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From the parametric study for sensitivity considerations,
the following observations emerge: a) If M is increased, the
peak acceleration drops and if M is decreased, the peak ac-
celeration goes up. b) If K is increased, the peak acceleration
of M increases and if K is decreased, it drops down. c) If
preload is decreased by 109, there are variations in the peak
“acceleration. But if it is increased by 10%, the variations are
not considerable. d) If the tire stiffness is increased, the peak
acceleration goes up and if it is reduced, it comes down. €)
When the velocity of descent is reduced, the peak acceleration
drops down. f) In the case of m, if m is increased to 200% or
decreased by 50% there is a variation in the peak acceleration;
it drops down in the first case and increases in the second case.

V. Comparison

The dual-phase damping is better than constant or
nonlinear orifice damping. The least value of the peak ac-
celeration obtained is 30 ft/sec? for dual phase damping with
the values of the parameters as 4 =0.1, B=0.2, {; =0.9 and
&, =0.1. For constant damping, the least value is 36.9 ft/sec?
where (=0.2. With nonlinear orifice damping (where
F=ClxIx) having C as 140 Ibf/(ft/sec)?, the peak ac-
celeration is 114 ft/sec?.

V1. Conclusion

From the previous results, it is observed that dual-phase
damping serves better than constant or nonlinear orifice
damping.
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Note on Stability in Decelerating Flight

Peter R. Payne*
Payne, Inc., Annapolis, Md.

IT is well known that the angle-of-attack oscillation
of a re-entering space vehicle is very dependent upon
whether the dynamic pressure g is increasing or decreasing.
This effect is discussed, for example, in Refs. 1-7. The same
type of phenomenon is observed when a bomb is dropped, or
an escape system is ejected from an aircraft. In the latter case,
a body which is found to be statically stable in the wind tun-
nel, and to have a positive aerodynamic damping, may appear
to be unstable when launched from a rocket sled or an air-
craft. That is, it experiences an angle-of-attack oscillation, the
amplitude of which increases with time.

This particular problem can be explained by what is essen-
tially a single-degree-of-freedom analysis which yields a
closed-form solution. Consider the horizontal motion of a

- bluff body which has: a) no coupling out of the plane of
oscillation, b) negligible variation of drag with angle-of-
attack «, and c) negligible forces developed normal to its
flight path. Assumption b) uncouples the velocity equation,
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which becomes
mii+ (CpS) Yopu’=0
or 0
u+yu?=0

where Cp,S is the drag area, assumed constant; p is the mass
density of the air and is assumed constant; u is the body’s
velocity; m is the body’s mass; and y=(pCpS/2m), a
ballistic coefficient having units of length —/. Integration of
Eq. (1) gives

u 1

= = 2
u, I+7 @

where the nondimensional time parameter r=u,vf and u, is
the initial velocity.
The equation for pitching motion for the angle of attack is

Ia—C,, (at/u)StYapu? —C,, StVapula=0 3)

where the symbols all have their usual meaning. This sim-
plifies to

&— Y uc—yula=0 @
where
¥;=(C,,Stp/2I) (length™)
¥,=(C,, Sto/2I) (length-2)

Substituting Eq. (2) for », and expressing « and & in terms of
the nondimensional time parameter =

——— e =5 a=()
dr? % (1+7) dr ¥ (U+7)? “ )
The transformation n=1log (1 4+ 7) leads to

d2e do ¥,
U+ L2 Y2 09 6
dn? ( ¥i/v) dn ” 6)

2

This is a linear second-order differential in 5, for which all the
solutions are known. The lightly damped oscillatory solution
will generally occur in practice, and for this case, the roots of
the characteristic equation associated with Eq. (6) are

A =mxz=in
where
1
m = 2_ (y+v¥;)
v 0]
! -
n :T\/"[('Y+¢')2+\//z]
Y
. a =e™[Acosny+ Bsinngl )

The arbitrary constants, A and B, are determined by the
initial conditions at 7= 0=; namely

which leads to

o 1 1 do . 9
— =e'"”{cosm7+ — [— [ — ] —m]smnn] ®
oy n ay L dy Jo
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Fig. 1 Motion for P=1000, and zero aerodynamic damping. a,
=0.1rads.
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Fig. 2 Motion for P=10 and zero aerodynamic damping. a,=0.1
rads.

The motion will diverge or converge, depending on whether m
is positive or negative. Note that

em=emos U n) = (] 4 7y m= (14 7) VA* a2 (10)
Thus the criteria for reducing amplitude is
I+, /v)<0
or
(C,,/Cp) <= (rg/t)? (11)
where rs is the radius of gyration (I=mrg°), and ¢ is the
lc)k;l.'«.slg?jcteristic length on which the moment coefficients are

Suppose the speed drops to u* =zu,(z<1). From Eq. (2), the
associated time parameter is given by ‘

z=1/(1+7%)
Thus from Eq. (1), the ratio
a*max

=7~ % [+ (Cmg/CD) (1/rG)?) (12)
o3}
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For example, if C,,, =0, then at half the initial speed (z=0.5),
a* max = \/5 Qg

This result is independent of the number of oscillatory cycles
involved. That is, it is independent of the ‘‘aerodynamic stiff-
ness.”’ .

The oscillatory frequency is

dé d dp dr nuyy

BT R P TR pren

=(YaugN = [ (v+¥,) 7 +¥2 1/ (I +upyt) (13)

so that instantaneous frequency is diminishing with time. If
C,, =0, the motion depends uniquely on 7 and the dimen-
sionless parameter

- ¢2' _ Cmo( 2tm

P —- e _ T
¥ Ch  eSrg
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Solutions for P=1000 and 10 are plotted in Figs. 1 and 2.
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Large Fracture Toughness
Boron-Epoxy Composites

A.G. Atkins*
University of Michigan, Ann Arbor, Mich.

N conventional brittle fiber/brittle filament compos-

ites, when the interfacial bond between filament and matrix
is strong, fracture is often caused by rapid matrix cracks
which break through all filaments in their paths. The
toughness of such composites is low because, in general, the
critical transfer length associated with strong interfacial
bonding is small, which limits various components of total
toughness—the ‘surfaces’ component, Piggott-Fitz-Randolph
stress redistribution and Cottrell-Kelly pull-out (see, for
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