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Static Aeroelastic Gradients
The Gradient Method

The static constraints can be written in general as
g = f(u,v) (B.1)

The sensitivity of thejth constraint to a change inithe  design vari-
able is given by
T
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ov, 0v. 0u 0V,

(B.2)
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In general the direct dependence may e%?-ivét:: oé
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oif M, K, B are linear inv thelkJ =0
i
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Displacement constraints
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*Displacement, Stress, Strain, and Static Aeroelastic responses gre

ou
dients requir@aT/g

Differentiating the Static Equilibrium Equation (in the g-set)
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Appendix A. (Mass and stiffness need only be reduced once) gra-
dient information is obtained by FBS)

are solved for by reduction and recovery similar to
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oP
For the present assunssg external loads do not depend on the desic

variables.

*This Is true for both the steady and unsteady aerodynamic matrice
currently under consideration

Therefore the RHS of (B.3)can be defined as

oR oK oM

J= 9% -9 (B.4)

6_\/i ov, 9 dv, 9

*Reduction of the load vector to thesetfollows as in Appendix A

a_Rn — ﬁn + T a_Rm
avi ov. m”dvi

(B.5)
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The single point constraints are removed by a partition af-i$etto

oR
give a_vn' Further partitioning gives tleesetand theo-set
i
oR, OR oR
a _ a 0]
=~ S 3v. + GOW (B.6)

Finally the partitioning to the I-set and r-set results in an equation equiv-
alent to equation 24 in Appendix A.

Kolonay B.6



O O m

Ky Ky MD+M,,

r

ou

N I O O

D
c

(o))
<

D
c

-

Q
<

Q
C:

-

N o B
I

(o))
<

D

From the third row of (B.7%7r can be determined.
i

This result and invoking the assumptig\llﬂrr =0
i
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Recovery of thé-setacceleration sensitivities follows 3\\%' = Da_vr
i i

Displacement sensitivities in tlvesetare then obtained

ou oR ou ou

a_v:) . Kg(l){a—vio—[l\/looGo + M a_via " GOG_\/? (B.8)
Equation (B.2) gives same result if dond-Betor g-set need only
recover tdf-set Z—l\jlf IS obtained by merging the-setanda-setsensitivi-
ties.
If computations are iirsetmust reduc%-L vector feset

: f. f.
ZL; _ ZLJH +TngT:n (B.9)
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Static Aeroelastic Sensitivities

Differentiating the static aeroelastic equation of motion irfietgives
O OUr gy 0Ky o OMyr
ffov ffov fov, ov T ov
The sensitivity of the orthogonality condition is also required

: (B.10)
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[] [] _ .

This equation is used as a constraint when constructing
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Partitioning (B.10) into the I-set and r-set using (B.11) results in
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Where—— is recovered from
ov;
ou
| -1 r

— = RJ|IP -—+ — — R

ov, 11{ lov, ov. odv; av, 13dv,
Equation (B.12) is the basic equation for sensitivity analysis. The
unknown values (either trim parameteys, or acceleratwons, ) have

R O0R.,,0U ou
200 | 120U, } (B.13)

sensitivity values while those that have been fixed do not.

ou oR oR
1 2 ~1_ 195 9R _19Ry
[Kzz‘ K21K11K12Ja—\,i - [Pz - K21K11F’1}a—\,i Tov T K21Klla—vi (B.14)

Notice thatL andR from the static aeroelastic equation appear here and
need not be recomputed.

Partitioning and moving all unknown sensitivities on LHS yields
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The basic trim sensitivity analysis involves the solution of (B.15)for , —
N/ie avi

The displacement sensitivities are recovered by (B.13) and rldﬁir@ ur, u2 = Ur
Thef-setsensitivities are determined by merging theetand thea-setwhere theo-setis
ou ou -1 200
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Alleron Effectiveness Sensitivity

Recall aileron effectiveness definition as

o o
[C| []
i ) ] 6aD
eff ] [f
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where
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ail alil
with ul : ur . ulp, UF are the pseudo-deformations for unit control surﬁgcﬁ &ﬁd

Sensitivities require recovery of these displacements.
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The sensitivities of the stability derivatives are

ail
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with 3v. ' gy, are the sensitivity of the pseudo displacements found from (B.14) as
|
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Where for aileron effectiveness (Steady rSH\)/—, FVi { 0}

In general for any flexible stability derivative
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