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3.3.4 Shift in neutral point by freeing the stick
The shift in neutral point by freeing the stick is given by :

Cth - E
(1-D=Vun(l - o) (3.16)

Law

cC cC

Example 3.1

Obtain the shift in the neutral point for the airplane in example 2.4. The
values of some of the parameters are: iy = 0.738, n = 0.9, Cpqw = 4.17 rad™?,
CL= 3.43 rad™, de/da = 0.438. Assume 7 = 0.5, Chse = - 0.005 deg™,
Chat = - 0.003 deg™. Substituting various values in Eq.(3.16) yields:

f=1-0.5( '0'003) =1-0.3=0.7 and
-0.005
Ko Xwe = (1 - 0.7)x 2234 0.738% 0.9 (1 - 0.438) = 0.0921
cC ¢ 4.17
Remarks:

i) Inthis case, by freeing the stick, the neutral point has shifted forward by

0.0921c or the static margin has decreased by 0.0921. In other words
Coa - Cho =-0.0921C
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ii) If Cpy is positive and Cpge is negative then (1-—"%7) can become more that
hde

one and stability will increase on freeing the stick. It is explained in

subsection 3.4.4 that for proper variation of stick force gradient, Cpse should have

a small negative value. Control of Cyq Within narrow limits is difficult and

generally Cpqt and Chse have small negative values.

Example 3.2
An airplane has the following characteristics.
CLaw= 0.085 deg™, Crq= 0.058 deg™, dC./dde = 0.032, Cpg: = -0.003 deg™,Crst =
-0.0055, iy =0, ag. = -2°, ik=-1°, €=0.50q, $;=0.25 S, |, = 3T, W/S =1500 N/m? ,
a.c. location = 0.25¢T, n = 1.0, (Cina)tnp=0.37 rad™.
Obtain
i) Stick-fixed neutral point
i) Stick-free neutral point
iif) Stick -free neutral point when Cyq: is changed to 0.003.
Solution:
The given data is:

C,,, = 0.085, C = 0.058, dC_/d5,=0.032
C,s, = - 0.0055,C, = -0.003
i, =0,0,=-2"i=-1,€e=05aq,

S,=0.25S, |, =3c,a.c.at 0.25 c,
n=1.0,(C,q)n, = 0.37 rad™

C_,, =0.085 deg™ = 4.87rad"
C, =0.058 deg™ = 3.323 rad™

E =05, V, = i I=t =0.25x3=0.75
da S ¢

r =C,,/ C,, =0.032/0.058 = 0.552

(i) Stick-fixed neutral point:
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XNP — Xac 1 C:Loxt dE
4= = fe. C +nVvV,—/(1-—

C C CLGW ( mcx)f,n,p n H CLGW ( dd )
=0.25- 1 x0.37+ 1.0 x 0.75 x 3.323 (1-0.5)
4.87 4.87

=0.25-0.0759 + 0.256 = 0.4301
(ii) Stick-free neutral point:
XNP —_ Xac 1 CLat dE Chat
_— - i C + V - 1'_ 1' -
c c CLGW ( ma)f,n,p n H L ( da )( T Chée )
=0.25 - 0.0759 + 0.256 {1- 0.552 ( 0.003 )}
-0.0055

=0.25-0.759 + 0.181=0.355

(iii) Stick-free neutral point when Cpq = 0.003

Xwe = (25 -0.0759 + 0.256{1-0.552 (—2203
c -0.0055

=0.25-0.0759 + 0.331 = 0.5051

)}

3.4 Stick force and stick force gradient

Figure 3.1 shows the schematic of the control surface, the control stick,
the hinge moment (He) due to pressure distribution and the stick force (F). As
mentioned earlier, a nose up hinge moment is taken as positive. The convention
for the stick force is that a pull force at the stick is taken as positive.

The relation between F and He is given by :
F=GH,=G %pVZ NS.ceC.. (3.17)

where, G is the gearing ratio. It may be pointed out that G is not dimensionless; it

has the dimension of m™.

Recall that:
Cre = Cphat 0 + Cp5.0,+ C 5,0, (3.4)
&, = Gyt iy -y, + - (1-2): ¢, ~C, (2.44)
Law a
dC 1
= (Cma)stick—fix (271)

(d_C:L )stick—fix C

Law
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1 ,dC
6trim = 6eOCL-$(d—C{1)stick-fix CL (284)
Substituting from Egs.(2.44),(2.71)and (2.84) in Eq.(3.4) yields :
.. C de Cs ,dC
Che :Chat {GOLW+ It-IW+T:w(1-_G)}+ Chat 6t + Chée 6eOCL'i (d_CL)stick-fixCL (3-19)

Rearranging yields:

o C dC
Che= [Crat (Oou + 1= 1y, )¥ CrseBeoer ] + Criandi- == C[( )stck-ix
Cm6e d L
Cmée Chut ( %)] (320)
Chée CLaw da
Substituting C, 5.=-V, n, C 7, gives:
dC C.s C
(—m)stick-fix - —moe —hal (1 )
dCL Chée CLC(W dd
dC C 1
= . +V,n C hat _— (1-— 3.21
( dCL )stlck fix r]t Lat Chae CLQW ( da) ( )
From Eq.(3.14a) the r.h.s of Eq.(3.21) is ( C"‘ )stick tree
L
Substituting from Eq.(3.21) in Eq.(3.20) gives:
C
Che =A+ Chét 6t - Chée C ( m )stlck free (322)
mde L
where, A =Cy (O, +ii-1,,) + Crge Dot (3.23)
Substituting, from EQq.(3.22) in Eq.(3.17) and noting C, = T yields
~pV?®S
2
1 - C w dC
F = G Ep V2 n Sece {A + Ch5t 6t- noe 1 ( de )stick-free}
se —pV?*S L
2
Or F=KZpVHA + Cp 8} - K g (S0 (3.24)
S C dCL stick-Tree
where, K =G n S_ce (3.25)
Or F_ GNnS.ce{A+C, d,- Croe C ( S ),Stlckfree hq= 1 p V? (3.26)
q Cm6e 2
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Hence,

d(7g) Coge , AC
/ GI']S C Chée ( de )stlck free (327)
L

mde

3.4.1 Dependence of stick force on flight velocity and airplane size
The first term in Eq.(3.24) depends on V? and hence, the stick force
increases rapidly with flight speed. The constant K in Eq. (3.24) involves the

product SeC, in it. The quantities ¢, and Se are roughly proportional to the linear
dimension of the airplane and its square respectively. Thus, the product SecC, is

proportional to the cube of the linear dimension of the airplane. Hence, the

control force which depends on Sec,could be very large for large airplanes.

Manual control is not possible in such cases (see section 6.12).
3.4.2 Tab deflection for zero stick force

In section 3.1 it was noted that the stick force can be made zero by proper
tab deflection. An expression for this deflection is obtained below.

Consider the second term in Eq.(3.24). Noting that (a) Chse iS generally
negative (see section 3.4.4), (b) Cnse is negative and (c) (dCr, / dC\)stick-ree IS
negative for a stable airplane, the second term in Eq.(3.24) is positive for a stable
airplane. Further, the first term in Eqg.(3.24) depends on V and & Hence, at a
given V, the stick force can be reduced to zero by proper choice of &; (Fig.3.5).
The operation of making stick force zero by proper tab deflection, is called

trimming the stick. Equating r.h.s. of Eq.(3.24) to zero yields (&))uim for chosen

Vtrim i.e.
1 W C,,  dC,.
0= KE p trlm {A + (:hﬁt(6 )tnm} K— S Ch6 ( dCL )st|ck free
W
Or (6t )trim =- = {A - h6e /S (dC )stick—free} (328)
Chst Cmée 7pvt$|m dC,

Differentiating Eq.(3.28) with C, yields :
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A@um _ Cree 1 (9Cppy (3.29)
dCL Ch6t Cmée dCL

Substituting dyim from EQq.(3.28) in Eq.(3.24) , the stick force becomes:

W C dC V2
F=K—=m m -1 3.30
S C (dCL )stlck free (Vtim ) ( )

)
Full
100+

F(N)
slope = dF/dV

= \/ (kmph)

400

-1004
FPush . ﬁt= 0

Fig.3.5 Variation of stick force with velocity for different tab deflections-schematic

3.4.3 Stick force gradient
The stick force gradient is defined as dF/dV. Differentiating Eq.(3.30) with

V gives:

dF W C.,, ,dC Vv

—_— = 2K — ( - )s’nck free \ 2 (331)
dv S C, dC, Viim

When V = Vyim, the stick force gradient, (S—C)trim, IS :

dF, o W chée(dc 1 (3.32)

(W)trim - S C dCL )stlck free ﬁ

Figure 3.5 shows the variation of the stick force with V and the gradient (dF/dV)

at V = Vyim. See example 3.3.
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