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A !WTL ON THF .~RuDYNAJ.'IC ST\.BILITY PROBLE!l:S E!,C01Th'r1FD GN THE CF-105 

There h ,s recently been considerable discussi0n about the stability and control 
problems of the CF-105. In some cases these discussions were confused by lack of 
accurate information. Accordingly the R.C.\.F. have outlined their requirements 
for the content of a report which Avro was requested to prepare to correct this 
situation. ..Vt,!~$. ..... .. 

(A) M~ .. 
27:J..-t-,l..9'6 

AFRODYNAMIC STABILITY PROBLEMS 

Introduction 
- f)~ -ftJt-S ;-

In the analysis of stability problems, it is neces s 1ry to use the J8 
derivatives shown in Figure 1. Most of these derivatives are subject to 
fairly wide variations, and may be non-linear especially at high angles of 
pitch or yaw. Their inter-relationship and coupling with inertia parameters 
is' also particularly important. This situation is aggravated to a certain 
extent by the configurations found suitable for supersonic flight, but most 
of all by the extremely wide range of conditions covered by the flight 
envelope of a supersonic aircraft. It has now become almost impossible to 
make any judgments on the stability problems of any particular aircraft 
by examining only a few selected derivatives. The range is so vast and the 
couplings so important, that only by extensive study of numerous flight 
conditions with the aid of a large analogue computer c1111 any real 
appreciation of the problems be gained. 

However, in order to focus attention on some of the problPrns that 
must be dealt with, the weathercock stability derivative, Cn~, will be selected 

as an example for detailed discussion. Since, this derivative is a 
particularly important one and has presented certain problems, it is of 
special interest. 

Static Weathercock Stability 

1eathercock stability is achieved by the stabilizing moment due to the 
fin counteracting the destabilizing moment due to the fuselage. The 
relative values of the derivatives for these components, and the sum total 
are shown in Figure 2, for the rigi<l airplane at zero angle of attack. 
It ciµi be seen that the resultant stability is the small difference between 
large quantities. It thus becomes subject to large variations for relatively 
small variations in its components. 

The unstable yawing derivatives of the fuselage is shown in figure 3 
for~.(. 4°. Extensive wind tunnel data are only available up to a Mach 
number of 1.23. However, some recent checks at higher speeds ~ 
i11.spi:r:ed soll'e co_nfidence in these extrapolations. It can be seen that 
there is a certain amount of variation with both Mach number and incidence, 
but that this v ~riation is not excessive. 

One of the problems with supersonic aircraft is that there is an 
incentive to use fuselages of ver--J high fineness and especially long pointed 
noses. T is tends to increase the fuselqge yawing moment to a value nruch 

~ , higher than for the corresponding subsonic aircraft. 



• 

"'' L" ,:' 'l'np (."" ~'f"?P'l :'1 F~,,'~ll"f' 4 for),, ..... The :.vt..r!"t"r:, ,'th 
·ct.,r.~-- t ____ '• Tr~ ~ t ,',""'"i" 1+ +1-'n;1, i-owevE'r, is lf .s:6 
•~, ... r ow ./l r , ~v)• '!' is 1 '1 f'bt1rPCj. :artst 1c • ~ ..... ~--rsn'11C :r'r .,.to ,,~.,.. ~t' 

"•1-rfr • s 1s• r t ·,,. To f • lev ... 1s, •l-f -,spr•c• r~• ,Cl -:us ... 1-.,, lOl'f, "'" ther 
th" s· • s ,u, , ... ~, ,:,r•, or :wPrt , to , t a r asNiab;,.. str11c-t•1rr1 w· l1ht. 
Tl:-is • • "V"'r f 'pyg,. ,.. C'fn pre, 1~e 11ly a rflativ.,ly o<l<>::t 
r;c ent "E :1 +t-- 1 •h •<i ar t b..i it tr" • .. 's ,uit" rr,.,somfr'p, " sho•rn by 
Fi!!'.ln ~- l"'"r u'> •ls, s•ze f th, r~,, n~• C""'Y r<>d1..ces •hi' arm fo-:- r ·rl, 
,• t .3 ns, b.• ·sob, "'>11SA 't extrr .,,,,1 •ht mske'l the c, . ~<'V"' &ft. 
'C'CC'f <n it in b• SPrn +),,+ trPrA "a poi1t where ~L] r••nr a fin ir: a 
:cuprrs .: ir lar:e w 11 bri.n( • 'r .sh!ng returr:s. 

The rP ,•1• tant ri6 id Cnp is d.ro,m on Flgure 6. In sr ite of vt1riat icns 

1Tith C( •.rd M, tht> vi.. ,.w of Cn 1.., rel ,tive1y .mt L but ;:o:: ·tive for small 
f 

values of , • Fo• :;_P.-g!';r vdues of , the tubLity i :a t:::.y il°erter , s 
iho;vr. en Fi 1;ure 7 for modt;Jn. te vi..1 ues of C(. For higher incidenc':l, the e ir­
~lane becJme~ unntt.b 1

P et yaw nglec; of from 6 to 8 degrees for tran<onic 
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However, the problem is not to find ways of increasing the stability by 
aerodynacic means, but of finding how low the stability C.!tn be and still be 
adequate. Only in this wey can the over1u.l perfornance be optimized. 

To illustr,1te the effect of reduced stability on performance, Figure 12 
has been prepared. It shows the beneficial effect of aft c,r, position on 
the drag required to achieve any particular 11 g11 at 50,000 feet. This is 
due to the reduction in trim drag. ~oving the c,g, aft reduces the tail 
arm and hence the weathercock stability. For example, the manoeuvrability 
can be increased 10% for a rearward shift of the c,e, of 4% which 
corresponds to a reduction of ,00016 in., Cn~, This sort of adjustment in 

C,f,, can be achieved by a suitable fuel system, However, the unstable 
area is considerably increased. 

Dynamic Lateral Stability 

The real criterion of the adequacy of the stability derivatives is 
their accumulative effect on the dynamic response. This can be analyzed 
on an analogue computer. The lateral derivatives shown in Figure 1 
have been used together with the appropriate inertia parameters and a 
represE>ntation oft he hydraulic servos, The simulations that have been 
carried out show that there is an are!\ in the neighbourhood of M = 2.0 
at .30,000 feet in which the aircraft would diverge too quickly for the 
pilot to control. At slightly lower speeds or higher altitudes, the 
oscillation in yaw is unstable but of such long period and slow 
divergence that it should be easily controllable. Other conditions are 
damped. The areas covered by these conditions are shown in Figure 13. 
At high altitudes, the damping will always be unsatisfactory, although 
perfectly slU'e for manual flight. The conditi ns at landing are 
particularly exemplary due to the long period am inertia coupling. The 
unstable region will be considerably increased, if the c. g. is moved aft 
for combat weights in order to increase the performance. For a 4% move­
ment of the e.g., a 0,3 Mach number increase in the unstable area might 
be typical. 

Some calculations involving 5 degrees of freedom have revealed that 
the response for increasing aileron deflection is not linear. It is 
anticipated thnt catastrophic yawing will result from high rates of roll 
(e,r. 100°/sec.) unless suitable synthetic derivatives are introduced. 

Loneitudinal Stability 

There are several problems associated with longitudinal stability. One 
of the most troublesome of these is pitch-up. This means th~t the aircraft 
tends to continue to pitch after a certain normal acceleration has been 
applied. This is due to a discontinuity in the pitching moment curve. 
Recently, it has been found that this condition can be cured by notches 
or leading edge extensions of the wing. Several permutations and 
combinations of these were tried a.ro it was found that a 5% deep notch 
located at about 60% of the semi-span from the centre line together with a 
10% leading edge extension outboard of this was completely successful in 
eliminating the severe moment discontinuity that was observed on the plain 
wing as shown by F icure 14 for • 9 Mach number. 
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To improve the buffet and subsonic dng characteristics, some le ading 
edge camber was applied. This did some good for the purpose intended, but 
also had a very marked and beneficial effect on the weathercock stubility. 
The effect on the longitudinal stability is inclu:ied in Figure ~• The 
characteristics are excellent up to an~les of attack of about 12. Above 
this, there seems to be a teroenc-J for reduced stability ag the elevator 
angle is increa sed. The effect is just perceptible for 10 and quite 
marked for a deflection of 20°. Since lift coef~icients of about 0.5 are 
achieved with about 10° of elevator, any lirii t ·1tion due to this source 
shot:ld not be serious, since it is expected th, t buffet will restrict 
further manoeuvrability in the transonic region. It should be noted that 
extension of the e.g. aft will be favorable in this case. 

At altitudes below about 25,000 feet, the damping in pitch is exemp­
lary, but it becomes quite unsatisfactor.r at altitudes above 50,000 feet. 
Although it is perfectly possible to fly safely at all altitudes, the 

' aircraft cannot be controlled with adequate precision at height. To 
correct this cynthetic damping is required. 

Since the idea t h, t an ctircraft need not necesrnrily be inherently 
stable, and can have stability impartod to it by appropriate control motions, 
has been regarded a s somewhat unconventional, it is felt that it is 
highly appropriate to quote from the 43rd Wilbur Wright Memorial Lecture 
given by Dr. c.s. Draper. Dr. Draper maintains that this idea dates from 
the Wright brothers und was in fact their major contribution to the science 
of flight. Ha states "The Wright brothers broke with the high inherent 
stability concept and combined inherently unstable aircraft with three-
axis control operated by human pilots to achieve stable flight systems • 
This improvement in performance possibilities provided all that was needed 
to make powered flight practical and begin the fantastic trsil of devel• 
opments in machines that go through the air. It is equally certain that 
these machines will very often be unstable cor.iponents of flyinc systems that 
are made stable, not by men, but by devices th·,t perform the same functions 
that the human pilots provided for the first time in the airplane of Kitty 
Hawk on December 1903." 
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