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SUMMARY.

This progfess report covers the second three-month period of effort
on NASA Grant No. NGR-05-004-051. During this period Mr. Peter Levin,
a master's candidate developed a perfofméﬁce ahd direct operéting cost
program for pure jet 1ift VIOL aircraft (similar to the one already
.developed for tilt-wing VTOL aircraft). A moment of inertia subroutine
has, also, been added to provide data'for.the flight control system
studies. | | |

Mr. John Seevers, the doctoral candfdate, has been reviewing the
‘Titerature on VTOL control systems and has proposed a possible system
concept which he plans to simulate on a digital computer. This concept
is described more fully be]ow;‘ Professor Johh Brewer, a épecia]ist in_
modefn control theory, is acting as Mr. Seevers' adviser in these areas.

Professor Hoffman made visits and held extensive conferences with
the personnel of the USAF F]ight,Dynamics.Laboratdry,and the NASA
Electronics -Research Center in September. In additioh,’he attended the
V/STOL Technology and P]anning~Conferencé_sponsdred by the USAF Flight
Dynamics Laboratory. _These conférences.have been enormously useful in
myhélping>toddefine the present state of the arfvof_VTOL f]ight.cdntro]
syStem»design.ahd to identify,unsdlved probe]m areas for future work.
Mr. Seevers is now in the process of trying to digest the: information in

the large number of répdrts brought back: by Dr..defman.f

'PROPOSED Ph.D. THESIS TOPIC OF MR. JOHN SEEVERS

~ Except under severe and unusual conditions most commercial aircraft

“operate \in a quaéiéstéady'mahner»without ]arge deviations. from this state.



For small perturbations in the aircraft's Behavior-it is reasonable- to
represent the dypamic system as a set of linear differential equétions.
Therefore, we are approaching the control problem initially from a linear
: stendpoint, with consideration beinq given fo the non-linear region
particu1er1y that due t0»contro1 power saturation. This is to say that .
we are trying to evo]ve>a control system that wiT]~produce the'optimum
vreSponse for the linear range and still have the ability to handle the
. extreme cases sdtisfactori]y. |

Thus far we have established an acceptable linear dynamic systems
model for the aircraft in the Hover pﬁase of flight for.small‘pertur?
bations. That is to say, the motion of the aircraft is described by the .
usual six coupled linear differential equations in six unknowns which -
can be reduced to the standard two sets of three.Iioear differential
equations with three unknowns. As done elsewhere, these equations have
' jbeeo eXpressed in terms of fnertia,and mass ratios so that one solution
_covers as many aifcraft.as possib]e. |

- Modern- control techn1ques are being app11ed to the dynam1c system -
and one- possible control system hassbeenwproposed Th1s scheme is bas1c
“and can be applied not ooly’to hover;Vbut-to tfans1t1on and conventional
‘cruising flight as well. This modern control system'uses a moda1'con—
' troT]er'in‘ensinner'loop to stapi1ize'fhe.aircraft against gust distur-
'bahtes-and a déCoupling controller in an outer 100pfto facilitate the
f11ght path control. This system should allow the aircraft'to’respond
rapidly-and pos1t1ve]y to nullify the effect of dlsturbances and also
ishou]d“reduce~the work- load of the p11otvor autop1lot since each-arr— |
ecraft contro] would correspond to one degree of freedom of the a1rcraft'
_‘Furthermore this approach may perm1t the des1gner to fo]low a relat1ve1y
is1mp1e and stra1ghtforward des1gn procedure to arrive at a high perfor- '

mance_f11ght control system. A schemat1c 1sshown in. F1gure 1 where the



TJines represent vectors of three components. The control pcwer required
to stabilize and control the aircraft'can be measured directly as the
output of the "Control Force and Moment‘Genérator" block fn the diagram.
We iﬁtend.to verify this control scheme through analog and digital
simulations and to comparebour-results-with those obtained from'a'c]assi-

-cally designed controller.
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