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A Theoretical and Preliminary Numerical Study of Stebility and Conmtrol
INTRODICTION

The Project 'I' design may bse thought of as a very large comventicnal
gas turbine engine laid out in an unconventional manner and essentially
involving & large dismeter engine rotor which flies edge-on to the wind

instead of axdislly,

The pclar moment of insrtia of the rotor may be expected to be of
the order of cme-quarter of the polar moment of the rest of the aircraft
in the gross weight condition, The gyroscopic reactions of this rotor =
inherent to the design - have a dominant influsnce on the dynamic response
%o disturbances and on all the stability.and comtrel characteristicca

- The aeupling of the longitudizal and lgﬁrgzi equati@aa of motion
_ through precsseidn is so powerful that the grisei stability eriteria
 such as static end menceuvré margins lose their aignificafce, For this
reascn, in view of the damger of beimg guided by pre-concelved ideas,
this investigation has been pursued from first prineciples in an elemsatary

- Gaauwal equations of motlon ave first of all set up and then deve=
niﬁﬁud using wind exes, It is shown that the genmeral cemplementery
function ean be obtained by multiplying out the *mormel’ lengitudinel
and lateral equations and then adding the gyroscopic terms, ?ﬁf%hsrxnreg
- 3% 1s shown that it is possible in some eircumstances for the gyroscope
- to enforee a completely stable response on sn sirereft vith a gso-callsd
. "pegative static margin® by means of anhedrel, This may be physically
gxplained 88 & roll induced by a pitehixg eouple leading to a "barrel

- downwards® motion with the precessiom p?@viﬁimg counter sction to the

- piteh; end presumably explains the flight of a elay pigeen, It also
eppears impossible for an aireraft which is "normelly longitudinally
unstable? to be fully stable unless it is algo “nmormally laterally un=
atable“

N Tha equations are then set up for solving for givem imnitial condi-
~ tiems for a typical gust case using Laplace transform notaticnm.

Finally the report includes scme preliminary numerical amelysis of
selected cases using roughly estimated derivatives anﬁ varying the more
important of these over a wide range. It appears that ths two derivatives
- perhaps most easily under the deasigners control~-of rolling moment due to

sideslip or dihedral effect, (Ly) and yawing moment due to sideslip or
weathercock stability (Hy) - have a very marked effect on respomse,

The nutatory mode or "wobbling® motion which may be set up in the
rotor and which was pointed opt in an independent report bv‘ﬁze Se Go }
i#,in general, adequately damped, This mode is undamped a* ?; :
ﬁy&aﬁ, baing a pure gyroscopic effect, As would bs expscte

the gyrascope is more pronounced at slow speed and high de wher
 density of ths airar&f‘ and gyro (compared with the air) i
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