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'IATION

By H. Ralph Stratford

Design Section Head of Dowty Equipment
of Canada Ltd.

New and unique problems arose in the
designing of the landing gear for the
Avro CF-105 Arrow. How some of these
difficulties were overcome is described
in this article, prepared for CANADIAN
AVIATION by the head of Dowty's design
team.

A landing gear is regarded by an
aircraft designer, as a necessary evil.
Having accepted the necessity for such
equipment, the designers of the Avro
Arrow sought integration of the gear
with the minimum distufbance of the
more primary aspects of the aircraft
design.

The longitudinal location of the
main gear was the first point to be
established. During the evolution of

the retraction geometry, a request was

made for a two inch aft displacement
of the bogie assembly. But it was cal-
culated by Avro that such a step
would result in the minimum speed at

RUARY, 1958

which the nose gear could be lifted
during the takeoff run being increased
by something over 20 knots. Needless
to say, the request was refused.

The length of the gear was next
established. This had to be sufficient
to ensure ground clearance of the jet
pipes during the most taildown attitude
in landing or takeoff.

These factors alone precipitated the
first major design problem. The gear
was attached to the most forward
point in the wing that structural con-
siderations permitted. It was not pos-
sible to retract the gear forward and
inboard from this position without the
wheels trespassing on the space Ie-
served for the air intakes unless a con-
siderable shortening of the gear could
be effected during retraction.

Retraction directly inboard would
have resulted in a thicker wing section
in which to stow the bogie assembly.
The shortening problem would have
been even greater and the encroach-
ment on the basic wing structure to-
tally unacceptable.

Scale Model Built

Considerable discussion preceded
the decision to make a working half-
scale model of the gear. To provide
the design assistance which was its
prime purpose, the model had to be
completed before the schedule date for
freezing the design proper. It was in-
evitable, therefore, that considerable
wastage occurred due to changes dur-
ing the building of the model. On
reflection, however, it is generally
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1

HALF-SCALE working model of the Ar-
row landing gear provided design assist.

made for a stay going almost directly
aft from the gear design standpoint.
However, such an arrangement had
to be waived in the face of substantial
airframe design difficulties. The re-
sulting selection of an inboard-located
stay made the design of this unit a
considerable problem in itself.

200,000 Pound Load

A compressive load in the order of
200,000 1b. had to be carried with the
unit extended and a bearing overlap
of less than 9 percent of the extended
centre length. By evolving a lock for
this unit which did not impair its col-
umn qualities, the need of a further
lock in the main leg was also met.

Twisting and shortening of the leg
during retraction did not provide a
complete solution to the basic stowage
problem. It was necessary to achieve
a greater degree of shortening at the
rear wheel, and this was accomplished
by utilizing a tie member inherent in
the suspension design to effect the nec-
essary trimming.

In the early stages of the design of
the Avro Vulcan gear at Cheltenham,
a study had been made of the merits
of utilizing the main shock absorber
element of the gear to restrict bogie
rotation during the time when only
one set of wheels is in contact with the
ground. In so doing, a useful contri-
bution is made to the energy-absorp-
tion capacity during this interval.

As a result of this, two patents were
lodged. One forms the basis of the
suspension geometry of the Vulcan
zear and the other that of the Arrow
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New metals, modern techniques, explored in the

gear. In both cases, the single shock
absorber is coupled to the midpoint on
the bogie beam. To the extremity of
the beam which mounts the wheels
which are to touch the ground last, is
an attached structure which freely col-
lapses but will not further extend.

In this manner, the effect of a lever-
ed suspension, using one set of wheels
only, is achieved in the initial stage of
the landing. The normal telescopic
suspension takes effect after the second
set of wheels has made contact with
the ground.

As they had previously, on both the
Jetliner and the CF-100, Avro stipulat-
ed that the shock absorbing elements
for both the main and nose landing
gear should be of the liquid spring
type. The straighter spring curve as-
sociated with this type of shock ab-
sorber was particularly important in
the Arrow configuration. Here the
rate of buildup of the landing reaction
had an important influence on its dy-
namic magnification. Also by keeping
the shock absorber a relatively small
capsule, the task of shortening the gear
during retraction, without endeavoring
to close the shock absorber was con-
siderably eased.

In selecting a single beam with can-
tilever axle in preference to a sym-
metrical twin beam structure, prime
consideration was given to the ease of
removal and replacement of the
wheels and brakes. The question of
space also arose and was a significant
consideration in the selected arrange-
ment.

A problem common to all types of
pin-jointed suspensions is that of trans-
mitting the braking torque back to the
main structure without imparting
pitching moments into the bogie as-
sembly. The parallelogram configura-
tion formed by the brake links, brake
torque arms, bogie beam and lower
end of the sliding member provides a
complete solution in this gear.

New Material Used

The strength/weight ratio of alumi-
num alloy and steel structure are fair-
ly similar when other factors are not
a major influence. But with the over-
all size of the members restricted by
the available stowage space, the use of
aluminum alloy was precluded in al-
most every major part. This same
restriction tended to result in an un-
desirably heavy arrangement if the
previously accepted maximum ultimate
tensile strength for steel of 180-200,-
000 psi was adopted.

Avro recognized this problem. They
decided to specify the relatively unex-

plored ultra high tensile steel and
“modern fabrication techniques” in
their basic requirement for the gear. A
paper given by Dowty’s chief engineer,
G. F. W. McCaffrey during the 1957
annual meeting of the Canadian Aero-
nautical Institute outlined the design
significance of this material. Interest-
ing metallurgical, manufacturing and
testing, aspects were revealed. Com-
ment here can be confined to the note
that a weight saving in the order of
112 Ib. per gear resulted from the ad-
option of this material.

The customer’s requirement for
modern fabrication techniques led to
an intensive study of the various weld-
ing processes employed - throughout
the American industry. While flash
butt welding had been extensively used
with steels having an ultimate strength
of 200,000 psi and below, very limited
experience existed with the ultra high
tensile steel.

This led to a desire to use more con-
servative design assumptions in this
strength range. Also, the practice of
leaving the bore of the members “as
welded” with no further machining
was considered ill-advised. This pre-
cluded the welding of two members
both having blind bores which in sev-
eral applications was otherwise desir-
able. While gas pressure welding was
considered a more attractive proposi-
tion in respect to the grain flow ad-
jecent to the weld, here again the nec-
essity to clean up the inner bore after
the weld proved a restriction.

GEARS COMPARED. Picture shows
the main gears of left, the Avro CF-100,
and right, that of the Avro CF-105.
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The advocates of the various weld-
ing techniques readily admitted that
no weld is structurally as good as the
continuous parent metal. Therefore
renewed study, with eventual success,
was given to the prospect of obtaining
larger, more complex forgings in
which no welding would be necessary.
Even with the best available controlled
atmosphere or neutral salt heat treat-
ment baths, some partial decarburiza-
tion of the material on the surface is
inevitable. This has an adverse effect
on the fatigue resistance of these sur-
faces, and so it will be recognized that
further metal removal after heat treat-
ment, should be practised on as many
surfaces as possible.

Since by far the most expensive
machining is that after heat treatment
and any welding must, of course, pre-
cede the heat treatment, the main
economy arguments in favor of a
welded up structure appeared to lose
weight.

Production Tooling

To avoid delay at a later stage,
Avro requested that the initial quan-
tity of gears be manufactured using
production tools and techniques, and
to this end, it was decided to utilize
closed die forgings for all the major
members from the outset.

The nature ‘of the retraction geom-
etry and the importance of the dyna-
mic behavior of the elastic structure
led to particular emphasis being ap-
plied to the various structural joints to
make them as rigid as possible. In
general, this was achieved by extreme-
ly close fits used on all pinned joints.
As far as possible, threaded joints
were omitted to avoid notches of any
type in this material. These could not
be completely eliminated, however,
and to give reasonable assurance of
their acceptability, a special test pro-
gram was undertaken.

The following brief selection of the
design features will serve to illustrate
the nature of the problems encounter-
ed. An early one was that of achiev-
ing 8.5 inches shortening of the leg
during retraction. Another was the
choice of an airframe attachment
point, and the final envelope of the
mechanism which were Severely re-
stricted by the shallow depth of the
wing in this area.

Being conscious of the considerable
complexity of the initial solution to
this problem, the opportunity to sub-
stitute a later conceived linkage ar-
rangement on the Mark 2 Arrow was
welcomed by all parties. A feature of
this linkage which is not immediately
apparent, is the shape of the curve
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obtained when the shortening achieved
is plotted against the retraction angle.
This curve is almost sinusoidal with
the benefit of low acceleration forces
and a minimum of overtravel resulting
from the effect of wing deflection after
the gear is stowed which approximates
to 2.5 deg. of further retraction.

This wing deflection under “g” loads
also considerably complicates the
clearance studies of the stowed gear
and in fact, in the extreme case, the
gear is lifted clear of the uplock by
the lower fairing door.

Deflection of the gear under ground

loads also posed peculiar problems.
Perhaps the best illustration of these is

ANDEM gear of the Avro Arrow, showing the suspension ¢
of the telescopic tie attaches to fixed part of the leg. Compact
piping and temporary electrical lead are discernible in this vi

SHORTENING of the undercar-
riage leg during retraction is
achieved by means of this linkage
evolved for the Arrow II.
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Arrow Gear

(Continued from page 55)

Rochester. While the manufacturing
techniques used in these couplings en-
sured a high order of concentricity
and freedom from backlash, there was
not, at that time, any knowledge of a
comparable application and a search-
ing test program became necessary.

Changes of ambient temperature de-
tract from the energy absorbing per-
formance of a liquid spring in a rather
different manner than from an oleo-
pneumatic shock absorber. While in
the latter, the effect is one of varia-
tions in the load to cause initial clos-
ure and the slope of the curve spring,
a liquid spring may find itself entirely
dependent on dashpot for energy ab-
sorption during the initial axle travel.

While this is generally quite accept-
able in most landing conditions. a by-
product of this phenomenon is the lack
of an internal force to effect final ex-
tension after takeoff. To ensure full
extension of the gear within four sec-
onds of the aircraft becoming airborne
under all climatic conditions, an auto-
matic compensator is mounted on, and
utilizes the internal volume of, the
front brake link. The compensator is
coupled to the liquid spring through
rigid swivelling pipes and a special
valve.

Rigid swivelling pipes also form the
basis of the hydraulic feed to the
brakes. In addition to the temperature
difficulties associated with flexible
hose, flexure in an undesirable direc-
tion would require so much control as
to make rigid pipes the natural choice.
With the manufacture of the gear well
advanced before the piping require-
ments were known, the routing of the
pipe runs was particularly tricky but
the back of the problem was broken
when Avro found a solution for bridg-
ing the area between the fixed upper
end and the shortening and twisting
lower end of the gear. This solution
comprises very small rigid dog leg
swivels coupling directly to the lower
unsupported end of telescopic assem-
blies.

In confining this account to the de-
sign aspects of the gear, it is not in-
tended to suggest that the manufactur-
ing and test and development aspects
are any less significant but rather with
the hope that, at some later date, those
more closely related with these aspects
might cover them more competently.

The foregoing inevitably sounds ex-
tremely mechanical and impersonal,
but the enthusiastic participation in
this design by so many associates
within and beyond Ajax is gratefully
acknowledged and will long be remem-
bered by the author.

Today, it’s the conventional engines
for fixed wing and helicopter equip-
ment — R-1820, R-1830. R-1340,
R-985, R-2000, R-2800 CA and CB,.
R-3350, R-4360, Lycoming and Con-
tinental engines. Tomorrow, it will be

the jet and the turbine engine.

In preparation for this day, Dallas
Airmotive will continue to grow and

improve its engine methods.

Engines—regardless of type or kind
—_can best be overhauled at Dallas
Airmotive.
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