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- Vector angle denotes direction

Vector Operations olz=ill Je wldac ®
) 2yl pandl Lasaay o Loyl of bl A8La] (S

8gall Ainma R Al 548 cLady e 8oy dads e Joadl A8Ls) S B 9 A (nigall
16319l of G s Ldl 4yl L] alasezuly resultant force

S A

R=A+B Triangle Method Parallelogram Method

I 0 Lplaws iy @3 R abazlly A uly JIB i3 Ll @)k (e Jead il 4k
Bl JTA 3 ) plasasl

JL5lee bglas, @ ol Ll I B 9 A 28Lsl M5 (e Jead LY (631920 as1o
o diagonal Jlaall, el (g3lete JuSadd Jloill e B 9 A cpwly (ha Lgliidl @3B 5 A
Bgu (i ylall YIS R bl daeil] as 4515l boghasell Lavie abolaw gl dadidly By A
slmi¥lg &gl uds po R Ayl s

120



Sldlas allas alaziul (2 Ge olzill 28LaY dlee ASY) ALl 0SS Lo Blle
G Baslazll wlzall o 795 d 4%t S ewsdd Cartesian coordinate 4,55
s uas e Jand @ dalll iligSe A8La] cUd aay Sy ilas Lol dzill Cayas
5 Buslale il s 28La] 3k (oo Antlill Hmadill 0585 sl Ly ] o

Y G5lgin of clill Byo o lasiuly LLSES iy (1 Al sls¥lg @]l

B
/ - p
+ & B -
\ R
Resultant: Triangle Method

Coordinate Method

Y Ax
| B Ax Bx 1By
X Ay A + By = > > <+ Ay
Ry
Bx R

X

& B
R =
/Ry »Ry
Rx
RX
Alee st o SOg doeill Aad dd e aad 3l ad ouall (L8 oo doeill oo ol
c ol sumy dmall) Gy dmll pdS (Sen < 23 aag

Multiplication of a vector by ascalar: a|4| = |dA|

0O5A 17.0A 20A -2.0A -1.0A -0.5A
/7 / / / 7
AL

121



JUll misaty Jol . Jlie By (3 (ogiild ¢ Azl lia by 3 lslil Liglat adg (I
o) & leg 2oLyl e ca S 8 Yol eluas,
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Plot of Drag Variation with Speed
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Plot of Cruise Speed vs. Aspect Ratio
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Aircraft Operating Mach Number Wing Sweep Angle (°)
B737-400 0.75 25.0
B767-300 0.80 315
A330-300 0.82 30.0

B777-300ER 0.84 31.6
B747-400 0.85 37.5
Airbus A380-800 0.85 335
Mirage 2000 2.20 58.0*
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F-16 2.00 40.0*

Tu-95 Bear 0.78 35
F-22 1.80 42.0*
MIiG 21 2.00 57.0*

*Refers to leading edge sweep angle
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Zenithair CH-750 8 5lall - li> | agoe ! &gl dudlly calises a8 Jolan L ISzl

lift coefficient at an angle of attack of zero degrees ¢ (1.7 Ly ,43) 20y Jelas el elliag

thickness- 548 159 I ¢lew 2eudg high camber 2yusll ¢ Lasy¥ 4= g 1da . ((0.40

gl s (§ easeiudl to-chord ratio

(70 30) Ladd 208 100 day e glas¥l e 8,08 CH-750 8,51kl o LS5

dis 2.95 Jlg> CH-750 28,1 Jalal (0ad¥) udl aly ¢ sbisl Sllusdl § ot 5o LS

el mdase Ggitun
CL max nominal 70
'Wing Area 134 m?
Wing Span 9.1 m
Aszpect Ratio 6.18
MTOW 600 kg
Air Density 1.225 ko/m?®
g 9.81 mi's®
| 156 mis |
|V stall (with flap) ~ 56.2 kmih |
| 349 mph |
[cLmaxFLap | 295
Delta CL 1.25 (CL MAX - CL max nominal)
| 205 mis |
| Wstall nominal 739 km/h |
| 459 mph |
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Aerodynamic Efficiency (CL/CD)
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center of gravity

Trim Force

Weight | ift ~ 1.05 x Weight

Lo yd Lesys B9 &1 (horizontal tail trim force) J) 23Ls¥L ¢ 391 (Solug 28,1l

189
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Level Flight (1g) 60° Bank (2g)

Lift 60°/" 3 :
: ‘ Lift - vertical component
Lift
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Lift x cos(60°) = Weight
Lift =2 x Weight
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http://rgl.faa.gov/

Sec. 23.337

Limit maneuvering load factors.

(a) The positive limit maneuvering load factor n may not be less than--

24,000

(1) 2 1+ # +10,000

design maximum takeoff weight, except that n need not be more than 3.8;]

for normal and commuter category airplanes, where W =

(2) 4.4 for utility category airplanes; or
(3) 6.0 for acrobatic category airplanes.
(b) The negative limit maneuvering load factor may not be less than--

(1) 0.4 times the positive load factor for the normal, utility, and commuter

categories; or
(2) 0.5 times the positive load factor for the acrobatic category.

(c) Maneuvering load factors lower than those specified in this section may be
used if the airplane has design features that make it impossible to exceed these

values in flight.

Amdt. 23-48, Eff. 03/11/96
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Horizontal Tail Volume Coefficients

Aircraft Type Raymer | Roskam | Torenbeek | Howe | Schaufele | Jenkinson | Nicolai
Sailplane 0.500 0.500
Civil props
Homebuilts 0.500 0.467
Personal 0.48-0.92
GA’- Single engine | 0.700  0.667 0.650
GA®- Twin engine 0.800 0.786 0.850
Commuter 0.46-1.07
Regional Turboprop | 0.900 1.075 1.006 1.000 0.83-1.47
Jet
Business Jets 0.721 0.691 0.700 0.51-0.99
Jet transport 1.000 1.010 0.904 1.200 0.54-1.48 0.875
Supersonic
Cruise Airplanes 0.535
Military
Jet Trainer 0.700 0.639 0.650
Jet Fighter 0.400 0.362 0.20-0.75 0.307
Military Transport 1.000 0.891 0.850 0.650
Special Purpose
Agricultural 0.500 0.526
Flying Boat 0.700 0.641

GA stands for General Aviation
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Vertical Tail Volume Coefficients

Aircraft Type Raymer | Roskam | Howe | Toren.® Schaufele | Jenk.” | Nicolai
Sailplane 0.020 0.018
Civil props
Homebuilts 0.040 0.036
Personal 0.024 ... 0.086
GA- single engine 0.040 0.043 0.050
GA- twin engine 0.070 0.062 0.065
Commuter 0.041 ... 0.097

Regional Turboprop 0.080 0.083 0.080 0.077 0.065...0.121
Jet

Business Jets 0.073 0.065 0.069 0.061 ... 0.093
Jet transport 0.090 0.079 0.090 0.074 0.038...0.120 0.076
Supersonic
Cruise Airplanes 0.062 0.065
Military
Military Trainer 0.060 0.061 0.065
Military Fighter 0.070 0.077 0.041 ... 0.130 0.064
Military Transport 0.080 0.073 0.065
Special Purpose
Agricultural 0.040 0.032
Flying Boat 0.060 0.050

Toren. stands for the author Torenbeek
Jenk. stands for the author Jenkinson
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Main Wing Design Details:

Wingspan (A)

Fuselage Length (B)

Wing Area (D)

Wingcord (C)

Wing Thickness (E)

Aileron Total Surface Area (F) Value is for Left and Right
Aileron

Aileron Length X Width (As a starting point)

Prop to the leading edge of the main wing Distance (G)

Horizontal Stabilizer Design Details:

Horizontal Stabilizer Surface Area (H)

274

Specification

18 inches

12.96 inches

59 square inches

3.27 inches

0.43 inches

is 6.5 square inches

is 5inches X 0.65 inches

2.7 inches

Specification

14.8 square inches



Elevator Surface Area (I)

Main wing leading edge to horizontal stabilizer leading
edge (J)

Vertical Stabilizer Design Details:

Vertical Stabilizer Surface Area (K)

Rudder Surface Area (L)

Performance Design Specs - CofG, Weight,
Recommended Power:

Recommended Maximum All Up Weight (AUW)

Recommended Power Output at 1.7 ounces in weight

Recommended Kv of Motor:

Recommended LiPo Cell Count:

Maximum Wing Loading

Center of Gravity (M)
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3.7 square inches.

9.8 inches

Specification

5.9 aquare inches.

1.5 aquare inches.

Specification

1.7 ounces

11 watts

1620 Kv

2S

4.1 oz / square feet

0.72 inches to 0.98 inches
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1S = 1
2S = 2
3S = 3
4S = 4
5§ = 5
6S = 6

cell in
cells in
cells in
cells in
cells in
cells in

series X 3.7 \Y =3.7 \"
series X 3.7 Vv =74 Vv
series X 3.7 \" =11.1 \"
series X 3.7 \Y =14.8 \"
series X 3.7 \" =18.5 \"
series X 3.7 \Y =22.2 \Y

1 92 W Nominal voltage ol dl > o) S5

s JW Jaazdl, Jlea¥ 5 5Ua1 59 ol e dyladl daylg ye TN ausg iy

Connector

XT60

XT30

XT90
Deans Ultra
EC3

EC5
JST-RCY

Current Rating

60 Amps
30 Amps
90 Amps
50 Amps
60 Amps
120 Amps

3 Amps

Pyl Aaa sl byl o 0 AN 5Lally 1590 9 slan

Wire Size Weight
12 AWG - 18 AWG 68
20 AWG - 26 AWG 2g
6 AWG —-10 AWG 14 g
12 AWG - 18 AWG 45¢g
12 AWG - 16 AWG NA
8 AWG - 10 AWG NA
22 AWG - 28 AWG NA
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RENE Voltage Rated Load Starting Rated Load
il Range (V) | (mNm) Torque Speed (rpm)
(V) (mNm)
PYN13 | 3.0 0~4.0 0.1 (1gf.cm) 0.4 17,900
PNN3 15 0~3.0 0.03 (0.3gf.cm) 0.09 8,200
PNN7 15 0~3.0 0.1 (1gf.cm) 0.23 5,600
0.15
PNN13 | 3.0 1.0~4.0 0.5~0.6 8900~12000
(1.5gf.cm)
PKN7 | 2.0 0~4.5 0.2 (2gf.cm) 0.4~0.6 3790~7050
PKN12 | 3.0 0~4.5 0.2 (2gf.cm) 0.63~0.9 7250~10540
MIN6 | 3~5 10-60 | 22703 0.67~2.07 | 5980~15600
(2~3gf.cm)
M1 0.2~0.3
N0 2~5 0.5~8.0 (2~3gf.cm) 0.78~1.90 | 3010~11220
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PPN13

PWN10

PAN14

MXN13

MDN1

MDN2

MDN3

Rated
Voltage

V)

2.5~6.0

2.0~9.6

6.0~12.0

12.0

6.0~12.0

2.0

2.0~5.0

2~3

Voltage
Range (V)

1.0~7.5

1.0~11.0

5.0~12.0

9.0~14.5

3.0~14.0

0.7~6.0

0.7~6.0

0.7~6.0

Rated Load
(mNm)

0.1~0.5
(1~5gf.cm)

0.2~1.47
(2~15gf.cm)

1.96 (20gf.cm)

10.0 (102gf.cm)

2.9~4.9
(30~50gf.cm)

0.29 (3g.cm)

0.39~1.47
(4~15g.cm)

0.39 (4gf.cm)
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0.68~2.88

1.37~4.08

5.2~9.5

35.40

8.83~13.73

0.8~1.1

1.2~2.8

1.2~2.8

Rated Load
Speed (rpm)

2600~11600

2700~9700

4870~8400

9,730

1900~4520

1360~2250

2750~2900

1480~2590
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1 1*1500 1500
3 3*1500 4500
6 6*1500 9000
9 6*1500 13500
12 12*1500 18000
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GH2217-06 &J,=lL|
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GH2217-06 GH2217-07 GH2217-09
Lipo Count 3s (11.1v) 3s (11.1v)) 3s (11.1v)
RPM per volt 1500 kv 1200 kv 950 kv
Current Capacity 20A /60 sec 20A /60 sec 20A /60 sec
Max Watts 250W 250W 250W
Dimension: 27.5 x 34mm 27.5 x 34mm 27.5 x 34mmm
Weight: 739 /2.590z 739 /2.590z 739 /2.590z
Shaft Diameter 4.0mm 4.0mm 4.0mm
Recommended ESC: GH-30A GH-30A GH-30A
Recommended Prop | (3S-11.1V)-8x4 (\?V?tf-] %rlllolr\t/t)lc; ﬁq);:g%rmge);? (35-11.1V)-10x 6
Recommended (300g - 10009g) (300g - 1000g) (10.50z - (300g - 10009) (10.50z
Model Weight: (10.50z - 3502) 3502) - 3502)
Style of Flying Warbird / Faster Aerobatic 3D
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RPM per volt I E NI EV-I-NU B ICASPRICRERPN-|
Current Capacity b/ L
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Weight Syl (39
Shaft Diameter Oloodl He=a yad
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GH4130-07 Outrunner <&Jy=l

Brushless

Blod S, adl Laydes (&l asbasdl (2 b oyts L, (nblial din 3509 Ml goidl
iy e @Sl @l ls

GH4130-06 GH-4120-07
Lipo Count 4s - 6s-(14.8v -22.2v) 4s-6s-(14.8v-22.2v)
RPM per volt 460kv 380kv
Current Capacity 80A - 60 seconds 80A - 60 seconds
Max Watts 1500w 1500w
Dimension: 50mm x 65mm 50mm x 65mm
Weight: 400g - 140z 400g - 140z
Shaft Diameter 6.0mm 6.0mm
Recommended ESC: GH-100a GH-100a
Recommended 5 cell li-poly: 18 x 10 5 cell li-poly: 18 x 10
Prop 6 cell Ii—poly: 16 x 10 6 cell Ii—poly: 16 x 10
7 cell li-poly: 14 x 10 7 cell li-poly: 14 x 10
Recommended 3,000 - 6,0009 (6.6 Ibs to 3,000 - 6,0009 (6.6 Ibs to 13.25
Model Weight 13.25 Ibs) Ibs)
Style of Flying Sporty Aerobatic Aerobatic
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Shaft Diameter ..................o . 8.0mm
Motor Dimensions (Dia. x Len.) ...®86.8x26.6mm
Weight () ............cciiiiiieiians s i RO
No. of Cells (Lip0) .t e et 6-12S
Max Continuous Current (A) .......c.cccoineeeennns 16.3A
Max Continuous Power (W) .......cccccccueeeenn... 407W
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Turnigy Typhoon 450H 2215H Heli Motor 3550kv (450 class)
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Prop Size
24 x 10 = [ ]
24x8
22x10
22 x6-10
20x 10
20x8
20 x 6-10
18x8
18 x 6-10
18x6
16x8
16x6
15 X § =———fu—
15 x 6-10
15x6 Tor FUTE
14x8 \ T
14x6 Do
13x6 R v
12x8 1 1

1:2:,3 Example: A .90 engine would have a
11x8 prop range of 13 x 6to 15 x 8. -
11x7 P e e [ O e e Y e 2

11x6 { ——
11x4 Engine Size Prop Range

10x8 .10 7x4 to 8x4
ol 25 | 8x4 to9x6
10x5 32 9x4 to 10x5
13:; A0 10x5 to 11x6
bl 60 11x6 to 12x8
9x5 .90 13x6 to 15x8
g:g 1.2 14x6 to 16xé
8 x4 2.8 18x6 to 20x10
7 %6 — 4.2 20x8 to 24x10

L iy ¥ i T N P Y i
| |

10 25 32 40 .60 80 12 18 28 42
Engine Displacement
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Cobra C3520/10 Motor Propeller Data

Motor Wind Motor Kv No-Load Current Motor Resistance IMax |PMax(48)
10-Turn Delta 980 RPMVolt lo=1.84 Amps @ 14v| Rm=0.025 Ohms | G0 Amps| 890W
Outside Diameter Body Length Total Shaft Length Shaft Diameter Motor Weight
43.0 mm, 1.69 in. 46.0 mm, 1.81 in. 68.0 mm, 2.68 in. 5.00 mm, 0.197 in. 210 gm, 7.41 0z
Prop Prop Input Motor Watts Prop Pitch Thrust Thrust | Thrust Eff.
Manf. Size Voltage Amps Input RPM Speed Grams | Ounces | Grams/W
APC ax6-E 14.8 2719 402.4 11,965 68.0 1554 54.82 3.86
APC ax7.5-E 14.8 .07 618.2 11,061 78.6 1618 a7.07 262
APC ax9-E 14.8 45.05 666.7 10,794 a2.0 1611 56.83 242
APC 10x5-E 14.8 33.00 488.4 11,678 h5.3 1960 69.14 4.01
APC 10x6-E 14.8 36.27 536.9 1,327 6d.4 1984 69.98 3.70
APC 10x7-E 14.8 42 56 629.9 11,047 73.2 2085 73.55 3.1
APC 10x10-E 14.8 57.53 851.4 10,104 a95.7 1789 63.10 210
APC 11%5.5-E 14.8 45.51 673.5 10,864 56.6 2697 9513 4.00
APC 11%7-E 14.8 52.40 775.5 10,420 69.1 2741 96.68 3.53
APC 11%8-E 14.8 56.81 840.8 10,160 i 2538 §9.52 3.02
APC 11x8.5-E 14.8 60.60 896.8 9,931 79.9 2529 80.21 2.82
APC 12x6-E 14.8 56.94 8427 10,033 7.0 3146 110.97 3.73
APC 13x4-E 148 50.30 744.4 10,565 40.0 3309 116.72 4.45
MA S Bxb6x3 14.8 23.36 345.7 12,277 69.8 1428 50.37 413
MA S axTxl 14.8 36.29 537.0 11,400 5.6 2047 72.21 3.81
MA S 10%5%3 14.8 32.78 485.1 11,693 55.4 2132 75.20 4.39
MA S 10%X7x3 14.8 45.60 674.8 10,842 71.9 2560 a0.30 3.79
MA S 11x7x3 14.8 53.69 7947 10,358 68.7 2947 103.95 3.71
MAS 11x8x3 148 h7.51 851.2 10,111 76.6 2984 105.26 3.51
MAS 12x6x3 148 h89.12 875.0 10,013 56.9 3309 116.72 3.78
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Frame Size Prop Size Motor Size KV
150mm -smaller | 3" and smaller 1105-1306 3000 and higher
180mm 4" 1806 2600-3000
210mm 5" 2204-2208/2306 2600-3000
250mm 6" 2205-2208/2306 2000-2300
300mm 7" 2208/2212 1600
450mm 8", 9" 10" 2212 or larger 1000KV or lower
Prop | Recommended | Recommended Magnet | Recommended Motor | Recommended ESC
Size Stator Size Height KV Size
2" 11 03-06 4000 - 8000 6-12A
3" 13-14 06-07 3000 - 4000 12 - 20A
4" 13-22 04-07 2400 - 2900 20A
5" 22-23 05-07 2200 - 2800 20-35A
6" 22-23 06-08 2200 - 2800 30-40A
7" 300mm+ 06+ 1800 - 2300 30A +
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prop Las J) =las13) .Cobra CM 2217-20 &yl o131 lalases (o Brladia SAS1 g
Goyd i adull (e Gl 1168 s sda motor § prop wsSys ¢of GAwd « 12x4.5-MR
N JESCART p S iud e i Lsyslat Ggllall 13.\.” Y

Ot D91 7191 ~ ¢ . 21aT=~) | ~
SM-2217/20 Motor Propeller Data

Magnets Motor Wind Motor Kv No-Load Current Motor Resistance IMax [P Max (3S)

14-Pole 20-Turn Delta 950 RPM/Volt lo = 0.53 Amps @ 12v Rm = 0.188 Ohms 20 Amps 220 W
Stator Outside Diameter Body Length Total Shaft Length Shaft Diameter Motor Weight
12-Slot 27.0 mm, 1.063 in. 33.0 mm, 1.299in. [ 35.1 mm, 1.382in. 3.17 mm, 0.125 in. 76 gm, 2.68 oz
Test Data From Input 10,0V 120V 14.0V 16.0V Measured Kv value | Measured Rm Value
Sample Motor lo Value| 0.49A 0.53 A 0.58 A 0.63A 890 RPM/Volt @ 10v 0.188 Ohms
Prop Prop Li-Po Input Motor Input Prop |Pitch Speed| Thrust Thrust |Thrust Eff.
Manf. Size Cells | Voltage Amps Watts RPM in MPH Grams | Ounces | Grams/W
APC 10x4.5-MR 3 111 11.83 131.3 7.536 321 875 30.86 6.66
APC 11x4.5-MR 3 141 14.00 1554 7.107 30.3 1012 35.70 6.51
APC 12x4.5-MR 3 1141 16.98 188.5 6.507 27.7 1168 41.20 6.20
APC 14x5.5-MR 3 141 22.02 2444 5,324 27.7 1322 46.63 541
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44,2l Propeller Thrust vs Throttle Position J iledl el (e 8ylas Al Cdgu Yol
Laigl 14=4/56 J) 7 lixs Lild « 243l 56 of « Gl 1587 (355 5lido (sgats 85Ul f Lay

390



liSay , Gelmill Callall (@Sl Lac-28lall)agdoll 2ulgn slue] ayumdd 11 5glas]
14 § o os=ll e Ysi Tyl . Propeller Thrust vs Throttle Position JSaJ! olasiwl

G il ) Jsamslls 525 > Gasl b ly 07 2]

J81 dhaidl s . Guadl Hezll ) sda abolaall dlaas oo 8ydle Jas @yl @312 Bglacl|
149 puasiad iy A 750 2dle ¢y Juldy

Propeller Thrust vs Throttle Position

3204———F———

24.00 =

16.00 4

14 oz e

Prop Thrust in Ounces

8.00

Step 2

49% :
0. 00 ] L] L] 'l 9 l ] )
10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percentage Throttle

G3gle as @yl Motor Currentvs Throttle Position (iled! | plasiw! 3 55l
ol el pbo a5 s> 749 4wy Percentage Throttle dlags oy

391



el 3.5 Al JUl s 3. o ezl J) oiia alolast] alass e ad] as @aoyl 4 55lascl]
M%")Uaﬂ‘wwi14wdlcm4QSJ2A4LQ'.\JU;YBL.'db.’:udﬁ

Motor Current vs Throttle Position

18.00

16.00 4

14.00

122004 — —+— — —

10.00

8004——— —

6.00

Motor Current in Amps

4001
3.5 Amps <

Step 3
2.004— R —

49%

0.00

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percentage Throttle
g2 LS Bl s @.p.&.ﬁ\ Olaladl cl8y wu=s e (Sl (G 48K Slaglaa Ludy
-mAh sl deludl 3 pual Ao 5000 8yuzy JULl da 3 2yl dl aiess « Gyl guoge
30 ‘3 Zt_pUa_;.ﬂ Dy SBew C-2 po,as Juas duslgdelu ‘3 a.pUa.gJ‘ By B C-1
e (9w Ygi Ut asés 20 L..? ZL.:)Ua.g..n Oiuy Sgw C-3 a5 Joas 45,80

Caayadll Jaae

392



oo dule lilias ) 5Lall e daguda 2l dl da ga JUll lda § C et Joas
codle | S

C-2.8 o 5Ah/ 14
21.4 e Jgsaxmll C cagyns e 43,85 60 ounds Ayladl goyard sl cdgll Gl
G 720 &, o uSTl sgie U ¢ Glas LiPo &ylay b1l 3 Ellas a2 )5 ¥ Aa 8o
43,85 171 labadl sul geleall LuSley « AT AUl
OSww « Olabll a8 e 2l pe=S Syillall S 13) Ladd ga lia d> ) s ol SSds
S92l yasuaill b Oguy 8 5lall pukiud caS13) 4,80 17.1 (e 81 aall Al J) g
Aa8512.8 0585 o) Uyl g gt o LuSlay Ul
o, Geleddl B — ¥l lilus — 4> gL — 2800 sl lises (.S Lialai ual 1iSay
G A @Sxie po Jlaiad| Jluodl Sl alusiul (pg susly Aas Gou clolal LAl
L ond Al ot Jlanad) sl Aol Aol § @Sxing

393



Prop Helicopter aoSd 3>, ™

@ Gzl Loy <l mag Ligay AssSeled) zolhe el e Loy Lao Ll LaSg ligSU 54
Cyclic RC Helicopter ;9! @Sl ugSulbdly Laledl 7ol A e lid Juds STl 4l

AZ @Sl 3lms eSSl ) il il Jazy L g2 Control
Yaw b caly oS § 59l eSida Byilat mawy (559
- « backwards —alzll . fly forward al¥1 ] o)kl
itc

f\ > ¢ 4.?3_‘\ ¢ e Jl L?.L? ‘ rlght M‘ ¢ |Eft JLW_}..”

Roll o Y
Oladall e —dyyal @iy A gazxa éi 5i croll &l
X Yaw - Roll — Pitch ;& wlu S S

394



P sl 185l e oMel Holll Gudas

*—--_- :".

4 ddl ol yslally

Pitch 4

Longitudinal

395



09yl

-’

Cyclic g 9! @Sl daslgs SgSildl 48> Sroll g pitch (po S (§ oSl pia, Logwe
ASY > cyclic aad e RC Sl ol sl 3 S| <l gl 02 (e (0o - RC Helicopter
Aaglall 9 Al

¢ gaud i o Il JolSL Sl cl il Ogagis ¥ ol (ol ¥l LB (e Sale
oy ¢ ol gl Slxllh e il L‘Jf oY (d Ol RC guol I 5)'.@.?-1 (da.’.a ‘Mé'”
J{-’M.. | Q\)SUQ Sl ma

396



OL ga lda A4S, Il sloadl lad (e il roll 2allly pitch § @Sxadl (o cllas Lo S
Buslg 59 L? Sizes S Hloudl Bya ki 5 590 - "‘5)3.3" E.Ua.pl\ Lo L;ﬁ-.' é.ﬁ\

5 lda 285858 Layl mils Ly Lol RC A 9,01 i Sloudl clya o8 ¢ 28,01 caile )
Lali, S5 Q)

Aalize (ailas sSeldl Byillat Hloudl 8y Byillall 48 Jsl gddl (KU 52 lda
280 Ul die &Lu“d.' ¢ s @)M@Yéw\fj 9,0 Jie Lales ooy Hlgudl

Ol AusSela 8y5lat Sy aiS @b > badl (rad ¢ 79l 28108 ol § ,Sas caS 13
Al A 9oy idinlg RC 2> 930 7l caall Hlgadl alladdl cU3 GsG lies « G

c ooyl e Glall garudly LAYl garadl e Glas Ll 90 el § 49,0l sl uzgs
e SsSld sl cexud CE.JJ\ PERE dLﬁb_g

2o sdioe Sy e sy (a1 cpe B g,ll i ¢ ALl bl JULI 1
- pitch 8505 of &> 9,41 &eyu 8oL

> 9, l1 18 ¢ Al 898 Cmad A 9,1 (e Al pdadl B9 Hlude ae Lidylas 13)
S9! 5,858 <l Lia (peg § M 5 5 oy s lales¥l pad Chgu a8 K9
¢ Baxl9 893 akzes LY Byl93 884 JST (poeell Als) 88 ddl Juo Augls audd Bk e
¢ @ (@alall ol pa¥l 3 aSadll iaas cuS 13 adudl o) a8l jlade pusd i

397



RINES PR S)MMQ&XM| Oyl _]a.aﬁji Etj)j..\.n Ol EL?)AQPS:L'ZJ\ dde

Olgadl cpe "B y9a" IS UM Buslgbya

B yladl 38, b 3 oSnss (315 Lakisell L3 cye cuadl s SugSl ) 550 0o i
i 9, lisSe I Lasl. Aaial) S AN Ly s &1 39,01 aluseial o 1l

RotorlHead |
W ControllPush Rods

RCHeli:.

»
'

RotatinglUpper Half ﬁ'f Swashplate

-—

$ \ P

®

-

)

»

Non-R&ating Lower'i.-lalf of Swashplate

398
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EDF Vasafan 50
motor cells lipols] Volts Amps RPM Thrust Watts
2 7 8,8 32510 192 61,6
(329(;‘?:;';‘:) 2 8 118 | 36110 | 236 94.4
3 10,3 22,6 45 880 390 232,78

3 11 26,5 49 200 450 292

2 7 7.9 31220 178 55

2 T 9.8 34 285 213 76

3 10,9 19,6 46 000 393 214

HE&S;&” 3 1.3 | 216 | 47300 | 416 244
4 12,8 26,5 52 300 513 339

4 13,7 30,4 55 200 571 417

4 15 343 58 330 636 515

2 6,6 14,7 36 600 242 97

HET 240-15 2 7.6 19,6 41 000 306 149
6000kv 3 10,3 35,3 52 900 525 364

3 11,3 40.2 56 090 589 455

2 7.5 2 25 876 123 15

mini ac 1215/16 2 8 29 27 665 140 23
3800kv 3 11,8 8.8 38 595 270 104
(modelmotors) 4 14.8 15,7 46 935 410 232
4 15,8 17,7 49 561 460 262

2 7 8.8 32615 195 62

mini ac 1215/12 2 7.7 11,8 35709 230 91
4750kv 3 10,6 236 46 906 410 250
(modelmotors) 3 11 255 48 367 435 281
4 14,5 4272 58 167 635 612
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= Length: 42mm = Rotor diam.: 49mm
* Inside diam.: 50mm = Materials: Carbon and
* QOutside diam.: 51mm aluminium parts
= Weight: 18g = Battery: 2-4s Lipo (7.2 to 14.4v)
= Motor diam. max.: 24.7mm = Input power: 15 to 612 watts
= Shaft adapter: accepts a 3.17mm = Max RPM: 58 330
DIA motor shaft = Static thrust: 123 to 636g

= Rotor: 7 blades

ISl erasn sa dlad elle Lo S, sl opmll 3 Lo caes Syl il e
- sl S et iyl § 459 bl (58]l

tdie ymal) 45 JKE) u g0

401



alagl

122. 93mm

70mmEDF

402



Gear Box o dldde ™

cailias Coaby ol e Lp S &) SIS 2as, L1 2 Gears g 1 / bl
LY Ayl 8 opieal) ol auiiad Lo S8, deyudly apally slass Losd 2yl
ol el A e 835 / Julat) s ale Sy S5 SIS ol 3 el J) A ny
el e ol / Julas

M (5,255 ¥ (G Leawsedidg il cadass Il Ao by Ll (2 (oo ) Slediew mal (0
.u—o_gﬂ\ uS.L?J\ S35 609k é-:‘-”j

Jie 4l oS, =L EE] Hb—”ﬁ QA.JJ\ ddet) Lwlud| 8 =L Q posiud U8 9l
asSladl o

403



: o Liltien ploealy JISAL 00535

Gear box JI Ll dxlxy oyall 93 DC J) Hymo Jio yle Lds LS oK =l (jnayd
iy Ao Ll sl ¢339 0o i 401 Lol il (0 el syl 3 il

ol IS Jie A giae gl Adlae (g Ul Ade (9SG U8y

/ AR

’

/

4 il alaiw gl SLySl ol HLasy A dl ulall oo g Al Ade of 2l
Adbd oleyudl e glasdl ozl Bue cilawlge oild e gyd slasl e Lty oyl
A8¥l Ll g Flaps g 4l el e Aogudl @l opus @ ¥ A1 (89
Sl e eyas Bg F daaxll 39 DC I wyma plaseiwl adatud Ja! g3galally

Szl ad § ¥y QW) eyl § Servo Motor gdpudl clima oo (ooud (&1

404



(Servo Motor) gépudl Jy=a ™

pradl (pesT Amante LuSilSGa (09,5 Al 8950 DCAale yatwa Hlg DS s (e Bylie (2
(38 885 9 4STloze 38,1 Jaay Shaft 38,> J3b 9 Gear (e9,5 Aule) cagllall JLall
oMl JSadl @Smtlly il Hymmald (1055 AL S B5ls e (Goiomiy Lias dugls ymmitl)

- 9udl L=l s lgsl slislg

dilal e
aligas § Servo JI ailSyme ausiud
by JI) Sl il 9 8paiall cligs gl
sda 4y lies W clly o clymall § 48
Q@ 48> 9 Uy 9 g po3e (o =l
Al @Sl § pukind s oSl

4By S psad L Lasd Joddlg

405



Jeall ] @

LT GND 2zl adl sa Gl o dpdaally (gdsy Jo¥) sladl 4k Servo JI &yl
I3 PWM (o ,all B Sbias @Sl cdad ) ey @Sl (idad b s laall
4253 180 — 0 Jie digas Lgly s Dyl (11595 38193 S Szl Goss (2950
el pulatin) Ay 360 e ol 9 (s 850 Ciraid (ygall el i)
ol Jony ¥) el e patins (S Bt Ll sda, (Ao 850 Sy sl
S L LT 33701 5 il e g0 el J) 8,LAN1 s 5, (eSntd] i g
(oY 2l &1 jmlindl opie) ekl (8] ) 6352 855840 ¥ lall (e 9,5 ol
G Sl e Mied Lo A9y 3 2yt Ly Bpaitus ASy> lyoets ¥ g8 pud| SiS 2 13
Sl piziug Bale, Hladl ol Gred! I ilamys Ay g padl e s cild Jodl

L& ¢ 15¥l e AST Aaad) ol llall g

53;}.4«.” le).za Q\j}..n ®

63 el e Llae L HLall Cagas Il - 1
Azme ) ASGIGL wo U1 Aule sggd cU39 Kg.cm 40 ) Jias o (4Say L8 0 95 - 2
coslipdatll prar @ Aalises alesly H805a1 - 3

Laall oye alaadd Bl Awlus 8ylll 9 £ Las)| 09 Aigls ol sl Jaall 46184 - 4
€zl e lape ae iLbLE.A Baluall 3 51s yaio @Sl § &8s oy (! o asatl

406



il sk As 1l (6,391 i gSlg (cbiadl) g Al ke JU) JSADN v

GEARBOX

- 60 RPM
- HiGH TORQUE
DC MOTOR
POTENTIOMETER - HiGH SPEED
- VARIABLE VOLTAGE - Low TORQUE

- RELATIVE TO THE ANGLE

CONTROL CIRCUIT

- INTEGRATED H-BRIDGE
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RC Servo Bearings
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SIZE: 21.5* 11.8 * 20.9mm
WEIGHT: 5g

SPEED: 0.125ec/60°@6.0V
TORQUE: 1.0kg.cm(13.890z/in)
VOLTAGE: 4.8-6.0V

CYS-S0005
A =
raall Slaslgll
SIZE(MM
o (MM) WEIGHT 4.8V 6.0V |
(CM) A B c D g oz 60° | kg-em | oz-in | 60° | kg-cm | oz-in
18.0 | 215 | 118 | 209 | 26.0 5 018 | 0.14 | 0.8 11141 | 012 | 10 | 13.89
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SIZE: 31.2*29.5 * 16.3mm
WEIGHT: 27g
SPEED: 0.12sec/60°@6.0V

TORQUE: 3.5kg.cm(48.6202z/in)
VOLTAGE: 4.8-6.0V

CYS-S0270
cdall alawslgll
SIZE(MM) | WEIGHT | 4.8V ' 6.0V
WIRE | - ; - : | . : . . .
(CM) A B C D g oz 60° | kg-cm | oz-in | 60° |kg-cm | oz-in

25.0 312 | 163 | 295 | 3r8 27 0.95 | 0.14 30 | #4167 | 012 | 35 48.62

eﬂ)m ua_z-ﬁ dalnd eﬂ){fmb 239 db')f»Ua 5)45 > jﬁjﬁ*“-“ g’_‘).x.c JLIz'-_? Uil
: 4l Servo Tester / ESC ¢4 |

C

Servo
Consistency Test
Select Pulse Width
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Sensors Output
(Position, Height, Speed, Compufer (Engine, Flaps,
Temperature, Location) Motors, Wings)

oo Lalizea ¢ 1931 e sotall cliSley lusluadl gl sladdadd) 3l (o @lle 3 (i o
W (e Lisles Jud e Joad 213 ] Loy hliadly LSy Liilis 3 oladdud
ol 288y 8yllall B> Ay Lapsg ¢ Lagag e S M5 (0 Hlg¥l Jiads
S oo il Ll 3ymey Sl S Glgal ady ¢ 80000 898 Joey « Gopll o

6331 alll e dpually

Byw hadll lda § ol ddull coun S FESI T ple o0 daaallg sda S
Lol wlaghdlly , olyaddwll e dalixll &\3.3&2\ R b addudl ga le ey
col el

415




el Do) uewmmis ais e Joay laddu 81aT juzl) o) jaddud ) ol oluc])
ding ¢ La il s Lo ding ndall iy Lo ding 8yl podl drys ity Lo diad « Audayxll
4ol whlal J) sleglall dsgmty asdy o lapeg 5lally Lol lg wizll sy Lo
dzss LS 35l 804 Adyma Ll (e e -G ASI Sl Aaulss Lade of Lewlid SCes
#5355 08 Bsee (3955 oSar Amend) Gk (e sl Bl Loy oSy 4o gl
ool o oLl 3 caiSs gl putoliall Il upatll 3 Sl sa LS cnlulial

Lol s i Lso JS 538 5 1551 slabuandl o0

Lty pieiad g 3l Clabuc! §153¥ dalisee WISCAT J2e3 2L 8 jguall

Proximity Sensor
LDR
Color’Sensor Gas Sensor (LigT anaory -
LM35 Alcohol Sensor = 1 M T~
Smoke Sensor Thermistor %
(Temperature Sensor) d
(Temperature Sensor) -
G
\ ' " i @7., )
: ‘ ]_H 2 2 b “« Ultrasonic Sensor
2 | i «  IRReceiver
Rain Sensor PIR Sensor Water Flow Sensor :
Heartbeat Sensor 4
f - o ' [} Humidity Sensor Gyroscope -
IR Sensor  IRSensor  Touch Sensor Photo Transistor Soil Moisture Sensor
(Transmissive Type) (Reflective Type) (Light Sensor)
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Pin 1: VCC
Pin 3: Echo
Pin 4: GND
1234 L ’
Ol S
VCC=+5VDC
GND = Ground
Echo = Digital
Trig = Digital
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Working Voltage DCSV

Working Current 15mA

Working Frequency 40Hz

Max Range 4m

Min Range 2em

MeasuringAngle 15 degree

Trigger Input Signal 10uS TTL pulse

Echo Output Signal Input TTL lever signal and the range in
proportion

Dimension 45*20*15mm

gjﬁ."g\%wu.zﬂl;mdw‘_go?\5&\&Www||iagldjﬁg|&gw
B sseame il Vigds abunll 1 55 @ ol 1 BLAT L G o1 sl 4254
AUSadlg o 4 g Lasyy dalusil Loy Jasd oMol goull Jta oluonl) Zonsias 28Lune !
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LM35 5,2l dys olus ®

S5l

\'Qjé.’.l Zt.u«_db B> L;Aﬁ %0.05 g—o\-w-xj‘ fia 485 -1
calystadl

LIPO &lyllay (e gy dgals aubaiiand V30 ) V4 (y0 79l digdad g - 2

Byd Bgte Amys 150 JI yduall cums 55 ¢y 79155 Leaw Jalaty &1 8lymdl il - 3
(150 J1 55-) 8lies pg pisal

Undsio A y3 Aaglie 13 9 (C°0.08 Lnsskie 45100 5yl =l - 4

:@JLIS.H oo Slaslell
1 Features 2 Applications
Calibrated Directly in Celsius (Centigrade) * Power Supplies
Linear + 10-mV/°C Scale Factor * Battery Management
* 0.5°C Ensured Accuracy (at 25°C) * HVAC
» Rated for Full -55°C to 150°C Range « Appliances

Suitable for Remote Applications
Low-Cost Due to Wafer-Level Trimming
Operates From4 Vto 30 V
Less Than 60-pA Current Drain

* Low Self-Heating, 0.08°C in Still Air
Non-Linearity Only +%°C Typical
Low-Impedance Output, 0.1 Q for 1-mA Load
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WIND SPEED WIND DIRECTION SENSOR ¢lgdl slxilg 4y yadilns ®

ood eyl e saddadl lde cab
sl=ily Acyw By ol Hldall G9ll
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ekl
b By S (aibes e ddudl 14
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Wind Speed Direction Sensors / 05103-L sMel 8 y94al § 3921l §91ll jailias cnus sbia!

Specifications

Operating Temperature Range  -50° to +50°C (assuming non-riming conditions)

Mounting Pipe Description » 34 mm (1.34in.) OD
» Standard 1.0-in. IPS schedule 40

Housing Diameter 5cm (2.0in.)

Propeller Diameter 18 cm (7.1in.)
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Height

Length

Weight

Range

Accuracy

Starting Threshold

Distance Constant

Output

Resolution

Mechanical Range

Electrical Range

Accuracy

Starting Threshold

37 cm (14.6 in.)

55 cm (21.7 in.)

1.5 kg (3.2 Ib)

Wind Speed

0 to 100 m/s (0 to 224 mph)

+0.3 m/s (£0.6 mph) or 1% of reading

1.0 m/s (2.2 mph)

2.7 m (8.9 ft) 63% recovery

ac voltage (three pulses per revolution)

90 Hz (1800 rpm) = 8.8 m/s (19.7 mph)

(0.0980 m s?) / (scan rate in seconds) or(0.2192
mph) / (scan rate in seconds)

Wind Direction

0 to 360°

355° (5° open)

+3°

1.1 m/s (2.4 mph) at 10° displacement

426



Distance Constant

Damping Ratio

Damped Natural Wavelength

Undamped Natural Wavelength

Output

Voltage

1.3 m (4.3 ft) 50% recovery

0.3

7.4 m (24.3 ft)

7.2 m (23.6 ft)

Analog dc voltage from potentiometer (resistance
10 kohm)

Linearity is 0.25%.
Life expectancy is 50 million revolutions.

Power switched excitation voltage supplied by
data logger

:Mhﬁjf.jéj}" = Slwlusd! sda -Ia_;) uim ﬁl-f- diiid
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ACCELEROMETER GYROSCOPE-6 AXIS : Jlw
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Digital gyro 4 Jl 18w n> 48L5, ™
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B |MU - Inertial Measurement Unit
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Aircraft Telemetry GPS Sensor (SPMA9587)
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Plug both output wires into your
receiver for best results

Battery

Receiver

Disconnect the red wire from the ESC
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How It Works
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3) Turn before the plane flies ‘\‘
too far away, & reduce power slightly !
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1) Take off run
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1) Fly downwind leg

3) Final approach

4) Flare & land
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Terminology

Advance Ratio

Adverse
pressure

gradient

Aerodynamic

center

Airfoil

Angle of Attack

sl Kbyl epalae ™

Description

The ratio of the freestream fluid (air) velocity to the propeller (rotor) tip speed.

This occurs when static pressure increases in the direction of flow.

The point (fraction of chord) at which the pitching moment coefficient of an

airfoil is constant with a changing lift coefficient (angle of attack).

The airfoil section refers to the cross-sectional shape of a wing, blade

(propeller/rotor) or sail.

Angle of attack refers to the angle between a reference line on a body and the
vector representing the relative motion between the body and the fluid
through which itis moving. It is most often used in an aeronautical context to
describe the angle between the chordline of an airfoil and the relative wind or

resultant direction of airflow.
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Terminology Description

This is a design technique used to reduce the total aircraft drag particularly at
Arearule transonic and supersonic speeds by a narrowing or ‘waisting’ of the fuselage in

the region of the wings.

This is a measure of the spanwise area distribution of a wing. Itis calculated as
the ratio of wing span to chord. In cases where the wing is tapered, it is
Aspectratio
convenient to define the aspect ratio as the square of the wing span divided by

the total planform wing area.

This refers to a runway condition where the aircraft accelerate-stop distance is
equal to the take-off distance required for a given aircraft weight,
configuration, and thrust setting. It is a term used in both the FAR 25 and CS-
Balanced field
25 regulations where an aircraft must be shown to demonstrate that the
length
accelerate-stop distance and take-off distance is less than or equal to a given

available runway length both with all engines operating and one engine

inoperable.

When completing a turn, an aircraft will rotate its wings about the longitudinal
Bank angle axis to an angle relative to the horizontal. The angle between the wing and the

horizontal is termed the “bank angle”.

This is a fluid mechanics term that refers to the region of fluid (air) in the
Boundary layer =~ immediate vicinity of a body where the viscous effects of the body causes the

fluid in this region to attain a velocity less than that of the free-stream.

Camber Camber refers to the asymmetry between the top and bottom surface of an

airfoil. A camber line is drawn by a spline connecting a series of points along
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Terminology

Center of

gravity

Center of

pressure

Chord

Delta wing

Downwash

Drag

Drag polar

Description

an airfoil chord equidistant between the upper and lower surface. Airfoils are

designed with camber to increase the maximum lift coefficient.

This is a geometric property of weight defined as the average location of the

weight of an object. It can also be defined as the balance point of an object.

This is a point on a body where the total pressure distribution on that body can

be collapsed into a single resultant vector acting at the center of pressure.

On an airfoil, the chord is defined as a straight line joining the leading and

trailing edge.

This refers to a wing planform shaped like a triangle. It is named for its

similarity to the Greek uppercase letter Delta (A).

The downward deflection of air caused as a by-product of the aerodynamic

process of producing lift by an airfoil, blade or rotor.

An aerodynamic force opposing the direction of motion as a result of a body’s
motion through a fluid. An aircraft produces a drag force as it moves through

the air, which is counter-acted by the thrust produced by the aircraft engine.

A graphical plot showing the relationship between an aircraft’s lift and drag by
plotting the dependence of lift (Y-axis) on drag (x-axis). A tangent line drawn
from the origin to the polar plot gives the point of maximum aerodynamic

efficiency (highest lift-to-drag ratio).
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Terminology

Dynamic

Pressure

High-lift device

Hypersonic

Leading edge

Lift force

Lift coefficient

Lift slope

Lift-to-drag

ratio

Description

Pressure in a fluid as a result of the motion of that fluid. In incompressible

flow, the dynamic pressure is defined as g=12pV2q=12pV2 which forms one

of the terms in the Bernoulli Equation.

A movable aerodynamic surface present on either the leading edge (slat) or
trailing edge (flap) which when deployed increases the effective camber of the
airfoil. This in turn increases the maximum lift coefficient and decreases the

stall speed. Most commonly used during take-off and landing phases of flight.

Aterm used to describe flight speeds in excess of five times the speed of sound

(Mach 5).
The foremost edge of an airfoil section.

Aforce vector that acts perpendicular to the direction of flight. An aircraft’s
wing is the primary generator of the lifting force. This force counteracts the

aircraft weight.

A dimensionless coefficient that relates the lift generated by a lifting surface to

the dynamic pressure and an associated reference area (typically wing area).

Defines the change in lift coefficient with angle of attack. The lift slope is

constant over a range of angle of attack away from stall.

The ratio of the lifting force to drag force produced by an aircraft. This is an

indicator of aerodynamic efficiency.
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Terminology

Limit load

Mach number

Mean
aerodynamic

chord

NACA

NASA

Neutral point

Oswald

efficiency factor

Description

This is the maximum load factor authorized during flight. This is the loading
that should only occur once (or very seldom) during the lifespan of an aircraft.
Aircraft are designed support limit loads without any detrimental permanent

deformation.

The ratio of the speed of a body to the speed of sound in the surrounding
medium. The speed of sound is denoted Mach 1 and a speed of Mach 2 is

defined as twice the speed of sound.

This is a two-dimensional chordwise representation of the entire wing. The
pressure distribution over the entire wing can be reduced to a single lift vector
and moment around the aerodynamic center of the mean aerodynamic chord

(MACQ). The calculation of the MAC becomes important where the wing is

tapered from root to tip.

National Advisory Committee for Aeronautics. Formed in 1915 and dissolved

in 1958, this was the precursor to NASA.
National Aeronautics and Space Administration.

This is a position of the center of gravity that when completing a longitudinal

static stability analysis would result in an aircraft with neutral stability.

This is a measure of span efficiency that represents the change in drag of a
three dimensional wing, as compared to the ideal (elliptical) case of equal

aspect ratio.
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Terminology Description

The angle between the horizontal axis and the longitudinal axis of the aircraft.

An aircraft will pitch up to climb and pitch down to descend. Pitch angle can

Pitch angle
also refer to tuning the angle of attack of a propeller blade to control the
production of power.
Planform The geometric shape of a wing as viewed from directly above an aircraft.
A point 25 % of a chord length away from the leading edge of an airfoil. This is
Quarter chord an important point in the analysis of stability of flight as the quarter chord is
used as the assumed aerodynamic center.
An important dimensionless quantity in fluid mechanics which is used to
predict the transition from laminar to turbulent flow. It is defined as the ratio of
Reynolds inertial to viscous forces in a fluid. High Reynolds number flows are dominated
number by inertial forces and exhibit such flow phenomena as eddies, vortices and
other flow instabilities. Aircraft generally operate at high Reynolds number
states.
A scalar quantity is such a quantity that depends only on magnitude and not
Scalar direction to fully describe it. Some examples: temperature, volume, mass,
density, pressure, speed.
Slat (Ieading An aerodynamic high-lift device found on the leading edge of a wing, which
edge) when deployed, extents forward and downward, increasing the effective

camber of the airfoil and thereby increasing the wing's lift coefficient for a
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Terminology

Span

Spoiler

Stall

Standard

Atmosphere

Static margin

Subsonic

Supersonic

Description

given angle of attack. Slats are generally used during landing to decrease the

stall speed which allows the aircraft to land at a lower speed.

The lateral length of a wing from wingtip to wingtip.

An aerodynamic surface that when extended intentionally reduces the lift
component of an airfoil or wing. Spoilers (sometimes called Lift Spoilers or Lift
Dumpers) are most often used during the landing phase to dump lift from the

wing after touch-down. They can also be used during flight to increase the

descent rate or assist with roll control.

Assituation reached when an airfoil angle of attack is extended past that which
generates the maximum lift coefficient. During stall, the airflow over the upper
surface of the airfoil separates resulting in a loss in lift and a subsequent pitch

down.

An atmospheric model relating pressure, temperature, density and viscosity of
the Earth’s atmosphere to altitude above the surface. This provides a common
reference that may be used by engineers when modelling aircraft performance

at a variety of altitudes.

The distance between the center of gravity and the neutral point of the aircraft,

expressed as a percentage of the mean aerodynamic chord.

Any speed below that of the speed of sound (sonic speed).

Any speed greater than the speed of sound (sonic speed).
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Terminology

Sweep angle

Taper ratio

Thrust

Trailing edge

Transonic

UAV

Ultimate load

factor

VTOL

Description

The angle at which a lifting surface is translated backwards (or occasionally
forwards) relative to the root chord of the lifting surface. This has the effect of
delaying the formation of shock waves and is used on aircraft that fly at or

above transonic speeds.

The ratio of the wing tip to wing root.

Thrust is the propulsive force that pushes or pulls an aircraft through the air. It

is a force vector and is produced by the aircraft’s engines.

The rearmost edge of an airfoil section.

Any speed in the range between the critical Mach number (approximately
Mach 0.8) and a higher speed (typically Mach 1.2) where some fraction of the

local air velocity is supersonic, but a significant portion is not.

Unmanned Aerial Vehicle (a vehicle piloted by remote control or onboard

computers).

Limit load multiplied by a prescribed factor of safely (generally 1.5 in
aeronautics). An aircraft structure must be able to support an Ultimate loading

for a minimum of 3 seconds without structural failure (FAR 25.307).

An acronym for Vertical Take-off and Landing which refers to any aircraft that

can hover, take-off and land vertically.
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Terminology

V-speeds

V1

V2

VC

VD

VMCA

VNE

VR

VREF

Description

A set of standard terms used to define important airspeeds useful to the safe

operation of an aircraft. See the definitions below.

Critical Decision Speed — take-off should not be aborted above this speed.

Take-off Safety Speed — an aircraft may be safely climbed with one engine

inoperative at this speed.

Design Cruise Speed.

Design Dive Speed — the maximum speed planned to be achieved during flight

testing.

Minimum Control Speed — the minimum speed at which steady flight can be
maintained with one engine inoperative and the corresponding opposite
engine producing maximum thrust. This airspeed forms a constraint as to the

minimum size of the vertical tail and rudder that can be designed.

Never Exceed Speed.

Rotation Speed — the speed at which a pilot can add a pitch input to raise the

aircraft nose off the ground during take-off.

Landing Reference Speed — the speed at which the aircraft should cross the

runway threshold.
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Terminology

VS

Vector

Wash-in

Wash-out

Weight —
Operational

Empty (OEW)

Weight —

Usable Fuel

Weight —
Aircraft Gross

(UAW)

Description

Stall Speed — the minimum flight speed at which the aircraft is still

controllable.

A vector quantity is a quantity that requires both a magnitude and a direction

to fully describe it. Some examples: lift, drag, thrust, velocity, displacement.

Avariation in the angle of incidence along the span of a wing such that the tip

is at a higher angle of attack than the root.

Avariation in the angle of incidence along the span of a wing such that the
wing root is at a higher angle of attack than the wing tip.
This is done so as to ensure that stall occurs towards the root before the tip
which results in a more benign stall response. Wash-out is the most common

example of wing twist.

The basic weight of an aircraft including the crew, all fluids necessary for
operation (water, engine oil, coolant), unusable fuel, and any items required

for standard operations. OEW excludes usable fuel and payload.

The weight of the fuel on board an aircraft that can be consumed by the

engines during flight.

Also known as All-up Weight (UAW), it is the total weight of an aircraft at any
moment during flight or ground operation. The aircraft gross weight will

decrease during the course of a flight as fuel and oil is consumed.
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Terminology Description

Weight — Payload is the carrying capacity of an aircraft. Payload could include cargo,
Payload passengers, munitions or extra fuel in the case of an airborne tanker.
Weight —
This is the maximum weight at which a pilot is allowed to attempt a take-off.
Maximum
This is the heaviest weight for which an aircraft has been certified to meet all
Takeoff
applicable certification requirements.
(MTOW)
The plan surface area of a wing. This is a crucial metric used in the
Wing area
performance analysis and design of an aircraft wing.
The mass of an aircraft divided by the wing area. Often taken at MTOW as the
Wing loading
aircraft mass varies with fuel burn and payload.
The movement of an aircraft’s nose left or right about an axis running vertically
Yaw through the aircraft. The aircraft yaw angle is controlled by the application of

the rudder on the vertical tail.
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Types
"Almost Ready to Fly": a UAV which comes assembled with almost all parts
ARF necessary to fly. Components like the controller and receiver may not be
included.
"Bind and Fly"; the UAV comes fully assembled and includes a receiver.
BNF You only need to choose a compatible transmitter and "bind" it to the

receiver.

"Do It Yourself", which is now commonly used to mean "custom". This
DIY normally involves using parts from a variety of different suppliers and
creating or modifying parts.

This is synonymous with UAV. The term "drone" seems to be more

Drone - " "
common for military use whereas "UAV" is more common for hobby use

Hexacopter A UAV which has six motors / propellers.
Multirotor "Multirotor" simply means an aircraft with multiple rotors

Octocopter A UAV which has eight motors / propellers.

A UAV which has four motors / propellers and four support arms.
Quadcopter Configurations are normally "+" (the front of the UAV faces one of the
arms) or "X" (the front of the aircraft faces between two arms).

"Ready To Fly": a UAV which comes fully assembled with all necessary

RTF parts. Simply charge the battery and fly!

"Size" is normally provided in millimeters (ex 450mm) and represents the
Size (mm) greatest point to point distance between two motors on a UAV. Size can
also determine the "class" of UAV (micro, mini etc)

A "Spyder" type UAV (normally quad or hex) is one where the supporting

Spyder arms are not symmetric in bot haxes when looked at from the top.
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Tricopter

A UAV which has three motors / propellers, and usually three support arms

UAV "Unmanned Aerial Vehicle" (of any kind)
V-Tail A UAV which has four arms, of which the rear two are at an angle to form a
IVI
X4 and X8 are UAV configurations with four support arms; X4
X4 /X8 configurations have one motor at the end of each arm, whereas X8 have
two motors per arm (one facing up, the other facing down)
Y3 and Y6 are UAV configurations with three support arms; Y3
Y3/Y6 configurations have one motor at the end of each arm, whereas Y6 have
two motors per arm (one facing up, the other facing down)
Mechanics
"Center of Gravity"; this is the point on the aircraft where there is equal
CG . L :
weight distributed on all sides.
Clam A "tube clamp" is a device normally used on a round tube in order to
b connect it to another device (such as a motor mount or a UAV's body).
In order to plug and unplug wires, connectors are used at the ends of
Connectors wires. Common connectors for batteries are Deans & XT60, while
connectors for the flight controller and sensors are 0.1" spaced
Dampbeners These are molded rubber parts used to minimize vibration transmitted
P throughout a UAV
The frame is like the "skeleton" of the aircraft and holds all of the parts
Frame together. Simple frames have motors connected to aluminum or other
lightweight extrusions ("arm") which then connect to a central body.
This is a material commonly used instead of carbon fiber to make a UAV's
G10 : . - . : - )
frame since it is very rigid and lightweight, but significantly less expensive
. Multirotor landing gear normally does not have wheels as you might find
Landing . - . .
Gear on an airplane - this is to prevent it from moving when on the ground and
reduce overall weight.
LED "Light Emitting Diode". These are used to make the UAV visible, primarily

at night or low lighting conditions.
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Prop
Guards

Retract

Shell

Propulsion

BEC

Blades

Cw/CCW

ESC

LiPo

Motor

PCB

"Propeller guards" are material which curround a propeller to prevent the
propeller from contacting other objects. They are implemented as a safety
feature and a way to minimize damage to the UAV

"Retractable" normally refers to landing gear which has two positions: one
for landing and takeoff, and another, which takes up less room or
improves visibility, during flight.

This is an aesthetic / functional cover used to improve resistance to the
elements and sometimes improve aerodynamics. Some production UAVs
only have a plastic shell which also acts as the "frame".

"Battery Eliminator Circuit": a voltage regulator built into the ESC
which can provide regulated 5V DC power to any electronics which
need it.

Propeller blades are the aerodynamic surface which generates lift.
A propeller normally has two to four blades which can be fixed or
folding.

CW indicates Clockwise rotation and CCW indicates Counter-
Clockwise rotation. On a multi-rotor aircraft, you would normally use
pairs of counter-rotating propellers.

"Electronic Speed Controller" is the device which connects to the
battery, motor and flight controller and controls the speed at which
the motor rotates

"Lithium Polymer" is the most common battery used in drones and
UAVs because of its light weight (versus storage capacity) and high
current discharge rates. There are other types of Lithium-based
batteries available on the market as well (LiFe, LiMn, LiOn etc)

The motor is what is used to rotate the propellers; in small UAVS,
a brushed motor is most often used, whereas for larger UAVs, a
"brushless" motor is much more common

A "Printed Circuit Board" is the flat fiberglass part with many
components soldered to it. Many electronic products have a PCB.

In order to power so many different devices used in a UAV,

Power Distribution ihe pattery must be split, which is where the Power Distribution

(board or cable) comes into play. It takes the single positive and
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Propeller

Prop Adapter

Prop Saver

Servo

Thrust

Control

Base / ground
[ Control Station

Binding

Channel

Flight Controller

negative terminals of the battery and provides many different
terminals / connection points to which other devices (operating at
the same voltage) can receive power.

The propellers are what provides the thrust and are more similar to
those used in airplanes rather than on helicopters.

A device used to connect the propeller to the motor.

A type of hub which mounts on top of your motor and replaces the
prop adapter. In he event of a crash, a part of the prop saver is lost
in an attempt to save the propeller.

A servo is a type of actuator which, provided the right signal, can
move to a specific angular position

The "thrust" is the force which a specific motor and propeller can
provide (at a certain voltage). Usually measured in kilograms (Kg)
or pounds (Lbs)

Instead of (or in addition to) a hand held transmitter, a station (normally
in a case or mounted to a tripod) is used to house / integrate the
necessary components used to control a UAV. This can include the
transmitter, antenna(e), video receiver, monitor, battery, computer and
other devices.

The term "binding" refers to configuring a handheld transmitter so it can
communicate with a receiver; if a transmitter came with a receiver, it
should have been done at the factory.

The number of channels on a transmitter relates to the number of
separate signals it can send

The "Flight Controller" is what would be considered the "brain" of a UAV
and handles all of the data processing, calculations and signals. The
core of a flight controller is often a programmable "microcontroller”. The
flight controller may have multiple sensors onboard, including an
accelerometer, gyroscope, barometer, compass, GPS etc. If the flight
controller has the ability to control the aircraft on its own (for example
to navigate to specific GPS coordinates), it may be considered to be an
"autopilot”.
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This usually refers to the "Wiring Harness" which are the wires that
Harness connect the receiver to the flight controller (and sometimes other
devices).

HF/ UHF / VHF

"High Frequency"; "Very High Frequency" and "Ultra High Frequency"

radio waves. Units are in Hz (Hertz)

Receiver This is what processes the information received wirelessly

Sketch / Code

This is the program which is uploaded to your UAV's flight controller

(similar to a "thought process")

Transmitter / The "transmitter” is what generates the control signal(s) wirelessly to
Radio the receiver

Sensors / Orientation

Accelerometer

Antenna

Barometer /
Pressure / Altimeter

Compass

Flight Recorder

GPS

Gyroscope

IMU

An accelerometer measures linear acceleration in one to three
axes. Units are normally in 'g' or gravity. An accelerometer can
provide your drone's orientation with respect to ground

Antennas are what actually receive or send a signal to and from
a UAV (the signal itself having been generated by a transmitter
unit). They come in a variety of different types and include
directional (strongest in one direction) and omnidirectional

A Barometer is used to give feedback as to the altitude of the
UAV. It measures pressure, and since pressure changes with
altitude, your aircraft can "know" its height.

A magnetic compass can provide your compass heading (north /
south / east / west)

A flight recorder records sensor values from your UAV. This
feature can sometimes be integrated into the flight controller.

"Global Positioning System": satellites orbiting the planet send
out signals which are picked up by the GPS antenna and are
sent to be processed by the GPS receiver to provide geographic
coordinates

A gyroscope measures angular acceleration in one ot three
axes. Units are normally degrees per second squared.

"Inertial Measurement Unit" combines an accerleometer and a
gyroscope
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In low cost robotics, a magnetometer is sometimes used to

Magenetometer . . .
provide compass direction
Pitch is the angle of the nose to tail with respect to the ground, or
Pitch in other words, the rotation of an aircraft about the axis from
wing to wing
Pitot Tube A device which measures air speed
Roll Roll is the rotation of the aircraft along the axis from its nose to
its tail
Yaw is the rotation of an aircraft about an axis perpendicular (90
Yaw degrees to) to the plane formed between the nose / tail and wing
tips
Video

"First Person View": The UAV is mounted with a camera and the operator has a

FPV live video feed displayed on either a monitor or virtual reality glasses

GimbaIA devices which carries a camera and is normally actuated using either a servo
motor or a brushless DC motor. A gimbal is what can stabilize a camera in flight.

GoPro The GoPro series of action cameras is widely used for taking and/or transmitting
video

LCD "Liquid Crystal Display" is a type of screen / monitor used to display the image
received by the receiver

0SD "On Screen Display" provides text on the monitor / screen which is being sent
from the aircraft (can include altitude, GPS location etc.)

VR "Virtual Reality" glasses or goggles provide the operator with a more

"immersive" experience
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clear

clc

%chord length of the wing
cw=0.8; % (ft)

Swingspan
b=5; %(ft)

$wing planform area

s=b*cw; % (ft"2)

%Aspect ratio

AR= (b"2) / (s);

$Lift slope of the finite wing (1/degrees)
a 0=0.0784;

$Max coefficent of 1lift

cl max=1.2;

%span efficiency factor

e=0.69;

$height of the wings above the ground
h=0.5; %(ft)

%$free stream density

rho=0.0023; % (slugs/ft"3)

%$0bstacle height for clearance (ft)
ob=6;

%$gravitaional constant

g=32.2; %(ft/s"2)

%nominal weight of the aircraft
W=14.1675/16; % (lbs)

%$Wing parasite drag coefficent

cd 0=0.012;

%angle where cl is 0

alpha 0=-2; % (degrees)

%$ground roll angle

alpha g=1.5; % (degrees)

$Scoefficent of 1lift (actual)

cl=a 0* (alpha g-alpha 0);
$coeffiecnt of rolling friction

mu r=0.02;

%sground roll parameter
phi=(16*h/b) "2/ (1+(16*h/b) "2);
$coefficent for fusalage drag equation
d0=-0.0001;

dl=0.00016;

$coefficent of drag of the wing

Cd w= cd 0+ phi* ((cl”2)/(3.14*e*AR));

%Total drag equation as a function of velocity
D=@ (v) (0.5*rho*(v"2)*s*Cd _w)+ dO* (v)+dl*(v"2);
$coefficents for thrust equation

502



c0=0.485;

cl=-0.0053;

c2=-0.00003;

$Thrust available as a function of velocity
T=@ (v) cO+cl*(v)+c2*(v"2); % (1lbf)

$Lift as a function of velocity

L=@(v) O0.5*rho*(v"2)*s*cl; % (lbf)

%Pt.1 of program. Estimating distance, velocity, and time to achieve
flight

%$Initial position, wvelocity, and time

x0=0;

v0=0;

t0=0;

Da=0;

Ta 0=0.46; S%static thrust = max thrust

max iterations=5000;

dt=0.005; %differential time change

$while loop for the rk4

while (L(v(i))<W && i<max_ iterations)
kl=(g/W)*(T(v(i))-D(v(i))-mu_r* (W-L(v(i))));

(
L(v(i)+0.5*kl1*dt)));
k3=(g/W)* (T (v (1)+0.5*k2*dt) -D(v (i) +0.5*k2*dt) -mu_r* (W-
L(v(i)+0.5*k2*dt)));
kd=(g/W)* (T (v (i)+k3*dt) -D(v (i) +k3*dt)-mu_r* (W-L(v(i)+k3*dt)));
t(i+1l)= t(i)+dt;
v(i+1l)= v(1)+(1/6)* (kl+2*k2+2*k3+k4) * (dt) ;
X (i+1l)= x(i)+(v(i)*dt)+(0.5*k1l*(dt"2));
Da(i+1)=D(v (1))
Ta(i+1)=T(v (1))
i=(1i+1);
end

%Deliverables for pt.1l
figure (1) ;

plot (t,x)

title('Position vs Time')
xlabel ('Time (s)'")

ylabel ('Position (ft)"')
figure (2);

plot (t,v)

title('Velocity vs Time')
xlabel ('Time (s)'")

ylabel ('Velocity (ft/s)")
figure (3);

plot(x,Da, x,Ta)
title('Drag and Thrust vs Position')
xlabel ('Position (ft)")
ylabel ('Force (1bf)")
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legend ('Drag', '"Thrust')

Pt 2 of program. using aircraft performance to estimate thrust,
power, and

Smaximum rate of climb angle

%cl after ground roll

cl var =@ (v) (2*W)/(rho*v"2*s);

%cd after ground roll

cd var= @(v) cd 0 + ((cl var(v))"2)/(3.14*e*AR);

$Thrust Required for unaccelerated flight

TR =@ (v) 0.5*rho* (v"2)*s* (cd var (v));

$Power required for unaccelerated flight

PR =@ (v) TR (V) *v;

%$Power available for unaccelerated flight

P =@ (v) T(v)*v;

%$Stall velocity

v_stall=12.6653;

%Rate of climb (ft/s)

RoC = @(v) (P (v)-PR(v))/W;

%conditions for loop

i=1;

v(l)=v_stall;

Thrust avail(1)=0.41306; %plug in stall velocity into thrust available
eq above

Thrust req(1)=0.012956; %Plug in stall velocity to the drag equation
Power avail(1l)=5.23155; %Thrust avail*v stall

Power reqg(l)=0.16409; SThrust reg*v stall

Rate of climb(1)=5.7229; %Plug values into RoC eqg above

dv=0.001;

while (TR(v(i))<T(v(i)))

Thrust avail (i+1)=T(v(i));

Thrust req(i+1)=TR(v (1))’

Thrust diffl= T(v(i))-TR(v(i));

Thrust diff2=Thrust avail (i) -Thrust req(i);

Power avail (i+1)=P(v(1));

Power req(i+l)=PR(v (1))

Rate of climb(i+1l)=RoC(v(i));

v(i+l)=v (i) +dv;

i=i+1;

if (Thrust diff2<Thrust diffl)

velocity theta max=v(i-1); S%horizontal velocity at max climb angle
RoC_theta max=RoC(v(i-1)); %Rate of climb at max climb angle

end

end

theta_max=atan(RoC_theta_max/velocity_theta_max); $max climb angle
(radians)

X_air=(ob)/tan(theta_max); %$Horizontal distance covered by the aircraft
while in climb

x_total=x+x_air; %Total Horizontal distance to clear 6ft obstacle
%Deliverables for pt.2 (graphs)

figure (4);

plot (v, Thrust avail,v,Thrust req)

title('Thrust available and required vs Velocity')

xlabel ('Velocity (ft/s)")

ylabel ('Thrust (1lbf)")

)
0.
(1
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legend('available', 'required"')
figure (5);

plot (v, Power avail,v,Power req)
title('Power available and required vs Velocity')
xlabel ('Velocity (ft/s)'")

ylabel ('Power (lb*ft/s')
legend('available', "required')
figure (6);

plot (v,Rate of climb)

title ('Hodograph Diagram')

xlabel ('Horizontal velocity (ft/s)")
ylabel ('"Rate of climb (ft/s)")
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