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Chapter 1

FLIGHT? PERPORMANCE ADVISORY SYSTENS

For mary years, NADC has been concerned vith developing

technologies %o enhance the perfcrmance of Naval aircraft in

all phases of flight by improving hardware and capabilities,

One cf their most current and urgent efforts is the improve-~

ment of fuel consuzption characteristics for Naval aircraft.

Specificaily, there are six aircraft that represent the

greatest percentage of fuel consummed. They are the P-u4,

p-3, A-6, A-7, A~4 and the P-14. Some 2f the methods con-

sidered to improve the fuel consumption characteristics of

these aiicraf+ include engine modifications, changing opera-

tional characteristics, and the design of computer software

that assists the pilot in determining the most efficient

fuel consumption profile to fly at any given moment during a

flight.

The design of fuel efficiency software falls within a

classification called Flight Performance Advisory Systeas

(PPAS). Sirce the hardvare/software on-board capabilities

of mcst military aircraft are committed to operational con-

siderations, handheld programmable calculators have been

pressed into service in the cockpit to provide easily acces-

sible flight performance paraseters.



1.1 BAGEGROUED
NADC has set a goal to reduce fuel consumption ir Naval air-

craft by five percent through the application of advanced

technologies. The motivation for such a goal is obvious:

the 1973 oil embargo by Arab nations and subsequent inci-

dents sent the cost of fuel skyrocketing and has reduced

supplies on more than one occassion. Met hods must be found

to minimize reliance on foreign sources by reducing fuel

consumption rates without affecting training and operational

capatility.

Orportunities exist in the operational profile of any

aircraft toc reduce fuel consumption rates by providing the

pilot with a method of determining optimal configurations

for maxipua range and maximum endurance. Currently, the

only information available to pilots exists in the NATOPS

Manuals. This information, however, is very limited in

utility because of “he bulk of material and its complexity.

The use of information in NATOPS is generally limited to

ready-rooa research, a practice hardly condusive to enhance-

ment of real-time performance.

1.1.1 Handheld Programmable Calculators
Inexrensive calculators have been available in the US market

now for 10 to 15 years. The most recent additicns to this

market are programmable calculators, those capable of taking

a set of input parameters and coaputing a numerical response

with an infinite variety and complexity of equations.



3

By manipulating the data in the NATOPS Manual, equations

can te programmed to return ansvers to such questions as

what is the correct airspeed to fly max range corrected for

temperature, altitude and winds.

NADC used the most current ideas in the design of such

programs by formulating a code for <+he A-7! to be used with

the HP-41CV, an advanced technology calculator manufac*ured

by Hewlett-Packard. This program served as a prototype for

the efforts which were sponsored by NADC at the Naval Post-

graduate School.

1.1.2 EPAS Programs Designs
AE3001, Aircraft Energy Conservation, is a course offered by

the Aeronautical Engineering Department at the Naval Post-

graduate Schocl at least once 2ach year +o interested stu-

dents. When offered in the Summer Quarter, 1981, NADC spon-

sored the use of the HP-41CV calculator to participating

students vho agreed to design programs for their aircraft.

Primary emphasis was placed on programs for the six major

fuel consuming aircraft previously mentioned, but prograa

designs for cther aircraft were given consideration as well.

Pev restrictions vere placed cn the design cf ¢hese pro-

grass. The A-7 code designed by NADC was made available as

a reference, and lecture zaterial provided background on the
 

1 The work which lead to the development 5f this prograa vas
originally performed by officers/engineers attached to A-7
sguadrons at NAS Lemoore. Their infent was to use regres-
sicn ana sis on _NATOPS data to devise simple equatiouns
that cou be used in_a prograsmable calculator to provide
pilots with mission planning data.
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need for programs. NADC hoped to learn vhat fleet experi-

enced aviators really vanted to see in the cockpit, thereby

avoiding needless duplication of effort and the presentation

of parameters of limited u<+ility.

Aircraft for which final code were submitted include the

F-14, S-3, SH-3, A-6, EA-6B, BE-2B, E-2C, A-u4, ard the FP-u4,

This author designed the program for the E-2C.

1.2 THE B-2C/HP-81CV FPAS

The calculator code developed for the E-2C was designed pri-

marily using information available in Chapter 11 of the E-2C

NATOFS Manual. There are at least two reasons for this.

1. Information available from the manufacturer is gener-

ally not available in a convenient format or is

closely held as proprietary.

2. The NATOPS Manual is, very simply, supposed to be the

final word for aviators needing ¢o know information

about their aircraft. Other sources cannot be relied

upon unless officially sanctioned. Most of that ma-

terial is generally not available in a squadron.

The origiral B-2C program was desigred to provide the pi-

lot with max range and max endurance airspeeds %o fly for

any given set of input parameters read from cockpit instru-

ments during flight. Equations vere devised by using re-

gression analysis on specific range charts for the clean and

10 degrees flaps configurations. Corrections applied for

altitude, temperature and winds at altitude adjusted the ca-

librated airspeed to an appropriate indicated airspeed.
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Cruice ceiling, <+he optimal altitude for max range flight,

was also computed.

Parameters needed by the program are raquested in ar in-

teractive manner by the calculator, which is capable of dis-

playing words as well as numbers. Elapsed time froma input

of the last cf five requested input parameters to output of

the indicated airspeed to fly is less than 30 seconds. Fuel

flow and iadicated shaft horsepower to fly the indi ted

airspeed are also computed and presented at the end ¢ *he

prograa. Additionally, a data algorithm allowed the 2%

to ccapute fuel, time and distance to go for a given a at

of fuel on board. Climb and descent information is not conm-

puted by “he prograa.

The prograa and report for the E-2C code were submitted

to the instructor and NADC at the end of the quarter with a

short presentation by each student. Two engineers from NADC

listened to each presentation and pressed fcr additional igp-

formation. One conclusion reached by virtually all students

and conveyed to NADC, however, was that the opportunities

for ship based aircraft tc use a calculator +hat computes

sax range and max endurance parameters is probably limited.

An P-14 looks iike an E-2 looks like an S-3 in ¢tha% each

aircraft generally flies mission profiles that do not allow

usa cf fuel efficiency codes. Only those short pericds of

time during transits to or from station, or during holding
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in marshall, will any of these aircraft need max range or

max endurance information. A concern was also expressed re-

garding the use of a device in a single seat aircraft that

requires the pilot to divert attention away from outside the

aircraft.?

1.2.1 Coptipuation of the E-2C PPAS
Early in Octcber, 1981, the E-2C PPAS calculator was taken

on a flight by an instructor a+ RVAW-110, the B-2B/E-2C

Ylaet Replacement Training Squadron for the West Coast at

NAS Miramar. The original intent of the flight was to det-

ermine if selected output parameters matched the performance

of the aircraft. Before such a determination could be made,

however, the energy field3 created by passage of the main

beam of the radar over the cockpit rendered the calculator

unusable. It was later determined that all program flags

vere set by the energy field. One of those flags turns the

calculator off. Operation was restored after “he flight by

resea+ing the batteries. No damage occured to the calcula-

tor cr memory, and loaded programs romained intact. RON

chips installed in the calcula%or were not affected, either.

 

2 Additionally, the calculator could not be of any benefit
evaduring low 1 navigation or formation flying because of

the Sxternal gongentza tion Tegyyred. Cilcilators for
fighter an a*tack aircraft wi probably galn greatest
acceptance as a ready room mission planning aid.

3 Grumman engineers have assured E-2 flight crew that the
aicrovave_ ener field that sweeps through the cockpit is
not a heal+h HKazard. The transitory nature, Qf the bean
joaylts in radiation levels less than specified by stan-
ards.
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During these tests, several aviators in the squadron be-

came interested in the 2f fort and suggested several other

ways a calculator could be used. Many of those ideas cen-

tered around safety of flight information such as determina-

tion of BINGO fuel required data, cross wind landing limita-

tions, and calculation of refusal speed for takeoff.

1.2.2 Directed studies
During subsequent months, several ideas were generated +o

cope with informally defined problemas with the E-2C FPAS.

But no effort could be made without a formal work structure.

Professor A.E. Puhs, who conducted the AE3001 course during

+he Summer 1981 Quarter, <consen*ed to sponsor further work

regarding the E~-2C program. NADC also provided sponsorship

and assistance. Drawing upon several ideas generated bet-

veen September 1981 and the beginning of the Spring 1982

Quarter, the following research items were agreed upon as a

format for a one-time AE4900, Directed Studies in Aeronauti-

cal Engineering.

1.2.2.1 BE~2C/HP=-41CY FPAS Continesation

Work was to te resumed on the 2-2C program to redefine pro-

gram objectives. Primarily, the code was to be simplified

by eliminating the 10 degrees of flaps information, adding a

descent profile, and possibly eliminating unneeded or unre-

liable parameters such as fuel £low and horsepower readouts.



Electromagnetic interference effects required several simple

nethcds of protecting the HP-41CV from the energy field in

cockEit. Possible methods include foil shielding, a metal

keyboard mask, and metal-laminated transparent bags.

1.2.2.3 B-2B and C-2) FPAS Programas

Since the flight characteristics of each of the three air-

craft are similar, efforts to design standardized programs

for each aircraft would be relatively simple. The BE-2B pro-

gram could rely on equations already developed by another

student. The C-2A program would have to rely on development

of equations patterned after the work on the E-2C.

1e2.2.4 Safety of Plight Prograas

The cne program most B-2 aviators considered most useful is

quick and reliable access to BINGO fuel required. Again,

design of a program for the E-2C would provide a guideline

for prograes for the other two aircraft.

1.2.2.5 Examination of Other Calculators

Since it appeared the HP-41CV might have difficulties coping

with the E-2 environment, +he possibility of using other

types of advanced technology calculators or pocket sized

computers was considered. This idea did not work out, how-

ever, due to lack of funding.



Chapter II

TECHNICAL DISCUSSION

Prior to discussing <¢he programs, an understanding of the

hardware and methodologies is necessary. As mentioned pre-

viously, handheld programmable calculators are available

that will perfora a variety of computations in an interac-

tive manner. Since many types of calculators can be used

for any given sitnation, a full explanation of why the

HP-41CVY is used for the PPAS program is in order.

A short discussion of regression analysis is also includ-

ed to familiarize the reader with the methodology used to

obtain equations for use in the FPAS programs.

2.1 THE ER-8ICY
Handheld prograamable calulators go far beyond the reala of

"four-bangers", those calculators that perform simple addi-

tion, subtraction, aultiplication and division. One step

beyond that capability includes calculators with at least

one memory for temporary, volatile* storage of numbers used

in a hand-fed computation sequence.

Programmable calculators include those with more than one

menory location, each of which can be accessed by a sequenc-

ing cperation that "reads" an instruction and perforas a de-

sired operation, then moves on to the next instruction. Ob-
 

* Vola
will be lost vhen power to the ca

-9 =

tile generally means that any faraspovedig aesory
a Y .
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viously, these calculators are more complicated to learn to

use, but certainly not impossible. Yarious predefined

mathematical operations are also included such as sine, co-

sine, tangent, leg, atc.

Prior to the HP-G41, programmable calculators were strict-

ly "nuaber crunchers”. The user had to know where the cal-

culator's program was operating in order to interpret a aum-

erical output. Peripheral printers aided the affor+,

however, by providing a limited interactive, word presenta-

tion capability. The TI-59 is probably the best example of

this type of calculator. Some TI-S59's have been used for

FPAS programas, notably one for the AV-8 Harrier. A special

mask is used to identify redefined key functions. A special

ROM chip, designed especially for the Rarrier, makes *he

program non-volatile.

2.1.1 Bagic Features
The HP-41 iaproves programmable capability considerably.

Hewlett-Packard originally issued this calculator as the

HP-41C, but later responded to market pressure with the

HP-4 1CV. The two calculators are identical except for the

smaller initial memory size of the "C" model. The "CV" has

apprcximately 2.2K of RAM,% or 319 registers. Pach key

 

S$ Randoa Acceas Memory (RAN) refers +“o memory in a ccaputer
that is used to Be form transitory operations and store
{natructions and data ne"Bse’Io Tread Only Bemory (RON)
is not accessible to the user. n Sprocessl contains ma-
chine, dedicated code for use 34 the processing unit. RON
aay al so used to permanently ore program code in

-v0 Sesle RemOry.
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represents three or four functions, depending on the mode

selected. Variables are stored in registers and are either

stored or recalled by Program code. The ALPHA mode is usad

to define alpha-numeric titles or labels that access certain

inforsation or spell out interactive wording to vhich the

user responds. The progras mode, PRGM on the calculator,

allous the user to enter code for later execution. Keys can

be assigned prograa accessing functions so that execution

can te initiated easily when in the USER aode.

The calculator'’s arithmetic operations are conducted in

Reverse Polish Notation. RPN 2limina‘es ¢the need for com-

plicated, parenthetically nested equations. Although diffe-

rent from the method of operating a standard calculator, its

use can be learned in a few short steps.

Dccumentation for the calculator is bet4ar +han average

and contains few ambiguities. An interested user can learn

enough about the calculator to perform relatively sophisti-

cated prograaming in about one day. Usage of the FPAS pro-

grass requires no special knowledge about tha calculator and

can te briefed in less than 15 minutes.

Pigure 1, reproduced by permission fros Hewlett-Packard,

shows the calculator keyboard layout and aajor functions.
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Pressing a key vecutes the tum tion shown

on the face of that key

8 pressed hetore another key ¢xecutes the
function shown above that key

  

  

 

  NT
X€8) execute) 1s used to execute functions

una programs from the display. To execute
and standard function, or a program that 1s
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rmrnme | mmm i:
Press 389) | l

:

2. Press J&B] un. the program or function 1

came res CEB). ||Geen
 The named function or program will be exe-

cuted. If the function expects parameters. : TEITE

then the calculator prompts for them. 8B

1

lists the contents of the function and ——d

program catalogs. Catalog | ts the user cata- = |) =. >]

jog and it contains the global (ALPHA) r

labels and END structions of programs !
stored in program memory. The catalog is : = = ) oe)

positioned in memory w the displayed pro- |
gram labeis during the listing of caalog 1.

2 = 3m

 

 

Catalog 2 lists ail functions contamed in cur- :
rently plugged-n application modules and |
penipherais. Catalog 3 fists afi standard !

HP-4C functions. Press any key (other than
oN) or WE) to stow the listing down. Press :

73 und any other key to tetunate a running |

lisung Press (78) 10 stop the listing (use

35 una &8) to step through the catalog :

manually) \

         
| Views the contents of any register withou

disturbing the stack. To clear viewed data and

return to the contents ofthe X-regivter press
=.

Deletes ine nght-most digit during digit or

pacameter entry If digit entry has been

terminated, clears enure displayed X-

regis er Alclears messages from the dis

piay Press (EE 10 clear the displayed
Cre sier iF 1s held down while HP-41C
is rumed on. Joes master clear.

Figure 1: The HP-41CV   
 

Courtesy of Hewlett-Packard Co.

2.1.2 Extended Pupctions/lemory
Hewlett-Packard recently introduced RON modules which can be

plugged into HP-41CV 1/0 ports +o expand the memory storage

capakili+y. The calculator used in this research was sup-

plied with one Extended Functions module and two Extended
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Memory modules. The Extended Punctions module increases the

number of commands that can be accessed directly by the user

or by program code, Executable sizing functions can be used

to repartition ragister allocations for different prograss.

The Extended Memory modules are used to store prograa

code not currently in nse in main memory. Only orograas in

the sain memory of the calculator can be operated. The Ex-

tended Nemory modules can be considered similar to disk

drives on a asicrocoamputer for mass storage of prograas and

data. The programs are accessed and loaded into main memory

vhen called.

Early on in the design of the PPAS programs at NPS, most

program designers realized that the main memory (2.2KB RAN)

vas not sufficient to handle programs without the use of

either two calculators to perform different sections or coa-

promise of the accuracy. Por the BE-2 and C-2 programs de~

signed for this project, a control program is resident in

main memory that calls the desired program from Extended Me-

mory, repartitions the register space as required, and plac-

es the program into main memory for operation by the user.

When a different program is needed, the current main memory

program is erased, and the nev one loaded. The Extended NMe-

mory modules function essentially like RON chips; loaded

programs remain intact, even vhen accessed by the 2ain memo-

TY program. Portunately, however, the programs can be modi-
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fied when required by altering the main memory program and

writing over the program stored in Bxtended Memory.

The Bxtended Nemory programs loaded for each of the three

programs written for this project include the PPAS, a BINGO

program, and a CROSSWIND LIMITATIONS program. The code for

each program has been "tightened" sufficiently to allow the

additien of two or three small programs in the future.$

2.2 REGRESSION ANALYSIS
Regression analysis allows researchers to take a given set

of data with an apparent functional relationship and devise

an equation that will describe that relationship. The equa-

tion approximates the data for any given independent varia-

ble by determining coefficients for a selected aquation

fora. For instance, one aight assume a first order rela-

tionship for data of a form such as y = a ¢+ bx; x is the in-

dependent variable and a and b are the coefficients deter-

mined by the regression analysis. y is the dependent

variable which approximates the desired value. With regres-

sion analysis, a set of x and y value pairs are known and

+he a and Lk ccefficients are determined. Differences bet-

veen the approximated values of y and the actual value is

the residual. Any regression routine will seek to minimize

+*he residual.

 

¢ The Extended Punctions module and +wo Extended Memory mo-
dules add about U4KB of memory to the HP-41CY for a total
of 6.2KB. The current setup of programs for the E-2C
leaves 109 registers availabla in Extended Memory for fu-
“ure prograss.
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Regressicn analysis cften requires tha consideration of

two cr more independent variables, a process called aultiple

linear regression. The equations devised for the B-2/C-2

PPAS programs required use of multiple variables. Por ins-

tance, the calibrated airspeed to define no~wind, aax range

values is a function of aircraft gross weight (GW) and pres-

sure altitude (Pi). The Minitab program, resident on the

IBM370/3033 at the Naval Postgraduate School, was used to

formulate appropriate equations.

Siapler relationships involving one variable or easily

recoginized functional relationship patterns were regressed

using a curve fitting prcgram on the HP-U4ICV.



Chapter III

THE B-2C/HP=-41CV PROGRAMS

Since the B-2C program was usad as the control program +o

devise codes for the other two aircraft, a more complete de-

scription of these codes will be presented here. Plowcharts

and a listirg of program code are presented after each de-

scription rather than in separate appendices to avoid confu-

sion.

3.1 IHE E-2C PEAS PROGRAM

The E-2C Flight Performace Advisory Program is called by tke

main memory accessing program from Extended Memory and load-

ed into main memory in about 30 seconds. The flow char+

should be referenced +o understand “he *haory of operation.

3.1.1 Program Initiation
Program operation is initiated by pressing the START key at

the upper left corner of the keyboard.” The program will

display "®®E-2C FPAS®*®*® for about one second, then proceed

+0 request nesded information with the following displays:

1. "BASIC WT = ?%, then

2. "CARGO WT = ?%, then

3. "3X0. CREW = ?%,

 

7? Sytsequently, keys will be raferred to by a coded position
based on a row/column numbering system. The START key is
on rov 1, column 1; hence, key 11. There are 8 rows with
3 columns in the first <hfee rows, and 4 columns each in
ove vs,

- 16 =
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Bach label will stop program operation until the user res-

ponds by keying in the appropriate number. Program opera-

tion proceeds to the next label when Run/Stop (R/S: key 84)

is pressed after each numerical entry.

Finally, ®“PROPILE?" is displayed, asking the user to select

one cf three modes of operation: RANGE, ENDURANCE, or

DESCENT.

3.1.2 BANGE

Pressing the RANGE key (12) initiates the caiculation of

maximum range indicated airspeed to fiy corrected for alti-

tude, temperature and winds at altitude. Upon pressing the

key, "OSHAX RANGE®™ displays as an echo check verification

of the selection, followed by:

1. "ALT = PT?%, enter current altitude from the altime-

ter;

2. MOAT = C%, outside air temperature in degrees centi-

grade (the CHS (change sign) key (42) places a nega-

tive sign in front of a number);

3. ®IAS = KTS?", current indicated airspeed in knots

(this number is used to correct OAT for heating ef-

fects on the temperature probe);

4. "POPL = LBS?®, total fuel weight read from the quan-

tity gages.

Each of these parameters are loaded into appropriate regis-

+ers for later access by the program. Teaperature deviation

(TDEV), a function of OAT and altitude (PA), is then calcu-

lated for use in a Cruise Ceiling (CC) calculation, a furnc-

tion of TDEV and Gross Weight (GW). Max Range Calibrated
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Airspeed (MRCAS), from the NATOPS charts, is then computed

as a function of PA and GW.

The inverse of SQRBRT sigma (SSI) is calculated and stored

for use in later true airspeed (TAS) computations. A com-

pressibility correction based on PA and CAS is also coaput-

ed.

Winds are accounted for by asking the user if the ground

speed is available (from CAINS or TACAN calculations). Res-

ponse is with the YES or NO keys, (15) or (25). The labsl

will read "GS,AVAIL? Y/N", If yes, the program will ask

*GS = KTS?%; enter the value and press R/S. If no, the pro-

gram will respond, "INPUT WINDS. .%; the dots indicate a tem-

porary label with a query to follow.

1. ®WIND DIR = ?", enter forecas* or computed winds in

degrees, 001 to 360;

2. “WIND VEL = ?%, enter forecast or computed winds in

knots;

3. "A/C HDG = ?", enter aircraft heading in degrees, 001

to 360.

Headvind calculations are a function 9 TAS based indi-

cated airspeed (TASi). After determining if the headwind is

positive or negative (tailwind), corrections are applied to

the CAS to adjust for winds. This value is then corrected

for compressibility and stored for later display. The cal-

culater then displays, "*DATA READY®"™,
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3.1.3 ENDURANCE

The ENDURANCE profile functions much the same way as the

RANGE profile. Subroutine AIOPG again asks for altitude,

airspeed, OAT, and fuel weight, thea calculates gross

veight. Max endurance is easily calculated as a function of

grose weight only. Headwind corrections, obviously, are not

perfcraed.

Equivalent (indicated)® airspeed and ‘rue airspeed are

then calculated and stored for later display.

3.1.5 DESCENT
The CESCENT profile calculates an indicated airspeed to fly

a max range descent such as might be used during a BINGO to

a shcre based field. Headwind correc*ions have been incor-

porated into this algorithm; *he assumption is made, howev-

er, that the RANGE profile has been run at least once prior

to DESCENT soc that an approximate headwind correction can be

applied.

When selected, the DESCENT profile initially asks for

present altitude, then fuel wieght, ther the desired level

off altitude. Gross weight is calculated and stored.

Since *he charts in the NATOPS manual show a weight only

dependency above 10000 feet and a weight and altitude depen-

dency below 10000 feet, the program deteraines whether pre-

sent altitude is above or below 10000 and uses *+hae correct

 

® position error corrections for each of the three aircraft
are pegliqgible and not computed. Hence, EAS is approxi-
mately "equal to IAS.
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set cf 2quaticns to determine the CAS. Headwind corrections

are then applied, and indicated airspeed is calculated.

Descent distance, the distance from the field to start the

descent, is calculated as a function of present altitude and

level-of £f altitude.

Stored values are then displayed in a short routine that

alsc warns the user to increase IAS 1 knot per 1000 feet bhe-

lov 10000 feet. A label also warns the pilot to use S00 SHP

for the descent. Readers will ncte that the NATOPS manual

specifies flight idle. The 500 SHP value was chosen because

of the common knowledge ability to simulate feathered flight

by using 500 SHF.®

3.1.5 DAIA

The CATA algeritham car be called at any time to display %he

values calculated for the latest run of the RANGE or

ENDURANCE rprofiles. The DESCENT profiles displays its own

values separately.

If the RANGE profile was the most recently run selection,

the CATA algorithm will display a reccamended IAS *o fly max

range,!9 followed by several other parameters of interest.

 

9 The exact value of SHP to use can be determined in flight
in the following manner. At a given altitude with one én-
gine feathered trim the aircraft for straight and level
light at the fas specified for max range JdeScent at that

weight and altitude. Without retriam rg restart the
feathered engine and adjust its over setting to that re-
uired to daplicate *hée flight nditions previously set
for fwrathered flight, Note the SHP on the restarted en-
ging and use this value. Several aircraft should be test-
ed in *his sanner to arrive a+ a nominal value,

10 There exist an AOA %o f} max range at an weight °
vind conditions). Informal tests 10d8caze lis aod £0 (B2
akout 16 units.
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Each value may be observed by pressing R/S to proceed ¢o the

next. After all values have been seen, the program will cy-

cle tack to the MRIAS value again.

3.1.6 E=2C FPAS Flowcharts

The following nire pages present the E-2C FPAS algorithm in

flowchart format for a conceptual understanding of prograa

operation. Numbers adjacent to function blocks refer to

line numbers in the FPAS code that follows.
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PROGRAM INITIALIZATION 01 £-2C FPAS

START

KEY 11

XEQ SITE 022

+£2C FPASH?

 
BASIC WT =» 2

$70 001 3
R/S

 13
CARGO WT = 2?

1 L
d

R/S

  

av ~ By + QW

STO 00

= 17
NO. CREW = ?

R/S

  
 

 

Pu = BW + NCe200

STO 00.  
  24

PROF ILE?

5

  
KEY 13

1/9



RANGE ALGORITHM

 

 

 
 

Le 8 2 E-2C FPAS

30

*MAX RANGE +

LBL 08
236

XEQ 08

 

SUBR AIOFG
 

 
 

[TOEV = f(PA,DAT)

  S10 05 239

 
 

  CC=f(GuW,TDEV)  
 

STO 06
 

  
  

 

 

 

 

 

 
  

 

  
 

 

  

 
  

 

 
 

 
 

 
 

 

 
 

  
 

 
 

WRCAS=# (PA, GM)

STO 13

R/S 244

LBL 01 9a
57001 (PA) TAs = k157

10 15 $10 04$10 1 0 ser

102 .
W2=(p/Do, IAS) FUEL

=

L8S?

STO 08
R/S

102 = Fv + Bu
TA=F (OAT, N2)

s10 01
STO 09 RTN

A 2/9
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QANGE ALGORT'HN E-2C FPAS
(cont'd)

134
 

551 =» 1/SQRT(sigme) SSI= f(TA,PA)

 $10 10   
 

£$2 01: YES => Range profile GT0 10

fn effect

   

 

 

TASt=f({ IAS,SSI) (®)

S70 11  
 

   

    
  

   

   

   
   

171
GS = X18?

$70 18.

173
 

HY = TAST-GS

S10 12   
188

WIND VEL eo 2?

STO 18

189
A/C HOG = 2

STO 19

24S
Hwewveos |HDG-WD |

191 

STO 12

y 199
GS « TAGT-HW

 

 

ST0 16.  
   
 ®

3/9
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RANGE ALGORITHM E-2C FPAS

(cont'a)}

" 7LBL 06

|

CASeHy LL 0 CAS-

CAS = CAS + CAS = CAS +
(.5-(PA)IE-6)MW C ) (.3-(PA)SE~6IHN

sto 13 STO 13

218 219 232
YES Glo 13 © vES

NO NO

 

   

$2 03: YES => Descent profile

fn effect (®)

4/9



Let ¢
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ENDURANCE PROF ILE 253 E-2C FPAS

ENDUR
9

v's

257
*NAX ENDUR®

260 LBL 08 238

xEQ 08
SUBR AIOFG

SUBR AIOFG

RIN

LBL 09 262

MECASef (GM)

| $70 13

LBL 10 270 LL 02 150

XEQ 02 DVC~T(PA,CAS)

O— SUBR OVC S10 07

RTN

271

EAS=CAS-0VC

i S10 14

27%
TAS=EAS#SS1

STO 11       

 

«0ATA READY

PRESS DATA KEY (23) OR R/S

TO CONTINUE

279

5/9
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DESCENT PROFILE Leto 282 E-2C FPAS

DESCENT
SF 03

206
AMR DESCENTS

289
AT = FT?

ST 02

R/S

292

FUEL = LIS?

GW = FuelY

sTQ 01

R/S

297
AT = 2?

$10 20

 

 

   
 

L/0

    

 

   

 

    

 

   

 

   

, 306 303

‘uRD, IAS = 1(CW)i 108 oa] LBL 16
MRD, IAS=f (GW) |360

RTN

$70 13 S10 13

ewguowing corrections assume LB ay YES G10 08 *

RANGE profile run at lesst "———— —()
once prior to DESCENT profile.

NO
 

X€Q 07 *

CAS~NW —————( )

  8/9
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DESCENT ALGORITHM E-2C FPAS
(cont'd)

LeL 13

XEQ 02O— SUBR OVC

321 

  
 

  

 

  

322
EAS=CAS-0VC

STO 14

326
D0=#(PA,LOPA)

STO 20   
 

      » 334
DSNT,DIST__

ARCL 20

BELOW lox FT

INC MRD IAS

IKT/1000F 7

USE S00 SHP   1/9
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LoL F s68 E-2C FPAS
DATA ALGORITHM

  
   

     
8/9 



DATA ALGORITHM

(cont'd)

 

 

  

 

408

a12

ais

ARCL 01

LoL 6
422

CLRF
CLEAR FLAGS

  
CF*s 00-04 FIxe

Lx

   

E-2C FPAS

30

9/9



B-2C PPAS/HP-#1CV Code (June 1982;

dioLBL *STF"
82 CF 01
83 CF #2
84 CF 83
85 CF 84
#6 CLRG
87 “+22 FPASss"

88 AVIEN
89 PSE
i@ “BASIC WT
11 PROMPT
12 STO 99
13 “CARGO NT = ?-
14 PROMPT
15 +
16 STO 89
{7 “NO. CREW
18 PROMPT
19 200
20

21 RCL #9
22 +
23 510 96
24 "PROFILE?"
25 PROMPT
264LBL B
27 SF 81
28 CF 92
29 CF a3
30 “ssNRX RANGES"
31 AVIEN
32 PSE
33 XEQ 08
34 RCL 83
[515
3% -

37 RCL 92
38 198 E-5
19

40 +
41 S70 95
42 38
43 RCL 05
44

45 -.0831
4% *

47 1
38 +

49 705
59 RCL a1

2”

ld

51 *

32 =

33 CHS

4 38
55 RCL 85

56 -

57 78.67
58 »

39 +

68 58488

ol +

62 180

XI

64 INT

69 190
66 *

67 STO #6

68 179.47

69 RCL 82

78 173 E-5

71s

72 -

73 RCL 8

74 316 E-b

75 *

76 +

77 RCL #1

78 At2

79 RCL #2

38 Xt2

81 516 £-28

82 *

33

34 +

35 RCL 82

3 { E-3

87 =

38 LN

39 3.074
9 =»

3 -

92 S70 13

934LBL 01

94 RCL 92

95 -6875 E-9
9% *

97 1

98 +

99 5.2563

188 Y4X

1/3)

KR

181 STO {5
192 RCL 94
183 661.7
104 /
195 X2
186 .2
107 =
168 1
199 +
110 3.9
111 ex
112 1
113 -
114 RCL 15

115 1X
116
17 1
118 +
119 .286

120 YX
121 t

122 -
123 §
124 =

125 STO #8
126 .2
127
128 1
129 +
139 {/%

131 RCL 83
132
133 S10 ®9
134 1936 E-6
135 *
136 RCL 82
137 1506
138 -
139 2112 E-8
148 =

141 +
142 EfX
143 ,982
144 =
145 STO 16
146 FS? #
147 GTO 33
148 GT0 18
149¢LBL 82
158 RCL @2



E-2C/PPAS HP-41CV Code (June 1982; 2/3)

151 91 E-6
152 »

153 EX
154 1 E-7
155 =

156 RCL 13
157 2.852
158 Y4%
139s
168 STO o7
161 RTN
162¢LBL 83
163 RCL 04
164 RCL 18
163 *
166 STO {1
167eLBL 84
168 “GS, AVAIL? Y/N"
169 PROMPT
1706LBL E
171 GS = KT§2"
172 PROMPT
173 S70 16
174 RCL {1
175 RCL 16
176 -
177 S10 12
178 GT0 #5
179eLBL J
188 “INPUT MNINDS..-
181 AVIEN
182 PSE
183 “WIND DIR
184 PROMPT
189 S10 17
186 “WIND VEL
187 PROWPT
188 S710 18
189 “A/C HBG = 2
199 PROMPT
191 S70 19
192 RCL 17
193 -
194 ABS
195 CoS
196 RCL 18
197 »
198 S10 12
199 RCL 11
208 RCL 12

2°

2

281 -
202 STO 16
203 RCL 12
204eLBL 95
285 Wa?
286 GTO #7
207+LBL 86
208 .5
289 RCL #2
210 1 E-5
211 =
212 -
213 RCL 12
2l4 =

215 RCL 13
216 +
217 S70 13
218 FS? a3
219 GT0 13
228 GT0 10
221eBL #7
222 .3
223 RCL #2
224 5 E-6
225 *
226 -
227 RCL 12
228 »
229 RCL 13
238 +
231 STD 13
232 F§? 13
233 RTN
234 TO 19
235¢L8L 08
236 “ALT = FT?
237 PROMPT
238 (9?
239 10
249 TO a2
241 “OAT = 07°
242 PROMPT
243 STO 83
244 [AS = KTS?"
245 PROWPT
246 STO 84
247 “FUEL = LBS?"
243 PROMPT
249 RCL 20
259 +

32

251 870 81
252 RTH
253eBL C
254 SF 82
255 CF dl
236 CF 83
257 ~ssMAX ENDUR®"
258 AVIEW
239 PSE
260 EQ 88
261+L8L 89
262 63
263 RCL 81
264 125 E-3
265 +
266 +
267 570 13
268 GT0 91
269¢LBL 19
278 XEQ 82
271 RCL 13
272 RCL &7
273 -
274 570 {4
275 RCL 18
276 *
277 S70 11
278 BEEP
279 *sDATA READY"

200 PROMPT
281 G70 F
282¢LBL D
283 SF 83
284 CF 61
283 CF 82
286 “#MR DESCENTe"
287 AVIEW
288 PSE
289 “ALT = FT?"
298 PROMPT
291 S70 @2
292 "FUEL = LBS?"
293 PROMPT
294 RCL 90
295 +
29 570 81
297 *L/0 ALT = ?-
298 PROMPT
299 STO 20
309 19009



E-2C/FPAS HP-41CV Code (June 1982; 3/3)

391 RCL 82
382 Xv?
343 G70 1!
384 EQ 16
385 RCL 82
386 981
307»
388 -
309 19
318 +
311 670 12
3120LBL 11
313 XEQ 16
314eLBL 12
315 S70 13
316 RCL 12
37 De?
318 GTO 86
319 XEQ &7
3200LBL 12
321 XEQ 82
322 RCL 13
323 RCL 97
324 -
325 STO 14
326 .98233
327 RCL W2
328 RCL 28
329 -
338»
331 STO 20
332eLBL 14
IZIFIXB
334 “BSN, DIST="
335 ARCL 28
336 PROMPT
337 FS? M4
338 GTO 13
339 * ss NOTE se”
349 AVIEN
341 PSE
342 “BELOW 18K FT"
343 VIEW
344 PSE
345 "INC WRB [RS*
346 AVIEW
347 PSE
348 “1 KT/1000FT"
349 AVIEW
356 PSE

351 SF 94
352 “USE S88 SHP-
353 AVIEN
354 PSE
355¢LBL 15
356 "MRD [AS=°
357 ARCL 14
358 PROMPT
359 GIO 14
J68eLBL 16

361 RCL 81
362 32687 E-10
363
364 EX
365 130.4677

366 =
367 RTN

3680LBL F
369 FIX 9
378 FS? 01
371 G10 17
2 FC? A
373 GTO 19
3740LBL 17

375 “sRCHD MR IAS*
376 AVIEW
377 PSE
378 “PRESENT ALT"

379 AVIER

388 PSE
381eLBL 18

382 “sMR [AS="

383 ARCL 14
384 PROMPT

385 “sMR TAS="
386 ARCL {1
387 PROMPT
388 “oil = -
389 ARCL 12
399 PROWPT
391 “RCND CRS CLG"
392 AVIEN

393 PSE
eff ="
395 ARCL 26
396 PROMPT
397 “GH = *
398 WRCL 41
399 PROMPT
480 “UPDATE o J8M°

33

481 AVIEW
492 PSE
493 GTO {8
4040L8L 19
495 “+RCNHD ME 1RS*
486 AVIEN
497 PSE
488 ~+PRESENT ALT"
489 AVIEW
419 PSE
411eLBL 20
412 “HE [AS="
413 ARCL 14
414 PROMPT
415 “GH = -
416 ARCL 81
417 PROWPY
418 “UPDATE e JaM*
419 AVIEN
420 PSE
421 GTO 28
4226LBL §
423 CF 09
424 CF 41
425 CF 82
426 CF 83
427 CF m4
428 FIX 4
429 CLX
439 .END.
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3.1.8 Variable Locations and Governing Eguations
3.1.8.1 Variable Register Locations

The following variables are applicable to all three FPPAS

programs.

BW - ROO (Basic Weight)

GH - RO1 (Gross Weight)

PA - R02 (Pressure Altitude)

OAT ~ R03 (Outside Air Temp)

IAS - RO4 (Indicated Airspeed)

TDEV - ROS (Temp Deviation)

CC - R06 (Cruise Ceiling)

DVC - RO7 (Delta Vc; Compressibility Correction)

M2 ~- R08 (Mach Number Squared)

TA - R09 (Ambient Temperature)

SSI - R10 (SQRT Sigma Inver se)

TAS - R11 (True Airspead)

HE - R12 (Headwind)

CAS - R13 (Calibrated Airspeed)

EAS - R14 (Equivalent Airspeed)

GS - R16 (Groundspeed)

WD - R17 (Wind Direction)

WY - R18 (Wind Velocity)

ADG - R19 (Aircraft Heading)

LOPA - R20 (Level off altitude)

3.1.8.2 Governing Equations

Single asterisks "#% ipply multiplication, double "san :iaply

exporent.

Temperature Deviation: TDEV = f (OAT,PA)

IDBY = OAT - 15 + (198E-5) (PA)

Cruise Ceiling: CC = £(TDEV,GNW)

CC = 58480 + 78.67 (30-TDEVW) ~-

= (1-0.0031(30-TDEV)) (0.705) (GW)
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Max Bange Calibrated Airspeed: HMRCAS = £(PA,GH)

MRCAS = 179.67 = (173E=-S) (PA) + (816E-6) (GW)

+ (516E-20) (PA)®&2(3W) 82 -

- 3.074LN(PA E-3)

Max Endurance Calibrated Airspeed: MECAS = f (GW)

MECAS = 65 + (125E-5) (GW)

Delta, Atmospheric Pressure Ratio: p/po = £ (PA)

E/P0 = (1-(6875E-9) (PA)) *%x5, 2563

Bach Number Squared: #82 = f(p/po,IAS)

M2 = 5((po/p ((1+.2(IAS/661.7)%%2) #83 5-1) +1)%& 286-1)

Ambient Temperature: TA = £(0AT,%2)

TA = OAT/ (1-.2%M2)

SQRT Sigma Inverse: SSI = f (TA, PA)

SSI = .982exp((1936E-6) (TA) + (2112E-8) (PA-1500))

Delta Vc (Comp Corr): DVC = £(PA,CAS)

LYC = ((1E-7)exp (91E~-6) (PA)) CASE®*2,852)

IAS Cependent TAS: TASi

TASL = IAS * SSI

Headwind: HW

EW = TASi - GS

CAS Corrected for Headwind: CAS+HW

CAS¢HW = CAS + (.5-(PA}E-5) (dW)
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CAS Corrected for Tailwind: CAS-BHW

CAS-HW = CAS ¢ (.3-(PA)SE~6) (HW)

Equivalent Airspeed: EAS

EAS = CAS - CVC

True Airspeed: TAS

IAS = EAS %* SSI

Max Range Descent CAS (>10000): MRDCAS = f (GW)

ERDCAS = 130.4677exp ((GW) (32687E-10))

Max Range Descent CAS (<10000): HMRDCAS = f (GW) +f (Pd)

¥RDCAS = 130.4677exp ((GW) (32687E~10))

+ 10 - .001(P2)



37

3.2 THE E=2C BINGO PROGRAMA
Pirst efforts to design a BINGO program for the E-2C includ-

ed use of regression analysis to approximate the values

listed in the BINGO charts. This effort vas abandoned early

on as being impractical and inaccurate. The charts are al-

ready rounded off +he nearest five pound increment and the

exact method used to compute the original values is unknown.

The aethod used in this report is to load all the values

of fuel required and *ime required into a data set, then use

a calculator program to access the correct value. There are

seven configurations; only the boldface fuel required values

are used. All other values are disregarded. Sorting algor-

ithmes are used to determine the correct recommended altitude

to fly and similar methods are used to calculate the appro-~

priate address for indirect addressing of the correct fuel-

required:time-required value.

Interpolation calcula*es fuel and time required for va-

lues not explicitly shown in the charts. No corrections are

made for headwinds or tailwinds. Since fuel required and

time required are stored in the data set as a decimal num-

ber, integer functions and appropriate calr+-lations are used

to separate the indirectly accessed value for storage and

display.
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3.2.1 Theory of Operation
The EINGO program can be easily selected by the user by

pressing the shift key, then key 21. The program loads and

is ready for use in about 30 seconds. Once loaded, START is

pressed. An echo check is displayed, "S®B2C BINGO®®, fol-

loved by a request for “DIST TO GO?%, Then, “SELECT..,

ENGS, GBR, PLPS".

At this point, the pilot determines the probable configu-

raticn for any BINGO situation that might arise. Generally,

two engines, gear up and flaps up can be assuned. If, how-

ever, the aircraft was experiencing a stuck flaps or gear

down situaticn, those configurations could also be selected.

Time permitting, fuel and time required for all seven co-

nfigurations could be requested and wri<ten down in a short

amount of time.

The 2E key is now pressed, £olloved by GU, then PU. Pro-

gram operation will proceed to display "VFR, IPFR?"™ so that

1000 pounds can be added to the fuel required if IFR is se-

lected. After the VPR or IPR kay is pressed, program opera-

tion proceeds automatically without user assistance. The

correct value of fuel and time required are selected by the

programs and stored for display. Flowchart operation is pic-

tured in the following pages. Puel required, time required,

recommended altitude to fly, initial sea level IAS to fly, a

cliak schedule airspeed correction, and ipi+ial power set-

ting are all displayed to the user.
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3.2.2 puture Corrections
The current program configuration performs exactly vhat the

pilct would find if the pocket checklist was used. The ad-

vantage to using the calculator is the ability to chose new

configurations without sorting through several pages of con-

figurations scattered in the checklist booklet. The check-

list booklet has always been somewhat difficult to ase:

hopefully, the calculator will ease that problem somewhat.

The next modification to this program, a subject of fa-

ture research, will be *o incorporate headwind and tailwind

corrections to fuel and time required values.
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E-2C BINGO/HP-41CV Code (Jume 1982, 1/4)

AreLBL STB"
a2 CF al
83 CF #2
% CF 83
25 CF 84
86 CF 85
87 CF 96
83 CF &7
89 -ssE2C BINGO"
18 AVIEW
{1 PSE
12 “BIST T0 GO °°
13 PRONPY
14 570 98
15 “SELECT.."
16 AVIEW
17 PSE
18 “ENGS, GR, FLPS™
19 PROMPT
200L8L 8B
21 CF 82
22 -2 ENGS®
23 PROMPT
240LBL §
25 5F 08
26 “SINGLE EMG...®
27 AVIEN
28 PSE
29 ~asHARNINGs+"
39 AVIEN
31 ~SE=GU.FU,ONLY.."
32 AVIEW
33 PSE
34 GTO #8
I5eiBL C
36 SF 83
37 “GEAR UP"
38 PROMPT
39eLBL H
48 CF 83
41 “GEAR DOMN.."
42 AVIEN
43 PSE
44 "SELECT..-
43 AVIEN
46 PSE
47 “FU/FD ONLY"
48 PROMPT
4906L D
58 CF 8

51 CF &7
52 CF 08
53 SF 83
54 “FLAPS UP.."
55 AVIENW
56 PSE
57 GT0 88
38eLBL 1
59 CF 85
58 CF @7
61 CF 88
62 SF 96
63 "FLAPS 1/3..°
b4 AYIEN
45 PSE
6 GTO #8
67eLBL °F23"
+8 CF 85
69 CF 86
78 CF 88
71 SF #7
72 “FLAPS 2/3.."
73 AVIEW
74 PSE
73 GTO #8
7eeLBL "FD"
77 CF 85
78 CF 86
79 CF 87
38 CF 48
31 “FLAPS DOWN..."
32 AVIEW
83 PSE
34eLBL 98
85 * VFR, IFR 7°
36 PROWPT
g7eLBL E
38 GTO #9
g9eLbL J
9 SF 18
JleLBL #9
92 FS? 98
93 GTO 97
34 FS? 83
95 GT0 22
9% FS? #5
97 4T0 62
98 GTO 86
J9eLBL 22
188 FS? 85

181 G70 81
182 FS? d6
183 G70 83
184 FS? 87
185 GTO 84
186 GTO 85
1@87+L8L 81
198 SF #1
189 CF 83
118 CF 8S
111 REQ 12
112 XEQ@ 13
113 XEQ 14
114 GT0 16
113eLBL 82
116 CF #5
117 SF 82
118 -20088 F1°
119 XEQ 19
129 69
121 XEQ 24
122 39
123 4t@ 11
124 GTO 16
[25¢(BL 83
126 CF 86
127 EQ 12
128 XEQ 13
129 XE@ (4
138 GT0 16
{31eLBL 04
132 °F #7
133 CF 83
134 SF 94
135 =25068 FT1°
136 %EQ 18
137 119
138 XE@ 11
139 -20089 F1°
148 XEQ 18
141 79
142 REQ 24
143 39
144 XEG 11
145 GTO 16
146eLBL 85
147 CF 83
148 SF 95
149 *25008 F1°
150 AEG 18
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E-2C BINGO/HP-81CV Code (June 1982, 2/4)

151 139
152 HEQ 11
153 XEQ 13
154 XEQ 14
155 GTO 16
1564LBL 96
157 SF 86
158 *15088 FT
159 XEQ 18
168 69
161 XEG 24
162 49
163 XEQ 11
164 = 5688 FT-
165 XEQ 10
166 39
167 ¥EQ 11
168 GTO 16
169eLBL 87
178 CF 838
{71 SF &7
172 “15068 F7°
173 XEQ 19
174 139
175 XEQ 24
176 99
177 ¥E6 11
178 = Seed FT"
179 EQ 18
188 59
18t XE@ i!
182 GTO té
183+(8L 18
184 ASTO #1
185 ASHF
196 ASTO W7
187 RTN
1834LBL 11
189 RCL
198 X>Y?
191 GTO 17
192 RTN
1930LBL 24
194 ¥EQ 11
195 “10688 FT°
196 XEQ 19
197 RTN
198eLBL 12
199 +3000 FT"
200 XEG 18

201 139
202 XEQ 11
203 RIN
2040LBL 13
2685 -20088 FT°
206 XEQ 18
287 69
2088 %eQ {1
289 RTH
2100LBL 14
211 -186008 FT"
212 XEQ 18
213 49
214 XEQ {1
215 RIN
2164LBL 15
217 CF 19
218 1909
219 +
228 RIN
221eLBL 16
222 = SER LEVEL"
223 XEG 18
224 9
225 ¥EQ@ 11
226¢LBL [7
227 RCL 98
228 181
229 XO¥?
238 GTO 18
231 ROY
232 281
233 HN
234 G70 19
235 RCL #8
236 50
237 /
238 ENTER
239 INT
248 S70 83
24) -
242 S10 32
243 RCL 83
244 11
245 GT0 28
246eL8L (8
47 RCL M0
248 19
249 /
250 ENTERt

251 INT
252 STO 83
253 -
254 STO @2
255 RCL 43
23 8
257 GT0 20
258#LBL 19
259 RCL #0
268 28
261 7
262 ENTER?
263 INT
264 S10 43
265 -
266 STO #2
267 RCL 83
268 3
269¢LBL 29
278 +
271 FS? 81
We?
273 FS? #2
204 26
275 FS? 83
276 45
277 FS? 4
278 64
279 FS? 05
288 83
281 FS? #6
282 182
283 FS? W?
284 121
285 +
286 S70 93
287 RCL IND X
288 ENTER?
289 INT
290 S10 4
291 -
292 STO 9S
293 1
294 ST+ 83
295 RCL IND 93
296 ENTERt
297 INT
298 STO 96
299 ~-
368 570 43
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¥-2C BINGO/HP=-41CV Code (June 1982, 3/9)

R26= 4,375.138

381 RCL 96 351 189 R27= 1,275.004

382 RCL 84 152 £3? W7 R28= 1.468.007

03 - 793 129 R29= 1,648,818

304 RCL #2 154 *S.L. 165 =" Re: 1{,800.614

389 355 ARCL » R3l= 1,948,817

386 RCL 84 756 PROMPT RI2= 2,089.82

37 + 357 “DEC tKT/2KFT" RI}: 2,218.82¢

98 FS? 10 158 PROMPT R34= 2,325.827

389 XEQ 15 159 £5? 82 RIS= 2.435.930

310 ST0 94 768 G10 38 R36= 2,545.833

311 RCL 83 361 F§? 87 RI?= 2.775.839

312 RCL 85 362 GTO 38 RI8= 3,000.945

U3 - 363 “USE N.P.=1818C* RI%= 3,225.851

314 RCL 82 364 PRONPT Reg=  3,465.857

315 + 365 G70 23 Ret= 2,695.183

316 REL 05 Ia6eLBL 38 Re2= 4.265.118

7 + 367 "USE M.P.=1843C" Re3= 4,845.133

318 18 368 PROMPT R44= 5,438,148

9 + 369 GT0 23 R4S= 6,820,204

3268 S70 85 378 END. Re6= 1,256.043

321e08L 21 Re7= 1,488,986

322008L 23 Reg= 1,545.899

23 FIX 8 R49= 1,685.812

324 "FR=" RSe= 1,795.915

125 ARCL #4 RiB= 9.0889 RS1= 1,985.818

326 FIX 2 R= 1.080 RS2= 2,915.82)

127 PRONPT RA2=  2.WHM 3= 2,105.824

28 TR=" R43= 3.988 R5¢= 2,195.02?

329 ARCL 85 eWd= 4,980 R55= 2,280.839

339 PROMPT RES5= 5.809 R36= 2,460,836

331 “RCMB ALT =" RA6= ©. AEA RS7= 2.620.048

332 AVIEM Ra7= 7.908 = 2,775.045

133 PSE REG |.24M.883 R59=  2,925.058

734 CLA R@9= 1,388.986 R6e= 3,080.855

335 ARCL 81 Rl@= 1.515.989 Rél= 3.465.187

336 “pe Rii= 1,595.012 R62= 3.860.128

337 ARCL #7 R12= 1,760,815 R63= 4,245.133

338 PROMPT R13= 1,865.018 Red= 4,638.145

J9 FIX 8 Ri4= 1,950.820 R6S= 1,250.883

348 F352 01 RIS= 2.049.822 R66= 1,480,887

341 154 Ri6= 2,120,925 R67= 1.550.819

342 F57 92 R17= 2.298.828 R68= 1,685.813

343 134 Ri8= 2,365.833 RE9= 1,800.816

344 75? 83 R19= 2.525.838 R9= 1.915.819

146 FS? 04 R2i= 2,818,847 p72= 2.138.825

347 143 R22= 2,945,852 R73= 2,220.828

348 FS? 85 R23= 3,309,183 R74= 2,310.031

49 122 R24=  3,695.115 R75=  2,498.836

358 FS? 96 R25= 4,815,126



B-2C BINGO/HP-G 1CV Code (June 1982, u4/8)

R76= 2,668,041 R126= 1,650.019

R77= 2 835.447 R127= 1,798.023
°78= 3,018,852 R128= 1,858.826
R?9= 3,185.958 R129= 1.958.829
R88= 3.625.112 R130= 2.659.833
R81= 4.068.126 R131= 2,145,837

R82= 4,495,139 R132= 2,330.843
R8I= 4,945,153 R133= 2,495.85
R84= 1,280,004 R134= 2,678.85
R8S= 1.465.008 R135= 2,845.103

R86= 1.658.812 Ri36= 3.825.189
R87= 1.818.815 R1I7= 3,475.125
RES= 1,960,019 R138= 3,920.142

= 2,108,823 R139= 4.368.157

RI8= 2,258.826 R140= 4.810.214
R91=  2,165.829

= 2,485.833
RI3= 2,685.836
R= 2,840,042
RI5= 3,075.848
R96= 3,389.854

R97= 3,330.181
R98= 3,768,187
RI9= 4,348,123
Ri08= 4,910.139
Rid81= 5,510.135
R182= 6,126.211
R183= 1,318.08
R184= 1,538.068
R13= 1.758.813
R1d6= 1,950,817
R167= 2,138.82]
R108= 2,310.825
R189= 2,479.829
Ri18= 2,625.832
Rii1= 2,780.836
R112= 2,945.840
R113= 3.279.848
Ril4= 3,590.85
R115= 3,915.1683
Ri16= 4.235.119
R117= 4,355.117
Ri18= 5,363.136
R119= 6,210.15
R128= 9,999.99
R121= 9,999.99
R122= 1,210.004
R123= 1,320.068
Ri24= 1.436.811
R125= 1,540.015
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3.3 THE E-2C CROSSWIND LANDING LINITATIONS RROGRAN
The Crosswind Landing Limitations program is a straight for-

ward interpretation of the Takeoff and Landing Crosswind

Limits chart on page 11-26 of the E-2C NATOPS manual. Sub-

sequently, it vas determined that the same char“ is used for

+he E-2B and C-2A; hence, the code for those aircraft is ex-

actly the same except for the label that appears in the cal-

culator readout when the program is initially selected. A

separate section for the E-2B and C-2A programs is not in-

cluded.

3.3.1 Theory of Operation
The IWL program loads from ext2nded memory in less than 10

seconds. The press key 33 ard observe "SSE=-2C XWL$® appear

momentarily im the display.!! Assuming the program is being

used during the setup *o landing from an approach or during

a VFR touch and go patterr, +*he user is then asked for "RWY

HDG = (runway heading). Enter the correct number (010

0 360) follcwed by R/S. In the same manner, the program

asks for "WIND DIR = ?% and “WIND VEL = 2%, The program

computes x and y positions based on the input parameters

then compares these against an equation for the line defin-

ing the bcundary between recommended and not recommended.

Depending on +the cutcome of the logic, the program will

then, obviously, display "RECOMMENDED" or “NOT RECON,D®.

The programs then computes ainimum recoameaded IAS for touch-
 

11 Or "e%E~2P INLSE" or MeRC-~2A XIWLSE" ag previously noted.
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down (MR,IAS), headwingd (HW) and crosswini (XW) and displays

each. The flowchart and code for the program are listed op

the fellowing pages.
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MR => ain recosmended

 
 

Note: Program for £-20 and C-2A 's the same

fn al) respects except for tne viewer label.
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E-2C INL/HP-41CV Code (June 1982, 1)

B1oLBL "KHL®
82 *se€-20 XLss®
43 AVIEN
#4 PSE
#5 “RWY HDG = 2°
26 PROWPT
87 S70 98
#8 “WIND DIR = **
39 PROWPT
18 STO 81
1t “HIND VEL = 7"
12 PROMPT
13 S70 82
14 RCL 08
15 RCL 01
16 -
{7 RBS
18 STO 83
19 SIN
20 RCL 82
21 *
22 STO o4
23 RCL 83
24 0S
25 RCL 82
26 *
27 S70 83
28 87.5
29 +

38 4.187
3s
32 RIL #4
33 DY?
34 GTO 81
35 "RECOMMENDED"
36 PROWPT
37 G70 82
38eL8L 91
39 "NOT RECOM,"
48 PROMPT
410LBL B82
42 RCL &5
47 98
44 +

45 STO 86
46 FIX 8
47 “MR, IRS = ©
43 ARCL 26
49 PROMPT
50 " Hi = *
51 ARCL 83
52 PROMPT
53" X="
54 ARCL 94
55 PROMPT
56 GT0 2
57 .ENB.

54
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3.4  SAHPLE PROGRAH OPERATION
The test way to understand operation of the calculator is to

create 2 scenario in which the «calculator might be used.

The following scene is typical of what might be expected.

3.8.1 Usipg the PPAS Programs
Assume the mission is complete, marshall instructions have

been received, and the aircraft is proceeding to the as-

signed holding fix with an expected push tine. Approxima*e

distance from present position to the holding fix is suffi-

cient *0 justify calculating a max range profile. The copi-

lot, most probable operator of +he calculator, turns the

HP-41 on and ensures that USER mode appears in the window.

The FPAS programa is selected by SHIFT/KEY1211, The program

operation symbol (a flying "duckw) appears in the window

while the PPAS program loads from extended memory to main

nenory. Upon completion of the load sequence, the windown

again displays vha‘ever numbers were in the window to begin

vith.

KEY 11 is nov pushed again to start the progran. nes 22C

FPAS®®® appears momen+arily in the window as an acho check

verification, followed by "BASIC WT = ?", Enter 39600, then

R/S. The other proapts occur as follows.

Rroapt Response

CARGO WT = ? 50 R/S
WO. CREW = ? 5 R/S
 

12 The yellow SHIPT Xey doubles the USER functions of each
of 2 progras selac ing keys: KEY 11 is also the START
key for prdgrams in tfie unshifted mode.
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PROFILE? RANGE KEY 12

SENAY RANGE®® (nomentary 2cho check)

ALT = PT? 25000 R/S

OAT = C? =-15 R/S (key CHS for +/-)

IAS = KTS? 155 R/S (current IAS)

PUORL = LBS? 6500 R/S (read from gages)

GS/AVAIL? Y/N YES KEY 1S (assuming CAINS up)

GS = KTS? 250 R/S

#DATA READY® Press R/S or KBY 21 to

continue

SRCHD BR IAS

®PRESENT ALT

#NR IAS = 169 R/S

®HR TAS = 265 R/S

SHH = =7 R/S (a tail wind)

RCHD CRS CLG

cc = 27160 R/S

GW = 47150

UPDATE e 30H R/S to repeat data

The pilot nov establishes IAS = 169 knots to fly max

range fuel ccnsuoption to the marshall holding point. Eg-

rouze, the copilot accesses the max endurance program to

plan 2 holding airspeed.13 KEY 13 is pressed and the follow-

ing sequence cf commands and responses occur.

Rrospt Response
*SHAX ENDUR®
ALT = PT? 25000 R/S
OAT = C? -15 B/S
 

13 The traditional method ofefi1ing max endurance is to set
¢. to 22 uni 32gle of tagk The AOA 55s: however,
£ a pressure4 £ rest ial evice that ae suresqBEessue
t us posit ions on the surface of a smal inder. I+
£ leas accurate at slower airspeeds becslis of lower
sat¢ esgures and stiction in the mechanism. There is
al a caut fn ihe NATOPS regarding reverseJpover ef~
fects (ie, back side of pover carve) a*t 221 0A. Since
the airspeed, nd ca ors more accurate a steady
state gonéi*ion, s recommended that an output of NEI-
AS-to-fly be used fa preference to an AOA set*ing.
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IAS = KTS? 169 R/S

PURL = LBS? 9000 R/S

SDATA READY® B/S or KEY 21

+RCHD ME IAS

+PRESENT ALT

+HB IAS= 126 R/S

GH = 49650 R/S

UPDATE e 30M B/S to repeat data

The pilot enters holding and establishes 126 knots IAS

and cross checks with the AOA. (This airspeed is based on a

9000 pound fuel load and should be updated periodically if a

long period in hclding occurs. ME IAS is strictly a func-

+ion of gross weight).

3.4.2 Using the BINGO Progras
In hclding, the copilot now accesses he BINGO program by

pressing SHIPT/KEY 21. When loaded, the START key (11) is

pressed. 1¢

Rrospt Response

*% E2C BINGO®

DIST T0 GO ? 90 R/S

SELECT..

ENGS, GR, PLAPS 28 KEY 12

2 REGS GU KEY 13

GEAR OP PU KEY 14

PLAPS UP..

VPR, IPR ? IPR KBY 25

wrraveling duck"

PR = 3120 R/S (3120 lbs fuel req'd)

TR = 0,25 R/S (25 ain enroute)

 

16 Assume a BINGO distance of 90 miles has been assigned by
marshall. The ship2nd BINGO field are IPR. The antici-
piss aas cra: configuration is two engines, gear up, and
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RCHMD AL? =

20000 FT R/S

Sel. IAS = 154 B/S (initial IAS to

start climb)

DEC 1KT/2KPT R/S (decrease IAS

1 knot/2000£ft climb)

USE N.P.=1010C R/S to repeat data

This data is duly reccrded for possible use later in the

recovery. Commencing the approach, fuel is dumped down to

apprcpriate landing weight. Enroute, the B-2 is vectored in

+he usual manner +o allow preceeding aircraft +o clear the

bolter pattern. Shortly after setting the apprecach confiqu-

raticn, the aircraft just prior to the E-2 manages to foul

the deck indefinitely. A bolter is anticipated for the E-2.

Upon cleaning up, the pilot experiences a jammed landing

gear handle that precludes raising the gear. The flaps come

up satisfactorily. Again, the 3INGO program is accessed.

Rroept Response
SR E2C BINGO®

DIST TO GO ? 90 R/S

SELECT...

ENGS, GR, FLPS 2B

2 ENGS GD

GEAR DOWN..

SELECT...

PO/FD ONLY PO

PLAPS OP...

VPR, IFR ? IFR

"Traveling Duck”

FPR = 3435 R/S

TR = 0.30 R/S

RCHD ALT =
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20000 rT R/S

Sel. IAS = 134 R/S

DEC 1KT/2KFPT B/S

USE M.P.=1049C R/S to repeat data

Clearance to BINGO is received, and during the climb, one

of the crew produces a screw driver that frees the landing

gear handle. The gear come up and the pilot reestablishes a

cleap configura<ion.

3.4.3 The FPAS Progras Adain
Leveling off at 20000 feet, the FPAS program is accessed

once more, The following max range data is obtained.

Prospt Response

START KEY 11
#2 E2C PPAS®®
BASIC #6T = ? 39600 R/S

CARGO NT = ? S0 R/S

NO.CREW/PAX=? 5 R/S

PROPILE? RANGE KEY 12

$$ NAX RANGES=

ALT = FT? 20000 R/S

OAT = C? -10 R/S

IAS = KTS? 165 R/S

PUEL = LBS? 8500 R/S

GS,AVAIL? Y/% NO (CAINS is down)

INPUT WINDS...

¥I%D DIR = ? 025 R/S (forecast or

last known)

WIND VEL = ? 50 R/S

A/C HDG = ? 090 R/S

SDATA READYS

SRCAD AR IAS

SPRESENT ALT

#AR IAS= 181 R/S

SHR TAS= 259 R/S

*gy = 21 R/S



RCHD CRS CLG

CC = 29300

GW = 45150

UPDATE e 30M

The pilot elects to remain at 20000

higher winds at higher altitude,

descent program.

Prompt

SHR DESCENT

ALT = PT?

FOEL = LBS?

L/G ALT = ?

“Traveling Duck"

DSNT,DIST=42

&% NOTE &=%

BELOW 10K PT

INC MRD IAS

1 KT/1000PT

USE S00 SHP

MRD IAS=156

3.48.4

Checking in with

pertinent weather data:

runway 200 in use.

Rroept

RS E-2C IVLSS

RWY HDG = ?

WIND DIR = ?

WIND VEL = ?

R/S

R/S

60

R/S to repeat data

tee+,

Response

DESCENT KEY 14

20000 R/S

anticipating

and calls for the max range

The following responses are obtained.

(altitude to

descend from)

4000

2000

R/S

R/S

R/S

B/S to re

vinds 240 at 30,

The XWL program is called.

Response

XL KBY 33

200 R/S

240 R/S

35 R/S

(anticipated)

(approach mda)

peat data

Ihe Crosswind Landing Limitations Prograa

approach tha pilot receives +he following

gusting to 35,



RECOMNENDED

¥R,IAS = 107

HR = 27

XN = 22

61

R/S

R/S (min rcmd touch

down speed)

R/S

B/S to repeat data



Chapter IV

THE E-2B/HP-41CVY PROGRAMS

The F-2C program is the standardization format used to de-

sign programs for the E-2B and C-2A. Hence, a detailed ex-

planation for programs for each of the other two aircraft is

not included. The reader is urged to study *he E-2C pro-

grams for details on theory of operation.

It is appropriate to mention at this poin%, however, that

ro significant changes have been made in the E-2B NATOPS nma-

nual, Chapter 11, since 1964. Engine aodifications and a

major propeller change have occured since then. Only exper-

ience will determine whether ccmputed parameters in this

program are valid.

4.1 THE E-2B PPAS PROGRAM
The gajor differences between the E-2B and E-2C programs are

specific equations, listed at the 2nd of this chapter, and

the theory cf operation of the descent profile for the E~2B.

4.1.1 DESCENT
The sax range descent IAS profile for the E-2C is dependent

only on gross weight above 10000 feet, and on gross weigh*

and alti+ude below 10000 feet. Program operation is depen-

dent on selecting the correct starting alti+ude.q g

- 62 =~
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The E-2B (and C-2A) max range descent IAS profiles are

exponential functions dependent on gross weight and alti-

tude, Regression analysis yielded «two sets of equations

that split at 10000 feet to maintain accuracy. Srogram op-

eration is transparent to the user, but the user is required

to update the IAS at least once every 2000 feet during a

descent.

The following pages document the flowchart and code for

the E-2B PPAS.
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DROGRAM INITIALIZATION 01 E-28 FPAS
START

KEY 11 :

EQ SIZE 022

07
*€28 FPAS#e

10
BASIC WT o 2

STO 00

R

13
CARGO WT = ?

/S

R/S

 
1

  

ay = BW « CW

STO 00

17
NO. CREW = 2

R/S

BY = BW + NC+200

STG 00

  
 

 

 

  
 

24
PROF ILE?

(1

  
RANGE ENDURANCE

KEY 12 KEY 13 1/8
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LBL 8
RANGE ALGORITHM 26RANGE E-28 FPAS

{ SE 0]
\ KEY 12 /

 

  

    

  

 

 

  
   

 

  
 

      

 
 

     
  

— 30
*MAX RANGE»

13 LBL 08

XEQ 08

SUBR ATOFG

TOEV = f(PA,0AT)

STO 08 238

CCnf (GW, TEV)

STO 08
|SE

MRCASef(PA,GW)

T0 13TO

LBL 01

| 2/p0ef (PA) IAS = KTS?
i

| STO 15 STO 064

R/S
100 248

M2=f(p/po, IAS) FUEL = LBS?

STO 08

R/S
128 3

TAaF (OAT, M2) Gu

=

Fue bv

ST| STO 09 on    
A ™ 2/9
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E-28B FPAS

   

   

   

   
   

  

JANGE ALGORITHM

‘cont’ el

132
TA,

S51 = 1/SQRT{sigme)
fOIA.PA)

£57 01: YES => Range profile

tn effect

TraS1=f(1AS,5S1)

sto 11

169

171

 
 

   
 
  
 
  

 

  
 

  

 

   
   

/ sto 17

184
/ WIND VEL = ?

/ $10 18

187
A/C HOG ~

$70 19

189
W=uVeos i HDG~WD 1

$70 12

197
35 = TASI-HW

570 16

LN  3/9



RANGE ALGORITHM

tcont'q)

LBL 06

   
CAS+HW LaL 87 CAS   

 

 

CAS = CAS * CAS = CAS

(.5-(PA)1E~6)HW | ( 0 ) (.3-(PA)SE-6)WN

S70 13 $70 13

S$

     

 

 

   

 

 

216 — 230
GT0 1YESRe

NO NO

T
GTO 10

   

$7 23: YES => Descent oroflle

n effect

67

E-28 FPAS

219

ny

4/9



68

   

 

 

 
 

  

  

 

 
 

 

      
   
 

 

LBL C
ENDURANCE PROF ILE 251 E-2B FPAS

ENDUR
£9
KEY 13

255
«MAX ENOUR®

st 08
258 La 233

XEQ 08
SUBR AIOFC

SUBR AIOFG

RIN

0LBL 09 259

WECAS=1 (GM)

$70 13

BL 10 02
L 267 LBL 47

XEQ 02 DVC=f (PA,CAS)

®) SUR OVC $70 07

RTN

269
EAS=CAS-DVC

S10 14

273
TASEASeSST

$10 11  
  ——] 27?

*QATA READY

PRESS DATA KEY (21) OR R/S

TO CONTINUE $/9



ro

{

Lae 3

7 DESCENTFea

\ SF 23
“ (Ev 147

204
JR DESCENT

{
\,
N
\

PEE 297

ad 290

R/S

_— 295
J L/0 ALT = 7

 
i

 
 

00 «
#(PA,LOPA,GW)

 ———

DSNO,DIST=0D

/ //
ARCL X

LBL 11
316

>1000 YES

NO

OTe] us
"MROCAS=1 (PA, GN)

S10 12  

\
:

|

|

+

DESCENT PROF ILE

 

 

MROCAS=g(PA, GM)

STO 13  
 

327  

69

 

   
 

E-28 FPAS

La 13
G10 08

CASH

XEQ 07

CAS-HW
  
 

L8L's 06 and 07 are rwedwina

corrections which aseule RANGE

corrections run st least once

prior to DESCENT profile.

8/9



JESCENT ALGORITHM

tcont'd)

 

 

  

LBL 14
340

XEQ 92

® SUBR DvC

342
EAS~CAS-DVC

S70 14   

UPDTE wo, 1x5 |

EVERY 2000FT

USE 500 Shp  

   

 

   

NEW ALT = 2

$70 02

  
GTC 11

   

E-2B FPAS

70

1/9



JATA ALGORITHM

     T

338

404

404

a9?

413

a1¢

E-2B FPAS

YES

  
G10 19

   

n

8/9
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DATA ALGORITHM

(cont'd)

E-28 FPAS

 

 

  

421

azs

a3
ox

ARCL 01

R/S

ATE @ 3

GT0 290

LoL G
a3s

CLRF
CLEAR FLAGS

  
CF's 00-04 FIXa

ax

   

$/9



E-2B PPAS/HP-81CY Code (June 1982; 1/3)

9teLBL "STF"

#2 CF 81
83 CF 82
94 CF 83
85 CF 84
86 CLRG
87 “s#£28 FPASss”
#8 AVIEN
#9 PSE
19 “BASIC WY
{1 PROMPT

12 S70 98
13 “CARGO NT
14 PROMPT
15 +
16 STO 98
17 “NO. CREN = 7°

{8 PROMPT
19 280
20 =

21 RCL 08
22+
23 570 98
24 PROFILE?"
25 PROMPT
260LBL B
27 SF 81
28 CF 82
29 CF 83
30 -sxMAX RANGE*"
31 AVIENW

32 PSE
33 SEQ 08

34 RCL 83
3515
36 -
37 RCL 82
38 198 E-5
39 +
49 +

41 570 85
42 38
43 RCL 8S

De

7"

48 +

49 .785
58 RCL 91

5s
92
53 CHS
54 39
55 RCL 85
5 -

5¢ 78.67
58

59 +
60 53958
al +
62 108
63 /
64 INT
53 108
66 *

67 STO 86
68 174.838
#9 RCL 081
78 75 E-5
7s
72 +
73 RCL #2
74 2522 E~
75
76 -
77 RCL 81
78 RCL 82
79 5588656 £-15
30 +
31»
32 +
33 RCL #2
34 212
35 RCL 01
86 671 E-15
87 «
28
39 +

98 570 13
91eLBL 81
92 RCL 82
93 -6879 E-9
x

951
9%+
97 5.2563
8 yx
99 810 15
188 RCL 84

73

101 661.7
182 /
183 #12
104 .2
185 #
106 |
107 +
188 3.5
189 YX
118 1
tt -
112 REL 15
113 17%
{14 *
115 1
{16 +
117 .286
118 YX
119 1
120 -
121 5
122 *
123 S70 08
124 .2
129 #
126 1
127 +

128 {/%
129 RCL 83
130 =
131 570 89
132 1936 E-6
133 +

134 RCL 82
135 1508
136 -
137 2112 £-8
{38 *

139 +

148 EX
141 .982
142
143 S70 10
144 FS? 01
145 GTO 83
146 GTO 10
147+BL 82
148 RCL 82
149 91 E-6
150 =



E-2B PPAS/HP-41CY Code (June 1982; 2/3)

151 EX
152 1 €-7
153 +
134 RCL 13
135 2.832
156 Y#¥
157
138 S70 87
159 RTN
169eLBL 83
161 RCL 84
162 RCL 18
163 *
164 STO 11
160LBL 84
166 “GS, AVAIL? Y/N-
167 PROMPT
168eLBL E
169 =GS = KT5?°
178 PROMPT
174 S70 16
72 RCL 11
173 RCL 15
174 -
175 $70 12
176 GT0 85
{770LBL J
78 “INPUT WINDS.."

179 AVIEW
188 PSE
181 “NIND DIR = ?-
182 PROMPT
183 ST0 17
184 “WIND VEL = >°
185 PROMPT
186 S70 18
187 “A/C HDG = 2°
188 PROWPT
189 ST0 19
198 RCL 17
191 -
192 28S
193 cos
194 RCL 18
195 »
19% S70 {2
197 RCL 11
198 RCL 12
199 -
208 S70 16

201 RCL 12
282¢LBL 85
283 %(8?
204 GTO 97
285¢LBL 86
286 .5
297 RCL 82
208 t E-5
209 »
210 -
211 RCL 12
212 #
213 RCL 13
214 +
215 570 13
216 FS? 83
217 GT0 14
218 GT0 18
219¢LBL 87
228 .3
221 ROL #2
2282 5 E-
223 »
224 -
225 RCL 12
226
227 ROL 13
228 +
229 S70 13
238 FS? 93
231 RIN
232 GT0 19
233+LBL 28
234 “ALT = FT?"
235 PROMPT
236 X98?
237 18
238 S70 @2
239 "0AT = (2°
240 PROMPT
241 STO 83
242 "IRS = KT87-
243 PROMPT
244 STO 04
245 “FUEL = LBS?"
246 PROMPT
247 RCL #9
248 +
249 S70 at
239 RIN

74

251eLBL C
252 SF @2
253 CF 81
254 CF 83
255 “ssMRX ENBURs*
256 AVIEN
257 PSE
258 XEQ 68
259eLBL 99
268 4.79
261 RCL 81
262 155 E-5
263 +
264 +
265 STG {3
266 GT0 81
2674LBL 10
268 AEG 82
269 RCL 13
278 RCL 87
2 -
272 S10 14
273 RCL 18
2rd
275 570 11
276 BEEP
277 *sDATA RERDYe"
278 PROMPY
279 GTO F
288eLBL D
281 SF 83
282 CF a1
283 CF 82
284 “MR DESCENTs*
285 AVIEW
286 PSE
287 “ALT = FT?"
298 PROMPT
289 STO 82
298 "FUEL = BS?"
291 PROMPT
292 RCL 99
293 +
294 STO 81
295 °L/0 ALT = 7-
296 PROMPT
297 STO 20
298 RCL #2
299 -
308 CHS



E-2B PPAS/HP-41CV Code (June 1982; 3/3)

381 RCL 91
392 40008
303 -
Jo4 134367 E-13
385 *
386 1676 E~6
307 +
308 +
309 FIX @
310 ~DSND,DIST=*
311 ARCL X
312 PROMPT
3{3eL8L U1
314 10060
315 RCL 82
316 XY?
317 G10 12
318 RCL 82
39 -77 £7
320 *
321 EX
322 162.4
323 #
324 Xea 16
325 G10 13
J26eLBL 12
327 RCL 82
328 -239 £-8
329 «
330 EX
331 153.!
332»
333 EQ 16
J4etBL 13
335 S70 13
336 RCL 12
337 x8?
338 GT0 86
339 XEQ #7
3400LBL 14
341 XEQ 82
342 RCL 13
343 RCL 97
344 -
345 STO 14
346 F537? 04
347 G10 15
348 © &* NOTE #0”
349 AVIEN
359 PSE

351 “UPDTE MRD, IAS"
332 AavIEW
353 PSE
35¢ "EVERY 2086FT"
335 AVIEW
356 PSE
357 “USE 598 SHP®
358 AVIEN
359 PSE
368 SF 84
361eLBL 15
362 “MRD IRS="

365 “NEW ALT = 7°
366 PRONPT
367 STO 82
368 G10 11
3694LBL 16
378 RCL 82
In 3
372»
373 LN
374 4.57
375 +
376 RCL 81
377 40608
38 -
379 +
380 1ae0e
38 /
382 +
383 RIN
384eLBL F
385 FIX 8
386 FS? 01
387 G10 17
388 FC? af
389 G70 19
399eL6L 17
391 “sRCHD MR IAS®
392 AVIENW
393 PSE
394 “PRESENT ALT*
395 AVIEW
39%PSE
39741818
398 “#MR [AS="
399 ARCL 14
499 PROMPT

401 “SMR TRS="
492 ORCL 11
493 PROMPT
494 “xHi = *
403 ARCL 12
486 PROMPT
497 “RCND CRS CLG"
468 AvIEN
449 PSE
418 “CC = *
41] ARCL 86
412 PROMPT
413 “GN = *
414 ARCL 81
415 PROMPT
416 “UPDATE e JOM"
4(7 AVIEW
418 PSE
419 GTO 18
4200LBL 19
421 “+RCHD ME IRS"
422 AVIEN
423 PSE
424 "+PRESENT ALT"
425 RVIEN
426 PSE
427+LBL 28
428 “+ME IRS="
429 ARCL 14
439 PROMPT
431 “GH = *
432 ARCL 91
433 PRONPY
434 “UPDATE o 3J0M°
435 AVIEN
436 PSE
437 G70 29
438eLBL G
439 CF 98
448 CF 91
441 CF 42
442 CF 83
443 (F 04
444 FIX 4
445 OLX
445 ENB.

75
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8.1.4 Goverping Bqyatiops
Register locations for the E-2B FPAS are the same as for the

E-2C and will no* be repea+ed. Geverning equations, obvi-

ously, will be different and are listed here for *he record.

The bheadwind corrections used in this program are the same

as those in the E-2C program. Equations common to both pro-

grams are not listed,

Cruise Ceiling: CC = £ (TDEV,GW)

CC = 58550 + 78.67 (30-TDEV) ~-

- (1-0.0031(30-TDEV)) (0.705) {GW)

Max Bange Calibrated Airspeed: HNRCAS = f£(PA,GW)

MRCAS = 174.838 + TSE-S5(GVW) - 2522E-6 (PA)

+ 5580656E-15(GW) (PA) + 6T1E-15 (GW) (PA) ®%2

Max Endurance Calibrated Airspeed: HECAS = f (GW)

BECAS = 58.75 + 155E=5 (GW)

Descent Distance: DD = f(PA,LOPA,GH)

ID = (PA-LOPA) ((GH-40000) (13436B-13) +(1676E-6))

Max Bange Descent CAS (>10000): HBDCAS = £ (PA,GH)

PRDCAS = 153.1exp ( (PA) (-239E-8))

+ ((4.57 + LN (.9PA) ) (GE-40000) 710000)

Bax Bange Descent CAS (<10000): HRDCAS = f (PA,GH)

HRDCAS = 162.4exp ((PA) (-77BE-7))

+ ((4.57 + LN (.9PA)) (GW-40000) £10000)
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4.2 THE E-2B BINGO PROGRAM

The seven BINGO flight configurations used for the 2-2C are

used also for the E-2B. Program operation is essentially

+he same in all respects.

The fuel and time required values used in the data set

vere chcsen ty “aking the smallest value of fuel requirad

per hcrizontal line in the chart (primary) and/or the small-

est time required (secondary). 900 pounds of fusl is used

to add for IPR fual required.

As in the case of the E-2B FPAS, no significant changes

have been made in the E~2B BINGO charts in spite of engine

modifications and a propeller system change. It is request-

ed that any "gouge" figures used by E-2B squadrons to modify

thece numbers be brought to the attention of the author so

that appropriate software changes can be made.

The following pages show flowcharts and program code for

the F-2B BINGO prograa.
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oi £E-28 BINGO
START

KEY 11

02
F's 01-07

XEQ SIZE 142

09

12
DIST 10 GO 2

$10 00

15
SELECT...
ENGS, GR,

FLPS

 

 

 

    

  

  
GU, GD FUsF13:/~ 2, SE

KEY 12, 22
F23:FD

XEY 14,24,34,
KEY 13, 23

 

Ck EE REE ERE NE kt rrr

 
 

Lip 20 Le ¢ 24

TWO SINGLE
ENGINES ENGINE

CF 02 SF 08

     
 

 

  

22 2%
  

  
 

SINGLE
ENG. . .

+AWARNINGo+
*GU,FU,ONLY

G70 08

———( ) 1/7

 

   
 

Sefect gear up
or Jown

   

 

 



33

/ GEAR UP
\      

 

KEY 13

 

GEAR UP

LBL ILat 0 a7

7 FLAPS UP

| CFO6 CFO) CFOS |
SF 05 i) >

I

SLAPS UP... ©7ETI

 

 

G0 08
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a7 g-28 BINGO

GEAR
DOWN

 

   

    
   

GEAR DOWN. .
SELECT...
FU/FD ONLY

LoL FO

FLAPS
DOWN

 
 

08 CFo8 CF0S CFO8 CFoO7
eros $0 CFoe

      
 

  

 

 

   

 

 

 
2/7



    

 

 
GTO 07

   

SEGUFU   
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E-28 BINGO

Configurations

~
O
t
h
B
W
A

 

 

GTO 0S

2EGUFU

  

EGUFY

2EGDFY

EkQAF13

EGF23

226GUFU

2€GDFO

SEGUFU

 

 

G10 a1

EGUFY

   

 

G70 03

2EGUF13

   

 

GTO 04

2ECUF23

¢)
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E-28 BINGO

LBL 02
Le ol 105 117 Lo 03 126

®) 02 (3)
SFO1 CFO3 CFOS SF02 CFOS 0

30000FT XEQ1O, 20000FT XEOLO, 30000FT XEQLO
249 Yeats I) 79 XEQ13, 49 159 XeQi2 9

XEQ13, 39 xe013, 4a

G10 14 GTO 14 GTO 14

- L —0
L 1 L 3LBL 10 183 BL 12 198 BL! 20a

¥
Store alphe XEQ11l, 20000FY XEQ11, 10000FT

AECLO XE€010afgtts 1-6 In
ROL

       

¥
Store alpha

atgits 7-12 In
RO7

 

®   

 

 
G0 17

RN

   

[144



8 24 LBL 05

 |
|

137 149

£33) 05

¥ y
SFQ4 CFO3 CFO7 I 5F05 €Fo3

 

:
¥

 -
 
25000F1 xEQLO,
 

25000FT XEQ10,

 

 
 

  

179 x€012, 119 179 XEQ12, B9
X€013, 59 x€Q13, 39

[¥
310 4 GTO 14    

 

DTG - DIST TO GO

! - Interpolation factor

INT - Integer function

oa - pre!iminary address

 

 

 

E-28 BINGO

LoL 06 160 LoL 07 170

SF06 SFO7 CFOs

  
i
 

jl
 

15000FT_ XEQ10,
XEQLL,

000FT XEQ10, 39

 

 

299 XEQ13, 24
XEQ11. oFT
XeQ10, 139

GTO 12 GTO 14

     
   

  
 

NOTE :

238 
016/10) -
76/101 = 1

Flow does not necessar!ly progress thru to 16.

The program can branch and skip to 17 by successful logic

Qualification st the second leve) of operation In each

configuration branch, Brench out can occur In the

XEQ11/LBL11 constructs.

Calculation of adress

factors to be used in

82

Ingirect sodressing to locate

FR.TR valua In cata set.

 

INTIDOTG/101 + 0
* Da

 

S70 02
 

LBL 19
248 

(016/20) -
| INTIDTG/201 =

 

 

 

INTI0TG/201 + 5
= pa

 

STO 02
 

224  
 

 

 

INTIDTG/501 +
11 = pa        

8/7



LBL 20

A

m

259

S201 YES

5202

$203

5204

520

$206

$207

 

$70 03

 

 

 

 

+ 28    
 

 

. 45 

  

 

* 64    
 
[+ 83
 

 
 

 

+ 102    

 

* 121

 
  

  

Recsl! Indirect
the adores

calculated (RCL
IND X)
 

y
 

INT(FR.TR) = FR

STO 04
 

y
 

(FR.TR) - FR =
TR

$70 05
 

y
 

(FR, TR*1) -
(FRei} = TRel

$10 03
 

y

E~28 BINGO

2768

 

(FRel) - FR =
FR + (asf) =    

  

  

  

308
LBL 18
 

FR « FR + 1000

 SUBR [FR
  

 

FR => STO 04

 

'
 

1 - Revd
$BeWat) = TR

STO 0S  
 

 

83

195

8/7



310

 

' /
! ARCL 04LoRey

R/S

pus
/ TR « __ /

/

/ ARCL 08/

s
—¥

; RCMD ALT = /

  

  : ARCL 04
/ APPEND ARCLO? f———

/ R/S
————————————

S201

S202

S03

$204

S20

S708

S207

331

E-

84

28 BINGO

NATOPS qesignatea

infital ctimb afrapeecs

v us

YES
   

 

S.b. IAS =
  
 

  

 

 
 

 

     

    
    
     
  

[x = 162

[x 137

| x = 147

[x «132

Xe 12

[x + 109

Xx» 124  
   
 

1?



2-28 BINGO/HP-4 ICY Code (June 1982; 1/4)

GieLBL *STB"
82 CF al
83 CF 82
84 CF 83
85 CF 84
# CF 65
87 CF 86
88 CF 97
89 ss£28 BINGDs-
18 AVIEN
11 PSE
12 =DIST TO GO ?*
13 PROMPT
14 570 00
15 “SELECT.."
16 AVIEW
17 PSE
18 “ENGS. GR, FLPS®
19 PROMPT
28eLBL 8
21 CF 82
22 2 ENGS®
23 PROMPT
20eLBL 6
25 SF 88
26 “SINGLE EMG..."
27 AVIEN
28 PSE
29 “SE=GU, FU, ONLY."
38 AVIENW
31 PSE
32 670 988
BelBL C
34 SF 83
35 “GEAR uP-
36 PROWPT
J7eLBL H
38 CF 3
39 “GEAR DOUN.."
49 AVIEN
41 PSE
42 SELECT.."
43 AVIEN

51 SF &5
52 “FLAPS UP.”
53 RVIEN
54 PSE
55 GTO #8
SeelBL I
57 CF 85
58 CF &7
59 CF 88
68 SF 86
61 “FLAPS 1/3.."
62 RVIEN
63 PSE
64 G0 88
654LBL “F23"
66 CF 85
67 CF 36
68 CF 88
59 SF 97
70 “FLAPS 2/3..°
71 AVIEN
72 PSE
73 GT0 88
74oLBL “FD”
75 CF 85
76 CF 96
77 CF 97
78 CF 88
79 “FLAPS DOWN..."
80 AVIEN
81 PSE
g2¢eLBL 88
83 * VFR, IFR 7°
24 PROMPT
g5eLBL E
86 G10 89
37+L8L J
98 SF 18
89+LBL 89
9% FS? #8
91 GTO 07
92 F§? 83
93 670 22
9 FS? 85
95 G10 @2
9 G70 96
97eLBL 22
98 FS? 0S
99 GTO At
188 FS? 86

85

181 GT0 83
{a2 Fs? o7
163 G70 94
104 GT0 95
1054LBL 81
186 SF 01
107 CF 83
108 CF 85
149 “30868 FT-
118 XEQ 19
111 249
112 XEQ@ 12
tI 9
114 XEQ 13
115 39
116 GTO 14
L17e08L 92
118 CF 85
119 SF 82
120 -26860 FT"
121 XEQ 19
122 1
123 EQ 13
124 49
125 GTO 14
1260LBL 83
127 SF 83
128 CF 86
129 -38680 F1-
130 XEQ 19
131 159
132 XEQ@ 12
133 99
134 EQ 13
135 59
136 GTO 14
1376LBL ™M
138 CF &7
139 °F 83
148 SF 84
141 +2500 FT*
142 XEQ 18
143 179
144 EQ 12
145 119
146 XEQ 13
147 59
148 G0 14
149¢LBL 85
158 CF 83



E-2B BINGO/HP-4 ICY Code (Jume 1982; 2/4)

151 SF 85
152 =25008 FT"
153 XEQ 18
154 (79
155 ¥E@ 12
156 89
157 XEQ 13
158 59
159 G70 i4
168+LBL 86
161 SF 86
162 *15680 FT-
163 XEQ 18
164 69
163 XEQ 11
166 = 5080 FT-
167 XEQ 19
168 39
169 G10 14
i78eLBL 97
171 CF 98
172 SF 97
173 *15000 FT°
174 XECG 19
175 299
176 XEQ 13
177 249
178 xEQ 1
179 = 5008 F1-
189 XEQ 18
181 139
182¢LBL 14
183 XEQ 11
184 GTO 16
185¢(BL 18
186 RSTO 81
187 ASHF
188 £ST0 67
189 RTN
198eLBL 11
191 RCL 00
192 XY?
193 G10 17
194 RTN
195eLBL 15
196 CF 18
197 908
193 +
199 RTN
208eLBL 12

2681 2e@ 11
202 -20088 FT*
283 XEQ 18
204 RTH
205¢LBL 13
206 XEQ 11
207 “18060 FT*
208 XEQ 10
209 RTN
218eLBL 16
211 = SEA LEVEL"
212 SEQ 190
213 9
214 XEQ 11
215eLBL 17
216 RCL 98
217 181
218 Xv?
219 G70 18
228 XOY
221 281
222 DY?
223 G10 19

227 ENTER?
228 INT
229 510 83
238 -
231 STO 82
232 RCL 83
233 1
234 GTO 20
235eL8L 18
236 RCL 09
237 18
238 /
239 ENTER?
240 INT
241 S70 63
242 -
243 STO 82
244 RCL 93
245 9
246 GTC 20
247+LBL 19
248 RCL 00
249 20
258 /

291 ENTER
252 INT
253 STO 03
254 -
255 STO #2
256 RCL 83
257 5

258¢LBL 26
259 +
268 FS? a1
261 7
262 FS? 82
263 26
264 FS? 82
265 45
266 F57 a4
267 64
268 FS? 85
26% 83

276 FS? 86
271 182
272 F5? @7

273 121

274 +

275 570 @3

276 RCL IND %

277 ENTER
278 INT
279 STO 84

280 -
281 STO #85
282 1

283 ST+ 83
284 RCL IND @3
285 ENTER
286 INT
287 STO 86
288 -
289 STO 83
298 RCL 86
291 RCL 04
292 -
293 RCL 82
294 =

295 RCL 04
29+
297 FS? 10
298 XEQ 15
299 ST0 &4
398 RCL #3



g-2B BINGO/HP-&1CV Code (June 1982;

361 RCL 8S
382 -
303 RCL 82
384
305 RCL 95
386 +

387 10
368 *
399 STO 95
J1eeLBL 2!
Ii1eLBL 23
312 FIX 8
WI “FR="
314 ARCL 84
IMS FIX 2
316 PROMPT
7 TR="
318 ARCL 85
319 PROWPT
326 “RCWHB ALT = ©
321 AVIEW
322 PSE
323 CLA
324 ARCL 81
325 +
326 ARCL 67
327 PROMPT
28 FIX B
329 «DIST = ©
338 ARCL 89
131 PROMPT
332 F527 81
333 162
334 F$? 82
335 1377
336 FS? 43
337 147
338 FS? M4
9 132
348 F5? 85
341 124
342 FS? 86
343 199
344 FS? O07
345 124
346 “S.L. IRS = *°
347 ARCL ¥
343 PROWPT
349 “DEC (KT/IKFT*
350 PROMPT

351 FS?

352 GTO 38
353 “USE N.P.= 932C"

354 PRONPT
355 610 23
356eLBL 38
157 "USE M.P.= 971C"

358 PROMPT
359 G10 23
368 END.

Reéé=
R81=
Ré2=
R@3=
R=
RoS=
Ré6=
R67=
Reg=
R89=
Ri8=
Ril= 1,520.82
R12= 1.618.814
Ri3= 1,700.817
Ri4= 1,790.0820
R15= 1,858.822
Ri6= 1,930.823
R17= 2,090.0828
Rig= 2,150.833
Ri9= 2,299.838
R28= 2,448.943
R21=  2,530.848
R22= 2,730.853
R23= 3.890.181
R24= 3.398.112

= 3,700.123
R26= 4.908.135
R27= 1.248.804
R28= 1,399.067
R29= 1,538.011
R38= 1,680.814
R31= 1,300.818
R32= 1.920.821
R33= 2 ’ 046. 624

R34=  2,168.826
RI5= 2,250.829

—
e
g

O
N
A
e
C
d

-
2

=
=

4
a

a
e
o

=
:

-

2 =
n

E
R
E

O
o
O
N

3/78)

R62=

R64=
R63=

R67=
R68=
R69=
R78=
R=
R?2=

R74=
R7S=
R76=
R77=
R78=
R79=

R8l=
Rg2=
R3=

2,330.832
2,548.038
2,740.844
2,938.85
3,138.856
3,320.182
3.816.117
4,298.132
4,780. 147
5,279.202
1,220.943
1,340.006
1,478.009
1.598.812

87



E-2B BINGO/HP-&1CVY Code (June 1982; 4/8)

1,688.0811 R136= 2,780.187

R87= 1,750.015 RIZ7= 3,158.123

1.920.819 R138= 3,520,137

2,060.023 R139= 3.878.152
2,208.826 R148= 4,270,207

R91= 2,330.830

R92= 2.460.832
R93= 2,570.035
R94= 3,800.042
R95= 3.039.048
R= 3.268.035
RI7= 3.194.161
R98= 3,700.167
R99= 4.258.122
R188= 4,780.137
R181= 5.330.132
R162= 9.999.999

R183= 1,298.884
Ritd= 1,476.008
R183= 1,650.813
R186= |,848.817
R167= 2,018.82]
R188= 2,170.825
R189=  2,320.829
R118= 2.468.832
Rift= 2.638.835
R112=  2,740.840
R113= 3.820.947
Ril4= 3,299.85
R115= 3.576.183
R116= 3.840.118
R117= 4,120.117
R118= 4.810.136
R119: 5,500.13
R128= 9,.39.999

R121= 9,999.99%
R122= 1,199.084
R123= 1,200.087
R124= 1,364.018
R125= 1.450.814
R126= 1,540.817
RI27= 1,620.821
RiZ8= 1,718.824
R129= 1,300.0827
R138= 1,809.831
R13l= 1,970.834
R132= 2,140.84]

R= 2,300.047
R134=  2,460.054
R135= 2,624. 181

g
$3
8
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4.3 THE E-2B CROSJWIND LANDING LIBITATIONS BROGRAN
See the explanation, flowchart and code for the E-2C pro-

gram.

4.4 SAMPLE PROGRAH OPERAIION

Rather than repeat the scenario improvised for the E-2C, a

set cf program runs are listed here that the user may use to

verify program operation.

4.4.1 PPAS

Broppt Response
START KRY 1

*SE2E PPASS®

BASIC WT = 2 36000 R/S

CARGO NT = ? S50 R/S

NO. CREW = ? 5 R/S

PROFILE? RANGE

*®NAX RANGE®

ALT = PT? 25000 R/S

OAT = C7 -15 R/S

IAS = (iS? 165 R/S

PUBL = LBS? 9500 R/S

GS AVAIL? Y/% YES

GS = KIS? 250 R/S

DATA READY® R/S or KEY 21

®RCHD HR IAS

SPRESENT ALT

%#8R IAS= 172 R/S

*8R TAS= 271 R/S

SAW = 9 R/S

RCHD CRS CLG

CC = 27600 B/S

GW = 46550 R/S

UPDATE e 30H R/S to repeat data



*SHAX ENDUR®

ALT = PT?

OAT = C?

IAS = KTS?

FUEL = LBS?

®DATA READY®

+RCHD ME IAS

+PRESENT ALT

+8E IAS = 121

GW = 43050

UPDATE e 308

2#8R DESCENT®

ALT = PT?

FUEL = LBS?

L/0 ALT = ?

DS¥D,DIST=39

%% NOTE $=

UPOTE MRD, IAS

EVERY 2000PT

USE 500 SHP

MRD IAS = 146

NE® ALT = ?

SRD IAS = 148

BINGO

Rroapt

4% E2B BINGO®

DIST T0 GO ?

SELECT. .

BNGS, GR, FLPS

2 BNGS

GEAR UP

PLAPS 1/3..

25000

-15

150

6000

DESCENT

25000

4000

2000

23000

Responss

KEY

R/S

R/S

R/S

R/S

R/S

R/S

R/S

R/S

KBY

R/S

R/S

R/S

B/S

R/S

R/S

R/S

13

or KEY 21

to repeat data

14

etc,

START KEY 11

95

2

GU

P13

R/S

90



91

VFR, IFR? YPR KEY 15

FR = 3030 R/S

TR = 0.29 R/S

RCHND ALT =

10000 PT R/S

DIST = 95 R/S

S.L. IAS = 147 R/S

DEC 1KT/KFT B/S

USE N.P.= 932C R/S to repeat data

4.8.3 Crosswind Landing
Refer to section describing program operation for the E-2C.



Chapter V

THE C-2A/HP-41CY PROGRANS

As in the case of the E~2B, programs for the C-2A vere mo-

deled after the E-2C.

5.1 THE C-2A FPAS PROGRAY
Program initiaticn and "button-ology" are similar to that

for the other “wo aircraft. The DESCENT profile for the

C-2A is similar to that for the E-2B. An equation for

cruise ceiling!S could not be devised from information avai-

lable in the NATOPS.1® The Sample Program Operation section

gives an example of typical responses.

The following pages are the flowcharts for the C-2A FPAS

and are notated to correspond to the HAP=-41CV code that fol-

lows.

 

13 Iotersscingly enough, one may obtain the se vice ceiling
the C-2A" although this parameter has little utiliey

tc fleet operators, A method of obtaining ctuise ceil-
ing, the, 0 mal alititude+9 fly max rangs, would seem *oO
be more is Ifat,for an aircraft that can Ogatasts use
max range

16 Users of _this BR ar day 4 thy th -2
NATOPS, tev cofzedtlons Ravaliyised & o'chapel {3{a
spite Of major changes to the sgn2ade’ hese pro-
grams dc not confora to actual ficrafe.© the BEOyram
aethodology shshould at least provide a format for future
ncdifications

- 92 -
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C~2A FPASOROGRAM INITIALIZATION 01
START

KEY 11
XEQ SIZE 022

07
*C2A FPAS#»

10
BASIC WT = 2

STO a6

R/S

13
CARGO wT = 2

R/S

 

 

 

 

8W = BW + CW

STO 00.

] 17
NO. CREW -?

R/S

   

  
W = BY + NC#200

STO 00

24
PROF [LE?

RANGE. ENOURANCE

KEY 12 KEY 13

1/9

  
 

  



RANGE ALGORITHM
LoL 8

RANGE

it's

 
*MAX RANGE*

  
XEQ 08

SUBR AIOFG

26

30

33

 

 

  
TOEV = f(PA,OAT)

S70 05
 

 

MACAS=1 (PA, GW)

$78 13
 

LBL 01
 

p/po=f(PA)

STO 15
   

STO 08
 

  
TA=F (OAT M2)

STO 09   102  

94

C-2A FPAS

21s
 

   

    IAS = KTS?

STO 04

R/S

FUEL = LBS? /

  

 

  
 

RIN  

GW = Fu + BW

so a1  
 

 

217

220

Ue



RANGE ALGORITHM

(cont’a)

$S1 = 1/S0RT(sigma)

FS? 01:

In effect

    
   
   
   
   

 

WIND OIR = ?

$70 17

WING VEL = ?

STO 18

A/C MDG = ?

STO 19

 

Hu=uvCosHOG-WO |

STO 12
 

y
 

GS = TASI-HW

 STO 16   
 

YES => Range profile

162

165

168

175

 

 

$SIe £(TA,PA)

$70 10   

 

 

 

TASt=f(1AS,SSI)

$10 11   

95

C-2A FPAS

110

 

GTO 10

   

147

149   
HY « TAS!-GS

STO 12   

  
3/%



   

 

     

 

 

RANGE ALGORITHM C-2A FPAS
(cont'd) (6)

LoL 05 180
NO YES

Hi 7LBL 06

|

CASebW LaL 0 CAS-wv
CAS = CAS + CAS = CAS +(.S-(PA)IE-6)My ( 0 ) (.3-(PAISE=8)MN

$10 13 S70 13

194
$s? @ YES

*

nN
   

 

 

 

   
*¥S2 03: YES => Descent profile

In effect (®)

96

4/9
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LoL €

ENDURANCE PROF ILE ’ 229 C-2A FPAS

ENDUR
0Ne

293
TAX ENDURE

23% LoL 08 211
XEQ 08

SUSR AICFG

SUBR AJOFG

RIN

Le. 09 238

WECAS=1 (GM)

S10 13

0 LoL 0
LoL 1 246 B02 126

XEQ 02 OVC(PA.CAS)

® SUBR OVC sto 07

RIN

3 247

EAS=CAS-DYC

S70 14

251
TAS=EAS-SSI

$70 11

258
“OATA READY

 

PRESS OATA KEY (21) OR R/S

T0 CONTINUE
5/9
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LeL 0

DESCENT
SF 03

258 C-2A FPAS
DESCENT PROF ILE

 
 

 

   
 

LL 13
G10 08

CAS+NY

emma] 265 XEQ 07

CAS-+Hu

  
 

268

 273

 

 275
 

 

 

MROCAS=g(PA,GM)

  
 

 

 

MADCAS=f (PA, GW)

$T0 13

|

    



DESCENT ALGORITHM

(cont*q)

 

   

  

LaL 14
y a

XEQ 02

E SUBR DVC

322
EAS=CAS-0VC

STO 14   

UPDTE MRD, IAS

EVERY 2000FT

USE 500 Shp |  

   
    

NEW ALT = 2

STO 02

R/S

  
G10 11

   

C-2A FPAS

99

1/9



100

DATA ALGORITHM LaF 362 C-2A FPAS

  
   

YES

  
G10 19

   

ATE ¢ JOM   UPD, 
G10 18

8/9
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DATA ALGORITHM C-2A FPAS

(cont'd)

400

 

 

  
403

GM = __

ARCL 01
——
R/S

ATE e 3

GTO 20

LL G
410

 

CF's 00-04 FIxe
CLX

   

v9



C-21 FPAS/HP-41CV Code (June 1982; 1/3)

B1eLBL =STF-

82 CF Bt

#3 CF 82

24 CF 83

83 CF 04

86 CLRG

87 s2(20 FPAS#«"

#3 AVIEK

#9 PSE

18 “BASIC WT
11 PROMPT

12 370 09

13 "CARGO NT

14 PROMPT

9 +

16 370 98

{7 “NO.CREN/PRX=2"
18 PROMPT

19 209

29s

21 RCL 40
22 +

23 STO 2a

24 PROFILE?"

25 PROMPT

26eLBL B

27 5F #31

28 CF 22

29 CF 83

38 saMAX RANGEx-
31 AVIEN

32 PSE

33 XQ 98

34 RCL 93

3515
36 -

37 RCL 82

18 198 E-3

9s
49 +

41 ST0 0S

42 342 E-18

43 397 E-15

44 RCL 82

45s
46 -~

47 RCL 82
48 »

49 ,8019574
58 -

»

9.

de

31 RCL #2

32 *

53 146.95

9 +

55 .881235

56 1546 E-12

57 RCL 81
38 =

99 -

58 RCL 81

Bl *

52 +

63 RCL #2

a4 LN

83 1518

ob

Bi +

#8 STO 13

s9¢L8L 81

78 RCL 92

71-6879 E-9
72

73

74

73 5.2563
76 YtX

77 570 15

78 RCL 94

79 561.7

38

31 ¥#2

82 .2

83 s

24

35 +

36 3.5

37 vex

38 1

39 -

98 RCL 15

3 i%

2s

at

9% +

25 .286

2% YX

97 {

98 -

935

109 =

AN
4
a

102

181 S70 98
1682 .2
163 =
184 |
185 +
186 1/%

187 RCL 83
108 *
189 STO 89
118 1936 E-6

{11 =
112 RCL a2
113 1508
114 -

115 2112 E-8
{io *

117 +
118 Ef%
119 ,982
120 «
121 STO 14
122 75? 91
123 G70 93
124 370 14
{25#LBL 92
126 CL 92
127 91 E-5
128 *
{29 E4Y

130 | E~7
{31 *
132 RCL 13
133 2.852
134 Y4%
135 =

137 S70 #7
137 RTN
138eLBL 83
139 RCL #4
146 RCL 18
14] =

142 $70 1
143¢LBL 84
144 “GS, AVAIL? Y/N"
145 PROMPT
146#BL E
147 “GS = KTS?
148 PROMPT
149 3T0 16
150 RCL 11



C=2A PPAS/HP-81CV Code (June 1982; 2/3)

151 RCL 16
1352 -
153 STO 12
154 GTO 85
155eLBL J
156 “INPUT WINDS..®
157 AVIEN
158 PSE
159 “WIND DIR = 2°
168 PRONPY
161 STO 17
162 “MIND VEL = ?*
163 PROMPT
164 ST0 18
165 “A/C HDG = ?*
166 PRONPY
167 570 19
168 RCL {7
169 -
178 ABS
171 COS
172 RCL 18
173 *
174 S10 12
175 RCL 11
176 RCL 12
177 -
178 ST) 16
179 RCL 12
189eLBL 85
181 ¥(9?
182 GTO #7
{834LBL 86
184 .C
185 RCL 82
186 1 E-3
187 +
188 -
189 RCL 12
199 +
191 RCL 13
192 +
193 S16 13
194 FS? 83
195 G70 14
196 GTO (0
197+LBL #7
198 .3
199 RCL 82
200 5 E-6

200 »
202 -
203 RCL 12
204
205 RCL 13
286 +
207 510 13
208 F5? 93
209 RTH
218 GTO 19
211+LBL 98
212 “ALT = FT?"
213 PROMPT
214 X(@?
215 10
216 STO 82
217 “ORT = (7°
218 PROMPT
219 570 93
220 “IAS = KTS?"
221 PROMPT
222 S70 M4
223 "FUEL = LBS?"
224 PROMPT
225 RCL 908
226 +
227 STO a1
228 RIN
2294LBL
239 SF #82
231 CF ot
RF a3
233 “ssMAX ENDURs*
234 AVIEW
235 PSE
236 XEQ 48
237+LBL 89
238 RCL a1
239 0816
240 «
241 46
242 +
243 510 13
244 GTO 81
2430LBL 19
246 XEQ 82
247 RCL 13
248 RCL 7
249 -
250 STO 14

103

251 RCL 10
252 +
253 570 11
254 BEEP
255 “sDATA READYs-
256 PROMPT
257 G10 F
258eLBL D
259 SF 83
268 CF 81
261 CF 82
262 ~#MR DESCENT"
263 AVIEMW
264 PSE
265 “ALT = FT?°
266 PROMPT
267 STO #2
268 FUEL = LBS?"
269 PROMPT
270 RCL 00
271 +
272 S70 81
273 *L/0 ALT = 2°
274 PROMPT

275 ST0 28
276 RCL 92
277 -
278 CHS
279 RCL 8t

286 35000
281 -
282 134367 E-13

283 +
284 1676 E-6
285 +
286
207 FIX 8
288 “BONT,DIST="
289 ARCL %
299 PROMPT

291eLBL It

292 16080
293 RCL 82
294 HY?

299 GI0 12
29% RCL #2
297 -14137 E-8
298 =
299 EX
308 166.783



104

C-2A/FPAS/HP=-41CV Code (June 1982; 3/3)

301
302 XEQ 16
303 GTO 13
384eLBL 12
385 RCL 62
386 CHS
307 5877 E-9
308 »

389 EX
310 151.503
311»
312 XEQ 16
J13eBL 13
314 870 13
315 RCL 12
316 X00?
317 GTO 86
318 XEQ 97
3194LBL 4
320 XEQ 02
321 RCL 13
322 RCL #7
Jal -
324 ST0 14
325 F§?7 84
326 G10 15
327 © ss NOTE #°
328 AVIEN
329 PSE
330 -UPBTE MRD. IAS"
331 AVIEN
332 PSE
333 “EVERY 2009FT"
334 AVIEN
335 PSE
336 “USE 500 SHP*
337 AVIEN
338 PSE
339 SF 04
J460LBL 15
341 “MRD [AS="
342 ARCL 14
343 PROMPT
344 “NEW ALT = 7°
345 PROMPT
346 STO 82
347 GTO 11
J48eLBL 16
349 RCL 82
358 2389 E-8

51 + 401 PROMPT
352 EX 482 CH = *

353 9814 E-7 483 ARCL 41
354 484 PROMPT

355 RCL 8t 485 “UPDATE o 30M°
356 35608 486 AVIEN
357 - 407 PSE
338 * 468 G10 20
359 + 4890BL 6
Job RTH 410 CF 88
J61eLBL F 411 CF 81
362 FIX 8 412 CF 92

363 FS? 81 413 CF 83
364 GTO {7 414 (F 04

365 FC? 81 415 FIX 4

366 G10 19 416 (LY

J674LBL {7 417 END

368 “sRCHD MR [AS®
369 AVIEM
370 PSE
371 «PRESENT ALT®
372 AVIEN
373 PSE
3740LBL 18
375 “oMR [RS="
376 ARCL 14
377 PROMPT
378 ~sMR TAS="
379 ARCL 11
388 PRORPY
381 “sh = *
382 ARCL 12
383 PROMPT
384 GH = *
385 ARCL 81
386 PROMPT
387 “UPDATE e 36M"
388 AVIEW
389 PSE
399 G70 18
391eLBL 19
392 “+RCHD ME IRS"
393 AVIEM
394 PSE
395 *+PRESENT ALT"
396 AVIEW
397 PSE
J98eLBL 28
399 “4+ME IAS="
400 ARCL 14
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Se1.3 Governing Eayatiops

As in the case for the E-2B, sasquations common +o the E-2C

program will not be listed. Headwind corrections are the

same for the C-2A as the E-2C.

Max Bange Calibrated Airspeed: HRCAS = f(PA,GH)

MRCAS = 146,95 - .0019574 (PA) + .001235(GW)

+ 342B~-10(PA)*%2 - 397E~-15 (PA) *®3 -

= 1S546E-12 (GW) *=2 + _1S18LN(PA)

Max Endurance Calibrated Airspeed: HNECAS = f£ (GW)

MECAS = 46 + .0016 (GW)

Descent Distance: DD = £(PA,LOPA,GH)

LD = (PA-LOPA) ((GW-35000) (134367E-13) +1676E-6)

Max Bange Descent CAS (>10000): MRDCAS = £ (PA,GW)

MRDCAS = 151.503exp((-S077E-9) (PA))

+ (GW-35000)&9014E~-Texp ( (2389E-8) (PA))

Max Range Descent CAS (<10000): MRDCAS = £ (PA,GW)

BBDCAS = 166.783exp((-1413E-8) (PA))

+ (GW-35000)%9014E-Texp ( (2389E-8) (PA))
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5.2 THE S<-2) BINGO PROGRAR
There are only three configurations to choose from when set-

ting up a BINGO profile for the C-2A. No choices are al-

lowed for possible stuck flap situationms. The three co-

nfigurations allowed are: 2EGUPU, 2EGDFU, and SEGUFO.

It is interesting to note, also, that the fuel required

values for the C-2A are not rounded off to the nearest five

pound increment, and instructions are included on how to ad-

just the fuel required for variations in weight above or be-

low 45000 pounds gross weight. The C-2A BINGO program re-

flects all of these differences vhile still retaining the

basic operating principles of the E-2C and E-2B prograams.

Program initiation 1s somevhat more extensive than the

other two programs since +he C-2A program requires gross

weight. The Sample Program Operation section presents a de-

+ailed example of how the program works.

The following flowcharts racord the algorithm for the

C-2A BINGO programs. Line numbers next to function blocks

reference line nuabers in the code listing that follows the

flowcharts.



XEQ SIZE 06S

L8L STB

 

CF*s 01-03

   
0s

  
   

 

  
 

  
  
   
  

  

a8
DIST 10 GO= 2?

$70 00

1
BASIC WT = 2

$70 08

14

    CARGO WT = ?
BM « 84 + CW

$70 08

/
/

   

 

  

13
NO. CREW/PAX?
BY = BW
(200eNC)

STO 08

   /
/

26

     
   

FUEL = LBS?
Gd = BY + FU

ST0 08
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C-2A BINGO

NOTE: Only three configuretions

avaliable; al) => flaps W

1/6
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C-2A BINGO
“0 LoL G a LBL ¢ sa LBL

TWO SINGLE GEARENGINES ENGINE DOWN

SF03 CFOL CFO2 $F01 CF02 CFO3 SF02 CFol1 CFO3

GTo 08 GTO 08 G10 08

SF 00

Gro 09
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2/8



 

 

 

   
 

  
 

 

  

 

 

 
 

83
ves G10 01 6)

2EGUFU Co

NO

ves G10 02

2EGDFU =

NO

G70 03

SEGUFU 9)

0wor woz

; ®
| 30000FT xEQ10 25000FT xEQLO
[ jolts Xeall 0

20000F 7 _XEQ10 20000FT_ XEQ10
| 119 xeQil X
{ 10000FT XEQ10 10000FT XEQL0
{89 xeoll 39 XEQI1

i cro 16 G10 16
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C-2A BINGO

Configuretions

1 26GUFU

2 2EGDFU

3 SEGUFU

LBL 03
116

 

5000FT_XEQLO 89
XEQ11

 
 

  

 
GTO 16

 
 

 
 

6



 

  
IStore aloe
‘ afgits *-12 In

07  

(
=

 

 

 

  

 

   

OTG - 21ST 70 GO

! - Interpolation factor

INT - Integer function

oa - der''minery acoress

 

   
    

 

 
LBL 18
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C-2A BINGO

NOTE: Flow does not necessarily brogrees

thry to 16 from 01, 02, or 03. The progres

cen brench and skip to 1? by successful

logic qualification at the second level

of operation In each configuration branch,

Sranch out cen occur In the XEQIS/AMLL

constructs...

 

Calculation of address

fectors to De used In

tngfrect egoreseing to locate

FR.IR valug n deta eet. 
  

  

  

  

  

  

    
 

163
{hre/)0) - INTIDTG/10) + 0

| INTIDTG/10) = - pa

$T0 22

LoL 13 178

(0YGr20) - INTIOTG/200 + §
INTI0TG/20Y = = pa

STO 02

151
(07G/50) - INTIDTG/%01 «

INTIOTG/501 =» { 11 « pa C

$10 02 4/8     



 

STO 03

 

 

 

 

 

 

 

C

LL 20 186
$201 YES . 8

NO

S202 «27

5203 + 46      

La 15
  

FR = FR + S00

  
 

 

132

Recall !nairect
the aqaress

calculated (RCL
IND X)
 

4
 

INT(FR.TR) = FR

 r
(FR.IR) - FR =

m™m

.
(FR. TRe1) ~
(FRei) = TRel

(FRel) - FR = Q
FR + (Qetl) = FR

 

 

 

 

      
 

FR => STO 04

 

198

   

  
 
 

1m

C-2A BINGO

  Adiust FR few
NA wet +f
5000# FR=>STO04

  

 
 

(TRel) ~ TR = @
TR + (art) = TR

S70 0S    

OATA READY

219

5/6
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C-2A BINGO

239

260

S701 YES X = 165

NO
241

245

248

286
S.L.IAS = __

287 ARCL X

R/S

DEC IKT/IKFT

R/S

- N.P.=932C /

R/S   
8/6



C~-2A BINGO/HP-41CV Code (June 1982; 1/3)

afeLBL -STB°
92 CF 81
93 CF 82
#4 CF 83
85 ~*s(2R BINGOe”
#6 AVIEN
87 PSE
#8 “DIST T0 GO ?°
29 PROWPY
18 STO 28
11 “BASIC WT = 2°

12 PROMPT
13 STO 88
14 “CARGO WT = 7°
15 PRONPT
16 RCL 68
17 +
18 S10 98
19 “NO.CREW/PAX=?*
20 PROWPT
21 288
2s
23 RCL #8
24 +

25 ST0 98
26 "FUEL = LBS?"
27 PROWPTY
28 RCL 88
29 +
38 S70 48
FIX A
32 Gd =-
33 ARCL X
34 PROWPT
35 -SELECT..®
36 AVIEMW
37 PSE
38 “CFCN=2E:SE.GU:D"
39 PROMPT
gol8
41 2 ENGS®
42 PROMPT
430BL G
44 SF 93
45 CF 81
46 CF 82
47 “SINGLE ENG..."

43 WIEN
49 PSE
58 *SE=GU,FU,OMLY.."

51 AVIEW
52 PSE
53 GTO &8
SeeLBL C
55 SF 81
56 CF 82
57 CF 83
58 “GEAR UP.."
59 AVIEW
68 PSE
61 “CFGN=2ECUFU..~
52 AVIEN
63 PSE
64 GT0 88
650LBL H
66 SF 82
67 CF 81
48 CF 3
69 "GEAR DONN.."
78 AVIEW
71 PSE
72 “CFGN=2EGDFU.."
73 AVIEN
74 PSE
73eLBL 88
76 = VFR, IFR 2°

77 PROMPT
79eLBL E
79 G70 89
SaelBL J
31 SF 99
geeLBL 89
33 F5? 81
84 GT0 91
85 F5? 82
86 GTO #2
87 G10 43
ageLBL 91
89 -30008 FT°
99 XEQ 18
9M 159
92 4EQ U1
93 20086 FT"
94 EQ 18
95 119
9% EQ 11
97 10089 FT-
98 XEQ 18
3959
168 XEQ {{

113

191 GTO 16
192¢LBL 82
193 25060 FT"
104 XEQ 18
165 139
186 XEQ 11

197 20008 F1-
168 XEQ 19
109 9

119 XEQ {1
111 -18008 FT-
{12 XEQ 18

113 39
114 XEQ 11
115 GTO 16
{16eLBL 03

117 = 5069 FT-
118 ¥EQ 10
119 8
128 XE@ il
121 GTO 16
122¢LBL 18
123 ASTO 81
124 ASHF
125 ASTO 87
126 RIN

127448L {1
128 RCL #0
129 OY?
138 GTO 17
{31 RTN

1320LBL 13

133 CF #9
134 %8

135 +
136 RIN
1370LBL 16
138 « GER LEVEL"
139 XEQ 10
148 2

141 ¥EQ I!

1420LBL 17
143 RCL 90
144 181
145 OY?

146 GTO 18
147 2OY

148 201

149 XY?
158 GTO 19



C-2A BINGO/HP-41CV Code (June 1982; 2/3)

151 RCL 40
192 58
153 +
154 ENTER?
155 INT
136 ST0 83
157 -
138 $70 82
159 RCL 83
168 11
161 GT0 28
16200BL 18
163 RCL 98
164 18
165 7
166 ENTER?
167 INT
168 S70 @3
169 -
176 STO #2
171 RCL 83
172 8
173 GTO 28
{74eLBL 19
175 RCL 08
176 28
177 7
178 ENTER?
179 INT
188 STO 83
81 -
182 S70 82
183 RCL 83
184 5
18304BL 20
186 +
187 FS? 81
188 8
189 FS? 82
198 27
191 £5? 83
192 46
193 +
194 STO 83
193 RCL IND X
196 ENTERt
197 INT
198 STO 84
199 -
200 STO #5

201 1
282 5T+ 83
203 RCL IND 83
204 ENTER?
205 INT
206 STO 96
207 -
208 ST0 83
289 RCL 86
210 RCL 04
211 -
212 RCL #2
213 +
214 RCL 04
215 +
216 FS? 98
217 XEQ 15
218 STO 04
219 RCL 98
229 45000
a2 -
222 96000
223 /
224 RCL 4
225 +
226 RCL 84
227 +
228 STO 04
229 RCL 83
238 RCL 85
a3 -
232 RCL 82
233
234 RCL 05
235 +
236 10
237»
238 STO 95
23%23
248 FIX 9
241 “FR = -
242 ARCL 04
243 FIX 2
244 PRONPT
US -m=-
246 ACL 85
247 PRONPT
248 “RCW ALT = -
249 RAVIEW
258 Pst

251 CLA
252 RCL 81
253 h*
25¢ WROL 47
255 PROWPT
256 FIX 0
257 * DIST = *
258 ARCL 99
259 PROWPT
260 FS? 01
261 165
262 FS? 62
263 148
264 FS? 63
265 165
266 *S.L. IAS = *
267 MCL X
268 PROPT
269 “BEC IKT/IKFT*
270 PRONPT
271 "USE N.P.= 932"
272 PRONPT
273 C10 23
274 EMD.

- = D L

“
O
U
P
E
D

«
a

R12= 1,288.812
Ri3= 1,410,015
Ri¢= |[,5086,821
RI1S= 1,682.024
Ri6= 1.699.027
Ri7= 1,795.030
Rig= 1,891.032

R19= 2,853.41
R28= 2.207.046
R21= 2,356.182

= 2,485.107



C-2A BINGO/HP-4 ICV Code (June 1982; 3/3)

R23= 2.621.111
R24= 2,945.123
R25= 3.263.135
R26= 3,592.146
R27= 3.996.158
R28= 961.984
R29= 1,123.04?
RIs= 1,284.81!
R31= 1,436.015
R32= 1,599.818
R33= 1,683.822
R= 1,806.025
R35= 1,938.028
RI6= 2,0853.832
RI7= 2,171.034
RI8= 2,371.048
R3%= 2,570.846
R48= 2,763.85)
Rél= 2,995.857
R42= 3.141.183
R43= 3,596.117

Red= 2,450,111
Rél= 2,626.118

= 3,062.133
R63= 3.496.152
Red= 3,927.269
R65= 4,399.226



5.3

5.3.1 ERAS
Brompt

$2C21 FPASSe

BASIC WT = ?

CARGO WT = ?

¥NO.CREW/PAX=?

PROPILE?

SR NAY RANGE®

ALT = PT?

OAT = C?

IAS = KTS?

PUBL = LBS?

GS ,AVAIL? Y/N

INPUT WINDS...

WIND DIR = ?

WIND VEL = ?

A/C HDG = ?

#DATA READY®

ZRCED MR IAS

®*PRESENT ALT

®*HR IAS = 173

®HMR TAS = 271

2HW = 41

GW = 43100

UPDATE e 30m

*2NAX ENDUR®

ALT = PT?

OAT = C?

IAS = KTS?

PUBL = LBS?

DATA READY®

+RCND HE IAS

+PRESENT ALT

+8E IAS = 110

SAMPLE EROGRAM ORERATION (C=2))

Response
START

31000

2500

8

RA NGB

25000

-15

165

8000

NO

300

4s

275

ENDUR

20000

-10

150

5000

R/S

R/S

R/S

R/S

R/S

R/S

R/S

R/S

R/S

KEY

R/S

R/S

R/S

R/S

R/S

B/S

R/S

R/S

R/S

KEY

R/S

R/S

B/S

R/S

B/S

R/S

25

or KEY 21

to repeat data

13

or KEY 21

116



5.3.2

GW = 80100

UPDATE e 308

NR DESCENT®
ALT = FT?
FOBL = LBS?
L/0 ALT = ?
DSHD,DIST=44
ss NOTE #»

UPDTE MRD, IAS
EVERY 2000PT
USE 500 SHP
MBD IAS = 153
NEW ALT = ?
MRD IAS = 154

BINGO

Proapt

*%C2A BINGO®

DIST TO GO ?

BASIC WT = ?

CARGO WT =

NO.,CREW/PAX=?

FUEL = LBS?

GV = 88500

SELECT..

CPGN=2E:SE,GUsD

2 BNGS

GEAR UP..

CPGE=2EGUFU..

VFR, IPR ?

FR = 2632

TR = 0.29

RCHND ALT =

10000 PT

~~

DESCENT

26000

7000

1000

24000

R/S

R/S

KEY

R/S

R/S

R/S

R/S

B/S

R/S

R/S

Response
START

85

31000

7000

10

4500

2E

GU

IPR

R/S

R/S
R/S
R/S
R/S
R/S
R/S

R/S

B/S

R/S

to repeat data

14

etc.
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DIST = 8S

S.L. IAS = 165

DEC 1KT/KPT

USE N.P. = 932C

5.3.3 cresswind landing

R/S

R/S

R/S

R/S to repeat data

118

Refer to section describing program operation for the E-2C.



Chapter VI

BAIN MENORY ACCESSING PROGRAM

Theory of operation is simple and straight forward. One of

three programas loaded in main memory should have set one of

flags 8, 9, or 10 vhen loaded. #hen a new program is re-

quested, a program check for the flag already set calls a

subrcutine that clears the loaded program. The new prograa

is then called and loaded.

The next page is a flowchart for this algorithm, and the

next page a code listing.
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LBL FP
01

 

XEQUL CFOS
CLEAR E2CBNGO

 

 

XEQ03 CF10
CLEAR E2CXWL  
 

 

 

PSIZE 022 SFO9
LOAD E2CFPAS

   

 

EQ! CFOs
| CLEAR E2CBNGO

 

 

XEQO2 CFa9
| CLEAR £2CFPAS   

 

pre LOAD E2CxwL

| 

MAIN MEMORY ACCESSING PROGRAM

 

  

 

LBL 8G 12

START
BINGO

oro
5709 ves Fan%Litrons

NO

03 CF10
S710 AE Sor,

   
 

PSIZE 142 SFOS
L CONGO
LOAD E2CBDTA
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MNAP/HP=41CV Code

AlelBL FP"
#2 F$? 08
83 Xta 81
84 FS? 18
95 XEQ @3
86 822
97 PSIZE
#8 SF 89
89 “E2CFPRS®
19 GETP
11 STOP
12040BL “86°
13 FS? 89
14 XEQ 82
15 F§? 10
16 XEQ 83
17 142
18 PSIZE
19 SF 88
20 “E2CBNGO"
21 GETP
22 ~g20807R"
23 GETR
24 STOP
254LBL “XK°
26 FS? 88
27 %E@ a1
28 FS? 89
29 XeQ 82
30 SF 19
31 “E2CKNL"
32 GETP
33 STOP
34eiBL 01
35 CF 48
36 STB"
37 PCLPS
38 RTN
39eLBL 92
40 CF 89
41 "STF"
42 PCLPS
43 RIN
44008 83
45 CF 10
46 ~XNL"
47 PCLPS
48 RTN
49 END

(June 1982; 1/1)

Q1eLBL °FP"
82 FS? 88
43 EQ 01
84 FS? (9
85 XE¢ 83
8 822
87 PSIZE
88 SF 89
89 °E2BFPAS”
19 GETP
11 STOP
12¢LBL 86"
13 F§? #9
14 XEQ #2
15 FS? 18
16 XEQ 83
17 142
18 PSIZE
19 SF 88
28 "E2BBNGO"
21 GETP
22 "E2BBDBTA"
23 GETR
24 STOP
25¢LBL “Ri°
26 FS? 88
27 Req 81
28 F57 89
29 AEG 82
39 SF 19
31 “E2BXAL"
32 GETP
33 s10P
J4eLBL 81
35 CF 88
36 -s18°
37 PCLPS
38 RTN
39eLBL 82
46 CF 89
41 "STF*
42 PCLPS
43 RIN
44¢0BL 83
45 CF 18
46 “XWL"
47 PCLPS
48 RTN
49 END

121

atelBL “FP*
42 F5? 88
#3 XEQ 8]
84 FS? 19
#5 XEQ 83
86 822
87 PSIZE
88 SF 89
89 -C2arPas*
18 GETP
{1 $T0P
120LBL “86°
13 F§? 89
14 XeQ 82
1S FS? 18
16 XEQ 83
17 63
18 PSIZE
19 SF 08
20 C2ABNGD*
21 GETP
22 C2ABDTA"
23 GETR
24 STOP
250LBL “Xi-
26 FS? 88
27 XEQ 81
28 F§7 49
29 XEQ 82
38 SF 18
31 ~C2AXNL"
32 GETP
33 STOP
J4eLBL B81
35 CF 88
36 578"
37 PCLPS
38 RIN



Chapter VII

CALCULATOR SHIELDING

During the course of this project, an opportunity arose in

early May 1982 to travel to RVAW-110 at NAS Miramar to try

several methods of protecting the HP-41CY from electromag-

netic interference (BMI) in the E-2. The EMI was discovered

to adversely affect the HP-41 during an informal test flight

in September 1981, In the intervening period, discussions

vere initiated with customer support engineers at Hewlett-

Packard to seek a solution to the problem.

Mcst of <*heir suggestions centered around providing

shielding for the calculator. The HP~U41 uses a *ype of cir-

cuitry technology referred to as CMOS. CMOS is sensitive to

external EMI. Program flags in +the AP~41 are apparently set

by the electric field incident in the cockpit!? whenever the

main beam of the radar passes. Based on a knowledge of the

calculator, it is reasonable to assume that one of those

flags turns the calculator off. No damage occurs when this

happens, either physically or ¢o memory and circuizsry. Bu+

the calculator can only be restored to operation by reseat-

ing the batteries.

 

17 Grumman engineers estimate the potential of “his field at
30 to 50 vClts per meter in certain areas of the cockpie,
mcst notably near windows and airrors.

- 122 ~-
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The Hewlett-Packard engineers suggested that considera-

tion be given tc conformal coatings for the calculator's

circuits. conformal coating is an epoxy like resin formed

around circait parts. The resin can then be coated with

varicus shielding materials. While this method is feasible,

it wculd alsc be impractical. Any warranties would be inva-

lidated and repair becomes virtually impossible.

The only other way to protect the HP-41 is with some fora

of external shielding. There are two areas of the calcula-

tor that are suspected of causing the most problems: a lo-

gic toard directly behind the key pad, and a display driver

hybrid behind the LCD.

The HP engineers sent two types of special purpose plas-

tic kags +o try in a shielding experiment. The first was an

anti-static bag, the type used to enclose various electrical

parts for shipment. The second was a nickel laminated plas-

tic tag.

Other shielding ideas consisted of aluminum foil wraps

vith appropriate cutouts and a metal mask similar in design

to the overlay masks used on the calculator to label special

use keys.

During the flight in early may, the calculator was un-

vrapped from a full aluainum foil shield and found to be in

operating crder. A seccnd wrap, below the first, exposed

only those areas of the calculator needed to view output and



124

operate the keys. The stainless steel mask, manufactured by

shop personnel at NPS, covered the keyboard area. The cal-

culator vas held in the vicinity of the kneeboard while *he

foil was removed in sections from the bottom up. The calcu-

lator continued to work the entire time; tha steel mask re-

pained in place. It appeared at this point tha* previous

apprehensions concerning failure of the calculator in the

E-2's BNI environment were unfounded. However, by placing

the calculator against ¢he overhead hatch (an obvious ex-

treme) , the phenomena previously explained was duplicated.

The Ltatteries were reseated and operation restored.

At this poin%t, the anti-static bags were used and found

to Le totally unacceptable for shielding the calculator.

The nickel laminated bags, however, worked quite well. Only

one was required. These bags will be used again in future

efforts if new shielding problemas arise. Their main disad-

vantage, however, is the dark, translucent coloring tha+

makes them scmewhat difficult to see through. Lighting ex-

perisents would have to be conducted to determine the amount

of night lighting required to use “hen. Day light use ap-

pears to be no problea.

¥cne of the above experimentation could be examined under

the ligh+ of strict compliance with scientific principles.

Ho fcrmal or rigorous treataent of electromagnetic propaga-

tion theory has been delved into. The work performed, how-
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ever, is sufficient to warrant continued work with +¢he

HAP-41CV in the E-2 cockpit. Original fears ¢hat the calcu-

lator would not work at all were unfounded. Currently, it

appears that <*he only shielding actually required is the

stainless steel mask. This arrangement probably serves to

protect the logic board behind the key pad. It is also im-

portant to point out that the Extended Punctions module and

two Extended Memory modules were installed. The presence of

these modules aay have had a net shielding effect for the

display driver hybrid behind the LCD.



Chapter VIII
PROGRAM LOADING INSTRUCTIONS

Basic to understanding the instructions listed here is a

familiarity with the HP-41CV., Chapter I gives a brief over-

view, but users are encouraged to read documantation provigd-

ed with the calculator by Hewlatt-Packard and become famil-

iar with programming and basic functioms. The HP-41CV is

easier to learn than most programmable calculators and the

RPN logic should not be a deterent. Once learned, RPN is

easier than standard operating procedures on other calcula-

tors.

It is assumed that all programs for one particular air-

craft are loaded on magnetic storage cards (magcards). The

total number of magcards varies for each aircraf*, but the

operating principles are the saae. In those cases where

there is an aircraft or progran dependent label or instruc-

tion, that instruction will be written in an E-2C/B-2B/C-2A

format.

It is also assumed that one Extended Functions/Memory mo-

dule and tvo Extended Memory modules are mounted in the cal-

culator. Read the HP instructions carefully so that modules

are located in the proper position. The following figure is

an end view of “he calculator with a suggested mcunting ord-

er. Attention to proper mounting order is important.
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X FUNCTIONS X MEMORY

 

X MEMORY     

Figure 2: Suggested Module Mounting Order  
 

Without the modules, the calculator will accomodate only

the FPAS or the BINGO prcgram, not both. XWL could possible

loaded with either one. More than one calculator would be

required to have all programs without the modules. (Using

nodules is less expensive).

If the program is not already loaded on magcards, manual

antry will be required.t!® The PPAS and BINGO prograas zach

involve several hundred separate entries.!? Once loaded, ap-

propriate user labels will have <0 be assigned; refer to

program code.

In *he following instructions, an underlined label refers

to a function/mode key, boldface refers to alpha/numeric en-

tries.

 

ie ee appendix A for data loading instructions for BINGO
ata.

19 Ggers desiring a set of aa rds are encouraged to send
akout 28 ifiae cards for 154 ing from the Raster program.
Addresses are listed in Appendix B.
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Calculatcr on, se* USER mode. USER mode should be on

during the entire procedure.

XEQ SIZE 022 (ie. XEQ ALPHA SIZE 022)

Inser+ eacn magcard in order, side one, then side two.

After the last card is loaded, the window displays

"WORKING" to indicate tha“ program entry is complete and

the code is being packed.

ALPHA STF,E2CPPAS/STF,E2BFPAS/STF,C2APPAS ALPHA:  XEQ

SAVEP (This instuction loads FPAS into Extended Memory).

3EQ ENDIR The display should respond with

"E2CFPAS/E2BFPAS/C2APPAS nnn", indicating successful

loading of the program into Extended Memory).

XEQ CLP STF (Clear FPPAS froma main memory).

XEQ SIZE 181

load prcgraam cards for the BINGO program.

ALPHA CLR STB,E2CBNGO/STB,E2BBNGO/STB,C2ABNGO ALPHA

XEQ SAVEP

XEQ CLP STB

0.140/0.140/0.065 ENTER

X2Q RDTAX (After ALPHA pressed, display prompts for

BINGO data cards).

ALPHA CLR E2CBDTA/E2BBDTA/C2ABDTA ALPHA

181/181/66 ENTER

XEQ CRFLD

XEQ SAVER

X20 CLRG

Load XWL program card.

ALPHA CLR XWL,E2CXWL/XWL,B2BXWL/XWL,C2AXWL ALPHA

XEQ SAVEP

XEQ CLP IXVL

Load ccntrol program card.

SHIFT GI0.. (This procedure is very iaportant. The

calculator will pack the control program and place an

END statement at the end of the code. Pailure +o do

this will result in some very strange responses from the

calculator)
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The calculator is now fully loaded and ready to run. Re-

fer to the section in each chapter regarding how to access

certain programs for correct operation.



Chapter IX

KNEEBOARD DESIGN

When this project was first proposed to the NADC engineer29

in ctarge of sponsoring PPAS efforts, a request was made to

look into a design for incorporating the HP-41CV in a conve-

nient kneeboard format. Based on ideas and conversations

with pilots from various aircraft communities, the design on

the following pages is being subaitted for consideration.

The design seeks to minimize siza and weight, yet retain

room +o write on standard 5X8 cards issued by the ship for

card-of-+he~-day purposes. The current design uses the stan-

dard issue kneeboard. The top was removed and raised by a

spacer to accomodate the thickness dimension of the HP-U41.,

A cutout in the *op, left of center and af+, allows the cal-

culator to be dropped into a sleeve. Velcro on the bottom

of *he calculator and on the sleeve holds the calculator in

place. The sleeve is shaped to let the calculator face lie

flush with the top face of ‘he kneeboard.

The light asseably and lover «clip have been removed. A

separate clip board, purchased from a civilian source and

slightly larger than 5X8, is attached with a hinge to the

upper clip. A 5X8 paper pad will fi¢ on the clip board, and

a 3XS paper pad, adjacent to “he calculator, fits into the

 

20 p3r, Michael Herskovitz
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upper clip. A small area immediately to the right of the

calculator face could be used to tape a small reference card

to enhance use of the calculator.

The next page shows construction details for «he knee-

board. The following pages are photographs of the kneeboard

constructed by Aeronautical Engineering shop personnel at

NPS. No provisions have been made for an integrated light.

The lights that come with a kneeboard seldom work for an ex-

tended period; cockpit auxiliary lights should be sufficient

for illumination.
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Figure 3: Kneeboard/HP-41CV Construction Details
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Pigure 4: Kneeboard,/HP-41CV, Closed
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figure 5S: Kneeboar 4/HP-41CV, Open
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Chapter X

CONCLUSIONS AND RECOMMENDATIONS

A number of auxiliary topics were generated in the course of

preparing this report. Many are outside the scope of this

vork but are included here for future reference.

10.1 CONCLUSIONS
1. The HP-~41CV is currently one of the most advanced han-

dheld programsmable calculators available. There are,

however, pocket sized computers that use microprocessor

+echnology that should be examined for potential. Many

are faster when accessing specific data, but they may be

gore difficult to learn and and to maintain in a squa-

dron environment. Compliance with FCC regula*ions must

also be confirmed for operation in aircraft.

2. The kneebcard/HP-41CV combination should alleviate prob-

lems and concerns generated with regards tc additional

loose items in the cockpit. Other communities interest-

€d in using the HP~U4 ICV are encouraged to consider this

cr a similar kneeboard design.

3. The kneeboard may provide additional BMI protection for

the HP~41CV in the E-2. Other agencies would have to

conduct appropriate testing to confirm *his, however.
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The HP-41CV can be used by aircrew not familiar with the

EP-4 1CY cr handheld programmable calculators. However,

at least one person per squadron should be thoroughly

familiar with how the calculator works in order to main-

tain software and program status.

The potential to reduce fuel consumption in fleet air-

craft is probably limited. The true benefit to having

the capabilities represented by PPAS program is the

ability tc stretch out a critical situwation, such as a

lov fuel state BINGO. The use of PPAS in conjunction

vith safety of flight programs such as BINGO will gain

greater acceptance than as a fuel conservation aid.

Curing the EMI effects test flight, the original version

cf the E-2C PPAS contained readouts for fuel £low and

horsepower to fly IAS. These values were found to be

radically inaccurate, however, and the equations to gen-

erate those values have been eliminated from all three

FPAS programs. The original purpose in including such

calculations was to enable the pilot to calculate fuel,

time and distance 0 go parameters. With a calculator

handy, however, such parameters can easily be computed

assuming the linear fuel consumption nature of the E-2

and C-2.
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10.2

1.

2.

3.

4.

5.

BECOHNBRNDATIONS
I+ is recommended that a validation of the programs in

this report be undertaken. In that regard, research

funds have been requested through NPS in order to pur-

chase at least one more calculator and appropriate peri-

pherals to support software and continuing research.

Validation efforts will be conducted in cooperation with

NADC.

If there is interest in the C-2 community in a valida-

tion effort, request they contact NADC or ayself for as-

sistance.

Consideration should be given to incorporating a vali-

dated suite of programs into a ROM chip ob*ained under

contractural agreement with Hewlett-Packard.

Fending approval, or failing to approve, a ROM chip,

consideration should be given to having program code

converted to printed bar code for non-volatile storage.

The ship environment may be too precarious for magcards

to retain microcode accurately over an extended period

cf time on-board.

Upon incorporation of the HP-41CV into daily flight op-

erations, at least one officer per squadron, preferably

from the NATOPS Department, should be appointed to be in

charge of coordinating the squadon's use of the calcula-

tor. Responsibilities would include loading and check-
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6.

8.

9.

10.

ing of hardware, coordination of wvarranties/maintenance,

and instruction of squadron aircrew in the use of tha

calculator.

Pinimum E-2/C-2 squadron inventory of HP-41CY calcula-

tors and peripherals should include the following: four

(4) HP=-4 ICY calculators with one (1) Bxtended Punctions/

Eemory module and two (2) Extended Memory modules per

calculator; two (2) magnetic card readers; one (1) prin-

ter/plotter; and one (1) optical wand (assuming bar code

is available).

Cevelopment of other programs to 2nhance safety of

flight and fuel efficient operation should be researched

and incorporated. TbLke limitation on this effort, howev-

er, is the amount of memory space available in the cal-

culator. This limitation is relieved if more than one

calculator at a time can be used.

Hequest information be forwarded concerning the validity

cf using the current issue of the E-2B and C-2A NATOPS

Mznuals for PPAS and BINGO prograas. If SOP or more

current information is available, it should be incorpo-

rated.

Incorporate wind at altitude corrections into the E-2

and C-2 BINGO prograas.

Research into designing the BINGO prograas demonstrated

that a sicrocomputer based BINGO program could be de-
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signed for use by the ship to quickly plan the fuel re-

guired values for all airwing aircraft for each recov-

ery. Such a program could, most importantly, incorpo-

rate adjustments to fuel required for forecast winds

alof+. Quick access could also be obtained for various

aircraft configurations determined by emergencies such

as hydraulic failures.
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Appendix A

DATA LOADIRG PROGRAM

The following is a code listing of a short prograa designed

to lcad data in the HP-41CV registers. Indirect addressing

is used so that registers beyond R99 can be loaded.

The prograa starts with ROO and loads sequentially in an

interactive manner. Assignment of user labels is at the

discretion cf the user. The second half of the program can

be used to read “he contents of designated registers. The

program can enter data starting with any register by care-

fully loading an address into the X register. Caution is

urged to preven* overwriting old data or entry of data into

*he wrong location. aed “$10

83 STO 99
deeLBL 81
#5 °R=-

86 ARCL 90
a7 PROMPT

#8 STG IND #9
#91

19 ST+ 90
11 G70 81
{26LBL “RCL*
13 9
i4 STO 928
1SeLBL 82

i6 FIX 8

17 “R=

18 ARCL 99
19 PROMPT
20 FIN 3
21 RCL IND 89
22 STOP
31
24 S5T+ 20
25 G10 82
26 END
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Appendix B

ADDRESS BS

Perscns interested in obtaining clarification of details in

this report or who desire to pass on corrections can use the

follcvwing addresses in the time frames indicated.

July 1982 to October 1982

LCDR Dennis R, Ferrell
Naval Postgraduate School, SMC 1297
Monterey, CA 93940

October 1982 to March,April 1983

arrier Airborne Early Warning Training Squadron
CE HONDRED TEN (RVAR=110)
NAS Miramar
San Diego, CA 92145

April 1983 to September 1985

Carrier Airborne Earl Narning Squadron
ONE HUNDRED FIFTEEN saaAW-115)
FPO Sar Prancisco 96601
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Appendix C

COPIES TO0..

The following organizations are designated addressees to re-

ceive copies of this report.

Commanding Officer . Lo.
carrier Airborne Early Warning Training Squadron
ONE HUNDRED TEN (RVAW=110)
NAS Miramar
San Diego, CA 92145

Commanding Officer ] Lo.
Carrier Airborne Early Warning Training Sqadron
ONE HUNDRED TWENTY (RVAWN-120)
NAS Worfolk
Norfolk, VA 23512

Commanding Officer .
Carrier Airborne Zarly warning Squadron
ONE HUNDRED FIFTEEN d AW=-115)
FPO San Prancisco 96601

LCDR John M. Logan
Carrier Airborne Early Warning Squadron
ONE HUNDRED TWENTY 25 (VAR-126)
FPO New York, NY 09501

Professor A.E. Fuhks ] , Lo
Department of Aeronautical Engineering
Naval Postqraduate School
Monterey, CA 93940

leet Logistics Support Squadron PIFTY (VRC-50)
AS Cubi“Point
PO San Prancisco 96654y

a
n
g

eet Logistics Sup rt Squadron
ENTY POUR (VRC 2 fe
: 3 gonell

P
T
N a
Pr ew York 09523

1
w
A
P

Me. Michael Herskovitz
Code60
Naval Air Development Canter
Warainster, PA 18974
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Mr. Jerry Lamagna
grisan erospics
Mail Stop C 2
South“ySterbayseRoad
Bethpage, NY

CAPT J.E. Hoch
Prodecy Banagef £3/c-2/ATDS

Naval Air Systems Command
Washington, D.C. 20361

Commander
Naval Air Test Center
Patuxent River, MND 20670
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