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A. BACXGROUOND

The estimaticn of the weight of 2 helicopters is arn
essarntial preliminary st2p in design procedure. The aero-
space industry uses large complex coaputer prcgrams wi*h
hundreds o¢f inputs in ordar to obtain “he predic*ted weich=
cf “he various helicopter systeams. This, of ccurse, is %he
mos* accurate method in dstermining orecise weights needed
in actual design and construction. However, *hese progranms
require a detail knowledge of the components and mazerials
+5 be used, which are no% normally available ocutside <he
indastry. Thearefore, anothar method using “he HP41-CV ha:nd
heid calculator c¢r *he IBM 3033 was undertaken tha< would
¢ive acceptable results while providiag instantareous sclu-
tisns. To da*e, no known pregrams of this type have been
dzsigned for the HPU41-CV or IBM 3033,

Be GOALS

The objective of this study is %5 provide a self-

promptirg, alpha-numeric computer program for helicopter

[o N
[oN]
'-l-
o
§a
e}

'.l

o+

weight estimates. In a is %o be used by

o
Aeronrau+ical Engineering students 3+ the Naval Postgradua<e
Schcol errolled in the Helicopter Design and Advanced

Helicop*er Design courses.
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II. APPROACH 10 THE PEOBLEM

The basic approach was to write a compu*er program on *he
IBM 3033 using Fertran IV and converting +this program %o
HP4 1-CV usage., The program counsists c¢f the fcllowizg
subroutines:

A. Inpu*

B. Output

C. Observation

D. Ttilisy

E. Carao
This method greatly reducas the amount of computer memcry
required. Subrcutines Obsserva*ion, U+%ility, and Cargo arcz:
indeperdent of <e€ach other and depeadsnt orly o2n <+he Inpu*
and Output subroutines,

These subroutines use parametrtic 3quations 1erivad fzon
the bes* curve fit of the various system weights. Detailsd
knowledge of helicopter w2ights Iz not required, howevszr, a
tasic kncwlsdge c¢f helicopt ar chactsris+ics and aercdy-
namics, along with proficiency in =2itier *he I3M 3033 or
BP4 1=-CV is requirzred.

..



IIr. THE SQLUTION

Weight da*a was coilected for 14 military helicopters.

These helicopters were separated into three ca-zgeries;
cbservation, utility, and cargo. This provideéd 3 more accu-
rate welight estimate relationship (WER) £fo: the 18 sys=zems
as provided by Mili*ary Standard 1374A (Table I). Duz +<c

the selaction of helicop*tars, a WER for the wing was no=
required. The air conditisning and anti-icing w=igh%“s we:z=
combined into one WER. The data was ob*ained f-om aczuaal
military records located at F-itsche Aray airfi=id , F=-.
ord, California, (Ref. 1) and Edwards Air Forcs Base, Ca.
[Ref. 2]). 1Ia addition Jans's All Th2 Worlds Aircraf+
(Ref. 3], Jane's Pocketbhook of Heliccptars [Ref. 4], 3:é
NASA CR152315 [Ref. 5] were used. The daza are sunmactized
irn Tabdble II. )

In aralyzing the data design gross weight was *=he mador
ccrrelating fact a iIn detarmining 2h2s individuel syst=zn
wa2ights. There are eight fac*ors tha* 3ffect gross weiqh=:
empty weigh+=, blade planform area, number of percsornrel,
personrrel weight, fuel, horsepower, ca-go weigan:, ani
rumber o engines.

U+tilizing these factors and an HPU41-CV curve £is
program, pactametric equations were ob*ained for each of *“he

heliccpter systess, providing acceptable rCesulss f£or =ss<ab-
£

lishing preliminary design weights. Th= equa*iosns for cach
typ= hellicopter are found in Table III. GZxampl2 problems
for “he HP-41CV and IBM 3033 are contained Irn Apperndix A 21n3i

Appendix B.
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3.
4.

6.

8.

9.
10.
11.
12.
13.
LS
15.

TABLE I
Helicopter Systzams

Rotoz

Tail

A. Tail Rotor

B. Tail Structure

Body

Landing Gear

Nacelle

Propulsion

A. Engine

B. Drive

C. Fuel Tanks

Flight Ccntrels

Auxiliary Power
Instruments

Hydraulics

Blectrical

Avionics

Purnishings and Equipmen*
Air Conditioniag and anti-icing
Load and Handling

These systews correspond to the 18 s+tandard weigh+
groups defined in Military Standazd 1374a, cxcep

prneumatics,

wing, and argamen+ jave been ﬂ—;e‘ ed

while air ccndifioniag and anti-ice were combinei.
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TABLE II
Helicopter System W2igh*t Summacy
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Tabla II (cont)
Helicopter System Weight Sumnma
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TABLE III
Obsgervation Helicopter Weight Estimating Relationships

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

2. Tail
Rotor W2A

1)

2.219 * =2xp(.0005 * Wu¢t)

Structure W2B = 19,131 * 1n (S+t) - 32.414
3. Body - W3 = .00901 * Sh**1,917
4. Lardirg Gear W4 = ~,0539 * Wg + 200.912
5. Naceslle W5 = 3u.0
6. Propulsion
Engine Wé6A = -.0896 * Hp + 221.388
Drive W6B = 17.190 * exp( .0008 * 4dg)
Tuel Tanks W6C = ,384 * (Fuel/6.5)*%1.,0710
7. Flight corntrcels W7 = 000000000128 * wWg**3.469
8. Aux Powar ¥8 = Q9.0
9. Ians*runen=s 99 = 24,571 * 2xp (.0004 * Hp)
10. Hydraulics W10 = 3.0
11. Electrical W11 = -51,9661%1n (Sb)+367.947
12. Avionics W12 = 1062.00451 - 122,282 *
In(1120.354 *exp (.003*HE))
13, Furr’sings W13 = 12.220 f exné.372 #¥Je0pls2
2xp (=. 033%Sh))
14, Air & ice Wi4 = =22.371 * 1n(Sb) + 143.396

15. lLoad & Handling W15 0.0

Symbels Us=23 In WER

People Number 0f crew and pe-sonnel

Sb Bedy surface agsa g %)

Hg Gross deight (lbs)

we Manufacturers Zmpty Weight_ (lbs)
S Main rotor planform arz2a (lbs)
Yp Shaft Horse Powe: (lbs)

Fuel Amoun= O0f fuel (lbs) i
St+ Total tail surfacs 2cea (sq £%)

APPROXIMATIONS

Gross Weigh+*
Wg=173.701 * Wex*,378
Ta!l Surfacé Area
St+=, 260 * 2xp(.0135*Hp)
Body Surface Area
Sb=194.274 * 1ln(W3y) =~ 1306.779

15
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- Table III (con'%)
- Utility Helicopter Weight Estimating Relationshios

N 1. Rotor W1 = 11,0702 * s - 168.828
- 2. Tail
S Roter W24 = .00438 * Wg + 12,470

Structure W28
3. Body W3
4. Landing Gear

2.411 * sS¢+ - 19,531
«282 * Sb**1,272

W4 =,025 * exp(.00CC62*Wwg+8,.020)
#W4 = 301.577 * 1n (Wg)=-2319.890
5. Nacelile WS = .02 * exp(.000062%*Wg + 8.02)
6. Propuls-on
Fr.gine ~ W6A = 130.0 + .451 * Hp
*W6A = 295.0 + .188 = Hp
Drive W6B = T41.460 * in(Hp) -4542,0420

Fuel Tanks W6C = 363.240 _* 1rn(Fuel/6.5)
~1656.521
7. Fligh+% Con*recls w7 210.858 *2xp (.000059 =* dq)

8. Aux Power

W8 = 0.0

> *WE = 150.0

N 9. Ins“ruments W9 = 56.0975 * 1n (Hp) - 312.237

- 10. Hydraulics W10 = .00362 * Wg + 11.553

' 11. Electrical W11 = 481.735 # 1n(Sb) - 2794.530
;} 12. Avicrics W12 = 139 * dp + 77.823

i 13. Furnishings W13 = .175%Sb ¢ 22.0%Pecpls - 10.0
! 16. Air & ice W14 = 122.458 & 1n(Sb) - 730.252

15. Lcad & handling W15 = 84.5

Approximations

Gross Weight
g = 16239.430 * 1ln(We) - 130252.760
Tall Surfacé Area
Sttt = ,0376 * Hp - 8.106
Body Surface

Sb = 636.081 * =xp(.000011 * WRq)
Helicogt rs with two engines
#Gross Weight grea*er than 6000 lbs.

16
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Table III (con't)
Carqge Helicopter Weigh* Estimating Relationships

1. Rotor W1 = 707.174 * 2xp(.00539 * 5)
**W1 =1414.348 ¢ exp(.00539 * )
2. Tail
Rotor W2A = 324.550%1pn (Wg)=~3021.51)
Structure W2B = -18.0 + 2.830 * s+«
3. Bedy
W3 = 2.,9818 * Sb ~ 1321.,921
**W3 = 3467.291%1n (SH)~-22118.298
4. Landing Gear W4 = 258.358 « EX2(.000041 * Wqg)
5. Nacelle W5 = .014 * ( ,2041%ug )**1,136
6. Propulsion
Engine W6A = 348.0 + .910 * Hp
*XW6A = 565.507 * 2xp (.000198*HP)
Drive W6B = .,999 * Hp**_,959
Fuel Tanks W6C = U454.619% (Fuel/6.5) ** (-.0566)
7. Flight Con*rcis W7 = 00334 * HG**1_,224
8. Aux Power W8 = 139.0
9. Instruments W9 = 68.266 * 1ln (Hp) - 387.598
10. Eydraulics W10 = .000000563 * Wg**1.863
11, Zlectrical W11 = 9,780 * Sbhb**_,539
12. Avionics 712 =(167g36927*1wéqp)-108660 )]
13. Furnishings W13 = .159 * 5b + 18,11 * Pecple
4. Air €& Ice Wil4 = 117,771 * 1n(Sb) - 710.594¢

15. load & Handling 15 =-72.0 +.111%3h + 3,490%People

Approximations

Gross Weigh+
. Wg = u 975 * We*x%x_,887
Tail Suiface Ara
Sttt = 60.127 * 2xp (000145 = Hp)
Body Surface Area
b = 426.378 * 2xp(.000045 * Wqg)
**Tanden Hell copter

0.0
$5°="567 608 * exp (. 000041 * WG)
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IV. SYSTEM DESCRIPTION

Trtis sec*ion provides a Jetailed discussion of 2ach systen
as descrited by EBeltramo [Ref. 5] and summarized in Tablzs
IT1.

A. ROTOR

The rotor system consists >f the blade assembly and <he
hub and ringe assemkly. The blade assembly includes %he
interspace structure, leading and “railing edges, <ips(if
nct integral), balance weights, and mounting hardware
blade foidings. The hub and hinge assembly includes <ke
yoke, uriversal “oints, shafiing between *he ro:or sys+tenm
and +*he drive box, spacezs and bushings, lubrica<ior sys«:zam,
fit+inas, pins, drag trace, retention s=rap assembly, ard
fasteners and misscellaneous hardwars.

B. TAIL

The *ail sys*em incluies all <he asrodynamic surfaces
and the mounts fer *he tail reter. Tandam helicopters acs
nct considered tc have 2 tail.

C. BODY

The btody consists of the fuslage shell strac+ur2, Joor
and windcw frames, £loors, bulkheads, ccckpi* windshizlg,

and radcme., Door actuation mechanisms, 2irstairs (when
ed.

[o N

instali=d) 2nd lcading ramps are aliso iaclu




D. LANDING GEAR

The system includes landing gear st-ucture, which is
made up of struts, side ani drag braces, =runnions zzi
attachmen+t fittirgs. The landing gear controls inclu
components for braking, steering and retraction (if a
able). For wheel type landing gear this alsec irncludes
wheels, trakes and tires.

E. NACELLE

This includes the engine mount, firewall and cowl s=ruc-
ture, engine air inlst, o0il cooler scocp and miscellanszceous
installe+ior hardwars.

F. TFROPULSION

The propulsicn system includes three main suabs

U
“<
ri
W

M
ths engire, drive, and th2 fuel syst2m. The enqine iacleies
the dry engine, residual fluids and installa+ion nardwaro as
well as related components: starter, air inductor,exhaust
and cooling i%ems, lubrication systems and *h2 2ngine
conzrols. The drive subsystem Znclulas zhe gear s
reducers, tranmissicn drive, rotor brake an
system. The fuel subsystam includes “he fuel £ill arnd dz-ain
system, fuel distribution system, Zu2l ven*t plumbing anid

fual tarks.

G. FLIGHT CONTRCLS

This system includes: cabin con=rols (cyclic conizel
column, collective pitch lavers and rudder cr +ail ro*or
pedal); mechanical operating mechanism (swash pla*e,
stablizing bar, linkages, besarings, and levers, bellcranks);
hydrauiic controls; fluid; and misceilaneocus hardware

19
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H. AUXILIARY POWER

The auxiliary power system suppliss all powar for ground
operatiors in lieu of ground support equipment. Thes2 oper-
ations include: cabin ground air coniitioning, engins
starting, and driving a generator fcr slectric power.

I. INSTRUMENTS

Irnstruments rperform basic moni*osring and warning func-
tionrs associated with the f£ligh+* of ths helicoprer:
elactrical, hydraulic and pneumatic sys=tems operation,
engine cperation and fuel quantity. The irs*rument sys*em
includes cockpi+ indicators and wacning lights, *randucers,

sigral inputs, circui+ry, and the monitoring 3svicas.

J. HYDRAULICS

The hydraulic system consists of the pumps, =<eservceirs,
filters, accumulators, rsgala*ors, valves, manifolds, pluam-
bing, £luid, and supports, and mcun+ing hardwars.

K. ELECTRICAL

The electrical system supplies power 20 a variety

(o]
th

helicopter opera*ing componen*s, including, amoung others:
lights, avionics, instruments, passenger and cargo docors,
cargo hoist, and environmental control systenm.

The electrical system consists of the AC power systen,
th2 DC power system and ligh+ting system. The AC sys*t=2nm
ircludes power generating equipment, while th2 DC power

system includes converters and batteries

ings, and
supports *o distribu*e th2 electrical power from the power

, 2and both include
the necessary cortrols, wiring, cablss fit+

scurce tc the electrical power center.
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The Iigh*ing sys*em includes all interior and axtacic:
lights, *ogether with *the switches, asscciated circuitry
from the elactric power canter, and support hardwarcz.

The wiring and circuiiry leading from the electric powver

cen*ter *+o the various components which use electricity are
ircluded with the respective systems.

L. AVIONICS

The avionics system consists of the in*egrated £1:ght
guidance ani cen+rol sebsystsm, communication subsystam,
navigaticn subsystem and miscellansous =2quipment subsys+ten.

The Intagrated £ligh= guidarnce and con“rols subsys=en
includes the autc pilct unit, the flight directoar uni=, <he
gyrocompass unit, *he attitude and :teading refereance unis,
and the ineztial navigation unit, Th2se units arz in%eris-
pendent and may te either separa<e, in+erconnec+2d4 urnizs or
one, integrated functional urnit. All indicazors, sscvcre-
chanisms, and associa*ed circui+ry, supports, and
attachmer+s related to *he integratei fligh+t guidance arni
controls subsystsm are also> included. Al+“hough usually
colccated with this subsystea, the auto=-+hrottls/thrus+

managemer* unit is part of “he propuision system because

ot

[ 20

functions *o con+“rcl the sngine.

The communiceticn subsystem is szpaca%ed into intzrral
and external uni*s. The internal coamunica%ion uniz
includes +the interphone system, the public address sys-=en,
and the nul+*iplex (MUX) system. Th2 2x%ternal communication
unit includes the¢ transceiver equipmen: which is used feor
aircraf+-+to-aircraf* or aircraft-<o-yround commuaications.

The navigation subsystem includes all radar equipmern*,
the au*cmatic directicn fiadirng (ADF)uni<, the dis+anca
measuring equipment (DME) unit, the 3oppler unit, the navi-
gation computer units, +*ha s*tation-k2eping 1ni%, %he

21




tactical 2ir naviga*icn (TACAN) uni=, <«he variablse cmairangs
(VOR) unit, *he marker beacon, the ins*zumert landirg szystiem
(ILS) , the collision avoidarnce unis (CiS), %+he airpor=

traffic control (ATC) unit, +*he radis alt:me‘e*, *hs glide
slope indicator, and the radar beacon uni<., Al ol

’_;
ot
e
1

tion units, indicators, antennae, associated circui=ry and
antenna coaxial cable, ani the urnits' suppor*s ani at-zach-
ments related to *the navigation subsys<em are includad.

M. FURNISHINGS AND EQUIPMENT

Furnishings and equipmen* include a varicety of i=zas in

ot
(]

h
h
censole panels, seats, insulation, lining, crew oxygen

cockpit and +he passenger and/or cargo compartment. Tu

e
w

cockpit, *his category includes all ins¢rumen: an?

system, and cockrit door and partitions.

Ne AIR CONDITIONING AND ANTI-ICING

The air conditioning sys<em, in 3addi<icn %¢ suppiying
condi+ioned air +o the cabin, heats thz cazgc compartazsnt

and supplies conditioned air f3r aviornic arnd slec=trical loa

(%)

center ccoling.

dnti-icing furctions can be performed ei<her by het
bleed air or by electrical heat. Blzed ai: systens izcluie
all duc+irg from the main pneumatic source and inner skins

which ferm *he het air cavitiss, =1

“rical systems include
th2 electrical blarkets fastered to -hz cu+er surfaces cf
critical items, flus all wiring and zcantrols.

In the passenger and/or cargo compartment, “his categorvy
includes seats, floor covaring, insula*ion, side panels,
ceiling structure, and passenger comfort i+ems such as
galley or lavatory installiations.

»




Miscellaneous items include +h2 =nqgire and cabin €i:ce
extinguisher sys+tems, fir2 warning sys¢<¢a2m, exterior finizh,
ard emergency equipment (i.e., first aid kit and fice extin-
guisher). Cargo loading =esguipmen* is also a part c¢f this

system.

O. LOAD AND HANLLING

Tkis system consists of lcading and handling gear,
including provisions for jacking, hecisting arni moo:zing, and
ballast.

23
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As stated carlier, the primary objective of +his study was
+o deveiop a rapid and sasy means for estima+ing systenm
weights during the prelimiiary desigr phase. The computer
programs that were developzd rzsul%: In acceptadble esitimaras.

The validity cf ths cutput Is 2xcellent Zcr =he in+ =d

iy
9
[ T

R

-on

14
W
.

(D
rf
'J

purpose cf prelinminary heliccpter design weight im
However, individval systams sometimes experience largs
errors in estimated system weighkt, as ccmpared <o actual,
but when combined with the o+her systa2ms that make up

re

helicop+er the error is small. Thesz limita*icns

from:
A. Data missing cor unceliable. For exampls, smaller
nacelles usually had no A2finsd surface acea, or an iadi-

vidual syster was divergent from the overall system norm.
Therefore, *hese wers not included in *he WER

B. There is no d«finite factor that delineates baiween
tke use of skids or wheels. Emp*ty weigh+< of 6000 lbs was
arbitrally used as tle changs over between skid and reill.

C. The various armed forces utilize differsznt avicrnics
systeas. In order +o ob*ain a precissz estimate, a WER for
each service would be required, resul“ing in additional
computer inputs. Insrtead, the avicnics WER's ware averaged
to produce but ore input.

D. There was no factor which dictated whea auxiliary
power was required, therefore averags aux weight was used
for the cargo ca*egory WER. However, iIa the u+*ili=z

o

engires

category it appeared that only helicopters wizh tw
erior fcr

kad auxiliary power, therafore *his was the cris
the utility WER.

2u




The user shotld utilize +the enclosed example proihlzme as
E! initial input when working with the compu*er. This #ill
insure *he user *hat he has implemented %the prograns

- correctly or assist in debugging if incorzeczt. Th:= user
- . 5 : . . e

o should iasure tha*t <he HP-41CV 1s sizad for 32 bafcre

h executing any prcgram.

=

-

-

p

N
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ARPENDIX A
HP41-CYV COMPUTER LISTING

v ~~ b

Replace PLYS with "+% and set SIZE 32

A. OBS SUBROUTINE LISTING

01 LBL "OBS" 26 408.562 52 -.0539
02 XEQ "INT 27 * 53 *

28 1142.917 54 200.912
63 LBL ™pv 29 - 55 PLUS
04 RCL 01 30 STO 12 56 STO 15
05 .378 31 RCL 09 57 34
06 YI1X 32 . 0005 58 sSTO 16
07 173.701 33 * 59 RCL 07
08 =* 34 EX 60 -.0896
09 sT0 09 35 2.219 61 *
10 RCL 07 36 * 62 221.3388
11 .0135 37 32,474 63 PLUS
12 * 38 - 64 STO 17
13 EX 39 RCL 10 65 RCL 09
U . 264 40 LN 06 .0008
15 = 41 19,131 67 *
16 sSTO 10 42 = 68 31X
17 RCL 09 43 + 69 17.1938
13 LN 44 STO 13 70 =
19 194.274 45 RCL 11 71 STO 13
20 * 46 1.917 72 RCL 06
21 1306.779 47 Y1X 73 6.5
22 - 48 . 00901 74 /
23 STO 1 49 = 75 1.071
24 RCL 02 50 STO 14 : 76 Y1X
25 LN 51 RCL 09 77 .384

26
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gz 78 * 112 = 146 END
El 79 STO 19 113 1062.004
X 80 RCL 09 114 PLUS
N 81 3.469 115 STO 25
S 82 Y1X 116 RCL 03
- 83 1.2812-10 117 . 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 *
81 EX 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 132 143.39
99 -51.0661 133 PLUS
100 * 134 STO 27
101 367.547 135 0
102 + 136 STO 28
103 ST0 24 137 XEQ "ouTm
104 RCL G7 138 RCL 30
105 . 003 139 %<=0?
106 * 140 GTO 03
107 E1X 141 nygam
108 1120.354 142 PROMPT
109 * 143 sTO 01
110 LN 144 XEQ "P"
111 -122.282 165 LBL 03
27
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B.

01
02

03
o4
05
06
07
08
09
10
1
12
13
W
15
16
17
18
19
20
21
22
23
2u
25
26
27
28
29
30
31
32

UTIL SUBROUTINE LISTING

LBL "OUTIL® 33 7.061
XEQ "IN" 34 -

35 RCL 10
LBL "wp" 36 2.411
RCL 01 37
LN 38 +
16239.43 39 sTO 13
* 40 RCL 11
130252.76 41 1,272
- 42 Y1X
STO 0¢° 43 .282
RCL 07 by *
.0376 45 STO 14
* 46 RCL 929
8.10€ 47 LN
- 48 301.577
STO 10 49 =
2CL 09 50 2319. 8%
.000011 51 -
% 52 STO 15
EWX 53 RCL 09
636.081 5¢ .009062
* 55 *
STO 11 56 8,02
RCL 02 57 +
11.0702 58 E1X
* 59 .02
168.888 60 *
- 61 STO 16
STO 12 62 RCL 07
RCL 09 63 .451
. Q0438 64 *
* 65 130

28

Fm B 2o

A

66 PLUS

67 S7T0 17
68 ECL 07
69 L¥

73 T41.460
71

72 4542,042

74 sS70 18
Cé6

1 1056.521
a2 -
33 S10 1¢
34 R’CL Q¢
8 .0000¢c°

0.
o
*

X
10. 858

o o]
[« )
* o W

90 ST0 20
91 0

92 STO 21
93 RCL 07
94 LN

95 56.0975
96 *

97 312.237
98 -




» 39
100
101
102
103
104
105
106
107
168
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

.........

STO 22
RCL 09
.00362
*

11.553
+

STO 23
RCL 11
LN
481.735
*

2794.53
STO 24
RCL 07
« 139

*

77.823
+

STO 25
RCL 03
22

*

10
RCL 11
« 175

*
+

STO 26
RCL 11
LN

131
132
133
134
135
136
137
138
139
140
1w
142
w3
144
145
146
147
148
149
150
151

152
153
154
155
156
157
158
159
160
161

122.458
 d

730.252
STO 27
84.5
STO 28
RCL 01
6000
£>0?
STO 01
RCL 09
« 000062
*

8.02

+

E1X

« 025

x

STO 15

LBL O1
RCL 08
2
X=/0?
3T0 02
RCL 07
. 188

295

29

162
163
164
165

166
167
168
169
170
171
172
173
174

175
176

PLUS
STO 17
190
STO 21

LBL 02
XEQ "ouT"
RCL 30
X<=0?

GTO 03
nYE2N
PROMPT
STO 01
XEQ npw




ii C. CGO SUBROUTINE LISTING
;i 91 LBL "cGo" 33 STO 12 66 E1X
5 02 XEQ "IN® 34 RCL 07 67 567683
- 03 "TANDEN? 35 .91 68 *
" 04 PROMET 36 * 69 STO 11
; 05 STO 31 37 348 70 BRCL 12
.- 38 + 71 2
5 06 LBL "pn 39 sTO 17 72 *
8 07 RCL 01 40 RCL 09 73 sTC 12
N 08 .887 41 LN 74 RCL 07
» 09 ¥1X 42 32u.55 75 .000198
- 10 4.975 43 * 76 *
11 * 44 -3039.51 77 21X
12 sTo 09 45 + 78 565.507
13 RCL 07 46 RCL 10 79 *
% .0C0145 47 2.83 80 sTC 17
15 =* 43 = 81 RCL 11
% Eix 49 + 82 LY
17 60.127 50 STO 13 83 3467.291
18 * 51 RCL 11 3u *
19 STO 10 52 2.918 85 22118.2¢8
20 RCL 09 53 * 86 -
21.000045 54 1321.921 37 sTo 14
22 * 55 -
23 E1X 56 STO 14 88 LBL 01
24 426.378 57 RCL 31 89 RCL 09
25 * 58 X <=0? 90 000041
2 sT0 11 59 370 01 91 *
27 RCL C2 60 0 92 =X
28 .00539 61 STO 10 93 258.358
29 * 62 STO 13 9u *
39 21X 63 RCL 09 95 STO 15
31 707.174 64 . 000041 9 RCL 09
32 * 65 * 97 .204

30




98
99
100
101
102
103
104
105
106
107
138
109
110
111
112
113
1
115
116
117
118
119
129
121
122
123
124
125
126
127
128

..........

*

1.136
Y1X
<014

*

STO 16
RCL 07
« 959
Yix
«999

*

STO 18
RCL C6
6.5

/
-.0566
Y1X

454.619
*

STO 19 .

RCL 09
1.224
Y1X
.00334
*

sSTO 20
139.0
STO 21
RCL 07
LN
68.266

129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
1438
149
150
151
152
153
154
155
150
157
153
159

*
387.598

STO 22
RCL 09
1.863

Y1X

. 000000653
*

STO 23
RCL 11

« 539

Y 1X

9.78

*

STO 24
RCL 07
LN

16744 ,967
*

108666
. 536
T1X
1.9

X

STO 25
RCL 11
« 159

*

RCL 03

N

160
161
162
163
164
165
166
167
169
169
170
171
172
173
174
175
176
177
178
179
180
131
182
182
184
185
196
187
188
189
190

18.11

*

PLUS
STO 26
RCL 11
LN
17,771
*

710.594
STO 27
RCL 03
.42

*

72

BCL 11
<111

*

PLUS
STGC 28
XEQ woyTv
RCL 30
X<=07?
GTO 03
nEEINn
2ROMPT
STO 01
XEQ non
LBL 03
END

.........




D.

01
02
03
o4
0S
06
a7
08
09
10
"
12
13
1
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

OUTPUT SUBROUTINE LISTING

LBL
FIX
RCL

RCL
+

RCL

+

RCL
+

RCL

+

RCL
+

RCL
+

RCL
+

]CL

+

RCL

+

RCL

+

RCL

RCL

RCL

RCL

+

LiTeli} ™

1

12

13

14

15

16

17

18

19

20

34
35
36
37
38
39
40
41
4?2
43
4u
45
46
47
48
49
59
51
52
53
S4
55
56
57
58
59
60
61
62
63
64
65
66

RCL 28
+

STO 29
"WG EST="
ARCL 09
AVIZEW
DROMPT
" ROTOR="
ARCL 12
AVIEW
PROMPT
WTAIL="
ARCL 13
AVIEW
PROMPT
" BODY="
ARCL 14
AVIEW

P ROMPT
"GEARg"
ARCL 15
AVIZW
PROMPT
"NACE="
ARCL 16
AVIEW
PROMPT
" ENG:"
ARCL 17
AVIEW
PROMPT
"DRIVE="
APCL 18

32
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AVIZW
PROATT
"F TRS="
ARCL 19
AVIZW
PROMPT
NCNTR="
ARCL 20
AVIZW
PROMPT
MADX="
ARCL 21
AVIZW
PROMPT
MINST="
ARCL 22
AVIZW
PROMPT
11 HYD: "
ARCL 23
AVIEZW
PROMPT
"ELZC="
ARCL 24
AVIEW
PRCMPT
NAVIN="
ARCL 25
AVIEW
PRONPT
MERN="
ARCL 26
AVIZW
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100 PROMFT 112 PROMPT 124 EPOMET

101 “AIAC=v 113 RCL 29 125 FIX 3
102 ARCL 27 114 RCL 06 126 "AGRIN?"
103 AVIEW 115 PLUS 127 PROMPT
104 PROMFT 116 RCL 04 128 STO 30
105 “1H=" 117 PLUS 129 END
106 ARCL 28 118 RCL 05

107 AVIZWw 119 PLUS

108 FROMP1I 120 sTO 31

109 U"EEV WE=*" 121 “REV WG="

110 ARCL 29 122 ARCL 31

111 AVIEW 123 AVIEW

E. INPUTI SUBROUTINE LISTING

01 LEL "“IN" 19 STO 06

02 "WE?2" 20 "sSHp?2"»

03 EFOMET 21 PROMPT

04 ST0 (1 22 STO 07
05 mg2n 23 "NENG?2"
06 EFOMET 24 PROMPT

07 s10 0z 25 STO 08

08 ®"g2n 26 END

09 EROMET

10 ST0 03

11 "EWNT?2®

12 EECMET

13 STI0 04

14 "cGe2v

15 EROMET

16 SIC 05

17 wnE?n

18 EFCMET
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Ef Fo LISTING OF CALCULATOR DISPLAYS
DISFIAY EXPLANATION WER NOTATION

g WE? Proppt: ini+tial emprty weiga:t (lbs) W2

-ﬁ s? Prompt: main rotocr planform area(sq £%) S

; ©? Prompt: +otal numb2r df psrsornnn=zl Pacpl2

X PWNT? Prompt: weight of personn2l (lbs) deigh-=

‘f CGO? Prompt: weight of baggage and cargo (1las) Cargc
F? Promp+: total weight of £fu2l1l (LBS) Fuel
SHP? Pronmpt: shaf+ hLorsepewer (1lbs) HP

; NENG? Prompt: number of engines Neng

f TANDEN? Prompt: helicopter tandem?; 1-Y=s5, 0-No Tan dezn

8 AGAIN? Prompt: another run da3sired?; 1-Yzs, Jd-No -

. WG EST= Aasver: gross weigh+t sstimite (lbs) Ag

5 ROTOR= Answver: mairn rotcr blade wa2ight (1bs) R

?f TAIL= Answer: tail rotcr/structucs weight (lbs) W2

? BODY= Answer: body structuz: weight (1b3) W3
GEBAR= Answer: landing gear weight (lbs) w4

A NACE= Answer: naca2lle weight (1bs) W5

= ENG= Answer: engine weighwt (1lbs) W6A

- DRIVE= Answer: drive train wsight (lbs) W6B
P TKS= Ansvwer: weight of Zuel cesllis (1lbsg) WecC

- CNTR= Answer: fiight ccnt:sol weigh* (lbs) w7

i AQ0X= Answer: auxiliary powsr systsm (Lbs) w8

N INST= Ansver: Inst-uments W9

‘ HYD= Ansver: hydaulic syszam (lbs) %10

" ELEC= Answer: =lectrical sys:an Wi

5 AVIN= Answer: avionics systam (lbs) wi2

) FRN= Aaswer: furnishings aand equipmexz“ (lbs) w13
ATAC= Ansver: anti-ica and 2i: cond. (1bs) Hia
LH= Answer: load and haandling (lbs) W1S
REV WE= Ansver: WE using abova compu=ed values -
REV §G= Ansvwer: Sum cf P, PWT, CGO, znd REV WE -




G. STORAGE ALLOCATICNS

Storage FKegister Numkter

01 WE
02 3
03 o
04 PWT
05 cGo
06 P
07 SHP
08 NENG
€9 Wg
10 S==
11 Sb
12 W
13 W2
14 W3
15 au
16 W5
17 W62
18 W6B
19 W6 C
20 W7
; W8
2 @9
<3 w10
24 11
25 W12
26 413
27 W14
28 W15

g 29 RWE

& 30 K

5 21 Tanden/ WG

!
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ABPENDIX B
TBM 3033 COMPUTER LISTING

MAIN PROGRAM

VARIABLES AND CONSTANTS

& e kR fok e ok ook Kok ook ok K ok deok ok ok ek ek K ok koK ok

RWE
d4E
G
iG1
W1
w2
w2a
WaR

410
w11
W12
w13
CRE
415

CARGO

REVISED EMPTY WEIGHT
INITIAL EMPTY WEIGHT
ESTIMATZD GROSS WEIGHT
YOUR GROSS WZ IGHT

MAIN ROTOR 3BLADE

TOTAL TAIL SECTION

TAIL ROTOR BLADE

TAIL STRUCTURE

BOTIY

LANDING GEAR

NACELLE

TOTAL PROPULSION SYSTz="
ENGINE

DRIVZE

FU L CZELLS

FLIGHT CONTROLS
AUXILIARY POWER
INSTRUMENTS

9YTRAULICS

ELECTRICAL

AVIONICS

PURNISHING AND EQUIPMENT
ANTI-ICE AND AIR-CONDITIONING
LOAMING AND HANDLING
TOTAL WEIGHT OF CARGO AND BAGGAGE
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c WEIGHT TOTAL WEZIGHT OF PERSONNEL

c PEOPLE TOTAL NUMBER OF DERSONNEL

c 5 MAIN ROTOR BLADE PLANFIRM AREA (SO 7T)

c NZING  NUMBER OF EN3INES

c HP SYAPT HORSEPOWER

c FUEL  TOTAL ON BOARD FUEL CAPACITY (L3S)
. c CREWWT ACTUAL WEIGHT OF CRZ4 PERSONNEL ONLY
: c RERUN  INTEGER INPIT FOR RERUNNING PROGRAM
3 C COUNT COUNTER FOR PAGE OUTPUT
3 c TANDEM IF 1 THEN HELICOPTER IS TANDEM
? c K CONSTANT (INITIAL EMPTY WEIGHT minus
= c REVISED EMPTY WIIGHT)

c

c MAIN PROGRAM

C 3 o ek Aok ok ok ok o o gk ook dedeook ok ok e ki ok ek

c

INTEGEZR REFUN
10 CALL FRICMS ('CLRSCRN ')

WRITE (6,20)
READ (5,%) TYPE
IF (TYPZ.EC.1) CALL 08s
IF (TY-2.BC.2) CALL OTILTY
IF (TYPE.ZC.3) CALL CA2G0
c CALL FRTCMS ('CLRSCRN ')
WRITE (6,30)
READ (5,*) RERUN
IF (RZRUN.EQ.1) GO TO 10
STOP
20 FORMAT (*#HAT TYPE OF HELICOPTER ARE YOU DESIGNING ?
*#/4x,15h 1 CcBSERVATION /,4%,11H 2 UTILITY
*/u4X,9H 3 CARGO /184 ENTER 1, 2, OR 3)

30 FORMAT(30H DO YOU WANT ANOTHZR RUN ?
114 1 - YES /3%9h 0 - no)
IND
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OBSERVATION SUBROUTINE

SUBROUTINE OBS
REAL K,NENG
INTEGER COGONT
COUNT=0

CALL INPUT (WE,S,PEOPLE,dEIGHT,CARGO,FUEL,EP,NENG)

WG=173.701¥WE**_,378
STT=.,264*%EXP (. 0135%HP)
SB=194,.274 *ALOG (WG)-1306.779
W1=408.5622%¥AL0G(S)~-1142.917
W2A=2,219*EXP (.0005 * w%G)
#2B=19. 131#%ALOG (STT) -32.4 14
W2=W2A+W2B
W3=.,0090*S E** 1,917
Wi==-,0539%%G+200.912

W5=34.0
W6A=-.0896 *Hp+ 221, 338
W62=17.190#=XP( .0008 * %G)
W6C=.38u* (FUEL/6.5)**1.3710
W6=W6A+ W6 B+W6C

W7=.000000000 128*WG** 3, 469
W8=0.0

W9=24,571%EXP (.00040* HP)
W10=0.0

W11==51.06 €*ALOG(SB) + 367, 347
W12==122.2E2*ALOG( 1120.354 * £EYX°( .003 * HF))
* +1062.00451

W13=19,80* (EXP(.372*%PEOPLE) + EXP(-.033%SB))
Wll4=-22.3T71*ALOG (SB) + 143,396
w15=0.0

38
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20

C.

CALL OUTPUT(RWE,WE,d1,W2,W3,94,W5,%6,W6A,W6B,46C,
*47,W8,W9,W10,%11,W12, 913, W14,%15,4G, WG1,N,
*CREWAT,FUEI,CARGO, NIIGHT, COUNT)

IF (A3S(K) .LE. .02*WE)GO TO 20

IF (N.EQ.1) GO TO 10

RETURN

END

UTILITY SUERCUTINE

SUBROUTINE UTILTY
RZAL K, NENG
INTEGER COUNT
COUNT=0

CALL INPUT (WE,S,PEOPLE,WZIGHT,CARGO,FUEL,HP,NZNG)

WG=16239. 4 0*ALOG (WE) =130252.750
STT=.0376%HP=-8.106

SB=636.081%EXP (.000911 * WG)
W1=11.0702%5-168.888
W2A=.00U38+WG+12.470
W2B=2.411*%STT-19.531

W2=W2A+W2B

W3=.282%SB*%x1_272

W4 = 301.577 * ALOG(WG)-2319.839

IF (VE.LE.6000) Wi=. 025 *EXP (. J00062%*WG +8.02)
W5=.02%EXP (.000062 * WG +8.02)
W6A=130.0+.451%HP

IF (NENG.EC.2) W6A=295.0+.188%HP
W6B=741.46C*ALOG (HP) ~4542. 0420
W6C=363.20 C*ALOG(FUZL /6.5) -1656.521
W6=W6A+ W6 B+W6C
W7=210. 858 #EXP (.000059 * WG)

39

D T T T S T T T T TR T T T ,.,,.;,Ai



L OC ek Jut
S0,
ol
.

’

et
e
.
.
]

29

D.

¥8=0.0

IF (NENG.2Q.2) W8 = 190.0
¥9=56.0975*%AL0G (KP) -3 12.237
W10=.00362*WG+11.553
W11=481.735%AL0G (SB) ~ 2794 . 530
W12=.139%HE+77.823
¥13=.175%¢5E+22.0%PEOPLE-10.
W14=122.45€*ALOG (SB) - 730. 252
¥15=84.50

CALL OUTPUT(RWE,WE,W1,W2,43,44,45,46,w6A,H63,46C,
*W7,48,49,W10,W11,W12, W13, W14,415, %G, WG, N,
*CREWWT,FUEI,CARGO, WEIGHT, COUNT)

IF (ABS(K) .LE. .02%*W2)GO TO 20

IF (N.EQ.1) GO TO 1)

RETOURN

ZND

CARGO SUBROUTINE

SUBROUTIYE CARGO
RZAL K, NENG
INTEGER COUNT
CCUNT=0

CALL INPUT (WE,S, PEOPLE,WEIGHT,ZARGO,FUEL,HP,NEYG)
WRITE (6,71)

READ (S, *) TANDEM

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

IF (TANDEM.FQ.0.) WRITE (8,73)

WG=U4,975%W %% 887
STT=60. 127*EXP (. 30014 5%Hp)
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SB=426.3784EXP (000045 * WG)
9 W1=707. 174 SEXP (. 00539 *S)

‘:‘ W6A = 348.C + .910%HP

e W2A=324.55 (*ALOG (WG) - 3021.510
' W2B=-18.0+ Z. 83*STT

X W3=2.918%SE-1321.921

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

X STT=0.0

- SB = 567.6E8%EXP (- 000 04 1%WG)
2 W1 =2%W1

N22=0.0

W2B=0.0

W3=3467.29 #ALCG(SB) -22118.298
W6A=565.50 T*EX2 (. 0001 98*H D)

45 W2=W2A+W2B
W4=258.358#2XP (.00004 1%WG)
W5=.014%(, 204 * WG ) **1.136
W6B=.999%H E**, 959
W6C=U5U.61Sk (FUEL/6.5) **(~-.0566)

i WE=W6A+W6B+W6C

8 W7=.0033U *WG**1,224

F ¥8=139.0

. W9=68.266% ALOG (HP) =387.598

W10=.00000C663*WG**1, 863

W11=9.780 *SB** 539

H12=1.90% (16744.967*A LOG(HP) -178666.() **.536

W13=. 159%SE+18.11*PZ0PLE

W14=117.77 1*ALOG (SB) - 710. 594

#152-72.0+.111%SB+3.4 90*PEOPLE

TN e~F 4
TR

CALL OUTPUT(RWE,WE,W1,W2,W3,#4,#5,W6,W6A,W6B,W6C,
*W7,98,49,%10,W11,#12, W13, ¥14,W15,4G,WG1,Y,
#CREWWT,FUEI,CARGO, WEIGHT, COUNT)
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‘ IF (ABS(K) .LE. .02%WE)GO TO 20
- IF (N.2Q.1) GO TO 10

¥ 71 TO2MAT (* AFE YOU DESIGNING A TANDZEM HELICOPTEER ?
ﬁf *1 - YES/' 0 - NOY)
5 72 FCRMAT(T16 ,'A TANDEM HELICOPTER IS BEING
*DESIGNED//)
73 FORPMAT({T15,'A TANDEM HELICOPTER IS5 NOT BEING
*designed//)
C
20 RETURN

END

E. OUTPUT SUBROUTINE

SUEROUTINE OGTPUT (RWE ,WEZ,W1,42,W3,%4 ,WS,W6,%6A,76B,
*J€C,W7,W8,%9,W10,%W11, W12, w13,#14,915,%G,4G61,¥,
*CFEWW? ,FOE1,CARGO,WEIGHT, COUNT)
REAL K
INTEGER COCNT
RUE=WI+W2+ W3 +WLU+RS+WO +WT+WB+WI+WI10+WT11+W1Z2+W 13
x5 144015 ‘
CREWNT=WEIGHT +CARGO
AG1=RWES+FUEL+CREWNWT
=WE-RWE
CALL FRTCMS ('CLRSCRN )
WRITE (6,210) WE
WRITE (8,210) WE
ARITE (6,220) WG
WRITE (8,220) WG
ARITE (6,230) W1,W2
WRITE (8,230) WwW1i,W2
WRITE (6,2U0) W3,Wu4
WRITE (8,2u0) W%W3,Wu
WRITE (6,250) WS,W6A
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210
220
230

WRITE (8,250) WS,W6A
WRITE (6,260) W6B, W62
WRITE (8,260) W6B,#6C
WRITE (6,270) W7,Ws

WRITE (8,270) W7,W8

WRITE (6,280) W9,W10
WRITE (8,280) W9,W10
WRITE (6,250) ®W11,d12
WRITE (8,290) W11,W12
WEKITE (6,300) #13, W14
WRITZ (8,300) W13, W14
WRITE (6,310) W15

WRITE (8,310) #15

WRITE (6,320) RWE

WRITE (8,320) EWE

WRITE (6,320) CREWWT, PUIL
WRITE (8,330) CREWWI, FUEL
WRITE (6,340) WG1

WRITE (8,340) WG1

IF (A3S(K) .LE. .02 * ®E) GO TO 20
WRITE (6,350)

ARITE (8,350)

ARITE (6, 3€0)

2FEAD (5,%) N

4RITE (8,370)
CCUNT=COUNT+1

I7 (CCUNT. EQ.3) WRITE (8,380)

I? {(N.EQ.1) WE=RWE

RETURN

FORMAT(T15,'CMPFTY WEIGHT ESTIMATE (LBS) = ,F11.3)
PORMAT(T15 ,'GROSS WEIGHT ESTIMATE (L3S) = ,F11.3/)

FORMAT(*ROTOR =,T721,78.3,735,'TAIL=,TS0,F8.3)
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PR

Y
0
NG

240

250

260

270

280

290

330

3%

320

330

3490
350

3060
370
380

.......

FORMAT (*BOLY = ,T21,F8.3,T35,'LANDING GEAR=,TZ0,

*F8. 3)

FORMAT(*NACELLE = ,T21,F8.3,T35,'ENGINE = ,TI50,

*F8.3)

FORMAT('DRIVE = ,T21,F8.3,T35,'FUZL TANKS = ,T50,

*F8.3)
FORMAT (*FLIGHT CONTROLS = ,T21,F8.3,T35,
**AUX POWER = ,T50,F8.3)

FCRMAT (*INSTRUMENTS = ,T21,F8.3,T35, 'HYDAULICS
*T750,F8.3)

FORMAT ('ELFCTRICAL = ,T21,F8.3,T35,'AVIONICS =
*T50,F8.3)

14

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

*T750,F8. 3)
FORMAT (21H LOAD AND HANDLING = ,T21,F8.3,/)
TORMAT(T10,24H REVISED ZMPTY WSIGHT = ,F11.3)

FORMAT (*PEFSONNEL & CARGO = ,T22,F8.3,T35,'FUEL =,

*r8.3/)

FORMAT(T10 ,21H YOUR GROSS WEIGHT = ,F11.3/)
FORMAT (T5,53HINITIAL AND REVISED EMPTY WEIGHT
*BY HMORE THAN 27%)

FORMAT (' FOR RECYCYLE, ENTER 1 =-- OTHERWISE
TORMAT (////)

FORMAT (THY)

END

F. INPUT SUBROUTINE

SUBROUT INE INPUT(WE,S,PEOPLZ, EIGHT,CARGO,FUZL,
*HP, ENG)

REAL NENG

CALL FRTCMS ('CLRSCRN ')

WRITE (8,380)

WRITE (8,30)
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30
40
50
60
70
80
90
100

WRITE (6,4C)

READ (5,%) WE

WARITE (8,5C) WE
WRITE (6,6¢0)

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 (8,130) CARGO
WRITE (6, 140)

READ (5,%) PUTSL
WRITE (8,150) FUEL
WRITE (6, 160)

READ (5,%) HP

WRITE (8,170) HP
CALL FRTCMS ('CLRSCRN ')
WRITE (6, 150)

READ (5,*) NENG
ARITE (8,2C0) NENG
WRITE (8, 1€0)
RETURN

FORMAT (T1C,U46H *** INITIAL INPUT **%xkkkkkxxx //)
(LBS) ')

FORMAT (*ENTER INITIAL EMPTY WEIGHT ESTIMATE

FORMAT (*iINITIAL EMPTY WEIGHT ESTIMATE (LBS)=,F11.3')

FORMAT (34F SNTER BLADE 2LANFORM AREA(SQ FT)

FORMAT (318 BLADE PLANFORM AREA (SQ FT) = ,F38.3)

FORMAT (32E ENTER NUMBER CREW ¢ PASSENGERS )
FORMAT (28F NUMBER CREW # FASSEZNGERS = ,F3.90)
FORMAT (39F ENTER TOTAL WEZIGHT OF PERSONNEL

4s

(LBS))
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110 TORKMAT (29B TOTAL WZIGHT OF PERSONNEL = ,F3.3)
120 FORMAT('ENTER TOTAL WEIGHT OF BAGGAGE/CARGO (L2S) ")
130 FORMAT (* TOTAL WEIGHT OF BAGGAGE/CARGO = ',F8.3)
140 FORMAT (27F ENTER FUEL CAPACITY (LBS) )
150 FORMAT (21F FUEL CAPACITY (LBS) ,F8.3)
160 FORMAT (248 ENTER SHAFT POWER (HP) )
170 FORMAT (18H SHAFT POWER (HP) ,711.3)
180 FORMAT (T10," ***%%%* JEIGHT ESTIMATE *#%*k*xkkkk%! //)
199 FORMAT (34F ZNTER NUMBER OF ZH3INES (1 OR 2 ))
200 FORMAT (21F NUMBER OF ENGINES = ,F2.0///)
380 FORMAT (1HT)
END

G. WT EXEC

WT

r
]
ty
"I
w
(@]
[}
o
[
=
=
O]
(=]
[}
o o}
+3

THIS FILE COMPILES AND EXEZUT
GIVE THE COMMAND "WT <FILZNAMD <DEVICED"
GLOBAL TXTLIB CMSLIB FORTHOD2 ¥GD

GLOBAL IMSLSP IMELDP

FORTGI &1

FILEDEF C5 TERM

FILEDEF 06 TERM

FILEDEF 08 DPISK AIR LISTINS

LOAD &1 (START)

&EEND

w U i3

ué
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ARPENDIX C
HP41-CV EXANPLE PROGRAMS

This section contains example programs f£or thres h:slicop*tsr
categories.

A. OBS SUBROUTINE PROGRAM

This subroutine 3s for d=signing light observatiorn helicop-
ters.

1. &ead the following cards into your calculazor:

a. Irnput
b. Output
C. Obs

EASAALNE ©  qURAEA OO

2. Execute *he fcllcwing instructions in order.

T
2 STt

"XEQ OBs"

D

ves ¥

L am
v

PROMPT ZNT 2R PRESS
WE? 1502 /5
5? 31. 3 R/S
P? 3 R/S
PHT? 600 /S
cGO? 20 R/S
F? 499 R/S
: SHP? 317 R/S
ﬁ NENG? 1 R/S
&
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will te displayed.

Aftsr approximataly twen®y s2conds <hs folleowing ouzrpu<

DISPIAY PRESS
WG EST= 2757.9 R /S

RCTOR=  264.0 R/S

TAIL= 32.8 R/S

é_ BODY= 309.8 R/S
3 GEAR= 52.3 2/5
NACE= 34.0 R/S

-, ENG= 193.0 R/S
% CRIVE=  156.1 R/S
; P TKS= 40.1 R/S
CNTR= 110.4 R/S

A0X= 7.0 R/S

INST= 27.9 R/S

HYID= 0.0 R/S

F13ICT= 89.7 R/S

AVIN= 87.1 x/S

FRN= 60.4 R/S

AIAC= 21.5 R/S

. LB= 0.0 R/S
. REV WE= 1478.8 R/S
- REV WG= 2597.8 R/S
- AGAIN? For ancther run 2nter 1 R/S

g If£ not enter 0
48
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Be UTIL SUBROUTINE PROGRAM
This subroutine is for designing nili%arcy u+ility heliccep-
ters.
1. Read the foilcwinag cards iat> your calculater:
a. Input
b. Output
c. UTIL
2. Execute *he fcllowing irns<r-uc*ions in order.
"XEQ UTIL"™
PROMPT ENTER PRESS
WE? 5200 2/S
s? 77. 8 R/S
P? 13 R/S
PWT? 2600 R/S
CGO0? 0 R/S
F? 1388 R/S
SHP? 1150 R/S
NENG? 1 R/S
49




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

Aft2r approximately twenty seconds th
will ke displayed.

DISPIAY

WG EST= 8698.5
ROTOR= 692.4
TAIL= 115.7
BCDY= 1172.7
GEAR= 130.4
NACE= 104.3
ENG= 648.7
CRIVE= 683.4
F TKS= 291.8
CNTR= 352.3

- AUX= 0.0
b , INST= 83.1
. HID= 43.0
h ELECT= 361.3
;\.. AVIN= 237.7
2 FRN= 398.5
AIAC=  72.0
LH= 84.5

REV WE= 5471.7
REV WG= 9459.7

AGAIN? For ancther run en<er 1

N If nct enter 0

b

9

[

o

m

¥

5._.

E
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C. CGO SUBROUTINE PROGRAM

This subroutine is fer designing military cargc helicopters.

1. Read in *he following cards into your calcula=cr:

a. Input
b. Output
c. CGO

2. Execute *he following instruc-ions in order.

"XEQ CGO"

PROMPT ENTER PRESS
WE? 7700 R/S
g7 127.3 2/5
P? 18 B/S
PWT? 3600 ' R/S
CGO? 209 R/S
72 1750 - ®/S
SHP? 1535 R/S
HENG? 1 R/S
TANDEM? 0 No R/S

51
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Afts: approximatsly <wen=y ssccnds trs folliewing ou=-rpu*

will te displayed.

WG EST
ROTOR=
TAIL=
BCDY=
GEAR=
NACE=
ENG=
CRIVE=
P TKS=
CNTR=
AQX=
INST
HID=
ELECT=
AVIN=
FRN=
AIAC=
LB=
REV WE
REV WG
AGAIN?

u
If not entsr 0

of

52
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DISPLAY PRESS
13935.1 R/S
1404.5 R/S
270.0 R/S
1007.3 /S
457.5 R/S
117 .4 R/S
1744.9 R/S
1135.1 R/S
331.2 R/S
394.6 R/S
139.0 R/S
113.2 R/S
34.8 R/S
358.6 R/S
319.2 R/S
452.9 R/S
76.4 R/S
79.4 R/S
8435.9 R/S
13985.9 R/S

For ancther run 2n%*sr 1 R/S
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APRENDIX D
IBM 3033 EXAMPLE PROGRAMS

This section contains example programs for all thrse heli-
copter categories. This program contairs all subrou*ines in
one interac*ive file named "“Weigh+". The prog-zam mus< hte
cempiled, then lcadsd before it will execu*e. ToO assis=< in
this procedure an exec "WT" has been provided. Simply go %o
your flist and write, "wt" next to thz program "Weigh«",
Upon completion, jus* answer the ques+tions with desired
input. The Zollecwing is 2 listing 2f "Weight® ipput ard
output for all three type helicopters.

A. OBSERVATION HELICOPTER

1. Input
SCREEN DISPLAY ENTER
WHAT TYPE OF HELICOFTER ARE YOU DESIGNING?
1 OBSERVATION
2  OUTILITY
3 CARGO
ENTER 1,2 or 3.? 1
INTER INITIAL EMPTY WEIGHT ESTTMATE (LBS)? 1502
ZINTER BLADE PLANFORM AREA(SQ FT)? 31.3
ENTER NUMBER CREW + PASSENGERS? 3
ENTER TOTAL WEIGHT OF PERSONWEL (L3S)? 600
ENTER TOTAL WEIGHT OF BAG3AGE/CARGO (L3S)? 20
t; ENTER FUEL CAPACITY (LBS)? 499
- INTER SHAPT POWEF (HP)? 317
b ENTER NUMBER OF ENGINES (1 OR 2 )? 1

.'-Il =r . .
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2. Output

The cutput will ke loca*ted on your "A disk" under Z£ile
name "Air Listing".

Sxahk b depekhks ITNITIAL INPUT *kkkkkkakkxekkik

INTTIAL TMPTY WEIGHT ZSTIMATE (LBS) = 1502.000
BLADE PLANFORM AREA (SQ PT) =  31.300

NUMBER CREW + PASSENGERS = 3.

TOTAL WEIGHT OF PERSONNZL = 600.009

TOTAL WEIGHT OF BAGGAGE/CARGO = 20.000

FUEL CAPACITY (IBS) 499.000

SHAFT POWER (4P) 317.000

NUMBER OF ENGINES = 1.

kkkekdakkkrhkk JE IGHT ESTIMATE *kkkkkkkkhkkkkhx

SMETY WEIGHT ZSTIMATE (LBS) = 1502.000

GRCSS WEIGHT ESTIMATE (LBS) = 2757.933
R0 TOR = 264.015 TAIL = 32.789
BODY = 309.014 LANDING GEAR = 52.259
NACELLE = 34.200 ENGINE = 192.985
DRIVE = 156.128 FUZL TANKS = 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

REVISEL EZMPTY WEIGHT =
PERSONYNEL & CARGO = 620.000

1478.335
FUEL = 499.000 \

YOUR GFOSS WEIGHT =

2597.335
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B. UTILITY HELICOPTER
1« Input
SCREEN DISPLAY INTER

L WHAT TYEZ OF HEL ICOPTER AXE YOU DESIZNING?
. 1 OBSERVATION

: 2 UTILITY
; 3  CARGO
INTER 1,2 or 3.7 2
ENTER INITIAL EMETY WEIGHT ESTIMATE (LBS)? 5290
B ENTER BLADE PLANFORM AREA(SQ FT)? 77.8
- ENTER NUMBER CREW + PASSENGERS? 13
¢ ENTER TOTAL WEIGHT OF PERSONNEL (LBS)? 2600 |
ENTER TOTAL WEYGET OF BAG3AGE/CAR30 (LBS)? 0
INTER FUEL CAPACITY (LBS)? 1383 }
i ZNTER SHAFT POWER (HD)? 1150 i
S ZNTER NUMBER OF ENGINES (1 OF 2 )? 1

2. Output
- The ou“put will be lcca‘ed on ysur "A disk" undsr file namz
N nai= 1isting",

kkkkkkakakkkkkx TYTTIAL INPUT *kekkkkakkkkkkkk

y INITIAL EMPTY WEIGHT ESTIMATE (LBS) = 5200.000
BLADE PLANFORM AREA (SQ 7T?) = 77.300

NUMBER CREW ¢+ PASSENGERS = 13.

TOTAL WEIGHT OF PERSONNEL = 26 00.J0)

TOTAL WEIGHT OF BAGGAGE/CARGO = J.0

FUEL CAPACITY (IBS) 1388.000

SHAFPT POWER (HP) 1150.0 Q0

NOMBER OF ENGINES = 1.
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khkRkk Ik kkkkh® UZIGHT ESTIMATE *¥dkkkkkkkhkkhky

EMFTY WEIGHT ESTIMATE (L28S) = 5200.020
GRCSS WEIGHT ESTIMATE (L3S) = 8698,500
ROTOR = 692.373 TAIL = 115.746
80DY = 1172.667 LANDING GEAR = 130.377
NACELLE = 104.301 ENSINE = 648.650
DRIVE = 683.406 FUEL TANKS = 291.€32
FLIGHT CONTROLS = 352.269 AUX POWER = 0.0
INSTRUMENTS = 83.111 HYDAULICS = 43.0u2
ELECTRICAL = 361.321 AVIONICS = 237.671
FURNISHINGS = 398.491 ICE aND AIR = 71.97
LOAD AND HANDLING = 84.500
REVISEL EMPTY WEIGHT = 5471.719
PERSONYEL & CARGO = 2600.000 FUEL = 1388.3090
YOUR GFOSS WEIGHT = 9459.719

INITIAL AND FEVISED EMPTY WEIGHT VARY BY MORE TYHAN 2%
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C. CARGO HELICOITER

1. Input¢

SCREEN DISPLAY

ta)
=4
=]
o
2]

WHAT TYPE OF HEL ICOPTER ARE YOU DESIGNING?
1 OBSERVATION

2 UTILITY

3 CARGO
ENTZ2R 1,2 or 3.7? 3
ENTER INITIAL EMETY WEIGHT ESTIMATE (LES)? 7700
ENTER BLADE PLANFORM AREA(SQ FT)? 127.3
EZENTER NUMBER CREW + PASSENGERS? 18
ENTER TOTAL WEIGHT OF PERSONNEL (LBS)? 3600
ENTER TOTAL WEIGET OF BAGSAGE/CARGO (LBS)? 200
ENTER FUEL CAPACITY (LBS)? 1750
TNTER SHAYT POWEFR (HP)? 1535
ENTER NUMBER OF ENGINES (1 Ok 2 )? 1

ARZ YOU DESIGNING A TANDEM HELICOPTER? 1 YES, 0 NO 0

2. Outpu*

The cutput will be located on your "A 4disk" under £ile nans
"air Listing",

“ Ehakk Rk dhkrkkkk TNITIAL INDUT *kksxkkkkrikkkikE

INITIAL EMPTY WEIGHT ESTIMATE (LBS) = 7700.000
BLADE PLANFORM AREA (SQ PT) = 127.300

NJMBER CRE4 + PASSENGERS = 18.

TOTAL WEIGHT OF PERSONNEL = 36 00.20)

TOTAL WEIGHT OF BAGGAGE/CARGO = 200.000

FUEL CAPACITY (IBS) 1750.000

SHAFT POWER (HP) 1535.000

NUMBER OF ENGINES = 1. ‘




-------

.
'.'; kkx kR dkkhraks FBIGHT ZSTIMATE **skskakkkkkhks
.
% A TANDEM HELICOPTZR IS NOT 3ZING DESIGNED
3
EMFTY WEIGHT ESTIMATE (LBS) = 7700.000
GRCSS WEIGHT R2STIMATE (LBS) = 13935.105
3 ROTOR = 1404.482 TAIL = 265.979
= BODY = 1007.335 LANDING GRAR = 457.458
1
- NACELLE = 117.375 ENGIVE = 1744, 850
- DRIVE = 1135.124 FUEL TANKS = 337 99
2 FLIGHT CONTROLS =  394.532 AUX POWER = 139.000
: INSTRUMENTS = 113.221 HYDAULICS = 34.833
&
g ELECTRICAL = 358.581 AVIONICS = 319.190
N FURNISHINGS = 452,399 ICZ AND AIR = 76.399
N LOAD AND HANDLING = 79.324
3 REVISEZC EMPTY WEIGHT = 9435, 922
- FZRSONNEL S CARGO = 3800.000 FUSL = 1750.000
2 YOUR GFOSS WEISHT =  13985.922
i INITIAL AND FEVISED EMPTY WEIGHT VARY 3Y MORE THAN 2%
:
;
)
3
M
LY

e
)
~
‘-
*
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