
'J.S. ARMY PANEL

ON

L MV!RONMENTAL RESEARCH

L 25th Quarterly MeetingS 16 . 17 October 1961

Fort Eustis, Virginia

1 mm

Cosponsored by

U.S. ARMY TRANSPORTATION BOARD and
U.S. ARMY TRANSPORTATION RESEARCH CO UIHf

IAN 28 1970

C



COMPILATION OF PAPERS PRESENTED TO

THE U, S. ARMY PANEL ON ENV I RONMENTAL RESEARCH

16 17 October 1961

Cosponsored by

U. S. ARMY TRANSPORTATION BOARD
and

U. S. ARMY TRANSPORTATION RESEARCH COMMAND
FORT EUSTIS, VIRGINIA

TCREC 61-125



CONTENTS

Section

Vehicle Cross-Country Mobility . . A

Combat Development and the Environment , B

Mobility and Warfare in 1965-1970 . ........ C

Polar Environment, Antarctica. . D

U. S. Army Transportation Board's Environmental
Program for FY62......... . . . . . E

The Application of Murphy's Law to Environmental
Research . . . . . ........ F

Arctic, Desert, and Tropic Test of Nodwell
5-Ton Vehicle .. ....... . . . . G

Status Report - Operation Swamp Fox . H

USATRECOM Environmental Activities . I

Environmental Aspects of Army Aviation J

VTOL Down-Wash Impingement Study . K

Static Electricity . .. ............ L

Scale Model Testing of Tires in Sand . M

Ground Profile Instrumentation N

Application of "Free Breather" Principle to Cargo
Cot~tair, . ffur the Prevention of Corrosion of
Military Cargoes . . . . . 0

Transportation Forecast and Prediction Study . P

iii



VEHICLE CROSS-COUNTRY MOBILITY

John D. Shotter

Earl S, Brown

U. S. ARMY TRANSPORTATION COMBAT DEVELOPMENT GROUP

Fort Eustis, Virgima

A



SUMMIRY

VZHICLZ CROSS-COUNTRY MOBILITY

(Project CD 500-5-57)

1. PURPOSE AND SCOPE. This study considers the requirements
necessary to determine a practical definition and measure of degree
of cross-country mobility required in vehicles for the Transportation
Corps motor transport fleet in the long range period.

2. DISCUSSION.

a. There is a requirement for immediate and continued improve-
ment in the ability of transport vehicles to operate olf tho road in
order to attain and maintain parity of movement with the tactical @le-
ments of the modern Army, Xn renognition of this need, the Chief of
Transportation, in 1956, stated that it is imperative that the Tranospor-
tation Corps determine and establish a practical definition and 'aeasuro
of the degree of cross-country mobility required; this being a positive
prerequisite to the prepar~tion of realistic vehicle =ilitiry character-
istics and ., properly orieited research and deveLc'wnt progrem. ý/

b. The ever increasing requirement for greater Army aobility
in all environments dictates that the Transportation Corps emphasize
development of cargo carrying equipment which can keep pace with what-
ever movement is required in resupply operations. In the time frma of
this study (1965-1970), it is estimated that an integrated transportation
system utilizing air, rail and motor transport will be suployed, Rail
potential ia the LOC will be limited by the zonc ýf operation, the state
of the road bed, the organization, And the &vailability of equipment.
Operational continuity and flexibility of movement most probably will
be achieved by means of s9rfase m~zer tranppoit possessing both on-road
and croas-coronary eapabl.iilUes. If wa art to have thie capability, there
must be rapid ard drastic ituprovement in thi mobility chatacteristics of
the Transportation Corps organic_ vehicles, resulting in equipment capable
of responding with speed and agilfty to the combat units requirements in
both logisttcal and tactical situations.

3. PRINCIPAL CONCI.USIONS AND RECOMINDATIONS.

a. This study corcludes, in general. that the degrea of cross-
country mobility required for vehizies of rho motor transport fleet is
measured in terms of the speýiic performarct characteristics of the most
mobile major velicfesa in the combat 4nits supported; and that the present
Transportation Corps transport vehicles aro not capable of off-i-oad move-
ment commensurate with the requiren.unts of cross-country mobility through-
out `Ie Army operational arsos of future emoj'ýyment.

l/ Ltr, OCOPT, TCHTD-9, RCS 18, 19 Oct 1956, "Vehicle Cross-Country

Not,~iit~y Definition and TC Req41remenr 1n960-1970 Army."
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b, It establishes optimum cross-country mobility performance
characteristics for vehicles of the Transportation Corps motor transport
fleet, carrying rated load in the temperate areas of the world, under
average seasonal concttions and variations; and outlines specific features
of a test course whareby these characteristics can be effectively Zhec~ed
in vehicle prototypes.

c. The study recvmumends adoption of the optimum vehicle per-
formance characteristics for cross-country operations, as constitutins a
practical definition of the cross-country mobility required in vehicles
of the Transportation Corps motor transport Veet in the long range
period; and that the test course features be accepted as a practical
method of measuring this mobility.
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1. PROBLEM, To determine a practical definition and measure of degree
of cross-country mobility required in vehicles for the Transpor-
tation Corps motor transport fleet in the long range period.

2. ASSUMPTIONS.

a. A continuing requirement vilI exist for surface transport
capability in the foreseeable future,

b. .2he present cross-country capabilities of the Transportation
motor transp.)rt fleet are not adequate for all operational
ttsks.

3. FACTS BEARING ON THE PROBLEM.

a. For this study period, serface motor vehicles must be considered
as or.e of the most reliably known modes of transportation in
support of field army operations.

b. Basic research into the field of measuring vehicle mobility in
"soft soils has not yet progressed to the point where it has
practical application to the problem set forth in this study.

4. DISCUSSION.

a. Introduction.

(1) There is a requirement for imndiate and continued
improvement in the ability of transport vehicles to
operate off the road in order to attain and maintain
parity of movement with the cactical elements of the
modern Army.

(2) In view of this foreseeable requirement for motor
transport equipment with a high degrae of cross-
cýuntry mobility for use in support of the future
Army, it is iarper~tive that the Tcansportation
Corpe derermine and eatablieh a practical definition
and measure of the degree of cross-country mobility
required. This is a positive prerequisite to the
preparation of realistic vehicle military character-
is•i•s and a properly oriented Research and Development
Program.*

(3) Of the %bree c4rdinal modes cf transpcrtation employed
by the ArmeJ Forces - 1ad, sea, and air - the science
of iaid lowootiý;n is undoubtedly in the most backward
siact. Since Wor.ld War I, the state of the art of

*L-tter, OCOFT, (TOQD-9 RCS l9)j VrIich. Crosu-Country Mobility

Definition anid iC Requ~iremertc. i96C,-70 Av. 19 0nt 1956.
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aerodynamics and hydrodynamics have sped forward far
out of proportion to the science oi land lccomotion,
which at this time must be developed to comparable
status in order to meet the ever increasing need for
integrated transportation systems.

(4) Over the last 50 years, the major effort in the advance-
ment of the science of land locomotion has been devoted
to the attainment of speed, capacity and passenger com-
fort over prepared highways. This devotion of effort
applied by the automotive industry to speed and capacity
has resulted in probably the most modern system of
highways in the'world, and made for the economic com-
fort of the public and the producing industries; however,
the salient need of the armed forces is freedom of move-
ment, both over the highway and, in times of need, cross-
country.

(5) The rapid advance in the field of atomic firepower and
the increase of flight range and accuracy of missiles
will shape the strategy and tactics of a future war.
Warfare will be characterized by the continual maneu-
vering of combat units over wide expanses of territory.
Offensive operations will consist of rapid 3trikes at
the weakest point of the enemy's defenses to destroy
the enemy rather than to hold terrain, with equally
rapid withdrawals. Rapid movement will also be vital
to defensive operations in order to deceive the enemy
with regard to the location of units.

(6) In the time frame under consideration in this study, it
is estimated that an integrated transportation system
utilizing air, rail and motor transport will be employed.
Rail potential in the LOC will be limited by the zone of
operation, the state. of the road bed, the organizatlon,
and the availability of equipment. Also it is expected
that a large percentage of the rail capacity will be
utilized for support of the indigenous population.
Operational continuity and flexibility of movement most
probably will be achieved by means of surface motor
transport possessing both on-road and cross-c_.intry
capabilities.

(7) If we are then to depend heavily upon motor transportation
in fulfilling the Army support requirenients, it w.LJl call
for a capability that at present is not adequate. If
we are to have this capability, there must be rapid and
drastic improvement in the mobility characteristics of
the Transportation Corps' organic vehicles, resulting
in equipment crpable of responding with speed and agility
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to the combat unit's requirements in both logisticil and
tactical sit-4ations.

()In future operations thA. Transportation Corp# will use
prepared surfaces wherever aval1able and will resort to
movesient cross-country when required; however, this
requirement for moving cross-country rather than over
prepared surfaces in b;,ith tn. combat and lgs1a
support arisas will incraasee rapidly as new weeapc.- and
tactics become realities.

b. Concept of Transportntion Corps motor vehicle operations:

(1) In order to enable us to select and Isolato the indices
for future Transportation Corps vehicle mabiL1t, , It
Is necessary to discuss concepts of future TraL.Sparta-
tion Corps motor vehicle operations.

(2) Mobility requirements in the two main areas of a theater
of operrtions camnunications zone anad field army - vill
be considered in order to determine whether, in fact,'
separat* requairements exist for logistical vehicle charau-
teristict in the two zones.

(3) In each of the above &enecal areas there-exist* s need
for intra-area (local) motor trearprt service units.
Subordinate "area' comands. primiarily *a~inti'trative
in function, may be contained in eitbei of these swin
areas; they too would have &rn intra-area transport
capability.

(4) To provide for the iAnter-area (line haul) service from,
to, and throuagh the main operationsal areas (and subordinate
'.ncluded comaand structures)~ tiiere may be established a
transportat ion intersect 5one 1 motor transport service
rtesionsible for controlling and. operating a general
haulip; sirvtee e.prising a pool of motor vehicles

'!~:ato the "line haul" missa.or.

(5) The ~mvia.g "taiarid concept -r' cporsticms as onvtoaged
for Euture vers, whereiri _4n aree devoid of fri-endly
troops msy extut bet-joer tL-. boa* secItic-a ztdvancs saction
and fieold arxy &ras, proest-tts &m opporturftv for temya
tftfiltij~tion srnJ .akotsg* Vt-.1Cb NK;t t-t cc-%vWtdrad, Any
n't.sur* of~ an*-ty skccasa iti thtso "LdiW%~ the p1Errntd
4a~lonse of the LoO notvith.Ltandint, viU cies*,, Ostacte*
to the pas**&* of motor v"eiclos. Destroyed brid~As and
sectiops oi roadvoy v~r vcn'ainat*4 areas cai' b* oxpactet
V4M1.2 Oer'st'IM ir ths r*a4; reti a Wtorl Vt-
bitles 6"ft >-A .ýnf hau orac,'-Is must 0'5l4 tross-
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country capabil.ties to the extent necessary to by~avs
such temporary obstacles, but not to an extent requiring
CompleLe independence cf prepared surfaces cf any type
at all times.

(6) There is every reason to believe that an area sufficiently
large and sufficiently important to justify the conmit-
ment of a theater Army will contain within it a pattern
of roads or trails whtch are not susceptible to complete
destruction, even in this day of mass dest-.ction weapons.
It is necessary, therefoLe, to dispel the belief that
motor transport vehicles engaged in line haul operations
in future wars must be entirely divorced from visible
routes possessing (as a result of prior travel thereon,
or deliberate stabilization) some degree of improved
surface.

(7) Within the field army area, and particularly from army
depot and supply points forward, the requirement for
mobility is increasing to the point of requiring that
transport vehicles be comparable to tactical vehicles
in their ability to operate off of prepared surfaces.,
Tarrain obstacles additional to the natural ones dis-
cussed elsewhere in this study are created in Lhis area
by direct destruction as opposed to infiltration and
sabotage damage encountered along the LOC's. It is in
the divisional area, with its dispersed and highly mobile
comb3t groups, that the highest degree of cross-country
mobility will be essential.

(8) Yurthermore, the combat group area within a division is
subjected to the most continuous firepower of the enemy.
In this area exists the most demanding requirement for
agility of movement on the parL of the combat elements,
so as to exploit all advantages over the enemy. 'iere
the transport service rust be geared to the rapid paie
of battle deployment so as to provide adequate logistical
support to combat units. In this grea van be axpected
the greatest enemy danage to the existing read iet, and
the consequent denial cf road usage. Hence, the greatest
need for true cross-couwcry mobility in motor transport
equipment exists in this area.

c. Transportation Corps mobility tequiremnantr in the field army
area:

(1) The optimum cross-.ountty mobility characteristics for
vehicles of the Transportation Corps motor transport
fleet in both the field army area and the ccaiunicattons
sone can be best axpreaset in terms of the relationabip
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between the specific t2rrain or water obstacles to ve-
hicular movement and the vehicle performance character-
istics required to overcome these obstacles.

(2) These envirr•cmntal obstacles - or "surface movement re-
sistance factors" (as they are henceforth referred to

in this study) may be divided into the following cate-
gories: (ANNEX A)

(a) Soft soils: Sand, loam, and clay in various com-
binattons and consistencies.

(b) Sloes: Beach slopes, ditches, and river banks %s
well as hills and mountains.

(c) Rock-covered and wooded areas: Both sprzsely covered

and closely covered terrain.

(d) Shallow waters: Streams, ponds and canals.

(a) Deep waters: Open expanses, such as takes, and rivers.

(3) To overcome these resistance factors, improvements in the
following "vehicle performance characteristics" areas
are nueded: (ANNEX B)

(a) The tractional system: To overcome soft soils.

(b) An&Lee of apgroach. departure, and break (vertical
obstacle negotiability): To overcome beach slopes,
ditches, and river banks.

(c) GradeabiliLt and lateral side slope stability: To
overcomt hills and mountains.

(d) Steerin adius and ground €learances: To overcome

sparsely covered rocky and wooded areas.

(e) Fordabii.ty:* To overcome shallow waters.

(f) Na.v&a.y.j: To overcome deep water.

(4) Chart No. 1 illustrates the surface resistance and re-
lated vehicle characteristici. 'The vehicle perfozmance
characteristics needed to overzome the surface resistance
factors constitute in effect a definition of the Trans-
portation Corps mobility requirements for the v*ry long
range period.

"Iordability" is stated in terms of its current detinitiou., however,
when "Navigability" is achlevei, "FordabiiLty" is inherently included.
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(5) Transportation Corps vehicles in direct support of combat
elements should posoess a cross-country capability com-
parable to that of the major tactical vehicle found
within the element supported. Therefore, before deter-
mining the cross-country mobility requirements for Trans-
portation Corps vehicles in the field army area, it is
first necessary to determine the specific performance
characteristics of the most mobile major tactical vehicles
in the combat units supported. Measurement of the cross-
country capabilities of the transportation vehicle in-
volves comparing its ability to overcome the surface re-
sistance factors named above with the ability of the
tactical vehicle to overcome the same factor.

(6) The M-59 armore4 personnel carrier and the 1M-48 tank appear
to be the most mobile major vehicles organic to the cu:rent
division, so that their performance characteristics in
overcoming various surface resistance factors have in
general been established as the minimau reqiretwnts for
the Transportation Corps vehicles that will be employed
in direct support activities. Possible future replace-
ments for these vehicles are urdcr development and their
anticipated characteristics have also been considered in
this study. A requ:rement will exist for a logistical
vehicle which can keep pace with them, as far as move-
ment across unprepared surface is concerned.

(7) It may be well to noti parenthetically at, this point that
the characteristica of the tank of the future combat
division are not firm at the present time. No matter
what particular form the future tank assumes, it is
almost certain that it will have to possess at least
the soine cross-country capabilities as the current medium
tank. (Chart 2)

(8) In Chart 2, the mobility capabilities of these major combat
vehizles become a definition of the minimum capabilities
required for the logistical direct support vehicles of
tha Transportation Corps fleet. If the capabilities of
the direct support logistical vehicle to be used in the
field army area are to be at leest squal to those of the
vehicles in question, this Transportaticn Corps vehicle
must have a ground pressure which will permit movement
in soft soils comparable to the tactical vehicles. Its
angles of approach and departure must be 900, while its
angle of break must enable it to negotiate a vertical
change in surface level of 26 inchae without bellying.
The vehicle must have a 60% Sradability for negotiation
of hills and mountains. The steering radius of the ve-
hicle must not exceed 23 feet and its ground clearance
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must not be less than 18 inches. In Water, it must be
buoyant and possess positive steering and propulsion
capabilities, and be able to achieve a water speed of
seven mph.

(9) Chart 2 also outlines tha specific mobility capabilities
possessed by both the 2-1/2-ton, M-34 cargo truck, and
M-52/M-127 tractor-trailer which are currently in use
in both the communications zone and the fie)d army area.
A glance at their ground pressure, angles of approach
and departure, steering radius etc., as they appear on
the chart, should be sufficient to indicate the con-
siderable deficiencies in the mobility capabilities of
these vehicles if they are to be used in support of
combat units. Improvement must be such that these
logistical vehicles possess at least the capabilities
specified in paragraph (8).

d. Transportation Corps mobility requirements in the communications
zone:

(1) An increase in the cross-country capabilities of Transpor-
tation Corps vehicles should not bring in its wake a
decrease in the ability of Transportation Corps vehicles
to perform on prepared surfaces, with the possible ex-
ception of a reduction in "on-road" cruising speed to
35 mph. The minimum reduction in highway performance
is acceptable, primarily because present Transportation
Corps vehicles, even with their capability for higher
cruising speed, very rarely exceed the 35 mph figure in
actual operations.

(2) All other on-road characteristics of future Transportation
Corps cross-country vehicles would be at leastf: equal to
those of the prenent fleet, therefore, the logistical
vehicles to be used in direct support operations in the
combat zone should, if considerations of payload are
excluded, be equally suitable fcr use in line haul
operations in the communications zone. While movement
in this zone may be geared primarily to prepared surfaces.
if the future theater of operations is Western Europe
or CONUS, it will nevertheless be necessary to Iwave the
.jad in order to avoid surface disruptions and other
obstacles to movement. Although the distances off the
road involved in cross-country movement may be less in
tite COaZ than in the combat area, the surface resistance
factors found "off the road" will be strikingly similar,
i.e., soft soils, slopes, rocky or hilly terrain, shallow
streams, etc.
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(3) If the future theater of operations should be the Balkans,
Indo-China or other areas with a rudimentary road net-
work and extremely adverse terrain conditions, cross-
country vehicle mobility requirements would be the same
in both the field army area and the communications zone.

e. Method of measuring Transportation Corps cross-country mobility
requirements:

Nov that Transportaticon Corps vehicle cross-country mobility
has been defined in torms of vehicle performance characteristics
required to overcome specified surface resistances to cross-
country movement, it becomes apparent that the method of meas-
urement consists simply of testing the performance of vehicle
prototypes against the specified terrain resistances. This
can be accomplished in a test area which includes the actual
and in some cases simulated cross-country terrain conditions
enumerated in the study. Required test course features to
check the performance required of the vehicle operational
characteristics for fully loaded motor transport vehicles
are set forth in Chart 3.

5. CONCLUSIONS.

a. The degree of cross-country mobility required for vehicles of
the Transportation Corps motor transport fleet is measured
in terms of the specific performance characteristics of the
most mobile major tactical vehicles in the combat units
supported.

b. The present Transportation Corps motor transport vehicles are
not adequate to the requirement for all operational movements
in the temperate zone in that:

(1) The combat support vehicles are not capable of cross-country
movement comparable to the major tactical vehicles of the
combat elements support.-d.

(2) The present Transportation Corps transport vehicles are not
capable of off the road movement commnsurate with the
requirements for cross-country trobility throughout the
army operational areas of future employment.

c. The optimum cross-country mobility performance characteristics
for vehicles of the ii nsportation Corps motor transport
fleet, carrying rated loid in the temperate areas of the
world, under average seasonal conditions and variations, are:
(See Charts 4 and 5)
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(1) Tractional system (ground Dressurp)_- Adequate to permit
continuous movement in soft soils equal to that of the
most mobile major tactical vehicles in the unit being
supported.

(2) Angle of approach - 900

(3) Angle of departure - 900

(4) Angle of break (vertical obstacle clearance) - to enable
negotiation of 26" vertical change in running surface
without bellying.

(5) Gradability - 60%.

(6) lateral stability - Center of gravity permitting 3600
turn on 60 percent slope (310).

(7) Steering radius - Nqt in excess of 23'.

(8) Ground clearance - Not less than 18".

(9) Navigability - Positive buoyancy with adequate level
trim freeboard when fully loaded to withstand 12"
waves without swamping. Stability sufficient to
traverse shallow and deep inland waters under its
own steering and propulsion; to attain a water speed
of seven mph.

(10) Tractive effort - To maintain continuous forward move-
ment equitable to the environment.

(11) Sustained speed - Capable of sustained cruising speed
on a hard surface of not less than 35 mph for 300 miles.

4. The cross-country capabilities of the Transportation Corps

motor transport fleet in the long range period should not
decrease the performance characteristics (including speed)
of these vehicles on prepared surfaces below the acceptable
prescribcd limits.

e. A test course, with the specific features outlined in Chart 1,
is required to check the crcss-country mobility-of Transporta-
tion Corps vehicle prototypes.

*. R DTIIS.

a. That the vehicle performance characteristics for cross-country
operations as outlined in paragraph 3 c be adapted as a prac-
tical definition of the cross-country mobility required In
vehicles of the Transportatioa Corps motor transport fleet in
the long ra.49 period.
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CHART 4

SINKAGE IN SOFT SOILS

ANGLES OF APPROACH & DEPARTURE ANGLE OF APPROACH

FUTURE REQUIREMENT:
ANGLES OF APPROACH & DEPARTURE ANGLE OF BREAK

900 900
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b. That the test course features (Chart 3) be adopted as a practical
method of measuring cross-country mobility requirements of the
Transportation Corps vehicle ',eat in the long range period.

c. That the motor vehicle test areas currently in use be modified
to the extent necissary to insur2 inclusion of the cest course
features established in Chart 3.

A31IDUSi A-oSurface Resistance Factors
I--VehLcle Performance Characteristics
C--fMutry of Coenta
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Annex A to Staff Study (Vehicle Cross-Country Mobility)

SURFACE RESISTANCE FACTORS

1. Soils

a. In any discussion on vehicular cross-country agility, our-
face soil constituency, texture, and the state of saturation will prove
to have the most important bearing on the outcome.

b. The word "soil" can cover wide latitudes of variance in
texture and composition, each in turn having considerable influence on
mobility resistance.

c. Dependir.g upon the relative amounts of sand, silt and clay
in the soil composition, soil class names are given (for example: clay,
clay loam, silt loam, sandy loan, loamy sand and many others far too
numerous to mention).

d. Some of these soil properties absorb and retain water to a
greater extent than others; hence there is an unending variation of
saturated conditions to legislate for in a physical analysis of any one
soil. Soil composed of any of the above mentioned properties, when
saturated to even a moderate degree, after agitation by surface dis-
turbance can be reduced to a state of emulsion, which is commonly called
mud, clay mud or plastic mud, offering Lhe greatest soil resistance
factor. There is, of course, no standard depth of mud, but there most
certainly is a limit to the depth through which any given vehicle can
negotiate.

e. The depth of penetration of the surface soil therefore is
the governing factor to mcbility and the speed of movement.

f. The broader footprint, least-pressure to the square inch
of vehicular tractional weight on the surface of thi ground is, there-
fore, the fundamental aim of futtre development.

8. One of the most critical soil conditions which frequently
occurs is a fluid viscous mud overlaying a hard bottoms. Often it
becomes necessary for ilittary vehicles to cross such terrain, which is
to be found in most areas of4 tte world,

(1) The heading "soft soils" is usually given to the
manifold varieties of soils (such as loas, sand, and clay) found on the
earth's surface. Clay and the various combinations of soils containing
clay, when containing saw* degree of water content, &re classified as
plantic or viscouA soils.
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(2) Since the stabilit,, and firmness of the texture of
soils vary according to the rohesive force exeted by the molecules of
the soil on each other, increasing the water content of any boil texture
combined with clay weakens this cohesive force, until, a point is reached
when the soil is said to be saturated, The result of saturation is a
fluid viscous "mud". The depth to which the soil is penetrated with
water is, of course, the factor which governs vehicular movement through
or across it. There are evident limits to ths depth of mud through which
vehicles can pass. As a case in point, a wheel in general can only pene-
trate from one-third to one-half of Its diameter before reaching the limit
of its forward movement through mud.

(3) Sand, however, acts somewhat in reverse order, It is
a special type of "3oft soil", by virture of the fact that its grains
are segregated, are not molded together by any kind of cohesive force
and so are free to move upon each other with ease,

(4) Therefore, unlike clay or clay loam, sand offers the
lease resistance to movement when it contains a limited degree of
moisture; once this point is reached, howevbr, sand proceeds to offer
relative resistance to movement as do clay and loam.

2. Shallow waters.

a Shallow waters, for the purpose of this discission, are
those which can be traversed by a non-floating type vehicle. Generally,
those streams or rivers that are shallow enough to permit fording would
fall into this category.

b. The fordability of a vehicle is dependent upon several
factors. Primarily this term refers to the depth of water through which
a vehicle can travel without "drowning out". However, othr vary
important factors are the abill.ty of the vehicle to:

(1) Negotiste the nonditions of soil found beneath the
water

(2) Negotiate the banIs on eicher side of the water body
and,

(3) Negotiate the road trail, or path leadin;; ýo the
point on the bank where the foi:d will be attempted.

c. Often wher the river or streim is shallow enough tu ford.
sediment on the bottom m.tes the vehicle Therefore, a firm. footing
permitting the wheels to exert *ffcrt is a prerequisite to fording.
Without sheif rmck or heavy sandy gravel beniath týe water fording of
streams becomes risky or im. ,,sble.

A..2C



3. Deep waters.
a. Deep waters, for the nurposes of this discussion. are

those Ohct cannot be forded and which would necessitatt the utilization

of floatable vehicles to ovetcome them.

b. One of the frequently encountered resistance factors to
true vehicular cross-country mobility is non-fordable water. Rivers,
streams, canals and lakes abound in populated areas in the temperate
zones of the world. Very few :f the present army vehicles can overcome
this type tf obstacle with inherent vehicular characteristics.

c. When considering the nature of a river or stream, the
conditions of the bank and the current of the water must be taken into
account. The banks of active watercourses are seldom gradual, but more
often abruptly descend from the land mass to the level of the water,
Seasonal floods or low water conditions in a river create various con-
formities of the banks at different times of the year.

d. Canals create another type hazard; the build-up retaining
walls, internal or external to the canal would; many times, require that
the vehicle crossing (traversing) it stand on its nose or its tail to
wallow in or out of the canal. This same situation would be evident
when descending or ascending steep river banks.

e. In order for a vehicle to move to the far side of the body
of water under its own power, it must not only float but it must have
propulsion apparatus adequately powered to move the vehicle ahead at a
reasonable speed to overcome the effects of currents, plus a positive
steering capability to permit maneuverability in water.

4. Woodlands.

a. Wooded areas at times present formidable obstacles to vehicular
through-movement. Woodlands exist in practically all types of productive
soil, varying frou, the water soaked to the arid rocky types in t$e temper-
ate zone, and ranging from sea level to thousands of feet high cn votains.

b. Virgin timberland consistlng of thick masses of trces, shrubs,
undergrowth and fallen timber cn"stitutes an insurmountable obstacle to
vehicular movement if cleared pathways thtrugh it are not available.

c. "ecoond growth" forests, in previously logged or "burned-
over" land (it the United Statis), consist of trees and shrubs in varying
degrees of density and stages of growth, and in addition, contain the
stumps and brushwood of the forwer forest. Military vehicle movement in
this type forast 4s not very feasible.

d. Reforested land `in the United States) can be assuwied to
have somewhat of an orderly arrangement of rows cf trees. Yet the stumpa
of previously cut trees are mobt likely still in existence and considerable
undetbrush can be expected.
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SOn the other hand. a great many of the forests of Germany
and Franc,. are .omparatively free of stumps and undergrowth. In addition,
selective •lggirg and systematic planting have tended to reduce the dense-
ness of a Sreat aany of the wooded areas. Consequently, movement of
vehicles through these forests is less restrictive than through the others
previously discussed. Yet such timber stands as are exictent in the Black
Forest in Germany -.tre impassable except via roadway.

f. We can,-ot arbitrarily state that wooded areas are always
major obstacles, or that the so-called "cross-country" vehicles must be
able to traverse all wooded areas.

g. Wheeled vehicles would encounter great difficulty in attempt-
ing to traverse stump-studded woodlands, or those in which the trees were
close together (and exceeded two or three inches in diameter), unless a
cleared pathway were available. Armored tracked vehicles would be only
slightly more efficient in moving through such woods.

h. The consistency and moisture content of a soil, either in
woodlands or other areas, create another resistance factor to vehicular
movement. This will be discussed under the heading of "soils" below.

i. Mobility requirements for vehicles to cperate in wooded areas
differ from those required of vehicles to negotiate the comparabie soil
conditions found in non-woded areas because of the need to straddle small
stutps, bypass the taller ones maneuver between the trees, and force a
path through shrubs and thickets by krocking down trees of two or three
inches in diameter.

J. To expect that r military rargo vehicle should attain true
"cross-country mobility" in all wooded areas is not realistic

5. Rock strewn terrain. Terrain that is studded with rocks and
boulders presents a type obstacle slmilar to that encountered in stump-
studded areas and so must be overcome by the same type vehicle character-
istics. Suitable ground clearance to overpass the obstacle or sufficient
steering dexterity to permit maneuvering around these obstacles would be
essential.

6. Slopes.

a. Slopes are these ground surfaces which form an angie with
the plane of the horizon. Slopes can be considered as one of the major
resistance factors to vehicular movement. Slopes include both natural
and art~ificial inclines and declines and are categorized herein as hill
and mountain slopes and those occurring on river banks and ditch type
obstacles.

(1) The gradient or angit of slope creates the 11reatest
deterrent to overccoing the obstacle; however, such things as the
frictional quality of the surfaze under both wet and dry conditions has
a considerable bearing on the ability of a vehici to negotiate the
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incline or decline. For example, it is qui.te obvious that a loaded
5-ton truck ascending a 60% slope on a dry concrete road would have
much better chances of achieving the sumit than if it were attempting
to go up a wet grassy hillside of the s&,e degree if steepness.

(2) Those slopes which vehicles encounter while traversing
streams, ditches, washes, gullies and ravines often are so steep that
the front, rear, or belly of the vehicle "h.mgs up" on the banks.

(3) The consistency and moisture content of soils encountered
ou slopes would al.o have considerable effect on a vehicle's abilLty to
negotiate the slope.

b. To ovezcome the gradient resistance factor, we must consider
the necessity Zor an adequate motive power/Sear ratio combination to move
the vehicle and its cargo up a desired degree of gradient with the de-
sired amount of speed to satisfy the established requirement. The criteria
established for adequate hill climbing ability of those military vehicles
designed to operate off-road at times in future operations is considered
to be the ability to negotiate a 60-65% slope, carrying the rated load
and using the lowest gear.

7. Ditches, etc.

a. Ditches, washes, gullies, ravines and banks of streams
comprise another category of resistance factors. The main characteristic
of these obstacles is that they generally'consist of a steep declivity
or acclivity on one or both sides. This type obstacle, which is found in
profusion in most types of temperate zone terrain, is a major deterrent
to off-road vehicular movement.

(lg In attempting to cl:,mb an earth bank where the angle is
greater than 45 and where the izeight is more than about five feet, neither
tracked nor wheeled vehicle will meet with kch success. Likewise, if the
width Of a ditch of that depth was only slightly greater than the length
of the vehicle, the vehicle's chances of self-extraction are slim.

(2) Banks of ditches and streams in avera&e soils can be
readily broken down by bulldozers. A full-tracked vehicle of almost any
type can "work" the tracks on the edge of a bank and break off the soil
so that the spoil falls into thr, ditch, thereby allowing a more gradual
descent into it. Wheeled vehicles are not as effective as tracked ones
in this maneuver.

b. To surmount the difficulties encountered in attempting to
traverse this type obstacle, the angles of approach and departure (the
anale formed by a line drawn tangent to the most forward - or rearward-
projection of the chassis and the front - or rear - tire in relation to
the horixontal surface) should be approximately 90°. In order to
improve the 'bellying" (a"le of break) characteristics of wheeled
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vehicles when descending or ascendig ditch banks, the space on the
underside of the chassis locate4 between the rear of the frot wheels
and the front of the first set of r'dr wheels should not be etc'mbered
with underslung gaq tanks,spare tires, tool boxes or canvas storage
racks, as thes iLems Lund to foul on ditch banks and this reduccs the
ability of the vehicle to cross such obstacles.

8. Snow and Ice

a. This study has confined itself to the temperate zones and
has considered that snow and ice are resistance factors that may be
encountered at times during the year, but that snow and ice are not
present year around. If snow and ice were to be Lne terrain condition
present throughout the year instead of a seasonal condition, special-
ized vehicles designed specifically to combat this resistance factor
would probably be more feasible.

b. The standard military cargo vehicles of the present-day
fleet meet with varyiag success in moving through snow and over ice.
The integral truck with all axle drive is more versatile when operating
in snow and ice than is a semitrailer type.

c. (1) Dry snow and ice conditions offer much better traction
than does wet snow and ice. In dry snow the depth and the degree of
slope involved are the major deterrents to movement.

(2) Several inches of wet snow, even on paved roads, create
a tremendous deterrent. Any slopes involved under these conditions mul-
tiply the resistance, and unless add ctonal tractive devices are installed
on the vehicle or the surface is sanded, mobility decreases rapidly with
the degree of slope.

d. Dry snow can be compected fairly easily and makes a fairly
stable roadbed, as long as snow does not become wet and the gradient is
small. With increased compaction, snow tends to become ice, which again
greatly deters movement.

e. Ice normally hinders ordinary vehicular movements, however,
ice can be a definite aid to mivement in mnay swampy or marshy areas and
n L any bodies of water, when the proper thickness of ice exists.

f. (1) inhabitanta of the ncrthern regions of the temperate
zones, where snow and ice exist in v.rying amounts for several months of
the year, discount the conditions es heing major problems. Snow plows
clear off the thick snow, sanders Lr.•.rease the surface friction factor
where required, and within a day or two after the heavy snow storms, traf-
fic is moving at the usual over-the-road pace.

(2) In an area such as Eastern Virginia or Maryland, where
snowfalls occur but rarely, highwai departments are not adequately equipped
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to combat the condition, and traffic rapidly grinds to a halt in a storm
that would be considered as a mere traffic nuisance to a native of Northern
Wisconsin or Maine.

g. Snow and ice must be conside:ed as one of the natural conci-
tY.ons to be expected at certain times cf the year in many temperate zone
areas. Prevention of the condition does not appear possible; therefore
we must devise means of minimizing its adverse effects, Snow removal
ploughs i,. .and spreaders must be available for use when snow and icy
road conditions are expected. Additional tractive devices for vehicles
help considerably in negotiating ice and snow.
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Annex B to Staff Study (Vehicle Cross-Country Mobility)

VEHICLE PERFORMANCE CHARACTERISTICS

1. The following definitions and explanations of terms are ex-
tracted from TM 9-8000 (January 1956).

a. Angle of approach - the angle of the maximum grade that a
vehic.le can approach on the horizontal and start to climb with no part,
evcept tires or tracks, coming into contact with the grade.

b. Angle of departure - the angle of the maximum grade from
which a vehicle can depart on the horizontal without any part, except
tires or tracks, coming in contact with the grade.

c. Cruising range - the total mileage a vehicle can operate
on the contents of its fuel tanks.

d. Ground pressure (flotation) - the amount of load carried by
each square inch of projected contact area of the vehicle's tires or
tracks.

e. Fordability - expressed in inches of water that a vehicle
^an go through under its own power.

f. Gradeability - the maximum grade that a fully loaded and
equipped vehicle can climb at constant speed on a smooth concrete course
when operating a specified gear range.

g. Ground clearance - the distance between level ground and the
lowest point on the undercarriage of the vehicle.

h. Tractive effort - the thrust of forces of the tire against
the ground (per pound of vehicle weight) thar is available at the tire
surface for moving the vehicle.

i. Turnina radius - the radius of the arc described by the
center of the trmck made by the outside front wheel of a vehicle when

making its shortest complete turn.

J. Vehigle net weight - the weight of a fully equipped vehicle

in operating condition with fuel, lubriccnts, and water, but without crew
or povload unless otherwise specified.

k. Vehicle payload - thsý weight of cargo or passengers including
crew which may be safely imposed on a vehicle.

A-26



1. Vehicle gross weight - weight of vehicle fully equipped and
serviced for operation, including crew, plus maximum allowable payload of
cargo and passengers.

2. The following terms and definitions are not included in TM 9-8000
(January 1956), but are considered to be necessary performance character-
istics for cross-country mobility.

a. Side slope lateral stability - the ability of a fully loaded
vehicle to execute a 3600 turn on any slope that it is capable of climbing
(expressed in % slope).

b. *Angle of break (vertical obstacle clearance) - the ability
of a vehicle to neogtiate a given vertical change in running surface with-
out bellying (expressed in inches).

3. Cone index - the index of SHEAR STR£EWTH of soft soils, measured
by the cone penetrometer and expressed in INDICES.

*Applies to wheeled vehicles
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Annex C to Staff Study (Vehicle Cross-Country Mobility)

SUNDRY OF COW=ENS

1. U. Amy Transportation Research lid Enzineering Cousend -
Complete concurrence.

2. Office of tte Chief of Transportation - Approval, subject to
incorporation of minor suggestions; these minor suggestions have been
embodied in the study.

3. The Ordnance Board. Aberdeen Proving Ground. Maryland -
Concurrence in the degree of cross-country mobility required for the motor
transport fleet in the long-range period and the method cf measurement;
however, they do raise doubt as to the practicality of several of the
performance characteristics established in the study which are discussed
as follows:

a. Ordnance coaMent: "Vehicle performance characteristics
as outlined in paragraph 5c of this study are not considered realistic for
application to all motor transport vehiclep. While these high performance
characteristics may become mandatory for cl.ose support within divicion and
corps forward areas, these performance characteristics are not entirely
3upportable for vehicles engaged in line-haul operations."

(Answer: The study emphasites the need fo "'high performance"
throughout the theater for cross-country movement and the reasons are given.
It does not stipulate that these cross-country performance characteristics
otid 3pply to all line-haul vehicles.)

b. Ordnance comment: "This study does not give any conaideration
to the costs involveJ in providing a vehicle fleet having the desired
optimum performance characteristics. For example, the requirement for
navigability, to include a water speed of 7 mph and water steering, may
demand a complex and costly vehicle of the DUKW type, Such vahicles have
a specialized role, and it is uneconomical to build such characteristics
Into every vehicle. In addition to the cost, these characteristics would
further add to the already complex maintenance and supply problem."

(Ansver: This study did not consider costs. The ultimate
cross-country vehicle may cost less than existi•g conv:enttinal transport
types.)

c. Qrdnance .v ent: "This study concludes that combat support
vehicles mJst have cross-country molility comparable to the most mobile
tactieal vehicles. It may be necessary to develop full tracked vehicles
to attain this capabtility in support vehicles. The number of tracked
vehicles then required would create a very subitantial maintenance and
supply problem."
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(Answer: The study does not propose any specific tractional
system.)

d. Ordnance comment; "This study makes no reference to the
GORRS Wheeled Vehicle Study, and yet GORES have potential mobility at
least approaching that of tacked vehicles."

(Answer: 7t is an Ordnance problem to determine the tree-
tional mode to meet the study requirement, which they say is "ADU JTA";
the GOBI noacept vehicle is acceptable if it meets the periornance we-
quirements of this study.)

a. Oran..a emnnt: "The requirmint to perform a 3600 turn
on a 60% slope appears unnecesserialy stringent. Slopes occurring in
natural terrain almost never exceed 30%. Leteral stability of the order
recoaetned in this study may force compromise wich other deviredfeatzres.
For exuple, the desired 18 inch ground clearance may have to be sacrificed
in order to obtain the low center of gravity required for the degree of
lateral stability discussed above."

(Answer: If we have a climb-ability of 601 and cannot fully
use it in cross-country operations, its value is lesaened. TC should con-
tinue to require the present 60% vehicle gradeability performance character-
istic with the go&' of achieving comparable lateral stability of 601;
however, TC should accept a lesser lateral stability If Research and Develop-
ment proves the optimum of 601 is not feasible with an 18" ground clearance.)

f. Ordmance cmeut: "The study Lncludes a stateuent of require-
ment for suitable testing facilities fur vehicles dcvctloped in the future.
A careful review of the facilities required indicates that all are in
existence at Aberdeen Proving Ground. In addition to the facilities listed
in the study, the Ordnance Corps has developed soe extensive test coursea
at Aberdeen Proving Ground, at the Ordnance Test Agency, YTs, triaooa,
and at the Arctic Test Detachment, Fort Churchill, Manitoba. Canada."

(Answer: Concur. Physical observation of the existing.
vehicle testing facilities at the Aberdeen Proving Grnmmd would indicate
the above statement to be correct.)

S. O2[dn~rce cg n "It would be to the best interests of
the Department of the Ai-•y for the Transportation Corps to have tse new
vehicles tested at the facilities available within the Orduance Corps.
During performance of the tAsting by Ordnance Corps perso•nel, the
presence of observers from the requesting agency is encouraged."

(Answer. Concur )
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COMBAT DEVELOPMENT AND THE ENVIRONMENT

At first glance, the development of concepts for transportation sulport
of Army forces under conditions of future warfare, which is the mission
of the Transportation Combat Development Group (CDG), would seem to
have littl rela'ionship to environmental research as practiced in the
Army. True, concepts of future operations are vitally affected by the
environment of potential theaters of war, but such environmental data
as may be required by the CD researcher are provided by the environ-
mental specialist; therefore, no environmental research as such is con-
ducted in the Combat Development systems.

AR 320-5, the Dictionary of United States Ariiy Terms, defines environ-
mental research in part as "The collation of statistical, meteorological,
climatic and geographical data . . . , the interpretation of these data
* . . for application' . . . to logistic problems of equipment, personnel
and operational functions. " Environmental rzsea.ch in the Army is con-
cernnd, therefore, with the physical environment and with the question
of how men and materials behave therein. In civilian usage, the word
"environment" does not have quite so restricted a meaning. Depending
on the discipline concerned, one speaks of social environment, biological
environment, psychoJogical environment, and the like. Since every ex-
ternal influence on aon organism corsLitutes, in fact, a part of its environ-
ment, it may be pe:rmissible to add the term "weapons environment" to
our lexicon. The weapons environment encountered in future wars will
be one 6f the most important considerations affecting Army organization,
tactics, and logistics, and it may well be considered the proper object of
Combat Development studies. The intent here is to use the term in some-
what the same sense as th,• combat forces use "battleiif-ld conditions"
but to apply it to the field of logistics and, more particularly, to transpor-
tation. The purpose of this short paper is to provide some. insight into the
special form of environmental research in which the Transportation Combat
Development Group is engagrd.

To enlarge upon our definantion, the w-apons environmtent is man-made
and suptrimposed on the physical environment. It is also transitory and
varies both with the physical characteristics of the theater and with the
type of war. The nature of future war and of its weapons environment
must be predicted reliably- J vahd decisaons are to be made as to what
types of organisations and tactics should b- employed and as to what
direction Resardh and DeveJopment (R&D) programs should take. Accu-
rate prediction of the nature of future battielield conditions is of funds.
mental importance to the tactic•J planner, while the nature of the weapons
environment in the communiuations sont of a thrattr of operations is of
vital concern to the iogisiIcAJ planner.
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Since a weapons environment occurs only under actual combat conditions,
the usual techniques of environmental research are not applicable to the
weapons environment. The conditions o! actual warfare generally are
not conducive to calm observation, data collection, and analysis. Even
if such techniques were possible, the results thereof could not be made
available as rapidly as necessary to affect decisions in the field. Since
the experimental approach is also impractical, the example of the Spanish
Civil War notwithstanding, it is little wonder that the question of what
conditions of future warfare the Army should prepare for, occupies many
minds. The CD researcher at the working level starts his studies by first
reviewing official guidance on this subject. Official guidance as to the
nature of future war is necessarily broad and can be summarized as follows:

a. There are two types of war, general and limited.

b. General wax is a conflict in which the United States is directly
pitted against the Communist bloc, and one in which atomic
weapons will be employed f om the start.

c. A limited war is a conflict in which the objectives, weapons
used, and/or area of operations are restricted.

Planning for general war as defined is, if not impracticable, beyond
the scope of CD activities. CD sLudies are, therefore, aimed at wars,
with constraints. Unfortunately, the definition of limited war covers such
a broad spectrum of possible conflicts that the situation is not greatly
clarified by this restriction. It le•aves many questionsto include some
which may be unanswerable. For example, how l-rnited is limited war?
What about the possibility that small nuclear weapons will be employed,
notwithstanding the obvious danger of escalation? As stated, these questions
may be impossible to answer; but it is clear that if enemy intent pre-oes
irrational, the world will be confronted with an al..out war. Thus, entemy
intent must be assumed to be rational and, in that case, evaluation of the
nature of future wars may be based on. anticipated enemy capabilities in
the field of limited war weapons.

The CD researtcher examines information on enemy capabilities derived
from intelligence reports, analyzes technical reports or. the Free World's
weapons systerasand reviews technological trends and prospects. For
planning purposes, he may gran' the USSR pa'ity in the field of weapons
technology and perhaps an advantage in the R&D/production time cycles.
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Before going further, it may be well to attempt a definition of a limited
war weapon. A reasonable postulate here would seem to be that a weapon
is suitable for limited war when its employment does not directly threaten
the independent political existence of any of the major powers involved.
It is recognized that such a definitiott does not rule out the use of nuclear
weapons and the destruction of a smaller nation or of the territory in
which the limited war takes place, but placing of lower values on limited
war weapons would probably be unrealistic. The development of small
nuclear weapons has gone too farffor that.

To evaluate the effect of new weapons, organizations, and tactics,
computer-assisted war gaming techniques are employed. War gaming
as the name implies, is normally confined to the study of tactical situa-
tions. However, in recent years these techniques have been applied to
logistics problems. In the field of military transportation, for instance,
efforts have been made to use war gaming to predict the effects of atomic
attack on ports and rail and highway nets. Thus far, however, very little
work has been done on the question of how an entire theater transportation
system might behave in a limited war weapons environment. An attempt
is currently being made by the U. S. Army Transportation Combat Devel-
opment Group, assisted by the Mathematical Sciences Division of the U. S. Army
Transportation Research Command, to evaluate via war gaming the reaction
of the water terminals segment of a theater transportation system to a
varying weapons environment likely to prevail In limited wars after 1965.

Stated simply, the original prlblem was to determine what water terminal
equipment, organizations, and operatir.3 methods will most effectively
support combat forces in future oversea theaters. It developed ear!y in
the study, however, that conventional analytical methods would be in-
adequate to provide the answer. The enormous advances being made in
missile technology, especially in the field of tactical missiles, made it
clear that water terminal operations might have to bt conducted under a
very wide range of conditions. The future weapons environment, it was
found, might vary from one in which the only danger is sporadic conven-
tional air attack and local sabotage to one in which the enemy makes a
determined effort, with every means at his command, to prevent ship
discharge. The net effects of such attacks would depend, of course, on
the effectiveness of the defense and on the vulnerability of the system used
to transfer cargo from ship Lo shore.

Although large missiles carrying area destruction warheads were ruled
out as inappropriate weapons fo.- limited war, tactical missiles with con-
ventional warheads are peculiarly suited to limited warfare conditions.
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Moreover, tactical guided and homing missiles are becoming so reliable,
accurate, and flexible that they loom as a major threat to water terminals
and ships in coastal waters. In addition, these weapons have the virtue
of being "exportable" to communist satellites and their all.es as they
are unlikely to expand the scope of a war. Moreove', should the enemy
decide to risk nuclear war, almost any one of these missiics cact be
armed with nuclear warheads.

The accuracies being achieved with liquid- and solid-fuel surface-to-
surface and air-to-surface missiles, at ranges which :over the whole
of most potential limited war theaters, are already gretez than Ihose
of manned bombers in World War II. In the long-range time frarie, it
is possible to predict that fixed coordinate targets such as bridg0!s,
railyards, and built-up depot and port facilities will be subjected to
highly accurate fire by inertially and radar-guided missiles; radar
installations will be attacked by missiles which home in on their
emission; and transport equipment such as ships, aircraft, locomotives,
and some of the larger land vehicles will become excellent targets for
heat-seeking passive homing missiles.

There has never been a new weapon for which a counter could nat be
found, and great advances are being made in aircraft and missile defense.
While the offensive tactical missile is in the ascendency, however, it
should be borne in mind that a new weapon can be decisive in a single
battle or campaign, as history has shown time and again. In the nuclear
age, a limited war in which one side has a temporary advantage may
place the opponent before the choice of accepting defeat or expanding the
scope of the conflict.

In the computer-assisted simulation of water terminal operations, a
specific potential limited war area was selected, and its climate, geogra[ 'y,
hydrography, transportation facilities, ports, laading beaches, and suitable
ship anchbrages were studied for use as computer inputs.. The coastline
was divided into a number of sectors based on available ship berths and
anchorages. On the assumption that even in a limited war situation it
would be wise to disperse op-.rations to avoid excessive losses in case
of nuclear attack, the ship berths and anchorages were laid out at intervals
of I/2, 1, and S miles. The ship anchorages were so located that none-
would be either more than 5 miles from the shore or in water of over i.5
fathoms in depth. Ship discharge berths vere divided into alongside berths
in the case of ports, stream berths in protected anchorages, offshore bert-hR
in open waters, and beach berths. Five basic ship types were selected:
a dry cargo ship. which incorporates the characteristics of the average
vessel in thsU. S. Merchant Marine fleet by 1968; a roll-on/roll-off type
ship along the lines of the USNS COMET; a heavy lift ship of the Bel or
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Empire class; an LST; and a conceptioraJ beaching type ship. Only dry
cargo was conaideredin the study. This was broken down into three major
categories: vehicles and m.-obile equipment, general cargo, and non-mobile
heavy and outsize lifts. The ships were used in various combinations and
were discharged by different methods; e.g., to piers or wharves in port,
to lighters in the stream and offshore, aud, as in the case of LSTs, directly
to the beach. Different discharge rates were established for each ship,
depending on the type of cargo carried and the type of discharge berth
assigned. The discharge rates were varied so as to allow for normal and
climatically induced fluctuations. As a passive defense measure, the
ships were moved periodically; and in one case, they were moved con-
stantly, but at a sufficiently slow rate to permit lighters to come along-
side. The system was given the cask of delivering a certain range of
tonnages per day with the provision that if the minimum could not be
reached over a 30-day period, the operation would be considered a failure.

The weapons environment in which these operations are assumed to take
place is created by a "red" offensive system and a "blue" defensive system
of varying capabilitiese. Although this approach is parametric, the values
used are based on known and predicted capabilities of applicable weapons
systems evaluated against each other qualitatively as well as quantitatively.
The "red" and "blue" systems are set up so as to favor each side in turn.
This is done to obtain a "clean" answer as to the effect on terminal oper-
ations of each weapor. system, bothi offensive and defensive, and to simu-
late as closely as possible actual combat conditions which tend to seek a
state nf balance.

The study has reached the stage where the system has been programmed
and placed in a digital computer. The computer will play the game accord-
ing to a set of pre-arranged restrictions. Some of the steps ir. the com-
puter process are shown in Figures I through 3. The human element
enters the simulation in the form of the "blue" commander, who decides
the number and types of ships to be sent in, when they will arrive, and
where they will be discharged. The various events not decided by the
"blue" commander occur in accordance with randomn selection by the
computer. Random variations introduced by the computer include tie
effect of weather on the discharge rate. This is based on a statistical
distribution of weather conditions in the area. Since the number of cases
or sets of conditions to be analyzed by the machine is quite large (some
ZO,O00), sampling techniques such as factorial analysis and regression
equations are being employed to reduce machine time. The computer will
prifit out daily status reports, showing the number of ships being discharged
and their percent completion, the total tonnage delivered during the period.
the number of ships damaged and lost, the number of fixed terminal
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facilities attacked, the quantity of cargo lost due to enemy action or
recoverable from damaged ships, the number of "red" surveillance
craft (drones and manned aircraft) lost, and the number of "red" weapons
fired. After the computer program has run its course, the gross cost
to eithier side of each of the strategivs employed will be calculated. In
this mpanner, it is hoped that an optimal operational strategy may be
selected for the delivery b, surface transport of supply and equipment
to the theater concerned for each level of investment. If applied to a
number of potential war areas and to various potential weapons environ-
ments, this form of analysis shouJd yield a deci•.ion matrix from wlich
it will be possible to determine what operating techniques, equipmen',
and defense systems will offer the best chances of success for the money
invested under all circumstances and in all theaters. It should be added
parenthetically that there is no guarantee that only one set of equipment
and operating methods will prove to be optimal for each type of theater
and weapons environment or that the best method will necessarily be the
least expensive.

A study of this type cannot answer the question "What will the enemy
do?"; but it will show that the net result wilJ bc of operating under a
spectrum of probable conditions- - in this case, how much cargo can be
delivered and what it will cost. Another important result of the study
will be that it will provide alternative courses of action both for the
logistic pianner and for the responsible commander in the field. The
planner should be able to tell, for instance, what a given investment in
air defense or transportation and terminal equipment will buy in terms
of cargo delivery capabilities. The terminal commander will know what
operating methods to use when his facilities and operations are attacked
in a certain manner.

In summary, short of achieving clairvoyance, no reliable method exists
for predicting the nature of the future weapons environment or its effect
on the military transportation system. By ide'ntifying the weapons environ-
ment parameters and by varying their values within selected ranges, it
is possible, however, to determine what m happen ard how any seg-
ment of a theattr transportation s stem is likely to perforrat. From this,
it wil! be possible to determine what equipment and operation t'-chniques
provide the best results under any gi%,en set of circumstances. This, in
turn, should provide fairly clear guidelines for long-range R&D and oper-
ational planning.
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DEFINITIONS OF MNEMONICS

Carun.. a dumxry for storing the amounL of cargo unloaded during last
up-date period to be compared to amount of cargo aboard ship.
The smaller of the two quantities is then added to the total cargo
unloaded counter.

Cun•id - a table for storing the amount of cargo unloaded by area.

NUM - a counter used for address modification of the channel codes.

RC .. return carriage.

Sedan)- total number cf ships damaged by ship type.

Sp - total number of ships destroyed by ship type.

Tcdams - total cargo damaged by area.

Tclods - total cargo unloaded by area.

Totcar - total cargo unloaded.
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MOBILITY AND WARFARE IN 1965-1970

In an address delivered at Fort Eustis in March 1961, Lt. General
Trudeau, Chief of Army Research and Development, said that the combat
equation contains three important ingredients: Ifirepower, communica-
tions, and mobility. He described how the Army has improved its con-
ventional artillery and obtained a tremendous increase in impact power
by perfecting missiles such as the SEPGEANT, the PERSHING, and the
LACROSSE. He also said that he believed the satellite circuit was the
prescription offering a cure to illnesses existing in the communications
fi,':h. However, he emphasized that mobility is the field in which the
Army has the greatest need for progress today.

We in the Transportation Corps (TC) take pride in being called "The Core
of Mobility". It is obious, therefore, that we are vitally concerned with
all environmental elements affecting mobility. Within our corps, the
T2-anaportation Combat Development Group has the mission of studying
and finding solutions to the many problems which will complicate the job
of hauling men, materiel, and supp!ies to the combat forces of the futuzre
in all environments.

The urgency of our job was described in the Army Inl.rmation Digest by
General Eddleenan, the Vice Chief of Staff, when he wrote; "Notwithstanding
the fact that the world .eems to be obsessed with the novelty of missiles
and outer space, a majov ir.<..antage will accrue to that nation which gains
a decisive lead in developing new logistical support capabilities. " He
wrote further: "Mobility has always been a military asset, but nevermore
than today when it has been .;ailed to the center of the stage, not only on
its own merits, but also as an antidote to the dispersion whic:h has been
forced on us by nuclear weapens. " The U. S Army thus must be able in
all environments to run-hit- run. This is imperative &ccording to General
Eddleman's statement.

.The purpose of this paper is to provide a survey of the major probtem
areas facing the Transportation Corps in providing the Army of the futuro
with i•-obility in all environmet,. It myq. perhaps indirectly, show how
dependent the TC of the future witl be on the recommendations of people
engaged 4. onvironmertal rtsearch.

Army mobility. in the broadest senrt can be conr:.eered 4n three major
categories: strategic, tactical, and logistical.
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The first major category strategic mobility, io primarily i responsi-
bility of the Air Force and the Navy. In recent months, the subject of
the air transportation resources availab.e from the Air Force to trans-
port our strategic Army forces has received considerable attention from
the President, the Congress, and the Department of Defense. We are
pleased to note that progress is being made in this area, since the Army's
power is worthless unless it can be projected rapidly to any area in the
world when and where it may be nee-ded

The Army must e-spend upon "he Navy for its ocean transport require-
ments. The establishment of the Military Sea Transportatior. Ser-vice
as the singie manager for ocean transport was undoubtedly based on
sound managerial principles. However, I believe it will be appar-nt
that the assignment of these strategic transport roles to the other serv
ices does not solve all of the Army problems in these areas. In fact,
this division of responsibility withir, the Department of Defense for the
provision of transportation services has complicated the solution of
some of our mobility problems. It is really impossible to draw a dis-
tinct line between strategic mobility and the Army's requirements fcr
tactical and logistical mobility.

While the Tr'ansportation Corps is vitally interested in the ability of the
Navy and the Air Force to provide strategic mubtlity for Army forces,
it is more immediately concerned with the provision of tactical and
iogistical mobility within the Army. Consequently, this paper will be
concentrated in these two areas.

Our -esponsibilities in providing ta.•tical mobility for combat forces
have grown signifiantly during the past few years. The transportation
battalions in the infantry divisions, with their ,rrmortd personnel
carriers and light trucks, and the Army Transportation transport
helicopter battalions are TC ur.its uaed by ýoinbat comn-tanders in
tactical operations.

Whether our responsibilities i•r the combat zore will grow in the future
hinges primarily on the ,*1 estiorn of the desirability of pooling trans-
portation resources there. The combat rommander would certainly
like to have his combat elements possess sulffcient organic transporta-
tion to move them rapidly whenever and wherever thi combat saituation
deMands. But can we afford the materiel and supplies necessary ".o
givt the combat commander tha0 100-percent organic mobility?

C,



If we cannot reaclh this goal and must settle for the lesser goal of im-
proved mobility thrcugh the pooling of transportation means, then t..-
role of the TC will probal'iy remain essentially the same ii this area.
We believe that the operations of pooled transportation can beat be accom-
plished by officers and men trained in transportation.

It is in the third category, logistical mobility, that we find the greatest
challenge facing the Transportation Corps of thr, future. I would like to
refer again to General Eddieman's article for his views on the Army's
requirement for logistical mobility. He wrote: "The problem sometimes
fails to attract the attention it deserves because it is so large, hydra-
headed and colorless. Some progress is being made; however, in com-
parison with the diatances yet to be covered, that progress is slow."

To provide mobility for th Army's logistical system, the Transporta-
tion Corps mu,;t be able to haul the men, materiel, and supplies in the
quant;ties needed and at the times desired, to the combat forces of the
future. Th's job will be greatly complicated by the environments in
which we will be forced to operate.

We recognize that w- must prepare for a spectrum of war environments
varying from the cold war, the sub-limited wars such as have existed in
Lacv and the Congo, limited war as we knew it in Korea, and a condition
of total war in which all the resources of both sides are fully employed
and national survival is at stake. Each band in this spetctrum differs
from the others in one or more respects.

However, the dermands placed on the Transportation Corps in general
war and !irni ted war are almost equally perplexing. In general war, we
assume that the large port complexes and the fixed lines of coniiunications
either will be destroyed or, representing such lucrative targets for the
enemy's mass destruction weapons, will be dsnied us.

In many respects the problems we face in i:mited war are comparable.
The areastwhere such a conflict is most likely to erupt are character~sed
by natural environmints whicl, place greal demands qn the transportation
systems, These areas lacir convenciona& linei of communications. We
won't have tee time to build transpor!ation fa,_%lities, since speed of reaction
is of paramount importance in a limited war. This makes the situation very
similar to a general war where its* facilities exist but are denied. Most of
the potential limited war areas not only la(k roads. ratiroado. and air.

fields, but they are characterised by natural obstacles to free movemee,
including severe climatic conditions which produce arctic or desert waste-
lands or humid jungles and swamps. Our present equipment and systems
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are too sophisticated to operate in primitive areas where roads and airfields
are in poor condition or nonexistent. Yet, our equipment and systems
are not sufficiently sophisticated to permit us to operate completely inde-
pendent of these environmental limitations to mobility. Our basic mobility
problems in primitive areas remain unsolved.

The conimur.ist bloc must be acutely aware of our dilemma anid is cer-
tainly capable of urdertaking provocation in these areas least su-'d to
our capabilities. Laos and the Congo are two outstanding illustracions.

Passing from the general to the specific, I would now like to rfview
three major problems facing the Transportation Corps in providing mobi.-lty
for theArmy's logistical system operating in all environments. These are:

a. Providing transportation at the entrance to the overseas theater,

b. Moving supplies from the point of theater entry to the combat
forces.

c. Managing the transportation resources within the theater.

The first problem concerns, fundai'entally, congestion at the overseas
snoreline. While -,e hope that the Air Force -ill be able to carry STRAC
forces anywhere in the world in emergencies, we believe that sealift will
carry the bulk of our troops and supplics to an overseas theater at least
through i970.

The Army Combat Development system has not bee!, Clone in its concern
over the problem of congestion at the shoreline. In 1V 5 9, the Maritime
Research Advisory Committee of the National Academy of Sciences studied
the role of the U. S. Merchant Marine in natioral security. One of the
conclusions reached by that body as published in the Project WALf#US
report stated that "US-controlled merchant shipping is qualitatively de-
ficient for optimum support of civilhan and military requirements in a
limited war owing tr. deficiencies 'n speed, age, rates of, and' raacities
of unloading systems, and jAck of 'over-the-beach tpability."

A numb.e of studciui in the combat development field have also pointed
ou. the inadequacy of conventional shipping in supporting Army operations
in lim.intd and gený'ý-l wars, especially in those wortd areas where the
natural environments present severe challenges.
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What, then, do we need to red uci congestion at the shoreline?

As long as surface shipping is used, there are three basic ways in
which shipborne cargo can be transferred to the shore.

a. By lighterage.

b. By the use of air vehicles of the vertical-lift type.

c. By bringing ships directly to the shore.

In recent years, our research and development effort has improved the
family of amphibians which we shall have in our inwvntoriep m: the next
few years. I am sure that you are familiar with the BARC and the LARC5s.
We know that these vehicles represent significant improvements over our
World War II amphibians, but they art, subject to the same obstacles to
free movemeut on land as are other wheeied vehicles.

In the second transfer method suggested may lie the long-range answer
to our problems. Wor need a famuily of vehicles which will be ham-
pered by the vtrious limitations to mobility imposed by the natural en-
vironments. Surf, beach gradieats, and terrain conditions in the im-
mediate area of the beach often severely limit over-the-shore discharge
capabilities.

The desired vehiclea would have to possess the characteristics either
of VTOL aircraft (helicopters or flying cranes) or of air-cushion vehicles
such 4b the ground environment machines (GEMs). I shall have more to
say about these vehicles during my discussion of the problems we face
along the line of cornmunications.

TVie third possible method zor reducing the congestion at the shoreline
in certain natural environyrtnts concerns ships which could bring our
men aid materials directly to the shore. Beachang ships. ouch as the
LST, are not new and havc d.ways had supporters 5iaong logisticia:nia.
So far, however, no great strides have been made in increasing their
speed and their ability to -.,Lrvzr otther than mobile cargo to the shore
with an.y real efficiencv. Wr need beaching chips with integ"al cargo
hand;ng eqmpmen:, a long bow ramp, and either a built-in conveyor
sytem or vehicle loadint docks. A vessel oo tutippcd would enable us
to reach the ideal of cOmnpiete discharge in eight iours or less. We would
be able to avoid the tra.•c proble -n which would result if we attempted to
discharge a num•,er of con%-Pntion&. carr) whips offshore. and our r*-
tquirements fer ltghterage would bw rreatly reduced.
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Beaching ships do, howeveýr, have disadvantage~s iD.ýcause of their
built-in shallow draft capabA'F.ty, tney are restricted in sqize and in speed.
They may, therefore, be tine conor'.ical for the lonig haul "This means
that their most effective logistical use may well be between advanced
bases and theaters of operation~s m' conjunction with pre. positioned stocks
of supplies and equipment.

In a report niade at the end of Prclectt WALRUS iri 1959, the National
Research Council of the National Academy 0f 6ciences concluded that-
"There is a milita.-y need under iimited war conditions for small (3, 000
to 5,000 Lon capacit y) high speed amphibioub support ships which are
capable of discharging rapidly in sma~ll harbors or onto beac-hes. " This
report also concluded that such vessels were not envisioned as serving
any commercial purposea ind Nwould the r#fore necessarily be a part of
the U. S. Navy's mobilization fleet.

It is obvious that the solutions to thc- Army's problems in this area are
largely within the Navy's izore of responsibility. But what priority can,
the Navy afford for the design, construction, and procurement of such
vessels? This is obviously a case in which the solution to logistical
mobility problems is found irt the ineans ust-d to provide strategic mobil-,
ity for the Army. It is not possib!i. to draw a distinct line between the
two.

The second problem which i listed as facin~g the Transportation Corps
concernis the movement of suppiies fromn the point of theater entry to
the comba.t forces.

In a nuaclear war theater or perhdps, of more immediate importance,
in primitive areas with ch;Oienging natural e-tvironiments whiere limited
wars are likely, the li1reS oi communications (LO~s) will present problems
having unprecedented comnplications. Th- LOCs are tilý lifelines of the
combat forces. In past confht Is, thest! a~trxtes ied forces operating on
relatively st~ble fronts.

These arterties mat~ now be ftir more flexib'o-, as kht-y rivisa possess the
ability to deliver supplies to a highiy mobilc consurncr. rhis mobility
enablew combat forcos to pro-,srt- unu; flew ting targets to the 'enemy. but
in doing so, it makes our job of d'P vtrivig supplies far mnorp difficuit.

Th~ere are essentially two approach-! to this problem. Thc fs rot would
be to reduce drastically the load of supplies necessary to support the
combat forces. The second wouid be to ftre the transport meanis from
th~e obstacles reprrsente!d by th, -- r,;tal. enronment artd to re-duire. its
vualncrability to earny fimrt.
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We in Combat Developments are afraid that the first approach is largely
a matter of wishful thinking. Much thought has been given in recent years
to ways and means of reducing the supply requirements, but the logistic
load of the U. S. Army appears to be increasing in spite of efforts and
predictions to the contrary.

It is obvious that if we are to make real progress in this area, science
must develop power plants which need significantly less fuel per ton/mile.
Continued research in nuclear applications ant thermoelectric and chem-
ical conversion processes may give us answers in this area.

In addition to fuel-consumption improvements, vehicles must be made
lighter in weight and simpler to maintain than those presently in our in-.
ventories. All maintenance activities must disappear from the combat
zone. Vehicles must be made virtually maintenance-free. Self-ltubrication,
pluckout and plug-in components, and austere, rugged construction are
musts. Class I supplies (rations) must be lightened; and in Class V
(ammunition), quality must replace quantity. As we see it, the Army is
still a long way from achieving these goals.

The second solution suggested for the LOC problems centers around the
development of true cross-country mobility, true point-to-point lines of
commnunications. In this area we again seem to have two possible alterna-
tives. Either we can strive to improve our wheeled mobility as we are
doing in the GOER program and in the overland train development, thereby
merely modifying the historic concept of fixed lines of communication, or
•ve can strive for a major technologicai breakthrough which will free us

from the ground.

Considering the second alternative, the helicopter and the flying crane
free us from the ground. The helicopter is no longer an exotic aircraft;
it has a very important role in the Army as a cargo and personnel carrier.
These aircraft and improved aircraft with vertical and short take-off and
landing capabilities must be obtaited in significant numbers for the Army
of the imp-ediate, future.

Why. then, did I state that, as a oecone-alternative, "W-e can strive for
a major technological breakthrough which w.l- free us from the grounJ"?
Helicopters are expenoive *nd relatively inefficient, and they require,
the use of highly skilled, premium-paid operators and maintenance pe'-
-sonnet. The allocat.ion -,r ecoiirmic and personnel resources during war
may niA permit the entensiva ure of craft of this nature. We must have a
cruft wl'ich will free us from the ground, but which will b, simple to pro-
dwre sinple to operate, and simple to maintain. It must be economical
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to build and to operate. And it must produce economy by its capability
and it3 capacity In short, it must be economically comparable to a truck
and not to an aircraft.

The Ground Environment Machine (GEM) has a number of supporters who
say it will fill the role and have the characteristics which I have described.
The Combat Development Group has submitted a qualitative materiel re-
quirement for a ground environment machine, and we hope thit consid-
erable emphasis will be given to the development of this item

The third major problem is closely associated with the first two. It
concerns the management of our transportation rescources in the theater.
We call this process "trar.,portation movements". It is accomplished,
fundamentally. by collecting the transportation requirements from various
shippers, by determining the total transport capability, and by balancing
the requirements and capabilities in accordan-,e with established priorities.

Our future movements organization must be capable of controlling and,
when necessary, rerouting fast-moving shipments by all modes in order
to make timely and accurate deliveries. The transportation movements
system that exists today is not capable of doing this, simply because it
does not have the equipment and techniques to collect data, process it,
and issue instructions iast enough

In addition to the requirement for improved equipment, we believe that
the transportation movements system wvll see changes in its operational
doctriae in future wars. Sincv the problem in attaining true centralized
management of tra, sp'itatioi, rtscur:ces under conditions of future war-
fare seems insurmountable, we may be fort:ed to decentralize our oper-
ations to a certain extent. Mort authority for Lhe rmnagnement of trans-
portation resources may have to be given to personnel in the field through-
out the area of operations. They will have to do the best p~ssible job with
the tools at hand. This concept of de(entralizat~on may have to be the
answer, but it must be remernbt.rd that the -fLcivncy of management of
transportation resources doec rcases with decent.ral'zahon.

Somothing must be done, therefore, to solve thust problems of trans-.
portatton movements. I blelirvc that a solution ciin be found in imprcved
data procesning end CaLintn•tln atiOns equipment which will Allow us to cen-
traltie our movements plannittg, but permit us to dec-ntr-.n,,te the mi-
plemoentation of there plans. TV,- assignment of orgarti high-rriobility
vehicles attd airrraft to movmNrnctw tiams will b+ necessary to ent.ble
;hem to be as moa',ie as the taLi.i:al and logistical etements which thty

support.
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In summary, let me say that in essence the three separate problems I
have discussed are really intcgral parts of the overall concept of logis-

tic mobility. We would like equipment which will allow us to move any-
where in support of the combat forces, relatively free from restraints
imposed by either the enemy or the natural environment. And we would

like the managerial tools to provide maximum control and economy of
utilization over this equipment. I suppose that that is ultimately what
every logistician in the history of warfare has strived for. But I seriously

doubt if at any time in history the need has been more pressing.
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POLAR ENVIRONMENT, ANTARCTICA

Several events in recent years have combined to focus a lot of interest
on the Antarctic Continent. Men have plunged to their deaths in airplane
crashes while others have fallen with their tractors into crevasses and
the icy seas. Ships have been crushed in the jaws of closing ice.

On the more cheerful side of the ledger, man has landed an airplane
at the geographic South Pole for the first time, several :hoanand square
miles of unexplored territory have been seen and mapped, huge tractor
trains have navigated the icecap to points hundreds of miles ittland, and
airplanes have dropped czrgo to build a scientific camp at the South Pole.

Houses fabricated in America, Japan, England. Russia, and hail a
hundred other nations of the world have been ferried into the Antarctic
by ahip and by aircraft to be assembled on the ice.

Individually, the stz-fies reflect dramrra, adventure, castastrophr, heroism,
and accomplishment. Taken collectLvely, as pieces of a jigsaw pussle,
they spell out the problems that have been overcome by Americans and
men of rn•,y nations wvho went quietly about their task of budlding houses
on the snow and ice for the scientists who are now studyirn the many
secrets of Antarctica. our seventh con'tinent, with her icy face hidden
behind a curtain of fog and snow.

!n the In.ernational Geophysical Year, 1956-58. scientists from IZ nations
made an ail-out assault on the mnst stubborn secrets of our planet in

Antarctica. These scientists concentrated their studies upon solar ac-
ki4-ity, latitude and longitude determination, glaciology, oceanography.
meteoroloigy. geomagnetisrn. aurora and air glow, ionosphere physics.
seismrology and gravity, cosmic rays, and Lpper atmospheric rocket
explorraton, including the use of instrumeoted satellite vehicles. Miring
these studies, scientists as %vell as the support personnel found that on-
vironment played a very Important part in their success.

Environvent is the 4ggregatu of all the external conditions 40d influences
aecting the life Anrd devulopment of an organasih. i. e-,. human behavior.
material behavior, society, ( --. in Antarctica. ,•n tronment is *t its
extreme, with t¢rc erat~hrs an'ing from 45 dep.ees above sera to I ZS
degrees below.
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The Antarctic is believed to be a breeding place for the world's weather,
especially the Southern Hermsphere. The furious storms of the antarctic
winter are a majorfictor in determiningthe weather in the south latitudes,
and their effects even extend across the Equator ir.to the Northern Hemis-
phere. Scientists and observers at antarctic stations have an irnvaluable
opportunity to study this weather in the making, to follow movements of
the atmosphere, and to relhte these to weather in other distant regions.

The Antarctit is obviously a primary source of data for the glaciologist;
it is the largest single repository of snow and ice on tne surface of the
earth. Studies of successi't, layers of antarctic ice can tell us much
about the climatic history of the earth and, more important, reveal iruch
about our changing climate and environment hare at home.

The absence of tha sun during the long winter polar night also has its
effects on the ionosphere. Radiation from the sun, specifically ultra-
violet and X-radiation, breaks up the atoms and molecules in the urper
atmoaphere into electrons and positive ions. These electricaliy charged
particles, in effect, make a mirror of the ionosphere so that it reflects
radio signals. However, in Ehe long antarctic night, Z3 March t.) 23
September, particularly at the South Pole, the sun's radiat on is absent;
and this gives rise to the import;.at question of the composition and charac-
teristics of the ionosphere under these unique and interest.ng conditions.
Communication blackout is frequent and has an environmental impact on
all operations.

Twelve nations are operating 40-.odd sciLnt•fic bases ou the Antarctic
Continent, on its sea-riding ice shelves, and on its auijacent islands.
American scientists and their :arge supporting crews are now gathering
much data at our four remaining American bases, including the most
popular one, at the South Pole. These scientiste are not merely waiting
for the coming crucial polar summer, but are making the most of the
darkness, the long, dark winter night at the other end of the eaith, fraught
with its own mysteries. Thcf- are living in their small, but fully equipped,
stations, sealed off from the world. Their" only contact with the outside
is by HAM radio.

The Antarctic, covering an area of 6, 000, 000 square miles, is approxi-
mately twice the size of the United States. Think of this vast territory,
still much of it unexplored, and compare its population-- -810--with that
of our country--180 000, 000--livng in half the area. Think of your
nearest neighbor being some 450 miles away, a few hours by air, but 10
or more days by surface vehicle.
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Antarctica is totally deficient in essentials required for living, as
everything neeled for man's support and survival !has to be imported
by ship or &ircraft. There is virtually no vegetation and relatively
little soil, no construction material, and no land animals. Marine
mammals such as whales and seals are plentiful, but there are only
a few species of birds and fish. Water is available only from melted
snow.

Travel to the interior produces a rapid transition from coastal to
mountAinous conditions. This transition necessitates special equip-
ment for living and working at extreme elevations. Environmental
impact on men and machines working under these conditions iv tremen-
dous. At 40 degrees below zero, equipment 't..--girs to develop varied
mechanical breakdcwns; we in the Antarctic classily this 40-degree
point as a rold barrier. The cold, the clirm.te, and tSa great heights,
combined with .he hazardous ice and surface conditions, create some
of the most ,'Ifficult operating problems in the world.

The encircling I.e in the surrounding waters is a continual menace to
all-shipping ý;,d landings along the Antarctic's barren and inhospitable
shores, which makes the contine..t inaccessibl except at a few places
for most of the year. The width of the surrounding ice pack in winter
ranges up to 1, 500 miles and in the summer to about Z00 miles. The
climate i-a summer, although not so severe as in the winter, is still a
major contributing factor tc dangers present.

The South Pole station rests on a polar plateau of approximately 10,000 feet,
some 9, 000 feet of snow and ice above sea level. Ice and snow coverage
in the vicinity of Byrd Station, the other inland station, averages 10, 000
feet: 5, 000 feet above and 5, 000 feet below sea level. The thickest ice
and snow coverage ever recorded is 14, 000 feet at a point some 150
miles east oi Byrd Station.

Working at and around these stations creates other problems, particu-
larly those of a psychological nature. These problems result from
boredcom and from long periods of confinement due to the restriction
of outdoor activity in the cold winter months. Here human eniironment
has its effect; reliability of man ts at its lowest ebb.

Crevasse areas form al'~ng the steep coastal areas and along the approaches
to the plateau regions. These areas are the principal terrain hazards and
obstacles to cross-country movement. The continental glacier is generally
flat or ro.ling, but it is often covered with high, hard sastrugi. Sastrugi
are formed as the snow is swept across the ice by high winds and drifted
into patterns of shallow d•• igns. The depth of these drifts ranges from



6 inches to 6 feet. Usually the surface is tough, hard, and wind packed;
however, in a few areas a very soft powdery snow exists, but these
areas are clearly defined by distinctive color patterns.

The main United States base, the Naval Air Facility, McMurdo, has the
only airstrip for wheeled aircraft in Anta'i,ctica, an ice runway carved
out of the sea ice that covers the surrounding waters of McMurdo Sound.
Construction of this runway is a yearly chore, as the sound ice breaks
free and floats to sea each year.

Two of the four U. S. bases, McMurdo and Hallett, are located near
the sea and can be supplied by ship in December and January; but the
two interior bases, Byrd and Pole, present a different problem: they
have to be supplied by air and/or tractor train. The U. S. Air Force
has the responsibility for conducting airdrops at these'inland stations,
which are usually done by C-iZ4 Globemaster~s. This resupply is
supplemented by Navy C-130B Hercules ski-equipped turboprop aircraft.
Resupply of scientific parties in the field is generally conducted with
the Navy R4D (C-47) or P2V Neptune ski-equipped planes. Personnel
at the inland stations and on scientific field parties are exchanged, by
use of ski-equipped aircraft.

Since World War II and the Korean war our horizons have continued to
expand with extended defense perimeters, which has resulted in a defi-
nite need for additional environmetal studies. Environmental problems
and their solution today consume a significant percentage of the effort
of technical activities throughout the military services. The size of the
total Job cannot be reduced, -nor can its importance be overestimated.
Consequently, it must be understood that volutions to the technical pro-
blems lie not in one test, but in a variety of tests in different environ-
mental areas all over the world..-thus, the Antarctic, the most unique
environmental area in the world.

Summary - This Antarctic Task Force is made up of all branches of
the military service anid civilian scientists. Here where the dangers
are ever present, and every man a buddy, unification is at its best.
These men continually face the dangers of whiteouts, frostbite., cre-
vasses, weather, etc., which means that one can never relax. Relax
once and the wall of security you have so painstakingly erected about
you may give way without warning.
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The past reminds mart that though he hau harnessed much of nature by
his ingenuity, he has not harnessed all; old mother nature, with her
we&ther, controls all cperations in Antarctica. However, with all the
dangers and difficulti-3s, antarctic operations have been sticcessful.
The military has advanced itself in polar operations aid at the same
time served science and the world.
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U. S. ARMY TRANSPORTATION BOARD'S
rNVIRONMENTAL PROGRAM FOR FY62

Part of the Transportation Board's mission is to provide transportation
support for military activitie, in difficult environments and to conduct
operations leading to improvement of difficult-environment transporta-
tion capabilities. To accomplish this portion of the mission, the
following projects are scheduled for FY62:

SWAMP FOX - Project TCB-61-05l-EO

SWAMP FOX in an extended logistical carrier operation in
virgin tropical rain forest from Chepo to El Real th,'ough the
Darien Gap of Panama. A compoaite task group of technical
service and scientific personnel, with minimum engineering
support or preparation, is attempting overland movement
during the rainy season with the objective of improving
U. S. Army transportation capabilities in tropical environ-
ments. (Period - July to October 1961)

PR&DC LIAISON - Project TCB-61-065-EO

The PR&DC project cills for a liaison visit by a U. S. Army
Transportation Board ýr.ember to PR&DC in Thule, Greenland.
to observe and report o, all newly developed equipment and
techniques presently used in arctic operations and to
evaluate the Patisive Traii Markiiig System developed by
General Precision Laboratcries, Pieasantville, New York.
(Period Jaly throuRh August 1961)

TF 43 TOPO (62) - Project TCB-61-066-EO

The U. S. Army Transportation Board will provide helicopter
(HUIB) support lor Navy Task Force 43 during Operation Deep
Freeze (62). The purpose of aviation support by the Transpor-
tation Corps is to asbist the National Science Foundation and
the U. S. Geologicai Survey in mapping the area from Cape
Adare through McMurdo Sound to Beardmore Glacier. Thi.s
operation encompasses approximately 125.000 square mileuq
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and will entail approximately 300 flying hours. An additional
objective of thia project is to familiarize Transportation Corps
pilots with antarctic flying techniques and thus further increase
the inventory of "antarctic-qualilied" pilotw within the Trans-
portation Corps. (Period - September 1961 through March 1962)

FAR NORTH (RECONNAISSANCE? - Project TCB-61-070- EO

The objective of Project I'AR NORTH is to locate a possible
overland route which will permit the economical resupply of
selected DEW -tine stations from the interior, to include:
avenues of approach, stagitng areas, r.:,"Les of march, types of
trail marking needed, resupply points, puasible obstacles,
climatic or weather conditions, vegetatioa, and trafficability.

GREAT BEAR - Project TCB-61.- 073-EO

GREAT BEAR is a USCONARC Army field maneuver in Alaska
during the winter season 1960 1962 involving battle-group size
units. A task element of the TJ. S. Army Tran.iportation Board
will provide additional logistical "close-in" support vehicles,
both whe- led and tracked, to include commercial off-roa•i type
vehicles utilized by civilian industry. An additional purpose
will be to gain experience and test techniques under subarctic
conditions not encountered during WILLOW FREEZE.
(Period - January 1962 through March T962)

USAF RESUPPLY - Project TCB. 61 -128-EO

Project USAF RESUPPLY comprises a logistical resupply
mission to remote Air Force outposts st.ch as Bettels and
Indian Mountain in Alaska. The logistical convoy will be
headee by the Overland Train Mk I, appropriate tracked and
wheeled off-road vehicles -will be included for evaluation of
their utilization and capabilities in subarctic terrain.
(Period • December 1961 through March 1962)

DRY GULCH - Project TCB-61-143-EO

DRY GULCf1, a dcsert navigation operation conducted by a
squad from', a Medium Truck Company at Camp Irwin, Califor-
nia, has a-s its purpose the developing of techniques for
desert environment And the obtaining of data on desert naviga-
tional problems that wiUl be encountered in subsequent desert
operations scheduled for Calendar Year 1963.
(Period - May through June 1962)



TRAIL TREK (6Z) - Project TCB-61-147-EO

The Chief Navigator (surface) to Navy Task Force 43, Antarctic,
will be pruvided by the U. S. Army Transportation Boar4.
Extended surface navigation operationn will be conducted from
Little America V to Byrd Station, to include re-marking and
re-aligning the present Army-Navy Drive; filling all crevasses
that will endanger future operations; and acquiring operational
data for improvement of operating techniques in polar environ-
ments. (Pe, iod - Octobor 1961 through January 196Z)

Consideration has been given to conducting environmental operations
w,'ithin CONUS rather than outside CONUS whenever the environmental
conditions can be reasonably tiuplicated or when the primary purpose
of ^ae operation is the test and evaluation of equipment.

a•ctivities in difficult environments have been aimed at the solution of
tr.nsiportation operational problem@ which interpose themselves in
the accomplishment of planned missions and the support of future
organization concepts.

In the programming of its -Activities, the U. S. Army Transportation
Board has emphasized study, investigation, and test in those areas in
which no, or very limited, operational capability hab been attained to
date. Swamps and jungle regions as well ao summer muskeg terrain
are examples of such areas.

Liaison has been established with appropriate authorized military and
civilian agencies engaged in research and test activities in difficult
environments.

Maximum utilization has been made of opportunities to test and evaluate
TC equipment in connection with any environmental operations.
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THE APPLICATION OF MURPHY'S LAW
TO ENVIRONMENTAL RE•SEARCH

in any consideration of environmental research, the military applica-
tions of the disciplines involved must be carefully examined. At, ",5g
the most vexing of these applications is the provision of an adequ .,e
antidote to the problem set forth in Murphy's law.

Murphy's law has been stated by many generations in many tongues.
While I ntiLy not express it in the same terms that you would, I am
confident that you will recognize it and agree that the problem exists
and is worth' -if carefui consideraj.Qn.

B riefly:

"If there be but one way in which an item can be mishandled, or
a single. obscure manner in which it can be damaged, issue the
item to the operator in the field and he will, inevitably, find this
one fault.

There is an inevitability in Murphy's law that holds a sinister fascina-
tion for, the deslgrner the manufacturer, the logistician, and the user.
The-e are those who suspect that it holds the same fascination for the
ult. aate operator, since this inevitability has seldom been challenged
and its veracity too often sustained. Why else would the very word
"foolproof" appear in our vocabulary?

In its essentials, environmental research is the determination.
emvirically, experimentally, or through actual experience, of the
actions . reactions resulting from the exposure of resources (personnel
and/or mnateriel) to varied environments. In order that "or~diltons of
exposure may be controlledi and calibrated to insu.'e accurate records,
and to reduce expenses believed to be inevitable when resources are
moved to the desired environment, great emphasin I-t% Lc-•. Placed on
the artific•al creation of e iv~ronrwcnt. In certa. I Instnces we ha • no
other recourse than thi t,,e of the artificial. the stAte of ?he itrt is not
yet such that we %;an phys;cally expost resoaurc03 to the artual environ-
ment of the, moon or cf the ,ilanets. For the momnent, wc must be
satisfied with an rnpiricslly calculatAd envsronment creatoid in T!:e
laboratory and te-t charmber and the observations resultir.;. ti'ert from;
the relatonship of this environmertt to the actual must await "-erifica--
tion at a later date.
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I bring before you today tHe conrtention that environmental operations.
operations during which the resource is moved to the actual environ-
ment, offer the only final, definitive answer to the problem posed in
Murphy's law and that this answer cannot be successfully insured by any

other means now existing. The theoretical study of environmental ef-
fects, the extensive and laborious testing of resources under controlled
environmental conditions within the laboratory or test chamber, provides
useful answers and should never be neglected. But the ultimate ar.swer
can be insured only by complete exposure of the items, or their com-
ponents, to the actual field conditions to be encountered. And such
field conditions must include use of the item by typical operators, or
groups of operators. Any lesser exposure will result only in the fail-
ure to identify the "one fault" which is the crux of Murphy's law. This
fault may then remain unidentified until the crucial moment Wen its
discovery will best induce failure. Inevitably this will be the precise
moment when failure can least be tc,!erated.

Strangely, there has been a tendency to regard environmental research
as applying only to the environmental extremes -.the Arctic, the desert,
the swamp, or the tropical jungle. The vast majority of our resources
are regarded as 'acing completely compatible with a temperate environ-
ment; relatively few are designed specifically for successful operation
under the extreme environments. Existing military policy states that
type classification of an item of rilitary hardware will not be delayed
oending exposure io environmental extremes unless such a requirement
has beer expressed in the military characteristics pertaining to the
item. This is an exceptionally dangerous tendency insofar as it leads
to a disregard of Murphy's law and the curious sequence of events whereby
military items of hardware are type classified and placed in production
before such items are placed in the hands of troops for "troop test" and
the application of Murphy's law.

Thcre is a school of thought, endowed with the mantle of sagacity by
unchallenged years of existence, which holds that incipient faults are
completely tj:•ceptible to aolition in the controlled environments of the
laboratory or climatic chamber. This approach has been imbued with
the cloak of respe'*tability by the high percentage of cases wherein solu-
tions have been achieved in this manner. However, the tender loving care
of the research tand development engineer, and even the supposedly objec-
tive and impartial observations of the test engineer, does not subject the
procedure, or the item, to the rigorous faultfinding which can only result
from the application of Murphy's law.

Quite aside fromi the human element, which provides the crucial ingre-
dient of the unsuspected during environmental operations, cunditions in
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the field normally cannot be precisely duphcated in the laboratory.
The requirement for controlled and identifiable conditions precludes
such duphcation. The majority of the factors encountered in the field
can indeed be duplicated, or induced, in the environmental chamber,
but it is seldom that all field conditions are reproduced simultaneously
and in the precise formula wV ich prevails under nature's quixotic
pattern. Subjected to a sin, .e simulated environment, or to a variety
of simulated environments in sequence, a procedure or itein may
respond outstandingly and appear to possess all the desired attributes.
Exposed to these same conditions in their natural proportion and inter-
relationship, and actually used under such an environment by an
individual interested essentially in basic self-preservation, these

lame procedures or end items have an unacceptably high projection of
unanticipated failure,

The existing inclination to maximize use of artificially created enviror-
ments appears to result from (i) the desire to control and calibrate so
thaLt accurate records may be insured, and (ii) the expense suppoetdly
involved in moving the resource to the environment. Of these two,
we submit that the for r can be overcome through adequate planning
and the intelligent Applicstion of modern data-acquisition procedures.
The latter appears to he tO.e more influential of the two, mainly on the
basis of economy- -a phrast which possesses great appeal and which
has been overused as justification for more than one extravagance.

Gestalt psychologists emphasize that life itself is not built up of tiny
units of association, or specific connections or reflexes, but that it
uperat's in larger units. When we look at a person, we do not see 'yes,
nose, and .ip- separately, and then add them together, Rather, we see
the face as A whole. It is not too farfetched to apply this same princi-
ple to envirornmental research, and through its application we can insure
the Lpphcation of Murphy's 1-aw anid the consideration of the results
achievecd through such application.

To use a somewhat hackneyed phrase, the environmental researcher
must constantly take a look at the "big picture" It is not sufficient
to. examine the minutiae and deduce tha: s•a,!sfactory performance of
components guarantees equally satisfactory performance of the whole,
nor to examine elemerts oi an entire environment and conclude that
exposure to the aclual environmtental •-ondition# in the field will sustain
acc-eptabit ity. In the fact, ot t.h-s insufficiency, iow can we insure the
application of Murphy's law and counter the claims of utiecoyiomical
opcrations And scientifically unacceptable data?
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A notable approac.h had been made to providing answers to the problems
through the existence of Yurna Test Station in Arizona and the recent
opening of technical service test activities at Fort Wainwright, Alaska.
USCONARC provides field facilities through its various boards; however,
the work of these organizations is aimed towards the field army and its
equipment arid only in passing contributes to' examina~tion of other mil-
itary items. The technical serviced themselves operate various types
and complexities of proving grounds, test facilities, etc.

However, in all these instance* the activitieii tend to be formalized
erng.neering testing, st-rvice testing, or endurance te3ting installations.
And, with the exception of Yuma (which offers a desert arid hot weather
environmonlrl) and Wainwright (which offers subarctic and muskeg environ-
ments), other installations~ are iemperate in nature and largely controlled
in environment..

Frew of these boards and activities can successfully apply Murphy's law.
Weather, terrain, prcject personrnel, and mental approach preclude its
application. 'he simple fact that individuals assigned to these facilities
are well qualified to operate, observe, report, and analyze raiilitates
against tho problems of Murphy's law being encountered. Controlled
observations, carefully mrade in strict accordance with. the approved
plan of test or test agenda, will be successfully re~corded, tnd from
these observations, data will be attained which will assiit in the devel-
opment cycle. But the uns'uspected fault, the single fault nd. ced by the
man in the field, will too ofte'n remain undete.etee..

It is our contention that the joint environmental operation, coaducted in
the field under' actual field keonditiori. tar removed from the laboratory,
the test facilhiy, the supply base, Zhe niaintenance backup, or the comn-
forts of the post, camp, cr staticn, pr~v:deb the only reliable means
for applying Murphy's law, ane that si~ eb pc'ati!ns, jointly condicted
on a continuous basis in varied environment~s, can b,- accomrplished
economically and with mnaximum benefit to all elements of the Armed
Forces.

We of the Transportation Board experienced the ap,,liratian of Murphy's
law during our Operationi TROPICAL ViET, conducted in Panama duringI October and Nnvcmber 1960. This operation w;%'s a joint venture in a
limited sense, in that Signal Corp* and Quartermaster Corns provided
participAting oý-rsonnel and A CiV'hA.-& organization under co'ntract to the
Ordnanýe Corps 1-howise took an active part. Let me quote from the
letter report submitted by th,. Signal Officer USACAJ{IB
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"The communications link between the Chepo, R de Panama, base
camp and test unit en route to Pintupo, R de Panama, was not
successful due to a number of problems. Equipment planned
for this link was a jeep mounted AN/GRC-19 netting with a sim-
ilar unit. About five miles east of Chepo all movement of wheelcd
vehicles was halted because of mud which prevented the jeep
mounted radio from continuing. Consequently, an AN/GRC-9 was
hurriedly mounted in a Weasel and Voice or CW communications
was used between the test unit and the base camp (AN/GRC-9
and AN/GRC-19). This did not work due to the hasty "field ex-
pedient" installation of the AN/GRC-9 and TREOG ra&! :p opera-
tor's inexperience in operating under adverse conditions, ftqumncy
instability and jungle cover of test unit."

I am confident that you can identify the application of Murphy's law in
this short segment of the overall report. I' our operation SWAMP FOX,
presently underway in the same tropical jungle environment, we have
a vastly enlarged technical service and scientific organization repre-
sentation, and we are confident that the application of Murphy's law
will be examined and evaluated in detail. Indeed, the provision of
answers to the problems raised by this law may well be estential to
the survival of individual members of the operation's task gzuwp.

We make no claim that our board should be either the sole or the major
proponent of environmental operations in the field. Inasmuch as basic
transportation of personnel or materiel under difficult environmental
conditions is a keystone of our charter, we believe that we have an
interest in any such operation. But we freely extend to all elements
of the Armed Forces, and to our allies of the ABC nations, an invita-
tion to join with ug, cooneratively, in the conduct of environmental
operations. Conversely, we have high hopes that other organizations
conducting like operations will extend to our board, and our Corps, an
invitation to participate with them.

We do desire to place before you at this meeting our strong plea that
envirunmental operations in the field be conducted on a logical, coordi-
"nalei, basis both in temperate and extreme environments. Only through
the medium of such operations, conducted wider the surveillance of
qualified agencies by average personnel of the military forces, can the
apphcation of Murphy's law to environmental research be examined.
and only through such examnation and detailed consideration of the
results attained ý:an we insure that the man in the field will not find the
one unsuspected fault at the precise moment when victory or defeat lies
in his individual hands.
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ARCTIC, DESERT, AND TROPIC TEST OF NODWELL 5-TON VEHICLE

INTRODUC TION

Despite the fact that the world has unlimited roadways, airways, and
waterways, with remarkably effective vehicles for providing tr'nspor-
tation over these, there still exist immense areas which resist or defy
conformity to the generally advanced stages of modern transportation
media. The most formidable areas lie at tIhe extremitier, of civilization,
ar.d include the snow, ice, muskeg, and fro..en terrain of the polar regions;
the mud, marsh, rivers, and dense vegetation of the juagles; and the sand,
dunes, playas, and washes of the deserts. Environment often allies with
rugged terrain to thwart effective operations of the vehicle designed for
terrain alone.

Even in the face of such odds, eventual penetration of and controlled vast-
ery of transportation through these areas are assured because of milicary
tactical', or logistical needs, or commercial economic incentives. Whereas
commercially developed media tend to concentrate on a single transpor-
tation barrier, military development seeks the multipurpose vehicle, ona
that is capable of traversing several, and ideally a!-, terrains and environ-
ments.

Design of dual-purpose and secial-purpose vehicles has met with credit-
able success in such instances as amphibians, from the World War U3
DUKW to the current BARC and LARC'e; 4-wheel-drive vehicles for
traversing off-road terrain; and special tracked or large-tired vehiclel
for snow, marsh, or other particular terrains. All such vehicles perform
well within their design parameters; but because of practical and econoric
considerations, they faii when they are envisioned for use over additional
terrains. In using single of dual terrain oriented design, certain bar.-iers
may be bypassed by means of selective routing, practical trail bla-ing, or
terrain improvement, at the expense of additional time and equipment.

In view of the lack of definite standards by which to classify the diversity
of terrain encountered, even in generally known categories such as muskeg
or sand. because o! random occurrencas of stumps, logs, stones, or
variable profiles, it is extremely difficuit to accurately apply known loco-
motion theorf to the development of -A multipurpose vehicle. Evaluation by
the Military of commercial equipmen,, usually developed for traversing a
single 2,ficult terrain, with a view to multiterrain application has led to
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the discovery of potentially effective multipurpose vehicles. By '.Att of
a vehicle designed specifically for one terrain, in other correlated environ-
ments, it is possible to determine limitations or adaptability or to suggest
redesign trends to effect the desired degree of versatile terrain mobility
and environmental endurance. This consequently may result in reducLi.on
o0 military research and development cycles siace testing can determine
suitability of vehicular transportation capabilities directly or by slight
modification. This presumes the need for far-flung test sites of repre-
sentative difficult terrains and environments where locomotion theory
and actual trials can combine to deterrrmine empirically actual perfor-
mance data.

One vehicle which has indicated the success of multienvironment testing
is the Nodwell RtN1l0 Cargo Transporter, manufactured by the Rot i-
Nodwell Mfg. Ltd. of Calgary, Alberta, Canada (set! Figure 1). This
transporter was designed specifically for operation over muskeg, a
formidable subarctic terrain comprising approximately 500, 000 square
miles of the Canadian northland. Its design was pror.xted by the interest
of oil companies in conducting extensive explorations :-r oil in this region.
Dependence on conventional vehicles required halting .-,i operations after
summer thaw of the permafrost because these vehicles were then unable
to haul heavy drilling rigs and supplies cross country to drilling sites.
During winter months, the frozen terrain can be negotiated by wheeled
vehicles, assisted by a dozer to blaze and improve trails. In 1951,
Robin-Nodwell began development of a vehicl. capable of transporting
heavy cargo over the vast niuskeg bogs on a year-round basis. A family
of low-ground-pressure, tracked vehicles has now been developed, ranging
in cargo capacity from Z, 100 to 24,000 pounds.

rigure 1. Nodwell RN1!O Cargo Transporter.

(7,m



COMMEJRCIAL OPERATIONS

By 1960, the Nodwell transporters had established notable recognition
for their capability and dependability in maintaining continuous work
srhedules in arctic and subarctic operations, employed by such concerns
as:

(a) Western Geophysical of America, Anchorage, Alas",

employing 13 vehicles (RN7S and RN110, of 7,500 and 11, 000
pounds rated capacity, respectively) in Alaska.

(b) Ontario Hydro Commission, employing one RN75 in northern
Ontario.

(c) Northwest Telephone Company, Vancouver, British Colunbia,
employing one RN110 in British Columbia. The vehicle was
reported to be operating in snow up to 15 feet deep and'on slopes
with grades of up to 17 pioxcent.

(d) Shell Oil Compann-, using three RNZ00es (20, 000 pounds rated
capacity) and several lighter models in the movement of oil
drilling rigs to drilling sites over muskeg in northern Alberta.

(e) Imperial Cil Company, using lighter models in seismographic
exploratici in northern Ontario.

(f) Lake Phelps Farms, Inc., Pike Road, North Carolina, using
13 vehicles (RNZI - Z,10D pounds capacity. RNS - skidder model
with dozer blade, and RNI10) in the conversion of 150,000
acres of virgin swamp land to farm land.

(g) Humble Oil Company, operating in Louisiana swamps@ and
using metal or rubber pontons to convert the vcthiclet to
fioaters.

Shell Oil Company reported that the tracks on their vehicles performed in.
excess of V, 000 miles. with occasional grouser replacement, over $now,

ice, mud, clay. rocky soil, and muskeg. The RN75 achieved speeds. of
30 to 35 miis per hour on-road, but was unable to exceed 20 miles per
hour off-frort. Shell experienced maintenance difficulties with gasoline
engines on the RN -O0; therefore they converted to diesel engine*, which
gave better perfornmance and availability. Shell also noted difficulty of
night maneuvering through muskeg. -where tL.h operator must exercise
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selective routing to avoid holes, logs, and stumps. Vehicles lacked
spotlights for trailing and floodlights for cargo handling. Shell averaged
8, 000 miles per vehicle over a 2-year span. Tiae RNZOO carried loads
of up to 15 tons without serious strain. On one occasion, a vehicle in
operation was weighed and found to be carrying 10 tons of mud on its
cargo bed and undercarriage.

In the Lake Phelps Farms' project, the operation consists of dividing
off rectangular tracts of farm land by drainage canals and fe,%der ditches
to the Pungo River. The earth has deep, organic, heavily rooted vege-
tation to depths of 3 to 10 feet, over underlying sand hills, with sparse
to heavy surface scrub pine and logs from many previous burnings (see
Figure 2). The soil is very moist and of high acidic content. Much of
the arei has standing or slightly subsurface water with heavy sulphuric
content. The object of the operation is to drr.in, plow, and aerate the
area, mix underlying sand with the organic veýgetation, and neutralize
the soil by the addition of lime. Generally flat, with very rough surface,
the terrain is similar to subarctic muskeg. As a result of previous
burnings, trýas present no particular obstacle. However, sunken logs
and roots are numerous.

Lake Phelps Farms uses RN 110's in pulling plows weighing 7, 000 to
8, 000 pounds, with no cargo bed on the transporter but with concrete
aggregate blocks as ballast on the vehicle frame varying in weight from
1, 000 to 2, 000 pounds (see Figure 3). Operaeors disagree as to the proper
amount of ballast for most effective plowing. The vehicle pintle was in-
adequate for this rigorous towing service and was replaced by a special
towbar modification. RNI10's are also utted for spreading lime on the
tracts, a rates of up to 2-4/2 tons per acre (see Figure 4), Steel boppers,
which are mounted on the vehicle frame, carry loads of 6 to 8 tons (up
to 3 tons over rated capacity). Oerloading has created no particular
problems. Model RN.S vehicles (designed as logger-skidders) fitted with
dozpr blades arc used for brush clearing and levelling. RN2I's (Z, 100
pounds capacity) with flat beds are used for hauling sackid lime and general
cargo and for field contacl. work.

Nodweils have bet-n in use by Lake Phelps Farms since Jatsuary 19(,l. the
oldest vehicle having in exciss of 1, 000 hours' operation as of this writing,
working normal 10 -hour days, 5-l/Z da•'s a weepi. The amount of mainte-
nance required to date has been relativly small. Some difficulty was ex-
perienced in. maneevering. No trouble*w have occurred %,-Ih differentials,
sprockets, tires, or bearing tniert-s. No tracks have been replaced, only
somie grouser bolts. Fuel consumption on the RNIl0's pulling plows and
travelling at full throt!lo at 3-1/2 to 4 miles per hour runs about 6-1/2
gallons per hour.
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Figuare 2. Organic Teurain -it Laikv. Phetlps Farms, North Cari.,Jin
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F'igure 3. Plowing Operation at L;'ke Phelps Farms.

Figure .. Limne Spreadtng Opera'. on at Lake Phelps Farms,



Many types of vehicles were tried by Lake Phelps Farms prior to selection

of the Nodwells. Wheeled vehicles generally were not successful because

of their high ground pressure. Steel-tracked vehicles with ground pressures

in the ,rde?0 of 6 to 9 p. s. i. failed because they bogged down. Also, they

compacted the soil tIo such an extent that mixing and aeration could not be

accomplished; thus, ponds of water were left on the soil. For effective
working, it was found that ground pressures should not exceed 3 p. s.i.

Ditchers.. for digging the canals, are steel-tracked vehicles, but these

are tartsporte' to operation sites at ends of roadways by a special lowboy
wheeled trailer and are operated over airfield matting as the, -rogress.

Eve'n with this precaution, ditchers have submerged 3 feet duna •l operation.

CHARACTERISTICS OF THE RN110

The RNl 10 is a 4-axle, two..tracked carrier with a clear or stake-side
cargo deck area of 7 feet by 12 feet and a cargo capacity of 11,000 pounds.

The rubber-covered ntylon-cotton track belt* are connected by spring steel
grouser bars bolted to the belts. Open centar portions of grouse: bars are

curved to fit standard pneumatic tires on the bogey wheels, 4 wheels pe,
track. Rubber inserts for grousers are available fo-" highway operation.
Track tension is manually adjustable by bolt action or by an optional grease

cylinder. The rear sprocket drive of each track provides tension in the
tracks upon ground contact. Each wheel has an independent crank arm with
torsion spring suspension, which permits individual vertical movement.

The vehicle is dc-signed for all-weather, year-round mobility in muskeg,
bush, bog, gumbo mud, snow, swamp, and rugged terrain, with the ability
to negotiate,60-percent giades and 30-percent side slopes. Speed range,
by optional gear ratios, mray be IZ to 25 miles per hour. Steering is

accomplished through levers that hydraulically activate a controlled differ.
ential equipped with outer planetary reduction gears. Braking is accom-
plished by applyinq both steering levers slmultaneoualy. A disc-type,
rhand-operated emergency brake is provided on the drive shaft.

An engine, optional gasoline or diesel, drives through a mechanical fora-
ward and reverse transiussion, a drive shaft, and a controlled differential
to outer planetary reduction gear& built into the hubs of the drive sprockets.
The vehicle chassis uses a backbone 4 rame compoied of two parallel, Z-bar,
deep longitudinals boxed together by welded channel cross frames, an ar-
'angement permitting maximutm trackfvehicre width ratio. Open or closed

operator's caib is optional. General construction is steel, with nmarife

plywood cab deck and hardwood cargo deck. Construction ii practical and
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austere. Accessory equipment includes a front-mounted winch, a zear
towing pintle, and a cab heater. The cargo deck configuration is versatile,
including optional flat bed, stake body, camp or sleeper units, or clear
frame for hopper, dump, or drill-rig mounting. General specifications
are as follows:

Net weighM 10, 580 lb.

Designed payload 11, 000 lb.

Gross weight 21,580 lb.

Length 19 ft. 4 in.

Width 8 ft. !1 1 ,

Height (to top of closed cab) 8 ft. 0 in.

Cargo deck area 7 ft. by 12 ft.

Ground clearance 16 in.

Fording depth 36 in.

Turning radius
(inside) 103 it.

Track width 40 in.

Track aru
(zero penetratiu.) 10, 720 sq. in.

Ground pressure

Loaded a. zero pene-
tration 1. 68 p. sa. i.

Loaded at 10-4n. pene-
tration Zp. s. i.

Speed 15 m.p.h. at 3,00 r.p.m.
(12 to 25 m.p.h. opt!.onal)
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Gradeability

Forward 60%

Side slope 30%

Fuel capacity 44 gal.

Cruising range 60 mi.

Engine Ford V-8, gasoline, Z92 cu. in.;
or GMC 3-53, diesel

Electric-al system I Z-volt

Tires 7.0 b 0, Z0, 12-ply

Track belts Rubber-covered nylon-cotton,
15-inch wide, 4-ply, with heat-
treated spring steel grousers

Drive sprocket 16-tooth rubber and steel con-
struction, consisting of two rubber
moldings with a steel center over-
load and hub section

SUBARCTIC OPERATION

Initial rrmlitary interest in and test of the RNI10 occurred in the RN1I0's
native environment, where it was used as a general-purpose cargo carrier
for logistical support of a tactical winter exercise, OPERATION WILLOW
FREEZE, in the Alaskan theater in January and February I6Al. Five
vehicles were used to transport and tow 295,930 pounds of cargo during
_0 support missions, travvlling a total of 1,863 vehicle miles and 1.017
vehicle hours over off-road subarctic winter terrain (see Figuares 5
through 8). A'though the RN110 was designed as a cargo carrier, it was
fouind to be effective in towing a Mark I Rolling Liquid Transporter of
1,000-gallon capacity. During this operation, rnechanical reliability
resulted in :, 3- percent availability of the vehicle.

As a cargo carrier, typical loads trsns.orte,4 It one vehicle included
'50 cascs of C rations, •Z POL truMIs (5-gallon capacity) standing cm
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Figure 5. RN1IO Loaded With Oil Drums arnd Towing a IC-Ton
Rolli-Trailer.

Figure 6. Caravan in Snow, Towing Rolh-.Trailer and Carry&.ig
Oil Drums and CON1FX Box.



Figure 7. Operation Over Unimproved Subarctic Snow-Covered
Terrain.

Figure 8. Breaking Trail Through Light Furteut in Subarctic.
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und, 30 drums pyramided, or one CONEX container. The flat-bed con-
figuration did not prove to be the optimum possible because its ab :.Zy 'o

trinsport bulk cargo was limited. It was found that the rated cargo loading
of 11, 000 pounds could be exceeded without apparent detriment. A single
vehicle could haul up to 2, 155 gallons of fuel. Exceptional mobility was
demonstrated in towing RLT's over broken trails, unimproved roads, and
tank trails and in negotiaLing side slopes of over 30 percent. In soft snow
of an 18-inch depth or more, drag of the RLT made steering ineffective,
and slippage of the track caused snow to buaild up ahead of the RLT ind
virtually stalled the vehicle. Difficulty was compounded by the inability
of the Mark I RLT to track the RNIfe. By backing and ramming, tho
combination could proceed, but it lacked traction over grades in excess
of 10 percent. Snow cleats were not used. Their use, and mating with
the Mark II RLT, which will track the RNlI0, may overcome this barrier.

On cross-country maneuvering, the RNIO0 broke trails through forests
with trees of up to 6 inches in diameter and forded streams to 43-inch
depths. Ice to a miniimum thickness of 16 inches was traversed. Selec-
tive routing was %-sad to avoid excessive slopes, heavy foresta, logs,
large roots, and u.qordable river Snow up to 8 feet deep was traversed
with ease. Penetration in very 6oft powdered snow varied from 6 to 14
inches. Traction on ice and icy slopes was inadequate, btit may be cor-
rectable by adding cleats to the grouser bars. The maximum governed
speed of the vehicle was 15 miles pek hour; however, cross-country
speeds *-ae generally 7 to 9 miles per hour, restricted by roughness
of terrai' ru.her than by lack of power. Temperatures to -34"F. were
encount':r,3d. Head-bolt heaters, 750-w#,Ltt, were used.

The amount of vehicle operating time during Operation WILLOW FREEZE
was too small to entail much maintenance, the only major failure being
a radiator leak, which was possibly caused by faulty soldering. Two of
the five vehicle pintle hooks broke durl.ng the towing of RLT's, indicating
underdesign for this purpose, or limitation to approximately Z, 000 pounds
drawbar puU. Several modifications were recommended, such as en-
larging the fuel tank, widening and strengthening the cargo bed, and in-
stalling a larger heater.

DESERT EVALUATION

One RN110 was subjectedl to is•.renuous desert operations at Yuma. Arizona.

aver a 3G.day period in April and May 1961 to determine its durtbility,
drawbar pull, rolling resistance. aradexbility, and other pperforman~co

characteristics while operating over various desert terrains (see Figures
9 through 12). Teats were run with a fixed 11.000-pound load over terrain
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Figure 9. Breaking Over Top of Sand Dune at Yumra, Arizona.

ý4.
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Figure 10. CIhrrbing a Sand Sione.
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Figure 11. Determining Drawbar Pull in Soft Sand.

Figure 12. Operatiori Over Desert Gravel Wash.



features such as desert pavement, gravel wash, badlands, sand plains,

and sand dunes. Temperatures ranged between 490 and 1010F. The
selected vehicle completed 160 hours of testing.

The vehicle performed well in terms of cargo and towing capabilities,
fuel consum~ption, and low maintenance during the tests. However,
subsequent teardown inspection dificlosed a toll in wear and abrasion
exacted on a vehicle out of its native element. This included excessive
wear on the fiber half-bearing inserts under the wheel axles; worn
wheel bearings, rubber drive sprockets, and tire sides; and inoperation
of the hydraulic master cylinder due to lack of sand protection. Other
malfunctions occurred, such as cracks in frame stress points, bending
of axles, and excessive wear on brake bands and drums. These effects
were not ,-usexpected, and do not comprise serious defects in adapting the
vehicie to deisert operation.

Drawbar pul.l in soft sand was determined to be 8,400 pounds with the
vehicle empty and 14,000 pounds loaded, without the use of cleats.
Grades up to 36 percent over @and dunes were negotiated under full
load, with slippage as great a:; 85 percent. Speed runs with an
11,000-pound fixed lo'd and wvi~h .L 6, 400-pound RtT tow averaged
11 miles per hour; without tow, nearly 13 miles per houx. Fuel con-
sumption was 1. 4 miles per gallon tinder load at 4. 2 miles per hour.
Oil consumption averaged I quart in 10 hours of operation at 3, 500-
3, 800 r. p. m. Due to the rigid springing suspension of the vehicle,
cargo had to be well secured on cross-country operations to prevent
its shiftinig when the vehicle pitched forward as it broke over a ridge
or mound.

Extreme racking caused 33 fractures in the narrow main frame, none
of which caused operations to cease and all of which were reweldable.
Stronger, deeper- frames have already been incorporated in later
models. Play, backlash, an" wear in excessive awuounts occurred in
steering, braking. and drive systems; the cause was the rigoroua anti
constant maneuvering conditions. All defects were capable of being
adjusted or repaired to acceptable limits. Certain observations dis-
closet areas in which design could be improved for greater durability
in desert operations, such as adding seals or changinS LV* material of
wheel axle inserts. Vehicle range 4.- desert opera'ion (40 rilles) was
less than that in previous subarctic tests. Padiator protec.tion Cso
was (ound to be advisable to preclude clogging of the core by desert
debris.
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TROPIC EVALUATION

As of this writing, one RNIO is undergoing test in a rugged, tropical
rain forest environment- -the virgin Panananian jungle in the area
between Chepo and Santa Fe. Vehicle performance is being determined
in respect to mobility and cargo tr'ansportability through thick vegeta-
tion, over muddy swamp plains, across fordable rivers and streamn,
and over hills and varying terrains, with exposure to heat, humidity,
fungus, and rainfall of the tropics. The projected distance of the jungle
trek is about 1I0 miles, 84 miles having been covered to date. The
vehicle is being operated in conjunction with other selected tracked and
rubber-tired vehicles.

From the roadhead at Chepo, the caravan plied cross-ccuntry, following
a narrow muddy trail and fording a shallow (3-foot depth) river (see
Figure 13). Several vehicles mired in the thick clay-mud, and the RN110
was used for ecovery (see Figuee 14). The RNI AO was loaded to rated
capacity and was one of two vehicles capable of towing a Rolling Liquid
Traniporter throtugh the mud encountered.

S -.0

Figure l3. Towing Vthicle Througý.N MLd.
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Figure 14. Immobilized in a Ravine.

During a 27-hour, 15-mIle thrust across the marsh plain between
Chepo and the Canita River, sticky mud to a 4-foot depth was
encouatered in heavy woods with an undulating, deeply rutted trail.
The RNII0 slipped into a gorge and was winched free (see Figure IS).

Figure 15. Fording a Streamn.

G-17



It also threw its left track while climbing anc twisting over a 25-percent
slope; the track was loose and apparently struck a log or stump. Re-,
placement and track tightering corrected the trouble. The RNIIO,
although the heaviest vehicle in the caravan, was one of the two best
performcra in this type of terrain.

Under the Jungle canopy, mobility beca.ne more complex because of
additional obstacles of side slopes, inclines, tres, and denise vegeta-
tion. In this terrain, the RNII0 proved to be a dependable "work horse"
for the convoy, negotiating uphill slopes of up to 42 percent under fall
load. Performance on slopes varied depen'ding on moisture content oi
the soil, moisture content being critical on side slopes because of t'he
vehicle's tendency to slide. Winching was required occasionally under
such conditions. For crossing nonfordable rivers, firries were made
to float "noacwirnmers" such as the RNI 10 across.

At the two-thirds point of the jungle penetration, the RNIIO wAs C.ne of
6 vehicles remaining of the original 14. Fuel consumption averaged
I gallon per mile, and no engine oil was added. Two quarts of trans-
rnis!on oil were consumed. Mechanical failures included the thrown
track previously described, a broken drive shaft, and bolts broken off
the drive sprocket. Repairs were accomplished in each instance, thus
permitting operation to cointinue. Steering qualities proved to be
seriously deficient when the RNl 10 was towing equipment such as the
Rolling Liquid Transporter. Steering was satisfactory when the RNIIO
was not tawing other equipment and was loaded to capacity. The closed
cab on the test vehicle contributed to cab temperatures ranging from
10 to 15 degrees above the ambient temperature, which caused the
operator to "xperlence undue fatigue. However, open cabs are optional
for the vehicle.

Full details of the RNIIO's .|trgle performance will not be available
until the expedition is completed, recorded, and studied. Performance
to date hav indicated that the vehicle has a definite ,sapability for tra-
vering Jungle terrain.

FUTUkE PLANS

Fuwure plans call for additional tests in arctic and decert environmients
to r.,tep! modified features end to investigptte the rather unsuspected
cpability t.€ the vehicle for prime-mov,4r applicabiu!ty, aspeciaily
when fitted with track coieats. Improverment of highway trafficabilitv



also will be investigated. Floater Iroviw°.,11, for the vehicie are being
studied by the manufacturer, which w~ii further Add to te'rain versa-
tility of the vehicle.

Testing to date has not zrndicated that the jeralty frr added terrain
ability is too great or that additional versatli;ity would be impractical.

Ii
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STATUS REFORT, OPERATION SWAMP FOX

Operation Swamp Fox is a combined U. S. Arn.y technical services
environmental project being conducted in the virgin jungles of Panama.

Mission: The U. S. Armrny Transportation Board will form the nucleus
of the command and transportation agency for a combined technical
services tekm of specialists who will study the tropical environment of
Panama as -t affects the operations a.id/or products of their particular
service.

Execution: Extended operations will be conducted in the virgin jungles of
Panama from the town of Chepo through the Darien Gap to the vicinity of
the town of El Real for the purpose of studying environmental problems
affecting transportation support in military operations.

The main body of the group consisting of 3 officers and 33 enlisted men,
.eparted Fort Eustis in increments on the 25th of July, and on the Ist
atd 3rd of August, The air section, consisting of 6 officers and 7 en-
listed men, flew one UIA Otter fixed-wing aircraft and two H34 heli-
copters from Fort Eustis to Panam.a. After initial long-range recon-
naissance, the Otter aircraft returned to Fort Eustis. The two H34
helicopters are supporting the operation.

During the preoperation phase in the Canal Zone, all personrel attended
the Jungle Warfare Training Center's courz- in jungle operatiuns and living,
the course being a prrrequisite to any jungle operation.

Much time was spent in checkinR out every item of equipment, since a
spare part could mean the difference between a long delay in the field
and a timely operation.

The operations "kicked off" eariy on the morning of .1 August with the
following equipment:

I Truck, Utility. 1/4-Ton, M38, with oversize tires
1 Jeep, CJ•, with Terra-Tires
I Truck, Cargo, ... l/2-Ton, M21I, with a Jungletrac on the

rear and Terra-Tires on iront.
I Truck, Cargo, Z-lfZ-Ton, M2.1, with desert tires on front

and rear.
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1 Tracked Carrier, Nodwell, 5-Ton, RNII0
1 Cargo Carrier M-116
1 Truck, Cargo, 3/4..Ton, M37, with oversize tires
1 Personnel Carrier, Amphibious, M-113
I Power Wagon, Dodge, 4x4, with Terra.T~res
I Tropical Floater (DINAII) 1/4-Ton.
I Terrain Dybamometer Vehicle (Terrapin)
1 Weasel, M29C.
3 Ralling Liquid Transporters, 1,000-gallon capacity each
1 Set Jungle tracs

Special Equipment Being Tested

Jungle fatigues

Jungle boots
New Army fatigue caps
Plastic canteens
Plastic-type wrist watches
Jungle hammocks
New-type rations (TV dinner style)
Propane gas stoves

Participation, by Other Services

Ordnance Corps 4
Corps of Engineers Z
Chemical Corps 2
Infantry I
Quartermaster Corps I
Armor Corps 2
Special Forces 2
U. S. Navy 1
Panamanian Army 3

Entroarnental operaticns of this type, whether they are conducted in
the Jungle, desert, or polar regions, provie th' means to determine
the best type oi equipment available of militLry and/or civilian manun
facture, for opersations under extreme enviroet tmeiitl -onditions.

In past war%, nations have had time to build up and provirde supplies,
equipment, and man power to conduct combat operitons. Countries
possessing the resources and industrial might. ulti-intely won those
conflicts. Time for building no longer exists. The -apability to fight
must be immediate. It is essential that our logistical forces keep pace



with the combatant forces. The flexibility and mobility t•o essential to
the conduct of combat operations are equally essential to our logistical
forces. Mobility and flexibility cannot be realized without the means to
transport men and equipment. This means is one of the reasons for con.
ducting operations in environmental areas, since we must continue to
develop methods and systems to provide a logistical transport capability
for the mass movement of troops and supplies in every environmental
area of the world, whether it be jungle, desert, or polar.

As you have heard, the T ransportation Board has recently revived its
5-year environmental program, which w~ll include testing in extreme
jungle, desert, and polar areas.

Daily positions and weekly reports are being received from Operation
Swamp Fox, and the current status will be presented to the panel.

A complete final report on Swarr.p Fox will be published and distributed
by the U. S. Army Transportaticon Board.

.. A
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U.ATRECOM ENVIRONMENTAL ACTIVITIFES

As you know, TRECOM is not only responsible for specialized environ-
mental research within the Transportation Corps, but, together with the
Transportation Board and other TC elements that operate in adverse
environments, is a large consumer of environmental and geographic
information, including that which emanates from the Army-wide environ-
mental research program that is monitored by your Panel. We indeed
appreciate the opportunity, therefore, to present a series of papers that
present a cross section of TRECOM's environmental problems and
efforts.

Now, I would like to resort briefly to some definitions in order to outline
more clearly the picture of TRECOM's environmental activities.

From the basic E,/A definition of Applied Environmental Research, which
I know the Panel members are quite familiar with as being the collection,
interpretation, and promulgation of data ot the earth sciences, including
geography, geology, and meteorology, there was developed at one time
or anoier an "environmental definition" of world-wide military trans-
portation as being a system of equipment, knowledge, and techniques
that relays cargo through a series of distinct geographic environments
to the user in the field. In this system, individual items of equipment
a:e usually functionally limited to accomplishing either a transport or a
transfer operation and can effectively negotiate only one or at best two
distinctive media in the total water, rail, road, off-road, and air environ-
ment enroute to the user.

Although somewhat theoretical, these concepts serve to emphasize clearly
that our success in leveloping an all-envirornments transport capabilitv is
largely dependent ot '.iow well we understand the various ervironment,
and on our applying all availabic knowledge in our equipment and opera-
tions developments.

Thus, TRECoM employs an environmental approach towards it& projcts
and programs, which can be categorized under two headlines. First,
therr is a great deal of environmental engineering i-,orporated in equip-
ment psojects, rhia engi.,eering 4nvolves the maximum utilization of
avadable data on the external operating environment of ý,quapment, and
the conc•ept, desitni and testing of thLe equipment are closely related to
the environment. Se,:ond, the environmental approach aed the attain-
mrn! of .11ll,-onv-ronmmeni cap.Abilit.-s requtre thka x. Oomtral program of
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specialized research in enviro.imental anr geographical subjects that
peculiarly affect TC equipment and operations be undertaken. I will
outline these subjects a little later on.

Considering in greater detail the element of environment engineering
that is inherent in TRECOM's equipment projects, not only are such
items as the Logistical Carriers, BARCs, LARCs, RLTs, tractor
trains, and certain air equipment good illustrations of end-items de-
signed to the environment, but likewise, I believe, the papers that
follow mine will be found to be representative of the applicatior of
environmental data and engineering in the development and engineeriag
test of TC equipment of many other types.

Thus:

1. The paptr to be presented by Mr. McCourt on "Environmental
Aspects of Army Aviation" will outline many problems incident
to low-altitude flight, together with certain induced aero-
environmental problems.

2. The papers by Messrs. Graham and Poteate will describe
rather difficult problems arising from such diverse factors
as atmospheric electricity and ground surface materials that
are induced during the operation of VTOL and rotary-wing
ai rc raft,

3. Both Messrs. Roma and Simon will describe research that
TRECOM is undertaking on technical mobility subjects
involving surface-'-ehicle and soil-vehicle relationships.
Though carried out under a mobility rather than an environ-
mental research heading, this work is closely related to
environme nt.

4. Mr. Vichness' paper on the delvelopment of the TC's dehumidi-
tisd cargo containers will illustrate an item designed to
maintain a nondestructive internal humidity fcý cargo in
storage and transit in the presence 6f extreme humid ambient
conditions.

5. The paper by Mr. Fielding or. the GEM in environmental opera-
tioas is an abstract of what, we believe, is an excellent and
comprehensive geographic -envtrornmental ahialysis accomphshed
by Boos-A~len Applied Research, Inc., which established is a
guideline for the deveiopm•ni of the GEM concept, physical



characteristics and performance criteria that will insure
maximum mr )ility within limitations of reasonable installed
power.

":ow, turning to the TC's needs to undertake limited research into

certain specific environments and geographic subjects that ccncern

transportation, it is of cou-'se obvious that the TC must depend on the

output of the Army-wide environments program for the bulk of its
information within the nore basic disciplines of physical geography,

geology, physiography, and weather and climate. Bearing in mind
that the scope and quality of this information, and the responsiveness of

the various technical services responsible for its collection, are all
unsurpassed, the TC's requirements for environmental research evolve
into more specialized areas of the following:

1. Analysis ol basic environmental data for purposes of evolving

information specific to TC needs.

2. S.udies of the geographic aspects of transportation. (Such

studies would be especially beneficial in the collation and
analysis of geographic and environmental infornation. These

data could be useful for world-wide transport planning and for
more effective operations in remote areas where adverse

climatic conditions or rough terrain nma,., exist.)

3. Studies of aero-environmentaJ problems, especially those
affectin, low-altitu.'e operatio•io.

To accomplish these goals, i" should be borne in nr*,,,1 that our objective
is to expand knnwledge of those particulars of gtcography and enviror-

mert that pertain qpecificuLiy to TC equipment a.ýd to develop techniques

and countermeasures to reconcile TC environmental problems.

One of USATRECOMK's environmental research projects is "Transporta-
tion Environmental Research Studies". The only active task u-tde* this
project is entitled "Transportation The.ry and Prediction".

The objective of this basic resarch study, for which Norithwestern
University is paid $Z5, 000 annually, s to develop new, generalized
concepts and theories concerning the iunderlying general relationshipa

of physical, economic, and population influences that determine the
establishment, distributioni, and growth of tranaportAtion, particularly
in undeveloped areas. Generally speaking, it is hoped that this study
will ultimately lead to improved criteria for military planning and
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operations inveiving transportation.

Dr. Garrison's paper, which will be presented towards the end of the
morning, outlines this study in an excellent fashion, and he will be
available to answer any questions about the subject, It should be
em.phasized that Northwestern University has been, and for some time
tv c-.,ne will be, primarily concerned with the expression of th3ories and
concepts. Up to now there has been no attempt to introduce military
avocets into this study, but this will be done in due course.

JISATRECOM's second environmental research project, which is currently
in the process of being established, is entitled "TC Arctic Environmncnts
Research". The broad objective of this project is to acquire understand-
ing of geographic, climz.tic, and mobility factors in Alaska and the adjacent
arctic regions. This information is needed for support to develop the
off-road operating capabilities of TC in this area. The project will be
implemented by a serie, of studies ol Aiz-skan transportation geography,
surface and low-altitude air environ --ients, mobility factors, and
climatic stresses that are significant to TC. The U. S. Army Transpor-
tation Board (T-Board), who are operating the Logi.itical Carrier in
Alaska, will be utilized for support of field research parties. The three
tasks under this project, which are to be funded at an annual rate of
$50,000 beginning in FY 196Z, a., as follows:

Task I - Trunsportation Route Gtography Alaska.

This task will provide background transportation studies and geo-
graphic field research by utilizing air ind light surface vehicles
to locate and tesot a projected network of o'.-road access routes
from the Fairbanks area to the Bering and -Lrctic Ocean coat
installations.

Mr. J. W. Noble, who will present a report and movie film on
Alaskan ofI-road oerations at the end of this morning's session,
has assisted USATRECOM in developing a preliminary "off-road"
map of Alaska. This map can be utilized, after further testing,
by crews operating theb..,gi~tx&al Carrier Train or the tractor-sled
equipmrient for resov'!y,;g U. S. Air Fo-cer and Army anstaw:lations
In remote areas of Alaska. Mr. Noble wll display the off-road
map during his presentation. The off-road routez may be gradualIy
upgradad and integrated into ihe future road net of Alaska,
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Task 2 - Environmental Research of TC Arctic Mobility Tents.

This task will provide needed terrain data and environmental and
mobility coverage for tests of the Logistical Carrier Train and
other vehicles in support of the previous task.

Task 3 - Transportation Arctic k. vironmental Engineering Studies.

This task will provide coverage of climpatic tests of TC air and
miscellaneous surface items during the course of tests conducted
by the Arctic Teat Board.

Our third environmnental research project, which has been established as
a result of recent action by the Office, Chief of Research and Develop-
ment to acceleratt' tropic research, is entitled "Transportation Environ-
mental Research, Tropics". This project provides for the development
of knowledge of the complex of geographic, environmental, and mobility
factors thav exists in tropical rain forest or grassland areas of the
equatorial zone. These factors determine the character, performance,
and mobility of rm.•]aary transport systems and of transportation equip-
ment. This project will be implemented through a series of tasks that
provide for resear:h studies and field surveys and observations, to
include liaison with :ndustry in the trnoics and participation in both
T-Board and private expeditions. Subtasks will deal with such subjects
as transportation routes and systems geography of tropic regions,
surface environment and mobility factors affecting off-road movement,
and tropic Io., .altitude aero-environmental factors. Research will be
directed towards thcse factors that are significant and peculiar to the
Transportation Corps; all btudies and surveys will be designed to provide
a realistir- profile of .e conditions, problems, climatic stresses, equip-
ment requirements, and transport sy-stems and capacities that pertain to
the tropics. Input from the Quartermaster, Engineer, and Ordnance
Corps' environmental research programs will be utilise4, tested, veri-
fied, and adapted to TC necds. USATRECOM will carry out all research
aspecti, of this progra-n. The project as expected to benefit greatly from
both coordination with and through the field support furnished by the
1-Board's environment.al operations group; for example, the Sramp Fox
party, which, as the PRrnel knows, has just completed an experimental
operation in the Darien rain forest area of Panama. USATREIOM had
three environmental observers and two equipment specialists with
Swamp Fox. but they hav'e not yet reported their findiwr gs.

The proez9. annual bdgcRt rate of USATRECOM's tropi research project
has riot yet been firmly rtablished, Atth•i•. at ii. e xet.ted to b. approxi-
m*Xely 100.000 w r year.
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ENVIRONMENTAL ASPECTS OF ARMY AVIATION

INTRODUCTION

The environment in which Army aircraft operate is unique in many
respects when compared with the normal concept of Aviation activities.
Aircraft are generally cot.sidered as a means for transporting person-
nel and/or cargo between established geographical locations. Develop-
ment of aircraft has been directed tuward accomplishing this role in
the most efficient manner and has resu.lted in aircraft that, for the sake
of safety and efficiency, operate at relatively high altitudes and speeds.
These a•.rciaft, though highly efficient i.n the air, require elaborate
ground facilities ti support the flight operations.

The operations of Army aviation extend from that environment nor-
mally associated with aviation to one which is more in common with
ground vehicles.

The predominant use of aircraft in the Army is for one purpose only--
to assist the combat arms commander in accomplishing his missiton.
To do this. Army aviation must he fully integrated with those elements
that can most profitably exploit the capabilities of Army aircraft.
These elerments include all of the combat arms and nearly all of the
supporting technical services. As a tool of the ground commander,
Army aviation must be so organized, iquipped. and disposed as to be
immediately responsive to the needs of the ground force. Experience
has proven that an adequate degree of responsiveness cannot be
achieved when the aviation element is widely separated, either geo-
graphically or conimandw~se, from the force with which it is working.
Consequently, Army aviation is found where you find the Armny; whether
supporting tact.cal troops or technical service fLnctions, Army avia;
tion operates in the common environimez, of the Army.

SCOPE

This discussion will be conrcrned with two types of environment,
which for the sake of conver.nence will be identified as "operational"
a.d "induced". The operational environment will consider those
elements and iactors that influence, or have a bearing on, the overall
efficiency aid capability of Army aviation The induced environment
is considered as the nan-machane rclationship an4 will cover briefly
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some of the human engineering aspects apparent in this relationship.
In discussing these areas and the problems associated with them,
possible solutions being investigated will be described briefly.

OPERATIONAL ENVIRONMENT

Of major importance in the environment of an aviation unit in an
operational area is the relative location of the aviation unit to that of
the tactical unit to which it ý. assigned and also the nature of the base
of operations itself. It should be remembered that the aviation unit
moves from one area to another, aa required, to provide immediate
availability of aircraft to the tactical unit. For this reason and be-
cause of aiecurity considerations, it is not feasible to make major
improvements to the area. Usually, any improvements consist on!y
of pioneer work by the aviation unit where it is necessary to facilita'e
operationu.

Bearing the foregoing in mind, let us now consider the major elements
,f the envi.,onment in which Army aiviation operates and the overall
ef(ects that such factors impose on the aviation operation. Generally
speaking, tie effects can be classified in one of two general categories,
namely, ha.yards and problems. For the purpose of clarification.
hazards are identified as conditions that present physical danger,
while problems are conditions that decrease the effectives or cause
increased workload. S;ome of the effects, of course, fall in both
categories, dependent on the degree of severity, duration of exposure,
etc. For the purpose of this discussion, the major tiements compris-
ing the operational environment are identified, and tht more common
effect, are discussed separately. It should be borne in mind, however,
that interaction between two or more of the factors may very Likely
produce effects not covered here.

Climatic Conditions: The efficiency of aviation operations is often
determined to a high degree by the cl'imate in which the operations are
conducted. The effects of climate range from requirements for
increased support equipment tV reduced payload capablities of the
aircralt itself.

IL Arctic Operations, Operation% in the arctic impose added
burdens during actual flight and in aircraft support functions.
Such problems as "whiteout", difficult navigation, and blowing
sno, during take off and landing are come of the areas requiring
attenton. An entirely satisfactory meAns of maintaintng aircraft
in a stat. of readiness is not available.



2. Hot-Weather Operations: Problems associated with aviation
operations in extremely high tenmperatures are primarily
those of increased maintenance and reduced lift capability,
in addition, there are flight hazards as a result of the high-
density altitudes usually prevailing. The maintenance and
logistical effort is increased becauss of the higher power re-
quirements, which result in reduced bervice life of components
of the aircraft. Lengthy exposure to high temperatures also
results in higher rates of deterioration of many materials than
is normal in temperate climates. Flight hazards are increased
as a result of smaller margins between normal and maximum
performance, which leaves little room on the part of the pilot
for errors in judigment and techniques.

Terrain: Generally, the more difficult the terrain nvor which combat
operations are being conducted, the greater is the need fo," aviation.
Conversely, the terrain may play an important part in the effective-
ness of the aviation effnrt. Effect;s of terrain include the following:

I. Location of av'ation elements in relation to ground force.

2. Capability for air obbervation.

3. Increased flight hazards.

4. Increased maintenance efforts due to higher altitudes and
inadeouate operational sites.

In xddition to the above, certain types of terrain impose additional
problems and hazards, Operations in desert or other barren terrain
increase maintenance requirements because of the abrasive action of
the sand and dust in contact with bearing surfaces. Additional flight
hazards are introduced as a -esult of blowing sand and dust during
take-off and landing. This problem is particularly acute as it con-
cerns rotary- wing aircraft, and the problem promises to increase
with the advent of the new generation of VTOL/STOL aircraft, which
have much higher disc loadings. Work is being directed toward fir.'.-
ing a solution, but no really adequate and feasible means of relheving
the downwash problern is in sight at this time. An additional problem
continually encour.tered in aviation operations is the total inadeniuacy
of certain ground support equipment in negotiaing the irrain in
which the aircraft is located. Much of this equipment performs
adintrably on a concrete ramp but is next to worthless in the normal
environment of Army aviation. Little, good can be accomplished by
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having aircraft that can operate from practically any terrain but
cannot be supported because of t'le inadequate mobility of the support
equipment. Some effort is being made to improve thir. situaticn, and
it is hoped that this problem will be relieved throuinh t)'e design of
more suitable equipment.

OPERATIONAL HAZARDS AND PROBLEMS

The majority of Army aviation operations are conducted in close
proximity to the surface of the earth. The concept of "nap-of-the-
earth" operations has been necessitated by the rapid advances in
electronic detection equipment and seeker.-type weapons, which, it is
felt by many, will deny operations at higher altitudes, especially in
the forward areas. This concept, though decreasing the vulnerability
to detection and possible attack, has introduced a host of hazards not
usually associated with flight operations. If it is conceded tnat the
concept is valid and will prevail, then the hazards inherent -. , this
typ3 of flying should be closely examined, and means of alleviating
them insofar as possible should be determined. Normally, most air
craft operations are conducted at sufficiently high altitudes to eliminate
tLt possibilityof collision with the terrain and objects on the ground.
Altitut.e also provides a cushion, or margin for error on the part of
the pilot, and increased chances of survival in the event of forced
landing because of malfunction or damage to the aircraft. The current
concept of nap-of-the- earth flying removes this cushion, and in so do-
ing, presents numerous new hazards and problems. It should be noted
that the hazards encountered will depend to a great extent on the type
of mission being conducted, and it is emphasized that these shown are
meant to be representative of typical missions.

Typical Hazards. Some of the hazards frequently encountered include
the following:

I. Possibility of collision with terrain, trees, wires, and other
obstacles along the flight path because of reduced visib-i.iy and
insufficient reaction time of the pilot and aircraft.

Z. Landing and take-off from confined orezs under conditions of
reduced visibility.

3. Collision between one .iircraft and another because of reduced
visibility and congestion in operat`.ng areas.
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All of the above hazards are increased during night operations and
during periods of marginal weather. In order to alleviate these
hazards, we need in the aircraft improved instrumentation that will
indicate the proximity of obstacles, We need improved methods of
ascertaining and indicating tae altitude and the speed of VTOL/STOL
aircraft. This problem is expected to become more acute with the
advent of new aircraft that have both VTOL and conventional flight
capabilities with a transition flight regime. At the present time., we
are using instrumentation in rotary-wing aircraft that was .esigned
15 to 20 years ago for fixed-wing aircraft. Needless to say, it is not
the optimum. In many instances, the full capability of th.- aircraft is
not utilized because of the safety margins that have been .,dded to
make up for the lack of accurate information regarding the flight con-
dition. On the other hand, the aircraft capability is often cxceeded,
and an accident or other damage results because of the lack of such
information. At the present time, some work is being done to find
better instrumentation, but more effort is rcquired to insure maximum
capability of current and future Army aircraft, especially the latter.

Enemy Fire Against Army Aircraft. This is an additional hazard that
requires attention. Heretofore, Army air,:alt have enjoyed compara-
tive immunity from enemy fire because of the natare of the aviation
mission, which was primarily that of observation and of directirg
artillery fire. An effective deterrent in most cases was the ability
of the crew to direct fire against positions from which the enemy was
firing at the aircraft. However, with the introduction of helicopter-
borne forces, armed reconnaissance, and other aggressive-type uses,
Army aircraft present a lucrative target for nearly all weapons. Receit
research effort has established means of providing a reasonably high
degree of protection for the aircraft crews from small arms fire at
acceptable penalties in weight and aircraft performance. This pro-
tective system is ready for development and can be made available at
the request of the user. Further research is required to decrease the
vulnerability of aircraft to e!ectronic detecting devices and seeker-type
weapons. This work is presently either in process or being planned.

AdditionalEffects Presenting Problems. In addition to the hazardous
conditions surrounding Army aviation operations, a, discussed above,
there are other effects that, though not ha4.a'dous in themselves. pre-
sent problems worthy of mention.

1. Because ot the low altitude at which the aircraft fly, accurate
navigation and reliable communication are difficult ,n achieve.
So far as navigation in the forward area is concerned, we are
still dependent on the pilot's map-reading ability. With all of
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the other duties requiring his attentior and with the distractions
to which he is subjected. he must have considerable navigational

ability in order o fly from Point# A to Point B along circuitous
routes while maintaining an altitude of only a few feet above the
ground. It is surpriting that the "disorientations" do not occur
much more frequently.

Z. Radio is of course the primary means of communication between
aircraft and ground stations. Low-altitude operations reduce
the ability to commuricate effectively when the aircraft is any
distance from the ground station because of terrain masking.
This hampers operations ir. many ways and constitutes a serious
problem in command and control of aviation operations. The

majority of radio equipment in current aircraft was d,.sined
for operations over comparatively long distances, but uaeer "l-r.e-
of-sight" conditions. It is assumed to be within the realm of
possibility that radio equipment could be provided with capa-
bilities equal at least to that found in sorme taxicabs and service
trucks. It is not knov.'n what effort is being expended toward
relieving these problems, bu. the effects of the problem3 on the
efficiency and capability of current and future Army aviation

cannot be overlooked.

INDUCED ENVIRONMENT

The effects of the ervironrnent on the abiity of the aviator to peýrform
his mission adequately cannot, be conveniently or accurately determined
It is difficult to ascertain how much and ,n whai way a particular en
vironmental factor will reduce the performance capability of the
individual pilot. Consequently, an altempt will not be made here to
assess the effect of specific itenis, or areas, which make up the
environment of the pilot; rather, an attempt will be made to identify
thos;e areas which are know'n or suspected to -ontribute to the degrada-
tion of pilot performance. Pr,-.r to d:scuss'ng the specific areas
comprising the piunt's t ,v ronment. the general conditions and re-
sponsibilities that surro;:rd the pilot and his mishion should be

established. Thest cort, tloias will vary, dependent on the specific
mission, type of air--raft, trrei of operat.cn, local operating proce-
dure. etc. Generally, .iowev'rr, it :ari be stated that the pilot is
responsible for the prc.per -:ond4, t of the mission as it pertains to
his aircraft and the crew. In rr.any (lser this may en.i;l responsi-

bility for a crew of 2 to 4 persons and as n,.r.y As 60 to 30 passengers
The pilot in most cases will be responsible for ascertaini:ig the



satisfactory mechanical condition of his assigned aircraft, preflight
planning, selection of prinary and alternate routes, loedicg and
securing of cargo, briefing passengers on emergency procedures,
and numerous other items Prior to the flight. During the flight, the
pilot is responsible for the safe operation of t)r aircraft, adherence
to established operating proCsdures, and navigation and/or maintain-
ing the proper position in relation to other aircraft. While performing
these functions, the pilot is s,'aled in an aircraft that is traveling at
a speed of 60 to 100 knots at an altitude that may vary from a few to
several thousand feet. The n-)ise level may be in the vicinity of 80
to 100 decibels, with vibrations ranging from 3 to 80 cycles per
second at various amplitudes. The pilot is required to monitor and
adjust a half dozen or so controls in order to regulate the heading
attitude, speed, and altitude co the aircraft. In addition, he con-
tinuously monitors the performance of the aircraft through interru-
gation and interpretation of a dozen or so instruments. While
accomplishing this, the pilot is strapped in the seat and is further
restrained from movement by a shoulder harness and communications
wiring. The clothing of the crew is that which is normally issued
to ground troops, with few exceptions, and is not compatible in
many respects with the pilot's envirorament or functions.

Having thus established the general conditions under which the pilots
of Army aircraft operate, let us examine some of the items that
require irr-rovement for greater safety, increased efficiency, and
capability of aviation operations.

As stated earlier, most of the instrumentation used in rotary-wing
aircraft was do-veloped for fixed-wing application. The most serious
of these shortcomings is the lack of suitable attitude and airspeed
indicators. The indicators in use, though adequate for fixed-wing
operation, do not have sufficient sensitivity or range for helicopter
use. Some means of determining the speed of the aircraft re.lative to
the ground is required, as well as a means of accurately indicating
to the pilot the attitude of the aircraft. In addition, the current
vertical speed indicators and altimeters do not permit thl. degree
of precision required for many operations. Some work is being
expended toward mee'ing the requirements for better instrvmenta-
tion, but the effect that this equipment has on the success of future
Army aircraft is such that greatly increased-efforts are justifoed.

Some improvements in controls have been made in recent years,
but much remains to be accomplished in this area to enhance the
overall capability of Army aircraft. Essentially, controls should
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be simpl:ified and reduced ir. number. Control design incorporating
fail-safe features that would alleviate the present catastrophic con-
ditions resulting from control malfunction or damage should be
considered4. These features assume added significance in light of
the hazards of weapons fire that may be d&rected against the aircraft
during many of the rmnssions envisioned under curr..nt concepts. The
feasibility of reducing the number of controls required in rotary-wing
a•licraft is a subject worthy of serious study. The ability of the pilot
to cont:rol the aircraft (rotary wing) without the use of all primary
extremities ts currently under study; however, no conclusions have
been drawn at this time. It may be found that some type of armor
protection for the pilct's extremities -ill be required as an interim

measure, at least until more suitable con* rols are available on future
aircraft.

Considerable work has been directed toward reducing the noise levels
of many Army aircraft. However, at the present time the noise of
several aircraft, especially rotary wing, ib great enough to cause
permanent damage to the hearing of persons exposed for pro!Gnged
periods. Stop-gap measures used to alleviate the problem have
included the pilot's use of flight helmets, ear protectors -nd earplugs,
iknd the rtundproofing of the aircraft. These measures have been
only partially successful, as can be attested to by the number of
partially deaf helicopter pilots around today. We know much more
about the noise problem and its effects than that of vibration. How-
ever, studies have indicated that the vibration problem may be an
serious, if not more so, than that of noise. It is known, for instance,
that certain amplitudes and frequencics of vibration cause detriments
to visual a,;uity and the sense of balance, both of which could mateki-
ally affect pilot performance. We need more information concerning
the effects of vibration on the various; senses and the correspording
detriment to performance. Such information, if available, could
be used during design of new aircraft to eLminate those vibrations
moot harmful to pilot performance.

Cockpit lighting has been the sltbjoct of resear h, development,
study, tests, and evaluations since the first aircraft was flowr duvr-

-ing the hours of darkness. Yet, it ts a problem for which a satisfac
tory soiutlon has not been found. The systcm currentiy in vogue
consists of red lighting throughout the, cockpit. This has been in
style for a number o" years, and nearly everyone is familiar with si.
Yamiliarity. however. fails to reiieve the *ystem of its m.any d•efi
tiencivos Some of the most important ones are inability to read
accurately the xnstrament uanga markinrgs, differencet in brightness
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between various instruments, difficulty in distinguiishing emergency
lights from normnal lighting, and difficulty in reading maps and charts.
Apparently, there is no known solution to the problem, but it appears
sufficiently urgent to justify a comprehensive study to at least deter-
mine if we are using the best availble system.

SUMMARY

During this short discussion, we have described the environment of
Army aviation, its peculiarities, and some of the problems associ-
ated with it. Some of these problems are new; some have been with
us since the very earls days of Army aviation. Some of them are
common to all aviation activities, 'ut many of them stew, directly
from the environment in which Army aircraft are employed. To
assiet in coping with this environment, we must have equipment that
has been designed from the outset with the environnment in mind.
Equipment suitable for the normal concept of aviation will not fulfill
our requirements. Our greatest needs appear to be in the areas of
ground support equipment--not more equipment but equipmen't better
suited to the job. Also required are better navigation and communi-
cations equipment; terrain and obstacle avoidance systems with better
and more suitable instrumentation, especially for VTOL; simplified
and fewer controls with fail-safe features where possible; and more
rugged and durable aircraft capable of withstanding the rigors of
field usage. Feasible solutions to these problems are being sought,
but it is expected that many will be solved only through the evolution
of equipment. In this respect, the foremost consideration in the
design of new equipment for Army aviation is the environment i,
which it will operate.
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V TOL. DOWN--WASH IMPINGEMENT STUDY

Tiis ý; .;r treats p.-imarily of the environment created or modified by
the pretenre ,f VTOL air, raft operating near the ground. Research
completed up to thi.: point has ocen primarily directed toward definnig
the flow pattera frurn the down..wash as it strikes the ground and the
effer:s of that flow on the ground and on objects in the flow pattern. Some
invest:gations of possible correct, ive measures are now in progress.

Operational problems resulting from the down-wash from VTOL air.raft

"I "Nheni the air, raft is operated over dust or dry sand, the down-

warh causes a cloud of dust or nand that can obacure the vision
of the plot and ground crew, reveal the position of the aircraft
to the enemy, cause excessive wear and damage to the engine
and dynamic components, and cause damage to rotor and prof
pelter blade,

2. When the aircraft is operated over gravel or clay, the down-
wash forces rocks or clods tcr fly" in all directions; as a result,
injury may occur to ground crew, flight crew, and passengers,
and damage may occur to aircraft, cargo, and nearby objects
and buildings.

3. When the aircraft is operated over any type of terrain, the
down-wash creates air velocities alon.g the ground which, in
r-ome rases, exceed those with whi,-h ground personnel and
ground based objects can cope.

Organizations involved in research in downwash impingement problems
include U S. Army Transportation Research Crmmand (USATRECOM).
Bureau off W.-.aports (BuWeps), U S Air Force Aeronautical Syr:erms
Division (ASD), National Aeronautical Research Institute (NARI), Corps
af Engineers Waterways Experiment Station (WES), National Aeronattics
& Space Administration (NASA), Lnd various comoanies of the a!,rc•&At
industry.

Xtesearch of particular interest to the Army has been :onducted on
"-a rious ypes of apparatus. includhing a I- inch -diameter cornpressod
air jet representing disk loadrigs up to ,Z,OO poundt per square foot
(NASA); a 1-toot-di 1netvr compressed air jet repreerrting d-sk loadings
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up to K" po.arnds per squr, foot (NARI), a Z-foot ducted propcller c.tpah•:
of acrhev)!w, disk load,.g., up to 150 pounds per square foot (Hiller Aircraft
Corpor;'t:ar and WES); aidl a 15..foot propeller capable of operating at disk
iadIings llr to 648 00411ld. OVI' sqUare foot (Ke'lett Aircraft Corporation). The
devices were operated (,vcr smooth surfaces so as to define the fhow pattern
and over various soil types to determine the erosion characteristics of the
soil when subjected to the down-wash.

Tests over smooth surfaces have produced, results such as those shown in
Figure 1. These dynamic-pressure profiles were obtained in the flow field
from the 2-foot ducted propeller. It can be seen that operating the thrust
producing device within one diameter above the ground will produce dynamic
pressures along the ground at one diameter from the centerline that are
ecual to or greater than the average of those normally produced at the exit
of the device

Increasing the operating huighs of the device decreases the dynanlc pres..
sures along the ground. The variation of maximum dynamic pressure with
distance measured from the ccnterlirc is shown in Figure Z for various
heights above the ground. It can be seen that the dynamic pressure at a
location four diameters from the cente-line has decreased to *bout 10 percent
of the average at the exit of the device.

The thrust device was operated over various types oi surface with the
following results:

1. A cloud that would obscure the vision of flight and grouna crews
was created when operations were conducted at disk loadings as
low as 3 pounds per square foot over fine dry soil or nand
(Figure 3).

2. A dangerous condition resulting from flying particles was
created when the device was operated at disk loadings of 60
pounds per square foot o: more over a gravel bed. Figure 4
gives an indication of tie amount of gravel that was moved
by operation of the deve.ce for 42 seconds.

3. A vapor cri'oud was created when the device was operated at
disk ioadings of 60 pounds per square foot or rnor- at a height
of 2- 1/2 diameter4 over water (Figure 5).

4. No dangerous erosion occurred when thei device was operated
at disk loadings up to 1, 000 pounds per square foot over well
established grassy sod.
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Reseý.rch conducted on the. l-foot-diameter jet by a European contractor
indic,,ted Lhat th., plicing of vanes in the exit of the thrust device would
rrodii the flow field along the ground and might offer a means of re-
lieving the advvere conditions to some extent. The final data are not yut
available but preliminary data are shown in Figure 6. Absolute values
are not shown, but it can be seen that when the device was operated at
l-l/I diameters above the surface, a systemof concentric circular dif-
fuser vanes reduced the dynamic pressure along the ground about 30
percent and a system of radial swirl vanes brought about a reduction of
almost 50 percent.

At the present time, ,;v,-k is continuing with the 1-foot jet in an effort
to obtain further iniproverments in the ground flow conditions. Work is
also continuing under a Navy-funded program with Keilett Aircraft Corpo.
ration to investigate the effectiveness of variations in airframe geometry
and fuselage and wing flaps in altering ti * flow and preventing recircu-
lation of ground particles and debris as % means of alleviating the down-
wash problems. Plans are being made to develop an analytical method

of prs-dicting the ground flow pattern from rotors and jets so that means
of alleviating the problems can be investigated analytically, and adverse
conditions can be avoided in the early stages of VTOL aircraft design
and development. Plans are also being made t,) investigate the minimum
sizes and shapes of lightweight g:ound covers or mats that offer the possi-
bility of preventing ground erosion and recirc'ulation of grounu particles.
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STATIC ELECTRICITY

ThL problem of static electricity accumulation on helicopters has been
serious ever since the Army first used these machines to transport
cargo externally. The problem is divided into two major areas: the
first is the possible injury to ground crew members performing the
hookup; the second is the possible damage which may be suffered by the
cargo itself during the sporadic discharge of high voltages. Although
no serious accidents involving loads and static electricity have been
recorded to date, the sudden discharge of thousands of volts of elec-
tricity through misfrile explosives and guidance components is of coan-
siderable concern to the Ordnance and Signal Corps.

The problem of injury to personnel has varied in severity from minor
shocks to ground crewmen to a recent occurrence in Germany in which
a man was rendered unconscious for a period of about 10 to 15 minutes
by the sudden discharge of electrical energy from an H-34 aircraft.
Tht Navy experiences a similar problem. When a pilot is being re-
covered fromr a ditched aircraft, the spark from the rescue hook may
give the mnan in the water a sizeable jolt to add to his miseries, or. as
in one reported case, the spark may ignite the fuel slick that is on the
water. This has led to the procedure of dunking the hook outside the
fuel slick and dragging it through the water to the downed pilot.

Let us consider for a minute what happens as a helicopter flies through
the atmosphere. The air and the metal blades closely, resemble the
silk and glass rod we used to rub together in physics class to produce
a static charge. When in contact, these two substances create a poten-
tial difference across their interface. During separation. however, if
one of the substances is an insulator, the electrons cannot move along
its surfac,' with conductive freedom to discharge back into the oth•r
substance from which they originally came. In consequence, most of
the electric charge will become entrapped on the two separating sur-
faces, especially if the separation is rapid. Hence, the two #ubstances
retain their characteristic, polarities and charges from their contact
electrificatior,. Also, a helicoptwr may be charged through the release
of ions In the engine exhaust gases. During the combustion process.
ions are generatedý and through their 4eleaoe in the exhaust gases, a
net charge on the aircraft can be produced. A third method by which
an aircraft car become charged in flight is by- induction. which becomes
effective when the craft ts flying thrnugh high varii s in the earth's
electric feld, as in flyino under charged clouds. There are probably
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but joes to 0 charging nf an aircraft, however, these three
Ale .'�lt '' t: thy rnu�t bgK;iic�nt. Unfortunately the results of these
three rnethoos oi chargir.g are not always constant. �viously the earth's
electrical fieic change. radically from day to day, which would reault in
extreme Qifferences in the charge or� the aircraft. The number of ions

produced by th� combust�n of the fuel in � "'o Id 1- � �fectcrl

by the power being drawn from the engine, impurities an the fuel, and
any number of other facto; � that probably rould rot be predicted ac-
curately. We also know that changes in the atmospheric conditicms
very greatly affect the charge generatio.� resulting from the rotor
blades' turning through the atmosphere.

I
To date, we have only limited data that ref±ect the large effects of
atmospheric differences on the voltage accumulation on a helicopter.
We at USATRECOM now have a program under way that will measure
the current that is generated and the voltage that is accumulated by all
Army helicopters in several different atmospheres, to include clear
air, dust-lader. air, snow-lader air, rain, 4nd mist. The results of
this program will undoubtedly give a good indication of the exact mag-
nitude of the problem. Our available data have been accumulated pri-
marily at Edwards Air Force Base, California, which has a relatively
clear, dry climate; the data are based on the performance of the H-21,
8-34) 8-37, and HO-i aircraft When these craft are hovering at 25
feet, 1.330 volts are accumul��ted on the H-21, 2.000 on the H-34,

1�l0O on the HO-i, and JOO0O on tne H-37. Several incidents have
been reported recently in wh�ch an H-34 aircraft that was hovering for

external load pickup in snow-laden air discharged an ar� of approx-
imately inches length to the ground crew member. Using a break-
down gradient of approximatel� 20,000 volts per inch, which is a
relatively conservative figure, w�uld indicate that approximately
120, 000 volts ei�isted on the axr:raft at that tame This figure. if

compared with the 2.000 volts accumulated �n clear, dry air. indicates
a ratio of about 60:1 between snow-laden air and Cear. dry air. It
this (actor were applied �o he 50. 000 volts accumulated on the H-37.
approx�niately 3. 000. 0�0 volts woula have �cc �mulate4 during �he snow
operation. However, a� as 1.1: thar 601 is too high a ratie� and not ap-
propriate an thi. case Natural corona action would limit (he v�lta�e
to a vgIuS significantly less than this.

Stiadies mad. by Aub�arn University hav, shown that even under i��d

condltloii. an M-.� .l.�trical squab can be detonated b� * pastar�s
discharging 1/2 �ot.tie of electrical erergy th�ugh bis leade. No's,
what d@es lIZ joiaIe mean an terms of the voltage acciatnulatcd an a

?uzIicoptet-7Thccaparttanc.o� the 8-17 has been measure� to b�anal�itude of 25 feet. The e'tuazaon
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electrical energy in terms of volts and faradw is E = I/2CVZ. If an
energy value of 0. 5 joulc and a capacitance of 750 X 10-11 farads are

used, the equ .tionn ca he solved and the voltage would be calculated
to be about 36, 000 volts. This shows us that the H-37, even in clear,
dry air, stores enough energy to detonate an electrical squib. Obviously,
with preaent-d;1,., rrunit. is beinig what they are, a situation such as this

is intolerable.

In 1959. USATRECOM initiated a project to find a solution t, this prob
1ee. There were two possible approaches that could have been taken.
Firwf, we c•,uld have defined all the possible causes of static electricity
gene~ation iýnd then attempted to find methods of preventing this buildup.
Or, second, we :ould have accepted the fact that the helicopter is a
fairly efficient generator of static electricity and then dissipated the
accumulated charge when the helicopter was in the vic.-ity of the
grotind where the danger of an uncontrolled discharge would ocLur.
The latter approach, which was considered to be the most profitable
from a standpoint of time and money, was selected for the initial effort.

A number of avenues appeared to be possible in implementing the second
approach. One was that of having passive wicks installed on the rotor
tips, which would be similar to those used in fixed-wing aircraft to
eliminate radio interference. The passive wicks appeared to do some
good, but the voltage remaining on the aircraft was still too high from

a safety stanr(point. Use of the radioactive corona poirt was the second
avenue invest gated. From an analytical standpoint its 4 ie appeared to

be satisfactory, but after testiug, it was observed that too much radio-
active materiil woid be required to dissipate the current generated;
als', ground pi, t.nel wold be subjected to radiation hatards during
normal ý'per.t.-.n, and in the event of a crash, the area iaight be con-
taminated. The third avenue, that of using high-voltage corona dis-
charge, appeared to be th- most feasible.

Under USATRECOM sponsorship, several research programs have
bcon conducted on the ipplication ui the high-voltage coronsa discharge
principle to the dissipatien of st.tic electricity generated by helicopters

Tha phenomer.on of corona dische ,i is one that has been known tot

yaarv. If a body that is being ch. ;ged with an electric potential has
on its surfacc any Rharp points, the electric field ,trenlith around these
sharp points will be extremely high. As the voltage increases and
reaches a certain level, %hAch to determined by therthapp of the pot-it,
atmospheric conditions, etc., the atmnophere surrounding the point

Will become ionixec, a corona discharge will take place, and an actwal
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flow of current can be observed. The charge on this body will continue
to increase until the current being discharged from the corona point is
equal to the current being generated. This is basically the principle
applied to static dischargers on fixed-wing aircraft. It can be seen,
therefore, that a system of this sort wonild not fie satisfact,)ry for use
with helicopters, since the steady-state voltage accumulated is usually
quite high.

The corona discharge system described in this paper applies the je
same pr'nciples except that the discharge voltage has been boosted.
To expaain this, let ,,t first assume that a helicopter in flight is a..-
cumulating a positive ".mltage. We will now take a high-voltage direct-
current power supply and connect the ground side to the airframe and
the positive side to a corona discharge point external to the aircraft,
the external point being insulated from the aiicr-ai frame. Thi , then,
places the two voltages in series and resulttb in an extremel. sýigh
positive potential on the sharp point relativ.' 6 1'e atrnor-p!-r, This
high voltage on the sharp point produces ti a very high field stW-ength
necessary to ionize the atmosphere. Since the discharge probe is at a
high positive potential, the negative ions in the a'rnoaphere are strongly
attracted to it and are propelled through the power supply to the air-
frame, where they will combine on a one-for one bas4s with the pos
itive particles in existence "n the air!rame and, if enough negative
ions are generated in the atmosphere, reduce the net charge on the
aircraft to zero.

Our research efforts have resulted in two breadboard cororna discharge
systems that will satisfactorily dis.,ip-ite the static charge accumulated
by a helicopter in flight. The first of these systems uses a rotating-
vane field sensor and locates the high-voltage probe on the fuselage.
As a result, the air velocity across the corona point is les3 than 150
feet per second. This allows approximately 7 microamperes to be dis-
charged by a Z0-kilovolt power supply. This system is rather laige
and bulky, and it is not certain at this time if 7 microamperes can
furnish sufficient discharge current to "zero" an aircraft under all
conditions. Flight tests of this system have been conducted and the
system works well in the atmospheres encountered. The other systern
i" being flight tested at this time on an H-37 at Edwards Air Force
Base. This system makes use of the hig'her air velocittes across the
blade-4. The high voltage and the sensing probes are located at a point
.b6ut two-thirds the distance of the blade's radius, where the air
velocities art from 400 to 500 feet per second. A unique method of
sensing is employed, which. results in a large red'uction in weight and
complexity, As a result of the high air velccty across the probes,
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the sensing mechanism is very sensitive, ane the 20-kil',volt power
supply is able to disc&'.rge approximately 35 m2croamperes. Pre-
A41ninary data from t:.- flight tests look very encouraging. This systemr
weighs about 5 pounds; the first system described weighs 45 pounds.

As stated earlier, we have given much thought to the idea of eliminat-
ing static electricity at its source. Although it is entire'y possible
to match dielectrics and eliminate any charge generation in a given
environment, even a slight change in temperature, humidity, ,on-
tamination, etc. , of the atmosphere or of the blade surfaces would
change the dielectric constants, and a voltage would be gpnerated.
Therefore, we believe that the problem is here to .-tay and that our
only course is to provide better means of dissipat4, on. We are looking
at newer isotopeA, other electronic systems, and geaieraily at anything
that will produce ionization. Of course, what we wirt is a piece of
equipment which *an ro moving parts, nothing to wear iut or real.
fitnction, costs r~othirg, weighs nothing, occupies no vp.a.e and requires
no power or mainlenance. I don't think we'll find it, but we're getting
close.
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SCALE MODEL TESTING OF TIRES IN SAND

INTRODUCTION

The history of the development of off-road wheeled vehicles clearly
demonstrates that the moi., :,portant single design consideration has
b,!en the proper selection of tires. For years, the development process
consisted oi adapting larger: "off-r uac" tires to existing vehicle chassis
intended only for on-road travel. This method allowed only modest gains
because of the expeTsive and time-consuming modifications imposed by
clearance dtificultie, and limitations imposed on the existing vehicle by
power-train capability.

Without a technology that could predict the improved performance, many
efforts were disappointing because too much in terms of improved per-
formance was claimed for relatively modest modif.cations. The inherent
limitations impcsed by the current chassis then resulted in years of testing
the off-road tires with varying secondary factors in the vain hope of pro-
ducing dramatic improvements in the ground-traversing perfurmance.
Such factors included tread patterns, depth of grousers, low-profile versus
round-profile cross sections. and single tires versus dual tires. These
conditions led to reluctance by the users to accept compromises in body
configurations that were less susceptiblec to efficient cargo "andling for
only marginal irnp.-ovetnents.

BACKGROUND

A considerable arnount of tire testing %as conducted during World War II.
The only effort tha' was specifically oriented toward providing a guiie or
index to proper se-lectioni of tires for off-i-jad (eand) usage was the work
done by Karl F. Edlund (Reference 2). This work was further ref-i-ed by
Richard C. Kerr in 1955 (Reference 6). A Mobility Index was forrnu4ted
which provided the designer with a guide for use in selecting tires for
off-road ,eL!i'.s. The index was batied primarily on tire tests :n sand&
the acceptable 'ndex, by being increased, could be expanded to include other
types of terrain. For example, a 100-percent Mobihty Index was considered
to be ac-eptable for sand. however, a Mobility Index of greater than 100
percent wo.4Id be necoasbarv to be barely acceptable for other ac-.s and
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snow. This scheme did not receive widespread utilization for a number
of reasons. First, it did not provide a quantitative performance guide;
secoudly, the Mobility Index assignid invariably meant different degre,,s
of mobility for each type of terrain. However, it is useful to this day for
mobility evaluation of tires, and will remain so until it is supplanted by
more recent work.

Efforts have been made to study and analyze all previous test work on
tires in the hope of determining the essential factors that dictate off-
road performance (References 5 and 1Z). Thesi" efforts have resulted in

orome interesting relationships but have failed to provide a design guide.

CGunparaiive evaluation of full-size vehicles was L ! only guide that de-
signers found to be acceptable. This was expensive and required txces-
sive time to arrive at a design decision (Referances 3, 4, and Q).

PAST APPROACHES TO THE PROBLEM

A number of approaches have been triod ', avoid the necessity of testing
full-size wheeled vehicles.

Single-Tire Test Apparatus

The use of a single-tire test apparatus had the potential that testing
single tires on repeated passes would simulate testing 4x4 and 6xb
vehicles ',Reierences I and 13). Further, it was reasoned that tests
with single tirt could be performed more quickly and cheaply than
tests with complete vehicles. Unfortunately, this program never corre-
lated the single-tire test results with those of vehicles. Further, the
results did not provide guidanc ! as to the expected performance of
tires in scaled proportion to the 'ares actually tested. The approach
proved to be less efficient than originally surmised because of the
repeated tests required to simulate 4x4 and 6 x6 vehicle configurations.

Laboratory Model Tests

A number of investigators in the United States and other countries have
made mobility studies by testing small models in laboratory basins.
Most investigators used sand because of :ts stability and reproducibihity.
This approach thus far hat not produced usable design data because of
the lack of correlation between laboratory results and the results citained
%ith full-size vehicles operating in n3tuyal terrains. This approacn is
also handicapped by the impossibility, for all practical purpcses. A"

.producing snow and other types of terrain in the lahoratory. For many
vehicles, it -s essential that performance in a number of difterer.t types



of tiiri!Ln be V.,'edicted arid the finfA1 dcs3.gn en'ccisior, 1bj3.id on
pcfortnanrc in the most. "critical" terrain.

Theoretical Stu-dies

*Th~eoretical studies were - -iaIly based on mathematical equations used
in &oil mnechanic.. and expanded for applicatiort' to vehicular performance.
These studies usually were coupled with attempts to verify the theo'ry b7

*scale-model tests in laboratory basins. Unfortunatel-., this ap7-;rod~ch
was handicapped by a meager knowledge of the fundamental parameters
involved in vehicular parformance as well as by the shortcomings of the
laboratory teat approach in genioral. Since the early triverstigators con-
sidered the pneumatic iire as essentially a solid, rigid wheel, most
laboratory work was conducted with rigid wheels. This basic assumption
was sufficirnt to niake many designers skeptical. of *any results obtained
or conrlusions reachod by using this approach.

TRANSPORTATION CORPS APPROACH TO THE PROBLEM

The U. S. A-rmy Transportation Research Command has been desirous
of developing a research guide to the selection of tires for off-road
vehicle perforrn.ance. The approach selected had to meet the following
requiremn;rltc:

1 . 'At had to produce data that could not be disputed.

2. It had to have the potential of producing results as quickly
au possible.

3. The data had t'. be uniable as a de.-ign g-Adc to. predict. per-.
formiance of off-road wheeled veh.iclee.

Therefore, it was decided that a field model tort in na.turMi terrainr, and
using modest scale ratios (about 1/4) together with direct correlat-on
between the model and full-Aize vehicles would be t3xe a;7-roach n-,,.0t
conducive to the needs of the U. S. Army Tranaportation Reoearch
C omm arid.

The first attempt at correlation in sand was made with the'Logisti-;a;
Cargo Carrier (Figure 1). It was chosen becau~ie it was undergoing
engineering tests at the týrrie, and with its large 10 -foot -diameter
low-pressure tir-es and relatively low,,-heel loads, it represented a
vehicle havin; a high d-gree of mobility. A / ~3~ del ofth
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Figure I. Full Size Logint cal CargL carrier.

lerd unit was designed and cokistructeci with precisenesi in regard to
all dimenoions and to weight distribution. The model was instrumented
so that torques at the wheels zould be recorded in the tvent that wheel,
torques had to be scaled for ,'-ccurate correlation. In spite of all this
care as well as using special molds for the tires and special whevi
patterns, the net cost of the rnodel was a small fraction of the cost of
the full-size vehicle (Figure L).

I The approa-h at first

.. .envisaged that the
slightest variation of
any signifi cant factor
would require a
separate actual field
test of the model.

Figure Z. 1/4 Scale Mudel of Logasticil
Cargo Carrier.

CURRENT STAr'JS OF THE TRANSPOR•TATION CORPS AP PROACH

It has beeni demonstr.zteo( thut drawbar p•,ll and sinkage performance of
the lead unit of the aogistical Cargo Carrier in sar.d cAn be correlated
with that of the 1/4 scale modJel whrn both the full-size vehicle ;ind the
model are geometrically simla.r titd model weight is appropriatay
scaled (Figure 1).
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rat S�. Mod.i

.. �..*. The next vehicles �ieed for
� *aI�e i'A��� correlation testing in sa�id

Wigt lb. iii 4a7 *7. � Ot'e�..�n'tee, wore the Marib Buggy and
.. ,P,.dI: a 1/4 scale model of It

(Figure 4). The Mysh
Buggy was selected prima-

a. thy because of its ideal

characteristics for correla-
tion tests in snow marsh,

w,�..z ri.. w and mud. However, it also
�O .�--�-----�� represented extremely light

whcel loads ar.d served the
purp�se of demonstrating

0 that correiation could be
t.I4.� p

accomplished for such light
wheel loads (Figure 5). It

soon was realized thct the
� performance data could be

4 presented in a form whereby
the influence of a large
number of primary factorb
could be predicted without
testing for each slight

'�'' � increment.

Figure 3. Correlation of 1/4 Scale Model
With Full-Size Vehicle (Opera-
ting Without Grouser. in Wet
Sand).

Fa�re 4. Marsh I�uggy and �i4 Scale Modc�.
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k~i4t BUGG- 5 MODEL

WT. EVENLY~ ONFSiuTED
M0O0tL 1 3 3,% 7 10L Dtf L, F ULL Sirt *-0 - 3.3% O0LUVTlIOfd

1 6% lIft OUFL. U - 1.6% Oct , ECT IONi
A - 3.3% 01FLECTION

£-1.6% DEULKCIION

,04 Is4 K~

0 o .0.040

Figure 5. Drawt~ar Pull ind Sinikage Correlation of Marsh
Buggy and 1/4 Scalec Model.

The next program consisted of tests of a group of tire3 Of ap.proxi-
wdhratios (Figure 6). It was round that performance profileo for

6,00-16, Siglet Marsh I3lmgy LCC TorVus

6.00-16, Dujal R.I,ltng Haft IHoIlig Ma

Figure 6. Series of Scale Model Tires Testea.
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all tires could be presented for each percentage of deflection
(Figure 7). In all cases, the data were res.ricted to a 4x4 configu-
r&tion,

The most current program was concentrated on a verification of the
fact that the performance profiles truly repres,•nted extreme rzngis
with respect to weight, sand strength, deflection, and tire diameter.
The performance profile based on 3C percent deflection is of pr -,'!cu-
lar interest because it represents the practical dieflection litnil

I 0UrLU[?hI.Oe• OEmP'LECy* - at $,N.

C 0oo-14 . .2.3 6.4 30

it "ItAl GUGGY 13 6.9 N4

a LCC ..O t.o 1

0 .O5t ,4 O.@U?.4 14510

0 Son-as Go .43 1.9 1o

S 04- 24 &AG 1 0 10.9 so

-1~-- - 1

.4,4

-- W....JJ. .- +tI 1~
tO 20 SO 40 SO to 'O ýW tO

W

I I| ! 1P !h + -v9

- +- ~- +- - ............ � ---+ + ---,--.--- '-.-- ---

40qi,~t 0 .. 3

Figure 'P -rformnce.Prof•les of Tire. in Sand*.
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permissible from a tire-life standpoint (Figure 8). However, the most
general and most useful cur, .- is Figure 9. This curve has collapsed
data fron 160 different tests. Weight was varied from 50 pounds per
tire to 50,000 pounds per tire. Sand strength included both soft tilled
sand and naturally compacted sand. Deflection varied from 1. 5 percent
to 30 percent of section height, and overall diameter varied from
25 inches to 120 inches. Recently developed wheeled vehicles such as
the LARC, COER, BARC, and Landing Craft Retriever !Figures 10,
11, and 12) were tested and their data collapsed into the curve with
i 10-percent error.

PERFORMANCE OF 4! i 4 VEHICLEj IN SAND

ALL TIRES ANI) TESTS FOR 1959-60 IN TILLED AND COMPACT SAND.
TIRE DUL.CTtON 30% OF SECTION HEIGHT.

0. 1

0 LL

0 !0 20 % 40 51 60 70 SO g

Figare 6. Thirty-Percent Performance Profile of All Tires.
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PERFORMANCE OF 4x4 VEP'LES IN SAND

ALL TIRES, ALL DEFLECTIONS FOR 1959-60 iN TILLED AND COMPACT SAND

lei 0

0

0. oO • IIIIlT~

OA

0 100 , 300 400 500 600 700 800 900

Figure 9. Curve on D/W Versue W
cr~dw

Figure 10. GOER.
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]Figure 1.LARG.

Figure * ARardiadrg CrAft Retrieve"r.
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FUTURE PROGRAMS

Although Figure 9 is extremely useful for 4x4 vehicle ccnfigurations, it
does not apply for 6x6, 8x8, or train configurations. A program is
already underway to determine if the single-tire test data, References
I and 13, can be correlated with the 4x4 data. If ,-uccessful, the
third-pass single-tire test data can be extrapolated to plot a perform-
ance profile for 6x 6 wheeled vehicles similar to that in Figure 9. A
few spot checks with actual 6x6 vehicles would verify the validity of
the performance profile and would thereby negate the requirement fur an
extensive test program as was followed for the 4xis configuration.
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MEAj UEMEN°T OF THE CR28-COUTR],S
TERRALN ZNVI1ONM W

INTRODUCTION

The word "mobUlity" as now utilized by the military has many
definitions, but for the vehicle designer it defines a dlfflict area
and environment to cope with. This is the terrain in situ-.not only
roads, trails, or paths, but the ground iss nature has coodltiomed it
by erosion, vegetation, climate, etc. The ability to traverse
cross-country terrain involves many considerations, one of the moe#
important of which is rough ground performance, which Is indicated
by vehidle speed, human tolerance to vibration (low frequency, hilk
amplitude), and limiting forces on cargo and equipment.

To provide adequate design criteria, methods must be developed and
analyses must be made to predict performance. It is not tko purpose
of this paper to present a lengthy review of analytical st'ee of
vehicle, human, and cargo dynamics. Sever&l such reviews mrroatly
exist: Bekker, Bogdanoff and Kosia. Roach, atttUger on ve•dclos
(References 1. 1. S. and 6); Horseck, 3oettcher. aad Simns on hunans
(Reference 3); and many others. These analyses in one form or
another are dependent on the assumption of forces imposed on vehicle(s)
traveling cross country. The validity of these assumptions and the
utiliation of the methodology developed can be attained only by &a
extensive collection of accurate information on the geometric charac-
te:it.tcae of the terrain over which vehicles must operate.

This paper deals with the measurement of terrain profiles for the
putposs of providing power spectral density distributions for use in
reatted dynamic analysis. The need for this type ol information is
evidenced by the numerous reports lamenting the fact that so little
work has been done in characterizing ground roughness statistically.

]PROBLEM

The collection oa profile dzta to characterise .errain qauantltatively
become* a m__kmmoth task unless sorms reasonable apprewch is taskea
to the zeitmeation of topographical areas. In thda ;st, the military
-..us -• •tised the terms "desert". "arctic", "P.ubarctic", "tropic", -



"temperate", 0'c. Though thela terms are too generaiized for
utilization, they can be used if a specific number of reoccurring land
forms typify the area. For example, the Waterways Experiment
Station of the Corps of Engineers in a recent study to detertnine test
areas in the desert test station at Yuma, Arizona, that approximate
world deserts, arrived at a proposed correlation method. If this
approach is satisfactory, then the problem of gathering data becomes
more reasonable.

To be all inclusive, data.-gathering must also include the geometry
of natural and man.made features, their occurrence, and their dis-
tribution. Vegetation, rocks, slopes, and ditches become important
aspects in describing the terrain. Studies accomplishing this form
of data-gathering are currently underway by all Interested research
laboratories of the U. S. Army.

To complete the picture, a record is required of the ground form,
which is the elevation of each point along a route as a function of
the horizontal distance along the route. Such a record then &an be
analyzed so that the amplitude of each sinusoidal compovent an a
function of ground wavelength can be given in terms of spectral
density.

The problem, therefore, consists of three parts: the delineation of
geographical areas into a specific number of typical tyrpes; the
determination of occurrence and distribution of natural and man-made
terrain features; and the collection and analysis of ground wave form.

PROFILE INSTRUMENTATION

Mr. F. N. Hveem of the California Division of Highways has done an
excellent job of reviewing profiling devices for recording pavement
roughness (Reference 4). He has listed these devices in a number of
classec, as follows:

1. Devices that plot a profile from level notes, or devices which
utilize a similar reference plane.

2. Devices that measure deviations with a straight edge laid on
the surface, in which the reference plane corresponds to the
two highest spots within the length of the straight edge.

3. A rmobile beam with a single wheel at either end and a center
recording wheel free to move vertically.

t,:.



le

4. Devices that record vertical oscillations of a wheel with

reference to a suspended weight or mass (the U. S. Bureau

of Public Roads built such a device itilising the front axle
of an automobile).

5. Devices in which the reference plane represents thd mean of
a number of points of contact with the road surface.

6. Devices that measure the slopes of ths profile b- meaturing
the angle generated by two wheels some distance apart with

referen(ce to a vertical plane (slope integration method).

All the devices utilize a continuously changing plane of reference, and

some require a transposition of data intio % useable form. It appears

that a profile measuring system should be accurate, reliable, and

mobile, and should have a data output that can be fed directly to a

computer.

Investigati'on of various systems that have been tried indicated that z
system developed by Wright Air Development Division for measuring

airport runway roughness could be modified to provide the system
required.

DESCRIPTICN OF THE INSTRUMENT SYSTEM (Figures 1, i, 4nd 3)

The system consists of two parts: the collimator, which projects a

highiy collimated light beam toward the profilometer, and a pro-

filometer that is equipped, with & photoelectric sensor. As the

profilomneter moves, the sensor is held centered on the light beam

by a servo system, A direct drive introduces the profile variations

between the surface and *ensor position into a useable output, Cur-

rendy, a digital encoder is being ir~s'alled on the profilometer that

will facilitate the use of profile data directly on USATRECOM's data

processing equipment. This wiAl consist of a shaft position to digital

encoder whoss, output is punched o'n a paper tape.

The system w'nil be ca,able of measuring elevations at 6-inch intervals.

at speeds up to 5 miles per hour, The collimator inchude. a high-

intensity 14' t scturce and a collimating lens system which ts capable

of projecting a wtll-defined beam of light for approximately Z, 500

feet under reisa able atmospheric conditons. Th's light source

establishes a reference plane.



The profilometer consists of a wheel cam follower, which follows the
terrain profile, and a photoelectric sensor, which is kept vertically
centered on the light source by action of the servo system. The
distance between the wheel and the sensor is thus a direct measure of
the elevatton of the profile with respect to the horizontal reference
beam. At 6-inch intervals, a switch, driven by the p7ofile wheel
follower, causes data tc. be read out of the encoder into the digitizer
and onto a paper tape.

Tests on runways have indicatted that profile measurementa made by
the system were within * 0. Z inch of those made by .od and transit.

Athough the currect system has not been fully evaluated or, cross-
country terrain, there is every indication that it should perform
sativfsctorily. Time and additional work with the system will prove,
or disprove, this statement.

Figure I. View Showing Profilometer
in Normal Operatf:. Pouitio,i
at Beginning of Toot Run.
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Figure 2. Collimated Light Source.
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APPLICATV)N OF "FREE BREATHER" PRINCIPLE TO CARGO CONTAINERS
FOR THE PREVENTION OF CORROSION OF MILITARY CARGOES

The Transportation Corps operatej a fleet of approximately 80, 000
reusable steel shipping containers, known as "'CONEX". By providing
physical protection to the container contents, substantial reductions in
levels of packaging and packing becomre possible, with resulting dollar
savings.

SLIDE*

The CONEX unit is 8 feet 6 inches long, 6 feet 3 inches wide, and 6 feet
10-1/2 inches high. It has an internal volumne of 1-95 cubic feet and is
constructed of corrugated steel panels. It is designed to be weathertight,
with provisions for ventiiation at the valleys of the corrugations where
side and cear end panels join the top and bottom. In addition, the doors
,-re provided with a labyrinth arrangement -round their peripheries
which permits the run-off of rain witi.out ',,aling.

Our CONEX was extremely successful when used for general cargo.
However, it soon became evident that there were classes of military
comrmodities that, by virtue of their high susceptibility to corrosion,
were being expensively preserved and packaged and therefore did not
move in CONEX; or when they did, they moved at lees than optimum
efficiency.

It was postuiated that, if a reasonable method could be found whereby
a low-humidity internal environment could be iraintained within & CONEX-
type container during the in-transit period for such commoditieu, a sub-
stantial saving could be obtained by reducing the levels of preservation
and packaging of items PiLsceptible to deterioration from humidity.

An initiaL evaluation of this problem in relation to CONEX indicated
several possible app-oaLhes.

*Slides are available on a loan basas !rom U. S. Army Transportation
Rest-arch Comrmnd, Fort Fustas,. Virginia.
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I. Alter the CONEX design to provide a completely sc.aled unit
or pressure vessel. Thc container could then be charged to
a pressure of 3 to 5 p. s.i. ; and by using a dry charge of gas
and by simple gaging, the enclosed enviromnient could be con-
trolled to safe levels of humidity. The obv'ious disadvantage
to this technique is the additional structural requirements for
such a unit, with the attending Increase in weight and cost.

Z. Another approach which was examined called for modifying the
present CONEX to effect a seal of all openings, statically desic-
cating the interior by use of a chemical agent such as silica gel,
and providing for pressure differentials wvhich could be caused
by inside-outside temperature changes by using a 2-way pressure
relief valve. It was found that a 1-p. s.i. valve was the lowest
available and that without substantial modification the ,itandard
CONEX could not withstand this pressure.

3. These analyses led to a third possible approach, that of a "Free
Breather". It is the successful application of this principle
that I wish to bring to your attention.

In 1947 the Naval Gun Factory conducted a series of tests to determine
the practicability of utilizing silica gel, vapor pressure Inhibitor agents,
and breather devices in various combinations as a means for pr-eventing
tbe formation of corrosion and the propagation of fungi on intcrnal sus-
ceptible components of enclosed Ordnance instruments. The instruments
were subjected to cycling tests at high and low temperatures under high

humidit'y conditions.

SLIDE

In the utilization of silica gel for container dehydration, design experi-
ments revealed that by prevunting direct access of external air to the
siLica-gel unit and by restricting the contact of air with the gel in the
cel•, by means of a breather tube, to the amount of air that was thermo-
dynamically pumped (due to daily temperature changes) in and out of the
box, the life of the silica gel was greatl.y extended. In tests, a tube
nest composed of sufficient tubes having a length-to-bore-diameter ratio
of about 10 to I and having sufficient total cross section area to allow
reasonably free breathing capacity (to handle volumes expired or inhaled
during air lift without excessive internal/external pressure differential)
proved to be an effective and economical design.

The potent'al of the application of this principle to CONEX was quickly

recognized, and it was this approach which was finally selected.
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Since initial experiments were conducted with I . Z cubic foot units
under conditions which did not parallel those envisioned for GONFX,
a program was initiated to determine the following-

1. Proper breather tube configuration that, under varnous con-
ditions, would permit a rate of air passage through it which
would provide for pressure equalization (necessary to keep
container structure to reasonable levels).

Z. Extent to which a properly configurated breather tube would
reduce the relative humidity of inhaled air when pressure
differential causes air to flow into the container (necessary
to determine the amount of assistance through silica gel which
would be required to maintain safe relative humidity).

3. Period of time that the b.eathcr, whe.a aagmented by a charge
of silica gel, w-iuld provide a safe environment (necessary to
determine life expectancy of the dessiccant charge before its

replac-.ment becomes necessary).

Two essential conditions were believed to goverr. thest determina-
tions, One .s that of the air transmission rate of the breather, or the
ability to relieve pressure or vacuum within a CONEX brought about
by changes in altitude and temperature during an air fLight. For this
condition, tests were conducted in wh;ch the flow of air that would re-
sult from a container's being transported by aircraft between sea level
and 25, 000 feet was simulated to determine whether breather units of
proper design would prevent the creation of prer~sures or vacuuiiri
within the CONEX which would cause structural failure.

SLIDE

To determine accurately the maximum rate of flow, the temperature,
pressure, and density of air at various altitudes were tabulated. The
weight of air lost bteowuen each elevation was computed and converted
to volume of air lost between each elevation.

SLIDE



By relating this to a typical 6scent curve, it was found that the maximum

rate would be approximately Z1. 15 cubic feet per minute for an empty

container. Since it could be reasoned that the container would almost

alwayE be shipped in a loaded condition, we arbitrarily set the condition

of loading at one-third full. The volume of air in the container then

would equal two-thirds of 295, or 197 -ubic feet. The maximum rate

of flow woui.- then equal two-thirds of 21. 15, or 14 1 cubic feet per

minute. It could he assumed, therefore, that the b-eather unit would

be considered satisfactory if it could pass 14. 1 cub-,c f.-Ct per minute

at a pressure of less than 1 p.s.i.

To determine whether the rate of flow would be affected by the moisture

content of the air, by the degree of saturation of the desiccant in the

breather cell, or by the direction of flow, tests in sufficient variations

to permit comparsrons of these effects were conducted.

SLIDE

The test apparatus was planned so as to permit a variation in the rate

of flow of air through the breather depending upon a variation in air

pressure. Tests wue performed on breather units with dry desiccant

(not more than 10 percent by weight of water) and on breather units with

spent desiccant (containing approximately 25 percent by weight of water

or when moxst -,ir cannot be reduced in humidity to 40-percent relative

humidity).

By reversing the breather end for end, direction of air flow could be

changed. Breather tube plates of different configurations and desiccant

beds of sevwral diameters or lengths were included for comparison.

To determine the mo-sture absorption rate or life expectancy, breather

units w,!re s',Jated to a flow of air which simulated field conditions.

By pas|,ing krnown volumes of air at known temperatures and humidities

through the breather, prediction data were obtained. As previously

mentioned, the mout difficult conditions are those of exposure in a

tropica.l, rainay climate. Assuming an average ambient high of 95*F.,.

interior temperatutes of 116* F. in an olive-drab container and 10Z*F.

in an aluminum or aluminum-color unit are possible. It should be

noted here that durinnthe high trmp.rature of daylight, the air iti the

containers is being drive.n out thr-ulgh the breather; and bccause of the

high temperature, the relative humility it z:omparatively low.

CBerry. F. A.., et &l. Handbook of Mettorology. McGraqw-Hill.
New York. 1945.
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During the tropical night, the temperature drops and the air within the
container contracts and draws cooler, more humid air into the container.
For the purpose of thie test, tropical night air was assumed at 70' F.
and 85 to 95 percent relative humidity.

An olive-drab container under average high ambient conditions in the
tropics would v-;,Apel an average of 17. 3 cubic feet of air per day; an
aluminum unit, 18. 0 cubic feet per day. For test purposes, it wis
assumed that 17.3 cubic feet of air is driven out of the contaitserduring
the tropical ,iay when interior temperature is high and the reautive hu-
midity is low. This same volume of air is then drawn into the container
through the breather unit during the tropical night, when the teinperature
is approximately 70" F. and the relative humidity is from 85 to 95 percent.
It was further assums d that the air expelled through the breather unit i2
of sufficiently low humidity that it will niot tax the desiccant.

An criteria, we concluded that a safe and reasonable condition would be
maintained within the CONEX container if the humidity at 70" F. re-
mnained below 40-percert relative humidity. This would insure relative
humidities at less than 40 percent for all but a few hours of each day
and would insure against damaging effects of condensation within the
container even though night temperatures fall as low as 45" F.

SLIDE

Daily fluctuations of temperature and relative humidity within a con-
tainer in the tropics is shown in the table. It should be noted that if
the relative humidity is kept below 40 percent at all times, when the
average low temperature at night is 70" F., the relative humidity within
the container wl reach as low as 10 percent during the hot hours of
the day. Condensation would not occur until temperature within the con-
taine r dropped to 45 F.

SLIDE
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A schematic of our test apparatus is shown here.

1. Source of air and air pressure - a 5-horsepower electrically
operated air compresbor capable of delivering air at a maxi-
mum rate of 20 cubic feet per minute. Maximum pressure of
the air compressor tank is 60 pounds.

2. Pressure regulator valve - with a range 0 to 10 pounds.

3. Humidity tank - to add humidity to the air by means of a cylin-
drical galvanized tank. The tank is approximately 16 inches in
diameter and 18 inches high. It is equipped with a thermostat-
ically controlled immersion-type heater to control the tank water
temperature between 100°F. and 160°F. The tank includes a
relief valve set at 20 pounds.

4. Temperature tank - a rectangular galvanized tank 16 inches by
16 inches. Coiled copper tubing is wound in a 10-inch-diameter
spiral and immersed in room-temprature water. Higher tem-
perature can be produced by a thermostatically controlled
immersion-type heater.

5. Dryer - to provide dry air for air transmiscion rate test. The
dryer is a cylindrical tank 8 inches by 18 inches, containing
Z5 pounds of commercially dry desiccant. It is capable of
reducing humidity of the air to less than 20-percent relative
humidity.

6. Initial control chamber - a small cylindrical tank appr.,ximately
6 inches in diameter and 10 inches in length, fitted with a tem-
perature indicator, a manometer, humidity indicators, a safety
valve set to 5 p.s.i., and a petcock drain.

7. Rotameter - to permit instantaneous reading of the rate of flow
of air through the system. The device consists of a metal float
in a tapered glass tube, and operates on the principle that a
higher rate of flow of air will lift the float higher in the tube.
Since readings for air-flight tests were in the high range and
readings for the tropical tests were in the low range, two floats
and two calibrated scales were used.

8. Flow meter - used for measuring the total volume of air passing
through the system withim a given time. It has a capacity of 400
cubic feet per hour at a 1/2-inch pressure differential and 900
cubic feet per hour at a 2-inch pressure differential. It was
also used to recalibrate the rotameter. At very low rates of
flow, readings were taken by means of the flow meter and a
stop watch.
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9. Second control ciamber - same as the first except that it is
fitted with only a temperature indicator, humidity sensing
elements, and a drain opening.

10. Breather duct -. used to house the breather test unit. It is
fitted with a cap or bonnet to carry the air through the breather
units and to maintain a closed system. Manometers were placed
close to the entrance and exit of the breather duct.

11. Gages - temperature gages used are of the bimetal thermo-
couple type with a range of 0* to 1Z5 F. Manometers are of
the mercury U-type, with a range of 12 inches of mercury
(appro.,dimately 6 p. s. i. ), and can be accurately read at pres-
sures as low as 0. 01 inch of mercury. Humidity sensing ele-
ments are Aminco-Dur.tore make, and are read with an a. -c.
operated Aminco Hygrometer.

To determine the effect of certain con-litions on the flow of air through
the breather and to derive data for use in the development of the breather
design, a series of ZZ tests as previously shown was conducted. The
condition of the air and desiccant and the direction of flow were varied.
Combinations of breather and breather tubes were used. Three or more
readings were taken for each condition. Pressure readings were cor-
rected to take into account barometric readings and altitude. The fol-
lowing curves represent our firdings in relation to air flow.

SLIDE

Tests I and Z indicate that a one-tube plate will not permit the re-
quired flow (14. 1 cubic feet per minute) under a pressure differential
of 1 p. s. i. Test 3 indicates that a four-tube plate would just barely
pass a sufficient amount of air. Test 10 shows that a tube plate with
5-1/4-inch-diameter openings will suffice.

SLIDE
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A comparison of the rate of flow through a 4- i/2-inch-diamrn-ter breather
and a 6-inch-diameter breather in conjunction with several tube plates is

shown in this slide. It can be seen that t.e 6-inch diameter is necessary

for proper desigii.

SLIDE

In this chart, several curves have been plotted to'show the rate of air

flow through breathers and breather plates in opposite directions. It

can be seen that the rate of flow in opposite directions is so near to

being the same as to be inconsequential.

SLIDE

The next chart is a comparison of the flow of dry and moist air. The

flow of dry and moist air through both a dry breather and a spent

breather is included. Again it can be seen that the differences in the

flow of dry and moist air are insignificant.

SLIDE

This chart shows a comparisn of the rate of air flow through a dry

desiccant bed and through a spent desiccant bed. Here it can be seen

that the rate of flow through a spent desiccant appears to be significantly

greater than that through a dry desiccant. The explanationl is not readily

apparent Since the desiccant bed was spent by F ssing a large volume

of moist . i through it at a rapid rate, it is possible that channels were

formed either mechanically or by evaporation, the channe]L. permitting

easier passage through the spent bed.

As previously mentioned, a CONEX container with one-third of its

volume filled with cargo can be expected to breathe approximately 17. 3

cubic feet of air each day in the tropics. The rate of passage has been
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approximated at 0. 07 cubic fooL per minute and preliminary testing
shows that this could be accelerated to 1. 0 cubic ioot per minute without
affecting test results.

To simulate a period of storage in the tropics, air was passed through
the breather unit at a humidity ranging from 85- to 95-percent relative
humidity and at a temperature of approximately 700F. The temperature
o: the exhausting air was slightlyhigher than that of the air being introduced
because of the heat that was generated within the desiccant bed during
the action in which r, oisture was absorbed intm the desiccant crystals.

During the test, air was permitted to flow continuously through the
de.-iccant bed. Conditions were kept reasonably constant, and readings
were taken approximately every 3 hours, day and night. The introduced
air averaged 71. 9oF. and 90 percent relative humidity. The average
temperature of fxpelled air was 76. 80 F. The tosts were continued
until the humidity of the air coming out of the b.eather exceeded 40 per-
cen: relitive humidity. When the breather unit desiccant was weighed
at the conciusion of .he test, it was found to contain 24. 4 percent by
weight of moisture.

SLIDE

The data, then, are plotted here. Slight fluctuations in the ctirve are
due to the relative interdependence between relative humidity and
temperature. Larger fluctuations in the curve are due to day and night
changes in the temperature of the air drawn into the compressor and to
day and night changes in the temperature of pipe and duct work.

It can be seen from this c.hart that the desiccant within the breather
was not spent until about 4, 320 cubic fr-ot of air had. passed through the
bed at a rate of 17. 3 cubic feet of air per day. This represents approx-
imately 250 days, or 8, Z months, of effective operitions before the desic-
cant could be considered spent. If it were assumed that the container
was aluminum rather than olive drab aiid the rate of breathing only ap-
proximately IZ cubic feet per day, the breather unit would be effective
for a period of approximately 360 days.

Similarly, if the container was considered to be two-thirds full of cargo
rather than one-third full, the life expectancy would be even greater--
for olive drab, approximately 496 days; for aluminum, 720 days.
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From the preceding research and testing, we concluded that:

1. The CONEX container tither with minor modification or with
redesign is cuitable ax a dehumidified container.

Z. The desired objective can be accomplished without making
the container absolutely airtight by permitting the container
to breathe through breather tubes and a desiccant bed.

3. Breather tubes whose lengths are 10 times their diameters are
capable of reducing humidity of the air by approximately 15
percent or more before the air reaches the desiccant bed.

4. A properly designet breather unit may be expected to main-
tain a safe humidity within the CONEX-type containers for all
anticipated in-transit storage periods.

5. The "Free Breather" will maintain a nondestructively low
inotrnal humidity within a container in the presence of ex-
treme hunmid external conditions that are specified in MIL
Std ZIO-A and AR 705-15.

Based on these conclujions, a development program was initiated.
Rcsults of this development program are shown i.i the following slides.

SLIDES
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TRANSPORTATION FORECAST AND PREDICTION STUDY*

This paper provides an expository review ol basic research relevant to
the development of transportation systems undertaken by the Transpor-
tation Center at Northwestern University for the U. S. Army Transpor-
tation Research Cornmand. Chief emphasis in the discussion is on the
purpose and structure of the research.

HISTORY

During the summer of 1959 the Transportation Center undertook a study
of the distribution of transportation resources or stocks among and
within natians, ar, a d report on that topic was submitted to the U. S.
Army Transportation, Research Command in July 1960. 1 Shortly there-
after the Transportation Center began a study of four years' duration for
the purpose of more penetrating analysis of factors that condition the
development of transportation systems. Work under this new contract
gained momentum during the fall of 1960, and the first block of research
under the current contract is the subject of an Interim Report to be
submitted October 31, 1961. Z

OBJECTIVE

The over-all objective c' this reseakrch is the deveiopment of a workable
th-ory which will explain transportation networks in the sense of the
ensuing two lentences. (1) Given measures of those characteristics of
an area upon wiich the level and character of transportation depend, a

OThis paper is an ad.ption and extension of the Preface to materials to
be submitted on Octob-r 31, 1q61, to the U. S. Army Transportation
Research Command, unowr the title The Structure of Transportation
Networks, by the Transporiation Center at Northwestern University
under Contract DA 44- '17-TC-685.

ITransportation Geography Researrch, a report prepared for the U. S.
Army Transportation Research Comonand, Fort Eustitz. Virginia, by
the Transportation Center at Northwe.teý-r Utiversity, July 1, 1960,
unde r r-tract LA 44- i7 7-TC-574

2 The Stru.t--re of Transportation Networks. 2p_ý_it
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systematic method is desircd for stating the nature of transportation in
that area. (2) Given a change in those characteristics of an area upon
which transportation depends, it is desired to know hoo the transporta-
tion system will change. Theo,. two sentences state the requirements for
a theory in the simplest possible way: a theory is desired that will
allow ue to deal with the phenomenon in which we are interested. The
statements give considerable insight into the structure of the study. The
phenomenon of interest is transportation, of course. By dealing with
transportation we mean relating its level and character to those factors
upon which transportation development depends. These notions are given
greater substance in ensuing sections of the paper, which emphasize the
functional dependence between transportatloii and the factors upon which
it depends, and which emphasize various ways in which transportation
phenomena may be studied.

USES OF RESULTS

Befort; going on to these two main topics, it might be wise to spend a
moment on uses of results of this study. First, a workable theory has
obvious value for long-range predictions and attendant planning. For
instance, it is known that the nature of transportation in an area is
closely related to the level of economic development. Development is
going on with rates varying among areas. What do we expect the trans-
portation systems in these areas to be like 5, 10, 15, and 25 years
ahead? The theory provides a part of *he decision sybtoms required to
treat such a question.

There is a second value of a theory that is more indirect and more
difficult to state, but this may well be its greater value. In day-to-day
transportation work we deal with a whole series of seemingly isolated
questions. What is a good method for classifying commodities? What
is the value of increasing the capacity of a link of a particular transpor-
tation system? Is A more accessible to the transportation network than
B ? In areas of work where a well developed theory is available, it has
been found that the theory provides a useful guide to answers to seemingly
Isolatesd questions. The.re is every reason to believe thit insights pro-
vided *5y general theory of the development of transportation systems
will provide a useful guide for finding meaningful answers to many of
our questions (and a uselul guide for asking meaningful questions).

The two .emaining sections of this paper will serve to answer two
questions: (1) What do we mean by a functional relationship between
transportation and those ch..racteristics of areAs upon which transpor-
tation depends? (2) How can the word transportation be made operational
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in the context of these dependencies? 1 *ese sections give additional
definition to the research problem and tne structure of the studies.

TRANSPORTATION, A FUNCTION OF
THE CHARACTER'STIC i OF AREAS

In the introduction to our first report3 it was pointed out that the
surface transportation deve¢lopme:it of any country depends upon:

1. General economic development.

2. Natural environment.

3. Location of activities.

4. Available technology and relative cost structure.

5. The interests and preferences of those who make decisions

affecting transportation

6. Military and political influences.

7. The historica! pattern of development and outlook for the

fiture.

This list is not inviolable, and a knowledgeable person could extend or
modify it in useful ways. For instance, one could extend the list to
the subject of air transportation by mentioning the position of nations
on international air routes. Though incomplete, the list serves an
important purpose: It emphasizes that transportation develnpment may
be thought of as some function of characteristics of areas. By adopting
this, systemnatic '.iew, transportation may be explained in relation to
other matters arid there is hope for development of the capability to
forecast and evaluate transportation developments.

The notion of functional relationships given in the paragraph above is
a very simple one, but its simphicity should not disguise its signifi-
cance. There his been little work on transportation development topics
from this point of view. but this point of view is basic to the present
studies. Because of the lack of attention to extrrnal influences of which

3T- ranportatio-_ Geographv Research, ct
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transportation is a function, our ability to rm.ake incisive statements
of how and why transportation systems develop and what we anticipate
in the way of development is small. In contrast, much useful work
has been done on certain other transportation topics; for instance,
knowledge of technical problems of construction is both voluminous
and useful.

OPERATIONAL VIEWS OF TRANSPORTATION

The statement of functional relationships given above is too general to
give much information regarding the substantive character of the
research. Indeed, this rtoccrch may be described a3 an attempt to
give substance to statements of functional relationships, and the
character of the researcli may be displayed by commenting upon the
ways in which it has been found to be practicable (or is felt will be
practicable) to give operational meaning to functional statements.

Transportation may be viewed in the followirg five ways:

1. Stock aggr•..• or transportaton resources. Miles of
road, number of cars, etc.

2. Structure or layout of iransportation ro~ates. What types of
routes go where?

3. nlows. What goes where?

4. Intensity of use, or the transportation activity as a produc-
tive activity within an economy. What does transportation
use &S its inputs, and in what ways does it contribute to the
output of the economy?

5. Relationships of transportation networks to each other. For
instance, how does the railroad network relate to the highway
network?

This list of ways in which transportation may be vieweri gives opers-
tional ways to deal with the traniportation portion of the staftment that
tho transportation within an area is some function of conditions within
the area. It might be noted at this tirme that by viewing transportation
in several different way-i, we have '"disaggregatvd" the concept of
transportation and the various views of transportation are not completely
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independent. The layout of the transportation network is certainly
dependent ,ipon flows, for ins.anco. Thus, viewing transportation -in
any one of these ways just listed requires that we add other aspects
of transportation to the list of conditions controlling the characteris-
tics of transportation systems. For instance, the layout of a
transportation network is determined by such factors as topography
and the like, and layout is aloo influenced by the relationships of
rietworks to each other, flows, and other of the operational views of
transportation.

The first two of the five operational views of transportation listed
above were the objects of blocks of research that are largely com-
plete; the remaining three are the objects of present and programmed
research, The remainder of this paper consists of remarks intended
to clarify these topics.

STOCKS

Variations in surface transportation stocks from nation to nation and
within nations were the subject of a previous research report,4 as was
mentioned before. Consequently, it is pocsible to discuss research on
this tcopic by giving a capsulized review of that report.

The research was divided into two parts, one of which was the compari-
son of surface tra:-rportation stock aggregates among nations,, The
term transportaticrn stock refers to the facilities or resources through
which transporta:.on is carried on: cars, buses, trucks, rail paseenger
cars, rail freight cars, amount of road, and amount of railroad. These
were treated as aggregates. For instance, all cars within a country
were acdded together ar.d the *um used as one object of the study. The

aecond portion of the study treated the distribution of highways within
nations.

Variations in transportation stuAks among nations were related to a set
of explanatory variables, including population, area, gross domestic
production, per (apit,ý. iromc.0 population density, slope, and rainfall.
A series of 75 regresions were made and given extensive interpretation.
It was found that grou.-t domest,. productior: and income per capita are
the chief determ.n.'ants -f levels of transportation stocks. However, the
value of the CAiid) doe rit lFe so much in this direct firding as it does
in th identificAtzon of Appropriate variables, magnitudes of regression

4 Tr.ortation Got- raphp Research, o. cit.
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coefficients, and magiitudes of errors of ý,stimation that may be
expected in dealing with st.ock aggregates.

The second portion of the study was addressed to the distribution of
transportation facilities within nations. Four areas, Ghana, Nigeria,
British East Africa, and Brazil, were used as cases in point. It

was found that highway mileage in an area is related to the square
root of the population of the area times the square root of the size of
the area. Highway mileage also depends upon the availability of

alternate types of transportation and local resources. Again, the
value of the study is not so much in this direct finding as it is in the

development and analysis of a device useable for estimating the
occurrence of surface transportation facilities.

STRUCTURE

The term structure refers to the layout, net-"ork, geometry, or pattern
of transportation facilities, and these words are used interchangeably.
A block of research on the topic of structure has been completed and
will be the subject of a forthcoming report. 5

For this reason it is possible to discuss this topic by giving a thumbnail
sketch of the research treated in that report.

The research on structure developed ways to find partial answers to

three questions:

I. What measures will describe the structure of transportation

networks?

A number of measures of structure were developed and inves-
tigated. These measured characteristics of transportation
networks such as number of points served, number of separate
links, leugths of paths, tendency toward centrality, and the
presence of iiternate routes. These measures -mere then used

in connection with question Z below.

2. In what ways do rneasures ol structure d&pend upon the charac-
teristics of thC area In which the transportation network lies?

A number of regression studies were made and "strong"

5The structure of tran 9ýortatior Networks, citý
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relationships were found between the measures of network
structure and conditions such as the level of economic devel.
opment of the area. The ability to answer the first two
questions provides explicit ways to codify the structure of
transpcrtation systerms, and to relate structure to the
characteristics of areas.

3. Given knowledge of measures of network structure, can the
transportation network be mapped?

Empirical studies were made uf features of networks and of
the development of particular transportation networks. While
the answer to this question is a tentative yes, additional work
needs to be done with question 3.

Stated in other words, the abiLity to answer these three questions provides
a way to evaluate transportation networks in two stages. First, given
some information on the nature of an area, it is possible to estimate
certain measures of the structure of transportation in that area. Second,
it is possible to map the transportation system by using these measures
of structure. This provides a way of understanding how transportation
networks change following changes in the characteristics of the ares in
which they lie.

FLOWS

The term flows refers simply to the movement of persons, commodities,
or messages; flows are the activity of transportation. The fact that so
many flows may be identified presents a chief problem in the systematic
study of flow systems. This problem it one of finding incisive measures
of flows that are useful in a sense that they are both (1) related !,o deter-

mining variables and (2) jentral and of wide applicibbility. The ability to
relate rvieasures of flows to explanatory variables is necessary if func-
tional statements are to be made about flow systems and if methods are
to be developed for the short- and long-run forecasting of flow character-
istice of transport systems. Measures of flows must be intisive so that
once these measures are accomplished they, in turn, will yield infurrL_-
tion about any particular type of flow that it might be desired to study,

The study of flow systems ts pArt of our current research, and research
results eannot be stated at this time. It. ts possible to mention here,
however, certain expectation& of fruitful results from ihe study of flnws.
For one, there is a small but useful lierature that treatG flow systtsfi--
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using the mathematics of lirhear pro,;ramming and, in some instances,

using economic concepts such as comparative advantage, factor price
enuilibrium, interregional equilibriumn, etc. The generality and pre-
ciseness of this approach stro.ngly infers that it will -rovide systematic
measures of flow conditions and methods of relating these flow condi
tions to external variables.

A second approach that promises to be useful makes use of the temporal
sequence of flow activities. Transportation activities may be charac
terized, for instance, by the proportion -if time that they are operating
at capacity. This uiteful measure would seem to be directly related to
such external variables as the agricultural industry of a nation, indus-
irial mix, and production characteristics. In turn, this measure would
provide considerable information on the transportation system itself-
type of system and equipment used, efficiency, etc.

INTENSITY

The functioning of a national economy requires the use of transportation.
It is common knowledge that specialized production increases when
economies deelop and more transportation is required. The research
question is that of the manner in which economies with different struc-
tures vary in their use of transportation, and the relationships between
these variations and other determinants of transportation systems.

This problem demands more sophisticated study and introduces more
problems th-n might be assumed at first glance. In part, this is
because of *-.'.e many ways transportation is used in an economy. One
might prepare a list of all outputs of the economy- -beef, steel rails,
automobiles, €eetric motors, etc. -and the transportation required
per unit of outtput for each of these outputs might be stated. A c,,n
venient meas,,.'e n ,ght be the monetary value of transportation required
for each dollar's worth of output of each commodity. The measure of
transportation intensity of a country is, then, a list of numbers showing
the input of transportation per unit of output for activities. A set of
iveasureb would consist of a set of lis.s, one liiA for each nation. We
are now fa,:ed by the problem of how these lists differ from nation to
nation and hfrw these differenz'es may be explained by functional rela-
tions.

Lach of these lists of numbers may be viewed as a vector, ard the
techrical problem of working with vector mAesurem~ents is i.t great.
Experien-.e indicates that a more difficlt Alspect of the rreearch will
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be that of finding the measures that are the elements of the individual
vectors. A set of vc tor measurements for Japan, Italy, and the
United States was presented in a previous monograpi,, 6 and similar
data are available for a number of other nations. However, anyone
familiar with statistics of this type would realize that there are very
serious questions of the comparability of these data. A chief research
problem will be that of assuring comparable statistics.

RELATIONS OF NETWORKS TO EACH OTHER

Thisi topic differs somewhat from the p I-vceding four topics in that it is
concerned with the relationships among transportation systems ratier
than being one way the notion of transportation -nay be codified. A

well-known subject is that. of the relationships between highway networks
and railroad networks. ikn certanri areas, the highway network is
supplemnentary to the railroad' network. In others, the highway network
both supplements and complements or competes with the railroad net-
work. These network relations are evidenced by and a consequence of
stock conditions, characteristics of flows, network structure, and use
characteribtics described earlier. Research is programmed on the
topic because it complements the four research topics discussed above.

SUtt: MARY

This paper has provided an overview, albeit SKetchy, of the structure
of and progress on a st.dy of ce .t.iin basic aspects of the development
of transportation networks. it Yas not'e. that the level and character of
transportation development are viwed as a function of certain charac-
teristics of the area contamn.ng that transportation. Five ways in which
transportation development can be given operational meaning were also
discussed.

6Tr-•r.portL.tion Geography eseoarch o2 t . 17. r"Fble IV
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INTROPUCTION AND BACKGROUND

This paper is based on a study recently completed by Booz-Allen Applied
Research, Inc. The purpose of the study was to analyze the total environ-
mental pic'ure surrounding the Ground Effect Machine (GEM) operated on
a world-wide basis, and to classify a ranw of vehicles with operational
capability in this environmental framework. T- essence, it is the environ-
mental approach to the vehicle.

The contract was funded by the U. S. Army Transportation Corps and ad-
minivtered by the Office of Naval Research as part of the joint research
program on GEMs. Lt. Col'. Joseph L. Wosser, USMC, was the Scien-
tific Officer for the contract, Nonr 3375(00). The team participating in
the study included P. G. Fielding - Project Director, P. 3. Mettam,
W. S. Bull, Jr., N. L. Hallanger, and W. 3. Neff, under the supervision
of C. F. Ri~ey, Jr. - Research Director.

The Ground Effect Machine is basically a load-carryxng veh~cle, supported
on a cushion of :_ir between the vehicle and the surface. Extensive research
programs on many phases of performance, structures, power requirements,
stability, and control have been carried out, both in this country and abroad.
Because of its apparent capability for operation over both land and water
surfaces at speeds up to and exceeding 100 knots, the GEM has received
favorable consideration for a number of military applications.

Our study was undertaken to determine the influence of the world-wide
operating environment on the basi' design, performance, and equipment
requirements of GEMs. This included a review of all elements of climatic
and geoaraphicaI fo-'-ires relative to GEMs. We determined the inrfluence
of these features on vehicle parameters, and developed classifications of
vehicles for overland, m~rmne, and amphibious operations. We then re-
viewed the induced and combat environments associated with military GEMs,
i.e., the induved env;ronments resulting from the special characteristics
of GEM operation and the combat ,-n,,ironments reailting from the military
operating situation. The ,ature' and extent of the problems issociated with
these environm*nts were dt.irrmin.-d. Finaiiy, a brief ptrformance analysis
was carrited ,ut. Vehictes in each e-nv~ronmental catergory were compared
for transportation eff.tiency, utilitv, and vulnerability. and the best vehicles
in each cat'•gorv wrre. point-d out.
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WORLD .WIDE NATURAL ENVIRONMEN'r

The world-wide natural environment for GEM operations includes all the
diverse characteristics of terrain, drainage features, vegetation, cul.
tural features, beach conditions, sea states, and climatic elements. The

unique nature of the GEM as a transportation vehicle requires a new ap-
proach to the evaluation of these environmcetal characteristics.

The analysis of environmental influence on the GEM is based on very
broad assumptions about the char-acteristics of the vehicle. In essence,

the vehicle characteristics are based on the present state of the art for
GEMs. Two significant features of this state of the art are a limitation
of operating height to about 10 pel c-nt of the vehicle's base dimensions
and the limitation of maneuvering accelerations to about . lg to . Zg

In order to provide consistent development for all categories of GEM
operations, the following breakdown of natural environments was used:

1. Maritime environments covering the oceans of the world were

used as a basis for marine GEM operations.

2. Coastal environments covering the ocear. coasts of world con-
tinents were used as a basis for amphibious GEM operations.

3. Continental environments covering the world continents were
used as a basis for overland GEM operations.

Some overlap is inherent in this divisicn; however, this overlap was not
considered to be objectionable in any way.

For each category of operations, the background data included all the
physical features of the associated environment which were considered
to have influence on the design and operating requirements. of GEMs.
The climatic elements included wind, temperature, precipitation, fog,
thunderstormis, and sand and dust storms.

1ll world areas (except the oceans) were divided into climatic zones.
The climatic rone breakdown together with political boundarieti provided
correlation of 4ata for each area.

The sources ,if data included the mrlitary geography chapters vf the
National Intell-gence Surveys, the Oceanogrpphic arid Marioe Climtit:

Atlases, Geography Atlases and Texts, and Climatic Te.xts Other datai
were made available by the U. S, Navy Hydrogrpphic Office, U. S. Navy
Weather ResearchFacility, Office of Naval Intelligence. U. S Weather

Bureau, Army Map Service, and Military Geology Plrinch of Zhe U. S.
Geological Survry. Since some oi these data are claAssified. the, environ-
mental data used in this stud:- were assembled in a classified appendix to

t!he project report.



OVERLAND OPERATIONS

The elements of continental environments considered to be most signif-
icant for overland GEM operations include altitude, slope, drainage
features, vegetation, and terrain obstacles and discontinuities, such
as irr'igation features, emnbankments, walls, and hedge,. The influence
of these elements on GEM operations is as follows-

I. Altitude affects power req~iirements. Howeve-, becau,;e of the
steep slopes at high altitudes, 90 percent of overland GEM oper-
ations would be at altitudes of less than 3, 000 feet.

2. Slope also affects power requirements. Since the GEM has no
surface contact to provide traction, the propulsion sysIem must
supply the force for operating up, down, and across slopes.
Slopes of 0 to 10 percent occur over 58 percent of the world's
land area. Slopes of 10 to 30 percent occur over 23 percent of
the world's land area, and slopes of greater than 30 percent
occur over 19 percent.

3. Stream valleys and other drainage features provide important
access routes but limit vehicle size. GEMs can operate effec-.
tively on streams wider than t'iree to four times the width of the
vehicle. Most streams throughout the world are 60 to 250 feet
wide; three-fourthb are greater than 100 feet wide. Two-thirds
of the streams have "steep" banks, across which GEM access to
stream valleys would be very limited.

4. The occurrence of bends in rivers combined with ihe low acceler-
ation capability of GEMs Limits speeds for waterwayt operations.

5. Vegetation is an obstruction where it is tall and dense. Dense
forest covets 24 percent of the world's land area.

6. Obstructions and discontinuities include solid ob~itacles such an
walis, embankments, and buildings; yieldmg,-nonpassable obstacles
such as brush; and yielding-passable obstacles such as light fences
and fields of grain. More data Are needee, on maaieuv!ring re-
quirements for overland GEM opzratlons becauar of the high speed
capability of these ,.ehiclev.

7. Irrigation ditches are commonly Z to 10 feert deep and 4 to 30 feet
wide. Rice paddies are commonly 100 fee! aquirr. with dikes



2 feet high and 2 feet wide. Rail and road embankrr !nts are

commonly 2 to t feet high.

The design lihmts imposed on overland GEMs by these environmental
elements are summarized below:

Size (width) 20 feet on 95 perce'nt of streams, and forest
clearings.
30 feet on 75 percent of streams.

Operating Height I foot - limited local operation!s.
2 feet - overland, with detours,
3 feet - overland, fewer detours.

Jump Capability 4 feet - minimum for :. rossing dikes and walls.
6 feet bu-ter for dikes and walls.

Stream Access 5.foot vertical batik capability up and down.
10-foot bank with slope of 50 to 100 percent.

Slope 15 percent for limited operationb
30 percent, at reduced speed, for general
operations.

Speed. 30 to 40 knots on majority of rivers, also
reduced by obstacles overlaud (extent not

known).

The suggested classification of overland GEM vehicles is shown in
Table I The five classes listed in the table cover a wide range of possible
sises and operating heights. Ti. planform ratio of 2:1 represents a fair
compromise between utility and performance. (For performance det-,r-
ruination, the vehicle size is most conveniently represented by the diameter
of the circle havitig the same Lrea as the has- planformn ) The operating
height corresponds to the maximLIm practical height/base diameter ratios
which can presently be .chievcd, except that operating heights greater than
3 feet do not provide signficant added capability. The columns on inland
wkterways ,sable and access to stram valleys give th., percentage along
the length of streams suitabte for GEM operations.

The ove-rall suitability for overland GEM operatons is given in Figure 1.
Four qualitative categories of suitability are bi-ed on the geographic ele-
ments previously discussed. Unlimitud overland operations correspond to
areas which are mostly flat, bairten, er granas covercd with few obstacles.
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TABLE I
OVERLAND GEM CLASSIFICATION

Inland Access
Jump Slope Land Water- To

Operating Capa- Capa- Area ways Stream
Size Height bility bility Usable Usable Valleys

Class (ft.) (ft.) (ft.) (pct.) (pct.) (pct.) (pct.)

I. lOxZO 1 2 15 6 90 5

II. 20x40 2 4 ZO-30 18 90 20

11. 30x60 3 6 30 34 75 30

I V. 40x80 3 6 30 32 60 30

V. 50x 100 3 6 30 Z8 50 Z5
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Limited overland operations correspond to flat and partly hilly areas
covered by brush or grass with stream valleys partly usable and rivL
forming barriers. Operations on inland waterways cr'i respond to for-
ested and rough areas with wide streams providing acc .rs. In some
areas operations may be restricted to the water area on~y. No opera-
tions can be carried out in rough and forested areas with few streams,
except in very limited local areas. Operations in coastal areas are not
included in this figure (they will be discussed later). The suitability
classification given iii this figure is very generalized and is not intended
to indicate suitability for an operation at a specific location.

Altogether, about 50 oercent of the world's land area is suitable for at
least limited overland GEM operations. In addition, about 15 percent of
the world's land area is suitable for operations on inland waterways only.
Limited operations may be carried out on the icecaps of Greenland and
Antarctica if special equipment is used.

The following generalized operating conditions may be seen in Figure 1:
(1) A waterways operations belt stretches across the USSR through a for-
ested region. In this region, wide north-south rivers are separated by 30
to 100 miles; (2) Operations are possible in the northern tundra regions
whether thawed or frozen; (3) GEM overland operations are most suitable
in Australia and Africa, and in South America if the Amazon Waterways
area is included. GEM operations are not suitable to as large an extent
in Asia and North America.

MARINE GEM OFERATIONS

The elements of the maritime environments most significant to GEMs are
wave heights, winds, and occurrence of sea ice. The highest waves and
winds normally occur in latitudes 40" to 65" North and South, oriented in
bands east and west in the southern hemisphere and southwest to northeast
iu the northern h•ntisphere.-

The lowest winds and waves generally occur in the low latitudes. Sea ice
occurs in the North Atlantic in the winter and to a much lesser c-xtent in
the summer. but very little occurs in the North Pacific. Sea ice occurs
year around near Antarctica.

The effects of these elementt of maritime environments on marine $EM
operations are as folioo-s:

1. Wave height influences OEM operating heigl,. We have used
the relation of operating height equal to one-half wave height.
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Wave-height maps made up from the Marine Climatic Atlases
can be used to determine the ocean areas suitable for operations
of GEMs of various siztas.

Z. Sea ice, rough at the edges and when piled up near the shore,
also influences required operating height.

3. Winda influence control power and block speeds which may be
achieved on oceanic routes.

In coastal waters wave heights are genei ally lower; but surf, ice, wind,
and channels will affect GEM operationsi.

The suggested clasificat;on of mariae GEMs is given in Table 2. Here,
again, we have chosen five classes of vehi'-les covering a range of sizes
and associated operating heights. In addition there is an alternate classi-
fication for "sidewall" marine GEMs, which utilize solid walls or skegs
al~ng part of the vehicle base to contain the air cushion. Lifting power
rcquirements for sidewall GEMs are lower thv.n those for standard GEM
configurations; however, speeds will be limried by wave drag on the skegs.
Peuding further test results, sidewall marine GEMs are classified on the
same basis as other configurations.

For each class of marine GEMs, the total power reicuirements at the nor-
mal cruise height for each class and at the rnmaximur'i cruise height (at
one-half to two-thirds normal cruise speed) are approximately the same.
Seasonal feasibility is best determined by matching the normal cruise
heights and maximum cruise heights with maps showing wave-height distri-
bution on a seasonal basis. For example, a GEM with a maximum cruise
height of 6 feet can operate on an annual basis 70 percent of the time in
80 percent of the world's oceans. The design winds for operation are the
winds occurring at least 10 percent of the time in areas with wave heights
corresponding to the maximum cruise heights.

AMPHIBIOUS OPERATICNS

Amphibious operations. corresponding to the coastal environments of the
world, overlap to some degree both marine and overland operations. The
significant elements of Loastal environments include coastal lerrain, stream
valleys, characteristics of beaches, vegetation, surf conditions, and ap.
proach obstructions.
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T ABLE 2
MARINE GEM CLASSIFICAT10iO__

Sidewall Configurations

Max. Cruise Design
Height Wind

Normal (1/?2-Z/3 for Base
Cruise Cruise Seaiional Oper- Clearance Seasonal

Size Height Speed) Feasi- ations Height Feasi-
Class (ft.) (ft. )(f t. ) bility (k. ) Class (f t. ) bility

I . 2Ox4O 1 1.5 Choose 15 I-A 1.5 Choose
operating operating

HI. 30x60 1.5 Z. 5 are~i in 20 11-A 2.5 area in
Table of Table of

111. 50 :iL 100 2.5 4 Sum~mary 30 :'T_-A 4 Summary
W ave Wave

V1. 7 5x 150 4 6 Height 30 IV-A 6 Height
Datai and Data and

V. 100 x 00 6 10 match 40 V-A 10 match base
nor'rial and clearance
max. cruise height.
heights.

Q .1
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1.. Coastal terrain determines aream which are restricted from
GEM op'rations. Thetsc are,- include rocky and cliffed coasts.

Z. Stream valleys provide access routes inland but, as in the case
of overland operations, restrict vehicle size somewhat. Eighty
percent of coastal streams are greater than 100 feet wide, 70
perceoIt greater that 150 feet wide, and 50 percent greater than
250 fort wide. "Steep" banks occuran.about 20 percent of coasta;
streAmin within 15 to 2.0 miles of th,, shore.

3. Wave heights and surf determine operating heights. Throughout
the year, surf greater than 5 feet occurs on 90 percent of the
world's coast, surf greater than 8 feet on 30 percent, and surf
greater than 12 feet on 5 percent. Again, we have used the as-
sumption that GEM operating height equals one-half surf height.
More data are o'eeded to support this assumption. Specifically,
full-scaull experiments on GEM operations in the surf zone should
be conducted.

4. Surface-pie:1 lcing water obstructions, including coral, are widely
scattered along most of the world's coa.itLhnes but do not appear
to offer much problem for GEM operations.

5. The characteristics of beaches that. are significant to GEM oper-
ations include length, width, slope, and material. Only part'al
data coverage are available, for beach characteristics throughout
the world. Our analysis was based on the study of approximately
7, 000 beache-e in groups of 5 to 100. Length of b,'aches affects
the size of operations: 45 percent of the world's beaches are
greater than 2 miles "long. Width of beaches affects unloading

operations: 70 percent of the world's beaches are greater than
50 feet wide at high tide, but only 25 percent of the world's
beaches are greater than 100 feet wide at high tide. Vehicle
widths would thus be limited for unloading operations entirely
on dry land. Slopes of beachefs influence power requirements:
average beach slopes are 3 percent in the tidal zone and 6 percent
above the high-water line. Eighty percent of the world's beaches
have maximum slopes of less than 10 percent, and 90 percent
have slopes of less than 15 percent. Near-beach terrain has less
than 15 perce,.nt slope for the most part (or rocky and cliffed, un-
suitable for GEMs anyhow). Ninety percent of the world's beaches
are composed of sand, pebbles, cobbles, and coral. Walls and
embankments often back beaches, and thus prevent inland exit by
vehicles such as GEMs.

Q-l1



6. Vegetation, surface cover, and terrain obstructions are the same
as discussed in overland operations.

The effects of coastal env,,ronmeuts on amphibious GEM operations a :e
summarized below:

Sise (width) 30 iept on 80 to 90 percent of coastal streams.
40 feet on 70 percent of coastal streams.
50 to 6C feet on 50 percent of coastal streams,

For udlo&ding at high water, 50 feet on 10 perc,.nt
of beaches. 100 feet on Z5 percent.

20 feet for operations in forest clearing.

Size may also be limited by transportability
requirements.

Operating Height I foot *. to the boach only.
2 feet - ismited inl.and penetration.

J'np Capability 4 feet - minimum for d .s, walls.

6 feet - better ýor dikes, walls.

Sari (ixnaimum 2. L feet on it# percent of beaches. (not
operating heibht) 4 feet o, 70 percent of beaches. fncludalig

6 feet on 95 percent of beaches. strme)

Slope 10 percent for 80 percent of beaches.
15 percent for 90 percent of bhaches, also
Pear.-:cast terrain.

St:-.,am Access 5-1oot, vertical bank.

10-fool., ;O to 100 percent bank.

Speed rz) coasta" swarmp area,, iapproxiarnaUi.
Ii. c inot S.
lniattd himited by unt-aides (ext..ot not knowr).

1Th suggest"• clar-siication of arip.il.•;-t, GEs is siven in Table 3.
The aormal opnrating height corriea.,,snds Cc over -the brach and overland
operatiosa. The maximum height correspoads to operations in the surf
&one %t appro•imat.ly wne-half normal ap.ed. The numbers for occe*s

.%6 "acb4hesad ac:caes, inland vs % stream v,4lqyk, correspond to the pe:.
motlge; of warld €Oasltine6. excluding Ant .atctica. Greenland, and the

Nortb Americau arctit isiande. These percenta&e* Include year, rouill
operatfoos except it. stormn.
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TABLE 3
AMPHIBIOUS OEM CLASSIFICATION

Access
Inland

Access Via
Normal Max. Jump Slope to Stream

Size• Height Height Capability Capability Beaches Valley
Class (ft.) (ft.) (it.) (ft.) (pct.) (pct.) (pCt.)

I. 70x40 1.5 Z.5 3 10 10 10

II. 30x60 2 3 4 15 40 25

Ill. 40x80 3 5 6 15 70 40

iV. nflx lo0 3 5 6 15 70 35

V. 7 5 x150 4 6 6 15 50 30
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The generalized suitability for atriphibious GEM operations is shown in
Figure 2. In this figi.re the coasts of the world are divided into three catu-
gories of suitability: Zone I - GEM operations over the beach or inland
via stream valleys; Zone 2 - GEM operations to the beach but inland access
restricted; Zone 3 - unsuited for amphibious GEM operations. Zone I and
2 areas are subject to climatic limitations such as hummocked ice in winter.

Altogether, about 30 percent of the world's coastlines (excluding Antarctica,
Greenland, and the North American arctic islands) are included in Zone 1,
about 40 percent- in Zorie ?., and. abouL 30 percent in Zone 3. Remember
that this figure shows area coverage for generalized operating suitability
and not point locations for specific operations.

INDUCED ENVIRONMENTS

Induced environments are the conditions arising during the operation of
the system. These conditions interact with the natural environment in
which the operation is conducted. The following elements of induced en.-
vironments of the GEM were considered in our study:

1. Noise
Z. Vibration: power unit induced, lift system induced, shock

induced.
3. Component - generated temperatures
4. Exhaust gases
5. Static electricity
6. Visibility
7. Acceleration and shock, including stressing for wave impacts
8. Re-ingestion of downwash air, resulting in salt encrustation,

erosion, icing
9. Salt water ingestion

10. Sand and dust ingestion
11. Snow and ice accumulation

Our conclusions on the elements of induced environments ard that noise,
re-ingestion, and visibility at low speed are the most significant problems
for GEMs. Snow and ice accumulation can also be serious.
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Figure 2. Suitability for Amphibic.
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COMiAT ENVIOPONMENTS

The followini elornents of combat envirc)nments were considered:

1. Again, noise
2 Dust and spray

3. Camouflage
4. Radar reflectivity
5. Infrared emanation

6. Vulnerability
7 Damage protectior.

8. Field repairs
9. Operation in mine fields

10. Nuclear explosion environment
H!. Loadability in marir.e and amphibious operations

Our conclusions here are that noise and infrared may be troublesome;

also that a dust-.cloud signature will bc. created during operations in
arid rt-giotws

PERFORMANCE AND VEHICLE EVALUATION

Basic performarice parameters were developeu very briefly for all the

GEMs classified above. This was niot a detailed development cd optimized

performance. The rt•ilts included weightb, power requirements, speed

capabilities, and pa'load-range parameters.

A comparative evaluation of GEM vehicles -'s based on transport effi-
cienct (payload 'imes range divided by fuel used), utility (operating areas

from vehicle class ifc.-ition), and ', nerability (speed divided by size).
Based on thest ctiteria the folo•'ilng vehicltle arc best-

1. The GEM havng the gr.att st potential for overland oper-
atior.s is a vehicie with a piatform of 30 feet by 60 feet, an,
operating height ot 3 fett, and a jurnp capability of 6 feet.

Z. The GlEM having the greatest potential for marine! operations
in the opt.r aro-a, i, a vehicle with a planform of 50 feet by

100 feet, a normal opcr.atmtg height of 4. 5 feet and a ma.i-
mum operating height of 4 fvct.

3, The GEM having t.he great, sý potential for marine operations

in inlard wat( rways and coastal wattvrx II A "'hiclu havong a
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planforixr of 30 fut t .y 60 feet, a norni.il uperatir:g hieight of
1. 5 feet, and a mr~aximum opt(rating height (It !. 5 fet.

4. The GEM having the greatest potential for amphibious oper-
ations is a vehicle with a planform of 50 feet by 100 feet, a
normal operating height of 3 ft et, a maximum operating
height of 5 feet, and a jump capability of 6 feet.

This is what we have called "the environnental approach to the vehicle".
An overall analysis, such as that discussed in this paper, can serve to
guide the cevelopment of new systems to ineet the total environmerial re-
quirements with which they must be 7ompatible. Detailed analyses of
specific missions or operations can also be carried out. In the case of
the GEM this is now being done to a limited extent.

The completr, discussion, conclusions, and recomiiendations of our study
were published by Booz-Allen Applifd Research, Inc., in August 1961,
in an unclaszified report entitled "The Domain of the Ground Effect Machine".
The Appendices containing background world-wide natural enviroa.rnent data
were published separately as Voturne I1, classifi-d Confidential.
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E NVIRONMENTAL TESTING OF THE INTERNAL AUXILIARY
COLLAPSIBLE PLASTIC TORSO (SEAT) TANKS DEVELOPED

BY MARK XII, INC., REDONDO BEACH, CALIFORNIA,
FOR THE U. S. ARMY UNDER CONTRACT DA Z3-Z04-TC-12IZ

INTRODUCTION

The basic philosophy behind the subject development waa the range ex-
tension of Army aircraft. In order to iuilfill the requirements by the
optimal comprornise, the design was based on the following fundamnttai
concepts:

I. Several tank units could be cous,,led to achieve any desired
auxiliary tankage within certain limitations.

Z. The weight of such a tank unit filled with fuel and oil would be
approximately the weight of a fully combat equipped soldier.

3. The shape of a tank unit should simulate a human torso, and
should consequently have the CG in the same place as a human.

4. The tank unit should have self-contained fuel arid oil transfer
implements.

5. The unit should be crashworthy in reference to "survivable"
crashes.

From the consideration of these fundamental design concepts emerged
the first form of this type of tank. At the very beginning it was obvious
that the functionality of this new development would depend on environ-
mental factors. Correspondingly, an engineering flight testing plan was
set up, but with consideration of only a part of the environmental factors.

The collapsible version of the first dcvelopment came as a subsequent
phase in this developmental program. Thit. was made possible by the
introduction of a novel plastic material, which, corresponding to research,
data, showed an overall superiority of characv,,rxstics against formerly
known material.s and synthetic plastic materiat., This material is poly-
uArethane elar.,tcmer, cc.mmercially designated by its manufacturer, B. F.
Goodrich, as "ESTANE, It Though the material itself underwent a series
of environmental static tests, it was of utmost importance to test th.
subject tanks within the environmental conditions which prevail in typical
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mnissionts Ir.IliZULg th,: sysb.Lm An -rivi ronmental testing plan was s-
up and put ni.u effect: ending with t'e engine, ring flight testing of the

.u 1 ject t,.nk 'jrStem. TI>ough this irivestigation is not yet closed, the
major part of it has b(c.-, completed i.nd an overall favorable picture is

showing the rightfulness of the ant.cipated features,

'rEST PLAN

Since the .:cope of the de-velopment primarily was the range exten!, ion
of aircraft, consideration had to be given to the types of missions An.-
volved in this problem field. First of all, the deployment of Army
aircraft had to be considered as having first-priority importance.
However, the tactical exploitation of the range extension possibility
was also set as an equivaluntly important goal. An usually occurs
during adevelopmertal prograrn, additional requirements and features
#'er. added to the origirnal basic concept.

At the beginning, the environment-.l testing had been divided into three

major phases:

1. Static testing with induced environmental factors.

2. Flight testing wi:h r:alistic crvironmental factors.

3. Destructive tests wi.th simuiated environmental factors.

Phase I has been practicallv coric-.uded Phases 2 and 3 have been con-
eluded to their gicater ex:.n%. Th,; remaining portions will be accom-
plished lat'f this yar.

The three phases ;nztuded thc folowi,,g fpecific tests;

I. Phas, 1.

A. Static t.st.ýng ,*.h indu_.ed er.vironment..l factors.

b. Clirnvttic ttr,!,.jg bt•'ee:. -70"F. to + 212'F. in a climatic -

test OiAmber.

(I. Testing of r,-%tsiUn( gai ,.%t varitao s fuels and iolventa.

d. Slosh arnd vibriton .- ,.

e. Parr rnt~tti a .iai test.



":" VIRONMEN CAl T'rESTING OF THE INTERNAL AUXILIARY

COLLAPIPL- PLASTIC TORSO (SEAT) TANKS DEVELOPED
BY MARK XII, INC., REDONDO BEACH, CALIr'ORNIA,

FOR TqE U. S. ARMY UNDER CONTRACT DA 23, '04-TC-IZI,

!N T RODU C TION

The basic philobophy behind the subject development was the range ex-
tension of Army aircraft. In order to fulfill the requirements by the
optimal comprornise, the design was based on the following fundamenla,
concepts.

I. Several tank tinrts could be coupled to achieve any desired
auxiliary tankage within certain limltations.

2, The weight of such a tank unit filled with fuel and oil would be
approximately the weight of a fully combat equipped soldier.

3. The shape of a tank unit should simulate a human torso, and
should consequently) have the CG in the same plac, as a human.

4. The tank unit should have self-contained fuel arid oil transfer
implements.

5. The unit sheuld be cradhw'e.rthy la reference tv "survivable"
crashes.

From the conid&-.'ation oi these fundamental design concepts emerged
the first form of this type of ta ,k. At the very beginning it was obvious
that the functior.ahity of this new d vlopment would depend on env'iron-
mental factors. Co-.,spondingly, an enginetering flight testing plan was
set up, bu! with consihderation of only a par.t v tho e.ivxronmvntal factors.

The colitpsible version ol the firset dt'---opmJent c.ame an a ,ubscquent
phase in this developmental program. Th.s was made possible by the
introduction of a novel plast•c niateri&!, which, ,:orretpo.adng to restarr-
data, showed an everall stirerCot sty of characti;ristar.• '.,.nst fornrlcrv
known miterials And syntizetic plastr inaterials. Tli, n:-&rrial in pol;-
urethane d!astomer, ct"unrercially designated by its izsnuffcur" r•, D. V.
Goodiich. ai "ESTANE. " Though the material .tsel( uedi-twen' -% 34ri, S
of enviro~nmetntq1 stati,-- tests, it was of utmost importance 1- test tirc
subject t,nnks within thv- ewn tronmo7-'ial uoj itiotos wfiý7i pr.v4i in in,-.,.
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f. Dynamic load test.

2. Phase Z.

a. Flight testing with realir-tic environmental factors.

b. Fuel transfer in flight at various altitudes.

c. Oil transfer at various altitudes.

d. Fuel drainage in flight.

e. Gravity refueling on groAnd.

f. Pressure refueling on griound.

g. Controllability of the aircraft with full tanks and with
tanks half empty - stabilty of aircraft.

h. CG shift during fuel transfer change of control forces.

i. Take-off with full fuel load.

j. Permeability and leakage test in flight.

3. Phase 3.

a. Destructive tests with simulated environmental cind4itions.

b. Simulated crash tests.

c. After-crash fire tests.

d. Dropability tests from varicus low altitudes.

TEST PROGRAM

The test program was initiated in November 1960. F•'irst the static
ernvirotimental tests wrt'e performed, Part of the reqmsired teet facili-
ties wore available at the ESTANE manufacturer's plan. Other tests
wete pitrformed by the contractor at his own plant or at the factlities of
a certified coninercial organization.
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missions utilizing the system, An environmintal testing plan was set
up and put nnto effect, ending with the engineering flight testing of the
subject tank system. Though this investigation is not yet closed, the
major part of it has been completed and an overall favr)rable picture is
showing the rightfiIness of the anticipated features.

TEST PLAN

Since the scope oi the dev,,lopment primarily wii, the range exte.asion
of aircraft, consideration had to be given to the types ot missions in-
volved in this problem field. First of all, the deployment of Army
aircraft had to be considered as having first-priority importance.
However, the tactical exploitation of the range extension possibility
"was also sot as an equivalently important gý..1. As usually occurs
during a development-l progrpr-, t equirements and features
were added to the original )';sic concept.

At the beginning, the. environmental testing : A been divided into three
major phases;

I. Static testing with induc,!d environmental factors.

2. Flight testing with realistic .-Aivironmental factors.

3. Destructive tests wit;u simulated environmental factors.

Phase I has been practically concladed. Phases 2 and 3 have been con-
cluded to their greater extent, The remaining portions will be accom-
plished jato this yer.

The three p.ases included the fo'lowing bpecific tests:

1. Phase 1.

a. &atic testing with induced environmental factors.

b. Climatic testiag betweert -70"F. to + Z2iZF. .n a climatic
test :hamberr.

C, Teetini oi re~sistan•e against various fucls and solvents.

d. Slosh and vibration ýtst.

e. Perr:---Abilitt test.



The climatic testing had an endurance of 160 hours. Also, the fuel and
solvent restatance test Peries involved coniside,-able time. Thus the
results obtained can be accepted as realistic and conserv iwv..

The dynamic load test was performed at the facilities of Hartmann
Engineering, Inc., Los Angeles, California, on a pandulum-type teat
rig. The dynamic load test included all configurations specified by
military specifications in the contract. The sequence cf these tests is
recorded on high-speed movie film (124 frames per second). Also,.
accelerometer readings were recorded on an oscillograph. After the
contractually spec'.tied test load was applied and no failure occurvreti,
the test was continulcd with stepwice increasing loads untL failure oc-
curred. The accelerometer readings refer only tG the firward load.
It is clearly vinible in the film that before impact there was already
a considerable load on the specimens from centrifugal acceleration.
This fact shows that the load figures in this test are very conservative.
The actual loads were larger, resulting from bot.i hnei-ýPvtal impact
and centrifugal acceleration. rhe test tank was filled with water to
simulate the weipht of the total fuel capacity. Consequently, at dynamic
impacA slosh was also in the pla--, and the pressure surges that followed
and their effect could alrea y be seen on both the high-speed movie and
the oscillograph recordings.

The slosh and vibration test wa. perfoi ied in a test rig specifically
designed for t'*is purpose. The vibration irequency warn approximately
60 cycles per second. This test was combined with the permeability and
leakage test. The slosh and vibration rig was placed under a hood for
the whole duration of 40 hours. Under the hood was placed the sensor
of an explosiometer. This device would indicate not ottly the preaence of
an explosive fuel vapor air mix, but also the presence of any fuel vapor
in the ambient atmosphere. During the 40 hours of this test, the vapor
indication was constantly negative. Fo.r the slosh test, the tes! tank was
only partly filled with fuel. In spite of the considerable slosh volume, the
periodic deformation of the tank was barely noticeable. At the end of
February 1961, the contracted number of specimens were ready. Fol-
lowing the standard acceptance inspection, the engineering flight tests
began at Sharpe General Depot, Latbrop, Califorraa. Because of diffi-
culties in deployment of ten, aircroft, the second phase of the program
was discontinued at Sharpe General Depot and is still incomplete. A
second engineering flight test was p4rformed at Fort Ord. California,
in July 1961 with only partial accomplishment. The completion of this
phase of testing is now scheduled at the TMC Aviation Field Office at
Edwards Air Force Base. California, and will be performed in the near
future.
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The destructive test series was started in June 1961 in combination
with the simulated full-scale crash test series conducted by Aviation
Crash Injury Research (AVCIR), Phoenix, Arizona, under the cogni-
zance of USATRECOM. In this series of tests, torso seat tanks were
placed in H-Z5 and.' H-13 helicopter seats. Part of the test is shown in
the 8-millimeter color movie taken by the author. The ensuing tank
failures in these tests can be attributed to the fact that the simulated
crasbes were "not survivable." Also it is a fact that the simulation of
the crash conditions was imperfect, and the vertical vectors are thus
exceedingly exaggerated. In discussions with AVCIR, it was agreed
that the perfect simulation of a crash and crash environment would nece.s.
sitate drons control of the test aircraft and realistic ground environment
as a crash site (in the tests the crashes occurred on a hard-surface run.-
way). Nevertheless, the results of the crash test could be evaluated in
order to improve the design by minor modifications. This refers mainl-y
to the protection against puncture.

The postcrash fire tests are scheduled for October 1961 at Aviation Crash
Injury Research, Phoenix, Arizona. Two tank specimens are scheduled
for this test. The dropability tests from limited altitudes will involve at
least five specimens. The test plan for the dropability test aims to
determine the maximum altitude of dropability of filled tanks without fail-
ure at impact. The drop site configuration will vary from smooth and
soft sandy soil to wooded area or rockstrewn, torti ground.

TEST INSTRUMENTATION

Being field-type testing, the simplest instrumentation should be cori-
sidered. It is not the scope of the whole program to strive for extreme
accuracy. The major part of the answers can be obtained from flight
instruments of test aircraft. Beyond this, recording accelerometers,
strain gages, and high-speed movies (black and color) would give adc-
quate information of dynamic conditiorns. Static conditions may be taken
in still pictures. In crash fire tests, radiation pyrometers and electric
timers may be used.

In crash tests, simple peak recording accelerometers can be devised
with very little experase. The onset of acceleration can be evaluated
from the analysis of high-speed movies in reference to timing.
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The above statements are very general and indicate only the types of
instrurnenLatton. The actual instrumentation of test phaues and indi-
vidual test rurts must be tailored to the test aircraft and the mission,
and implemented occasionally.

Environmental testing is different from basic research in aim and
character and should be handled correspondingly. In doing so, one
may obtain the maximum of informatiun in time and with the rmnnimum
of expenditare.
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