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Body-fixed Frame:

* xpg —out the nose
Frames « yg — out the right wing

* Zzpg —nhormal, down
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Frames

Defined in body:

* u,v,w — velocity

* p,q,r—angular
rates
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Background image:
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Body-fixed Frame:

* xp — out the nose

« yp — out the right wing
* Zzpg —nhormal, down
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Body-fixed Frame:

Defined in body: * xp—outthe nose
Frames . u,v,w — velocity « yp — out the right wing
- p,q,r —angular * zp —normal, down
rates Stability Frame:

< *  x, — rotated about a (angle of attack)
from body x5

M = YB

» z¢—normal of xg, y,

* No sideslip

» Aerodynamic forces and moments
defined in this frame.

\>,

NOTE: x; is defined in the
Xg, Zg plane along the
vector sum of the u and w

@ componets of Vy
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Body-fixed Frame:

: : _ . — out the nose
Eram Defined in body: Xp — OU . .
ames . wv,w—velocity | * ¥p—outthe right wing
- p,q,r —angular * zg —normal, down
rates Stability Frame:

*  x, — rotated about a (angle of attack)
from body x5

* Vs = YB
» z¢—normal of xg, y,
* No sideslip

Aerodynamic forces and moments
defined in this frame.

“Wind” Frame:

* x,, defined on the total velocity vector
(airspeed vector)

« Same as stability, but with extra
sideslip rotation

* Opposite to “free-stream” V,

xw / T Background image:
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Body-fixed Frame:

Frames

Defined in body:
* u,v,w — velocity
* p,q,r—angular

xp — out the nose
yp — out the right wing
Zg —hormal, down

rates Stability Frame:

%MEMBER: WE DO

<.

S '
Background image:

x, — rotated about a (angle of attack)
from body x5

Vs = YB
z, —normal of xq, y,
No sideslip

Aerodynamic forces and moments
defined in this frame.

*“Wind” Frame:

x,, defined on the total velocity vector
(airspeed vector)

Same as stability, but with extra
sideslip rotation

Opposite to “free-stream” V,,

http://upload.wikimedia.org/wikipedia/commons/ 5/5¢/C_172_line_drawing_oblique.svg

Robot Dynamics - Fixed Wing UAS: Basics of Aerodynamics | 02.12.2015 | 7



Frames

N,E)-----f----- Al
v E (N, E) \

“horizon” plane

LOCAL INERTIAL

FRAME
D (“SIDE” VIEW) Longitudinal view in the inertial frame:

0 — pitch angle, defined from the

horizon to xp

« vy —flight path angle, defined from the
horizon to V;

* a — angle of attack, defined from V;
to Xp

« ¢ —roll angle, defined from the
horizon to yp.

* Note the xg axis is pointing out of the

page in the rolling figure.
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Lateral-directional view in the

inertial frame:

« P —yaw angle, defined
from North to xg

« & — Heading angle, defined
from North to airspeed
vector Vy

* [ —sideslip angle

* Note the heading angle is
defined to the lateral-
directional projection of the
airspeed vector on the N,E
plane (or the "horizon
plane"). l.e. if the aircraft is
flying at a non-zero flight
path angle y, the V; and
B shown here will be
smaller than their true
magnitudes.

Frames

LOCAL INERTIAL
FRAME
(TOP VIEW)
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Lateral-directional view in the

inertial frame:

« If a constant wind is added
in the inertial frame (i.e.
the air-mass in which we
are flying is now moving
with some velocity with
respect to the ground),
note the velocity a GPS
reads will differ in
magnitude from the
airspeed vector and point
in a direction that is no
longer equal to the
heading of the aircratft.

Frames

XB

LOCAL INERTIAL
FRAME
(TOP VIEW)
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Development of the Model

= Summarized equations of motion:
» Translation

U= rV—C{W—I-i(FT coss —Dcosa + Lsina)—gsiné
m

V= pw—ru+iY + gsingcoséd
m

W=qu— piji(FT sing —Dsina — Lcosa)+ g cosgcosé
m

y :CEB v
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Development of the Model

= Rotation (simplified with I, =0):

p=|i[|_+ L —qr(l, -1,,)]

XX

. 1
qZI—[M + |\/IT o pr(lxx_ Izz)]

yy

r'zli[N +N; — pOI(|W— Ixx)]

7z

p+qtandsing +rtanfcose
=J. | q|= qcosg —rsing
sing | C0Sg
cos¢  cosd

- S
o
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Decoupling Dynamics

= Longitudinal states:
" u,w, q,0 —note: these are defined in the body-fixed axes
= Auxillary state: a = tan~1(*/y)
= Set remaining states to zero.
= Lateral-directional states:
= p,p,r, ¢, P —note: these are defined in the body-fixed axes
= Auxillary state: B = sin™*(V/y. )
= Note yaw angle, ¥, has no effect on the dynamic.
= Another note: 8 = a = const. NOT necessatrily zero.
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Decoupling Dynamics

= Longitudinal dynamics:
» Translation

U= rV—C{W—I-i(FT coss —Dcosa + Lsina)—gsiné
m

V= pw—ru+iY + gsingcoséd
m

W=qu— piji(FT sing —Dsina — Lcosa)+ g cosgcosé
m

y :CEB v

Robot Dynamics - Fixed Wing UAS: Stability and Dynamic Model | 02.12.2015 | 14



Decoupling Dynamics

= Longitudinal dynamics:
» Translation

U =®—qw+£(FT coss —Dcosa + Lsina)—gsiné

m
. 1 :
iy eSS @ Seisian
m
W=qu —@+%(FT sing —Dsina — Lcosa)+ gc@®pcosd
" U
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Decoupling Dynamics

= Longitudinal dynamics:

= Rotation 1
pZI—[L+LT_qr(Izz_|yy)]
. 1
qZI—[M_I_MT_pr(Ixx_IZZ)]
yy
. 1
r:I—[N+NT—pq(IW—IXX)]
(@ | (p|] | p+gtan@sing +rtan@cose
01=J""q|= gcosg —rsing
v r singo+rc03go
- - cosd cosé@
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Decoupling Dynamics

= Longitudinal dynamics:
= Rotation 1

| T 2z yy
.1
4= v, - SSD.)
yy
1
| T yy XX

cosé@ cos @
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Power Required and Available for Level Flight

2
=22 Cp(CL)

= Given: drag coeff. as a funcion of lift coeff.: C, (V) = ApvZ

1
= Required power; Preguirea =DV _E'OV AC,

= Specific Excess Power: SEP = (Pavailable - Prequired)/(mg) ~ Vclimb,achievable

Max. Range*(V,ma): AS=VAT =V AE — max

Pln

A

Pavailable & E = D = mg( Dj g C - mm &S & — max
V C, C

D

Power

4 Pexcess Best glide ratio

Max. Endurance*(Vymay): P/7— min
IDrequired C 2m C
A l» < P=VD-= VmgC Ag-mgC—Dc>
Vstall Vemax Vrmax Vmax V 3 L IO L L
True Airspeed c Minimum sink in
* Assuming constant propulsive efficiency n D glldlﬂg mode
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Power

Power Required and Available for Level Flight

= Given: drag coeff. as a funcig

Generally, power is a change in energy
= Required power; Peqira = D-Vj Over a change in time: P = A—En Note:
propulsmn systems are not 100% eff|C|ent|

= Specific Excess Power: SEP . v b e
Max. Range*(V,max) AS =VAT = % max
P C
Pavailable & — = — mg(_D] - min & L — max
L D
In steady state, . :
P )
4 Pexcess level flight, L = Best glide ratio
W = mg! ndurance*(Vqy.y): P/7— min
Prequired C 2m C
A , ;=<:>P:VD:V-mg(—DJ= J mg| 22 |
Vstall Vemax Vrmax Vmax Vne 3 CL pACL CL
. C. . L
True Airspeed > —> Max| Minimum sink in
* Assuming constant propulsive efficiency n CD g lidin g mode
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Ralph Paul (Solar Impulse) next week!

= EXxercise today. HG E 27
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