Problem Sheet Eight - Answers

30. This problem will compute values needed in problem 31 also.
Sealevel: M, = 0.25, a = 1116.4 ft/sec V=M,a =025(1116.4) = 279.10 fi/sec

p = 0.00237 slug/ft?, gbgr = 12p V2 = 1/2(0.002377) (279.10)> = 92.5804 Ibs/ft>
b 2 2
L =c 9557 _ (45223804 G00)U95.68) _ _;5718000.68 fi-Ibsiradsec
Y 2 (279.10)
L
£ = L,/18200000 = -0.8636 /sec
L, = C, §Sb = 0.0461 (92.5804) 5500 (195.68) = 4593345.439 ftIbs/rad
L
L, d -2t
Ap() = -— "[1 e " }
LP
Ap(t) _ 4593345.439 S5n [1 _ 6_0'8636t]
~15718000.68 | 180
Ap(f) = 0.0255(1 - ¢ 08636¢)
A ’( 08636t)d o 086361 |1
£ = 00255 (1 - e t = 0.0255|¢t -
& { ~0.8636 |,
Ad(r) = 0.0255¢ + 0.0295[ ¢ 08636« _ 1 |
At 40K ft;
V = Ma = 09(968.08) = 871.2720 fi/scc p = 0.000587 slug/fi’

g = 12pV? = 1/2(0.000587) 871.272% = 222.8002 Ib/ft>

p 2 2
L = d50° _ 30 (2228000115500 (195.68)° _ _g078090.06 ft Ibs/ rad/sec
g 2(871.212)
L
- 78078090.06 _ 4 4438 ssec

“p
I 18200000

L, = Cla q Sb = 0.014 (222.8002) 5500 (195.68) = 3357010.821 ft lbs/rad

Inserting into the equations above for p(t) and ¢(t), we get



Ap(f) = 0.0363[1 — ¢ 04438¢]
and
Ad@ = 0.0363¢ + 0,0817[‘3—0.4438, _ 1]

31. Aileron input at full control = 30 deg

a) Sealevel:
L
Ap - i d, = - 4593345439 | 30m |\ _ 1530 rad/sec = 8.766 deg/sec
Lp -15718000.68 \ 180
40k ft
p, = -327010821 1 30m ) _ 5176 ragssec = 12.467 degsec
-8078090.06 \ 180

b) General Solution

Ap@) = Apss[l - e“t} + Apye?!
integrating:

a

A = Apss[t _ 1 ger 1>] AP )
a

(Note that this version of the general solution is needed if you decide to do the “extra problem.”
However for the case of interest here, we have A p, = 0, and can substitute numbersin for the

sealevel case:

A0 -0.8636

0.1530 |+ + 1.5794 (e 08636¢ _ 1]

0.153o[r oL (gromessr 1)}

We can now specify an angle, and solve for the time. Y ou can use Mathcad. Matlab,
Mathematica, or some other math package to solve these for t, or you can simply use Newton’'s
method for solving nonlinear equations. Newton’s method is simply an algorithm that starts with
aninitial guesst, and then tells us how to improve that guess. The general from of this method is:

1)
1)

ha =

where f{f) = 0 at the solution.



In our problem

AB) = 01530[ ¢ + 1.5794 (e 08 — 1) ] - ¢,
and

f/(t) = %d:(t) =Ap(t) = 0.1530(1 _e—0.8636t)

Hence for this problem Newton’s method takes the form:

0.1530 { tk + 1.5794 ( e “o6361 1 )] - d)desired

t, =t -
0.153 (1 - ¢08e361)

k+1 k

Iterate until the magnitude of | - t, | isless than some specified tolerance.

tk+1
The results for various angles are;

/2 = 90 deg t = 11.42 sec
n = 180 deg t = 21.69 sec
27 = 360 deg t = 42.22 sec

30 Af 1 . NB ~
AP - T(N' - Ny)AP + TAB =0
_C qSb? _ 2030 92.5804 (5500) (195.68)> _

. -10491887.5 ft1bs/rad/sec
oV 2279.10

Nr

= ——= = -0.3011 /sec

N, -10491887.5
I, 49700000

Ny = C, @Sb = 0.150 (92.5804) 5500 (195.68) = 14964665.8 ft Ibs/rad

Np _ 149646658 _ 311 o2

Tf 49700000
Substituting into our basic equation:
AP + 0211AB + 030116 =0
The characteristic equation (obtained by assuming asolution Ap = Ce*!

A2 + 02114 + 03011 =0



The solution to the characteristic equation gives us the characteristic values (eigenvalues) of the
system. For this problem they are:

A

ntiw
-0.1055 + i0.5385

We can immediately determine the following properties of the motion.

o = 0.5385 rad/sec = T = = = 11.67 sec

Note that thisis not ® .In addition we have

r - |n| _ |n| _ 0.1055 _ 0.1055 _ 0.1923
®, n?+w? |/0.1055% + 053852 03011
33. Assumptions: Model has same density as aircraft
Model has same aerodynamic characteristics
Both at same velocity
N =C ‘?sz =C 5(12)(12)“14
’ L 4 2V
and
L =ml® =plPI*«]°
Hence:
N, 1* 1 N, N,
— x — = = = — =10 — = -2.111 /sec
1 A | I I )
z * ] model X/ aircraft
Similarly,
N =72 N
T“=CMBL)(’5)<XLZ - N =100 TBJ = 30.11 /sec?
. 2Vpl l x ) yc
For the model:

AB + 2.111AB + 30.11AB = 0

The solution to the characteristic equation (A% + 2.111 A + 30.11 = 0)is:
A = -1.0555 + i5.3848
The corresponding properties:

® = 5.3848 rad/sec Tp = 1.167 sec ¢ - 0.1923



34. The governing equation of motion for the pitch oscillation about they axisis

1 1

Ad - —(M, + My)Ad - ~M,Aa =0
q o Iy [+4
y
Calculating the ingredients we have:
~ QA 2
M =C 45¢ _ -12.4 49.6 (17445 _ -5826.48 ft lbs/rad/sec
1 e 2V 2 (220.5)
M -
Tq _ 782648 -4.329 /sec
I 1346

7 49.6 (174) (490" _
2(220.5)

-3416.08 ft 1bs/rad/sec

i
M= Gy 77

= - "~ = -2.538 /sec

M, _ -3416.08
1, 1346

M, =C. gS¢ = -0613(49.6)(174)4.9 = -25923.13 ft Ibs/rad

o m,

= =275 T2 - -19.259 /sec?

M, _ -25923.132
I 1346

Then:

Ad + (4329 +2.538)Ad + 19.259A «
Ad + 6867A¢d& + 19.259A

The characteristic equation is:

A2 + 6867 L + 19259 =0
“The Standard Form”
AN 2ot =0

The solution:

A = -3.433 £+ i 2.733 /sec




b) ® = 2.733 rad/sec - Y€ _ 0425 hz
T ra

2(w
¢ - (O, 6867 _ (180 o G LI 3.433 0782

2w,  2,/19.259 n+w® /34332 +2.733

t
d T = 2n _ 27 2.299 sec N, = hpo 0202 0.0878 cycles to half amplitude
P 733 T 2299

€) Moving the cg forward will make C, more negative.
C, =a(h-h))

This change, in turn, will make M, more negative and correspondingly will make the last term in
the differentia equation larger. Hence wfl islarger and w,, isthuslarger.

2
lht S ht l ht

On the other hand, Cmq = —ahtnvtvht? = —a, My ?5
will change since Z,, will increase. However the changeinC,, will be amuch smaller percent
q
then that of C, because (k - h,) issmaller to begin with then (&, - k), so for asmall change

in h, the percent change in the value is much less. So for starters we will assume that the terms
associated with M, and M, do not change significantly. Assuming that is the case, then we can

look at the standard form:
L+2¢wi+0 =0

From our assumptions above, the middle term is unchanged, and the last term increases.
The solutionis

A=ntiw-=-Co +tio |1 -

The result of these changes are:

since2 ¢ w  isunchanged, the nisunchanged and

at,, = % = unchanged



C) (w, = const = ( = Since w,, increases, ¢ decreases>

1
('on
b) w = w,y1 - < = Since wislarger, and ¢ issmaller, wislarger.

2n . i
d) T, = =  ThereforeT  issmaller and T becomes larger.

© P



