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Table of Symbols

Definition

Aspect ratio

Wing span

Aileron span

Flap span

Tire width

wWing chord

Wing mean geometric chord
Flap chord

Equivalent skin friction
coefficient

Specific fuel consumption
Drag coefficient

Zero lift drag coefficient
Section lift coefficient
Section lift curve slope
Section lift curve slope
with flaps down

Lift Coefficient

Pitching moment coefficient
Drag

Propeller diameter

Tire diameter

fuselage diameter

Oswald's efficiency factor
Endurance

Equivalent parasite area
Federal Air Regulation
Acceleration of gravity
Altitude

Wing incidence angle

Sweep angle correction factor
Correction factor for split
flaps

Lift

Lift-to-drag ratio
Fuselage length

Fuselage cone length

Dist. ¢c.g. to main gear
Dist. c.g. to nose gear
Mach number

Load factor

Nautical mile (6,876 ft)
Number of propeller blades
Number of struts

Number of engines

Power, horse-power

Dimension
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SHP
Swet

X,V.,2Z
Xv,» Xh, X¢
yt
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Subscripts

Blade power loading
Dynamic pressure

Range

Reynold’s number

Rate of climb

Distance

Wing area

Shaft horsepower

Wetted area

Flapped wing area

Time

Thickness ratio

Thrust

True ajrspeed

Volume coefficient
Weight

Distance from l.e. ¢ to
aerodynamic center
Distance from reference to a
component c.g.

Distance from c.g. to a.c. of
a surface

Engine-out moment arm

angle of attack

sideslip angle

control surface deflection
taper ratio

sweep angle

3.142

dihedral angle

air density

air density ratio

fuselage cone angle
lateral ground clearance angle
longitudinal ground clearance
angle

lift-off angle

Downwash angle

twist angle

spanwise station, fraction
of the span

lateral tip-over angle
flight path angle

bypass ratio

aileron

hp/ft2

psf

nm

fpm or fps
ft

ft2

hp

ft2

ft2

sec, min,
lbs

mph, fps,
l1bs

ft, in
ft, in
ft

deg, rad
deg, rad
deg, rad
deg, rad
deg, rad
slugs/ft
deg, rad
deg, rad
deg, rad
&?z. rad
deg, rad
deg, rad
deg, rad
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A approach

abs absolute

cat catapult

cl cli@b

cr cruise

crew crew

crit critical

c/2 semi-chord

c/4 quarterchord

des design . )
dry without fluids or afterburner
e elevator :
E empty

f flaps

ff fuel fraction

F mission fuel

FL field length

guess guessed

h altitude

h horizontal tail

le leading edge

L landing

LG landing, ground

LO lift-off

max maximum

ME manufacturer’'s empty
OE operating empty

PA power approach

PL payload

RC rate of climd

r root

res reserve

reqd required

s stall

TO take-off

TOG take-off, ground

t o tip

te ! trailing edge

tent tentative

tfo trapped fuel and oil
used used

w wing

wet wetted

wb wing-body

wod wind over the deck
Acronyms

AEO All engines operating
APU Auxiliary power unit

B.L. Buttock line



c.g.
F.S.

OE1
OWE
PAX

p.d.

sls

TBP

W.L.

Center of gravity

Fuselage station, Front spar
One engine inoperative

Operating weight empty
Passengers

Preliminary design

Rear Spar
Sea level standard

Turboprop
Waterline



1. INTRODUCTION

This report is completed in partial fulfillment of NASA-USRA
Grant NGT-8001. The purpose of this report is to determine the
feasibility of commonality objectives dictated in Reference 1.
The feasibility of commonality will be discussed in terms of
weight penalties that will increase the take-off weight of several
members of the family of airplanes. Preliminary designs of
fuselage structural members and a discussion of weight penalties
due to implementation of common fuselage structure throughout the
family is contained in Chapter 2.

Wing torque box designs along with structural weight
penalties incurred are discussed in Chapter 3.

Chapter 4 contains a landing gear design study along with the
weight penalties that a common gear system will impose.

Implementation of common powerplants throughout the family
and the weight penalties that occur is the subject of Chapter 5.

Chapter 6 summarizes the weight penalties imposed by
commonality on all the airplanes in the family. Class II weight
breakdoﬁns are also presented. The feasibility of commonality
based on a percentage of take-off weight increase over the Class
I1 baseline weights will then be assessed.

It should be noted that a complete assessment of the benefits .

S

or penalties of commonality cannot be realized until an operatingv

cost and acquisition cost study is completed.



2. PRELIMINARY FUSELAGE STRUCTURAL DESIGN

The purpose of this chapter is to present the preliminary
structural designs of fuselage bulkheads and stringers. Velocity-
load factor diagrams for the commuter family are contained in
Appendix A. The diagrams were used to help size structural
components and compute Class II component weights due to ultimate
loading conditions on the airplanes. Table 2.1 éummarizes the

limit load factors for the family of commuter airplanes.

Table 2.1 Limit Load Factors

Model Ni4m ‘
25 2.87 (gust critical)
36 2.68
50 2.56
75 2.50

100 2.50

2.1 PRELIMINARY STRINGER SIZING

Using a method in Reference 2, the fuselage stringers were
designed. Appendix B contains the calculations.

Twé?ty-four z-stringers are spaced egually aroundifhe
fuselage. Table 2.2 summarizes the optimum stringer géoss-

sectional areas and weight per foot.

Table 2.2 Stringer Summary

Model Area (in®) lbs/ft (Al 2024) 1bs/ft (ARALL)
25 .08 .097 .085
36 .13 .158 .138
50 .17 . 206 .181



Table 2.3 shows that implementing the .17 in2 stringer on all

airplanes will cause fuselage weight penalties.

Table 2.3 Weight Penalty Due to Selection
of .17 in ARALL Stringers

optimum .17 in2 W s due to
Model lf (fts) stringer wt. stringer wt. strinsgr commonality
({1lbs) {1bs) {1lbs)
25 69.4 142 302 160
36 78.1 259 339 80
‘50 4.6 411 411 (0]

2.2 PRELIMINARY BULKHEAD SIZING

A thickness of .06 in will be used for all fuselage frames
that do not connect major structural components.

A .10 in thick frame will be used for pressure bulkheads,
frames that connect wing spars, landing gear attachmenf points,
engine mount attachments, etc. All airplanes in the family will

use these frames. Weights of the frames are given in Table 2.4.

Table 2.4 Fuselage Bulkhead Weights

Material .06 in frame .10 in frame
Aluminum 10.1 1bs 16.8 1lbs
ARALL 8.9 lbs 14.7 1lbs

Using Aramid-Aluminum (ARALL), Table 2.5 summarizes the total

bulkhead weight of each airplane in the family.



Table 2.5 ARALL Fuselage Bulkhead Weights

Model No. of.06" No. of .10" Total bulkhead % W

frames frames weight (1lbs) fus
25 30 8 385 19.4
36 33 10 441 12.7
50 46 7 5§12 9.7
75 66 20 882 12.7

100 92 i4 1024 9.7

Figure 2.1 contains the frame and stringer arrangement. The

frame cross-section is also shown.
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3. WING TORQUE BOX DESIGN

The purpose of this chapter is to present a common wing

torgue box design for the family of commuter airplanes. Figures
3.1 through 3.3 present wing cross sections with the common torgue
box arrangement shown.

3.1 WING SPAR SIZING

Using a method in Reference 2, the wing spars were sized from
a maximum wing root bending moment. The required spar areas are

listed in Table 3.1.

Table 3.1 Wing Spar Areas

Passenger Model Spar Area (inz)
25 4.21
36 7.26
50 10.8
75 ' 7.26
100 10.8

Appendix C contains the wing spar sizing calculations.

This is where a design choice has to be made. It appears
that the best solution for commonality and weight purposes would
be to arrange the torgque boxes as shown in Figures 3.1, 3.2, and
3.3. Thgse torgque boxes are arranged so that only one spar
cap/strihger size (a standard 4 x 3.5 x 5/8 inch angié) is needed
for all the airplanes. On the 25 passenger only four spar caps
are needed as shown in Figure 3.1. On the 36 passenger 7 of these
are needed. One possible way to arrange them is as shown in
Figure 3.2. On the 50 passenger, 10 are needed; a possible

arrangement is shown in Figure 3.3.




If no stringers were used, a highly concentrated load would
be placed on the spar caps. Thus it appears more feasible to
distribute the load on the 36 and 50 passenger airplanes as
shown. There is no weight penalty involved if the torque boxes

are designed in this manner.
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4. CLASS II LANDING GEAR DESIGN

The purpose of this chapter is to present the main gear strut
and tire sizes for the commuter family landing gear. The landing
gear weights are also presented and weight penalties due to
implementing a common gear system is assessed. The Class II
landing gear design work 1s contained in Appendix D. Table 4.1
contains the Class II tire sizes comparéd with the Class I results
from Reference 1. Table 4.2 contains Optimized shock absorber
lengths and optimized strut diameters. Table 4.3 contains the
optimized landing gear welights and presents the weight penalties
for choosing a common gear. Table 4.4 summarizes the Class II

landing gear design decisions.

Table 4.1 Tire Sizes for the Commuter Family

Pax Model Class 1 Class II Nose Class II Main
Nose & Main D xW (in) D x W (in)
Dx W (in) :
25 30 x 6 16 x 4.4 29 x 11
36 30 x 6 18 X 4.4 26 % 11
50 30 x 6 17.5 x 6.0 31 x 13
75 30 x 6 18 x 5.5 26 x 11
100 30 x 6 18 x 5.5 31 x 13

-

Table 4.2 Shock and Strut Sizing for the Commuter Family

Optimized Optimized 2

Pax Model Shock Length (in) Strut Area (in"™)
25 17.3 3.8
36 15.6 4.7
50 16.3 5.3
75 16.3 4.5
100 16.1 5.2

11



Table 4.3 Class II Landing Gear Weights

Optimized Common Weight Penalty
Model Gear Weights Gear Weights
Nose Main Nose Main Nose Main Total % WTO
25 201 765 331 1438 130 673 803 3.8
36 267 1097 331 1438 64 341 405 1.8
50 331 1438 331 1438 0 0 0 o
75 437 2036 662 2876 225 B40 1065 1.7
100 499 2684 662 2876 163 192 355 0.4

Table 4.4 Class 1] Landing Gear Summary

Nose Gear Tire 18" x 5.5"
Main Gear Tire i8" x 5.5"
Shock Absorber Length 17.3 in
Strut Diameter 4.7 in

The weight penalties imposed by implementing a common landing
gear system on all family members are particularly substantial on
the 25 passenger model (3.8% ;f WTO)' The production economics of
this common gear arrangement should be studied before determining

.completely the feasibility of a common gear arrangement.

A

12



5. POWERPLANT COMMONALITY STUDY

The purpose of this chapter is to determine the weight
penalties due to the selection of common powerplants.

Table 5.1 presents powerplant weights for the commuter
family. Optimized powerplant weights are compared to the weight
of the powerplants selected for commonality purposes. Powerplant
component weights were calculated from Reference 5. Powerplant
weight breakdowns are contained in Appendix E. Reference 1 stated
that a 6000 shp engine would power the 25, 36, and 50 passenger
models, and a 13,500 shp engine would power the 75 and 100
passenger models.

The 13,500 shp engine was necessary to power the
conventionally configured 75 and 100 passenger models presented in
Reference 1. Use of the twin-body concept for the 75 and 100
passenger models allows for a lighter take-off weight and a
reduction in required engine shaft horsepoﬁer to an 11,000 shp
model. A 5500 shp engine for use in the 25, 36, and 50 passenger

models would reduce the weight penalty due to commonality for

these airplanes. Using these smaller shp engines, the greatest
weight penalty due to powerplant commonality is 2.8% of the 25

passenger take-off weight (583 lbs).

13



Table 5.1

Summary of Powerplant Weight Study

Model 25
SHPreq 4210
SEP 5500
eng

]
optimum
wPWR 5274
actual*
WPWR 5857

wPWR 583

% WTO 2.77

Includes: Engine,

36
4485

5500

5422

5883
461

1.47

Fuel System

Actual WPWR

Gearbox,

50

5500

5500

5898

5898

Nacelle,

75
9000

11000

11811

12838
1027

1.69

Propeller,

100
11000

11000

12862

12862

are different due to different size fuel systems.

0il Systemn,

14



6. CLASS IY WEIGHT BREAKDOWNNS

The purpose of this chapter is to present the Class II
component weights for the family of commuter airplanes. Table 6.1
contains the baseline component weight breakdown for the commuter
family. Table 6.2 contains component weight breakdowns with the
following-commonality objectives and gorresponding weight

penalties, including:

1) Common Fuselage Structure
2) Common Wing Torque Box

3) Common Landing Gear System
4) Common Powerplants

§) Common Fixed Equipment Weights

Table 6.3 summarizes the Class II weights and documents the
take-off weight penalties that commonality imposed. All airplane
component weights were calculated from Reference 6. The component
wéights contained in Tables 6.1 through 6.3 have been calculated
from the Class I take-off weights. No iterating to converge on a
Class II, take-off weight was completed. The 25 and 109 passenger
models m;y require weight iterating. o .

Table 6.3 shows the greatest penalty suffered due to the
implementation of commonality occurs on the 25 passenger model.
The weight penalty is 1546 1lbs., or 6.6% of the Class II baseline
take-off weight. This weight penalty appears acceptable. The
direct operating cost increase will need to be evaluated before a

final decision on commonality can be made.

15



Table 6.1 Baseline Component Empty Weight Breakdowns
Model 25 36 50 75 100
Ww 1587 1975 2899 3068 4349
WEMB 267 267 267 488 488
wV.T. 281 307 340 614 680
wH.T. 125 125 200 1027 1027
wFUS 1982 3483 5278 6966 10556
WAT 1585 1585 1585 3170 3170
WM.G. 765 1097 1438 2036 2684
wN.G. 201 267 331 437 499
wSTRUCT 6793 9106 12338 17806 23453
wPWR 5274 5422 5898 11811 12862
wec 34 37 37 44 44
wess 27 27 27 91 91
ch 429 729 873 1458 1746
L 189 283 379 546 726
wels 735 846 944 1103 1253
Waei f45 555 €658 843 1016
wapsi 535 878 1092 1755 2183.
Wox * 66 82 102 164 204
qur 1358 1995 2535 3969 4952
WAPU 60 60 60 120 120
wpt 105 157 210 314 421
WFEQ 3983 5649 6917 10407 12756
WE 16050 20177 25153 40024 49071

16



Table 6.2 Class II Component Empty Weight Breakdown with

Commonality Objectives Implemented

Model 25 36 50 75 100
WW 2899 2899 2899 4349 4349
WEMB 267 267 267 488 488
WV.T. 340 340 340 680 680
WH T 200 200 200 1027 1027
wFUS 2158 3575 5278 . 7150 10556
WAT 1585 1585 1585 3170 3170
WM G 1438 1438 1438 2876 2876
W G 331 331 331 662 662
wSTRUCT 9218 10635 12338 20402 23808
WPWR 5434 5434 5434 12196 12196
WFS 464 464 464 €666 666
Wec 34 37 37 44 44
WQSS‘ 27 . 27 27 91 91
ch 429 729 873 1458 1746
whps 189 283 379 546 726
wels 735 846 944 1103 1253
Waei 445 555 658 843 1016
wapsi i 535 878 1092 1755 2183
Wox 66 82 102 164 204
qur 1358 1995 2535 3969 4952
WAPU 60 60 60 120 120
wpt 105 157 210 314 421
wFEQ 4447 6113 7381 11073 13422
WE 19099 22182 25153 43671 49426

17



Table 6.3a Summary of Class II Baseline Weights

Model 25 36 50 75 100
wTO 25457 33949 43141 67772 84689
WE 16050 20177 25153 40024 49071
wPL + CREW 5535 7995 10865 161956 21320
wtfo 105 157 2;0 313 420
WF 3767 - 5620 6913 11240 13878

Table 6.3b Summary of Class’ II Weights Implementing Commonality

WTO 28506 35954 43141 71419 85044
WE 19099 22182 25153 43671 49426
AWTO 3049, 2005 (o} 3647 355
% Change
Above Baseline
WTO 12.0 5.9 (o} 5.4 0.4

v et

is



2. CONCLUSIONS AND RECOMMENDATIONS

7.1 Conq;ﬁg;ons

i) The proposed multi-spar arrangement for the wing torgue box
does not impose structural weight penalties for the family of
commuter airplanes.

2) Implementing commonality objectives caused take-off weight
penalties summarized in Table 7.1..

3) The degree to which take-off weight can be penalized due to

implementing commonality must be determined.

Table 7.1 Weight Penalty Imposed By Commonality
Over Class II Baseline '

Model: 25 36 50 75 100
AWW 1312 924 0 1281 0
AWFUS 176 92 0 184 . 0
AWEMP 154 108 0 66 0
AWL.G. 803 405 0 1065 355
A WPWR 624 476 0 1051 0
AwTo 3049 2005 0 3647 355
% Diff. over 12.0 5.9 (o] 5.4 0.4
Class I1
_basgline

19



7.2 Recommendations

1) The performance degradation due to the take-off weight
increase over the baseline needs to be evaluated.

2) Cost savings due to implementing commonality into the
designs of the airplanes should be evaluated and compared with
Class 1II baseline costs.

3) A Class II weight and balance should be completed. This
should be finished before any more stability and control work is
finished.

4) An attempt should be made to use just two different
empennage designs.

§) A SSSA flight controller should be designed.

6) The Class II drag polars should be evaluated.

7) The roll performance should be checked, particularly that of
the twin-body configurations.

8) The installed characteristics of the propulsion systems need
to be evaluated.

9) Propellors need to be designed.

10) Thg Class II design work must be integrated into the

Class I baselines.

20



1.

REFERENCES

AE 790 Design Teanm, g;gsenfa;;on of Class I Designs for a

Family of Commuter Airplanes. University of Kansas,

Lawrence, KS; November, 1986.

Bruhn, E.F., Analysis and Design of Flight Vehicle
Structures. Tri-State Offset Company, Cincinnati, Ohio,
45202; 1965.

Roskam, Jan, Airplane Design Part III: Cockpit and
Fuselage Layouts. Roskam Aviation and Engineering Corp.,
Rt. 4, Box 274, Ottawa, KS; 1985.

Roskam, Jan, Airplane Design Part IV: Layout Design of
Landing Gear and Systems. Roskam Aviation and Engineering
Corp., Rt. 4, Box 274, Ottawa, KS; 1986.

Anderson, R.D., Advanced Propfan Engine Technology
Definition Study Single and Counter-Rotation Gearbox/Pitch
Change Mechanism Design, NASA CR-168115, Allison Gas
Turbine Div., July 1985.

Roskam, Jan, Airplane Design Part V: Component Weight

Estimation. Roskam Aviation and Engineering Corp., Rt. 4,

Box 274, Ottawa, KS; 1985.

Abbott, I.H. and Von Doenhoff, A.E., Theory of Wing
Sections. Dover Publications, Inc., N.Y.; 1959.

Roskam, Jan, Airplane Flight Dynamics and Automatic Flight
Controls: Part I. Roskam Aviation and Engineering Corp.,
Rt. 4, Box 274, Ottawa, KS; 1979.

21



A?Péub\k A
N—n TOUAGRAMS




‘ N=n DIACZAMS /- 7- 87

AL T eThsbvction

“THe “PorPose oFf /S  APPessik 1S T
Prece— e Class T V-n baczrAmS o
THE Ry o CAoanmo TER /RPACHARES.,

THe MeTHe) V€0 T2 CACCOCATT
¢ Nr DAgrems 1S OanTrarce C_/' <

oF LEFCRECn E 6.




\ N
| J‘ eI NI AT A

- - 87

Tarie of  Covvewns Yo No.
Al TamradocTion _A—_\—
A 25 3ax Von TSiAck A AL

A 3 Sac V-rn D.aczar A

ANd  Bo ®ax Vor IS AGvAm A,

AL 78 wax | N=r Diact ar AS
ANk oo T=Ax V-n LTSACRAM

Az

AR

A-¢




D Mooy Ry, V’nC"’lf‘:r-‘u JI-02-%.
|
\}N i ] tu sz.u Is
Sdep ). Dederiiwe Vi, Op pOOR QUALITY.
Fren Eqn 4019 Gulo=  2I1%b/ w2l
V&'t E;jébyfi/é':ﬁﬁ,j Gwle= Sb?&ﬁ
Sovle Wz 2pve N A
S S 4:’ £iv¢ ’
4 . - .
g b7 ‘\q‘sl LN", - Itl CL PN CL'VA""JV
g -
: \'F’-__I" , /.5"}
: ""‘ / g “ R l/"
s Voo i2{ zivefen) [lsen iyl ®
o ~ .
2 'VS,'. /GS: 27 {7 /5(( = 7?.0 iyt V.5I—' g knte

Step 2. Dederw

'I‘-O‘,;:\O)‘\ 0? VA

From{d. 22)

Ff DR, ("‘ . 23:

[
«wN
-
-
[ d
=
A
N
[
A\

Stepd Gust Loeas fecive Lines

2 VSI n L »;‘L

Ny, 7= 24 29008/ (w15 050
Mg 2 2.0 % 2080/ Qret3 10 6030
Nmpes 2 R F7

Va2 (eszD)(2.60% = 279985 4
Vi 2 lbb Kknts

C= 6.2%
Lin hJﬁ)

From Eqn (44D Kg= (3¢ pg/[s,3+ g = .%219'9,17)/(S,sf JYI7)

Cin(‘/-/é.)

§+ CL = Li.7l rOJ-'

(-
be = 2 (6ws) we o CLa
Ney = 2(S0) [ ios231Y .2¢)532.2Y 4.7
,Jj - ‘/‘/l /7

Ke, = 7%5‘7
New= /+(K3 VG )/ Y95l gw/e) = 1 nmq(v/iv)/m,-
Now= [+.00019¢7 U,V

Y

\‘*'

b




Deve Herck 2 far V-f gisgren |—”’°?’f""'

22-144 200 SHEETS

ArAPAN

B R I £
Lo vt Ko 4D

, F F'*@R QUALITY,
e s OF £

O
!
1S )
9/
Q
9
NN
4~
r—
| —
[

o

of 2o own s Uje T Y733~ oeodzz (3ot = /927 fps
Use Uye = €€ 47s.
I’/M,: /+ 0098V
Ve Line
O - 20 6oy - Vyp = 20 £
DT T pol4- Wdr = 6o &7 = obdy €1 00T GLlE ofs
Vee Ugy & 80541
Niws 11 0074 Y
Vy Lne
OG- Lo oen £ Uge = 25 ipe
Gt 3O ooyl Vie = /b.67 - soeow7(3n 6s0) = 4.1¢ §fs.

Nin = 1+ 006372V

.Vg is a+ yrteccect oy oF C/Vn-arf mas

orz Vg qusit ke

feoeo -ie Fisure. G gr acicrangy dn Lo Vg =160 bris

[eor Cir ,./""," :i'_? Vc - Vﬁ 4 L,'J el

Vo2 lh0 mY3 T 0% il

Fovever , Kisson 5(’:’4 Calls foc  Cevise Sjeco fr=.7 @ 35 64,
This 18 4J)r kniS Gf 30 6% fl or T = 2/¢ fi5. A Seiew, Tec
FOAS 45 252 fede. Efenie o7 gL (megee,

Ye- 25, Ln7l

-t

Y
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22-144 200 SHEETS

amoan

T T T WA, 22-182 100 SHEETS

5"}66‘ (O by VD

Feow. Etn (‘ﬁ',l’);\ VD = 28 Ve = l.15{
V[ = ZlT hris
5"5(’ 7 n€§q7;fﬂ Sl L'rc

~a 7t
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0-22-8¢

S rax
V-n LI&GF LA L. Mocgan

Y aaad LR LA AR 204
~AT AL | AN

CALCULATE vs, :

IR
P UL :«‘A_l_f TR RN mE

AN
~ £,

- N . o soweT {
OF PR GUdss:

CALCLULATE VA :

CALCULATE V!

IT- AT MACH = 0,70 , h= 30,000 #. :

AT SEA-LEVEL

CALCULATE Vp:

CALCULATE

cLMAx =14

CNHA.X = (/.I) 1.4 = 154

VS, = {2 (GV//S) //o CNHAX },/2
: L
v - [ 2 (21,395/449)/ (0.002:79)(1.54) | *

Vo= 195 dps = 16 kis

ASSUME: LiriT LOAL FECTOK = 2.68
we (2.08)(31,395) = 84,139 lbs

%
Va s [ 2 (84 '3‘7/4"‘7)/(0-0923769X"5")]

Vip= D220 fps = 189 kis.

V. = (189 + 43)kis

Ve= 232 kts

3= 215.6 pst
Ve 420 Sps

VC' 252 kts

Ve = 125V

Vo= 1.25 (252 ) = 315 kbs

NEGRATIVE STALL, SPEED IJINE ¢

ASSUME :

CLHAXNEG

c“HAx NEG :

= -0

1.1 CLMﬂX,JeG iy )




| ok rax l

V-n DIAGRAM L. MorGAN

! N9

100-22-80

¥

Vasmee © 2-2 (G“/S)/-P,C"’"‘”‘ncc 52
v
Voweg = § 2 (31,395 /449) /(0.0023769X 1.1)§ °

Voo = 231 dps = 37 kis.

CALCULATE DESIGN LIMIT LOAD FACTOR:

A i » 2.1 + { 24,000 /(W + 10,000)§

pas

v

Nimpos * 21 + § 21,000 /(31,395 + /0,000)§ = 2.68

* 2.68

Lirm pos

Npim 2 -/.0 uwup 10 Vo , VARIES LINEARLY FROM
ne:

& THE VALUE AT Ve TO ZERO AT V.
CALCULATE LOAD FACTOR LINES:
N = 1+ (KgUge vV €., )/ 498 (Gw/s)
Kb z 088}43 /(534-#3)
M= 2(6wW/s)/ pEqle,
_p= 0.0023769 slugs/ &3

E= 6H49
CL“- 5.1 mal." wHerRg 7
Ly 2 (31395 /419) /(0.0023749)(¢ 49 ) 32.2Y5.11)

Mg = 55.09
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narrImAL

Fo£ Vg GUST LINE :

SL To 20,000 $+:° Uy = b £ps

20,000 To 30,000 $4.: Uy, = 47.33 ~ O.000933 h

= 47.33 - ©.000%33 (30,000 %)
Uje = /?'34 ’

use: Ude = Gb Sps

Ny = |+ 7.775510%V

o

FoR V., GUST LINE:

SL

7O 20,000 & : Ude = SO fps

20,000 T© 30,000 & Ul = 66.67 - ©.000833h

« ¢6.67 - 0.000833 (30,000)
Ude = 4168 Sps

USE: Ude = 50 4ps
'n,r = 1+ 5.80</0°V

[Laa]

10-22-86 v-n DIAGRAM _L. Morganm <
Kg= 088y /(537 uy)
= 0.88(55.09)(5.3 + 55.09)
Kg= 0.803
] Nim = 1+ (QUde VCo_ ) /478 (ew/s)
Pim = 1+ [(0803) UV (5.11 ) /498 (31,395/449)]
N = |+ [ 1.078% 107Uy, v ]



v rax
1I0-22-86 V-n DIAGRAM L. MoRGAN

FOR V., GUST LINE:

SL TO 20,000 §:  Uge = 25 fps

20,000 To 30,000 Hi: Uy ® 16.67 -0.000417h
= 1667 - 0.000417 (23,000 H)

Ule = 4.16
use: Uy = 25 -CFS

nlim o | + 2.945 "/0-3V
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AE T390 |50 PAx WVen Diag. | M, RUSSELL j0/22 |

' CEERLL ALY 1 3
a ave v e

~NATIO A

Step I - Determination of Vs,

CL,..,,K = 1.5 GW = MWaro S =592 £4°2

From Egn. (4.0) Cu. .= LIx1.85= 168

(aw/s) = T1.o p=¥
From th. (4.]4) )
Vs, = [z (71D /¢.002377) (l.e,s)]

"2

= Vg = 190.3 fps = 113 ks =—

Step 2 - Deter mivodtion of VM :

From th.(‘-{-.23) ,

V‘rmp,., Z z.| + (z4ooo/(w+lt>oo°))
n.. zZ 2.1 + (Zuooo/(uzosv-;-nooooﬂ
Pos
‘or N i 2 2.56¢5 wil uee 2.=0
pos |

Thus, *rom Equn. (‘4.22) )
Ve Y2
VaZz M, N7 = (1803)(2.50) = 301 $ps

T hus VA->— 1-78._ k'\’$ -

Step 3 Const ruch“ﬁ the qust lcad factor lines

C= 7.40 f+ C, = S.12 vad™'
From Eqn. (4.1%) ,
q= 2z (6wW/ls)/pTq Co_
= 2 (71.0) /(oo2371)(7.46)(32.2)(5.12)
= AMg= “48.6
From Eaqw. (4.17),
Ka= 088Uy /(5.3 +.U;)
= .88 (42.¢) /(5.3 + 48.6)
= Kg= 0.794
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Gres oA n

Narioanat

AE 790 | 50 Pax V-n_DIaG. | M. RUSSELL

From qun. (q.lb),

Ny, = | + (K3 uaevc._,,) /4‘18(Gw/s)
= 1+ (794« Ude V (5.42)) /4as (71)
= ng.= 1+ %A x107 gV
Ve Line
From w=ealevel +o 20,000 $4: Ude = 6 fpo

A+ 20,000 H . Ude= 47.33-(.000933) (30,000)
UA¢ = 19.3 o

- USe Ude = bC -F]rs

n,.,.= |+ .00758VvV =

Vg Line

Sealeve\ +o 20,000 $t : Uge = 50 fps

. A+ 20,0004+ ;. Ude = 66.0T7 —( 000%23)(30,000)
udc_,: 4’~ (05

— use Uge = B0 $ps

Nn. = | +.00575V —=
‘ I
Vp L—;h&
Seoleve\ 4o 20,0008t : Uge= 25 fps
A* 20000 £4 Ude = Ib.67-(.ooc‘-n1)(30000>

ude = 4.'6 'g']’s
—use Ude = 25 $ps

n, = | + . 00287V —=

Hma




THY VHEFTS Y SOUTAPE

~MATIIViVAL

| AE /490 |50 PAX V-n Diaa. | M, RUSSEL

SYep 4 DeYermination of Vg

Ng 15 derermined Srom Fhe Intevsection of
the Cupax line and the Vg gustline . From 'F'ij.

s s determined += be

Vo= 172 kds =
5‘\'61? 5 Detevrmination of Ve

From Eqn. (‘4.20> Ve= Vg + 43 kis

Vo= T2+ 43 = 215 kts

H'DWQVCV, e wissiown ‘aPGC.\"-.ic.a:\-.lovx cal\les fov
0 cruise s=peed oF M=0.70 at 30,000 41. This
Corr es ponds ‘o0 412 lk¥s at 30,000 £+ or a
§= 21e pst. A+ sealevel He Correspov\dins
KEAS 1s 252 kis. <Since +his s larger +han
2\ kis

e Y NV = 252 kb=

5-\-&; L Determination of Vo

From Equn. (#+.21) , Vp= 125 Ve = 1.25(2s2)
T hus , Vp= 315 kis —=—
’éfe—;—:l\) Detevmination of twe Neagative Siall Line
r———"—_—/
Acsurm e C‘_mx es?— -1.0 +hus cnm,( = =|,l|
n neq V2
From Eqn. (44) , Vs,,°* 2{(ew/s) / 5 Cund]

Vepe, = 2 [(‘H. 0) /(.002377) (. 0]‘/1

= Vs = 330fps = 195 kts =
V\ej .
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LE g A DR IC K

V-n DihcRAA”

0 -27-84

| DETER AInE

Vs, ¢ <, 1,05

DETER a1l

vy, * §2 (°/s) /e <, [

ORIGINAL PAGE 15
OF POOR QUALITYl

S
v s [2 (‘“83/7;:) /(Aaozsvcs) cré5)]"

Vs = 207 dps = /23 Kis

\{,: ASSumME - L/ATT LOAD [Lcvok

ws (2.€)(¢0é82) = /1S/708

Ya

oFf 2.5 -

1bs

L2¢ ':"or’/nz) /0023268, €7.65)0

%

Vo: 327 fps = /5P X

DETERMINE V. :

OETERM /NE

T - Ve = /194 + 43

Ve s 237

I- AT MACH 920 , 30,000 ft

AT SEALEvEL : VvV: 426 Tps

Yrs 2852 xis

Vb = }.25 Ve

Vo = (1.2583252) = 3/5 Kis —e
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Lowvrs _ METPRICH

DETER A A°F

AECRT/E ETHEL

V-rn DIEGR&EA

ORIGINAL PAGE 15
SPEEL LnE -

OF POOR QUALITY

! AsSsuamE: ‘4’,‘\ ‘ s - 1O
H A%
1 C. = (ia)l-l0e) = - L7
; M"A"‘
! ;i
i Gw’ L
' Vema ° i 2( /S)/j= C/"",ti?
1
: éoses "
| v, = 2l /r22) / (oo237655 (11>}
ML
i
!
| Vs,_,,»_ : 2584 {ps = /50 xits
\
!
1
|
| DETER M INE DESIG A7 L7 lompD fRTOR
! .
r‘l.‘—-r“ 2 2.1 + § 24,000 /Cw /o,ooo)z
"y 2 2.y + § 24000 / ( €ocEs + s0,000)% T Z.44
i .
';
ny; ALwiars 2 2.5 LT 2.8
'—P"‘ o3
s 2 <LO0 UP TOo Ve , VALIES LwERRLY TO 2ERO froM
tom Py
4 Yo TO W%
DETERE N INE LORD FRACTOR 42 ES -
Ne = 1+ (Rg Wye Ve, )/ 458(6w/s)

Kq

: .88, /(53 3 )

/us: 2 (6“’/3)/'02'5 C‘“

mg 2 C 60483 )022) / €c.0023766)(7.5)(52.17)( 6. 8)

/5: so.s5¢




Z2OU'S  MEADEIC A V- n  DI4GRZM i /0-2/-86

A

e Lel

OREBINAL Pl o3
OF POOR QUALITY
Ky c (e8)(s0.54) / 5.3+ 80.54)
Kﬂ r . 796
r s )& 48 U v s.e)R/ 958 ( 4O fhar)

LTI ) ¥ (/.034710-‘) O‘J,,V

DETERM INVE |7 U, 472.33 -« (o020 933)(30.002,;

/6.3 ¢ - UvsSE 66 Hfps

n., T ) ¢+ 00682 V -

DETERMINE V. : Uy, : 66.67 - (. 000833)(3y ce0o)

Uy, 4). 68 - UsE so fps

n s ) ¢+ o057V -

DETERMIVE V. ¢ Uge = 16.67 = €.000 917) (320, 000)

Upge: 416 - UsE 25 fps

Pfim = /+ 00259 VvV -

w
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oL SWIFT l\’—n DipoRAN 1o PAY_Teiwd BODN

22-188 JUU DHEET 0

Step 1. Determiomon of +lg stall speed | Vs,
Y VL
Vo= t 2 (GW/e) /o Crppy 8 )
where,

GW= 80,7ib lts

a = Q095 = <

- (YR 0

b UUNT j :
R
L = 0.002377 slunc JFE L oroon o

Chmay = Q=3

thog,
, /7 '/7_
Ve, = § 2 (82710 /322)/0002277 - 1623

Step 2. Determnohion of design Wit Voad factor, .

Tne positive limit maneuvening lead factor, n,

15 defermmed from: mees
2 2.0+ § 24000 /(WH0,000)} (2)
M pos
Thos,
Py, 2 2017 24000/ (82716 +10,000)3
Mg > 2,36

put dhe exception 15
> 2,5 at ol twes

a——

hm Poe

Step 3. Determnation of design wonewering speed , Vy
Va2 Vs n e (3)

hm

Va = 198 krols




ant | V- DIAGEAR I o0 Fey  Twint Eapy

22-144 200 SHEETS

ArAT TS

Corstruction o que- load foctor \wes.

The qust lood '?02#0\ lines ore defined by, the
following equation: -

Ml = 1+ (Ko Uge VCL ) /423 (Gw/s) | (4)
wheve
Mg= 2(wsdieeg C, 1 Cipm 6.0 rod”™ (5)
Ao = L(EDTH/A23)/ (0.002277) 823, (2.2 (60T)

~

Mg = 45.2 of 3L,

Mg = 120.6 " ot 30,000

ond
Kg= 0.88/ /(525 ug) (&)
Kq = 0,788 ot S.iL,
Kg= 0843 ot 80,000 b

thoe,

Ny = 1% UdeV 1038 x/0”% ot SL.

For the Vg quet line:

Ude = el {ps

n, =1+ V-725%077

For he Ve quet lines

Ude = €0 fie
f,, = 14 V-S43 (07

For +he Vp gquet Ime:

Ude = 25 fps
N, = |+ Vo275 %0072




G? ; 51\‘.":"7

| V-n Diagei | 100_Prx_TWiN_BoDY

Vs

awisn’ 22.144 200 SHEETS

Step 5. Constvuct the Gy, hne and qust linee.

Step k.

Frore The V-n Qust and wianeuwver dhaavoms,
Ve = 1895 knots
» \

Ve follows Fron -m( irrersect of fhe tio stal ling
ord “nae Ve onst ine., i

Ueseveramotion of desar cruemQ £f g2, Ve

Frove e wission yeawemerd €, U FOGA woniiiy
Mer =070 af 30900 f1,
g+ ¥2(0.0008393)(94.7-070) = 2156 ps

At eea level This corresponds o
Vo = 42k fge = 252 knots

wheh 15 > 238 kriots vequwved for gust requirements,

Step 7. Derermination of design diving soeed, Vp

Step 8.

Vp > .25 V¢ &)
thus,
VD > 3\5 krIOJrS
Dererminotion of negotve stall speed line.
I+ wl\ be omumed thot C. . --1.0 and
ntQ
Cu = -l

‘“°‘neg

Vopeq” § 2.(80,716/923) ) (0.00:51)( 1.10)3”

7 &0 .
Ve nee, > L5 knote
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LOAD

LOAD: FACTOR ,n
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’ HE 7"70 NH5A KEPOR\

| | |
‘pec. IS 9%  FOSEIRGE  SIRVWCEDRS | _QHB:QLES_R_QKEL\DINE_

B.d QR COLRTE CROSS SECTONBL  ARER OF
tRAINSELRS

FOR THE EXTERNAL BENDINE MomEAT,
THE BENDINE StReESs QAN B CRLMMED
RY THE FOLLOWINGE EQURTION:

M c
ejb" I

WHERE $
M- 1 THE MAXiMmom (QQ\TWQAL\) RENDING

Q- THE EXTREME FIRER
T - MOMEANT OF INERTIR

FOR ava4d RLLOMINTM

@, = 32,600 PS|

AND

FROM SECTION ., TRE (APPROX.)
MAIMLM RENODING MUMENT WS
ARV LATED . TO RE:

MOMEAT (THIS RS CHEWATED IN SECTOA D




| RE 790 NRSP RPOAT|
EOSE L ALE  SIPIMLEDR OURARLES R EXENDINE

DEC 1S 1930k
FOR THE SO DOASSENGER

M = 4%, A0 0 lbs

FOR THE 3 PRASISENGER

m= 13,270 n:lbs

FOR THE S35 PASSENGER

m= 74, K30 in-: Ibs

o SolWiNE FoR THE URLLE (%)

50 DASSENGE R e = O.21249 in’
¢ PASSENGER T = © 2825 in
55 PASSENLER Yr = O 420% in

NOTE: THE ORLES (%) RRE FoR
THE QGWEN  SEcYioN AND AT
FOR B SINGHLE STRINGCER.

3
-3

-3

SINCE THE DIRMETER OF THE FOSELRGE IS
THE SAME FOR OF THE THREE RMIRRAFTY

THE LVRLLE ©F Q \s-~
DIARMETER = Q.67

g = 2 - yg.3”




| RE 7% NRSA P%Stc:l" i ' |
L DEC 1S 19% !m\m,s <edeERS ! HRRIES 2 OxEADIAE |

SOWOINE FoR THE ™MOMENT OF INERTIR

EOR =0 PASSENGER * T = 226.3 inY
ol 3o PASSENGER : T = ,71.0 wn"
Bl 95 PASSENGER:® Tr= 112.1 inY

TREATING EACH <TRINGER AS A POIMT MASS
RATHER THAAL A % - STRINGER, THE mMOMENT
OF |NERTIA FOR THE IECYION CAN BE |
CALAOLATED WY USING THE FOUOW/INE
EQUATION ¢

Fog R GISEA SECTION:

T= 2 Ay?

WONERE
A- © THE OSECXIONAL RKER OF

THE STRINGER (TUTAL STRINGER ARER)
Y= 1S THE VERTICAL DISTRNCE
EROM THE CENTER UINE AXIDS

FRoM THE ARODE EQVATION, TRERE 1S

TOU  ONKNUOMS THE TOTAL ARER AND THE

QERTICAL OISPLREMENT OF THE  STRINGERS.

<O TO SULLE TR THE TOTRLC RRER, THE
ETWEEN STRINGEZS

BEOTVRL DISPLRCEMENT FURS ASSOMED TO

BE 107, THIS DIPRCEMEAT VARLOE  WORS

CBTRNED FRoM REFERENE |




RE. 790 ANRSA PRLIECT
Dreys % BuSE (RS STQ;UEE&J QURARIES £ OxENDINE .

SINCE. ALL THREE FoSELAGES (85,36 § 50
PASSENGELS) HAGE TWE =AME DIAMETER
CE 6.7 CR .03, FRLM SIMPLE
GromeTex  ( FCR HBLF =P D, T+ WhS
OETERMINED TRHAT 2% STRINGER Qeuld
BE REQOWED. ALSO KNunING THE TOTRL HEICTH OF
FOSRLAGE. AND THE NOMBRER OF  STRIMNGERS,
THRT ACE EVENLR PLRCED, THE QERTICA C
DISTRANCE Fog £/ STRINGERQ CAN Be
DETELMINED.
G

gv T

l 6.9”

& W.6”
FIGORE | STRINGER SPRUN
DISPLRCEMEANT BSTRINGELS
Y, = 6.9 ” P
2/ .
Yo = 13,3 > NOTE ¢
Ya = ;)0.7” a ™S 1S FoR
Vi = a1l = ~ HALF OF THE
Ys = 34.58” > EOSELRGE. .
Y% = duy” 2
Yo = 453" I

13 TOTRL FoR HALF




| | |
i _DFc 15 19%& L BENSELKGE.  SYRALCFYS CUARLE= £ OXEMDIMLE

PANIWITY F WOt M 1/

=
T=AZY°
PALIY +2Ys + Dys TSy, F R IV
vi o+ ayd)

Whes e Ve = @
AFTEL <SOBSTA\TOTIOAL

T= aR (G659

FOR &© PASSEANGER:

A =0, 17in?

FoR B STRINGERS

FOR R PASSENGER: THESE LORLLES !
- SEEM REASCN RRE!
Az O in” HOWELER | THE

S5 PASSENGER.
SEEMS  SMme WU .

For 25 PASSENGEL *

A= ©0.08 in”

TO WERK  CUMEMAUTR INTO THE OESIGA OF THE
STRINGEIS, TT MILHT BE POSS\RLE  To
SORCE THE STRINGERS 3Suyl THAT THE RRERS
RRE EBEOULAL.

Rk



DE¢ 1B 1S%E PesElatE  soweres  Cuapies R Oxenpme |
STRMCED  REIWHT  CALLOLATIONS
ALOMINGT  DENSITY 174,83 W3
RRALL DENSITY ) 83,0 'Y
MATELRL So PAX 36 PAX 28 PRX
ALLMIACM 20,4 /12,3 7.0
ARRLL 17.9 0.9 lo A
4 WET 2.5 /.5 0.9

|
WHERE. THE VCLOME -CF ONE STRIAGER ?
|
|

FCE =S¢ PRSSEAMGER

V= (O M) (4D = 0169 RS
Fo@ 3¢ PASSENGER
Nz (O 'HD(O%.D = 007059 &3

FOR A5 PASSEANGEER

V= (OO D 69.9D = ©04o4T #5

NCTE:  THESE  OALOES SEEMm 7O MALE-
A Smrce deoNTIRBSTION TO (HE
OB FOSELHAGE OEIGHT

@ s\ BLE  EROLZ — @ ORCOESR AL PAGE IS
AO\F ‘Aff(s

"\5@ Vm OF POOR QUALITYM

BT



’ e UMy (UTLLUL'TI’UT(}
Osc ¢ NESE POOTECT™ Quelis<f O xeap

]

B3 TRIL LOADS

=Q<QS;§FT— XAL®5> QQ—%&\DSB ~

50 PAX Assomed  Kapuae = ~2°

Qo = (0325 - (-0.058Y (472 (5.0343)
=-0.06309
26 PA
& = (033 - (o8 (4.7 (oupey
© G-k
| = -0.067Y|
25 PRX
Qe o (0.32 - (-0.00D (4.7 (0.68/
= -0 .067Y! '

BE




_ TRIC LORD CRLIQLRTT ‘
_DER ln&g& _POOTECT MT Quplirs £ Owapivr
OoNTIUVE
_ 2 o
Q. = Le T a-t
50 PAX
0, = -Z:{T‘"%—— (-0.063¢9)
= -0.0114E
2 PAX
o &
Qe = 59 (-0.0674/)
= O.01]2y
2S5 PAX
6.28
Ce = 55— (-0.0674))
= O .04
RI
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Conmuce

Tame rD = L § &

P =0,000%%73 XK = 9% 7 e
FoR B0 PAX

L, = ~0.0145 (2/5.6) (53D

=Y. 2 ks

Fok 36 PAX

L, = -0.003% (56> (44D

T1o%x%.0 Ibs
FOK &5 PRX

Ly = ~0.0114 (26.65( 421

-FO11.0 lbs

*  WHERE Lo -~ TRIL WAD.

NAZE  Creect Ctipreces £ Ol
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10 PEC 1986 | BULKkHEAD | orAGUSH

RY 5D PAX BULKHEAD prsién

FROM  THE METHILS  PESCRIBEDL T

AIRPLANE  DESIGN  fART ZIT | BULKHEAD
SPACING  FOR THE 50 PLASSENGEEL
AIRFPLANE  WAS LDETERMINED 7O KLF
20 INCHES.

USING  THE 20 ZIwneH SPACINGS

OF THE BULKHEALS , THE S0 PASSENGER
AIRPLANE  WAS  PETERMINEDL 7O CONTAIN
S3 BULKHEADPS AS SHOwnN TN THE

Srrocear e Asee ez o G 2,
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| g oEC 1926 | PULKHEAD | DRAGUSH

 BESBULKHEAD AW STUDY

THE FOLLOWING FIGEURE IS A (CROSS -
SECT 0N VIEW OF 7THE PROLPOSED
BULKHEAD :

0.5

A

T

.57

¥y

1.0"

THE BULKHKHEADL  WEIGHT WILL  BE EVALUATED
USING SHEET THICKNESSES OF 0.06 IwnCeH
AND 0.10 INCH .

BRI




7 PEC 1986 [ AULKHEAL

PRAGUSH

FUSELAGE DIAMETER
FUSELAGE  PERIMETER

-
-

96- o7
27"

-

Z071. 6"

THE BULKHEAD VOLUMES ARE AS FOLLOWS:

- FORP THE 0.06 ZINCH THICKNVESS -
Ve (301.¢€ X0.06 X 5.5)
V= 995 0.058 ¢3

v s

- FOR THE 0./10 ZINCH
V= (301.€Xe. /0Y5.5)
Vie /65,7 w2 = 0.076 ++°

THICKNESS :

ALUMinum  DENSITY = 174 8 4+

,i

ARALL DLENSITY = /53,0 "4/H#et3

|

WEIGHT (LBS) | WEIGHT (LBS) | THICKNESS
06" THICK 0”7 THICK Aw (LBS )

ALUM ) UM 10. ] 16. & 6.7

ARALL - 8.9 /4.7 5.8
MATERIAL AW (185) .2 2.1
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APPENDIX C_ WING SPAR AND WEB SIZING

The purpose of this appendix is to present the methods and

calculations used to determine the required size of

and webs. "
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C.1 INTRODUCTION

The purpose of this section is to determine the critical
loads which the wing will encounter in flight, then to determine
the wing structure necessary to carry the resulting forces and
moments.
C.2 DETERMINATION OF CRITICAL LOADS

The method used to determined the spanwise aerodynamic load
on the wing follows that of Reference 7. Tables C.1 through C.9
present the data used in determining the wing loadings for take-
off, design dive, and landing velocities. From these, the span
loadings are plotted in Figures C.1 through C.6.

C.3 SHEAR AND MOMENT DIAGRAMS

Using the critical loading condition, at design dive speed,
the shear and moment at each wing section is determined using a
method from Bruhn (Analysis & Design of Flight Vehicle
Structures). This method is outlined in Table C.10. 1In addition
to the shear and bending moment at each section, the required

moment of inertia is determined as well.

C.4 SPAR AND WEB AREAS AND WEIGHTS

From the required moment of inertia, it is possible to
determine the spar area needed. Although the advertised yield
stress of Arall is 77,000 psi, it has been advised that a more
realistic value of 55,000 psi be used. This is shown in Table
C.11. A linear relationship is assumed between the spar cap area
and the moment of inertia of the spar cap about its own centroidal

axis. This amount is normally negligible but is included in the



equation in Table C.11 anyway. The spar areas shown in Tables
C.11 through C.14 are for one spar cap only.

The spar weight is calculated by multiplying the spar area
times the section width times the material density, which is
174.8 lbs/ft3 for aramid aluminum. The shear flow, web thickness,
web area, and web weight are also determined, using the method
shown in Table C.11. The total web plus spar weight for each
airplane is determined as well. All numerical values for the
methods shown in Tables C.10 and C.11 are.presented in Tables

C.12, C.13 and C.14.

C.5 RESULTS AND CONCLUSIONS

From the results of Tables C.12, C.13, and C.i4, the required
spar areas at the root are:
25 pax - 4.21 in2
36 pax - 7.26 1n2
50 pax - 10.8 in2

This is where a design choice has to be made. It appears
that the best solution for commonality and weight purposes would
be to arrange the torque boxes as shown in Figures C.15, C.16, and
C.17. These torque boxes are arranged so that only one spar
cap/stringer size (a standard 4 x 3.5 x 5/8 inch angle) is needed
for all the airplanes. On the 25 passenger only four spar caps
are needed as shown in Figure C.15. On the 36 passenger 7 of
these are needed. One possible way to arrange them is as shown in

Figure C.16. On the 50 passenger, 10 are needed; thus the

arrangement shown in Figure C.17.



If no stringers were used, a highly concentrated load would
be placed on the spar caps. Thus it appears more feasible to
distribute the load on the 36 and 50 passenger airplanes as

shown. There is no weight penalty involved when done this way.
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22-144 200 SHEETS

AMPAD

L. MoRGAN [ﬂ.RuSSELLl LIET bn§TRt§uTroM| 25,36, 80 PAX

AT CLEAN cLMAx=,°5 )
WERE  CALCULATED.

THE FOLLOWING LIFT BISTRIBUTIONS

Table C.1 25 Pax Lift Distribution at CL = 1.5
Y/(b/2) 25 (§12) Cq Ab (£1)  L4/ab (wa/8) L (les)
0.0 56.5 1.48 7.1 34 280
0. 2 4.3 1.56 7.1 362 2574
0.4 <42.1 1.56 7.1 309 2197
0. 6 3A.9 1.51 7.1 248 1763
0.8 4.7 1.38 3.8 191 &80
0.9 6.69 1.20 1.78 151 269
0.95 6.24 1.O| 1.78 119 212
g= 335 psf Ly, = 10,253 s
W= 21,046 lbs hy = 20,500 lbs
Table C.2 36 Pax Lift Distribution at CL = 1.5
Y/(bj2)  ASE®?) Ci  bo(S)  A/ab (bs/%) £ (ibs)
0.0 60.3 1.48 7.34 567 4168
0.2 52.6 .56 7.34 523 2832
0.4 44.9 1.66 7.34 14496 3271
0.6 37.2 1.51 7.34 357 2624
0.8 15,7 1.38 3.67 276 1012
0.9 7.4 .20 1.84 213F 400
0.95 6.6b 1,0l 1.84 170 314
‘Zt 46 7 psk Ly, = 15,621 Ibs
W = 31,395 lbs Ay = 31,242 lbs
Table C.3 50 Pax Lift Distribution at CL = 1.5
Y/ Cb/2) AS (£42) Ca Ab ($1) L/ab (1s/8) 4 (lbs)
0.0 79.2 1.48 £.43 659 5550
0.2 69.0 1,56 843 o5 5102
0.4 59.0 .56 8.43 E1? 4362
0.6 48.8 151 8.43 414 3492
0.8 . RO.6 1.38 4.22 319 1348
0.9 9.3% 1.20 2.1] 252 533
095 8.74 1.01 2. 11 198 418
3 474 ps§ Ly, = 20,8l 1bs

Wro = 42,057 lbs Lo = 41,623 lbs




AeaS° 22.144 200 SHEETS

| 1 MoRGAN / M. RUSSELL | sier msteimumion

29,306, 50 PAX

AT Vp , CL =0.195,0.21 ,0.2] FOR THE 25,306, AND 50

PAX , THE FOLLOWING LIFT DISTRIBUTIONS ws&s CALCULATED.
TABLE C.h-- 25 PAX LIFT AT CL=0.15.

Y/(bl2)  AS(53) Cy ab (&) - 4/bb (bs/$t) A (lbs)
0.0 56.5 0.195 7.1 513 347
0.2 49.3 ©.204 T 468 3329
0.4 42.1 0.160 7. 314 2230
0.6 34.9 0.095 7.11 154 1097
0.8 4.7 0.020 3.56 2.3 7
0.9 .69 -0.024 1.78 -299 - 53
0.95 b.24 -0.035 1.78 -406 -72

Ly, = 10,275
Z= 331 pst %
W= 21,096 lbs L, 0,550

TABLE (.5-- 36 PAX LIFT AT C,=0.2l.

Y/(biz)  AS (8D G Ab (£+) L/ay (bs/ss) L (lbs)
0.0 0.3 0.252 v.34 685 5030
0.2 52.6 0.264 7.34 626 4596
0.4 44.9 0.223 7.34 452 3314
0.6 37.2 0. 158 7.34 265 19495
0.8 15.7 ©.080 367 113 416
0.9 714 0.03| 1.84 3.8 73
0.95 6.66 0.012 1.84 144 26

3 331 pef by, = 15400
Wi = 31,395 lbs ky = 30,800
TABLE C.b-- 50 PAX LIFT AT ¢ = O.Q1I.
)’/(b/z) AS (£4?) Cy Ab ($+) 4/ne (/) L (s)
0.0 79.2 0.252 £.43 754 6606
0.2 3.0 0.264 843 715 029
0.4 £3.0 0.223 8.43 61?7 4355
0.6 48.8 0.158 8.43 303 2552
0.8 20.6 0.080 4.22 129 545
0.9 . Q.37 0.03| 2. 11 45,0 %
0.98 8.74 0.012 2. U1 16.5 35
3= 330 pst = 20,218 s

Who= 42,057lbs, Lb = 40,430 ks




RUSS ELMANJ_LLE_L.LfsTE- '

12/

25, 326 o PAX
Ad landing : Cwith  Wro)
25 PAX 36 PAX S0 PAX
C.- = 2.2 3.0 3.0
LANP
9 = 22.% 23,4 23.7 pst
L+ d/'sfrfbu*/'ang :
~ Table C.7 25 Pax Lift Distribution at C, = 2.2
v/ (blz) 65 ($12)  _Ca ab(ED)  L/ab(e) A (1bs)
o 5¢.5 2./5 7. /1 390 z770
.2 49,3 2,27 7.1/ 359 2552
.4 42.] 2.28 7.1 308 2139
.G 34.9 2.25 7.1] 2582 1790
.8 14.7 2.08 2.56 196 697
. q 6.69 /. 84 .78 157 28/
.95 6. 24 L. 54 /.78 123 2!9
Lyz= /0,477 'bs
W,.= 21,04 b6 Ibs Ly= 204944 lbs
Table C.8 36 Pax Lift Distribution at C, = 3.0
Y/l2) _AS Cq ab L/ab L
o 60.3 2.9 7. 34 5 60 H4107
.2 52.6 3.07 7.3¢ 515 3779
-4 44.9 3.7/ 7. 3¢ 445 3268
L 37.2 3.09 7.2 4 366 2670
. 8 /5.7 2,69 2.64 292 /062
.9 7.4 2.57 /.84 233 429
.95 6.6 2.1 /. B4 /83 337
LWZ— = /5/ 6?4 /és
Wro = 31,395 Jbs L, = 3,388 |[és
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Table C.9 50 Pax Lift Distribution at C

| 25 3., 50 mx

Wyo= 42,057 Jbs

L = 3,0
Y/(b/2) AS (e ab L/ab A
o e 2.9/ 843 48 8462
.z 69.0 3.07 .43 596 Sp20
4 59. 0 3.// 5.43 56 4349
L 48.8 3.09 B.43 424 3574
. 8 20.6 2.89 422 334 141/
.9 9.37 2.57 2./ 270 S 71
.95 8,74 2./6 2.// 212 447

Lyja= 20,834 /bs
Ly, = 4,668 lés
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L.MoEGAN [ M. Bussttl | SPAR  SIZING | 25 .36 850 FAX 2/

Table C.10 Shear, Moment, and Inertia Equations
, STATION @ ST = y/(b/2) (MEASURED FROM CENTERLINE)

2. LOAD: P = LoAdb FROM TABLES -1 , -2 , -3

3. SHEAR: V= SUM oF OUuTtTBOARD LOADS AT EACH SFANWISE
STAT/ON .

4. S&eTION wibTH: AY = sce7iomAL wWIDTH AT EACH STATION.

5 Dy D; = (dY) o048

. VxdY: VxdY = coL.3, x coL.4,

7 P"D‘i:_ PxD; = coOL.2Z x coL. 5

8. My : Mx = COL & + COL 7

9. X{ X; = DISTANCE CF sSeCcTiIONAL AC 70 7HE
REFERENCE AXIS (DRAWN THRQUGH
AFT CG)

0. PxX;: Px X; = COk-2. x COLQ

n. My My = ZcoL 10 (outoaRD  MOMENT

AT EACH SECTION)
/2. FSxMy: FSx My = 15°COL. 8
(3. xMy: FSxMy= 1.5 COLI

4. CHORD:  QHORD = ACTUAL CHORD LENGTH AT EACH
SECTION.
5. Ze Ze = (O.90 THICKNESS )f2.  [AT FRONT SPAR
LOCATION [
o Zp Zr= 090 . THICKNESS)/2 EAT KEAR SFPAR
| | LOCATION |
7. Zave" Zave = :ZI‘(Z;,*Z/') ‘ ;
18. Ixx * iy = Mz =25(coL.8 x coL17)i44)/(5500-4) |
o ea Gin®) B : |
sparcap
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/S




 NORGAN _(RUSSELL _ SPAR/WER _SI1ZING__ 25,36, £0  PAX

-l

Table C.11 Spar and Web Areas and Weight Equations

SPAR AREA -

Fromm Table A3.12

Thus

SPAR WE\GWT

SHEAR FlLow

Web Thickwess

Web Avea

Web \Ne'\g\'\*‘

Total web +

Spar wWel i\'ﬁ'

From I,,.*=

4[ Tu, + A0z L ] .

of Bruhwn , IXX,,: .2A08 A, - .oH08 |
Ixx/d4 + .0408

A, -

We = ,[(%parAreA x Sechon wio\-‘—\«.) X Dewsi4y]

L3677 &+ 2 -

ave

= .KA\rca x W'\a\-ﬂﬁ)x 174.8J

9T W
t= X = _%
o 5,000
AL hxt = 22,,.x t
Waee = Aw x wid+h of section x 174.8
Wr = We + Weeb
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*xDi
t-1bs)

0

-61
-45
166
3741
7604
11352
12436

Table C.12

SN

Mx

X-Moment

(ft-1bs)

0

-61
-234
-513
3029
18234
53042
112603

Chord

(£t)

3.39
3.5
3.83
4.5
§.33
6.33
7.5
8.46

Shear
Flow

(lbs/in)

.00
-24.19
-38.39

-7.32
236.09
612.74

1038.22

1428.67

Section Station

25 Pax Spar Sizing Calculations

P A day
Load Shear Wwidth Di vxdy
y/(b/2) (lbs) (lbs) (ft) (ft) (ft-1bs)
1 o] 0 o] o] 0
.95 -72 -72 1.78 .85 0
.9 -53 -125 1.78 .85 -128
.8 97 -28 3.56 1.71 -445
.6 1097 1069 7.11 3.41 -199
.4 2230 3299 7.11 3.41 7601
.2 3329 6628 7.11 3.41 23456
0 3647 10275 7.11 3.41 47125
My
Xi PxXi Y-Moment FSxMx FSxMy
(ft) (ft-1bs) (ft-lbs)(ft-1lbs) (ft-1bs)
0 0 0 o] 0
-3.83 276 276 -92 414
-3.5 186 462 -351 693
-2.83 -275 187 -770 281
-1.67 -1832 -1645 4544 ~-2468
-.25 -558 -2203 27351 -3305
1.42 4727 2524 79563 3786
3 10941 13465 168905 20198
Section
Spar Spar
2f Zr Zave Ixx/4 Area Weight
(£ft) (ft) (ft) (in~4) (in~2) (1bs)
.185 .176 .181 . 000 .00
.191 .181 .186 .028 .013 .03
. 209 .198 .204 .117 .025 .05
.245 .233 .239 .301 .040 .17
.29 .276 .283 2.104 .180 1.55
.345 .328 .337 15.061 .904 7.80
. 409 .389 . 399 51.948 2.229 19.24
.461 .438 .450 124.239 4.214 36.37
Weight of one spar 65.22
Web Web Web Total web +
Thickness Area Weight spar weight
(in) (in~2) (1bs) (lbs)
.000 .000 .000 0
.000 .000 .000 .1
.001 .005 . 000 .2
. 000 . 000 . 000 .7
.004 .027 .006 6.2
.011 . 089 . 097 31.4
.019 .182 .492 77.9
.026 .280 1.435 148.3
TOTALS: 2.030 264.9

ca



Table C.13 36 Pax Spar Sizing Calculations

Section Statioﬁ

v/ {(b/2)
8 1
7 .95
6 .9
5 .8
4 .6
3 .4
2 .2
b 0
Mx
PxDi X-Moment
(ft-1lbs) (ft-1lbs)
0 (o}
23 23
64 135
732 1230
6846 11856
11665 41577
16178 100136
17706 193958
Chord zf
(£t) (£t)
3.5 .184
3.92 .207
4.17 .22
4.58 . 241
5.75 .303
6.83 .36
7.83 .413
8.74 .461
Shear Web
Flow Thickness
(1bs/in) (in)
.0 .000
8.0 .000
28.8 .001
136.7 .002
520.3 .009
1028.1 .019
1608.3 .029
2141.3 .039

P v day
Load Shear Width Di vxdy
(1bs) (1lbs) (ft) (ft) (ft-1lbs)
0] o] 0 0 0
26 26 1.84 .88 0
13 99 1.84 .88 48
416 515 3.67 1.76 363
1945 2460 7.34 3.52 3780
3314 5774 7.34 3.52 18056
4596 10370 7.34 3.52 42381
5030 15400 7.34 3.52 76116
My
X1 PxXi Y-Moment FSxMx FSxMy
(£ft) (£t-1bs) (ft-1lbs) (ft-1lbs) (ft-1lbs)
0 (o) 0 0 0
-3.83 -100 -100 35 -150
-3.33 ~243 -343 203 -515
-2.5 -1040 -1383 1845 -2075
-1.5 -2918 -4301 17784 -6452
.25 829 -3472 62366 -5208
2 9192 §720 150204 8580
3.67 18460 24180 290937 36270
Section
Spar Spar
2r Zave Ixx/4 Area Weight
(ft) (ft) (in~¢) (in~2) (1bs)
.175 .180 .000 . 000 .00
.197 .202 .011 .008 .02
. 209 .215 .071 .016 .04
.23 .236 .711 . 090 .40
.288 . 296 8.600 .666 5.93
. 342 .3581 35.821 1.977 17.61
.393 .403 99.055 4.166 37.12
.438 .450 214.001 7.257 64.66
Weight of one spar 125.78
Web Web Total web +
Area Weight spar weight
(in~2) (lbs) {lbs)
.000 .00 0
.000 .00 .1
. 005 .00 .1
.011 .00 1.6
. 064 .05 23.8
.160 .38 71.2
.280 1.42 151.3
.421 3.71 266.1
TOTALS: 5.56 514.3

Qo



Table C.14

50 Pax Spar Sizing Calculations

Section Station
y/(b/2)
8 1
7 .85
6 .9
5 .8
4 .6
3 .4
2 .2
1 (o]
Mx
PxDi X-Moment
(ft-1bs) (ft-1bs)
0 0
35 35
97 206
1106 1865
10208 17704
17420 62013
24116 149295
26424 289107
Chord Zf
(ft) (£t)
4 .185
4.17 .193
4.67 .216
5.17 .24
6.42 .298
7.58 .351
8.83 .409
10 .464
Shear Web
Flow Thickness
(lbs/in) (in)
0 o}
12 0
39 .001
181 .003
694 .013
1384 .025
2132 .039
2793 .051

P v 4ay
Load Shear width
(lbs) (lbs) (£t)
0 0 0
35 35 2.11
96 131 2.11
545 676 4.22
2552 3228 8.33
4355 7583 8.33
6029 13612 8.33
6606 20218 8.33
My
Xi PxXi Y-Moment
(ft) (ft-1lbs) (ft-1bs)
0 0 o}
-4.33 -152 ~152
-3.92 ~376 -528
-3.33 -1815 -2343
-1.83 -4670 -7013
o} o} -7013
1.83 11033 4020
3.75 24773 28793
2r Zave Ixx/4
(£ft) (£t) (in~4)
.176 .18 .00
.184 .19 .02
.206 .21 .11
.228 .23 1.07
.283 .29 12.62
.334 .34 52.13
.389 .40 146.22
.441 .45 321.11
Weight of
Web Web
Area Weight
(in~2) (lbs)
. 000 .00
.000 .00
. 005 .00
.017 .00
.091 .11
.206 .75
.373 2.84
.554 7.23
TOTALS: 10.94

Di vxdy
(ft) (ft-1lbs)
0 0
1.01 0
1.01 74
2.03 553
4 5631
4 26889
4 63166
4 113388
FSxMx FSxMy
(ft-1bs) (ft-1bs)
0 0
53 -228
309 -792
2798 -3515
26556 -10520
93020 -10520
223943 6030
433661 43190
Section
Spar Spar
Area Weight
(in~2) (1lbs)
.00 .00
.01 .03
¢ ,02 .06
.13 .69
1.01 10.20
3.02 30.52
6.27 63.41
10.75 108.67
one spar 213.57
Total web +
spar weight
(lbs)
o]
.11
.23
2.75
41.03
123.57
259.33
449.13
876.15

ey



25 Pax Load and Shear Diggrams
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~5000 : ,
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/gigure C.9 25 Pax Load and Shear Diagrams
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25 Pax Moment Diagrams
150000 - =

100000 -

-50000 . : : :
0 2 4 .
Section Location from Centeriine

Figure C.10 25 Pax Moment Diagrams
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36 Pax Load and Shear Digarams
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15000 <
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Figure C.11 36 Pax Load and Shear Diagrams
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Figure C.12 36 Pax Moment Diagrams
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50 Pax Load and Shear Digarams
250001 i 2 coad

X Shear

20000 *
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Figure C.13 50 Pax Load and Shear Diagrams
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50 Pax Moment Diagrame
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SYMBOL
ax/g
c.g.
Do
Dstrut
ESWL
Et
hcg
Im
In
nt
Pm
Pn
St
Ss
Y
WwTO

List of Symbols

DEFINITION

Forward Deceleration/gravity constant

Center of gravity

Butside tire diameter
Strut diameter

Equivalent Single Wheel Load
Kinetic Energy

Ground to c.g. distance
Main gear to c¢.g. distance
Nose gear to c.g. distance
Tire absorbtion efficiency
Main gear static load

Nose gear static load
Loaded tire defliection
Shock stroke length

Tire width

Take-off weight

UNITS

inch
ft.
lb
ft-1b
in.
in

in

lb

b
ineh
ft.
inch.
lb.
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Class 11 Landing Gear Analysis

This appendix presents the Class Il analysis of the
landing gear for the family of commuter transports. An
optimization versus commonality study was also completed.

The design considerations in choosing tires and strut
layout are:

#*Size of main gear stowage volume
limited due to drag penalties.

*Available stowage volume for nose
gear limited by fuselage shape.

#Desire to keep the LCN values for
the airplanes low. Forced the
tire pressures to remain low.

The drag due to the fairing needed to store the main
landing gear must be kept as low as possible. This required
that the tires have as small a diameter and thickness as
-possible. '

The size of the fuselage forced the nose gear tires to be
less than 30 inches by S8 inches.

The Fokker F-28 has a LCN of 27. It is desirable to be
able to have the 50 Pax airplane to operate out of the same
airports as does the F-28. This required the tire pressures
to be as low as possible. This consideration is believed to
outway any of the above considerations.

Step I Determine the maximum loads, critical static loads.
which exist on the landing gear struts. the loads occured in
the take-off configuration for all of the airplanes. Table |
and [I] contains the results.

NOTE: All calculations were carried out in
accordance with the methods contained
in Reference 4.

Step 2 The tire loads were calculated accounting for federal
regulations and growth of the airplane. The following
tire/strut arrangements were analyzed:

Both twin body airplanes have two nose gear struts.



*Tricycle, dual tire arrangement on all airplanes

*4 main struts, dual tire arrangement for the 75
and 100 Pax (Dual Main)

#2 main struts, dual tandem tire arrangement for
the 50, 75 and 100 Pax (Dual Tandem)

The loads per tire and the equivalent single wheel loads,
ESWL, were calculated and are contained in Table II11.

Step 3 From the design static loads of Table [1l and the
limit pressures gained from the ESWL values, tires were
choosen for each airplane for optimization analysis. Table IV
contains a listing of the tires chosen. From this listing a
common nose gear tire was chosen as well as a common main gear
tire. The reason for choosing a common nose gear tire is that
the common main gear tire would not fit in the allowable space
for the nose gear tire. This was due to the shape of the
fuselage. '

Step 4 Strut sizing was done for each airplane for
optimization analysis. The struts choosen for commonality are
based on one of two choices. The common nose gear strut is
based on the nose gear for the 50 Pax. The common main gear
struts can be based on the 50 Pax or the 100 Pax in the two
strut with dual tandem tire arrangement configuration. Table
V contains the strut sizing analysis. Step 5 discusses the
weight penalties resulting from commonality.

Step 5 An optimization/commonality weight analysis was done
using the Class Il weight procedures of Reference 5, Equation

5.42. Table VI contains the results.

To obtain a weight for the 75 and 100 Pax airplanes using
the four main struts with dual tires the weights of the 36 and
50 Pax were doubled. For the 75 and 100 in the dual tandem
configuration Equation 5.43, Reference 5, was applied directly
to the airplianes.

Table VI lists the optimized weights for each airplane
and then lists the weight penalties incurred by using common
nose and main gear struts. It shows the penalties resulting
from using either the 50 Pax main gear or the two strut, dual
tandem 100 Pax configuration main gear strut for the common
main gear strut. The weight penalties for the nose gears are
based on the nose gear for the 50 Pax.

D-4



Appendix D: Conclusions

The required size of the tires for the 100 Pax, two main
strut, dual tire configuration is considered prohibitive for
stowage volume reasons.

The limited space available for stowing the nose gear
prohibits the use of a common tire for both the main and the
nose gear. It is necessary to use a common nose gear tire
and a common main gear tire.

The results of the Class |] weight analysis suggests that
the dual tire, four main strut configuration for the 75 and
100 Pax airplanes is the only viable configuration for these
airplanes, if common landing gear struts are to be used. The
weight penalties are just to great for the use of any other

configuration.

The greatest weight penalty for implementing the 50 Pax
gear was 768 lbs. This penalty occurred on the 25 Pax
configuration.

Using main gear struts for nose gear struts was not
considered due to the fact that even for the 50 Pax the
resulting weight penalty would be about 500 lbs.

Appendix D: Recommendations

l1f common landing gear struts are to be used the struts
optimized for the 50 Pax should be used. However, the best
arrangement would be to use a common nose gear strut and use
optimized main gear struts to get the best blend of
commonality and weight savings. The cost in payload is
considered to be too great by using common main gear struts.
A common brake assembly may be possible but this consideration
is beyond the scope of this report.

Due to the common maintenance requirements associated
with tires. it is very desireable to use a common tire as much
as possible among the gear. This use of a common tire would
ease maintenance and minimize inventory cost.




TABLE

]

Critical Static Loads

Airplane

25 Pax

36 Fax

50 Pax

75 Pax

Take~off

Take~off

Take~otf

Take-off

(Dual Tandem?

75 Pax

(Dual] Main)

100 Pax

Take-off

Take-off

(Dual Tandem)

100 Pax

(Dual Main)

Take-off

Weight C.G. Im Fm In Fn
(1b) X{in) (in) (in) (in) (in)
21046 502 48 8838 252 3367
31395 579 41 14387 454 2600
42057 662 58 18589 442 4879
60683 587 53 26728 382 3614
60683 587 53 13364 382 3614
80716 €666 54 35889 446 4359
80716 666 54 18000 446 4359

.DS‘- NG. OF MAIN

GEA

TRUTS




Al

Cr

Pm

Pn

Pn
Pn

Fm
Pn

Pn

TABLE 11: Design Strut Loads

rplane:

itical

dynamic

static

FAR-25
FAR-25

Growth

25Pax

SPax 36Pax

Twin/Dual Tandem

8839 14397
3367 2600

3783 4097
2522 2731

8458 15405
3603 2782

4504 3478

Design Maximum Static

Pm
Pn

Pn dvynamic

Pn static

Pm FAR-25
Pn FAR-25

Pn Growth

1

1822 19256
4504 3478

S50Pax 75Pax
18589 26728
4879 3614
5382 4844
3594 3230
19890 28589
5221 3867
6526 4834
24863 35749
6526 4834

100Pax

35988
4359

4922
3281

38518
4664

5830

48149
5830

= WTO{Ilm + ax/g(hcg)} / ntdlm + In)

(Pn dynamic¢)

Pm x 1.07

Pn x 1.07

(Pn FAR-25)

/ 1.5

x 1.25

Dual Main
75Pax 100Pax
13364 18000

3614 4359
4844 4922
3230 3281
14300 19260
3867 4664
4834 5830
17874 24075
4834 5830



TABLE 111 Tire Sizing Loads

Design Max. Static Load/Tire ESWL
Airplane PEm(lb) Pn(lb) Pm(ib) Pn(lb) Main(lb) Nose(lb)

25 Pax 11822 4504 5911 2252 8889 3386
36 Pax 19256 3478 9628 1738 ‘ 14478 2615
50 Pax 24863 6526 12432 3263 18694 4907
50 Pax 24863 6526 6216 3263 12432 4907

(Dual Tandem)

75 Pax 35749 4834 17875 2417 26879 3635

75 Pax 35749 4834 8937 2417 17875 3635

(Dual Tandem)

75 Pax 17874 4834 8837 2417 13439 3635
(Dual Main)

100 Pax 48149 5830 24074 2915 36201 4383

100 Pax 48148 5830 12037 2915 24075 4383

(Dual Tandem)

100 Pax 24075 5830 12038 2915 18102 4383
(Dual Main)



TABLE 1V

:t Tire Choices for Main and Nose

Nose Gear

Airplane

25 Pax
36 Pax
50 Pax
75 Pax

100 Pax#*

Main Gear

Airplane

25 Pax
36 Pax
50 Pax

50 Pax

Type

Type

ND
ND
ND

ND

(Dual Tandem)

75 Pax VIl
75 Pax ND
(Dual Tandem)
75 Pax ND
(Dual Main)

100 Pax ND
100 Pax ND

(Dual Tandem)

100 Pax#*

ND

(Dual! Main)

Do x W
(in.)

16 x 4.4

18 x 4.4

17.5 x 6.25-6

18 x 5.5

18 x 5.5

Do x W
(in)

29 x 11-10

26 x 10-11

H31 x 13-12

22 x 8-~10

34 x 11

26 x 10-11

26 x 10-11

37 x 14-14

H31 x 13-12

H31 x 13-12

# Commonality tire choice.

Loaded Radius

(in)

11.4

10.25

12.4

2]

13.8

10.25

10.25

15.1

12.4

12.4

Gear

Max. Load

(ib)

2300

2100

3750

3050

3050

Max. Load
(1b)

7040

9700

17200

6500

18300

9700

9700

25000

17200

17200

Pressure
(psi)

120
100
S0

105

105

Pressure
(psi)

60
110

1558

110

165

110

110

160

185

185



TABLE V: Main Gear Shock and Strut Sizing

Individually Optimized

75 Pax 100 Pax
Airplane: 25 36 50 Twin Dual Tandem Twin Duaj Tandem
Et
ft.lbxlo4 4.7 7.0 9.4 13.6 13.6 13.6 18.0 18.0 18.0
St (in) 6.2 5.5 6.2 6.2 5.5 5.0 6.8 6.2 6.2

Ss (ft) 1.36 1.26 1.28 1.28 1.32 1.34 1.23 1.26 1.26

S 1.44 1.34 1.36 1.36 1.40 1.42 1.31 1.34 1.35

sdesign

Dstrut.ft .313 .388 .435 .514 .375 .514 .590 .429 .580

Common Tire (St = 6.2 in)

Ss 1.44 1.30 1.36 1.36 1.37 1.34 1.35
design : :

Dstrut.ft .313 .388 .435 .375 .514 .429 ,590

Twin: Two main gear with two tires per strut.

Dual: Four main gear with two tires per strut.

Tandem: Two main gear with four tires per strut in dual tandem.



TABLE VI: Weight Compariscon
Optimized Common
Gear Gear Weight
Weights Selections
Airplane Nose Main Nose ﬂgjnl Main
25 Pax 201 765 280 1438 2684
36 Pax 267 1097 280 1438 2684
50 Pax 280 1438 290 1438 2684
75 Pax 534 2036 580 N/A 2684
(Dual Tandem)
75 Pax 534 2184 580 2876 N/A
(Dual Main)
100 Pax 580 2684 580 N/A 2684
(Dual Tandem)
100 Pax 580 2876 580 2876 N/A

(Dual

Main)

i1: Based on commonality with the SO_Pax.
23 Based on Commonality with the 100 Pax.
N/7A: Not Applicable

Commonality

Penalty

Nose

89 673
23 341
0 o}
46 N/A
46 682
o] N/A
0 o}

Dual Tandem

P_‘l._a_i_ri'Lo_tLl-

1

762

364

N/A

728

N/A
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' CLASS I |
G, St Powerplant Weights Family_Analysis

200 SHEETS

AMPAD 22-144

This report focuses on the wegjh‘r penoH;‘ for
each awplane 08 a result of e’ common m%
requrements. The Ccommality concept currenty
embraces the followmng:

29,2, 30 Passencer Smg\c Body Awplanes
vuse 2-b000 shp engines

75,100 Passenger Twin Body Airplanes use
2-13,500 ohp engnes.

Poges 2- G $how the powerplant weuawr oreak-
dotons onol the penalty for commor oh-hj.

Page 12 15 0 summary.

I+ 15 Sovicus that we can Mminimize these weaght
pPenalties b%rep\ocm% The 6000 ond 13500 ehp
engnes with 5,500 ovid 1l,000 shp engines Te-,
spectively, Pages 7-11 show the resul¥s. Page 12
pProvides O sSummaovy.

The following conclusions can e mMode.:

L [+ 15 essential that the required hovsepower
for the 50 and 100 passenger desins e
pianed down.

2. The weignt pem\hé‘?or engme commanality can
~ be expected to BT Qs mOch Qs 4 percent
of +he arplane toke-off wewonht (His 19 for

the 25 passenger design -- e extreme ).




We:
Wgb:
Wn:
Wprop:
Wfs:
Wosc:

Data:

We:
Wgb:
wWn:
Wprop:
Wfs:
Wosc:

Data:

Difference in powerplant weights is:

25 Passenger Single Body

6,000 shp Concept

879.39
302.60
678.21
845.00
422.58
123.11

shp:
Nt:
Kfsp:
Kosc:
Lnac:

Optimized

614.85
177.86
678.21
845.00
422.58

86.08

shp:

6,000.00
2.00
5.87
0.07

16.24

4,210.00

Wpwr:

Wpwr:

5,956.10

Ne:
WF:
GR:
Dprop:

5,140.51

815.59

2.00
3,767.00
8.99
10.00



We:
wWgh:
Wn:
Wprop:
Wfs:
Wosc:

Data:

We:
wghb:
Wn:

Wprop:

Wfs:
Wosc:

Data:

Difference in powerplant weights is:

Y

36 Passenger Single Body

6,000 shp Concept

879.39
302.60
678.21
845.00
448.60
123.11

shp:
Nt:
Kfsp:
Kosc:
Lnac:

Optimized

655.43
195.56
678.21
845.00
448.60

91.76

shp:

6,000.00
2.00
5.87
0.07

16.24

4,485.00

Wpwr:

Wpwr:

5,982.12

Ne:
WF:
GR:
Dprop:

5,288.78

693.34

2.00
5,620.00
8.99
10.00



We:
Wghb:
Wn:

Wprop:

wWfs:
Wosc:

Data: -

We:
Wghb:
Wn:

Wprop:

Wfs:
Wosc:

Data:

50 Passenger Single Body

6,000 shp doncept

879.39
302.60
678.21
845.00
463.77
123.11

shp:
Nt:
Kfsp:
Kosc:
Lnac:

Optimized

805.40
265.58

678.21

845.00
463.77
112.76

shp:

6,000.00
2.00
5.87
0.07

16.24

5,500.00

Wpwr: 5,997.29

Ne:
WF:
GR:
Dprop:

Wpwr: 5,764.91

Difference in powerplant weights is: 232.38

2.00
6,939.00
8.99
10.00



We:
wgb:
Wn:
Wprop:
Wfs:
Wosc:

Data:

We:
Wgb:
Wn:
Wprop:
Wfs:
Wosc:

Data:

Difference in powerplant weights is:

75 Passenger Twin Body

13,500 shp Concept

1,994.73
1,021.28
678.21
845.00
641.81
279.26

shp:
Nt:
Kfsp:
Kosc:
Lnac:

Optimized

1,324.44
555.92
678.21
845.00
641.81
185.42

shp:

13,500.00
3.00

5.87

0.07
16.24

9,000.00

Wpwr:

Wpwr:

9,999.53

Ne:
WF:
GR:
Dprop:

7,634.37

2,365.16

2.00
11,240.00
8.99
10.00



100 Passenger Twin Body

13,500 shp Concept

Ee: 1,994.73
Wgb: 1,021.28
Wn: 678.21 Wpwr:
Wprop: 845.00
Wfs: 665.22
rosc: 279.26
Data: shp: 13,500.00
Nt: 3.00
Kfsp: 5.87
Kosc: 0.07
Lnac: 16.24
Optimized
Ve : 1,622.01
Ngb: 751.16
An: 678.21 Wpwr:
Nprop: 845.00
Wfs: 665.22
Nosc: 227.08
Data: shp: 11,000.00

Difference in powerplant weights is:

10,022.93
Ne: 2.00
WF: 13,878.00
GR: 8.99
Dprop: 10.00
8,685.07
1,337.86



We:
wghb:
Wn:

Wprop:

Wfs:
Wosc:

Data:

We:
Wghb:
Wn:

Wprop:

Wfs:
Wosc:

Data:

Difference in powerplant weights is:

25 Passenger Single Body

5,500 shp Concept

805.40
265.58
678.21
845.00
422.58
112.76

shp:
Nt:
Kfsp:
Kosc:
Lnac:

Optimized

614.85
177.86
678.21
845.00
422.58

86.08

shp:

5,500.00
2.00
5.87
0.07

16.24

4,210.00

Wpwr:

Wpwr:

5,723.73

Ne:
WF:
GR:
Dprop:

5,140.51

583.22

2.00
3,767.00
8.99
10.00



We:
Wwghb:
wWn:

Wprop:

Wfs:
Wosc:

Data:

We:
wghb:
Wn:

Wprop:

Wfs:
Wosc:

Data:

Difference in powerplant weights is:

36 Passenger Single Body

5,500 shp Concept

805.40
265.58
678.21
845.00
448.60
112.76

shp:
Nt:
Kfsp:
Kosc:
Lnac:

Optimized

655.43
195.56
678.21
845.00
448.60

81.76

shp:

5,500.00
2.00
5.87
0.07

16.24

4,485.00

Wpwr:

Wpwr:

5,749.74

Ne:
WF:
GR:
Dprop:

5,288.78

460.96

2.00
5,620.00
8.99
10.00



We:
wgb:
Wn:

Wprop:

Wfs:
Wosc:

Data:

We:
wgb:
Wn:

Wprop:

Wfs:
Wosc:

Data:

50 Passenger Single Body

5,500 shp Concept

805.40
265.58
678.21
845.00
463.77
112.76

shp:
Nt:
Kfsp:
Kosc:
Lnac:

Optimized

805.40
265.58
678.21
845.00
463.77
112.76

shp:

5,500.00
2.00
5.87
0.07

16.24

5,500.00

Wpwr: 5,764.91

Ne:
WF:
GR:
Dprop:

Wpwr: 5,764.91

Difference in powerplant weights is: 0.00

2.00
6,9839.00
8.99
10.00



We:
wghb:
Wn:
Wprop:
Wfs:
Wosc:

Data:

We:
wghb:
Wn:
Wprop:
Wfs:
Wosc:

Data:

Difference in powerplant weights is:

75 Passenger Twin Body

11,000 shp Concept

1,622.01
751.16
678.21
845.00
641.81
227.08

shp:
Nt:
Kfsp:
Kosc:
Lnac:

Optimized

1,324.44
555.92
678.21
845.00
641.81
185.42

shp:

11,000.00
3.00

5.87

0.07
16.24

9,000.00

Wpwr:

Wpwr:

8,661.67

Ne:
WF:
GR:
Dprop:

7,634.37

1,027.30

2.00
11,240.00
8.99
10.00



We:
Wgb:
Wn:
Wprop:
Wfs:
Wosc:

Data:

We:
wghb:
Wn:
Wprop:
. Wfs:
Wosc:

Data:

Difference in powerplant weights is:

100 Passenger Twin Body

11,000 shp Concept

1,622.01
751.16
678.21
845.00
665.22
227.08

shp:
Nt:
Kfsp:
Kosc:
Lnac:

Optimized

1,622.01
751.16
678.21
845.00
665.22
227.08

shp:

11,000.00
3.00

5.87

0.07
16.24

11,000.00

Wpwr:

Wpwr:

8,685.07
Ne: 2.00
WF: 13,878.00
GR: 8.99
Dprop: 10.00
8,685.07
0.00



Class 11 Powerplant Commonality Analysis

Airplane: WTO: 1lbs Commonality
Penalty: lbs

6,000 shp concept

25 Pass 21,046.00 815.59
36 Pass 31,395.00 693.34
50 Pass 42,057.00 232.38
13,500 shp concept

75 Pass - Twin 60,683.00 2,365.16
100 Pass - Twin 80,716.00 1,337.86

Class 1I Powerplant -Commonality Analysis

Airplane: WTO: lbs Commonality
Penalty: lbs

5,500 shp concept

25 Pass 21,046.00 583.22
36 Pass 31,395.00 . 460.96
50 Pass 42,057.00 0.00

11,000 shp concept
75 Pass - Twin 60,683.00 1,027.30
100 Pass -~ Twin 80,716.00 0.00

% of WTO:

% of WTO:



