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1. SCOPE

A landing gear system comprises the most compelling assembly of engineering skills. Its importance to the successful
design of an aircraft can be favorably compared with that of the aircraft's wings and engines. A landing gear system
consists of several different engineering disciplines, and is continually in the public eye especially with regard to safety.
The primary objective of AIR4846 is to present a record of a variety of interesting gears, gear/aircraft systems and
patents, and to discuss wherever possible the lessons learned, and the reasons for the design. Thus, the document is not
only a historical account, but a means of recording technical knowledge for the practical benefit of future landing gear
designers.

Commendable efforts have been made over the years by several individuals to make such recordings, and AIR4846 will
make continual reference to them. This applies to all books, papers, or specifications that have the approval of the SAE
A-5 Committee.

AlR4846 also accepts the premise that an essential aircraft requirement can often justify a gears' complexity and
consequent weight. However, the document's purpose is not to recommend, but to provide reliable, authenticated
information. Hence, the gear designer would be better equipped to adjudicate trade studies raticnally, while not restricting
his/her innovative skills.

Each gear design feature will be associated with as many aircraft examples as possible, and every effort will be made to
ensure accuracy, authenticity, and detail clarity.

Section 2 of this document describes the features of landing gear which are addressed in the specific descriptions of
various landing gears (Category A). Also, special types of landing gear are categorized as Category B.

2. CATEGORY DEFINITIONS

Category A (Gear Features)

s+ QOleo shock absorber integral with cantilevered post

+ Simple folding drag or side strut

¢ Single or twin wheel arrangements

¢ Main gear truck beams (4 wheels max.)

+ Nose gears with linear hydraulic actuator steering
 Nose gear steering (rack & pinion)

+ Nose gear steering (rotary actuator)

¢ Main shock absorber separate from cantilevered post
o (Gears that shorten, lengthen, or twist during retraction
¢ Telescopic side or drag strut )

¢ Retraction with skew axes

+ Folding & rolling drag & side braces
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Truck beams with more than 4 wheels
Truck beams with 2 or 3 wheels

Main gear steering

Gears with side drift landing correction
Aft C.G. tip-back devices

Gears that kneel

Two stage shock absorber struts

Category B (Aircraft with specific landing gear requirements)

3.

3.1

Aircraft with outrigger (or wing tip) gears
Aircraft with tail bumpers

Aircraft with nose gear towing (Naval)
Aircraft with arrester hooks (Naval)
Aircraft with arrester hooks (land based)
Aircraft on skis and floats

Aircraft on skids and floats (pop-outs)
CATEGORY "A" (LANDING GEAR FEATURES)

S-3A - Tripod Main Landing Gear

3.1.1  Applications for Tripod Landing Gears

3.1.1.1  Tripod main landing gears are rugged and structurally efficient. They are well suited for hard landings such as

those experienced on aircraft carriers. The Triped configuration provides excellent lcad paths for drag, side,
and vertical loads. Loads are carried by three legs loaded essentially in tensicn or compression. Two members,
the shock strut and drag brace strut, are two force members. Structural bending loads in the third member, (the
tension strut) are minimized by the aiming of the two other members. The Tripod landing gear has the benefit of
a pinned ended shock strut and hence eliminates the variability of piston bearing friction from the struts' load/
stroke curve. The shock strut piston can therefore be sized to provide a more realistic air spring curve/area that
does not include the affect of structural bending. The length of piston bearing overlap and length of piston are
reduced, since the piston stroke may be only a 1/3 of the axle stroke. Customarily, a cantilevered strut piston
overlap is set at 2.75 x the piston diameter, where a pin-ended strut is set at only 1.5 x the piston diameter.

3.1.1.2 Compared with normal cantilevered gears, the Tripod configuration enables the wheel to be located more

outboard, thereby improving the turnover angle for carrier operation.
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3.11.3 A disadvantage of the Tripod gear is the large stowage volume required. In its simplest form, the Triped main
gear retracts the tire such that it presents almost its full diameter to the aircraft frontal cross section. The doors
remain stationary as the gear strokes on landing. This is accomplished by proper positioning of the link
between the tension strut and the forward torgue tube. The upper length of the link lies on the strut-stroking
axis. Since no motion is transmitted to the forward torque tube, the doors remain stationary. Time elapsed
during gear extension and locking is a maximum of 15 seconds.

3.1.1.4 The Tripod gear also requires an airframe with low ground clearance. An aircraft with more than approximately
4 feet of ground clearance at static, would require struts of excessively long lengths in order to maintain a fairly
shallow angle to the ground. If this angle is too steep, the gear may not stroke when high drift landings are
encountered.

3.1.1.5 A common concern with Triped landing gears is adverse tire wear, since the angle of the tire plane changes as
the gear strokes. However, service experience has shown that tire wear is more a functicn of tire size than gear
type, and in any case, all taxiing is performed with the axle near the horizontal position. The S-3A main landing
gear is a good example of a Triped landing gear.

3.1.2  Structural Configuration

3.1.21  The S-3A main landing gear has three structural members which form a triped. See Figure 1 and 2. It consists
of a pinned-ended shock strut, tension strut and a drag brace. All three members are attached to the fuselage
with universal joints. The shock strut and tension strut comprise a movable truss allowing the wheel to stroke
verically 22 inches with a shock strut stroke of 9 inches. Fore and aft loads are carried by the truss formed by
the drag brace and tension strut. Both the shock strut and drag brace are attached to the tension strut by large
spherical bearings. Brake torque is carried through the tension strut to the fuselage. The shock strut is
interchangeable left to right.

3.1.3 Main Gear Doors and Actuation

3.1.3.1  Three clamshell doors, one upper and two lower, enclose the main gear wheel well. The main gear and doors
are linked together and operate as a single mechanism during extension and retraction. Normal operation is
provided by three hydraulic actuators. The gear actuator is attached to the fixed fuselage structure and to the
aft torque tube. The downlock actuator is located cn the drag brace and operates the gear downlock. The up-
lock actuator is attached to the fixed fuselage structure and the up-lock mechanism.

3.1.4 Gear Extension and Downlock

3.1.41 On normal gear extension, system hydraulic power is supplied to both the uplock and downlock actuators. The
gear is unlocked by the uplock actuators. Power supplied by the gear actuator in the wheel well is transmitted to
the gear and forward torque tube by direct linkage. Power from the downlock actuator tends to make the two
drag brace members form a straight line. The doors move more rapidly than the gear at the beginning of the
extension cycle. This provides clearance for the tire as it moves outboard and forward.

3.1.42  After the tire exits, the gear extension motion causes the doors to partially close, and as the gear reaches the
extended position, the drag brace members form a straight line. Here the downlock actuator drives the
downlock linkage over center against a stop. The linkage is held against the stop by a spring strut, and this
forms the gear downlock. Since the doors are attached to the two torque tubes, which in turn are attached to
the tension strut, no separate door-open locks are required. The doors remain stationary as the gear strokes on
landing. This is accomplished by proper positioning of the link between the tension strut and the forward torque
tube. The upper length of the link lies on the strut stroking axis. Since no metion is transmitted to the forward
torque tube, the doors remain stationary. Time elapsed during gear extension and locking is a maximum of 15
seconds.

Documents

Document Sharing Hub

Full document details: SAE AIR4846A


http://www.avadocuments.com/doc/sae-air4846a
http://www.avadocuments.com/doc/sae-air4846a

SAE AIR4846A Page 5 of 54

3.1.5 Gear Retraction and Uplock

3.1.5.1  On gear retraction, system hydraulic power is supplied to the gear, operating downlock, and uplock actuators.
The downlock actuator moves the downlock off center, and simultaneously, the knee joint moves off center, and
the gear begins to move aft and up. Power is being supplied to the aft torque tube by the gear actuator. Door
and gear motion on retraction, is just the reverse of the extension motion.

3.1.5.2 The doors initially open further to allow the tire to pass, then close behind the gear. As the gear reaches the
retracted position, the uplock mechanism is moved off center from the gear down positicn by the uplock roller
on the aft torque tube. As the uplock is actuated, the gear uplock hook moves in behind the uplock roller on the
shock strut and the aft terque tube uplock hook rotates into the up and locked position. The uplock actuator
drives the uplock mechanism over center achieving a final up and locked condition.

3.1.5.3 When hydraulic pressure is removed from the system in the up and locked condition, two tension springs hold
the mechanism locked until it is unlocked by either hydraulic system pressure, or the emergency release
procedure.

3.1.6 Emergency Extension

3.1.6.1 The 8-3A landing gear was designed to provide emergency gear extension completely without reliance on
hydraulic or electrical systems other than indication of the gear downlock. Emergency extension checkout is
possible whether on the ground or in flight. Reversion to normal gear operation is possible. No hydraulic
accumulators are provided other than for emergency braking.

3.1.6.2 Since the gears extend forward, a power source is required to extend them. In an emergency, the uplock is
released by a cable from the cockpit, and power to extend the gears against the opposing air loads is supplied
by mechanical springs and gravity.

3.1.6.3 The gear extension arrangement provides paired beam springs with rollers that act against cam surfaces to
generate a moment about the drag brace knee joint to extend and lock the main gear. This arrangement
matches the energy available in the spring to the energy requirements for extension.

3.1.6.4 The energy to extend is stored during each retraction cycle. When the gear is extended, the spring force assists
the action. Drag brace locking is achieved by a separate spring in the downlock linkage.

3.1.7  Component Configuration (Shock Strut)

3.1.7.1  The main gear shock strut consists of a cylinder and a piston. The cylinder is in two parts, an upper cylinder
and a lower cylinder. Shock absorption is accomplished by an air spring and an oil metering orifice and a
metering pin. Shock strut rapid extension damping is provided by orifices in the upper part of the piston which
meters fluid from the annulus between the piston and the lower cylinder.

3.1.7.2 The shock strut is designed to abscrb a maximum vertical landing reaction per main wheel with the aircraft in a
5° rolled attitude at 112,550 pounds. MS 28889 filler valves are incorporated on each end of the strut and this
allows the strut to be serviced without jacking the airplane.

3.1.8 Tension Strut

3.1.8.1 The tension strut configuration is a welded assembly consisting of a forged cap, tube, and a forged axle.

3.1.8.2 The material is 300M steel, heat treated to 270,000 psi tensile after welding. Two bronzed bushed lugs are
provided for attaching the shock strut, tie-down ring, and door link.
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3.1.9  Drag Brace

3191  The main gear drag brace configuration consists of an upper and lower link, gear downlack actuatar, and two
emergency extension springs. The longer upper link is attached to the fuselage by the universal joint. The
shorter lower link is attached to the tension strut by a large spherical bearing. Both links are made from 4340
steel, heattreated to 200,000 psi minimum tensile strength.

3.1.10 Main Gear Tire

31101 The main tire is a 30=11.50-14 50, type VI, 24 ply-rating, tubeless tire. Tire weight is 687 pounds (each).
Static load rating is 25,000 pounds at 245 psi. At this rating, the footprint area is 92.35 sguare inches. The
recommended pressure for operation (at maximum take-off weight) is 245 psi, and the equivalent
recommended carrier pressure is 320 psi.
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FIGURE 1 - FRONT VIEW 5-3A MAIN LANDING GEAR
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UP LOCK ACTUATOR
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AFT DOOR

"-'""- FORWARD DOOR
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FIGURE 2 - SIDE VIEWY 3-3A MAIN LANDING GEAR
3.2 C-5AB Kneeling System Main Landing Gear

3.2.1  The kneeling systerm on the -2 enables the airplane to be loaded and unloaded without the use of ground
equipment. See Figure 3.

322 There are three kneeled positions for "drive in" or "truck bhed" loading:

a. Forward kneeled for loading through the fonward doors.

bh. Level kneeled for loading through the forward or aft doors.

c. Aft kneeled for loading through the aft doors.

323  During kneeling, the wheel axle travel of the main landing gear is the same for all the three kneeled positions. See

Figure 4 and 8. The angle of the cargo floor however, is determined by the height of the nose landing gear, the
axle travel of which iz different for each of the three kneeled positions.
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3.2.4 For aft kneeling, the nose gear remains in the down and locked position.

3.25 For forward and level kneeling, the nose landing gear retracts into, and is supported by kneeling pads. See
Figure 5.

3.26 The kneel pads consist of a three position structural mechanism located on the nose gear aft bulkhead. The pads
are normally stowed for nose gear extension/retraction and are extended by an electrical actuator for the forward
and level kneeled operations. The actuator also operates the folding bulkhead/kneeling door.

3.27 The folding bulkhead/kneeling door is retracted for kneeling operations to provide ground clearance for forward
and level kneeling. In its normal positicn it serves as a fairing aft of the nose gear doors.

3.2.8 Operation of the kneeling system is controlled from a panel located at the flight engineer's station. Switches are

also located in the fairing forward of the main gear wheel wells, and also in the nose gear wheel well.

The following chart is used to determine the kneeling limitations of the airplane:

TABLE 1

Kneeling Conditions

Gross Weight

Forward Main

Aft Main

(Gear Kneeled)

(Gear Kneeled)

| A. No flat tires on unkneeled gears 769,000 |b 732500 Ib
Individual B. One or more flat tires on side of 769 000 Ib 732500 Ib
Main Gear Aircraft opposite that being kneeled.
C. One or more flat tires on unkneeled gear. On side of 673,000 Ib Prohibited
aircraft being kneeled.
Il A. No flat tires on unkneeled gear. 769,000 Ib Prohibited
Symmetrical B. One or more flat tires cn either 673,000 Ib Prohibited
Main Gear Qr both main gears remaining
Pairs On the ground.

A. No flat tires on unkneeled gear.

Not applicable

Not applicable

Cross Kneeling

(769,000 Ib. gross weight).

(left forward gear

B. One flat tire on either or both

Not Applicable

Not applicable

followed by right

Rears remaining on ground

Aft gear, or, right

(673,000 Ib gross weight)

Forward gear

Followed by left

Aft gear
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FIGURE 5- C-5 NLG KNEELING SYSTEM

FIGUREE - C-5 MAIN LANDING GEAR
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2% YC-14 Main Landing Gear

Advanced Medium STOL (Short Takeoff and Landing) Transport (AMST) YC-14 was built by Boeing to ultimately replace
the C-130. In 1973, Boeing received contracts to build and test two prototypes. The aircraft was designed to use offthe-
shelf engines to achieve a Coanda effect to maximize liting capability. See Figure 7. The program was canceled shortly
after flight testing.

FIGURET - YC-14 ADVANCED MEDIUM STOL TRANSPORT

The ¥C-14 (see Figure 8) uses a levered trailing arm system that is equipped with low-aspect-ratio, high-flotation tires.
This levered gear concept has proved extremely reliable on many current transport aircratt. The YC-14 design also
provides the following added capabilities:

+ Low cargo floor height for ground loading
+ Short-field, high-sink-rate landings

+ Rough field operation

+  Multiple passes on bare soil airfields

+ Repeated operation on marginal strength paved runways

The automatic braking and advanced anti-skid control system provides smooth stopping whether the runway is dry, wet,
oricy.

These features have all been tested and verified during the ¥ C-14 flight test program.

STOL landing approaches descending at 14.9 ft/s (4.5 m/s) using approach path angles of 6° have been routine, and
pilots report remankable softness in landing gear contacts on both paved and unprepared runways.
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YC-14 Main Landing Gear

LEVERED TRAILING ARM, HIGH FLOTATION
GEAR WITH LOW PRESSURE TIRES

OPERATES ON BARE SOIL FIELDS

FIGURE 8 - YC-14 MAIN LANDING GEAR
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3.4 CF-105 Avro "Arrow" Main Landing Gear

The "Arrow", a supersonic interceptor fighter, was designed and built in the early nineteen fifties by A.V. Roe Canada Ltd.,
(a division of the Hawker-Siddeley Company of Canada Ltd.). See Figure 9. It was built primarily for the Canadian
Government for the national defense of Canada, although it was rumored that other nations were also interested in the
project.

A change in the defense philosophy of the Canadian government in 1958, resulted in the cancellation of the complete
program, and the destruction of all aircraft and manufactured parts, together with program records and technical drawings
produced up to that point. Such destruction was a pitiful loss to the advance of aircraft design technologies that were
introduced in the construction of this aircraft, its landing gear providing a significant portion of those technologies.

FIGURE 9 - CF-105 AVRO ARROW

Major components of both nose and main gears were manufactured from what was known generally in those days as
"ultra-high tensile" steel, a material with considerably higher mechanical properties (260,000/280,000 UTS) than was then
in common use. The Arrow program was not the first to utilize this grade of steel for landing gear, but it did contribute to
the initial steep learning curve created in the development of this material, and which has resulted in the depth of
knowledge of this subject enjoyed to-day.

The main gear executed probably all movements possible during retraction. The gear shortened, twisted, and the tandem
truck changed pitch angle. All these motions were made while the gear rotated about a "skew" axis (relative to vertical
and horizontal planes).

With the exception of the truck positioner, all power required to perform these movements was provided by the retraction
actuator. Low pressure air was used to maintain the truck positioner fully extended in order to ensure the correct truck
angle both in the "landing gear down" and "landing gear up" position. Another function of the fully extended truck
positioner, (known in those days as the "piece of string"), was to prevent the "slap down" of the front wheel when the rear
wheel touched down during landing, giving the gear the characteristics of a trailing arm gear, at least in the early stages of
the axle stroke.

In the early days of the flight test program, the main gear only partially extended prior to landing. This has been made
public knowledge by means of several articles published in Canada since the program cancellation, but due to the
destruction of all the Arrow's flight and service reports, none of these publications have given a full technical explanation
for this malfunction, and, in the absence of authentic evidence, all explanations may be speculative.
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The shock absorbing unit used in the main gear was of an early liquid spring variety. See Figure 11. Liquid springs have a
history of losing extended internal pressure at extreme low temperatures. Environmental requirements of the Arrow
(which were to operate inside the Arctic Circle) required the use of a recuperator which was slung under the front brake
torque link. Full extension of the shock strut actuators a valve that connects the liquid spring to the recuperator. (As a
note, the springs in the system assists the ‘lengthening’ of the gear leg and was not associated with shock absorption.).
See Figure 12.

However, the primary function of the compression springs was to provide full gear extension by negating the gear
shortening achieved during retraction.

The speculations which appear most logical are as follows:

1. Liquid Spring did not maintain minimum required internal pressure (at extension) or

2. Support springs failed, or the spring coils became inter-locked (if the springs were not contra-wound)

Assuming either of the above to be true, the shortening mechanism (a chain and sprocket system) would fail. See Figure
10. This mechanism did in fact fail, and was known to be replaced by a continuous bell-crank mechanism. Apart from this

mishap, in which no aircraft loss was incurred, the complex but very well integrated gear design features, performed
satisfactory, and promised continual improvements in life cycle costs over a reasonable period of time.

LOCKNUTS

ADJUSTMENT MAIN LEG

AIRCRAFT

smucmk?a

CHAIN TENSION
ADJUSTMENT
ROD

FIGURE 10 - CF-105 ARROW MAIN LANDING GEAR SHORTENING MECHANISM
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