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V.1l WEIGHTS

There are several subroutines in GASP that ars used to determine
the component weights of the aircraft configuration. These can be grouped
into the propulsion related components and the airframe components. The
airframe group also includes subroutines that deal with dceign load conditions,
aircraft balanc., &nd tail sizing. Pigure V.l.l lists the weight related
subroutines. i

Thare are several options available for determining propulsion related
weights and the options depend on whether it is a turbine Or internal combustion
type of engine. All turbine engines' weights are determined in subroutine
ENGWGT. Internal combustion type engine weights may be determined from
trend equations in ENGWGT or from a more detailed formulation as found in
HOPWS2 and RCWSZ subroutines. Propeller weight may be determined by ENGWGT
or the weight methodology of Hamilton-Standard which is contained in subrou-
tine WAIT. If a known propulsion system is being studied, the component
weights of the propulsion system may be input directly.

The weight of each aircraft structural component is estimated by a
regression analysis equation derived from similar aircraft, and a large
number of parameters is used to describe the aircraft. These include linear
dimensions, dimensionless i»aramete:s such as aspect ratio and fineness ratio,
and cargo data such as number of passengers. Their use is based on the
assumption that aircraft component weights tend to be in proportion to certain
of its dimensions. The tail sizing subroutine is an option which develcps
horizontal and vertical tail dimensions which satisfy specified stability and
control criteria.

V=1



PROPULSION:
ENGWGT (160)

HOPWSZ

RCWSZ
WAIT

CONTROLS AND COMPUTES ENGINE WEIGHT
COMPUTATIONS

HORIZONTAL OPPOSED PISTON ENGINE WEIGHT
AND SIZE

ROTARY COMBUSTION ENGINE WEIGHT AND SIZE
PROPELLER WEIGHT

AIRFRAME :
WGHT (510)
DLOAD
TAIL

STRUCTURAL WEIGHT AND WING POSITIONING
DESIGN LOAD FACTORS

i TAIL SIZING FOR LONGITUDINAL AND DIREC-
TIONAL STABILITY

FIGURE V.1.1 WEIGHT SUBROUTINES
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V.l.1 Propulsion System Weights
V.1.1.1 Subroutine ENGWGT

This 160 card subroutine is concerned with the weight of the propulsion
system, and some 30 input parameters are used to calculate any of about 20
output quantities. The steps followed depend strongly upon the type of engine
and propeller being used, and frequently the weights are expressed as statis-
tical functions of other parameters of the aircraft. .

The call integers of the subroutine are NTYEX and NTYPX which correspond

to engine and propellex types as follows:

1, 2, 3, 11, 12, 13: reciprocating engines
4, 14: crotating combustion engines

NTYEX =
S5, 6: turboshaft and turboprop engines

7: turbcjet or turbofan engine (v.1l.l)
1, 11: fixed-pitch propeller
2, 12: constant speed propellex

NTYPX = 4, 14: constant speed, full-feathering, deice

\ 3, 13: constant speed, full-feathering propeller
< propeller
S, 15: constant speed, full feathering, reverse
deice propellexr

6, 16: Q-fan propulsor (v.1.2)

The subroutine's generality is possible only because of the large number of
inner paths depending on these two integers, and it is not feasible to descrile
in detail the flow of logic for every pair NTYEX and NTYPX.

V-1
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The integexrs NTYEX = 11 to 14 provide the option to use subzroutines
HOPWSZ and RCWSZ to develop parametric values of weight and size of horizontally
opposed piaton engines or rotary combustion type of engines. Similarly, values
of NTYPX greater than 10 utilize subroutine WAIT through a call to ENGINE to
return values of propeller weights. Otherwise, the flow of logic is parallel
for arbitrary values of the call integers.

Following the initial zero specification of component weights, the
subroutine defines a value for sea level static engine specific weight. 1f
this has not been input, it is computed by

1.5(0 + .15 K ) ’ NTYEX » 1, 2, 3

SPCHG
142K NTYEX = 4
S¥ss © .5 | NTYEX = S, 6
.13 NTYEX = 7 (v.1.3)

This parameter has units of 1lb per HP except for the turbojet or turbofan
engines, NTYEX = 7, in which case the units are 1lb per 1b of thrust. The
same parameter is returned by subroutines HOPWSZ (NTYEX = 11, 12, 13) and
RCWSZ (NTYEX = 14), or is equal to .5 (NTYEX = 15, 16).

In terms of this parameter, the engine weight is

WENG = s"sns HPMSLS (v.1.4)
or

WENG = SWSLS FNSLS (Vv.1.5)
where

"Pusns = maximum sea level static horsepower

ENSLS = gea level static thrust

V=1
4




The nacelle weight is then developed as the product of two parameters
wuﬁc L] NAC ANAC (V.1.6)

UH&AC = nacelle weight per uhte surface area,
1b per sq ft

ANAC = total nr.elle area, sq ft

In this equation Uuhac is an input parameter and ANAC is computed internally
(KNAC = 0, 1) or input (KNAC = 2).
Next, if the number of engines is two or more (ENP ¥ 1), the pylon weight

is expressed as

.736
wPYLON o 'PYL(WENG + wm) (V.1.7)
vhere
FPYL = input scale factor
and WENG' "NAc are obtained from equations (V.l.4) or (V.1.5) and (V.1.6).

For propeller types NTYP = 1 to 6, the propeller weight is given by

numerically complex functions of propeller diameter mimber of

Dprop’
blades BL' propeller blade activity factor AF' engine speed RPM and horse-

power HPMSLS' and cruise Mach number EMCRU' These input parameters are usecd
to define numerical values for the constants XK\, XCoo Fy, Pz,----. Fg. For
NTYP = 1 to 5, the propeller weight is then estimated by the function
2 _.7 .75 15 _.12 _.5
wFAN = S!(1 Fl Fz F3 F4 FS PG + )(Cw {(v.1.8)
and for NTYP = 6, the fan weight is similarly written as
1.85 _.7 _.6 _.5 .12 .5 .
wFAN - xn Fl Fz 1’3 P4 Fs 26 (v.1.9)

V-1
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and the shroud weight is estimated by

2
"enr = *X2 Pprop (V.1.10)
vhere XK, is a numerical factor and D,.., is propeller diameter, ft.

Torque is computed by its definition in terms of horsepower and RPM,

TORQUE = 550 “’usxs"z' 1 *r®M/60.) (v.1.11)

Prom this value the gear box weight is estimated by

.84
WTGB - XK3 TORQUE (v.1.12)

wvhere xx3 = ,085, unless input as nonzero. 1If the Hamilton-Standard option is
specified, subroutine ENGINE returns values for the weight parameters which
are computed in subroutine WAIT.

For turbojet or turbofan engines, NTYE = 7, and the engine weight
parameters are very simply given between statements 500 and 600 in terms of

input parameters, i.e.,

FNSLS = "“sx.s SFNSIS (v.1.13)
"ENG - SWSLS mSLS (V.1.14)

nacelle weight,

Wm - UwNAC (11 D; XLQDE), (Vv.1.15)
pylon weight,
P W . ).736
PYL " ENG NAC
wPYLON- 0 (if single engine configuration) {(v.1.16)
\'A



vhere input parameters are

“‘sns = gea level static airflow

sg"sns = gea level static specific thr.st

swsns = gea level static engine specific weighe

FNSLS = gea level static thrust

UWNAC = pnacelle weight per unit area

?P,h = factor for pylon weight

The remaining statements of the subroutine are concerned only with print

statements for several values of NTYE and NTVP.

V.1l.1.2 Subroutine HOPWSZ

This subroutine deals with numerical weight and size of horizontally
opposed piston engines. The input to the subroutine is descriptive information
as to engine geometry of which the following are the most important:

SKWGT = engine weight calibration factor (nominally 1)

SKWDTH = engine width calibration factor (naminally 1)

RWH

ratio of engine width to height (nominally 1.3)

HPMSLS = maximum sea level standard horsepower of engine

NCYL number of engine cylinders where 4 ¢ NCYL ¢ 8.

HPQAB = ratio of rated horsepower to piston bore area, hp per sq in
Several numerical scale factors are defined as functions of NCYL and other
input parameters, after which the principal output quantities are found as

SWSLS = gpecific weight (sea level standard) lb per hp

ANAC = nacelle surface area, sq ft

V-1
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XIN = length of nacelle, ft = 1.2 * length of engins (XL)
WN = width of nacelle = 1.08 * width of engine (W)
HN = height of nacelle = 1,2 * height of engine (H)

Using these definitiors the engine specific weight is given by

1800. ) (34=..
PSTSPD’ 'BMEP’

SWSLS = SKWGT * SWN ( {v.1.17)

vwhere SWN is found by a table look-up. The variable PSTSPD, piston speed,
is computed from

PSTSPD = 33000. * HPQAB/BMEP (v.1.18)

Engine width, W, is given by

W = SKWDTH * (k * HPMSLS + 30.0) (v.1.19)

.0167; NCYL = 4
k= .0125 NCYL = 6

.0106 NCYL = 8 (V.1.20)

for unsupercharged engines the engine width to length ratio, RWL, is computed
from
RWL = B - .09 * RWH (v.1.21)

where depending on engine type

1.31 or 1.11; NCYL = 4
1.0 or 0.83; NCYL = 8 (v.1.22)
V=1



For supercharged engines

RWL = B - ,156 * RWH (V.1.21)
whexe
1.53; NCYL = 4
B ={1.40; NCYL = 6

1.3, NCYL = 8 (vV.1.24)

Engine length and height are then given by

L = W/RWL (vV.1.25)

R = W/RWH (V.1.20)

Nacelle surface area is computed from

ANAC = 0.8 * (WN + Z.70 * HN) * XIN/144. (V.1.27)

V.1l.1.3 Subroutine RCWSZ

This subroutine deals with weight and size characteristics of the rotating
combustion engine. The subroutine begins with a ﬁahulation of several input
data parameters, after which the input/output computations begin, in much the
same order as was described for the previous subroutine. Principal input

parameters are listed in the call statement as

HPMSLS = maximum sea level static horsepower
ROTN = pnumber of rotors
GR = ratio of propeller rpm to maximum engine rpm

SKWGT = engine weight calibration factor (nominally 1l.)

V=1
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SKDIAM = engine diameter calibration factor (nominally 1.)

SWSLS = specific weight, standard sea level, lb per hp

Other input quantities passed through COMMON statements, deal with the
technology date level (IDATE = 1970 or 1980), and the aboence or presence
of supercharger (KSPCHG = O or 1).

The computational results are straightforward and vary principally
with horsepower and number of rotors. Output quantities of the subroutine

are

GR = ratio of prop rpm t; engine rpm (operating condition)
SWSLS = sgpecific weight with supercharger, lb per hp
ANAC = nacelle wetted area, sq ft

XLN = nacelle length, ft.

V.1.1.4 Propeller Weights, Subroutine WAIT

Propeller weight is estimated in this 30-card subroutine as a numerical
function of seven input parameters:

NTYP = IWTCON = airplane propeller type (1 to 5)

ZMWT = Design cruise Mach number
BHP = brake horsepower

DIA = propeller diameter, ft
AFT = activity factor per blade

BLADT = number of blades

TIPSPD= tip speed, ft per sec.
Then, according to several straightforward but nonlinear functions, the output
parameters are simply:

V-1
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Wr70 = propeller weight, 1970 technology, 1b

Wr80 = propeller weight, 1980 technology, 1lb

Equations employed are

o /% far N [ wo \ /s 0022 o.s
Wy - K, (IE) (Z) (mo) (20.000) (1093) (M+1) +c,

(v.1.28)

where
WT70 or Wréo = w,r = propeller wet wci.ght. 1bs. (evcoludes spinner, de-
icing and governor)
DIA = D = propeller diameter, ft
RLADT = B = number of blades
AFT = A.F. = blade activity factor
Vrrp

N = propeller speed, rpm (take-off “70 ! V,u

BHP = SHP = shaft horsepower, HP (take-off)

p" TIPSPD)

ZMWT = M = Mach number (design condition: maximum power cruise)

2 2 0.3
D A.F. 20,000
cw s y(—lo) (B) (100 ) ( ND ) = Counterweight wt., lbs,

(V.1.23)

l\'. u, v, and y values for use in the weight equation are taken from

the table below.

V-1
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Propeller

Type
(NTYP)

Propeller types associated with above Kw, u, v, y are as follows:

1.

2.

3.

all fixed-pitch props

McCauley non-counterweighted, non-feathering, constant speed props

all Hartzell, all Hamilton-Standard small props, and feathering
McCauley

fiberglass~bladed, constant speed, counterweighted, full feathered
fiberglass-bladed, constant sveed, double-acting (non-counterweighted),

full feathered, reverse

V.1.2 Airframe Weight

The weight of the strﬁcture, flight controls, and payload components

of the aircraft are determined in subroutines WGHT (Section V.1.2.2).

Subroutine DLOAD (Section V.1.2.1) determines the minimum design speeds, and

structural load factors while subroutine 'TAIL (Section V.1.2.4) is used in

one of the stability and control options.

V-1
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V.1.2.1 Subroutine DLOAD - Design Speeds and lLoad Pactors. The

purpose of this subroutine is the computation of minimum design airspeeds
and load factors of an aircraft in accordance with Federal Aviation Regulations,
(FAR) Part 23 or 25. These speeds and load factors are used to permit
computation of structural weights by subroutine WGHT. Both maneuver load
factor and gust load factor are considered.

The primary input parameter to this subroutine is the airplane struc-

tural design category indicator CATD. defined as

0, FAR Part 23 normal category

1, FAR Part 23 utility category
CAT -

2, FAR Part 23 aerobatic category

3, FAR Part 25 transport category

If FAR Part 23 requirements are selected, wing loading (WOS) is also an
important parameter for determining the m:! nimum design airspeeds. Other input

parameters passed thirough the subroutine argument list are

vMLFSL = Estimate of structural design equivalent airspeed, mph
- f L)

o) H Lift curve slope, per rad

cBARw = wing mean a?rodynamic chord, ft.

The subroutine begins by changing the units of the estimated structural

design velocity from miles per hour to knots,

Vurrxr = Vmprsp/1t1S

V=1
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Lo

and if cnmb = 3 branches to statement 50 for transport category aircraft.
If one of the FAR Part 23 categories has been selected, the minimum design

airspeeds are determined and cheéked.

For CAED = 0 or 1, the minimum design cruise speed is

VCMIN

33. yfios WOS < 20
.* '

[33 - .055(Wos-20)) | fios Wos > 20 (V.1.30)

and for CATD = 2,

VCMIN

36 (fwos WOS ¢ 20
-
20 (v.1.31)

(36 - .0925(Wwos-20)) \f0s  wos

v

The minimum design dive speeds are also functions of the wing loading;
i.e.,

Normal Category, CATD = O3

1.4 VCMIN ’ WOs < 20

V. -
DMIN t
1.4 .OOOGZS(WOS-zO)lVCMI

g WOS2 20 (V.1.32)

Utility category, CAED - 1

1.5 VCMIN Wos < 20

=
DMIN t[l‘.S - .0()1.875(‘\'!08--20)1\1CMIN WoS 3 20 (V.1.33)

v

Aerobatic category, CATD - 2:

CMIN
[1.55 - .OOZS(WOS-ZO)IVCMIN wos > 20 (V.1.34)

v

1.55V_ ., WOS ¢ 20
DMIN

V-1
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For transport category (CA.‘PD = 3) there are no lower limits established
for the design cruise speed as for FAR Part 23 aircraft. The minimum design

dive speed for transport category aircraft is

VDMIN = 1,2 VMLFKT = 1.2 VHD (v.1.35)

The limit maneuvering load factors per the FAR's are then specified as

3.8, CATD =0
4.4, CATD -1
6.0' CATD - 2
2.5, CATD = 3 (v.1.36)

The gust load is evaluated at the altitude at which maximm operating equivalent
airspeed (VMO) is equal to the speed for maximuer operating Mach number (MMU)

80 long as the altitude falls in the band
O¢h < 20,000 feet (SIGMA > .53281) (V.1.37)
~

For a non-transport category aircraft (CATD ¥ 3) this limit is 12,500 feet
(SIGMA > .6820).

The gust load factor is calculated for a 50 ft/sec gust at VCMIN and
a 25 ft/sec gust at VDMIN, and the most critical condition selected for thcu

gust load condition.

] = ' v.1l.38
S p max (GLFC GLFO)D { )

where the design cruise speed and design dive speed load factors are

GLPC =1+ 50 GLPK CLALPH VCMIN/(498. WOS) (v.1.39)
GLFD =14+ 25 GLFK CLALPH VDMIN/(49B. WOs) (v.1.40)
v-1
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In thaese equations,

GLFK = .88 UG/(S.S + UG) (v.1.41)

where the airplane mass ratio is defined as

UG = 2, WOS/(.OOZ37.SIGHA¢CBARN CLALP“O32.2) (v.1.42)

The closing computation deals with the ultimate load factor, which is
simply 50 per cent greater than the most critical of the maneuver or gust

load factor

1.5 EMLF ’ GLF < EMLF

1.5 GLP ' GLF 2 EMLF (V.1.43)

UDF -

V.l.2.2 Subroutine WGHT. This subroutine is used to compute the weiyht

of the structural and flight controls components of the aircraft using the
geometry established by subroutine SIZE. It is also possible to size tip
tanks if the wing volume is inadequate for carrying the available fuel. An
additional option provides for relocating the wing on the fuselage and
resizing the horizontal tail to provide a given level of longitudinal stability.
The weights of aircraft structural and flight controls components are
estimated using nonlinear statistical weight equations, and the inncr loop
is used to compute fuel weight, which may require the consideration of wing
tip tanks, as shown in Figure V.1.2. A secondary loop involves the resizing
of the engines, and the third major loop requires that the aircraft center
of gravity location satisfy certain stability conditions. This may mean that
the tail moment arm must be changed which requires that the inner loop be

recomputed.

v-1
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Input
Gross Weigit
Payload
Geometry
Design Speeds

ompute Weignts

Engine
Tail -
Wing
Other

Compute Fuel Wt.

ing
Fuel Weight
Converge

Size Tip Tanks

‘Tip
N ~Tank Fuel
Converge

Change
Wing Fuel
Weight

Resize
Tip Tanks

N

Resize
Enginces

Y

AR
Engines b 4 Recompute
Resized? Drag

N

Balance Aircraft:
[Recompute Tail Are:

N ////’?;il

Areas Con-
verge?

Component Weights
Fuel
Loads

4 Wing locat;gn

Figure ¥.1,2 simplified Flov Chart for Subroutine WGHT
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The complexity of the problem is increased by the fact that wing weight
depends on fuel weight, and because changes may require the consideration of
wing tip tanks, as shown in Figure V.1.2. A secondary loup .involves the
resizing of the engines, and the third major loop (IF LCWING ¥ 0) requires

that the aircraft center of gravity location satisfy certain stability

conditions, This may mean that the tail momenc arm must be changed which
requires that the inner loop be recomputed.

The complexity of \he problem is further increased Sy the fact that wing
weight depends on fuel weight, and because changes in the wing tip tanks
may require the engyines to be resized. This nonlinear dependence of the
aircraft parameters also shows in the balance option, for which a change in
tail area and moment arm also varies the weights of both wing,tails and fucl.

As suggested by Figure V.1.2 the following four headings will be discussed

here:

1. Component weights,

2. Fuel weight,

3. Tip tank weight, and

4. Center of gravity

The subroutine begins by defining a number of numerical parameters,
including fuel density FUELD and quarter chord sweep angles of wing and tail

surfaces. The lift curve slope of the wing is

CoaLen ® 1 *AaR/(1. + 1 N'C;C‘z) (V.1.44)

where c1 ’nd c2 are functions of quarter chord sweep, aspsct ratio, and

cruise Mach number);

V=1
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2
Cl = [AR/ (2. GOI(RLMC‘))j (V.1.45)
2

The subroutine DLOAD is then called, which returns values for the last

six call arguments

v

minimum design dive speed, kts

ultimate 1lnad factor, g's

ULF

GLP gust load factor, g's
EMLF = maneuver load factor, g's
VMO

= maximum allowable operating airspeed, kts

maximum allowable operating Mach number

EMMO

The input quantities to DLOAD are the first five arguments, which are

maximum velocity VMLPSL' wing loadin¢ wos

. and wing mac, CBARW

., FAR structural design category

CATD. 1ift curve slope C , from COMMON/SIZE/.

LALPH

V.l1.2.2.1 Fixed Equipment Weight. Unless input in namelist INGASP

as WFEX, the weight of fixed equipment is estimated in pounds as

2

WFE = 61.75 * SEATS - 352.5 * SEATS + 533. (v.1.47)

where :

SEATS = PAX + 1 (V.1.48)
and PAX is the number of passengers carried by the-aircraft. This trend is
applicable for two-seat trainer configurations through 8 to 10 place busincss
type aixcra‘t. Figure V.1.3 shows the items that are considered a part of

the fixed equipment as well as the breakdown for some current aircraft.

Program modified Feb. 1980 replacing equation

V-1 y.1.47. 1f WFEX not input WFE and WFUL (next

18  gection, pg. V-1-20) are computed by new sub-
routine WFIXEU. Figures V.1l.3 and V.1l.4 are

still useful guidelines.



M

61
T-A

‘ AIRCRAFT
Cessna | Piper ] Cessna ] Cessna ' Gulfstream
150 Arrow 210 340 Citation Learijet DHC-6 1

345.5

Auxilary Propulsion Unit

211.7

Instrument & Navigation

Hydraulic and Pneumatic 236.7

1073.7

Electrical

607.1

Avionics

1981.9

Furnishings

497.2

Air Condi‘’ioning

Anti-Ice 284.2

6.0

Auxilary Items

Paint

1779.5 5249.9

1840.0

FIGURE V.1.3 WEIGHT OF FIXED EQUIPMENT



V.1l.2.2.2 Pixed Uzeful Load. The weight of fixed useful load, WFUL,
must be input in namelist INGASP. PFigure V.1.4 shows the items that are
usually considered a part of this category as well as the breakdown for some
current aircraft.

V.1.2.2.3 Payload Weight. The program is set up to determine the
range capability of the configurat.on for three payloads. The three conditions
are known as the maximum payload, maximum fuel, and the design payload. These
are outlined in the following paragraphs.

The maximum payload is determined from the number of passengers (PAX)
and unit weight of passenger and luggage (uwpax’ as input in namelist INGASP;
i.e.,

Wpr = Mp

L AX PAX (v.1.49)

where UWPAX = 200 pounds is the typical default value.
The maximum fuel case payload is determined by the total fuel volume
capacity of the configuration, constrained by the gross weight or usablc

fuel volume of the aircraft. The mathematical representation is

WPL - Nb - WOE - wFMAX (V.1.50)

where W_. = design gross weight, 1lb

G
WOE = aircraft or r-ating weight empty, lbs.
WFMAX = maximum fuel weight, lbs.
) ¢4 wPL is negative, the payload would be set to zero and WPMAX reduced to

stay below the gross weight limit.

The last case is the design payload case. The design payload weight is

input as W

PLX in namelist INGASP. If no value is input, then the maximum

V=]
20



1z
T-A

AIRCRAFT

o
Crew & Crew Baggage 200.0
Trapped/Unusable Liquids -
Engine 0.1 11.3
Passenger Service Items -
Optional Equipment ‘ -

Piper
Axrrow

200.0

15.0

30.9

Cessna

210

200.0

6.0

Cessna

340

200.0

41.0

49.0

247.0

Citation

340.0

109.9

37.0

155.3

Learzet

385.0
1s52.0
15.0

10.0

35.0

54.0

229.0

213.0

145.0

Total (WFUL) 211.3 245.9 228.5 537.C €52.2 542.0 489.0 907.0

FIGURE V.1.4 WEIGHT OF FIXED USEFUL LOAD



payload case previously described bacomes the design condition.
V.1.2.2.4 Propulsion System Installation. Following statement 3,

the propulsion system weights are accounted for as

WEP = primary engine weight = "BNG ENP (V.1.51)
"PRDP = propulsor weight = EN, wPRopl (V.1.52)
was = primary engine section structural weight

(wNAC + wPYLON) ENP (V.1.53)
"PEI = primary engine installation weight = sxPEI wEP (v.1.54)
"PSTAR- cxs wsp + CK, wPEI + wPROP (V.1.55)

vhere Weng’  WPROP) ¢ wNAC' wPYLON have been determined by subroutine ENGWGT
or input. SKPEI is input in namelist INGASP to account for engine installution
hardware. It may be input as zero if it has been accounted for elsewhcerc.

CKS and CK7 are gset to 1.0 internally.

I1f the engine section weight W S does not have a value at this point,

PE
it will be determined by

W (V.1.56)

pES = SXpes Yep

where SKPES is input as .338, typically.
v.1.2.2.5 Landing Gear. For the normal tricycle gear geometry, the
total landing gear weight including the running gear (wheels, tires, brakes,
etc.), structure (shock struts, drag struts, support structure, etc.),
and controls (retraction, steering, systems, etc.) is expressed as a perccntage

of the design gross weight where
wLG = (SKLG)wG (V.1.57)

V-1
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where WLG = total weight ¢f the landing gear

SL_ = landing gear
16 gross weight

(v.1.58)

wG = design gross weight

The percentage will vary between 0.015 and 0.080 depending on the complexity
and design loads of the system. Conventional landing gear with retracting
systems, operating on improved runways, normally run between 0.025 and 0.0 :’.
STOL~type systems operating on rough runways require longer and larger
alighting gear components to accomodate the aircraft's higher rotational
angle and sink speeds required to operate at the shorter field lengths.

SKLG for the STOL aircraft will normally vary between 0.035 and 0.08. The
main gear usually weighs about 80 per cent of the total gear weight. The
SK term in the weight expression above is the value that is input in
namelist INGASP or a default value of 0.0318 is used. The weight fraction
of the main gear is determined by inputting SKMG or using the default valuc
of 0.80.

Figures V.1.5 to V.1.7 are included as a guide in selecting SKLG' It
includes the total gear weight as a fraction of the gross weight for a
sampling of military, commercial, and general aviation aircraft.

V.1.2.2.6 Empennage Weight. Various geometric parameters for the
vertical and horizontal tail then follow. The tangent of the leading edge

sweep angle of the vertical tail is

1-SLMV
(1-0-SLMV)ARV,r

where SLMv = taper ratio of vertical tail

TSWVLE = + tan(swPQc,) (V.1.59)

ARVT = agpect ratio of vertical tail

SWPQCV = quarter chord sweep of vertical tail

23



Aircraft

Bede 5J
Cessna 150
Cessna Y72
Piper Arrow
Cessna 182
Cessna 210
Cessna 340
Nemad 22¢

i Citation
DHC=-6~-330%

Merlin 1V

Learjet 24

Fregate

Gulfstream

Jetstar 1

Gross Weight

(1b.)

1,000
1,600
2,300
2,600
2,800
3,800
5,975
8,000
11,650
12,500
12,500
13,500
23,810
35,100

40,921

Total
Gear Weight
(1b.)

41

114

117

98

134

182

268

400

425

606

623

429

1,081

Fraction of
Gross Weight
(3K )

LG
0.041
0.07125
0.05087
0.0377
0.0478
0.0479
0.0448
0.05
0.0365
0.0485
0.0498
0.0318
0.0467

0.0352

0.0264

FIGURE V.1.5 GENERAL AVIATION LANDING GEAR WEIGHTS

*STOL-type aircraft

V-1
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Aircraft

F=-27

VFW614
Convair 440
F-28
737-200
DC-9-32
727-100
Convair 880
pDC-8-62
707-320
DC-10-10

747

FIGURE V.1.6 COMMERCIAL LANDING GEAR WEIGHTS

Gross Weight
(1b.)

35,700
44,000
49,100
65,000
100,000
108,000
161,000
184,500
335,000
336,000
430,000

775,000

Pu R, e e AR TP RSN e e A Wi

V-1
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Total

Gear Weight

(1b.)

1,884
1,620
2,158
2,649
4,038
4,182
7,211
6,933
11,449
12,982

18,581

32,220

Fraction of
Gross Weight

(SKLG)

0.0528
0.0368
0.0439
0.0407
0.0404
0.0387
0.0448
0.03758
0.03417
0.0386
0.0432

0.0416




Aircraft

DHC=-4#
Breguet 941°*
DHC=-5*
C-123B
c-118
C-130B*
C-130E"
C-124C
C-133A

C-141A

C-5A

Gross Weight
(1b.)

28,500
46,000

41,000

54,000

107,000
135,000
155,000
185,000
275,000
316,000

728,000

Total

Gear Weight
(1b.)

1,398
2,626
1,800
2,331
3,895
4,824
5,077
11,700
10,635

10,529

37,628

Fraction of
Gross Weight
(SK_ )

LG
0.049
0.0571
0.0439
0.0432
0.0364
0.0357
0.0327
0.0632
0.0387
0.0333

0.0517

FIGURE V.1.7 MILITARY AIRCRAFT LANDING GEAR WEIGHTS

*STOL~-type aircraft
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The vertical tail root chord and horizontal tail root chord is then expressed

as a function of area, span, and taper ratio,

CRCLVT

2 SVT/(BVT(I + SLMV)I (V.1.60)
CRCLH'I' 2 SHT/[BHTu + smﬂ)l

where

B,. = span of vertical tail

(/2]
®

the planform area of vertical tail

BHT = span of horizontal tail

SHT = the planform area of horizontal tail
similar expressions follow for the chordwise distance from root chord

leading edge to mean aerodynamic chord leading edge, , and for the

vaAC
distance from aircraft nose to wing center of gravity, which is shown as

ELWING in Figure v.1.8

The weights of the horizontal and vertical tails are determined from

the weight trend equations developed in Reference 1, and presented bclow.

Horizontal Tail

0.54
wHT 350 (k) (V.l.61)

Fyy Syp 109( VDyry) (V.1.62)

where }
| o0 ELT TC t:R‘ L
H HT

HT
and F =10%Ww SK B _ SK. (L+ 2 x SLM )/(L+ SLM ) (V.1.63
H 6 SXy Byp SKpp x SLM.)/(2 " .1.63)
Vertical Tail
W = 380 (K) 0.54 (V.1.64)
+
where | _ (Fy * Sy Fi/?) Sy 109 (VD ) (V.1.65)
100 ELT, TC_ CRCL

V-1
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FIGURE V.1.8- Wing-Vertical Tail Geometry
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-6
rv- .5 x 10 wGsxz (31,48) Bw (1+zxs%)/(1+s%)

vhere the following symbols have been used:

S __ = horizontal tail planform area, sq. ft.

HT
SVT
VDM

= vertical tail planform area, sq. ft.

mw" dive velocity, knots

(V.1.66)

(] = location of horizontal tail on vertical tail (fraction of

AH
vertical tail span from root of vertical tail)

ELTH = horizontal tail moment arm, ft.

ELT, = vertical tail moment arm, ft.

a

horizontal tail root thickness ratio

3

vertical tail root thickness ratio
CRCL . = horizontal tail root chord, ft.
CRCLVT = vertical tail root chord, ft.

FH and FV = tail load parameters

wG = design gross weight, lbs.

BHT = horizontal tail span, ft.

BVT = vertical tail span, ft.

B = wing span, ft.

ELF = fuselage length,. ft.

SLMH = horizontal tail taper ratio

SLMV = vertical tail taper ratio

SKY = horizontal tail weight trend factor (See Figure V.l1.9)
Sl(,rL = horizontal tail weight penalty factor (nominally = 1.0)

SKz = vertical tail weight trend factor (See Figure V.1.10)

V-1
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The trends consider the tail loads which are a functioa of the gross
weight, span, gadii of gyration, and point of load application. The
”SAH“ ternm in the vertical tail equation accounts for T- tail configur-
ations. Figures V.1.9 and V.1.10 present the aircraft used to develop
the trends. The term "sxTL" is in namelist INGASP and has a default
value of 1.0, It is inclvded to provide a means for psnalizing the weight
of the horizontal tail when additional design loads, such as carrier
landings, are a consideration. SKTL would then have a value between 1.1
and 1.2 depending on the magnitude of the design loads.

The terms "SKY“ and “sz“ are the weight trend factors for the
horizontal and vertical tails respectively, as defined in reference 1.
These items are related to the pitch radius of gyration for the
horizontal tail and the yaw radius of gyration for the vertical tail.
Figures V.1l.1ll and V.1.12 show the definition of these terms in relation
to the radii of gyration as shown in the VASCOMP program, Reference 1.
This relationship is based on the regression analysis presented in
Reference 2. Since this analysis mainly contained a large airplane data
base some smaller airplanes were analyzed using these weight trend
equations. Figure V.1.13 shows the resulting SKy and SKz terms for these

smaller airplanes.

V.1.2.2.7 Wing Weight

The wing structural weight trend equation is based on a semi~-
empirical relationship developed from the approech outlined in Reference

3 and a regression analysis of the 18 aircraft showa in Figure V.1l.14.

V-1
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PITCH RADIUS OF GYRATION,

A

1- 707' DC'6B. DC'J’ 404' ETC., S - 0017

2- 8-26' B-29' 8-47' 8-52' BTC., S

= 0.16

1, TRANSPORTS
k. = SK
Y S y ELF

1 2. BOMBERS

= SK
ky SyELF

h— S— S—— —

1 1 1

LEGEND:

F

10

—

W = GROSS WEIGHT, POUNDS
EL_ = FUSELAGE LENGTH, FEET

]
. MASS MOMENT OF INERTIA=EK “

20 30 40 50 60 80 100

FUSELAGE LENGTH -~ FEET

FIGURE V.l.11l - PADIUS OF GYRATION, PITCH.
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Cessna 150

Bede 5J
Arrow
Cessna 210
Cessna 340
Citation
Learjet
DHC~-¢

Gulfstream I

FIGURE V.1.13 FACTORS COMPUTED FOR SMALLER AIRCRAFT
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lo0.

11.

12,

13.

14.

15.

16.

Aircraft
Bede 5
Cessna 150*
Cessna 172¢

Piper Arrow

Cessna 182*
Cessna 210
Cessna 340
CITATION
DHC-6*
Merlin 1V
Learjet 24
Fregate
Gulfstream I
F-27

Jetstar I
F-28
737-200

DC-9-32

*STRUT-BRACED WINGS

1000

1600

2300

2600

2800

3ano

5975

11650

12500

12500

13500

23810

35100

35700

40921

65000

100000

108000

185

268

420

277

232

600

€10

754

543

822

Actual Total § Predicted Total § Actual Weight

Wing Weight
lbs,

544
1019
1212
1316
1175
2749
3643
4265
2954

7135

Wing Weight
1bs.

80.42

199.88

246,34

275.70

281.98

395.87

530.59

1064.61

1480.17

1249.80

1151.22

1981.87

4162.57

4121.93

3914.50

7027.85

10332.96

11409.55

FIGURE V.1.14 WING WEIGHT DATA

V-1
36

of High l.att
Davicoearr i,

lo.:

17.4

15.0

16.1

22.1%

17.°2

85.6

134.13

100

170

320

472

516

**includes trailing edge and loading edge device:s




The method outlined in Reference 3 is based on a generalized
expression for the material required to resist the root bending moment
due to wing lift in a specified flight condition. The method does not
include estimating the weight of the high-lift devices (secec subroutine
FLAPS) but does account for type of wing, wing relief factors, and
landing gear location. The resulting trend equation is of the following

form.

1.049

10-5 .4
W = SKw S%0 SXgpos SXgear Foo B (1 + sn,) Wy

.4 1.535 (V.1.67)
TCR CSWCZ

LDEV

where
waw = wing weight trend factor in namelist INGASP

(default = 133.4) (V.1.68)
SKNo = correction factor for the non-optimum material
=1-25/VB/cs (V.1.69)
SKBPOS = engine position faCtOf from Reference 3
= 1.0 propeller aircraft with no wing-mounted engines
= 0,98 propeller aircraft with 2 wing-mounted engines
= 0,95 propeller aircraft with 4 wing-mounted engines
or high-s?bsonic jet aircraft with 2 wing-mounted engines
= 0,90 high-subsonic jet aircraft with 4 wing-mounted
engines
= 1.05 high-subsonic jet aircraft with no wing-mounted
engines
SK = landing gear location factor from Reference 3

GEAR

= 1,0 for wing-mounted landing gear (V.1.70)

0.95 for landing gear not mounted on wing

v-1l
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. 4 = wing loading parameter

8 159
- [sxs'm Upp (wc- . w").)] (v.1.71)

SKSTR = reduction in bending moment factor for street braced

wing from Reference 3
2
= 1 - (STRUT) (vV.1.72)
STRUT = ratio of spanwise location of wing strut to wing

semi-span (equals O for cantilever wing)

ULF = ultimate design load factor, g's

wG = design gross weight, lbs,

wwl = wing weight, lbs

B = wing span, ft.

SLM = wing taper ratio

'x‘cR = wing root thickness ratio

Cswcz = cosine of wing half-chord sweeps angle
wHLDEV = weight of wing high-lift devices, 1lbs.

(computed in subroutine FLAPS)
Figure V.1.14 compares the predicted and actual wing weights for the
18 aircraft used in the regression analysis to determine the default valuc
of Swa and the exponents on span, taper ratio, thickness, and sweep

angle terms.

V.1.2.2.8 Fuselage Weight

The weight of the fuselage structure is determined from the weight

trend equation developed in Reference 1 and presented below.

0.508
WB - SKB (k) + wBOOM (Vv.1.73)
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vhere

LEGEND ;

SKy -

Wy -
Se -
Sup -
Elgpe =
ELy, =
VOurin  ~
DEL, =
U g -
“Boow T
sk, =
Ly, =
XAR,, =
We -
The above

L)

.7 .
-4 -3
k = (10 "x) (10 SP) Sur (m‘wc + m‘m) log (VD!

.2 .3 (v.1.74)
(DELP +1 ) ULF

1073 SKpy Elgy \/XAR{M— We (V.1.75)

fuselage weight trend factor in namelist INGASP

(default = 136)
weight of fuselage and contents (includes empennage), lbs.
wetted area of fuselage, ft.2
fuselage width, ft.
length of fuselage, ft.
length of pylon for fuselage mounted engines, ft.
dive speed, kts
limit differential cabin pressure, psi
ultimate load factor
weight of fuselage ta’l boom, lbs. (KCONFG = 1)
tail boom weight trend factor in namelist INGASP
length of tail boom, ft.
cross-sectional area of tail boom, ft.

aircraft design gross weight, lbs.

trend equation was developed using a number df commercial,

military, and cargo aircraft. Figure V.1.15 indicates the relative body

weight variation between these different families of aircraft. A mecan

line with an Sl(B value of 124 is shown to represent the average of all

the aircraft shown in Figure V.1.15. Also shown is a body adjustment
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factor "a" which corrects the 124 constant in accordance with the specific
family being considered. The revised constant, 124 "a", is the SKB term
to be input in namelist INGASP. The limit differential cabin pressure
(DBLP) is input also in INGASP or the program calculates the appropriate
value to provide an 8000 ft. cabin altitude at the design cruise altitude.
Since the analysis of Reference 1 mainly contained a large airplane data
base some smaller airplanes were analyzed using the weight trend equation
above. Figure V.1.16 shows the resulting SKB for these smaller airplanes.

V.1.2.2.9 Flight Controls Group Weights

The weight of the total flight controls group is estimated first and
then the weight of the cockpit controls component. The difference betwcen
these two weights is considered the fixed wing surface control portion of
the flight controls.

The weight of the total flight controls group is estimated from the
following trend equation which is based on a number of military and

cammercial aircraft.

.317 -3 .602 .525
) SKFW sw (10 ™ w.)) (v, .)

.345
scx s LF ©prv

) (v.1.76)

where
wScx = weight of total flight controls group, lbs.

SKFW = flight contxols'weight trend factor in namelist INGASP

(default = 0.404)

Sw = wing planform area, ft.2

wG » aircraft design gross weight, 1lbs.

ULF = design ultimate load factor, g's

QDIV = dynamic pressure at design dive speed, 1bs./tt.2
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Aircraft

Pressurized

Cessna 150
Bede 5J
Arrow
Cessna 210
Cessna 340
Citation
Learjet
DHC-6

Gulfstream I

No

No

No

No

Yes

Yes

Yes

No

Yes

130.0
160.0
128.0
161.5
101.0

87.0
136.0
128.5

128.5
ﬁ

FIGURE V.1.16

CCMPUTED FUSELAGE WEIGHT FACTORS
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The cockpit controls weight is estimated as the following function

of gross weight

.41

W__ = SK (10'3wG) (v.1.77)

CcC cC

where Sch = cockpit controls weight trend factor in namelist INGASP

(default = 11.0)

The fixed wing surface controls portion is then the difference

we =W - W . (v.1.78)

FW SCX CC
Figure V.1.17 indicates some typical values of erw and SKcc for a
selected number of small airplanes.

The sum of the aircraft flight control component weights is

wFC = CK15 "cc + CK18 "CFW + Cl(19 WSAS + DELWFC (v.1.79)
where
WSAS = SKSAS = weight of stability augmentation system input in

namelist INGASP (default = 0.), lbs.
DELWFC = jncremental flight controls weight, 1lbs., (this may
be input in namelist INGASP)
and where the constants CKI are currently the value of unity. If the
flight controls weight trends are to be by-passed the user can input
SKFW' SKCC, SKSAS as zero apd input the total flight controls weight as

DELWFC.

V.1.2.2.10 Optional Structural Weight Computation Bypass

If the structural weight trends are to be by-passed the user can
input Swa, sxy, SKz, SKB' SKLG' SKPES as zero and input the total

structural weight as DELWST.
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Aircraft

Cessna 150
Bede 5J

| Arrow
Cessna 210
Cessna 340
Citation

Learjet

DHC-6

Gulfstream 1

FIGURE V.1.17 COMPUTED FLIGNT CONTROLS WEIGHT FACTORS
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where
DELMST = incremental structural weight, lbs. (this may be input

in namelist INGASP)

Vv.l.2.2.11 PFuel System and Fuel Weight

The fuel system weight depends on the amount of fuel available (WFADES)
for the design payload condition of the airplane. The design payload is
input as WPLX in namelist INGASP and is identified as WPLDES in subroutinc
WGHT. If no value is input than WPLDES is a function of the number of
passengers (PAX) and their unit weight (UMPAX).

The weight of the fuel system is basically a percentage of the fuel

volume at the design payload condition as expressed by

"Fss = cxzl (6.687/FUELD) SKPS WFADES (v.1.80)

Since the design fuel load is determined by subtracting the component

weights and payload from the gross weight, the design fuel load is

expressed as

Yeapes = o ~ ¥psrar T st~ "rc T “re ~ “Fur ~ “erops’/?  (V-1-8D)
where

D= 1+ CK,, SKgg 6.687/FUEL, (V.1.82)

wFUL = fixed useful load weight

FUELD = fuel density in 1lb, per gal, (program sets it to 6.687 for

jet fuel and 6.0 for gasoline)

CK21 = weight multiplication factor for fuel system, currently sct
to 1.0 in program
SKFS = ,0195, default value of weight coefficient for fuel system
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The value of s‘rs will vary depending on the capacity, type, and
complexity of the system required. Por commercial aircraft having simple
fuel systems in the wing, the value for ssz would range between 0.02 and
0.07; for aircraft requiring self-sealing tanks with more complax systems,
the value would range between 0.10 and 0.15. Pigure V.1.18 contains the
valus of SKFS for some general aviation aircraft.

The total propulsion weight is then computed as

* : [ ]
Wo ® Wosrar * Yrss (v.1.83)

where the first term har 'n defined in Eq. (V.1.55) and the second is
the weight of the fue &\ puiy system from equatién V.1.80.
In addition to the design fuel load, two other fuel loading conditions
are calculated for determining the payload-range calculations performed
in XRANGE. One is the minimum fuel condition (WFAMIN) and the other

the maximum fuel case (WFAMAX).

“eamin ~ Y6~ "pstar ~ Ysr T Yrc T Wre T YruL T Ypss
- wPLMAx (v.1.84)
The wFAMAx is equal to either WFADBS or the fuel available for filling

all the available volume without exceeding the gross weight.

The next group of statements deal with determining the available wing

.

fuel volume and weight. The wing tank fuel volume is found in cu. ft. as

1.5
.8889 SK . TC S, '~ (2.e5L, + 1) (v.1.85)

VAR (s, + 1)

Fyow ©

where TC is the average wing thickness to chord ratio, calculated on the

previous line. swa is a factor that relates wing volume avajlable for
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Aircraft

Bede 5J .050

CE 150 .119

Piper Azrow .138

CE 210 .0394
CE 340 .0415
CE Citation .052

Twin Otter .060

Leaxjet .020

Gulfstream I

FIGURE V.1.18 CALCULATED FUEL SYSTEM WEIGHT COEFFICIENTS

V=1
47



fuel to total theoretical wing volume., If sxur is input as zero than no
fuel will be carried in the wing. PFor completely wet wings war is on
the order of .43 to .45. Figure V.1.19 shows the value of K. for some
general aviation aircraft. The default value of sxwr is .43.

The logic between statements 38 and 60 sets up an iteration to
converge on a ving weight since fuel weight can be considered as a relief
load factor.

V.1.2.3 Tip Tank Sizing and Weight

After the wing weight iteration has converged, and if the maximum

available fuel is more than the wing fuel capacity ("PADBS > "FWMX

tip-tank sizing calculations will start if that option has been selected

), the

(KTIP = 1). The tip~tank calculations determine the size of two tip
tanks containing the <cxcess fuel.

The tip tanks are simulated as prolate spheriods having a major
axis, AXIS' and minor axis, BXIS
satisfy the constraints shown in V.1.20. The tip-tank sizing starts by

. The dimensions of these &axes must

sizing a tank based on the minimum tank length and growing the length by
increments of .25 ft.until all the extra fuel is accomodated or the
maximum allowable tank size is reached. Constraints are put on tank
length, diameter, and fineness ratio (L/D). The sii constraints are
illustrated in Figure V.1.21, in which the length, diameter and volume
vary as indicated. For R1 > Ll/D2 and R2 < L2/D1. (as shown), two of the
extreme corners of the rectangle cannot be used. Notice that the locus of

fixed tank volume may not contact any of the four limiting values of

length or dii..ter (locus V*),
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Bede 5J

CE 150
Arrow

CE 340
Twin Otter
Learjet

Gulfstream 1

.43

0.0762

0.07e3

0.114

0.

0.43

0.3822

wet wing

only uses portion of available voulume
only uses portion of available volume
majority of fuel carried in tip tanks
Fuselage fuel tanks

wet wing plus tip tanks

wet wing

FIGURE V.1.19 CALCULATED WING FUEL VOLUME COEFFICIENTS
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The tip tank volume in cu.ft. is determined from the tip tank fuel

requirement WPTP and the fuel density, FUELD.

- L] '
VFTP WFTP/ (7.4805 FUELD) (v.1.87)

The wing root chord is derived from the mean chord (CBARw) and the taper

ratio (SLH) as

CHy --% cBaR/ [1 + sy, - sL./ (1 + sL)] (v.1.88)
and the tip chord ise
CH, = SL, CH (V.1.89)

Limiting values for tip tank dimensions are defined, in texms of which the

minimum and maximuin values of tank volume are given by

2
VFTPMN - SKFT {1.046) AxMIN BxMIN (V.1.90)
and
VFTPMX - SKFT {1.046) AxMAx BXMAX (v.1.91)

In these expressions for volume of a prolate spheroid, the numerical
factor is 2. (7/6.) to account for both tanks, and the factor SKFT is
input at .979 to account for volume of the tank that is not structure.
The tank diameter needed for minimum length is found, if the volume

exceeds the minimmum volume, as by inverting the volume equation; i.e.,

. 1/2
Byys = (956 Vpop/ (X o * SK.) ] (v.1.92)

If this is within bounds, contrel is transferred to statement 30, where
succeeding calculations include an equation for total surface area of the

tip tanks. For two prolate spheroid tanks, the total area is found as
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2 -1
Sppp = 0 [Bypg + Ayyg Bygs 8in - (By 00 /e, 0]

-2. M Ay BXyrn/4-

(V.1.93)

vhere

E,.. »[1- (B

2q1/2
XIS ) ]

XIS/Axxs (v.1.94)

EXIS is the eccentricity of the ellipse of revolution. The last term in
equation V.1.93 approximates the area of the wing tip as that of an
ellipse with axes AxMIN and anxn' and it is subtracted because it is not
part of the wetted area of the tip tank.

The empty weight of the tanks is proportional to the surface area

w'rxp = s:gﬂ? STIP (V.1.95)

where SKWTP = 1.89 is input as the weight in 1lb. per sq. ft. of the tank.

The total weight of tip tank structure and fuel is
W, =W + W (V.1.96)

and the remaining equations in this portion of the program are concerned
with the iterative tip tank parameters contained between statements
numbered 5 and 80.

Vv.1.3 Aircraft Balance

During the task of concept formulation and aircraft definition,
aircraft balance can be a major concern. Th'‘s problem does not stand by
itself. It reaches into other aspects of aircraft design such as stability,
control, performance, structure weight, engine location, payload require-
ments, and cost. Two balance options are currently provided for in GASP.
The first (LCWING = 1) is a simplified method and the second (LCWING = 2)

goes into more detail stability, control, and loading requirements.
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V.1.3.1 Simplified Balance Option

The simplified method is based on the following conditions:

(a) Horizontal tail volume coefficient is specified and held
constant; i.e., the horizontal tail area varies inversely
to the tail 1length.

(b) First-order values for wing-plus-body aerodynamic center,
horizontal tail contribution, and static margin must be
known.

{(c) The airplane shall be balanced with its center of gravity on
a certain point on the wing mean aerodynamic chord.

Following the tip tank calculations, the program deals with the

relocation of the wing if the balance option flag is IC = 1 or 2.

WING

This portion begins with the computation of remaining weight, wREMN' the
sum of fuselage, payload, fixed equipment and controls weights. This is

found by subtracting many component weights from the gross weight, or

Weemn = Y% T e T "vr T "% T Ybstar T Yw T “pre T Yrre (V.1.97)

= Yoes ~ Yoo ~ K21 ¥pss T Mg

This is followed by a sequence of geometrically derivable quanti-
ties, related to wing, horizontal tail and vertical tail. For the wing,

these include the wing centerline chorxd,

CR, = 2 S/ [B (1 +s0)] (v.1.98)

the tangent of the leading edge sweep angle,

Towpre = TAN (RLM_) + (1 - sL)/ [AR (1 + sp)]) (V.1.99)
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the mean aerodynamic chord,

Xyae ® B * Toupre (1 *+ 25L,)7 [6. (1 + sp))] (V.1.100)

and the distance from the aircraft nose to the wing centerline quarter chord,

Elogw ™ B¢ = “Ropvr * Yuae ~ Blgy ~ Xuac
(v.1.101)

+ .25 [cBAR - cBAR + CR, ]
where SLM is the wing taper ratio, and where the various distances in
V.1.101 are shown in Figure V.1.22. The root cho;h and mean aerodynamic
chord are also developed for the vertical and horizontal tail surfaces,

using analcgous equations and symbols. Following these are expressions

for the tip chord, which duplicates the equation found in Eq. (V.1.89)
3
CHy = 3 sL CBAR/ [1 + s - sL/ (1 +sL)) (v.1.102)

and for the distance from the aircraft nose to the half chord of the

wingtip. This latter distance is given the name

ELTIP - ELcaw - .2SCRCLw + xMAC + .ZSCBARw (V.1.103)

If the wing tip tanks are centered here, their trailing edge occurs at the

distance
ELTIPE = ELTIP + .5 AXIS' (v.1.104)
aft of the nose. The wing tip trailing edge is located at
t ‘ . ° -
Eliomx = Elogw * .5 * B * TAN (RLMC4) + .75 C (V.1.105)

and if EL, .o < EL pux’ 35 occurs for a swept-back wing, the centers of

PMX
the tip tanks are located 1/2 tank length ahead of the tip trailing edge.
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The following computations deal with *he moment arms from aircraft

nose to the estimated center of gravity of vertical and horizontal tails,

- bt } + . . «d s
BLCGV ELC4W ZSCRCLW xMRC + ZSCBARW + ELTV + OBCBARVT (v.1.1006)

BLogy = Elogy = Xymac = +25 (CBAR,, = CRCL,) + Xpuae

+ .25 (CBARHT - CRCLHT) + BLINC + SAH BVT tan (SWPQCV) (v.1.107)

where the last term in Eq. V.1.106 assumes the c.g. of the vertical tail is
at 88 aft of the mac 1/4 chord point for vertical tail. The other undefincd

quantities in this equation are

SAH = vertical location of horizontal tail on vertical tail,

0 sa € 1.
— “—
BVT = gpan of vertical tail
ELINC = aft displacement of horizontal tail root chord leading edge

relative to vertical tail root chord leading edge
The program follows with equations for the spanwise locations of the

mean aerodynamic chord of the wing,

Yo =B (1 +2sn)/[6 1 +spp)] (v.1.108)

and a similar expression for the horizontal tail mac location, where SLM

is the taper ratio of the wing.

For the simplified option (IC = 1) the program now passes to

WING

statement 100 where the aircraft center of gravity location aft of the

nose is then expressed as,
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Bl = [Blppor Mpstar * Wpes' * CBAR, (CPupoy = SThpay)

(W, + W, & XW . +CK, W, ) +E (pre * Ypre!
Wt gy t Mg 21 "rss Letp Mrzp * Ypre (vV.1.109)

+ + +
Blogn "ur * Bloov "o * Elremn ¥remy * Yaoow

(Ely = -SELyyy) ]/ (WG = Wy = Wy = Mg = CXp) Wpgg)

In terms of this distance, the wing center of gravity is the follow-

ing distance aft of the nose,

EL"ING - ELCG + camaw (CPMRGN - s'rm“) (V.1.110)

where
CPMRGN = ,10, location of wing CG in relation to the guarter cord

of the wing mac
STMRGN = 0., location of aircraft CG in relation to the quarter
cord of the wing mac

The distance from nose to the quarter chord of the wing mac is

ELCP = ELCG - STMRGN CBARw (v.l.111)

This equation (Statement 102) is also the point in the program where
control returns after the more detail balance option. The next dozen
equations are related to parameters which are descriptive of the horizontal
and vertical tail. These include the moment arms for both tail surfaces,

and these equations can be derived from study of Figure Vv.1.23.

- - v + + . [ 3
ELTV ELF ELWING CRCLVT vaAC 25 CBI\.RV,r (v.1.112)

+ CPypgy CBAR,
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zgru - BATV - XVhAc - .25 (CBIRVT + CRCLVT - CBARHT) (v.1.113)

+ ngAC + BLINC + SAH BVT tan (SWPQCV)

The areas of the horizontal and vertical tail surfaces are then re-

calculated

Sup = VBAR, S CBAR /EL (Vv.1.114)
Syp = VBAR, S, B/EL, (V.1.115)

where the parameters VBARH and VBARV are dimensionless tail volume co-
efficients. Other geometric calculations are concerned with span, root
chord and mean aerodynamic chord of both tail surfaces; using straight-
forward geometric equations which have already been discussed.

The criterion for convergence in the tail sizing is that the dif-
ference in successive horizontal tail areas be less than .4 sq.ft.
Otherwise, coritrol returns to statement 4, where the tail sizing loop
begins.

At statement 108, the cruise altitude, Mach number and weight are
redefined, and subroutine CTAER is called to get the drag of the resized

configuration. The aircraft center of gravity locaion on the wing mac is

GCGMAC - [ELCG - EL, *+ .25 cauw]/ CBAR, (v.1.116)

Following a number of written statements regarding geometrical paramcters,
the subroutine then computes:
(a) leading edge sweep angles of wing, horizontal tail and vertical

tail, in degrees, SWP + SWH ¢ SWV '

LED LED LED
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(b) tip choxds of horizontal and vertical tails c“ru’ Cﬂrvo
after which 28 more geometrical parameters are printed.
The operating weight empty is determined as the sum of the weights
of the propulsion group, flight controls, structures, fixed equipment and
fixed useful load is then given by

’ L] .
°wz - wp wrc + WST + "PB + WFUL (v.1.117)

and if the sum of this and the maximum available fuel weight exceeds the

gross weight Hb. the maximum available fuel weight is redefined as

WFAMAX - Hb - OwE (v.1.118)
Now, if I . >0, or Kpgp = O OF Nl = 2, the program returns.
These flags correspond to no tip tanks being added or engine resized, in
which case the drag and engine size do not require recomputation. Other-
wise, the subroutines CTAER, ENGSZ and ENGWT are called prior to the

second iteration of the loop beginning with the minimum wing fuel weight.

V.1.3.2 Detail Balance Option

The detail balance option tries to position the wing so that the c.g.
travel from loading considerations falling within the allowable c.g.
range from stability and control considerations. The logic for this
option is as follows:

(1) The wing is 1n1t1;11y positioned based on input or default

tail volume coefficients and forward and aft stability limits
are assumed.

(2) Based on c.g. limits the most forward and aft c.g. positions

from a loading standpoint as well as the c.g. travel are

determined. The loading rules are summarized later.
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(3) Re-position wing so that c.g. at most forward loading condition
(ELCGF) falls at forward c.g. stability and control limit
(PCGLIM) . Compute tail moment arms.

(4) Call subroutine TAIL with c.g. travel required to compute new

tail areas and volumes and new stability and control limits.

(5) Compare tail size as in simplified balance option, if not

within allowable tolerance repeat process starting at (1)
above.

The group of statements in WGHT starting at the comment "COMPUTE
MOST FWD AND AFT LOAD CONDITIONS" through statement 100 deal with the
computation of the extreme center of gravity locations due to most for-
ward and aft load conditions. These conditions are based on the loading
rules summarized in the following sections Vv.1.3.3 to Vv.1.3.3.7.

FCGLIM refers to the forward c.g. limit and ACGLIM is the aft c.g.
limit from stability and control considerations.

The forward and aft loading conditions are specified in terms of
the extreme values of center of gravity, expressed as a percent of mac.

The forward c.g. location, in ft., is

FCGLIM - ELWING - (CPMRGN + .25 - xCGWD) CBARw (Vv.1.119)
and the aft location ACGLIM'iB of identical form, where the parameters
xCGFWD and xccmmﬂ,are given as percent mac. The center of gravity for

the operating weight empty condition is

CGOWE = EMOWE/OWE (v.1.120)

where the two factors are defined in terms of specified weights and
moment arms for major aircraft components. The number of passengers,

N . and the number of rows of seats, N

PAX , are then found under the

ROW
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sssumption that each passenger weighs the input unit weight, with baggage,

in terms of the number of seats abreast, sas

The loop 81 is concerned with the moment produced by rows of passon-

gers, measured relative tn the nose of the aircraft. Thus, the moment

arm is, for row numb:r I,

where the last three terms measure from the aircraft nose to the front of
the .- senger coﬁpa:cmentt i.e.,

ELODN = fineness ratio of fuselage nose

H“ = height of fuselage nose, ft.
EL = length of pilot's compartment, ft.
p = lengthwise distance between seats, in.
This permits the computation of passenger-induced moment as tie sum,

EMPAXT - EMPAXT + sAB (170) ELRDW (I) (Vv.1.122)

The more complex loop 88 is intended to develop the moment caused

by several component weights when the c.g. is at the most aft (I 1),

LIMIT

the most forward (I = 2) and the design location (1 3). The

LIMIT LIMIT

loop is called three times, corresponding to these c.g. positions, and

the computations are complex chiefly because of the number of component
weights which can vary on the aircraft.

The first third of the loop is devoted to computation of total weight
and moment of the passengers, the moment being measured relative to the

nose of the ajrcraft. These are denoted by W

( ) and EMPAX

PAXD ILIMIT D

(1 ), respectively, and are found by straightforward means, being

LIMIT
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proportional to number of seats abreast, SAB and to unit weight of

passengers, UWPAx .

Following this segqment, the baggage weight and moment arm are found

as W (

BAG ) and EL in terms of payload, passenger weight and

ILIMIT BACS

proportion of fuselage length, ELP’ The fuel weight anc. center of
gravity are then found in terms of wing geometry and known limits of
center of gravity location. Tip tanks are included in this computaticn,

which ends w'*h an expression for

Xpueo Tramrr’ = Yruen ~ Yrrep Trmmrr) T Yrwp Crommrr’ (v.1.123)
where ILIMIT = 1 or 2, and
Xeuero 3 = W5~ O~ ¥paxp ) - Wgag (3) = Wpp )
(V.1.124)
- waPD (3)

These weights must be positive, and they contribute to fuel weight,

W = W (

FUEL FWD ) + W

FTPD (1

I ) (V.1.125)

I 1mir it * *puero Crrmir

and hence to the limit weight,

wT (ILIMIT) = 0WE + wFUEL + WPLD (V.1.126)

where

0WE = operating empty aircraft weight, 1lb.

wFWD (ILIMIT) = wing fuel weight, 1lb.

WETPD (ILIMIT)' tip tank fuel weight, 1lb.

wPLD = weight of payload, 1b.

If the limit weight exceeds W

G’ baggage weight is redefined as
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Wore Trmmer’ = Yaae Cromrr) - Y Cpnae’ * ¥ (v.1.127)
and
W o) = %

Finally, the center of gravity is located the following distance aft,

(9¢ ) = EM

ELCGD LIMIT /M, (1 ) (Vv.1.128)

L (ILIMIT) T LIMIT
where the divisor is in Eq. V.1.126, and where the moment is the sum of

five terms,

- Y + )
B, e’ © BMowe * Blsing [ Yewp Tramir’ * *ruewo

e’ 1 * Boaxp Tommre’ * Elangs ¥aac (V.1.12

) + EL

TIP wFTPD !

( (

ILIMIT ILIMIT

These terms correspond respectively to operating empty weight, wing fuel
weight, passenger weight, baggage weight and tip tank fuel weight, for

the three loading conditions, =1, 2 or 3.

ILIMIT
A large number of parameters are printed, following which c¢.g. moment

arms and wing 1/4 chord locations are calculated as ELWING' EL__, ELC and

Cp G

GCGMAC' in terms of CPMRGN' xCGFWD' CBARw and related terms.

A call is next made to .subroutine TAIL, which is described in
section Vv.1l.4, to determine tail size for the required c.g. travel,
DELXCG.

V.1.3.3 Most Forward Load Condition

1, Pilot
2. All seats forward of FCGLIM are £i'‘s? by passengers each

weighing 170 1lbs.
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3. 1If baggage lies forward of FCGLIM, all baggage is loaded,
otherwise none (baggage load defined below)
4. All fuel tanks forward of FCGLIM .-« €ull

5. If fuel forward of FCGLIM is less than minimum fuel (see below),

add fuel to next most forward fuel tank until minimum €uel load

is reached

V.1.3.4 Most Aft Load Condition

1, Pilot

2. All seats aft of ACGLIM are filled by passengers each weighing
170 1bs.

3. 1If baggage lies aft o ACGLIM, all baggage is loaded, otherwise
none

4. All fuel tanks aft of ACGLIM are full

5. 1f fuel aft of ACGLIM is less than minimum fuel, add fuel to

next most aft fuel tanks until minimum fuel load is reached

V.1.3.5 Design Load Condition

1. Prilot

2. Number of passengers is largest whole number contained in
WPL/200. Passengers are loaded in forward seats

3. Baggage is WPL minus number of passengers x 170

4. Design fuel load contained in wing, tip tanks (if any), and

fuselage tanks (if any)

v.1.3.6 Minimum Fuel for Weight and Balance* Condition

1. piston engine aircraft: Minimum fuel (lbs) = maximum installed horsepower
2

*Min fuel for wt. and balance is not necessarily the same as minimum fucl
for flight. See FAA Advisory Circular AC65-9, p. 50-51.
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2. Turbine Aircraft: Specified by Manufacturer (no general rule)

The program currently assumes 20% of wing

fuel tank capacity

V.1.3.7 Maximum Baggage Condition

1. Maximum baggage is assumed to be same as design load baggage

(see above). Baggage is located by input variable RELB

V.l.4 Stability and Control (TAIL)

Subroutine TAIL is a computerized methcdology used to determine the
critical longitudinal and lateral stabilicy and contiol requirements
governing horizontal and vertical tail sizes of aircraft from two place
trainers to business jets.

The procedures which were developed reflect the requirements of the
Federal Aviation Regulations (FAR) and accepted engineering design
practices. The tail sizing procedures account for the following:

Horizontal

(a) Meeting a specified static margin in relation to neutral static

stability (de/dCL = 0)

(b) The ability to rotate the aircraft to takeoff
rotation speed

(c) The ability to obtain the maximum 1ift coefficient of the
aircraft in the landing configuration in gro.nd effect.

Vertical

(a) Static directional stability requigements (weathercock
stability)

(b) Minimum control speed requirements for twin-engine aricraft.
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67

- PRI — e - . ST e e o o % e ag Tapy Pt s At =



To best understand the computations in this subroutine is to first
review the output from the subroutine which summarizes the important
tail sizing parameters. Figure V.1.24 is an example of this output.

The first three lines of print are the parameters that depand on .he
particular flight condition for horizontal tail sizing. These are
cruise, nose-wheel 1liftoff, and landing flare. The parameters are wing
angle of attack (ALPHA), wing lift curve slope (WING CLA), tail lift
curve slope (TAIL CLA), tail efficiency factor (TAilL EFF), downwash
angle at tail (DOWNWASH), wing lift coefficient (WING CL), and moment
derivatives (DCM) or moments (CM) for the fuselage, nacelle, flap and
power effects. The next four lines of print deal with the elevator
characteristics and effectiveness as identified on the output. The next
five lines display the critical c.g. limits and the horizontal tail sizes
required for the different criterion. The neutral point, aft and forward
c.g. limits, and various tail sizes are determined in TAIL. The other
items have been input or determined in WGHT. The last three lines of
print are the vertical tail sizing requirements and the required vertical
tail area. )

Initially the subroutine contains about 60 COMMON and DATA statements
that transfer data and store data for table interpolations. The last
data statement is important.in that it makes the assumption that the
aerodynamic center of the wing with flaps up (XAC) and flaps extended
(XACF) is at the quarter chord. The next statement sets up a function
statement for calculating the lift curve slops¢ of the wing or tail

knowing the aspect ratio, sweep, and Mach number. This is the same

method that is used in subroutine CLIFT.
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V.1l.4.1 Horizontal Tail Sizing

After some initialization statements a number of parameters arxe
determined for the cruise condition. These are the cruise lift
coefficient (CLCR), cruise angle of attack (ALFC) and lift curve slope

(CLALCR) from CLIFT, and for propeller aircraft the thrust coefficient,

THRUST
CTCR - 2 32 (v.1.,131)

1.4 Po EM DPROP

where Po is static pressure and D is propeller diameter. Next, is a

PROP
cruise value for tail efficiency,

ETA.. = [.9+ .15, ] [1. +8. /3. 14159] (v.1.132)

where SAH = pogsition of horizontal tail on vertical tail.

The next portion of TAIL deals with conditions at nose~wheel liftoff
for a speed 85 percent of the stall speed in takeoff configuration. For
propeller aircraft this includes the thrust coefficient and tail
efficiency calculations as in the preceding cruise portion.

The next section determines the "mininum control speed" and correspond-
ing thrust used in the vertical tail sizing of multi-engined aircraft.

The “minimum control speed” is an input fraction of the stall speed in

the takeoff configuration; °

VMC = RVMCS VSOGE (v.1.133)

The corresponding thrust, as returned by ENGINE, is used in calcu-

lating the thrust with one engine failed

FNMC = THRUST (ENP - 1.) (V.1.134)
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and for propsller aircraft, this is used in defining the thrust coefficient,

CTHC' and tail efficiency, ETAMC, on the next lines.

If the configuration utilizes turbojet/turtofan engines, the next
section computes the tail efficiency factors for the four flight conditions
as a function of the horizontal tail position, SAH.

The position of the main gsar from the aircraft center of gravity

is determined

xG b (cxh - GCGMAC) CBARw (V.1.135)
where xG = distance of main gear from aircraft c.g., ft.

an = location of gear on mac, fractaion of mac

GCGMAC = aircraft c.g. location on mac, fraction of mac

The following statements deal with determining stability factors for the

fuselage, , and the nacelle, Q

NAC

QFUS . Or, QN, depending on whether the

nacelle is on the wing or fuselage. The nacelle factors are vnly
determined for multi-engine aircraft.
For the fuselage and wing mounted nacelles, Q

FUS
is the position of the wing root 1/4 chord on

and QNAC are determined

from Figure V.1l.25 where x4R

the fuselage and X RN is the position of the wing root 1/4 chord on the

4

nacelle. These are determihed by

Xep = [ Elogy * (S,p/2-) TAN (DLM_ )] / ELg (V.1.136)
Xgey = L[ELg = <75 CR, = TSW oawz.] /EL (V.1.137)
where  CR. . = Cp.. [1.- (. -snp W, ./ (8/2.)] (V.1.138)

’
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YNACR - YP B/2 - DBARN/Z. {v.1.39)

CRCLW = wing chord at wing centerline, ft.

SLM = wing taper ratio

SWF = fuselage width, ft.

BLN = nacelle length, ft.
DBARN = nacelle diameter, ft.

TszB = the tangent of the wing trailing edge sweep

If the nacelles are located on the fuselage the stability factor,
QN' is determined from Figure V.1.26 as a function of nacelle fineness
ratio.

The next parameter datermined in TAIL is the downwash gradient at
the horizontal tail. This is identified as DEDAw'and is based on an
empirical method of estimating the downwash gradient behind straight-

tapered wings given in DATCOM.

cL
DEDAW = ——trci AEMCRU

19
ddafr 27
- [ Fan

r 1.
SIM HT LAM ] (V.1.140)

The factors F__, F , F

ar’ Fsim’ Fur’ PLAM are wing aspect ratio, wing taper ratio,

horizontal-tail-location, and wing sweep factors, respectively, determined

from

FoR ™ l1./AR - 1./ (1. + AR1'7) (v.1.141)
Fom ™ (10. - 3sLM)/7. (V.1.142)
F_ = (1. - H/B)/ (2 EL_/B)Y/3 (V.1.143)
HT T ru/ ode
- 1/2
Foam = COS (DLMC4) (V.1.144)
v-1
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whexe AR, S__., DLMc‘ and B are wing aspect ratio, taper ratio, 1/4 chord

IM
sweep, and span, respectively, HT is the height of the tail relative to
the wing chord plane and ELTH is the distance between the 1/4 chord of
the wing mac. and the 1/4 chord of the tail mac. The ratio of the wing
lift-curve slopes of cruise Mach nunber and zero Mach number,

C CLAO) approximates the Mach number effect on the downwash.

LAEMCR
Fuselage and nacelle stability contributions, dcm/dCL. are determined
in the next few program statements. They are functions of geometry and

the factors QPUS' Q and QN' which were previously determined. DCMPUS

NAC
and DCMNAC are the fuselage and nacelle contributions at cruise.
DCMFST and DCMNCT are the fuselage and nacelle contributions at nose-
wheel liftoff. DCMFSL and DCMNCL are the respective contributions at
landing conditions. The fuselage and nacelle pitching moments are then
computed for the liftoff and landing condition. CMFUST and CMFUSL being
the fuselage pitching moments and CMNACT and CMNACL the nacelle pitching
moments.

The next items of importance are the hinge-moment coefficients and
the elevator power and effectiveness. The two hinge-moment coefficients

are, C , the "floating tendency", and, C ,» the "restoring

HALF3 HDEL3
tendency". They are computed in terms of section parameters CHALF and
CHDEL from Figure V.1.27 in the following equations
“uarr3 = Cuark Cracrr”’Cravro (V.1.145)
CHDELS - CHDEL + TAUH (CHALFs - CHALF) (V.1.146)

whege CLALFT = 1ift curve slope of horizontal tail
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CLALEO ® 1ift curve slope of horizontal tail with

infinite aspect ratio

TAUH = glevator effectiveness

The next few lines are concerned with downwash angles at touchdown,

BGL' and at nose wheel liftoff, EGT'

attack at these times; ALWGL and ALwGT' The stall velocity V

which are proportional to angle of

staLy 2%
liftoff is then found in ft. per sec., and the dynamic pressure at this

airspeed is Qus' Subroutine Cu returns the lift coefficient CL

FT
and the lift for nose-wheel liftoff is calculated (FL).

wl

FL = C (Vv.1.147)

LLO QUE SW

The moment coefficient at nose-wheel liftoff due to power effects is

computed in the following lines. This has the form,

2
(o} = C ’ DPROP TP E (propeller aircraft) (Vv.1.148)
MPTO TNWLO S, Cpopu NP
and c - F T C.. / (W.C....) (turbojet/turbofan) (V.1.14m
MPTO NNWLO "P ~LLO G BARW

for propeller and turbojet aircraft, raspectively. 1In these equations,

the terms CTNWLO and FNNWLO are proportional to engine thrust at take-off,

as were computed earlier in the subroutine.

Horizontal tail size calculations are initiated following the comment
card “"CALCULATION OF THE HORIZONTAL TAIL SIZE". The tail volume
coefficients and tail areas are determined for the three horizontal
sizing criterion. The volume coefficients are functions of previously

determined stability derivatives and geometric parameters. V and SST
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are the volume coefficient and tail area to satisfy static stability

and trim criteria. )S‘o is the neutral point and xccm and xccm the
allowable ¢c.g. travel limits. VG and STO are the volume coefficient and
tail area to meet nose-wheel liftoff criterion. va and s.rx are for the
stability and liftoff criteria. The most critical of the three criterion
is determined next and the required horizontal tail area, span, and

moment arm are computed as

SHT =y * Sw CBAR"/BLH. (V.1.150)
BHT = SORT (ARHT sHT) (v.1.151)
ELTH - ELH + (xCGAFT - .25) CBARW (v.1.152)

Vv.1.4.2 Verticzl Tail Sizing

The vertical tail is sized to meet a directional stability require-
ment and in the case of multi-engine aircraft the "engine out" control
requirement. Basically, the specifications for single-engine airplanes

state that the directional stability criterion, dcn, should be negative
av

(stable)for any anticipated speed greater than 1.2 times the stalling
speed. In addition, the yaying moment control, usually the rudder, must
be powerful enough to counteract the yawing moments encountered in various
aspects of flight operations such as cross-wind takeoffs or landings.
These requirements apply also to multi-engine airplanes, with the
additional requirement that the rudder must be powerful enough to regain
and maintain straight flight with one engine inoperative at a minimum

speed not greater than 1.2 times the stalling speed. The minimum specd at
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which engine-out control can be maintained iw known as the "minimum
control speed”, vﬁc' and the requirement that it be less than 1.2 times
the stall speed is the major design factor in determining the vertical
tail and rudder size. Thus, in preliminary design calculations for the
vertical tail, we are faced with a directional stability problem for
lignt sincle-engine airplanes, and a directional control problem for
multi-engine airplanes.

The vertical tail sizing computations beqin at the comment "VERTICAL
TAIL SIZING" in subroutine TAIL. The contribution of the various air-
nraft components, wing, fuselage, power, et.:., to the directional
stability of the aircraft are the first calculations.

The wing contribution to directional stability is in many cases

negligible. The small contribution of the swept wing is estimated by

CNP = - 0.00006 DLM 1/2

WNG c4 (v.1.153)

The fuselage contribution to directional stability is CNPFUS' which

is a function of several parameters, as indicated in Figure V.1.28. The
tail cone and nose cone approximations “o the fuselage geometry are used

to derive the equation for projected fuselage side area, SS. and the

fuselage contribution to the directional stability derivative is

_ 1/2
CNP (.96 QB/57.3) (Ss/Sw) (ELF/B) (DFl/DF2)

FUS (V.1.154)

1/3
(D o/Dpy)

where QB is determined from Figure V.1.29, and DFL and DF are fuselage

2
diameters at the quarter and three-quarter body length points,
respectively.
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The wing-fuselage interference stability increment, which is

computed next, depends on the wing location, "wxuc’

DLlcNp = 0,0002 HWING (V.1.15%)

where HWING = 1 for High wing
= 0 for Low wing

The next directional stability parameter computed is the one
accounting for power effects. This is identified as CNPP and is set to

zero for turbojet/turbofan configurations (NT = 7). For propeller

YE
aircraft the first item computed is the longitudinal distance from

propeller disc to center of mass, which is denoted by EL This term

pn

is equal to EL G for single engine aircraft, since this measures the

C

center of gravity aft of the aircraft nose. For twin engine aircraft,

it is more complex, and is given by

EL, = EL.. - (EL_, = .25C + )
P CG caw rerw * Xuac (V.1.150)

- EGMRGN * CBARw + ELN/Z.

The sideforce stability derivative caused by windmilling propellers
is implied by the number of blades, BL' and the derivative is named

DCYPDP. Similarly, the windmilling propeller's contribution to the

directional stability derivative is CNP__, a function of propeller geometry

PO
and location, and ¢f wing span and area; i.e.,

2

CNP_, ! Dorop Elp DCYP, ENP/ 4. sws) (V.1.157)
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The full-power value of this derivative is simply estimated by increasing

the windmilling value by fifty percent,

CNpp = 1.5 CNPPO (V.1.158)

The vertical tail moment arm from the aircraft center of gravity is

computed as

ELV - ELH - DEIL, (v.1.159)

TVH

where ELH is the horizontal tail moment arm from the aircraft center ui
gravity and DELTVH is the distance between the vertical and horizontal
tails aerodyramic centers.

Anotrer interference correction for directional stability calculations
is the one that arises from the sidewash or interference from the wing-
fugselage combination on the vertical tail. This is identified as DL2CNP
and is determined from Figure V.1l.30.

The lift-.irve slope of the vertical tail, CLALFV' is determined from

Figure V.1.31 and the "effective" aspect ratio, ARVTE' of the vertical tail.

The lateral distance from centerline to engine thrust line is then
calculated, for use in determining yawing moment due to engine failure.
This is denoted Y, and it is given in terms of a percent semi-span YP
or nacelle diameter DBA.RN and maximum fuselage width SWF. The yawing

moment coefficient caused by an asymmetric engine arrangement has either

of two forms, depending on the propulsion type; i.e., for propeller aircraft,

C =Y 2

NP Dpaop Come/ (-3 Sy B) (V.1.160)
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while for turbojet or turbofan aircraft,

2
CNP =Y FNHC (.5 RHOTO Sw B VMC) (v.1l.161)

The next group of calculations determine the vertical tail areas
required for the two vertical tail sizing criterion. st is the tail

area required to satisfy the directional stability, CNP__, required for

AC
the aircraft. SVT2 is the tail area required to meet the engine-out
requirement for multi-engine aircraft.
Sps - (CNPWNG + CNPFUS + CNPP + DLICNP + DLzCNP - CNPAC) st
CLA pv Ely ETAyc (V.1.162)
C S B
SVTZ NP W (V.1.163)

-
CLALFV DPMAX 'I‘I\Uv ELV E'I‘AM c

where TAUV = the vertical tail effectiveness

DRMAx = maximum rudder deflection, deg

and all other variables have been previously defined. The most
critical of the two criterion is determined if it is a multi-engine
aircrart and then the span and moment arms are computed for the vertical

tail.
BVT = SQRT (ARVT SVT) (V.1.164)

EL = E - V.1.165
™ Lv + (xCGM.,r . 25) capr ( 5)
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V.2 WEIGHT MODEL USER'S MANUAL

After the aircraft geametric characteristics have been established,
the component weights and balance characteristics are determined by
straightforward methods. These methods require the use of many descrip-
tive input parameters which are geometrical, {initial or operational in
nature, and which serve to describe the aircraft mass and its distri-
bution in certain critical operational configurations.

The subroutine WGHT, ENGWGT, DLOAD and TAIL, subroutines have
input-output quantities as defined on the followi g pages. It will be
noted that WGHT and TAIL have many more inpu'  .iput parameters than
most other subroutines, because of the relatively high level of detail
required in the weight model analysis.

Input-output quantities for subroutine WAIT are in Volume IV--

Propulsion.
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PIGURE V.2.1 SUBROUTINE DLOAD, INPUT

VARIABLE DESCRIPTION

0 to 3, aircraft category indicator

wing mean aerodynamic chord, ft.
lift curve slope, per rad
maximum sea level flight velocity, mi. per hr.

wing loading, lb. per sq. ft.



FPIGURE V.2.2 SUBROUTINE DLOAD, OUTPUT

VARIABLE DESCRIPTION

mancuver load factor, g's

maximum aliowable operating Mach number

gust load factor, y's

ultimate load factor, g's

minimum design dive speed, kts. equivalent airspeed

maximum operating velocity, kts. equivalent airspeed




FIGURE V.2.3 SUBROUTINE ENGWGT, INPUT

engine exhaust area, sq. ft.
propeller activity factor, per blade
wetted area of nacelle, sq. ft.
numbexr of propeller blades
propeller diameter, ft.

EMCRU cruise Mach number

ENP number of engines

FPYL pylon weight factor

GRATIO gear ratio

HPMSLS sea level static horsepower

KSPCHG 0 or 1 to indicate engine turbochbrging

NCYL number of cylinders

NTYEX 1l to 14 engine flag

NTYPX 1 to 16 propeller flag

RPM engine rpm
engine specific thrust at sea level
engine sizing factor

engine weight factor

weight per unit area of nacelle, 1lb. per asq. ft.

sea level static airflow

length to diameter ratio of nacelle




PIGURE V.2.4 SUBROUTINE ENGWGT, OUTPUT

VARIABLE DESCRIPTION

SWSLS engine specific weight, 1lb./1lb. thrust or 1lb./SHP
WENG engine weight, 1lb.
WNAC nacelle weight, 1lb.
WPROPI propeller weight, 1lb.
WPYLON pylon weight, 1lb.
WTGB weight of gear box, 1lb.
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FIGURE V.2.5 SUBROUTINE TAIL, INPUT

VARIABLE DESCRIPTION

ALPHLO zero lift angle of attack, deg

AR aspect ratio of wing

ARHT aspect ratio of horizontal tail

ARVT aspect ratio of vertical tail

B wing span, ft.

8L number of propeller blades

BMLOD fineness ratio of tail boom
mean aerodynamic chord of wing, ft.
maximum lift coefficient, landing configuration
maximum lift coefficient, take-off configuration
pitcliing moment due to flaps, landing configuration
pitching moment due to flaps, take~off configuration
pitching moment due to power, landing configuration
wing chord at fuselage enterline, ft.
root chord of wing, ft.
horizontal displacement of main landing gear wheel,
percent mac

DBARN mean nacelle diameter, ft.

DELXCG center of gravity range, percent mac

DEMAX maximum trailing-edge-up elevator deflaction, deg

DLMC4 sweep back of wing quarter chord, deg

DPROP propeller diameter, ft.

DRMAX maximum rudder deflection, deg




PIGURE V.2.5 SUBROUTINE TAIL INPUT (Continued)

VARIABLE § DESCRIPTION

DWPQCH l sweep of quarter chord of horizontal tail, deg

engine c.g. relative to leading edge mac, ft.
length of tail boom, ft.
distance from alircraft nose to aircraft c.g., ft.
position on fuselage centerline of wing quarter chord, ft.
length of fuselage, ft.
length to diameter ratio of fuselage nose cone
length to diameter ratio of fuselage tail cone
length of pilot compartment, ft.
distance from wing ac to horizontal tail ac, ft.
distance from wing ac to vertical tail ac, ft.
cruise Mach number

number of engines

incidence angle of tail, deg

incidence angle of wing, deg

position of aircraft c.g. in percent mac

main cabin height, ft.

cockpit windshield height, ft.

HN nose c¢one diameter, ft.

HNCRU cruise altitude, ft.
HWING wing location parameter
KCONFG type »f fuselage indicator

KNAC nacelle drag accounting indicator
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PIGURE V.2.5 SUBROUTINE TAIL INPUT (Continued)

VARIABLE DESCRIPTION

KWRITE

Lc

SAH
‘ SIM
STATIC
sw

SWF

outpu£ indicator

length of fuselage cabin, ft,

engine type indicator

fuselage~mounted engine location, fraction of fuselage
length

ratio of elevator chord to horizontal tail chord

ratio of rudder chord to vertical tail chord

ratio of minimum control speed to takeoff stall speed
horizontal tail logation on vertical tail

taper ratio of wing

static margin, fraétion mac

wing area, sq. ft.

maximum fuselage width, ft.

vertical distance c.g. to thrust line, positive downward,
ft.

coefficient of rolling friction of aircraft on dry runway
aircraft gross weight, 1lb.

wing loading, 1lb. per sq. ft.

length of‘nacelle, ft.

ratio of nac.lle length to diameter

location of wing leading edge of mac, aft from wing

centerline leading edge, ft.




FIGURE V.2.5 SUBROUTINE TAIL INPUT (Concluded)

VARIABLE DESCRIPTION

YMAC spanwise location from wing centerline chord to wing
mac chord

Yp spanwise engine locations on wing/wingspan
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VARIABLE

ALFC
ARVTE
BHT
BVT
CHALF
CHDEL
CLALPH
CMFVST

CMNACT
CNPAC

DCMCLP
ELN

EM

H

SHT
SVT

TAUV

FIGURE V.2.6 SUBROUTINE TAIL, OUTPUT

DESCRIPTION

cruise angle of attack, deg

effective aspect ratio of vertical tail

horizontal tail span, ft.

vertical tail span, ft.

section hinge moment gradient with angle-of-attack
section hinge moment gradient with deflection
aircraft 1lift curve slope, per rad

pitching moment due to fuselage, take-off configuration
pitching moment due to each nacelle, take-off
configuration

aircraft directional stability; yaw moment due to
yaw angle

stability contribution of propulsion unit

overall length of nacelle, ft.

Mach number

altitude, ft.

horizontal tail area, sq. ft.

vertical'tail area, sq. ft.

vertical tail control surface effectivenass factor
aircraft stall speed, knots

extreme aft c.g. position, percent mac

extreme forward c.g. position, percent mac
vertical displacement of c.g. above runway at nosewhecel

liftoff, ft.



FIGURE V.2.7 SUBROUTINE WGHT, INPUT

VARIABLE DESCRIPTION

wing aspect ratio

horizontal tail aspect ratio

vertical tail aspect ratio

maximum tip tank length, divided by wing tip chord
wing span, ft.

horizontal tail span, ft.

BVT vertical tail span, ft.

CATD 1 to 3, specifies structural design criteria

CBARW mean aerodynamic chord of wing, ft.

CK1l=-21 wing scale factors, nominally unity

CPMRGN distance from wing c.g. to aircraft c.g., divided by CBA:.
DELP fuselage cabin pressure differential, lb. per sq. in.
DELWFC incremental weight input to flight control system
DELWST incremental structural weight input

DLMC4 wing quarter chord sweep, deg

PWPQCH horizontal tail quarter chord sweep, deg

DWPQCV vertical tail quarter chord sweep, deg

EGMRGN location nacelle c.g. aft of mac leading edge, divided
by CBARW .

tail boom length, ft.

fuselage length, ft.

cabin length for tail boom fuselage, ft.

distance from vertical tail LE to horizontal tail LE, ft.

length to diameter ratio of nose cone

v-2
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PIGURE V.2.7 SUBROUTINE WGHT INPUT {(Ccntinued)

VARIABLE DESCRIPTION |

length of pilot's compartment, ft.

length of pylon attachment for fuselage mounted engines
cruise Mach number

maximum manuver load factor, g's

maximum operating Mach number

number of engines

maximum gust load factor, g's

altitude, ft.

cruise altitude, ft.

maximum sea level static horsepower

= (0, nacelle drag ﬁot included in aircraft drag
= 1 or 2, nacelle drag included in aircraft drag
maximum allowable tip tank fineness ratio

1 to 14; type of engine, see ENGWGT

1 to 16; type of propeller, see ENGWGT

number of passengers

location of propulsion on fuselhge, fraction of
fuselage length

location 'of c.g. of fuselage and contents, fraction
of fuselage length

seats abreast in fuselage

horizontal tail location on vertical tail

surface area of fuselage




FIGURE V.2.7 SUBROUTINE WGHT INPUT (Continued)

DEsCRIPTION

horizontal tail area, sq. ft.

weight coefficients of aircraft components

SIM taper ratio of wing

SLMH

taper ratio of horizontal tail
SLMV taper ratio of vertical tail
STMRGN ailrcraft c.g. location relative to mac quarter chord
STRUT wing strut attachment point, fraction of semispan
SVT vertical tail area, sq. ft.
SW wing area, sq. ft. .
SWF fuselage width, ft.

thickness to chord ratio, horizontal tail
thickness to chord ratio, wing root
thickness to chord ratio, wing tip
thickness to chord ratio, vertical tail
ultimate load factor, g's

weight per passenger, lb.

volume coefficient, horizontal tail
volume coefficient, vertical tail
minimum é;sign dive speed, knots EAS
maximum level flight vclocity of sea level, mph
maximum allowable operating airspeed, knots EAS

engine weight, 1lb.

weight of fuel available

V-2
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FIGURE V.2.7 SUBROUTINE WGHT INPUT (Concluded) .

VARIABLE DESCR!PTION

fixed useful load weight, 1h.
gross weight, 1b.

wing loading, lb. per sq. ft.

weight of high lift devices, lb.

nacelle weight, 1lb.

propeller weight, 1lb.

engine pylon weight, 1lb.

weight of engine gearbox

cross-sectional area of tail boom

main gear location on wing; fraction of semispan ‘

engine location on wing; fraction cf semispan

V-2
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FIGURE V.2.8 SUBROUTINE WGHT, OUTPUT

VARIABLE DESCRIPTION

AX1S length of tip tank, ft.
BHT horizontal tail span, ft.
BVT vertical tail span, ft. )
BXIS diameter of tip tank, ft.
CBARHT mac of horizontal tail, ft.
CBARVT mac of vertical tail, ft.
CLALPH aircraft 1ift curve slope, per rad
ELTH, ELTV moment arms of horizontal and vertical
EM Mach number
H altitude, ft.
OWE operating weight eﬁpty, 1b.
SHT horizontal tail area, sq. ft.
STIP wetted tip tank area, sq. ft.
SvT vertical tail arc=a, sq. ft.
UPAX weight of one passenger, lb
VFTP tip tark fuel volume, cu. ft.
VFTPMN minimum tip tank fuel volume, cu. £,
VFTPMX maximum tip tank fuel volume, cu. ft.
1) weight og aircraft, lb.
wB fuselage weight, 1lb.
WCC cockpit controls weight, lb.
WCFW fixed wing controls weight, 1b.
WEP total engine weight, 1lb.
V-2
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FIGURE V.2.8 SUBROUTINE WGHT OUPUT (Concluded)

VARIABLE

DESCRIPTION

design value of fuel weight, 1b.
maximum value of fuel weight, 1lb.
minimum value of fuel weight, 1lb,
flight control system weight, 1lb,
fixed equipment weight, 1lb.

fuel system weight, 1lb.

tip tank fuel weight, 1lb.

wing fuel weight, 1b.

horizontal tail weight, 1lb.
landing gear weight, lb.
propulsion group weight, 1lb.

primary engine installation weight, 1lb.

primary engine section weight (pylon, nacelle, etc.

payload weight, 1lb.

stability augmentation system weight, 1lb.
structure weight, 1lb.

tip tank weight, 1lb.

vertical tail weight, lb.

wing weight, 1b.

V-2
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FIGURE V.2.9 INPUT-SUBROUTINE HOPWSZ

VARIABLE DESCRIPTION

F 7\ »
AHPSL (1) j array of sea level ctatic hnrocaopowers, nonsupercharged

engines

AHPSLX (I) array of seal level static horsepowers, supercharged
engines

ASWN (I) array, normalized specific engine weight, 1lb. per HP

ASWSC (I) array of specific weight increments of engine due to
supercharger
brake mean effective pressure, lb. per Bq. in.
maximum horsepower, sea level standard conditions, HP
horsepower per unit base area, HP per sq. in.

Z, engine does not have supercharger

1, engine has supercharger

number of cylinders in engine (4 to 8)
engine type (11, 12 or 13)

ratio of width to height of piston engine
multiplier for engine width

multiplier for engine weight

maximum engine speed, rpm

\




PIGURE V.2.10 OUTPUT-SUBROUTINE HOPWS2Z

DESCRIPTION

ANAC nacelle surface area, sq. ft.

| multiplier function of NCYL

specific weight of engine (s2a level static) lb. per HP

length of engine nacelle, ft.

V-2
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VARIABLE

AHPSL (1)
AHPSLX (1)

AROTN (I)

ASWSC (I)

ASW75 (I)
| Aswso (7)
GR
HPMSLS
IDATE

KSPCHG

FIGURE V.2.11 INPUT-SUBROUTINE RCWS?

DESCRIPTION

array of sca level static horsepowers, nonsupercharqgod
engines

array of sea level static horsepowers, supercharged
engines

array of number of rotors

array of specific weight increments of engine due to
supercharger

array of specific weights, 1975 technology

array of specific weights, 1580 technology

gear ratio

maximum sea level étatic horsepower

estimated technology date

0, engine has no g percharger

1, engine has supercharger
engine type (14)

number of rotors

multiplier for engine diameter -
multiplier for engine weight

specific weight of engine (sea-level static), 1lb. per Hup

V-2
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PIGURE V.2.12 OUTPUT-SUBROUTINE RCWSZ,

~

DESCRIPTION

ANAC nacelle surface area, sq. ft.

VARIABLE

GR gear rati-

specific weight of engine (sea-level static), lb. per HP

length of engine nacelle, ft.
maximum engine rpm
\
!
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No Input or Output Figures for HOPWSZ or RCWSZ in this volume or the

propulsion volume.
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V.3 WEIGHT MODEL PROGRAMMER'S MANUAL

As shown in the flow charts on the following pages, subroutine WGHT
involves several minor iterative loops and computational sequences
associated with variati . .t the aircraft geometry. The fuel weight
(wing and tip tanks) and iih¢ engine sizing loops are interior to the
tail area loop, and all of these three major loops must converge before
the component weights and wing location are fixed.

The flow charts are given for the aircraft structure weights
routines WGHT, DLOAD, ENGWGT and TAIL. It may be noted that the input
to WGHT includes over 70 lengths, angles, and weights which are descrip-
tive of the aircraft geometry and size. 1In addition, aerodynamic data
is required by TAIL, which requires some 85 input parameters, while
the other two programs are relatively short. Propulsion system weights

are computed by the routines ENGWGT, HOPWSZ, RCWSZ and WAIT.
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V.3.1 S8tructural Weight

V.3.1.1 Subroutine WGHT, Structural Weight and Wing Positioning

Routine
This routine controls the calculation of aircraft structural weight
and the wing positioning calculation. Routines called are DLOAD for
design load ratios, TAIL for tail sizing based on longitudinal and
directional stability requirements, CTAER for cruise aerodynamics
(described in Volume III), and finally a call tc ENGWGT passes program

control to propulsion system sizing.
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WGHT

DELWST=0.
WTIP=0.
WETP=0,
WFW=0.
FVELD=6.687

NLWGITT=1
SWPQCH=DWPQCH* . 017453
SWPQCV=DWPACV*. 017453
RLMCA=DLMCA4*. 017453

CALL DLOAD(VMLFSL,WGS,CATD,CLALPH,CBARW, VDMIN, VLF, GLF , 1:MLE A MO, EMMO)

C  we =0 WEE=61. 7S¥SEATS*#2.-352. 548k IS . 5 ]

!

o )——{Fremmarry
5 -

WPLDES=WPL
WPLMAX=UWPAX*PAX

¥
C PLMAX )_iwr’wss
>

WPLMAX=WPLDES
T

——

WEWMIN=WEW

WEP=WENG*ENP

WPROP=ENP*WPROP1

WPES= (WNAC+WPYLON) *ENP

WPE1=SKPEI*WEP

WPSTAR=CKS*WEP+CK7*WPEI +WPROP+WTGB*ENP

! .
( wes )0 o [WrEs-skeestwer)
T -

1 —

WLG=SKLG*WG
WMG=SKMG*WLG
CGAMMA= (SW/1000. )**1.25*% (1. +VLF*WG/ (200.*SW))* (. O1*AR/TCR4 . %)

TSWVLE= (1. -SLMV)/ (1.+SLMV) /ARVT+TAN (SWPQCV)
CRCLVT=2. *SVT/BVT/ (1. +SLMV)

XVMAC=BVT*TSWVLE* (1.+2.*SLMV)/3./ (1. +SLMV)
ELWING=ELF-ELTV-CRCLVT+XVMAX+ . 25*CBARVT +CPMRGN*CBARW

*(1.+ABS(SIN(RLMC4)))**.54* (. 54* (1. +. 2*SIM)* (TCR/ 11y
WC=0.
WCMIN=0.
YC=0.

| LCONT=0
]
FIGURE V.3-1 DETAILED FLOW CHART SUBROUTINE WGHT 3
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o 1.+SLMI))
FV=WG*SKZ* (ELF+B) *BVT* (1. +2. 'SLMV)/(IOOOOOO *(1.4SIMV))
FV=FV/2.
WHT=350. * (SHT*FH*ALOG10 (VDMIN) * (1. +SLMH)/ (200. *ELTH* TCHT *CEARIT)) **. 54

/(200 'LLTV*TCVT"CBARVT) )**.54

i WR=2,* (YP* (WEP+WEPI+WPES+WPROP) +WMG+WCMIN*YC) I

(29

A
TSWC2=TAN (RIMC4) - (1. -SLM)/ (1.+SLM) /AR
SWC2=ATAN (TSWC2)
CSWC2=COS (SWC2)
BSTR=B/CSWC2
SKNO=1.+2.5/SQRT (BSTR)
SKSTR=1.-STRUT*STRUT

SKGEAR=1.0
R
Y <
C YMG - KGEAR=0.95
} - Y
|
SKEPOS=1.0
( Yp D,i)_( ENP )—“Lﬂ-s—-.——LSKIEPOS G |
T T

C P ) >0 ( ENP = SKI.POS -0, 1]
—- Y —1 -
C oo )=
| SKEPOS=1.05]

C w »22(  ew )=2erd s 500 ] !
Y e < —t
Y .

ENP =4 SKEPOS Lo )
1 - _q ]

C v

fwwi=" 08*WG+WILDEV }

FOO= (SKSTR*ULF* (WG-.8*WN1)) **, 757
q:a WWO= (SKWW*SKNO*SKEPOS*SKGEAR*FOO*B**1, 049% (1. +SLM)
**_4)/(1000000. *TCR**.4*CSWC2**1.535)
WW=WWO+WHLDEV
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w w37

ABS (WW1-WH) /WW
BS( )/ WW))-

WGHT 3

<
-.0051t

WM=YP/ (YP+.001)* (WEP+WPE I +WPES+WPROP) +WMG* YMG H~
(YMG+.001) +WCMIN*YC? (YC+.001)

WX=WG - WW-WFWMIN-WM

WBOOM=SKBM*ELBM*SQRT (XARBM) *WG/1000.

WB=SKB* ((WX/10000.)**.7*(SF/1000.)*SWF* (ELFFC+ELRW) **.5*A10G10
(VOMIN) * (DELP+1.,)**2, *ULF**,3)** 508 +WBOOM

WST=CK8 *WW+CKO*WHT+CK10*WVT+CK11*WB+CK12*WLG+CK14*WPES+DLLWST+WTIP

QDIV=(1.15*VDMIN)**2/391.

WSCX=SKFW*SW**,317* (WG/1000.)**.602*ULF**,525*QDIV**, 345

WCC=SKCC* (WG/1000.)**.41

WCFW=WSCX-WCC

WSAS=SKSAS

WFC=CK15*WCC+CK18*WCFW+CK19*WSAS+DELWFC

WFADES= (WG-WPSTAR-WST-WFC-WFE-WFUL-WPLDES)/ (1. +CK21*SKFS* 0. 0.87/FUED)

/(1.+CK21*SKFS*6.687/FUELD)

WFSS=CK21*(6.687/FUELD) *SKFS*WFADES

WP=WPSTAR+WFSS

WEA=WG-WPSTAR-WST-WEFC-WFE-WFUL-WPL-WFSS

WEAMIN=WG-WPSTAR-WST-WFC-WFE-WFUL-WPLMAX -WFSS

WFADES=WFA

WEAMAX=WFADES

Caoe——0

WIEST=WEW

TC=((TCR-SWF/B* (TCR-TCT))* (1. -SWE/B* (1.-SLM))
+SLM*TCT)/ (1.+SLM-SWE/B(1.-SLM))

FVOLW= (SKWF* . 888889*TC* (SW**1.5)*(2.*SLM+1.))/ ((AR**.5)* ( (51M+1.)**2.))

i

WEWMX=WFW ]
WFXTRA=0.

X

C  wea }—5ﬂ5ﬂ—-—*-——%lnin!ﬂlll
=

Y
( WEAMIN erwmmmmmﬂ
4

< .
C wemn =WEWMIN WEAMIN=WEWMIN]
1)

—-
WEWMIN=WFW
WEXTRA=WFAMIN-WFW

v v-3
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WI=WTLST

A1=WFW W2=WIEST

LC1=1 A2=WFW
WFW= (A2W1-A1*W2)/ (W1-A1-W2+A2)
LC1=2

<
( wrapes ) SWEWMX

LC1 } =33 .
¥
WITT=WFTP
WETP=WFADES - WFWMX

Y .
GBS(wrrr-er@ =10 @

VETP=WFTP/ (FUELD*7,48052

-
Y

CHR=3, *CBARW/ (2.* (1.+SLM- (SLM/ (1.+SLM))))
CHT=SLM*CHR

AXMAX=ATMXQC*CHT

AXMIN=CHT

BXMIN=TCT*CHT

BXMAX=AXMAX/LDCKMX
VFTPMN=SKFT*1.046*AXMIN*BXMIN**2,
VFTPMX=SKFT*1.046*AXMAX*BXMAX

Y )
C VETP ) =VFTPMN .

AX1S5=AXMIN
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WGHT S

BXIS=SQRT (. 956°VFTP/ (AXIS*SKFT)
.

>BXMAX -

LDCK=AXI1S, BXIS '

4
P
i > . <
! ( ock | )-(LDCKMX-1.) and SLDCKMX _
I . (
) _=BXMIN -
- BX1S -
}
| ) > ANMAX
| s )omomx
' Y
| :‘:{"’_;_Ans:;mso:.zg
< e
[TAXIS=AXMAX
; BXIS=SQRT (. 956*VFTP/ (AXIS*SKFT))
’ :
) £ —
| BX1S=BXMAX |
| Y
‘ ‘LC e )cVETPMX D
o [VFTP=VFTPMX
AXIS=AXMAX f
WETP=FUELD*7.48052*VFTP
i LC1=99
b e e e ed
I . = ()‘?’.v
AX1S=.956*VFTP/ (SKFT*BXIS**2, op 7Py
XAXIS=AXIS Pty
AXIS=AXIS+. 25 o
} :
» Y <AXMAX
!y ( AXIS j
i \
: LAXIS=XAXIS ]
{ -
. BX15=BXMIN
i AX1S=.956* VFTP/ (SKFT*BXIS**2,
2 ~
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¥
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WGHT

EXIS=SQRT (AXIS**2,-BXIS**2.)/AXIS
STIP=2,*(1.57*BXIS**2.+1.57*AXIS*BXIS
ARSIN(EXIS)/EXIS)-2.*3.14*AXMIN*BXMIN/4.

WTIPsSKWTP*STIP
WC=WTIP+WFTP
WCMIN=WC

LT A @ TR D oM IR e, PRI RNARARTER TR LR e e

P
wixTRA  J—METE o CWCHIN-WIIP+HFTRA]
—

YC=1.0

C IWT-1 ) - Wi=W2
¢ Al=A2
Wi=WIT }
Al=WFTP . W2=WTTT
IWNT=1 A2=WFTP

T

WFTP= (A2*W1-A1*W2)/ (W1-A1-W2+\2)
IWT=2

=KTIP=0 l

C 1nC 20

4110’

NLWGHi=2

—: J
i WS =1
e i nar
; SV——

XWLG=0.

C

YGM )20 >

v

—~

WREMN=WG-WHT -WVT-WW-WPSTAR-WFW-WFTP-WTIP
-WPES-WBOOM-CK21*WFSS-XWLG

ELPROP=RELP*ELF
ELREMN=ELF*RELR
CRCLW=2.*SW/B/ (1.+SIM)
CRCLUHT=2, *SHT/BHT/ (1.+SLMH)
CRCLVT=2.*SVT/BVT/ (1.+SLMV)

v

V=3
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TSWPLE=(1.-SLM)/ (1.+SLM)/AR+TAN (RLMC4)
TSWHLE= (1. -SIMH)/ (1. +SLMH) /ARHT+TAN (SWPQCH)
TSWVLE= (1. -SLMV)/ (1. +SLMV)/ARVT+TAN (SWPQCV)
XMAC=B*TSWPLE®* (1.+2.*SIM)/6./(1.+SLM)

XHMAC=BHT*TSWHLE® (1.+2, *SLMH)/6./ (1. +SLMH)
ilIXVMAC!BVT‘TSWVLE'(I.Q."SLMV)/()./(I.*SLMV)

ELCAW=ELF-CRCLVT+XVMAC+, 25*CBARVT-ELTV-, 25*CBARW-XMAC+. 25 *«
A

COLR

Y

( ELPROP ‘, =0 »—{ ELPROP=ELCAW-, 25¥CRCLW+ \MAC +
T —. EGMRGN*CBARW
CHT=SIM*3, *CBARW/ (2. * (1. +SIM- (SLM/ (1.+S.M))))
ELTIP=ELCAW- ., 25*CRCLW+XMAC+, 25*CBARW
ELTIPE=ELTIP+.5*AXIS
ELTPMX=ELCAW+B*TAN (RIMC4) /2. +.75*CHT

( eurme *ELTPMX ELTIP=ELTPMX-.5"AXIS
¥ - )

C  wew =0 ELTIP=0,
i— — —J

ELCGV=LLCAW-, 25*CRCLW+XMAC+. 25*CBARW+ELTV+ . 08*CBARVT

ELCGH=ELCGV-XVMAC- . 25*CBARVT+, 25*CRCLVT+SAH*BVT*TAN (SWPQC\
- 25*CRCLHT+XHMAC+ . 25*CBARHT+ELINC

YMAC=B* (1,+2,*SLMH)/6./(1.+SLM)

YHMAC=BHT* (1,+2,*SLMH)/6./ (1.+SLMH)

!

( owine :)~151-—-—a————<:::>

FCGLIM=ELWING- (CPMRGN+ . 25-XCGFWD) *CBARW 1

ACGLIM=ELWING- (CPMRGN+, 52-XCAFT) *CBARW
WFUEIM=HPMSLS/2.

Y
C v )= WFUELM=_2 WFW_]
5 —

OWE=WP+WFC+WST+WFE+WFUL
WREMN1=WFUL+WFC+WB+WFE+WLG- XWLG

*WIFSS) +WBOOM* (ELF-.S5*ELBM) +ELTIP*WTIP+ELREMN*WIREMN |
CGOWE = EMOWE / OWE
NPAX=WPL/200.
PAS=NPAX
NROW= (PAX-1.)/SAB
ELCPLT=ELODN*HN+ELPC/2.
EMPAXT=ELCPLT*170.
WPAX=PAX*170.

EMOWE=ELPROP* (WPSTAR+WPES) +ELCGH*WHT+ELCGV*WVT+ELWING* (WWe \W1.(;+CK2)

v v-3




WGHT 8
D0 81 I=1,NROW *
¢
ROW=1I |
ELROW, =ELODN*HN+ELPC+PS*SROH/12. -PS/36.
| r NROW 0 ELROW, =0
H I i v
— |
EMPAXT=EMPAXT+SAG*170, *ELROW, l
]
: 81 CONTINUE
DO 88 ILIMIT=1,3
[WPAXD(ILIMIT)=0. ]
C =1 ELCPLT  J—ACGLIM SAXD (LT 1-0)
r 3 — —- !
e -~ !

. 4

' C  mar 22 ELCPLT <FCGLIM O AXD (I o0,
|

]

|

!

EMPAXD (TLIMIT)=ELCPLT*WPAXD(ILIMIT)

Y
C wmar =3 (s3)
' ‘ |
| DO 82 J=1,NROW

I

f UWAPX=170. |

| IC it )»=( ELrow) )<AcCCLIM

'ri ' < v
. x2 . > -
L it =2 ELRow(d) UWPAX=0
Z { o J
4 1 '
C NROV/ ) =0 > ‘
: - .

. y

X EMPAXD (1 LIMIT) =EMPAXD (1LIMIT) +SAB*UWPAX*ELROW (J)
WPAXD (1LIMIT)=WRPXD (ILIMIT) + SAB*UWPAX

i = EF RS > @
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PN

sar

e

WPAXD (ILIMIT)=PAS*170.
DIFF=PAX-PAS
DROW=DIFF/SAB
LROW=DIFF/SAB
DDROW=LROW
FRACT=DROW-DDROW
EMPAXD (ILIMIT) =sEMPAXT

FRACT 20 {CROR-LRC.+1 )
v

DO 362 L=1,LROW

>0

FsFRACT

M=NROW+1-L

1

362 CONTINUE

WBAG (ILIMIT)=WPL-170,*PAS
ELBAGS=RELB*ELF

EMPAXD (ILIMIT)=EMPAXD (ILIMIT)-170. *F*SAB*ELROW (M)

WBAG(ILIMIT) .

;

WBAG(LLIMIT o,

K]
C  woar ) ELBAGS J—RCOLIM
T ——— ——
C  wmir )= esacs >
K - T — )

<
CWB/\(I(]LIMHD—-—O———-’—j WBAG(ILIMIT)=0. l

—

XFUELD(ILIMIT)=0.
WEWD (ILIMIT)=0.

T —

ILIMIT =3 @
(@ D—"l——>—-@

* V=3
11

WETPD (ILIMIT) =0, I

t o

FOTOOR QUALITY

L S
ELE . P Y f":'.d'. [




B

206

* WGHT 10

( erp  )->ac6LIM LT ) 4 L A
—t
( ELWING ) 2ACGLIN | B CTLIMIT) e ]

e

(  ceurp ) <FCGLIM WFTPD (1LIMIT) =WFTP
&—‘- —— y
(  cwing ) <FEoLIM WEWD(TLIMIT) =WFWMX

XEV LD (ILIMET)=WFUELM-WETPD (ILIMIT) -WFWD (ILIMIT)

[’

(xFueLp(1LIMIT))- =0
y
( K'I‘IP )————-—-—‘

( LLIMIT H ELTIP 2ELWING

C ILIMIT )D—Z-( ELTIP )‘ELWING .

[ —

201

P

(wewp (1LimiT) u=HEWMX WFTPD(ILIMXT)} WP\ (oo

—3

Y
@WD(ILIMIT)
!

WEWD {1TLIMIT)=WFWD (ILIMIT) +XFUELD (ILIMIT)

]

(wewn (1Limrmy )0 TWEWD (LLIMIT) =WFWMX |
v el - )

WEUELD (ILIMIT)=WFUELM-WFWD (ILIMIT) -WFTPD(ILIMIT)

y

C wre )=0 >
(xevern (1L imn ) —22 - f(werpo (1LIMIT) e HETE o _.'

P

I
( KTIP = ' @
y
prwn(u,mrr) =WEWMX € WETPD (ILIMIT) =WFTP @
v — ”
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a
Y

WGHT 11

WFTPD(lLlMlT)=WFTPD(lLlMlT)*XFUELD(ILIMIT))'
B N

Cwervo i) 2WETP
| 5 —)
[XFUELD (TLIMIT) =WEUELM-WIWD (11,
(xeveeo v >0 WEWD(1LINIT) ) o WERMX ol
o-& = C
R

WEWD (LLIMIT) =WFW

WETPD (TLIMIT) =WFTP

XFUELD (JLIMIT) =WG=WG-OWE-WPAXD (ILIMIT) -WBAG (ILIMIT)
~WEWD(ILIMIT) -WFTPD(ILIMIT)

RS R
‘209> > v - - I
@:mil,n(u,uu'tD—:(’-—o———' XFULLD(ILIMIT)=0. ]

¥ —~ :

WPLD=WPAXD(TLIMIT)+WBAG(1LIMIT)
WEOEL=WEWD (1LIMUT)Y +WFTPD (ILIMIT) +XFUELD (TLIMIT)
WI'(TLIMIT) =OWE+WFULEL+WPLD

i -
CWI'(ILIMI'I‘) } WG >

!

lWBAG(lLlMlT)=WBAU(lLIMlT)-Wr(ILlMIT)OWG

WI(TLIMIT)=WG

! y
g L
EML(TLIMIT) =EMOWE+ELWING* (WEWD (ILIMIT) «XFUELD(ILIMIT)) «LME VD (ILIMIT)
+WBAG (TLIMIT) *ELBAGS+ELTIP*WFTPD (ILIMIT)
ELCGD(ILIMIT)=EML (ILIMIT)/WI(ILIMIT)

A
88 CONTINUE

o
WRITE (60)FCGLIM,
XCGEWD, ACGLIM, XCGAFT
r—

WRITE (6)OWE, CGOWE , WPAXD (2) , WPAXD (1) ,WPAXD (3) ,WBAG(2),
ELBAGS,WBAG (1) ,WBAG(3) ,WFWD(2) ,WFWD(1) ,ELWING,WFWD(3),
WETPD(2),ELTIP , WETPD(1) ,WFTPD(3) , XFUELD(2) ,XFUELD(1),
XFUELD(3)WT(2) ,ELCGD(2) ,WT (1) ,ELCGD(1) ,WT(3) ,ELCGD{3)

-~

v V-3
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103

WGHT 12

mm
DELXCG=(ELCGD(1) -ELCGD(2))/CBARW

ELWING=ELCGD (2) + (CPMRGN+. 25-XCGFWD) *CBARW
ELCP=ELWING-CBARW*CPMRGN
ELCAW=ELWING-CBARW*CPMRGN-YMAC*TAN (DLMC4*.017453)
ELCG=ELWING-CBARW*CPMRGN+STMRGN*CBARW
GCGAMC= (ELCG-ELCP+. 25*CBARW) /CBARW

T —

ELCG= (ELPROP* (WPSTAR+WPES) + (CBARW* (CPMRGN-STMRGN) )
* (WW+WEW+XWLG+CK21*WFSS) +ELTIP+WFTP) + ELCGH*WHT
+ELCGV*WVT+ L LREMN*WREMN+WBOOM* (ELF- . S*ELBM) )/
(WG-WW-WEW-XWLG-CK21*WESS)

ELWING=ELCG+ (CBARW* (CPMRGN-STMRGN) )

> #— —

ELCP=ELCG-STMRGN*CBARW
ELTV=ELF-ELWING-CRCLVT+XVAMC+. 25*CBARVT+CPMRGN*CBARW
ELTH=ELTV-XVMAC- . 25*CBARVT+, 25*CRCLVT+SAH*

SHTX=SHT

BVT*TAN (SWPQCV) -. 25*CRCLHT+ XHMAC+. 25*CBARHT+LELINC

Y

. A U 2
C l‘(.w ING J o

LCONT=1.CONT+

SHT=VBARH*SW*CBARW/ELTH
SVT=VBAV*SW*B/ELTV

BITT=SQRT (SITT*ARIT)

BVT=SQRT (SVT*ARVT)

CRCLHT=2., *SHT/BHT/ (1. +SLMH)
CRCLVT=2,*SVT/BVT/ (1. +SLMV)

CBARHT= (2. *CRCLHT/3.)* ((1.+SLMH) - (SLMH/ (1. +SLMH)))
CBARVT= (2. *CRCLVT/3.)* ((1.+SLMV) - (SLMV/ (1.+SLMV)))
LC1=0

IWT=0

ERK=ABS (SHT-SHTX)

(: KWRITE

WRITE (0)ERR,SHT,SHTX,
ELTH,WREMN, WHT ,WVT,
WW,WPSTAR, WEW,WETP

£1

, 1 -

WI'IP,WFA,WPLS

WRITT(6)

e gk

/"\‘
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TR
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C =

WGHT

H=HNCRU
EM=EMCRU
W=WG

CALL _CTAER

GCCMAC= (ELCG-ELCP+. 25*CBARW) /CBARW I

|

13

J

Yy

jite -9 >

r

ELTIP , ELECGV, ELCG, GCGMAC

WRITE (6)ELF, ELTH, ELTPROP,ELC4W, ELCGH,
ELRMN, ECCP, YHMAC,YMAC, SAH,ELWING ,ELTV,

/

|

SWPLED=ATAN (TSWPLE) *57. 20578
SWHLED=ATAN (TSWHLE) *57. 29578
SWVLED=ATAN(TSWVLE)*57,29578
CHTH=SLMI*CRCLHT
CHTV=SLMV*CRCLVT

7

CHT, CHTH, CHTV

WRITE (0)SW,SHT,SVT, B, BHT, AR, ARHT,
ARVT, SLM, SLMH, SLMV, DLMC4 , DWPQCH,

DWPQCV, SWPLED, SWVLED, SWHLED, CRCLW,
CRCLHT, CRCLVT , CBARW, CBARHT ,CBARVT,

_ S

1

C WEA ) > WEWMX

WIiP=0,
WETP=(),

( WEW

™\ ZWFWMX
)

G()wmwr,\r\m) ) > WG
i

WEXTRA=WFWMX -WFW
WEAMAX=WFADES+WFXTRA
OWE=WP+WFC+WST+WFE+WFUL

!

i WEAMAX=WG-OWE I

PEIEE

C KT1P ) =0

|

V-3
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ki, 55 > M

» RETURN

-




]

SR s |
i

i

§

—

WGHT 14

->RETURN

H=HNCRU

EM=EMCRU
W=WG

KWRITE Y=ol o WRITE (6)
—

(D - el
} et

| , ;

pr.

TDCX=1DC
1C=9
)
) [
r o) #2 [——u———————)
| C e ) > JCATL ENGRGT (NTYE N1V ) )
| -
| LC1=0
IWT=0
WEW=0,
) WFTP=0.
' I NLWGHT=2 |
)
L
b
»
;
¢
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f; V.3.1.2 Subroutine DLOAD, Design lLoad Factors

’ {. This subroutine is called by WGHT to obtain design speeds and load
factors in accordance with Federal Aviation Regulations. Design speeds
and load factors are then employed by WGHT in the structural weight

o g analysis as described in Volume V, Part I of this report.
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DLOAD

( o =3 (50)

>100
C ws ) — W STOP

VCAMX=, 9XVMLFKT

VCCOF=33.
>20 s
C wos )220 VCCOF=33. - (. 0550* (W05-20.)) |
T < T

)_£2 .

l

!
>20 - 2

WOS VCCOF=36. - (. 0925* (W0S-20.))} |

- i

\
f VCMIN=VCCOF*SQRT (WOS)

C VCMIN ) 2VCAMX >—f VDCOF=1.4-(.000625* (W0s- 0. ' ]
; — '
C oy = — e
|vncor=1.s |
y Y
C wos . )20 | VDCOF=1.5- (.001875* (WOS-20. 1 |
i . = —
C o )=t - o]
\
fvbcor=1.55 | Y
>
C WoS | VDCOF=1.55- (. 0025* (WOS-20.)) |
l{ -t > - N [E—

vur»u~=vucor*vcr»n'r'c'l
EMLE=3.8

catp )l m ZYN

FIGURE V.3.2 DETAILED FLOW CHART, SUBROUTINE DLOAD B3

e 14 b X




V9=661.7*EMMO
SIGMA=1.0

GLF=1.0+0.549*V9/(1.26*SIGMA*CBARW+6.216*WOS/CLALPH)

EMLF=2.5
VLF=GLF*1.§

{viF=emLFe1s)

PRECEDING PAGE BLANK noT
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V.3.1.3 Subroutine TAIL, Tail Sizing Routine

Subroutine TAIL determines vertical and horizontal tail sizes on

the basis of directional and longitudinal stability requirements. These

requirements are based on Federal Aviation Regulations and current design

practices as discussed in Volume V, Part I of the present report.
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gz
.

TAIL

IVFLG=0

RHOTO=.002378
DELTVH=ELTH=-EYEW
ALWGT=EYEW
DCYPDP=9797,

ZAC=HTG + HWIHG*SWF
EM=EMCRU
H=HNCRU

- " ]
[Lf TPALT (H,GALT, PO,FKALT, TO, GO, XKV)

PO=P0*144.0

CLCR=WGS/ (. 7*PO*EM*EM)
[ ]
CLIFT(4,ALFC,CLCR, ALPHLO,CLALCR,%99.,AR,DLMC4 ,EM) I

2
{::::—[CIALCR+CLALCR[57.3J
7
NTYE -

ENGINE (THRUST,TSFC, X1,WF,X2,P0O, TO,EM,H,KENG)

BLACR=BLANG ﬂ
CTCR=THRUST/1.4/PO/EM/EM/DPROP/DPROP
ETACR=(.9+.1*SAH)* (1.+8,*CTCR/3.14159)

C ETACR 1.0 } ETACR=1.0
PHA=30.

VSDGE=SQRT (WGS/RHOTO/CLMXTO/ . 5)
EM1=.85*VSOGE/1117.
HOB=2ZAC/B

CLIFT (2,ALPHA,CLMXGE,ALPHLO,CLALLO, HOB, AR, DLMC4,EM1) |
3
CLALLO=CLALLO/S57.3
VSIGE=SQRT (WGS/RHOTO/CLMXGE/ .5}
EM=0.85*VSIGE/1117.
H=0.0 |
KENG=5 3
ISEGX=2

!

FIGURE V.3.3 DETAILED FLOW CHART, SUBROUTINE TAIL V-1

L
.
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S 4

TAIL-Page 2

ENGINE (THRUST,TSFC, X1 ,WF,X2,2116.22,518.67 ,EM,H, KENG)

1

FNNWLO=THRUST*ENP

)

L NTYE } ?

1

CTNWLO=THRUST/1.4/2116./EM/EM/DPROP/DPROP

-

1

ETANWL=(.9+.1%*SAH) * (1.+8.%CTNWLO/3.14159) I Y

e ETANWL=1.0 §

( ETANWL "\ 1.0

7

!

7006 )

C ENP }2.0

H=0.

VMC=RVMCS *VSOGE
EMMC=VMC/1117.
KENG=%

ISEGX=2

s

ENGINE (THRUST, TSFC,X1,WF,X2,2116.22,518.67,EMMC,H,KENG)

1

FNMC=TIIRUST* (ENP-1.0)

CTMC=THRUST/1.4/2116,/EMMC/DPROP/DPROP

1

( ETAMC )__iﬁ,___J

ETAMC=1.0

| I

7010 g
N\ 1
KWRITE ) - WRITE (6,361) FNNWLO,FNMC
{ - =
ETALD=. 90+ . 1*SAH
( NTYE Y o ETANWL=.9+.1%5AH |
J ETACR =.9+.1*SAH

V=3
23

ETALD =,9+,1*SAH
ETAMC =,9+.1*SAH




TAIL ~ Page 3

ETAVC=ETACR ]
¢ C zcé ) 999 [ ZcomzAC )

i
( KWRITE J\ —— qrvmrrz(s.z) xnc,x&cr.ZAc"']

TPALT (HNCRU, GALT, PO, FKALT, TO, G, XKV) .

VC=,5921*EMCRU*49. 1*SQRT (TO)
VC= 1.688*VvC -

, 1

Coe D)t fommr—]
DBARN=XLN/XLODE
C ENP ) ! TELN=0.0
= J DBARN=0. 0|

a -

XG= (CXA-GCGMAC) *CBARW
X4R= (ELCAW+ (TAN(DLMC4*.017453) * (SWF/2.)) ) /ELF

#

L ITRLN(X,Q,X4R,QFUS,11)

! {
[ TSWPTE=23.% (SLM=-1.)/(1.+SLM) /AR+TAN (DLMC4*.017453)
)

C ENP )___52’_“ ———

|

r———L RELP ) ¥ o

YNACR=YP*B/2.=-DBARN/2.
CRNAC=CKCLW* (1.=( (1.~SLM) *YNACR/ (B/2.)))

By

Ao

? X4RN= (ELN-.75*CRNAC-TSWPTE*DBARN/2.) /ELN
s ITRLN (X,Q, X4RN,ONAC, 11)  ——
2 )
5 g .
g ‘ VN=(ELN*3.14*DBARN**2) /4.
: RATN=ELN/DBARN
. [ ITRLN (XX,0Q, RATN,QN, 12)

ELWN=RELP*ELF-ELC4W-0.75*CRCLW-TSWPTE®" (SWF+DBARN) /2. L _ o

V-3
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TAIL - Page 4

WRITE(6,6) VN,QN,ELWN

N

ELH=ELTH= (CBARW* STMRGN)

] FAR=1./AR-1./(1.+4AR**1.7)

FSIM=(10.-3.*SLM) /7.

FHT=(1,-ABS (SAH*BVT) /B) /(2. *ELTH/B) #*0.333133
FLAM=SQRT (COS (DLMC4*,017453;)

DEDAW=4.44* (FAR*FSLM*FHT*FLAM) **1,.19
DEDAW=DEDAW*CLA (AR, DLMC4, EMCRU) /CLA (AR, DLMC4,0.0)
DCMFUS= (QFUS*SWF ** 2*ELF) / (SW*CBARW*CLALCF*57. 3)
DCMFST= (QFUS*SWF** 24ELF) / (SW*CBARW*CLALLO*57. 3)
HOB=ZAC/B

VSTALL=SQRT (2. *WGS/CLMXLD/RHOTO)
EMLD=VSTALL/1117.

| i

o,

l CLIFT(6,ALWGL, CLMXLD, ALPHLO, CLALLD, HOB, AR, DLMC4, EMLD)

CLALLD=CLALLD/57.3
DCMFSL= (QFUS*SWF ** 2*ELF) / (SW*CBARW®*CLALLD*57. 3)

1
G - —
|

C== -
)

—
DCMNAC= (QNAC*DBARN**2*ELN) / (SW*CBARW*CLALCR*57.3)
DCMNCT= (QNAC*DBARN**2*ELN) / (SW*CBARW*CLALLD*57. 3)

DCMNAC=DCMNAC*ENP
DCMNCT=DCMNGT*ENP
DCMNCL=DCMNCL*ENP L

DCMNAC=DCMNA/_*ENP
DCMNCT=DCMNAC
‘ DCMNCL=DCMNAC

: ALPHFT=ALWGT~-eyew
CMFUST=DCMFST*ALPHFT*CLALLO

ALPHF=ALWGL-EYEW
CMFUSL=DCMFSL*ALPHF*CLALLOD

EM=EMCRU
EMNW=0.85*VSIGE/1117,

V-3
25
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DCMNCL= (QNAC*DBARN**2*ELN) / (SW*CBARW*CLALLD*57. 3) 3

DCMNAC= (VN*QN*ELWN* (1. -DEDAW) * ‘

CMNACT=DCMNCT*ALPHFT*CLALLO —

CMNACL=DCMNCL*ALPHF*CLALLD p—




TAIL - Page S5

e —

CLALFTsCLA (ARHT , DWPQCH,EM) /57.3

CLALTO=6. 2832%COS (DWPQCH*0.01745) /SQRT (1.~ (EM*COS (DWPQCH®*.
CLALTO=CLALTO/57.3

CLALTL=CLA (ARHT , DWPQCH, EMLD) /57. 3
CLALTT=CLA (ARHT , DWTQCH, EMNW) /57.3

01745)3 2

9 g —
] C TAUM }ﬁ%ﬁnm(xn,mw,m,muu,?)l
_
; — i
| CHALF }—b—‘—ggﬂr;ram(xm,gca,m,cmw. 3))

I
999,
< CHDEL j——c—————l ITRLN (XRD,QCD, RH, CHDEL, 4)
il
——

CHALH3=CHALF*CLALFT/CLALTO
CHDEL3=CHDEL+TAUH* (CHALF 3-CHALF)
EGL=. 5*DEDAW*ALWGL

- _ ¢

C KWRITE )_._.1_ WRITE (6,35) CLALTO,CRALT,CIDEL]
"

-
EGT=. S*DEDAW*ALWGT
VSTALL=SQRT ( 2. *WGS/CLMXTO/RHOTO)
QUE=, S#*RHOTO® (. 85*VSTALL) #*2
HOB=ZAC/B
| EM=,85*VSTALL/1117.

[ CLIFT (2, ALWGT, CLLO, ALPHLO, CLALFH, OB, AR, BLVCZ, ET]

| |

FL=CLLO*UE*SW |

e e

& KWRITE WRITE(6,36) QUE,FL

b !

| ‘ CMPTO=ENP*CTNWLO®*2. ‘DPROP"Z'TP/SW/CBARW]

Y

{ DCMCLP 3939, IocMcrLp=3. *CTCR*DPROP**2#TP/CLCK/SW/(']". 7]

] CMPTO=FNNWLO*TP*CLLO/ (wg*CBARW)

:

( DCMCLP 2399.
|

. V-3
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TAIL Page 6

CMEPLT=DFLPTO* (-.008+0.003*DFLPT0O/40.)

J

—

CMFLPL=DFLPLD* (~.008+0.003*DFLPLO/40.)

CMFPLT=0.0
) §

CMFLPL=0.0

I

T1=XAC=-XACF-DCMFUS-DCMNAC~DELXCG-ENP*DCMCLP~S' ATIC
T2=- (CLALFT/CLALCR) *ETACR* (1 .-DEDAW) * (1.~ (CHALF3/CHDEL3) *TAUH)
T3=CLALTL*ETALD*TAUH*DEMAX/CLMXLD

T4= (CLALTLYETALD* (ALWGL~EGL~EYEW+EYET) ) /CLMXLD

T5= (CMFLPL+CMFUSL+CMNACL+CMPLD) / (CLMXLD

V= (T1+T5)/(T2+T3+T4)
XNO=XAC~DCMFUS~DCMNAC-ENP*DCMCLP-T2*V
XCGAFT=XNO-STATIC

XCGFWD=XCGAFT~DELXCG
ELH=ELTH+.25*CBARW-XCGAFT*CBARW

SST=V*SW*CBARW/ELH

XCGFS=XCGFWD

TG1=CMFLPT+CMPTO+CMFUST+CMNACT+CLLO* (XCGFWD~0. 25)
TG2=( (FT.~WG)/ (QUE*SW) ) * { (XG+UM*ZCG) /CBARW,
TG3=CLALTT* (ALWGT-EGT-EYEW+EYET+TAUH*DEMAX) *ETANWL
VG= (TG1+TG2) /TG3

VGX= (T1+XACF+ (TG2+CMFLPT+CMPTO+CMFUST+CMNACT) /CLLO=0.25) / (TG3/CLI/1T2)

STX=VGX*SW*CBARW/ELH
STO=VG*SW*CBARW/ELH
VIWST=AMAX1 (VGX, VG)

VIEST

V=VTEST

IVFLG=1
XNO=XAC=-DCMFUS=DCHNA~~ENP*DCMCLP-T 2%V
XCGAFT=XNO-STATIC
XCGFWD=XCGAFT-DELXCG
ELH=ELTH+0.25*CBARW~XCGAFT*CBARW
ERROR=ABS ( (XCGFWD~XCGFS) /XCGFS)

5090
»0.01 <EEE§E::>
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P

VERTICAL

Jre————EE Pl e

A v SRR S Tmp i R

WRITE(6,39) T1,T2,T3,T4,T5,V,ELH
WRITE (6,40) TGl,TG2,TG3,VG,VGx

¥ —

V=VTEST

]

SHT=V*SW*CBARW/ELH
BHT=SQRT (ARHT *SHT)
ELTH=ELH+STMRGN*CBARW
VBARH=SHT*ELTH,/SW/CBAKW
CMDEL=-CLALTL*V*ETALD*TAUH

X

TAIL Page 7

WRITE(6,114)
WRITE(6,110)

WRITE(6,111) ALFC,CLALCR,CLALFT,ETACR,CLCR,DCMFUS,

DCMNAC, DCMCLP ,CTCR

WRITE(6,112) ALWGT,CLALLO,CLALTT, ETANWL, EGT,CLLO,
DCMFST,CMFUST , DCMNCT , CMNACT ,CMFLPT,

CMPTO, CTNWLO

WRITE(6,113) ALWGL,CLALLD,CLALTL,ETALD,EGL,CLMXLD,
DCMFSL,, CMFUSL, DCMNCL , CMNACL , CMFLPL,CMPLD

WRITE(63;15) CHALF 3 ,DEDAW,CHDEL3,CMDEL, TAUH

XLEMAC=ELC4W-0.2°*CRCLW+XMAC
STANO=XLEMAC+XNO*CBARW
STAAFT=XLEMAC+XCGAFT *CBARW
STAFWD=XLEMAC+XCGFWD* CBARW

4

WRITE (6,100)

WRITE(6,101) XNO,STANO,SST
WRITE (6,102) STATIC,STX
WRITE(6,103) XCGAFT,STAAFT,STC
WRITE (6,104) DELXCG, SHT

WRITE (6,105) XCGFWD, STAFWD, ELTH

AIL l SI'ZING

D= (1.0-HWING) *SWF
CPNWNG=-0.00006*DLMC4**0.5
ELNC=ELODN®HN
ELTC=ELODT*HC
ELF4+ELF*0.25

‘<34:§LHCK-BLNC+HCK

® C ELF4

DFl=ELF4‘HN/ELNC?]

DFl=lN+ (ELF4-ELNC)




T T

B i

DF2=ELF4*HC/ELTC

g5 |

TAIL Page B8

561

—3ud DF2=(1./BMLOD) *ELI:1 ]|

KWRITE

WRITE (6,51) ELHCK,DFl,ELF4,DF2 |

J

S1=HN*ELNC*0.5
$2=0.5*HCK**2
S3=HN*HCK

S4= (ELPC-HCK) *HC

WRITE(6,52) S1,s82,S3,54

S5=LC*HC
S6=HCH*ELTC*0.5

S6=(1.0/BMLOD) *ELBM**2 ]

]

SS=S1+52+53+54455+456 N

b

l BIV(QB, ELCG/ELF, ELF/SWF,XV,YV,QV, 2,3,NERR) I

4

CNPFUS= (0. 96*QB/57. 3) * (SS/SW) * (ELF/B) * ((DF1/DF2) ##0.5) * (bk. -, ) **.3333]

WRITE (6, 53) §5,56,55,0B

]

+DL1CNP=-, OO2'HWING

WRITE (6,55) CNPFUS,DLICNP

b

CNPP=0,0

ELP=ELCG 566

ELP=ABS (LLCG-ELC4W-

0.75*CRCLW~TSWPTE*YP*B/2.+ELN)
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28A

-
[FA S TE N

Y
5

%
:




SR s
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E [;va(Dcvxao,BLACR.BL.BLAAR.BLAR,DCYAR,B,s,Nsnif]
L 1

) DCYKN=( ({15.+0.65*AF)/80.7)~1.0) *0.80+1.0

DCYPDP=DCYKBO*DCYKN/57.3

LE)

CNPP=1,5*CNPPO

|
)
r 601 . >
’ ELV=ELH-DELTVH
’ X
L ITRLN (XDDF, YDEL2,D/SWF,DL2CNP, Q)
.
2
ITRLN (XARVTE, YAV,ARVTE,CLALFV, 8)

p 4
@ WRITE (G, 57) DL2CNP,CLALFV,ELV, CNPAC )

e
. Y=YP*B/2.0
YP 0. Y=DBARN/2.0+SWF/2. 0} ———y
Y-y LOVAWF/2.
- 1
, . 1.
ENP ¥=0.0
CTMC=0.0
‘ 7.
NTYE CNP=(Y*FNMC) / (0. S*RHOTO*SW*B*VMC**.)
CNP= (Y*DPROP* *2#CTMC) / (0. 5*SW*B) |
NS
TAUVX=TAUV
H ITRLN (XR,QTAU,RV,TAUV, "/
12.5
1
ITAUV=TAUV*(1.-.0080'(DRMAH IS0 |
: WRITE (6, 58) CTMC,Y,CNP,TAUV]
CV1= (CLALFV*ELV*LTAVC)/ (SW*B)
SDS= (CNPWNG+CNPFUS+CNPP+DL1CNP+DL2CNP~-CNPAC) /CV1 -
SVT=5DS
V-3
, 28D
. - . N
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¢ el R K R .
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l TAIL Page 10
ac]

WRITE (6,64) SDS,CNP

CV2= (CLALFV*DRMAX*TAUV*ELV*ETAMC) / (SW*B)

ENP 1.

SVT2=CNP/CV2

SVT SVT=SVT2

[ wvmcke=vMc*0.5921 1
7

-

WRITE (6,67) SVT2,VMCKT

[ -
BVT=SQRT (ARVT *SVT)

1
ELTV=ELV+STMRGN*CBARW
VBARV=SVT*ELTV/SW/B

¥

WRITE (6,66) SVT,ELTV

RETURN

V-3
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V.3.2 Propulsion System Weight

V.3.2.1 Subroutine ENGWGT, Control Program for Propulsion System

Weight Calculation

This routine controls propulsion system weight calculations. Routin

called by ENGWGT are:

HOPWSZ - Horizontal opposed piston engine weight and size
. RCWSZ - Rotary combustion engine weight and size
. WAIT <~ Propeller weight (Volume IV)

ENGINE - Turbojet and turbofan weight and size (Volume 1V)

Subroutines ENGINE and WAIT are described in Volume IV of this

report, Propulsion. These descriptions are not repeated here.
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?

C

D

Il

WENG=0.

WNAC=0.
WPYLON=0,
WPROP1=0.
WFAN=0.
WGB=0.
WSHR=0.
NTYE=NTYEX
NTYP=NTYPX

'

ENGWGT

=7

> 800

(e
Y

y >10

> 500

C v
Y

i 360

C SWSLS ) £0

T

|6(

NTYE :)

4,5

Y 1,2,3

,L | swsLs: 1.5% (1. +. 15*KSPCHG) J=

[ swsLS=1.5*(1.+.15*KSPCHG)]

]

-
SWSLS=.5
: 4

WENG=SWSLS*HPMSLS
WNAC=VWNAC*ANAC

WPYLON=FPYL* ( (WENG+WNAC)**.736)

C

Y
~

=]

END )

—> WPYLON=0, @

NTYEY=NTYE-10

KWRITX=KWRITE

C NTYEY )-—L—‘" ;3 @

FIGURE V.

e

74‘

3.4 DETAILED FLOW CHART,

SUBROUTINE ENGWGT

s

I po 5 b

.




2 P = 1. s O O AP .
- e s s
.

¢
ENGWGT 2

[ 4

CALL HOPWSZ SKWGT,SKDIM,RWH.HPNSLS.NCYL.SWSLS.ANAC.Hrﬁ\ﬂ."' I

XLN=XL
¢ NACDRG=1

-——-‘—J
CALL RCWSZ (HPMSLS,ROTN,GR, SKWGT ,SKDIM, SWSLS ,ANAC, X1.)

Y [XLN=XL
NACDRG=1
GRT10=GR
| SWSLSa 5 ]
! !

WENG=SWSLS*HPMSLS
WNAC=UWNAC*ANAC
WPYLON=FPYL* ( (WENG+WNAC) 88.736)

!

C w )=l Giviows,
. - ;

J
~
< Ny =6
NTYI ) > 255

F1=DPROP/ 10,

F2=BNUM/J,
AFPB=AFTOT/BNUM
F3=AFPB/100.
F4=RPM*DPROP/20000.
F5=HPMSLS/DPROP/DPROP/10.
F5=EMCRU+1.0

Y
g _g o
( NTYP ﬁj) > ~{FG=EMCRU+. 65 ]
: ) £o |
L (:_ X;l ) - %
we ) |
: I—_—(:‘ NTYP ) l - l Y
; XK1=170. ] [IaKi=180.] | XX1=240} [ XK1=232
‘ . T - I -t 1 —
: )_*#0 >
C XCH ) > 160
! V-3
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\
]

- T W

sa

ﬂmawwmwwmfwmfwﬂfWAmka o T D ““”WW”W””T“Q

ENGHGT 3
N s
C wve ) >
11z 3] 4
XCW=2. 5* ( (HPMSLS/RPM) * (EMCRU/DROP) * AFPB* BNUM)
¥ - -

T Qe
R

WFAN=XK1'((Fl"l.85)'(FZ".7)'(F3".6)'(F4".5)'(FS".12)“ih".Sii]

Y y
D == 28,
Q ""1 ) ﬂf m

WSHR=XK2*DPREOP*DPRO

-
, :
WFAN=XKVI* ((F17+2.) % (F2**.7) " (F3%%.75)" (F4**.5) ¥ (F5+*.1.) 1 1."*.5)) +XCH] :
Y
o =1
(:7 GRATIO j)‘ o

TORQUE=HPMSLS*550./ (RPM*2.*3.14/60.)

T Y
C xs )2 XK3= 085
-~
Y ELCA (250)
[WGB=XK3*TORQUE**.84 ] j He0.
— :

PO=2116.
T0=519.
THRUST=0.

FWPROP 1 =WEAN+WSHR+WGB]

y .
[WPROP1=WPRP @

FNSLS=WASLS*SEN
g =0 >
C swsis ) —{SHSLs=.13 )
; -t
V-J 3
32

BT PRSI TSP T T st e O X ) L e i
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ENGWGT 4

WENG=SWSLS=FNSLS

DE=SQRT (AE/.786)
ANAC=3.14*DE*DE*XLQDE
WNAC=UWNAC*ANAC

WPYLON=FPYL* ((WENG+WNAC) **.736)

-
s

|

: { C ENP d WPYLON=0.

XLN=XLQDE*DE
NACDRG=1

e

C ot =2 ~» RETURN

!

» WRITE (6)WENG,
| WNAC,WPYLON

C v )2 WRITE (6)WPROP1]
? ; - ‘
[ C NTYP

WRITE (6)WFAN, |
] | WGB, WSHR

NIYE )=l *RITE(())DE.XLNI

RETURN .

r
r
.
;
}
.

[WRTTE (6) Yiti

i, », v
KETURN \rpy
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V.3.2.2 Subroutine HOPWSZ, Horizontally Cpposed Piston Engine

F | Weight and Size

This routine computes weight and size of horizontally opposed piston

engines. Methods employed are discussed in Section V.1.1.2 of the

L

present volume.

V-3
34

e o = o et o4 ot A s i, T s < s | 5 s ke e




l
r
J
!

a
L

HOPWSZ

CALL ITRLN(AHPSL,ASWN,HPMSLS,SWN,8)

PSTSPD=HPQAB* * 33000, / BMEP '|

SWSLS=SKWGT*SWN* (1800./PSTSPD)* (145./BMEP)
SWSC=0,

CALL ITRLN(AHPSLX,ASWSC,HPMSLS,SWSC,5)

| swsLs=sws1.S+swsC |

!
C s )= o

‘ R S

C o~ )2 o NCYL=8
s el — — - T
y

C v )= > W=SKWDTH® (. 0167*HPMSLS+30, 0
{,.,.._. o - - —_ T
3 ~\ =6 .

( nor. )28 o [w=SKWDTHT L0125+ TPMSIS 501,
I} - '

C NCYL )8 W=SKWDTH* (. 0106*HPMSL.S+ 30, 11

[ ._.,,.____.._..._.‘

C KSPCHG ) ol S @
r

C NCYL ) 4, B=1.11
¥ - -

C NCYL ) =6 [(3-"52_]
i e

C NCYL ) ol N B=.83
i —— J

| RWL=-.09*RWII+B

©

FIGURE V.3.5 DETAILED FLOW CHART, SUBROUTINE HOPWSZ
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T T T T e

S Eauninins et

P

O

B it ot el 4T St e A AR

HOPWSZ 2

?

( xspac ) $0 > ?

1

C wn )—'—":»C N, =% i)

I Sty

- -

C ~on )_:C nev, ) "% e [
- J-»- u

RWL=-, 156*RWH+B
1

RWL=-.5*RWH+B |
Y

Y

XL=W/RWL 1
H=W/RWH

WN=1.08*W

HN=1.2*H

XLN=1,2*XL

ANAC= (WN+2. 76*HN) *. 8*XLN/ 144.
XLNX=XLN

XLN=XLN/12.

¥
C xmx )0 » RETURN

!

WRITE (6)NTYE,
KSPCHG, SWSLS,
HPMSLS , XNMAX,
BMEP, ANAC, W,
WN,H,HN, XL,
XLNX

RETURN

ORiGINAL PAGE s
SR POOR QUALITY
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V.3.2.3 Subroutine RCWSZ, Rotary Combustion Engine Weight and si::

This routine computes weight and size of rotary combustion engincs.

Methods employed are discussed in Section V.1.1.3 of the present report.
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RCWSZ

HPSLX=HPM

—

y
Cosn__ )20
3 —
>4’ L —
Con D) )

\
\ =1980
IDATE )

H

ﬁ

DPSPROT=.033928* (HPMSLS/ROTN) **1.5
ENGRPM=91670. * ( (HPMSLS/ROTN) **(-.5))

y
CALL BIV(SWSLS,HPSLX,ROTN, AHPSL ,AROTN,ASW75, 8, 4, NER)
-————Q—'I — -
DSPROT=.021152* (HPMSLS/ROIN) **1.5
a 1 EENGRPM=153300. * ( (HPMSLS/ROTN) **(-.8))
)
! CALL BIV(SWSLS,HPSLX,ROTN,AHPSL,AROTN,ASW80,8,4,NER)
| N —
? RPMPRP=XNMAX*(R
| GR=RPMPRP/ENGRPM
XNMAX=ENGRPM
J
) 2 LUGINA
; ) =76. O 2 NAL PAGE
| C DSPROT ) — 24 * POOR Ql.-'ALnI)?
X
SL=.173 | .
| F

ROTN J‘ = S BL=14,35

ROTN =2 BL=16.76

C
C
RO 33— - [Bl=15.18 ]
)
C )

¥
=4 . BL=21.55

ROTN
L ' -

C ROTN =6 BL=25.4
L .

FIGURE V.3.56 DETAILED FLOW CHART, SUBRCUTINE RCWS2Z
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3
#
4
|
3

ot

ek

RCWSZ
> BL=8.89
_4 -
e N =2 =
( ROTN 4 > Rl.=10.8
i e S T
- j =3 =17
ROTN ) — (Bl.=12,77 |
y ~ ‘
Y ) <+
Con )= [
- -t

XL=BL* (DSPROT**SL)

D=SKNTAM*7,94*DSPROT** . 1895 l

CALL PTRLN(AHPSLX, ASWSC,HPMSLS, SWSC, 5)

< KSPCHG
< KSPCHG

- — ‘_.A -
)_jﬂ______.____. XL=XL+2,*D

T

NIN=NL+ D

DN=1,2*D

ANAC=3, T4*DN*XLN/ 144,
XLNX=XLN

XEN=XLN/12.
SWSLS=5WSLS* SKWGT

C wx )22

WRITE (0INTYLE, KSPCHG,
SWSLS,HPMULS , ENGRPM,

DN, XL, XLNX

v-3
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—3pRETURN

GR, ROTN, IDATE , ANAC, D f———— RETURN
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