NO YES

QUTPUT
“TNAV=106"

'O
RTN TO MAIN

Pigure B.3 TQAVY FPlowchart
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D. MAX GROSS WEIGHT FOR HOVERING (HIGH)

1. Fquation/Fit statistics-—

Regression eguation- For Figure 11-4
top chart [Ref. 4 p. 11-9].

R2 = .99888
standard error of estimate = 128.142 lbks.
VARIABLE/ REGRESSION
TRANSFORY COEFFICIENT
INTERCERPT 28.8369
B -.104947
A -.957611
B4 «236917X10-6
AB4 .738596X10—-7
A2Be -.108756110—-7
A3pe .547916X10—-9
AB3 -.231012%10~-5
A2B3 .167621X10-6
B2 -.00209967
A2B2 .000015347
A3B2 -.108395%10-5
A2B .000201287
A%B -.852947X10—¢
A2 .00815863

Regression equation- For Figure 11-4
bottom chart [Ref. 4 p. 11-9].

2 = .99993
Standard error of estimate = 19.776 1bs.
VARKIABLE/ REGRESSION
TRANSFORH COEFFICIENT
INTERCEPT . 128617
J .990746
E2J .000043718
EJ .00283739
Je .3069X10—%

2. Flowchart- See Figure B. 4.

3. Program listing- See page 41.
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H. MBAXIMUM RANGE (RHG)

1. Eyguations/Fit statistics-

Regression eguation- For Figjure 11-13
bottom right [Ref. 4 p. 11-22].

i J'I. e
g VAL R R

<
"

R2 = _,99773 »
Standard error of estimate = .000884 nm/lb fuel. -j
VARIABLE/ REGRESSION ).
TRANSFORM COEFFICIENT "
INTERCEPT -1383

A .00187702

C -.00218126

A3 -.200027957

AC3 -.62102X10-7

AAaCSe .930331X10-14

A6C2 -.300259%10—-10

ASC .106168X10-7

A3Cs -.279396%10-12

Az? -.000307637

Regression equation- For Fijure 11-13
bottom™left [Ref. & p. 11-22].

R2 = .9€93g5
Standard error of estimate = .000166 nmn/lb fuel.
VARIABLE/ REGRESSION
TRANSFORM COEFFICIENT
INTERCEPT -.423343X10—4
P 1.00044
B -, 403071X10—4
P4B . 277347
pa3ge -.49131X10-5
P33 -.0402217
p334 .80U486X10—6
Ba -. 4213141109

Regression eguation- For Figure 11-14
chart [Ref. 8 p. 11-23].

B2 = .99991
Standard error of estimate = 1.045573 rLn.
VARIABLE/ REGRESSION
IRANSFORM COEFFICICNT
INTERCEPT .459586
F .227375
FQ 99.6167 ;
e
-
q
-1
1
0 ]
L
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START

NO YES

COMPUTE QUTPUT

N 1" "
TOP CHART GW>23000

COMPUTE
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RTN TO MAIN

WP P A e

Figure B.7 HOTQ Flowchart
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G. TORQUE REQUIRED TO HOVER OUT OF GROUND EFFECT (HOTQ)

1. Eyuations/Fit statistics- ﬂ

Regression eguation~ For Figure 11-7 g
top chart [Ref. 4 p. 11-13]. ‘

R2 = .99987
Standard error of estimate = .215589 % tg.
VARIABLE/ REGRESSION
TRANSFORM COEFFICIENT
INTERCEPT 15.0892
D .108012
C4D . 18747X10-5
C4D* -.520378X10-8
Cc3 -.00353622
C3D¢ - 123336X10-6
c? . 226524
CD?2 .00162427
D3 -.00265822

Regression egquation~- For Figure 11-7
bottom chart [Ref. 4 p. 11-13].

R2 = ,99978
Standard error of estimate = .292877 % tg.
VARIABLE/ RZIGRESSION
IRANSFORH COEFFICIENT
INTEZRCEPT -.0523486
E -.30622
N 1.00117
E4N2 -.434411X10—9
EN2 -.266181X 10—+

2. Flowchart- See Figure B.7.

3. Program listing- See page 52.
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F. ‘TORQUE REQUIRED TO HOVER IN GROUND EFFECT (HITQ) '?
i 1. Equations/Fit statistics- E
U Regression equation- For Figure 11-6 ,ﬂ
9 top chart [Ref. 4 p. 11-12]. s
c R2 = .99941 |
- Standard error of estimate = .445612 % tg. i
] VARIABLE/ REGRESSION Y
. IRANSFORY COEFFICIENT j
INTERCEPT -1.4252 A
c 3.17576 ]
co « 29445109 -
: cap2 .862219X10-7 b
C3D «331755X10- 2
I D3 .000628288
~ Regression equation- For Figure 11-6
- bottom chart [Ref. % p. 11-12]
- R2 = .99397
< Standard error of estimate = .123506 % tg.
‘ VARIABLE/ REGRESSION
IRANSFORM COEFFICIENT
N INTERCEPT -.0376377
- E . 694891
M 1.00055
. ’ 4 -.163135X 10-5
< E4N2 «100327X10-9
E2 -.00298623
EM -.0296401
ENZ .000268863
EMS -.647012X10—9®
! 2. Flowchart- See Figure B.6.
ji 3. Program listing- See page 49.
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AT W W S W W T w -« e~ m w-

START

IF
DA>14000

YES

OUTPUT
"NO TO OGE"

COMPUTE
DIVIDER LINE
PA (CPA)
NO IF YES

[ CPA>PA

COMPUTE COMPUTE
K K

TOP CHART TOP CHART
LEFT SIDE RIGHT SIDE

O
COMPUTE

L
MID CHART

COMPUTE
VTOGW

M0« vro6H>23000

ouTPUT
VTOGW

()

ourPuT
"GW=23000"

RTN TO MAIN

Figure B.5S
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Regression equation- For Figure 11-5
middle chart [Ref. 4 p. 11-11).

R2 = ,99596
Standard error of estimate = 32.545 1lbs.
VARIABLE/ REGRESSION
TRANSFORM COEFFICIENT
INTERCEPT . 00559456
E -.0756063
K «999707
E3 -.164715X10-4
E2K .00038988
E2K?2 ~-.250156X10—»
E2R+ «234975X10-7
EK 0103111
FKe -.220855x10—6

Regression equation- For Figure 11-5
bottom chart [Ref. 4 p. 11-11].

R2 = _.99996
Standard error of estimate = 24.736 lbs.
VARIABLE/ REGRESSION
TRANSFORM COEFFICIENT
INTERCEPT .0278589
L .998241
GL -.00189451
GL3 . 425897X10-5
GLs -. 140897105

2. Flowchart- See Figure B.5.

3. Program listing- See page 45-U46.
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MAX GROSS WEIGHT FOR VERTICAL TAKEOFF (VTOGW)

1. Equation/Fit statistics-

Regression egquation- For Figure 11-5 = |
top chart discontinuity

curve (CPA) [Ref. 4 p
R2 = .99923
Standard error of estimate = 81.257 1lbs.
VARIABLE/ REGRESSION
TRANSFORH COEFFICIENT
INTERCEPT 3.7279
g 3:4823% 1
B2 -.00188251
B3 -.0000596998
Be -.608172X10—+5

Regression equation- For Figure_ 11-5
top chart left of

discontinuity [Ref. 4 p.

R2 = ,.99919
Standard error of estimate = 96.041 1lbs.
VARIABLE/ REGRESSION
TRANSFORH COEFFICIENT
INTERCEPT 26,1925

B -.117656

A -1.048142

B4 «311223X10—5

A4Be .876216X10—-11

B3 -, 734593%X10-5

A4RB3 «358286X10—9

B2 -.00147462

Ab2 «.0000495106

A2R2 -. 4518831105

AB 0060469

A2B -.000282418

A2 .0268048

A3 -.000633067

Regression equation- For Figure 11-5
top chart right of

discontinuity [Ref. 4 p.
R2 = .,99944
Standard error of estimate = 12.521 1lbs.
VARIABLE/ REGRESSION
TRANSFOKY COEFFICIENT
INTERCEPT 23.346
B -.0155989
A -.1907
B4 -.219767X10—6
AB% .389472X10—9
B3 -.769256X10-5
B2 000147492
A2 -.00128983
42
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- START ’
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- IF
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COMPUTE UTPUT :
J "NO HIGE"
TOP CHART £
T
COMPUTE
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Regression egquation- For Figure 11-13
middle right [Ref. 4 p. 11-221.

R2 = ,99676
Standard error of estimate = .703488 kts.
VARIABLE/ REGRESSION
TRANSFORM COEFFICIENT
INTERCEPT 116,811
A -2.20562
A3C2 .0000960635
A3C»s -.128465X10—9e
A2C3 -.0000375032
Cc2 .0333256
A6CS -.121685x10—-10
A6CS -491492%X10-12
ACS - 404972X10—S
ACS -.174029X 106

Regression equation- For Figure 11-13
middle left [Ref. 4 p. 11-22].

R2 = _.99839
Standard error of estimate = .870905 kts.
Ce VARIABLE/ REGRESSICN
. IRANSFORHM COEFFICIENT
o INTERCEPT 51.8923
}f. B -3.6787
o k4 -.403206X10-6
[. R4B -.261757%10—8
- Kk4B3 -.286464X10-12
o 3 .0000882727
o R2B2 -.165604X10-5
[ RB .0330258
RB2 .00045386
32 -.035€287

2. Flowchart- See Figure B.S8.

3. Program listing- See pay 3 56-57.
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START

COMPUTE
P FROM
FIG 11-13
BOT RIGHT

1

COMPUTE
Q FRON
FIG 11-13
BOT LEFT

1

COMPUTE
RNG FROM
FIG 11-14

COMPUTE
R FROM
FIG 11-13
MID RIGHT

1

COMPUTE
BNG A/S
FROM FIG 11-13

MID LEFT

I

RTN TO MAIN

Figure B.8
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e R T e L R e R A T I S T T T 3 o 7 & 7 v

BleLBL ~RNG-

| FLPAAAPLALLEIN B IR

51 -.27939 E-12 161 #
B2eLBL &1 52 ¢ 182 .4595%%
83 RCL @2 53+ 183 + %
B4 212 54 PIL 4t 184 RCL 28 '1
85 ST0 22 S5 888367673 185 227178
85 RCL 16 56 * 195 +
B7 #t2 57 + 167 +

88 STO 24 5§ 570 5 185 “MAX RHG="
05,1383 _ 39 26.828 189 ARCL ¥

18 RCL 9@ 86 ¥EQ -gp° 114 F§7 At

i 98157702 61 -.423343 E-4 111 570 @2
12+ 62 RCL 25 112 ARy

13+ €3 1.88044 112 PROMPT

14 RCL B3 &4 114 670 84
15 -.89210126 65 + 1iSeLEL 63 L
. 16+ §6 RCL 94 116 ADY p
- P 67 -.483071 E-4 117 PRE 3
18 REL 82 68 1150LBL B4 R
- 19 -, 27957 £-¢ 69 + 119 146,21
= e 78 RIL 28 128 RLL &% R
lr. o+ 71 ACL o4 121 -2, 2656 ;
= 22 RCL Bk 2% 127 » 7.1
o 23 RCL 18 73 277347 127 + :
* 2 74 * 124 RL 22 -
o 25 -,62182 £-7 754 125 RCL # ‘
2% » 76 RCL 28 12 * .
27 ¢+ 77 RCL @7 127 958435 £-4
26 RCL 83 78+ 128 * S
29 ReL 24 79 -.49131 -5 126 + g
0. 20+ 138 BCL 62 N
31,9333 E-14 81 + {31 RCL 1
i 82 RCL 27 132 « hY
[Feo 83 RCL &4 133 -, 120455 E-¢ -
3: ROL 23 84 + 134 * N
35 RCL @9 85 -, 6463217 135 + by
3+ B » 136 RCL 8 -3
37 -.398259 £-10 g7 + 137 RCL 10 N
8, 8¢ RCL 27 139 ¢ R
33 4 83 PCL 67 139 -,375932 £-¢
48 RCL 9@ 9 * 140 * %
419 91 .B046¢ E-¢ 141 + n
42 14% 9 # 142 RCL 89 .
43 RIL 98 57 + 143 .83332% <
“a o % ROL €7 144 # -
43 J1BE163 E-7 95 -,421314 E-9 145 +
2y 4 % % 146 RLL 23 -
S 47 4+ 87 + 147 PLL S o
S 48 RCL 92 % PCL 20 143 5
49 RCL 24 99 # 149 Y13 g
b S * 180 99,6167 150 + ;
P’, :
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Regression equation- For Figure 11-21

R2 = .99959

top chart [Ref. 4 p. 11-33].

Standard error of estimate = .09524€ *krs.

VARIABLE/
TRANSFORY

IN%ERCEPT

C
A2C4
AC
ACz2
ol

REGRESSION
OEF ENT

%)
[
(@
-4

VOO VO
Lo LWINON
EWENOIN
MWD DD
200
OO =
1o ©
(4] |

~

Regression egquation- For Figure 11-21

bottom” chart [Ref. 4 p. 11-33)

R2 = ,99998
Standard error of estimate = .016675 hrs.
VARIABLE/ REGRESSION
TRANSZORM COEFFICIENI
INTERCEPT -.00553605
T 1.009062
T471¢ -.349348X10~11
T2712 .153075%X10-5
TI -.00117903
TI2 -.216546X10—4
TI® .847453X10—8

2. Flowchart- See Figure B.9.

3. Program listing- See pages 61-63.
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g STD TEMP PG 11-33

TOP CHART
| ] r

COMPUTE COMPUTE
END A/S END TINME

WITH FUEL
ouTePuT
END A/S

RTN TO MAIN

COMPUTE
EMPTY
WEIGHT

1

COMPUTE
END TIME
WiTh O FUEL

T

COMPUTE
END TIME

ouTPUT
END TIME

RTN TO MAIN

" Figure B.9 END Flowcharts
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ABILITY TO MAINTAIN FLIGHT WITH ONE ENGINE (SE/EV)

1. Equations/Fit statistics-

Regression equation- For Figure 11-23

top chart [Ref. 4 p.

R2 = .995926
Standard error of estimate = .50233 % tq.
VARIABLE/ REGRESSION
TRANSFOEKM COEFFICIENT
INTERCEPT 69.3394
D 3.29399
ca .000125967
C4D -.577415X10—-¢
C4D2 -, 192526X10-5S
C3D -00245945
C3D2 <424577X10-4
C2De -462872X10-8
CcD ~.662361

Regression eguation- For Figure 11-23

R2 = ,996

Standard error of e

VARIABLZ/
TRANSFORY

INTERCEPT
U—1He

.............

---------

bottom chart above
base line [Ref. &4 p.
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Regression equation- For Figure 11-23

R2 = .,99245
Standard error of es

VARIABLE/
TRANSFO

o |0
= i<y

exp (U~4H3
exp(U—4He
exp(U-342
exp (U-3H%
exp (U-2H2
exp (U~2H3
€xp U-iﬂg
exp (U-1H2)
exp (H-1

exp (20— 1H)

bottom chart below
base line [Ref. 4 p.

imate = 1.47515 kts.
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2. Flowchart- See Figure B.10.

3. Program listing- See pages 67-63.
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1. Equations/Fit statistics-

@
2

@

Regression equation- For Figure 1-138
chart [Ref. 4 p. 1-173].

rd

R2 = .,99959
Standard error of estimate = .483568 kts.
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2. Flowchart- See Figure B.11.

3. Program listing- See page 71.

|

e e m

—

v
R T TR
'}' LT A A
. ' « e +

oy

69

T T,y W Y
2L et

- " - .- E . OGS T T P NP I

T R T S R Rt Bt T S K B R I T T T T

I RN SO RS I G S R R At e . . . . B N N L R T P S SR ST,
R YT TP - R I I RO I PR P - R . . - e
R P (P T St AT . . -

K RPN - R X L LT e L S AR S D ST TN
PR, W TP W W L TS TP T T Wy U S 0L WD W it Ay Thed i U TR RN WY W S e TS [T Vol WP U LG, 0 W, WU, SR TSP TN LRGN, W O

vy w
AN N
B




v v v o o ke A MRS B Ade b8 AL e i A
\Fvv-—u---—w.-;:v.r-v-v:wu-wx-v-:-n""\_ N TNV W R ey L A X

L
¢
o
L
9
¥
L
",
«
v
‘
‘v
.
v
1
‘.
'
'
.
.
¢
P

L e )
PR
Pty

-
St .
i |

N T

- |
0

s
P

TS

.
2 A

s

4

Ry
%
A

g
s

2

oo,
S R

START

COMPUTE
VNE

QUTPUT
"VNE=145/CGI"

()

RTN TO MAIN

LI

Ty
> p v ¥
et
DA
AL

L
52

.

e Ta_m ol

Figure B. 11 VNE Flowchart
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