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Lecture 20 Powered Flight Guidance #H11.7

Powered Flight Maneuver Equations
Required velocity: v, (¢t,r)  Velocity-to-be-gained: v ()  Vehicle velocity: v(?)

V+Vg:VT

dv N vy dv, v, N ov,dr _ Ov, N 8VTV_ ov,. N avrv B 3VTV
.  dt  dt Ot or dt Ot or 0ot or " or Y
dv ov
_ 9 _ _ r
g(r) + aT + dt g(r) 81’ Vg
dv ov dv ov
g _ T * r
E__arvg_aT — d—tg:_cv'q_aT where |C* = o

This is the fundamental equation for the velocity-to-be-gained.

Constant Gravity Field Example

e r(t) =1y + (t —to)vy + 5(t —1,)°g
— =V t —
dt r(ty) =1y _— or, with change of notation,
dv _ g v(ty) = Vo
dt r(t) =r(t) + (&, —t)v,.(¢) + %(tl —t)’g
1
t) = —r(t) = L(t, —t)?
vi(t) = gl —x() = 5t )’ dv, 1
Hence T Tat i —ive A
OV 1 dt =t
C'(t)= - =— I
or t, —t

To optimize the control of the thrust direction for the purpose of minimizing the fuel
consumption, we convert the equation for the velocity-to-be-gained vector to scalar form
by multiplying both sides sides by v,

dv d _d 2

g _ o 2
Mo~ Ve Ve T gl T %

d
(ty —t) vl =202 —2(t, —t)ay - v,

dt

Next, integrate by parts from the current time ¢ to the time of engine cut-off ¢_,

tco

(ty — t)vg(t)

teo tco
+/t v2(t) dt:/t 202(t) — 2(t; — t)a, - v, ] dt

t

tCO
/ 2(t, —thap v, — "U;] dt = (t; — t)vﬁ(t) = constant at the time ¢
t

. S . dv
To minimize the time interval ¢, — ¢, choose | a; || v, | or equivalently, | —Z x v, =0

dt
to maximize the integrand—the latter is referred to as Cross-Product Steering
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Vehicle Orientation Prior to Cross-Product Steering

. dv dv,
Define a vector p(t) = -C*(t)v,(t) = dtr —g(r) so that prk p(t) —ap
Then, to determine the direction of the thrust acceleration vector a;
dv

g _ _
EXVQ_O — ap XV, =p XV,

(ar X v)) X v, =(pXVv,) XV,
(ag - vy)vy — USaT = (P vy, — Usp
ap =p+(¢—1i, -p)i, where g=ap-i,
To obtain ¢: ar-ap=ap=[p+(q—1i,-p)i,]-[P+(¢—i, pi,]
so that q= \/G2T —p?+ (ivg - p)?

Clearly, cross-product steering is not possible unless a% > p?.

Hyperbolic Injection Guidance

where vi (r+ilr)(D? —1) = 4p
To obtain the C* matrix, first calculate:
ov, 4 . ..0D 0i,
or = Evoo(loo + IT)E + §voo<D - 1) or
oi,. 0 (r) 10r 1 oOr 1(I i i)
—=—(-)]=-—-5r—=-(I-1ii
Oor  Or \r ror  r2 or r rr
E = Vs 8,[LD (loo+lr)
D—-1 3 (D? —1)?
Then C* = %T)(I — iri:) — %(iw + ir)(ioc + iT>T

Circular Orbit Insertion Guidance

w. . v
VTZ\/;lnXlTZSnI‘ 3

where i, and S, are

n, 0 —-n, mn,
i, = |n, and S, =1 n, 0 -n,
n —n, Ny 0

Then






