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SUMMARY
VEHICLE CROSS-COUNTRY MOBILITY

(Project CD 500-5-57)

1, PURPOSE AND SCOPE. This study considers the requirements
necessery to determine a practical definition and measure of degree
of cross-coutitry 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 oif the road in
order to attain and maintain parity of movement with the tactical ele-
ments of the modern Army. In recognition of this need, the Chief of
Transportation, in 1956, stated that it is imperative that tcte Transpor-
tation Corps determine and es:tablish a practical definition and aeasure
of the degree of cross-country mobility required; this being a positive
prerequisite to the preparation of realistic vehicle =ilitazy character-
istics and .. properly orieited recearch and deveic-mnt program. 1/

b. The ever increasing requirement for greater Army mobility
in all environments dictates that the Transportation Corps emphasisze
development of curgo carrying equipment which can kcep pace with what-
ever movemant 18 required in resupply operations. In the time frame of
this study (1965-1970), i+ is estimated that an intesgrated transportation
system utilizing alr, rail and motor transport will be esmploved. Rail
potential i the LOC will be limited by the zone >f ocperation, the state
of the road bed, the organigzation, and the availability of equipment.
Operational contiruity ard flexiblility of movement most probably will -
be achieved by means of surface mduer tranepo:t possessing both on-road
and croas-country capabilitles. If wae ar< to have thie capability, thare
must be rapid ard drastic inprovement in tha mobility characteristics of
the Transportation Corps organic vehicles, resulting in equipment capatle
of responding with spazed and agliity to the combat units requirements in
both logistical and tactical situations.

3. PRINCIPAL CONCLUSIONS AND RECOMMENDATIONS.

a. This study corcludes, in geanaral. that the degrea of cross-
country mobility required for vehizles of the motor transport flest is
measured in terms of the speci¢ic performarce characteriatics of the most
mobile major vehicies in the cumbat urits supported; and that the present
Transportation Corps transport vehicles are not capable of off-i-oad move-
ment coumenaurate with the requiremants of cross-country mobility through-
out . hie Army operational arcas of future empicyment,

1/ Ler, OCOFT, TCMID-B, RCS 18, 19 Oct 1956, "Vehicle Cross-Country
Mobaiity Definition and TC Requirement . 196C-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 concditions and variations; and outlines specific features
of a test course whereby theses characteristics can be effectively checked
in vehicle prototypes.

¢. The study recommends adoption of the optimum vehicle per-
formance characteristics for cross-country operations, as constituting a
practical definition of the cross-country mobility required in vehiclea
of the Transportation Corps motor transport f'eet in the long range
period; and that the test course features be accepted as a practical
method of meesuring this mobility.
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3.

PROBLEM. To determine & 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.

ASSUMPTIONS .

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

b. <he present cross-country capabilities of the Transportation
motor transpirt fleet are not adequate for all operational
teeks.

FACTS BEARING ON THE PROBLEM.

a. For this study period, surface motor vehicles must be considered
as ore of the most reliably known mcdes of transportatior in
suppurt of field army operations,

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

DISCUSSION.
a. Introduction.

(1) There is a requirement for immediate 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 wotor
transport equipment with a high degr2e of cross-
country mobility for use in support of the future
Ammy, it is imperative that the Tsansportation
Corpe determine and establish a practical defirition
and meagure of the degree of cross-couniry mobility
required. This 13 a2 positive prerequisite to the
preparation of realistic vehicle military character-
istics and a properly oriented Research and Developmant
Fropram.* :

(3) Of the three cardinal modes c¢f transportation employed
by the Armed Forces - land, sca, and air - the science
of land locowotion (s undoubtedly in the most backward
state. Since World War I, the srate of the art of

*Letter, OCOFT, (TOMID-E RCS 18), Vehicle Cross-Country Mobility
Definttion and iC Requiremert, 196C-70 Arvmy, 19 Oct 1956.
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arrodynamics and hydrocdynamics have sped forward far
out of proportion to the science orf land lccomotion,
which at this time must be developed to comparable
statug in order to meet the ever increasing need for
integrated transportaticn systems.

(4) Over the last S0 years, the major effort in the advance-
ment of the science of land loccmotioa has been devoted
to the attainment of speed, capacity and passenger com-
fort over prepared highways. This devotion of effor:
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 ccutinual maneu-
vering of combat units over wide expanses of territory.
Offensive operations will consist of rapid atrikes at
the weakest point of the enemy’'s defenses to destroy
the enemy rather than to hold terrain, with equally
rapid withdrawals. Rapld movement will also be vital
to defensive opera:tions in order to deceive the eremy
with regard to the location of units.

(6) In the time frame under consideration in this study, it
is estimated that an integrated transportatior 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 organization,
and tne avallability of equipment. Also it is expected
that a large percentage of the rail capacity will be
utilized for support of the indigenous populationm.
Operational continultv and flexibility of movement most
probably will be achiasved by mears of surface motor
trangport possessing both on-road and crosgs-czuntry
capabilities. ‘

(7) 1If we are then to depend heavily upen motor transportation
in fulfilling the Army suppcrt requirements, 1% will csall
for a capability that at present 1g riot sdequate. 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 cspable of responding with speed and agility
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to the cowbat unit's requirements in both logiscical and
tactical situations.

{8) In future cperations th. Transportation Corps will use

preparad surfaces wheraver asvailable and will rasort to
movement cross-country vhen required; however, this
requirement for moving cross-country zather than over
prepared surfaces in both tne cowmbat and logiscical
support areas will incrsase rapidly &s new weapo:: and
tactics bacome realities.

b. Concept of Transportation Corps motor vehicle operstions:

(1) In ordar to enable us to select and isolate the indices

(2)

(3)

CY

(5

for future Transportation Corps vehicle mobflic,, it
is necessary to discues concepts of future TrauLsporta-
tion Corpe motor vehicle operations.

Mobility requiremants in the two main aress of s thastsr

of operr:zions - communications zone and field army - will
be considered in order to detmrmine whether, in fact,
separate requirements exist for logistical vehicle charac-
terietics in the two gones.

In esch of the above genecal areas there exists s need

for intva-area (local) motor treneport service units.
Subordinate “area" commsnds, primarily sdministrative
in function, may be conteined in eithar of these min
arsas; they too would have an intra-area transport
capability. :

To provide for the inter-area (line haul) service from,

to, and through the main opersticnsl areas (and subordinate
in¢cluded commend stzuctures) there say be establighed &
trangportation intersect’onal motor transport servica
rusponsible for controlling and cperating s general

haulir; sarvice comprising a pool of motor vehicles

dzv,azad to the "line haul' missioen.

Tha moving “taiand" concept ! cperations as anviaaged

for Iuture wary, wheretn ._and ereas deveoid of friendly
troops aay exiut betwen toe Lass seciion, sdvanste sectiocn
and flsld army scea, prosents &0 opportunity f0r enamy
tnfiltration and sabotage vhich must ba conridersd. Any
mizgure of gaeny succdss itn these voids", the plennad
casense of the LOC notwithetlanding, will creste obsiac.ea
te the passage of motor ve:icles. Deetvoyed bridgvs and
sections of voadway or conteninated areas can ba expected
vhile operatim in this avea. IaXersectioeal motor ve-
Nicles engeges  n ifine hati operatizns wust have cross-
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country capabilities to the extent necessary to bypass
such temporary obstacles, but not to an extent requiring
compleie independence of prepared surfaces cf any type
at all times.

(6) There is every reason to believe that an area sufficieatly
large and sufficiently importsnt to justify the conmit-
ment of a theacer Army will contain within it a psttern
of roads or trails whizh are not susceptible to complete
destruction, even in this day of mass dest-uction weapons.
It is necessary, therefore, to digpel the belief that
motoxr transport vehicles engaged in line haul operaticns
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 15 increasing to the point of requiring that
transport vehicles be comparable to tactical vehicles
in their ability to operate off of prepared surfaces.
Terrain obstacles additional to the uatural ones dis-
cussed elsewhere in this study are c¢reated in this area
by direct destruction as oppoused to infiltration and
sabotage damage encountered along the LOC's, It is in
the divisional area, with its dispersed and highly mobile
combat groups, that the Lighest degree of cross-country
mobility will be essential.

(8) Furthermore, the combat group area within a division is
subjected to the most continuous firepower of the eremy,
In this area exists the most demanding requirement for
agility of movement on the part of the combat elements,
80 as to exploit all advantages over the enemy. Here
the transport service wust be geared to the rapid pace
of battle deployment suv as to provide adequate logistical
support to combat units. In this area can be expected
the greatest enamy damage to the existing rcad net, and
the consequen* denial ¢f road uasage. Hence, the greatest
need for true cross-country mobility in moror transport
equipment exists in this areas,

¢. Transportation Corps mobillty requiremaztc in the fleld army
area:

(1) The optimum crosg-zountry mobility characteristics for
vehiclea of the Treansgpertation Corps motor trangport
fleet in doth the field aimy area and the cumunications
sone can be best sxpressed in terms of the relationakip
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(2)

(3)

(4)

between the specifie tarrain or water obstacles to ve-
hicular movement and the vehicle performance chavacter-
istics required to overcome these obstaclas.

Thesa envirommental cbstaclss -~ 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-
binations and consistencies.

(b) Slopes: Beach slopes, ditches, and river banks sas
well as hills and mountains.

(c) Rocxk-covered end wooded aress: Both sprrsely covered
and closely covered terrain.

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

(c) Deep waters: Open expanses, such as lakas, and rivers.

To overccme these resistance factors, improvements in the
following 'vehicle performance characteristics" areas
are nceded: (ANNEX B)

(a) ZThe tractioral system: To overcome soft soils,

(b) Angles of approach, departure, and break (vertical
obstscle negotiability): To overcome beach slopes,

ditches, and river banks.

(c) Gradeability and lateral side slope stability: To

ovarcome hills and mountains.

(d) Steering radius and ground clearances: To overcome
sparselv covered rocky and wooded areas.

(e) Fordability:%* To overcome shallow waters.
(£) MNavigability: To overccme deep water.

Chart No. 1 illustrates the surface resistance and re-
lated vehicle characteristics. The vehicla performance
characteristics needed to overcome the surface resistance
factors constitute in effect a definition of the Trans-
portation Corps mobility requirements for ths very long
range period,

;ﬁ?ordlbilii§“ ie stated in rerms of its current detinition; howevar,
when "Navigability" is ach!faved, "Fordability" is inherently included.
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(5) Transportation Corps vehicles in direct support of combat
elements should posaess 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 requirsments for Trans-
portation Corps vehicles in the field army area, it is
first necessary to determine the specific performance
characteristics of the most mobilea 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 seme factor.

(6) The M-59 armored personnel carrier and the M-48 tank appear
to be the most mobile major vehicles organic to the current
division, so that their performance characteristics in
overcoming various surface resistance factors have in
general been established as the minimum requirements for
the Transportation Corps vehicles that will be employed
in direct support activities. Possible future replace-
ments for thege vehicles a&re urder development and their
anticipated characteristics have alsc 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 a&cross unprepared surface is concerned,

{(7) It may be well to notn parenthetically at this point that
the characteristice 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
almoat certain that it will have to possess at least
the sume cross-country capabilities as the current medium
tank. (Chart 2)

(8) 1In Chart 2, the mobility capabilities of these major combat
vehicles become a definition of the minimum capabilities
required for the logistical direct support vehicles of
ths Transportation Corps fleet. I1f the capabilities of
the direct support logistical vehicle to be used in the
field army area are to be at lecst 2qual to those of the
vehicles in question, this Transportatica 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 muat be 90°, while its
angle of break must enable it tc negotiate a vertical
changes in surface level of 26 inches without bellying.
The vehicle must have a 60% gradability for negotiation
of hills and mountains. The steering radius ¢f 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
capatilities, 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 i
in both the communications zone and the field 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 ﬂ
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 performamnce
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 cress-country vehicles would be at leas: 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 eaqually suitable for use in line haul
operations in the communications gone. While movement
in this zone may be geared primarily to prepared surfaces,
1f the future theater of operations is Western Europe
or CONUS, it will nevertheless be ne¢cessary to luave the
.vad 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
tiie COMZ than i{n the combat area, the surface rasistance
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) 1If 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 gzone.

Method of measuring Transportation Corps cross-country mobility
requirements:

Now that Transportaticn Corps vehicle cross-country mobility
has been defined in turus 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 terrair 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 operationel
characteristics for fully loaded motor transport vehicles

are set forth in Chart 3.

5. CONCLUSIONS.

The degree of cross-country mobility required for vehicles of
the Transportation Corps motor transport fleet 1s measured
in terms of the specific performance characteristics of the
most mobile major tactical vehicles in the combat units
supported.

The present Transportation Corps motor transport vehicles are
nct adequate to the requirement for all operational movemerts
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 commensurate with the
requirements for cross-country robility throughout the
army operational areas of future employmert.

The optimum cvoss-country mobility performance characteristics
for vehicles of the 11 .nsportation Corps motor transport
fleet, carrying rated load in the temperate areas of the
world, under everage seasonsl conditions and variations, are:
(8es Charts 4 and $)
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(1) Tractional system (ground pressure) - 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 - 30°

(3) Angle of departure - 90°

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

(5) Gradability - 60%.

(6) Llateral stability - Center of gravity permitting 360°
turn on 60 percent slope (31°),

(7) Steering radius - Mot 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"
wvaves without swamping., Stability sufficient to
traverse shallow and deep inland waters under its
own steering and propulsion; to attain z water speed
of seven mph,

(10) Tractive effort - To maintain continucus forward move-
ment equitable to the environment,

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

d. The cross-country capabilities of the Transportation Corpa
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
prescribzsd limics.

8. A test couvss, with the specific features outlined in Chart 1,
is required to check the crcsa-country mobility of Transporta-
tion Corpe vehicle prototypes.

RECOMMINDATIONS .

a. That the vehicle performance characteristics for cross-country
cperations as outlined in paragraph 3 ¢ be adopted as & prac-
tical definition of the cross-country modility required in
vehicles of the Transportation Corps motor transport fleet in
the long ra.ge period. :

A-14




€ IIVID

_PUS] 30 seYTW OOC

leu shusz Fuyeyns

*£3;11qe12a38 puw paads IIwaIsuowIP
3 wyas 3 IPIFYRA ITezed o3 ydap Y09

=

21o7Iysa Sujy

~dmwns INOYITN IaUn
W1 PURITNIN O]

pesds.

pIeOqIRl 2

03 dn sjualpri8 yoeaq yYiys 193wm jo Lpoy IrqeIrolyx K431~ CYATH av3L, )
"SnIpel (9aym jo IuI¥aY
03 juateainba ST9AIT ©ORIANE U] UOCTIIRAI]
3drxqe Suyaajjo sasejans jo suoyyeandyjuos <06 sanzasdag 3o o13uy|
“Snjpel j99tm JO JYIiey
03 IUITEAIND3 S{2AL] 9IVIANS U] UOTIWAITD _
3draqe 3uyasyjo sedejans Jo suorvANBIJuc) 006 proxddy jo a1fuy
*PITII umea3s Faplunoq pur dumys pajeinwiyg nojuye g7 JUURIATSTO puncIgy

‘p191J umos3ls awplnoq pue dumls pajeinmyg

onwixew 3y ¢

snype3 Bujuony

(839389 1¢) 9dois
NO@ uo uxny DSﬂ

Aa¥11qw3s (P33

‘eoYl
~-S3aIp JO YESidA9a Jjmrad ¢i yiapia ‘Lempra
3191434 Jo Buyddois pue Buyjaeye Fjuxad o3
YI1duay juarciyzns ‘srejans aryy ‘adors %09

(s03139p 1¢)
mnwyuls 209

*S3TOYYSA PITIIYM JO snIpwa
13sym 3y3 o3 Jvnba pue “BITOIYIA paNORII
3o 3adueawdd? pmoad wvey3l a23esad yadop
SId3eA %ZZ o3 pIjmanies (Judijuou ABId) [jO8
53735e1d snCIEjA ZuyuIEIU0d PIQ IJUS 1308

JHIMSACK PINVJIUOD

Kay :nSSﬁ

adwe3ans 330

=wruys yde ¢ psox 3jo
wneyuye gdw C¢ ; prox uo
:£3y5018A psujwlsng
STUNIVAL FSWNOD ISAL AAYINDAY GEAINOAY ZONVWEOI¥Rd JSLISINZLIVEVR
TVROLIVEREO TII1

av0o1 G3XIVE HIIM STIOIRIA LJU0OdSNVEL WOIOW
WOd SHANIVAZ HSANOY ISAX ITVNOILIAAQV

A-1lS




CHART 4
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CHART 5
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b. That the test course features (Chart 3) be adopted as & practical
method of measuring cross-country wmobility requirements of the
Transportation Corps vehicle - “eaet in the long range period.

¢. That the wmotor vehicla iest areas currently in use be modified
to the extent necsssary t2 insurz2 inclusion of the cest course
features escablished in Chert 3.

AVNEXRS: A-~Surface Resistance Factors
B==Yehicle Performance Cheracteristics
Co«Summary of Couments
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Annex A to Staff Study (Vehicle Croas-Country Mobility)

SURFACE RESISTANCE FACTORS

1. Soils

a. In any discussion on vehicular cross-country agllity, aur-
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
mobllity resistance.

c. Dependirg 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 loam, loamy sand and many others far too
numerous to menticn).

d. Some of these soil properties absorb and retain water to a
greater extent than others; hence there is an unending variation of
seturated conditions to legislate for in a physical analysis of any one
s0il. Soil composed of any of the above mentioned properties, when
saturated to even & moderate degree, after agitation by surface dis-
turbsnce can be reduced to s state of smulsion, which is commonly called
mud, clay mud or plastic mud, cffering Lhe greatest soil resistance
factor. There is, of course, no standard depth of mud, but there mosat
certainly i3 & limit to the depth through which any given vehicle can
negotiate.

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

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

g§. One of the most critical soil conditions which frequently
occurs is a fluid viscous mud overlaying & hard bottom. Often it
becomes riacessary for military vahicles to cross such terrain, which is
to bte found in most areas of the world.

{1) The heading "soft soils" is usually given to the
manifold varieties of soils (such ss losm, send, and clay) found on the
earth's surfece. Clay and the various combinations of soils ccntaining
zlay, when containing some degree of water content, zre classified as
plastic or viscous soils. ' ‘
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{(z) Since the atabilitv and firmness of the texture of
solle vary according to the cohesive force exerted by the molecules of
the soil on each other, increasing the water content of any soll texture
combined with clay weakens this cchesive force, until a point 18 recached
when the soil is said to be saturated. The result of saturation 1s a
fluid viscous "mud". The depth to which the soil is penetrated with
water is, of course, the factor which goverrs vehicular movement through
or across it. There are evident limits to the 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 reuching the limit
of its forward movement through mud.

(3) 8and, however, acts somewhat in reverse order., It is
a special type of "aoft soil", by virture of the fact that its grains
are segregated, are not molded together by any kind of cchesive force
and so are free to move upoa each other with ease,

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

2. Shallow waters.

a Shallow waters, for the purpose of this discussion, sare
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 categorv.

b. The fordability cf a vehicle is dependent upen several
factors. Primarily this term refers to the depth of water through which
a vehicle car travel without “drowning out". However, other vary
important factors are the sbility of the vehicle to:

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

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

(3} Negotiate the road, trail, or path leadir; <o the
point on the bark where the ford will be attempted.

c. Ofter wher cthe river or stresm is shallow enough tuv ford.
sediment on the bottom nires +he vehicle. Therefore, a firm footing
parmitting the wheels to exert ¢ffryxt is & prerequisite to fording.
Without sheif rock or heavy sandy gravel bensath the water. fording of
streams becomes risky or {m *ssible.
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3. Deep waters.

a. Deep waters, for the onurpeses of this discussion. are
those thuat cannct be forded and which would necessitars the utilization
of floatable vehicles to overcome 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 pcpulated areas in the temperate
zones of the world. Very few 2f the present army vehicles can overcome
this type ~f obstacle with inherent vehicular characteristics.

¢. When considering the nature of a river or stream, the
conditions of the bank and the current of the water must be taken intc
account. The banks of active watercourses are seldom gradual, but more
often abruptly descend from the land mass to the level cf 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) {t 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 sdequately powered rvo move the vehicle ahead at a
reasonable speed to overcome the effects of currents, plus a positive
steering capabllity to permit maneuverability in water.

4. Woodlands.

a. Woodad aveas 4" times present formidable obstacles to vehicular
through-movement. Woodiands exist in practically all types of productive
soil, varying from the water soaked to the arid rocky types in the temper~
ate zone, and ranging from sea level to thousands of feet high cn rovntsins.

b. Virgin timberland consisting of thick masses of trees, shrubs,
undergrowth and fallen timber constitutes an insurmountable obstacle ¢o
vehicular movement {f cieared pathways through it are not svailable,

c. '"Sezond growth'' forests, in previcusly logged or "burned-
over” land (ir the United 3ratss), consist of trees aad shrubs in varying
dagrees of density and stages of growth, and in addition, contain the
stumps and brushwond of the former forest. Military vebicle movemeat in
this type forast is rot very feasible,

d. Reforested land {in the United States) can be assumed to
have somewhat of an orderly arrangement of rows ¢f trees. VYet tte stumps
of previously cut trees are most likely still in existence and corsiderable
undethrush can be expacted.
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#. On the other hand. a great many of the forests of Germany
and Franc: are oomparatively free of stumps and undergrowth. In additaion,
selective *cvggirg and systematic planting have tended te reduce the dense-
ness of a great .dany of the wooded areas, Consequently, movement of
vehicles through thegse forests is less restrictive than through the others
previously discu.sed, Yet such timber stands as are exirtent in the Black
Forest in Garmany ive impassable except via roadway.

f. We canuot 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
cluse 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 resistarce 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 megotiate the comparabie soil
conditions found in non-wooded areas because of the need to straddle small
sturng, bypass the taller ones mansuver 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 cargo vehicle should attain true
"eross-country mobility" in all wooded areas is not realistic.

5. Rock strewn terrain. Terrair that is studded with rocks and
boulders presents a type obstacle similar 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 mareuvering around these obstacles would be
essential.

6. Slopes.

a. Slopes are thcse ground surfaces which form an angie with
the plane of the horizon. Slopes can be considered as one of the major
resistaunce factors to vehicular movement. Slopes include both natural
and artificial inclines and deciines and are caregorized herein as hill
and mountain slopes and thcse wsccurring on raver banks and ditch type
obstacles.

(1) 7The gradient or angie¢ of slope creates the grearest
deterrent to overcoming the obstacle; however, such things as the
frictional quality of the surface under both wet end dry conditions has
a considerable bearing on the ability of a vehic.: to negotiate the

A-22




incline or decline. For exampie, it is qu’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 sumait than 1f it were attempting
to go up a wet grassy hillside of the sai.e degree of 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 vehirle "hangs up" on the banks.

(3) The consistency and moisture content of soils encountered
ca slopes would al.> have considerabie effect on a vehicle's abil.cy to
negotiate the slope.

b. To overcome the gradisant resistance factor, we must consider
the necessity for an adequate motive power/gear 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 opsrations is considered
to be the ability to negotiate & 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 gides. This type obstacle, which iz found in
profusion in most types of temperate gone terrain, is a major deterrent
to off-road vehicular movement,

(1) In attempting to climb an earth bank where the angle is
greater than 45 and where the neight is more than about five feet, neither
tracked nor wheeled vehicle will meet with imuch success. Likewise, if the
width of & 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 average 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 bresk off the soil
80 that the spoil falls into the 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
traverss this type obstacls, the angles of approach and departure (the
anzle formed by a line drawn tangent to the moet forward - or rearward-
projection of the chassis and the front ~ or rear - tire in relation to
the horizontsl surface) should be approximately 90°. In order to
improve the "bellying" (angle of break) characteristics of wheeled
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vehicles when descending or ascendling ditch banks, the space on the
underside of the chassis locateu between the rear of the fromt wheels
and the front of the first set 2f rcar wheels should not be euncimbered
with underslung gas tanks,spare tires, tool boxes or canvas storage
racks, &8 these siems tend to foul on ditch banks and this reducws the
ability of the vehicle to cross such obstacles.

8. Snow and Ilce

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 tue terrain condition
present throughout the year instead of a seasonal condition, special-
iged 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 varying 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. Irn 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. Anv slopes irvolved under these conditions mul-
tiply the resistance, and unless add.t‘onal 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 compscted fairly easily and makes a fairly
stable roadbed, as long as snow does nat 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,
122 can be a definite aid to movement in muay swampy or marahy areas and
¢ nany bodies of water, whea the proper thickness of {ce exists.

f. (1) inhabitants of the ncrthern regions of the temperate
gones, where snow and ice exist {n virying amounts for several monthe of
the year, discount the condit:ons &s being major problems. Snow plows
clear off the thick snow, sanders lrcrease the surface friction factor
vhere required, and within a day or two after the heavy snow storms, traf-
fic is moving at the vasual over-the-voad pace.

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

g. Snow and ice must be considered as one of the natural condi-
tions to be expected at certain times cf the year in many temperate zone
areas, Prevention of the condition doues not appear possible; therefore
wa must devise means of minimizing its adverse effects, Snow removal
ploughs au. .and spreaders must be available for use when snow and icy
road conditions are expected, Additional tractive devices for vehicles
help conslderably in negotiating ice and snow.
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Annex B to Staff Study (Vehicle Cross-Country Mcbility)

HICLE PERFORMANCE CHARACTERISTICS

aymm——

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
vehizie can approach on the horizental and start to climb with no part,
except tires or tracks, coming into contact with the grade.

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

¢. 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
trecks.

e, PFordability - expressed in inches of water that a vehicle
can go through under its own power.

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

g. GCround 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) that is available at the tire
surface for moving the vehtclc.

1. Turning radius - the radius of the arc described by the
center of the track made by the outside front wheel of a vehicle when
making its shortest complete turn.

J. Vehicle net weight - the weight of a fully equipped vehicle
in operating condition with fuel, lubriccnts, and water, but without crew

or psvload unless otherwise specified.

k. Vehicle payload - the weight of cargo or passengars including
crew vhich may be safely imposed on a vehicle,
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1. Vehicle gross weight - weight of vehicle fully equipped and
serviced for operatiocn, 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-
istico for cross-country mobility.

a. Side slope lateral stability - the ability of a fully loaded
vehicle to execute a 3600 turn on any siope 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 verti:al change in running surface with-
out bellying (expressed in inchesj.

3. Cone index - the index of SHEAR STRENGTH 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)

SUMMARY OF COMMENTS

1. U. 8. Army Transportation Ressarch snd Engineering Cowmmand -

Complete concurrence,

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

3. The Ordnsnce Board, Aberdeen Proving Ground, Maryland -
Concurrence in the Jegree of cross-country mobility required for che motor

transport fieet in the long-range period and the methed ¢f messurement;
however, they do raise doubt as to the practicality of several of the
performance characteristics established in the study which are discussed
a3 follows:

a. Ordpance comment: ''Vehicle performance characteristics
as outlined in paragraph 5¢ of this study are not considered realistic for
applicaticn to all motor transport vehicles, While these high performance
charactaristics may become mandatory for close support within divieion and
corps forward areas, these performance characteristics are not entirely
aupportable for vehicles engaged in line-haul operations."

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

b. Ordnapce comment: "This study does not give any conaideration
to the costs invelved 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 snd water steering, may
demand a complex and coatly vehicle of the DUKW type. Such vehicles 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 ultimste
cross-country vehicle may cost less than existing conventicnal transport
types.)

c. Ordnance comment: '"This study concludes that combat support
vehicles muat have cross-country mohility comparadle to the most wobile

tectical vehiclee. It 2ay be nacesssry to deveiop full tracked vehicles
to attain thie capability {n support vehicles. The number of tracked
vehicles then required would create s very substantial malntan‘nc‘ 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
GOERS Wheeled Vehicle Study, and yet GOERS have potential mobility at
least approaching that of tracked vehicles.”

(Answer: Tt is an Ordnance problem to determine the trac-
tional mode to meat the study requirement, which they say is "ADEQUATE";
the GOER concept vehicle is acceptable if it meets the perrormance re-
quirements of this study.)

: "The requiremsnt to pezform a 360° tumm
on a 60% clopa appears unnecessarialy stringent. Slopes occurring in

natural terrain almost never exceed 30%. Lateral stability of the order
recoanen.ied ia this study may force compromise wich other desired featires.
For example, the desired 18 inch ground clcarance may have to be sscrificed
in order to obtain the low center of gnvlty required for ths degree of
latera]l stabilicy discussed above."

(Answer: If we have a climb-sbility of 60% and cannot fully
use it in cross-country operaticns, its value is lessened. TC should coun-
tinue to require the present 60% vehicle gradeability performance character-
istic with the gosi of achieving comparable lateral stability of 60%;
however, TC should accept a leaser laterasi stability {f Research and Dsvelop-
mant proves the optimum of 607 s not fcasible with an 18" ground clearsacs.)

f. Ordnance comment: “The study fnciudes & statement of uqﬂn-
ment for suitable testing facilitias fur vehicles dcveloped 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 listad
in the study, the Ordnance Corps has developed more eiitensive test coursas
at Aberdeen Proving Ground, at the Ordnance Test Agency, Yums, /rizona,”
and at the Arctic Test Detachment, Port Churchill, Manitoba, Canads."

(Answer: Concur. Physical observaticn of the existing. _
vebhicle testing facilities st the Aberdeen Proving Ground would ludicnzc ‘
the above statement to be correct.)

s "It would be to the best interests of
the Department of the Army for the Transportation Corps te have {te new
vehtclee tested at the facilities svatlable within the Ordnance Corps.
During performance of the testing by Ordnance Corps personnel, the
presence of cbaervers from the requesting sgency is sncouraged.™

{Answer. Concur.)
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COMBAT DEVELOPMENT AND THE ENVIRONMENT

Johannes Vrugiman

U. S. ARMY TRANSPORTATION COMBAT DEVELOPMENT GROUP

Fcrt Eustis, Virginia




COMBAT DEVELOPMENT AND THE ENVIRONMENT

At first glancse, the development of concepts for transportation sujport
of Army forces under conditions of future warfare, which is the mission
of the Transportaticn Combat Development Group (CDG), would seem to
have little relazionghip to envirenmental research as practiced in the
Army. True, concepts of future operations are vitally affected by the
environment of potential theaters of war, but such eavironmental 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 systema.

AR 320-5, the Dictionary of United States Ariny 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, personcel
and operational functions.'" Environmental rasearch 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 conce rned, one apeaks of social environment, biological
environment, psychological environment, and the like. Since every ex-
ternal influence on 2n organism consututes, in fact, a part of its environ-
ment, it may be permissible to add the term ''weapons environment' to
our lexicon. The weapons environment eacountered in future wars will

be one of the most important considerations affecting Army organization,
tactics, and logistics, and i1t 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 the combat forces use "battlefield 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 engaged.

To enlarge upon our definition, the weapons enviroament js man-made .
and superimposed on the physical environment, It is also transitory and
varies hoth 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 . valid decisions are to be made as to what N
types of organizations and tactice should br employed and as 1o what
direction Resrarch and Development (R&D) programs should take., Accu-
rate prediction of the nature of future battjefie!ld conditinns is of funda-
mental importance (o the tact:cal planner, while the nature of the weapoans
environmeant in the communic ations sone of a theater of operationa is of
vital concern to the logisiical 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 of 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 studics 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 war is a conflict in which the United Statees is directly
pitted against the Commuaist bloc, and one in which atomic
weapons will be employed f -om the start,

¢, Alimited 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 studies 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 leaves many questions,to include some
which may be unanswerable, For example, how limited 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 provea
irrational, the world will be confronted with an ali~out war. Thus, enemy
intent must be assumed to be rationdl 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 rescarcher examines information on enamy capabilitica derived
from intelligence reports, analyzcatechnical reports or the Free World's
weapons systeras . and reviews technological trends and prospecta, For
plaaning purposes, he may gran’ the USSR parity in the field of weapons
technology and perhaps an advantage in the R&D/production time cycle,




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 employmant does not directly threaten
the independent political existence of any of the major powers involved.

It is recognized that such a definitiou 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 placz, but placing of lower values on limited
war weapons would probably he 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 cenfined to the study of tactical situa-
tions. However, in recent years these techniques have been applied to
logistica 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 2ntire 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 theU. S. Army
Transportation Research Command, to evaluate via war gamiug 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 prlbiem was to determine what water terminal
equipment, organizations, and operatiny methods will most effectively
support combal forces in future oversea theaters. It developed early in
the study, however, that coaventional 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 b~ 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 hia command, to prevea! ship
discharge. The ret eifects of such attacks would depend, of course, on
the eifectiveness of the defense and on the vulnerability of the system used
to transfer cargo from ship Lo shore.

Although large missiles carrying area dastruction warheads were ruled
out as inappropriate weapons fo.: limited war, tactical missiles vith 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 communiat satellites and their allies as they

are unlikely to expand the scope of a war, Moreover, should the enemy
decide to risk nuclear war, almost any one of these misailes can 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 gre_ter than hose
of manned bombers in World War II. In the long-range time irarie, it
is possible to predict that fixed coordinate ta-gets such as bridg: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-geeking passive homing mussiles,

There has never been 2 new weapon for which a counter could nut 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 campaigr, 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 saslected, and its climate, geograpty,
hydrography, transportation facilities, ports, lauding beaches, and suitable
ship anchorages 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 intervais
of 1/2, 1, and 5 miles. The ship anchorages were 80 located that none
would be either more than 5 miles from the shore or in water of over 33
fathoms in depth. Ship discharge berths vere divided into alongside berths
in the case of ports, stream berths in protected anchorages, offshore berths
in open waters, and beach berths. Five basic ship types were seiected:

a dry cargo ship, which incorporates the characteristics of the average
vessel in theU, S. Merchant Marine fleet by 1968; a roli-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 conceptioral beaching type ship. Only dry
cargo was consideredinthe study. This was broken down into three major
categories: vehicles and raobile 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, and, 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 periodicaily; and. in one case, they were moved con-
atantly, but at a sufficiently slow rate to permit lightera to come along-
side., The system was given the task 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 18 created by a '""red' offensive system and a "blue'" defensive system
of varying capabilities. Although thia approach is parametric, the values
used are based on known and predicted capabilities of applicable weapons
systema 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 efiect on terminal oper-
ations of each weapor system, both offensive and defeasive, 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 1 through 3, The human element
enters the simulation in the form of the '"blue'' commander, who decides
the number and types of shipa 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 random selection by the
computer. Random variations introduced by the computer include the
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
20,000}, sampling technmiques such as factorial analysis and regression
equations are being employed to reduce machine tirne. The computer will
priut 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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facilitiea 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 either side of each of the atrategies employed will be calculated. In
this :ranner, it is hoped that an optimal operational strategy may be
selected for the delivery by 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 should yield a decision matrix from which
it will be possible to determine what operating techniques, equipment,
and defense systems will offer the best chances of succeas for the money
invested under all circumstances and in all theaters. It should be added
parenthetically that therc 18 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 will b« 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 pianaer 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
uf 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 transporration system. By identifying the weapons environ-
ment parameters and by varying their values within selected ranges, it

is possible, hcwever, to determine what might happen ard how any seg-
raent of a theater transportation system 18 Jikely to perfornu. From this,
it wil! he possible to determine what equipment and operation techaiques
provide the best results under any given set of circumstances. This, an
turn, should provide fairly clear guidelines for long-range R&D and oper-
ational planning.
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DEFINITIONS OF MNEMONICS

Carun - a dumrny for storing the amount of cargo unloaded during last

Cunld -
NUM -

RC -

up-date period to be compared to amount of cargo aboard ship.
The smaller of the two quantities is then added to the totil cargo
unloaded counter,

a table for storing the amount of cargo unloaded by area.

a counter used for address modification of the channel codes.

return carriage.

Spdam - total number cf ships damaged by ship type.

Spdes - total nurnber of ships destroyed by ship type.

Tcdams - total cargn damaged by area.

Tclods

Totcar

- total cargn unloaded by area.

- 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: firepower, communica-
tions, and mobility. He described how the Army has improved its con-
ventional artiilery and oblained a tremendous increase in impact power
by perfecting missiles such as the SEPGEANT, the FERSHING, and the
LaCROSSE. He also said that he believed the satellite circuit was the -
prescription offering a cure to illnesses existing in the commuanications
fizl¢. 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 obrsious, therefore, that we are vitally concerned with
all environmental elements affecting mobility. Within our corps, the
Transportation Combat Development Group has the mission of studyiag
aad finding solutions to the many problems which will complicate the job
of hauling men, materiel, and supplies to the combat forces of the future
in all environments.

The urgency of our job was described in the Army Information Digest by
General Eddleman, the Vice Chief of Staff, when he wrote; ""Notwithatanding
the fact that the world reems to be obsessed with the novelty of missiles

- and outer space, a majoi i -antage will accrue to that nation which gains
a decisive lead in develcping new logistical support capabilities. " He
wrote further: "Mobility has always been 2 military asset, but never more
than today when it has been . alled to the center of the stage, not oaly on

its own merits, but also as an antidote to the dispersion which has been
forced on us by nuclear weapens.” The U. S Army thus must be able in
all environments te run-hit- run. This is imperative iccording to General
Eddleman's statement,

.Tae purpose of this paper is to provide a survey of the major probism
areas facing the Transportation Corps in providing the Army of the futurs
with raokility in all enavironmeta. It may, perhaps indirectly, show how
dependent the TC of the future wiill be on the recommendations of people
engaged ia environmertal rescarch. '

Army mobility, in the broadest seare, can be conricdered in three major
categories: strategic, tactical, and logistical. '




The first major category strategic mobility, 15 primarily a responsi-
bility of the Air Force and the Navy. In recent months, the subject of

the air transportation resources available 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 1n this area, since the Army's
power is worthless unless 1* can be projected rapidly to any area in the
world when and where 1t may be needed

The Army must cepend upon *he Navy for its ocean transport require-
ments. The establishment of the Mil:tary Sea Transportation Service
as the single manager for ocean transport was undoubtedly based on
sound managerial principles. However, I believe 1t will be appar znt
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 diviecion of responsibility withir the Depariment of Defense for the
provision of transportation services has compiicated the solution of
some of cur mobility problems. It :.s really impossibie to draw a dis-
tinct line between strategic mobility and the Army's requirements for
tactical and logistical moblity.

While the Tiansportation Corps is vitally interested in the ability of the
Navy and the Air Force to provide strategic motality for Army forces,
it is more inmediately concerned with the provision of tactical and
logistical mobility within the Army. Consequently, this paper will be
concentrated i1n these two areas. ’

Our responsibilities in providing tarctical mehlility for combat forces
have grown significantly during the past few years. The transportation
battalions in the infantry divisions, with their armoered personnel
carriers and light trucks, and the Army Transportation transpor!
helicopter battalions are TC urits uaed by ~ombat comnianders in
tectical operations.

Whether our responsibilities ir. the combat zone will grow in the future
hinges primurily on the yuestion of the desirabihity of pooling trans-
portation resources there. The combat rommander would certainly
like t0 have his combat clements possess aufficient organic transporta-
tion to move them rapidly whenever and wherever th® combal situation
dermands. But can we afford the materiel and supplies necessary "o
give the combat commander this 100-percent arganic mobility ?




If we cannot reach this geal and must settle for the lesser goal of im-
proved mobility thrcugh the pooling of transportation means, then t. -
role of the TC will probahiy remain esseatially the same ia this area.

We believe that the operations of pooled transportation can best be accomn-
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 the future. I would like to
refer again to General Eddleman's article for his views on the Army's
requircment for logistical mobility. He wrote: ''The probiem 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 maast be able to hau! the men, materiel, and supplies in the
quantities 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 tc operate. '

We recognize that we must prepare for 3 spectrum of war environments
varying from the cold war, the sub-limited wars such as have existed in
Lacs 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 bhand in this spectrum differs
from the others in one or more respects.

However, the dernands placed on the Transportation Corps ir geasrai

war and !imited war are almost equally perplexing. In geaeral war, we
assume that the large port complexes and the fixed lines of communications
cither will be destroyed or, representing such lucrative targets for the
enemy’'s mass destruction weapons, wiil be danied us. '

In many respscts. the problems we face in {imited war are comparable,

The areas‘where such a conflict is most likely to erupt are characterised

by natural environmcnts whick place gres! demands un the transpo-tation
systems. These arcas laci conventiona: lines of communications. We
won't have tne time to build transportation facililies, since spesd of reaction
i1a of paramount \mportance in a iimited war. This makes the aitustion very
similar to 4 gen=ral war where tue facilities exist but arc denied. Most of
the potential limited war-arcas no! only lack roads. ratirvads. and air.
{ields, but they are characterized by natural obstacles to {ree movement,
including severe climatic conditions which produce arctic or desort wasie-
{ands or humid jungles and swampe. Our present equipment and systerns
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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 =nvironmental limitations to mobility. Our basic mobility
problems in primitive areas remain unsolved,

The commmurist bloc must be acutely aware of our dilemma aund is cer-
tainly capable of undertaking provocation in these areas least su ‘=d to
our capabilities. Laos and the Congo are two outstanding illustr.tions.

Passing from the general to the specific, I would now like to rrview
three major problems facing the Transportation Corps 1n providing mobility
for the Army's logistical system operating in all environments. Theseare:

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 transportaftion resources within the theater.

The first problem concerns, fundainentally, congestion at the overseas
snoreline. While ‘e hope that the Air Force w1il be able to carry STRAC
forces anywhere 1n the world in emergencies, we believe that sealift wall
carry the bulk of our troops and supplics to an overseas theater at least
tkrough 1970.

The Army Tombat Development system has not been alone in 1ts concern
over the problem of congestion at the shoreline. In 153, 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 hody as published in the Project WALRUS
report stated that "US-controlled merchant shipping is qualitatively de-
ficiert for ontimum support of civil:an and military requirements in a
limited war owing tc deficiencivs n speed, age; rates of, aud napacmen
of unloading systems, and iack of 'over-the-beach' ( apability "

A numbe” of atudius in the combat development field have also pointed
ou. the inadequacy of convent:onal shipping in supporting Army operations
in limitad and gen~.al wars, especially in those world arezs where the
nztural environmants present severe challanges. '




What, then, do we need to reduce 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 dircctly to the shore.

In recent years, our research and development effort has improved the
family of amphibians which we shall have in our inventories 1 the next
few years. I am sure that you are familiar with the BARC and the LARCs.
We know that these vehicles represent significant improvements over our
World War II amphibians, but they arc subject to the same obstacles to
free movement on land as are other wheeled vehicles.

In the second transfer method suggested may lie the long-range answer
to our problems. Wc need a famuiy of vehicles which will . ~° be ham-
pered by the vairious limitations to mebility imposed by the natural en-
vironments. Surf, beach gradieats, and terrain conditions in the im-

- mediate arca of thebeach often seversly limit over-the-shore discharge
capabilities. '

The desired vehicles would have %o possess the characteristics either

of VTOL aircraft {(helicopters cr flying cranes) or of air-cushionvehicles
such as the grouad environment machines (GEMs). [ shall have more to
say about these vehicles during my discussion of the problems we face
aleong the line of cornmunications.

The third poesible method 1or reducing the congestion at the shoreline

in certain natyral environinents concerns ships which could bring our
men and materials directly to the shore. Beaching ships, such as tha
L5T, are not new and have a'ways had supporters among logisticiaas.

So far, however, no great strides have been made in increasing their
specd and their ability to Jcliver otlier than mobile cargo to the shore
with any reai efficiency. W need bezching ships with integral cargo
handling equipmen?, a long bow ramp, and cither a built-in conveyor
system or vehicle loading docks. A vessel so acuipped wouid anable us
 to reach the 1deal of coinptletc discharge in eight 1ours or less. Wc would
be able to avoid the tra.fic proble n ‘which would result if we attempted to
discharge a number of conveationz! carg> vhips offshore, and our re-
yuirements fer hghterage would be greatly reduced. .
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Beaching ships do, however, have disadvantages Eecause of their
built-in shallow draft capabiiity, they are restricted in size andin speed.
They may, therefore, be uneconomical tor the leng haul  This means
that their most effective logistical use may well be between advanced
bases and theaters of operations 1n conjunction with pre.-positioned stocks
of supplies and equipment.

In a report :nade at the end of Prcject WALRUS 1n 1959, the National
Research Council of the National Academy of Bciences concluded that:
"There is a milita:y need under nmited war conditions for smali (3, 000
to 5,000 ton capacity) high speed amphibious support ships which are
capable of discharging rapidly in small harbors or onto bearhes. " This
report also concluded that such vessels were not envisioned as serving
any commercial purposes and would thercfore necessarily be a part of
the U. S. Navy's mobilization fieet,

It 1s obvious that the solutions to the Army's problems in this area are
largely within the Navy's zore of responsibility  Bu! what priority can
the Navy afford for the des:ign, construction, and procurement of such
vessela? This is obviously a case in which the solution to logistical
mobility problems is found 1n the means uscd to provide strategic mobil-
ity for the Army. It 1s not possiblc to draw a distinct line between the
two.

The second problein which 1 listed as facing the Transportation Corps
concerns the movement of suppiies from the point of theater entry to
the combat forces.

In a nuclear war theater or perhaps, of more immediate importance,

in primitive areas with chalienging naturai environmeants where limited
wars are likely, the lines o communications (LOCs} wili present problems
having unprecedented complications. The LOCs are th= lifelines of the
combat forces. In past conflicts, these a.teries red forces operating on
relatively stable fronts. '

Thease arteries must now be far more flexibie, as they mnst possess the
" ability to deliver supplies to a highiy mobiie consumer. [his mobility
enables combat forcas to present only flecting targets to the enemy, but

in doing sa, 1t makes our job of dv;vering supplies far mnore difficult,

There are essentially two approach+s to this problem. The first would
be to reduce drastically the icad of supplies necessary to support the
combat forces. The second wouid be o free the transport means from
_the obetacies repregented by the ~itural ermvironment ard to redure its
vulnerab:lity to enrmy fire.




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 and 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 fron: the combat
zone. Vehicles must be made virtually maintenance-free. Self-lubrication,
pluckout and plug-in components, and austere, rugged consatruction are
musts. Cilass [ supplies (rations) must be lightened; and in Class V
(ammunition), quality must replace quantity. As we see it, the Army is
atill a long way from achieving these goals.

The second solution suggested for the LLOC problems centers around the
development of true cross-country mobility, true point-to-point lines of
cominunications. In this area we again seem tohave twopossible 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 perscannel carrier.
These zircralt and improved aircraft with vertical and short take-off and
landing capabilities must be obtained in significant numbers for the Army
of the immediate future.

“Why, then, did | state that, as a second alternative, “'We can strive for

a major technological breakthrough which will free us from the groung"?
Helicopters arc expensive and relatively inefficient, and they require
the uso of highly skilled, premium-paid operators and maintenance per--

- sonnel. The allocation or ecunomic and personnel rraources during war

may act permit the extensive usre of craft of this nature. We must have a
craft-which will frec us from the ground. but which will be simple to pra-
du-e simple o 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 its 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 grourd environment machine, and we hope that consid-
erable emphasis will be given to the developmcnt of this item.

The third major problern is closely associated with the first two. It
concerns the managemesnt of our transportation resources in the theater.
We call this process "tran:cportation movements". It is accomplished,
fundamentally, by collecting the transportation requirements from various
shippers, by determining the total transport capability, and by balanciayg
the requirements and capabilities in accordan :e with established priorities.

Our future movements organization must Le capable of controlling and,
when necessary, rerouting fast-moving shipments by all modes in order
to make timely and accurate deliveries, The transportation movemeats
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 fast enough

In addition to the requirement for improved equipment, we believe that
the transportation movements systermn witl see changes in its operational
doctrine in future wars. Since the problem in attaining true certralized
management of trarsnortation rescurces under conditions of future war-
fare seems insurmountable, we may be forced to decentralize our oper-
ations to a certain extent, Morc authority for the management 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 possible job with
the tools at hand. This concept of decentralizat:on may have to be the
answer, but it must be remembernd that the =ff.ciency of management of
transportation rescurces dacrrases with decentral:zation.

Something must be done, theretore, to solve these prablems of trans-
portation movements. [ believe that a solution can be {ound in impreved
data procesning vnd cammunications equipment which will allow us to cen-
tralize cur movemen:s planning, tut permit us to decentralize the im-
plementation of these plans. T)e assignment of orgamic high-mubility
vehicles and airzraft to moviments trams will bé noceasary to enable
‘hem to be as mobile as the tacthical and logistical elements which they

support. ‘

e
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In summary, let me say that in essence the three separate problems 1
have discussed are really integral parts of the overall concept of lcgia-

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 coatrol and ¢conomy of
utilization over this equipment. I suppose that that is ultimately what
every logistician in the history of warfare has scrived 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 crevassea and
the icy seas. Ships have been crushed in the jaws of closing ice.

On the more cheerful side of thn ledger, man has landed an airplane

at the geographic South Pole for the first time, several {nousand square
miles of unexplored territory have been seen and mapped, huge tractor
trains have navigated the icecap to points hundreds of miles inland, and
airplanes have dropped cargo to build a scientific camp at the South Pole.

Houses fabricated in Amarica, Japan, Eagland, Russia, and haif a
hundred other nations of the world have been ferried into the Antarctic
by ship and by aircraft to be assembled oan the icec.

Individually, the atories reflect drama, adveaturs, castasirophe, herocism,
and accomplishmeant. Taken collectively, as pieces of a jigsaw pusale,
they spe'l out the problen:s that have been overcome by Americans and
men of m.ay nations who went quietly about their task of building houses
oa the snow and ice for the scientists who are now studying the many
secrets of Antarctica, our seventh cortineat, with her icy face hidden
behind a curtain of fog and snow.

In the In.ernational Geophysical Year, 1956-58, scieatists from 12 nalions
made an all-out assault on the must stubborn secreta of our plaaet in
Antarctica. These scientists conceuntrated thair studias upon solar ac-
sivity, laticnde and longitude determination, glaciology, oceanography,
meteorology, gecmagnetism, aurora and air glow, ionosphere physics,

‘seismology and gravity, coamic rays, and upper atmospheric rocket

exploratien, including the use of instrumenind satelliite vehicles. During
these studies, scientisis as well as the support perscnnel found that en-
vironment played a very important part ia thur syccess.

Environment is the aggregat of all the external conditions and influences
affecting the life and devolopment of an organigh.i. ., human behavior,
rmaterial behavior, society, «.-. in Antarctics, ~a.ircamant ie &t its
extrems, with iermperattres - anging from 45 dep.ccs above sarv to IZS
dagrees h!mr




The Antarctic is believed to be a breeding place for the world's weather,
especially the Southern Hemisphere. The furious storms of the antarctic
winter are a majorfactorindetermining the weather in the south latitudes,
ard their effects even extend across the Equator irto the Northera Hemis-
phere., Scientists and observers at antarctic stations have an invaluable
opportunity to study this weather 1n the making, to follow movements of
the atmosphere, and to relite these to weather in other distant regions.

The Antarcti~ is cbviously a primary source of data for the glaciologist;
it is the largest single repository of snc'v and ice on the surface of the
earth, Studies of successir: layers of antarctic ice can tell us much
about the climatic history of the eartnh and, more important, reveal imuch
about our changing climate and environment hare at home.

The absence of the sun during the long winter polar might alzo has its
effects on the ionosphere. Radiation from the sun, specifically ultra-
violet and X-radiation, breaks up the atoms and molecules in the upper
atmosphere into electrons and positive ions., These electricaliy charged
particles, in effect, rnake a mirror of the ioncsphere so that it reflects
radio signals. However, 1n the long antarctic night, <2 March ty 23
September, particularly at the South Pole, the sun's radiat on 1a absent;
and this gives rise to the import.at question of the composition and charac-
teristics cof the ionosphere under these unique and interest.ng conditions.
Communication blackout 18 frequent and has an environmental impact on
all operations.

Twelve nations are operating 40-odd acicntific bases ou the Antarctic
Continent, on its sea-riding ice shelves, and on its aujacent 18lands.
American scientists and their large supporting crews are now gathering
much data at our four remaining American bases, including the most
popular one, at the South Fole. These scientistz 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. They are living 1n their small, but fully equipped,
stations, sealed off from the world. Their only contact with the outside
is by HAM raadio.

The Antarctic, covering an area of 6,000,900 square miles, is approxi-
mately twice the size of the United States, Think of this vast territory,
stili much of it unexplorud, and compare its population--810-~with that
of our country--180 000, 000--living in half the area. Think of your
nearest neighbor being some 450 miles away, a few hours by air, but 10 .
6T more days by surface vehicle.




Antarctica 1s totally deficient in essentials required for living, as
everything needed for man's support and survival has to be imported
by ship or aircraft, There is virtually no vegelation and relatively
little soil, no conatruction material, and no land animals. Marine
mammals such as whales and seals are plentiful, but there are only

a few specien of birds and fish. Waier is available only from melted
snow.

Travei 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 ir tremen-
dous. At 40 degrees below zero, equipmeni vsgirs to develop varied
mechanical breakdcwns; we in the Antarctic classil{y this 40-degree
point as a c.ld barrier. The cold, the clim.te, and tha great heights,
combined with .he hazardous ice and surface conditions, create some
of the mos! lifficult operating problems in the world.

The encircling ice in the surrounding waters is a coantinual menace to
all ‘shippiag 2ud landings 2long the Aniarctic's barren and inhospitable
shores, which makes the contine.t inacccssiblc 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 1n the summer to about 200 miles. The
climate ia summer, although not so severe as in the winter, is still a
major contributing factor tc dangers prescnt,

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 1ce
and snow coverage ever recorded is 14, 000 feet at a point some 150
miles east of Byrd Station.

Working at and around these stations creates other problems, particu-
larly those of a psychological nature. These problems result from
boredam and from long periods of confinement due to the restriction

of outdoor activity in the cold winter months. Here human environment
has its effect; reliability of man 18 at its lowest ebb. '

Crevasse areas form aloag the steep coaztal areas and along the approaches
to the platcau regions. These areas are the principal terrain hazards and
obstacles to crose-country movement. The continental glacier is generally
flat or rotling, 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 de:igns. The depth of these drifts ranges from
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6 inches to 6 feet, Usually the surface is tough, hard, aud wind packed;
however, in a faw arcas a very soft powdery snow exists, but these
areas are clearly defined bv distinctive color patterns.

The main United States base, the Naval Air Facility, McMurdo, has the
only airstrip for wheeled aircraft in Antaictica, an ice runway carved
out of the sea ice that covers the surrcundmg 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 atations,
which are usually done by C~i24 Globemasterg, 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 environmental 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 golutions 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 and civilian scientists. Here where the dangers
are ever present, and every man a buddy, unification 18 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.



iy ———— L

The past reminds man that though he hay harnessed much of nature by
his ingenuity, he has aot harnessed all; old mother nature, with her
wezther, controls all cperations in Antarctica. However, with all the
dangers and difficultias, antarctic operations have been successful.
The military has advanced itse!f in polar operations ajid at the same
time served scieace and the world.
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U. S, ARMY TRANSPORTATION BOARD'S

ENVIRONMENTAL PROGRAM FOR FY62

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

SWAMP FOX - Project TCB-61-051-EO

SWAMP FOX is an extended logistical carrier operation in

virgin tropical rain forest from Chepo to El Real through 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 calls for a liaison visit by a U, S. Army
Transportation Board imember to PK&DC in Thule, Greenland,
to observe and report va all newly developed equipment and
techniques presently used in arctic operations and to

evaluate the Passive Trail Marking System developed by
General Precision Laboratceries, Pizasantville, New York.
(Period July through August 19%})

. TF 43 TOPO (62) - Project TCB-61-066-EQ

The U. S. Army Trausportation Board will provide helicopter
(HU1B) support for Navy Task Force 43 during Cperation Deep
Freeze (62). The purpose of aviation support by the Transpor-
tation Corps 18 to assist the National Science Foundation and
the U. S. Geological Survey in mapping the area from Cape |
Adare through McMurdo Sound to Beardmore Glacier. This
operation encompasses approximately 125,000 squarc milen
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and will entail approximately 300 flying hours. An additional
objective of thia project is to familiarize Traneportution Corps
pilots with antazctic flying techniques and thus further increase
the inventory of "'antarctic-qualified’ pilots within the Trans-
portation Corps., (Period - September 1961 through March 1562)

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

The objective of Project F AR NORTH is to lccate a possible
overland rouie which will permit the economical resupply of
selected DEW ..ine stations from the interior, to include:
avenues of approach. staging areas, r~i‘es of march, types of
trail marking needed, resupply points, pussible 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 geagon 196’ 1962 involving battle-group size
units. A task element of the J. S. Army Transportation Board
will provide additiorial logistical '"close-in' support vehicles,
both whe  led and tracked, to include commercial off-roai type
vekicles utilized by civilian industry. An additional purpose
will be to gain experience and test techriques under subarctic
conditions not encountered during WILLOW FREEZE.

{(Period - January 1962 through March '962)

USAF RESUPPLY - Project TCB- 61.-128-EO

Project USAF RESUPPLY comprises a logistical resupply
mission to remote Air Force outposts such as Bettels and
Indian Mountain in Alaska. The logistical convoy will be
headed by the Overland Train Mk I, appropriate tracked and
whee'ed off-road vehiclies will be included for evaluation of
their utilization and capabilities in subarctic terraia.
(Period - December 1361 through March 1962)

DRY GULCH - Project TCB-61-143-EO

DRY GULCH, a dcsert navigation operation conducted by a
squad from a Madium Truck Company at Camp Irwir, Califor-
nia, has as its purpose the developing of techniques for

desert environinent and the obtaining of datz on desert naviga-
tional problema tha! will be encountered in subsequent desert
operations scheduled for Calendar Year 1963.

(Peried - May through June 1962) ‘
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TRAIL TREK (62) - Project TCB-61-147-EO

The Chief Navigator (surface) to Navy Task Force 43, Antarctic,
will be pruvided by the U. S. Army Traasportation Boara.
Extended surface navigation operations 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 {echniques in polar eaviron-
ments. (Pe.iod - Octobsr 1961 through January 1962)

Consideration has been given to conducting environmental operations

within CONUS rather than outside CONUS whenever the environmental
conditions can be reasonably duplicated or when the primary purpose

of “ae operation is the test and evaluation of equipment.

Activities 1n difficult environments have been aimed at the solution of
transportation operational problems which interpoase themaselves in
the accomplishment of planned missions and the support of future
organization concepts,

In the programming of its activities, the U. 8. Army Transportation
Board has emphasized study, investigation. and test in those areas in
which no, or very limited, operational capability has been attained to

- date. Swamps and jungle regions as well as 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. -

Maximurm utilization has been made of opportunities to test and evaluate:
TC equipment i1n connection with ary environmental operations.
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THE APPLICATION OF MURPHY'S LAW
TO ENVIRONMENTAL RESEARCH

In any consideration of environmental research, the military applica-
tions of the disciplines involved must te carefuily examined. - Ar: "ag
the most vexing of these applications is the provision of an adequ ..e
antidote to the prcblem: set forth in Murphy's law.

Murphy's law has been stated by many generations in many tongues.
While I n.ay not cxpress it in the same terms that you would, I am
confident that you will recognize it and agree that the problem exists
and 18 worthy of carefui consideration.

Briefly:

'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 sperator in the field and he wili, inevitably, find this
one fault, " ‘

There is an inzvitability in Murphy's law that holds a sinister fascina-
tion for the desigrer, the manufacturer, the logistician, and the user.
The~e are ti:ose who suspoct that it holds the same fascination for the
ult. nrate operator, since this inevitability has seldom besn challenged’
and its veracity too often sustained. Why else would the very word
"foolproof‘' appear in our vocabulary?

In 1ts esas¢ntials, environmental rescarch :s the determination,
ompirically, experimentally, or through actual experience, of the
actions .. reactions resulting irem the exposure of resources (personnel
and/or .nateriel) to varied environments. In order that conditions of
exposure may be controlled and calibrated to insure accurate records,
and to reduce expenses belicved to be inevitable when resources are
moved to the desired environment, great emphasis iz Loon placed on
the artific:al creation of e wironment. In certa. i instences we za * no
other recourse than the uie of the artificial; the state of the art is not
yot such that we van physically expose reaspurcaes to the actual environ-
ment of the moon or cf the plancta. For the moment, we must be
satisfied with an empirically calculated environment creaied in the

laborataory and te:t chamber and the observations resulting thierufrom,; -

the relat:onship of this environment to the actual must await ~erifica-
tion at a later date.




I bring before you today the conrention that environmental operations,
operations during which the rcsource 18 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 conditiens 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 w.en its
discovery will hest induce failure. Inevitably this will be the precise
moment when failure can least be tclerated.

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 being 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 military hardware will not be delayed
pending exposure io environmental extremes unless such a requirement
has been 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
hefore such items are placed in the hands of troops for 'troop test'' and
the application of Murphy's law,

There is a school of thought, endowed with the mantle of sagacity by
unchallenged years of existence, which holds that incipient faults are
completely scsceptible to solation in the controlled environments of the
laboratory or climatic chamber, This approach has been imbued with

the cloak of respertability by the high percentage of cases wherein solu-
tions havc been achieved in this manner. However, the tender loving care
of the rescarch und development enginecr, and even the supposedly objec-
tive and impartial observations of the test engineer, does not subject the
procedure, cr the itern, to the rigorous faultfinding which can only result
from the application of Murphy's law,

Quite aside frony 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 preccisely duplicated in the laboratory.
The requirement for conirolled and i1dentifiable conditions precludes
such duplication. 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 w' ich prevails under nature's quixotic
pattern. Subjected to a sin .e simulated environment, or to a variety
of sirnulated environments in sequence, a procedure or itein may
respond outatandingly 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
Jame procedures or end items have an unacceptably high projection of
unanticipated failure,

The existing 1nclination to maximize use of artificially created enviror -
ments appears to result from (i) the desire to control and calibrate so
that accurate records may be insured, and (ii) the expense suppcaedly
invnlved 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 application of modern data-acquisition nrocedureas,
The latter sppears to he ti.e more influential of the two, mainly on the
basis of economy--a phrasc which posgesses great appeal and which
has been overused aa justification for more than one extravagance.

Gestalt psychologists emphasize that life 1tself ia not built up of tiny
units of association, or specific connections or reflexes, but that it
vperats2s in larger units. When we look at a person, we do not see - yes,
nose, and lips separately, and then add them together. Rather, we sece
the face as & whole. It i3 not too farfetched to apply this same princi-
ple to environmental research, and through its application we can i1nsure
the cpplication of Murphy's law and the consideration of the results
achieved through such application.

To use a somewhat hackneyed phrase, the environmental researcher
must constantly take a look at the "big picture' It 18 not sufficient

to examine the minutiae and deduce tha: sat:sfactory performance of
components guarantees equally satisfactory performance of the whole,
nor to examine clements of an entire environment and conclude that
exposure to the actual environmental condition# in the tield will sustain
acceptability. In the face of this insufficiency, now can we insure the
application of Murphy's law and counter the claims of uneconomical
opcerations and scientifically unacceptable data? .




A nctable approach has been made to providing answers to the problems
through the existence of Yuma Test Stztion 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 thege organizations is aimed towards the field army and its
equipment and only in passing contributes to examination of other mil-
itary items. The technical services themselves operate various types
and complexities of proving grounds, test facilities, etc,

However, in all these instances the activities tend to te formalized
eng.neering testing, s¢rvice testing, or endurance testing installations.
And, with the exception of Yuma (which offers a desert and hot weather
environmeni} and Wainwright (which offers subarctic and muskeg environ-
ments), other installations are iemperate in nature and largely controlled
in environment.

Few of these boards and activities can successfully apoly Murphy's law.
Weather, terrain, prcject personuel, aad mental approach preclude its
application. "he simple fact that individuals assigned to these facilities
are well qualified to operate, observe, report, and analyze railitates
against the problems of Murphy's law being encountered. Cornirolled
observations, carefully made in strict accordance with the approved
pian of test or test agenda, will be successfully recorded, and from
thede observations, data will be attained which will assist in the devel-
cpment cycle. But the unsuspeccted fault, the single fault ind ced by the
man in the field, will tou uften remain undete:tec.

It ie our contention that the joint environmental operation, coaducted in
the field under actual field conditions rar removed from the laboratory,
the test faciliiy, the supply bare, (he maintenance backup, or the com-
forts of the post, camp, cr staticn, pr.vides the only reliable means
for applying Murphy's 3w, and that s: ch )>perations, jointly conducted
on a continuous basis 1n varied environments, can b~ accomplished
economically and with maximum benefit to all elements of the Armed

- Forces.

We of the Transportation Board experienced the application of Murphy's
law during our Operation TRCPICAL WET, conducted in Panama during
October and Novembier 1960. This operation was a joint venture in a
limited sense, i1n that Signal Corps and Quartermaster Corns provided
participating oersonnel and a civ:lian organization under contract to the
Ordnance Corps likewise took an active part. Let me quote from the
letter report submaited by th. Signal Officer USACAKIB:




"The communications link between the Chepo, R de Panama, base
camp and test umit 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. Consequeni'y, 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 rad:u opera-
tor's inexperience in operating under adverse conditions, frequency
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 averall 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 iaw may well be essential to

the survival of individual members of the operation's task gruup.

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 1n 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 us, cooperatively, in the conduct of environmental
operations. Conversel!y, 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
environmental operations 1n the fizld be conducted on a logical, ceordi-
nz2te¢d, basis both in temperate and extreme environments. Only through
the medium of such operations, conducted under the surveillance of
qualified agencies by average personnel of the military forces, can the
application of Murphy's law to environniental research be examined,

and oniy through such exam.nation and detailed consideration of the
regults attained can we insure that the man in the field will not find the
one unsuapected fault at the preciac moment when victory or defeat lies
~in his individual hands.
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ARCTIC, DESERT, AND TROPIC TEST OF NODWELL 5-TCON VEHICLE

INTRODUC TION

Despite the fact that the world has unlimited roadways, airways, and
waterways, with remarkably effective vehicles for providing trenspor-
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 the extremities of civilization,
ard include the snow, ice, muskeg, and {rozen terrain «f the polar regions;
the mud, marsh, rivers, and dense vegetation of the juagles; and the sand,
dunes, playas, and washes of the deserts. Eavironmant often allies with
rugged terrain to thwart effective operations of the vahicle designed for
terrain alone.

Even in the face of such odds, eventual penetration of and controlled mast-
ery of transportation throughthese areas are assured because of miliiary
tactical or logistical needs, or commercial economic incentives. Whercas
commercially developed media tend to concentrate on a single transpor-
tation barrier, military development seeks the multipurpose vehicle, one
that is capable of traversing several, and ideally al!, terraina and eaviron-
ments. '

Design of dual-purpose and special-purpose vehicles has met with credit-
able success in such instances as amphibians, from the World War I
DUKW to the current BARC and LARC's; 4-wheel-drive vehicles for
traversing off-road terrain; and special tracked or large-tired vehicles
for sncw, marsh, or other particular terrains. All such vehicles perform
well within their design paramesters; but because of practical and sconomic
considerations, they fail when they are envisioned for use over additional
terrains. In using single of dual terrain oriented demign, certaindbarriors
may be bypassed by means of selective routing, practicaltrail blasing, or
terrain improvement, at the expense of additional time and equipmaent.

In view of the lack of definite standards by which to classify the diverasity
of tarrain encountered, even in generally known categories such as muskeg
or sand, because o random occurrencos ¢f sturmps, logs, stones, or
variable profiles, it is extremely difficuit to accurately apply known loco-
motion theory to the development of 2 multipurpose vehicle, Evaluation by
the Military of commercial equipmen., usually developed for traversing &
single 2'¥icult terrain, with a view to multiterrain application has led to
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the discovery of potentially cffcctive multipurposce vehicles. By tcat 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 resault in reduciion
of military research and developinent cycles since testing can determine
suitability of vehicular transportation capabilities directly or by slight
modification, Thie presumes the need for far-flung test sites of repre-
santative difficult terrains and environments where¢ locomction theory

and actual trials can combine to determine empirically actual perfor-
mance data.

One vehicle which has indicated the success of multienvironment testing

is the Nodwell KN110 Cargo Transporter, manufactured by the Rot ..«
Nodwell Mfg., Ltd. of Calgary, Alberta, Canada (see 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 priis.ted by the interest
of oil companies in conducting extensive exploraticns -r oil in this region.
Dependence on conventional vehicles required halting ~ 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 vehicle capakle of transporting
heavy cargo over the vast muskeg hogs on a year-round basis. A family
of low-ground-pressure, tracked vehicles has now been developed, ranging
in cargo capacity from ¢, 100 to 24,000 pounds.

Tigure 1. Nodweil RNI10 Cargo '!ranapdr!er.
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COMMERCIAL 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 concerna
as:

(a) Wastern Geophysical of America, Aachorage, Alas..a,
employing 13 vehicles (RN75 and RN110, of 7,500 and 11, 000
pounds rated capacity, respectively) in Alaska.

(b) Ontaric Hydro Commission, employing one RN75 in northera
Ortario,

(¢} Northwest Telephone Company, Vancouver, British Colun.bia,
employing one RN110 in British Columbia, The vshicle was
raported to be operating in snow up to 15 fest deep and on slopes
with grades of up to 17 parcent.

(d)  Shell Oil Company, using three RN200's (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
exploraticu in northern Ontario.

(1) Lake Phelps Farmas, Inc., Pike Road, North Carolina, using
13 vehicles (RN21 - 2,100 pounds capacity, RNS - skidder model
with dozer blade, and RN110) in the conversion of 150,000
acree of virgin swamp land to farm land.

(g) Humble Oil Cumnpany, operating in Louisiana swamps. and
using metal or rubber pontons to convort the wehicles to
fioaters. ' ’

Shell Oil Company reported that the tracks on their vehicles performed ic
excess of L, 000 miles, with occasional grouser reglacement, over snow,
ice, mud, clay, rocky soil, and muskeg. The RN735 achieved speeds of
30 to 35 miies per hour on-road, but was uaable to exceed 20 miles per
hour off-rora. Shell experienced maintenance difficulties with gasoline
engines on the RN290; therefore they converted to diesel engines, which
gave bettar performance and availability., Shell also noted diﬁicnhy of
night maneuvering through muskeg, vhere the operator must exercise
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selective routing to avoid holes, logs, and stumps, Vehicles lacked
spotlighte for trailing and floodlights for cargo handling. Shell averaged
8,000 miles per vehicle over a 2-year span. Tue RN20C 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 feader 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 mary previous burnings (see
Figure 2). The soil is very moist and of high acidic content. Much of
the area has standing or slightly subsurface water with heavy sulphuric
content, The object of the operation is to drzin, plow, anrl aeratec the
area, mix underlying sand with the organic vegetation, and neutralize
the soil by the addition of lime. Cenerally flat, with very rough surface,
the terrain is similar to subarctic muskeg. As a result of previous
burnings, tr.ea present no particular obstacle, Hcwever, sunken icgs
and roots are numercus. '

Lauke Phelps Farms uses RN110's in pulling plows weighing 7, C00 to

8, 000 pounds, with no cargo bed on the transporter but with concrete
aggregate blocks as ballaat on the vehicle frame varying in weight from
1,000 to 2,000 pounds {see Figure 3}, Operators 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. RN110's are also ured for spreading lime on the
tracts, & rates of up to 2-1/2 tons per acre {see Figura 4), Steel hoppers,
which are mouated on the vehicle frame, carry loada of 6 to 8 tons (up :
to 3 tons over rated capacity). Overloading has created no particular ' ]
prcblems. Model RNS vehicles {designed as logger-skidders) fitted with
doz”~r blades arc used for brush clearing and levelling. RNZl's (2,100
pounds capacity) with flat bede are used for hailing sacked lime and general
cargo and for field contact work.

Nodweils have heen in use by Lake Phelps Farms since January 1901, the
oldest vehicle having in excess ot 1, 000 hours operation as of thas writing,
working normal 10 .hour days, 5-1/2 days a week. The amount of mainte-
nance required to date has boen relatively smali. Some difficulty was ex-
_ perignced in maneuvvering. No troubiecs have occurred w~th ¢ifferentials,

sprockets, tires, or bearing nserts, %No tracks have been replaced, only
some grouser bolts, Fuel consumption on the RN1IC's pulling plows and -
travelling at full throftle at 3-1/2 to 4 miles per hour runs about 6-1/2
galions per kour.
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Figure 2. Organic Terraiz at Lane Phelps
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¥Figure 3, Plowing Operation at Lrke Phelps Farms,

Figure 4. Lime Spreadéing Operation at Lake Phelps Farms.
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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 grouad pressures
in the crder of 6 to 9 p.s.i. failed because they bogged down. Also, they
compacted the soil to such an extent that mixing and aeration could not be
accomplished; thus, ponds of water were left on the soil. For effective
working, 1t was found that ground pressures should not exceed 3 p.s.i.
Ditchers, for digging the canals, are steel-tracked vehicles, but these

are transported to operation sites at ends of roadways by a special lowboy
wheeled trailer and are operated over airfield matting as the.  rogress.
Even with this precaution, Jditchers have submerged 3 feet duriag operation,

CHARACTERISTICS OF THE RN110

The RN110 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 nylon-cotton track belts are connected by spring steel
grouser bars bolted to the belts. Open centsr portions of grouss: bars are
curved to fit standard pneumatic tires on the bogey wheels, 4 wheels pe:
track. Rubber inserts for grousers are aviailable for highway operation.
Track tension is manually adjustable by bolt action or by an optional grease
cylindez. The rear sprocket drive of each track provides tension in the
tracks upcn ground contact. Each wheel has an independent crank arm with
torsion spring suspension, which permits individual vertical movernent.
The vehicle 1s d2signed for all.weather, year-round mobility in muskeg,
bush, bog, gumbo mud, snow, swamp, and rugged terrain, with the ability
to negotiate .60-percent grades and 30-percent side slopes. Speed range,
by opticnal gear ratios, may be 12 to 25 miles per hour. Steering is. ,
accomplished through levers that hydraulically activate a coatrolied differ.
ential equippod with outsr planetary reduction gears. Braking is accom-
plished by applyinq both steering levers simultaneously. A disc-type,
rand-operated emergency brake is provided on the drive shaft,

An engine, optional gasoline or diesel, drives through a mechanical for-
ward and reverse transmussion, a drive shaft, and a coatrolled differential
to outer planetary reduction gears built into the hubs of the drive sprockets.
The vehicle chassis uses a backbone (rame composed of two parallel, Z-bar,
deep iong:tudinais boxed together by welded channel cross frames, an ar-
rangement permitting maximum track/vehicle width ratio. Open or closed
aperator's cab is optional. General construction is steel, with marine
plywood cab deck and hardwood cargo deck., Construction 19 practical and




austere. Accessory equipment inciudes a €ront-mounted winch, a rear
towing pintle, and a cab heater. The carge 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 weight 10,580 1b,
Designed payload 11,000 1b,
Gross weight 21,580 1b.
Length 19 ft. 4 in.
Width 81ft, 11 e
Height (to top of closed cab) 8 ft, 0 in.

Cargo deck area

Ground clearance 16 in.
Fording depth 36 in.
Turning radius
(inside) 103 in.
Track width 40 in.
Track ar«
(zero penetrativs:} 10,720 8q. 1n.
Ground pressure
Loaded ai zero pene -
tration 1.68 p.s.1.
Loaded at 104n. pene-
tration 2 p.s.i.
Speed 15 m.p.h. at 3,800 r.p.m.

7 ft. by 12 ft,

(12 to 25 m.p.h. optional)




Gradeability

Forward 60%

Side slope 30%
Fuel capacity 44 gal.
Cruising range 60 mi, .
Engine Ford V-8, gasoline, 292 cu. in.;

or GMC 3-.53, diesel

Electrizal system 12-volt
Tires 7.50 by 20, 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 military interest in and test of the RN110 occurred in the RN110's
native environment, where it was used d4s a gencral-purpose cargo carrier
for logistical aupport of a tactical winter exercise, OPERATION WILLOW
FREEZE, in the Alaskan theater in January and February J 761, Five

- vehicles were used to transport and tow 295,930 pounds of cargo during

20 support missions, travuelling a total of },863 vehicle miles and 1,017
vehicle hours over off-road subarctic winter terrain (see Figures $ '
through 8). Although the RN1i0 was designed as a2 cargo carrier, it was
found to be effective in towing a Mark [ Rolling Liquid Tranaporter of
1,000.-gallon capacity. During this operation, mechanical rehability
resulted in 7 3 percent availability of the vehicle.

As a cargo carrier, typical loads trsnanarted by one vehicle inciuded
250 casrs of C ratione, 22 POL drums (55-galion capacity) standing oo
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Figure 5. RNI110 Loaded With Oil Drums and Towing a 1C-Ton
Rolli-Trailer.

Figure 6. Caravan in Snow, Towing Rolli-Trailer and Carryiag
Oil Drums and COYNEX Box.
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| Figure 7. Operation Over Unimproved Subarctic Snow-Covered
Terrain,
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Figure 8. Breaking Trail Through Light Furest in Subarctic. ]
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end, 30 drums pyramided, or one CONEX container. The flat-bed con-
figuration did not prove to be the optimum possible because its abii:ly (o
transport bulk cargo was limited. It wasfound 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 brokentrails, unimproved roads, and
tank trails and in negotiating 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 build up ahead of the RLT and
virtually stalled the vehicle. Difficulty was compounded by the inability
of the Mark I RLT to track the RN11), By backing and ramming, the
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 RN110, may overcome this barrier,

On cross-country maneuvering, the RN110 broke trails through forests
with trees of up to 6 inches in diameter and forded streams to 43-inch
depths. Ice to a miuimum thickness of 16 inches was traversed. Selec-
tive routing was vsed to avoid excessive slopes, heavy foresto, logs,
large roots, and unfordable river- Snow up to8 feet deep wastraversed
with ease. Penstration in very soft powdered snow varied from 6 to 14
inches. Traction on ice and icy slopes was inadequate, but may be cor-
rectable by adding cleats to the grouser bars. The maximum governed
speed of the vehicle was 15 miles per hour; however, cross-country
speeds wore generally 7 to 9 miles per hour, restricted by roughness
of terraiu raulher than by lack of power. Temperatures to -34°F., were
encount:red. Head.bolt heaters, 750-watt, were used.

The amount of vehicle operating time during Operation WILLOW FREEZE
was tco small to eatail much maintenance, the only majer failure being
a radiator leak, which was possibly caused by faulty soldering. Two of
the five vehicle pintle hooks broke during the towing of RLT's, indicating
underdesign for this purpose, or limitation to approximately 2, 000 pounds
drawbar pu!l. 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 subjected to sirenuous desert operations at Yuma, Arizona,
uver a 3G-day period in April and May 1961 to determine its durability,

"drawbar pull, rolling resistance, gradeahility, and other pe:formacce

characteristics while operalingover various desert terraina{ses Figures
9 through 12). Tests were run with a fixed 11, 000-pound load over terrain
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Figure 9. Breaking Over Top of Sand Dune at Yuma, Arizona.

Figure 10. Climbing a Sand Siope.
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Figure 1l. Determining Drawbar Pull in Soft Sand.

Figure 12, Operation Over Desert Gravel Wash,
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features such as desert pavement, gravel wash, badlands, sand plains,
and sand dunes. Temperatures ranged between 49° and 101°F. The
selected venicle completed 160 hours of testing,

The vehicle performed well in terms of cargo and towing capabilities,
fuel consun.ption, and low maintenance during the tests. However,
subsequent teardown inspection disclosed 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 hearings, 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, arnd excessive wear on brake bands and drums. These eifects

were not :acxpected, and do not comprise seriousdefectsin udapting the
venicie to desert operation.

Drawbar pull 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 sand dunes were negotiated under full
load, with slippage as great a; 85 psrcent. Speed runs with an
11,000-pound fixed load and with . 6, 400-pound RLT tow averaged

11 miles per hour; without tew, nearly 13 miles per hour. Fuel con-
sumption was 1. 4 miles per gallon under load at 4. 2 miles par hour.
Oil consumption averaged 1 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 shifting 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 ware reweldable.
Stronger, deeper frames have already been incorporated in later

models. Play, dackiash, an. wear in excessive aniounts occurred in
steering, braking, and drive systerns; the cause was the rigorous anu

- conatant maneuvering conditions. All defacts were capablc of being

adjusted or repaired to acceptadle limits. Certain observations die-

closed arcas in which design couid be improved for greater durability
in. desert oparations, such as adding seals or changing (he material of
whaeel axle {nserts. Vehicle range in desert operation (40 miles) was
leas than that in previous subarclic tests. PRadiator proteciion aso

was found to be advisable to preclude cloggmg of the core by desert
debris.




TROPIC EVALUATION

As of this writing, one RN110 is undergoing test in a rugged, tropical
rain forest environment--the virgin Panamanian jungle in the area
between Chepo and Santa Fe. Vehicle performance is being determined
in respect to mobility and cargo tiansportability through thick vegeta-
tion, over muddy swamp plains, across fordable rivers and streams,
and over hills and varying terrains, with expogure to heat, humidity,
fungus, and rainfall of the tropics. The projected d.stance of the jungle
trek is about 120 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-country, following
a narrow muddy trail and fording 31 shallow (3-foot depth) river (see
Figure 13).- Several vehicles mired in the thick clay-mud, and the RN110
was used for ecovery (see Figuve 14). The RN110 was loaded to rated
capacity and was one of two vehicles capable of towing a Rolling Liquid
Transporter throvgh the mud encountered.

Figure 13. Towing Vehicle Through Mud.




Figure 14, Immobilized in a Ravine.

During a 27-hour, 15-n:ule thrust across the marah plain between
Chepo and the Canita River, sticky mud to a 4-foot depth was
encountered in heavy woods with an undulating, deeply rutted trail.
The RN110 slipped into a gorge and was winched free {(see Figure 18).

Figure 15. Fording a Stream.
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It also threw its left track while climbing and 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 RN110,
although the heaviest vehicle in the caravan, was one of the two best
performers in this type of terrain.

Urnder the jungle canopy, mobility becane more complex because of
additional obstacles of side slopes, inclines, tress, and dense vegeta-
tion, In this terrain, the RN110 proved to be a dependable '"work horse'
for the convoy, negotizting uphill slopes of up to 42 percent under full
load. Performance on slopes varied depernding on moisture content ol
the soil, moisture content being critical on side slopes because of the
vehicle's tendency to slide. Winching was required occasionally under
such conditions. For crossing nonfordable rivers, firries were made
to float "noaxswimmers' such as the RN110 across.

At the two-thirds point of the jungle penetration, the RN110 was cne of
6 vehicles remaining of the original 14. Fuel consumption averaged

! gallon per mile, and no engine 0il was added. Two quarts of trans-
misiion ol were consumed. Mechanical fzilures included the thrown
track previously deocribed, a broken drive shaft, and boits broken off
the drive sprocket. Repairs were accomplished in each instance, thus
permitting operation to centinue. Steering qualities proved to be
serivusly deficient when the RN110 was towing equipment such as the
Rolling Liquid Transporter. Steering was satisfactory when the RN110
was not towing cother equipment and was loaded to capacity. The closed
c3b on the teat vehicle contributed to cab temperatures ranging from

10 to 15 degraes above the ambient temperature, which caused the
operator to e¢xperience undue fatigue. However, oven cabs are optional
for the vehicle.

Full details of the RN110's jungle performance will not be available
until the expedition i¢ completed, recorded, and studied. Ferformance
to date has indicated that the vehicle has a definite capability for tra-
veraing jungle terrain.

FUTUKE PLANS

Future plins call for additional tests in arctic and desert environments
to retest modified features and to investignrte the rather unauspected
capability of the vehicle for prime-mov ez applicability, ecspeciaily
when fitted with track cieata. Improversent of highway trafficability
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also will be investigated. Floater proviiizns tor the vehicie are being
studied by the manufacturer, which wiii further ;dd to tevrain versa-
tility of the vehicle,

Testing to date has not :r.dicated that the penaity fcr added terrain
ability is too great or that additional versatiiity would be impractical.
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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. Army Transportation Board will form the nucleus
of the command and transportation agency for a combined technical
services te:im of specialists who will study the tropical environment of
Panama as it affects the operations aad/or products of their particular
service.

Execution: Extended operationa 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,
Jeparted Fort Eustis in increments on the 25th of July, and on the lst
ard 3rd of August., The air section, consisting of € officers and 7 en-
listed men, flew one UlA Otter fixed-wing aircraft and two H34 heli-
copters from Fort Eustis to Panama. 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 personrz] attended
the Jungle Warfare Training Center's coursse in jungle operatiuns and living,
the course beiny a prrrequisite to any jungle operation.

Much time was speni in checking out every item of equipment, since a
spare part could mean the d:fference betwesn a long delay in the field
and a timely operation.

The operations "kicked off'" eariy on the morning of 21 August with the
following equipment:

I Truck, Utility, 1/4-Ton, M38, with oversize tires

1  Jeep, CJI, with Terra-Tires

f . 1 Truck, Cargo, 2-1/2-Ton, M211l, with a Jungletrac on the

A rear and Terra-Tires on front,

1 Truck, Cargo, 2-1/2-Ton, M211, with descrt tires on front
and rear.
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Tracked Carrier, Nodwell, 5-Ton, RNI10

Cargo Carrier M-116

Truck, Cargo, 3/4-Ton, M37, with oversize tires

Personnel Carrier, Amphibious, M-113

Power Wagon, Dodge, 4x4, with Terra . T.res

Tropical Floater (DINAL}') 1/4-Ton.

Terrain Dybhamometer Vehicle (Terrapin)

Weasel, M29C,

Rolling Liquid Transporters, 1,000-gallon capacity each
~ Set Jungletracs

Pt (A s D B s e fut e et

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
Corps of Engineers
Chemical Corps
Infaatry
Quartermaster Corps
Armor Corps

Special Forces

U. S. Navy
Panamanian Army

e BB e e BN

Eavironmental operaticns of this type, whether they are conducted in
the jungle, desert, or polar regions, provile ths means *0 determine
the best type of equipment availakie of militury and/or civilian manu-
facture, for operationc under extreme enviroameutasl :onditions.

In past warc, aations have had time to build up and provide supplies,
equipment, and man power to conduct combat operat.ions. Couutries
posssasing the resources and industrial might, ultimately won those
conflicts. Time for building no longer exista, The capability to fight
must be immediate. [t is esgential that osur logistical forces keep pace



with the combatant forces. The flexibility and mobility sro 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 environmantal 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 Transportation Board has recently revived its
5-year environmentz2i program, which will include testing in extreme
jungle, deeert, 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 Swarnp Fox will be published and distributed
by the U. S. Army Transportaticn Board.
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ULATRECOM ENVIRONMENTAL ACTIVITIES

As you know, TRECOM 13 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 snviron-
mental research program that is monitored by your Panel. We indeed
appreciate the opportunity, therefore, to present a seriecs 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 activitiea,

From the basic /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 of the earth sciences, 1ncludiag
geography, geology, and meteorology, theve was developed at one time
or ano.her 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 1in the field. In this system, individual items of equipment
are usually functionally limited to accomplishing either a transport or a
transfer operation and can effectively negotiate anly one or at best two
distinctive media 1n the tota! 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 ieveloping an ali-environments transport capabiliiv 18
largely dependent ot low well we understand the various e¢rvironments

and on our applying all available knowledge in our equipment and opera-
tions developments, '

Thus, TRECGM employs an eavironmental approach towards its projects
and programs, whkich can be categorized under two headiines. Firat,
there is 2 great deal of environmenlal engineering i..vorporated in equip-
ment projects, This engineering involves the maxirnum utilization of
available data on the external operating environment of equipment, and
the conc.ép!, design; and teating of this equipment are closely related to
the environment. Second, the ¢nvironmental appreach and the attain-
ment of all-environmen's capabiliti~s require thav a neminzal program of

- f-1




specialized reszarch in enviroumental ana geographical subjects that
peculiarly affect TC equipment and operations be undertaken. I will
outline these subjecta a little later on.

Considering in greater deta:l the element of environment engineering
that is inherent in TRECOM's equipment projects, not only are such
itoms as the Logistical Carriers, BARCs, LARCs, RLTs, tractor
trains, and certain air equipment gcod illustrations of end-items de-
signed to the enviroament, but likewise, [ believe, the papers that
follow mine will be found to be representative of the applicatior of
environmeatal data and engineering ia the development and engineering
test of TC equipment of many other types,

Thus:

1. The papsr 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 ¥ TOL and rotary-wing
aircraft, ’

3, Both idessrs. Roma and Simon will describe research that
TRECOM is undertaking on technical mobility subjects
iavolving surface-ehicle and soil-vehicle relationships.
Though carriad out under a mobility rather than an eaviron-
mental research heading, this work is closely related to
eaviroamsnt.

4. Mr. Vichness' paper on the davelopment of the TC's dehumidi-
fied cargo containers will illustrate an item designed to '
maintain a nondestructive internal humidity fc: cargo in
storage and transit in the presence of extrome humid ambient
conditicas.

5. The paper by Mr. Fielding or. the GEM 1a environmaental opera-
ticas ie an abstract of what, we believe, 14 an excellent and
comprehengive geogrnphiéocnvironmentu analysie accomplished
by Booa-Allen Applied Resaarch Inc., which established as a

- guideline for the deveiopmeni of the GEM concept, physical
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characteristics and performance criteria that will insure
maximum me¢ sility within limitations of reasonable installed
power,

Mow, turning to the TC's needs to undertake limited research into
certain specific environments and geographic subjects that csncern
transportation, it is of course obvious that the TC must depend on the
output of the Army-wide environments program for the bulk of its
information within the n.ure basic disciplines of physical geography,
geoiogy, physiography, and weather and climate., Bearing in mind
that the scope and quality of this information, and the responsivensss of ' |
the various technical services responsible for its collection, are all
unsurpassed, the TC's requirements for enavironmenta! research evolve
into more gpecialized areas of the following:

1. Analysis oi basic environmental data for purposes of cvoiving
information specific to TC needs.

2. Swdies of the geographic aspects of transportation. (Such
studies would be especially beneficial in the collation and
analysis of geographic and eavironmental inforrnation. 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 ma' exist.)

3. Studies of aero-environmenta) problems, especially those
affecting low-altitu.le operatioas. :

To accomplish these goals, it should be horne in miud that our objective
is to expand knnwledge of those particulars of geography and enviror-
ment that pertain =pecificaliy to TC equipment aasd to develop techniques
and countermeasures to reconcile TC environmental probiemas.

One of USATREZOM's environmental research p..-ojech is "Transporta-
tion Eavironmenta! Research Studies'. The only active task under this
project is entitled "'Transportation Thecry and Prediction''.

The objective of this basic resvarch study, for which Northwaestern
University 1s paid $25, 000 annually, is to develop new, generalized
concepts and theories concerning the underlying general relationshipa
of physical, econornic, and population influences that determine the
establishment, distribution, and growth of tranaportation, particularly
in undeveloped areaa. Generally speaking, it is hoped that this atudy
will uitimately lead to improved criteria for military planning and
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operations inveiving traasportation,

Dr, Garrison's paper, which will be presented towards the end of the
morning, outlinss this study in an excellent fashion, ard he will be
available to answer any questions about the subject, It should be
em2ohasgized that Northwertern University has been, and for some time

ta cwne will be, primarily concerned with the expregcicn of thzories and
concepts. Up to now there has been no attempt to intreduce rilitary

. arpects into thias study. but this will be done ir due course.

IJSATRECOM's secund environmental research project, which 1s currently
in the process of being established, :s entiiled "TC Arctic Zavirenments
Research'., The broad objective of this project is to acquire understand-
ing of geographic. climdtic, and mobility factors in Alaska and the aajacent
arctic regions, This information is needed for support to develop the
off-road opersting capabilities of TC in this area. The project will be
implemented by 2 seriea of studius of Aiaskan transportation geography,
surface and low-altitude air environ-aents, mobility factors, and

climatic stresses that are significant to TC. The U. S. Army Transpor-
tation Board (T-Board), who are operating the Logistical 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 1962, a.» as follows:

Task 1 - Trunsportation Route Geography Alaska.

This task wiil provide background transportation studies and geo-
graphic tield research by utilizing air and light surface vehicles
to locate and test a projected network of o.-road access routes
from the Fairbanks area to the Bering and arctic Ocean coast
installations.

Mr. J. W. Noble, who will present a report and movie film on
Alaakan off-road oncrations at the end of this morning's sossion,
has assisted USATRECOM in developing a preliminary "off-road"
map of Alaska. This map can be utilized, after further testing,
by crews cperating the Logistical Carrier Train or the tractor-sled
equipment for resuralyiag . 8. Air Force and Army installations
in remote arsas of Alaska. Mr. Nobdle wili display the off-road
mag during his presentatibn. The off-road routes may be gradually
upgradad snd integrated into ihe future road net of Alaska.
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Task 2 - Environmental Research of TC Arctic Mobijlity Teats,

This task wiil provide needed terrain data and environmental and
mobility coverage for tests of the lLogistical Carrier Train and
other vehicles in support of the previous task,

Task 3 - Transportation Arctic I .vironmental Engineering Studies.

Thie task will provide coverage of climetic tests of TC air and
miscellaneous surface itemns during the cource of tests conducted
by the Arctic Test Board.

Our third environinental research project, which has been established as
a result of recent action by the Office, Chief of Research and Develop-
ment to accclerate tropic research, is entitled "Transportaiion Environ-
mental Research, Tropics'. This project provides for the development
of knowledge of the complex of geographic, environmentai, and mobility
factors tha' exists in tropical rain forest or grassland areas of the
equatorial zone. These factors determine the character, performance,
and mobility of milnary transport systems and of transportaticn equip-
ment. This project will be irnplemented through a series of tasks that
provide for research studies and field surveys and observatioas, to
include liaison wath (ndustry i1n the trapics and participation in both
T-Board and private expeditions. Subtasks will deal with such subjects
as transportation routes and systems geography of tropic regious,
surface environment and mobility factors affecting off-road movement,
and tropic low -altitude aero-envircnmental factors. Research will be
directed towards thcse factors that are significant and peculiar to the
Transportation Corps; all studies and surveys will be designed to provide
a realistic: profile of . ie conditions, problems, climatic stresses, equip-
ment requirements, and transport systemns and capacitiee that pertain to
the tropics. Input from the Quartermaster, Engineer, and Ordnance
Corps’' eavironmental research programs wili be utilized, tested, veri-
fied, -and adapted to TC nceds. USATRECOM will carry out all research
aspects of this program. The project is expected to benefit greatly from
both coordination with and through the field support furnished by the '
1-Board's environmen:al nperations group; for example, the Svamp Fox
party, which, as the Pinel knows, has just completed an experimental
operation i1n the Darien rain forest area of Panama. USATREZOM had:
three environmental obeervers and two eQuipment specialists wath
Swamp Fox, but they have not yet reported their findir gu. ‘

The prec:ec annual budget rate of USATRECOM's tropi . rescarch project
has not yet been firmly eutablished, altho:n vt iv exzected te b, approxi-
mately $100, 000 per year,
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ENVIRONMENTAL ASPECTS OF ARMY AVIATION

INTRODUCTION

The environrent in which Army aircraft operate is unique in many
respects when compared with the normal concept of Aviation activities.
Aircraft are generally corsidered 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 resuited in aircraft that, for the sake
of safety and efficiency, operate at relatively high altitudes and speeds.
These a:rciaft, though highly efficient ia the air, require elaborate
ground facilities 1> 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 purpoae only--
to assi1st the combat arms commander 1n accomphishing his mission.
To do this, Army aviation must be fully intagrated with those elements
that can most profitably exploit the capabilities of Armyv aircraft.
These eleraents include all of the combat armis and nearly all of the
supporting technical services. As a tool of the ground commarder,
Army aviation must be so organized, equipped, 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, =i1ther geo-
graphically or commandw.se, from the force with which it 18 working.
Consequently, Army aviation 1s found where you find the Acrmy; whether
supporting tactical troops or technical service finctions, Army avia-
tion operates i\n the common environme:t of the Army.

SCOPE

This discussion will be conczsrned with two types of environment,
which for the sake of convenience wiil be 1dentified as 'operational”
and 'induced’’. The operational environment will cons:der those
elements and jactors that influence, or have a bearing on, the overall
efficiency and capability of Army aviation The induced environment
is considered as the man-machine relationship and will cover briefly
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some of the human engineering aspects apparent 1n 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 environinent of an aviation unit in an
operational area is the relative location of the aviation unit to that of
the taciical unit to which it .. assigned and also the nature of the base
of operations itself. It should be remembered that the aviation umt
moves from one area to another, as required, to provide immediate
availability of aircraft to the tactical unit. For this reason and be-
cause of security considerations, it is not feasible to make major
improvements to the area. Usually, any improvements consgist only
of pioneer work by the aviation unit where it is necessary to facilita‘e
operationi:.

Bearing the foregoing in mind, let us now consider the major elements
of the envivonment in which Army aviation operates and the overall
effects that such factors impose on the aviation operation. Generally
speaking, the effects can be classified in one of two general categories,
namely, ha:iards 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. fSome of the effects, of course, fall in both
categories, dependent on the degree of severity, duration of exposure,
etc. For the purpose of this discussicn, the major «iements compris-
ing the operational environment are identified, and the 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 bty the climate in which the operations are
conducted. The effects of climate range from requirements for
increased support equipment t2 reduced payload capabilities of the
aircra‘t itself. ‘

1. Arctic Operations. Operations in the arctic impose added
burdens during actual flight and 1n aircraft support functions.
Such problems as "whitecut', difficult navigation, and blowing
snow during take off and landing are some of the areas requiring
attent:on. An entirely satiafactory means of maintaining aircraft
in a sta.e of readiness is not available.
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2. Hot-Weather Operations: Problems associated with aviation

operations in extremely high ten.peratures 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 service 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 ciimates. Flight hazards are increased
as a result of smaller marging between normal and maximum
performance, which leaves little room on the part of the pilot
for errors in juigment and techniques.

Terrzin: Generally, the more difficult the terrain over 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 effort. Effecis of terrain include the following:

1. Location of av-ation elements in relation to ground force.

2. Capability for air observation,

W

. Increased flight hazards.

4. Increased maintenance sfforts due to higher altitudes and
inadeguate operational sites,

In 2ddition to the above, certain types of terrain impose additional
problems and hazards. Operations in desert or other barren terrain
increase Mmaintenance requirements because of the abrasive acticn of
the sand and dust 1n contact with bearing surfaces. Additional flight
hazards are intruduced as a -esult of blowing sand and dust during
take-off and landing. This problem 1s 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 fird-
ing a solution, but no really adequat~ and feasible means of relieving

" the downwash problem is in sight at this time. An additional problem

continually encourtered in aviation operations is the total inadecuacy
of certain ground. support equipment in negotia’ing the terrain in
which the aircraft 1s located. Much of this equipment performs
adinirably on & concrete ramp but 1s 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'ie inadequate mob1lity of the support
equipment. Some effort is being made to improve thie situaticn, and
it is hoped that this problem will be relieved throu.h the 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 secker type weapons, which, it is
felt by many, will deny operations at higher altitudes, especially in
the [orward areas. This concept, though decreasing the vulnerabality
to detection and pnssible attack, has introduced a host of hazards not
usually associated with flight cperations. If it is conceded that the
concept is valid and will prevail, then the hazards inherent i this

typs 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 el:minate
tl. 2+ possibility of collision with the terrain and objects on the ground.
Altitvie also provides a cushion, or margin for error on the part of
the pilot, and increased chancea 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 8o 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 inciude
the following:

1. Posasibility of collision with terrain, trees, wires, and other
obstacles along the flight path becauae of reduced vismibiliiy and
insufficient reaction time of the pilot and aircraft.

4. Landing and take-off tro&\ cenfined arezs under conditions of
reduced vimibility, :

3. Collision between one aircraft and another because of reduced
vigibility and congestion in operating areas. '




All of the above hazards are increased during might operations and
during pericds of marginal weather. In order to alleviate these
hazards, we need 1n the aircraft improved instrumentation that will
indicate the proximity of chstacles. We need improved methods of
ascertaining and indicating tae altitude and the speed of VTOL/STOL
sircraft. 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 1n rotary-wing aircraft that was -lesigned
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: aircraftis
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
bettar instrumentation, but more effort is rcquired to insure maximum
capability of current and future Army aircraft, especially the latter.

linemy Fire Against Army Aircraft. This is an additional hazard that
requires attention. Heretofcre, Army aircsaft have enjoyed compara-
tive immunity from enemy fire because of the nature 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. Recent
research effort has established means of providing 2 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 electronic detecting devices and seeker-type
weapons. This work 18 presently either in procesa or being planned.

Additional Effects Presenting Problems. In addition to the hazardous
conditiona surrounding Army aviation operaticns, ar discussed above,
there are other effects that, though not haza:i'dous tn themselves, pre-
sent probleins worthy of mention. '

1. Because of the low altitude at which the aircraft fly, accurate
navigation and reliable communication are difficult o achieve.
So far as navigation 1n the forward area 18 concerned, we are
still dependent on the pilot's map-reading ability. With all of
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the other dutics requiring his attentior and with the distractions
to which he 13 subjected. he must have considerable navigational
ability in order .o fly from Point A to Point B alorng circuitous
routes while maintaining an altitude of only a few feet above the
ground., It is surpricing that the ''disorientations'’ do not occur
much more frequently.

2. 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
diatance from the ground station because of terrain masking.
This hampers operations ir mary ways and constitutes a serious
problem in command and control of aviation operations. The
majority of radio equipment in current aircraft was dusigned
for operations over comparatively long distances, but uacder "line-
of -sight'' conditions. It 18 assumed to be within the realm of
posaibility that radio equipment could be provided with capa-
bilities equal at least to that found in some taxicabs and service
trucks. It is not knovn what effort 1s being expended toward
relieving these problems, bu. the effects of the problems on the
efficiency and capability of current arnd future Army aviation
cannot be overlocked.

INDUCED ENVIRONMENT

The effects of the environment on the ability of the aviator to p2rform
his mission adequately cannct 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 capahility of the
individual pilot. Consequently, an a‘temgpt will not be made herc to
assess the effect of specific itemas, or areas, which make up the
environment of the pilot, rather, an a‘tempt will be made to identify
thoge areas which are known or suspected to contribute to the degrada-
tion of pilot performance. Pr:or to d:scussing the apecific areas
comprising the pilot's ¢ :vironment. the general conditions and re-
sponsibilities that surro:nd the pilot arnd his mission should be
establiahed. Thes: conv tions will vary, dependent on the specific

- misaion, type of airzrafll, 4rea of operat.cn, local operating proce-
dure, eotc. Generally, however, it an be stated that the pilor s
responsible for the priper zondu' 't of the mission as it pertains to

his aircraft and the crew. In many cases this may enta’l responsi-
bility for a crew of 2 to 4 persons and as many as .0 to 30 passcogers
The pilot in most cases will be responsibdle for ascertaining the
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satisfactory mechanical condition of his assigned aircraft, preflight
planning, selection of priinary and alternate routes, loading and
securing of cargo, briefing passengers on emergency procedures,
and numerous other items orior to the flight. During the {flight, the
pilot is responsible for the safe operation of ths aircraft, adherence
to established operating procsdures, and navigation and/or maintain-
ing the proper position in rela‘tion to other aircraft. While performing
these functions, the pilot is s«:ated 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 noise level may be in the vicinity of 80
to 100 decibels, with vibrations ranging frcm 3 to 80 cycles per
second at various amphitudes. The pilot is required to monitor and
adjust a half dozen or so conirols in order to regulate the heading
attitude, speed, and altitude of the aircraft. In addition, he con-
tinucusly monitors the performance of the aircraft through interro-
gation and interpretation of a dozen or so instcuments. 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 exceptiona, and is not cornpatible in

many respects with the pilot's environment or fuanctions.

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

As stated earlier, most of the 1nstrumentation used in rotary-wing
aircraft was di:veloped for fixed-wing application. The moat serious
of these shortcemings is the lack of suitable attitude and airspeed
indicators. The indicators 1n 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 relative 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 1ndicators and altimeters do not permit th: degree

of precision required for many operations. Some work is being
expended toward mee'ing the requirements fur better instrumenta-
tion, but the effect that this equipment has on the success of future
Army aircraft is such that greatly incrcased efforts are justified.

Some improvements in controls have becn raade 1n recent years,
but much remains to be accomplished in this srea to enhance the
overall capability of Army aircraft. Essentially. controls should
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be simpiified and reduced i number. Control design incorporating
fail-safe features that would alleviate the presen: catastropaic con-
ditions resulting from control malfunction or damage should be
considered. These features assume added significance i1n light of

the hazards of weapons fire that may be d.rected against the aircraft
during many of the missions envisioned under currant concepts. The
feasibility of reducing the number of controls required in rotary-wing
air1craft is a subject worthy of serious study. The ability of the pilot
to control the aircrafr {rotary wing) without the use of all primary
extremities (s currently under study, however, no conclusions have
been drawn at this time. It may be found that some type of armor
protection for the pilotis extremities ¥ill be required as an interim
measure, at least until more suitable conirols 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, is great enough to cause
permanent damage to the hearing of persong expoesed for proicnged
yeriods. Stop-gap measures used to alleviate the problem have
included the pilot's use of flight helmets, ear protectors -nd earplugs,
and the ryundproofing of the aircraft. These measures have been
only pacrtially successful, aa 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 30, than that of noise. It is known, for instance,
that certain amplitudes and frequencics of vibration cause detriments
to visual azuity and the sense of balanze, Yoth of which could mater:-
ally affect pilot performance. We need more information concerning
the effects of vibration on the various senses and the corresponding
detriment to performance. Such information, if available, could

be used during design of new aircraft to eliminate those vibrations
most harmful to pilot performance.

Cockpit lighting has been the subjrct of resear:h, development, '
study, tests, and evaluations since the first aircraft was flowr dur- '
“ing the hours of darkness. Ye:, itas a probiem for which a satisfac
‘tory soiution has nct beer found. The system currentiy in vogue
consiets of rad lighting throughout the cockpit. This has been in
style for a number of years, and nearly everyone 1s familiar with il
Familiarity, however, faiis to relieve the system of 1ts many defi-
ciencies. Some of the most important cnes are inability to read
" accurately the instrument rang> markings, difference in brightness
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between various instruments, difficulty in distinguishing emergency
lights from normal 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 availeble system.

SUMMARY

During this short discussion, we have described the #snvironment of
Army aviation, its peculiarities, and some of the problems assoc:-
ated with it. Some of these problems are new; some have been with
us since the very early days of Army aviation. Some of them are
common to all aviation activities, out many of them stem. directly
from the environment in which Army aircraft are employed. To
assict in coping with this environment, we must have equipment that
has been designed from the outset with the environn.ent 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 equipment 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 aquipment. In this respect, the foremost consideration i» the
Jdesign of new equipment for Army aviatior is the environment iu
which it will operate.




VIOL DOWN-WASH 'MPINGCEMENT STUDY

R. & Graham
U. S, ARMY TRANSPIRTAL ON RESEARCH COMMAND

For® Puatin, "1rginta

K




VIOL DOWN.WASH IMPINGEMENT STUDY

This pe «r treats poimarily of the eavironment created or modified by
the presence of VITOL aircraft operating near the ground. Research
completed up to thi: point has been primarily directed toward defining
the flow pattera fromn the down.-wash as it sirikes the ground and the
effecis of that flow on the ground and on objects in the flow pattera. Some
invest:gations of possible corrective measures are now in progress.

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

1 When the air.raft is operated over dust or dry sand, the down-
wash causes a cloud of dust or sand that can obacure the vision
of thre p1lot and ground crew, reveal the position of the aircraft
to the enemy, cause excessive wear and damage to the engine
and dynamic compenents, and cause damage to rotor and prog
peller blad=,

2. When the aircraft 1s operated over gravel or clay, the down-
wash forces rocks or clods tc 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 1s operated over any type of terrain, the
down-wash creates air velocities along the ground which, in
gome ases, exceed those with which ground personnel and
ground based objects can cope.

Organizations involved in research in downwash impingement problems
include U 5. Army Transportation Resedrch Command (USATRECOM),
Bureau of Weapons (BuWeps), U S. Air Force Aeronaviical Syeiems
D:ivision {ASD), Nationa! Aeronautical Research Institute {NARI), Corps
of Engineers Waterways Experiment Staticn (WES), National Aeronavtics
& Space Administration {(MASA), and various companies of the a:rcrailt
industry. '

“teacarch of particular inierest to the Army has been conducted on
various «ypes of apparatus, including a l-iach-diameter compressed

air jet representing diak lcad:ngs up to 2,000 poundi per square fooi
(NASA); 4 1-foot-dizmeter comprensed air jet representing d-wk loadings
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up to 1L poands per square foot (NARI), a 2-foot ducted propelier capable
of achieving disk load:ngs up to 150 pounds per square foot (Hiller Aircraft
Corporst:or and WES); (ud a 15 foct propeller capable of operating at disk
madings up to o8 pound.s per gquare foot (khe'lett Aircraft Corporation). The
devices were operated ¢ver smooth surfaces so as to define the flow 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
Figurc 1. These dynamic-pressure profiles were obtained in the flow field
from the Z-frot 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 heigh!s of the device decreases the dynamic pres
sures along the ground. The variation of maximum dynamic pressure with
distance measurec from the centerline 18 shown in Figure 2 for various
heights above the ground. It can be seen that the dynamic pressure at a
locaticn four diameters from the centerline has decreased to ubout 10 percent
of the average at the exit of the device.

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

1. A cloud that wouid obscure the vision of flight and ground crews
was created when operations were conducted at disk loadings as
low as 3 pounds per square foot over fine dry soil or sand
{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 or more over a gravel bed. Figure 4
gives an indication of the amount of gravel that was moved
by operation of the device for 42 seconds.

3. A vapor c.oud was created when the device was operated at
* disk ioadings of 60 pounds per square foot or mor: at a height
of 2-1/2 diametery over water (Figure 5).

4. No dangerous erosion occurred when the device was cperated

at disk loadings up to 1,000 peunda per square foot over weil
established gransy sod.
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Resgeirch conducted on the 1-foot-diameter jet by a European contractor
indicated that the placing of vanes in the exit of the thrust device would
modiry the flow field along the ground and might offer a means of re-
lieving the advesse conditions to some extent. The final data are not ye!
available but preliminary data are shown in ¥igure 6. Absolute values
are not shown, but it can be seen that when the device was operated at
1-1/2 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, w.vk 18 continuing with the 1-foot jet in an effort

to obtain further improvements in the ground flow conditions. Work is
also continuing under a Navy-funded program with Keilett Aircraft Corpo -
ration to investigatc the effectiveness of variations in airframe geometry
and fuselage and wing flaps 1n altering ti * flow and preventing recircu-
lation of ground particles and debris as a means of alleviating the down-
wash problems. Plans are being made to develop an analytical method

of preadicting the ground flow pattern from rotors and jets so that means
of atleviating 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 *» investigate the minimum
sizes and shapes of lightweight g-ound covers or mats that offer the poss:-
bility of preventing ground erosion and recirculation of grounu particles.
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STATIC ELECTRICITY

The problem of static electricity accumulation on helicopters has been
gserious 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 missile explosives and guidance components is of con-
siderable concern to the Ordnance and Signal Corps.

The problem of injury to personnel has varied 1n severity from minor
shocks to ground crewmen to a recent occurrence in Germany in which
a man was rendered unconsgcicus for a perioc of about 10 to 15 minutes
by the sudden discharge of elecirical energy from an H-34 aircraft.
Th« Navy exper.ences a similar procblem. When a pilot is being rao-
covered from a ditched aircraft, the spark from the rescue hook may
give the inan 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 dragyging it through the water to the downed pilot.

Let us consider for a minute what happens as 2 helicopter flies through
the atmosphere. The air and the metal blades closely resemble the
silk and glass rod we used to rub together in pkysics ¢class 10 preduce
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 electrona cannot move along
its surfac> with conductive freadom to discharge back into the other
sudstance from which they originally came. [n consmqueénce, most of
the eleciric charge will become entrapped on the two separating sur-
faces, especially if the separation is rapid. Hence, the two substances .
retain their characteristic polarities and charges from their contact -
electrificatior. Also, a helicopter may dbe charged through the release o
- of ions in the engine exhaust gases. During the combuativa process,
ions are generated; and through their 1elease in the exhaust gases, a
net charge on the aircraft can be produced. A third methed by which
an aircraft can become charged in flight is by induction, which becomes
effective when the craft is flying through high variations in the earth's
electric field, as in fiying under charged clouds. There are probably
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Lt coptmibutions to the charging of an aircraft, however, these three
ate 'elt 'o be the most ».grificant. Unfortunately the results of these
three rnethoas of charging are not always constant. Obviously the earth's
electrical {ield changea radically from day to day, which would regult in
extreme differences in the charge on the aircraft. The number of 10ns
producec by the combustan of the fuel in the (1.oi e woild b+ &ffected

Ly the power being drawn from the engine, impurities in the fuel, and
any number of other facto. s that probably could not be predicted ac-
curately. We also know that changes in the atmospheric conditions
very greatly affect the charge generatio.a resulting from the rotor
biades' turning through the atmosphere.

To date, we have only limited data that refiect 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 18 accumulated by all
Army helicopters in several different atmospheres, to include clear
air, dust-laden air, snow-lader air, rain, and 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 pr1-
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,
H-34, H-37 and HU-] aircraft. When these craft are hovering at 25
feet, 1, 300 volts are accumuiated on the H-21, 2.000 on the H-34,
1,100 on the HU-1, and 30,000 on the H-37. Several incidents have
been reported recently in which an H-34 aircraft that was hovering for
an external lJoad pickup in snow-laden air discharged an arc of approx-
imately 6 inches i1n length to the ground crew member. Using a break-
down gradient of approximately 20,000 volts per inch, which is a
- relatively conservative figure, wauld indicate that approximately
120, 000 volts existed or the aircraft at that time This figure, af
compared with the 2, 000 volts accumulated in clear, dry air, indicates
& ratio of about 60:1 between srow-laden air and clear, dry air. If
this factor were applied to “he 50. 000 volts accurmnulated on the H-137, .
approximately 3,000,000 volts would have .ccimulated during \he snow
operation. However. i* i felt that £2-1 18 too6 bigh & ratio and not ap-
propriate in this case Natural corona action would limit the voltage
to a value significantly less than this.

Studies made by Auburn University have shown that even under ;Coal

- conditions an M-} electrical squib can be detonated by » capacitar’s
discharging 1/2 joule of eiectrical erergy through its leads. Now,

- what does 1/2 joule mean in terms of the voltage accumulated on a
hilicopter? The capacitance of the H- 37 has been measures to be
about 750 micromicrofarads at an.altitude of 2% feat. The equalion for

L2




i arrge e e @ e

electrical energy in terms of volts and farads is E = 1/2CV?, If an
encryy value of 0.5 inule and a capacitance of 750 X 16~" farads are
used, the equ.tion car bhe solved and the voltage would be calculatad

to be abaut 36,900 volts. This shows us that the H-37, even in clear,
dry air, stores enough energy to detonate an electrical squib. Obviously,
with present-dar munii. 18 being what they are, a situation such as this
i8 intolerable,

In 1959, USATRECOM initiated a project to find a solution tu this prob
lem. There were two possible approaches that could have been taken.
Fire!, we couid have defined all the possible causes of static electricity
gene.ation znd then attempted to find methods of preventing this buildup.
Or, second, we zould have accepted the fact that the helicopter is a
fairly efficient generator of static electricity and then dissipated the
accumu.iated charge when the helicopter was in the vicinity of the

ground where the danger of an uncontrolled discharge would occur.

The latter approach, which was considered to be the most profitable
from a standpoint of time and money, was selected for the 1nitial effort.

A number of avenues appeared to be possible in implementing the second
appreach. 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 srancpoint. Use of the radioactive corona poirt was the second
avenus invest gated. From an analytical standpoint its use appeared to
be satisfactory, but after testing, it was observed that tao much radio-
active material wonid he required to dissipate the current generated;
aleso, ground poosnnnel would be subjected to radiation hazards during
normaj sperat.en, and in the event of a crash, the area nught be con-
taminated. The third avenue, that of using high-voltage corona dis-
charge, appeared to be th: most feasible.

Uader USATRECOM sponsorship, several research programs have
been conducted on the application i the high-voltage corona discharge
principlc to the dissipaticn of stitic electricity generated by helicopters

Tho phenomernon of corona dischs 2 is one that has been known for
jears. If & body that is being ch. (ged with an electric potential has

on its surface any sharp points, the electric field strength around these
sharp pointa wiil Se extremely high. As the voltage increases and
reaches a certain level, which 18 dotermined by the chape of the point,
atmospheric conditiona, etc., the atmoephere surrounding the point
will become ionizeu & corona diecharge will take place, and an actual




fiow of current can be observed. The charge on this body will continue
to increasc 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 secen,
therefore, that a system of this sort would not he satisfactory for use
with helicopters, since the steady-state voltage accumulated is usually
quite high.

The corona discharge system described in this paper applies the se
same pr 'nciples except that the discharge voltage has been boosted.

To explain this. let us first assume tha: a helicopter in flight 18 ac-
cumulating a positive voltage, 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 aiicraiv frame. This, then,
places the two voltages in series and result, in an extremel "igh
positive potential on the sharp point relativ. ‘¢ the atmoerhere. This
high voltzge on the sharp point produces t} 2 very high field st-ength
necessary to ionize the atmosphere. Since the discharge probe 1s at a
high positive potential, the negative 10ns in the a*moaphere 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 bas‘s with the pos
itive particles in existence un the airframe and, if enough negative
ions are generated in the atmosphere, reduce the net charge on the
aircraft tv zero. :

Qur research efforts have resulted in two breadboard corona discharge
systems that will satisfactorily dis.:pate 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 less than 150
{eet per second. This allows approximately 7 microamperes to be dis-
charged by a 20-kilovolt power supply. This system is rather laige
and bulky, and 1t is not certain at this time if 7 microamperes can
furrnish sufficient discharge current to '"'zerc'' an aircraft under all
conditicns. Flight tests of this system have been condicted and the
system works well in the atmospheres encountercd. The other system
iz being flight tested at thia time on an H-37 at Edwards Air Force
Base. This system makes use of the higaer air velocit:es across the
bladvs. The high voltage and the sensing probes are located at a point
adbout iwo-thirds the distance of the blade's radius, where the air
velocities are from 400 to 500 {eet per second. A unique method of

- mensing is employed, which results in a large reduction in weight and

- camplexity. As & result of the hugh asr velccity across the probes,




the sensing mechanism is very sensitive, and the 20-kilavolt power
suppiy is able to digcharge approximately 35 microamperes. Pre-
hminary data from t.- flight tests look very encouvaging. This system
weighs about 5 pounds; the first system described weighs 45 pounds.

As stated earlier, we have given much thought to the idea of eliminai-
ing static electricity at its source. Although it 18 2ntirely possible

to match dielectrics and ¢liminate any charge generation in a given
environment, even a slight change in temperature, humidity, <on-
tamination, etc., of the aimosphere or of the blade surfaces would
change the dielectric constants, and o voltage would be generated.
Thereiore, we belicve that the problem is here to -tay and that our
only course is to provide better means of dissipation. We are looking
at newer isoiopes, other clectronic systems, and geaerally at anything
that will produce ionization. Of course, what we warti is a piece of
equipment which :an ro moving parts, nsthing to wear >ut or mal-
function, costs rothirg, weighs nothing, occupies no s;2ce and requires
no power or mainienance. I don't think we'll find it, but we're getring
close.
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SCALE MODEL TESTING OF TIRES IN SAND

INTRODUCTION

The history of the development of off-rcad wheeled vehicles clearly
demons‘rates that the most ;portant single design consideration has
been the proper selection of tires. For years, the development procass
consisted of adapting lavger, 'off-road’ tires to exisiing vehicle chassis
intended only for en-~road trhvel. This method allowed only modest gains
because of the axpensive and time-coneuming modifications imposed by
clearance diificulties and limitations imposed on the existing vehicle by
power-train capability. a

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 modifications. The inherent
limitations impcsed by the current chassis then resulted in yeare of testing
the off-road tires with varying secondary factors in the vain hope of pro-
ducing dramatic improvements i1n ihe ground-traversing perfurmarce,

Such factors included tread patterns, depth cf 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 susceptible to efficient cargo "‘andling for
only marginal improvements.

BACKGROUND

A considerabie amocunt of tire testing was conducted during World War 1L

The only effort tha' was specifically oriented toward providing a guiie or

index to proper selection of tires for off-road (#and) usage was the werk

dorie by Karl F. E<lund (Reference 2). This work was further refined by

RicharZ C. Kerr in 1955 (Reference 6). A Mobility Index was formuiated

which provided the designer with a guide for use 1n selecting tives for

off-road vebicies. The index was based primarily on tire tests :in sand, )
the acceptable :ndex, by being increased, could be expanded to include other 5
types of terrain. For sxample, a 100-percent Mobility Index was considered , b
to be ac.epiable for sand, however, a Mobility Index of greater than 100

percent would be necessary to be barely acceptable for other scils and
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snow, This scherne did not receive widespread utilization for a number
of rezasons. First, it did not provide a quantitative performance guide;
secondly, the Mobility Index assign®d invariably meant different degre~s
nf 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 previcus test work on
tires in the hope of determining the esaential factors the! dictate off-
road performance (References 5 and iZ). Thes« efforts have resulted in
some interesting relationships but have failed te provide a design guirie,

Coumparadive evaluation of full-size vehicles was i 2 only guide that de-

signers found to be acceptable. This was expensive and required ¢xces-
sive time to arrive at a design decision (Referances 3, 4, and 9).

PAST APPROACHES TO THE PROBLEMW

A number of approaches have been tried :n avoid the necessity of testing
full-size wheeled vehicies, ‘

Single-Tire Test Apparatus

The use of a single-tire test apparatus had the potential that testing
single tires on repcated passes would simulate testing 4x4 and 6xb
vehicles {Referenca2s | and 13). Further, it was reasoned that tests
with single tires could be performed more quickly and cheaply than
tests with complete vehicles. Unafortunately, 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 lires actually tested. The approach
proved to be less efficient than originally surmised because of the
repeated tesis required to simulate 4x4 and 6xb vehicle configurations.

Laboratory Model Tests

A nuyraber of investigaters in the United States and other countries have
made mobility studies by testing small models in laboratory basias.

Most investigators used sand because of :ts stability and reproducibility.
This approach thus far has not produced usable design data because of

the lack of correlation between laboratory results and the resuits ¢htained
with full-size vehicles operating in natural terrains. This approacn is
aleo handicapped by the impoassibility, for all practical purpcses, ~f
-producing snow and other types of terrain in the laboratory. For many
vehicles, it :s cssential that performance in a number of different types
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of teriain Yo predicted and the {inel design drcigion based on acieplable
perfortrance in the most "critical” terrain,

"I‘hcoretica] Studies

Thearetical studies were - 2ually based on mathematical equations used
in s0il mechanics and expanded for application to vehicular performance,
Thegre studies usually were coupled with attempts to verify the theory by
scale-model tests in laboratory basins, Unfortunately, this approach
was handicapped vy a meager knowledge of the fundamental parameters
invelved in vehicular parformance as well as by the shortcomings of the
laboratory tegt approach in general, Since the early investigators con-
sidercd the pneumatic iire 28 essentially a solid, rigid wheel, most
laboratory work was conducted with rigid wheels, This basic assumption
was sufficient to make many designers skeptical of any results obtained
or conclusgions reached by using this approach,

TRANSPORTATION CORPS APPROACH TO THE PROBLEM

The U, S. A:ray Transportation Research Command has been denirous
of developing a rescarch guide to the selection of tires for cff-road
vehicle perforrmance. The approach selected had to rneet the following
requirements:

. It had to produce data that could not be disputed,

2, It Lad to have the potential of preducing resulta as quickly
&0 possible,

3. The data h2d s he usable as a dezign guide to predict per-
formarnce of off-road wheeled vehiclew,

Therefore, it was decided that 2 field model teet in notural terrainn and
using modest sccle ratios {(about 1/4) together with direct correlation
between the model and fuil-asize vehicles would be the aryreach most
conducive to the nceds of the U. S, Army Transpertation Regearch
Cominand, ‘

The f{irst attemp! at correlation in sand was made with the Logistizal
Cargo Carrier (Figurec 1), It was chosen because it was undergcing
enginecring tests at the time, and with its large 10-fuot-diameter
low-pressure tires and relatively lowwheel loads, it represented a
vehicle having a high degree of mobility, A 1/4 scals inodel of the
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Figure 1. Full-Size Logist.cal Cargc “arrier,

le2d unit was designed and coastructed with preciseness in regard to

. all dimensions and to weight distribution. The model was instrumented
so that torques at the wheels could be recorded in the «vent that whee!
torques had to be scaied for sccurate correlation. In spite of all *his
care as well as using special molds for the tires and special whe«!
patterns, the net cost of the model was 3 small fraction of the cost cf
the full-size vehicle (Figure ).

The approach at first
- envisaged that the
slightest variation of
any significant faztor
would require a
separate actual {ield
test of the model,

Figure 2. 1/4 Scale Model of Logiatical
Cargo Carrier. ’

F—

CURRENT STATUS OF THE TRANSPORTATION CORPS A?PROACH

It has been demonstrated that drawbar pull and sinkage performance of
the lead unit of the Logistical Cargo Carri¢r in sand can be correlated
with that of the 1/4 scale moldel when both the full-size vehicle Gand the
model are geometrically similar and model weight is appreopriate.y
scaled (Figure 3},
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Figure 3. Correlation of 1/4 Scale Model
With Full-Size Vehicle (Opeara-
ting Without Grousers in Wet
Sandj.

The next vehicles used for
correlation testing in sand
were the Marsh Buggy and
a 1/4 scale model of it
{Figure 4). The Mursh
Buggy was selected prima-
rily because of its ideal
characteristics for correla~
tion tests in snow, marsh,
and mud. However, it also
represented extremely light
wheel loads arnd served the
purpnse of demonstrating
that corretarion could be
accomplished for such light
wheel loads (Figure 5). It
soon was realized that the
performance data could be
presented in a form whereby
the influence of a large
number of primary factors
could he predicted without
testing for each slight
increment,

Figuré 4. Marsh B'ugg_v and 1 /4 Scale Mode!.
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Figure 5. Drawbar Pull and Sinkage Correlation of Marsh
Buggy and 1/4 Scale Model,

The next program consisted of tests of a group of tires of approxi-
mately the same overall diameter and with different diameter-to-
width ratios (Figure 6). It was found that performance profilew for

6,00.16, Single Marsh Buyyy Lco Torus

6.00.16, Dunl Rotling Bay Rotling Bag

Figure 6. Serics of Scale Modcl Tires 'estea.
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all tires could be presented for each percentage of deflection

(Figure 7).
r&ti_cm.

In all cases, the data were restricted to a 4x4 configu-

The most current program was concentrated on a verification of the
fact that the performance profiles truly represcuted extreme -anges
with respect to weight, sand strength, deflection, and tire diameter.
The performance profile based on 3( -percent deflection is of pr -’icu-
lar {nterest because it represents the practical defluction limis
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perrmissible from a tire-life standpoint {Figure 8). However, the most
general and most useful cury 2 is Figure 9. This curve has colliapsed
data froun 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 1.0 inches. Recently developed wheeled vehicles such as
the LARC, CCER, BARC, and Landing Craft Retriever (Figuces 10,

11, and 12) were tested and their data collapsed into the curve with
% 10-percent error.

ALL TIRES AND TESTS FOR 1989-80 IN TILLED AMD COMPACT SAND.
TIRE DEFLECTIWON = 30% OF SECTION HEIGHT,
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Figure 11. LARC.
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FUTURE PROGRAMS

Although Figure 9 is extremely ussful for 4x4 vehicle cenfigurations, it
does not apply for 6x6, 8x8, or train configurations. A program is
already underway to determine if the single-tire test data, References

1 and 13, can be correlated with the 4x¢ data. If successful, the
third-pass single-tire test data can be extrapolated to plot a perform-
ance profile for 6x6 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 for an
exiensive test program as was followed for the 4x4 configuration.
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INTRODUCT

The word "mobility' as now utilized by ths military has many
definitions, but for the vehicle designer it defines a difficult azes
and savironment to cope with. This is the terrain in situ--not oaly
voads, trails, or paths, but the ground us nature has conditioned it
by erosion, vegetation, climate, etc. The ability to traverse
cross-country terrain involves maay coasiderations, one of the mae:
important of which is rough ground performance, which is indicated
by vehicle spead, human tolerance to vibration (low frequency. high
amplitude), and limiting forcss on cargo and squipment.

To provide adequate design criteria, methods must be deveioped and
analyses must be made to predict performance. It is w9 ths purpose
of this paper to present a lengthy review of analytical stadies of

vehicle, human, and cargo dynamics. Seversl such reviews carrcatly
exist: Bekker, Bogdanoff and Kosin, Rosch, Sattinger on veldcliss
(Refereuces 1, 2, 5, and 6); Horneck, BDoeticher, aud Simons on humaas
{Roference 3); and many others. These analysee in one form or

another are dependent on the assumption of forces Lmposed on vshicle(s)
- traveling cross country. The validity of thess sssumptions and the
utilization of the mathodology developed can be attained oaly by an
exisnsive collection of accurate information on the geomstric charac- -
terietice of the terrain over which vehicles muat operate.

This paper deals with the measurement of terrain profiles for the
puzpose of providiag powsr spectral deansity distributions for use Ia
releted dynamic analyeis. The need for thie type of informatioa s
evidenced by the numerous reports lamenting the fact that go little
work has been done in characterising grouad roughaess statistically.

PROBLEM

The collaction of grofile data to charactarise lerrain quaatitatively
becomss a rmammoth tazk unless soms reasonable aparosck i takea
to the deiinestion of topographical aress. la the past, the military
ks “.ttlined the terme "desert”, "avctic', "mubarctic'’, "tropic",




"temperate'", c¢tc. Though these 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 deterinine 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 functicn of
the horizontal distance along the route. Such a record than can be
anzlyzed so that the amplitude of each sinusoidal component us 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 types; 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 &n
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 {rom 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 refarence plane corresponds to the
two highest spots within the length of the straight edge.

3. A rnobile beam with a single wheel at either end and a center

recordiug wheel freec to move vertically,
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4. Devices that record vertical ogcillations of a wheel with
reference to a suspended weight cr mass (the U. S. Bureau
of Public Roads built such a device :tiliziag the front axie
of an automobile).

5. Devices in which the referenca plane represents the mean of
a number of points of coatact with the road surface.

¢. Devices that measure the slopes of the profile b; measuring
the angle generated by two wheels some distanco apart with
reference to a vertical plane (slope integration method).

All the devices utilize a continucusly changing plane of reference, and
some require a transposition of data into 1 useable form. It appears
that a profile measuring system should bs accurate, reliabls, and
mobile, and should have a data output that can be fad ditecily to a
computer,

Investigation of various systems that have been tried indicated that o
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, &, and 3)

The system consists of two parta: the collimator, which projects &
highiy collimated light beam toward the profilometer, and a pro-
filometer that is equipped with & photoelectric sensor. As the
profilometer maves, the ssnsor is held centerad on the light beam
by a servo system. A direc® drive introduces the profile variations
between the surface and vensor position into a uscable output. Cur-
rently, a digital encoder is being inatalled on the profilometer that
witl facilitate the use of profile data divectly on USATRECOM's data
processing aquipment. This wiil corsist of a shaft position to digital
encoder whose output 1s punched on & paper tape.

The system will be ca_able of msasuring elevations st 6-inch intervale
at speeds up to 5 miles per hour. The collimator inciudes a high-
intensity ligit scurce and a collimating lens aystem which s capable
of projecting & well-definec beam of light for approximately 2,200

feet under re.ar "able atmoapheric condiitons. This light source

establishes a reference plane.




The profilometer consists of a wheel cam follower, which follows the
torrain 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 elevation of ths profile with respect to the horizontal reference
beam. At 6-inch intervals, a switch, driven by the profile wheel
follower, causes data tc be read out of the encoder into the digitizer
and onto & paper tape.

Tests oa runways have indicated that profile measurementa made by
the cystem were within £0. 2 inch of those made by .od and transit,

4£ithough the currert system has not beea fully evaluated on cross-
couantry terrain, there is every indication that it shou.d perform
satigfactorily. Time and additional work with the system will prove,
or disprove, this statement.

Figure |. View Showing Profilometer
in Normal Operat,,; Position
at Beginning of Teést Kun.




Figure 2. Collimated Light Source,

Figure ). Optical Sensing He: 3 Mounted
on Pclecat Vehicle.
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APPLICATINN OF "FREE BREATHER' PRINCIPLE TO CARGO CONTAINERS
FOR THE PREVENTION OF CORROSION OF MILITARY CARGOES

The Transportation Corps operates a fleet of approximately 80, 000
reusable steel shipping containers, keown as "CONEX'"., By providing
physical protection to the container conteats, substantial reductions in
levels of packaging and packing become 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 volurae of 295 cubic feet and is
constructed of corrugated steel panels. It is designed to be weathertight,
with provisions for ven'iiation at the valleys of the corrugations where
side and rear end panels joia the top and bottom. In addition, the doors
wre provided with a labyrinth arrangement ~round their periphsries
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
commodities 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
eificiency.

It was postulated that, if a reasonable method could be found whereoy

a low-humidity internal environment could be maintained within « CONEX-

type coutainer during the in-transit period for such commodities, a sub-

stantial saving could be obtained by reducing the levels of preservation

and packaging of items susceptible to deterioration from humidity. : i

An imitial evaluation of this problem in relaiion to CONEX indicated
several possible approaches: ’

*Slides arc available on a loan basis from U. §. Army Transportation
Research Command, Fort Fustis, Virginia.
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1. Alter the CONEX design to provide a completely scaled unit
or pressure vessel, The container could then be charged to
a presgsure of 3 to 5 p,s,i.; and by using a dry charge of gas
and by simple gaging, the enclosed enviroument could be con-
trolled to safe levels of humidity. Thc obvious disadvantage
to this technique is the additional structural requirements for
such a unit, with the attending increase in weight and cost,

2. 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 which 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 standard
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,
snd breather devices in various combinations as a means for preventing
the formation of corrosion and the propagation of fungi on intcrnal sus-
captible components of enclosed Ordnance instruments. The instruments
were subjected to cycling tests at high and low temperatures under high
humidily conditions.

SLIDE

In the utilization of silica gel for container dehydration, design experi-
ments revealed that by preventing direct access of external air to the
silica-gel unit and by restricting the contact of air with the gel in the
cell, by means of a breather tube, to the amouat of air that was thermo-
dynamically pumped (due to daily temperature changes) in and out of the
box, the life of the silicu gel was greatly extended. In tests, a tube
nest composed of sufficient tubes having a length~to~bore~diameter ratio
of about 10 to 1 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/exlernal 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 | . ¢ cubic foot units
under conditions which did not paraliel those envisioned for CONFEX,
a program was initiated to destermine the following:

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

2. 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 mainta:n safe relative humidity).

3. Period of time that the b.eather, whei augmeated by a charge
of silica gel, would provide a safe environment (necessary ‘o
determine life expectancy of the dessiccant charge before its
replaczment becomes necessary).

Two essential conditions were believed to goverr these determina-
tions, Oneis 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 fiight. For this
condition, tests were conducted in which the flow of air that would re-
sult from a container's being transported by aircraft between sea levcl
and 25,000 feet was simulated to determine whether breather units of
proper design would prevent the creation of prersures or vacuuins
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 betwren =ach elevation was computed and converted
to volume of air lost hetween each elevation.

SLIDFE
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By relating this to a typical ascent curve, it was found that the maximum
rate would be approximately 21.15 cubic feet per minute for an empty
container. Since it could be reasoned that the container would almoat
always 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 te assumed, therefore, that the breather umt would

be considered satisfactory if it could pass 14,1 cubic f2¢t 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 comparisons 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 wcre performed on breather units with dry desiccant
(not more than 10 percent by weight of water) and on breather units with
speat desiccant (containing approximately 25 percent by weight of water
or when moxst ~ir cannot be reduced in humidity to 40-percent relative
humidity).

By rsversing ihe breather end for end, direction of air slow could be
changed. Breather tube plates of different configurations and desiccant
beds of sevaral diameters or lengths were included for comparison.

To determine the moisture absorption rate or iife expectancy, breather
“units were subjucted to a flow of air which vimulated fieid conditions.
By passing known volumes of air at known temperatures and humidities
through the breather, prediction data were obtained. As previously
mentioned, the most difficult conditions are thosc of axposure in a
tropical, rainy climate. Assuming an average ambient hugh.of 95°F ., ¢
iaterior temperatufes of 116° F. in an olive-drab container and 102°F.
in an aluminum or aluminum-color unit are possible. It should be
noted here that during th~ high temperature of daylight, the air 1n the
containers is beiag driven out through the breather; and because of the
high temperature, the relative hum:dity 19 comparatively low,

® Berry, F. A., et al, Handbook of Mcuorologv, McGraw-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 7C* F',
and 85 to 95 percent relative humidity.

An olive-drab container under average high ambient conditions in the
tropics would ~xpel an average of 17.3 cubic feet of air per day; an
aluminum unit, 18,0 cubic feet per day. For test purposes, it was
assumed that 17.3 cubic feet of air is driven out of the containerduring
the tropical iay when interinr temperature is high and the relztive 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 termperature
is approximately 70°F, and the relative humidity is from 85 o 95 percent.
It was further assumed that the air expelled through the breather unit iz

of aufficiently low humidity that it will uot tax the desiccant,

As criteria, we concluded that a safe and reasonable condition would be
maintained within the CONEX container if the humidity at 70°F. re-
mained below 40-percert relative humidity. This would insure relative
humidities at less than 40 percent for ail but a few hours of eich 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 will reach as low as 10 percent during the hot hours of

the day. Condensation would not occur uatil temperature within the con-
taine: dropped to 45° F.

SLIDE




A schematic of our test apparatus is shown here,

l.

5,

Source of air and air pressure - a 5-horsepower electrically
operated air compressor 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.

Pressure regulator valve - with a range 0 to 10 pounds,

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,

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-.tempcorature water, Higher tem-
perature can be produced by a thermostatically controlled
immersion~type heater,

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

Initial control chamber -~ a small cylindrical tank appruximately
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.1., and 2 petcock drain,

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,

Flow meter - used for measuring the total volume of air passing
through the system within 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, 0-6



9. Sccond 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 -~ temperaturc gages used are of the bimetal thermo-
couple type with a range of 0° to 125°F. Manometers are of
the mercury U-type, with a range of 12 inches of mercury
(approximately 6 p.s.i.), and can be accurately read at pres-
sures as low as 0.0! inch of mercury. Humidity sensing ele-
ments are Aminco~Duritore make, and are read with an a. -c.
operated Aminco Hygrometer.

To determine the effect of certain conditions on the flow of air through
the breather and to derive data for use in the development of the breather
design, a series of 22 tests as previously shown was conducted. The,
condition of the air and desiccant and the direction of {low were varied.
Combinations of breather and breather tubes were used. Three or more
readings were taken for ecach condition. Pressure readings were cor-
rected to take into accounl barometric readings and altitude. The fol-
lowing curves represent our findings in relation to air flow.

SLIDE

Tests 1 and 2 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




A comparison of the rate of flow through a 4-i/2-inch-diameter breather
and a 6-inch-diameter breather in conjunction with several tube plates is
shown in this slide., It can be scen that the 6-inch diameter is necessary
{for proper desigi.

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 8o near to
being the same as to be inconsequential.

SLIDE

The next churt is a comparison of the flow of dry and moist air. The
flow of dry and moist air through both a dry brecather 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 comparisan 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 explanatior is not readily
apparent Since the desiccant bed was spent by  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 channels permitting
easicr passage through the spent bed.

Ae 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 foo: per minute and preliminary testing
shows that this could bc acceleratec 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 upproximately 70° F. The temperature
ol the exhausting air was slightly higher than that of the air being introduced
because of the heat taat was generated within the desiccant bed during
the action in which r.,oisture was absorbed intn the desiccant crystals.

During the tecst, air was permitted to flow continuously through the
dexiccant bed. Conditions were kept rcasonably constant, and readings
were taken approximately every 3 hours, day and night, The introduced
air averaged 71. 9°F. and 90 percent relative humidity. The average
temperature of rxpelled air was 76.8° F, The tcsts were continued
until the humidity of the air coming out of the breather exceeded 40 per-
ceni reletive humidity, When the breather unit desiccant was weighed
at the conciusion of the test, it was found to contain 24, 4 percent by
weight of moisture.

SLIDE

The data, then, are plotted here. Slight fluctuations in the curve 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 chart that the desiccant within Lthe breather

was not spent until about 4, 320 cubic fect 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, 2 months, of effective operations before the desic-
cant could be considered spent. If it were assumed that the container

was aluminum rather than olive drab and the rate of breathing only ap-
proximately 12 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 precediug research and testing, we coancluded that:

1'

The CONEX container cither with minor modification or with
redesign is cuitable as a dehumidified coutainer,

The desired objective can be accomplished without making
the container 2bsolutely airtight by permitting the container
to breathe through breather tubes and a desiccant bed.

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

A properly designed Lreather ucit may be expected to main-
tain 2 safe humidity within the CONEX-type containers for all
anticipated in-transit storage periods,

The "Free Breather" will maiatain a nondestructively low
intarnal humidity within a container in the presence of ex-
treme humid external conditions that are specified in MIL
Std 210-A and AR 705-15,

Based on these conclusions, a development program was initiated,
Rcsults of this development program are shown ia the following slides,

SLIDES
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TRANSPORTATION FORECAST AND PREDICTION STUDY*

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

HISTORY

During the summer of 1959 the Transportation Center undertoock a study
of the distribution of transportation rescurces or stocks among and
within nations, ana 2 report on that topic was submitted to the U. S.
Army Transportation Research Command in July 1960, ! 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 {all of 1360, and the first block of research
under the current contract is the subject of an Interim Report to be
submitted October 31, 1961. 2

OBJECTIVE

The over-all objective c¢f this research is the deveiopment of a workable
theory which will explain transportation networks 1n the sense of the
ensuing two sentences. (1) Given measures of those characteristics of
an area upon wiiich the level and character of transportation depend, a

*This paper 18 an adoption and extension of the Preface to materials to
be submitted on October 31, 1961, to the U. S. Army Transportation
Research Commarnd, unasr the title The Structure of Tranaportation
Networks, by the Transporiation Center at Northwestern University
under Contract DA 44-177-TC -685.

l‘1"r.m.portatu:m Geography Research, a report prepared for the U. S.
Army Transportation Regsearch Command, Fort Eustie, Virginmia, by
the Transportation Center at Northwestern University, July 1, 1960,
under Contract DA 44-177-TC-574.
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systematic method is desired for stating the nature of transportation in
that area. (2) Given a change in those characteristics of an area upoa
which transportation depends, it is desired to know how the transporta-
tion system will change. Thes» 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 transportation and the factors upon which
it depends, and which emphasize various ways in which transportation
phenomens may be studied.

USES OF RESULTS

Before going on to these two main topics, it might be wise to spend a
mement 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 ratcs varying among areas. What do we expect the trana-
portation systems in these areas to be like 5, 10, 15, and 25 years
ahead? The theory provides a part of the decision systems required to
treat such a question.

There ia 2 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 secmingly isolated
questions. What is a good method for classifying commodities? What
is the value of increaasing 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 develoged theory is available, it has

been found that the theory provides a useful guide to answers to seemingly
isolated questions. Th.re is every reason to believe that insights pro-
vided by general theory of the deveiopment of transportation systems

will provide a useful guide for finding meaningful answers to many of

our questione (and a useful guide for asking meaningful guestions).

The two semaining sectiona of this paper will serve tc answer two
queations: (1) What do we mean by a functional relationship between
transportation and thode churacteristics of areas upon which transpor-

‘ation depende? (2) How can the word transportation be made operational
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in the context of these dependencies? 71 .ese sections give additional
definition to the research problem and tne structure of the studies.

TRANSPORTATION, A FUNCTION OF
THE CHARACTERISTICS OF AREAS

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

I. General economic development.

2. Natural environment,

3. Location of activities.

4. Available technology and relative cost siructure.

5. The interests and preferences of those who make decisions
affecting transportation

6. Military and political influences.

7. The historicai pattern of development and outlook for the
fature,

This list is not 1nviolable, and a knowledgeable person could extend or -
modify it in useful ways. For instance, one could exiend the list to

the sub:ect 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 devel"pment may
be thought of as sorne furction of characteristics of areas. By adopting
this systematic view, transportation may be explained in relation to
other matters and there is hops for development of the capability to
forecast and evaiuate transportation developments.

The notion of functional relationships given in the paragraph above is

a very simple one, but its simplicity should not disguise its signifi-
cance. There has been hitle work on transportation development topics
from this point of view. but this point of view 1a basic to the present
studiea. Because of the lack of attention to external influences of which

3Tranaportalion Geography Research, op. it
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transportation is a function, our ability to maoke incisive statements
of how and why transportaticn 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,
¥nowledge 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 rvecarch may be described as an attempt to
give substance to statements of functional relationships, and the
character of the researca may dbe displayed by commenting upon the
ways in which it has been found {o be practicable (or is felt will be
practicable) to give operational meaning to functional statements.

Transportation may be viewed in the followirg five ways:

I. Stock aggr=a~:>e or transportat.on resources. Miles of
road, number of cars, etc.

2. Structure or layout of irarnsportation roates. What types of
routes go where?

3. Filows. What goes wheve?

4. Intensity of use, or the transportation activily as a produc-
tive activity within an zconomy. What does transportaticn
ase as its inputs, and in what waya does it contribute to the
output of the economy?

S. Relationships of transportation networks to each cther. For
instance, how does the railroad network relate to the highwiy
network ?

This list of ways in which transportation may be viewed gives opera-
tional ways to deal with the transportaticn portion of the staizment that
the transportation within an are. is some function of conditions within
the area. It might be noted at this tirne that by viewing transportation

in several different ways, we have ''disaggregated' 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 upon flows, for instance. Thus, viewing transportation in
any one of these ways just listed requires that we add other aspec’s
of transportation to the list of conditions controlling the characteris-
tics of transportation systems. For instance, the layout of a
transportation network 18 determined by such factors as topography
and the like, and layout 1s algo influenced by the relationships of
metworks to eacn other, flows, and ovher of the operational views of
transportation.

The first two of the five operational views of transportation listed
above were the objects of blocks of rescarch that are largely com-
plete; the remaining three are the objects of present and programmed
research, The remainder of this npaper 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 re}mx‘t,4 as was
mentioned before. Consequently, it is pocesible to discuss research on
this topic by giving a capsulized review of that report.

The research was divided into two parts, one of which was the compari-
son of sutface trareportation stock aggregates among natiors. The
term transportaticn stock refers to the facilities or resources through
which transportai:on is carried ou: cars, buses, trucks, rail paseenger
cars, rail freight cars, amount of road, and amount of railroad. These
were treated as agyregates. For instance, zll cars within a country
were acded together and.the sum used as one object of the study. The
aecond portion of the study treated the distribution of highways within
nations.

Variations in transportation stucks among nations were related to a set
of explanatory variatles, including population, area, gross domestic
production, per capite ircome, population denaity, slope, and rainfall.

A series of 75 regressions were made and given extensive interpretation.
It was found that gross domestis productior and 1ncome per capita are
the chief determ.nanta of levels of transportation stocks. ‘However, the
value of the atudy does 1ot l'e s0 much in this direct finding as it does

it th. identification of appropriate variables, magnitudes of regression

*Tranﬂ)ortation G(*o_&raph; Research, op. cait,
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coefficients, and magritudes of errors of estimation that may be
expected 1n dealing with stock aggregates,

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

was found that highway mileage in an area is related to the sguare
root of the population of the arca times the square root of the size of
the area. Highway mileage also depends upon the availability of
alternate tynes 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 aurface transportation facilities.

STRUCTURE

The term structure refers to the layout, net'vork, 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 repm-t.S

For this reason it is pogsible 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:

1. 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
netwerkes such as number of points served, nurnber of separate
links, lengths of paths, tendency toward centrality, ard the
presence of aiterrnate routes, These measures were then used
in connection with question 2 below.

2. In what ways do measurces oi structure depend upon the charac-
teristics of the area .n which the transportation network lies?

A number of regression studies were made and ‘'strong’

5 : :
The structure of Transportation Networks, op. cit,
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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 systems, and to relate structure to the
characteristics of areas.

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

Empirical studies were made of 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 anawer these three questions provides
a way to evaluate transportation networks in two stages. Firet, given
some information on the nature of an area, it is possiblie to estimate
certain measures of the structures of trangportation 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 foliowing changes in the characteristics of the areas 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 prescente a chief problem in the systematic
study of flow systems. This problem is onc of finding incisive measures
of flows that are useful in a sense that they are both {1) related to deter-
mining variables and (2) pencral and of wide applicability. The ability to
relate rheasures of flows to explanatory varizbies is necegsary if func-
tional statements are to be made about {low systems and if methods are
to be developed for the short- and long-run forecasting of flow character-
istice of trangport systems. Measures of {lows mus: be incisive so that
once these measures are accomplished they, in turn, will yield infurme-
tion about any particular type of flow that it might be desired to study.

The study of flow systems is part of our current research, and research
results cannot be stated at thiv tithe. ' s possidble to mention here,
howevcr, certain expectations of fruitful results from the study of flows.
For one, there is a small but useful literature that treatc flow systeme
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using the mathematics of linear prozramming and, i1n some instances,
using economic concepts such as comparative advantage, factor price
equilibrium, interregional equilibrium, etc. The generality and pre-
ciseness of this approach strengly infers that it will grovide systematic
measures of flow conditions and methods of relaring 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 ~f time that they are operating
at capacity. This useful measure would seem to be directly related to
such external variables as the agricultural industry of a natior, indus-
irial mix, and production characteristics. In turn, this measure would
provide considerable information on the transportation systern itself- -
type of system and equipment used, etficiency, etc.

INTENSITY

The functioning of a national economy requires the use of transportation.
It is common knowledge that apecialized production increases when
economies derelop and more tranaportation 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 sophiaticated study and introduces more
problema 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, ¢iectric motors, etc. - -and the transportation required
per unit of outpat for each of these autputs might be stated. A con-
venient meas. e r: ‘ght be the monetary value of transportation required
for each dollar's worth of output of each commodity. The measure of
traunsportation intenaity of a country is, then, a list of numbers showing
the input of transportation per unit of output for activities. A set of
measures would consist of a set of lis.s, one lizt for each nation. We
are now faced by the problem of how these hists differ from nation to
nation and hr,w these differenves may be explained by functional rela-
tions.

Ea:h of these lists of numbers may be viewed as a vector, and the
techrical problem of working with vector measurements 1s nol great,
Experience indicates that a more difficull aspect nf the research will




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 monograpl.,6 and similar
data are avaiiable for a number of other nations. However, anyone
familiar with statisiics 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 statistices.

RELATIONS OF NETWORKS TO EACH OTHER

This topic differs somewhst from the preceding four topics in that it is
concerned with the relationships among transportation systems rather
than being one way the notion of transportation may be ccdified. a
well-known subject is that of the relationships between highway networks
and railroad networks, In certain areas, the highway network is
supplementary to the railroau netwerk. In othere, the highway network
both supplements and complements or competes with the railroad net-
work. Tiiese network relations are eviderced by and a consequence of
stock conditions, characteristics of ilows, network structure, and use
characteristics described earlier. Research is programmed on the
topic because it complements the four research topics discussed above.

SUMMARY

i ettt s

This paper has provided an overview, albeit sketchy, of the structure
of and progress on a study of ce:tain basic aspects of the deveiopment
of transportation networks. it ~as notec that the level and character of
transportation development are viecwed as a function of certain charac-
teristics of the area contain.ng tha! transportation. Five ways in which
transportation development van be given operational meaning were also
discussed.

é"!'r-'mnyon.:tio_n Geography Resrarch op <1t , p 17, Table 1V
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INTRCDNUCTION AND BACKGROUND

This paper is based on u study recently completed by Booz-Allen Applied
Research, Inc, The purpose of the studvy was to analyze the total environ-
raental picture surrounding the Ground Effect Machine (GEM) operated on
a world-wide basis, and to classify a rang- of vehicles with operational
capability in this environmental framework. T» essence, 1t is the eaviron-
mental approach to the vehicle,

The contract was funded by the U. S. Army Transportation Corps and ad-
ministered by the Oifice of Naval Research as part of the joint research
program on GEMs. Lt. Col. Joseph L. Wosser, USMC, was the Scien-
tific Gfficer for the contract, Noar 3375{00). The team participating in
the study included P. G. Fielding - Project Director, P. J. Mettam,

W. S. Bull, Jr., N. L. Hallaager, and W. J. Neff, under the uupervflion
of C. F. Riley, Jr. - Research Director.

The Ground Effect Machine is basically a load-carrying vehicle, supported
on a cushion of zir between the vehicle and the surface. Extensive research
programs on many phases of performance, structures, power requirements,
stability, and centrol have been carried out, both in this couatry and abroad.
Because of its apparent capability for operation over both land and water
surfaces at speeds up to and excreding 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< des:gn, performance, and equipment
requirements of GEMs. This included a review of all elements of climatic
and geographical fez'ires relative to GEMs. We determined the influence

of theae features on vehicle parameters, and devrloped classifications of
vehicles for overland, marine, and amphibious operations. We then re-
viewed the 1nduced and combat environmenta asscciated with military GEMs,
i.e., the induced environments resulting from the special characteristics

of GEM operation and the combat ravironments reailting from the military
operating situation. The =ature and extent of the problems rasociated with
thesec environmernts were determined. Finaiiy, a brief performance analysis
was carried vut, Vehicles in cach eavironmental category were compared
for transportatior eff.ciency, utility, and vulnerability, and the best vehicles
in each category were point=d out. ‘




WORLD -WIDE NATURAL ENVIRONMENT

The world-wide natural environmeat for GEM operations includes all the
diverse characteristics of teyrain, drainage features, vegetation, cul-
tural features, beack 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 environmental characteristics.

The analysis of environmental influence on the GEM 1s based on very
broad assumptions about the characteristics 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 percent of the vehicle's base dimensions
and the limitation of maneuvering accelerations to about . 1g to . 2g

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

l. 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 overiand GEM operations.

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

Far each category of cperations, the background data included all the
physical features of the associated environment which were considered
to have influence on the design and operating requirermnents of GEMas.
The climatic elements included wind, temperature, precipitation, fog,
thunderstorras, and sand and dust storms.

All world areas (except the oceans) were divided i1nto climatic zones.
The climatic zone breakdown together with political boundaries provided
correlation of 4ata for cach area.

The sources ~f data included the m:litary geography chapters of the
Naticonal Intelligence Surveys, the Oceanogrpphic and Marine Climatic
Atlasez, Geography Atlases and Texts, and Climatic Texts OQther data
were made available by the U. §, Navy Hydrogrpphic Offive, U. §. Navy
Weather Rescarch Facility, Office of NavalIntelligence, U. £ Wcather
Bureau, Army Map Service, and Military Geology Rranch of the U. §S.
Geological Survey. Since some of these data are classified, the eaviron-
mental data uded in this study were assembled 1n a class:fied append:x to
the project report.
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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 irrigation features, embankments, walls, and hedges. The influence
of these elements on GEM operations is as follows:

1. Altitude affects power requirements. Howeve-, becauce of the
stecp slopes at high altitudes, Y0 percent of overland GEM oper-
ations would be at altitudes of less than 3,000 feet,

2. Slope a'so affects power requirements. Since the GEM has no
surface contact to provide traction, the propulsion system must
supply the force for operating up, down, and across slopcas.
Siopes 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 importaat
access routes but limit vehicle size. GEMs can operate effec-
tively on streams wider than t'iree to four times the widih of the
vehicle. Most streams throughout the world are 60 to 250 feet
wide; three-fourths are greater than 100 feet wide. Two-thirds
of the streams have 'sgteep' banks, across which GEM access to
stream valleys would be very limited.

4. The occurrence of bends in rivers cormnbined with the low acceler-
ation capability of GEMs limits speeds for waterwayz operations.

5. Vegetation is an obstruction where it 18 tall and dense. Dense
forest covers 24 percent of the world's land area.

6. Obstructions and discontinuities include solid obstacles such as
walls, embankments, and buildings; yielding-nonpassable obsiacles
such as brush; and yielding-passable obstacles such as light fences
and fieids of grain. More data are needed on maaeuvering re-
quirements {or overland GEM opsrations brcausr of the high speed
capability of these vehicles.

7. Irrigation ditches are commonly 2 to 10 {ert deep and 4 to 30 fect
wide. Rice paddier are commonly 100 fee! aquare with dikes



2 feet high and 2 feet wide. Rail and road embankmr :nts are
commonly 2 to b feet high.

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

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

Operating Height | foot - limited local operations.
2 feet - overland, with detours,
3 feet - overland, fewer detours.

Jump Capability 4 feet - minimum for ~rossing dikes and walls,
6 ‘eet . betler for dikes and walls.

Sizream Access 5.-foot vertical bank capability up and down.
10-foot bank with siope of 50 to 100 percent,

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

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

The suggested classification of overland GEM vehicles is shown in

Table 1 The five classes listed in the table cover a wide range of possible
sizes and aoperating heights, Tho planform ratio of 2:1 represents a fair
compromise between utility and performance. (For performance det~r-
mination, the vehicle 8size 18 most ronveniently represented by the diameter
of the circle haviug the same area as the base planform ) The operating
height corresponds to the maxaimum practical height/base diameter ratios
which can presently be .chieved, except that operating heights greater than
3 feek do not provide sign:ficant added capability, The columns on inland
waterways usable and access to stream vallevs give the percentage along
the length of streams suitable tor GEM operations.

The overall suitability for overland GEM oprrations 18 given in Figure |,

Four qualitative categories of suitability are based on the geographic ele-
ments previacusly discussed, Unlumited overland operations correspond to
areas which are mostly fiat, barten, or grass covered with few obstacles.




TABLE 1
OVERLAND GEM CLASSIFICATION

e e e D =

v et

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. 10x20 1 2 1% 6 90 5
II. 20x40 2 4 20-30 18 90 20
III, 30x60 3 6 30 34 75 30
IV. 40x80 3 6 30 32 60 30
V. 50x100 3 ) 30 28 50 25




Limited overland operations correspond tc flat and partly hilly areas
covered by brush or grass with stream valleys partly usable and nct
forming barriers. Operations on inland waterways ccirespond to for-
ested and rough areas with wide streams providing access, In some
areas operations may be restricted to the water avea 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 in this figure is very generalized and is not intended
to indicate suitability for ar operation at a specific location,

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

The following generalized operating conditiuns may be seen in Figure I:
(1) A waterways operations belt stretches across the USSR through a for-
ested region. In this region, wide north-souih rivers are separated by 30
to 100 miles; (2) Operations are possible in the northern tundra regions
whether thawed or frozen; (3) GEM overland cperations are most snitable
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 thie maritime environments most significant to GEMs are
wave heights, winds, and occurreace 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 scuthwest to northeast
in the northern hamisphere.

The lowest winds and waves generally occur in the low latitudes. Seca ice
occurs in the North Atlantic in the winter and to a much lesser e¢xtent in

the summer, but very littic occurs in the North Pacific. Sea ice occurs

year arcound near Antarctica,

The effects of these elements of maritime enviroaments on marine JEM
oporations are as follows:

1. Wave height influences GEM operating height. We have used
the relation of operating height equal to one-half wave height,

Q-6




//,y (/4,.

o o ,//// I

iz ////

80

M

f R
. e
i A

" LEGEND ,

UNLIMITED OVERLAND OPERATIONS
LIMITED OVERLAND GPERATION
OPERATIONS ON INLAND WATCRWLAYS ONLY ‘ -
NO OPERATIONS !
| msswar awpowor e
,5"\,

Figure 1. Suitability For Ove

-
-




;,/////”,,///" !

YW "y

. s,
. 2 : : P ) V/
> // “y
._,.' Y %
> V%,




Wave-height maps made up from the Marine Climatic Atiases
can be used to determine the ocean areas suitable for operations
of GEMs of various siz«s,

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

3. Winds influence controil power and block speeds which may be
achieved on oceanic routes,

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

The suggested classification of marine GEMs is given in Table 2. Here,
again, we have chosen five clauwes of 7ehicles covering a range of sizes
and associated operating heights. In addition. there is an aiternate classi-
fication for "sidewall" marine GEMs, which utilize solid walls or skegs
along part of the vehicle base to contain the air cushion., Lifting power
requirements for sidewall GEMs are lower thin those for standard GEM
configurations; however, speeds will be limited 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 recquirements at the nor-
mal cruise height for each class and at the maximura cruise height (at
one-half to two-thirds normal cruise speed) are approximately the same.
Seasonal fcasibility is best determined by matching the normal cruise
heights and maximum cruise heights with maps showing wave-height diatri-
bution on a seasonal basis. For example, a GEM with a maximum cruise
height of 6 fect 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 OPERATIGNS

Amphibious operations, corresponding to the coastal environments of the
world, overlap to some degree both marine and overiand operationa. The
significant elements of ccastal environmeats include coastal lerrain, stream
valleys, characteristics of beaches, vegetation, surf conditions, and ap~
proach obstructions.
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TABLE 2
___MARINE GEM CLASSIFICATION

R T o i s

—

Sidewall Configurations

Max. Cruise Design
Height Wind
Normal (1/2-2/3 for Basge
Cruise Cruise Seancnal Oper- Clearance Seasonal
Size Height Speed) Feas - ations Height Feasi-
Class (ft,) {£¢.) (ft.) bility (k.) Class {ft.) bility
I. 20x40 1 1.5 Choose 15 I-A 1.5 Choose
operating operating
II.  30xé60 1.5 2.5 area in 20 II-A 2.5 area in
Table of Table of
. 5S0x100 2.5 4 Summary 30 IIT-A 4 Summary
Wave Wave
VI. 75x152 4 6 Height 30 IV-A 6 Height
Data and Data and
V. 100x200 &6 . 10 match 40 V.A 10 match base
normal and clearance
max., cruise height,

heights,

.10

0
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Coastal terrain determines arcas which are restricted from
GEM oprrations. Thuse areac include rocky and cliffed coasts.

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
percent greater thar 150 feet wide, and 50 percent greater thar
250 fort wide., ''Stecp' banks occuron.about 20 percent of coasta;
streams within 15 to 20 miles of thz shore.

Wave heights and surf detecrmine 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 dati are necded to support this assumption. Specifically,
full-scalr experiments on GEM operations in the surf zone should
be conducted.

Surface-pievcing water obstructions, including coral, are widely
scattered along most of the world'e coastlines but do not appear
to offer much problem for GEM opcrations.

The characteristics of beaches that are significant to GEM oper-
ations include length, width, slope, and material. Only partial
data coverage are availablafor beach characteristics throughout
the world. Qur analysis was based on the study of approximately
7,000 beaches in groups of 5 to 100. Length of bzaches 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 beaches influence power requirements:
average beach slopes are 3 percent in the tidal zone and A percent
above the high-water line. Eightv 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 percunt 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,
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6. Vegetation, surface cover, and terrain obstructions are the same
as discuszed 1n overland operations.

The effects of coastal envircameuts on amphibious GEM operations a -e

summarized below:

Sixe (width}

Operating Height
Junp Capability

Sarf (maximum
operatiog height)

Slope

Str.am Accesa

Specd

30 teet 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 uulouding at high water, 50 feet on /0 percent
of beaches. 100 feet on 25 percent,

20 feet for operations in forest clearing,

Size may also be limitcd by transportability
requirements.

1 foor - to the beach only,
2 feet - limitad inland penetration.

4 feet - minimum for ¢ s, walls,

6 feei - better for dikes, walls,

2.% feet on iU percent of beaches. (not

4 feet o 70 percent of heaches. includaag
6 {eet on 95 percent of beaches. siorms)

10 percent for 80 percent of beaches.

15 percent for 90 percent of hraches, also
near-.ccest terriin.

5-Ioot, vertical baank.
10-foot, %0 to 100 percent bank.

Ly coastal! awamp arcas, approximataiy
3o Xnots.

Iniard himited by utinticies (exteat aot knowr},

The suggestod clarsilication of amphiliouc GEMas ia given in Tahle 3,

The normal operating height corres;. nds tc over -tha beach and cverland
operations. The maximum height correspcads i0 operations in the surf
sone “t approximately cae-half normal opeed. The numbersz for sccese

0 beaches snd accaes inland vi stream valleys correrpond (o the pece

centuge of warld conilinu_, sxcluding Antavctica, Greenland, and the
North American arctic islunde. Thess percentages 1aciude year. round
gperatione except i~ atormis.
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TABLE 3
AMPHIBIOUS GEM CLASSIFICATION

s et

it o—— v 1 by s ==

- s st s g
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Access

Jnland
Access Via

Normal Max. Jump Slope to Stream

Size  Height Height Capability Capability Beaches Valiey

Class  (ft.) (fe.) (it.) (ft.) (pct. ) (pct.) {pct.)
1. 20x40 1.5 2.5 3 10 10 10
I1. 30x¢0 2 3 4 15 40 25
HI. 40x80 3 5 6 15 70 40
iv. 50x% 100 3 5 6 1s 70 38
V.  75x130 4 6 6 15 50 30




The generalized suitability for ainphibious GEM operations is shown in
Figure 2. In this figure the coasts of the world are divided into three cate-
gories of suitability: Zone 1| - GEM operations over the beach or inland

via strecum valleys; Zone 2 ~ GEM opcrations to the beach but inland access
restricted; Zone 3 - unsuited for amphibious GEM operaticns., Zone 1 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 Zone 2, 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

Vibration: power unit induced, lift system induced, shock
induced.

Component ~ generated temperatures

Exhaust gases

Static electricity

Visibility

. Acceleration and shock, including stressing for wave impacts
Re-ingestion of downwash air, resulting in salt encrustation,
erosion, icing

9. Salt water ingestion

16. Sand and dust ingestion

11, Snow and ice accumuiation

~nN

O ~3J O U W W

Our conclusions on the elements of in;luced environments are that noise,
re-ingestion, and visibility at low speed are the most significant problems
for GEMs. Snow and ice accumulation can also be serious,

Q-14



{r  LZGEND
- L) ZONE T SUTABLE FOR INLAND ACCESS

| 1 T0ME2 STABLE FOR LANDING ON SEACH,
| INLAND ACCESS OBSTRUCTED
| SR TONE 3 UNSUITED FOR ANPHIBIOUS

O’(R‘lﬂmib CASE VAP AMS . KO?

SO S PUER— |

Figure 2. Suitabdility for Amphmit.;

Q.15




uy GEM Qperations.

e bdes )




COMEAT ENVIFONMENTS

The following elements of cumbat environments were considered:

1. Again, noise

2. Dust and spray

3. Camouflage

4. Radar reflectivity

5. Infrared emanation

€. Vulnerability

7 Damage proteciior.

8. Field repairs

9. Operation in mine fields
10.  Nuclear explosion ¢aviroanment
1!. Loadabhility in marire and amphibious operations

Our conclusions here are that noisc and infrared may be troublesome;
alsc that a dust-cloud signature will be created during operations in
arid regious

PERFORMANCE AND VEHICLE EVALUATION

Basic performance parameters were developed very bricfly for all the
GEMs classified above, This was not a detailed development of optimized
nerformancce. The reoilts included weights, power requirements, speed
capabilities, and payload-.range parameters.

A comparative evaluation of GEM vehicles was based on transport effi-
ciency {payload times range divided bv fuel used), utility (operating areas
from vehicle classification), and < ulnerability (speed divided by size).
Based on these ciiteria the following vehicles are best: :

1. The GEM having the groate st potential for overiand oper-
atior.s is a vehicie with & pranform of 30 fe=t by 60 feet, an
operating height ot 3 fect, and a jump capability of 6 feet,

2. The GEM having the greaicst potential for marine operdtions
in the opea ocean 1s a vehicle with a planform of 50 {feet by
100 feet, a normal operating height of 2.5 feet and a maxi-
mum operatiay height of 4 feet,

3. The GEM having ihe greate st potential for marine operdtions
in anland watc rways and coastal waters i a vehicle haviag 3
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planform of 30 fuct oy 60 feet, a normal uperating height of
1.5 feet, and a maximum operating height ot 2.5 fect,

4. The GEM having the greatest potential for amphibious oper-
ations 1s a vehicle with a planform of 50 feet by 100 feet, a
normal operating height of 3 fret, a maximum operating
height of 5 feet, and a jump capability of 6 feet,

This is what we have called '"the environmental approach to the vehicle”,
An overall analysis, such as that discussed in this paper, can serve to
guide the development of new systems to incet the total environmen.al re-
quirements with which they must be compatible. Detailed analyses of
specific missions or operations can also be carried out. In the case of
the GEM this i8 now being done to a Limited extent,

The completr discussion, conclusions, and recomuiendations of our study
were published by Booz-Allen Applicd Research, Inc., 1n August 1961,

in an unclascified report entitled '""The Dornain of the Ground Effect Machine'.
The Appendices containing background world-wide natural enviroa.necat data
were published separately as Volume II, classified Corfidential.
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ENVIRONMENTAL TESTING OF THE INTERNAL AUXILIARY
COLLAPSIBLE PLASTIC TORSO (SEAT) TANKS DEVELOPED
BY MARK XII, INC., REDONDO BEACYE, CALIFORNIA,
FOR THE U. S. ARMY UNDER CONTRACT DA 23..204-TC~1212

INTRODUCTION

The basic philosophy behind the subject development was the range ex-
tension of Army aircraft, In order %o 1uifill the requirements by the
optimal comprornise, the design was based on the following fundamental
concepts:

1. Several tank units could be couyled to achieve any desired
auxiliary tankage within certain limitations,

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 place as a human,

4, The tank unit should have self-containéd fuel and oil transfer
implements.,

5. The unit should be crashworthy in reference to "survivable"
crashes,

From the consideration of these fundamental design conccpts emerged
the first form of this type of tank, At the very beginning 1t was obvious
that the functionality of this new development would depend on environ-
mental factors, Correspondingly, an enginesring flight testing plan was
set up, but with consideration of only a part of the eavironmental factors.

The collapsible version of the first devealopment came as a subsequent
phase in this developmental program. Thins was made possible by the
introduction of a novel plastic material, which, corresponding to rescarch
data, showed an overall superiority of characizrastics against formerly
known materials and synthetic plastic material4a, This material is poly-
urethane clartomer, commercially designated by its manufacturer, B, F.
Goodrich, as "ESTANE." Though the material itself underwent a scries
of environmental siatic tests, it was of utmost importance to test the
subject tanks within the environmental conditions which prevail in typical
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rmisstons utlizing the system  An enviroumental testing plan was s
up and put nco effect, ending with the engined ring flight testing of the
suhject tank system. Trough this investigation is not yet closed, the
major part of it has beern completed and an overall favorable picture 18
showing the rightfulness of the ant.cipated features.

TEST PLAN

Since the scope of the development primarily was the range exten: ion
of aircraft, consideration had te be given to the types of missions .n-
volved in this problem field. First of all, the deployment of Army
aircraft had to be considered as having first-prioritv importance.
However, the tactical exploitation of the range extension possibility
was also sct as an equivalently important goal. As usually occurs

during adevelopmental program, additional requirements and features
were added to the original basic concept,

At the beginnming, the environment-l testing had been divided into three
major phases:

1. Static testing with induced eavironmental factors,
2, Flght testing wath realistic environmental factors.
3. Destructive tests with simulated environmental factors.,

Phase 1 has been practically conciuded Phases 2 and 3 have been con-

cluded to their g:cater extent, Thx remaining portions will be accom-
phished late this yoear,

The three phases included the foilowiug specific tests:
I. Phase 1,
a4, Static tf‘ézing with induced ernvironmental factors,

b. Climatic testing hetweer <T0°F. to + 212°F. 1n 3 climalic
{est chamber. :

¢. Tereting of rosistance agai:st various fuels and solvents,
d. Slosh and vibration 'usl,

e. Permeadniily test,




ZUVIRONMENTAL TESTING OF THE INTERNAL AUXILIARY
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BY MARK XII, INC., REDONDC BEACH, CALIFORNIA,
FOR THE U. S. ARMY UNDER CONTRACT DA 23. :04-TC-1212

INTRODUCTION

The basic philosophy behind the subject development was the ranyce ex-
tension of Army aircraft. In order to fulfill the requirements by the
optimal comprormise, the design was bascd on the following fundamenta:
concepts:

1. Several tank uruts could be coupled to achieve any desired
auxiliary tankage within certain Limitations.

2, The weight of such a tank umt filled with fuel and 0.l would be
approximately thc weight of a fully combat equipped soldier.

3. The shape of a tank unit should simulate a human terso, and
should consequent!y have the CG in the same place as a humar,

4. The tank unit should have self-contained fuel aud oil transfer
implements.

5, The unit sheuid be crashworthy ia reference to "survivable'!
crashes.

From the consid=>ation o! these fundimental design coacepts emerged

the first form of this type of ta k. At the very beginning it was obvious

that the functiorality of this new devclopment would depend on environ-

mental factors, Corrnapoadingly, an engineering flight testing plan was

set up, bu’ with consideration of only a par! of the eavironmental factors, y

The collapsible varsion of the first devielopment came a8 & subsequent
phase in this developmental program. Th:s was made possible by the
introduction of a novel plastic mater:al, which, verresponding to rescarct
data, shawed an overall superiociity of characteristics 2ga.nst formeriy
known rnaterials and synthetic plast:ic materials. Tiis ma’er:al s poly-
urethane c¢lastomer, comunercially dosignated by ils noanufacturer, B, &,
Goodiich, a3 "ESTANE." Though the material (tself underwen? 4 erics
of enviroamuntal static tests, it was of utmost importance to test the

. subject tanks within the emvironmenial corditions which pravail in fypical
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f. Dynamic load test.
2. Phase 2.

a., Flignt teating with realistic environmental factors. 1

b, Fuel transfer in flight at various altitudes,.

c. Oal transfer at vairious altitudes.

Aoisib

d. Fuel drainage ix flight.

e. Gravity refueling oa ground,

f. Pressure refueling on ground.

g. Controllability of the aircraft with full tanks and wath
tanks half empty - stability of aircraft,

n. CG shxft during fuel transfer - change of coatrol forces.
i. Take-off with full fuel load.
j. Permeability and leakage tesi in fiight;
3. Prlxase 3.
a. Destructive tests with sumulated environmental corditions,
b. Simulaied cxfash tests,
<. Mter-«crénh fire tests,

d. Dropability tests from varicus low altitudes,

TEST PROGRAM

The test program was imitiated in November 1960, First the static
enviroumental tests were performed, - Part of the required teet facali-
ties were available at the ESTANE manufacturer's plani. Other tests
wete periormead by the contractor at hia own plant or at the {acilities of
a certificd commercial organization.




missions utilizing the system. An environmental testing plan was set
up and put :ato effect, ending with the enginecring flight teating of the
subject tank system. Though thic investigation is not yei closed, the
major part of it has been completed and an overall favorable picture is
showing the rightfulness of the anticipated features.

TEST PLAN

Since the scope of the development primarily was the range exteasion
of aircraft, considcration had to be given to the types of missioas 1~
volved in this problem field. First of all, the deployment of Army
gircraft had to be considered as having first-priority importance,
Howeve™, the tactical exploitation of the range extension poesibility
was also set as an equivalently important gu.l. As usually occurs -
during adevelopmental prograr-, auuitious? "equirements and features
were added to the original husic concept,

At the beginning, th= environmnental testing i .d been divided into three
major phases;

1. Static testing with induced environmental factors.
2. Flight testing with realistic g.xxvirontnental factcrs.
3. Destructive tests wita simulated environmental factors,
- Phase l has been practically concluded. Phases 2 and 3 have been cca-

cluded to their greater extent, The remaining portions will be accom-
plished !ate this vear,

The three pi:ases included the following specific tests:
1. Phase l.

a, Sigtic testing with induced environmental factors,

b. Clmatic testing between =70°F. to +2i2°F. in a4 climatic
test ~hamber,

he}

Testing of resistance against various fucls and solvents,
=)

d. Slosh and vibration test,

I+
”

Perreability test,




The climatic testing had an endurance cf 160 hours, Also, the fuel and
solvent resistance test ceries involved conside~able time. Thus the
results obtained can be accepted as realistic and coaservative,

The dynamic load test was performed at the facilities of Hartmann
Engineering, Inc,, Los Angeles, California, on a pendulum-type test
rig. The dyuamic load test included all configurations specified by
military specifications in the contract. The sequence cf these testa is
recorded on high-speed movie {ilm (124 {rames per eecond). Also, .
accelerometer readings were recorded on &n oscillograph. After the
contractually spec:fied test load was applied ard no failure occurrsd,
the test was continucd with stecpwise increasing loads unti: failure oc-
curred, The accelerometer readings refer oanly t¢ the farward load,

It is clearly viaible in the film that before impact there was already

s considerable load on the specimens from centrifugal acceleration,
This fact shows that the load figures in this tesi are verv conservative,
The actual loads were larger, resulting from both hericvatal impact
and centrifugal acceleration. [he test tank was filled with water to
aimulate the weight of the total fuel capacity. Conseguently, at dynamic
impact slosh was alss in the pla-, and the pressure surges that followed
and their effect could alrealy be seen on both the high-speed movie and
the oscillograph recordings.

The slosh and vibration test wa. perfo: .ed in a test rig specifically
designed for tiiis purpose. The vibration frequency was 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 gensor
of an explosiometer. This device would indicate not ouly the presence of
an exploaive fuel vapor air mix, but also the presence of any fael vapor
in the ambient atmosphere. During the 40 hours of this test, the vapor
indication was constantly negative, For 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 noticezble. At the znd 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, Lathrop, Califorria. Because of diffi-
culties in depioyment of tea! aircr.aft, the second phase of the program
was discontinued at Sharpe General Depot and is still incomplete. A
second engineering flight test was performed at Fort Ord, California,
~in July 1961 with only partial accomplishment, The completion of this
phase of testing is now schaduled at the TMC Aviation Field Office at
Edwards Air Force Base, California, and will be performed in the near
future,




The destructive test series was started in June 1961 in cornbination

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 serics of tests, torso seat tanks were
placed in H-25 and H~13 helicopter scata, Part of the test is shown in
the 8-millimeter cclor movie taken by the author., The ensuing tank
failures in thesc tests can be attributed to the fact that the simulated
crashes 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 neces-
sitate dronz 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 mainly
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
determino 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, toru ground,

TEST INSTRUMENTATION

Being field-type testing, the simplest instrumentation should be con-
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
instrumenta of test aircraft, Beyond this, recording accelerometers,
strain gages, and high-speed movies (black and color) would give adc-
quate information of dynamic conditions., Static conditions may be taken
in still pictures. In crash fire tests, radiation pyromecters and electric
timers may be used. ‘

In crash tests, simple peak recording accelerometers can be devised
with very little expense, 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
instrumentation. The actual instrumentation of test phanes and indi-~
vidual test runs must be tailored toc the test aircraft and the mission,
and implemented occasionally,

Environmental testing 15 different from basic research in aim and
character and sheould be handled correspondingly. In doing so, one
raay obtain the maximum of informatiun in time and with the minimum
of expenditare,




