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1.0 SUMMARY

During this study, the concepi:ual design of a four place single turbo-—

" fan engine powered light aircraft was accomplished utilizing contemporary

light aircraft conventional design techniques as a means of evaluating the
NASA-Ames General Aviation Synthesis Program (GASP) as a preliminary
design tool. In certain areas, disagreement or exclusion were found to exist
between the results of the conventional design and GASP processes. Detail
discussion of these poihts along with the associated contemporary design

methodology are presented in their respective sections of the text.

The GASP program as it was structured at the time of this study gave
significantly different results in some areas when applied to the design of the
present study class of aircraft. This is primarily the result of utilizing the
input default values of the previous Garrett study and these differences could
be mitigated somewhat by adjusting the program's input on a trial and error
hasis until reasonable results were achieved. Synthesis of a Learjet class
aircraft using standard GASP default values yielded excellent data as might
be expected since the GASP methodology and input default values were formu-

lated from statistical cata for aircraft of this general size and performance.

Recommendations of specific areas in need of further study and recon-
ciliation with the results of the contemporary design are outlined as well as
suggestions for additional computational capabilities which would increase the

usefulness of the GASP program.

The only significant new technology requirements identified with this
class of aircraft were those associated with reducing the cost of the turbofan

powerplant to a position more competitive with reciprocating engines.



2.0 INTRODUCTION

In a previous study (Reference 1) spohsored by NASA, the Garrett
Corporation investigated the applications of small turbcfan engines to single
engine light aircraft. That study, in addition to engine cycle and design
analysis, evaluated the total aircraft design and mission by using the NASA
Ames general aviation computer—aided design program (GASP). During that
study, several questions were raised concerning the configuration arrange—
ment, aircraft nerformance, and modeling characteristics of the GASP

program.

The objectives of the present study were to thoroughly analyze this
class of aircraft by performing a conventional design process utilizing con—
temporary light aircraft design techniques; to evaluate the applicability of
using the GASP aircraft synthesis program as a preliminary design tool; and
to identify unique design and technology requiremernts involved., To achieve
these objectives a four place utility configuration w.s chosen for study by
conventional methods, utilizing essentially the same performance require-
ments outlined in the Garrett study (Reference 1). Parametric £ 2rformance
analyses were carried out using contemporary techniques along with the

GASP progriam, for the purpose of validating the GASP results.,

In the course of comparing the results of the two methods, emphasis
has been placed on identifying exclusions and discrepancies in the GASP

results to aid in possible future modification by the program authors,
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3.0 LIST OF SYMBOL.S

Aerodynamic Center

Aircraft Manufacturer's Production Responsibility
Aspect Ratio

Tail Lift Curve Slope

Wing Lift Curve Slope

Center of Gravity

Hinge Moment Variation with Angle of Attack
Hinge Moment Variation with Elevator Angle
Lift Coefficient

Maximum Value of the Airplane Lift Coefficient

Maximum Value of the Airfoil Two Dimensional Lift
Coefficient

Three Dimensional Moment Coefficient

Airfoil Two Dimensional Moment Coefficient

Variation of Upwash with Angle of Attack

Variation of Downwash at the Tail with Angle of Attack
Federal Aviation Regulations

Foreign Object Damage

Cates Learjet Corporation

Tail Incidence Angle
Wing Incidence Angle

Distance between Wing and Tail Aerodynamic Centers



Pitching Moment' Py e
Mean Aerodynamic Chord

Dynamic Pressure

Rdte of Climb-

Wing Area

" Equivalen® Horizontal Tail Area

Sea l-vel Static Thrust

Total Vee Tail Area
Airfoil Thickness Ratio
Tail Volume Coeﬁ"icient
Cruise Speed

Top Speed

Stall Speed

Local Fuselage Width

Gross Weight

Distance Along Fuselage

Angle of Attack

Zero Lift Angle of Attack
Dihedral Angle

Control Surface Deflection

Ratio of Dynamic Pressure at the Tail to the Free Stream

Pressure

Elevator Effectiveness




1’ .. 4.0 THE CONVENTIONAL PRELIMINARY DESIGN PROCESS
'I
1
3
I

“ ‘The bnoceddrgé followed by a désignen in the 'convent;ional prellmmar\x “
demgn phocess tend to be individualized and mtuttwe, fur*ther, they depend on
e the scope and magmtude of the partlcular pmJect An 1deahzed procedure “ v
: ’ s for a’ completely ew destgn is given her*e broken down into steps for clamty

and discussion. They are as follows

‘u}e;'

1, Establishment of design nequirements and constraints. — For an

airplane specification to be complete, it must include the design payload,
cruising speéd, altitude and range, and the takeoff and landing distances.
Alternately, a stall speed may be speéified which serves as an indirect
specification of the takeoff and landing distances, If any of these items are
omitted the designer must provide them based on his own experience and
judgement to assure the viability of the final design. Of course many addi-
tional requirements and constraints are applied, ranging from FAA regula-
tions through company policies and practices (stated and unstated), .to the

prejudices of the particular designer,

2. Layout of passenger and payload space requirements. — The exter—

nal envelope of the aircraft fuselage must be minimized for good performance,
conversely, the interior must be roomy enough for comfort, The instruments
and controls must be located for good visibility, easy reach and operation

and in a logical arrangement. The compromises involved may be shifted a

different way for each different model, even within a given company line, in

e

an attempt to satisfy the requirements of particular market targets,

3. Layout of the initial airplane configuration, = The designer initially

assumes sizes for the wing and tail surfaces based on typical wing loadings

and the expected gross weight; he then builds up a configuration around the

§'
E
;
F"
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.[.)assenger/payload space. This may require several iterations before he is

satisfied,

4. Estimation of the component weights and shift of the configuration

for proper balance., — A component, such as the powerplant or battery, may

be shifted, or the wing, along with the tail and main gear, may be moved to

bring the c.g. into the proper range on the wi ng.

5. Performance estimation, parametric studies and modification of

the design to meet the requirements, - Jsually some level of parametric

study is required to size the wing and/or the powerplant; the extent of the
study depends on the degree of departure from past configurations, In some
cases the entire project is an outgrowth of an extensive parametric study,

where a particularly promising configuration was found.

6. Stability estimation and modification of the design as required. -

Normally only the static stability is calculated at this stage to size the tail
surfaces and establish the allowable €.g. range. Dynamic stability analyses,

if any are planned, would be run later in the program,

7. Preliminary loads calculations, — Very rough estimates of the

loads a~e made at this time as detailed airloads are only calculated after the

design is frozen.,

8. Layout of the structural arrangement and modification of the

design as required. - The major structural elements must have simple

straightforward load paths that do not interfere with the passenger/payload

accomodations, Major elements such as spars, stringers, and fittings are

roughly sized at this stage,

—r——rd



9. Systems layout. — Controls, electrical, fuel, hydraulic, and heat-

ing and ventilation systems, as required, are laid out at this state to assure

simple systems without interference.

10. Cabin mock-up construction. — A mock-up is used as a three

dimensional engineering design tool; in addition it also serves as a sales tool
for management. This is usually the first tangible item presented to manage-

ment and the occasion for the first feedback.

11, Review with manufacturing. — The purpose of a manufacturing

review of the design is to identify potential fabrication problem areas and to

enlist suggestions on methcds of minimizing overall costs.

12. Aircraft design report draft. — The design report surnmarizes the

preliminary design work and gives a detailed definition of the airplane for use

in the detail design phase.

These twelve steps are not an crderly, linear process as might be
intimated by the above listing, but rather, a more or less simultaneous con-
tinuous process. All steps are kept in mind by the designer from the begin-
ning, and all steps, including the first one, are subject to change as the

design progresses or from management input.



5.0 DESCRIPTION OF THE GASP PRC.CEDURE AND COMPARISON
WITH THE-CONVENTIONAL DESIGN PROCESS

The General Aviation Synthesis Program (GASP), a digital computer
program developed by NASA-Ames Research Center*, is basically a concep-
tual design tool for the aircraft designer who has to investigate the inter-
action among the various disciplines involved in the design process - namely,
aircraft geometry, performance, propulsion, structures, weight and balance,
economics. federal regulations, etc. - before he arrives at the end result
which presumably is the best possible compromise that meets the design
goals. This is a very compléx iterative process that normally takes several
man-months when done manually, even with the help of all the usual design
charts. The goal of the GASP is to allow the designer to carry out this task

in a fraction of that time.

The program has several Subroutines to carry out the analysis within
each discipline and a control routine which provides the user the flexibility to
call any subroutine at any stage except at the very beginning when the basic
geometry and powerplant size are determined. In general, these subroutines
were originally developed for purposes other than GASP. The combination
of these subroutines with the control program yields a very complex computer
program with over 200 input parameters, several hundred assumptions inherent
in the program and at the time of this study almost negligible documentation on
program usage, program logic or input definition, Thus, while it is a powe rful
time saving tool for the conceptual design engineer, it is difficult to use without
some minimum knowledge of the internal structure of the program and documen-

tation of methodology .

The program allows the user to select his own sequence for arriving

at the final configuration, For example, he can size the powerplant, compute



the range and 6péi""atth'g‘cost' and then change the geometry, increase the pay-
load, decrease the cruising speed or specify a new powerplant and look at the

eﬁ'“ect of any or all of these changes on weight, cost or performance.

“While many of the discrete operations performed by GASP are similar

in nature to those utilized in a contemporary design effort, on a typical run, the
operational task flow is somewhat different. Starting‘ from basic input data
‘ consisting of gross weight, payload and performance criteria, GASP determines
) a baéélin‘e aircraft geometry and proceeds to compute the cruise, takeoff and
landing aerodynamics. The first performance calculation and test comes in the
form of a landing distanceé calculation. - If the landing criterion is not met, the
program resizes the wing and loops back to the starting point (geometry deter—
mination), otherwise it proceeds to size the engines on the basis of the takeoff
requirement or a cruise speed specification. Optionally the engine thrust may
be specified. With' _the engines sized, the program then computes structural
weight, balances the aircraft and flies a mission profile to compute range.

If the range requirement is met, the program finishes the case by computing

the cost factors. If the range requirement is not met, the program increases

or decreases the gross weight and loops back thru the starting point.

in the foregoing manner, the GASP program is able to produce a solu-
tion air~raft which has been synthesized to achieve the required performance
criteria within the bounds of the design and geometric constraints placed upor
it. Assuming that all of the aerodynamic, propulsion, weight and performance
data prédicted were valid, there is no guarantee that the solution aircraft is a
currently viable product as the required size of engine or some other component
or system may not be in existence if the program is allowed to resize these
components in order to meet performance goals. Converse to this approach,
the contemporary method of design starts with existing or projected engine,
assumes geometry, analyzes this baseline and perturbates about this baseline

geometry. In the final step of the contemporary design process, all of the

9
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performance constraints are viewed simultaneously to define an acceptable

envelope of geometric excursion,

The final judgement outlined in the description of the contemporary

design process was based on weighi: which translates directly to production

- ‘cost; a judicious choice if a particular performance requirement is solidified.

Like everything else, performance has a price and market analysis for a
given year establishes the acceptable associated cost levels. In the GASP

analysis, performance excursions from the baseline can be made with relative

‘ease to evaluate the associated cost variation as will be shown later. ' In this

vpar'ticuléh contef_npdrar‘y design final analysis, performance associated costs

may be viewed indirectly by noting the change in wingspan required by the

 desired performance. To explain, the contemporary cost analysis method-

ology utilizes AMPR weight as a major element in the development and pro-—
duction cost buildup, tiherefore, any factor that increases the aircraft empty
weight_:, increases the costs. In the present study, weight variations were
primarily a function of wingspan; as the span increased , the weight increased,
Obviously then, there is a direct relationship between development/production
costs and wingspan which allows costs assoéiated with a particular desired
performance to be assessed on the basis of the wingspan change required to

achieve it,

In view of the preceding discussion, the differences in approach be-
tween GASP and the contemporary design method may be summarized by
saying that GASP synthesizes a single solution to satisfy the desired perfor—
mance and constraints while the contemporary method analyzes variations
from a given design ppint to establish geometric boundaries within which
satisfaction of all performance requirements is simultaneously achievable,
The GASP program may be used in the conventional parametric study manner,
however it requires repeated program submittals in order to build the data

matrix for trade studies.

10



6.0 THE CONVENTIONAL AIRPLANE DESIGN
6.1 Human Factors -

The passenger capsule layout is illustrated in Figure 1, the boundaries
shown represent the inner walls of the cakin, The cabin volume is sized and
proportioned to provide good comfort, excellent visibility and adequate bag-
gage area. While the cabin volume shown is comparable to that of a Cessna
Cardinal, it is superior to those provided by the Cessna 172, the Piper Clﬂer—
okee and the Beech Bonanza. Beyond that, it is significantly more comfort-
able than the baseline Garrett airplane (ref. 1) which had adequate width, but
was somewhat lacking in headroom and rear seat leg room. This comparison
is not a crirticism of the designs mentioned but simply a recognition of the
fact that the projected market cost of the present design project would not

tolerate less than optimum comfort or space.

The forward visibility shown in Figure 1 is superior to most single
engine light planes for the simple reason that there is no engine in the nose.
The lower vision angle is approximately the maximum that will allow the
nose to be within the field of view of a pilot looking straight ahead; thus it
provides a longitudinal and lateral attitude reference with minimal obstruc-
tion to vision., Some difficulty will be encountered with the installation of
instruments and radios in the panel, particularly the longer ones, due to
the slope of the cowl deck, In Figure1 the lower vision angle represents
that for a 5 percentile (short) man and the upper vision angle for a 95 per—

centile (tall) man.

11
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6.2 Airplane Configuration

The first configuration laid out, PD1501, is shown in Figure 2, This
is a low wing airplane with a podded engine mounted on the aft fuselage, a
vee tail, and fixed tricycle landing gear. The wing is the same size as that
of the baseline Garrett airplane and incorporates the GA(W)-1 airfoil, full
span Fowler flaps, and lateral control spoilers, The vee tail was selected
over a twin tail for simplicity and lower parts count, and at this stage is only

roughly sized.

The wing spar is located at the aft doorpeost and runs under the front
edge of the rear seat. The engine mount is aligned with the aft cabin bulk-
head. The spring main landing gear is mounted to the aft side of the main
spar carrythru. The oleo nose gear is mounted nn the forward cabin bulk-

head.

Two doors are provided for easy entry and exit. The step height is
fixed by the clearance between the wheel and the wing necessary to allow for
the landing gear stroke. With this short wing chord, there is no problem

with clearance between the deflected flap and the ground.

The podded engine provides the simplest installation and affords good
access for maintenance, though it also has a fairly high wetted area. The
pylon length is set to the minimum that will avoid separation caused by inter—

ference between the nacelle, pylon, and fuselage.

The principal disadvantage of this configuration is its awkward appear-

ance,

13
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The second configuration, PD1502, is shown on Figure 3; this features
a semi-buried engine with a short S duct. This arrangement has less wetted

area, but a longer intake duct. Maintenance access » particularly to the

bottom mounted accessories, is more difficult.

The tail surfaces are larger than those of PD1501 » reverting to the
baseline aircraft's area and aspect ratio. Wheel fairings have also been

added, primarily for esthetics.

_ Figure 4 shows the third configuration, PD1503, which has a buried
éngine with a bifurcated inlet duct. The high aft fuselage eliminates the
need for a long tailpipe and allows the use of a conventional tail. The inlet
Iengtf;n is limited by clearance with the door. It is not possible to put the
ia;nlete\ below the wing leading edge sinca the air would somehow have to pass
through the wing structure. In addition, a lower inlet posit’on would pick up
more FOD, particularly rocks thrown up by the nose wheel from a gravel
runway. As it is, the ducts of PD1503 eliminate the lower baggage compart-

ment,

This complicated inlet ducting adds weight and is expensive to build,
causes inlet distortion and increases duct losses. Access for maintenance

is somewhat more difficult than a podded engine corifiguration.

The conventional tail on this airplane is the same size as the vee tail

of the PD1502,

After study of these three configurations, the PD1502 was chosen as

the most promising; the work that follows was done on that configuration.

15
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6.3 Weight and Balance

The most accurate method of quickly estimating airframe weight is by
comparison with a line of similar airplanes built hy the same company. How-
evér, if the past history is sketchy or unobtainable (or not documented), or
if the project at hand represents a major departure from past practice, a
better method must be found. General aviation companies treaf weight data
as proprietary; thus, it is not widely available, Some statistical trend
equations exist but must be used with care, for the reason that they may‘ have.
been derived from insufficient data. Thus the weight estimation procedure ¥
becomes a combination of calculation with trend equations and comparison '

with past airplanes.

Table 1 gives a comparison of the PD1502 weight summary with that
of the Garrett baseline airplane (Reference 1). The difference in the wing £
weights can be attributed to the difference in gross weight., The difference
in fuselage weight is aue to the larger cabin of the PD1502, Differences in
landing gear and controls represent a simple disagreement. The difference
in equipment weight is in the furnishings. The final difference is in the fuel
quantity, which for PD1502 was increased to round off the gross weight to |

907 kg (2000 1bs.).

When the balance was calculated the airplane was found to be tail
heavy.. In crder to shift the most forward c.g. and the.most aft c.g. each
forward about 17% MAC, the ‘#ing, tail, and main gear were moved aft
160 mm (6.3 in.). This nesult is plotted on Figure 5. Three loading sched-
ules are shown; the most forwara case, the most aft case » and the maximum
cabln load. While this c.g. range appears large at first glance, it must be kept
in mind that with the high aspect ratio wing the chord is narrow, and the tail volume
coefficient is relatively high, Whether this c.g. travel is indeed acceptable

18
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Controls
Nacelle
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Dry, Bare Empty Weight

Paint

Unusable Fuel

Licensed Empty Weight

Payload (Design)

Maximum Fuel

Gross Weight
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TABLE 1 _

PD1502 WEIGHT SUMMARY

i Nelght R kg @B

* Poisos

83,9 (185.0)
49.0 (108.0)
20.4 (45.0)

8.0 (17.6)

56,2 (124.0)
10.8 (23.7)
18,1 (40.0)
22,7 (50.0)
45.4 (100.0)

431,.6 (951.5)

3.6 (8.0)

2.7 (6.0)

487.9 (965, 5)

272,2 (600,0)
197.1 (434, 5)

907.2 (2000.0)
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will be determined when the stability and control calculations are made. The
empty weight c.g. is outside the envelope, however this is not a flight condi-
tion and this point is ahead of the main gear, therefore, tail tipover will not

be a problem.
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6.4 Performance - 400 Lb, Engine

Because this is a new class of airplane, a parametric study was run
over a wide range of wing spans and areas. Only constant chord planforms
were considered. The NASA GAW)-1 airfoil of 17% thickness (Reference 2)
was chosen because it was felt that the final result would have a higher than
usual aspect ratio and the thickness afforded by this state of the art section
would aid structurally. The span was varied from 7.6 to 12.2 m (25 to 40 ft.),

and the aspect ratio from 4 to 20.

A simple computer program was written to perform the required
parametric looping. For each wing configuration it calculated and printed
the gross weight, wing area, rate of climb » Speed for best rate of climb, top
speed for that thrust setting, and stall speed. For iter*ations.at different alti-
tudes or thrust settings, the prcgram was rerun with appropriate irputs, Two
other programs were written which combined the looping feature with takeoff
and landing routines. The initial series of runs used a Garrett 1779 N (400

Ibs,) sea level static thrust turbofan engine (Reference 1).

Figure 6 shows the variation of gross weight with span and area. This
variation reflects the variation in wing weight alone since the rest of the air—
plane is held constant, This weight is used in the succeeding performance
calculations, so that the effect of weight variation with configuration is
accounted for, Based on a wing weight estimation proceer'*é commonly used
for this class of aircraft, it may be seen that span is ;i’ie orimary variable in
weight, while area is a ‘secondary variable. Note ‘t~1-af; weight dec reases
with increasing area at constant span., This is the opposite of what might be
expected intuitively; evidently the weight of bendi:v; rmaterial decreases due to

increasing thickness, faster than the skin weighﬁ increases.
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The flaps up stall speed is shown in Figure 7. While the three dimen-
sional C|_max is calculated as a function of aspect ratio, the stall speed
appears to be -a function of wing area aloné. Although the C|_gx is higher
with the greater span and aspect ratio, the associated weight increase more
than compensates for it. The overall result is the stall speed of the longer
spans being slightly greater than that of the shorter spans.

Figure 8 gives the sea level rate of climb. The rate of climb improves
with increasing span, but the rate of improvement decreases at the higher
spans. At constant span, the rate of climb improves with a decrease in area,
due to the decreased wetted area and skin friction drag. The hook on the
lower curves is due to the fact that the stall speed is higher than what would
normally be the best rate of climb speed. The dashed line shows the FAR 23
climb requirement; the rate of climb in feet per minute must be greater than
ten times the stall speed in miles per hour. Thus only those configurations
to the upper right of this curve are acceptable. While this requirement is
strictly applicable only for the stall speed and rate of climb in the takeoff
configuration, with gear down and takeoff flaps, it is employed here as a

useful guide.

The service ceiling curves of Figure 9 follow the rate of climb curves,
The variation with span is greater, and the hook on the lower curves is more
pronounced, Note that while the rates of climb are not exceptional, the
ceilings are excellent in comparison with comparable piston powered air-

planes.

Figure 10 shows the sea level top speed. This varies mainly as a

function of area; span has little effect.

Figure 11 shows the sea level cruise speed; this variation is similar
to that of the top speed.
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Figure 12 shows the cruise speeds at 1524 m (5000 ft.), The longer spans
are slightly faster at this altitude than at sea level, but the shorter ones are

somewhat slower.

The 3048 (10,000 ft.) cruise §peeds afe shown on Figure 13. The dashed
line indicates the jspecification requirement; note that few configurations exceed
it, The 7.6 m (25 ft.) span curve is fruncated at both ends; those configurations
are incapable of flying at this altitude at cruise thrust, All configurations are

slower at this altitude than at 1524 m (5000 ft.).

Figure 14 shows the cruise speeds at 4572 m (15,000 ft,). The 7.6 m
(25 ft.) span curve has dropped out completely and the 9.1 m (30 ft.) curve is

truncated. Again, all configurations are slower than at 3048 m (1C,000 ft.).

The range at 5048 m (10,000 ft.) is shown on Figure 15, Nearly all
configurations exceed the specification value of 885 km (550 statute miles). The
range shown results from a simple calculation based on fuel quantity, fuel flow,
and speed. No allowances were made for taxi, takeoff, climb, descent, landing,
or reserves, This estimation technigue assumes that the extra fuel burned per
mile during climb is made up in descent., While some accuracy is sacrificed by

this method, parametric relationships are shown properly,

Figure 16 shows the takeoff ground roll to be dependant only on wing area,
This indicates that it is a strict function of stall speed; it is, actually, a function

of liftoff speed which is usually a specified margin above stall speed.,

The takeoff air distance over a 15 m (50 ft.) obstacle, shown on Figure 17,
is the first graph to show a maximum or minimum, It can be assumed that at wing
areas less than the minimum point the higher stall and takeoff speeds cause the
longer distances, while at areas greater than the minimum, the higher drag

increases the distance,

30




A AR e T I e B P M e 3 g om e

KPH

280

260

240

220

Le

200

180

160

Ve

MPH

160

160

140

120

100

e

7.62 M (25 FT) 9.14 M (30 FT) e
soa "10.67 M (35 FT) V ‘
N 12.19 M (40 FT)
MAX CRUISE, THRUST
1779 N (400 LB) SLST ENGINE :
FT2 40 80 120 160 200 240 280 320 360 400
WING AREA '
1 1 1 1 1 1 L |
M2 10 15 20 25 30 35 40

FIGURE 12 - 1524 M (5000 FT) Cruise

XLTVAD 400d 40
1 FOVd TVNIDIYO




ce

KPH

280

260

240

220

200

180

160

Ve

MPH
180 —t-
160 ;
[ SPECIFIED
/ REQUIREMENT
L
140
120 ——7.62 M (25 FT) , —
9.14 M (30 FT) 10.67 M (35 FT) —
12.19 M (40 FT) -
SPAN
100
MAX CRUISE THRUST
1779 N (400 LB) SLST ENGINE :
FT2 40 80 120 160 200 240 280 320 360 400
WING AREA
1 1 1 1 1 [ [ [ ]
M2 10 15 20 25 30 35 40
FIGURE 13 - 3048 M (10000 Ft) Cruise
S e L NP SN RO A SR g s e R A




€e

KPH

280

260

240

220

200

18C

160

T e A ottt e

MPH

180

160

Ve

140

120

9.14 M (30 FT)

SPAN i 9N

10.67 M (35 FT

MAX CRUISE THRUST 5, ‘ ’?
1779 N (400 LB) SLST ENGINE : ot
12 40 80 120 160 200 240 T 280 | 320
WING AREA :
L L 1 L L C
M2 5 10 15 20 25 30

FIGURE 14 - 4572 M (15000 Ft) Cruise




ve

ST.MI. )
kM so00 -
: - Ve x wFUEL
Fuel Flow
1200 |-
700 . -
1100 f~ N
RANGE R S
1000 |- P —
600 \
\ \
900 |- .
7.62 M (25 FT) | —

9.14 M (30 FT) 10.67 M (35 FT) !
goof 500 12.19 M (40 FT)
700 |- MAX. CRUISE THRUST SPAN

NO RESERVE
400 + 4 }
197.1 K6 (434.5 LB) FUEL
600 = 1779 N (400 LB) SLST ENGINE
FT? 40 80 120 160 200 240 280 320 360 400
- WING AREA
1 1 1 1 | 1 1 |
M? 5 10 15 20 25 30 35 40

FIGURE 15 - 3048 M (10000 Ft) Range

ALFIVND ¥00d 40

S1 39vVd TVNIODIHO



se

1200~  FT
L 7.62 M (25 FT) SPAN
100] : :
800 |-
2400

S

=

<

600 |- &

a

1600
a00 -
800
200
12.19 M (40 FT) SPAN
1779 N (400 LB) S!ST ENGINE
FLAPS AT 10 DEGRELS
0 - i 1 1
F12 40 80 120 160 360 400

1 1 1 1
M2 5 10 15 35
FIGURE

16 - Takeoff Ground Roll

5 3ovd TVNIONEO

xarTvnd 8004 S0




o€

M FT

1200 - 4000 {
7.62 M (25 FT)
1000 |-
3200 }
SPAN
800 b 9.14 M (30 FT,
2400
10.67 M (35 FT)
" 12.19 M (40 FT)
= L N
600 |- Z
wy
=y
1600
a0}
800
200
1779|N (40? LB) fLST ErGlNE
ol 0
F1z 40 80 160 240 280 320 360 400
WING AREA
[ 1 (| | 1 | i M |
e 5 10 15 20 25 30 35 40

FIGURE 17 - Takeoff Air Distance Over 15 M (50 Ft)



e <R s O S

Figure 18 shows the total distance required for takeoff over a 15 m (50 ft.)
obstacle., These curves, of course, are simply the sum of the previous two,
Note the rather poor distances obtained. No takeoff or landing distances were
specified, so the authors defined two levels of performance. Six hundred and
ten meters (2000 ft.) total distance was chosen as a requir;d performance level,
This was felt to be the maximum distance that would permit safe operation from
a typical 914 m (3000 ft.) general aviation runway under all conditions by private
pilots. Four hundred and fifty-seven meters (1500 ft.) total distance was assessed
as a desirable performance level which would allow competition with comparable
piston powered airplanes. The validity of these judgements musf remain in question
until turbofan airplanes arrive in the marketplace. These two levels of performance
are shown by dashed lines on Figure 18, Few cénfigurations meet the 610 m (2000
ft.) criterion, and almost none the 457 m (1500 ft.) level. A check of the data shows
that those configurations that require less than 457 m (1500 ft.) have stall speeds

with takeoff flaps less than 74 kph (46 mph). The cause of this poor performance

is that the assumed engine size is inadequate to meet the desired takeoff performance.,

The landing ground roll, Figure 19, shows more dependence on span than
the takeoff ground roll, This is felt to be due to differences in the way ground
effect affects braking effectiveness. The dashed curves show the effect of
deploying spoilers simultaneously with brake application. These are either

the lateral control spoilers or similar surfaces installed inboard of them (Refer—

ence 4).

Figure 20 shows the air distance required to land over a 15 m (80 ft.)
obstacle, Although no spoilers were used for this segment, it is still rather

short due to the high drag of the full span Fowler flaps.
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Figure 21 shows the total landing distance over 15 m (50 ft.). Based
on the field performance specified for takeoff, the number of satisfactory
configurations is much greater than for takeoff, particularly when spoilers

are used,
In view of the poor performance in takeoff and cruise, and the marginal

climb performance, it was decided to repeat these calculations with a 2224 N

(500 1bs.) sea level static thrust engine.
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6.5 Performance - 500 Lb, Engine
Figure 22 shows the revised gross weight., This is f:he same as Figure
6 except for a 15.9 kg (85 lb,) increase in empty weight jue to the heavier

engine and the slight increase in wing weight this caused.

The stall speed, Figure 23, is the same except for the small increase

. due to the heavier weight,

The rate of climb, shown on Figure 24, is considerably higher than the
previous configuration, as expected. The FAR Part 23 requirement now exerts
little restriction. The service ceilings, Figure 25, range from good to outstanding

with this power plant.

Figure 26 shows the new top speed. The variation with span and area
is similar to the previous one, except that the speed levels are higher, Similarly,
the cruise speed at 3048 m (10,000 ft.), Figure 27, is much improved with most
of the configurations now falling above the requirement. The range has changed
in the opposite direction, Figure 28, and all configurations fall short of the
requirement, This is not a significant problem, however, since the fuel
capacity of the selected configuration may simply be increased to meet the

requirement (with a corresponding increase in gross weight),

The takeoff ground roll, Figure 29, is similar to the previous one,
except for the shorter distances. The air distance, Figure 30, is also reduced
and the minima are less pronounced. The total takeoff distance, Figure 31 s
is greatly reduced and most configurations now meet the 457 m (1500 ft,)

criterion.
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The engine change would not affect the landing distance, except for
the negligible increase due to the higher gross weight; thus, it was not recal-

culated,
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e 6.6 Configuration Selection

et The selectlon process should maximize cruise speed, r‘ange rate of

chmb and servlcg rellmg, and minimize stall speed and takeoff and landing

;‘{' dlstances. Since cost is a direct function of airframe and weight, gross weight

"’—shou[d be mlmmlz'e‘d.” In terms of this study, span should be minimized to

minimize weight ar{d éost. Area should be minimized to maximize speed and
climb, Area and span should be maximized to minimize takeoff and landing
distances. In order to reconcile these conflicting effects, the requirements
were plotted on one graph to define the area in which freedom of selection

existed, The rate of climb graph was chosen for this purpose,

Figure 32 shows this plot for the 1779 N (400 1b.) engine. The stall
speed (Vg) curve is the same as discussed earlier; configurations above and
to the right of it are acceptable. The cruise speed (V) curve is a cross plot
of the cruise speed requirement; configurations above and to the left of it are
acceptable., However, none of the configurations remaining above both these
curves meet the desirable 1500 ft. takeoff and landing criterion, although they
do require less than 610 m (2000 ft.).

With the 2224 N (500 1b.) engine, Figure 33, a much larger area is

~ available to select from. The rate of climb (R/C) curve, on the left side of

the plot, is not critical. The acceptable area is above the cruise speed (V)

curve, below the 457 m (1500 ft.) landing distance (LDG 1500) curve, and to
the right of the 457 m (1500 ft.) takeoff distance (T.O. 1500) curve, Within
this area, as noted above, span should be minimized to minimize weight, and
wing area should be minimized to maximize speed and rate of climb. The

gross weights and ranges for each configuration represented in F igure 33 may
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be found from Figures 22 and 28, respectively. Some margin should be
maintained from the takeoff and landing distance boundaries, because the
gross weight will be increased to provide enough fuel for the required range.
Note that as lo.‘ng as the rate of climb and takeoff and landing '.requir*ements
are met, stall speed plays no part in the selection, if the full flap stall
speed is less than 113 kph (70 mph) (FAR 23,49).

The configuration chosen from this chart has a wing span of 9.75 m (32 ft.)
and a wing area of 11,15 m2 (120 ﬁ:.z). If the takeoff and landing requirement
were relaxed to 610 m (2000 ft,), an alternate configuration with a smaller
wing of 8,1 m (30 ft.) span and 7.9 m2 (85 ﬁ:.2) area would be acceptable,
Table 2 lists the performance of these airplanes from the preceding figures.

Figure 34 shows the selected configuration,

The selected configuration was further modified by ir"tcreasing the tail size

to be compatible with the larger wing. Since it was not necessary to increase
the fuel supply to meet the range requirement, this final change brought the
final gross weight to 935 kg (2061.3 lbs.), as shown in the revised weight
breakdown given in Table 3, The weight and balance calculations were
repeated. The leading edge of the wing was maintained at the same location
as the previous configuration. The most forward c.g. was located at 11.48%
MAC, the most aft c.g., was at 31,84% MAC. These were considered satis—

factory, pending the stability and control calculations.
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: TABLE 2
PERFORMANCE SUMMARY

- Selected | Alternate
Configuration | Configuration

Wing Span, m (ft) | 9.75 (32) 9.1 (30)
Wing Area, m-> (ﬂ:2) 11.15 (120) 7.9 (85)
Aspect Ratio 8.53 10.59
Gross Weight, kg (b) 933 (2057) 927.1 (2044)
Stall Speed, kph (mph) flaps up 114 (71) 135 (84)
Rate of Climb, mpm (fpm) 313 (1026) 321 (1054)
Service Ceiling, m (ft) 7254 (23800) 7132 (23400)
Top Speed, kph (mph) 296 (184) 307 (191)
3048 m (10000 ft) Cruise ¢

Speed, kph (mph) 261 (162) 270 (168)
Range, km (mi) 937 (582) 969 (602)

(197.1 kg (434.5 1b) fuel)
Takeoff Ground Roll, m (ft) 197 (645) 276 (907)
Takeoff Air Distance s M (ft) 246 (807) 291 (955)
Total Takeoff Distance, m (ft) to 50 ft, 443 (1452) 567 (1862)
Landing Ground Roll, m (ft) 186 (610) 258 (847)
Landing Air Distance, m (ft) 202 (663) ‘ 229 (752)
Total Landing Distance, m (ft) 388 (1273) 487 (1599)

from 50 ft,
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TABLE 3
' PD1502A WEIGHT SUMMARY
" (Weight in kg (b))

GROUP _ . WEIGHT
Wing I et 108.0 (238.0)
" Tail Surfaces ' ’ 21.1 (46.5)
Fuselage 83.9 (185.0)
Landing Gear _ 49,0 (108.0)
Controls N 20,4 (45.0)
Nacelle '.\_‘- - 10.0 (21.9)
Propulsion - ' 72.1 (159.0)
Instruments 10.8 (28.7)
Avionics 18.1 (40.0)
Electrical 22,7 (50.0)
Furishings 45,4 (100.0)
Dry, Bare Empty Weight 461.4 (1017.1)
Paint 3.6 (8.0)
Unusable Fuel 2.7 (6.0)
Licensed Empty Weight » 467,7 (1031.1)
Payload (Design) 272,.2 (600.0)
Maximum Fuel 197.1 (434.5)
Gross Weight 937 (2065,6)
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6.7 Stability and Control

The longitudinal static stability and the longitudinal control character—
istics were calculated by the methods of Reference 5. There is the possibility
that the flow induced by the engine exhaust might affect the tail, thus causing
trim changes with power. It is felt that with the low exhaust velocity of the high
bypass ratio engine this would not be a serious problem. This is obviously a
matter of judgement and the question would be resolved by wind tunnel tests,
The equivalent effective area of the vee tail for stability calculations is taken

from Reference 6 as

2
SH=S ecos T

2 2
since Svee =3.58 m (38,52 ft ), and
T = 40°

2 2
SH =2.10 m~ (22.60 ft°)

For longitudinal control, the effective area is the projected area:

< 2 2
SH = Syee cosl =2.74 m™ (29.51 ft")

Stability. — The stability of the airplane is the sum of contributions of
the tail, the fuselage, the powernlant, and the c.g. position., Since the power-
plant of this airplane is close the the c.g., its effect on stability is assumed

to be negligible,

The tail contribution, stick free, is given by

EEM =_a_tv n ( _ﬁ)(1 _1c_h‘_‘)
3 = ,058
a =.,1078
—_— S ft 22.60 144
= = =, 2
v f}s *MACG 120 X a5 " 6028
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" £ 9 (assumed)

de de)
Fri .22, ( da)- .78
T=.6

h = - .00527

a

Chy == 01166

Cha
1-1t—— ) =,7288
Chb

Thus
°Cm _.058
do . -1078

x .6028 x .9 x .78 x .7288 = - ,1659

The fuselage contribution is found from the integral

dM _ g 2 dB
de 6.5 J Y Gn

The integral was evaluated numerically:

2 dB

—_— = 219
wf =0 Ax 147
dM
dc_W - _Ga
d ; -
CL. fus chaw
_147.311/36.5

120 x 3.75 x .1078

= ,0832
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The stick free neutral point, or the c.g position at which the stability

is zero, or neutral, is given by

N, =A.C. -} ——

.25+ .1659 - .0832
.3327 MAC

The most aft c.g. from loading considerations is at .3184 MAC,

therefore, this is satisfactory.

Control. - The elevator power is given by

— 9.5 44
= £ 1/120 X ! /45 = 787

CM6 = .058x .787 x .9 x .6 =~- ,0246

For the GA(W)-1 .irfoil with no flap (Reference 2)

o
=-4

0oL » =1,77

C =-.1, <1
mac meax

With a .30 c Fowler flap deflecte 3 400, (Reference 3)

o
a = - —— =
oL 207, cmac .8, Clm 3.80
thus,
o - _
AQOL =-16 , Acmac .70

the flapped aiea of the wing (bg/b) is

Sﬂap = .8385 Sw
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Therefore, for the three dimensional wing:

: (o]
= —4— A = - .
ﬂo 16 x .8385 17.4

C ==-.1-.7x .8385 =~ ,6870
MAC :

and from the parametric landing program:

CcL = 2,861

MAX

The elevator angle for zero lift is given by
5 —_ MAC_(aol-'w+'y
€&~ C T

M3

i = it = 0, therefore,

.687  17.4
dey =~ 0246 | .6

=-27.9° 4+ 20°

=1, 1° (trailing edge down)

The maximum stability level for stall is

I
9C\' - (Beo - Bemax) CM6
CL max Clmax
.0246
= 5
(1.1 +28) ==
= .2244

Thus the most forward c.g. allowable is

.3327 - .2244 = ,1083 MAC
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Since the most forward C+g. position ig .1148 MAC, this is satis-

-

* o factory, Note that this is sufficient elevator power to stall out of groung
effect, not on landing. Many smai airplaneg are not capaple of stalling at
forward C.g. with ful flaps, even out of groungd effect, ang this is not an
operaticnal Problem,
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6.8 Structural Arrangement

Figure 35 shows a typical initial layout of the major structural ele-
ments. No loads have been calculated or members sized and conventiciial

aluminum construction is assumed.

Fuselage. - Since the wing chord has been increased and the wing has
been shirted aft, the main spar is no longer at the rear doorpost, running
under the front of the rear seat as was first assumed. The main spar carry-
thru structure now passes under the back of the rear seat. The main spar
carrythru structure carries the wing bending moments and the main gear
attachments. It can be constructed either of extruded caps and vertical
stiffeners with sheetmetal webs and forged landing gear sockets , or, if a
large numerically controlled milling machine is available, it can be a single
large forging. Since the carrythru is located in the middle of the rear win-
dow, the vertical shear loads must be carried by the skins forward to the

doorpost frame., Wing torsion loads are carried by fore and aft fittings.

The main engine mount is carried by the aft cabin bulkhead. The
stabilizing link is attached to a fore and aft beam on the top centerlire, This
mounting structure should be stressed for about 25 g's in a forward and down-—
ward direction for crash protection of the occupants., This should not be too

difficult since the engine is very light.

The last two tailcone bulkheads c=rry the tail surface attachments.
The aft bulkhead carries the bending loads and the next bulkhead carries the
torsion. The aft bulkhead also carries the tailskid/tiedown fitting loads.
The tailcone skins are simple flat wrapped sheetmetal, An analysis would
be required to determine the need for stringers. These could be bent up on
the edges of the skins if the panel curvature is not enough to stakilize the

skins.,
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FUSELAGE STRUCTURE

FIGURE 35 - Structural Arrangement
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TAIL STRUCTURE
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The nose, from the forward cabin bulkhead forward, could be a sim-
ple plastic fairing; however, a metal structure is preferred-to provide mat-
erial for crash energy absorption, in spite of the higher cost. An additional

baggage compartment could be located there to make use of this space,

Wing. - Bending loads are cér'ried by g:he' main spar, which is located
at 40% chord. The inboard portion of the spar is an extrusion with tapered
caps while the outboard portion is a simple sheetmetal channel. The aft
spar closes out the flap bay ariasuppor‘ts the control systems. The forward
spar is provided to achieve another shear fitting and or ly extends outboar;:l

one bay, to the inboard end of the fuel tank.

The fuel tank is a sealed portion of the leading edge. A closeout spar
is provided ahead of the main spar which eliminates the need to seal to the
tapered extrusion. The fuel tank can thus be assembled, sealed, and tested

as a unit.,

The long travel of Fowler flaps require correspondingly long support
tracks. If these tracks are axternal to the contour, they require large fair—
ings and are objectionable from both drag and appearance standpoints ; there-
fore, they are contained as completely as possible within the wing contour,
This requires splitting each wing flap into two segments, with the rollers
on the ends riding on three tracks. Since the wing is not tapered, the four
flap segments could be identical and interchangeable. Each segment must
be actuated at each end to avoid binding in the tracks, therefore, three bell
cranks are required in each wing, A major design problem associated with
this type of flap is the support of the slot lip to maintain the proper gap.
Possibly, the simblest solution is a sandwich type construction using a high

density, poured in place, foam core,

70



The spoilers are of triangular cross section for maximum torsional

. and bending stiffness, These can be folded from single pieces of sheetmetal

with hinge provisions added at each rib.,

Tail surfaces. ~ The stabilizer aft spar is a sheetmetal channel, with

doublers in the inboard end as required to carry the bending loads; the root

fitting is a forging. The forward spar transmits the torque and is only half

span. The skin is one piece,

The elevator (or ruddervator) also features a one piece skin, either
wrapped around the leading edge and riveted at the trailing edge, or folded
at the trailing edge and riveted to the spar at the leading edge. The control
horn at the inboard end is a steel weldment. A trim tab is provided on each
elevator and the mass balance weights are incorporated in the tips. The
stabilizers, elevators, trim tabs, and tips may be made identical and inter—

changeaple.

All extremities of the airplane - the nose cap, tailcone fairing, wing
tips, and tail tips, are made of plastic, as well as other fairings such as
wheel fairings and wing fillets., Whether these are fiberglass layups or
thermoformed ABS would depend on the capabilities and economics of the

individual factory.
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6.9 Cosis

Aircraft costs were examined for development and certification,
production, initial pmcu’»;, and annual operations. Cost analysis methodology
for estimating development and production costs employed the contemporary
AMPR (Airframe Manufacturer's Production Responsibility) method in deter—
mining a parameter to which direct labor manhours could be associated

through engineeririg and manufacturing historical experience.

The AMPR weight method for associating manufacturing manhours has
been found to be a cor'venient and reasonably accurate method for predicting
costs in the p:-eliminary design process. During the program definition
phase, just prior to launch of a new airplane development, most manufacturers
will develop detailed task and manhour schedules to which specific skills and
organizations are assigned. With this information a more accurate and

time-phased cost analysis can be made.

For the present analysis, the detail methodology used is presented in
Appendix C. Only the selected contemporary design aircraft described in
previous sections was evaluated for cost, Development, production, and
operations cost were based on constant early CY '77 Jollars. Production
costs were based on cumulative average manhours of a mature manufacturing
operation wherein minimum manhours per unit weight of AMPR weight were
achieved, Operations costs were based on conventional estimating techniques

used by the General Aviation Industry,

A summary of Development and Certification Costs is presented in
Table 4 showing the major items of costs within Engineering, Tooling,
Quality Assurance, and Manufacturing. In the latter case » Manufacturing

involves construction of only prototype and structural test articles.
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TABLE 4

DEVELOPMENT AND CERTIFICATION COST
(Early CY77 Dollars)

- Engineering

" Engineering Burdehed Labor = ° ) 42

Special Materials & Purchased Services
Flight Testing (500 Hours)

Total Engineering Cost

" Direct Labor
‘ Overhead
Materials

Total Tooling Cost

Manufacturing (1 Prototypes; 2 Test Articles)
Direct Laber '
Overhead
Materials

Total Manufacturing Cost

Quality Assurance

Direct Labor
Overhead

Total Quality Assurance Cost

Total Development & Certification Cost

73

$ 1,308,288
' 250,000

25,000

$ 1,583,288

$ . 392,889
404,675
96,612

$ 894,177
$ 63,780
86,103
22,172

$ 172,055
$ 30,093
40,626
$__70,719

$_2,720,239
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Pmductlon Unit Cost and Estimated Pmcmg are presented in Table
5. The manner of presentation of these costs in Table 5 are a result of the ;
estimation method. Out-the=Factory-Door (OFD) costs mclqge_ P‘roduction |
Unit Costs, Period Costs, and Warranty Reserve, which ar‘edi_eetimated as

a percentage of Production Unit Cost.

Aircrai’c estlmated pmce 1s shown at the bottom of Table 5 both with
and wnthout amortxzatlon of develcpment costs. The estimated price does
not include add-on equ1pment Write—oﬁ" of development costs varies widely
among manufactur‘er‘s dependlng on theln ﬂnanc1al health the market and
management decisions. For hlgh performance busxness Jet alrplanes
development costs may be written gff over only 50-100 units > while in small
aircfaﬁ: it may be over several thousand units. In some instances initial
pricing of medium twin—engine aircraft have been established to provide
development write-off over only 15-25 units. For this study 3000 units

was assumed,

Estimated Cost of Operations are presented in Table 6 showing
breakdown of Variable and Fixed Costs, Costs shown are for an annual
utilization based on engine manufacturer's estimated costs for the engine

design employed. Estimated TBO versus utilization is listed as follows,

Annual Estimated
Utilization B0

(Hrs/Yr) (Hrs)

75 1125
100 1475
150 2100
200 2575
250 > 2875
300 8000
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TABLE 5
PRODUCTION UNIT COST

(Early CY77 Dollars)

Manufacturing Materials

Engine

Basic Avionics and Other
Manufacturing Direct Labor
Manufacturing Overhead
Quality Assurance Direct Labor
Quality Assurance Overhead

Total Production Unit Cost

ESTIMATED PRIC:Z
(Mid-FY77 Dollars)

Production Unit Cost
Period Costs
Warranty Reserve
Gross Margin

Total Price (W/0 Amortization
of Development rosts)

Development Amortization

Total Price (Includin
Deveiopment Amortization)

75

$12,500
5,418
2,846
4,554
302
483
26,108

$26,103
2,610
522
15,742

$44,977

__ 9w

$45,884



TABLE 6

COST OF OPERATION
(Early CY77 Dollars Without Amortization)

At 200 hrs/yr.

Purchase Price
Cruise Speed

Miles Per Year

Variable Cost/Hour
Fuel & 0i1 [(18.05 X .67) + .60]
Airframe & Avionics Maintenance Reserve
Engine Overhaul &nd HSI

Parking/Landing Fees & Spare Parts
Inventory

Total Variable Cost/Hr.

Total Variable Cost/Yr.

Fixed Cost/Yr.

Depreciation
Crew

Insurance
Hull
Liability/Medical

Hangar/Tie Down
Navigation Materials
Airways Tax

Total Fixed Cost/Yr.

Total Operating Cost/Yr.
Total Operating Cost/Hr.
Total Variable Cost/S.M.

Total Operating Cost/S.M.
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$ 44,977
162 MPH
32,400 S.M.

$ 12.69
8.40
2.00
1.17

S 24.26
$4852.00
S 4,498
0

360

325

450

100

25

$ 5,758
$ 10,610
$ 53.05
$ . 150
g . 328



For annual utilization under 75 hours per year, overhaul would occur
every seven years., Overhaul cost is based on 40 percent of original engine

cost,
Depreciation 1s based on an 8-year period with value diminishing on

a straight line basis to 20 percent. Other cost factors of variable and fixed

costs are determined by conventional estimating methods,
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7.0 GASP AIRPLANE DESIGN

7.1 Iterations and Evolution of the Design

The design process using GASP is started from a 3-view drawing and
a baseline definition of the aircraft. Depending on the level of technology
employed, those items which can be defined as known or required are iden-
tified. For example, if a known landing gear, engine or wing planform is
to be used, these items are input as fixed and will not be varied or scaled.
If performance items are identified as requirements, these, too, are fixed
and the final design will be sized to meet these constraints. The 3-view is

used primarily to define the geometry and provide a valid starting point.

The design process utilizing the GASP program was initiated by dupli-
cating the geometry and component weights of the PD1502 design of section
6.6. This was done to calibrate the coefficients in the weight trend equations

to represent this class of aircraft.

The PD1502 iarcraft was used as the starting point for this de.ign exer—-
cise. The aircraft was sized with the following constraints, some of which

were carried over from the previous Garrett study:

Airframe requirements:

1) Cabin size fixed (4 seats)

2) Fixed equipment weight 97.1 Kg (214 1bs.)

3) Design .ayload (2 passengers + 1 crew) 272 Kg (600 lbs.)

Mission requirements:

1) Cruise @ 3048 m (1000 ft.) @ 241 KPH (150 MPH)
2) Range 1482 Km (800 NM) with 45 min, reserve
3) Takeoff and landing distance = 610 m (2000 ft.)
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Engine requirements:

1) Garrett small turbofan engine
2) Engine cost 25%/1b thrust

3) 3000 Hr. TBO

All other aspects of tHe design could be varied as desired. The base-
line aircraft defined by the GASP pProgram with these constraints and the
PD1502 geometry is given in the computer output in Table 8 Run 1).



7.2 Sensitivity Analysis

After the various weight coefficients had been selected to represent
the baseline aircraft, those pertinent parameters which may be scaled were

varied throughout their practical range to determine the effect on the design.

For the sensitivity study, the baseline aircraft was varied for takeofT
and landing distance, aspect ratio, wing loading, thickness ratio, wing sweep,
incremental weight and drag, and mission range. Table 7 shows the ranges
of data investigated for these variable parameters. It was determined during
the course of the study that the flap methodology was only good up to an aspect
ratio of 12. Several runs, including the final run, were made at aspect ratios

beyond this value; in these cases, the results reflect an aspect ratio of 12,

TABLE 7.-VARIABLE PARAMETERS

f Parameter Range f

Aspect Ratio ‘ 6 - 16 f
‘| Wing Loading 97.6 -146.5 KG/MZ (20 -30 Lb/Ft>

Thickness Ratio 8 -21%
Sweep E -5° - 10°
aOL ; -3.9° - 0°
A Weight t 45.4 kG (100 Lb)
ADrag - | t 30 counts

By compar‘ing\/ various criteria such as gross weight, wing area, mission
fuel, static thrust, cost, etc., as affected by changes in the variable parameters,
the sensitivity of the design can be evaluated. Likewise minimum or maximum
points can be determined if they exist in the tested range of the parameter.

Table 8 lists the parameters tested and the effects compared to the baseline

design,
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TABLE 8.-GASP DESIGN ITERATIONS

l WING THICKNESS T.0./LDG a ZERO sLS WING | GROSS | MIssION
| RUN NO. AR | LOADING RATIO SWEEP | DISTANCE | AWT ACD LIFT RANGE | THRUST | AREA | WEIGHT FUEL cosT
T Lbs/Ft % Deg Ft Lbs Counts Deg WM Lbs Fer [ "Lbs Lbs TS ma

| 1 (2aseline) |12 | 25 17 0 2000 0 0 3.9 800 a1 | se.4 | 2110 463 27918
| 2 2 125 17 0 1750 0 0 -3.9 800 540 80,9 2222 508 33075
i 3 i2 | 25 17 0 1500 0 0 -3.9 800 700 95.5 2388 569 41452
: 3 10 | 25 17 0 2000 0 0 -3,9 800 456 85.6 2144 490 28620
i 5 3 | 25 17 h) 2000 n 0 -3.9 890 501 88.9 2222 537 30935
6 6 | 25 17 0 2000 0 0 -3.9 800 565 93.4 2334 603 34261

: 7 18 | 2 17 0 2000 0 2 -3.9 800 143 84.3 2107 454 20045
| 8 {15 | 25 17 0 2000 0 0 -3.9 800 448 84.6 2116 451 28442
! 10 {12 20 17 0 2000 0 0 3.9 800 415 | 111 2222 42 27621
12 12 l 25 17 0 2000 0 0 -2.0 800 493 86.9 2174 489 30662
13 12 25 17 0 2000 0 0 0 800 558 89.5 2238 513 33920
- 14 12 | 30 17 0 2000 0 0 -3.9 800 562 72.4 2171 £07 31554

i (New Saseline)! |

| 2i 12 | 25 17 0 2000 0 0 -3.9 800 458 8.1 2126 458 28773
@ | 22 | 12 25 21 0 2500 0 0 -3.9 800 a4 4.3 2108 470 23024
- i 23 12 25 13 0 2000 0 0 -3.9 00 531 89.5 2237 505 32568
i 24 12 1 25 08 0 2000 0 0 -3.9 400 720 | 100.4 2510 589 43442
| 25 12 | 25 17 -5 2000 0 0 -3.9 200 461 85.1 2129 469 28934
i 26 12 1 25 17 +5 2000 0 0 -3.9 800 161 5.2 2130 470 28353
! 27 12 } 23 17 10 2000 0 0 -3.9 800 475 86.5 2162 486 29779
23 12 25 17 0 2000 -20 0 -3.9 800 419 £3.3 2082 460 27016
2 12 s 17 0 2009 +20 0 -3.9 £00 467 86.3 2169 475 29518
, 3 2 |2 oW 0 2000 50 0 -3.9 | 800 479 | 89.8 | 2246 494 30675
1 31 12 | 2 17 0 2000 100 0 -3.9 800 500 93,7 2302 504 37460
| 2 12 1 28 17 n 7m0 -5 0 -3.9 200 437 85.8 2021 452 26951
i i3 |1z | & i7 0 2000 -100 0 -3.9 800 414 76.4 19:0 433 25047
' 24 l 2 1 25 17 0 2000 0 +10 -3.9 800 464 86.1 2153 483 29146
| 25 12 | 2 17 0 2000 0 20 -3.9 800 472 87.7 2194 508 29659
i 36 12 | 25 | 17 0 l 7710 0 30 -3.9 800 487 89.9 2222 521 20503
i 37 12 25 | 17 0 2000 0 -10 -3.9 00 452 84,2 2105 457 20440
} 33 12, 25 | 17 0 | 2090 0 -20 -3.9 800 447 3.2 2081 443 26052
| 39 e |25 | 17 0 2000 0 -0 -3.9 200 443 82.6 2065 435 27348
! 22 12 | 25 | 17 0 | 2000 0 0 -3.9 400 377 69.1 1725 220 23717
a1 i1 5 | 17 0 | 200 0 0 -3.9 479 391 72.0 1800 265 2465
| 52 2 | % 17 0 2000 0 0 -3.9 600 414 76.5 1012 336 26014
; a3 12 | 2 17 0 2000 0 0 -3.9 700 436 80.7 2013 401 727335
y 23 12 | 25 | 17 0 2000 0 0 -3.9 900 482 90.3 2258 £50 3034
45 12 1 25| 17 0 2000 | 0 0 -3.9 1000 510 95.5 238¢ 629 32138
6 rinal 13 1 2.4 | 21 0 | 2000 0 0 -3.9 800 411 94,2 2120 456 26703

ArTVoD 800d 30

d 'I\i!QIEII!!(’

q 30V




It should be noted that the baseline design changed slightly at Run
No. 21. The new baseline parameters are shown in Table 8. At this point
a keypunch error had occurred in defining the parameter VKTIN in the flap
definition. The original baseline used VKTIN = 80 knots and runs 1 through
20 were made using this value. In Run No. 22, VKTIN = 60 knots was used
and this value was carried through Run No. 45. When the error was discovered,
a new baseline run was made with this value of VKTIN and the baseline 2
aircraft was defined. The actual differences between the two baselines are
small and it was not deemed necessary to rerun the sensitivity studies. The

data from Ruris 22-45 is compared to the baseline 2 aircraft.

Three design criteria were chosen to evaluate the effects of the
variables on the design. These are gross weight, engine static thrust, and
retail cost. Plots of the effects of the variable parameters on these criteria
are shown in Figures 36 thru G3. It can be seen that the trends of most of
the variable parameters do not show minimum or maximum characteristics;
hcwever, aspec: ratio, wing loading, tnickness ratio and sweep show either a
minimum value or at least a flat trend. Wing sweep effects are nearly flat
for small sweep angles. Aspect ratio and thickness ratio show a flattening
trend at higner- values without a well-defined minimum in the range tested.
Wing loading, however, not only shows a definite minimum, but the optimum
wing loading is different for each of the criteria of gross weight, static thrust

and cost.

A second design point was optimized which matches closely the
PD1502A design selected in Section 6.6. The only differences from the
requirements of the first design are in the mission performance criteria.

These new performance criteria were:

Range = 885 KM (479 NM) (850 SM) with 45 min, reserve
Takeoff and landing distance — 457 M (1500 Ft.)
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Based on these new constraints, a second sensitivity study was made.
This study was more limited in scope and involved only the variable parameters
of wing loading, aspect ratio and thickness ratio. Table 9 lists the results
of the sensitivity study. The plots of the effects on the criteria of gross
weight, static thrust and cost are shown in Figures 39 thru 41. Although
wing loading tends to reach minimum values, these curves are somewhat

flatter than the corresponding ones of the previous ser sitivity study.
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TABLE 9. -GASP ITERATIONS

ASPECT | WING | THICKNESS | T.0./LDG SLS | WING | GROSS | MISSION
EI ) A T RATIO JLOADING | RATIO ;. DISTANCE | "RANBE | |linlISTRlAREAL A Wil ey FUEL __|_ COST_
Lbs/Ft? % Ft S.M. Lbs Ft? Lbs Lbs $
(479NM)

50 (Baseline)| 12 25 17 1500 550 581 | 78.0 | 1940 309 34245
51 12 25 21 1500 550 557 | 76.6 | 1916 302 32877

52 12 25 13 1500 550 685 | 82.4 | 2060 337 39838

53 12 25 8 1500 550 985 | 94.7 | 2369 414 56040

54 12 30 17 1500 550 747 | 67.5 | 2026 345 42213

56 12 22.5 17 1500 550 516 | 86.4 | 1944 299 31313

57 12 20 17 1500 550 456 | 97.4 | 1948 293 28674

60 10 25 17 1500 550 599 | 78.8 | 1971 324 35124

61 8 25 17 1500 550 634 | 80.3 | 2007 345 36789

62 Final 12 20 21 1500 550 437 | 95.8 | 1916 287 27573
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7.3 Final Design Configuration

The final design point selected for each of these two optimizations was
based on retail cost. The following values were selected to represent the final

desig and the data input for the final design computer run:

Takeoff Distance 610M (2000 Ft) 45TM (1500 Ft)

Range 1481 KM (800 NM) 887 KM (479 NM)
Wing Loading 110 KG/M? (22.5 PSF) 97.6 KG/M2 (20 PSF)
t/c - 21% 21%

AR 13 12

The final designs based on these criteria are described by the GASP output
shown in Tables 10 and 11. (Run No.'s 46 and 62, respectively.)

TABLE 10.-GASP FINAL DESIGN (RUN 46)

Takeoff Gross Weight 962 KG (2120 Lb)
Wing Area 8.75 M2 (94.2 Ft?)
Sea Level Static Thrust 1828 N (411 Lb)
Mission Fuel 207 KG (456 Lb)
Retail Cost $26708.

2 Passengers + 1 Crew
Wing Loading 109.9 KG/M2 (22,5 Lb/Ft2)
Aspect Ratio 13
Thickness Ratio 21%
Sweep 0°

oL -3.9°
Takeoff and Landing Distance 610 M (2000 Ft)
Cruise Altitude 3048 M (10000 Ft)
Cruise Speed 241 KPH (150 MPH)
Range 1481 KM (800 NMI)
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TABLE 11 .~-GASP FINAL

Takeoff Gross Weight
Wwing Area

Sea Level Static Thrust
Mission Fuel

Retail Cost

o Passengers + 1 Crew
Wing Loading

Aspect Ratio

Thickness Ratio

Sweep

oL

T akeoff and Landing Distance

Cruise Altitude
Cruise Speed

Range
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DESIGN (RUN 62)

860 KG (1916 LD)
8.90 MZ (95.8 Ft2)
1944 N (437 LD)
180 KG (287 Lb)
$27573.

97.6 KG/M> (20 Lo/FtS)
12
21%
OO
-3.¢°
457 M (1500 Ft)
3048 M (10000 Ft)
041 KPH (150 MPH)
887 KM (479 NMD)
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8.0 COMPARISON BETWEEN THEE CONVENTIONAL
AND GASP DESIGN PROCEDURES

8.1 Introduction

The conventional design sensitivity studies calculated a series of gross
weights for aircraft with various wing spans and areas as shown in Figure 6.
Using the weight coefficients determined for the GASP baseline aircraft along
with gross weight, wing span and area from Figure 6, performance calculations
are compared between the conventional analysis and the GASP program. It
should be noted that the aerodynamics and certain performance constraints
used in the GASP runs were not the default aerodynamics of GASP, but
rather were the default values used in the previous Garrett study. Table 12
shows the specific comparison points selected and the values of input data
to the GASP program. To evaluate the performance methodology, the GASP
output is used directly and plotted to the same scale and format as shown in
the corresponding plots of the conventional analysis. All of these comparisons
are for a 400 pound static thrust engine. Table 13 lists the data from GASP

used in the following plots.

Flaps up stall sieed, Figure 42, shows the same trends as the conventional
analysis, Figure 7, and gives substantially the same speeds as a function of

wing area and span.

The takeoff ground roll shown in Figures 43 and 16 has the same trend, but
the distances predicted by GASP are longer than those of the conventional
analysis. Total distance to 15 m (50 ft) does not exhibit the same curve shape
for the two methods, nor do the distances agree. The conventional method,
Figure 18, shows a definite minimum as a function of wing area. In Figure
44, the GASP method does not exhibit this characteristic but continues to

reduce with increasing wing area. The distances calculated by the GASP
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program are from 20% to 80% longer than the conventional analysis. In the
takeoff and landing calculations, better agreement would have been obtained
by inputting the same speed margins, time delays, and load factor require-
ments into GASP as used in the conventional analysis. Input parameters are

available for doing this, however, the Garrett values were retained.

The GASP cruise, Figures 45-48, do not compare directly to the conven—
tional analysis cruise of Figures 11-14., At the time the study was performed,
GASP did not calculate Vmax directly could it perform a cruise at a fixed
power setting such as maximum cruise thrust or maximum thrust. GASP
cruises were limited to fixed cruise Mach number for a given altitude.
Maximum range cruise data of Figures 46-49 is calculated by computing
cruise at several speeds, and crossplotting to determine max range speed.
Figures 49-52 show the specific range plots for the various combinations of

wing span and area.

Figure 53 shows the range capability of these various design points as
a function of wing span and area for the design mission of 3048 m (10,000 ft)
cruise at 241 kph (150 mph). The mission fuel for the GASP analysis is
dependent on the gross weight, whereas the conventional analysis uses a

fixed fuel available.

Landing distance of 15 m (60 ft) is shown in Figure 54. In contrast to
the takeoff distance, the GASP method produces values significantly closer
to those of the conventional method, with the variation being from 10% to 25%.
This, again, is due primarily to the GASP inputs retained from the Garrett

study.
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TABLE 12.-METHODOLOGY EVALUATION POINTS

(400 Lb. Thrust Engine)

Wing Span Wing Area Aspect Ratio Gross Weight Wing Loading
Ft Ft2 Lbs Lbs/Ft®
40 400 2078 5.195

267 2080 7.79

200 2082 10.41

133 12 2084 15.67

35 306 2038 6.66
204 2040 10.0

153 2042 13.35

102 12 2045 20,05

30 225 2000 8.89

150 2002 13.35

112 2004 17.89

75 12 2006 26.75

25 156 1962 12.58

104 1964 18.88

78 1966 25.20

62 12 1969 37.86

95



TABLE 13.-GASP COMPARISON

’ MAX RANGE SPEED | |

' BN f } STALL CRUISE | CRUISE | CRUISE | CRUISE | T.0. GRND | T.0. TO | LANDING RANGE

P NQ. 1 SPAN | A/R l AREA | TOGA | SPEED | R/C SL St 5000 | 10000 | 15000 ROLL 50 FT 50 FT 10000 150MPH | COST

R EE T I e

i | Ft | Ft® Lbs MPH FPM MPH MPH MPH MPH Ft Ft Ft N.M. $

S

[ 70 | 40 ! 4 1 aoe 2073 35.9 676 99 109 113 116 633 1652 541 24 46609

7! {6 | 267 2030 47.7 770 107 114 120 127 908 118 651 217 43113

by { 8 200 2082 54.2 831 111 119 128 135 1165 2226 734 37 41386

f73 | ! 12 133 2034 65.8 904 119 127 137 145 1665 2926 354 567 39695

P75 3 o4 l 396 2038 | 44.8 721 108 117 123 127 780 1940 574 132 43192

76 | l 6 204 2040 54.2 314 116 124 133 139 1147 2270 695 343 40561

{77 i3 153 2042 61.7 871 120 129 141 146 1457 2653 786 475 39378

P72 ' 12 102 2025 74.8 938 126 136 148 155 2063 3532 928 642 38132

| a ;

P80 i 30 | 4 | 225 2000 51.6 759 120 132 137 141 1023 2381 625 273 40219
g1 | I 6 150 2002 62.8 848 126 139 148 151 1485 2806 762 454 38449
£2 ' ;8 | 12 200 1.8 829 134 145 154 157 1887 3320 870 563 37622
e P12 75 2926 86.7 818 142 150 163 167 2782 4486 1045 707 36544

1 |

i85 [ 25 | 4 | 156 1962 51.7 781 137 147 151 153 1417 3134 711 398 37726
85 . 6 1 104 1964 75.2 360 140 154 161 163 | 2032 3722 875 527 36734
s 1 s 1960 85.9 i SUY 129 | 160 | 166 | 1/2 | 2o8o 4433 1008 612 | 36084
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Retail cost is shown in Figure 55 from the GASP analysis. Explanations
for the higher retail cost predicted by the conventional method are covered in

detail in Section 6.9 and Appendix C.
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8.2 Items Covered by Conventional Process

and Not by GASP

At the time the study was done, GASP had no stability and control
analysis and har iled tail sizing by volume coefficients only. This is a
definite shortcoming of the GASP method. At pn?esent, volume coefficients

must be computed externally and input into GASP.

In t.we GASP performance analysis for this study, constant power setting
cruise was not available nor was the determination of Vp,ax. Both of these
are necessary in the analysis of a new airplane. Likewise noise calculations

are not made in the analysis and should be included.
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8.3 Items Covered by GASP and Not

by the Conventional Process

The biggest single advantage of the GASP analysis procedure is that every
design iteration meets all the requirements and constraints placed upon it.
Therefore, every point that yields a solution is a potential design of the desired
aircraft. This makes the process of optimization much ssiimpler and quicker
since every iteration exercises all cf the disciplines included in the program,
The conventional process cannot do this optimization in anything approaching

the time required for GASP to handle the volume of iterations required.

113



T —

B L it e e rem—

8.4 Areas of Disagreement

In general, the methodologies are valid and the mathematic calculations

are correct. The deficiencies occur in the limitations and assumptions.

For some of the default parameters, particularly the weight factors,
there is some difficulty in selecting the values to be used in the program.
After the wing weight factor was calculated by the conventional method for
the PD 1502 airplane, the wing weight factor was cycled until the GASP

calculated wing weight matched the hand calculated weight.

Other specific areas of disagreement have been found in the GASP

program:

If the wing chord is reduced below 1/10 of the fuselage length, either

by high aspect ratio or long fuselage, the program will not run.

There also appears to be some problem in the Part 23 rate of climb
requirement. FAR 23.65 gives the takeoff climb requirement of 300 fpm
or 11.5 Vg (Kt) with takeoff flap and gear extended. The landing climb
gradient requirement from FAR 23,77 is 200 fpm or 5.75 VSO with takeoff

power, lanaing flaps and gear extended.
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8.5 Recommended Improvements to GASP

The GASP program is a large and complex routine and requires large
computer storage capability., GLC was forced to divide the program into nine
modules to allow using it with the IBM 370 system available. Similarly, it
required GL C about two months of full time effort to get the program operational
and to reproduce the check cases. Some of this time could have been saved
if the»2 were a comprehensive user's manual available. This manual is
necessary not only for initial start up, but also for recurrent usage. This
manual should include discussions and examples of the options available

together with explanations of interaction between and among the various

- subroutines. It is presently very difficult to foliow the logic flow as the

various options are exercised.

In addition to the user's manual, a comprehensive technical documentation
of the methods used is mandatory to evaluate the suitability of the GASP
program fo~ the particular application. The documentation should include
the theories used and the assumptions employed in the analysis in order to

allow recognition of the limitations inherent in the pirogram.

Another possible improvement would be to provide optional logic flows for
those cases where only a limited amount of data is desired or only certain dis-
ciplines need to be addressed. For example, it may be desired to study only
the takeoff performance for a variety of designs. For this case it should not
be recessary ot rederine the airplane and exercise the geometry, weight and

sizing options for each point,

GASP is a useful analysis tool for preliminary design of a clean-sheet

airplane. For derivative type aircraft, it is questionable whether the differences
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from one design to another will be accurately modeled and evaluated. However,
only further experience in using the GASP program in a working environment

will determine its real value and limitations.

Appendix B gives a detailed discussion of the weight estimation method-

ology of GASP and some general comments on its logical flow.
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9.0 TECHNOLOGY REQUIREMENTS

The major technology requirement for this class of aircraft is the
manufacturing “echnology required to build turbine engines at prices competi-
tive with piston engines. Turbine engines have certain advantages, both for
the customer and the airframe manufacturer, therefore, the purchase price
does not have to equal that of the piston engines. The price differential that
the market is willing to support is unknown until some products are sold, but
it is probably not more than 100%. In other words, if the turbine engine costs
more than twice as much as a comparable piston engine, it probably will not

be accepted in profitable volume in this market.

Light aircraft design and manufactu e involves close attention to cost
sensitive and weight sensitive factors that differ somewhat from larger air-
craft., These factors include, but are not limitad to:

A) Turbofan engine cycle, construction, weight, and cost.

B) Design simplification for low tooling and production costs.

C) A higher than normal sensitivity of aircraft weight to fixed

equipment weight.

D) Aerodynamic configuration design for inherent stability without

artificial stabilization and damping.
E) A high sensitivity to engine inlet efficiency.

F) A high sensitivity to engine placement in the airplane as it affects
weight and balance, moment of inertia, and interference drag of

the wing/fuselage/nacelle combination.
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G) An optimum wing loading and aspect ratio for minimum purchase

and operating cost.

H) A requirement for lower noise and emissions than for larger

aircraft.

I) Freedom from ground support equipment requirements such as

power carts, ladders, work stands, etc.

These factors have been considered to varying degrees of detail in this
study. All of them have been, or can be, resolved in a satisfactory manner.
Economics aside, present technology is adequate to physically build a four
place turbofan powered light airplane. Engines and all necessary airframe
equipment and materials required to build a good light airplane are available

today.

Unfortunately, economics cannot be set aside. Economics is the pri-
mary reason for the existence of small airplanes as well as the companies
which build them. Were it not for economics, we would all fly large comfort-

able nigh perfor nance airplanes.

Although technology advances are not required to build a turbofan
powered light plane, they would be beneficial, as in any branch of commerce.

In this cost sensitive industry, however, the benefit of a particular i

depends on its cost factors. For instance, advanced composites
little use until the material costs come down, since this is a prdduction cost.
Conversely, the only cost connected with an advanced airfoil is a possible
slight increase in development cost. High lift device costs are variable;
contour modifications are free, but addition of elements or power is expensive,
Therefore research and development is useful and desirable and should be con-
tinued, but the effect of each itemm on manufacturing cost must be carefully‘

considered. 118
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10. CONCLUSIONS AND RECOMMENDATIONS

As a result of this study, the use of a program such as GASP has
been judged to be of significant value as an advanced design tool. The GASP
program itself, due to its broad scope of coverage, would be particularly

useful in this role if the following features were altered:

Documentation — Probably the most seriously lacking element of the

program is the detail information and methodology of the program

operation and subroutine computation. A typical example of the type
of problem that results from this is that when some program options
are exercised, unwanted sizing occurs without an apparent method to

force the program back to a baseline configuration.

Simplification - The original GASP program represented the efforts

of many programmers who contributed subroutines and modules to
the overall program makeup. Since this program is operational,
much could be done by a single programmer, with an overall view,
to streamline the data flow, simplify the input, reduce computational

time, reduce core requirements and minimize initial loading problems.

Flexibility - In its current form, parametriz studies require repeated
program submittals to obtain sensitivity factors on geometry or per-
formance requirements. The ability tc stc,. the computational process
at a given point and perform parametricz un a particular independent
variable would be desirable. Examples of this would be the effect of

wing geometry on cost or cruise spueed on range.
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Improvement in accuracy - Overall prediction of performance,

weight and costs of some classes of aircraft is good. For the
present study case, several areas presented data either inappro-
priace or out of date; detailed descriptions of the discrepancies

are outlined in the text or appendicies. In general, the aerodynamic
data generated by GASP adhered closest to the results of the con-
tempoerary design methods with weight and cost predictions being
somewhat more at odds. The following are some specific areas

of disagreement:

a) Takeoff and landing distances - While parametric trends
predicted by GASP and contemporary methods were
similar, there were significant cifferences in the air
and ground distances calculated by the two methods.
These discrepancies were not resolved during the study
and are the apparent results of differences in method-

ology which should be investigated.

b) Wing weight prediction — As pointed out in the critique
of the WGHT module in GASP (Appendix B), the default
values in GASP are inappropriate for this class of aircraft
and the weight variation with geometry predicted by GASP
exceeds that obtained by contemporary prediction methods.
It is recommended that for better applicability to this
class of aircraft, morz statistical data be added to the
GASP methodology, particularly at higher aspect ratios,

and the default values adjusted accordingly.
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Cost prediction - Appendix D presents a detailed critique

of the GASP cost module along with comparisons to
contemporary cost figures for corresponding cost elements.
It is recommended that as a minimum this module should

be updated to account for more current costs and accounting
practices. Ideally, the methodology should be based on

the commonly accepted AMPR weight concept and discrete
inputs should be provided to allow direct adjustment to items
such as material costs, manpower rates and learning curve

improvement.

Expansion of program capability — Currently, some desireable

information is not available from the GASP data or is obtainable

only by repeated submittals or time consuming cross plotting. It

is recommended that the following additional capabilities be added

to the GASP progaram:

a)

)

©)

The option of performing a stability and control analysis.

The ability to calculate Venax:

The capability of performing a constant power setting

cruise.

121



e

REFERENCES

Merrill, G. L.: Study of Small Turbofan Engines Applicable to Single
Engine Light Airplanes. NASA CR-137944, AiResearch Manufacturing

Company of Arizona, 1976.
McGhee, J.R. and Beasley, W.D.: Low Speed Aerodynamic Charac-
teristics of a 17 Percent Thick Airfoil Section Designed for General

Aviation Appli cations. NASA TN D-7428, 1973,

Wentz, W.H., Jr. and Seetharam, H.C.: Development of a Fowler

. Flap System for a High Performance General Aviation Airfoil. NASA

CR-2443, 1974,

Wentz, W.H., Jr. and Volk, C.G., Jr.: Reflection Plane Tests of
Spoilers on an Advanced Technology Wing with a Large Fowler Flap.
NASA CR-2696, 1976.

Perkins, C.D. and Hage, R.E.: Airplane Performance, Stability and
Control. John Wiley and Sons, Inc., 1953,

Purser, P.E. and Campbell, J.P.: Experimental Verification of a

Simplified Vee Tail Theory and Analysis of Available Data on Complete
Models with Vee Tails. NACA TR 823, 1945,

122



APPENDIX A - SAMPLE GASP RUN

Run 21, contained in this appendix is the second baseline run of :
the study and represents a standard synthesis type run.
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: FLATOLATE “~ETTED .
S DEAG B3 AKDOeN APEAISGET) con AREAISCFTY) !
v 1
J w16 0.57%6 0,00720 188,81 |
| FUSELAGE 0.7813 0.0v927 222.06% i*
, yERI TAIL Q.0 0.0 37.21
@ La. YAIL N,216 N, 0U290 a6,AS ?
- ENGITE HAC, n,0239 0,00030 22.51
Tiv 1anxs 0.0 0.0 0,0 L]
w 1 (R nESTAL 0.0 0.0 0.0
) FIxtD GEAR 0.20H7 0.n0261 NOT INCL. o
.
4 ToTaL 1.7811 0.n2226 478,03 0
nl
" “EAN SKIN FRICTION COtFe3 0,003726 n
" AEWOUDYNANIC CUEFF, "
. Al 0.6832 ,
.-Ir (3 =(.1155% i
o a3 0.0783 |
H aaz,75X(T/C) 0.1275% ; "
¢ ASS(ONes 00,0184 —
2 Ak 2.07a2 "
2 ATZ1/7tD1,SEEAP) 0.035%51
S=u LIFT SLUPE AT CRULISE MACM (CLALPKH) S,a179 PER RADIAN "
N CSsrrLu _FACTUR {1SEE) 0.71562 : .
") "
J CHUISE €D = n,0223 4 0.0351 CL*82 |
' "
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X PISSINN PEWFOPMANCE DATA FOLLDwS
EXF5502F044R 00X EREINRIEIEECTESOERSE

-IT TAXI AT IPLE THRUST i
. FUEL FUEL Jz
d_YINE o '!_A"GF_'J\LD ¢EIGMY _ ALT._ ___ _FLOw :
CoU=ES] (e (Les) (LHS) (FT)  (LB/HR) )

N.0 0. 0, anoe. N. 78, ‘.
f__1alB3 Oa_ 184 1946 0. 8

¢ *#+EISTAQT OF INDUT FNR ¥[SSIDM CESCRIPTION
ISEGA2.DELTVRE2,5SeHTAAXI400,r e

S VSTLXT=S 55,2 KTS EAS VEAT= 1,200 CLTO= 1,666) )
vELD = 116.0 xKOTS EAS
il S1b,H649 Vel f '
TexENFF  (ELEVATIONS 0, FT) 75.
K FukL FUFL FUS, o
——TI'E _ DISTa _ USEC _ #EIGHT __&lLYae __TAS _ EAS _ MACH _ACCEL CL co ALP!‘J.\_G.A_”L‘A_"."K._LI‘ SAHRUST - BRO  ANGLEE S )
+ USECQ) (FELT) (Les) (LBS) (ET) (KTS) (x1s) ND, (FOS2) INEG) (DEG! (FB12) (LnS) (Lil/»KR) (DEG) "
Qe 0.0 14,3 1985, 0,0 n,n .0 6,22 1,3089 0,0619 0,0 0.0 0.0 O 42a, 170s 0.0 "
la RO la,d __196. (.0 1‘1_.!,1 Ml 006 Ba18 1,3029 _0.0519 00 0.1 0,0 4, 419, QLR O "o e
] ‘el 12,4 14,.a 19486, NefN 7. 7.3 0,011 f.0h 1,3089 0,0619 0.0 Ge 0,0 0. 8la, 170, 0.0 ‘
3.9 27.7 la,a 1984, Ne0 17.9 10.9 n.rnb 5497 1,309 0,019 0.0 0.0 N,0 0. 10, 170+ 0.0 i
AL a.0 “9,0 1a,5 14946, Nel l1a,a 18,8 h,u22 SeH3 1.304Y9 00,0619 0,0 Ve0 0,0 v, 4ns, 1704 0.0 o
DAl Tme2 14,5 __ 1945, a0 17,9 __17.9 04027 5,80 _1.305%0 040519 __0a0__ ULl L)l D ¢ b pry i ""1.__170.__0.0._ bl e
T . Ivi.g 1,5 1965, e 21,3 21,3 La0d2 571 1,3050 N.0R19 0.0 Va0 2,0 L, 497, 170, 0492 "
' 7.9 14n,0 14,6 1985, Dev 2a,h 2u.5 L4037 502 1,305 0e0h19 V.0 0.0 0.0 0. 393, 170, 0.0
Hew 192.5 i4,h fues, Det) 2R, 0 2440 b,ua2 SebH3 1,3051 N,05%19 0.0 Cel 0.0 0. 3n9, 170 0.0 "
el s D42.8 oo __195%« ___Ual_ 31,2 31,2 ‘1aual Sede_1aduS2 0,019 __0,0 0.0 {1 B0 LI 0 1 e ol Y i ekl b (3 M et ) —_————
* Tue® S17e9 la,7 1995, 0.0 34,4 Ja.a .052 5435 1,3u%2 00619 0,0 0.0 9,0 0.0 341, 171 0.0 ‘n
» [ I Y] 39% 47 la, s 1989, Uelt 37.6 37,6 ).us? S.26 1,303 n,0h1Q Vel 0.0 n,n Ne0 ST, 171, 0,0 \
' 1ca®s “lu,T Ta,n 1945, Cen “n,7 GOeT wentd Selb 1,3u5%4 0,519 0.0 0.0 0.0 0s0 374, 177, 0.0 '.,
—_—ld LR | leaD ___190%a wau _ 6X 7 43,7 UlubE 5,07 _1.3u5s N.0__040 R (Ce el g WL IR AT R
2 leo®r 57243 16,9 19y, Nels abh, 7 0.7 V.07 4,57 l.30%0 0,0 0,0 Ini, 171, Ce0 "
» 15%.0 nSs.h 15,0 040 4% ,6 ayY,5 (.075 BeBBR 1,3056 DJUOBIY 0,0 0.0 0,0 0.0 365, 171, 0,0
Ih,0 734.9 o.u 52.5 52.5 (.079 A.7R 1,3057 NaLA19 LWL 0.0 0,0 0,0 k2, 171, 0.0 n
¥ TS PeS— o Oh 3 Shed ullfa 4872 123008 00519 __0s0 2a0 Nal_ Cel DS 171 Ll
1Lt 5 Sa,1 Stel UenRA “aH9 1,3u59 U.LB19 0,0 0.0 N,0 G,0 350 - 171, 040 '
Iten <740 15,2 tev UL M Gi,B y,u42 GeS50 1,360 0,0619 0.0 0.0 0,7 0.0 $53. 171 040 }
Cuen Si.v 15,2 040 63,4 63,9 Leu9s Gau0 1,3061 0D,0A19 0.0 0.0 N.0 0.0 351. 171 0.0 =
= |
CEAERS Fal7] I~e= 20,7 AND TASE h5.2 E4SZT 65,2) 4
2lan 1ed 15,3 IQF‘\. 0.0 6h,0 6,0 0,100 4,31 1.,3212 0,0628 0,17 0,0 0,0 0,78 3a4, 171 0.17 ¥
Lk ————ele U bH,h _ __AH,S_ ULlUA. 4,16 1.3552 LL057H 1,83 0.0 Dal 093 335, 121, 1.83 -
. u.o,,.« 1as= 69,5 Fass £9,5) . ty
. Vel 71,9 7049 Gel07 dehH 1,995 0,0736 3,32 0.48 55,6 1,09 3a3, 170e 3,77 |
. 3.3 72.6 72.7 Cel)U 1495 1,h643 0DaURKE Jebhq 2.H1 Jon.2 1,19 3a1. 171 5,50 n
alt e 11.9 73,4 7344 0alll  Cab9 1.8790 Pa0BEY 1263 4,87  A31,K 1,02 JSal,  171,._ 64592
Prren e ie® 155 195a, 23.06 73.6 736 04111 Del® 143959 VWUARTE 0467 5,83 737.3 1,04 340, 171+ b,450 »
CIST2CE T 35 FT,=  ;94BR,7
27.v  1%7<,.38 15,5 19Ha, 36,7 73.6 73.6 0e111 Ue0N 1,3514 N,UP52 0419 620 Ap6,a 1,01 340, 171, 6,39 n
felaem 2 b, g 1 - VI T SCe. JS.J—IJ.A‘—UQJLI_!LA..OU 1.3u36. .u-u‘:'n__u.at__n.gn._..au(:.n__l..u.x__.]'m‘_ _L7.l.__:s.4o!,_—l
. EE TR celle? 15.¢0 1ira, 3.5 73.7 T3.6 Dall) Va3 1.34AR4 n,0250 OelRh  bHald 799,5 1.01 Jal, 171 6430 »
- Sreun 233h,.3 15,7 1G9~a, 75449 13,7 T3.6 tiall) Va1t 1,341Y Havfad Deu8 6,22 APAL7 1,00 Jan, 171 6a.20 !
ceS9.2 15,7 190ma, Feu 73.7 Ti.6 Uelll =UeIN 1,3a14 (nRLS DeNH 622 R10,? 1.0n0 Jau, 171 L M i
e 3ceu 25200 18, _ 1Y:0e . 1063.9 _7.5.7__7_\ S Uealll _=0aLf 1.3414 L.0845__ 0,09 _bad3___P10.0 _ 1afD 380 a  173a bede 3§
el ing? 15.r LHera, 11744 13,7 73 .n Uelll =Uell 143419 LLUARYH 0,049 bel3 Hin,3 leuNn 339, V71e 54372 n
2+3u,e 15,49 13%a, 15,3 13,7 73 Ue 11 =0,01 1.36419 D, UH45 0,09 6,22 HU9.9 1,00 339, 171 631
S9%u,e 15,9 19na, laua,a 3357 73 ;.. Vel =0e0N 11,3419 00,0845 0,09 6.22 HOR,49 1,00 33a, 170, 6430 »
—aeu Ao I3.7 73468 Qalll _0.00 1,349 0.UBYS 0,09 020 BUT7,.3_ 1,00 319 170a 5429
: I2t1e? 15,0 194a, 171.3 73.7 73,6 Gell] el 1,341Y 0aNRUS 0409 b,20 HOK,2 1400 S3a, 170+ ©,28 "
1325.5 Sel 19na, 14a .8 73,7 73.5 veld VDaU) 1.3419 G.0R4S 0,09 6.19 ROS,9 1.00 339, 1704 6428 ‘
Jedreg s 16,1 190a, 193,2 13,7 73.5 Ual1 Ualil 143419 GaOKASN 0,09 0.19 HU5,3 1.00 339, 170 5,27 s
——tved2uTde2  dnma2 1984, 2116 3.7 7345 Uelll . LaUl 143419 _UlUBY4S _10.09 _5.19 _ R(S5.4_ 1.00_ 3404 Lt oS0 J2F 2o i S ol
3-9242 1v.2 19¢a, 225, ¢ 13,4 73.5 Vel L) 1,3419 nethaS  Gau9 6,1AR ROS,1 1,00 33k, 179, bB,e7 ,,
EET S 1943 19%e, 233,48 73,8 73.5 val Oetil 143419 DeCRaS UL09 bH.18 Ana,5 .00 33k, 170, 5.27
Jiaa 7 16.3 19%a, 95148 73.H 73.5 0e112 Do) 143419 De0KES 0,09 b, 1A ROa,S 1.0n 438, 170. 6,27 »
Lasd 3. 2=, lbeu 1% uw, __2585.2 _ 73.8_ 73,5 Ual112 _ 0aCl 1.3419_ Gaubys —0aC9 __LalB ____ACAL2 __1a0f I, 170, H.2%
“1%245 16,49 19+%a, 27%.6 13.9 Jodal9 N,0kaS  yenn 17 80%.6 1,00 3P, 170, b2k ¥
431t .3 12,4 19a, e2.u 73.8 1.3419 0,0RaS  0.09 6417 ROS.S lsu0 338, 170 ©.26
wse g d 1645 1-83, 3ns,a 73,8 1.36419 0aUBES 0,09 balk ALY,0 1400 S38, 170. 6.25% »
Celd 4lnae.2 _ _1b.AH ) :e.\..__..ne._._,u.u — 143513 DUBS2 U1 __belh 02,2 1400 _337a 170e_5.3%_ |
sunsal Inen LR 332.1 72,8 1433008 QeitBlh =y 03 6410 TU4 .9 0499 27, 170s 6,07 »
412,41 124t 13-, Juh, 3 73,9 143039 Q,0kb] 0vd2 B.07 TUl,.h 1.01 317, 170 6439
DRICE | 1ve7 10Ky, dhg,a 13,9 13506 0,085%) 017 6,03 TER, 0 100 337, 1A9: be21
L, - S w LI LR I LU 74¢ 0 ] T vouha N.na A . n2 Tul A Nn.Qo LB & 25 180, A.NA
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S Saie oo s T el R Tt v KL < o, - v ohranies gl 9 e Lssioie omoe wesw
S3.) Si%a.a 19,8 1363, )| S4B 73,90 736 G118 ~0:00 143510 Uenusd  SiTOF BarR. WISATE is01 337. i%9. 6.30
Se.tt Ss0n 1n, . 1983, 398, 74,0 73.6 V112 Vel 143w 7 u.uﬂaﬁ 0e09 ®.12 799.0 1.00 337, 169, 6.2)
ALL ENGI®NY DISTYANCL TG 3% FT, (L) = 1963,7 FEET
Fid 25 Tofe NDISTASUCE (14198 ) = 224),0 FELET
ALL EGINE OlISTANCE TC S50 FY, = enAn .5 FLET
o+ £7_€ 00 UF _TLYEUFE _[aASE — .
TIVES  yelW¢ wkS VUL 'JSEDE 17, LES PELIGMTS 1983, LHS ALT,= a00. FT, it
$840eSTLIY 8 1P OUY BN n|$5[qu PESCOIPTIUN .
— e AL Gy I L S UL gy S L )
g ?
cLIvs 10 10000, Y, AT waxl“ys RATE UF CLIMD
=] I T e ot il FUS. FUEL i
Ti~s usSsn "ELGHT MACH  MACK cL co ALPHA GAMMA ANGLE R/C THRUST FLOA N
v tRES) (Lhs) tLns) NO, 01v (NEG) (NEG) (DEG) (FPM) (LRS) (L /ne) |
'
‘wadgl il e a2 1983, Lal7B Lab?] 045412 0,0325__ 1,05 4,65 HaS0___ 959, P79, 157, J
] Jedy Ue V7. 19h2, . Leh?) 05412 0,030% 1.5 8.hY 6,50 9nn, 2n2, 152, ’
Cec'9 1e 18, 195, . Lenm NLaDAYH N, NE25 1 ,Ha  a,b6h h.ﬂu Sn9, Zh, 159,
Vel ? 2. i 19mn, . feh?1 Heh808 N,0325 1 He  a,bhH  B,50 Qr7, o83, 161, '
—Dsflnt T L - B 2l HorgLn . 2 a2l _UasAUN_0,0825 1A a,h]__ Y 2hla 163, ——
1977, . “ef20 .58 0, N32A 1 HT  a,h} 277, 1481, .
. et 20 045562 N,0329 ) ,4% a,54 215, 158,
. TaR1G a5 N ,0N82 2,0 a,aq 271, 156, b
- . LeBlb LaHbHUl 0),083% _ 2,11 __ ..k 28%e L TIEANT S I S Sy e
4 . Lo )T LSTaN 0 AB339 3,20 b ,30 °h3, 151, "
. tetrlh o519 n n3aj 2e27 4,29 259, 149,

. et 1 Qi N, nsay 2,37 a,1y P2hb, 147, "
= le Le®lb_u,uftul 0, 0309 __2,a7__ 6,03 _ 28R e 10%, it
. (LIS Cahld D hOYD 4y ?e"h Ve%a 2an, 143, )

Re Lebly nNathtna n 387 2ahh S.Ha a4, 141,
=4 17 e Gent) OD,adky 2,76 3,76 2a, 138, oo
@ Thae - Te Ll D030a . 23R8 3,87 374 13k, J
1901, Ve T e U IHBT (atsNU 011,820 0,0 50n ; Qg KLY 233, 134, ¥
= 19549, DG, 120, 105, UGIRH (k0K (.m830 Qeriyin 08 i.ar 240, 132,
1954, «---,v. 120, 106, LgdMh omnl Hehbhin N, r476 .ll . 30 2dh, 139, 1
Ledad __ 22.  <a, 195%. _100u0,. d21a 1. 0a1B9 0.k UA["Q" Ja20 Do A0 €2l 124, L
”
£:0 Lk CLIvY TO 10000, F1 |
TIvE= 6,342 nAs ﬂ-n. ysED= aa, LRS PETGHTS 1956, 1L11S RANGES 22, M ;,.
——— —_— —— PR e e 7
sésrsSTRDTY F IMNPUT O MISSTION PESCRICTION
15€GaG e 1
TheedssTror cF 71 EUS CnniROL - E (Ve . e T i te
BCely SCan,s :
n
$4e22 8T T LE 1°PUT FUB RESERVE 09 PANGE INFO._
- ‘“’Sb'lnul ”
"
“-tete2lTLVT CF _1NPUT_ECO CUNTHOL -
weCagen oy "
" ECa, 204143 TH10000,0 !
. -
s RS, - R — e l'
7
SU™<2RY D€ CULISE LIFT=aE[GNT BALANCF
. ALOLE U+ AYTACY (CLGUEES) 2.192 LIFTY 1956.1 L/D 16.99) ALTITUDE 10000,0 -
vl S e I i~
SUMVVATY OF COUISE LIFTaaE|GHT PALANCE :.
e LAVE ST S TACM(OEGREES) 1,192 LIFY 160842 L/D  1S.7(A. ALTITUDE __ 100CQa0
1 n
*Isserasts li.!l'lll.llllt...‘.Q‘..'..t’..l'lll".‘.“‘.....l"'.l.l‘.l.tll‘.'l.‘.'..'l..""‘l..‘. ”n
CQUIBL TSuswauy Tu
. |
FueL AMGLE FUS, MACH MACH FUEL ARFG i
LIVE = sgex bL_.._ USED  _ mEIGRY__ ALTae  _ TAS __ EAS LU £JIACK AN NOa LIV FLDW ____FACT
(==2s) LS wrs) (LKns) (F1) (x1S) (k1s) (LEG) (0L (LA/HK) Ak n
Tedn2 e?. 44, 1946, 10u00, 131, 112, N.576) 2.192 2.19 16,991 0,204 0ehHh17 71. asng, AEGIN
Sen17 ©2. J9a, 1Lrn, 10UDNG, 130, 112. N408730 1,102 Tel 15,708 0,208 (,629 65, Jer2. END »
. PESEave FUEL = S3. L8S. - ki ] < »
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444244574PY OF INPUY FOR RANGE REQUIREMENT
FCRQ,¥B0C.y FACA1#,9y2

$4444START OF INPUT FUR CONTROL
LCa20n

atwar ll'l.l'..‘..l"“..ll"lll....‘...".""...‘...O.-.".."‘.l....‘.“‘.".‘.‘..‘.‘.'...'.“.’.."*“.“.

,_.LLL.-_r_L._ L BALACE SANGE

1 GF ERRU= 2AMNGE EXWOQ MINUS 1 =CL.1350 11,0000

' G"b.‘os »GTy» GRUSS 46T MINUSI 2222.2 2000,0
|

1

.
TAKEUFFss CELCLS 049753 OELCD= 0.0221 CLMAX= 2,4055 DELTAGS 0.9900 SIGMTO = 0.28%
LANLINGes  nTi01=  2.0%38 DELCDT  0.1492  CLVAXST  3.7836  CELTAGZ  0,8950  SIGMLD = 04580

n

] SUMLASY OF C9uUISE | 1FT=aEIGHT RALANCE
L ANGUE UF ATTACK(JEGREES) 22329 LIFTY 2222.2 1L LD 17.998 ALTYITLODE 10000.0

ENGINE POD pIeESIDNS
Caxl®d F ol NDIACE TBL(ETYY R L)

" VSTLKT= 55,3 xTS EAS BATZ 1,200 CLTO= 1,6755 '
een = K
‘: NEND S 11926 KND LLEA ),
U ROTATiom (Tive= 21,1 AuD TAS= 65,3 FAS= 65.3) }u
.Ll‘.!""f.l_ll'_h= 2248 DIST= ____1423.4 TAS= 69,4 _EASE £9.5)
+ DISTECE 0 35 FT,= 1977,6 "
L ALL ':'-(:l'- DISTANCE TOD 35 FT, (L) = )977-b FEET "
' EAd 25 1.7 _DISTANCE (11980 5  2274.,3 F
¢ A'L Le Gl‘e OISYA\Lk TO S0 FT, = 2117.6 FEEV "
AT ENC UOF TAZE(NFF DWHASE "
_zx-_L‘_J.ul.'; HKS __FUE' USEDa 3. LAS wEI1GHTS 2219. LAS ALT.= 400, FYa
? "
- FE512E ENGINES AT CRUISE TU ACCOUNT FOR RES1ZED NACELLES
"
% BUOBULSIGN SYSTEAM wE1GHTS T
o B WE R IGMTZENLGINE 93.5 '
= A LE 210N T/ZENGINE 2h.7 l‘l
£ # LAsnTZENOLNGE 0.0
£l 0,0 "
- 0.0
5 S-UCVO .0 n
T
= ENGILE BNC olwLuSI0nuS |
" EWGIYE FACE QOIAvETER(FT) 1.49 2
T MACELLE LEIGTHIET) 5.27
n n
a2 ~
_us.l.._. T=_S5.3 XIS _E2AS _ VRAlS _1.200 C1LI0S 1. 6715%
VESD = 11945 FLUTS EAS n
"!
» IYES 2141 AND_YASS 65%.31 FAS= 6%.3) i
“ LIFTORE (TInL= 22.8 DIST= 1823.7 TASS 69+5 EAS= 69.5) o
DISTAa~CE TO 35 FT.= 1977,.6
n
-A LE _CISTANCL Yt 35S FY (1) = 1927 .6 _FFFT —
© PRI 25 Teue DISTASNCL (1,15%L) = 22744,3 FEET "
- .k‘- Frulng r1STance TU SO FT, = 2117.7 FEERT
L
Ye—AL £!D OF TAKEOFFE _DPHASE 3
¢ TIYES  Oenlh mies FUEL LSEDS 3, LAS “EIGHTS 2219, LHS ALT,= 40N, FT,
e E'GILE SIZcL TO vAT(w CRUISE URAG = SLS AIRFLOWS 26,69
n
Y ENGILE SIZEL YO MAYCH 1AnL CEE DISTAMCE OF _2000,0FEEY = SIS AIRELOWS 29,83
e n
RATED SCA L&VEL STATIC THRUST DEP ENGINES 67,6 LDS
.oo-nnul.--l-uotl.ll.-.c.l'o.l.otal!ttnlll.o't.tnltl"-l‘O.'t.t'ltl.lt't'.ll.t.'t‘t't‘...Ol“‘.‘!l..‘l.l‘..'. »
n
PROPULSIOL SYSTEM™ AEIGHTS
k EnClet FIGRT/ERGINE S3.5 »
——MCrllE - L1CGmIZENGLE 2ha1
BeLEn ol ZENGLT E 040 v
- ::'.um "4 CrAN 0.0 |
GEAQLOX 0,0 In
S=R{UD O.0 1
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eel

T NACELLE LENGTHIFT) 5.27

a1%6 LOCATION 1NFOD.

FUSELAGF LET.GTH = 21.91 He=TATL VOL. ARM s Q,31 C.G.LOCATION OF PRAPULSIONE 14,02

al'iiy 174C LECLUN Cole? 9,07 meTATL CeG LOCATION = 1R,A) C.GsOF REMALIMING WwEIGHT = 7.89

_wal 1szeC L UCATION = Q.13 walpll tAC_FROM Cal e = 2.73

TVEC 18Tk AG Culie = Helb CeTAIL LNCAT LN VERT.Z 04N v

. a0 CeLelUCATIUN = 9,00 veTAIL VOLe AKY = 9,97 |
110 TaxS C.G.LUCATE = 0.0 veTAIL CsGsOCCATION = 19,88 i

e e o e P e

TRAISCEAFT CeGe LOCATIUN = 9,13 F1, OR U.250 0OF Mmac 1

' #ING M=TATL veTAIL 5

¥ AWES HB,8R9 2A,B45 20,701 1

4 spas 32,660 12,318 2,997 |

LSULCT 1ATIO 12,000 5.2hU 1,100 '

‘___lapes Rall 1.000 N.500 c.520

) V1/72Ce S EEP Vel 274,000 32,000 '

1 Lefs SeEEVD N.0 29.H0K 42,858

o Cele CwaaD 2.722 3.122 6.057 '

T MEAL, LB, _2a122 _2e428 a.71)

TTr1e cmuRd 2,122 1.561 3,029 h

:‘I

;_lllLAL_wLLmBUiS' et g

. "

. FUEL FUEL

. TIvE RANGE USED wEIGHT ALT. FLOW 1"

. ~“ES) TEALS | (s NSy LFI) [N IVASL: S \

wli- g

- 040 e 0, 2222, ne 85, |

7} 0.193 e 16, 2207, LIS 8%, fhe

~VSTLKT= 55.1 KTS EAS VHAT=Z 1,200 CLTO= 1.6755 "

4 VEL.D = 119,8 KNOTS EAS

% "

TROTATION (TIWES 20,9 ArC TASS £S.) FASE 65.1) tn

JLIFTUFE (TIES 22.4 DIST= 138b.2 TAS= 68,9 EAS= 68.9) !
O1STa CE TG 3% FT.= 1959.9 i

w ALL FGIC DISTanCE TG 35 FT, (L) = 1959.9 FEET .
Fed 29 Tee DISTANCE (1.,158L) = 22%3.9 FEET
ALL L~GINE DISTANCE 1O S0 Fl, = 2099.v FEET L]

! T te.h OF TAKEOHF PRASE et
TINES 04199 =9% FUEL USEDS 19. LHYS WEIGHT= 2204, LBS ALT .= 4004 FTy |

“__pup oF_CULvB Y0 10800 El o e

« TI4ES  Qed79 mRS FUEL USED= a8, LABS AEIGHT= 2174, LBS RANGES= 22+ NM "

»

!

",_!_'!.uuLQJ_!!!.LLL!.Lu_L’.!!!j.tj_l!m_L!_Lu_lL!_!J_LLLm.UJJ_!JJ_“!J_!J,L!uJ_'J_L!'“""O""""“‘”““““‘ 2

'n
ul CUUISE SUMMARY '

" € LEL o s ANGLE __EUS MACH  MACH FUEL BPEG i

- 111 ©A'.GE USED AEIGHT aLTe TAS EAS cL ATTACK AMNGLE L/0 NO . oIV FLOA FACT "

. t==S) (v ) (L=s) (LeS) (FT) (KTS)  (KTS) (rEG)  (OLG) (LR/=R) (NV)

0.379 22. af, 2174, 10000, 130, 112, 0.57163 2,194 2.17 17.%'1 0.208 Ce617 77. 3601, REGIN "

e Jaunld Atif. . S31 1h91 1000y 140 1120 NadayB) 0,839 Go84  15.602 0.208 0a531 69 3191 END "

Y ‘e

ol RESFQVE FUEL = 58, LBS, l

Cl‘ »

-

- e ‘.l.'l..ll-ltll.‘l..ll.l‘.ll'l t‘l"...il.l.'l'l.l.!‘ltltl.ll.l'l‘l.l‘...'.l..‘l‘lt Le
stsstsns sase lll.l.l'..l'!l.ll.lltl'l‘.lll‘.l s tt.lt'-.-O'tuonll‘ltlttlntl.Ot'tt.l"."ltl.l. »
yeyalil'. Yo kALANCe BANGE . . — o 1

o CArGE Ef=Nade HaNGE FRFLRA MInUuSs ) 041073 =0.1350 o

o] 6R0SS r6Ts GANSS ~GT HINUS] 2123.8 2222.2 |

wl It

1 > Y
YAXENFFes DELCLE 049729 DELCD= 00220 CLMAXE 2.3996 DELTAR= 0.9900 S1GMTD = 0.,285%

»

“_LA%ND1LGE e 5ELCLE  2.3a%a  DELCDS _0.l4 ds___r.u;u=__J.Jjnnﬂum.t¢§=__n.ﬁbiQ_S.LG“LD =__0N.582

"
|

“_'. Suuvany DF CAUISE LIFT=aEIGHT BALAKCE
P AnGLE NF _ATTACKIDEGHEES) 2,324 "LIEY  2123.8.1¢0 17 W712 ALTLITUDE  10000.0

' VSTLKTS 55,3 KTS EAS VEAT= 1.200 CLTO= 1,671a
wh L4 = 11Q,7 «*' TS +AS
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nd 49004 30
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vel

QOTATION (Tfwe= 21,4 AMND TASSE 65.3 EAS= 5 a)
LIFTOFE (TIvES 23.0 D1ST= 1432.4 TAS= 69,2 EAS= 69.3)
OISTA'.CE TO 35 FT,= 2003,5

ITEFKATIN' TO “ATCH TAKENFF DISTANCE

r_ALQ.l..A_I&.A 2afSLS 2003, 2000, 28

’

_Pk"“JLSLQ..SVSYLH ~AEIGHTIS

. dINE L TumT/ZENGINE 8,5
hAcFLLI YHIGTZENGINE 25.3
PYLU . vETamiZENGINE 0.0

> oW Ll 4 QFAN 0.0

o Graveas 0.0

o Sk QU0 0.0

GItE 200 1 +k4S100.S

ENGINE FACE nxn~615u($t) 1.05%
WACELLE LENLGTHMIFTY Sel1d
ENGIRE SI1ZED TO "ATCH CRUISE URAG = SLS AIRFLOWS 25.69
CELGINE S12ED YU MATCHM YAKE UFF DISTANCE OF 20U0L0FEEY = SIS AIPELONS 28,23
SATL SEA LEVEL STAYTIC THRUSY DED FHGINMES a62,5 LRS
: --n----::utn-lauactno;ttnntn‘cotnot-onunnut'ttttltul‘ocattltt.ttvttcootttotttttot-tu'ottttl.ctttttttctﬂlt
. I3
PRV STUI, SYSTEM AEIGHTS
EibItE CEGWT/ENGINE BA,S
——enCELLE _2f1Ln I ZENGILE 259.3
. UYLLY v LGmT/ZELGILE 0.0
4 CECL SR gRAN N.0
GEAK WL 0,0
tnts LERRGHD K.
T ENGINE ©ON LpvEnSIONS
G FACE_DIACEIERIETY 1,45
o CACLLLE LE.GTHIFT) 5.13
‘
= .t G = 21,9] H=TATL VDL, AHM = 9,52 «G.LUCATION UF PROPULSIANS 14,42
*1%G 174C L:Co0* Col o= 9,02 HeTAIL CoGeLOCATION = 18,94 C.G-OF REMALINING wEIGHT = 7.89
AL _L14aC 2 L.CATIUN H QeCh BT ALL MAC FROM Col o R 2.61
¢ MAC ST kb Lol = 7.98 S=Taly LOCAT €I VERT.= 00
a1 ifi Colot:CATIMN = 9,33 VeTAIL VOL,., A@NM = In.16
TiP Ta'ws C,GeLUCATE = 0,0 VeTAJL CeGeLOCATION = 19,58
AISCUAFT CuaGe LOCATIGN = 9406 Fle PR U.250 OF MaAC
: . 1NG H=TATL veTAIL
R T I 84,652 26,362 20,629
. atan 31,4924 11.776 a,7R7
“«5.-LCY kav10 12,000 5.2h0 1.100
—TAle R RLT310 leungG LS00 L.S00
- V/4l e S-trP V.0 27.000 J7Z.0n0
. Leble SatiD GCe0 29.808 4¢ . BS58
Cete Cm.2C 24001 Peuny Sen02
— R _Cretikn Latfl 2322 a.513__
- Ti® CmBHD 2.661 1,492 2,901
' —1AX1l AT JOLE_ THRUSTY
FurL FUEL
Tive RANGE us=o SEIGHT ALT. FLOW
—laedS I L (LES) (L BS)  (FT) (LB/HR)
v 0. 0. 212a, 0, al,
04183 O 15, 2109, O 81,
TVSTL<T= 55,2 1S 45 VAATE 1.200 CLTOZ 1.6718
. vVEAD = 11549 xnNUTS EAS
QDTaTILS (T:%ES 21,2 arng Tass 55,1 FASZ AS.2)
LISY3=F C33vEs 2.8 D1ST1= 141841 TAS= 69,1 EASSE 69.1)
DISTAa Lk TO 23S €Y,  14i],d
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gel

ALL ¢ .GI%NE DISTAnCE TU 3% FT, (L) = 194143 FFrT
FAl 23 V.. GISTELLE (1,1488) = 227H.4 FEET
ALL E.GILE UISTANCE TO S0 FY, = 2122.9 FEET
AT END OF TAKENFF PmASE
TIYES u.19y =As FUEL USEDLST 18, LAS wEIGHRT= 2106, LBS ALT .= 400, FT,
£ SE Celve 10 10uun, F1
VTIYES L .d%o ReS FuLL lisel= ah, LBS wWEIGHT= 20774 LES RPAliGES 22+ NH '

R R R R R Ry N R S R Rt S R ARTINCISEISIIIIIIIY 44924089849 X0 ARSI EES9890 388 PEETY

.

C: "ISE SuMvARY

Pt BN H. LW PREY s by e[ AMGLE EUS o 0 RECH MACH __ FuF| NREG 3
D T fat GE tsed ®E16mTY ALT, ras EAD cL LITALK  AMNGLE L/D NU. olv FLOA FACT '
. (mES) i) (Lnb) (LrS) (FT) (KTS)  (KTS) (LFG)  (DEG) (LA/HR) (i)
Vednn 22, “b 2071, 1unnn, 130, 1174 V5761 Pe193 2419 17.295% 0,208 0,617 Th. 3IK57, REGIN s
L eaa2] Fle 8724  IBSle _10UDUe. 1306 1124 _0.4%9 80 0,943 Q.94 18,778 _0,2U8___ 0,630 67 3212, END___
2 ?
~ESESVE FUEL = LBS,
'
g - "0
FELT IS ISRLE I TAITILINO T IIIIAIHAUITLIS4ESETROIRBRLANTNTSE FETIFILETFIITNELONEISIANS LIRS0 608000%8
AT LB INTIFIN LI AN IINT LS AN AN EERE FAFITILINTRNIEITIIBTLLE NS RLININTALENNSANIBAIBERRERERS 1
ALCE Pavte . )
ot Fwbiniw NUS 1 UL.U0132 0.1073 n
46T MIKUS) 2110,0 2123.8
. "
-y
. TAKENFFE® DOFLCLS  0.9715 DELCD= 040220 CLMAXS  2,3988 DELTAGE 0,9900 SIGMID = 0,285 |
TLLANDINGEE  DELCLE  2,3042 DELCDZ _ 0l16H8  CLMAXS  3,7715_ DE| TAGZ  0,R%50 SIGYLD =  0.%580 i
"
" SUMMARY DF CRUISE LIFT=nfGNT BALANCE o
ANl 0 AY1TACx (ULCSEES) 22329 LI1FT 2110.0 L 4D 17,671 ALTIYUDE 10000,0
B "
T vsiLxiz S5.a4 kTS E&S VRATS 1,200 CLTD= 1,6708 "
——  MENLL S 1149.7_KNUOTS EAS
n "
T RUTATION ¢ €S 21,6 AND Tasz 65.3 €AS= 65.4) »
SLAFI_FE LYL1Es 23,2 LISIS 144248 1ASS __ £9.1 EASS £9.2) y
Qlsia.Ce 1L 3YH FT,5 20e2.2 i
|
o LTESATION 1D MaTCre T2XENFF CISTANCE T
— AT ATUHG P ASLS. _ 2022.  2000e 27480
. n
' MSTLTS __SS.4 =TS BAS _ yHATIT 1,200 C1T0S )1,.6798 »
- VELD = 12043 KKOTS E4S Ty
' |
»
T RITSTUDL _(YINES 1943 AND _TASS_ B£5.3 EASS __ 65.4) 1
LIFTie ek T = 210 DIST= 131647 TAS= 69,9 E&S® 69,9) n
CISTAWCE T0 35 FT,.5 1”53,4
n
~LIEEATIL, 10O “ATCH _TAKEQOFF_DISTANCE
. ATOeATHSCa2SLS 18%a, 2Cou, 30,58 In
l.
VSTLAI= SS5.,4 KT1S EAS VRATS 1,200 CLTO= 1,6708 »
VEND = 119.7 kANUTS EAS
n
« ROTATICAN (TILES 2143 AND Tass 65,3 EASS 65,4a) "
LISYork (T3 ES €30 DISTS 143645 TaSS 69.5 FASE 69,.,5)
DISTA:ICF YO 35 FT.3 199a,5 0
TVEQAT IO 10 “aTCk Texkel(FF DJSTANCE L
ATCexTONGemASLS 1995, 2000, 284,17
: »
e »
! PROPULSIUN SYSTEM wE1GWTS
EfGlst AE[(G=T/ENGINE BA,3 »
NACELLE = 1CmTlbli0LILE 25,2
N PYLLY <2 lLmT/ZeNGINE 0,0 »
PRID JR GFAN 0.0
GEAaknOa 040
S=kgun n.on
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e
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oelL

ENGINLE POD HIrENSIONS

ECGIVE FACE DIAMETERIFT) 145
NACELLE LEI'GTHIFT) S5.12
,bop_smu._lwuf_nuz.__sgsm 25.56 1
. 1
EVJ]NE SIZEnD TN "ATCH TAXE DFF DISTAMNCE NF 200N,0FEET = SLS AIRFLOWS 28,17 :
1
JBATED SCA 1 -VEL SIATIC YwIST _OEQ ENGI! a1.5 LBS J
P EFRITININISINSNIFRNIITANTNTAMSEINNRRNLIFIABRTINIIESNTHINIIINRASEIIRERRARSNENETASERSHRRERETHPENSURENESRINNERRXRR '
_PRUPULSLIYY, SYSTErM (FICHIS .
l ENCIvE <2 1GmT, ESIGINE 8R,3J s
. SLCELLE eF JumT/-nGINE 25.2
PYLL + af 1GRTZENLG"NE n.n .
e _PIE 18 OFAN 0.0
3 Gi Wb Ux 0.0 !
" S=0LD 0,0
N b L}
TENGINE DOD G1r ELSTONS i,
E .Gl%WE FaCf OIAYETFR(FT) 1445 !
HACELLE LENGTRIFT) Sel2 it
Al G LLCLTINN INFD, "
ZLaltt b 3 = 21.91 —He=TALL \OL APM = Y,54 CaGal OCATION QF PRCOIN SIONS 14,82
AiNG 1/74C L1Ce 0 Col o= 9,01 HeaTATL CoeGeLNCATION = 18,495 CeGeOF REMAINING nELIGHT = 7.89 "
WAC V/4C LUCATIUN = 9.05% HMeTAIL MBAC FRACM Cale = 2.59
PAC DIST AW Cals = 7.9€ FaTATL LOCAT l‘N VERT,= 0.0 I
—Aal’io CaGalacattu . = .32 VeTAIL VCLa_ AR = 10,18
TIP TaurS C,G.LUCATE = Q.0 VeThll c.G-L'IcHluu = 19,59 "
AJNC=AFY C,G, LOUCATION = 9.0% FT, 0% 0.2%0 OF MaC "
%116 HeTAIL  ve=TAIL T
I
X acga Haq,4a01 2h4Udh 20,5H1 N
—SFHAD — J1.825 11,702 2 .I88 1
" ASLECT ~avll 12,000 54260 1,100 "
- Tavea Rat1Q 1.000 UedOH0U Ne500
1/7ule Sstrp 0.0 27.000 32,010 n
—tat . SICED La0 29.8C8 42,658 v
: Cetle CritRny 2.652 2.955 S.7hH7 Hl
HESN (i 2.652 2.307 4,486 |
119 Cmn'20 2.052 1,413 2.R38 o
» o
Tax! AT JDLE TwAUST
. Eury FUEL i
TIve Rzt USED »E JGHY ALT. FLOW o
(=25) ety (Lbs) (LKS) (FT) (LE/=R) |
0.0 0. L. 2110 0. a1 e
Cal®y O 15, enNss, 0. 81, "
VSTLXKT= 55,2 XTS EAS VEAT= 1,200 CLYO= 1,6708 n
—_ uktC = 1lb.0 %nU1IS EAS |
"
{
QOTATION (Tnes 2141 AND TAS= 65,1 EASS 65.2) R
LIFTOEF LTI ES 2246 OISIS  13CJ.H _TASS €8.9 EASS 60 .9)
O1ST4..CE T3 35 FT,2 1976,9 n
ALL ENGLINE rlsuuct T Js FTe (L) = 1976.9 FEET »
FAR 2S5 lafla LISTALCE (1158 ) 5 2273 .4 FEET
ALL E.GINE 'lSl‘-'tCl’ T0 '.':0 FT, = 2118.% FEETY n
| AT FD (% TaAvEQOFF DPHASE "
~I1vES= 0,199 »RS EUEL USEDS 18. LBS = WEIGHY= 2092, LAS ALY.= A0Q, =T,
EMnD OF CL1vY 10 10000, FY »
Tive= Lelod =S FUEL uSEC= a6, LAS ~EIGHTZ 2068, LHKS RANGE= 22+ NM »
a SLEEEN IR IrEI st RRININITRIRIRISRIERENSEANRNEIIRNTNNIRINL ARSI NNTSITRRLRSNNINIRINSRISIIRUTIERNRITNNISINERS v
CRUISE SUMMARY N "
.
. FUEL ANGLE  FUS, MACH  MACH FUEL RREG v’
T1ivE W&Lr.GE USED *EIGHT ALT, TAS EAS cL ATTACK AMGLE L/D NO« DIV FLOwW FaCT
(«49Q€3__ _ (° ) (1 =S Lt eRy IFETY KIS (v TRy kY thRFEaG - ' » /WY UMY
'



0.3es 22. a5, 206a, 10000V, 130, )
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) » = ASSENGEPS = 2. PLUS COFEwW OF 1

d FUSELAGE LENGTH (FLF) 21.91 FT
«10TH (SaF) 4.33 FT
: 2FTTED ADEA {SF) 223 SQFEY
. - DeLTA P (DELP) 040 Ps1
alNG ASUECT RATIO (AR) 12.00
AWE LSh) 84,4 SGET
" SUAN (H) 31.8 F1
o GED4, MEAN CHORD (CHaRW) 2465 Fr
3 GWUERTER Cr(IRD SakEEDINLMTCA) QN DEG
k! 1APER KAT10 (SLe) L.000
) RI0T TWICKtESS (1CP) 0.170
' TP TWICKNESS (TeY) 0,170
ol «6 LOADING (~6S) 25.0 PSF
"‘ el G EUEL VOLUME LVERA) 24,1 CUEY
*
A HOR, TalL ASPECT RATIO (ARKHT) 5.26
| ALin (SHT) 26,0 SUFT
' SPAL {hMT) 11.20 FX
" vEAn CwORL (CEARNT) 2.31 Fr
” THJCKNESS/CHORD (YCHT) N.100
VUYENT ARY (FLTH) 9.5 FT
i YULLME COEFE (viARK) 1110
.
,! VEwRie TAlL ASFECT RATIO (AWVT) 1.10
i AREA (SvrT) 20.6 SOFT
e SPAL (4vT) 4.76 EY
» YEay CRORD (CoARVT) Q4,49 F1
= THICKLESS/CHDRD (TCVTS 0,100
VWOMENT Lbwv (ELTV) 1.2 FT
3 yOLLME CUEFE (LvHaav) 0,078
! ENGoNACELLES LENGTW (FL1) 5,12 FT
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Y¥DIyE = 241, XTS§ Yvg = 20%,. KTS MvO = 0.6168 —
' OMLT. LF = 5,70 MAN, LF = 3,80 GUST LF = 3.69 \
T erepuLSiON GRGUS i?
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, FurL SvSTEw (4FSS) 31.
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| 106G cAww) 23a, ("
< =0he TALL LaHT ) Q7. J
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1 "
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L
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LOUISE vACw = 0,208 CPUISE £l YITUDE = 10000,

Al
p CRPUISE RE,NUM, PER FT, S 1,094 06 FLATPLATE CF AT PE=I10EX7 1S 0,00291

b | AES0DYNLAIC DATA

FLATOLATE WETTEOD
. DEAG BEFAKDO NN AREA(SUFTY) con AREA(SOFY)
!
o 1.6 nehnaa N.N0716 157.3)
\ FUSELAGE n.7a13 0.N0BA78 222,65
b | vE~1.1AIL [ O] [V 41,16
a MuH. TalL 01,2551 0.00392 52,07
= ErnGlnLeE NAC, n,02a7 NeN0V029 23.34
i TIv Tanxs 0.0 L V.0
10.C~E »E0 181 T - YRR 0.0 O.0
ol Flxt) GEAR 60,2087 0.002a7 NOT IhCLe
.
4 TOTAL 1.H342 0.,02173 496,54
" “ean SKIN FRICTION COEF = 04003698
' AEAODYNA¥IC CUEFF,
% _Al 0.6832
" A2 -0.1155
-1 a3 Ge.0TE3
A 2= ,75x1T/C) 00,1275
SSCLu== Oa0)a3
n &o Z2.4627 .
: ATS1/7(0]SEELAR) 00351
3= L1FY SLOUPE AT CWUISE MACH (CLALPM) S5,4179 PER RADIAN
0S:alu FACICR (SEE) 0e1562
) CAUISE €O T 0.0217 ¢ 0.0351 CLes2
" A0e SPrEN L IFTZDILG=GRAUP(IF RIDLGLE
n FLADS UP TAKEQOFF LANDING
- ALTwA cL cn L/D cL (4% L/0 cL co L/0
*2,00000 0.17HF19 G .020R% T7,799R7 1.,15056 0,07077 16.,257HT 2,52331 0422510 11,.,16n19
g Sy D ALRTE  C.02642 13.B4)eR |, 33907  0.08370 15,99Ha6 2,7)1182 0,26555 11404356
24000 (455383 C.03zal 17.MaN)0 J,527SB 0.09915 15.00696 2,90032 0,26793 1N0,82495
N 0L TAGS0 (L Ua0Y9% 1R, 0THI] 171608 0.11712 14,6590 I NAARY  0,2932¢ 10,5342

U D.92037  0.U5117 17.RnaY4  ]1,90859 0,13760 13.,+8149 3,27734 0.321482 10,19434
O 1al1%08 _0.ULS542 1T7.05865 _2,09310. _0.16060_13.03272 _3,445E8 _0.05254___2,23094

“ 1Jeutout  1e3udnl UelUB)I3u 16,02588 2,2B160 N,18A12 12.25488 3,65435 0V.,38658 99,4530

$S444STLETY F INBUTY FOR CUNTROL
SIUEBETAIE LT R

L #4+4sSTEST OF 1:BUT FUE COSTING ILFURMATION
CCSE . Ga2S .9 Ttslr300U,sSROMALL0y
.

-

-
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s%8 COSYT DATA s#»

ENGINES NUNEED = 1a IYPE= 1n
'
EVDIY AEIGHTS= S91. LBS MAX,CRUISE SPEED= 130. KNOTS
g CONSUVED PRICES 27918. DOl BASIC PRICE= 2791&. DOL. ¢
ADDs FQUIPAMENT COSTS Os OOL. ]
DIRECT LAQNR (  339,¥mRS,) 1293, .
——— LASCR CvED-t [ U( 132, PCT) 1227
ATLFRA*E “ATED[ALS 560, I
PUSC=asSED ENUILIR, 115%6, i
(ELGINFS 10974, i
(FALP. .= Ul
(OTHER = 542,11 y
15107, SUB=TOTAL
ENGYTLWSALESG=AL 31,PCT) ani12, :
S 12718, UANUEACTURING COST v
FACTLURY PECFITI( a.pCcT) 17S i

CEALEL=CIST, M23xkubDl 3Ju.0CT) bhaal, e
N 27918, HBASIC RPICE .

FESSEITIRELBASEINEAAT LIS IRRIEE RSN ERER A Tt ARAERET RS NN IRt EIRRERNAPSIIRSRAPPIRTNERERERELNEIRRERS

MANLGES T9T e ldatta  HBLOCK FUEL= ~ _463. LES SLECK T14FE= 6,319 HAS,
y
FUEL RATEZ 10,9 GPH, TRO= 3000, KRS, HCUSS/ZINSD .= 100, HRS. i
VARIAELE CUST (DOL/HAY EIXED _CLST (2OLZYR] i
FUELSOTL S.71 STNRAGE o5 "
TSP 4MATN, 15,00 11SUPACE 773, (HULL 2.0DCT)
OveR~auL PES, 0,80 CFPOECIATION 2792, ( A,Y#=20,PCT) n
SinER Ul C1mEK O el
[ 0. (OVERREAD %0.0CT) T
FAA TAX 25, !
21.52 TOTAL 3590, TOTAL H
UTILI22T30wlrnR5/Y0) 100, 200, 3un, 200, 500, HAG, i
TUTAL UPFCOST(DOL/™R) 57.02 39,47 33,49 30.49 28,70 26,01
44424874091 CF 18PUT 03 COLTROL Aj"
. ENU OF InDUT DATAs JOB COMPLETE, v
n
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n
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no d
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APPENDIX B - THE WGHT MODULE IN GASP

A study was made of the weight estimation methodology embodied in the WGHT
subroutine in GASP. This was concentrated on the wing weight calculation,

because older methods are available which can be compared with it.

The WGHT method has advantages over older methods; it provides for weight
reduction from the bending relief due to wing mounted masses, and it accounts
for different types of high lift devices. However, it does not account for the
effects of sweep. The major problem with it is that the results are consistently
too high for values of the input parameters typical of light aircraft. Presum-
ably this is because it was developed from a statistical population compeosed
primarily of fighters, bombers, and transports. Past users have circumvented
this problem by inputting a smaller value for SKWW, the trend equation con-
stant. This requires some degree of foreknowledge, however, of what the
correct arswer should be. The default value should be one that will produce

reasonab.e answers when used without modification by a naive programmer.

A brief study was run to compare this methodology with an older system,
using identical data. The older system was developed at Beech, using fighters
and transports in addition to the Beech data. It has since then been used to
correctly calculate wing weight of several Cessna airplanes as well as the
Learjet Model 35. It does not account for bending relief due to wing mounted
masses, nor for different types of flaps, but it does handle sweep. Neither

system has been checked at extremely high aspect ratios (-20).

The results calculated by the older method compared to those by the GASP
method produced weight ratios ranging from ,.758 to ,560 for the default

value of SKWW = 220, The principal factor in this variation seemed to be as-
pect ratio, which was varied from 6 to 20. This indicates that the two systems

vary excessively in their handling of this parameter. There are no data, how-
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ever, to indicate which is correct. A second run was made with SKWW re-
duced to 132 and a simplified calculation of the initial wing weight. This
produced comparison iratios ranging from 1,121 to 0.820. Aspect ratio again
appeare - *o be the primary factor. A more extensive study is beyond the

scope of this review, and would be of little use withcut more data to back it

up.

The subroutine can be simplified in several minor ways. Several statements
and variables can be eliminated by simply setting WW1 equal to 15% of the
gross weight. At present it is found by a complex calculation procedure.
This is unwarranted, since it is only used for the initial value in an iterative

calculatic.n,

143



APPENDIX C - COST ANAL YSIS METHODOLOGY

A method commonly used by the General Aviation Industry for estimatina new
deéign aircraft costs for development and production employs AMPR (Airframe
Manufacturer's Production Responsibility) weight to deterinine a parameter to
which labor manhours and material costs can be associated through historical
experience. AMPR weight may include only the airframe or it may be an ag—
gregate weight of airframe and certain systems; however, engines, propellers,
avionics and add-on equipment are not included. Thus, an aircraft's develop-
ment and production cost can historically be accounted for in terms of man-—
hours per unit weight of aircraft engineered, tested, tooled, and manufactured.
The cost of manhours and matarials is then easily scaled in terms of time and

place according to any given manufacturer's experience and capabilities.

The cost analysis methodology for analysis and evaluation of candidate pre-
liminary designs using the AMPR weight method is explained in the following
paragraphs for estimating development, production unit costs, and operating

costs,

Development and Certification Cost
Developmert and certification cost may be broken down into the following major
cost items for purposes of estimation,

a. Enginecring including burdened labor, special materials, purchased
services, and flight testing.

b. Tooling including direct labor, overhead, materials (prototype
soft tooling and all production tooling).

c. Manufacturing including direct labor, overhead, and materials.

d. Quality Assurance including direct labor and overhead.

Engineer ing Cost

Ergineering development cost as function of AMPR weight may be formulated
as follows:

CeL = WAMPR x HED x cg x KEscg x KDF )
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Where:

CeL = cost of engineering labor to develop, test
and certify the aircraft
WAMPR = total AMPR weight in pounds
HED = engineering manhours per pound of AMPR weight
S =  hurdened cost of engineering labor
KESCE = labor cost escalation factor for engineering
KprF = difficulty factor which is sometimes applied

for increased complexity or difficulty in en—
gineering and certification

Cmrs =3¢, @)
Where:

Cm/s = cost of materials and services

Cnh = cost of item n material or purchased service

such as wind tunnel models, wind tunnel tests,
outside flight tests, flight test instrumentation

3

ete,
CFT =HFT x CFT ©)
Where:
CrT = cost of flight testing
Her = flight test hours for engineering development and
certification flight testing
CFT =  cost per flight test hour

The total of engineering costs in a development certification program is the
sum of all the above items.

CeE=CEL +Cm/s =CFT 4)

Tooling Cost

Revised accounting methods now in use include sustaining tooling for on-going
production as a part of manufacturing overhead. For a new model aircraft
program, however, a separate estimate of tooling cost is needed to determine
the burden for new tooling d2sign and construction. Therefore, an accounting
is made for tooling direct labor and overhead separate from that of manufac-

turing, and the manufacturing overhead rate is appropriately reduced. The
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methodology for estimating tooling cost in a development program is described

in the following.

Tooling cost as a function of AMPR weight may be formulated as follows:

Crt = OTDI_ + Ctont CTm 5)
Where:

CTD|_ = cost of tooling direct labor

CToy = cost of tooling overhead

T = cost of tooling materials

CTpL = WAMPR x HT x cT X KESCH ©)
Where:

WAMPR = total AMPR weight in pounds

Hr = tooling manhours per pound of AMPR weight

cT = cost per tooling direct labor manhour

KESOﬂ_ = cost escalation factor for tooling labor

CTon = CToL X%OT‘ )
Where:

OT = tooling overhead factor

CTm = WAMPR X B X eTm X KESCTm @)
Where:

Hr = tooling manhours per pound of AMPR weight,

as explained above

cost per pound of tooling materials

escalation factor for tooling materials

KESCTM

Manufactu rirLgr Cost

Manufacturing costs for prototype flight and stetic test articles may be for-

mulated as follows:
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Cm= CMDL ar CMOH + CMM ®

Where:
CMpL = cost of manufacturing direct labor
Cmon = cost of manufacturing overhead
CMM = cost of manufacturing materials

CMDL_ =np x "W'AMPR x Hpg X cpp X KECM

+ nta x W'"AMPR x Hpp % )4 % KESCM 10)
‘Where:
np = number of prototype aircraft
nta = number of test articles
W'AMPR = AMPR weight included in prototype
Hm = manufacturing manhours per pound of AMPR
weight (determined from reference learning
curve for manhours/lb. AMPR weight)
CM = cost per manufacturing manhour
KESCm = escalation factor for manufacturing labor
W"AMPR = AMPR weight included in static and dynamic
test articles
CMoH = CMpL X Onm/100 G
Where:
CMDI_ = cost of manufacturing direct labor
Om = manufacturing overhead factor
Cmm = (Neng X Ceng X Kengy + Ca *+ COMp + ComMi, (12)
Where:
Neng = number of engines to be used in prototypes
Ceng = cost per engine
Keng = fraction of new engine cost charged to the
development program (depends on contract
agreement with engine manufacturer)
Cha = cost of avionics in flight test prototype(s)
ComMp = cost of other manufacturing materials for

prototype aircraft
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COMta = cost of other materials for static test articles

Where:
“Mm = aggregate cost per pound of manufacturing
materials
KESCmm = cost escalation factor for manufacturing materials
COMta = S MM x KESCMM x AW"AMPR a4

Quality Assurance Cost

Quality assurance costs may be formulated as follows:

CQA = CQADL_ + CQAOH (15)
Where:
CQADI_ = cost of QA direct labor

cost of QA overhead

Caaon

CaapL = fA x ca x Kescga {W'AMPR x Hwy + (W"AMPR x Fim|

16)
Where:
fQA = proportion of QA manhours to manufacturing
manhours in percent for a new aircraft
development program
cQA = cost per QA direct labor manhour
c . TN
QAOH — “QADL * 700 7)
Where:
OQ \ = QA overhead factor

Total Development and Certification Cost

The Total engineering, development, and certification cost is the sum of
the above costs. This is formulates as follows:
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Production Unit Cost
Production unit cost may either be determined as the cost of each article along
the learning curve, with the appropriate escalations for labor and material
costs, or it may be determined more approximately as an average cost over a

given production quantity.

It is generally accepted that the improvement curve for light aircraft follows
approximately an 85 percent slope until near 1000 production units. After 1000
units of production the slope gradually decreases to 90 to 95 percent due pri-

marily to the incorporation of design improvements.

For the purposes of this analysis production unit cost has been estimated as an
average over the first 3000 unit production quantity. Costs were calculated in
terms of Mid-FY 77 dollars and held constant over the 3000 unit production

quantity.

Total production unit average cost may be formulated as follows:

Cru=Cum+ CmpL CMOH t+Capn T CQADI_ (19
Where:

Cmm = cost of manufacturing materials

CMDL = cost of manufacturing direct labor

CMOH = cost of manufacturing overhead

CQADI_ = cost of quality assurance direct labor

CQaoH = cost of quality assurance overhead

Each of the above costs is explained in the following formulations.

Manufacturing Materials Cost

Production manufacturing materials includes all airframe materials, aircraft
systems, engines, avionics, interiors, exteriors, preparation costs, and

production flight tests.

Manufacturing materials costs may be formulated as follows:
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Where:

neng = number of engines per aircraft

Ceng = average engine cost over the average
engine set buy

Ca = cost of avionics

Com = cost of other manufacturing materials

Com = Smm X KESCmm X WAMPR @1

Where:

CMM = aggregate cost per pound of manufacturing
materials

KESCN\M = cost escalation factor for manufacturing
materials

WAaMPR = total AMPR weight

Manufacturing Direct Labor Cost

Production labor for this analysis is based on small aircraft industry ex-
perience projected to the cumulative average manhours on the order of

3000 units of production.

Manufacturing direct labor cost may be formulated as follows:

CMmpL = WAMPR X WAHAI/\\/\PCSREF x cp\y x KEscpy) (22)
Where:

WAMPR = total AMPR weight as previously described
HMcea = cumulative average production manhours per

pound of AMPR weight over given

production quantity of reference aircraft
WAMPRREF = total AMPR weight of reference production aircraft
CM = cost per production manhour
KESCm = cost escalation factor for manufacturing
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Manufacturing Overhead Cost

CmoH = Cmp. x On/100 @3)
Where:
CMDL = manufacturing direct labor cost from

equation (22)

Om manufacturing overhead factor

Quality Assurance Direct L abor Cost

CQApDL = fQa x CMbL x QA x KESCQA @4)

cMmRESCM
Where:

fQA = proportion of QA manhours to manufacturing
manhours in percent for a produ-ticn program

CMDL = cost of manufacturing direct labor

M = cost per manufacturing direct labor manhour

CQA = cost per quality assurance direct labor manhour

KeESCqa = cost escalation factor for QA

Quality Assurance Overhead Cost

Where:
CQAOH = cost of quality assurance overhead
CQADL = quality assurance direct labor cost from
equation (24)
Oqa = quality assurance overhead

Initial Pricing Estimate
The initial pricing estimate is obtained to facilitate comparison between
alternate proposed products and between these products and the competition.
These prices are expected at the production date of the average priced new
product unit of the amortization base, or during any other year for whicii the

cost analysis and pricing estimate relative dollar value is based.
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The initial pricing estimate is the sunm of the following values:
a. Production Unit Cost
b. Period Cost
c. Warranty Reserve
d. Gross Margin

e. Development Amortization

This may be formulated as follows:

P = CpJ+Cp + Com + Cpra (@6)
Where:

PI = initial pricing estimate

Cpu = average production unit cost over the

amortization base

Cp = period cost per production unit
CW = warranty reserve

Cem = gross margin

CD/A = development and amortization

Period cost, Cp, as used at GLC, includes all items essential to construction
of the aircraft but not included in production unit cost. Period costs range
from about 3 to 19 percent of production unit cost, and include marketing,
field support, sustaining engineering, G&A, public relations, and corporate
allocations. Sometimes it is desirable to load period costs more heavily
against existing products that are selling well and lighten it for a new lower—
priced product, or conversely, increase its burden on a new top-of-the-line

product. Given these considerations period cost may be formulated as follows:

Co = Cpu % fgp * Kescp L @7)
Where:

fCp = Period cost in percent

KEescp = escalation factor for period cost

L = loading factor where for a bottom-of-the-line

product L may be as low as 0.25 and for a top-
of-the-line product L may be as high as 1.5
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For the last item, L, the distribution of the period cost loading factor over
the total product line must balance out so that all period costs arc covered

in the overall product line pricing policy.

Warranty reserve cost is a rather arbitrary computation uniess sufficient
historical experience is available. Generally it can be related to cost and

is valued at about 2 percent of factory cost for general aviation aircraft.
State of the art improvements in product quality should hold this figure fairly

constant, rather than requiring escalation as with direct expenses.

Gross margin, Cgpm, as used herein, includes G & A, sales, commissions, dis—
tributors' allowances, sales margin, and corporate profit. On military or gov-
ernment programs G & A would be entered separately and the margin would be

lower to suit the type of contract and the customer's acceptability.

Gross margin appropriate for most products would be 30% to 835% of list price.
Generally, the larger the sales potential and the more competitive on price the
particulai market, the lower the gross margin. For a bottom-of-the-line air—
plane, where these factors are of paramount consideration, 20-25% might even

be appropriate. Gross margin may be formulated as follows:

SM
Com = Cpy + P+ Gy 100 (28)
GM
ST IR
Where:
GM = gross margin

The development amortization, Cp/aA, is used to describe the cost of the de-
velopment and certification program as a write—off against an amortization base.
For internally funded programs, about three to four years ol cales potential is
considered normal for write—-off of a development program. Fo~ outside funded
programs the base would be the program first buy, or on a risk basis, the first
X buys up to a three or four year production run. Management decisions would,
of course, be involved in the latter case. Development amortization cost may
be formulated as follows:

Co/Aa = Cp/c/Na (29)
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Where:

Cpt
NA

development and certification cost

number of aircraft in amortization base
Selling price is the sum of the above discussed costs, reserves, margins,

and amortization write—off. The estimated selling price may be adjusted

for other years by applying the appropriate escalation factor(s).
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Estimated Cost of Operations
The method for estimating cost of operations is the same as that commonly
used by the General Aviation Industry where an accounting is made for the

following variable and fixed costs.

Variable Costs
*  Fuel and oil
* Airframe and avionics maintenance reserves
*  Mid-term hot section inspection (HSI) and parts reserve
2 Engine overhaul reserves

* Parking/L anding fees and spare parts inventory

Fixed Costs
+  Depreciation
Crew compensation
*  Insurance
Hull
Liability/Medical
- Storage and/or tie—down
Navigation materials
Airways tax
The methodology employed in estimating these costs is explained as follows:

Variadble Costs

1. Fuel and Oil
Gal./hr x $%$/gal

Turbine fuel cost (Mid FY77) = $0.67/gal
(w/o fuel additives)

Oil cost per flight hour = $0.60

2. Airframe and Avionics Maintenance Reserves

Maintenance at approximately 0.5 m-hrs/flt-hr.,
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Labor rate @ . 14.00/hr.
Maintenance cost = 0.5 x 14,00 = $7.00/flt-hr.

3. Mid-Term HSI and Parts Reserve
Cost based on $3.50/1b-thrust
500 1b-t x 3.50 = $1750
At 200 hrs/yr., TBO = 2575 hrs.

HSI at 1250 hrs.
1750
2575

cost/hr = = $1.36/hr.

4, Engine Overhaul Reserves
Cost of overhaul = 40% of original cost

TBO = flannu~l utilization)

5. Parking/Landing Fees and Spare Parts Inventory
Adjusted to Mid-F Y77 costs

Fixed Costs
1. Depreciation
Assumed to be straight line over 8 years decreasing
to 20 percent original purchase price.
2., Crew
Not applicable
3. Insurance
Hull: Equal to 0.8% x original purchase price
Liability/Medical: Adjusted to Mid-FY77 costs
4, Storage
Adjusted to Mid-FY77 costs
5. Navigation Materials
Estimated price
6. Airways Tax

Prevailing amount
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APPENDIX D - CRITIQUE OF GASP COST METHODOLOGY

The cost analysis methodology in the GASP program for estimating fly-
away factory (FAF) costs was derived from correlated statistical data obtained
by survey cf many different manufacturers and their products. The resulting

cost estimation relationships (CER's) included:

Inputs
Weight/Speed
Fowet/Prcpulsion Type
Block Fuel and Time
Cost coefficients

_Solutions _

Flyaway Cost Operating Cost
Labor Variable
Materiais Fixed
Purchased Equipment Utilization
Mark-ups

Output

Flyaway Cost/Breakdown

Operating Cost vs. Utilization

Foilowing collection of cost/prices and physical characteristic data cor-
relation was determined by NASA through regression analysis and other means.
With this information, cost estimating relationships were determined for in—

corporation as model subroutines in the general design computer programs.

Examination of each of the cost estimating relationships applicable to a
small turbofan powered airplane was conducted with comparisons made to me-
thods employed by Gates Learjet, and to current (FY77) cost estimating coef-
ficients. The results of this examination are discussed for each of the GASP

CER's in the following.
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Manufacturing Labor Manhours and Cost

Two relationships were developed for GASP - one for light aircraft
ancd one for heavier high performance and turbofan powered aircraft. The

one for turbofan powered aircraft is:

DMLH = WSP x 3.9 x 10 ~10 x wspP + 2.5 x 1079
CSML = DMLH x ALR x CLF

Where:
DML H = Manufacturing direct labor manhours
WSP = WE x VCRMpH
WE = Aircraft empty weight
CSML = Cost of manufacturing direct labor
ALR = Average manufacturing labor rate
CLF = Complexity factor

Solution of this expression for an iarcraft of enpty weight equal to 1026.8 lbs.
(WE of contemporary design aircraft) yields a manufacturing performance of
0.42 m-hrs/lb. The best performance of light aircraft manufacturers in large
run production is estimated to be not less than a cumulative average of C.60
m-hrs/lb. over 2000-3000 units and about 2.70 m-hrs/lb at about 1500 units.
Model charges and product improvemrents cause a flattening of the improvement
curve over about 1000 production units on smail aircraft with the curve chang-
ing from approximately 85 percent to 90 to 95 percent as improvements are
incorporated.
The major concerns with this relationship is that it is based only on

relatively large quantivy production and appears to underestimate manufactur—

ing manhours by 30 to 40 percent,

Manufacturing Overhead Percent and Cost

The relationships in GASP for estimating manufacturing overhead per-
cent and cost are as follows:

OHML = (7 x 1078 x WSP) + 1.31

CSOH = OHML x CSML.

'"here:



OHML = Meanufacturing overhcad in percent of direct

labor hours
WSP = WE x maximum cruise speed in mph
CSCH = Cost of manufacturing overhead in dollars
CsML = Cost of manufacturing direct labors in dollars

Solution of OHML for both small and medium sized high performance aircraft
yields an overhead percentage that is, by current practices, too low. Recent
government guidelines have required full absorption of some sustaining costs
like tooling and others to be included in manufacturing overhead which has
raised the level to the range of 155 to 165 percent of manufacturing direct
labor costs. Thus, a reappraisal is needed to change this CER to reflect
current accounting practices. In this regard manufacturing overhead should
include an accounting for:

Manufacturing Management and Supervision

Training

Direct Manufacturing Services

~roduction Control

Manufacturing Planning

Industrial Engineering

Manufacturing Engineering

Quality Assurance

Sustaining Tooling

Facilities Administration

Materials Administration
Of these overticad costs, the inclusion of sustaining tooling is responsible for
90-95% of the increase from 130-135 percent to the 155-165 percent range.
Changes would also be necessary in the CER to estimate sustaining costs

which will be discussed later.

Manufacturing Material Cost

The CER for estimating light aircraft manufacturing materials cost is:

CSMM = (1.5 x 107%) x WE + .38} x WE
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Where:

CSMM = Cost of manufacturing materials

Solution of this equation for a WE of 1026.8 lbs. yields $0.534/1b.
of WE. Inflation between 1970 and FY-77 would increase this cost factor
by approximately 61 percent to $0.86/1b. of WE. However, actual cost of
raw manufacturing materials in FY77 were about $4-%$5 per pound for light
aircraft.

A reappraisal of manufacturing material cost is apparently needed along

with CER changes to permit cost rate fluctuations with inflation.

Airframe Fabrication Cost

The CER for summing manufacturing cost of airframes is simply:
CSAFF = CSML + CSOH + CSMM
Where:

CSAFF = Airframe Fabrication Cost

Original Equipment Factor for Engines and
Propeller — List Price Cost

This CER is not applicable to turbofan powered aircraft.

=ngine Cost

The CER for turbofan engine cost is a product as follows:

CSENG = $Lb.T x BHP1

BHP1 is this equation is taken as engine maximum seal level static

thrust.

Total Propulsion Cost

The CER for propulsion cost is given as follows:

CSPPUL = (CSENG x YNE) + (CSPP x XP)

Where:
CSRPPUL = Total propulsion cost
CSENG = [Engine cost
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YNE = Number of engines/aircraft
CSEP = Propeller cost
XP = Number of propellers/aircraft

The latter two items, of course, do not apply to turbofan powered aircraft.

Other Equipment Cost

The CER for other equipment ircludes the cost of purchased equipment,

excluding propulsion equipment. Tie CER is given as follows:

CSOEQ = 9.6 x 10~/ x (wsp)'-6%8
Where:
CSOEQ = Cost of other equipment
WSP = Empty weight times maximum cruise speed in MPH

For the selected contemporary design aircraft this CER yields a CSOEQ =
$704. Inflation over the period from 1970 to Mid FY77 amounts to at least 60%
which would increase CSOEQ to $1126. However, this cost is still underesti—
mated by 25 percent or more relative to FY-77 typical costs and therefore it
appears that this CER needs a reappraisal, as well as provisions to permit

changes for cost inflation.

‘Total Equipment Cost

The CER for total equipment cost is the sum of propulsion and other equip-
ment costs as follows:

CSTEQ = CSPPUL + CSOEQ

Direct Manufacturing and Equipment Cost

This CER is the total of airframe fabrication and equipment cost as follows:

CSDME = CSAFF + CSTEQ

Engineering, Tocling, Sales, and Administrative Factor

Tnis CER is expressed as follows:

ETSGA = 0. 1669 (WE)?-08743
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Where:
ETSGA = Fraction of CSDME to be added for sustaining
engineering and tooling, sales and G&A cost

For a WE = 1.026.8 lbs., ETSGA is calculated to be 0.30G6. Changes
in accounting practices and guidelines has required that sustaining tooling be
covered in manufacturing overhead cost; therefore, this factor should be re-
duced accordingly. These costs are approximately the same as that described

as Period Costs in the contemporary method described in Appendix C.

Total Factory Cost

The CER for total factory cost is the following sum:
CSMANF = CSDME + (ETSGA x CSDME)

Factory Profit Goal and Dealer's Cost

The CER for estimating factory profit goal is:

PROFG = (2.33 x 1072 x WE) + .066
This yields a profit goal of approximately 9 percent for a WE = 1026.8 lbs.
which appears reasonable for this size aircraft. For larger, higher perfor-
mance aircraft, however, this CER will yield factory profit goals of 25 per-
cent or more which does not appear reasonable in highly competitive markets
of medium size business jet aircraft. Therefore, a possible alternative CER

should be considered with user selected input factors for profit goals.

Distributor and Dealer Mark-up Trend

The CER for estimating mark-up is

DDMARK = 0.1695 x (WE)0 08743

This yields a markup of 31 percent for a WE = 1026.8 lbs. which also
appears reasonatle for small size aircraft. This CER estimates dealer mark-
up as a percentage of factory price which is not common practice. In actual
practice the markup is based on percent of dealer price. As in the CER for es-
timating factory profit, consideration should be given to provision of a user

celected input factor for a markup goal.
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Total Flyaway Factory List Price

This CER is expressed as follows:

CSAFAF = CSDLR + (DDMARK x CSDLR)
The value of CSAFAF is generally expressed as a unit cost without
add-on equipment. Any additional equipment will alsc have markup values

over the factory or dealer cost of provisioning on the airplane.

Operating Costs

Variable Costs

A. Fuel and Oil

Cost of fuel and oil per hour of operation is based on estimated block
fuel/oil consumption for an average mission range. The CER is given as
follows:

CSFL = GPH x CSFG

Where:
GPH = Fuel consumption rate in gal./hr.
CSFG = Fuel cost per gallon
CsoL = $0.20 average cost/hr.
CSHPOL = CSFL + CsoOL

Actual oil cost has escalated to about 60 cents per hour in FY-77 for
equivalent consumption. Cost of fuel has also escalated and in Mid FY-77
was about 67 cents per gallon including taxes, but not including additives.
Additives would add 2-3 cents per gallon,

B. Inspection and Maintenance

Cost of inspection and maintenance is expressed as follows:
CINP
HRI

AIC =
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Where:

AIC = Cost of inspection and maintenance per flight hour

CINP = Cost of inspection in dollars (If not input default =
$1500)

HRI = Hours between inspection (If not input default =
100 hrs)

C. Reserve for Engine Overhaul

Cost of engine overhaul is expressed as follows:

ENP x TSLS x OHR

OHC = TBO for turbofan (NTYE = 7)
Where:
OHC = Cost of overhaul per flight hour
ENP = Number of engines
TSES = Seal level static thrust
OHR = Cost of overhaul per pound of thrust (If not Lpud

default = $5.5/1b.thrust)

TBO = Time between overhaul (Input)

D. Parking/L anding Fees, Spare Parts Inventory

These costs must be accounted for by inputting a value for CMV (incre-
ment to hourly operating costs) into the GACOSTroutine. In early CY77 these
costs amount to approximately $0.85 for parking/landing fees and $0.32 for

spare parts inventory per hour of operation for Category I airplanes.

Fixed Costs

A, Depreciation

’
CSYDP = (CSFAF + CSOPT)% o6 5

Where:
CSYDP = Depreciation cost per annum
CSFAF = Dealer price at factory
CSOPT = Price of added factors
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Depreciation is assumed to diminish the value down to 20 percent over a

This CER is a modified version of the original where

period of eight years.
The CER

the airplane original value was depreciated 100 percent in 20 years.

as expressed is definitely more appropriate.

Depreciation cost per flight hour is a function of annual utilization.
CSHDP = CSYDP/AU

Where:
AU = Annual utilization in hours

B. Insurance

Hull Insurance

CATI1 - HINS = HIR x CSFAF

Where:
HIR =
Liability Insurance

CAT 1 - LINS =CLI

Hull Irsurance rate in percent (default value = 2%)

Where:

CLI =

Cost of liability insurance (default value = $215)
Liability insurance has increased in cost due to inflation and in early

CY 77 would cost about $325 annually.

C. Storage
Storage costs cover the cost of tie—down and hanger and are accounted for

by the input variable SRPM in GACOST. Default value of SRPM is zero.

In early CY77 storage costs for CAT I airplanes would be approximately $450

per year,

D. Pilot (Crew) Cost
This cost is not applicable to small aircraft.
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E. Miscellaneous Fixed Costs

This cost can include annual expenditures for maps, manuals,
and other incidental items. It is an input CMF in dollars per year
whose default value is zero.

For CAT I airplanes this cost is approximately $100/year in early

CYAT5
F. FAA Use Tax

For gross weights < 2500 lbs., this cost is as follows:

CSTAX = $%$25/year,
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