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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-1O engines) 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-3D and H-3H

helicopters was conducted at the same 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 joint 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 Reference 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) manual to acquire all

necessary performance data. For the most part, NATOPS

performance information is presented in a graphical format

often requiring the user to transit several subcharts, wiich

may be located on different pages, to obtain the desirel

performance parameter. This procedure is time consuming,

prone to error, and impractical in-flight.

The purpose of this thesis is to propose a correction to L

these NATOPS deficiencies by transforming selected

performance charts into interactive, user-frienily, computer

software for a hand-held programmable calculator. This

solution would enable aircrew to obtain performance data

with increased accuracy, reduced time and effort, and permit

in-flight use.

9 "



Previously there have been several successful efforts in

NATOPS computerization. The most recent study [Bef. 2]

developed software for the A-6 aircraft utilizing the

Hewlett-Packard HP-41CV hand-held programmable calculator.

This research demonstrated the feasibility of NATOPS comput-

erization and was a prime motivator for this thesis.

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 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

differentials/integral equations) which could be programmed

on a calculator or computer.

Once the e~uaticns representing the jerformance charts

had been derived, it was necessary to select the hardware

which would be used for software design. The HP-41CV

programmable calculator was selected due to its small size,

relatively large memory capability (6.4 Kbytes), and

successful use in the past.

Upon completion of the software development the ultimate

goal of this research was the testing and implementation of

the end product into the fleet.

10



II. APPROACH TO THE PROBLER

The first and foremost problem encountered was the I
generation of the closed-form equation in a manner which

accurately represented each performance chart with a minimum

number of terms. For the majority of charts considered

there were two independent input variables that yielded a

single dependent output variable. This was visualized as a

three dimensional surface in space.

Co accomplish fitting an eguation to a surface of irreg-

ular nature required the utilization of a numerical regres-

sion routine. These routines are numerous and have beeni

developed into several software packages for main frame

computers. The software chosen for this study was the

Biomedical Computer Program (BMDP) statistical package

[Ref. 3], installed on an IBM 3033 main frame computer

located at the Naval Postgraduate School in L!onterey,

California. A regression is linear in nature no matter how

many independent variables are involved. However, nonlinear

functions may be used in a regression if they are first

"linearized". For example, if the nonlinear functions

x 2 ,x 3 , and ln(x) are transformed into indepentent variables

(transforms) U,Y, and Z, respectively, then a regression can

be performed to yield an eluation of the form:

S aU + 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 suhset" multiple regression routine (P9R)

which allows the user to input a large selection of

11"



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 who is

familiar with the hardware anJ procedures listed in

[Refs. 5,6,7].

2. With the extended memory and extended functions

modules in their proper ports, and tne card reader

attached, loading tae programs into main and extended

memo;.y can begin.

* Load the following programs into extended memory:

HIGW, VTOGW, HITQ, HOTQ, SE/EV, VNE, RNG, ENDA, and

ENDB.

e Load the following programs into main memory (in

the order listed): MAIN, QD, DA, and TQAV.

3. Ensure the only programs in main memory are the ones

listed above and erase any other programs.

4. Pack the programs in main memory.

5. Execute the program MAIN.

The calcualator is now loaded and positioned to the main

program. 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 /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 LTT program ensure the

calculator is turned off. With the printer also

turned off plug the printer input chord into the only

remaining extension port. Turn the calculator anl

printer on, select the normal mode on the printer,

and push the PRE FLT key. All other instructions

remain the same.

B. GENERAL USER INFORMATION

The NATOPS software should generate 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. 4: p. 11-9], these have been takJen

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 validity of the calculator generated

performance data, the NATOPS should be consulted.

C. INITIAL CALCULATOR PREPARATION

The [asic 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 functions module), a card reader,

2L4



The programs listed in Table I are assigned to the

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

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

the output. This program requires that a printer is

attached. To execute a program follow the steps presented

below.

1. Turn the calculator on.

2. Ensure the calculator is in the user mode, if the

word user is nct visible in the display push the user

key.

3. Find 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 infor-

mation. The exact prompt meanings are defined below:

* PA? FT - pressure altitude in ft.

* OAT? C - outside air temperature in 0C.

* GW? LBS - gross weight in lbs.

a WIND? KTS - head wind in kts.

* CLIMB? FPM- climb rate in ft. per min.

F FUEL? LBS - fuel on board in lbs.

4. Answer the prompt by 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 column four keys

from the top) and re-enter the number. If the number

to he entered is negative (negative OAT), push the

key marked CHS after the number has been entered in

the display. Wh en the desired number is displayed in

the window push the key marked R/S (run/stop, bottom

right key).

5. After all the prompts required have been answered the

calculator will execute the program. Fhile the

calcualtor is working "PRGIV" will be visible in the

display. As the calculator generates answers they

23
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Figure ,.1 Hewlett-Packard RP-41C1 Calculator
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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 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

NATOPS 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 Ground Effect

VTOGW Max Gross Weight for 11-11
Vertical Takeoff

HITQ Torque Required to Hover 11-12
in Ground Effect

HOTQ Torque Required to 'Hover 11-13
Out of Ground Effect

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

RNG Max Range (1007 1r) 11-22/3

VNE Indicated Never Exceed Speed 1-173

END Max Level Flight Endurance 11-32/3

21
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V. CONCIUSIONS AND RECOMMENDATIONS

From the results of this thesis it can be concluded that

graphical NATOPS perlormance data can be computerized. To

effectively accomplish this, computer oriented numerical

regression routines must be utilized to generate closed-form

eiuations.

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 any 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,

Hewlett-Packard should be contracted to develop plug-in

application modules which would increase reliability and

decrease execution time.

20
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code. It should be noted that the regression e uations can

be programmed for use with any capable system. The results

presented here are for the H-46D and modified H-46A (with

T58-GE-10 egines) NAIOPS performance charts referenced in

Appendix A. Future modification of these charts would

invalidate the performance software for those paticular

charts.

19
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IV. RESULTS

At the onset of this study 10 different UAIOPS perform-

ance charts were selected for computerization 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 within the HP-41CV memory. This

would necessitate using an external mass storage device or

executing individual programs piecemeal. 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 reasonable in

length. With efficient programming techniques 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 which assigned

performance charts to key locations (Appendix A), called

programs from inexecutable extended memory to the executable

work space in main memory, and interactively communicated

with the user. In general the master program functioned as

a communications system and manager between tLe user and

performance chart software in 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 equations, flow charts, and program

18 5,
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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 excluded from the

regression analysis due to exceeding tolerance limits (4),

the regression R2 (.99942), and other fit statistics. The

high B2 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 trasform selection and the program was

executed with the "method is CP" option in effect. This

resulted in an elimination of eight transforms while only

degrading the R2 value to .99936 (Appendix B: p. 36).

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 final

" . program to calculate torque when pressure altitude was

between 2000 feet and sea level.

16
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III. THE SOLUTION

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: p.

58), it was found to be advantageous to take the penalty of

a large regression equation rather than fitting influence

lines and interpolating between them. Of all the surfaces

considered (23), only the single engine envelope (Appendix

B: p. 64) required nonlinear transformed terms, specifically

exponential and high order fractions.

A. EXAMPLE 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 farm equation 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.

Data sets were taken along each pressure altitude influence

line at increments of 100 centigrade (C) with additional

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 altitude) and the resulting dependent variable

(torque). The sea level altitude line was omitted since it
could be calculated directly (linear equation) and due to

its discontinuities at -5 and 15 OC causing difficulties in

fitting the surface.

15

'-.-.



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 listed all terms eliminated for low

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

tLe remaining transforms. Performing this two step process

yielded the best fit with fewest terms for each surface.

* 14
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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 required 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 inability 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 %ossible polanomial terms up to the

fourth order, for three and four dimensional surfaces.

For a few surfaces, obtaining a close fit by regression

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 develop the final

computer 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 nonlinear transforms of the indepen-
- - dent variables such as exponentials, and high order frac-

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

On the first execution of each regression analysis

• "methcd is none" was selected in the P9R program. 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

13



transformed independent variables to be examined during the

regression analysis. The P9R could be selected to either

use all transformed variables ofLered (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 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 independent

input variables. For each chart multiple regression anal-

* yses were performed varying the offered transforws in number

and/or type, until a closed form equation was generated that

yielded output that was within the. accuracy of manual 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 dependent variables

were established (for the regression analysis).

airspeed: within 2 knots

altitude: within 100 feet

weight: within 150 pounds

torque: within 1%

distance: within 1 mile

time: within .1 hour

Prior to the execution of the regcession program, a data

file for each surface was created. The file consisted of

data sets which 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 from

12
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APPENDIX B

REGRESSION EQUATIONS AND SOFTWARE DOCUMENTATIONS

This appendix contains all of the regression equations

generated for each NATOPS chart, associated flow charts, and

resulting computer code. For the most part, the regression

equations 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 listed. 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 listings 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 programs. Table III lists the

programming flags used and their definitions. The following

* '- is a listing of memory storage registers and their contents.

*' :. RESISTER VARIABLE/TRANSFORM

00 A
* .01 A 2

02 A3

03 A4
04 B
05 B2
06 B3

*07 B4
08 C
09 C2
10 C
11 C 4

12 D
13 D 2

14 D 3

* 15 D4
16 E
17 E 2

18 E 3

19 E4
20 F
21 G
22 scratch

0

26



REGISTER VAPIABLELTRANSFOR M

23 scratch
24 scratch
25 scratch
26 scratch
27 scratch
28 scratch
29 scratch
30 scratch
31 scratch

TABLE 11

Variable Definitions

VARIABLE DEFINITION

A (Pressure Altitude) /1000

B (Oatside Air Temperature) /1000

C (Gross Weight) /1000

D (Density AlItitude) /1000

E wind

F (Fuel) /100

G (Vertical Cli mb)/10

H (Torque Available) /100

I Standard temperature (END)

3 Base Line Gross Weight No Wind (111GW)

K Base Line Gross Weight No Wind (VTOGW)

L Base Line Gross Weight No Climb (VTOGW)

LI Base Line Average Torque (HITQ)

N Basd Line Average Torgue (HOTQ)

P Base Line Unit Range (RNS)

Q Unit Range (ING)

R Base Line Indicated Airspeed (RNG)

T Base Line Time (END)

U Base Line Torque (SE/EV)

27



TABLE III

Flag Definitions

FLAG DEFINITICNS

01 Pre Fit program in execution

02 Do not display register contents

03 Recalculate endurance for new weight (EN~D)

21 Print a hard copy of results

28



1.EASTER PROGRAMl (MAIN)

1. Eguations- This program serves as the software
manaqer and and doe not contain
equations in itself.

-2. Flowchart- See Figure B.1.

3. Program listing- See pages 31-32.
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a-~. Ct"

LIA. IC0 0

R:. UP .

LLi

w 0

0 30

cr.I. M 0.0
w~~ 00. -

Ll -K
x ci w
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8i*LBL "6,IN" 5! GT 13 181 XEP l1
I2 2 52'LBL G 182 VL !2

PSZE 53 XE 9 18 188
4 41 54 VEQ "TgnVl 4 I

e5 -P - 105 'DP='
0A FSW 56 GETP 186 APL
O7,LEL 13 57 XEQ "SEEV" 1 D
-88 Pi 58 PROPT 1V8 38

q89 V 59 GTO 13 189 XE1 "TIpA"
18 Fly 68*L2L 1 11@ PRQ

61 7 8ii Xhi U". 12 PROMPT 62 XEQ II 12 GET
- 13*LEL P 63 HG" 113 XE " ..

14 XEQ 86 64 GETP U1 P FP
15 E@ 'DA' 65 X E D RN Gt 115 -*J-, W
16 ADV 66 PROMPT Iif GETP
17 PEMPT 67 GTO 17 !i7 XE9 "VTCGW"
18 T 13 6S*LBL T 118 PPP
194LBL 2 69 XED 29 119 H!TQ
28 XE78 VE- 28 ETP
2 1 ..Q ' TQ PV 71 GETP 121 XEQ 'HITP"
22 PROMPT 72 XEQ VN E 122 PF
23 GTO 13 73 PROMPT 123
24*LL C 74 GTO !1 124 GET
25 XEQ OR 75*LBL 125 . ..79,
26 HGW" 76 XE@ 07 .26 Pip
2 1 7 XEG 11 12 E " EV"28 XEG ,uTPW'u-28 EQ .u 78 "EHD" 128 GE T
29 PFOMPT 79 GETP 129 -E E :
38 GTO 13 98 XEQ LEHDP" 13 PF
31 LEB D i P R " "IFMT 131 PHG
K: XE QPE S2 "ENDB" ii2iETP
33 VTO W* 8 GETP 173 E F
34 GETP 84 XE@ ENUE 134 P
.. XE "VTrjG" 85 PrOMFT 135 VNE"".[36 v O3PT 96 GTif I36 gETF
., O 13 87.LL " 137 XEf' "Vf E"

833LEL E 28 FS 21 138 P A
39 EQ 8 9 GTO !4 !39 Er'

48 "HTQ" 98 FT RE" *GETP
4! GETP 5! PPOMPT 141 XEC "'
42 XEg "ITQ" 92 GTO 1? 142 FPr

"A'3 P T 9Q-LEL 14 147 "EHnP °

44 GTn 13 94 SF S! !44 GET7
45#jL F 95 XEP le 145 'EC "EHIE'
46 YE9 le 96 *CLIME" FP * !46 PPQ
47 'HT 97 PROM"; 147 0 81- .48 :;ET ' 9 81 8 148 G O 12

49 H79, 149LEL 86
50 PPrOMPT 188 ST 2 158 XEO @8

31
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41

151 XEQ 82 281 IN
152 RTN 282.LBL 84

153*LEL 8F 28PL U2
154 XEQ 86 284 13.015
155 XEQ 63 285 XED .-l
156 PTN 286 PTH

157#LBL : u87.LEL 85

158 SF 82 288 WIH N KTS"

159 XEQ 86 289 PROMPT
168 XEQ 85 218 STO 16
I11 XEQ D °  211 17.819
!62 CF 82 212 XEQ 'QD'
163 RTN 2 P,.N

164.LBL 8 214*LBL It
165 SF @2 5 "FYEL$ LS'
166 FS? 81 216 PROMPT
167 CF 82 217 188
168 XEG 8? 2 1 p
169 XEQ IDA, 219 3TO 20

!78 XEQ 84 228 END
:71 F 82
172 RTN
173'LBL 18

174 XEQ 89
175 XEQ 85
176 PTN 81 L L P8
177.LBL 81
178 PP? FT 8-

179 PROMPFT 94 EWTE4!

188 1888 85 ENTERA
181 /

182 STO 88 87LE-L 12
183 81.883 88STO IND T

184 XE§ K"'8?I-

185 PIN 19IS T
186LBL 82 11 12GT

18 7 "OT? C" 12 END

188 PPOMPT
189 STO 84
198 85.87
191 XEQ "1D"
192 PIN
193'LBL 83

194 "GW? LS"
195 PPOMIPT
196 /

198 TO 8P
199 89.P81

32
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B. DENSITY ALTITUDE (DA) .

1. Equations- DA =(1-a.234711)/6.863XlO-
3

where a = b/c

and b = ( 1-6. 863X10- 3 (A) J5. 260559

and c = (273. 15+B)/288.15

2. Flowchart- See Figure B.2.

3. Program listing- See page 35.
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Iz

S TART[

CALCULATE

CA,AT

CALCU LATE

DA

RTN TO =MAIN

Figure B.2 DA Flowchart
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e! LL IN,

03 6.SE3 E-7

t4
05 c E H.

08 5.260559
@ 3 YtiX10 PCL .04
1! 273.15 -

12 +

14 "-

16 .2747:

15191

24 FS @

Fo N

30 ENI

35



C. ENGIME PERFORHANCE (TQAV)

1. Equation/Fit statistics-

Regression equation- For Figure 11-1A
chart [Ref. 43 p. 11-5).

R2 = .99936

Standard error o-f estimate = .. 539449 kts.

VARIABLE/ REGRESSION
TA NSFORM COEFFICIENT

INTERCEPT 104.758
A -3. 56893
B -.394746
A4B2 -. 171715X 10-7
A2  .0324431
A2B -.000340744
A2B2 .0000147638
A2B3 .144471X10-6
AB .0107422
AB4  -3 46 277 X10- 7
B2  -.00809738
B 3  -.0000582075
B4  

.189613V10-s

2. Flowchart- See Figure B.3.

3. Program listing- See page 38.
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I F
FiueB3NOIFocat

37<UU

?MCOMPUTCOMPUTE.H.AH......



---- -. e .' * . -.*.~ ,..., -

5 1 2.11

82 F-%E .8 52'LS -e 182 RL p '64 e5 54 , 14 -4

66 70@556 ' P~

T8 C,0 I6 58 166.i F" rL C
K9LB 85 5?Xtt 18Y

18 -5. 6e X"K 18 ..14176., E-4
II PCL F, 62 0TO ii 11 *T
12 X'P 6218 . 2 +
13 G7082 113 @L 8!
14 15.8 64 ST0 2: 11' .L 8-
15 RCL 84 65 FC7 115
6 X1T 1444 6-6

17 GT 83 6718 11 *i8 6pe

1 + 69 T " ? " 1 " .. .

'78,FL IAPCL6 4

P71P" 1!*
22 162.6875 72 FTP ' .1874
.., + 73'L8L 11 I27 *"

24 ST 23 74 16.6 ! +.
25 670 e7 75 cSlT. 22 F I L
26'LBL .3 76 F5" 82 .CE FPL 0
27 68 77w T4
Le 78 "TQV:16" 8 -,4277 E-7
39 -4 7991 ID 2

3S* 8PT !3
1 128 .LEL B 1 i 1 P -

-3 'L 0 -

3,4 C TO 87 64 -3.56'93 1 "35LB 82 -- * 1 .F.'.'3X,.., 5 Z PK @ 2,L

36 @,S. 86 + 136 5.... 5 -
37 "S0 23 7 .L * -.
38.-L 7 88 -. 394746392 89' 139 P'6> 7_._, l

3 2 2'8
4A 'TO 88. CA + 148 H9~VF-
41 Xt2 ! LC' 85 141 *
4'-,To8 92 FCL8P 42 +
43 >. 2 93 * 143 EN
44 S A' 83 94 -.1-7... E-7
4 5 .... 9 5

46 CTn 24 9C t, 329 l 81,-
CHS ' 7 L: .. "

48 RCL 2.3 96 .7,24 1

5A FCL 2% 18A +

38
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D. MAX GROSS WEIGHT FOR HOVERING (HIGi)

1. Equation/Fit statistics-

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

R2 = .99888

Standard error of estimate = 128.142 lbs.

VARIABLE/ REGRESSION
TRANSFORN COEFFICIENT

INTERCEPT 28. 8369
B -. 104947
A -.957611
34 .236917X10- 6

AB4  .738596X10-
7

A2B4  -. 108756X10- 7

A3B4 •547916X10- 9

AB3  -. 2310 12X 10- 5

A2B3  .167621X10-
6

12 -.00209967
A 2 B2  .000015347
A3 B2  -.108395X10-5
A2B .000201287
A4 B -. 852947X 10- 6

A2  .00815863

Regression equation- For Figure 11-4

bottom chart [Ref. 4 p. 11-9].

R2= .99 993

Standard error of estimate 19.776 lbs.

VARIABLE/ REGRESSION
TRANSFORML COEFFICIENT

INTERCEPT .128617
j .990746
E2J .000043718
EJ .00283739
j4 .3069X10-6

2. Flowchart- See Figure B.4.

3. Program listing- See page 41.
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H. MAXIMHU RANGE (RNG)

1. Equations/Fit statistics-

Regression equation- For Figure 11-13
bottom right [Ref. 4 p. 11-22]..

R 2 = .99773

Standard error of estimate = .000884 nm/lb fuel.

VARIABLE/ REGRESSION
TRANSFOEM COEFFICIENT

INTERCEPT .1383
A .00187702
C -.00218126
A3  -. 000027957
AC3  -.62102X10- 7

A4 C6  .93033 1X 10- 14
A6C2  -. 300259X1 0- 1o
AsC .106168X10- 7

A3C6  -.279396X10-1Z
A2  .000307637

Regression equation- For Figure 11-13

bottom left [Ref. 4 p. 11-22].

R 2 = .99995

Standard error of estimate = .000166 nm/lb fuel.

VARIABLE/ REGRESSION
TRANSFORM COEFFICIENT

INTERCEPT -. 423343X10- 4

P 1.00044
B -. 403071X10- 4

P4 B .277347
P4B4 -.49131X10-5
p3B -.0402217
P3B4 .80486X10-6
B -. 42 13 1I4X 10-9

Regression eguation- For Fiqure 11-14

chart [Ref. 4 p. 11-23].

R2 = .99991

Standard error of estimate = 1.045573 rm.

VARIABLE/ REGRESSION
TPANSFORM COEFFICIENT

INTERCEPT .459586
F .227375
FQ 99.6167
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LEL "HOTQ" 5. STG 23
752 X

A4 X- 54 -.e527486

e5 GCTO P 55 R.CL 16

86 -Cw'2, - 5E -,.38622
UP A D V' 5 7 *

8SR;.TN 58 +

89*LEL P3 59 RCL 23

. 15.@892 6. 1.8l_. 17

11 RCL 12 '1 *
12 .18,8812 t: +

17* 63 RCL !?

14 . 64 P'L 04

15 K!.. 11 5 *

16 RCL !2 66 -.4141 E-9
17 * t.' *
18 ,.16,4, E-5 6S

19 * 69 ':L 1
L + 70 QCL .24

2 RCL Ii 1
PC!5 .2 -,266101 E

24 -.52878, E-8 74 +

25 * .5 HFiE TQ="
Ilk 7 pL p

2. -.075762 76 .END.
2C *

3. +

31 U.L Hl
32 RCL 15

5 *
34,q .123736 E-6

76 +

.? *

41 PCL 8C,
42 Q CL 1 7
4' .PU6;4:4'7 It

4 @P:6 24 27

47 PU. i4
4P - 88265222
40

52
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7-7 -7 R r-. -"T7 -1 7

START

NO I F YESN 
GW >2 3000YE

COMIPUTE OUTPUT

TOP NCHARTOO'

COMPUTE

HOGE TQ

OUTPUT
HOGE TQ

RTN TO IAIN

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

1. Equations/Fit statistics-
Pegression equation- For Figure 11-7

top chart [Ref. 4 p. 11-13].

R 2 = .99987

Standard error of estimate = .215589 % tq.

VARIABLE/ REGRESSION
TRANSFORM COEFFICIENT

INTERCEPT 15.0892
D .108012
C 4D . 18747X10-5
C4D 4  -.520378X10-8
C3 -.00353622
C3D4  . 123336X10-6
C2  .226524
CD2  .00162427
D3 -. 00265822

Regression equation- For Figure 11-7

bottom chart (Ref. 4 p. 11-13].

R 2 = .99978

Standard error of estimate = .292877 % tg.

VARIABLE/ REGRESSION
TRANSFORM COEFFICIENT

INT-RCEPT -.0523486
E -.30622
N 1.00117
E4N2 -. 4 3 ,4411X 10-9
EN2  -.266181X10- 4

2. Flowchart- See Figure B.7.

3. Program listing- See page 52.
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b1'LBL "HITP" 51 *
82 23 52+
8.3 RCU 8 53 Rr2 19

V 54 RL 24

05 G0 8K 55 *
86 GW";2r3,888 56 188327 E-9
e 7 PI p IVT, 58 7 ;

MSFTH 58 +
@9 LBL 87 59 PCL L7
18 -1. 4252 -. 82922 3
II RCL 0 61
12 3.17576 62
17* 63 ;CL 16
4 6 4 PCL2 2,
15 PCL ! 65 *
6 .2945 E-4 66 -.@296481,

17 * 67*

19 1 t9 6?.CL 1H
28 RCL 17 ,8 PCL 24
2! S ri *

. 862219 - 2 .88826896

2+74 + +
Z RCL i@ 5 PCL 16-

E PCL 12 76 RCL 25
27* '7 * "

28 .42175! E-4 78 -. 647812 E-2

31 PCU 14 81 *HITGE Tg="
32 ,8886272sr. 82 'AI PL X
33* 63 nP
4 + 94 ,ED.

31 S 0 24
3: X '39 STN":7

48 -. 87637
41 CL 1
42 .E 94Pi
43 *

44 +

45 RCL 217
46 .88855
47 *

4 8 +
49 RCL 3
5@ -. 1631357 E-5

4Ql

,.. .- ....... . . .. .. .. ... . . . . . - . .. ... -.. .- - - '... - ?> P- . - -. -. *. -. - -. -I:



START

I F
-ES.

GW>23000 / ES

C OMPMUTE OUTPUT

TOP CHART

COMPUTE

HIGE TQ

OUTPUT
HIGE TQI

RTN TO MAIN

Figure B. 6 flITQ Flowchart

48

.. .

. . - -. . . ~ , .,'"

. - -. I . . . . .



F. TORQUE REQUIRED TO HOVER IN GROUND EFFECT (HITQ)

1. Equations/Fit statistics-

Regression eguation- For Figure 11-6
top chart (Ref. 4 p. 11-12].

R2 = .99941

Standard error of estimate = .445612 %tg.

VAR IABLE/ REGRESSION
TRANSFORN1 COEFFICIEN'

INTERCEPT -1. 4252
C 3.17576

C4 .29445X 10-'
C4D 2  .862219X10-7
C3D . 43 1755X 10- 4

D3  .000628288

Regression equation- For Figure 11-6
bottom chart [Ref. ti p. 11-12].

R= .99997

*Standard error of estimate =.123506 %tg.

VARIABLE/ REGRESSION
TRANSFORM COEFFICIENT

INTERCEPT -.0376377
E .694891
M 1. 00055
E 4  -. 16 3135X 10-5
E4M2  . 100327X10-9

E2 -.00298623
EM -.0296401
E M" .000268863
EM4 -.647012X10-8

E 2. Flowchart- See Figure B.6.

3. Program listing- See page 49.
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15! + 281 *
152 PCL I3 282 -.8818941
153 -.164715 E-4 28? *

154* 284+
155 4 'C.5 RCL 21
151 RCL 17 281 RCL 25
157 RCL 24 28? *
158 * 28 .42539? E-
159 .A836988 289
6 * 2I 21

161 + 21! RCL 21

162 PrL 17 212I PCL 26163 RCL 25 !,

164 * -.1488? E-6
165 -.258156 E-4 215 *
166 * 216 '

167 + 1!7 23. 
168 PCL 1721 =Y

169 RCL 26 219 GTO 84

172 * 224., PRLY

174 ..
171.347 E-7 221 100a

I17q + -13 "VTO uw '....
17,4 RC L 16 Z2 4 fPCIL X
175 PCL ':4 225 PDV
176 * 226 FTh
17? .81M3I11i Z27 LL 8 4
178 * 28 *VTO GW=23,8"
179 + 229 flDV
188 RCL 16 28 .ENTD.
181 PCL 26
l 2 *

183 -.228855 E-6
184 *

185 +
186 STO 24
187 ENTER'
I8 ENTE;!
!89 Xt2

198 * .191 STW 2 5

194 @2785 3
,1 P 24
196 .99324!
197 *
138 +

19 RCL 21
288 4L 24

46
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82F9'81 SRCL 07,82
8361O09 53 RCL 6313+
84 *CLIPPU FPK' 54 * 184 610 O0585 PROMPT 559726E1115LCo

55 .8" 6 21,E

* 06 56* 186237,74E
5' 107 PCe4

i

KS 810 21 58 RCL 66 188 -.8155'8
8 9 LBL @9 59 -.7374593 E-! 189*
10K 1U 2 60* 1+
11 1 61 + III PCL 0

62 RtL 86 11 .198
13 GTO 01 3 RCL @3 113
!4 'NOVT 4E 64*114
15 AROP 65 .358246 r-I 115 .CL E7
16 PTN 66 * !16 21. ;4t
17LBL 67 *7 r
18 3.7 279E 68 FCL R5 1 I +
19 RCL 8 69 -.8814746 119 R 67
28 .8314 78 + 126PL 8"

* 21* 71+121*
2 RCL e5 122 3 2

23 PCL 05 73 RCL 0 173*
24 -. 74 * 124 +
25 * 75 .495166 P-4 125 PCL 80
26 + 76 * 126 -. 7656 E-5
17 RLB96 7 17*
28 -.596998 -4 78 RCL 85 128 +
2 9 7q pRPL 129 PCL e5
3I 81 .+- 17

32 -.608172 E-4 * 132 +
'3383 133 POCL P

® O23 35 @ 7 FL 88 17r * '
234 -+e885 84 FU 04+-
35 S. T5 10,10 3- 12. PC'L 0.

36 +6* 136 + 2 8
37 e=V 87 .8064; 137 #LEL 5
3868 083 8@ * 138 CjT r, J4

* 3926.1925 8~+ ~o~
48 FL 4 8 RCL 84 148 S 5
41 -117656 9 FcL 8 14
42 RL - 142 '

32~~~1 -. 487 --2_ .STI. , L

4 + 3 , 4 1 14 .@055456
44 SL 88 @@ 144 F 1

* 45 -1.@4142 95+ 145-.?6

48 FL @ Q * 148 V1 24

49 .1123 ?9 + 149 .939707
58 18L C @0L2 144 *

45
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COOUTPUT

COMPUTE

IF
NO <]4W>2 0 YES

OTPUTE OMPUTE

TOP ~ RT TOAR MAPNAR

* Figure B.5 VTOGIFhr
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Regression equation- For Figure 11-5
middle chart (Ref. 4 p. 11-11).

R2 = .99996
Standard error of estimate = 32.545 lbs.

VARIABLE/ REGRESSION
TRANSFORM COEFFICIENT

INTERCEPT .00559456
E -. 0756063
K .999707
E3 -. 164715X10-4
E2 K .00038988
E2 K2  -. 250156X13-4
E 2 K4 .234975XJ0-7
EK .0103111
FK4  -220855X1 0-6

Regression eguation- For Figure 11-5
bottom chart CRef. 4 p. 11-11].

R= .99996

Standard error of estimate = 24.736 lbs.

VARIABLE/ REGRESSION
TRANSFORM COEFFICIENT

INTERCEPT .0278589
L .998241
GI, -.00189451
GL:3 4L25897X10-5
GL4 -14 08 97X10-6

2. Flowchart- See Figure B.5.

3. Program listing- See page 45-46.
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E. MAIX GROSS WEIGHT FOP. VERTICAL TAKEOFF (VTOGW)

1. Equation/Fit statistics-

Regression equation- For Figure 11-5
top chart discontinuity
curve (CPA) [Ref. 4 p. 11-11].

R 2  .99923

Standard error of estimate = 81.257 lbs.

VARIABLE/ REGRESSION
TRANSFORM COEFFICIENT

INTERCEPT 3.72796
B -. 095431
B2  -.00188251
B3  -.0000596998
B4  -. 608172X10-6

Regression equation- For Figure 11-5
top chart left of
discontinuity [Ref. 4 p. 11-11].

R? = .99919

Standard error of estimate = 96.041 lbs.

VARIABLE/ REGRESSION
TRANSFORM COEFFICIENr

INTERCEPT 26.1925
B -.117656
A -1.04142
B4  .311223X10- 6

A4 B4  .876216X10- I I
B3  -.734593X10-s
A4B 3  .358246X10- 9

B2  -.00147462
AB2 .0000495106
A2 B2  -. 51883X10- s

AB .0060469
A2 B -.000282418
A2  .0268048
A3  -.000633067

Regression equation- For Figure 11-5
top chart right of
discontinuity [Ref. 4 p. 11-11].

R2 = .99944

Standard error of estimate 12.521 lbs.

VARIABLE/ REGRESSION
TRANSFORM COEFFICIENT

INTERCEPT 23.346
B -. 0155989
A -. 1907
B4  .219767X 10-6
AB4  .389472X10-
B3  .769256X 10-5
B2  .000147492
A2  -. 00128983

42
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81'LEL "HiGW" S1 * 101 +

02 RCL 12 5 + 182 PCL 27
8314 53 .1 4

54 -,8828967 104 't>'
85 GTO 8 55* 185 .386 E-E
86 "NO HGE" 56+ 186 "

7%DV 57 RCL 85 187 +
88 PTN 58 PCL 81 88 27.8
89.LBL 81 59:. * 18 r. 47,....

18 28.8369 68 .15347 E-4 118 GT 8
11 RCL 84 61 * 1!i -

12 -.164947 62 + 112 1880
13 * 63 FCL 8..5 113*
A4 + 64 R.L 82 114 'HIG=
15 PC 8t 65 t 1:5 PCL Y
16 -.95761I 66 -.1@8395 -5 t116 Ft-
1 67 * 117 PT

18 + 68 + 118.LBL K
!9 FCL 87 69 :L 84 119 .Hrw=27.pp."

28 .276917 E-6 78 PL0 128 PD
*21 71 * 121 ,EkD.

-2 + 72 .8882.81287

23 RCL 7 73*
24 RCL 8 74 +
25* 75 RCL 84
i6 .738596 E-7 76 PCL 87

l2 + 78 -. 852947 E-6*'ZI 29 R,'CL807 7.9*

30 RCL 81 88 +
3'* 8 PCL 0i
372 -. 188756 E-7 82 .88815"063

34 + 64 +
35 FCL 87 85 STK 27
6 :L 82 86 .998746

;7* 87 *

38 . ...91 ,8 .29617
39 * 89 +

41 FL 8 91 RCL ,
.-,42 CL88
" 43 *93 .43718 E-4

44 -.2-1812 - 94 *
45*$ 95 +

46 + 96FPCL 16
47 L 86 97 RCL 23
48 FL 81 98 *
49 *9 8233
58 .16762: E-6 1 *

41
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Regression equation- For Figure 11-13
middle right [Ref. 4 p. 11-22].

; R2 = .99676

[ Standard error of estimate =.703488 kts.

VARIABLE/ REGRESSION
TRANSFORM COEFFICIENr

INTERCEPT 116. 811
A -2. 20562
A3C 2  .0000960635
A3C 4  -. 128465X10-6
AZC 3  .0000375032
C2 .0333256
A6C 5  -.121685X10-1o
A6C6 .4914 92X10-12
AC5  .404972X10-5
AC6  -. 174029X10-6

Regression equation- For Figure 11-13

middle left (Ref. 4 p. 11-22].

R 2 = .99639

Standard error of estimate = .870905 kts.

VARIABLE/ REGRESSION
TRANSFORM COEFFICIENT

INTERCEPT 51. 8923
B -3.6787
R4  -.403206X10- 6

R4B -.261757X10-8
R4B3  -.286464X10-12
R3  .0000882727
R2 B2  -.165604X10-5
RB .0330258
RB2  .00045386
32 -.0356287

2. Flowchart- See Figure B.8.

* 3. Program listing- See pal s 56-57.
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S TART

COMPUTE
P FROMl

FIG 11-13
BOT RIGHT '

COMPUTE
Q FROM

FIG 11-13
BOT LEFT

COMPUTE

RNG FROMI
FIG 11-14

OUTPUT
RNG

COMPUTE
R FROM

FIG 11-13
M1ID RIGHT

COMPUTE
RNG A/S

FROM FIG 11-13
MID LEFT

OUTPUT
RIG A/S

0 RIN TO MIAIN

Figure B.8 EKG Flowchart
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81LBL "PHC" 51 -.279396 E-12 12! *
02*181 61 52 * :82 .45T.86
@3 RCL 2 53 + 163 +
84 Xt2 54 FCL 1 184 PC! 28 E
85 9Th 23 55 .888307673 185 .22737 J

86 RCL 1@ 56~ 186*
Xt2 57 + 17+
88 STO 24 58 STO 25 1t8 'MAX RiT ="09 .138M 59 26.022 1@9 ARCL X

I@ RCL 00 60 XEQ "QD" it@ FS7 Pt
!.8@187782 61 -.4,73343 E-4 !11 jTO P.3

12*62 RCL 25 112 ADY
N + 63 1.00044 117 PROMPT

14 PCL 88 6 4 * 114 GTO 04
15 -.88218126 65 + II5*LBL 83
16* 66 RCL 84 116 ADY
17 + 67 -.483871 E-4 117 PR!
18 PCI 82 68 * 028*LBL 84
19 -.27957 E-4 69 + 119 116.2-l
20* 78 RCL 28 128 R 8L 0
21 + 71 RCL 84 121 -2.28562
22 R CLH 72* 122*
23 RCL 18 73 .277347 123 +
24* 74* 124 RCL 82
25 -.62102 E-7 75 4 125 RCL 89
26* 76 RCL 28 126*
27 + 77 PCL 87 127 .9S8635 E-4
28 RCL 83 78 * 12 *
29 RCL 24 79 -.49131 E-5 129 +
38 * 88 * 130 RCL 82
31 .938331 E-14 8t + 131 RCL I
32* 2 RCL 27 132
33 + 83 RCL 64 173 -.!28465 634 RCL 23 84* 134 *
35 RCL 89 85 -,8402217 35 + 4
36* 8* 136 RCL 1.
37 -.388259 E-18 87 * 137 RCL 12
38 * 88 RCL 27 138 *
39 + 89 PCL 87 139 -.375832 E-4
48 RCL88 98* 4 *
41 5 91 .88486 E-6 141 +
42 Y!X 92*142 RCL 89
43 RCL 88 93 4 143 .333256
44 54 RCL e' 144 *
45 .186168 E-7 95 -.421314 E-9 145 +
46* 96* 146 CL 23
47 + 97+ 147 PCL 8
48 RCL 82 98 RCL 28 148 5"
49 RCL 24 99 * 149 YtX
5e * 188 99.6167 150 *
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PI, 2

151 -.12!2695 E-18 281 +
152 * 28-2 PCL 26
153 + 28 RCL 85
154 RCL 23 284 *
155 RCL 24 285 -.165664 E-5
156* 286*
157 .491492 E-12 28? + -
158 * 288 Rr1 84
159 + 289 RCL 25
168 R 88 219 *-
161 RCL 88 211 .8338258
1625 212*
163 YtX 213 +
164 * 214 RC. 25
165 .484972 E-5 215 RCL 85
166* 2!6*
167 + 217 .88845386
168 RL 88 218 *"
169 RCL 24 219 +
178 228 RCL 85
171 -.17482? E-6 221 -.8356287
172 *
1.73+ 22"5+""

174 STO 25 224 IHG PsS=
175 26.828 25 ARCL X
176 XEO ID' 226 QDV
177 51.8923 227 ,E .
178 RCL 84
179 -3.6787

1I1 + C2

183 -.483286 E-6
I84 *c

186 RCL 28.
187 CL 4

• . ~188* ...

189 -.261757 E-8
,:. 198 * ..

191 + "'

192 RCL 28
193 L 86 "-
194 * :

195 -.2864E4 E-12_
196 *
197 +
198 PCL 2?
99 .88"727 E-4

288 *
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I. XIBUM LEVEL FLIGHT ENDURANCE (END)I
1. Equations/Fit statistics-

Regression equation- For Figure 11-21
bottom chart CRef. 4 p. 11-32)

R2 =.97211

Standard error of estimate .988268 kts.

VARIABLE/ REGRESSION
TRAN~SFORM COEFFICIENT

INTERCEPT -563.098
I 2.74663
C 94.3518
A 48.7049

-'C
2  -4. 6753

A2  -.6005
C3 .077392

AC -4.49562
A2 C2  .00153818
C:3 A .00927324
C3A3 .769 943X1 0-5
13 A .0000905311
IA2  .0262874

*A 2 7 3  -.0000161533
A3 I 3  .1912L49X10-5
IC -. 188195
ICA3  .0000604516
ICA2  -.00373104
C31A2 .0000123564
IC 2A -.00230188
C3 1A .000205707
I'C 3 A3  .10 1077X1 0-1O0
14CA -.102061X10-6
C4A313  -.233492X10-1O
C'AI -. 476391X10-5
I*C .440832X1-6
C4 1 .55O886X10-s
C4A -. 000212041
AC 2 I' . 144642X10-8
A 2 C 4 1 3  .453 15X10-1O0
A2C'I -. 2851 56X10- 6
A4I2 C3 .81 415X1 0-1 0
A~I2C4 -20 480 1X 10- 10

4-. 78 25 74X10-5
I*C* -. 487904X10-11
I 3 A4  -10 77 31X10-6
C4A4  .2 90 42 1X10- 9
C4 A3 -. 364546X 10-'
C'A 2  -.532767X10-7
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Regression equation- For Figure 11-21
top chart (Ref. 4I p. 11-33].

R2 = .99959

Standard error of estimate = .095246 hrs.

VARIABLE/ REGRESSION
TRANSFORM COEFFICIENT

INTERCEPT -14. 1228
A -.540052
C 1.18957
A2C4  -.294$347X10-7
AC .0570829
AC2  -.000939808
C4 -7 055 4X10- 5

Regression equation- For Figure 11-21
bottom chart [Ref. 4 p. 11-33].

Rl2 =.99998

Standard error of estimate =.016675 hrs.

VARIABLE/ REGRESSION
TRANSFORMI COEFFICIENI

INTERCEPT -.00553605
T 1.00062
T414 349348X 10-11

T2 12  .15 307 5X10-5
TI -.00117903
TI2  -.2165L46X10-4
TI4 8 847 45 3 X10 -

2. Flowchart- See Figure B.9.

3. Program listing- See pages 61-63.
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ENDA ENOB

START START

COMPUTE
COMPUTE T FROM

STD TEMP PG 11-33
TOP CHART

COMPUTE COMPUTEI
END A/S END TIME

WITH FUEL

OUTPUTCOMPUTE
END A/S EMPTY

WEIGHT

RTN TO MAIN

COMPUTE
E14D TIME

WI1TH 0 FUEL

COMPUTE

END TIME

U OUTPUT
END TIME

RTN TO MAIN

Figure B.9 END Flowcharts
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81*LBL "ENDAP 51 181 +
82 PRC 84 52 PCL 81 182 RCL 82-
83 15 53 -.6085 183 RrL 25
84 - 54' 104'
85 RCL 0 55 + 105 .191249 E-5
86 2 56 PC! 1 186*
87 *, 57 .877392 2- +
88 + 58 * 108 RCL 2
09 STO 23 59 + 189 RCL 8
18 STO 29 60 RCL88 118*
11 24.K26 61 RCL 88 111 -.188195
12 XEQ rr 62 * 112 *
1328 63 -4.496 113 +

14 RCL 23 64 * 114 PCL 23
15 X<:Y 65 + 115 PrL 88
16 GTO 85 66 RCL81 116*
17 4 67 RCL89 117 9CI 82
18 RCL Be 68* 118"
19 X(=Y? 69 .80153818 119 .64516 E-4
28 GTO5 78* 128*
S21 8.881 71+ 12: +
22 >71 72 RCL 18 122 RCL 27
23 GTO 81 73 RCL 8 123 RCL 83
240T082 74 1 20*

25LBL 81 75 .88927324 125 PCL 8122076 * 126 *

27 C8 "78 P 1-8.07731@4
28 Xi:'m N RCL 10 128
29 GTO 85 79 RCL 82 12 +
38'LBL 02 80 * 138 PCL 1
31 'OFF CHAPT" 81 .769943 E-5 131 PCIL 2 3
32 * 82*
33 PTN 83+ 133 RCL 81
34#LBI 05 84 PCL 25- 134 *
35 -563.9.V8 85 RCL @8 135 .123564 E-4
36 PCL 23 86 16*
37 2.74663 87 .985311 E-4 17 +
38* 88 * 138 P 23
39 + 89 + 139 CIL
48 RCL 8 9 RCL 23 48*
419 94.3518 91 PCL P1 141 PCL 88
42 * 92 * 142 *
43 + 93 .K262874 1437 2 -. e 8 c1,
44 PCL 8e 94 * 144 *
45 48.7849 95 + 145 +
46 * 96 RCL 81 146 PC 1e
47 4 97 RCL 25 147 PCL 27
48 PCL 89 98* 148*
49 -4.6753 99 -.161533 E-4 149 PrL 8
50' 18@* 158'
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151 .888285787 281 -.888212841 251 -.487984 E-11

152* 282* 252 *
153+ 283+ 253 +

154 RCL 26 284 PCL @8 254 RCL 15
155 RCL 18 285 RCL 89 255 RCL 07

156* 286' 256'
157 RCL 82 287 RCL 26 257 -.1877?! E-6
158* 288* 258*
159 .181677 E-18 289 .144642 E-8 25 +

168 * 218 * 268 RCL :!
161 + 211 + 261 RCL 8@3
162 RCL 26 212 RCL 81 262 *

!63 RCL 88 213 RCL I1 263 .29042! E-9
164 * 214 * 264 *
165 RCL 88 215 RCL 25 265 +
166 * 216 * 266 RCL I
167 -.182861 E-6 217 .45315 E-18 267 RCL 2
168* 18* 26 *
169 + 219 + 269 -. 364546 E-
178 RCL 11 228 RCL 91 278
171 RCL 82 221 RCL 1 271

172 2i* 22 RC' 1

17 RCL25 223 RCL 23 27 pRCL 0!

174* 24 4*

175 -.231492 E-18 225 -.285156 E-6 275 -.532767 E-7

176 * 226 * 276 *

177 + 227+ 7 +

178 RCL 11 228 RCL 83 276 'END P.;S="
179 RCL 88 229 RCL 24 279 PCL X
188* 238 * 288 QDV

181 RCL 23 231 RCL 18 281 .END.

182*
183 -.476391 E-5 233 .81415 E-10
184 * 234*
185 + 235+

186 RCL 26 236 RCL 83

187 RCL 88 237 PCL 24
188 * 232 *
189 .448832 E-6 239 RCL 11
199 * 248 *

191 + 241 -.284881 E-10
192 PCL 11 242 *
193 RCL 23 243 +
194 * 244 PCL 16
!95 .558886 E-5 245 -.782574 E-5
196* 246 *
197+ 247 +
198 RCL 11 248 RCL 26
199 RCL 98 249 RCL 11
288* 25@8
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81LEL "END" 51 + %e "14"
82 PCL 29 52 RCL 24 1(2 PTh
3 STi i4 53 PCL 85 1830LEL 2

84 5.8@7 54 * 1@4 STO .7
85 XEQ "09" 55 .158Ri E- 5 185 RC .
86*LPL 82 56 * 186 PcL 2e
87 -14 . .2223 57 + 187 1@
B8 RCL 08 58 RCL 23 18..
89 -.54802 59 PCL 84 9 -
* 68I* 11, $ .T 0'

II + 61 -.88117983 11 9.811
12 RCL 88 62* 112 XE. "CT"
13 1.18957 63+ Ii SF 0?
14 * 64 PCL 23 114 r T 8 L
15 + 65 PCL 85 115 M.
J6 ECL 81 66*
17 PCL LI 67 -.216554V E-4
18 68 *
19 -.294347 E-7 69 +
28* 78 PCL 22
21+ 71RCL 87 i
22 RCL 80 72*
23 RCL 88 73 .847'57 E-8
;4 *74*
25 .8578829 75 +
26* 76 FC 83
27 + ?7C082.l c , GTO PC t

28 PCL 08 78 CHS
29 RCL 89 79 RCL 27
38* 88
31 -.888939988 81 ^To 28
3 * 82 NT
33 + 83 "END TIME='
34 PCL 11 84 qPCL X
35 -.78554 E-5 85 1-HP,
36 * 86 FS? 01
37+ 87GTO

38 STO 23 88 nI,
•9 24.@26. 89 PPOMFT
48 XEQ "Q" 98 GTO 05
41 -.08553685 91'LBL 04
42 RCL 23 DV
431 .8862 93 PRA"
44 * 94#L8L 65
45 + 95 RCL 22
46 RCL 26 96 FPRC
4 7 PCI 0 97 68
48* 98*
49 -.349348 E-11 99
58 * 188 PPCI X'-
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J. ABILITY TD MAINTAIN FLIGHT WITH ONE ENGINE (SE/EV)

1. Equations/Fit statistics-
Regression equation- For Figure 11-23

top chart [Ref. 4 p. 11-37].

R 2 = .99926

Standard error of estimate = .50233 % tq.

VARIABLE/ REGRESSION
TRANSFORMI COEFFICIENr

INTERCEPT 69.3394
D 3.29399
C4  .000125967
C4D -.577415X10-4
C4D 2  -. 192526X10-5
C3 D .00245945
C3D2  .424577X10- 4

C2 D4  .462872X10- 6

CD -.662361

Regression equation- For Figure 11-23
bottom chart above
base line (Ref. 4 p. 11-37].

R 2 = .996

Standard error of estimate = 1.225218 kts.

VARIABLE/ REGRESSION
TRANSFORM1 COEFFICIENT

INTERCEPT 449.498
U-IH4  -. 0344426
H- 2  -31869.1
H6  -. 295226X10- 4

UT H8 .264768X10-13
U6H8 -. 196344X10-14
U- 7  46749423
U-8 -. 349828X109
U-SHs  -29.0417
U- 5 Ha .0176142
U-6H 1120118
H-sU4  -2663.33
H-GU3  381481
H-8 U4 -1179202
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Regression equation- For Figure 11-23
bottom chart below
base line [Ref. 4 p. 11-37].

R2= .992145

Standard error of estimate = 1.147515 kts.

VARIABLE/ RE-RESSION
TRASFRH4 COEFFICIENT

INTERCEPT 8824.72
exp U-4H 3 61. 1876
expUH) 22.1052
exp th8 5.78698
exp U-R .835267X10-12
expUH 2  -2388.27
exp U-2 H3) -.44832X10-8
exp U- IH ) ~ -6109.32
exp U-1H ) .601748X10-6
exp H-i) -210.325
exp 2U- L H) 1954.14

2. Flowchart- See Figure B.10.

3. Program listing- See pages 67-68.

65



CSTART

COMPUTE

U FROM
TOP CHART

FiguRe B110 SE/E Fl Vch
SE A66

OUTPUT



8i*LEL ESEE' 51 Y 1! * ".
82 69.3394 52 GTn . 182 -. 196Th E-14
23 PL 12 53 'N0 SE EY" 183
84 3.29 3 54 AD4 184 + "
o5 * 55 FTN 12 ..-
06 - 56*LBL 81 186 7
87 P2L 11 ]57 23.25 127 Y0 5
08 .0@12996" 58 XEP 0" 188 4674423
0,4 59 PCL 25 8
1e + 68 y2 1
11 .CL 11 61 ST0 26 Iii . 27
.2 L 12 62 CL 27 112 2

13- 63 ," ', !X
14 -.577415 E-4 64 STO 27 114 304E-28 E*-
15 * t5 8o. 832 114 54H0.079
16 + 66 XE 'Or"
17 PL 11 67 P' 37 F. r 31
!8 PCL !F 68 Pc 2" I, C 22
19~ * 69 * !
28 -. 192526 E-5 7T TO 31 .2V .t.
" * 71 449.4;'. 1

7 + 72 RC: 27
23RCL !e 73 RCL 25 *

24 PCL 12 74' 1 +
- * 75 -.834426 125 P.2.L 31

26 .88245945 76 * 26 227 * l' +It .

28 +78 sI2
29 RCL 1 79 . t38 P2C 12 88 -3 1869.1 i,:, 4 "
-71 * 81 * !i F E'L

32 424577 E-4 82 I
.5* 81 .22
34+ 84 6 14 p -

3 r. L 8A 85 tXI-
36 PTL 15 86 .29.226 E- -4 3A.
37* 87 137
38 .46 72 E-6 88 + 132 -

S89PL 27 13 PCeL 22PC'
4@ 99 -7 14F 5
41 RU I' 9l y':K '141 Y .
42 PCL 12 92 .2 R _26 12 L Fir
43* 93* 143 1.-
44 -. 662361 94 264768 E- 1 14,
45 * 95 145 -06,.3.7 I
46 4 96 + 146 '
47 1@ 97 L27 147 +
413 91' - 148 L 2
49 TO 27 99 YftX 149 -

50 PC:- 22 18@ RCL 26 15@ yt, P.

67 .'

.' A'* . .. * . .. - . . -. ,- - '7

I ":" ' " " "- '= ' " "' ~~~~~~~~~ ~~~........ . ......................- ,,- m--"m,, '"-ki ' i ' : = ' ' I l , - " :



151 PCL 20 281 Et X-
£52 l,'X 202 .835267 E-12
153* 283*
154 381481 @4 +
155 * 285 RCL 28
156 + 286 M.t 23
157 IOCL 26 's7. '158 IX 288 EIX
159 RCL 3 289 -238.27168 l1'X 218, .
161* 211+
162 -1179202 212 RCL 28
163 *213 PCL 24
164 + 214 *
165 SE / " 215 Et, . .
166 RRCL X 216 -.4470- E-8
167 FSI e1 21
1 68 GTO 84 218 +
169 PQDV 219 CL 27
17 PROMPFT 228 RCL 22
171 GTO 05 221 *
172#LBL 04 222 EtX
173 r 223 -6109.32
174 PPP 2 241*175.LBL 85 -"9 +":

1-6 8824.72 226 RCL 27
277 PICL 38 27 P2 23
178 PCL 24 28 *

79 * 229 Etx
188 Et4 230 .681748 E-6
181 61.1876 231 -182' +

~ t PL 2
184 RCL 38 34 1.1
185 RCL 25 " , E'z"
ISE. 2 236 -21@.325
188 22. 2 +
189 * 29 27 -

19 + 240 RCL 22
291 RCL 2. 2 4
192 rL 23 242 2L,- .47, 2"193 * 24? * .
14 Eti 244 EIX
195 5.7If69P 245 1954.4
!96 246*"
197 + 247 +
198 RCL 2? 248 TO
199 RCL 25 249 FCL X
288 * 258 END.

.6868!!

wl":::.-.

" " " " " ""- " "- ."' " '-. " "- ".- ." '" ./ ." •-.-- -;-"; '...; " " ."; , .. ". . -'. .. -.-.- i - " '



* K. INDICATED NEVER EXCEED SPEED (VNE)

1. Equations/Fit statistics-

Regression equation- For Fiq ure 1-138
chart Ref. 4I p. 1-173].

R2 = .99959

Standard error of estimate =.483568 kts.

VARIABLE/ REGRESSION
TRANSFORMI COEFFICIENT

INTERCEPT 93. 7068
D 7.64496

D4-.000541484
C3D3  .106803X10-5

D2 -.168473
C2D -.0383634 l
C'D .251008X10-4
C2  .321101

C4 -.000420052

2. Flowchart- See Figure B.11.

3. Program listing- See page 71. .
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START

COMPUTE

VNE

RTN TO MAIN

Figure B. 1 VNE Flowchart
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1'L B? VNE

@7 R 12
84 7.644,96
85 *
86 +
87 RCL 15
88, -. 88854144
89

11 RCL 10
12 RCL 14
13 $

14 .186803 E-5
15 *
16 +
1 Ifb 13
18 -. 168473
19*

28
21 PCL 89
2 RCL 12
23
24 -. 38"634
25
26 +
27 RCL II
28 RCL 12
29 *

38 .251888 E-4

32 +
33 PCL P -:i
34 .321181
35*

36 +
37 RCL 11
38 -.88.428852
39 *
48 +
4! 145
42 X<="?
43 GTO el
44 "VNE='
45 AFCL Y
46 IWD
4 7 TH

48*LBL 81
49 "VNE=145/CGI"
58 iDV
51 .EN,.
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