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I. Introduction
This is the final report on development progress of the Twin Sea Lion. This report covers landing gear configuration,

ground clearance and tipover calculations, spin characteristics and the flying qualities of the Twin Sea Lion.

I1. Addendum to Report 3
Fuel x., was incorrectly placed at 22 ft while the wing x., was at 23 ft. Since the fuel cannot be before the wing,

the fuel had to be moved back. This correction also improved the stability from 44% to 41%.

II1. Landing Gear Layout Design

Tables [T} 2] and 3] summarize the results of the gear layout section.

Table 1 Summary of main gear and tire dimensions

Dtm [in] btm [in] Rt lm [ft] Pm []b] Pm [070] dms [ft] LSm [ft]
30 9 2 3 16,152 42.86 0.3587 6.15

Table 2 Summary of nose gear and tire dimensions

Dy, [in] | by, [in] | npe | o [ft] | Py [Ib] | Py [%] | dps [ft] | Ls,[f1]
23.4 6.5 2 | 18 | 5384.1 | 1429 | 02244 | 536

Table 3 Summary and clearance and tip-over requirements

Requirement Sea Lion Value [deg] | Relation | Requirement [deg] | Satisfaction
Longitudinal Ground Clearance 14.9 * 15 F
Lateral Ground Clearance 15.68 > 5 T
Longitudinal Tip-Over 12.86 b 15 F
Lateral Tip-Over 51.8 < 55 T

A. Sizing of the Landing Gear

Designers chose a tricycle configuration as it allows the most passenger comfort while the plane is on the ground. A
tricycle configuration also makes the plane easier to steer on the ground. These gears will be retractable, with three
total struts. The nose gear and main gear each have two tires per strut. Tires were selected to be similar to other
regional turboprops of a similar weight. These tires will have a dual arrangement. Definitions of P, (Equation[I)) and

Pm(Equation come from Presentation 26[8]]. For the Twin Sea Lion, [, = 18 ft [,,, = 3 ft, so P, = 5384.1 [b = 14.29%



and P, = 16152 [b = 42.86%.

WTOlm
P, = 1
"+ 1, M
Wrol,
Py = — 10 2
" nm(lm + ln) @

B. Location of the Landing Gear
Locations were originally chosen in order to put 10% of the weight on the nose gear with the main gear slightly
behind the aircraft cg. Changes made in order to meet longitudinal ground clearance requirements took the nose gear

loading up to 14.28%. This placed the main gear 3 ft behind the aircraft cg and the nose gear 18 ft in front of the aircraft

cg.

1. Longitudinal Ground Clearance

The nose struts are 17 feet ahead of the apex of the wing and the empennage begins to sweep upwards 21 feet behind
the main gear. The height above the ground of this corner is determined by the length of the struts so these struts were
designed to ensure the required 15 degrees of clearance[§]]. Clearance from the belly is calculated in Equation [3|as 5.36

feet. The belly is 9.5 inches below where the struts will begin, so the main landing gear struts are 6.15 feet long.

h =21tan(a) = 21 tan(15 deg) = 5.36 ft 3)

2. Lateral Ground Clearance

With 5.36 feet of clearance below the belly at the main landing gear, 32 feet from the main landing gear to the
wingtip, and a wingtip height of 8.94 feet, the wingtips have a clearance of 15.68 degrees from the ground location of
the main gear. This is greater than the 5 degrees required[8]]. Propeller strikes are not a risk because the propellers are

directly above the main gear.

3. Longitudinal Tip-Over
Longitudinal tip-over depends on the gear placement and tire separation as input to AAA in Figure[2] Nose strut
diameter is 0.2244 feet and main strut diameter is 0.3587 feet as determined from Equations [4] and [5]respectively. As

determined from the longitudinal clearance requirement, the main gear struts are 5.36 feet + 9.5 in = 6.15 ft long. The



nose gear strut is 5.36 feet long.

dys = (0.041 + 0.0025+/P,,) = 0.2244 @
dpms = (0.041 + 0.0025+/P,,) = 0.3587 )

With two wheels on each strut align in the y direction, lateral tip-over depends on the y separation of the wheels.
This separation needs to be slightly more than the sum of two half thicknesses of the tires and the strut diameter as seen

in Equation [6]

Styn = 1.05(t,, + dys) = 0.8044 6)

Stym = 1.05(ty + dis) = 1.1642 7)



Table 9.1 Typical Landing Gear Wheel Data n, = 2)

L L L L L ey —_p————

Type H'.m Main Gear Nose Gear
nt:ht IF‘IHTO PSI n_, D:zbt an’ro PSI Doe
1bs in.xin. in.xin.

Homebuilts 600 13x3 0, 80 23 1 Ixd. 4 0.17 15 1
1,100 11x3 0.78 45 1 11x35 0.311 45 1

J.100 16x6 0.87 43 1 16x6 0.113 45 1

Single Engine 1,600 15xé6 o.50 18 1 15x5 0.20 218 1
Prop. Driven 2,400 17x6 0,84 19 1 12.5x5 0.16 12 1
3.800 16.5xé 0. 84 55 1 lixs 0.18& 49 |

Twin Engine 5,000 16xé 0.8} 53 1 16xé 0.17 40 1
Prop. Driven 8.000 11x6.5 0,88 75 1 17x6é 0.12 40 1
12,000 16, 6x7 0, 84 82 1 19.3x6.6 0.16 82 1

Agricultural 3,000 11x8 0.95 3% 1 9x3. 5 0.03% 33» 1
7.000 24x8. 5 0.92 3s 1 11.4x4,.5* 0,08 30* 1=

*Mote: these are tailwheel data

10,000 19x7.5 0,83 33 1 25x7 0.15% 35 1

Regional Turbo-
propeller Driven

Alrplanes

Business Jets 12,000 11x6,13 0,93 90
23,000 27.6x9.3 0,95 1535
39,000 26x6. 6 0,92 208
68,000 J4x9%.15 0.%3 174

18x5,7 0.07 120
17x35.5 0.05 i0
14.35x5.5 0.08 130
11x7.23 0.07 113

Ll N

Fig. 1 Landing gear of similar airplanes

With all this input into AAA, Figure|2| gives dgear., = 12.86 deg. The requirement for longitudinal tip-over is that

bgearc, > 15[8]. This requirement is not met but is close enough to accept for the first round of design.

¢ = 12.86 deg ¥ 15 deg ®)

4. Lateral Tip-Over
Lateral tip-over is determined by the same AAA module as longitudinal tip-over. Figure[2] gives ¢ = 51.8 deg. In
order to pass this requirement ¢ < 55 deg[[8]]. This requirement is easily satisfied. The Sea Lion will not tip-over

laterally.

Y =51.8deg < 55 deg 9)



Landing Gear Geometry: Flight Condition 1

Input Parameters

ks
a

24.32 t Yoy

=]

Zy 2.95 ft

Xeae 24.80 ft Lo 3.47 ft

Output Parameters

Xgm-c_: it 'I'gcsu"_g deg Coordinates Defined

Landing Gear Table

# Landing Gear Nside-hy—side Ninline theel ft Ywheel ft
1 Nose Gear: Down 2 1 1.95 0.54
2 Main Gear: Down 2 1 2.50 0.75
3 Main Gear: Down 2 1 2.50 0.75
>(c\u\.fhen‘sl ft Ywheel ft theel ft SB fi ST ft
wheel wheel
6.00 0.00 -5.35 0.00 0.60
26.50 9.10 -6.35 0.00 1.16
26.50 -9.10 -h.35 0.00 1.16

Fig.2 AAA results for tip-over conditions

C. Gear Retraction Volume

Expansions of the tires in inches are given by Equations[T0]and [IT]for tire width and diameter respectively[8]. Total

retraction volume is estimated using these new dimensions and modeling the set of tires as a cylinder.

Wretract = w + 0.04w + 3 (10)

dretrace = d +0.1d + 3 (11)

Based on the above, each main gear tire was assumed to expand to a diameter of 36 inches and width of 12.36 inches



Table 4 Expanded gear dimensions.

Gear | Individual D [in] | Individual W [in] | Total D [ft] | Total W [ft] | Volume [f 13]
Nose 26.634 9.76 2.2195 1.851 7.1616
Main 36 12.36 3 2.4187 17.0967

in cruise. By approximating the two tires and the diameter of the gear strut as a cylinder with length equal to twice the

width of the wheel plus the strut diameter and a diameter equal to the tire’s expanded diameter, the retracted volume of

the main gear is calculated to be the following on each side and is tabulated in Table

Vi, ain = 17.0967 1>

(12)

From Report 02[2], the Twin Sea Lion requires 10,679 pounds of fuel and the wings have room for 20,559 pounds

or 407.76 f13 of fuel. This leaves 195.96 f13 across both wings or 97.98 13 in each wing for things other than fuel.

The retracted gear would take up 17.4% of the remaining gear volume, leaving a very reasonable 82.6% of the non-fuel

wing volume for other materials like tanks, wires, and hydraulics.

The nose gear expands in a similar manner. Each expanded tire was calculated as 26.634 inches in diameter and

9.76 inches in width. Again accounting for both tires and the diameter of the nose gear strut, the retracted volume of the

nose gear is as follows.

thvse =7.1615 ft3

13)

The total diameter of the nose gear cylinder is 2.2195 ft and the total length is 1.851 ft. From Report 02[2], the back

half of the cockpit has 17.55 in or 1.4625 ft from the floor to the outer shell. This is too small for the nose gear to fit

either way so the gear will be retracted as far as possible and a clam shell used to cover the remaining.

IV. Aircraft Dimensions and Three-View

A. Geometric Summary

Wing design variables and fuselage length were determined in Report 02[2], and tail areas were determined in

Report 03[3]].



Table 5 Geometric design variables

Sw [f1?]

by, [ft]

ARy

cwlft]

Aw

AC/4W[O]

I'w(°]

iwl°]

ew[°]

Iy [ f1]

Su [f1%]

Sy [f1%]

837

81.8

10.16

0.6

-1

47.58

190.0

137.0




B. Aircraft Three-View

Fig.3 Top view of the Twin Sea Lion



20.07 ft

15 ft

66 ft

Fig. 4 Side view of the Twin Sea Lion

9.01 ft
. — .
Q L 1L O
82.05n
30.8 ft

Fig. 5 Front view of the Twin Sea Lion

Note that while the length of the cockpit has been included in this model, the precise details are not included and it

is simply replaced with a cylinder.



V. Moments of Inertia and Spin Characteristics

A. Moments of Inertia

The empty weight table seen in Figure [6] was populated with all empty weight groups and supplemented with the

aircraft load split as much as possible with the available boxes. Note that the component names in the table were ignored

in order to fit as many parts of the aircraft into the table as possible.

The actual names associated with each item are as follows.

1) Furnishings

2) Other fixed equipment
3) Engine 1

4) Engine 2

5) Propeller 1

6) Propeller 2

7) Wing 1

8) Wing 2

9) Fuselage
10) Horizontal Stabilizer

11) Vertical Stabilizer

12) Nose gear

13) Main gear 1

14) Main gear 2

15) Fuel 1

16) Fuel 2

17) Cargo

18) Baggage

19) Crew

20) Trapped fuel and oil
21) Passenger group 1

22) Passenger group 2

Items split into groups 1 and 2 denote equipment that is on the right and left side of the aircraft respectively.

10



Class |l Empty YWeight Moment of Inertia: Flight Condition 1

Input Parameters

Output Parameters
I"‘(:D s\ug-ﬂ2 l"'c- slug-ﬂ2 g slug-ﬂz I"t‘; slug-ftz
Class |l Empty Weight Moment of Inertia Table
Component Weight Ib slugfi2 | slug 1) slug-i | slugHt2 g T Yeq Zg
XXg Y¥g zzg xzg
Wing 83.4 41.63 1.96 421
Horizontal Tail 5192.0 21.41 0.00 3.50
¥ertical Tail 1896.3 23.80 9.00 3.80
Fuselage 1896.3 23.80 -9.00 3.80
Mose Landing Gear 901.8 20.00 9.00 3.80
Main Landing Gear 901.8 20.00 -9.00 3.80
Propeller 16931 23.00 168.75 350
Turboprop Engine 1693.1 23.00 -18.75 3.50
Fuel System 4455.6 21.41 0.00 3.50
Air Induction System 445.6 62.00 0.00 6.00
Propulsion System 267.3 62.00 0.00 16.00
Flight Control System 245.9 6.00 0.00 0.98
Hydraulic and Pneumatic System |696.9 27.00 9.10 2.38
InstrumentsfAvionicsfElectronics |696.9 27.00 -9.10 2.38
Electrical System 5348.6 23.00 18.75 2.00
Air Cond./JPress.flcing System 5348.6 23.00 -18.75 2.00
Oxygen System 2020.0 33.00 -2.00 0.00
Auxiliary Power Unit 605.0 28.92 0.00 3.00
Furnishings 525.0 12.06 -0.56 5.00
Cargo Handling Equipment 188.4 21.41 0.00 3.50
Operational ltems 875.0 28.92 21.57 5.00
Other ltems 875.0 28.92 -21.57 5.00

B. Spin Characteristics

Fig. 6 AAA inertia inputs

The spin recovery criterion is described in Equation[I4} Sg, is the usable area of the rudder above the horizontal

stabilizer. L; is the length from aircraft cg to the center of Sg,. Sg, and L, are similarly related. These parameters are

taken from Presentation 27[9]

Lo— 1y
SRC = 2>
b*(W/g)

TDPF = (TDR)URVC)

11

(14)

15)



_ SFL2
TDR = S (027 (16)

SR1 L1 + SRZLQ

U= TS ) an
W/s
u=5 (18)
pgb
TDRF
(X %y’  RUDDER ALONE Y L]
——  RECOVERY p=30
24 | ——_ RUDDER AND ,
ELEVATOR - -.
20
16 4~ _p=15
~
~
12 419
™
a -,
< 10
"|..
4 | s S
. x‘“ NACA TN1042
0.56 o= . ,"“'—-;_._
~240 —200 —160 —-120 -8 —-40 0 40 80 120 160
(%10~ ‘l 193
SPIN RECOVERY lx—l\'
BODY HEAYY CRITERION [ WING HEAVY

Fig. 16.31. Spin recovery t:rueria.

Fig. 7 Spin recoverability prediction, with the Twin Sea Lion’s location marked

Thanks to the tall, single vertical stabilizer, Sg = 8.19f t2and Lg = 42 ft at most aft CG. A small amount of the
vertical stabilizer aside from the rudder is not blanketed, so Sp = 5 f 2 and Ly = 39ft. Fromthese, TDPF = 0.566X 1074,

i = 6.93 at sea level, and SRC = 193 x 10™*. From the above graphic, it is a apparent that the Twin Sea Lion is very

12



wing heavy and because its rudder is blanketed almost entirely by dirty air, it has next to no chance of recovery if a spin
is encountered. However, this is acceptable for a FAR 25 certified aircraft.

In addition, the authors note that while no testing is planned, it may be possible to arrest a spin with differential

thrust.

VI. Stability and Control Derivative
A. Longitudinal Stability Derivatives
All longitudinal stability derivatives and coefficients where determined from AAA using handout #2[5]] and results
from handout #1[4]. AAA printouts for this section can be found in Figures [33|through[54] with background calculations
in Figures[I2] through [32]

Table 6 All longitudinal stability derivatives

Steady State Coefficients Cr, Cp, Cr

X1

Conr, Con,

0.1076 | 0.0177 0.0177 | -0.0013 | 0.0013

Aerodynamic Speed Derivatives Cp, Cr, Cn

u

0 0.0586 0.0106 | -0.0531 | 0.0038

Angle of Attack Derivatives Cp Chn,, C

0.0972 | 6.1586 | -3.5082 | -0.0251

Change of Angle of Attack Derivatives | Cpr Cu,

@

0 3.6077 | -12.7779

Pitch Rate Derivatives Cp CL

q

C

q

0 14.1354 | -32.5032

B. Lateral-Directional Stability Derivatives

Calculations for lateral-directional stability derivatives were done in AAA as described in handout #2 with printouts

from Figures [55] through 71}
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Table 7 All lateral stability derivatives

Aerodynamic sideslip derivatives Cy, Ciy Chg CYTB C"Tﬁ
-0.9179 | -0.3025 | 0.3995 0 0
Sideslip rate derivatives Cy;; Cl;'f C"}s
-0.0066 | -0.0017 | -0.0029
Roll rate derivatives Gy, G, Cn,
-0.1342 | -0.5259 | -0.0193
Yaw rate derivatives Cy, q, Cn,
0.7794 | 0.2663 | -0.3678
C. Longitudinal Control Derivatives
Table 8 All longitudinal control derivatives
Longitudinal control derivatives were calculated in AAA, resulting in Figures[72] through[75]

Longitudinal control derivatives

Cps,

Cr,, Cwms,,

0.0087 | 0.5482 | -1.9416

D. Lateral-Directional Control Derivatives

Lateral-directional control derivatives were calculated in AAA as shown in Figures[76|through 81}

Table 9 All lateral control derivatives

Aileron control derivatives | Cy;

ngu

0 0.1629 | -0.0044

Rudder control derivatives Cys, Cr,,

ne,

0.2717

0.0726 | -0.1380
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VII. Static Stability and One Engine Inoperative Analyses
A. Static Longitudinal Stability
With the updates from Handouts #1 through #4, the Twin Sea Lion now has a static margin SM = 56%. This is far
in excess of the typical 10% to 15% that most aircraft have. The most forward cg in cruise comes directly after adding
baggage when the airplane takes off. This gives 24.27 ft. The most aft cg in cruise comes after unloaded fuel and gives
24.83 ft. The initial calculations were done at 24.32 ft. The static margin at the most forward cg is then 57.44% and
the is 52.07%. All of these are stable but none of of them are acceptable for controllability. Static margin could be

improved by a revised horizontal stabilizer or a complete overhaul of fuselage design.

B. Static Lateral-Directional Stability
From Table Crny =0.3995. This is suitably positive for positive stability and so is an acceptable value for lateral

directional stability.

C. One Engine Inoperative Stability Analysis

Thanks to substantial rudder area, the Twin Sea Lion appears to have no issues with an engine out. As seen in
Figures[85]and [86] the Twin Sea Lion needs to only deflect its rudder by 0.28 degrees at cruise altitude and speed, or
0.82 degrees at takeoff speed and altitude. However, V. is 420 knots at cruise and 168 knots at takeoff. Both these
numbers are above the normal flying speeds of the aircraft. This is something of a contradiction, because the rudder
deflections given are not anywhere near their maximums. This indicates that in reality the rudder could be more useful

than AAA is calculating.

VIII. Transfer Function and Flying Quality Analyses
A. Transfer Function Analysis
1. Longitudinal Transfer Functions
Longitudinal transfer functions were determined through AAA in Figure The following printouts, Figures

through [I0] through the actual transfer functions as produced by AAA.
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Lengitudinal Transfer Function

Polynomial Form:

s

- 5655055 87 - 6591 7688 S° + 867350 4462 S + 924232 6193
(5]

594 2409 7 4+ 6860 1311 5° + 58549 8487 S + 595 4493 S + 164 2356

=

E

Factored Form:

u(S) -565 5055 (S - 34 3625)(S + 44 9610)(S + 1 0578)

%el) " 594 2409 (s + 11 5345 5 + 98 4123)(5% + 0 0099 S + 0 0028)

K __. =hB627 480478
gain

Fig. 8 Airspeed response to elevator deflection transfer function

1Lengitudinal Transfer Function

Polynomial Form:

o8)

- 60 3020 S° - 29782 3990 S° - 294 5643 S - 83 8327
(5]

594 2409 53+ 6860 1311 57 + 58549 8487 5% + 595 4493 S + 164 2356

=

[+

Factored Form:

“5) 60 3020 [S + 493 8772)(S° + 0 0099 S + 0 0028)
S 5]
e 5942409 (82 + 115345 S + 98 4123)(S° + 0 0099 S + 0 0028)
K . =-0 510442
gain

Fig. 9 Angle of attack response to elevator deflect transfer function
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Lengitudinal Transfer Function

Polynomial Form:

8] - 30026 8919 5% - 29254 7017 § - 294 3308
Sel8)

e

594 2409 5+ 6860 1311 5% + 58549 8487 5% + 595 4493 S + 164 2356

Factored Form:

8(8) -30026 8919 [S + 0 9641)(S + 0 0102)
%el®) " 5042400 (8% + 115345 S + 98 4123)(52 + 0 0099 S + 0 0028)

K . =-1792125
gain

Fig. 10 Flight path angle response to elevator deflection transfer function

2. Lateral-Directional Transfer Functions

Lateral transfer functions were determined through AAA in Figure [88]for aileron and [89| for rudder.
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3. Aileron Transfer Functions
4. Rudder Transfer Functions
B. Flying Qualities Analysis

1. Longitudinal Flying Qualities

-Design Point

I Level 2

Level 1

| Level 1

Levels 2 & 3 Lower Boundary

Level 2

Fig. 11 Short period response is slightly outside level 1 requirements

AAA predicts that the Twin Sea Lion will have excellent flying qualities. AAA lists the relevant coefficients in
Figure In the phugoid mode, wp = 0.053s~! and £p = 0.093. Short period has wsp = 9.9257! and Zsp = 0.581.
The detailed transfer functions are in Figures 8] [9] and[T0]

With the exception of short period frequency, all the flying qualities of the Twin Sea Lion are considered Level 1,
indicating that they are acceptable without further modification. Short period frequency is considered Level 2. This
means that it can probably be corrected. The abnormally high short period frequency is consistent with the abnormally

high static margin of the Twin Sea Lion. Future revisions can probably correct both issues simultaneously by redesigning
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the horizontal stabilizer.

2. Lateral-Directional Flying Qualities
Notably, the Twin Sea Lion is stable in spiral and dutch roll modes. This is unusual as most aircraft are either stable
in dutch roll or spiral, but the unusual weight configuration distribution of the Twin Sea Lion, along with substantial

dihedral and a very large tail mean that it manages stability in both modes.

IX. Design Changes Needed to Meet Mission Requirements or Improve Mission Performance

A. Conclusions

The Twin Sea Lion has begun to embody its name quite well. It is large, heavy, and likely quite loud. While its
handling qualities are predicted to be quite fair, they are not perfect and many parts of the plane are perhaps over
specialized. It has fallen short of its original range and payload requirements in order to maintain high cruising altitude
and top speed. Whether this is a fair tradeoff is a decision for the pilot or operator, but the designers think they may
have missed the mark. Nevertheless, the Twin Sea Lion represents a unique set of capabilities based around speed and

altitude not normally seen in the turboprop class.

B. Recommended Design Changes

Large design changes ought to be considered for the Twin Sea Lion. Chief among them is whether the performance
targets are feasible with current technology. In an effort to fly far, fast, and high, the aircraft has mostly become wing
and engine at the expense of cargo and payload space. By flying shorter missions, more weight could be moved towards
cargo and passengers instead of fuel. By altitude requirements, the wings and control surface sizes could be reduced.
Finally, takeoff altitude and speed requirements would allow for reductions to maximum engine power. In addition,
reworking the horizontal stabilizer could reduce pitch stiffness and make the plane more flyable overall.

However, these are all substantial and require significant extra work. Smaller changes might include moving to
composite construction. An all carbon fiber aircraft would have savings not only from reduced structural weight, but
all the efficiencies that follow as fuel and powerplant requirements also decrease. That room could be used for cargo,
stronger landing gear, and better high lift devices to maintain the original goals of STOL performance and long range.

In addition, fewer rivets would decrease drag moderately.
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In either case, the authors believe that the first changes should be made to the empennage. The high aspect ratios of
the horizontal and vertical stabilizers make the aircraft excessively stiff in pitch and yaw and smaller surfaces would
likely suffice. If the elevator and rudder authorities are insufficient, the elevators and rudders could be made into

all-moving tailplanes in order to keep adequate area for the aerodynamic surfaces.
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X. Appendix
A. AAA: Stability and Control Derivatives
Wing Lift Curve Slope: Flight Condition 1
Input Parameters.

[s0000__ ] bow e oo, [z D

& v [z ]« w0, [z
Output Parameters.
High Lift Devices Table
@ [High Lift Device |vvi % 1, % cic,, deg ‘
[t [singte stotted Fiap Js0 [s55 J300 Joo |

Fig. 12 Wing lift curve slope
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Wing Lift Coeflicient at Alpha = 0 deg: Flight Condition 1

Input Parameters

o o Jor  pm B [EETZZINN N RN EVRR C
B [ooo e e T T R P R E VRN C R XTI
Output Parameters.
N T E I L
. Br e [ETHRNC I
- Br e - [EXHC
High Lift Devices Table

i High Lift Device m % "o % cic, 5 deg ACL

v

.

Input Input Input Input Output
1 Single Slotted Flap 9.0 55.5 30.0 0.0 0.0000
Fig. 13 Wing lift coefficient at zero angle of attack
Horizontal Tail Lift Curve Slope: Flight Condition 1
Input Parameters:
latiuce BT o, a0 [62504 " 25 7.00 Yoo , 2.00 3
Fig. 14 Horizontal stabilizer lift curve slope
Horizontal Tail Downwash Gradient: Flight Condition 1
Input Parameters.
[ro0 ¢ . o Joo [ [eo0 o Cnmio, (A8 Ja B o Jow [ (oo o
i~ = (oo o - [T R [EETTI U [ [T
[boo o (3106 Jus' o [ECTXTRE S TR XTI
Output Parameters.
‘ (oo e | [ESTR L - e cniacha i s
High Lift Devices Table

@ [High Lift Device 3 1y % ‘
[t [singte stotted Fiap Js0 [s55 |

Fig. 15
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Horizontal Tail Downwash Angle: Flight Condition 1

Input Parameters

5.3706 o’ (0B oz 0.3356 8 [10 oo AR, 8.00 s, 600 n

- T

Output Parameters

]
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@
-
=
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A,
N
r
=
=]
=

High Lift Devices Table

®
&
o

i High Lift Device vli % Ty

1 Single Slotted Flap 9.0 55.5 0.0000

Fig. 16 Horizontal stabilizer downwash angle

Horizontal Tail Lift Coefficient at Zero Horizontal Tail Angle of Attack: Flight Condition 1

Input Parameters

A

attude 30000 t s 190.00 I Aes, - [0 e

AT

de
%

degF AR, 0 Co, 5.7070 rad’ 0

3]

0.0000

)
s
~
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@
©

eg

=
=
@
h o
=
G
o
B
@
o
a
=
a
F

I oo J= %

7.7681 rad ' %o 20 i

Fig. 17 Horizontal stabilizer lift coefficient at zero angle of attack

Vertical Tail Sidewash Gradient: Flight Condition 1

Input Parameters

E

S 837.00 i e, deg .,

137.00 #

=
Il
wn
=
-

W

Output Parameter

(aoidBk -0.1264

Fig. 18 Vertical stabilizer sidewash gradient
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Vertical Tail Downwash Gradient: Flight Condition 1

Input Parameters

z..

Output Parameters
(de bt () daen dalde

0.2379

High Lift Devices Table

#  [High Lift Device

% n, %

Fig. 19 Vertical stabilizer downwash gradient

Single Slotted Flap

9.0 55.5

Vertical Tail Downwash Angle: Flight Condition 1

Input Parameters

Fig. 21

Wing lift coefficient

23

e etz 2379 B [0 Jo 25 8.00 =,
Sty g i [30_ o S 837.00 3 21 2.00
Output Parameters
High Lift Devices Table
¥ [High Lift Device n % n, % aCy
wﬂ
1 |Single Slotted Flap 9.0 55.5 0.0000
Fig. 20 Vertical stabilizer downwash angle
Wing Lift Coefficient for Given Angle of Attack: Linear Range: Flight Condition 1
Input Parameters
o [oo0 e o, deg 53706 ad” e 0.1875 O 53724 rad’
o [30 oo g deg G, 53706 |’ e 0.1875 S rad’
Output Parameters
O veg G 0.1875 0.1875 G, 0.1875 Ak,
Cnp 0.1875 G, 0.1875 0.1875 m'-;m 0.0000




Subsonic Wing Drag Coefficient Prediction: Flight Condition 1

Input Parameters

o - owi i =
Output Parameters
High Lift Devices Table
# High Lift Device CD
gap
1 Single Slotted Flap 0.00020
Fig. 22 Wing drag coefficients
Wing Aerodynamic Center: Flight Condition 1
Input Parameters
o b Jwr o FETXTI O [ 200 |r [ [0 ]
Output Parameters
B [ssa ]2 foss ] e 3pa n
Fig. 23 Wing aerodynamic center
Horizontal Tail Flight Condition 1
Input Parameters
Output Parameters.

Fig. 24 Horizontal stabilizer aerodynamic center

Vertical Tail Aerodynamic Center: Flight Condition 1

Input Parameters

|4 ttuge

30000 #

350.00 s

s

137.00 3

X,

,

Output Parameters

G

e, 1.03 t

e, 9.76 t

o

Fig. 25 Vertical stabilizer aerodynamic center
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Calculation of the ic Center Shift due to Fuselage: Flight Condition 1

Input Parameters

837.00 3

Output Parameters

Fuselage Table

Section *fus. ft Alus “2
1 i
1 0.0000 0.00
2 4.5000 |19.60
3 15.0000 |36.30
4 47.0000 (36.30
5 55.0000 (9.18
6 60.0000 (3.14
7 66.0000 [3.14
8 66.1000 |0.00

Fig. 26 Aerodynamic center shift due to fuselage effects
Power-off Dynamic Pressure Ratio: Flight Condition 1
Input Parameters
Output Parameters
Fig. 27 Power-off dynamic pressure ratio
Elevator Related Derivatives: Flight Condition 1
Input Parameters
Output Parameters
Fig. 28 Elevator related derivatives
Horizontal Tail Lift Coefficient for Given Angle of Attack: Linear Range: Flight Condition 1
Input Parameters
Output Parameters

Fig. 29 Horizontal tail lift coefficient
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Steady State

Lift: Flight Condition 1

Input Parameters

eouee O P TTI| . w
N " =
Output Parameters
Propeller Table
Forop ® [Yprop ' |Fprop * Corop ' [orop 8 |0zs o 9e9(Notades tRlgan  [ERlgen  #Riggn  EHPoe BP (Tprgp Kloss ¥ [Pavait " |Tesprop d:,fd
prop prop prop prop oo
@ [tyee input Input Input input input input Input input input input input Input input Output Output Output Output
1 [Propeller: 0n 22.00 901 400 9.25 70 5 1555 0.850 5.7 1246 0.0089 0.0000 0.0000
2 |Propeller: On 22.00 901 2.00 9.25 70 5 0 0.850 5.7 0 0.0000 0.0000 0.0000
. . .
Fig. 30 Steady state lift coefficients
Angle of Attack Related Deri
Input Parameters
Output Parameters
Q o, 79081 e’ 53724 Jud’ s, 77681 Jud’ e 0.3971 o 53720 v’ C 61586 ]vad’
@ [ ]2 e 53706 |red' e 2= [s00 ¢ o, 5.7070 rad’ S 6.1586 rad’
.. 79081 v’ o 5372 rad’ ., 77681 Jud’ e 03931 ., 07862 Jvad’ Chope 61586 oo’
% 7.9041 rad” e, 5.3706 rad’ X 7.7681 rag’ (Gefde)scs 0.3931 e 5.3724 rad’ e 6.1586 rad’
High Lift Devices Table
[# [righ Lift Device 3 1y % clc,, [+ deq ‘
[t |single Stoted Flap Js.0 [s5.5 [30.0 Jo.0 |
Fig. 31 Angle of attack related derivative
Airplane ic Center: Flight Condition 1
Input Parameters
B [oo Jeor  |n e [2620  ]n ©, 57070 Jud’ X, 50.00 " s 24.32 " . |
s. 837.00 o Er oo 6.1586 |’ ", e 24.80 " P [
Output Parameters
i & . . 0.2049 = 25.73 # [ 0.6399 e 30.27 "

Fig. 32 Aircraft aerodynamic center
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Steady State Lift: Flight Condition 1

Input Parameters

Output Parameters
Propeller Table
prop Yorop ™ [Zprop ™ Dprop iprop d€9 Po.75 deg|Ny ades R 3p PRy 6r FéRg oR PPHPcer P [prop Kloss % Pavail P " ctprop d, fde Cn,
prop prop prop prop ‘pro)
# [Type Input Input Input Input Input Input Input Input Input Input Input Input Input Output Output Output Output
1 Propeller: On 22.00 9.01 4.00 9.25 7.0 5 1555 0.850 5.7 1246 0.0089 0.0000 0.0000
2 Propeller: On 22.00 -9.01 4.00 9.25 7.0 5 0 0.850 5.7 0 0.0000 0.0000 0.0000

Fig. 33 Steady state lift coefficient

Steady State Drag: Flight Condition 1

Input Parameters

]

1

Fig. 34 Steady state flight coefficients

Class | Current Flight Condition Drag Polar: Flight Condition 1

Input Parameters

Fig. 36 Steady state thrust
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OQutput Parameters
. .
Fig. 35 Steady state drag polar calculations
Steady State Coeffcient due to Thrust in X-direction: Flight Condition 1
Input Parameters
Qutput Parameters
& [1s5.a1 |7 ISHP, 3109 e s 2320 b o 0177
Propeller Table
T = n
SHPSB( hp “prnp 'pmp deg prop deg Kluss % F|e:vail hp Te:ve:il b chprnp CTX
1
i Type Input Input Input Input Input Output Output Qutput Qutput
1 Propeller: On 1555 0.850 70 0.0 5.7 1246 1160 0.0089 0.0089
2 |Propeller: On 0 0.850 7.0 0.0 5.7 0 0 0.0000 0.0089




Steady State Pitching Moment Coefficient due to Thrust; Flight Condition 1

Input Parameters

oo 0 ECT I I fess e e o (TR R
B [ Jer o | e |-
Output Parameters
Propeller Table
“orop T Zprop Dprop lprop d€9 *prop 968 [Cpy_ rad” [finflow de, fde SHPset "0 [Tprop Cp o p o Kioss % dy ft dy ft Pavail "P ™ ciprop)
prop ProPym PrPg10p

# [Type Input Input Input Input Input Input Input Input Input Input Input Input Input Output Output Output Output
1 Propeller: On 22.00 4.00 9.25 7.0 0.0 0.0000 1.0402 0.0000 1555 0.850 0.0000 0.0000 5.7 0.76 2.43 1246 0.0089
2 Propeller: On 22.00 4.00 9.25 7.0 0.0 0.0000 1.0402 0.0000 0 0.850 0.0000 0.0000 5.7 0.76 2.43 0 0.0000

Fig. 37 Steady state pitching moment

atate Coefficients: Pitching Moment: Flight Condition 1

Qutput Parameter

0.0013

Fig. 38 Steady state pitching moment

Speed Related Derivatives: Drag: Flight Condition 1

Input Parameters

Allude 30000 it AT deg F Us 350.00 Kis acqsM 0.000
Qutput Parameters
Fig. 39 Speed related derivatives
Speed Related Derivatives: Lift: Flight Condition 1
Input Parameters
Output Parameters

Fig. 40 Speed related derivatives
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Speed Related Derivatives: Pitching Moment: Flight Condition 1

Input Parameters

we),,
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X,
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e,
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B

Output Parameters

d
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High Lift Devices Table

2

[s55 J300

B

Fig. 41 Speed related derivatives
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speed Related Derivatives: Thrust: Flight Condition 1

Input Parameter

1 0.0177

QOutput Parameter

x -0.0531

Propeller Table

ET CT
® 4
1 u

# |Type Input Qutput

1 Propeller: On 0.0089 -0.0266

2 Propeller: On 0.0089 -0.0266

Fig. 42 Speed related derivatives

Speed Related Derivatives: Pitching Moment due to Thrust: Flight Condition 1

Input Parameters
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837.00 i ARx 8.00

Output Parameters
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o 0.76 t BT .0 deg don 2.43 t

I

ey 2.4 # g7 0.76 n o 70 e C 0.0038

Propeller Table

hd t Z ft i deg o C
prop prop prop Ty my
u u
Type Input Input Input Input Qutput
Propeller: On 22.00 4.00 7.0 -0.0266 0.0019
Propeller: On 22.00 4.00 7.0 -0.0266 0.0019

Fig. 43 Speed related derivatives
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Angle of Attack Related Derivatives: Drag: Flight Condition 1

Input Parameters

Attude 30000 it My Clpa 1586 rad”’

aT [0 Jemr o deg = 0.0000 G 0.1698

Output Parameter

Co, 0.0972 rad'

Fig. 44 Angle of attack related derivati

Angle of Attack Related Derivatives: Lift: Flight Condition 1

Input Parameters

High Lift Devices Table

Output Parameters
|
]

[ [High Lift Device |ni % Ny % cic,, % [+ deg
[t [singte stotted Fiap Js0 [s55 J300 Joo
ig.45 A f ivati
Fig. 45 ngle of attack related derivati
Angle of Attack Related Derivatives: Pitching Moment: Flight Condition 1
Input Parameters
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High Lift Devices Table
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Fig. 46 Angle of attack related derivatives
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Angle of Attack Related Derivatives: Pitching Moment due to Thrust: Flight Condition 1
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CU Boulder Advanced Aircraft Analysis 4.0 Project 1212118 10:11 am

Fig. 47 Angle of attack related derivatives

Hate of Angle of Attack Related Derivatives: Drag: Flight Condition 1

Output Parameter

Cog, 0.0000 rad

Fig. 48 Angle of attack rate related derivatives
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Rate of Angle of Attack Related Derivatives: Lift: Flight Condition 1

Input Parameters

Output Parameters
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Fig. 49 Angle of attack rate related derivatives
Rate of Angle of Attack Relate d Derivatives: Pitching Moment: Flight Condition 1
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Fig. 50 Angle of attack rate related derivatives

Pitch Hate Helated Derivatives: Drag: Flight Condition 1

Qutput Parameter

Co, 0.0000 ad

Fig. 51 Pitch rate related derivatives
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Pitch Rate Related Derivatives: Li 1
Input Parameters
Output Parameters
@ [High Lift Device 3 1y % clc,, % [ deg ‘
[t [singte stotted Fiap Js0 [s55 J300 Joo |

Fig. 52 Pitch rate related derivatives

Pitch Rate Related Derivatives: Pitching Moment: Flight Condition 1

Input Parameters

Output Parameters

Fig. 53 Pitch rate related derivativ
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Fuselage Geometry: Flight Condition 1

Input Parameters
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i 0.0000 0.00
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B 50000 36.30
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B 60.0000 B
7 560000 B
8 661000 0.00
Fig. 54 Fuselage geometry
Sideslip Related Derivatives: Sideforce: Flight Condition 1
Input Parameters
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Fig. 55 Sideslip related derivatives

Sideslip Related Derivatives: Rolling Moment: Flight Condition 1

Input Parameters

Output Parameters

Fig. 56 Sideslip related derivative:
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Sideslip Related Derivatives: Yawing Moment: Flight Condition 1

Input Parameters

Output Paramet ters

Fig. 57 Sideslip related derivatives

Sideslip Related Derivatives: Sideforce due to Thrust: Flight Condition 1
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Fig. 58 Sideslip related derivatives
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Sideslip Related Derivatives: Yawing Moment due to Thrust: Flight Condition 1
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Fig. 59 Sideslip related derivatives
Subsonic Horizontal Tail Drag Coefficient Prediction: Flight Condition 1
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Fig. 60 Horizontal stabilizer drag coefficient
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Fig. 61 Sideslip rate related derivatives
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Rate of Sideslip Related Derivatives: Rolling Mome nt: Flight Condition 1

Input Parameters

049 rad

Output Parameters
Fig. 62 Sideslip rate related derivatives
Rate of Sideslip Related Derivatives: Yawing Moment: Flight Condition 1
Input Parameters.
Output Parameters

Fig. 63 Sideslip rate related derivatives
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Sideslip Helated Derivatives: Sideforce due to Thrust: Flight Condition 1

Input Parameter

Fig. 65 Sideslip related derivatives
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Fig. 64 Sideslip related derivatives
Sideslip Related Derivatives: Yawing Moment due to Thrust: Flight Condition 1
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Roll Rate Related Derivatives: Sideforce: Flight Condition 1

Input Parameters
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Fig. 66 Roll rate related derivatives
Roll Rate Related Derivatives: Rolling Moment:
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Fig. 67

Roll rate related derivatives
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Roll Rate Related Derivatives: Yawing Moment: Flight Condition 1
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High Lift Devices Table
@ [High Lift Device |vvi % 1y % clc,, % [ deg ‘
[t [singte stotted Fiap Js0 [s55 J300 Joo |
Fig. 68 Roll rate related derivatives
‘Yaw Rate Related Derivatives: Sideforce: Flight Condition 1
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Fig. 69 Yaw rate related derivatives
Yaw Rate Related Derivatives: Rolling Moment: Flight Con
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Fig. 70 Yaw rate related derivativ
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‘Yaw Rate Related Derivatives: Yawing Moment; Flight Condition 1
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Fig. 71 Yaw rate related derivativ
Airplane Lift Coefficient and Downwash at Alpha = 0: Flight Condition 1
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Fig. 72 Angle of attack related derivatives
Elevator Related Derivatives: Flight Condition 1
Input Parameters.
Output Parameters.
Fig. 73 Elevator related derivatives
Elevator Related Derivatives: Flight Condition 1
Input Parameters.
o o Jewr  [Poeme . o . — N
m s s e, X (gap10). hwumber 3, ]
N [« sz, . o« v, e
Output Parameters.

Fig. 74 Elevator related derivatives




Elevator Related Derivatives: Flight Condition 1
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Output Parameters

Fig. 75 Elevator related derivatives

Aileron Related Derivatives: Flight Condition 1
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Fig. 76 Aileron related derivatives
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Fig. 77 Aileron related derivatives
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Aileron Related Derivatives: Flight Condition 1

Input Parameters
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Fig. 78 Aileron related derivatives
Rudder Related Derivatives: Flight Condition 1
Input Parameters.
Output Parameters
Fig. 79 Rudder related derivati
Rudder Related Derivatives: Flight Condition 1
Input Parameters
Output Parameters.
Fig. 80 Rudder related derivatives
Rudder Related Derivatives: Flight Condition 1
Input Parameters.
Output Parameters.

Fig. 81 Rudder related derivatives
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B. AAA: Static Stability and One Engine Inoperative Analyses

Angle of Attack Related Derivatives: Pitching Moment: Flight Condition 1
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Fig. 82 Angle of attack related derivatives
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Fig. 83 Sideslip related derivatives
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Engine Out Control: Flight Condition 1
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Fig. 85 One engine out at cruise altitude and speed
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Lateral-Directional Transfer Functions: Flight Condition 1
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Fig. 88 Lateral-directional transfer functions, frequencies, and damping response to ailerons
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Fig. 89 Lateral-directional transfer functions, frequencies, and damping response to rudder
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Fig. 90 Longitudinal mode frequencies, phugoid and short period flying quality levels
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Roll Mode Performance CheckingFlight Phase Category B, Cruise: Flight Condition 1
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Fig. 91 Roll mode performance and flying quality level
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Fig. 92 Spiral and dutch roll fling quality levels
Spiral and Dutch Roll Mode Checking Flight Phase Category B,Cruise: Flight Condition 1
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Fig. 93 Spiral and dutch roll fling quality levels
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