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Figura 4.7. Ejemplo de diagrama de Carga de Pago-Alcance (P/L-R) de una acronave.
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V-n diagram — Envolvente de Vuelo - |

Las caracteristicas de la envolvente de vuelo depende del tipo de certificacion

gue se le quiere dar al avion:

= FAR 22 - CS-22 sailplanes and powered sailplanes
= FAR 23 - CS-23 normal, utility, aerobatic and commuter aeroplanes

= FAR 25 - CS-25 Large Aeroplanes
Determina los limites del avion en términos de:
= Velocidades

= Alturas
= Limites estructurales

* Load factor, n
C
_____ Tm—
AL D
Moo [~ = ‘\\
c ‘ D’
N, 1,14\1"c gust—lm'af_,_.,—_,..’—'
_ 1 _—%= 4 Vp gust — line
/ | —
- - |
. L | |
g 10 <——————; i '
2 - 1 Normal Cat.
i X I v
\’K ~_ ) Speed, V,
. - <] Vs ! -~ — Vp gust —line EJ keas —m
RN ST "'”
~
-~ -
\\\ \—? — Ve gusty— line
-1.0 \
Cy.. :
N
1My A e Utility and
Indicated Airspeed MPH \G F acrobatic Cat
\ .
\
Ingenieria Figure 12.12 V-n Diagram According to FAR 23 lrg."
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V-n diagram — Envolvente de Vuelo - I

= Hay una serie de velocidades que se consideran importantes para la
determinacion del diagrama V-n:

= V- 1-g stall speed
= V, — the design maneuvering speed
= V. — the cruising speed
= V, — the diving speed
= Estas velocidades determinan la diferentes lineas de la envolvente de
vuelo. o

* Load factor, n
C
ol ; [ 7T\ b
e - - | N
O ,4\’,'- gust — Iinls/.p-"’l P
. - = Vp gust — line
_"/,, - |
. . . - [
Unidades Sistema Imperial o €T iy
o ”/x‘ ;;.;L““'t':_ Vp gust —!linc t 33::0'_\;',,
S T W
S~
\‘\ \-? — V¢ gust— line
-10 >
CNp] E
Mien - ility 2
- % £

:nirenfena ; I Figure 12.12 V-n Diagram According to FAR 23
i i PP Célculo de Aeronaves © Sergio Esteban, sesteban@us.es 3
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* Load factor, n

C
B e
£
nlimwa I — I e D
D’
Cn I,AVC gust-—linlp/_,/
| E /-‘ﬂ-ﬁi- Vp gust — line
= ol !
/' / ‘
10 &—————~— :
~ Normal Cat.
S |
/\/& - B — + Speed, V.
i SaskreiinCp:-FUSE = 0 E] keas —
0 _‘E"“"'\. = \ !
\\\ l\\“‘\
\\\ » — Vi gust}— line
=10 F - \ [
Cy f
Dy e e
i 4 Utility and
Vg - 1-g stall speed acrobatic Cat.

V, — the design maneuvering speed
V. — the cruising speed
Vp — the diving speed

Ingenieria

Aeroespacial

Figure 12.12 V-n Diagram According to FAR 23
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1-g stall speed
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* Load factor, n
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Figure 12.12 V-n Diagram According to FAR 23
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V¢ - 1-g stall speed

Velocidad de entrada en pérdida

Vg = \/ W epwo
g{: H L knmmlhtlc)s

Coeficiente de sustentacion maximo (condicion equilibrio)

CL —— CL"“"‘(H - 1)

max(effective) n

C_max(N=1) viene determinado por tunel de viento (herramientas de céalculo)

Durante estudio de maniobras de entrada en pérdida suele producirse n=0.9

n =09
CLast = 1)
Cgiaﬁ'rma.rl:cantrouaﬁﬁe:] — 1716‘L’mur[coﬂh'o££ab£e}l - CLM{EHEEIH."E} - e n
Lmaw(controllable) = OLmaw(effecti've)

Ingenieria
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V, — the design maneuvering speed

Design maneuvering speed: relizacion de maniobras

24000

n-lim.pos 2 2~1

T Wrpew + 10000
Wepew 1N 1bs

LT need not be greater than 3.8

iy, = 4.4 for utility category airplanes

iy, = 0.0 for acrobatic category airplanes

n impuesto RFP

Ingenieria

Aeroespacial
TR T

* Load factor, n

C
) A l, /l\ b
liMyy, [ ————— — -
- I
¢ + Ve gust — linlp /’\ D’
c -
- 1 Vp gust — line
|
Normal Cat.
Speed, V,
keas —
0
Vp
-1.0
E
limy,, - +
' Utility and
acrobatic Cat.

Figure 12.12 V-n Diagram According to FAR 23
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— the design cruising speed

Ve 2 ke /( Wepgw )/S

* Load factor, n

Sinft?  pe——
nimm Sy p— D
V. en unidades keas | I
(knots equivalent air speed)
Velocidad calibrada para )
- ags .-""—""'
efectos de compresibilidad 10 <______
. . ) Speed, V,
Vo) < Vg LS " Soesd ¥,
V, es la velocidad horizontal maxima B
obtenida con maximo empuje o potencia c E
iy Utility and
acrobatic Cat.
_ Figure 12.12 V-n Diagram According to FAR 23
k¢ varies linearly from 33 to 28.6 as the wing loading varies from 20 to 100 psf,

for normal and utility category airplanes

k. =33 for normal and utility category airplanes with wing loadings up to

Ingenieria i .‘"Pq."‘
Aeroespacial Célculo de Aeronaves © Sergio Esteban, sesteban@us.es g8 U=
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V. — the design cruising speed

Ve = kc\/( Wepow /S

33

28

Wepew/S [psf]

varies linearly from 33 to 28.6 as the wing loading varies from 20 to 100 psf,
for normal and utility category airplanes

k. =33 for normal and utility category airplanes with wing loadings up to

Wepgw/S = 20 psf. _
Ingenieria . 4&-
Aeroespacial Célculo de Aeronaves © Sergio Esteban, sesteban@us.es 9 Uk



Vg — the diving speed

* Load factor, n

Vp {or Mp) = L.25V, (or 1.25M)

*.
_ —3 H Vpq gust — line
— *‘. “

|
I
I
I
|

| J

\ VD gust —Ilmc

’-,’.,_-
<
&

Ve 2 ke f/( Wepgw /S

n .
limip,

Utility and
acrobatic Cat.

Figure 12.12 V-n Diagram According to FAR 23
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The negative 1-g stall speed - V..,
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Figure 12.12 V-n Diagram According to FAR 23
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The negative 1-g stall speed - V.,
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Design limit load factors — n;..& Ny .,

Nimpe

Ingenieria

Aeroespacial
Thi - Urversided oe Sevite PO

= 2.1

24,000
Wipow + 10,000

+

4 Load factor, n

10 [ E-————~

DNjime

need not be greater than 3.8

Ny, = 44 for utility category airplanes

Nim,, = O

0 for acrobatic category airplanes

+ Ve gust — li

_.-—""'VD gust — line
.—-""’. +I

-1.0

\* |\\"
» — V¢ gusy — line

N

‘ D iftineg

Normal Cat
I . + Speed, V,
- VD gllst _Illne E keas —3
T~~~ ..i Ve Vb
|

Utility and
acrobatic Cat.

Figure 12.12 V-n Diagram According to FAR 23
Dy, = 0.4nh—mpw for normal and for utility category airplanes

Dy, 2 0.5ny,, for acrobatic category airplanes
Célculo de Aeronaves © Sergio Esteban, sesteban@us.es 13
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Gust Load Factor Lines

* Load factor, n

| KU, VC _ ,
g de L nhmm ——————————— _—y
n.. = 1 % - \ N N D’
fim 498(Wpgw/S) — G —
17

.88 .. g
K, = 9880 gy subsonic airplanes o é_'_f:j
. d 5-3 + I.lg \" 4
“0 o3 >l | —
K, = for supersonic airplanes 0 pe== - =
BT 69 + ul03 P P - Vo
-1.0 -
0 = 2(Wepgw/S) .
s pcegCy, N i v )
Mgy [~—=— tility an

acrobatic Cat.

is the airplane lift-curve-slope in 1/rad

Figure 12.12 V-n Diagram According to FAR 23

is the derived gust velocity, which is defined as follows:

For Vo gustlines: U, = 50fps for altitudes from sea-level to 20,000 ft

Uge = 66.67 — 0.000833 h for altitudes from 20,000 ft to 50,000 ft
For V|, gust lines :

Uge = 25fps for altitudes from sea-level to 20,000 ft
Uge = 33.34 — 0.000417 h for altitudes from 20,000 ft to 50,000 ft

e

Ingenieria . .-W"
Aeroespacial | Célculo de Aeronaves © Sergio Esteban, sesteban@us.es 14 =



‘_L V-n FAR 25

The Design Maneuvering Speed, V 4

Va 2 Vg (0 )

The Design Speed for Maximum Gust Intensity, Vg
Ve 7777

The Design Cruising Speed, V¢

Vo= Vg + 43 keas

The Design Diving Speed, Vy

Vp (orMp) = 1.25V; (or 1.25M)

Ingenieria

o .
u Aeroespacial
— T

* Load factor, n

n;;
limpey

Figure 12.13 V-n Maneuver Diagram According to FAR 25

* Load factor, n

1.0

Figure 12.14 V—n Gust I]'iagram AL‘mrdinE to FAR 25

Célculo de Aeronaves © Sergio Esteban, sesteban@us.es



‘_L V-n — FAR 25

* Load factor, n

D
Dimy, |

: >
|
|
|
l
|
|

1.0 ;
|
| Speed, V,
| keas —w-

0 :
I Ve Vo
I
I

~1.0
F
Figure 12.13 V-n Maneuver Diagram According to FAR 25
:nqg gﬁéaespgg{g{ i
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Design limit load factors — n;...& Ny .,

Ci

* Load factor, n

Ve gust line

V. = 2Wrpwo
S C S
p Nm[ﬁmhﬂhhh}

Lo

Figure 12.14 ¥—n Gust Diagram According to F'AR 25

24,000
- o= 21 + :
i Wrpaw + 10,000
Dy, may not be less than 2.5
nlim,.,, need not be greater than3.8atwW = WFDGW

Ny, Must be selected by the designer,
My, = — 1.0 for speeds = V¢

Ny, Varies linearly between Vi and Vp

[*] Ingenieria
] ‘ . :
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Gust Load Factor Lines — FAR 25

KoUye V Cp_

=1 +
I]lun 498(WFDGw/S) \Efacton n
0.88 B
. = 222l for subsonic airplanes ]
53 + kg
and
" £ 1
K, = or supersonic airplanes 0
5769 + w3 P P ‘
‘" = 2(Wgpgw/S) 0
C,  1is the airplane lift-curve-slope in 1/rad -1.0

U4, is the derived gust velocity, which is defined as follows:

Figure 12.14 V—n Gust I]iagram A.L‘mtdinE o FAR 25

For Vg gust lines :
Uy = 66fps for altitudes from sea-level to 20,000 ft

Uy = 84.67 — 0.000933 h for altitudes from 20,000 ft to 50,000 ft

For Vo gustlines: U, = 50fps for altitudes from sea-level to 20,000 ft
Ug = 66.67 — 0.000833 h for altitudes from 20,000 ft to 50,000 ft

For V, gust lines :

Uge = 25fps for altitudes from sea-level to 20,000 ft
S Uje = 33.34 — 0.000417 h for altitudes from 20,000 ft to 50,000 ft

Aer o ?Qf?’, Célculo de Aeronaves © Sergio Esteban, sesteban@us.es



Military Airplanes

* Load factor, n

L See Table 12.1

Bimpn,

The military gust diagrams are the same as those of FAR 25,

V is the maximum level flight speed combination of weight
and altitude. 1.0

I Transports and Speed, V.
keas —

0
V is the maximum design dive speed. Typically: V| = 1.25Vy.

Mg Fighters and
See Table 12.1 Trainers, See
Ref. 12.5
Table 12.1 Design Limit Load Factors for Military Airplanes {MIL-A 8861 (ASG)}
Fi 12.1 M i Airpl
Adrplane Type Design Limit Load Factor at igure 5 V-n Maneuver Diagram for Military Airplanes
Flight Design Gross Weight:
Wenow
USAF USN Diig,, Diim,
Fighter 8.67 -3.00
Attack Fighter, Attack, Trainer 7.33 -3.00
Observation 6.00 -3.00
Trainer 5.67 -2.33
Utility Utility 4.00 —2.00
Small Bomber 3.67 —1.67
Medium Bomber,  Patrel, Weather, 300 1.00
Assault Transport  Anti—subinarine, Reconnaissance ' '
Medium Transport 2.50 -1.00
Heavy Bomber, -
Heavy Transport 2.00 1.00
m

B Aeroespacial Calculo de Aeronaves © Sergio Esteban, sesteban@us.es 19



Caution

3 Range Never
Exceed

Speed

Load Factor

20 40 60 80 100 120 140 160 180 200 220 240

Indicated Airspeed MPH

Ingenieria — =
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