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SUMMARY 

This non-technical presentation is based on the use of light aircraft 

to support the Array aviation mission. Although it may not be related 

to the use of heavier and faster aircraft which normally support the Air 

Force mission, some of the requirements and methods considered by the 

Army for the accomplishment of its mission may be applicable to high-

performance aircraft. 

SOMMAIRE 

Ce rapport, redige en des termes non-techniques, est base sur 

1'utilisation des avions legers employes a 1'appui d'une mission aerienne 

effectuee par les forces terrestres. Quoique sans application aux avions 

plus lourds et plus rapides qui, d'habitude, font partie d'une mission 

entreprise par 1'Arraee de 1'Air, un certain nombre des conditions et des 

methodes considerees par 1'Armee de la Terre pour la realisation d'une 

mission de la part des forces terrestres sont peut-etre susceptibles de 

correspondre a celles presidant a 1'etude des avions a haute performance. 
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UNITED STATES ARMY EXPERIENCE IN OPERATIONS 

FROM UNPREPARED FIELDS 

John F. Denhart* 

1. INTRODUCTION 

Organic aviation in the Army (as distinguished from the Army Air Corps) began during 
the summer of 1941 when 32 light aircraft (65-hp Piper Cub L-4's) were procured to 
determine the practicability of an air observation post for Field Artillery use. Pilots 
were trained to land on small unimproved strips and roads by using the power approach 
of the Navy carrier-type landing. Intensive training in the adjustment of artillery 
fire followed. The training was completed by the end of February 1942, and equipment 
and personnel were placed in the field for extended service tests. 

The tests were successful; and, on 6 June 1942, a directive which established organic 
air observation was issued by the War Department. 

The first mission flown by Army aircraft in combat was from the deck of an aircraft 
carrier 40 miles off the coast of French Morocco in the African invasion. Cubs were 
used successfully throughout the African campaign, and also proved valuable in the rough 
mountainous country of Sicily. 

The Army performed its air mission with maximum utilization of light aircraft from 
unprepared landing fields. In the Pacific, they were used not only for adjusting fire 
but also for emergency evacuation and resupply of isolated areas. In Europe, they were 
used to direct naval gunfire for the initial phases of the Normandy invasion. Their 
first landing areas were on fields only a few yards off Omaha and Utah beaches. 

After the cessation of hostilities at the end of World War II, not only the Artillery 
was convinced of the utility of light aircraft in the hands of a trained aviator -
other branches of the US Army recognized the versatility of organic aircraft which could 
operate in close proximity to the parent organization. As a result, organic aviation 
has been authorized in other branches of the Army. They are currently purchasing or opera
ting the types of aircraft shown in Figures 1 - 10. 

2. LANDING AREA REQUIREMENTS 

Generally, landing areas for Army aircraft are small enough to permit their location 
in the immediate vicinity of command posts so that the aviation section is readily 
available to the unit commanders. In addition to the inherent characteristics of the 
aircraft involved, the actual size of the landing area depends upon several variable 
factors, including ground elevation, air density, temperatures, wind, types and condi
tions of soils, slope of ground, obstacles at the ends of the areas, and weight of loads 
to be carried. 

'Major, Department of the Army Transportation Corps, Washington, D.C. 



Ground installations for Army aviation range from completely organized airfields 
(including runways, bivouac, parking, storage, and fueling and maintenance facilities) 
to strips of terrain or roadway barely large enough to permit safe landing and take
off. Normally each unit selects and develops its own airfields. However, either the 
necessity for economy of effort and personnel, the consideration of local security, 
the plans for the employment of aircraft, or the lack of sites for airfields may justify 
the use of a common airfield by two or more units. 

Although ideal conditions in all respects will rarely be met, the following factors 
are considered in selecting an Army airfield: 

(a) L o c a t i o n : Proximity to the unit command post facilitates control of the unit 
aviation section. It may be practicable to locate a complete airfield within 
the immediate unit area. In this case, it may be necessary to establish a suitable 
air strip in the vicinity of the command post for daytime use and to send the 
aircraft back to the airfield proper at night. Larger airfield installations, 
such as common airfields for combined use, will usually be located well to the 
rear. 

(b) S i z e : The size of the airfield depends upon the characteristics of the type of 
aircraft with which the unit is equipped. The airfield must be large enough 
to permit aircraft to clear surrounding barriers when taking off or landing. 
It must provide adequate space for the dispersal of both aircraft and ground 
installations. 

(c) Ground S u r f a c e and S l o p e : For airplane operation, the ground surface must be 
smooth enough to permit airplanes to take off and land without undue damage. A 
rough surface may weaken structural parts by causing continued vibration. Soft 
ground, tall grass, or an uphill take-off will necessitate a longer runway. The 
requirements for airplane operations are also applicable to the selection of 
helicopter airfields in areas where decreased air density makes a ground run for 
take-off necessary. 

(d) P r e v a i l i n g Wind: The direction and velocity of the prevailing wind affect the 
length requirements of the runway and are often determining factors in the final 
selection of a satisfactory Army airfield. 

(e) In addition to the above considerations, the Army airfield should afford natural 
concealment for parked aircraft and ground installations from air and ground 
observation. It should have good ground routes to the unit command post and 
supply installations, and afford adequate drainage for continued operations. 

Selection of an Army airfield is usually accomplished by the combined use of maps, air, 
and ground reconnaissance. A study of the map is made to determine the location of likely 
landing areas. A map reconnaissance alone is used only when no other method is possible. 
It may be the only method possible when displacing over long distances or into areas to 
which access has been previously denied. 

Air reconnaissance to select the most suitable landing areas usually follows a map 
reconnaissance. Air reconnaissance alone is generally hazardous and is used only when a 
ground reconnaissance is impossible. It may be used in fast-moving situations when time 



will not permit ground reconnaissance or when the condition of the ground surface is 
readily apparent from the air. 

Ground reconnaissance is made to determine the nature and condition of the ground 
surface and to select exact locations for the various airfield installations. It alone 
is not as satisfactory as combined air and ground reconnaissance, but it may be necessary 
when aircraft are grounded due to weather conditions or the combat situation. 

The time and method of occupying the new airfield depend upon the aviation require
ments of the unit's current operations, the transportation available, and the ground 
conditions at the new location. When extensive preparation of the site is required, 
engineer support is sometimes necessary. 

Development of the airfield continues as long as it is occupied: installations are 
dug in, and shelter is provided for personnel. Usually no protection other than con
cealment is provided for aircraft. When it can be determined that the airfield will 
probably be occupied for a considerable period of time, revetments may be constructed 
for the aircraft. 

3. OPERATIONAL AREAS 

3.1 General 

Some unprepared airfields can be used by present-day aircraft. However, as the 
scope of operations is widened to include far-reaching undeveloped areas, many types of 
rough terrain and states of natural terrain conditions will be encountered. As rough-
terrain characteristics vary immeasurably in different areas, the problem of landing in 
these areas without ground preparation is multifold. 

What type of aircraft can be used on unprepared rough terrain? Will the results of 
developing the necessary aircraft warrant the cost in money, man-hours, and materials? 
What percentage of aircraft should be capable of utilizing unprepared fields of partic
ular categories? How will speed, maneuverability, and availability of these aircraft 
be affected? What types of aircraft operation and maintenance will be required? 

These are only a few of the many questions which confront us when we examine the 
problem areas - Jungle, desert, mountain, and cold-weather areas - which we will meet when 
establishing airfields for Army use. 

3.2 Jung le Areas 

Jungle operations are conducted in terrain characterized by dense, almost impassable 
vegetation and swampland. The presence of large swamp areas and areas covered by heavy 
foliage limits the number of sites available for Army airfields. 

Frequently Army aviation sections may be forced to establish common airfields or to 
operate from bases constructed in rear areas for high-performance aircraft. The con
struction and development of complete airfields for Army airplanes in jungle areas 
often require considerable time and heavy equipment. In addition, these airfields are 
difficult to conceal from aerial observation. To permit operations during frequent 



rains, it is generally necessary to surface landing areas even for light aircraft. 
Depending on the nature of the soil, surfacing may be accomplished with landing mats, 
crushed rock, or crushed coral. In areas where rivers and lakes are numerous and of 
sufficient size, floats or other special devices may be attached to the aircraft, and 
waterways used in lieu of airfields. The helicopter's ability to operate from small 
areas makes it extremely valuable in jungle operations. Displacements in the jungle 
usually are over short distances. Passage is so difficult that the problem is not how 
far the unit displaces, but how long and how much preparation it will take. 

Maintenance difficulties during Jungle operations are created by the rapid formation 
of fungus growths on all parts of the aircraft. If not checked promptly, these growths 
will rot and weaken any wooden structural members or fabric. As high humidity causes 
metal parts to rust quickly, a coating of grease is usually applied to give protection 
against corrosion. Where airfields have been surfaced with rough materials like crushed 
rock and coral, tires, propellers, and leading edges of tail surfaces must be replaced 
frequently. 

3.3 Desert Operations 

Deserts are characterized by lack of water, sparse vegetation, large areas of sand, 
high temperatures, relatively cool nights, and low humidity. In most desert areas, the 
sandy or pebbly ground surface permits the selection of airfields almost at will. Many 
of the hard parched areas formed by the evaporation of accumulated water become unusable 
in the event of rain. Landing-field improvements which facilitate location of the air
field by enemy air observation are usually avoided. Aircraft, vehicles, and equipment 
are usually widely dispersed, and their outlines are broken by the use of camouflage 
nets or other materials which blend with the terrain. 

The chief problem confronting Army aviation in desert operations is maintenance. The 
major maintenance problems under desert conditions are the result of sand and dust being 
drawn into running engines, causing excessive wear of internal parts. Transparent 
materials are pitted by blowing sand, resulting in loss of visibility. Sand adheres to 
lubricated parts and causes excessive wear. To minimize the damage caused by dust and 
sand, landings and take-offs are made as close as possible to the mooring points to 
reduce taxiing distance. All openings are covered as soon as the engine is stopped. 
For engine run-ups, areas are laid out with canvas covering over the area or a run-up 
area is developed by use of various soil-stabilization or covering processes. 

3.4 Mountain Operations 

Mountainous terrain is usually characterized by exaggerated relief, rocky crags, 
limited communication routes, extreme weather conditions, and high altitudes. In the 
mountains, weather in both summer and winter is subject to extreme changes in tempera
ture, sudden violent rain and snow storms, and fog. In addition, there is very little 
clear and level terrain. In most instances, the scarcity of suitable sites compels the 
establishment of common airfields. Altitude further complicates the problem of airfield-
site selection, as runways at high altitudes must be considerably longer than those near 
sea level. 

Operations must often be conducted under extreme cold-weather conditions. A snow 
surface must be smooth and well packed. Repeated passes by heavy vehicles and the use of 



a drag are two common methods of preparing the surface. Hard wind-packed areas can be 
made usable for aircraft equipped with skis or other devices with a minimum amount of 
preparation. Frozen lakes and rivers make excellent airfields for airplanes equipped 
with skis. Deep soft snow presents difficulties in the landing and take-off of Army 
aircraft - the deeper the ski sinks, the longer the distance required for the take-off 
run. 

Special equipment and airfield improvements are required to insure efficient operation 
of the aircraft in the cold environment, In addition, adequate shelter must be provided 
for personnel maintaining the aircraft. 

4. DEVICES TO REDUCE AIRFIELD PREPARATION REQUIREMENTS 

4.1 General 

Operational requirements for flight operation are as varied as the many different 
types of rough terrain encountered. To meet these requirements, the Army has used, or 
is considering,the use of various devices. 

4.2 The Brodie Device 

The Brodie device is a series of cables, supporting members,friction devices, and 
hooks arranged to enable an aircraft to land and take off without contacting the ground. 
This device was used on LST's, rocky terrain, and other locations where aircraft could 
not land and take off in a normal manner. The principle of this system was centered 
around the use of a hook, mounted on top of the aircraft; an eye, supported by means of 
a pulley; and an arresting device running on a cable. The Brodie device met with a 
degree of success and was used throughout World War II in areas and situations that pre
vented normal operations. 

Usefulness of the system was limited to the degree of skill developed by the pilots 
using the device. Extensive training of pilots was necessary, and even well-trained 
pilots completed only a small percentage of the landings attempted. In addition, the 
device could handle only one aircraft at a time, with a time requirement of five to ten 
minutes for each landing. 

The device was transported by motor vehicle. After arrival at its destination, one 
to three days were necessary to assemble the device, the time depending on the training 
and experience of the erection crew. 

Area requirements and open approaches were similar to those needed for normal opera
tions and, in some situations, even greater than the areas required for normal operations. 
Therefore, the only asset that the device had to offer was the fact that the aircraft 
did not have to make ground contact in the landing and take-off operations. However, when 
more than one aircraft was utilizing the equipment, adequate parking space and taxi lanes 
to the parking area still had to be developed. The use of this device faded out after 
World War II and. to the best of my knowledge, has not been used since. 



4.3 Tandem-Wheeled Gear (Whitaker) 

. The Whitaker tandem 4-wheel landing gear was designed for use on the L-19 airplane 
to facilitate its operation on rough fields and to provide increased flotation when 
operating on soft surfaces. Two standard L-19 airplane wheels are tandem mounted on a 
yoke on auxiliary axles - one ahead and one behind the main axle. The yoke is supported 
by the main axle which is bolted directly to the lower end of the spring landing-gear 
strut. The yoke and wheels are permitted to oscillate about the main axle to reduce 
the ground shock transmitted to the air frame. A hydraulic brake is provided for each 
wheel of the gear assembly. 

The tandem-wheeled gear has been procured and tested in limited quantities for use 
in the Army aviation program and has met with some degree of success. The gear permitted 
landings and take-offs over 12-inch furrows in a plowed field. It was also determined 
that, in soft snow, operational abilities of the aircraft were greatly enhanced by use 
of the gear: take-offs were made in 12 inches of snow, landings were made in 18 inches, 
and taxiing was accomplished through 24-inch drifts. In addition, the gear permitted 
more effective operations in mud, soft sand, and rough fields. It was also determined 
that the use of this gear prevented breakthrough of river ice not capable of supporting 
an aircraft equipped with the conventional gear. This gear is now stocked by the Army 
for special-purpose missions. 

4.4 Universal Landing Gear (All American 

Engineering Company) 

Existing Army fixed-wing aircraft are equipped with wheel-type landing gears and con
sequently depend on land bases for take-off and landing operations. This complete 
dependence upon land area for performing all the various functions of Army aviation has 
grown to be a serious military problem. The operational limitations of the wheel gear 
and required landing areas have resulted in an expanding interest by the Army to obtain 
a multipurpose landing gear to solve the problem. Since the conventional aircraft is 
restricted in its utility by the medium from which it must operate, a landing-gear 
system which could provide operation from snow and water in addition to land would elim
inate many limitations and problems confronting military operations at present. 

All American Engineering Company of Wilmington, Delaware, has developed what is known 
as the Universal Landing Gear or Hydrolift gear. The purpose of this gear is to provide 
a land-based aircraft with the ability to utilize water for take-off and landing runs 
in addition to conventional ground operations. A planing surface (ski) is used to pro
vide dynamic lift on the water at speeds down to a relatively slow taxi speed, and the 
normal landing gear permits transition to and from small adjacent beach areas. 

The first Universal Landing Gear was installed and tested on a Piper Cub in 1949. 
Since that time, more than 1500 take-offs and landings have been made with the Universal 
Landing Gear installed on such planes as the Piper Cub, with both tricycle and conven
tional landing gear; the Stinson OY-1; the Cessna L-19; the North American AT-6: and the 
Bellanca Cruisemaster, having a retractable landing gear. The Universal Landing Gear 
for the Cessna L-19 is in limited production for Army aviation. Extensive design studies 
and model tests have been conducted which show the feasibility of such a landing gear 
on both a fighter-type and a transport-type aircraft. 



As the name implies, the Universal Landing Gear can extend operations from conven
tional bases to many unconventional areas. Aircraft equipped with this landing gear have 
successfully operated from paved runways, sod fields, unprepared fields, mud, snow, and 
water, using small non-water areas of soft sandy beaches, hard stony beaches, beaches 
covered with steel matting, concrete seaplane ramps, mud flats, and floating rafts. 
These small non-water areas adjacent to water areas are known as 'hydroports'. 

U.U.I Hydroport Requirements 

The physical size requirement of a hydroport is dependent upon the over-all dimen
sions and ground performance of the plane expected to operate from such a base and in all 
aspects is much less than for an airfield. The size of the non-water area is also 
dependent upon the minimum planing speed for which the landing gear was designed. For 
liaison-type planes such as the L-17, this minimum planing speed is 10-12 knots and is 
the minimum speed that the plane can enter and leave the hard-surface area. For an air
craft of the Otter category, a minimum water speed of 15 knots would be considered. The 
accelerating capability of the plane prior to water entry, rather than the landing roll
out which can be minimized by braking, influences the length of hard-surface run required. 
Years of flight experience with the Universal Landing Gear have shown that the length 
of accelerating run necessary before entering the water area is approximately three times 
the length of the plane. Design studies of jet-propelled fighters equipped with the 
Universal Landing Gear indicate that they would require a longer accelerating run because 
of their relatively slow acceleration at low taxi speeds and high-design minimum planing 
speed (approximately 30 knots). For the average jet-propelled fighter plane, a run of 
five plane lengths would be required to reach water-entry speed. The width of this area 
needs only to be sufficient to allow the wing to clear any obstacles. 

When determining the size of the hydroport, the tidal drop of the water surface must 
be taken into consideration. The minimum area discussed must remain when the water 
level is at flood tide, and additional area must be allowed so that suitable land sur
face will be adjacent to the water at extreme low tide. The amount of this additional 
area is dependent on the steepness of the slope and the tidal rise and fall. Of course 
if the hydroport is situated adjacent to an inland lake with no tide and the water is 
at a constant level, this problem would be non-existent. 

Another consideration in the selection or construction of a hydroport is the slope 

of the ramp or beach. A slope of 12 to 1 (the slope of a standard seaplane ramp) is 

considered the maximum satisfactory slope for water entry and exit. The slope encoun

tered on transitioning between hard surface and water imparts a rotational acceleration 

to the aircraft and any reduction in slope is advantageous. An additional effect of the 

slope or operating area is the 'bottom effect', similar to ground effect, where increased 

lift is encountered in shallow water. A water depth approximately equal to the beam 

(or width) of the ski produces the bottom effect and tends to decrease the minimum 

planing-speed requirement. 

Unlike a conventional airfield where two, three, or four runways may be required, the 

hydroport area being adjacent to the water surface provides access from three directions. 

The inherent cross-wind characteristics of the gear installation allow cross-wind landings 

and take-offs, or maneuvering on the water surface for more favorable relative wind 

direction. 



The surface preparation required for a hydroport will also depend on the type of 
plane expected to operate from such a base and the natural shore-site condition. The 
surface must be sufficiently hard to provide enough static support for the gear instal
lation to minimize rolling friction during the initial accelerating run. Very light 
planes such as the Piper Cub and Cessna L-19 have been successfully operated on unpre
pared soft sandy beaches and low-tide mud flats, while some difficulty can be expected 
with heavier planes. Some method of soil stabilization may be required. Pierced plank 
matting has been used successfully for operations with aircraft from soft sandy beaches, 
while the same planes have been operated on hard stony beaches with no preparation being 
required. The fact that the hard surface is utilized only from zero to minimum water 
taxi speeds decreases the operational loads it must sustain far below conventional run
way landing-impact requirements. 

For the floating-raft type, the only requirement other than size is that there be 
sufficient buoyancy and strength to support the static weight of the aircraft. Since 
the floating hydroport will rise and fall with the tide, there is no need to allow for 
this when constructing the ramp. Suitable anchoring is determined by wind and sea 
conditions. Needless to mention, the water area that would be used as an approach must 
be kept clear of moored boats, buoys, lines, and floating debris that may interfere 
with the taxiing of the aircraft. The planing-surface structure is not as susceptible 
to critical structural damage from floating debris as conventional floats. 

The Universal Landing Gear installation allows land-based aircraft to conduct all 
present conventional landing and take-off operations. In addition, operations are 
possible from water by using a relatively small non-water area for transition to and 
from the water at low taxi speeds. 

The hydroport presents considerably less severe requirements than conventional air
port construction. In general, the hydroport area should be sufficient in size to allow 
the aircraft to enter the water at an operational planing speed (approximate length of 
run is three airplane lengths), and the amount of surface preparation should be sufficient 
to provide satisfactory taxi operations from zero to planing speed. 

The details of a hydroport facility are governed by the type and quantity of aircraft 
to be operated and also by the existing conditions of the shore site selected. The hydro-
port aspects included in this discussion provide the general considerations for selecting 
the detail design characteristics of specific facilities. 

4.5 Terra-Tire (Goodyear Tire and Rubber Company) 

The success that has been achieved with Goodyear Terra-Tires for off-road vehicle 
operation has resulted in further development of the Terra-Tire for aircraft application. 
Por development purposes, the tire has been mounted on a Stinson 'Voyager'. At present, 
Goodyear is in the process of establishing basic taxi, flight, and landing and take-off 
characteristics. 

The 34 lb Terra-Tire (24 x 24 x 6) is a high-flotation low-pressure (2-7 lb/in.2) 
tire which may afford greater flexibility in the selection of landing areas in their 
natural state. Tests conducted by Goodyear, to date, indicate that the tire is capable 
of traversing terrain not compatible with the convertible high-pressure tires normally 
employed in this type of aircraft. 
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In a taxi test conducted on the Terra-Tire, the Goodyear engineers concluded that the 
initial inertia on concrete is less than it is on sod for pressures of 4-7 lb/in.2. 
However, at 2 lb/in.2 and 3 lb/in. 2, the Initial inertia on sod and concrete is about 
the same. This is due to the fact that at lower pressures the tires give and absorb the 
roughness of the sod instead of rolling over it. 

The Terra-Tires, as compared with standard tires, indicate a lower inertia at 4-7 
lb/in.2 and a higher initial inertia at 2 lb/in. 2 and 3 lb/in.2 on concrete. On sod, 
the initial inertia of the plane on Terra-Tires is less for all pressures from 2-7 lb/ 
in.2 than it is for standard tires. 

5. CONCLUDING REMARKS 

The Army has attempted to select airfields that could be used by present-day aircraft. 
All Army fixed-wing aircraft are of the type that permit low landing speeds. Field sel
ection is restricted in areas where uninterrupted stretches of terrain are limited to 
less than 1200 to 1300 feet. However, under the threat of nuclear warfare, our armies will 
be forced to operate in areas heretofore considered inaccessible to aircraft. 

Which requirements for aircraft operation on rough terrain should be met? 

We can assume that more effective aircraft can be designed and developed to permit normal 
take-offs and landings, short take-offs and landings (STOL), and vertical take-offs and 
landings (VTOL). Aircraft in these categories would certainly satisfy the practical 
requirements that exist for operations on most types of terrain. However, a great price 
must be paid for the added complexity and capabilities, including the initial cost, the 
operating costs, and the maintenance costs for STOL and VTOL aircraft. This price would 
not be limited to monetary expenses directly related to the aircraft; it would also 
include the heavy load placed on man power, which, as always, is a critical problem in 
the Army. Without added man power to maintain the more complex aircraft, aircraft 
availability would be noticeably lessened. 

In addition, if specialized aircraft are used, the price may include reduced payloads 
and reduced cruising speeds for given power Installations. 

Let us look at a present-day example. Helicopters can land on a relatively small 
airfield and under more varied conditions than Army fixed-wing aircraft. However, the 
initial cost of the lightweight fixed-wing airplane is approximately one-third that of 
a singulai-payload helicopter. When carrying equal loads, the fixed-wing airplane 
requires less than one-half the man-hours to maintain and less than one-half the cost 
to operate. In addition, the fixed-wing airplane is capable of much greater speeds. 

It could well be that less than 30 percent of all Army air operations would require 
VTOL characteristics for the successful completion of the Army mission. Therefore, it 
seems that it is unnecessary for all aircraft to possess this capability at more than 
twice the over-all cost of conventional aircraft. 

As all Army air maneuvers will not be from unprepared airfields or rough-terrain 
areas, it would not be necessary to replace all conventional aircraft. Instead, it seems 
that a family of specialized aircraft must be developed to support areas where present 
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aircraft cannot be employed and that these special-purpose aircraft should be utilized 
only when operational requirements dictate. 

The advent of the turbo-prop power plant, with its low ratio of weight to power, has 
given great impetus to the VTOL and STOL concepts as applied to fixed-wing aircraft. 
The Army is currently supporting the development of a number of experimental 'flying 
test beds', including tilt-wing, tilt-rotor, deflected-slipstream, and tiltable-ducted-
fan configurations. The flight experience gained from these experimental aircraft will 
be invaluable in charting the future development of VTOL and STOL aircraft. The advent 
of practical aircraft of this type will, in turn, exert a radical influence on landing-
field requirements. 

It is obviously not feasible to attempt to develop aircraft or landing gears that 
would permit operation under all rough-terrain conditions. These aircraft and landing 
gears should be developed for use only under the conditions that would be classified 
into categories satisfactory for their use. 

Emphasis should be placed on developing a system of standards and classifications 
permitting evaluation and determination of the degree of roughness for any proposed 
landing site. This system of standards and classifications will permit aircraft 
designers to develop landing gears and aircraft suitable for operations from areas which 
are now considered inaccessible to conventional aircraft. The development of versatile 
aircraft and landing gears will permit our armies to operate with far more flexibility 
than we have ever experienced in the past. However, while developing specialized air
craft, we will have to determine the requirements which must be satisfied by these air
craft and the percentage of total air power which will be equipped for operation on 
various types of rough terrain. 
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TABLE I 

C h a r a c t e r i s t i c s for Universa l Landing Gear ( fo r L - 1 9 ' s ) 

Length of main planing surface 

Width of main planing surface 

Weight of main planing surface (each) 

Weight of hydraulic installation (including 

hydraulic fluid) 

Area of main planing surface (each) 

Water loading of planing surfaces (based on 
military gross weight of 2430 lb.) 

Ground clearance 

Maximum movement of surface (3!^0 above 

fuselage reference line) 

Installation time (main planing surface 

(2 men)) 

Hydraulic pressure 

Weight of ccmplete installation 

6 ft. 8 in. 

29. 1 in. 

41.75 lb. 

18.5 lb. 

7.0 ft.2 

174.0 lb/ft. 2 

l'/4 in. 

1554° 

20 min. 

700-1000 lb/in. ? 

102 lb. 
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Gross Weight 
S t a l l Speed (No F l a p s ) 
C r u i s e Speed 

•Take-Off D i s t a n c e 

Pig. 1 L-19 - Cessna Aircraft Company 
Tire Size 2430 lb 

47 mph 
100 mph 
589 ft 

MLG 7.00 X 6 
TG 8.00 x 3-4 

Tire Pressure MLG 21 lb 
TG 35 lb 

Fig.2 L-20 'Beaver' - DeHavilland Aircraft of Canada, Limited 
Gross Weight 4820 lb 
S t a l l Speed (No F l a p s ) 64 mph 
C r u i s e Speed 135 mph 

•Take-Off D i s t ance 790 f t 

T i r e S i ze MLG 8 . 5 0 x 10 
TG 5 . 50 x 4 

T i r e P r e s s u r e MLG 25 p s i 
TG 35 ps i 

•Take-of f i s over 50 - f t b a r r i e r a t s e a l e v e l , ze ro wind, and g ross we igh t . 
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Fig. 3 
Gross Weight 
S t a l l Speed (No F l aps ) 
Cru i se Speed 

•Take-Off D i s t ance 

L-23 Twin Bonanza - Beech Aircraft Corporation 
5500 lb T i r e S ize 
67 mph 
150 mph 
1182 ft 

Tire Pressure 

MLG 8.50 x 10 
TG 6.50 X 10 
MLG 35 psi 
TG 35 psi 

Fig.4 U-l 'Otter ' - DeHavilland Aircraft of Canada, Limited 
Gross Weight 7200 lb 
S t a l l Speed (No F l a p s ) 67 mph 
Cru i se Speed 133 mph 

•Take-Off D i s t ance 970 ft 

T i r e 

T i r e 

S i z e 

P r e s s u r e 

MLG 
TG 
MLG 
TG 

11 
6 

28 
3fi 

00 x 1 
00 x ft 
ps i 
p s i 

• Take-off Is over 5 0 - f t b a r r i e r a t s e a l e v e l , z e r o wind, and g ross weight . 
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Pig.5 11-23 Hi l le r Helicopter 
Gross Weight 
S t a l l Speed 
C r u i s e Speed 
V e r t i c a l Take-Off 

2500 lb 
N/A 
70 mph 

T i r e S i ze 

T i r e P r e s s u r e 

MLG 5.00 x 4 
NG 5.00 x 4 
MLG 35 p s i 
NG 35 p s i 
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Gross Weight 
S t a l l Speed 
Cru i s e Speed 
V e r t i c a l Take-Off 

Pig. 6 H-13 - Bell Aircraft Corporation 
2132 lb Skid-Type Landing Gear 
N/A 
70 mph 
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Gross Weight 
S t a l l Speed 
C r u i s e Speed 
V e r t i c a l Take-Off 

Fig.7 H-19 Sikorsky Aircraft 
7100 lb 
N/A 
92 mph 

Tire Size 

Tire Pressure 

MLG 7.50 x 10 
NLG 6.00 x 6 
MLG 55 psi 
NLG 28 psi 

Fig. 8 H-34 Sikorsky Aircraft 
Gross Weight 
S t a l l Speed 
C r u i s e Speed 
V e r t i c a l Take-Off 

12,200 lb 
N/A 
110 mph 

T i r e S i z e 

T i r e P r e s s u r e 

MLG 11.00 X 12 
TG 6 .00 x 6 
MLG 35 p s i 
TG 30 p s i 
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Fig. 9 H-25 Vertol Helicopter 
Gross Weight 
S t a l l Speed 
Cru i s e Speed 
V e r t i c a l Take-Off 

5400 lb 
N/A 
75 mph 

T i r e S i ze 

T i r e P r e s s u r e 

MLG 6.00 X 10 
TG 6.00 x 3 
MLG 75 p s i 
TG 55 p s i 

™Mm*T 

1 

Gross Weight 
S t a l l Speed 
Cru i se Speed 
V e r t i c a l Take-Off 

Fig, 10 Ii-21 Vertol Helicopter 
13,300 lb 
N/A 
97 mph 

T i r e Size 

T i r e P r e s s u r e 

MLG 24.00 x 7 .7 
NG 7.50 X 10 
MLG 115 p s i 
NG 60 p s i 
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Fig.11 Brodie Device Operating from Ship 

••',.. " :^fiJ 

r 
-'^, 

Fig. 12 Brodie Device Operating over Rough Terrain 
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Fig.13 L-19A Airplane Equipped with Whitaker Tandem-Wheeled Landing Gear 
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Maximum travel of right 
landing gear 
Maximum travel of left 
landing gear 

Pig.14 Whitaker Tandem-Wheeled Landing Gear on an L-19A Airplane 

B. 
c. 

Maximum p e r m i s s i b l e 
t r a v e l of b rake l i n e 
Brake on r e a r wheel . 
P l a s t i c - t i p bumper 
a t l i m i t of t r a v e l . 

Fig.15 Whitaker Tandem-Wheeled Landing-Gear Unit Assembly Mounted on Right Main 
Landing-Gear Assembly of an L-19A Airplane 
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A. 
B. 
C. 
D. 
E. 
P. 
G. 
H. 
I . 
J. 
K. 
L. 
M. 

Wheel assembly. 
Tandem-wheel yoke b r a c e . 
S tandard landing gear ax l e 
Bungee. 
Tandem gear ax l e 
S tandard wheel b e a r i n g 
Axle nut . 
Tandem-gear ax l e p in 
Tandem-wheel yoke 
S tandard brake housing 
Tandem gear ax l e 
Ro ta t i ng brake d i s c 
Ant 1 - r a t t l e c 1 I p s 

'1 / 

Fig.16 Whitaker Tandem-Wheeled Landing Gear Unit Assembly for L-19A Airplane 
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A. Left Wheel in a ditch approximately 10 inches deep 

Fig.17 L-19A Airplane Equipped with Whitaker Tandem-Wheeled Land Landing Gear 
on a Soft Plowed Field 

Showing F l o t a t i o n and A t t i t u d e in a D i t c h of a Plowed F i e l d 

Pig.18 L-19A Airplane Equipped with Whitaker Tandem-Wheeled Landing Gear 

A. Right wheel of L-19A Ai rp l ane in d i t c h 
a p p r o x i m a t e l y 12 inches deep 

Fig.19 L-19A Airplane Equipped with Whitaker Tandem-Wheeled Landing Gear Operating 
from Snow-Covered Field 
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Pig.20 Universal Landing Gear (ULG) Attached to L-19 Aircraft 

Note wheels p r o t r u d i n g below s k i , s k i s clamped to l and ing gear 
by 4 b o l t s ( see l e f t s k i ) , and 2 f l e x i b l e h y d r a u l i c l i n e s wi th 
c o n n e c t i o n s near l a n d i n g - g e a r s t r u t roo t ( see r i g h t s k i ) . S k i s 
a re in down-tr im p o s i t i o n and L-19 i s in 3 -po ln t p o s i t i o n . 
Wheel sp ray s h i e l d s have been removed t o show d e t a i l . 

Fig.21 Universal Landing Gear Attached to L-19 Aircraft 
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Fig.22 Universal Landing Gear Attached to Right Gear of L-19 Aircraft 
Note the four attaching bolts and the flexible hydraulic lines. 

Fig.23 Universal Landing Gear Attached to Right Landing Gear of L-19 Aircraft 
Note addition of the wheel spray shield. 
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Note posi t ion of control panel 
mounted above L-19 instrument 
panel. Arrow l shows pressure 
gage and ski trim se lec to r . 
Note hydraulic tubing behind 
control panel and tubing to 
immediate left of purolator 
below instrument panel, Arrow . 
On lef t side of cockpit is the 
hand-operated hydraulic pump 
handle, Arrow 3. Hydraulic 
reservoir and accumulator are 
mounted under the front seat . 

Pig.24 Three-quarter Cockpit View Showing Main Portion of Hydraulic System 
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Fig.25 L-19 Aircraft Equipped with Universal Landing Gear 
During Transition from Beach to Water 

Fig.26 L-19 Aircraft Equipped with Universal Landing Gear 
During Transition from Water to Beach 
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Pig.27 L-19 Aircraft Equipped with Universal Landing Gear in Flight 
Note landing wheels protruding below the ski 

Fig.28 L-19 Aircraft Equipped with Universal Landing Gear Taxiing on Water 

Fig.29 L-19 Aircraft Equipped with Universal Landing Gear Taxiing on Mud 



28 

l l l l l l l l l l f l 

( M M M m t —•• ***limm**%:i**-*<l****4&-m«0ir 

' **.>4B1 ' mmmwml mmmmmmmmmmi 

Fig.30 Goodyear Terra-Tires on Aircraft in Fl ight 
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Fig. 31 Aircraft Equipped with Goodyear Terra-Tires for Rough-Terrain Operation 



DISTRIBUTION 

Copies of AGARD publications may be obtained in the 

various countries at the addresses given below. 

On peut se procurer des exemplaires des publications 
de 1'AGARD aux adresses suivantes. 

BELGIUM 
BELGIQUE 

Centre National d'Etudes et de 
Recherches Aeronautiques 
11, rue d'Egmont 
Bruxelles. 

CANADA Director of Scientific Information 

Services, Defence Research Board 

Department of National Defence 

'A' Building 

Ottawa, Ontario. 

DENMARK 

DANEMARK 
Military Research Board 
Defence Staff 
Kastellet 
Copenhagen 0. 

PRANCE O.N.E.R.A. (Direction) 

25, avenue de la Division-Leclerc 

Chatillon-sous-Bagneux (Seine) 

GERMANY 

ALLEMAGNE 

Wissenschaftliche Gesellschaft fiir 
Luftfahrt 

Zentralstelle der Luftfahrtdokumentation 

Miinchen 64, Flughafen 
Attn: Dr. H.J. Rautenberg 

GREECE 

GRECE 

Greek Nat. Def. Gen. Staff 

B. MEO 

Athens. 

ICELAND 

ISLANDS 

Iceland Delegation to NATO 

Palais de Chaillot 

Paris 16. 

ITALY 
ITALIE 

Centro Consultivo Studi e Ricerche 
Ministero Difesa - Aeronautica 
Via Salaria 336 
Rome. 



LUXEMBURG 
LUXEMBOURG 

Luxemburg Delegation to NATO 
Palais de Chaillot 
Paris 16. 

NETHERLANDS 
PAYS BAS 

Netherlands Delegation to AGARO 
10 Kanaalstraat 
Delft, Holland. 

NORWAY 
NORVEGE 

Chief Engineering Division 
Royal Norwegian Air Force 
Deputy Chief of Staff/Material 
Myntgaten 2 
Oslo. 
Attn: Major S. Heglund 

PORTUGAL Subsecretariado da Estado da 
Aeronautica 
Av. da Liberdade 252 
Lisbon. 
Attn: Lt. Col. Jose Pereira do 

Nascimento 

TURKEY 
TURQUIE 

M. M. Vekaleti 
Erkaniharbiyei Umumiye Riyaset i 
Ilmi I s t i s a r e Kurulu Mudurlilgii 
Ankara. 
Attn: Colonel Puat Ulug 

UNITED KINGDOM 
ROYAUME UNI 

Ministry of Supply 
TIL, Room 009A 
First Avenue House 
High Hoiborn 
London,W.C. 1. 

UNITED STATES 
ETATS UNIS 

National Advisory Committee for 
Aeronautics 
1512 H Street, N.W, 
Washington 25, D.C. 

$ 

Printed by Technical Editing and Reproduction Ltd 
95 Great Portland St. London, V.l. 





AGARD Report 80 
North Atlantic Treaty Organization, Advisory Group 
for Aeronautical Research and Development 
UNITED STATES ARMY EXPERIENCE IN OPERATIONS FROM 
UNPREPARED FIELDS 
Denhart, John P. 
1956 
28 pages, incl. 31 Pigs. 

This non-technical presentation is based on the 
use of light aircraft to support the Army aviation 
mission. Although it may not be related to the 
use of heavier and faster aircraft which normally 
support the Air Force mission, some of the require
ments and methods considered by the Army for the 
accomplishment of its mission may be applicable to 
high-performance aircraft. 

Presented at the Ninth Meeting of the Plight Test 
Techniques Panel, held from 27th to 31st August, 
1956, in Brussels. 

AGARD Report 80 
North Atlantic Treaty Organization, Advisory Group 
for Aeronautical Research and Development 
UNITED STATES ARMY EXPERIENCE IN OPERATIONS FROM 
UNPREPARED FIELDS 
Denhart. John F. 
1956 
28 pages, Incl. 31 Figs. 

This non-technical presentation Is based on the 
use of light aircraft to support the Army aviation 
mission. Although it may not be related to the 
use of heavier and faster aircraft which normally 
support the Air Force mission, some of the require
ments and methods considered by the Army for the 
accomplishment of its mission may be applicable to 
high-performance aircraft. 

Presented at the Ninth Meeting of the Plight Test 
Techniques Panel, held from 27th to 31st August, 
1956, in Brussels. 

629.139 

3a6a2 

629.139 

3a6a2 

AGARD Report 80 
North Atlantic Treaty Organization, Advisory Group 
for Aeronautical Research and Development 
UNITED STATES ARMY EXPERIENCE IN OPERATIONS PROM 
UNPREPARED FIELDS 
Denhart, John P. 
1956 
28 pages, incl. 31 Figs. 

This non-technical presentation is based on the 
use of light aircraft to support the Army aviation 
mission. Although it may not be related to the 
use of heavier and faster aircraft which normally 
support the Air Force mission, some of the require
ments and methods considered by the Army for the 
accomplishment of its mission may be applicable to 
high-performance aircraft. 

Presented at the Ninth Meeting of the Plight Test 
Techniques Panel, held from 27th to 31st August, 
1956, in Brussels. 

AGARD Report 80 
North Atlantic Treaty Organization, Advisory Group 
for Aeronautical Research and Development 
UNITED STATES ARMY EXPERIENCE IN OPERATIONS FROM 
UNPREPARED FIELDS 
Denhart, John P. 
1956 
28 pages, incl. 31 Figs. 

This non-technical presentation is based on the 
use of light aircraft to support the Army aviation 
mission. Although it may not be related to the 
use of heavier and faster aircraft which normally 
support the Air Force mission, some of the require
ments and methods considered by the Army for the 
accomplishment of its mission may be applicable to 
high-performance aircraft. 

Presented at the Ninth Meeting of the Plight Test 
Techniques Panel, held from 27th to 31st August, 
1956, in Brussels. 

629.139 

3a6a2 

629.139 

3a6a2 





AGARD Report 80 
North Atlantic Treaty Organization, Advisory Group 
for Aeronautical Research and Development 
UNITED STATES ARMY EXPERIENCE IN OPERATIONS FROM 
UNPREPARED FIELDS 
Denhart, John P. 
1956 
28 pages, incl. 31 Figs. 

This non-technical presentation is based on the 
use of light aircraft to support the Army aviation 
mission. Although it may not be related to the 
use of heavier and faster aircraft which normally 
support the Air Force mission, some of the require
ments and methods considered by the Army for the 
accomplishment of its mission may be applicable to 
high-performance aircraft. 

Presented at the Ninth Meeting of the Flight Test 

Techniques Panel, held from 27th to 31st August, 

1956, In Brussels. 

AGARD Report 80 
North Atlantic Treaty Organization, Advisory Group 
for Aeronautical Research and Development 
UNITED STATES ARMY EXPERIENCE IN OPERATIONS FROM 
UNPREPARED FIELDS 
Denhart, John P. 
1956 
28 pages, incl. 31 Figs. 

This non-technical presentation is based on the 
use of light aircraft to support the Army aviation 
mission. Although it may not be related to the 
use of heavier and faster aircraft which normally 
support the Air Force mission, some of the require
ments and methods considered by the Army for the 
accomplishment of its mission may be applicable to 
high-performance aircraft. 

Presented at the Ninth Meeting of the Plight Test 
Techniques Panel, held from 27th to 31st August, 
1956, in Brussels. 

629.139 

3a6a2 

629.139 

3a6a2 

AGARD Report 80 
North Atlantic Treaty Organization, Advisory Group 
for Aeronautical Research and Development 
UNITED STATES ARMY EXPERIENCE IN OPERATIONS FROM 
UNPREPARED FIELDS 
Denhart, John F. 
1956 
28 pages, Incl. 31 Figs. 

This non-technical presentation is based on the 
use of light aircraft to support the Army aviation 
mission. Although it may not be related to the 
use of heavier and faster aircraft which normally 
support the Air Force mission, some of the require
ments and methods considered by the Army for the 
accomplishment of its mission may be applicable to 
high-performance aircraft. 

Presented at the Ninth Meeting of the Flight Test 
Techniques Panel, held from 27th to 31st August, 
1956, in Brussels. 

AGARD Report 80 
North Atlantic Treaty Organization, Advisory Group 
for Aeronautical Research and Development 
UNITED STATES ARMY EXPERIENCE IN OPERATIONS FROM 
UNPREPARED FIELDS 
Denhart, John P. 
1956 
28 pages, incl. 31 Pigs. 

This non-technical presentation is based on the 
use of light aircraft to support the Army aviation 
mission. Although it may not be related to the 
use of heavier and faster aircraft which normally 
support the Air Force mission, some of the require
ments and methods considered by the Army for the 
accomplishment of its mission may be applicable to 
high-performance aircraft. 

Presented at the Ninth Meeting of the Flight Test 
Techniques Panel, held from 27th to 31st August, 
1956, in Brussels. 

629.139 

3a6a2 

629.139 

3a6a2 






