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1. Introductioen

During the design of an aircraft the vibration charactaristios
of the strusture have to be azaessed far several reasons. The
primary concern ia for the integrity of the structure, Ususlly the
assessment of the acceptability of an siroraft for orew and
passenger comfort has, in the design stage, been a secondary
consideration and these problems have boen dealt with after the
aircraf't has been bullt.

I will confine my paper to my experlences on airoraf't designed
at Hawker Slddeley Aviation, Hatfleld, which incorporates the former

de Havilland Alroraft Company.

2. Past Problems

a’ Plight Vibrations

One of the earliest Pilot vlbration problems that I can recell
occurred on the de Havilland 110 in the early 50's. The test pilots
complained of a lateral viltration when in turbulence which waa
likened o flying a jelly. The eircraft ocquld be flown safely but
it waa gonsildered unacceptable by the Company pilots. The problem
was cured by stiffening the tall booms, and no further complaints
arose.

i The next problem of a similar natwre arose on the Comet III,
Complaints of unpleasant vilwration,When flying in modsrately
turbulent alr amd during landing approach, were made by the pilots.
Measuremmts of the vertical vibrations in the coockpit wers made and
these showed that the predominant frequency was 4.1 to 4.3 Hz with
peak sccelerations of 20.5g and general levels of 10,2 to Oukg. It
wag decided to stiffen the front fuselage by the addition of a 12
8.W.gs Bheet, 5ft., wide and 20ft, long, cn the top swrface. This
increaged the frequemoy by 108 to 4.5 He and the amplitude in the
cockpit was reduced by 20, This modification involved a weight
penalty of approximately 150 1b, and resulted in the aircraft being
acceptable to the crew,

When the Comet IV B was designed the front fuselage length was
increased by a fwther 7ft. and & weight penalty of approximately
100 1b, for atiffening pwposes was inoluded,




The Trident in its warious versimms has since been bullt.
This airoraft is quite acceptable in turbulence from the pilot and
passenger comfort polnt of view and, as predicted, no additional
fuselage stiffening bas been necesaary, Figure 1 shows a comparisocn
of tha front fuselage characteristies of the Comet and Trident
varlants,

b) Runmy Response
It was clear after the first few f1ights of the Trildent 4 in

1962 that the runway response was unsaceptable, Measurements of
acceleration at the pilots atation and top end bottom of the ncse
and main undercarriage were made at taxi speeds of wup te 90 knota.
Analysia of these records showed pilet acceleratlions of wp to _.hg
at 5.5 He compared to acceptable levels of *,3g at 4.5 Hz for the
Comet IV G, From these measurements 1t was concluied that this
vibration was caused by large forcea produced at the main
undarcarrlage due to friction, A neéw levered suspension main
undercarriage which would reduce friction levels was designed.
Taxying trials with this new undercarriage proved satisfactory.
Figure 2 shows a ¢omparison of the acceleration levels experienced
at the pilot's seat, for the fuselage bending mode, before and after
modif'ication and o comparison wlth the Comet level,

All subsequent Tridents have been acceptable until the
long bodled Series 3B which is about to enter service now, On this
aircraf't minor modificetion of the underoarriage characteristics
were needed to give an acceptable ride,

3. Simulation

In order to obtaln information to assess the acceptability of
the caleulated response for varlous projects, a literature swrvey
was made in 1962. This revealed that at the time,although work on
human response to low frequency sinuscldal vertical vibdration hed
been reported, there was little evidence of results for sinuscidal
lateral vibration, Work on random vibration and accepiability
seemed to be non-axistent, It was therefaore decided to carry out
vitration tests., Accordingly a moving seat test rig was constructed
and used to judge the acceptabllity of certain designs by simulating
the response to low frequency sinusoidal and random vibrations,
Later work of a more generel nature was also attempted, %o provide
backgrouwnd information that was lmcking et that time (see Ref.i.).

Flight records of pilot seat accelerntions in turbulence were
played back through the ground simulatlon system to check the
realism and provide comparisons with acceptable situations. This
work proved extremely useful and, in particular, subsequently
allowed the design of the Trident 3B to proceed without the weight
penalty of additiomal fuselage stifr'ening,

In the early design stage of the Trident 3B analogue simulation
was used to estimate the nose wheel bounce duwring take-off,

As a result the nosewhesl oleo was redesigned to have a double
stroke 30 that the stiffness characteristics depended on the
nogevheel load and were suitable far low take-off' and high lanling
nosevwheel loads,

During the initial flying there was no complaint regarding
bounce but the cockpit vertical acceleration waille tas .ying and on
tuke-of f was uncomiortably high. Levels of wp to *0.53 at the
Tuselage bending frequency of 4.56 Hz were recorded when taxying,
It was decided to simulate this problem,



It was conoluded from these testa thatie

1. The levels of vitration experienced during taxying could be
caused by running over qulte small discentinuities.

2, The forting was proportional to the affeotive tyre stiffness,

3. Only 10 to 254 of the structural vibration was produced by
foroeing through the nosewheel,

Modifications were carried out to reduce the extension damping
of the main mdercarriage for zmall movements, and tests on the
aircraft indicated satiafactory rumwsy responas.

b Acoeptabill

It is obvious that more severe vibration conditions can be
expected to be tolerated by passengers on taxying, take-off and
landing where the duration is shorter than in flight, Pilots will
accept vibration up to levels where the operation of the aircraft ia
not impared,

If requirements for vitration levels ln airoraft are farmulated
they will have to be much more precise than any that have so far
been published. We cannot accept an imprecise oriterion that would
. involve deslgn changes wnich are not absolutely nscessary, Any

design change that involvea weight incresse mugt be considered in
relation to tbe expected improvement In comfort.

S Conclusions

Since the Comet III problems in 1556 all new airoraft at
Hatfield have been assessed 1n the deslgn stage for comfort on the
run#ay end in flight, I have discussed the few cases in which
problems have shown up after first f1ight and in all cases these
have been cured.

If a marginal vitration problem can be cured by stiffening the
sireraft structure, with a corresponding inerease in weight, then it
is very necessary to conslder the increase in comfort in relation to
the reduwced payload that will result,

Although no discomfort due to engine vibration bas been
experienced on the Comets or Tridents, this could become more of &
problem in the futwe, I an thinking particularly of VIOL aireraft
where there will be many 1ift engines operating for short pericds,
The correct mownting of these engines will require detailed
caleulations in the design stage.

Accwrate criteria for comfort are still lacking and there 1s &
need for the measurement and analysis of acoeptable vibration levels
on eireraft in service.
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