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A BSTRACT

This thesis gives the user of an HP-41CV hardheld program-

mable calculator or the IBM 3033 computer, acceptable

rssults of heliccpter system weight esti-mations during the

prelimi4nary design phase.

The ccmputer program consists of several subroutines ind

will compute system weight estima-as accordinq to Military

Standard 1374A. Three categories of mili-tary he!licoptsrs

can be designed; observation. ut-lity, and cargo. Detailed

knowledge of helicopter-- is not rqquirsl.

copy ilclble to r,7(7C iHO-
Peu8i9 fuly legiLle ei~.u.c
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I. IN~2R2 l ;X!

A. BAC'XGROUND

The estimaticn of the weight of a helicopter is an

ess'itiial prelimInary step in des-Igr procedure. The aer:o-
space industry uses large zomplex computer programs with

hundedsof nputs -n order to obtain, the Dredictsd we-cht-

cf the various helicopter systams. This, of courso?, Is the

most accurate method in determining precise weights needed

in actual design and construction. H-.wevqr, 'hese orograms

require a dstail knowledge of the components and materiJals

to be used, whi4ch are not nor mally available outside the

industry. Therefore, another method using the HP41-CV h1-and

held calculator cr the IBM 3033 was undertaken that wculi

* civs acceptable results whi.le providing instantaneous sclu-

ti.ins. To date, no known programs of this type have been

designed for the HP4&1-CV or IBM 3033.

B. GOALS

The objective of this study i-s to provids a self-
pzomptirng, alpha-numeric c;omputer program for helicopter

weigh+- estimates. In additiJon it4 is to be used by

Aeronautical Engineering students at the Naval Postgraduate

Schcol enrolled in the Peilcopter Design and Advanced

Heli-copter Design courses.

8



The basic approach was to rtea comp'uter programu or, the

IBM 3033 using Pcrtran IV ind converting this program to

HP41-CV usage. The program consists o~f the fcllowi4-a

subroutines:

A. Input

B. Output

C. Observation

D. Utility

E. Carao

This method greatly reduces the amount of computer memory

rsquired. Subrcut;-ines Observation, Utility, and Cargo ari

independent, of each other and 4-ppa:1nt only on the input

and Output subroutines.

These subrouti4nes use para-mrrtzric ?quations Isrived from

the best curve f It of the variouc systcm weights. Dta-Llsd

knowledge of helicopter weights is not required, however, a..

basic kncwlzedge of helicopter chactser-*stics and aerody-

namics, along with profi-cie-ncy In eitae: the IBM 3033 or

HPLI1-CV is requirsd.

9



111. 'rHE SOLUJTIONI

Weight data was collected for 14 mili:tary heli-ccp-!Ers.

These helicopterf were separated into three ca-:zegcries;

cbservatiJon, utility, and zargo. This provided a more accu-

rate weight estimate relatiorshi-p (WER) for the 18 sys:-eis

as provided by Mil1itary Standard 137&A (Table ~. Du to

the selection of helicoptars, a WE? for the winq was not

required. The air conditio)ning and ant-ici-ng w--.ghts we==

comine ito one WER. The data was obtai-ned f:-om ac'ual

miiary records located at F~itsche Army Airfield , F.

Ord, California, (Ref. 1] and Edwards Air Force Base, Ca.

(Ref..21. In addition Jane'S All The Wrlds AirZcraft

(Ref. 31, Jane's Pocketbook of Heli coprers (Ref. 4]p an

NASA CE152315 (Ref. 5] were used. The da-na are sumrarfzed

in Table 11.

In analyzing the data design g ross we-ight was the mianor

ccreatinq fact cr in deter m~n~rg t6hea individual system

w-4ights. There are eight factors that iffect gro-ss wij-n

empty weight, blade planform area, number of personrel,

persornrrel weight, fuel, horsepower, cargo we-,in:, and-

n-umber of erngines.

Utili-zing these factors and an. H?41-CV curve fi

program, parametric equations were oblained for each of the
heli-ccpt e r sy st e ifs, provi-ding acce;prabla results for test7ab-

lihigpreliminary desi gn weights. Vhm equ-ationPS for each

typec helicopter arc- found in Table III. Exampile pr-oblems

for the HP-41CV and IBM 303 3 are contained in Appenrdix A an!

Appendix B.
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T ABLE I

Helicopter Systems

1. Rotor

2. Tail

A. Tail Rotor

B. Tail Structurs

3. Body

4. Landing Gear

5. Nacelle

6. Propulsion

A. Engine

B. Drive

C. Fuel Tanks

. Flight Contrcls

8. Auxiliary Power

9. Instruments

10. Hydraulics

11. Electrical

12. Avionics

13. Furnishings and Equipment

14. Air Conditioning and anti-icing

15. Load and 4andling

These s steis correspond to the 18 standard weight
groups lefined in Military Standa:: 1374A, except
pneumatics, wing, and armament have been =Ietsd
while air ccnditioning and anti-ice were combined.

* 11
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TABLE II

Helicopter system Weight Summary

EMP -  GZs s ?ain Rot or
Weig- Weigh: Rotor PlanformMODEL W;g W1 S(sq ft)

OH-6.k 1202 2400 174 26.0
TH-57A 1535 2900 277 31.9
CH-58A 1545 3000 281 33.9
OH-13S 1926 2850 284 32.5OH-4 A .... 250 28.8
UH-1H 5235 9500 742 76.9
H-52A 5585 8310 785 92.5
UH-19D 5831 7100 786 92.5UH-60A 10222 20250 1705 160.0
CH-34A 7803 14000 1313 129.1
CH-46F 13313 23000 2424 136.5
CH-L47A 17752 33000 2996 315.7
CH-534A 23097 0000 4489 348.7
CH-37& 21238 30342 3251 272.6

Tai 1 Tail Surface
T2_T-_il Rotor S-::uc AreaMODEL W2 W2A W2B St-(sq f-)

OH-6A 23 7 16 12.3
TH-57A 34 8 26 19.9OH-58A 132 10 22 18.6
OH-13S 17 8 9 8.7
OH-4A 118 11 7 7.9UH-1H 384 30 54 31.3
H-52A 106 53 53 37.0
UH- 19D 101 60 41 *23.8UH-60A 346 105 241 1C6.4
CH-34A 260 74 186 75.3
CH-46F 0 0 0 0.0CH-47A 0 0 0 0.0
CH-53A 673 367 306 93.4CH-37A 570 345 225 112.0

Bodya Lan dir.g
Body S uziacE sea= TypeMODEL 43 Sb (sq f) W4 Ge&-

OH-6A 242 205 70 skid
TH-57A 335 244 45 skid
OH-58A 332 247 35 skid
OH-13S 221 121 54 skid
OH-4 A 359 243 43 skid
UH-1R 1035 626 121 skid
H-52A 1263 849 485 cll
UH-19D 985 640 287 rcll
UH-60 A 1729 e05 659 rcll
CH-34A 1044 817 475 rollCH-46F 3126 1452 591 rol!
CH-47A 4487 2150 1086 rcll
CH-53A 5263 2587 1019 roll
CH-37A 324 1553 983 toll

* Not used in dnveloping WER

12
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Table II (cont)

Helicopter Systsm Weight Summary

Number 2-cpu2 -
Nacelle Engine f Sys!,?m

MODEL W5 Type # Engines W9

OH-6A *8 2 1 341
TH-57& 32 2 1 416
OH-58A 36 2 1 419
OH-13S 37 1 1 *845
OH-4 A *25 2 1 390
UH-1H 114 2 1 1632
H-52A 63 2 1 1115
-H- 19D 147 1 1 2525
UH-60A 155 2 2 2730
CH-34A 150 1 1 3189
CH- 46F 71 2 2 3235
CH-47A 176 2 2 5151
CH-53A 394 2 2 6057
CH-37A *1098 1 2 8419

Fuel Horsc-
Eng Dri Ve T anks pow-rMOD7L W6a W6b W6c HP

OH-6A 192 113 36 250
TH-57A 194 176 36 317
OR-58A *165 215 39 317
OH-13S *588 *15 5 *102 260
OH-4A 1998 159 *32 250
UH- 1H 683 658 291 1103
H-52 A 360 621 *134 1050
UH- 1 9D 1244 *1064 217 800
UH-60A 862 1405 463 3036
CH-34A 1737 1091 361 1525
CH-46F 951 2010 274 2600
CH-47A 1342 3531 278 4400
CH-53A 1762 3913 376 *5700
CH-37A *5516 2567 336 4200

Fuel Flight instru-
Quantitv Controls Aux men t s

MODEL G (ga1sT vi7 W8 w

CH-6A 62 65 3 30
TH-57A 76 133 3 29
OH-58A 73 125 0 27
CH-13S -- -- 3 24

-OH- .. 3 --
UH-1 H 211 357 0 59
H-52A 325 353 a 124
UH-19D 175 *164 4 70
UH-60A 343 694 164 152
CH-34A 263 378 0 108
CH-46F 380 828 106 158
CH-47A 620 1212 99 172
CH-5 3 A 638 1168 211 *395
CH-37A 410 965 3 191

* Not used in d-velcping WER
# 3ngine types: 1- reciprocating; 2 - -u_-Csha'f '

13



Table II (cont)

Helicopter System Weight Summary

H9y'rau- Elec- Furnish
lics trical Avicnics & Eq"

MODEL W1o wil i12 W3

OH-6A 0 68 113 58
TH-57A 0 110 -- 64
OH-58A 0 85 106 42
OH-13S 0 130 91 30
UH-1H 33 360 2L6 408
H-52A 43 419 427 216
UH-19D 47 327 *113 205
OH-60A 87 464 466 675
CH-34A 26 327 269 189
CH-46F 168 654 645 854
CH-.47 A 212 555 303 866
CH-53A 132 601 559 1239
Ch-.37 A 129 497 *269 810

-ir & Loal &
Ice Handling Number Numbe=

MODEL W14 W15 Crsw Passengsrs

OH-6A 10 0 1 2
TH- 57A 27 0 3 0
OH-58A 25 0 2 0
OH-13S 40 0 -- --

OH-4A -- 0 1 1
UH-1H 44 3 2 11
H-52A 97 89 3 --
UH--19D 77 0 2 10
UH-60A 86 80 3 11
CH-34A 72 3 2 14
CH-46F *257 196 3 22
CH-47A 179 258 3 32
CH-53A *311 439 3 37
CH-37A 176 *12 -- --

* Not used in developing WER

14
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TABLE III

Observation Helicopter Weight Estimating Relationships

1. Rotor W1 = 408.562 * In(S) - 1142.917

2. Tail
* Rotor W2A = 2.219 * exp(.0005 * Wt)

Structur e W2 B = 19. 131 *ln (Stt) 3 32. 414

3. Body W3 = .00901 * Sb**1.917

4. Landing Gear W4 = -. 0539 * Wg + 200.912

5. Nacelle W5 = 34.0

6. Propulsion
Engine W6A = -.0896 * Hp + 221.388

Drive W6B = 17.190 * exp( .0038 * wg)

Fuel Tanks W6C = .384 * (Fuel/6.5)**1.0710

7. Flight Contrcls W7 = .000000003128 * Wg**3.469

8. Aux Power W8 = 0.0

9. Instruments W9 = 24.571 * exp (.0004 * Hp)
10. Hydraulics W10 = 3.0

11. Electrical W11 = -51.0661*!n(Sb)+367.947

12. Avionics W12 = 1062.00451 - 122.282 *
2!n(1120.354 *exp(.003*Hp))

13. Furnisings W13 = 19.800 (eXD4.37 2 *?9oD!=)
+ ep(-. 433*Sb))

14. Air & ice W14 = -22.371 * In(Sb) + 143.396

15. Load H Handling W15 = 0.0

Symbols Usel In WER

Psoplz Number of crew and personnel
Sb Body surface area (sq ft)
Wg Gross Weight (lbs)
We Manufacturers Empty Weight (.bs)

an rotor p!anform area (_bs)
Hp Shaft Horse Power (bs)
Fuel Amoun" of fuel (ibs)
Stt Total tail surface ar -a (sq ft)

APP ROXIM ATIONS

Gross WeightWg=173.701 * We**.378
Tail Surface Area
BoyStt=.264 * exp(.0135*Hp)
Body Surface Area

Sbz194.274 * ln(Wg) - 1306.779

15



Table III (con't)

Utility Helicopter Weight Estimatir*g Relationshi3s

1. Rotor W1 = 11.0702 * S - 168.888
: 2. Tail2.otcr W2A = .00438 * Wg + 12.470

Structure W2B = 2.411 *St - 19.531

3. Body W3 = .282 * Sb**1.272

4. Landing Gear
W4 =.025 * exp(.000062*Wg+8.020)

#W4 = 301.577 * !n (Wg)-2319.890

5. Nacelle W5 = .02 * exp(.000062*Wg + 8.02)

6. Propulsion
Engine W6A = 130.0 + .451 * HD

*W6A = 295.0 + .188 * Hp

Drive W6B = 741.460 * in(Hp) -4542.0420

Fuel Tanks W6C = 363.240 * !n(Fuel/6.5)
-1656.521

7. Flight Controls W7 = 210.858 *e=xp(.000059 * " 4)

8. Aux Power
W8 = 0.0

- *W8 = 190.0

9. Instruments W9 = 56.0975 * ln(Hp) - 312.237

10. Hydraulics W10 = .00362 * Wg + 11.553

11. Electrical W11 = 481.735 * In(Sb) - 2794.530

12. Avicnics W12 = .139 * HD + 77.823

13. Furnishings W13 = .175*Sb + 22.0*Pecple - 10.0

14. Air & ice W14 = 122.458 * ln(Sb) - 730.252

15. Load & handling W19 = 84.5

App roximatios s

Gross Wsight
Wg = 16239.430 n !n(We) - 130252.760

Tail Surface Area
Stt = .0376 * Ho - 8.106

Body Surface
Sb = 636.081 * exp(.000011 * Wq)

fH-elicopters with two engines
#Gross leight greater than 6000 lbs.

16



Table III (con't)
Cargo Helicopter Wqight Estimating Relationships~1. Rotor
o W1 = 707.174 * -xp(.00539 * S)

**W1 =1414.348 * exp(.00539 * S)

" 2. Tail
Rotor W2A = 324.550*ln(Wg)-3021.510

Structure W2B a -18.0 + 2.830 * Stt
" 3. Bcdy

3. BodW3 = 2.9818 * Sb - 1321.921

**W3 = 3467.291*1n (Sb)-22118.298
4. Landing Gear W4 = 258.358 * EXP(.000041 Wg)

5. Nacelle W5 = .014 * ( .2041*wg )**1.136
6. Propulsion

Engine W6A 348.0 + .910 * Ho
**W6A 565.537 * exp(.000198*HP)

Drive W6B = .999 * Hp**.959
"uel Tanks W6C a 454.619*(Fael/6.5)**(-.0566)

* 7. Flight Contrcls W7 .00334 WG**1.224
8. Aux Power W8 = 139.0
9. Instruments W9 - 68.266 * ln(Hp) - 387.598

10. Hydraulics W10 .000000563 * Wg**1.863

11. Electrical W11 = 9.780 * Sb**.539
12. Avionics W12 =-(1674 4.96 7 ip

**.536 * 1.9 -108666 " )
13. Furnishings W13 .159 * Sb + 18.11 * Pecpla
14. Air 6 Ice W14 - 117.771 l In(Sb) - 710.594

15. Load & Handling W15 =-72.0 .111*Sb + 3.490*Peopla

Approximations

Gross We-ight
Wg - 4.975 * We**.887

Tail Surface Area
Stt = 60.127 * eXp)(.000145 * H!p)

Body Surface Area
-adb 426. 378 * exp(.000045 * Wg)>. **Tandem Beli5opter"

S b = 567.688 * exp (.000041 W "G)

11
'. 17
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IV. SU A __ETO

This section provides a detailed discussion of aach system

as descrited by Eeltramo [Ref. 5] and summarized in Table

.".

A. ROTOR

The rotor system consists :f the blade assembly and the

hub and hinge assembly. The blade assembly includes the

interspace structure, leading and trailing edges, tips(if

nct integral) , balance weights, and sounting hardware and

blade foidinqs. The hub and hinge assembly incjludes -he

yoke, ur.iversal oints, shafting between the rotor system

and the drive box, spacers and bushings, lub:ication syst-m,

fittinqs, pins, drag braci, reten-t.o. strap assembly, and

fasteners and misscellaneous bardwarB.

B. TAIL

The tall system includes all -he aerodynamic surfaces

and the mounts fcr the tail rctor. Tandem helicopters are

nct considered tc have a tail.

C. BODY

The body consists of the fuslage shell structur_, door

and window frames, floors, bulkheads, cockoit windshid,

and radcme. Door actuation mechanisms, airstairs (when

installed) and lcading ramps are also included.

04

18

I.-:,::.:: . - - -. -. -..- , .- -.-- . -- - . . . .. . .... . .. .. •.



D. LANDING GEAR

The system includes landing gear str=ucture, which i

made up of struts, side and drag brazes, trunni.ons

attachment fittirgs. The landing gear controls nld

*.components for biaking, steeri-ng and retraction (favail--

* ~able) . For wheel type landing gear this also icle

wheels, trakes and tires.

E. NACELLE

This includes the engine mount, firswall and cowl s-::'ic-

ture, engine air inlet, oil cooler scoop and miscellanecus

installation hardware.

F. PROPULSION

The propulsi Cn System 4includes three mia-- subsystC sf:

tha engine, drive, and the fuel syst-am. The er-g:ne iniclr'Ies

t he dry engine, residual fluids and installatioa hardwazi as

well as related components: starter, air in~ducto:,exhaust

and cooling items, lubrication systems and th-? sngir.s

con-trols. The drive subsystem inclulas tihe gear spse

reducers, tranmissien drivq, rotor brake and shaft, and lubea

system. The fuel subsystem includes the fu-el 'il1 an~d d:ain

system, fuel distribution system, fuel vent plumbing an!

fuel tanks.

G. FLIGHT CONTECLS

ThIs system i4ncludes: cabin con-:rol s (cycli-c cont~cl

column, collective pitch levers and rudder cr tail rotor

pedal); mechanical operating machanism (swash plate,

stablizi-nq bar,linkages, bearings, and levors, belicranksl;

hydraiflic controls; fluid; and miscellaneous hardware.
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H. AUXILIARY POUER

The auxi'liary power system supplies all power for ground

operations In lieu of ground support equipment. These oper-

ations include: cabin ground air con!-i-ioni.g, engi-na

starting, and dzriv-i a generator fcr electric power.

1. INSTRUMENTS

Instruments rerform basic monitor-in and warning func-

*-tions associated with the flight of the- h=elicopterT:

electrical, hydraulic and pneumatic =eystems operation,

engine operation and fuel quantity. The irstrument system

incldescocpitini-cators and warning lights, tranducers,
signl iput, crcutry, and the monitor-ing !svicas.

J. HYDRAULICS

The hydraulic system consists of the pumps, reservoirs,

filters, accumulators, regailators, valves, manifolds, plum-

bing, fluid, and supports, and mounting hardware.

K. ELECTRICAL

The electrical system supplizs power to a variety of

helicopter operating components, including, amoung other,.s:

ligh1-ts, avionics, instrumsnts, passenger and cargo door$,

cargo holst, and environmental control system.

The electrical system zonsists of the AC power system.,

the DC power system and lighting system. The AC systsm

incldespower gcnerating equipment, while the DC power

system includes converters and batteries, and both include

the necessary cortrols, wiring, cables fittings, and

supports to distribute the electrical power from the power

source tc the electrical power center.
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The lighting sys-tem includes all interior and e xt-ze7Jrio

lights, together with the switches, associated circuitry

from the electric power canter, and support hardwars.

* The wiring and circuitry leading from the electric power

cente +o he varous components which use electricit+y are

included with the- respective systems.

L. AVONICS

The avionics system consIsts of the integrared flight

guidance ani control subsystem, communication subsysteam,

navigation subsystem and miscellaneous equipment subsystsm.

* The lnte gratc-d fligh-t guidance and controls suhsvstem

includes the autc pilot uinit, the flight director unit , t"h.e

gyrocompass unit, the attitude and headling reference an-t+
and the ;inertial navigation unit_. Thse t reiare

pen dent and may te either separ-ate, interconnected units: or

one, integrated functional unit. All indica-tors, sservcume-

chanisms, and associated circuitry, supports, and

attachments related to the integrated flight guidance and

controls subsyst=em are also included. Although usuall-i

colccat-e d with this subsystem, the a uto-t h zo-ttl/thrulst

management unit4. is part of the propulsifon system because It

functions to control the engine.

The communicL-tion subsystem Is ssparated -,,to :ntzrrnal

and e xte rnalI uni ts. The internal -ozmunicatior_ un--:
incuds he nerhn system, the zpublic address sys,:em,

and the multiplex (MUX) system. Tha external commun-can on

unit includes ths transceiver equipment which is used fcr

aircraft-to-aircr-aft or aIrcraft-to-ground communications.

The navigation subsystem includes all radar equipment,
the autcmatic direction finding (ADF) unit, the: distance

measuring equipmeint (DHE) unit, the loppler unit, the !tav-

* gation computer units, the station-keeping hnit te
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tact.ical tir navigation (TACAN) unit-, th _ va=:-abiie ctn.-lirangs
(V3 R) unit, the warker beacon, the inst~umernt landingq .=ystem

(ILS) , the colli-sion avoidance unit (CAS) , thearcr

traffic control 4ATC) unit, the radio: altimeter, tih~ gli-de

slope i.ndicator, and the radar beacon un-It. All thte n1av!gz-

tion Units, indicators, antennae, asaociated circuitry and
antenna coaxial cable, and the uris spotsadatah

ments related to the navigation subsystem are includ5ed.

M. FURNISHINGS IND EQUIPMENT

Furnishings and equipment include a vrtyof it~sin

the cockpit and the passenger and/or cirgo compar-cmer:. in

the cockpit, this category includes all. instrumsrnt an!

console panels, seats, insulation, lining, crew oxye-,

system, and cockpit door and partJt_-:ons.

N. AIR CONDITIONING AND ANTI-ICING

The air conditi oning system, inr adJ.iticn -to supp!i-_ng

conditioned air to the cabin, heats thse cargc comparmeant,

and supp-'ies condi*tioned air for dvioni--c and ='l c-trica"l loi!

center ccoling.
anti-icing functions can be performe;d either by het

bleed ai-r or by electri-cal heat. Bleed air systemns i-:clule

all ducting from the main pneumatic source and inner skIns,

which form the hot air cavities. :-lectrical systems -rcludg

the electrical blankets fastened to the outer surfaces cf

critical items, Flus all diri-nq and zcntrols.

in the passerger and/or cargo compartment, this category

includes seats, floor covering, insulatifon, side panels,

ceiling structure, and passenger comfort items such as

galley or lavatory istallations.
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M is cellaneou s items 4aclude the sngi .ne and cab*- 11-

extinguisher systems, firs warning system, exteriJor fin-±sh,
and emergency eqtipment (i.e., first aidkt.n f: .en

guisher) . Cargo loading 9gquipmf.--, is also a part of mhis

system.

0. LOAD AID HAWELING

This system consists of loading and handllng gear,

includinc provisions for jacking, hcist.ing and1 moo::ng, a nd

bal last.
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Ve RESULTS AND CONCLUSIONS

As statc-d earlier, the prilaary objective of this study was

to develop a rap"Id and easy means for :estimatirq system

weights during the prelimiaiary design. phase. The computer

programs that were de,.e-loped result inacceptable etmts

The validity cf tha cutp-at is excellen-t 5'cr the Lntsndsd

purpose of prelininary heli-ccpter design weight estimations.

However, in~dividual systems sometimes experience large

errors in estimated system weight, as compared to actual,

but when combined with. the olther systems that make up the

helicop~er the error is smal11. The s l-!mi-tatio.-ns resulted

fromn:

A. Data missing cr unreli-1able. ?or examplez, sma!ler

nacelles usually had no definsed surface area, or an indi-

vidual system was divergent from the overall system norm.

Therefore, these wer not Jincluded in. he WER.

B. There is no diefinite factor that- delineates b:?tween

-the use of skids or wheels. Empty w-3ight of 6003 lbs was

arbitrally used as the change over between ski-d and 77oll.

C. The various armed forces utilize diffe-rzent avionics

systems. In or der to obtain a prec'se es-~mate, a WER for

each service would be requi-red, resulting in additional

computer Inputs. Instead, the avionics WEP's were avqrage:d

to produce but ore input.

D. There was no factor which diztat-ed when auxili--ary

power was required, therefore average aux weight was used

for the carcio category WER. However, in the utili4ty

cat egory 'It appeared that o)nly helicopters wit-h two enaires

had auxiliary power, therpfore this was the r -Lror focr

the utility WEE.
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The user shoycd utilize the enclosed sxample ~-sas

initi4al Input when working vihteconue. hs i

4nsure the user that he his implemented the programns

correctly or assist in debaigging if incorrec-t. T~w ase r

should insure that +he HP-4 1CV is sized for 32 hefc~e

executing any prcgram.
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HP41-CV COMPUTER LISTING

Replace PLUS wit. "+" and set SIZE 32

A. OBS SUBROUTINE LISTING

01 LBL "OBS" 26 408.562 52 -.0539

02 XEQ "IN" 27 53 *

28 1142.917 54 200.912

03 LEL "P" 29 - 55 PLUS

04 RCL 01 30 STO 12 56 STO 15

05 .378 31 RCL 09 57 34

06 Y1X 32 .0005 58 STO 16

07 173.701 33 * 59 RCL 07

08 * 34 E1X 60 -. 0896

09 STO 09 35 2.219 61 *

10 RCL 07 36 * 62 221.388

11 .0135 37 32.414 63 PLUS

12 * 38 - 64 STO 17

13 E1X 39 RCL 10 65 RCL 39

14 .264 40 LN 66 .0008

15 * 41 19.131 67

16 STO 10 42 * 68 -1X

17 RCL 09 43 + 69 17.198

18 LN 44 STO 13 70 *

19 194.274 45 RCL 11 71 STO 18

20 4 (6 1.917 72 RCL 06

21 1306.779 47 Y1X 73 6.5

22 - 48 .00901 74 /

23 STO 11 49 * 75 1.071

24 RCL 02 50 STO 14 76 Y1X

25 LN 51 RCL 09 77 .384
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78 * 112 * 146 END
79 STO 19 113 1062.004

80 RCL 09 114 PLUS

81 3.469 115 STO 25
82 Y1X 116 RCL 03

83 1.281E-10 117 .372

84 * 118 *

85 STO 20 119 E1X

86 0 120 19.8

87 STO 21 121

88 RCL 07 122 RCL 11

89 .0004 123 -.033

90 * 124 *

91 EIX 125 E1X

92 24.571 126 PLUS
93 * 127 STO 26

94 STO 22 128 RCL 11

95 0 129 Ln

96 STO 23 130 -22.371

97 RCL 11 131 *

98 LN 132 143.396
99 -51.0661 133 PLUS

100 * 134 STO 27

101 367.947 135 0

102 + 136 STO 28
103 STO 24 137 XEQ "OUT"

1014 RCL 07 138 RCL 30

105 .003 139 X<=O?

106 * 140 GTO 03
107 EIX 141 "WE?"

108 1120.354 142 PROMPT

109 143 STO 01

110 LN 144 XEQ "P"
111 -122.282 145 LBL 03
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B. UTIL SUBROUTINE LISTING

01 LBL "UTIL" 33 7.061 66 PLUS

02 XEQ "IN" 34 - 67 57O 17

35 RCL 10 68 RCL 07

03 LBL "P" 36 2.411 69 LI

04 RCL 01 37 * 73 71.463

05 LN 38 + 71 ',

06 16239.43 39 STO 13 72 4542.042

07* 40 RCL 11 73 -

08 130252.76 41 1.272 74 50 18

09 - 42 YIX 75 RCT 06

10 STO 09 43 .282 76 6.5

11 RCL 07 44 * 77 /

12 .0376 45 STO 14 78 LN

13 * 46 RCL 09 79 363.24

14 8.106 47 LN 80

15 - 48 301.577 31 1056.521

16 STO 10 49* 2-

17 RCL 09 50 2319.89 83 SIO 1

18 .000011 51 - 84 RCL 09

19 * 52 STO 15 85 .000059

20 EIX 53 RCL 09 86

21 636.081 54 .000062 97 E' X

22 55 88 210.858

23 STO 11 56 8.02 89 *

24 RCL 02 57 + 90 ST 020

25 11.0702 58 E1X 91 0

26 * 59 . 02 92 STO 21

27 168.888 60 * 93 RCL 07

28 - 61 STO 16 94 LN

29 STO 12 62 RCL 07 95 56.0975

30 RCL 09 63 .451 96 *

31 .00438 64 , 97 312.237

32 * 65 1 30 98 -

28
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99 STO 22 131 122.458 162 PLUS
100 RCL 09 132 * 163 STO 17
101 .00362 133 730.252 164 190
102 * 134 - 165 SrO 21
103 11.553 135 STO 27
104 . 136 84.5 166 LBL 02
105 STO 23 137 STO 28 167 XEQ "OUT"
106 RCL 11 138 RCL 01 168 RCL 30
107 LN 139 6000 169 X<=0?
108 481.735 140 - 170 GTO 03
109 * 141 X>0? 1'71 "WE?"
110 2794.53 142 GITO 01 172 PROM1PT
111 - 143 RCL 09 173 STO 01
112 STO 24 144 .000062 174 XEQ "Po
113 RCL 07 145
114 .139 146 8.02 175 LBL 03
115 * 147 + 176 END
116 77.823 148 E1X

117 + 149 .025
118 STO 25 150 *

119 RCL 03 151 STO 15

120 22

121 * 152 LBL 01
122 10 153 RCL 08

123 - 154 2

124 RCL 11 155 -

125 .175 156 X =/0?
126 * 157 3TO 02
127 + 158 RCL 07

* 128 STO 26 159 .188

129 RCL 11 160 *

130 LN 161 295
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C. CGO SUBROUTIlE LISTING

01 LBL "CGO" 33 STO 12 66 E1X

02 XEQ "IN" 34 RCL 07 67 567.688

03 "TANDEM?" 35 .91 68 *

04 PROMPT 36 * 69 STO 11

05 STO 31 37 348 70 RCL 12

38 + 71 2

06 LBL "P" 39 STO 17 72

07 RCL 01 40 RCL 09 73 STO 12

08 .887 41 LN 74 RCL 07

09 YlX 42 324.55 75 .000198

10 4.975 43 * 76

11 * 4 -3039.51 77 ElX

12 STO 09 45 + 78 565.507

13 RCL 07 46 RCL 10 79 *

14 .000145 47 2.83 80 STC 17

15 * 43 * 81 RCL 11

16 Elx 49 + 82 LN

17 60.127 50 STO 13 83 3467.291

18 * 51 RCL 11 84 *

19 STO 13 52 2.918 85 22118.298

20 RCL 09 53 * 86 -
21.00CO45 54 1321. 921 87 STO lu

22 * 55 -

23 EIX 56 STO 14 88 LBL 01

24 426.378 57 RCL 31 89 RCL 09

25 * 58 X<=0? 90 .000041

26 STO 11 59 3TO 01 91 *

27 RCL 02 60 0 92 EIX

28 .00539 61 STO 10 93 258.358

29 * 62 STO 13 94

30 EIX 63 RC 09 95 STO 15

31 707.174 64 .000041 96 RCL 09

32 * 65 * 97 .204

30
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98 * 129 * 160 18.11

99 1.136 130 387.598 161 *

100 Y1X 131 - 162 PLUS

101 .014 132 STO 22 163 STO 26

102 1 133 RCL 09 164 RCL 11

103 STO 16 134 1.863 165 LN

104 RCL 07 135 YlX 166 117.771

105 .959 136 .000000663 167 *

106 Y1X 137 * 16F 710.594

107 .999 138 STO 23 169 -

138 * 139 RCL 11 170 STO 27

109 STO 18 140 .539 171 RCL 03

110 RCL 06 141 YIX 1"72 3.L4

111 6.5 142 9.78 13 *

112 / 143 * 174 72

113 -.0566 144 STO 24 175 -

114 Y1X 145 R CL 07 176 RCL 11

115 454.619 146 LN 177 .111

116 * 147 16744.967 178 *

117 S To 19 148 * 179 PLUS

118 RCL 09 149 108666 180 STO 28

119 1.224 150 - 181 XEQ "OUT"

120 Y1X 151 . 536 182 RCL 30

121 .00334 152 YIX 183 X<=0?

122 * 153 1.9 184 GTO 03

123 STO 20 154 * 185 "iW"

124 139.0 155 STO 25 16 PRO.PT

125 STO 21 156 RCL 11 187 STO 01

126 RCL 07 157 . 159 188 XEQ "?"

127 LN 158 * 189 LBL 03

128 68.266 159 R CL 03 190 END
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D. OUTPUT SUBROUTINE LISTING

01 LBL "OUT" 34 RCL 28 67 AVIW

02 FIX 1 35 + 68 PROMT

03 RCL 12 36 STO 29 69 "F TKS="

04 RCL 13 37 "WG EST=" 70 ARCL 19

05 + 38 ARCL 09 71 AVIEW

06 RCL 14 39 AVIEW 72 PROMPT

07 + 40 PROMPT 73 "CNTR="

08 RCL 15 41 "ROTOR=" 714 ARCL 20

09 + 42 ARCL 12 75 AVIEW

10 PCL 16 43 AVIEW 76 PROMPT

11 + 44 PROMPT 77 "AUX="

12 RCL 17 45 "TAIL=" 78 ARCL 21

13 + 46 ARCL 13 79 AVIEW

14 RCL 18 47 AV'E!W 80 PROMPT

15 + 48 PROMPT 81 "INST="

16 RCL 19 49 '°BODY=" 82 ARCL 22

17 + 50 ARCL 14 83 AVIEW

18 RCL 20 51 AVIEW 84 PROMPT

19 + 52 PROMPT 85 "!HYD="

20 RCL 21 53 "G:AR=" 86 ARCL 23

21 + 54 ARCL 15 87 AVIEW

22 RCL 22 55 AVIEW 88 PROMPT

23 + 56 PROMPT 89 "ELEC="

24 RCL 23 57 "NACE=" 90 ARCL 24

25 + 58 ARCL 16 91 AVIEW

26 RCL 24 59 AVIEW 92 PROMPT

27 + 60 PROMPT 93 "AVIN="

28 RCL 25 61 "ENG =  94 ARCL 25

29 + 62 ARCL 17 95 AVIEW

30 RCL 26 63 AVIEW 96 PROMPT

31 + 64 PROMPT 97 "FRN="

32 RCL 27 65 "DRI7E=" 98 ARCL 26

33 + 66 APCL 18 99 AVIEW

32
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100 PROMPT 112 PROMPT 124 FPO.lFT

101 "AIAC=" 113 RCL 29 125 FIX 3

102 ARCL 27 114 RCL 06 126 "AGAIN?"

103 AVIEW 115 PLUS 127 PROMPT

104 PROMPT 116 RCL 04 128 STO 30

105 "H=" 117 PLUS 129 END

106 ABCL 28 118 RCL 05

107 AVIEh 119 PLUS

108 PROMPT 120 STO 31

109 PI V E=" 121 "REV WG="

110 ARCL 29 122 ARCL 31

111 AVIEW 123 AVIEW

E. IUPUI SUBROUTINE LISTING

01 LEL "IN" 19 STO 06

02 "WE?" 20 "SHP?"

03 PSOMET 21 PROMPT

04 STO 01 22 STO 07

05 "S?" 23 "NENG?"

06 PEOMET 24 PROMPT

07 SIo 02 25 STO 08

08 "r?" 26 END

09 PROMPT

10 STO 03

11 "°PWT?"

12 E FCMT

" 13 SO 04

14 "CGC?"

15 PROMPT

16 SIC 05

17 "OF?"$

18 EFCAET
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". LISTING OF CILCULATOR DISPLAYS

DISPLAY EXPLANATION WEI NOTATION

WE? Prompt: Lnitial empty weight (ibs) We

S? Prompt: main rotor planform area(sq ft) S

P? Prompt: total number of personnnel Pecpl ?

PWT? Prompt: weight of personnel (Ibs) le ght
!CGO? Prompt: weight of baggage and cargo (l.os) Cargo

F? Prompt: total weight of ful-i (LBS) Fuel

SHP? Prompt: shaft horsepower (lbs) HP

NENG? Prompt: number of engines Nerg

TANDEM? Prompt: hel.icopter tandem?; 1-Yzs, O-No TanIm

AGAIN? Prompt: another run desired?; 1-Yes, ]-No --

WG EST= Answer: gross weight esimat" (lbs) Wg

ROTOR= Answer: main rotor blade weight (ibs) W1

TAIL= Answer: tail rotcr/structure weight (lbs) W2

BODY= Answer: body structur. weigh: (lb) W3

GEAR= Answer: landing gear weigh- (ibs) W4

.ACE= Answer: nacelle weight (ibs) W5

ENG= Answer: engine weight (lbs) W6A

DRIVE= Answer: drive train weight (ibs) W6B

F TKS= Answer: weight of fuel cells (lb.) W6C

CNTR= Answer: flight ccntrol weight (lbs) W7

AUX= Answer: auxiliary power system (Lbs) W8

INST= Answer: instwuments W9

HYD= Answer: hydaulic sys-em (ibs) W10

ELEC= Answer: elect.rical sys-.m Wil

AVIN= Answer: avionics systigm (ibs) W12

FRN =  Answer: furnishings and equipme.nt (lbs) W13

AIAC= Answer: ant.i-ica and ai- cond. (ibs) W1i

LH= Answer: load and handling (Ibs) W15

REV WE= Answer: WE using above computed values --

REV WG= Answer: Sum of P, PWT, CGO, and REV WE --
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G. S!ORAGE ALLOCATICNS

Storage Begister Number Cont--n-s

01 WE

02 3

03 P

04 PWT

05 CGO

06 P

07 SHP

08 NENG

C9 Wg

10 S-:

11 Sb

12 Wi

13 W2

14 W3

15 WL4

16 W5

17 W6A

18 W6B

19 W6C

20 W7

21 W8

22 W9

23 W10

24 Wil

25 W12

26 w 13

27 W1l4

28 W15

29 RWE

30 K

31 Tandem/.RWG
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IBM 3033 COMPUTER LISTING

A. MAIN PROGRAM

C VARIABLES AND CONSTANTS

C

C

C RWE REVISED EMPTY WEIGHT

C WE INITIAL EMPTY WEIGHT

C WG ESlIMATED GROSS WEIGHT

C WG1 YOUR GROSS .iEIGHT

C Wi MAIN ROTOR BLADE

C W2 TOIAL TAIL SECTION

C W2A TAIL ROTOR BLADE

C W2B TAIL STRUCTURE

C w3 Bory

C LANDING GEAR

C w5 NACELLE

C W6 TOTAL PROPULSION SYST"-!!

C W6A ENGINE

C W6B DR lYE

C W6C FU!L CELLS

C W7 FLIGHT CONTROLS

C Ws AUXILIARY POWER

C W9 INSTRUMENTS

C W1O .fYrRAULICS

C Wil ELECTRICAL

C W12 AVIONICS

C W13 FURNISHING AND EQUIPMENT

C W14 ANTI-ICE AND AIR-CONDITIONING

C w15 LOADING AND HANDLING

C CARGO TOTAL WEIGHr OF CARGO hND BAGGAGE

36



C WEIGHT TOTAL WEIGHT OF PERSONNEL

C PEOPLE TOTAL NUMBER OF PERSONNEL

C S MAIN ROTOR BLADE PLANF.)R, AR:A(SQ FT)

C NENG NUMBER OF ENGINES

C HP SHAFT HORSEPOWER

C FUEL TOTAL ON BOARD FUEL CAPACITY (LBS)

C CREWWT ACTUAL WEIGHT OF CREW PERSONNEL ONLY

C RERUN INTEGER INPUT FOR RERUNNING PROGRAN

C COUNT COUNTER FOR PAGE OUTPUT

C TANDEM IF 1 THEN HELICOPTER I3 TANDEM

C K COFSTANT (INITIAL EMPTY WEIGHT mi:Lnus

C REVISED EMPTY WEIGHT)

C

C MAIN PROGRAM

C

C

INTEGER RERUN

10 CALL FRTCMS ('CLRSCRN )

WRITE (6,20)

READ (5,*) TYPE

IF (TYPE.EC.1) CALL O2S

IF (TY:z-.EQ.2) CALL UTILTY

IF (TYPE.EC.3) CALL ZARGO

C CAL FPTCMS ('CLRSCRN ')

WRITE (6,30)

READ (5,*) RERUN

IF (R!RUN.EQ.1) GO TO 10

STOP

20 FORMAT('WHAT TYPE OF HELICOPTER ARE YOU DESIGNING ?

*/4x,15h 1 cBSERVATION /,4X,11H 2 UTILITY

*/f4X,9H 3 CARGO /18H ENTER 1, 2, OR 3)

30 FOPMAT(30H DO YOU WANT ANOTHER RUN ?

11H 1 - YES /39h 0 - no)

END
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3. OBSERVATION SUBROUTINE

SUBROUTINE OBS

REAL KNENG

INTEGER COUNT

COUNT=0

C

CALL INPUT (WE~S,PEOPLE,WEIGHT,:zAGO,FUEL,HP,N'ENG)

C

10 WG=173. 701 4WE**.378

STTa=. 264*EXP(. 0135*fHP)

SB=19L4.274*ALOG(WG)-1 306.779

W1=1408.5622*ALOG(S)-1 142.917

W2A=2.219*EXP(.0005 * WG)

;W2B=19. 131*ALOG;(STT) -32.414

W2=w2A*W2B

W3=.0090*S E**1.917

W4=-. 0539*IG+200.912

W5=34.0

W6A=- .0896 *HP+ 221. 388

W6B=1'.190*EXP( .0008 *WG)

W6C=. 384* (FUEL/6.5) **1.3710

W6=r46A+w6B+WR6c

W7=. 0030000001 28*WG** 3.469

W8=0. 0

W9=214.571*EXP(.00040* HP)

W10=0.0

'Wi =-51.06E*ALOG(SB) *367. 947

W12=-122.2E2*ALOG( 1120.354 E.:(?( .003 HP))

* 1062.00451

W1l3=19.80*EEXP(.372*?PEOPL--) + EX?(-.033*SB))

U 14=- 22.37 1*ALOG (SB)+ 1'43. 396

W15=0.0
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IF(N.EQ.1) GO TO 10

SUPPOUTINE UTILTY

INTEGER C:OUNT

COUNT=0

CALL INPUT (WE, S, PEOPLE, W"I~ 9 ~OFULH~C

1) WG=16239.L4.-0*ALOG (WE) -130252.750

STT=. 0376*HP-8 . 106

SB=636.081*EXP(.000011 *WG)

W 1= 1. 070 2*S- 168.8 88

W2 A=. 043 8*WG + 12. 470

W 2B=2.L4 11 * STT- 19.5 31

W2=W2A+W2B

W 3=. 282*S B** 1. 272

W4 =301.577 * ALOG(WG)-2319.890

IF(WE.LE.6000)W4=.025*EXP(.3000362*WG +8.02)

W5=.02*EXP (.300062 * WG +8.32)

d W6A=130.0..451*HP

IF (NENG.EC.2) W6=9.+.8*i

W6B=741.L46C*kLOG (HP) -4542. 0420

W6C=363.2LIC*ALOG(FUEL/6.5)-1656.521

4 W6=W6A+W6a3+W6C

W7210.858*EXP(.000059 * WG)
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W8=O. 0

IF (NENG.EQ .2) W8 = 190.0

W9=56.0975*ALOG(HP)-3 12.237

SW10=. 0036 2*WG+ 11.553

W11=481.735*ALOG(SB)-2794 .530

W12=. 139*HF,77.823
-4.

W13=. 175*SE+22.0*PEOPLE-10.

W14=122.456*ALOG (SB) -730.252

W15=84.50

C

CALL OUTPU'T(RWE,WE,W1 ,W2,W3,, W5,W6 ,i6A,W6B,W6C,

*W7,W8,W9, W10,W11,W12, W13, W14,W15,WG,WGI, N,

i-i: *CR EWWT,FUEI,CARGO, WEIGHT, COUNT)

IF (ABS(K) .LE. .02*WB)GO TO 20

IF (N.EQ.1) GO TO 13

29 .RETURN

C

END

D. CARGO SUBROUTINE

SUBROUTINTE CARGO

REAL KNENG

S.- INTEGER COtNT

: .CCUNT=0

C

CALL INPUT (WE, S, PEOPLE, WEIGHT,:ARGO,FUIL,HP,NENG)

WRITE (6,71)

READ (5,*) T NDE M

IF (TANDEM. EQ. 1.) WRITE (8,72)

IF (TANDEM.EQ.O.)WR!TE (8,73)

C

10 WG=4. 975*W_**. 887

STT=60. 127*EXP (.00014 5*HP)
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Sf=426.378*EXP(.000045 *WG)

W1=707. 174*EXP (.00539 *S)

W6A = 346. C + .910*HP

2 W2A=324.55 C*ALOG(WG) - 3021. 510

W2B=-18.0+2.83*STT

W3=2. 91 8*S E-1 321.921

IF (TANDEM. NE. 1.)GO TO 45

STIT0.0

SB = 567.6eS*EXP(.000041*WG)

Wl =2*W1

W2A=0.0

W2B=0.0

W3=3467.29 1*ALCG (SB) -2211 8.298

* W6A=565.50-i*7XP(.OO0l98*HP)

C

45 W2=W2A+W2B

W4=258.358*EXP(.00004 i*WG)

W5=.014*(.20& * WG )**1.136

W6B=. 999*Hr-**. 959

W6C=454.61S* (FUJEL/6.5) **(-.0566)

W6=W6A+W6B4W6C

W7=.00334 *WG** 1.224

W8=139. 0

W9=68.266*ALOG (HP) -387. 598

W 10=. 00000C066 3*WG* *1 . 86 3

Wi 1=9.780 *SB**. 539

W12-1. 90* (1674 4.96 7*A LOG (H P) -196 66. C) *** 536

W 13=. 15 9*S E+18. 11 *PEO PLE

W 14-117.77 1*ALOG (S B) - 710. 594

V 15=-72. 0+.111 *S+3. 4 90*P EOLE

CALL OUTPUTIRWE.WE,W1 ,W2,W3,Wi4.i5,W6,W6A,W6B,W6C,

*g7,W8 ,E9, W 10W1,W 12, Wl3, WI, WiS,-4G, WG1, N,

4*CREWWT, FIUEI,CA PGO, WE!IGHT, COUNT)
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Ivl(ABS(K) .LE. .02*WE)GO TO 20

IF (N. EQ. 1) GO TO 10

71 FORMAT(' AFE YOU DESIGNING A TANDEM1 HELICOPTEP. ?

*1 - YES/' 3 - NO0t)

72 FORMAT(T16,1A TANDEM HELICOPTER IS BEING

*DESIGNED//)

73 FOPMAT(T15,1A TANDEM HELICOPTER 1S NOT BEING

*designed//)

C

20 RPTURN

END

E. OUTPUT SUBROUTINE

SUBROUTINE OUTPUT(RWE ,W!,W1,W2,W3,W4,W5,W6,'W6A,W6B,

*'IC,W-7,W8,U9,W10,Wll,Wl2,Wl3,W1l4,w15.WG,WG1,N,

*Ci±)EWWII ,FUEI,CARGO, WEI GHT, COUNT)

REAL V:

IINTEGER COUNT

RWE-=Wl*W2+W3+W4+W5+W6+W7+W8+W9+Wl0+Wl1+wo12+W13

*W 14+Wl5

CREWWT.= WEIGHT +CARGO

W( 1=RWE+FUEL.CREWWT

K=WE-RWE

CALL FRTCMS ('CLRSCRN '

WRITE (6,210) WE

WRITE (8, 210) WE

WRITE (6,220) WG

WRITE (8,220) WG

WRITE (6,22-O) Wl,W2

WRITE (8,230) W1,W2

WRITE (6,240) W3,WL4

WRITE (8,240) W3,WL4

WRITE (6,250) W5,W6A
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WRITE (8,250) W5,W6A

WRITE (6,260) W6B, 46Z

WRITE (8,260) W6B, W6C

WRITE (6,270) W7,W8

WRITE (8,270) W7,W8

WRITE (6,260) V9,W10

WRITE (8,280) W9,W10

WRITE (6,290) W11,W12

WRITE (8,290) W11,W12

WRITE (6,3C0) W13, W14

WRITE (8,300) W13, W14

WRITE (6,310) W15

WRITE (8,310) W15

WRITE (6,320) EWE

WR I TE (8,320) EWE

WPITE (6,330) CREWWT,FUEL

WRITE (8,330) C.REWWI, FU!L

WRITE (6,340) WG1

WRITE (8,340) WG1

IF (ABS(K) .LE. .02 * WE) GO TO 20

WRiTE (6, 3!0)

WRITE (8,350)

WRITE (6,3E0)

?EAD (5,*) N

WRITE (8,370)

COU NT=COUN I+ 1

I? (CCUNT.EQ.3) WRI-E (8,380)

IF (N.EQ.1) WE=RWE

C

20 RETURN

C

210 FORMAT(T5 ,'EMPTY WEIGHT ESTIMATE (LBS) = ,F11. 3)

220 FORMAT(Tl5,'GROSS WEIGHT ESTIMATE (LBS) = ,F11.3/)

230 FORMAT('ROTOR =,T21,F8.3,T35,'TAIL=,T50,F8.3)
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240 FORMAT(OBOtY = ,T21,F8.3,T35,'LANDING GEAR=,T50,

*F8. 3)

250 FORMAT('NACELLE = ,T21,F8.3,T35,'ENGINE = ,T50,

*F8.3)

260 FORMAT(ODRIVE = ,T21,F8.3,T35,oFUEL TANKS = ,T50,
*F8.3)

270 FORMAT(°FLIGHT CONTROLS = ,T21,F8.3,T35,

*'AUX POWER = ,T50,F8.3)

280 FORMAT('INSTRUMENTS = ,T21,F8.3,T35,'HYDAULICS =

*T50,F8.3)

290 FORMAT(SELICTRICAL = ,T21,F8.3,T35,'AVIONICS =

*T50,F 8. 3)

330 FORMAT('FUENISHINGS = ,T21,F8.3,T35,'ICE AND AIR=,

*T50,F8.3)

310 FORHAT(21H LOAD AND HANDLING = ,T21,F8.3,/)

320 FORMAT(T10,2H REVISED EMPTY WEIGHT = ,Fll.3)

330 FORMAT(OPESSONNEL & CARGO = ,T22,F8.3,T35,'FUEL =

*F8. 3/)

340 FORMAT(T10,21H YOUR GROSS WEIGHT = ,?11.3/)

330 FORMAT (T5,53HINITIAL AND REVISED EMTY WEIGHT VARY

*BY lORE-THAN 2,)

360 FORMAT (1 FOR RECYCYLE, ENTER 1 -- OTHERWISE 0')

370 FORMAT (////

380 FORMAT (iH1)

END

F. INPUT SUBROUTINE

SUBROUTINE INPUT(WE,S,PEOPLE,WEIGHT,CARGO,FUEL,

*HP,ENG)

REAL NENG

CALL FRTCMS ('CLRSCRN ')

WRITE (8,380)

WRITE (8,30)

4L4
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WRITE (6,4C)

READ (5,*) WE

WRITE (8,50) WE

WRITE (6,6C)

READ (5,*) S

WRITE (8,7C) S

WRITE (6,80)

READ (5,*) PEOPLE

WRITE (8,90) PEOPLE

WRITE (6,100)

READ (5,*) WEIGHT

WRITE (8, 110) WEIGHT

WRITE (6,120)

READ (5,*) CARGO

WRITE (8, 1 -0) CARGO

WRITE (6, 140)

READ (5,*) FUEL

WRITE (8,150) FUEL

WRITE (6,160)

READ (5,*) HP

WRITE (8,170) HP

CALL FRTCMS ('CLRSCRN ')

WRITE (6,1SO)

READ (5,*) NENG

WRITE (8,2C0) NENG

WRITE (8,1E0)

RETURN

30 FORMAT (T1C,46H * INITIAL INPUT **** *,//)

40 FORMAT(t'vNTER INITIAL EMPTY WEIGHT ESTIMATE (LBS)')

50 FORMAT('iNITIAL EMPTY WEIGHT ESTIMATE (LBS)=,F11.3')

60 FORMAT (34F ENTER BLADE PLANFORM AREA(SQ FT)

70 FORMAT (31H BLADE PLANFORM AREA (SQ FT) = ,F8.3)
"80 FORMAT (32E ENTER NUMBER CREW 4 PASSENGERS )

90 FORMAT (28E NUMBER CREW + PASSENGERS = ,F3.0)

100 FORMAT (39F ENTER TOTAL WEIGHT 3F PERSONNEL (LBS))
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110 FORMAT (29H TOTAL WEIGHT OF PERSONNEL = ,F3.3)

120 FORMAT('ENTER TOTAL WEIGHT OF BAGGAGE/CARGO (LBS) ')

130 FORMAT (' TOTAL WEIGHT OF BAGGAGE/CARGO = ',F8.3)

140 FORMAT (27F ENTER FUEL CAPACITY (LBS)

150 FORMAT (21F FUEL CAPACITY (LBSI ,F8.3)

160 FORMAT (24H ENTER SHAFT POWFR (HP) )

170 FORMAT (18H SHAFT POWER (HP) :-11.3)

180 FORMAT (TlO,'****** WEIGHT E3TIMATE ** **,//)

190 FOR14AT (34E ENTER NUMBER OF E2U1INES (1 OR 2 ))

200 FORMAT (21E NUMBER OF ENGINES = ,F2.0///)

380 FORMAT (IHI)

END

G. VT EXEC

WT

' THIS FILE COMPILES AND EXE:UTES THE PROGRAM WEIGHT

GIVT THE COMMAND "UT <FILENAME <DEVICE)"

GLOBAL TXTLIB CMSLIB FORT:4OD2 MOD2EZH NCNIMSL

GLOBAL IMSLSP INSLDP

FORTGI 61

FILEDEF C5 TERM

FILEDEF 06 TERM

FILEDEF 08 DISK AIR LISTING

LOAD 61 (START)

&END
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&EiENDIX
HP41-CV EXAMPLE PROGRAMS

This section contains example programs for three h-iicoptar

cat egories.

A. OBS SUBROUTINE PROGRAM

This subroutine -'s for designing light observation helicop-

ters.

1. Read the following cards into your calcula-or:

a. Input

b. Outp u

c. Obs

2. Execute the fcllewing instructions in order.

"XEQ OBS"

PROMPT ENT ER PRESS

WE? 1502 R/S

S? 31. 3 R/S

P? 3 R/S

PWT? 600 R/S

CGO? 20 R/S

F? 499 P/S

SHP? 317 R/S

NENG? 1 P/S
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Aftar approximately twenty seconds - h - foilcwlr'g 0u-Fu:
'" will te displayed.

DISPLAY PRESS

WG EST= 2757.9 R/S

RCTOR= 264.0 R/S

TAIL= 32.8 R/S

EODY= 309.8 a/S

GEAR= 52.3 3/S

NACE= 34.0 3/S

ING =  193.0 R/S

DRIVE= 156.1 R/S

F TKS =  40.1 R/S

CVTR- 110.4 R/S

AUX= 0.0 R/S

INST- 27.9 R/S

.0= 0.0 3/S

EIXCT= 89.7 R/S

AVII= 87.1 R/S

FRN= 60.4 R/S

AIAC= 21.5 RIS

L.= 0.0 R/S

REV WE= 1478.8 R/S

REV WG= 2597.8 R/S

AGAIN? For ancthe: run en-sz 1 R/S

If not enter 0

.1
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B. UTIL SUBROUTINE PROGRAM
1, -!.-y 4.iiy heiiccp-

This subroutine is for design±inq m itary uti y c

ters.
1. Read the followina cards intD your calculator:

a. Input

b. Output

c. UTIL

2. Execute the fcllowing instuctions in o! - Ie.

"XEQ UTIL"

PROMPT ENTER PRESS

WE? 5230 RIS

S? 77. 8 R /S

P? 13 R/S

PWT? 2600 R/S

CGO? 0 R/S

F? 1388 R/S

SHP? 1150 R/S

NENG? 1 R/S
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Aftar appzoximately twenty seconds the following cj-z uv

will te displayed.

DISPLAY PRESS

WG EST= 8698.5 R/S

ROTOR= 692.4 R/S

TIIL= 115.7 R/S

BCDY- 1172.7 R/S

GEAR= 130.4 R/S

NACE 104.3 R/S

EB.G= 648.7 R/S

CRIVE= 683.4 R/S

F TKS =  291.8 R/S

CNTR= 352.3 R/S

AUX= 0.0 R/S

IlST= 83.1 R/S

HYD= 43.0 R/S

ELECT= 361.3 R/S

AYIN= 237.7 R/S

FRN= 398.5 R/S

AIAC= 72.0 a /S

LH= 84.5 R/S

BEV WE= 5471.7 R/S

REV WG= 9459.7 R/S

AGAIN? For ancther run en-er 1 R/S

If not entsr 0
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C. CGO SUBROUTINE PROGRAM

This subroutine is for designing military cargc helicopters.
1. Read in the following cards into your caicula-c::

a. Input

b. Outp u t

c. CGO
2. Execute the following instructions in order.

"XEQ CGO"

PROMPT ENT ER PRESS

WE? 7700 R/S
S? 127.3 P/S

18 R/S
PWT? 3600 R/S

CGO? 200 R/S
P? 1750 R/S
SHP? 1535 F/S
NIENG? 1 R/S

TANDEM? 0 No R/S
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Afta app:oximately twer-y seccnds the foicwing ou- Fu

will e displayel.

DISPLAY PRESS

WG 3ST= 13935.1 R/S

ROTOR= 1404.5 R/S

TAIL=  270.0 R/S

BODY =  1007.3 R/S

GEA = 457.5 R/S

NACE =  117.4 R/S

E G= 1744.9 R/S

DRIVE= 1135.1 R/S

F TKS= 331.2 R/S

CNTR= 394.6 R/S

AUX =  139.0 R/S

INST= 113.2 R/S

HYD =  34.8 R/S

ELECT =  358.6 R/S

AVIN= 319.2 R/S

FRN= 452.9 R/S

AIAC= 76.4 R/S

LH= 79.4 R/S

REV WE= 8435.9 R/S

REV WG= 13985.9 R/S

AGAIN? For anc-hcr run enter 1 R/S

If not ent:r 0
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LEM 211 2
IBM 3033 EXAMPLE PROGRAMS

This section contains example programs for all three h.li-

copter categories. This program contains all subroutines in

one interactive file named "Weight". The progam must be

compiled, then lcaded before it will .xecute. To assis- _n

this procedure a. exec "WT" has been provided. Simply go to

your flist and write, "wt" next to the program "Weight".

Upon completion, just answer the qusstions with desired

input. The follcwing is a listing of "Wcight" input and
output for all three type helicopters.

A. OBSERVATION HELICOPTER

1. Input

SCREEN DISPLAY ENTER

WHAT TYPE OF HELICOPTER ARE YOU DESIGNING?

1 OBSERVATI3N

2 UTILITY

3 CARGO

ENTER 1,2 or 3.? 1

ENTER INTTIAL EMPTY WEIGHT ESTIMATE (LBS)? 1502

ENTER BLADE PLANFORN AREA(SQ FT)? 31.3

ENTER NUMBER CREW + PASSENGERS? 3
ENTER TOTAL WEIGHT OF PERSONNEL (LBSI ? 600

ENTER TOTAL WEIGHT OF BAGgAGE/CARGO (LBS)? 20

ENTER FUEL CAPACITY (LBS)? 499

ENTER SHAFT POWER (HP)? 317

ENTER NUMBER OF ENGINES (1 OR 2 )? 1
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2. Output

The output will be located on your "A disk" under file

name "Air Listing".

:* ***$*$,$$$* INITIAL INPUT ********

INITIAL EMPTY WEIGHT ESTIMATE (LBS) = 1502.000

BLADE PLANFORM AREA (SQ FT) = 31.300

NUMBER CREW + PASSENGERS = 3.

TOTAL WEIGHT OF PERSONNEL = 600.000

TOTAL WEIGHT OF BAGGAGE/CARGO = 20.000

FUEL CAPACITY (IBS) 499.000

SHAFT POWER (HP) 317.000

NUMBER OF ENGINES = 1.

******4******* WEIGHT ESTIMATE ********

EMPTY WEIGHT ESTIMATE (LBS) = 1502.000

GRCSS WEIGHT ESTIMATE (LBS) = 2757.933

ROTOR = 264.015 TArL = 32.789

BODY = 309.314 LANDING GEAR = 52.259

NACELLE = 34.300 ENGINE = 192.985

DRIVE = 156.128 FUEL TANS = 40.121

FLIGHT CONTROLS = 110.303 AUX POWER = 0.0

INSTRUMENTS 27.893 HYDAULICS = 0.0

ELECTRICAL = 89.737 AVIONICS = 87.124

FURNISHINGS 60.451 ICE AND AIR = 21.518

LOAD AND HANDLING 0.0

REVISEE EMPTY WEIGHT = 1478.335

PERSONNEL 6 CARGO = 620.000 FUEL 4 499.000

YOUR GFOSS WEIGHT = 2597.335
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B. UTILITY HELICOPTER

1 Input

SCREEN DISPLAY E NTE R

WHAT TYPE OF HELICOPTER ARE YOU DESISNING?

1 OBSERVATIOF

2 UTILITY

3 CARGO

ENTER 1,2 or 3.? 2

ENTER INITIAL EMPTY WEIGHT ESTIMATE (LBS)? 5200

ENTER BLADE PLANFORM AREA(SQ FT) ? 77.8

ENTER NUMBER CREI + PASSENGERS? 13

ENTER TOTAL WEIGHT OF PERSONNEL (LBS) ? 2600

ENTER TOTAL WEIGHT OF BAG:AGE/CAR-O (LBS) ? 0

ENTER FUEL CAPACITY (LBS)? 1389

ENTER SHAFT POWER (HP)? 1150

ENTER NUMBER OF ENGINES (1 OR 2 )? 1

2. Output

The output will ba iccatel on your "A disk" und.r fil. nams

"A - Listina".

*INITIAL 74PUT

INITIAL EMPTY WEIGHT ESTIMATE (LBS) = 5200.000

BLADE PLANFORM AREA (SQ FT) = 77.300

NUMBER CREW + PASSENGERS = 13.

TOTAL WEIGHT OF PERSONNEL = 2600.300)

TOTAL WEIGHT OF BAGGAGE/CARGO = 0.0

FUEL CAPACITY (LBS) 1388.000

SHAFT POWER (HP) 1150.000

NUMBER OF ENGINES = 1.
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• ********** WEIGHT ESTIMATE ***************

EMPTY WEIGHT ESTIMATE (LBS) = 5200.030

GRCSS WEIGHT ESTIMATE (LBS) = 8698. 00

ROTOR = 692.373 TAIL 115.7116

BODY = 1172.667 LANDING GEAR = 130.377

NACELLE = 104.301 ENINE = 648.650

DRIVE = 683.406 FUEL TANKS = 291.632

FLIGHT CONTROLS = 352.269 AUX POWER = 0.0

INSTRUMENTS = 83.111 HYDAULICS = 43.042

ELECTRICAL = 361.321 AVIONICS = 237.673

FURNISHINGS = 398.491 ICE AND AIR = 71.971

LOAD AND HANDLING = 84.500

REVISER EMPTY WEIGHT = 5471.719

PERSONI:EL & CARGO = 2600.000 FUEL = 1388.000

YOUR GBOSS WEIGHT = 9459.719

INITIAL AND PEVISED EMPTY WEIGHT VARY BY MORE THAN 2?
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C. CARGO HELICOPTER

1. Input

SCREEN DISPLAY ENTER

WHAT TYPE OF HELICOPTER ARE YOU DESIGNING?

1 OBSERVATION

2 UTILITY

3 CARGO

ENTER 1,2 or 3.? 3

ENTER INITIAL EMPTY WEIGHT ESTIMATE (LBS)? 7700

ENTER BLADE PLANFORM AREA(SQ FT)? 127.3

ENTER NUMBER CREW + PASSENGERS? 18

ENTER TOTAL WEIGHT OF PERSONNEL (LBS) ? 3600

ENTER TOTAL WEIGFT OF BAGGAGE/CARGO (LBS)? 200

ENTER FUEL CAPACITY (LBS)? 1750

.NTER SHAFT POWER (HP)? 1535

ENTER NUMBER OF ENGINES (1 OR 2 ? 1

ARE YOU DESIGNING A TANDEM HELICOPTER? I YES, 0 NO 0

2. Output

The output wiLl be located on your "A disk" under fie narn
"Air Listing".

•** ** INITIAL INPUT ***************

INITIAL EMPTY WEIGHT ESTIMATE (LBS) = 7700.000

BLADE PLANFORM AREA (SQ FT) = 127.300

NUMBER CREW + PASSENGERS = 18.

TOTAL WEIGHT OF PERSONNEL = 3600.303

TOTAL WEIGHT OF BAGGAGE/CARGO = 200.000

FUEL CAPACITY (IBS) 1750.000

SHAFT POWER (HP) 1535.000

NUMBER OF ENGINES 1.
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******$******* iIEPGHT ZSTIMATE ********4c*

A TANDEM HELICOPTZR IS ,4OT 3ZING DES:GNIED

EMPTY WEIGHT ESTIIATE (LBS) z 7700. 000

GRCSS WEIGHT VSTI.ATE (LBS) = 13935.105

ROTOR = 1404.482 TAIL = 269.979

BODY = 1007.335 LANDING GPAR = 457.458

NACELLE = 117.375 ENGINE = 1744.853

DRIVE = 1135.124 FUEL TA9S = 33-, 09

FLIGHT CONTROLS = 394.582 AUX POWER z 139.000

INSTRUMENTS = 113.221 HYDAULICS = 34.833

ELECTRICAL = 358.581 AVIONICS 319. 190

FURNISHINGS = 452.899 ICE AnD AIR = 76.399

LOAD AND HANDLING 79.324

REVISZr EMPTY WEIGHT = 9435.922

PERSONNEL l CARGO a 3800.300 FUEL = 1750.300

- YOUR GFOSS WEIGhT = 13985.922

INITIAL AND FEVISED EMPTY WEIGHT VARY BY MORE THAN 21

.:.
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